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SOLUBI LI TY PARAMETER BASED DRUG DELI VERY SYSTEM AND METHCD FOR ALTERI NG

relat IIy to trans ery systens,
parh@gﬁw to a transdeﬁﬁg lakéréy corrpostﬂgg?% na hlehes ofCe},,,
polymers is UtIJUIZEdtO aff ﬂm drug delivery fromthe U
conposition. Mre specifica y of pol yners having di ffer@ﬁj/
solubility paraneters, preferabl y imm SCI ble with each other, adjusts /2
solubility of the Sliiug in a polyneric adhesive system fornmed by the bl end

and nodul at es the l'ivery of the drug fromthe conposition and through the
derm s. K

BOLUBILITY PARAMETER BASED DRUG DELIVERY SYSTEM AXD
METEOD POR ALTERING DRUG SATURATION CONCENTRATION

This invention relates generally to tranedermal drug
delivery systems, and more particularly, ¢to a
transdermal drug delivery composition wherein a blend
5 of polymers is utilized to affect the rate of drug
delivery from the cmpqgitinn. More specifically, a
plurality of polymers having differing solubility
paraneters, preferably immiscible with ecach other,
adjusts the solubility of tha drug in a polymeric
10 adhesive system formed by the blend and modulates the
delivery of the drug from the composition and through
the dermis.

' The use of a transdermal composition, for example
‘a pressure-sensitive adhegive containing a madicament,
15 namely, a drug, &s a means of centrolling drug
delivery through the skin zt essentially a constant
rate, is well known. Such known dalivery systess
involve incorporation of a madicament into a carrier
such as a polymeric matrix and/or a pressure-sensitive
20 adhesive formulation. The pressure-sensitive adhesive
- nust adhere effactivaly to the skin and paermit
migration of thea medicament from the carrier through

the skin and into the blocdstrean of the patient.
Many factors influence the dasign and psrformance
25 af sustained or controlled release drug delivery
products, and dermal dslivery systems in general,
including drug properties, optimum delivery rate,
target site(s), type of therapy (short-term or
chronic), patient compliance, etc. Among the drug
30 propertiss which are known to influence the rate of
release or permeation, or both, into the skin are the
physicochemical propertiss, ineluding molecular size,
shape, and volume; solubility (both in the delivery
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The use of a tranadernmal conposition, for exanple a pressure-sensitive
adhesi ve contai ning a nedi canent, nanely, a drug, as a neans of controlling

dr'ugwdgbmsy t hrough the skin atﬂﬁﬁﬂmHh@&&R@m@éﬁnSt%A{rﬁﬁgs%dm| !

known. uch known delivery syste | porati© I cament
into a carrier such as a polyneric ﬂ({ﬂMLa pressure-sensitive
adhesi ve fornul ati on. The pressure- sive nust adhere

effectively to the skin and permt mgration of the nmedi canent fromthe

carrier through the skin and into the bl oodstream of the patient. Mny

factors influence the design and perfornmance of sustained or controlled

rel ease drug delivery products, and dernal delivery systens in general,
systan and through the skin); partitioning

characteristics; degree of ionization; charge; and
protein binding propensity. |

When a drug is contained in a carrier, for
exauple, a pressure-sansitive adhesive for transdermal
delivery, the rate of administration may be affacted
by the rate of release of the drug from the carrier,
as vell as tha rate of passage of the drug through the
skin. These rates vary from drug-to-drug and from
carrier-to-carrier. A variety of pathematical
eguations have been proposed in the prior art to
describe theoretically the fundamentals of mnass
transfer phanomena involved in diffusion through a
carrier and development of a flux across a membrane
such as the skin.

Transdexnal drug delivery systems can ba divided
into two general groups: systam-controlled and
skin-controlled devices. Mith skin-controlled
davices, net drug delivery is controlled by the rate
af drug permeation through the skin. Skin-controlled
systems can ba further subdivided inte menelithic
devices and resarvoir devices. -

Generally, a monolithic system comprises a drug
disparsed or dissolved in a =matrix comprising a
homogeneous polymeric naterial of, i)lustratively,
silicone adhesive, silicone rubber, acrylic adhesive, '
polysthylene, peolyischbutylene, polyvinyl chloride,
nylen, or the like. The drug is dissoclved in the
polyneric matrix until its saturation concentration is
reached. Any addit:-snal drug remains digpersed within
the matrix. As drug is ramoved from the surface of
the patrix, more of the drug diffuses out of the
interior in reaponse to the decreased concentration at
the surface. The releasa rate is therefors not
constant over tims, but instead gradually decreases as
the drug concentration decraases.
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i ncl udi ng drug properti.es, optinmumdelivery rate, target site(s), type of
t her apyve § termor chronic), patient conpliance, etc Anong the drug
p'roperﬁes I'ch are Has) e the rate of rel eRSEUSI2S2Feat i on,
or both, into the ski cochem cal properties, including
mol ecul ar si ze, shape,f] JIBol ubrlhity (both in the delivery 2
system and t hr ough t he skin); partitioning characteristics;
degree of ionization; charge; and protein binding propensity.

3

The flux, or percutanecus absorption rate of
drugs through the skin, is described by Fick's first
law of diffusion:

- J = ~D(dC,/ax), .

5 whare J is the flux in g/cm?/sec, D is the diffusion
coefficient of the drug through the skin in cul/sec,
and dC,/dx is the concentration gradient of active
agent across the skin.

In order to modify the rate of delivery from a

10 monolithic transdermal device and into the dermis, the
prior art has typically focused on selecting a
spacific single-polymer matrix or a blend of soludble
(miscibla) polymers. Illustrative examples are the
novel polymers described in U.S. Patent Nos. 4,898,520

15 and U.S. 4,751,087. There is a2 naed in the art to
modify the rate of delivery vhile using commercially
available polymer components.

