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ABSTRACT 

Transdermal drug delivery patches and methods of their pro 
duction are described. The patches can be made such that the 
accommodate highly plasticiZing drugs such as selegiline 
and/or the use of protonated forms of various drugs. 
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ADHESIVE MIXTURE FOR TRANSDERMAL 
DELIVERY OF HIGHLY PLASTICIZING 

DRUGS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a divisional of US. appli 
cation Ser. No. 10/730,561 ?led on Dec. 8, 2003, Which is a 
divisional of Us. application Ser. No. 09/754,909 ?led on 
Jan. 5, 2001, now, US. Pat. No. 7,070,808 Which is a divi 
sional of Us. application Ser. No. 08/883,075 ?led on Jun. 
26, 1997, now US. Pat. No. 7,150,881 the disclosures of 
Which are incorporated by reference herein. 
[0002] The present invention relates to the ?eld of pharma 
ceutical delivery devices and dosage forms and in particular, 
transdermal delivery vehicles as Well as methods of making 
same. 

BACKGROUND OF THE INVENTION 

[0003] Most pharmaceutical formulations are available in 
salt forms. In fact, many formulations are only available in the 
form of a pharmaceutically acceptable salt. Salts have long 
been considered advantageous because of their high stability, 
ease of handling and formulation and generally high Water 
solubility. Unfortunately, salt formulations do not tend to be 
useful in transdermal drug delivery systems. Because of the 
groWing acceptance of such drug delivery systems by the 
general public, the inability to conveniently produce trans 
dermal patches utiliZing various pharmaceutical formulations 
is a great disadvantage. 
[0004] There are many possible explanations for the gen 
eral incompatibility of salt forms of drugs and transdermal 
performance. For example, protonated pharmaceutically 
active compounds (basic salts) are generally relatively high in 
polarity. It is knoWn, hoWever, that non-polar drugs, in gen 
eral, are transmitted through the skin easily because of a high 
degree of compatibility With lipophillic layers of the skin. 
Highly polar substances such as salt forms of drugs and 
indeed some free forms of drugs, by virtue of their incompat 
ibility With such lipophillic layers, are generally very sloW in 
permeating skin. 
[0005] One approach to forming a transdermal patch to 
overcome such problems Was suggested inYoshida et al., US. 
Pat. No. 4,738,848 andNakano et al., US. Pat. No. 4,740,374. 
According to these patents, compounds such as diclofenac 
sodium and non-steroidal anti-in?ammatory analgesic 
agents, When present in their salt forms, are dif?cult to dis 
solve into a pressure sensitive adhesive material having rela 
tively high lipophillic properties. It is also dif?cult to main 
tain the active ingredient therein. If large amounts of drugs are 
added to the adhesive, in some cases, the drug cannot be 
dissolved or crystallization of the drug may occur. This makes 
it impossible to deliver a su?icient amount of the drug into the 
skin. 

[0006] According to Yoshida et al. and Nakano et al., these 
dif?culties can be overcome by concurrently using an organic 
acid during the formulation of the adhesive material. The 
organic acid apparently increases the solubility of the active 
ingredient in the pressure sensitive adhesive material and also 
increases the percutaneous absorption properties thereof. 
These references express their belief that the reason for the 
increased absorption properties is that the drug is converted to 
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its free form having a higher oleophilicity (lipophilicity) 
resulting in the higher solubility of the drug. 
[0007] Another approach Was taken in Heiber et al., US. 
Pat. No. 4,917,676, Which relates to a user-activated transder 
mal therapeutic system. The transdermal drug delivery sys 
tem described therein includes separate compartments for 
various formulations in “pre-activated states”. Just prior to 
use, the patient or otherperson applying the system alloWs the 
partitioned ingredients to commingle, thus activating the sys 
tem. The user generally bursts a burstable barrier separating 
the tWo reservoirs. Then the therapeutic agent, usually in the 
form Which must be altered for the desired transdermal deliv 
ery, and the activating substance combine and transform the 
therapeutic agent to a suitable species. 

[0008] Inactive forms of therapeutic agents in accordance 
With Heiber et al. can include, for example, an acidic drug 
Which, as an ioniZed species, penetrates skin to a slight 
degree, but in a free acid form, permeates freely through the 
skin. Activating substances may include pH regulators such 
as buffers, acids or bases. 

[0009] Such transdermal systems, hoWever, suffer from 
several disadvantages. First, they require a rather complex 
arrangement of tWo or more compartments separated by, for 
example, a burstable but otherWise nonpermeable material. In 
addition to the complexity of such a structure and the poten 
tial dif?culties in separately ?lling and maintaining discretely 
the individual compartments, there is also the problem of 
premature bursting of the burstable layer and the premature 
intermingling of the various components. Clearly, the ability 
to manufacture a transdermal device Wherein all of the nec 
essary ingredients can be intermixed and intermingled from 
the start and added together to each and every cavity in a 
transdermal patch Would be a great advantage. Finally, the 
Heiber et al. patent considers the complexities of forming a 
patch Where the therapeutic and activity agents are mixed and 
maintained together at the time of manufacture or the subse 
quent storage stability problems attendant such a mixture. 
[0010] Moreover, resolving the question of the physical 
state of a drug does not resolve all of the issues surrounding 
the production of transdermal patches from certain highly 
plasticiZing drugs. In fact. providing these drugs in a free base 
form could actually raise additional problems. It comes as no 
surprise that a drug or solvent loaded into an adhesive system 
Will have an effect on the adhesive properties of the resulting 
mixtures. In certain cases, With certain drugs, the effect on the 
hardness and tackiness of the resulting adhesive mixture is 
minimal. HoWever, in certain other instances, drugs such as, 
for example, nitroglycerin or nicotine may act as plasticiZers 
for many conventional adhesive systems. PlasticiZing drugs 
such as these, can have a signi?cant deleterious effect on the 
physical properties of the resulting adhesive matrix depend 
ing upon the type of drug, and the amount used. Generally, 
plasticiZing drugs act to soften or disturb the structural integ 
rity of the adhesive making it more ?uid like and can, in 
certain cases, negatively effect the degree of adhesivity. 
[0011] A number of companies have introduced either high 
molecular Weight or highly crosslinked adhesive systems. It 
is knoWn that these systems can generally be used almost 
interchangeably With plasticiZing drugs. Typical examples of 
such adhesives include, Without limitation, GELVA 737, 
GELVA 2655, and GELVA 1753 self crosslinkable acrylic 
adhesives from Monsanto’s Chemical Group, 730 Worcester 
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Street, Spring?eld, Mass. 01151 and DUROTAK 87-2516, 
DUROTAK 87-2194 and DUROTAK 87-2852 self crosslink 
able acrylic adhesives available from National Starch and 
Chemical Company, 10 Finderne Ave, PO. Box 6500, 
BridgeWater, N.J. 08807-0500. All of these crosslinked adhe 
sives ?nd Wide spread use in the pharmaceutical industry in 
the formulation of transdermal drug delivery systems. When 
liquid, lipophillic drugs are added to these adhesives at 
amounts of betWeen 30 and about 40% the resulting material 
Would generally not suffer deterioration in physical proper 
ties so as to render many of these acrylic based adhesives 
unusable. While many of these adhesives are virtually inter 
changeable, of course, some combinations of a speci?c drug 
and a speci?c adhesive may provide marginally better prop 
erties. 

[0012] When the inventors attempted to construct a trans 
dermal delivery vehicle for selegiline, a particularly highly 
plasticiZing drug, they too expected that selegiline patches 
produced With any of the foregoing class of adhesives could 
be accomplished Without a problem. This Was particularly 
true as loading levels Were anticipated at only betWeen about 
10 and about 20%; not particularly challenging for these 
adhesives. 

[0013] As illustrated in Table 1, When mixtures of selegiline 
(15 Wt %) and various adhesive materials Were tested using 
conventional performance tests, they all demonstrated com 
parable and generally acceptable results. 

TABLE 1 

POLKEN TACK OF VARIOUS 

TRANSDERMAL ADHESIVES WITH 15% SELEGILINE 

ADHESIVE POLKEN TACK 

GELVA 1753 346 

DUROTAK 87-2194 453 

GELVA 737 333 

DUROTAK 87-2516 286 

[0014] Yet When these formulations Were tried on skin, the 
results Were quite surprising. While some of the formulations 
Worked, others unexplainably exhibited signi?cant cohesive 
failure Whereby adhesive remained on the skin after a trans 
dermal patch Was peeled-aWay. The disparity in the results 
obtained betWeen conventional “bench-top” testing and 
actual ?eld application Was truly discouraging. It essentially 
placed a Whole host of established tests in a highly compro 
mised state. 

[0015] The inventors Were also taken aback by the degree of 
disparity observed. When they formulated a selegiline con 
taining transdermal patch With, for example, DUROTAK 
87-2194, those patches exhibited cohesive failure and adhe 
sive transfer. Formulations made With GELVA 265 5 exhibited 
total adhesive failure. Neither result could have been pre 
dicted based on results such at that reported in Table 1. This 
problem Was only ampli?ed by the use of other traditional 
tests such as a measure of shear strength. As shoWn in Table 

1A, a number of formulations including selegiline Were mea 
sured in terms of shear strength. 
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TABLE 1A 

SHEAR STRENGTH OF DIFFERENT ADHESIVE SYSTEMS 
WITH SELEGILINE BASE 

ADHESIVE SHEAR (MIN) SELEGILINE 

GELVA 737 4.31 13% 
GELVA 788 3.1 13% 
DUROTAK 87-2516 1174 13% 
DUROTAK 87-2194 36 13% 
GELVA 1753 1440 4% 
GELVA 1753 1440 8% 
GELVA 1753 1440 13% 

[0016] Typically, shear values of greater than about a half 
an hour to one hour Would be considered acceptable adhesive 
systems. As one can see from Table 1A, GELVA 1753 pro 
duced relatively high shear rates, Which should indicate an 
acceptable adhesive system. HoWever, DUROTAK 87-2516 
also exhibited acceptable shear, and the formulations made 
from this adhesive Were totally unacceptable When applied to 
skin. In addition, selegiline With 10% propylene glycol as a 
solvent, provided shear values of greater than 800 minutes 
When formulated With GELVA 1753. HoWever, While such 
results are generally indicative of good adhesion characteris 
tics, this particular formulation exhibited very poor adhesion. 
[0017] Much to their dismay, the inventors discovered that 
With a certain class of particularly highly plasticiZing drugs, 
only selected adhesives Would Work. They also found that, 
based on the state of the art, they could not predict Which 
adhesives Would Work and Which Would not. 