Another common technigque for modifying the rate
of drug delivery is the addition of a wvehicle or

20 enhancer to the formulation to increase the solubility
of the drug within the polymar matrix, for example by
adding a co-solvent such as a polyhydric alcohel or by
changing the skin permsability, for example by adding
enhancers such as ethanol. There is a further need to

25 be able to modulate the delivery of a drug from a
polymer matrix without adding vehicles or enhancers. )

There is no example in the prior art of using a
simple blend of adhesiva polymars to affect tha rate
of drug delivery from a mnonolithic adhesive-based

30 transdernal composition. However, U.S. Patent No.
4,814,168, granted March 21, 1989, and a continuation~
in-part thereof, U.S. Patent No. 4,994,267, issued on
February 19, 1991, both assigned ¢to Noven
Pharmaceuticals, Inc., Miami, FL, disclose the use of

as a multipolymer, spacifically an ethylene/vinyl acetate
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Wien a drug is contained in a carrier, for exanple, a pressure-sensitive
adhesi ve for transdernmal delivery, the rate of administration may be

af f ecWOPIBOOSEe rate of rel ease onlimtmmefik Qicdghe cRCTRISI2O829%! | as
the rate of passage of the drug th These rates vary from
drug-to-drug and fromcarrier-to-c ﬂm "” variety of mathemati cal
equati ons have been proposed in th

descri be theoretically the
fundamental s of mass transfer phenomena involved in diffusion through a

carrier and devel opnent of a flux across a nenbrane such as the skin.

Transdermal drug delivery systens cah be divided into two general
grotps: csa%sgl%}ei_ontég ' eaq‘ angthylene/vmyl acetate/aerylic

terpolymer, a rubber and a tackifier in a carrier
‘composition to improve the adhesive properties. The
composition of U.S. Patent No. 4,994,267 furthar
ineludes an acrylate polymer in the system for
additional improvement to the adhesive properties.

Drug concentration in a monolithic transdermal
delivery device can vary widely depending on the drug
and polymers used. For example, certain drugs are
10 affective in lov doses and therefore the transderngl
formulation may involve low concentrations, illustra-
tively 5% or less by weight of the nedicament in an
adhesive. Other drugs, such as nitroglycerin, require
_ large doses to be effective and the transdermal
15 formulaticn therefore may involve high drug
concentrations, approximataly batwsan S to 40% or more
by wveight in an adhesive. 1Lov concentrations of
sadicament typically do not critically atfect the
adhesion, tack, and shear resistance properties of the
20 adhesive. Howavar, low drug concentrations in ..a
adhesive can result in difficulties in achieving an
acceptable delivery rate of the nedicament. High
concentrations, on the other hand, freguantly affect
the adhesion properties of the adhesives. The
28 deleterious effacts are particularly exacerbated by
drugs which also act as plasticizersor soclvents for )
the polymeric adhesive matarial (e.g., nitroglycerin
in polyacrylates).

There is a need in the art for an adhesive
30 composition for transdermal delivery systeams which cz1
selectably incorporate low concentrations of drug - 1
delivar same at an adequate and controlled rate or
incorporate high concentrations of drugs while
rataining good physical adhesive properties.
35 It is, therefore, an cbject of this invention to
provide a transdermal drug delivery system wharein the
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skin-controll ed devices. .. With__skin-controlled devices, net drug
del i veriyoi93/000s¥ rol l ed by the rate of drug perneation th%wi n.
Skin-control | ed systems can be fi% tHas BerpiRepleked i nt o nonol 1t hi ¢ devi ces
and reservoir devices. GEneraIIy,ﬂ system conpri ses a drug
di spersed or dissolved in a matri honbgeneous pol yneric
material of, illustratively, silicone adhesive, silicone rubber, acrylic
adhesi ve, pol yet hyl ene, polyisobutyl ene, polyvinyl chloride, nylon, or the

like. The drug is dissolved in the pglyneric matrix until its saturation
concentration is reached. Any additional drug remains dispersed within the
matrix. As deagei of iy déliveryt fxom bhieatrapsdernal composition

may be selectably modulated.

1t is another obiject of this invention to provide
a transdermal drug delivery system wherein the rate of
5 drug dolivery' from the transdermal composition may be
selectably podulated by adjusting the solubility
and/or diffusivity of the drug in the multiple polymer

adhesive system. _
It is alse an object of this invention to provide

10 a transdermal drug delivery system vherein the
multiple polymer adhesive systam is simple to
nanufacture.

It {8 a further objact of this invention to

provide a transdermal drug delivery system wherein

15 drug-loading of a multiple polyner adhesive system may
be salectadly varied without adverse effscts on drug
delivery rate and adhesive properties, such as
adhesion, tack, and shear resistance.

It is additionally an object of this invention to

20 provide a transdermal drug dalivery system wherein a
novel multiple polymer adhasive systez iz provided
vhich has desirable physical properties.

Supmary of Invention -

The foregoing and other cbjacts are achieved by

25 this invention which provides a transdermal drug
delivery systeam wherein a blend of at least two
polymers having d4iffering solubllity parameters
adjusts the solubility of a drug in the polymeric
blend and thereby modulates the delivery of the drug

30 trom the system and through the darmis.

In accordance with a composition aspect of the
invention, an improved pressure-sensitive adhesive
composition of the type which is suitable as a matrix
for controlled release of a bioactive agant therefrom

35 comprises a blend of a tirst polymeric adhesive
material having a first solubility parameter and a
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nore of the drug diffuses out of_the interior in response to

t he decreased concentration at the surface. The release rate is therefore
not coYX9Me0088er tinme, but indhisghee cplaiber eases PETAISO2SIE
concentration decreases. 3 Th cut aneous absorption rate of
drugs through the skin, is descr first law of diffusion: J
[err] -D(d(ferr]/dx), where J is the ux I n g/crr[err ]/sec, Dis the

di ffusion
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sacond polymeric adhesive material having a sacond
solubility parameter, the first and second solubility
paranmeters baing different from one another. The
blend, therefora, has a characteristic net solubility
parazeter. In embodiments incorporating a bioactive
agent in the improved pressure-sensitive adhesive
composition, the characteristic nat solubility
parameter can be presslected to adjust the saturation
concentration of a bicactive agent in the composition
and thereby control the release of :he bpicactive
agent. The saturation concentration of the bicactive
agent may bs adjusted either upward or downward
depanding upon whether the rate of release is to be
enhanced or retarded.

In prafarred embodiments, the biscactiva agent may
compriss a drug. In particularly, preferred
embodiments, the drug is a steroid, such as an
oitroqan or a progestational agent, or combination
thereof. In othaer preferred ambodiments, the drug may
bs a fi;~adrensrgic agonist, such as albut.rol, or a
cardicactive agent, such as nitroglycerin. In still
othar ambodiments, the bicactive agent is a
cholinergic agent, such as pilocarpine, or an
antipsychotic such as haloperidol or a
tranquilizer/sedative such as alprazolam.

The pressure-sensitive adhesive composition may -
further include enhancexs, fillers, co-solvents, and
excipients as are known in the art for uss in such
compesitions.

In a preferred embodiment of the improv-
pressure-sensitive adhesive, the £first polyme:
adhesive material is a polyacrylate and the secc. .

_adhesive material is a polysiloxane. The polyacrylate

is preferably present in the pressure-sensitive
adhesive composition in an amount ranging from about

THIS SHEET HAS BEEN |
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coefficient of the drug through the skin in cnferr]/sec, and dCerr]/dx is
the co ﬁ{,ﬁon gr adi ent of act1—ve—agenp~aeLoss t he ski rder to
m)difere rate of delivery f0Ma k’eﬁé\ﬁ]’

| h c t ransder nma into
the derms, the prior art has ¥d on sel ecting a specific
singl e-polymer matrix or a bIe n m sci bl e) polyners.
Il1lTustrative exanples are the descrlbed in U S Patent Nos.
4,898,920 and U. S. 4, 751, 087. There |s a need in the art to nodify the

rate of delivery while using comercjally available polymer conponents.
Anot her conmon techni que for nDdlfylng the rate of drug delivery is the

addition of 239¥gNt¢! Gef4ht and the polysiloxane is present in an
amount ranging from about 98-4%. Preferably, the
ratio of polyacrylate to polysiloxane is from about
2:98 to about 5634, and more preferably from about
5 2:98 to about 86:14 by veight.

In a dermal adhesive composition embodiment of
the invention, a multiple polymer adhesive system
consisting essentially of a blend of 2-96% by weight
of an acrylate polymer and 98-4% Dby weight of a
10 polymer of siloxane, the nultiple polymer adhesive
system being in an amcunt of about $9-50% by weight of
the dermal adhesive composition. This is combined vith
a bioactive agent in the amount of 0.3-50% by weight
of the total darmal adhesive composition. Optional
15 additives, such as co-solvent for the bioactive agent
(up to 30% by weignt) and enhancers (up to 20% by
vaight) nay bs included in the darmal adhesive

componition.
' In a transdermal drug delivery devics embodiment,
20 the igproved pressure-sensitive adhesive of the

present invention is combined with a drug. The
transderzal drug delivery device nay comprise a
monolithic adhesive nmatrix davice in some embodiments.
Of course, the transdermal drug delivery device may
25 include a backing msterial and a release liner as is
known in the art. -
The saturation concentration of a drug in a
transdernal drug delivery davice of the type having a
drug-containing pressure-sensitive adhesive diffusion
30 patrix is adjusted in accordance with a method aspect
of the present invention by blending at least twe
polymers having differing solubility paraweters to
form a pressure-sensitive adhesivs diffusion nmatrix
having a net solubility parameter which modifies the
35 delivery rate of the a drug from the pressure-




enhancer to the fornulation to increase the solubility of the drug within
the polyner matrix, for exanple by-adding _a co-solvent such as a polyhydric
al cohol or by changl ng the skin pe meabl it g exanpl e by addi ng

enhancW(:930808g as et hanol . There | qh HastiRen o gelat 0 bepap % .?p'dul ate
the delivery of a drug froma pon du ,M yut add| ng veni cres or
rug = 4

enhancers. There is no exanple in f using a si
adhesive polyners to affect the rate of drug deftivery f{t
adhesi ve- based transdernal conposition. However,
4,814,168, granted March 21, 1989, and a contlnuatlon-
U. S. Patent No. 4,994,267, issued on &ebruary 19, 1991, bot h
assi gned to Noven

sensitive adhesive diffusion matrix and through the

dermis.

very f

Comprehension of the invention is facilitatead by '

; reading the folloving detailed description, in
conjunction with the annexed drawing, in whieh:

FIG. 1 is a schematic illustration of a
monolithic transdermal drug delivery device of the
present invention;

0 FIG. 2 is a graphic representation of the steady-
state nitroglycerin flux rates through cadaver skin in
vitre from & transdermal druqg delivery composition of
the present invention (formulation of Example 1) and
two commercially-available nitroglycerin-containing

15 transdermal delivery devices: Tranadern-Kitro® (a

| trademark of Ciba~Geigy Corporation, Summit, NJ), and
Nitro-pure (a trademark of Key Pharmacsuticals, Ine.,
Kenilworth, NJ};

PIG. 3 is a graphical rapresentation which

20 susmarizes in vitro nitroglycerin flux results through
cadaver skin for the polymeric systems of Examples 2~
S. The composition of Example 2 (polyacrylate-only
adhesive) is compared to the multiple ' polymer
compositions of Examples 3, 4, and 5, in vhich the

25 polyacrylate is blendad with a polyethylena vinyl
acetate, a polyiscbutylene, and a polysiloxans, -
respectively;

FIG. 4 is a graphical represantation of the
steady~-state nitroglycerin flux through cadaver skin
30 in vitro ‘rom a multiple polymer tranadermal azhesive
- system o: Example 6 compr: .ng various weight :at-.os
of polyacrylate and polysi..xane;
FIG. 5 is a graphical representation af steady-
state estradiol flux through cadaver skin in vitro
35 from the drug delivery systams of the pricr art,
specifically single polymeric adhesives of silicone
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Phar maceuticals, Inc., Mam, FL, disclose the use of a multipolynmner,
specifically an ethyl ene/vinyl acetate _ 4 copol ymer or an

et hyl eneW' h?qspacet ate/ acryli ?}Ht erpol seamfubber and a tackifier in a
carrier coO on to inprove sﬁiemmﬁﬂgaaertles ThRCT/USpLrestozon of
U S. Patent No. 4,994, 267 furt he iﬁmtcryl ate polyner in the

system for additional i rrprovemen ve properties. Drug

concentration in a nmonolithic transdernal ery device can vary w dely
dependi ng on the drug