SUMMARY OF THE INVENTION 

[0018] One aspect of the present invention is the creation of 
a free base material in an adhesive and or in a transdermal 
patch, or just prior to mixing With the adhesive. The result is 
the creation of a transdermal patch including the converted 
free base of the drug material. Another aspect of the present 
invention involves the creation of certain transdermal formu 
lations Which include a highly plasticiZing drug, in free base 
form, Whether the free base Was created in situ or not. 
[0019] Therefore, in accordance With one aspect of the 
present invention, a method of producing an adhesive formu 
lation for a therapeutic drug delivery patch adapted for the 
percutaneous or transdermal delivery of a drug is provided. 
The method includes the step of providing a pharmaceutically 
active agent in protonated form, Whose corresponding free 
base has a given pKb Which ranges from betWeen about 4.75 
and about 11. Then, the protonated pharmaceutically active 
agent is dissolved in a nonaqueous solvent, the nonaqueous 
solvent being capable of dissolving the pharmaceutically 
active agent in both a protonated and unprotonated forms. 
[0020] The dissolved pharmaceutically active agent is 
reacted With a biocompatible deprotonating agent Which can 
substantially deprotonate the pharmaceutically active agent 
Without causing irritation upon prolonged exposure to the 
skin. The deprotonated agent Will have a pKb Which is at least 
about 0.75 loWer than the pKb of the pharmaceutically active 
agent. The deprotonated agent thereby becomes protonated. 
The deprotonating agent may be selected and apportioned 
such that some excess of unreacted deprotonating agent 
remains. Finally, the deprotonated pharmaceutically active 
agent is incorporated into an adhesive material. In a particu 
larly preferred embodiment, these methods also include the 
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steps of separating at least a portion of the noW protonated 
deprotonating agent from the mixture of deprotonated phar 
maceutically active agent, solvent and protonated deprotonat 
ing agent prior to incorporating the pharmaceutically active 
agent into the adhesive material. The noW protonated depro 
tonating agent can also be removed after it has been added to 
an adhesive as Well. 

[0021] In addition, in accordance With another aspect of the 
present invention, it is possible to actually undertake the 
deprotonation of the protonated pharmaceutically active 
agent, in situ, Within the adhesive material. Moreover, in 
accordance With still another aspect of the present invention, 
it is possible to construct a patch in such a Way that the 
protonated pharmaceutically active agent and the deprotonat 
ing agent are disposed in discrete but adjacent dry layers. 
Over time, the deprotonation reaction occurs in situ such that 
the resulting patch includes a deprotonated pharmaceutically 
active agent or drug Which is capable of enhanced skin pen 
etration. 

[0022] Of course, the designing of an acceptable adhesive 
formulation for incorporation into a transdermal patch, one 
Which alloWs for the conversion of a protonated drug to its 
free form and can accommodate the presence of deprotonat 
ing agent, can be extremely demanding. For example, many 
polymer based adhesive systems are fairly incompatible With 
the drug in its salt form. Finding a Way of introducing the salt 
to the adhesive must therefore be developed. In doing so, 
hoWever, it must be realiZed that after conversion the resulting 
free form of the drug must also be compatible With the adhe 
sive. Similarly, a patch in accordance With the present inven 
tion or an adhesive formulation in accordance hereWith Would 
require the incorporation of some agent Which Would convert 
the protonated form of the drug, such as a protonated amine 
form, to its free form. This deprotonating agent, like the 
therapeutic pharmaceutically active agent itself, Will undergo 
transformation. It is important, therefore, to ensure that both 
the deprotonating agent, and that agent in its later protonated 
form, are also compatible With the adhesive base in terms of 
stability. This means ?nding a system Where either the pro 
tonated deprotonating agent Will remain dissolved in the sol 
vent/ adhesive material system, or the crystallized protonated 
deprotonating agent Will not have an adverse effect on the 
transdermal device or the patient. 

[0023] When highly plasticiZing drugs are being formu 
lated into transdermal patches, the interaction of the drug and 
the adhesive system can become even more complex. Not 
only must the system be able to accommodate the various 
states of the drug and deprotonating agent, but they must also 
meet some rather unique criteria for the use of highly plasti 
ciZing drugs as Well. 
[0024] Surprisingly, formulations Which address and bal 
ance all of the often competing requirements of converting a 
protonated drug to its free form, in situ, in a percutaneous 
do sage form or transdermal patch and accommodating highly 
plasticiZing drugs have been developed. The resulting patches 
have long term storage stability, reliable release pro?les, high 
levels of skin permeation and, best of all, are easy and eco 
nomical to manufacture. Additionally, it has been discovered 
that, by the practice of the present invention, it may be pos 
sible to tailor the rate of release of the free form of the drug, 
and thereby its permeation through the skin, by controlling 
the rate of reaction of the various reactive components Within 
the patch. 
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[0025] In accordance With a particularly preferred aspect of 
the present invention there are provided methods of produc 
ing transdermal delivery vehicles for highly plasticiZing 
drugs. These methods involve providing betWeen about 97% 
and about 65%, by Weight, of a very speci?c class of acrylic 
polymeric adhesives. This acrylic polymeric adhesive 
includes betWeen about 40% and about 90% by Weight of a 
C4-Cl2 alkyl acrylate, betWeen about 10% and about 40% by 
Weight of a Cl-C4 alkyl acrylate hardening monomer; 
betWeen about 1% and about 15% by Weight of a functional 
iZing monomer Which facilities crosslinking; and, in many 
instances, a crosslinking agent. The acrylic polymeric adhe 
sive is mixed With a highly plasticiZing drug provided in an 
amount of betWeen about 3% and about 35% by Weight based 
on the dry Weight of the mixture. The therapeutic adhesive 
formulations and transdermal patches using same are also 
contemplated. 
[0026] Most preferably, the highly plasticiZing drug is sel 
egiline Which is provided in an amount of betWeen about 3 
and about 18% by Weight, based on the dried mixture. Also 
preferably, the only solvents used in the production of thera 
peutic adhesive formulations including a highly plasticiZing 
drug provided in a free base form are relatively high volatility 
solvents, such as ethanol, Which Will be removed upon drying 
as Well as those solvents found in the acrylic polymeric adhe 
sive Which prevent in situ cross-linking and maintain the 
adhesive in liquid form until removed. Solvents Which Will 
remain after drying, such as propylene glycol used for depro 
tonation are preferably not used in these adhesive formula 
tions. 

[0027] After observing the unexpected failure of certain 
highly crosslinked acrylic based adhesives to maintain their 
advantageous properties folloWing the incorporation of mod 
erately loW doses of selegiline, the inventors discovered that 
a relatively small class of acrylic based adhesive formulations 
can be used With particularly aggressively plasticiZing drugs. 
The reasons Why these particular acrylic based adhesives 
Work With certain highly plasticiZing drugs and Why other 
very closely related adhesive formulations fail is not fully 
appreciated. HoWever, from amongst the numerous commer 
cially available adhesive formulations of Which those of ordi 
nary skill in the art traditionally look to solve these sorts of 
problems, only a feW have been identi?ed as being useful in 
these cases, and these adhesives do have some common prop 
er‘ties. 

[0028] In another preferred aspect of the present invention, 
there is provided a method of producing a therapeutic adhe 
sive formulation for use in a transdermal patch. The method 
includes the step of selecting an acrylic polymeric adhesive 
Which is suitable for use With highly plasticiZing drugs. This 
decision is not based upon the bench-tested properties of the 
adhesive but rather upon it’s content of betWeen about 40% 
and about 90% of a C4-Cl2 alkyl acrylate and betWeen about 
10% and about 40% by Weight of a C l-C4 alkyl acrylate 
hardening monomer. Once the acrylic polymeric adhesive is 
selected, it is mixed With the highly plasticiZing drug in an 
amount of betWeen about 3% and about 35% by Weight based 
on the Weight of said mixture and on a liquid basis. 

[0029] Often the selection process for the adhesive also 
involves consideration of the content of a functionaliZing 
monomer Which facilitates crosslinking; and/or a crosslink 
ing agent. This method may therefore also include the step of 
crosslinking the acrylic polymeric adhesive to form a matrix 
capable of controlling the release of the highly plasticiZing 



US 2010/0040690 A1 

drug When used in a transdermal patch and applied to the skin 
of a patient. The proper selection and formulation of this 
adhesive material Will result in a transdermal patch and Which 
Will not ooZe, suffer from adhesive failure, fall off of a patient 
prematurely or be di?icult to remove When necessary. 
[0030] Applicants have also discovered that the traditional 
bench-top methods of gauging the performance of such adhe 
sives are unreliable With particularly highly plasticiZing drugs 
like selegiline. Therefore While tests like shear strength, peel 
tests from a steal plate and tack tests may eliminate certain 
candidates, they Will not reliably identify successful candi 
dates. Instead, it Was discovered that the acrylic polymeric 
adhesives that Worked the best in these application all have 
similar compositions. Generally, they include a C4-Cl2 alkyl 
acrylate, a loWer alkyl acrylate (C 1-C4) hardening monomer 
such as methyl acrylate and a functionaliZing monomer such 
as acrylic acid Which facilities crosslinking. A crosslinking 
agent is also often useful. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 is a side planar vieW ofa drug delivery patch 
in accordance With the present invention. 
[0032] FIG. 2 is a side planar vieW ofa drug delivery patch 
having plural layers in accordance With the present invention. 

DETAILED DESCRIPTION 

[0033] The terms pharmaceutically active agent and drug 
are used synonymously, and these terms include any drug or 
biologically active substance Which is available in protonated 
form. These pharmaceutically active agents must be capable 
of transdermal application and must be susceptible to inclu 
sion in a patch in accordance With the present invention, both 
in protonated and nonprotonated forms. Additionally, the 
drug must be compatible With the other ingredients that are 
components of the therapeutic adhesive formulation. Gener 
ally, the content of the formulation Will be tailored around the 
pharmaceutically active agent. HoWever, if the pharmaceuti 
cally active agent cannot be stored in contact With, for 
example, any of the biocompatible deprotonating agents in 
accordance With the present invention, then that drug is not a 
candidate for use in some of the therapeutic adhesive formu 
lations discussed herein. That is, of course, unless the drug 
can be provided in a free base form Without any of the depro 
tonating agent. In addition, the drug should not cause irrita 
tion to the skin of the patient in either protonated or deproto 
nated form. Similarly, the drug should be susceptible of 
deprotonation by an agent Which itself Will not cause any 
irritation, unless the drug Will be provided as a free base. This 
Will further limit and de?ne the class of the drugs capable of 
use in accordance With the present invention. 