and acrylic, as compared to a multiple polymer
transdermnal adhesive systaen
(pelyacrylate/polysiloxane) of the present invention;
FIG. 6 is a graphical representation of average
5 estradiol flux through cadaver skin in vitro from 0 to
22 hours and from 22 to 99 hours for a multiple
polymer transdermal adhesive system comprising various
weight ratios of polyacrylate and polysiloxane;
FIG. 7 is a graphical representation of steady-
10 state norethindrone acetate flux through cadaver skin
in vitzo from the drug delivary systems of the prior
art, specifically single polymeric adhesives of
silicone and acrylic, as comparad to a multiple
polynar transdernal adhesive systanm
15 {polyacrylate/polysiloxane) of the pressnt invention;
FIG. 8 is a graphical rapresentation of average
agtradiol and norethindrona acetate flux through
cadaver skin in vitro for a multiple polymer
transdermal adhesive gystem comprising both drugs and
20 various weight 1ratios of polyacrylate and
polysiloxane; '
r1G. 9 is a graphical representation showing the
ratio of average estradiol to norethindrone acetate
flux (estradiol flux divided by norethindrone acetate
25 flux) through cadaver skin in vitro for a multiple
polymer transdermal adhesive system comprising various -
weight ratios of polyacrylate and polysiloxane;
FI1G. 10 is a graphical represantation of steady-
state flux of pillocarpine through cadaver skin in
30 vitro from the drug delivary systems of the prior art,
specifically single polymeric adhesives of silicone
and acrylic, as compared to a pultiple polyner
transdermal adhesive system
(polyacrylate/polysiloxane) of the present invantion;
as FIG. 11 is a graphical representaticn of steady~
state albuterol and nitroglycerin flux through cadaver
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and pol yners used. For exanple, certain drugs are effective in | ow doses

and therefore the transdermal fornulation may involve | ow concentrations,

illustra- tively 5% or |ess by weight of the nedicament in an adhesi ve.

O her WOuW3moosguch as nitrogl yC'BﬁdShgetH&(BtbﬂEeplaéﬁ’dge doses kﬁ'eﬁ t|ve and
g

the transdermal fornulation I nvol ve
concentrations, approximtely b oor more by weight | n an
adhesi ve. Low concentrations ypi cal | ' ;

affect the adhesion, tack, and shear resistance prope eSS SIFFE )
However, |ow drug concentrations in the adhesive can

esul tREiPHAE:

in achieving an acceptable deliveryl@ate of the medi cament. Hi gIh

skin in vitro from multiple polymer transdermal
adhesive systems (polyacrylate/polysiloxane) of to
present invention (Examples 24 -~ 27), and Ni.tro-buﬂ,
respectively;

FIG. 12 is a graphical rcpresentatien of steady-
state estradiol flux through cadaver skin in vitro
from two different multiple polymer transdermal
adhegive systems polyacrylate/ pelysiloxane and
polyacrylate/polybutylene;

) FIGS. 13 and 14 show the rslationship of flux
rate (J) plotted against appearent diffusien
coefficient (D) and net solubility paramster (5P),
respectivaly, for Compositions I-VI of Example 6. The
net solubility parameter, SP,, was calculated using a

5 waighted average of tha solubility parameters of tha

' individual polymers comprising the matrix:

SPus = BpSPy + BpBPy,
vhere ¢, is the weight percentage of polysiloxane and
8P, is the solubility paramster of polysiloxans. The

o subscript "pa" refers to the polyacrylate; and

FIG. 15 is a plaot of diffusion coefficiant versus
net solubility paramaterx.

Datailed Description

In one aspect of the present Iinvention, a

15 pressure-sensitive adhesive composition is provided

which comprises a blend of at lesast two polymers. The .

blend of at least two polymers is herein referred to

as a multiple polymer adhesive system. The ternm

"blend® is used herein to mean that there is no, or

30 substantially no, chemical reaction or cross~linking

(other than simple H~bonding) batween the polymers in

the multiple polynmer adhesive systam.

In another aspect of the invention, a controlled
relecase dermal compesition comprises a drug, or other

3§ bioactive agent, in combination with the multiple

CTHINTIAYN R ufan <D 00 ¥ANMAYT ® AFT04: &1:8T : 96-% -1&: ATAVN ® wI3NO: T DY



concentrations, on the other hand, frequently affect the adhesion
properties of the adhesives. ~The del eteH' ous effects are particularly

exacer batwo oleesgugs which alsqmgg;;lee M |C|zersor soIvFgﬁé#%g&”%Eg
pol ymeric adhesive material (e.g i n polyac ~&There
Is a need in the art for an adhe on for transdermal delivery
systenms which can sel ectably inc oncentratlons of drug and

deliver sane at an adequate and control I ed rate or Or. =)
concentrations of drugs while retaining good physi calﬂ ‘§ égLT£QWBE§N

S
It is, therefore, an object of this inyvention to prowdg—a-—g
delivery system wherein the

polyner adhasive system. In this aspect, the multiple
polymer adhesive not only functions aa a carriex
matrix for the drug, but snhances the rate of rslease
'~ of the drug, and hence the transdermal permeation
5 rate. In some embodiments of the invention, however,
the multiple polymer adhesive system will function to
retard the tranadermal permeation rate.
The invention is premised on the discovery that
the transdermal permeation rate of a drug from the
10 multiple polymer adhesive system can be selectively
modulated by adjusting the solubility of the drug in
the device. As used herein, the term "transdermal
permeation rate® means the rate of passage of the drug
through the skin; which, as known in the art, may or
15 may not ba affected by tha rate of release of the drug
from the carrier.
The polyners couprising the multiple polyner
adhesive systam ars inart to the drug, and are
preferably immiscible with each other. Foxming a
20 blend of nmultiple polymers results in an adhegive
system having a characteristic "net solubility
parameter,” the sealection of which advantageously
permits a selectable modulation of the delivery rate
X of the drug by adjusting the solubility of the drug in
25 the multiple polymar adhesive systen.
Solubility parameter, also raferred to herein as .
"SP", has been defined as the sum of all the
intermolecular  attractive forces, which are
empirically related to the extent of mutual solubility
30 of many chemical species. A general discussion of
solubility parameters is found in an article by
Vaughan, "“Using Solubility Parameters in Casmatics
Formulation,® J, Soc, Qosmet. Chem,, Vol.36, pages
318-333 (1985). Many methods have baen daveloped for
15 the determination of solubility parameters, ranging
from theoretical calculations to totally empirical