[0034] Without limitation, pharmaceutically active agents 
in accordance With the present invention may include sel 
egiline-HCl, propranolol-HCl, ketorolac-HCl, buprenor 
phine-HCl, scopolamine-HCl, terbutaline-HCl, clonidine 
HCl, morphine-HCl, teraZosin-HCl, praZosine-HCl, 
diliaZem-HCl, verapamil-HCl and Cipro?oxacin-HCl. The 
amount of the pharmaceutically active agent Will vary Widely. 
Some drugs are active in dosages of a feW milligrams per day 
While others may require thousands of milligrams per day. 
HoWever, in general, the pharmaceutically active agents in 
accordance With the present invention are provided in an 
amount Which ranges from betWeen about 0.1 to about 45 
percent by Weight based on the total formulation. More pref 
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erably, the amount of drug ranges from betWeen about 2 to 
about 20 percent by Weight based on the Weight of the total 
formulation. 

[0035] The pharmaceutically active agent has a pKb of at 
least about 4.5-5.0 and no more than about 11-115. The 
deprotonating agent should have a pKb of at least about 3.5 
4.0 and no more than about 10.0-10.5. References to the pKb 
of the pharmaceutically active agent are alWays to the pKb of 
the free base form of the drug. In addition, the pKb of the 
deprotonating agent should be at least about 0.75, preferably 
1.0 and more preferably 2.0 less than the pKb of the drug. 

[0036] The term highly plasticiZing drug generally means, 
a pharmaceutical or biologically active agent having a loW 
molecular Weight (under 300 MW), being liquid at normal 
process temperatures, and of an oily or lipophillic nature such 
that it ?uidiZes the adhesive and Would cause viscous cold 
?oW at adhesive during normal stage. The result Would be 
ooZiness and eventually, cohesive failure or splitting of the 
adhesive material. If the highly plasticiZing drug can be pro 
vided as a free base, then its pKb Will not be an issue. Typi 
cally, the highly plasticiZing drug in accordance With the 
present invention Would be provided in an amount ranging 
from betWeen about 3% to about 35% based on the Weight of 
the ?nished adhesive and drug mixture (dry Weight). More 
preferably, the amount of drug Will range from betWeen about 
3% to about 25%. Most preferably, the amount Will range 
from betWeen about 3% and about 18%. Preferred particu 
larly highly plasticiZing drugs in accordance With the present 
invention include: selegiline, ?uoxetine, Des-methyl sel 
egiline, tetracaine and chlorpheniramine. 
[0037] As used herein, a therapeutic adhesive formulation 
includes an adhesive formulation Which can be utiliZed as part 
of a percutaneous or transdermal drug delivery patch or the 
like. The therapeutic adhesive formulation may be provided 
as one or more thin adhesive layers in a patch, can be placed 
in a recess or cavity Within a patch as a monolithic structure or 
as a relatively viscous gel-like substance. 

[0038] The therapeutic adhesive formulation in accordance 
With the present invention generally includes at least tWo 
components: at least one adhesive formulation and a pharma 
ceutically active agent. If the drug used is in a protonated 
form, then it Will be necessary to include a solvent capable of 
dissolving the drug, in both protonated and deprotonated 
form. Such solvents may remain in the formulation after 
drying. If the drug used is a highly plasticiZing drug provided 
in protonated form, then the amount of this type of solvent 
should be minimized as it may affect the adhesion character 
istics of the resulting therapeutic adhesive formulation. If the 
highly plasticiZing drug is provided as a free base, then there 
is most often no need for such a solvent at all. In fact, under 
such circumstances, it is desirable to avoid using a loW 
volatility solvent Which Will not be driven off during drying, 
if possible. This loWers the amount of drying required Which 
reduces the loss of drug. It also reduces the cost of the for 
mulations and eliminates a potential source of adhesion prob 
lems. In cases Where a protonated form of the drug is used, the 
therapeutic adhesive formulation also includes at least some 
amount of a biocompatible deprotonating agent. Each of 
these components, as Well as any others that may be used such 
as dyes, permeation enhancers, crosslinkers, adhesion pro 
moters, gelling agents, crystallization inhibitors, anti-in?am 
matory agents and the like are mixed together in a generally 
homogeneous mixture. This mixture is then formed into a 
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?lm, block or Where appropriate, poured into a mold, or 
poured directly into the cavity or recess of a patch. 

[0039] While, as discussed in late passages, the adhesive 
formulations useful With highly plasticiZing drugs are de?ned 
more restrictively, the adhesive formulation useful in accor 
dance With the present invention may include any adhesive 
useful in accordance With the creation of transdermal patches. 
Broadly, these include acrylics, silicones, polyisoalkylenes, 
rubbers, vinyl acetates, polyisobutylene rubber, polybutadi 
ene, styrene-butadiene (or isoprene)-styrene block copoly 
mer rubber, acrylic rubber and natural rubber; vinyl-based 
high molecular Weight materials such as polyvinyl alkyl 
ether, polyvinyl acetate, a partially saponi?ed product of 
polyvinyl acetate, polyvinyl alcohol and polyvinyl pyrroli 
done; cellulose derivatives such as methyl cellulose, carboxy 
lmethyl cellulose and hydroxypropyl cellulose; polysaccha 
rides such as pullulan, dextrin and agar; polyurethane 
elastomers; and polyester elastomers. Of course, the adhe 
sives must be biocompatible and nonirritating. They must 
also alloW for a patch to adhere ?rmly to the skin of a patient 
in need of treatment by a patch but not be so adhesive so as to 
injure the patient as the patch is removed. It is also important 
that the adhesive be selected such that it is compatible With the 
other components of the therapeutic adhesive formulation of 
the present invention. It has been found that, as a group, the 
acrylic adhesives are particularly useful and compatible in 
this regard and therefore, it is preferred that the adhesive used 
be acrylic based. More speci?cally, acrylic adhesives in 
accordance With the present invention may preferably be 
(meth)acrylic acid such as butyl (meth)acrylate, pentyl(meth) 
acrylate, hexyl(meth)acrylate, heptyl(meth)acrylate, octyl 
(meth)acrylate, nonyl (meth)acrylate, decyl(meth)acrylate, 
undecyl(meth)acrylate, dodecyl(meth)acrylate, and tridecyl 
(meth)acrylate, and copolymers of at least one of the above 
esters and other monomers copolymeriZable thereWith. 

[0040] Examples of the copolymeriZable monomer include 
carboxyl group-containing monomers such as (meth)acrylic 
acid, itaconic acid, crotonic acid, maleic acid, maleic anhy 
dride and fumaric acid; sulfoxyl group-containing monomers 
such as styrenesulfonic acid, arylsulfonic acid, sulfopropyl 
acrylate, (meth)acryloyloxynaphthalenesulfonic acid, acry 
lamidomethylpropanesulfonic acid and acryloyloxybenZene 
sulfonic acid; hydroxyl group-containing monomers such as 
hydroxyethyl(meth)acrylate and hydroxypropyl (meth)acry 
late; amide group-containing acrylic monomers such as 
(meth)acrylamide, dimethyl(meth)acrylamide, N-butylacry 
lamide, tetramethylbutylacrylamide and N-methylol(meth) 
acrylamide; alkylaminoalkyl group-containing acrylic 
monomers such as aminoethyl(meth)acrylate, dimethylami 
noethyl(meth)acrylate, diethylaminoethyl (meth)acrylate 
and tertbutyl(meth)acrylate; alkyl esters of acrylic acid con 
taining an ether bond in the molecule thereof such as meth 
oxyethyl(meth)acrylate, ethoxyethyl (meth)acrylate, butoxy 
ethyl(meth)acrylate, tetrahydrofurfuryl (meth)acrylate, 
methoxyethylene glycol (meth)acrylate, methoxydiethylene 
glycol (meth)acrylate, methoxypolyethylene glycol (meth) 
acrylate and methoxypolypropylene glycol (meth)acrylate; 
vinyl monomers such as N-(meth)acryloylamino acid; func 
tional monomers such as acrylic monomers such as urethane, 
urea or isocyanate ester of acrylic acid; and vinyl monomers 
such as (meth)acrylonitrile, vinyl acetate, vinyl propionate, 
vinyl pyrrolidone, vinyl pyridine, vinyl pyraZine, vinyl pip 
eradine, vinyl piperidone, vinyl pyrimidine, vinyl pyrrole, 
vinyl imidaZole, vinyl caprolactam, vinyl oxaZole, vinyl thia 
Zole, vinyl morpholine, styrene, a-methylstyrene and bis(N, 
N'-dimethylaminoethyl)maleate. 
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[0041] The above alkyl esters of (meth)acrylic acid and 
copolymeriZable monomers include isomers in Which the 
alkyl portion is straight or branched, and isomers and deriva 
tives in Which the position of substituents is different. 
[0042] It is desirable from a standpoint of the balance 
betWeen adhesive properties to the skin and cohesion that the 
ratio of the alkyl ester of (meth)acrylic acid to the copolymer 
iZable monomer in the acrylic pressure-sensitive adhesive 
material is 50:50 to 99:1 by Weight. When alkyl esters of 
(meth)acrylic acid containing an ether bond in the molecule 
thereof are used from the standpoint of the loW skin irritating 
properties, it is desirable that the ratio of the alkyl ester of 
(meth)acrylic acid/the alkyl ester of (meth)acrylic and con 
taining an ether bond in the molecule/ the other copolymeriZ 
able monomer is 40 to 80/59 to 10/1 to 40. 

[0043] It is preferred that the adhesive formulations be sub 
jected to suitable chemical crosslinking treatment (e.g., copo 
lymeriZation of crosslinkable monomers and addition of a 
crosslinking agent) or physical crosslinking treatment (e.g., 
irradiation With ultraviolet rays and ioniZing radiations such 
as electron beam). 
[0044] In accordance With the present invention, the 
amount of adhesive generally utiliZed ranges from betWeen 
about 30 to about 85 percent by Weight based on the total 
Weight of the resulting formulation. Preferably, the amount of 
adhesive used ranges from betWeen about 45 to about 75 
percent by Weight based on the total Weight of the formula 
tion. 
[0045] When the transdermal patch in accordance With the 
present invention Will be used to deliver highly plasticiZing 
drugs, a more speci?c group of acrylic based adhesives has 
been found to be useful. These are identi?ed herein as acrylic 
polymeric adhesives. 
[0046] Acrylic polymeric adhesives in accordance With this 
aspect of the present invention include betWeen about 40% 
and about 90% of a C4-Cl2 alkyl acrylate as the principal 
monomeric component. Any alkyl acrylate having betWeen 4 
and 12 carbons Which has been used for the formulation of 
transdermal adhesives can be used, although, of course, other 
acrylates are also contemplated. Traditional C4-Cl2 alkyl 
acrylates useful in accordance With the present invention 
include, for example, 2-ethylhexyl acrylate, butyl acrylate, 
n-decyl, n-nonyl, 2 ethyoctyl, isooctyl and dodecyl-acrylate 
Generally, the C4-Cl2 alkyl acrylate in accordance With the 
present invention Will be used in a matter of betWeen about 40 
and about 90% based on the Weight of the ?nished adhesive 
material. More preferably, hoWever, the amount of the C4-Cl 2 
alkyl acrylate Will range from betWeen about 60% to about 
80% by Weight, based on the Weight of the adhesive. 
[0047] The properties of the acrylic polymeric adhesive can 
be dramatically altered depending upon Whether or not a 
hardening monomer is used and the type of hardening mono 
merused. It has been found that the use of betWeen about 10% 
and about 40% by Weight of a C l-C4 alkyl acrylate hardening 
monomer, in combination With the C4-Cl2 alkyl acrylate, is 
the key to providing an acrylic polymeric adhesive system 
capable of providing desirable therapeutic delivery, as Well as 
structural integrity, for transdermal application of highly 
plasticiZing drugs as discussed herein. Examples of Cl-C4 
alkyl acrylate hardening monomers useful in accordance With 
the present invention include methyl acrylate, methyl meth 
acrylate, ethylacrylate, ethyl methacrylate, hydroxyethyl 
acrylate and hydroxy propyl methacrylate. More preferably, 
the amount of C l-C4 alkyl acrylate hardening monomer use 
ful in accordance With the present invention ranges from 
betWeen about 15% to about 30% based on the Weight of the 
adhesive. 
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[0048] It has been discovered that the attributes of the 
acrylic polymeric adhesive When used With highly plasticiZ 
ing drugs are largely a function of the C4-Cl2 alkyl acrylate 
and the hardening monomer selected. The compositions of 
various commercially available transdermal adhesives are 
provided beloW in Table 2. 

TABLE 2 
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Which activates these agents but rather the removal of the 
solvent by, for example, evaporation or drying. Drying to 
remove these solvents can by done under completely conven 
tional conditions such as 100 to 1400 F. It should be noted that 
certain formulations are commercially available Without 
crosslinkers. For example, GELVA 1430 is identical to 

COMPOSITIONS OF VARIOUS TRANSDERMAL ADHESIVES 

GELVA GELVA DUROTAK GELVA DUROTAK DUROTAK 
788 737 2194 753 2516 2852 

2-Ethyl 67 67 75 61 70 65 
Hexyl 
Acrylate 
Methyl 33 27.5 
Acrylate 
Vinyl 28 28 20 25 
Acetate 
Acrylic 5 6 7.5 
Acid 
Hydroxy 5 5 5 
Ethylacrylate 
Glycidyl <0.5 <0.5 <0.1 Yes 
Methacrylate 
X-Linker No Butyl Aluminum Aluminum Polybutyl Aluminum 

Titinate Isopropoxide Isopropoxide Titinate 

[0049] These materials all have similar amounts of 2-ethyl GELVA 1753 except that it does not include a crosslinker. 
hexyl acrylate (A C4-Cl2 alkyl acrylate) and similar amounts 
of a functionaliZing monomer Which facilitates crosslinking. 
(Three of the formulations have betWeen about 6 and about 
7.5% acrylic acid, and the remaining formulations have about 
5% hydroxy thylacrylate.) TWo of the compositions, both of 
Which have been found to be effective in accordance With the 
present invention, GELVA 1753 and DUROTAK 87-2852 
each contain a hardening monomer Which is methyl acrylate. 
The remaining formulations contain vinyl acetate as the hard 
ening monomer. Vinyl acetate is a Widely employed monomer 
for this purpose. 
[0050] In accordance With the present invention, it is also 
desirable to use a functionaliZing monomer Which facilitates 
crosslinking. FunctionaliZing monomers provide functional 
groups for crosslinking. Such functionaliZing monomers are 
Well knoWn in the art and include, for example, acrylic acid, 
hydroxy ethylacrylate, methacrylic acid, and acrylamide. It 
should be noted, however, that When using an acrylate hard 
ening monomer in an acid form, it is preferred to use a 
functionaliZing monomer, such as acrylic acid, Whereas, 
Where the hardening monomer is an alcohol, compounds such 
as hydroxy thylacrylate should be chosen. functionaliZing 
monomers are generally provided in the range and betWeen 
about 1% and about 20%. 
[0051] It is also desirable to include a crosslinking agent. 
Crosslinking agents can include butyl titanate, polybutyl 
titanate, aluminum Zinc acetate and other multivalent metals, 
methylol ureas and melamines Generally the crosslinking 
agent is provided in an amount of betWeen about 0.005 and 
about 2% the adhesive. 
[0052] Crosslinking can be effected in many Ways depend 
ing upon a number of factors. Most importantly, crosslinking 
depends upon the mode of action of the crosslinking agent. 
Most of the acrylic polymeric adhesive formulations com 
mercially available use crosslinking agents Which Will be 
activated upon the drying of the formulation. It is not the heat 

This alloWs one to accommodate situations Where no 
crosslinking is needed (such as When very loW concentrations 
of drug are used) or to custom select a crosslinker that has a 
different mode of action. 

[0053] It should also be noted that the solvents found in the 
adhesives Which maintain the liquid form of the adhesive and 
generally prevent the activation of the crosslinkers are not to 
be confused With the loW-volatility solvents Which can be 
added as part of the dissolution system for patches using a 
protonated drug. Solvents normally found in commercial 
adhesive formulations, solvents included merely to prevent 
premature crosslinking, or relatively high volatility solvents 
such as ethanol, used only during mixing and processing, 
Which are evaporated during drying are generally not a prob 
lem With regard to the properties of the adhesives. 

[0054] As shoWn in Table 3, quite unexpectedly, the prop 
erties of the resulting adhesive vary greatly With relatively 
minor variations and the relative amounts of the various 
ingredients. It is clear, therefore, that the unique combina 
tions of monomers is primarily responsible for dictating 
Whether or not a particular adhesive formulation Will be suc 
cessful With a highly plasticiZing drug discussed herein. 

TABLE 3 

EFFECT OF SELEGILINE AND PLASTICIZER COMBINATION 
ON VARIOUS PHYSICAL PROPERTIES OF VARIOUS 

ADHESIVES 

PLASTI- SELEG- PEL FROM PHYSICAL 
ADHESIVE CIZER ILINE S S (gm/in) OB SERVATIONS 

GELVA —0— ~1 8% i No Adhesive 

1753 -0- ~15% 1110 Transfer 
-0- ~10% 933 

10% PG 8% 527 No Oozing 
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TABLE 3-continued 

EFFECT OF SELEGILINE AND PLASTICIZER COMBINATION 
ON VARIOUS PHYSICAL PROPERTIES OF VARIOUS 

ADHESIVES 

PLASTI- SELEG- PEL FROM PHYSICAL 
ADHESIVE CIZER ILINE SS (gm/in) OBSERVATIONS 

DUROTAK 10% PG 8% 2217 Adhesive 
87-2194 Transfer 

(Cohesive 
Failure) 

GELVA 788 10% PG 8% 1267 Adhesive 
Transfer 

DUROTAK 10% PG 8% 960 Adhesive 
87-2516 Transfer 
GELVA -0- 18% i Total Adhesive 

2655 Failure 
DUROTAK —0— 12% i No Adhesive 

87-2852 Transfer 
-0- 18% i No OoZing 

Somewhat Soft 

[0055] Only those adhesive/drug formulations which 
included a Cl-C4 alkyl acrylate hardening monomer as dis 
cussed above provided the necessary performance in terms of 
adhesive transfer and oozing to allow it to be useful for 
transdermal applications without adhesive transfer on skin. 
[0056] It is interesting to note from Table 3 that GELVA 
1753 provided acceptable results in terms of adhesive transfer 
and ooZing. However, the formulation which included 10% 
propylene glycol (“PG”), a relatively low-volatility solvent 
used in systems involving protonated drugs, also exhibited 
relatively poor adhesive characteristics. It has been found that 
the use of these types of solvent only ampli?es the plasticiz 
ing effects of highly plasticiZing drugs. Therefore, when a 
free base form of a highly plasticiZing drug is used, it is 
desirable to reduce, if not eliminate, the use of such low 
volatility solvents. Of course, this has other processing 
advantages, as it reduces costs, exposes a patient to fewer 
chemicals, reduces chemical waste and reduces process time, 
both in terms of preparation and in terms of drying the for 
mulation. 
[0057] Other acrylic polymeric adhesives containing the 
proper combination of ingredients include GELVA 2873 
(similar to 1753, but without residual monomers) and DURO 
TAK 87-2852. 

[0058] When the pharmaceutically active agent used is a 
protonated form, it must be converted to its free form, before, 
during or after being mixed with the adhesive thereby render 
ing it more readily permeable through the skin of a patient. 
Protonated forms of pharmaceutically active agents, includ 
ing highly plasticiZing drugs, are generally incompatible with 
the adhesive materials described above. However, the present 
inventor has found that this problem can be overcome by 
dissolving the usually solid salt in a nonaqueous solvent 
which is capable of maintaining the pharmaceutically active 
agent in both its protonated and nonprotonated form. Again, 
there are trade-offs based on the use of this type of solvent and 
highly plasticiZing drugs, particularly if the solvent used has 
a relatively low-volatility such as PG. 