rug
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5 rate of drug delivery fromthe transdermal conposition may be sel ectably
t is another object of this invention to provide a transdernal

a/m stem wherein the rate of drug delivery fromthe transder nal
QXbe sel ectably n'gdgghe&gggg}yn Rt i ng the mmspimgmand/or

of the drug in the adhesive system It is also
this invention to p I,F mmmmberml drug delivery system

nodul at ed. |
drug dellver
conp05|
diffusivity
an object of
“wherein the

310

3s
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correlatians. The most convenient mathed is
Hildebrand's methad, which computes the sclubility
paramster from molecular weight, boiling point and
density data, which are commonly available for many
materials and which yields values which are usually
within the range of othex mathods of calculation:
8P = (aB/V)'?,

where V = molecular weight/density and AE, = energy of
vaporization.

Altarnatively written, SP = (aH,/V ~ RY/V)I?
vwhere aH, = heat of vaporization, R = gas constant, and
T is the abscluta temperature, °*K. For materials,
such as high molecular weight polymers, which have
vapor pressures toc low to detect, and thus for wvhich
aH, is not available, several methods hava bean
daveloped which use the summation of atomic and group
sontributions to aH,

alv = T, ah,,
vhere ah, is the contribution of the ith atom or group

to the molar heat of vaporization. Ona convenient

method has been proposed by R. F. Fedors, Palymer
Engineerina and Sciance, vel. 14, p. 147 (274). 1In
this wmethed 4AE, and V are be obtained py simply
assuning that

ARV = L, 40, and V = L, v;,, vhere ae and v, are
the additive atomic and group contributions for the
energy of vaporization and molar voluma, respectively.

Yot another method of calculating the solubility
paramneter of a wmaterial is deseribed by Small, J.
Applied Chem. Vol. 3, p. 71 (1983).

Table I-A balov sets forth sclubility parameters
of some exenplary adhesive polymers wiich would be
usaful in the practice of the invention and shows the
variation of SP with molecular veight, free -OH and -
COOH groups, the degree of cross-~linking. Table IA is
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mul tiple polynmer adhesive systemis sinple to manufacture. It is a further
obj eahonthodsg s i nvention to provide a transder nal drugcflﬁ_tg'ﬁmy ystem
wherein drug-1oading of a nultiple polyner adhesive system nay be
sel ectably varied without adverse effects on drug delivery rate and
adhesi ve properties, such as adhesion tack, and shear resistance. It is
additionally an object of this invention to provide a transder nal drg_qr

delivery systemwherein a novel multiple polynmer adhgSiVesgyst aRE BEEN ’

provi ded whi ch has desirable physixal properties. Sufmary gfpihogention The
foregoi ng and ot her objects are achi eved by

in (cal/cx’)'? and (J/cm’)!? as calculated by Small's
nethod.

ZAELE 1A

. assazs  Loalieehi  (Llem

Pelymetnyl mathacrylats §.3 19.0
Polysthylosthaczylate 5.1 18.6
nlylctzylactylltl 9.7 9.8
Polyethylacrylats 9.2 ia.8
Polystiylone 8.1 16.6
Pelgl:ynm 5.1 i8.6
Polyiscbutylsne 7.7 15.7
Polyisoprens f.1 18.6
Polybutadians 8.4 16.6
Polyathylens/butylane 7.9 16.2
P;l. trafluorosthylens 6.2 132.7
!elmuyl.chlorm 9.$ 19.4
nwv‘t&yndom chloride lgi ::.g
ol OOprane . .
mrmxouuuo 12.7 26.0
Nylon =6.6 13.6 7.8
Epon rasia 1004 (epoxy} 9.7 19.8
Polydimethylsiloxans 7.3 14.9
Palybutadiene-co~acryloanitriles

75/3% te 70/30 9.25 13.9

Polybutadisne~co-styrena:
75735 to 73/28 &.5 17.4

oncarpind from Kraion® Thermoplastic Robber
Shall Chamical Co. mm Number 5C: 193-39

This Sheet Has Been Replaced




this invention which provides a transdermal drug delivery systemwherein a
bl end of at |east two polyners having differing solubility paranmeters

adj usts the solubility of a drug in the polyneric blend and thereby

nodul at YO 088 i very of the d hf:thmEerteg sh&hiem and t hragefisshs

I n accordance with a conposition i nvention, an inprove
pressure-sensitive adhesive conp \ﬂﬂg type whi ch is suitable as a
matrix for controlled rel ease of a | oac gent {] 3 X

blend of a first polyneric adhesive material having
paranmeter and a

14

Table I-8 below sets forth solubility paranetars caleculatad
by Pedors' nethod and are axpressed ia units of (J/ow)'?.

TABLE I-B )
.
polysthylens/vinyl acetate (40% VAic) 20.9
polydimsthylisiloxane 15.1
polyiscbutylens 17.6
pelyathylene 17.6
polyethyl mathaceylate 18.¢
0 polysthyl acrylate 20.°
polymethyl acrylate al..
polysetiryl Dathacrylate 22.2
polystyrsns 22,5
nitreglycerin 27.0
R sstradiol 24.5
norethindrone acetate 21.3
pilocarpine a2.9
albutsrol 2.7

In accordance with the principles of tha
t0 invention, the transdermal permestion rate is
controlled by varying the peolymer caomponents of the
multiple polymer adhesive system so as to alter the
difference in the solubility parameter of the multiple
polyner adhesive system realative to that of the drug

28 (sse Exazples 2-5, or 28 and 29, hereinbelow).
Preferably the solubility parameters of the polymer
componants are diffarent £from one anothar by an
increment of at least 2 (J/cw’)'?. Most preferably
they differ by at least 4 (J/ca®)'?.

30 The transdermal perneation rate is also
controlled by varying the relative proportions of the
polymers comprising the multiple polymer adhesive
system (see Example § hereinbelow).