[0059] In accordance with the present invention, the non 
aqueous solvent is preferably an alcohol. Alcohols in accor 
dance with the present invention can include monoalcohols, 
such as ethanol, propanol, isopropanol, butanol, and tertbutyl 
alcohol. The alcohol may also be a generally low molecular 
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weight polyols, i.e., glycols such as propylene glycol and 
polyalkylene glycol having an average molecular weight of 
less than about 400. For example, the nonaqueous solvent 
may be polyethylene glycol having an average molecular 
weight of between about 200 and about 400. 
[0060] Most preferably, a nonaqueous solvent in accor 
dance with the present invention is a normal short chain 
polyol of between about 2 and about 4 carbons in length. Such 
polyols may include 1,4 butanediol, glycerol, ethylene gly 
col, propylene glycol, and the like. Also useful in accordance 
with the present invention are acetates such as, for example, 
ethyl acetate, cellulose acetate, vinyl acetate and the like. 
[0061] It is important that the nonaqueous solvents not only 
be compatible with the adhesive material and the pharmaceu 
tically active agent, both in its protonated and nonprotonated 
forms, but also that it be compatible with the biocompatible 
deprotonating agent as well. Moreover, the nonaqueous sol 
vent must be compatible with the biocompatible deprotonat 
ing agent in both its protonated and nonprotonated forms. The 
nonaqueous solvent must also be biocompatible such that it 
will not cause irritation or discomfort when in contact with 
the skin of a patient. 
[0062] The amount of nonaqueous solvent used in accor 
dance with the present invention must be suf?cient to com 
pletely dissolve both the pharmaceutically active agent and 
the biocompatible deprotonating agent. Thus the amount may 
vary widely with the amount of each such ingredient used. 
However, in general, the therapeutic adhesive formulation in 
accordance with the present invention may include an amount 
of nonaqueous solvent ranging from between about 5 to about 
30 percent by weight based on the total weight of the formu 
lation. More preferably, the nonaqueous solvent is provided 
in an amount of between about 10 and about 20 percent by 
weight based on the weight of the total formulation. 
[0063] When the pharmaceutically active agent is a highly 
plasticiZing drug, then it may be necessary to reduce the 
amount of nonaqueous solvent used, particularly those which 
do not evaporate during drying. As previously noted, certain 
solvents can accentuate the highly plasticiZing nature of the 
drug, or can reduce the adhesive characteristics of the result 
ing patch, if they remain. In such cases, it is preferable to use 
only solvents which will volatilize or evaporate during drying 
and to use other solvents in amounts of less than about 10% by 
weight. Preferably as little solvent is used as possible. The 
exact amount of solvent useful in accordance with this aspect 
of the invention, will vary considerably, depending upon the 
exact acrylic polymeric adhesive system selected, the speci?c 
highly plasticiZing drug used and the amount of the highly 
plasticiZing drug provided. Generally though, the more 
highly plasticiZing the drug, and the greater the overall con 
tent, the lower the amount of non-volatile solvent which can 
be accommodated before yielding undesirable properties. 
[0064] Of course, during the normal drying process, at tem 
peratures ranging from l00-200° F., any solvents in the sys 
tem, whether provided as part of the adhesive or added or 
evaporated or dried. The high-volatility solvents are driven 
off and lower-volatility solvents are dried. However, this pro 
cess can also cause the loss of drug, particularly when using 
highly plasticiZing drugs. Therefore, to provide a formulation 
or patch containing between about 3% and about 35% dry as 
desired, one might need to add as much as 100% (70% by 
weight) additional drug to the adhesive prior to drying. The 
amount of additional drug will vary with the drug or drugs 
used, the type of adhesive and the amount and types of sol 
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vents and the drying conditions. By lowering drying tempera 
tures and eliminating additional solvents (those not found in 
the commercial adhesive) the amount of drug lost can be 
reduced. By consistent formulation and drying conditions, it 
is possible to determine the amount of drug lost so as to 
provide full compensation therefore. The result Will be 
patches having the desired amount of drug. 
[0065] Finally, the biocompatible deprotonating agent pro 
vided must be strong enough to substantially deprotonate the 
pharmaceutically active agent, but must not be so aggressive 
so as to cause irritation upon prolonged exposure to the skin. 
The biocompatible deprotonating agent must also be selected 
so that it is storage compatible With the drug and soluble, in 
both protonated and nonprotonated forms, in both the adhe 
sive material and the nonaqueous solvent. 
[0066] In order to be strong enough to substantially depro 
tonate the pharmaceutically active agent, it should be gener 
ally understood that the biocompatible deprotonating agent 
should have a pKb Which is at least 0.75 loWer than the pKb of 
the deprotonated form of the pharmaceutically active agent. 
More preferably, the pKb differential is 1.0 or 2.0, or even 
greater. For example, if the active drug in free form has a pKb 
of about 9.0, then the deprotonating agent in accordance With 
the present invention should have a pKb of about 8.25 and, 
more preferably 8 or less. At the same time, the biocompatible 
deprotonating agent should not be so aggressive so as to cause 
irritation upon prolonged exposure to skin. Thus the pKb of 
the deprotonating agent should not be under at least about 
3 .5-4.0 or over about 100-1025. More, preferably, the pKl7 of 
the drugs (in deprotonated form) Will range from betWeen 
about 5 and about 11 and the pKb of the deprotonating agents 
Will range from betWeen 4 and about 10. Of course, in some 
cases, it may be possible to use a loWer pKb, but the risk of 
irritation groWs accordingly. 
[0067] By prolonged exposure to skin, it should be under 
stood that certain patches may only be in contact With skin for 
a matter of hours, While others may be left on for a matter of 
days. In the context of longer term patches left in contact With 
the skin for greater than about 8 hours, the meaning of the 
term should be readily apparent. HoWever, as to shorter expo 
sure patches, the term prolonged exposure to the skin con 
templates irritation caused by repeated administration of a 
patch to the same area of skin. 

[0068] The biocompatible deprotonating agent in accor 
dance With the present invention may be any compound 
Which is capable of deprotonating the drug, and Which is 
compatible With the formulations in the present invention. 
Preferably, the biocompatible deprotonating agent can be 
polymeric imines, aromatic imines, alkanol imines, poly 
meric amines, aromatic amines, alkanolamines, alkyl-aryl 
amines, and the like. 
[0069] Particularly preferred deprotonating agents in 
accordance With the present invention include alkanolamines 
such as, for example, triethanolamine, diethanolamine, etha 
nolamine, propanolamine, ammonia and the like. Other bio 
compatible deprotonating agents in accordance With the 
present invention include polymeric imines such as, for 
example, polyethylene imine (“PEI”), polydimethylaminoet 
hyl methacrylate such as Eudragit E100 from Rohm Phar 
macy and polyacryloamin. PEI is a particularly interesting 
biocompatible deprotonating agent as it tends to form a 
sphere or cage Which may encapsulate or entrap some of the 
pharmaceutically active agent. The rate of reaction betWeen 
the PEI and protonated drugs Will depend largely upon the 
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molecular Weight of the PEI. Therefore, by tailoring the siZe 
of the PEI, it may be possible to control, at least to some 
degree, the rate of deprotonation. 
[0070] It is also possible to use a second drug as a depro 
tonating agent. For example, if drug X has a pKb of 9 and drug 
Y has a pKb of at least about 8.25, drugY could be used to 
deprotonate drug X. Drug X Would then have an enhanced 
rate of penetration into the skin. This can be particularly 
useful Where drugY is intended to act topically, is intended to 
be administered over a relatively longer period of time such 
that the salt form created is not a problem, or Where the salt 
form of drug Y retains a relatively high rate of skin penetra 
tion. It may also be desirable to use tWo drugs With a pKb 
differential of less than about 0.75 so as to setup a competitive 
deprotonating reaction betWeen them. 
[0071] Again, the amount of biocompatible deprotonating 
agent in accordance With the present invention Will vary With 
a number of factors. The amount Will be very dependent upon 
the amount of pharmaceutically active agent utiliZed. More 
over, the strength or pKb differential betWeen the deprotonat 
ing agent and the pharmaceutically active agent may also play 
a role in determining hoW much deprotonating agent is nec 
essary. The range of deprotonating agent used Will also vary 
With the stoichiometry of the deprotonation reaction. Gener 
ally, once the amount of protonated pharmaceutically active 
agents are selected, a stoichiometrically corresponding 
amount of deprotonating agent should be used. It may be 
desirable to add an excess of deprotonating agent relative to 
the amount of deprotonated pharmaceutically active agent so 
as to ensure a complete reaction. 

[0072] Any of the formulations discussed herein may also 
include a viscosity modi?er such as Fumed Silica such as 
Cabosil, adhesive compatible acrylic polymers such as Elvac 
ite from DuPont, and vinyl polymers such as Polyvinyl Pyr 
rolidone (PlaZdone C-30 from ISP), Ammonium Polyacry 
lates (such as Acrysol G-1 10 from Rohm and Haas), Hydroxy 
Propylcellulose (such as Klucel from Aqualon). The viscosity 
modi?er may play a role in controlling release of the drug 
and/or the rate of the deprotonation reaction. Cross linkers 
such as: Metal Alkoxides (such as Isopropoxide), Melamine 
based Polyols (such as Cylink HPC resins from Cytec Indus 
tries, Inc.), Organic Titanates (such as TyZor from DuPont 
Chemicals) may also be used. The composition of the present 
invention may further include one or more Permeation 

Enhancers such as: Propylene Glycol, Polyethylene Glycol, 
unsaturated long-chain fatty acids (such as OleicAcid), short 
chain alcohols (such as Ethanol, Isopropanol, n-Butanol), 
Dimethylsulfoxide, AZone, N-Methyl-2-Pyrrolidone, Decyl 
methylsulfoxide, Anionic Surfactants (such as Sodium Lau 
ryl Sulfate), Nonionic Surfactants (such as Polyoxyethylene 
(20) Sorbitan Monoleate), Cationic Surfactants (such as N,N 
Bis(2-Hydroxyethyl)-Oleylamine), ZWitteronic Surfactants 
(such as Dodecyl-Dimethylammoniopropane Sulfate), Ter 
penes. These may be particularly useful When using a drug as 
a deprotonating agent as the delivery pro?le of the later pro 
tonated drug may be signi?cantly enhanced. Anti-irritants 
such as Hydrocortisone, Flurbiprofen, and Indomethecin 
may also be useful. 
[0073] The therapeutic formulation in accordance With the 
present invention can be made in a number of Ways. A par 
ticularly preferred method, the deprotonating agent such as, 
for example, TEA or PEI, is mixed With a small amount of 
nonaqueous solvent such as, for example, 1,2 propanediol. 
This solution is then mixed into the acrylic adhesive base 
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material. Thereafter, a pharmaceutically active agent in pro 
tonated form, such as, for example, selegiline-HCl, is dis 
solved in a nonaqueous solvent, and, preferably, the same 
nonaqueous solvent used to dissolve the deprotonating agent. 
Thereafter, the drug-containing solution is added to the mix 
ture of the adhesive base and the dissolved deprotonating 
agent. While Within the acrylic adhesive base, the selegiline 
HCl and the deprotonating agent, i.e., TEA, react such that 
TEA-HCl and free selegiline are formed. The reaction kinet 
ics of this reaction strongly favor these end products. Of 
course, the order of the addition of ingredients can vary. For 
example, the TEA solution can be added to the selegiline-HCl 
solution and then the resulting mix can be added to the adhe 
s1ve. 

[0074] Generally, all mixing is done at room temperature. 
HoWever, the deprotonating reaction may be someWhat exo 
thermic and, therefore, it may be advantageous to cool the 
mixture to prevent degradation of the drug. After the mixture 
in accordance With the present invention has been formed and 
While the deprotonating reaction is taking place, the material 
may be directly forWarded and introduced into a transdermal 
patch. 
[0075] A typical patch is shoWn in FIG. 1. It includes a 
baking layer 1, a release layer 2 and a therapeutic adhesive 
formulation including both adhesive and drug in free form 3, 
disposed therebetWeen. In use, the release layer is peeled 
aWay exposing a surface of the adhesive Which is then applied 
to the skin. The backing layer helps contain the material and 
prevent contamination. Any material useful in the production 
of transdermal patches can be used herein and almost any 
construction is appropriate 
[0076] In accordance With another aspect of the present 
invention, it is possible to deprotonate the protonated phar 
maceutically active agent prior to its introduction into an 
admixture With the adhesive material. In this case, the phar 
maceutically active agent and the deprotonating agent, as 
previously described herein, are mixed in a solvent until the 
reaction betWeen the tWo components is complete. Generally, 
a stoichiometric or slightly greater amount of deprotonating 
agent is used relative to the amount of pharmaceutically 
active agent so as to insure that the equilibrium drives the 
deprotonating reaction to completion. Often, the conse 
quence of this reaction Will be the formation of crystals or a 
precipitate of the noW protonated deprotonating agent. While 
there is generally no adverse consequence because of the 
inclusion of such crystals, it is preferred to minimiZe or 
entirely eliminate such crystals if possible. Accordingly, 
before the mixture is mixed into the adhesive material base, 
the mixture is centrifuged, ?ltered, or otherWise processed 
such that the solid crystals or precipitate are removed. The 
remaining solution comprising mainly solvent and deproto 
nated pharmaceutically active agent, along With some 
residual liquid deprotonating agent, is then mixed into the 
adhesive mixture and then used in the production of transder 
mal patches as previously described. It is also possible to 
remove any crystals or other solids from the adhesive before 
the adhesive is used to construct a transdermal patch. This is 
accomplished as previously discussed. 
[0077] In accordance With another aspect of the present 
invention, it may also be desirable to control the rate of the 
deprotonating reaction and, therefore, the conversion of the 
protonated pharmaceutically active agent to the free form 
thereof. By this statement, it should be understood that the 
present invention is nonetheless different than the Heiber et 
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al. patent previously discussed. In Heiber et al., a physical 
barrier is provided to stop substantially any reaction betWeen 
the therapeutic agent and an activating agent therefor until 
just prior to use. The materials must be maintained com 
pletely separately starting from manufacture and continuing 
through storage up until the moment of use. In the present 
invention, even if steps are taken to control the rate of reac 
tion, nonetheless, some reaction betWeen the protonated form 
of the pharmaceutically active agent and the biocompatible 
deprotonating agent Will take place during manufacture or not 
long thereafter. Additional conversion Will take place during 
storage prior to use. 
[0078] One method of controlling the rate of reaction Was 
described previously and involves the use of PEI. Other cage 
like deprotonating agents may also be used. Similarly, it may 
be possible to place either the pharmaceutically active agent 
or the biocompatible deprotonating agent inside of a micro 
capsule, microsphere, or matrix microparticle Which some 
What restricts but does not completely eliminate the interac 
tion of the tWo reactive species. The degree of permeability or 
the degree of dissolution of the microcapsule material Will, at 
least in part, be rate controlling. Alternatively, the viscosity 
and/or degree of crosslinking of the adhesive material and/or 
the totality of the formulation can be increased or decreased. 
The greater the viscosity and/or molecular Weight of the 
adhesive mixture, the greater the diffusion time for the vari 
ous ingredients and the sloWer the time of reaction. Patches in 
accordance With the present invention can also be stored at 
generally loWer temperatures Which can also control the reac 
tion of kinetics. 

[0079] Another interesting method in accordance With the 
present invention involves separate formation of tWo or more 
layers of adhesive material in accordance With the present 
invention. One of the adhesive layers Would include mixed 
therein the protonated form of the pharmaceutically active 
agent dissolved in a nonaqueous solvent. A second layer 
(adhesive or not) Would include the biocompatible deproto 
nating agent dissolved in a nonaqueous solvent. These tWo 
layers could then be superimposed or placed in intimate con 
tact With one another. Some reaction betWeen the deprotonat 
ing agent in one layer and the pharmaceutically active agent 
in the adjacent layer Will take place substantially immediately 
or shortly after contact. HoWever, depending upon the design, 
the ratio of continued reaction may depend upon diffusion 
through the various layers. Eventually, the entirety of the 
pharmaceutically active agent Will be deprotonated. 
[0080] As. shoWn in FIG. 2, a transdermal patch of this type 
includes a baking layer 1, a release layer 2 a ?rst adhesive 
layer 3 adjacent the release layer and a second layer 4 dis 
posed betWeen the adhesive layer 3 and the backing layer 1. 
Second layer 4 may be an adhesive layer, but it need not be 
adhesive. The protonated drug is initially disposed in either 
layer 3 or layer 4 and the deprotonating agent is disposed in 
the other layer. Over time, as the drug is converted to free 
form, the distribution of the drug may vary Within the layers. 
In use, the release layer 2 is peeled aWay exposing a surface of 
the ?rst adhesive layer 3 Which is then applied to the skin. The 
backing layer 1 helps contain the material and prevent con 
tamination. Any material useful in the production of transder 
mal patches can be used herein and almost any construction is 
appropriate 
[0081] This later arrangement has additional bene?ts. Spe 
ci?cally, during the manufacture of an adhesive patch as 
described herein, after the adhesive mixture including the 
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pharmaceutically active agent have been introduced into the 
patch or formed into a mold, the material is dried. During that 
drying, it is not uncommon for some of the pharmaceutically 
active agent to evaporate. This can cause the dosage form to 
be underWeight in terms of the amount of therapeutic material 
delivered, or may force a manufacturer to incur additional 
costs by producing a Wet mixture containing an excess of 
pharmaceutically active agent With the expectation that a 
percentage thereof Will evaporate aWay. In accordance With 
one aspect of the present invention, hoWever, the deprotonat 
ing agent and the pharmaceutically active agent are dissolved 
into tWo different layers, each of Which is separately dried. 
Neither the deprotonating agent nor the protonated drug are 
as sensitive to the heat used in drying as the deprotonated 
pharmaceutically active agent. After drying, the individual 
layers can be brought into intimate contact With each other 
such that the deprotonating reaction can begin. 

[0082] Finally, When the drug used is a highly plasticiZing 
drug as de?ned herein, it may be added to the adhesive as 
either a free base form or as a protonated drug. In the case of 

the former, deprotonating agents, and possibly solvents, Will 
not be necessary. In the case of the latter, as With any other 
protonated pharmaceutically active agent as de?ned herein, 
both solvent and deprotonating agent may be necessary. 

[0083] Formulating patches including highly plasticiZing 
drugs in free form tends to be a far simpler operation. The 
drug is merely mixed With an acrylic polymeric adhesive, as 
Well as any other additional excipients, and then treated as any 
other material, using methods conventional in the manufac 
turing of transdermal patches. the material can be made into a 
?lm, dried into a block poured into a mold and the like. 

EXAMPLES 

Example 1 

[0084] Three formulations Were produced in accordance 
With the present invention. The formulations are shoWn in 
Table 4 beloW. 

TABLE 4 

INGREDIENTS WET BASIS DRY BASIS* 

Selegiline Base 3.5 5 
GELVA 1753 119 85 
Selegiline Base 6.74 10 
GELVA 1753 134.4 80 
Selegiline Base 9.45 15 
GELVA 1753 105 15 

*parts 

[0085] Each formulation Was prepared With the same pro 
tocol. An amount of liquid drug as indicated in Table 4 Was 
Weighed out. The indicated amount of dry adhesive Was also 
Weighed. The drug Was sloWly added to the adhesive While 
agitation continued moderately to create a homogenous 
blend. A thin ?lm of the drug/ adhesive blend Was produced in 
a controlled thickness of betWeen 70-95 mg/ 10 cm2 to a 
thickness of onto a release-coated plastic/paper substrate 
using a knife-over-roll technique. The coating Was then dried 
in an oven at betWeen 1 10° and 1400 F. to remove the solvents. 
The dry drug-polymer ?lm Was then laminated to a backing 
material made of PET/PE and die-cut into patches. 
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Example 2 

Analytical Study of Conversion of Selegiline-HCl to 
Selegiline Free Base 

[0086] Selegiline-HCl and one of the folloWing deprotonat 
ing agents Were added to Water and analyZed for turbidity 
using standard protocols. The results are reported beloW in 
Table 5. 

TABLE 5 

DEPROTONATING 
AGENT pKl7 TURBIDITY 

Diethylamine 3.07 Yes 
Triethylalnine 3.28 Yes 
Ethanolalnine 4.5 Yes 
Ammonia 4.75 Yes 
Triethanolalnine 6.2 Yes 
Imidazole 7.05 Yes 
Pyridine 8.77 Yes — Slight 
Aniline 9.34 No 

[0087] Selegiline free base, i.e., in its deprotonated form is 
only sparingly soluble in Water. For this reason it is important 
that the solvent used in accordance With the present invention 
be a nonaqueous solvent. Visual observations of the resulting 
mixtures indicated turbidity in most of the tested cases. Tur 
bidity is attributable to the conversion of the selegiline-HCl 
Which is readily soluble in Water to the free base form Which 
is not. 

[0088] Selegiline free form or free base has a pKb value of 
approximately 9.0. As Will be apparent from Table 5, pyridine 
having a pKb of 8.77 produced some slight turbidity indicat 
ing some level of conversion of the selegiline-HCl to sel 
egiline free base. HoWever, aniline having a pKb higher than 
selegiline, produced no turbidity indicating no conversion to 
the free base form. ImidaZole having a pKb of 7.05 produced 
strong turbidity indicating signi?cant conversion. 
[0089] Diethylamine and triethylainine also produced sig 
ni?cant turbidity indicating conversion of the selegiline-HCl 
to the free base form. HoWever, because of their loW pKb, and 
their resulting high pH, these deprotonating agents Would 
generally be inappropriate for use in accordance With the 
present invention. Of course, it is possible that certain patch 
formulations Which Will require only brief exposure to the 
skin or very loW concentrations of active ingredient may 
alloW for the use of such agents. 

[0090] The test Was repeated using propylene glycol as the 
test medium. Selegiline free base concentration Was mea 
sured by UV absorbency of cyclohexane extract and com 
pared With a stoichiometric value of selegiline free base. The 
results are illustrated in Table 6. 