The wnultiple polymer adhesive syatam is

s preferably formulated sg that it is a pressure
sensitive adhesive at room tempr :ture and has oth-
desirable charactaristics for aanesivaeas used in ¢
transdermal drug delivery art; such characteristics
include good adherence to skin, ability to be peeled

40 or otherwvise renovad without substantial trauma to the

IVHINIIVN R wiNG =300 NNAONYT R TI04: 12T . og-r NATAVN F N0 A8 A



6 second pol ynmeric adhesive materi al
the first and second solubility paranmeters being different from one
'EH end, therefore has a char acterl stic net solubility

anot

par anet er¥o

her .

having a second solubility paraneter,

diments i ncorrﬁ cpjaced | ve agent PETILRS2/0829Dved
pressure-sensitive adhesive conp characteristic net

solubility paranmeter can be pres

concentration of a bioactive agent |n the conposi ti on{ amis SHEREEB)S GERAN
the rel ease of the bioactive agent. The saturation copcent rREPLAAEDS th

ust the _saturation

P

bi oacti ve agent may be adjusted either *g)ward or downward
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skin, retention of tack with aging, etc. 1In general,
the multiple polymer adhesive system should have a
glass transition temperature (T,), wmeasured using a
differential scanning calorimeter, of between about
=-70* C to O°* C.

Selection of the particular polymer composition
is governed in large paxt by the drug to be
incorporated in the device, as well as the desirad
rate of delivery of the drug. Those skilled in the
art can readily determine the rate of delivery of
drugs fros the multiple polymer transdermal adhesive
system in order to select suitable combinations of
polymers and drug for a particular application.
Various techniques can be used to determine the rate
of dalivery of ¢the drug from the polymer,
Tllustratively, the rate of delivary can bas deterzined
by measuring the transfer of drug from one chamber to
another through cadaver skin over time, and
calculating, from the obtained data, the drug dalivery
or flux rate. i

In a particularly preferred enbodiment of the
invention, the multiple polywer adhesive system
comprises a blend of an acrylic prassure~sensitive
adhesive and a silicone pressure-sensitive adhesive.
The acrylic~based polymar and silicone-based polynmer
are preferably in a ratio by waight, respectively,
frem about 2:98 to about 96:4, moras praferably from
about 23928 to about 90:10, and even more preferably
about 2:98 to about 86:14. The amount of acrylic-
based polymer (herainafter referred to broadly as a
polyacrylate) and silicone-based polymer (hersinattar
referred to broadly as a polysiloxane) is selected to
podify the saturation concentration of the drug in the
multiple polymer adhesive system in order to affect

=N NIV N LTI AT IRT : pR-m -7
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depending upon whether the rate of _release is to be enhanced or retarded.

\Q’Pf?f d enbodi ments the bi oactive agent may conprise a drug. . In
par d'ﬁ’f’ﬁ/ preferred e Be@ﬁtepldtredg is a REH/USE/S20Ch as an
estrogen or a progestational |nat|on t hereof. In other
preferred enbodi nents, the dr rr]-adr rgic_agonist, such as

al buterol, or a cardioactive agent, suc as nitroglyld8s SHEET HASBEEN Bt her
enbodi ments, the bioactive agent is a cholinergic agent FEPUaQEAS
pilocarpine, or an antipsychotic such as hal operi dol or a
tranquilizer/sedative such as al p“azol am The pressure-sensitive adhesive

composi t4 R0 IR¥e of dalivery of tha drug from the system and
through the skin.

The adjustment to the maturation concentration of
the drug in the multiple polymer adhesive system can
either be an increase or a decrease. It hags been
found that whean a polyacrylats having a solubility
parameter SP of about 21 (J/ex’)'? is used as the
principal polymer of a nitréglycerin (SP about 27
(J/cn')*?) monolithic systam, a significant increase in
ths transdermal permeation rate of nitroglycerin can
ba achieved by the addition of a polymer having a
lover solubility parameter, for example a polysiloxane
(§P about 1% (J/cw’)'?), By reducing the “net"
solubility parametar of the multiple polymer
transdersal adhesive system, tha difference batween
tha solubility parameter of nitroglycerin and the
mltiple polymer adhesivs systam is increassad. This
increased solubility paramstar differance, rausults in
2 lower saturation concantration for nitroglycerin,
and thereby a greatar thermodynamic driving forca.
Conversely, the composition of the nmultiple polymer
adhesive system can be salected so that the saturation
concantration of the drug in the system is incrsased,
80 the rate of dalivery is retarded, such as would be
desirable for administration of scopolamine.

Mvantageously, the msthod and conposition of the
present invention parait sealaectable loading of the
drug in the transdermal drug delivery system. The
concentration by wveight of the drug in the dermal
composition is praferably about 0.3 to about. 50
percent, more preferably about 0.5 to about 40
pasrcent, and even more prefarably abouc 1.0 to about
30 pexcent. Irrespective of whether there ig high-
loading or low-loading of the drug into the dermal
copposition, the multiple polymer adhesive system of
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pressure-sensitive adhesive conposition I n an anount Tatg
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the present invention can be formulated to maintain
acceptable shear, tack, and peel adhesive properties.

Although not wishing to be bound by thaory,
particularly in this case where the structure of the
composition has not been analyzed, it is postulated
that the polymers of varying solubllity parametsrs,
for example, the polysiloxane and the polyacrylate,
result in a heterogenous mix, with the components of
the polymeric mixture performing as a wmutually
interpenetrating polymeric network in the composition.
In other words, the multiple polymer adhesive systenm
is a nmixture of essentially mutually insoluble or
immiscible polymers, in contradistinction to the
typical prior art transdermal drug delivery systems
derived from a single polymer or a solution of
sutually soluble polymars.

In the practice of tha prefarred ambodiment of
the invention, the acrylic-based polymer can be any of
the homopolymers, copolymers, terpolymers, and the
likxe of various aerylic acids. In such preferred
embodiments, the acrylic-based polymer constitutes
preferably from about 2% to about 95% of thes total

weight of the total dermal composition, and preferably

about 2% to about 90%, and more preferably about 2% to
about 85%, the awount of acrylate polyser baing
dependent on the amount and type of drug used.