TABLE 6 

Selegiline Free 
List pKl7 Base Conversion 

Imidazole 7.05 100% 
Pyridine 8.77 15% 
Arniline 9.34 0% 

[0091] ImidaZole having a pKb of 7.05 produced a sel 
egiline conversion of approximately 100%. Pyridine having a 
pKb of 8.77 produced a selegiline free base conversion of 
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15%. Aniline having a pKb of 9.34 produced no conversion. 
This data strongly supports the visual observances of turbid 
ity described above. 

Example 3 

Additional Analytical Testing 

[0092] Additional testing Was undertaken by dissolving 
various pharmaceutically active agents in a 25% solution of 
propylene glycol and analyzing them as described in 
Example 2. Triethylamine having a pKb of approximately 
3.28 Was capable of converting phenylpropranolol-HCl and 
propranolol-HCl (the free base forms having a pKb of 4 and 5 
respectively). UV testing indicated that conversions Were 
substantially complete. This shoWs that a pKb differential of 
about 0.75 (in the case of phenylpropranolol, a differential of 
0.72) is necessary for complete conversion from the hydro 
chloride salt to the free base form. 

[0093] Of course, triethylamine had a measured pH of 
approximately 11.7 and a calculated pH of approximately 
13.7. Such material Would generally be too caustic for use in 
accordance With the present invention, especially of the cal 
culated pH value, except under specialiZed circumstances. An 
actual pH of 11.7 is acceptable, an actual pH of 13.7 is not. 
Similarly, phenylpropranolol-HCl generally requires the use 
of a deprotonating agent having a pKb Which is so loW that it 
may cause irritation. In addition, the free base form of this 
pharmaceutical itself has a pH of approximately 13 Which is 
generally too caustic for use in accordance With the present 
invention. 

[0094] Ammonia having a pKb of 4.75 Was able to com 
pletely deprotonate verapamil-HCl (free base having a pKb of 
6) and, partially deprotonate propanol (free base form having 
a pKb of 5). This also demonstrates that the pKb differential 
betWeen the drug and the deprotonating agent needs to be 
approximately 0.75 or greater is useful to insure a complete 
reaction. Triethanolamine having a pKb of 6 Was fully able to 
convert scopolamine-HCl and clonidine-HCl to their respec 
tive free base forms (pKb of 7-8 and 7 respectively). 

Example 4 

[0095] 0.6 kg of selegiline HCl Was dissolved in 1.17 kg of 
1.2 Propanediol in a 2 gallon container, under mild agitation, 
using an air mixer. In a separate 2 liter container, 0.407 kg of 
TEA Was mixed With 0.4 kg of Ethanol at ambient tempera 
ture using mild agitation from air mixer. In a separate 5 gallon 
container, 3 .55 kg of liquid adhesive GELVA 1753 Was placed 
and 0.5 kg of Ethanol Was mixed in using a high shear mixer. 
After all the Ethanol Was dissolved, the Ethanol solution of 
TEA from the 2 liter container Was gradually mixed into the 
adhesive While continuously mixing using a high shear mixer 
(Sharr mixer). After complete addition of TEA solution, 1.2 
Propanediol solution of selegiline HCl, from a 2 gallon con 
tainer, Was gradually added to the continuously mixed adhe 
sive. The mixing continued until a homogenous mixture Was 
realiZed (about 30 minutes). Final adhesive mixture Was 
coated (using knife-over-roll coating method) on a sili 
coniZed release liner and dried continuously in the 3 Zone 
oven and “in line” laminated to a backing layer such as 1 mil 
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Polyester. This laminate Was subsequently die cut into round 
10 cm2 patches and packaged in heatsealable pouches. 

Example 5 

[0096] The procedure used in example 4 Was repeated. 
HoWever, 3.6 kg of selegiline HCl Was dissolved in 6.3 kg of 
1.2 Propanediol. Accordingly, the amount of TEA Was 
increased from 0.407 kg to 2.44 kg and mixed With 2.4 kg of 
Ethanol. The amount of GELVA 1753 adhesive Was increased 
to 21.0 kg and diluted With 3.0 kg of Ethanol. The adhesive 
mixture Was agitated using Sharr Mixer While both solutions 
of selegiline HCl and TEA Were subsequently added into mix 
as described in Example 4. The coating, drying, laminating 
Was done as described in Example 4. Die cutting of the 
laminate and pouching of the patches Were done as described 
in Example 4. 

Example 6 

[0097] 17.773 kg of selegiline HCl Was dissolved in 34.55 
kg 1,2 Propanediol under mild agitation using an air mixer. In 
a separate container, 12.046 kg of TEA Was mixed With 
12.046 kg of Ethyl Alcohol and mixed using an air mixer. In 
a separate 10 gallon mixer, 16.05 kg of GELVA 1753 Was 
placed and 5 .7 kg of Ethanol Was mixed in. While mixing 3.65 
kg of the TEA solution Was added to the adhesive mix and 
mixed very Well using Sharr mixer. 7.926 kg of selegiline HCl 
solution Was added. The mixing Was continued until an 
homogenous mixture Was obtained. The ?nal mixture Was 
pumped into the centrifuge and crystals of TEA HCl Were 
separated from the clear adhesive mix at 17,000 rpm. The 
clear adhesive mix containing Selegiline Free Base Was col 
lected in a separate container. The clear adhesive mixture Was 
coated, dried and laminated as described in Example 4. Die 
cutting of the laminate and pouching of the patches Were done 
as described in Example 4. 

Example 7 

[0098] 8.82 kg of selegiline HCl Was dissolved in 16.92 kg 
of Propanediol in a stainless steel container under mild agi 
tation using air mixer. 5.98 kg of TEA Was mixed With 5 .98 kg 
of Ethyl Alcohol in a stainless steel container under mild 
agitation using air mixer at 600 rpm. The contents of the tWo 
containers Were then mixed together While mixing the sel 
egiline HCl solution, the TEA solution Was added gradually 
for about 10 minutes and then alloWed to stand for a minimum 
of 8 hours. The above solution containing slurries of TEA 
HCl crystals Were pumped to a centrifuge at a loW rate. The 
centrate Was separated and collected in a 10 gallon stainless 
steel container. The 10.91 kg of the centrate Was dispersed in 
59.3 kg of GELVA 1753 in a separate container using Sharr 
mixer. The mixing Was continued until a homogenous adhe 
sive mixture Was realiZed. The adhesive mixture Was coated, 
dried and laminated as described in Example 4. Die cutting of 
the laminate and pouching of the patches Were done as 
described in Example 4. 

Example 8 

[0099] 18 grams of selegiline HCl Was dissolved in 35 
grams of 1.2 Propanediol at about 400 C. in a 100 ml beaker 
under mild agitation using a magnetic stirrer. In a separate 
150 ml beaker, 48.35 grams of GELVA 1753 adhesive Was 
mixed With 17.33 grams of 1,2 Propanediol solution of sel 
egiline HCl. After completion of mixing the adhesive mixture 
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containing selegiline HCl Was coated on a siliconiZed release 
liner using a laboratory knife-over-roll coater, dried in the 
oven and laminated to 1 mil polyester ?lm. the coat Weight of 
adhesive Was about 100 mg per 10 cm2. This Was “Part A” of 
the ?nal patch. 24.4 grams of TEA Were mixed With 20 ml of 
1.2 Propanediol in a 100 ml beaker. In a separate 150 ml 
beaker 42.9 g of GELVA 1753 adhesive Was mixed With 11.1 
g of 1,2 Propanediol solution of TEA. After completion of 
mixing, the adhesive mixture containing TEA Was coated on 
a siliconiZed release linear using a laboratory knife-over-roll 
coater, and dried in the oven. The coat Weight of adhesive Was 
50 mg per 10 cm2. This Was “Part B” of the ?nal patch. After 
removing the release liner, the adhesive layer of “Part A” Was 
laminated to adhesive layer “Part B”. This laminate Was 
alloWed to age at room temperature for 3 days. After that, 10 
cm2 round patches Were die cut and extracted in cyclohexane. 
The resulting free base of selegiline Was analyZed. the con 
version rate of selegiline HCl into selegiline free base Was 
found to be 83%. 

[0100] (Examples 9 through 18 relate to the formulations 
described in Table 3.) 

Example 9 

[0101] 1.07 kg of selegiline free base Was added to 10.9 kg 
of GELVA 1753 acrylic polymeric adhesive; both Were in 
liquid form. The resulting therapeutic adhesive formulation 
Was coated onto a polyester release liner using a knife-over 
roll technique at 93 mg/ 10 cm2 target coat Weight and the 
result Was dried. The resulting therapeutic adhesive formula 
tion included 18 mg/ 10 cm2 (dry) of selegiline and 72 mg/cm2 
(dry) of adhesive. The dried ?lm Was then laminated onto a 
clear PET/ EVA backing material. The resulting patches 
exhibited acceptable drug storage stability as de?ned by the 
Us. Food and Drug Administration for this class of transder 
mal patches and drug delivery pro?le. The resulting patches 
Were able to remain on skin for at least 24 hours, exhibited no 
peeling or ooZing, left no adhesive residue on the skin When 
removed and Were removable Without injury to the skin. Note 
that this therapeutic adhesive formulation does not include 
solvents other than those Which are part of the commercially 
available adhesive and that the system is anhydrous. Substan 
tially, all liquids in the system are removed by drying. HoW 
ever, some trace amounts of either liquid or solvent may still 
be present. 

Example 10 

[0102] 130.5 parts of GELVA 1753 Were mixed With 7.41 
parts of selegiline free base and 20 parts of ethanol. The 
resulting therapeutic adhesive formulation Was coated onto a 
polyester release liner and dried at 1300 F. for 4 minutes. The 
dried ?lm Was then laminated on a PET backing. The result 
ing patches included approximately 15 mg/10 cm2 (dry). The 
resulting patches Were able to remain on skin for at least 24 
hours, exhibited no peeling or ooZing, left no adhesive residue 
on the skin When removed and Were removable Without injury 
to the skin. This therapeutic adhesive formulation Was pro 
duced With ethanol as an added solvent. That solvent, as Well 
as the solvents found in the commercial adhesive Were evapo 
rated during drying. The resulting formulation contains sub 
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stantially no Water or non-volatile liquids after drying. HoW 
ever, some trace amounts of either liquid or solvent may still 
be present. 