The acrylate polymers of this invention are
polymers of one Or more monomers ©of acrylic acids and
other copolymerizable monomaers. The acrylate polymers
also include copolymers of alkyl acrylates and/er
mathacrylates and/or copolymarizable sacondary
monomers oOr monhomers with functicnal groups. By
varying the amount of each type of monomer added, the
cohesive proparties of the resulting acrylate polymer
can be changed as is known in ths art. In general,
the acrylate polymer is composed of at least S0t by

DRI & At
i ncl ude enhancers, fill.ers, co-solvents, and excipients as are

di rent of
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anount ranging from about 98-4% Preferably, the ratio of polyacrylate to
pol ysi |l oxane is from about 2:98 to-about 96:4, and nore preferably from

about @M?s about 86:14 by Wrigh In a derrral adhesi i on

errbod‘lwéent of the invention, e st r adhesi mg%#gny sting
essentially of a blend of 2- 96 ’ an acr_yl ate polymer and 98-4%
by wei ght of a polymer of silo pI e polyme !@‘9? e
bei ng in an anmount of about 99-50% by vvel ght of the d PL (&l: §qu\%
conposition. This is conbined with a bioactive agert wat 0

|||I.I\, o

0.3-50% by weight of the total dernpg adhesive conposition. Optional
addi tives, such as co-solvent for the bioactive agent

veight of an acrylate or alkyl acrylate monomar, from
0 to 20% of a functional monomer cocpolymerizable with
the acrylate, and from 0 to 40% of other monomers.

Acrylate monomers which can be used include |
acrylic acid, methacrylic acid, butyl acrylate, butyl
mathacrylate, heaxyl acrylate, hexyl msthacrylate,
2-ethylbutyl acrylate, 2-ethylbutyl methacrylate,
isooctyl acrylate, iscoctyl methacry:.ate,
2-sthylhexyl acrylate, 2-sthylhexyl mesthacrylate,
10 decyl acrylate, decyl masthacrylate, dodecyl acrylate,
dodecyl methacrylate, tridecyl acrylate, and tridecyl
nethacrylate.

Functional mnonomers, copolymerizable with the
above alkyl acrylates or msthacrylates, which can be
15 used include acrylic acid, methacrylic acid, maleic
acid, maleic anhydride, hydroxyathyl acrylate,
hydroxypropyl acrylate, acrylam: la, dinathyl-
acrylamide, acrylonitrile, dimethylaminoethyl
acrylate, dimethylaninoethyl methacrylate,
20 text-~butylaminoethyl acrylats, tartebutylamincethyl
mathacrylate, methoxyethyl acrylate and mathoxyethyl
sathacrylate.

Further details and examples of acrylic adhesives
which are suitable in the practice of the invention
2s are described in Satas, "Acrylic AMdhesives," Handbook
of Prespure-Sepsitive Adhegive Technology, 2nd ed,, .
Pp. 396~456 (D. Satas, ed.), Van Nostrand Reinhold,
New York (1989).

Suitable acrylic adhesives ars commercially
3g available and include the polyacrylate adhasives sold
under the trademarks Duro-Tak 80-11%4, Dure-Tak
80-1196, and Duro-Tak 80-1197 by National Starch and
Chemical Corporation, Bridgewater, New Jersey.

Suitable polysiloxanes include silicone
3s pressura-sensitive adhesives wvhich are based on two
major componenta: a polymar, or guk, and a tackifying

Syst em
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(up to 30% by weight) and enhancers.(up.to 20% by wei ght) may be included
in theygas, dhesi ve corrpo‘siégrﬁon. In a transdernal dr delivery device

embodi ment, e inproved pres 4 1 Replacgidhesi ve of L'ﬁ?’e!
nsdermal_drug delivery device
may conprise a nonolithic adh i vi ce inj ganeserdodisepts.f O

i nvention is conbined with a

course, the transdermal drug delivery device may i ncl ude rR&EPb&CKkD Ng nHt eri al
and a release liner as is known in the art. The saturation concentration of
a drug in a transdermal drug delivery device of the type having a
drug-cont ai ni ng pressure-sensitive adhesive diffusion

rasin. The polysiloxane adhesive is usually prepared

10
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by cross-linking the gums, typically a high molecular
weight polydiorganosiloxanes, with the resin, to
produce a three-dimensional silicate structure, via a
condensation reacticn in an appropriate organic
solvent. The ratio of resin to polymer is the xost
isportant factor which can bs adjusted in oxder to
modify the physical propaerties eof polysiloxane
adhegives. Sobieski, et al., “Silicone Pressure
sensitive Adhesives,"” Handbook of Pressure-Sensitive
Adhegive Technology, 2nd ed., pp. 508-517 (D. Satas,
ed.), Van Nostrand Reinhold, New York (1989).

Further details and exaxples of silicone pressure
sensitive adhesives which are usaful in the practice
of this invention are described in the following U.S.
Patents: 4,591,622; 4,584,355; 4,585,836; and
4,685,767, '

Suitable silicone pressure-sensitive adhesives
are commercially available and include the silicone
adhasives sald undar the trademarks BIO-PSA X7-3027,
BIO=PSA X7-4919, BIO~PBA X7-2685, and BIO~PSA X7-3122
by Dow Corning Corporation, Medical Products, Midland,
Michigan. BIO~PSA-3027 iz particularly suitable for
use in formulations containing amine-functional drugs,
such as albutsrol.

In the practice of a preferred embodiment of the
invention, the polysiloxane constitutes preferably
from about 4% to about 97% of ths total waight of the
total dermal composition, and preferably about 8% to
about 97%, and more preferably about 14% to about 97%.

In practicing the invention, any bicactive agent
may be included in the dermal composition.
Illustratively the bicactive agent is a drug. Any
drug which is capable of producing a pharmacological
Tesponse, localized or systemic, Iirrespective of
vhether therapeutic, diagnostic, or prophylactic in
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matrix is adjusted in accordance with a nethod aspect of the present

I nvention by bl endi ng at

| east two polymers having differing solubility

par an¥Q9308058f or m a pressure-sensitive adhesive di ffuspgpmgg‘g;Waw ng a
net solubility parameter which nodifies the delivery rate o

fromthe pressure-

derm s.

LS

20

25

30

35

20

nature, in plants or animals is within the
contawplation of the invention. In addition to drugs,
bloactive agents such as. pesticides, insect
repellsnts, sun scrsens, cosmetic agents, etc. are
within the contemplation of the invention. It should
be noted that the bicactive agents may be used singly
or as a mixture of two or more such agents, and in
amounts sufficient to prevant, cure, diagnoss oxr treat
a dismase, as the case may be.