Example 11 

[0103] 4.91 parts of selegiline free base and 20 parts by 
Weight of ethanol Were mixed With 136.75 parts of GELVA 
1753 using the process described immediately in Example 10. 
The resulting patches contained a therapeutic formulation 
including approximately 10 mg/ 10 cm2 (dry) of selegiline. 
The resulting patches Were able to remain on skin for at least 
24 hours, exhibited no peeling or ooZing, left no adhesive 
residue on the skin When removed and Were removable With 
out injury to the skin. 

Example 12 

[0104] 109 parts of GELVA 1753 Were mixed for one hour 
With 10 parts of propylene glycol, 5 parts of selegiline base 
and 20 parts of ethanol. The resulting therapeutic adhesive 
formulation Was then coated onto a polyester release liner 
using a bench-top knife-over-roll coater and dried in an oven 
at 1300 F. for four minutes. The dried ?lm Was laminated onto 
a PET backing. The dried ?lm had a composition of approxi 
mately 8% selegiline and 10% PG, i.e., approximately 8 
mg/10 cm2 (dry). Like all of the other formulations including 
GELVA 1753, this formulation Was acceptable in terms of 
adhesive transfer and ooZing. HoWever, unlike the 10% and 
15% formulations (each of Which Were formulated With a 
volatile solvent), the adhesive properties of the patches result 
ing from this batch Were found to be unacceptable. The PG 
remained as part of the formulation after drying and acted 
With the selegiline in such a Way that it retarded adhesion. 

Example 13 

[0105] 10 parts of PG, 5 parts of selegiline free base, 20 
parts of ethanol, and 77.8 parts of DUROTAK 87-2194 Were 
mixed and processed as described above in Example 10. As 
shoWn in Table 3, the formulation exhibited cohesive failure 
and adhesive transfer. 

Example 14 

[0106] 83.33 parts of DUROTAK 87-2516 adhesive, 10 
parts of PG and 5 parts of selegiline base, as Well as 20 parts 
of ethanol Were mixed as previously discussed and coated, 
using a bench-top knife-over-roll device, on a polyester 
release liner and dried in an over at 1300 F. for four minutes. 
The dried ?lm Was then laminated to make PET backing. The 
resulting formulation contained approximately 8 mg/ 10 cm2 
(dry) of selegiline. As demonstrated in Table 3, patches made 
from this formulation exhibited adhesive transfer When 
applied to the skin. 

Example 15 

[0107] 85.37 parts ofGELVA 788 adhesive, 10 parts ofPG, 
5 parts of selegiline base and 20 parts of ethanol Were mixed 
an processed as described in Example 14. Again, the thera 
peutic adhesive formulation included approximately 8 mg/ 10 
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cm2 (dry) of selegiline and again adhesive transfer Was found 
to result When these patches Were applied to skin. 

Example 16 

[0108] 1.07 kg of selegiline Was added to 8.78 kg of 
GELVA 655 liquid adhesive With constant mixing. The result 
ing therapeutic adhesive formulation Was then coated onto a 
silicone coated polyester release liner using a knife-over-roll 
technique at 93 mg+4/10 cm2 target coat Weight and dried. The 
dried ?lm Was laminated to a PET/ EVA backing. The result 
ing patches included 18 mg/ 10 cm2 (dry) of selegiline. As 
demonstrated in Table 3, this formulation exhibited total 
adhesive failure. 

Example 17 

[0109] 0.7 kg of selegiline Was mixed With 11.1 kg of 
DUROTAK 87-2852 liquid adhesive and processed as above 
in Example 16. A polyester release liner Was used. The result 
ing therapeutic adhesive formulation included 12 mg/ 10 cm2 
(dry) of selegiline. As shoWn in Table 3, no adhesive transfer 
or ooZing Was realiZed. This material Was made Without any 
solvent other than that provided as part of the adhesive and it 
exhibited acceptable adhesion results as described in 
Example 9 

Example 18 

[0110] 1.07 kg of selegiline Was added to 10.29 kg of adhe 
sive and processed as above in Example 16. The resulting 
therapeutic adhesive formulation included 18 mg/ 10 cm2 
(dry) of selegiline. The release liner used Was a silicone 
coated release liner. As shoWn in Table 3, this formulation, by 
virtue of the higher concentration of highly plasticiZing drug, 
shoWed some softness. 

[0111] Although the invention herein has been described 
With reference to particular embodiments, it is to be under 
stood that these embodiments are merely illustrative of the 
principles and applications of the present invention. It is 
therefore to be understood that numerous modi?cations may 
be made to the illustrative embodiments and that other 
arrangements may be devised Without departing from the 
spirit and scope of the present invention as de?ned by the 
appended claims. 

1. A method of producing a transdermal therapeutic adhe 
sive formulation including at least one highly plasticiZing 
drug comprising the steps of: 

providing betWeen about 65% and about 97%, by Weight, 
of an acrylic polymeric adhesive Which includes 
betWeen about 40% and about 90% of a C4-Cl2 alkyl 
acrylate, betWeen about 10% and about 40% by Weight 
of a C l-C4 alkyl acrylate hardening monomer; betWeen 
about 1% and about 20% by Weight of a functionaliZing 
monomer Which facilitates crosslinking; and a 
crosslinking agent; 

mixing said acrylic polymeric adhesive With a highly plas 
ticiZing drug in an amount Which is suf?cient to provide 
betWeen about 3% and about 35% of said drug by Weight 
based on the Weight of the mixture When said transder 
mal therapeutic adhesive formulation is dry; 

and crosslinking said acrylic polymeric adhesive to form a 
matrix capable of controlling the release of said highly 
plasticiZing drug. 
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2. The method of claim 1 Wherein betWeen about 3% and 
about 70% of said drug is mixed With said acrylic polymeric 
adhesive. 

3. The method of claim 1 Wherein crosslinking is accom 
plished in situ by drying the mixture. 

4. The method of claim 1 Wherein said C4-Cl2 alkyl acry 
late is selected from the group consisting of 2-ethylhexyl 
acrylate, butyl acrylate, n-decyl, n-nonyl, 2 ethyoctyl, isooc 
tyl and dodecyl-acrylate. 

5. The method of claim 1 Wherein said C4-Cl2 alkyl acry 
late is provided in an amount of betWeen about 60% and about 
80% by Weight based on the total Weight of the acrylic poly 
meric adhesive. 

6. The method of claim 1 Wherein said C l-C4 alkyl acrylate 
hardening monomer is selected from the group consisting of 
methyl acrylate, methyl methacrylate, ethylacrylate, ethyl 
methacrylate, hydroxyethyl acrylate and hydroxy propyl 
methacrylate. 

7. The method of claim 1 Wherein said C l-C4 alkyl acrylate 
hardening monomer is provided in an amount of betWeen 
about 15% and about 30% by Weight based on the total Weight 
of the acrylic polymeric adhesive. 

8. The method of claim 1 Wherein said functionaliZing 
monomer Which facilitates crosslinking is selected from the 
group consisting of acrylic acid, hydroxy thylacrylate, 
hydroxy ethylacrylate, methacrylic acid, and acrylamide. 

9. The method of claim 1 Wherein said functionaliZing 
monomer Which facilitates crosslinking is provided in an 
amount of betWeen about 1% and about 10% by Weight based 
on the total Weight of the acrylic polymeric adhesive. 

10. The method of claim 1 Wherein said C4-Cl 2 alkyl acry 
late is selected from the group consisting of 2-ethylhexyl 
acrylate, butyl acrylate, n-decyl, n-nonyl, 2 ethyoctyl, isooc 
tyl and dodecyl-acrylate and is provided in an amount of 
betWeen about 60% and about 80% by Weight based on the 
total Weight of the acrylic polymeric adhesive and Wherein 
said C l-C4 alkyl acrylate hardening monomer is selected 
from the group consisting of methyl acrylate, methyl meth 
acrylate, ethylacrylate, ethyl methacrylate, hydroxyethyl 
acrylate and hydroxy propyl methacrylate and is provided in 
an amount of betWeen about 15% and about 30% by Weight 
based on the total Weight of the acrylic polymeric adhesive. 

11. The method of claim 10 Wherein said highly plasticiZ 
ing drug is selected from the group consisting of selegiline, 
?uoxetine, Des-methyl selegiline, tetracaine and chlorphe 
niramine. 

12. The method of claim 11 Wherein said highly plasticiZ 
ing drug is provided in an amount of betWeen about 3% and 
about 256 by Weight of the therapeutic adhesive formulation. 

13. The method of claim 12 Wherein said highly plasticiZ 
ing drug is provided in an amount of betWeen about 3% and 
about 1 8% by Weight of the therapeutic adhesive formulation. 

14. The method of claim 1 Wherein said crosslinking agent 
is selected from the group consisting of butyl titinate, poly 
butyl titinate, aluminum isopropoxide, aluminum Zinc 
acetate, multivalent metals, methylol ureas and melamines. 

15. The method of claim 1 Wherein said crosslinking agent 
is provided in an amount of betWeen about 0.005% and about 
2% based on the total Weight of the acrylic polymeric adhe 
sive. 

16. A method of producing a therapeutic adhesive formu 
lation for use in a transdermal patch comprising the steps of: 
selecting an acrylic polymeric adhesive Which is suitable for 
use With highly plasticiZing drugs based upon it’s content of 
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between about 40% and about 90% of a C4-Cl2 alkyl acrylate 
and betWeen about 10% and about 40% by Weight of a C l-C4 
alkyl acrylate hardening monomer; and mixing said acrylic 
polymeric adhesive With a highly plasticiZing drug in an 
amount of betWeen about 3% and about 65% by Weight based 
on the Weight of said mixture. 

17. The method of producing a therapeutic adhesive for 
mulation for use in a transdermal patch of claim 16 further 
comprising the step of: selecting an acrylic polymeric adhe 
sive Which is suitable for use With highly plasticiZing drugs 
based upon it’s content of betWeen about 40% and about 90% 
of a C4-Cl2 alkyl acrylate and betWeen about 10% and about 
40% by Weight of a C 1 -C4 alkyl acrylate hardening monomer; 
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betWeen about 1% and about 20% by Weight of a functional 
iZing monomer Which facilitates crosslinking; and a 
crosslinking agent. 

18. The method of producing a therapeutic adhesive for 
mulation for use in a transdermal patch of claim 17 further 
comprising the step of: drying said mixture of said acrylic 
polymeric adhesive and said highly plasticiZing drug to form 
a matrix capable of controlling the release of said highly 
plasticiZing drug When placed in a transdermal patch and 
applied to the skin of a patient and Which Will not ooZe, suffer 
from adhesive failure, fall off of a patient prematurely or be 
dif?cult to remove When necessary. 

* * * * * 