Exemplary active drugs that can be administered
by ths novel transdermal drug delivery systam of this
invention include, but sre not limited to:

1., Cardicsctive nedications, illustratively,
organic nitrates such as nitroglycerin, isosorbide
dinitrate, and isomorbide mononitrates; gquinidine
sulfate; procainamide; thiazides such as bendroflune-
thiazide, chlorothiazide, and hydrochlorothyazide;
nifedipine; nicardipine; adrensrgic blocking agents,
such as timolol and propranclol; verapamil; dlltiazenm;
captopril; clonidine and prazosin.

2. Androgenic steroids, such as testosterons,
msthyltestostercone and fluoxymastercne.

3. Egtrogens, such as conjugated estrogens,
esteritied estrogens, estropipate, 17§ estradiol, 178-
estradiocl valerate, eguilin, nastranol, estrone,
estriol, 178~ethinyl estradicl, and
diethylstilbestrol,

4. Progestational agents, such as progesterone,
19~-norprogesterons, norethindrone, norathindrone
acetate, nealengestrol, chlorpadinone, ethistarone,
nsdroxyprogestercne acetata, hydroxyprogesteron:
caproate, ethynodiol diacetate, norethynodrel, 17..
hydroxyprogesterone, daydrogestercne, dimethistazone,
ethinylestrenol, norgestrel, demegastone,
promagestone, and megastrol acetate.

8 sensitive adhesixe di ffusion rrﬂmslsx*Fﬁﬁé‘f i
Brief Description of the Draw ng Conprehensi dn of RRE
facilitated by

This Sheet Has Been Replaced
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reading the follow ng detailed description, in conjunction with the annexed

drawi ngvoes/gesach: FIG 1 is a schematic iIIustratiE?rlg%@
¥, FG

nonolithic transdermal drug delivery device of the prese
2 is a graphic representation of the steady- state nltroglycerln flux rates
t hrough cadaver skin in vitro froma transder nal W)fﬂg ||vcn -,UIoleon

of the present invention (fornulation of Exanple i&@

commerci al | y-avai | abl e nitrogl ycerin-contai ni ng t+ahsd FhatERe) iy

devi ces: Transderm Nitro[err] (a tgademark of C ba- Gei gy corporation,
Summt, NJ), and Nitro-Dur[err] (a trademark of Key Pharmaceuticals, Inc.,
Kenilworth, NJ); S. Drugs having an action on the central

nervous system, for example sedatives, hyponatics,
antianxiety agents, analgesics and anesthatics, such
as chloral, buprenorphine, naloxone, haloperidol,

5 fluphenazine, pentobarbital, phencbharbital,
sacobarbital, codaine, lidocaine, tatracaine,
dyclonine, dibucaine, cocaine, procaine, nepivacaine,
bupivacaine, etidocaina, prilocaine, banzocaine,
tentanyl, and nicotine. '

10 6. Nutritional agents, such as vitamins,
essential amino acids and essantial fats.

7. Anti-inflammatory agents, such as
hydrocortisone, cortisones, dexanethasone,
fluacinolone, triamcinolone, medrysone, prednisclons,

p K] flurandrenolide, prednisone, halcinonide, nmethyl~
' prednisoclone, flurandrenolidae, prednisone,
halcinonide, =methylprednisolons, fludrocortiscne,

corticosterona, paramsthascne, batanethasone,
ibuprophen, naproxen, fenoprotfen, fenbufen,
20 flurbiprofen, indoprofen, katoprafen, suprofen,

indomethacin, piroxicam, aspirin, salicylic aecid,

diflunisal, methyl salicylate, phenylbutazone,

sulindac, mnefenamic aecid, wmeclofenamate sodium,
- tolmetin, and the like.

25 B. Antihistamines, such as diphenhydramine,
dimenhydrinate, perphenazins, triprolidine, .
pyrilamine, chlorcyclizine, promethazine,

carbinoxanmine, tripelennaninea, brompheniramine,
hydroxyzine, cyclizine, wmeclizine, clorprenaline,
a0 terfenadine, and chlorpheniramine.

9, Respiratory agents, such as theophillim and
f;-adrenergic agonists such as albutercl, terbutaline,
metaproterensl, ritodrins, carbuterol, fanoterol,
gquinterencl, rimiterol, solmefamol, soterenol, and

as tactroquinol.

This Sheet Has Been Replaced
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nitroglycerin flux results through cadaver skin for the polyneric systens

of'Ex&WDDBQMEB 5. The conposition of Exanple 2 (polyacr
is conpared to the multiple polymer conpositions of Exa

in which the polyacrylate is blended with a polyethylene vinyl

pol yi sobutyl ene, and a pol ysiloxane, respectively hi cal
invitro froma multiple polymer transdernal adhe“i ve EHAEEDr Exanple 6

representation of the steady-state nitroglycerin

conpring various wei ght
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10. Sympathowmimetics, such as dopanine,
norepinephrine, phenylpropanolamine, phenyleparine,
pseudoephedrine, amphetanine, prapylhexedrine and
epinephrine,

11, Mictics, such as pilocarpine, and the like.

12. Cholinergic agonists, such as choline,
agetylcholine, methacholine, carbachol, bethanechol,
pilocarpine, muscarine, and areccline.

13. Antimuscarinic or muscariniec cholinsrgice
blocking agents such as atropine, scopolanine,
homatropine, methscopolamine, homatropine
methylbropide, nethantheline, cyclopentslate,
tropicamide, propantheline, anisotropine, dicyc..aine,
and eucatropine.

14. NMydriatics, such as atropine,
cyclopantolate, homatropine, scopolanine, tropicanide,
stcatropine and hydroxyamphetamines.

15. Psychic energizers such as
I-{2~aminopropyl)indoele, 3-(2-aminobut indole, and
the like.

16. Anti-infectives, such as antibiotics,
including penicillin, tstracycline, chloramphenicol,
sulfacetanide, sulfamethazine, sulfadiazinae,
sulfamerazine, sulfamethizole and sulfisoxazola;
antivirale, ineluding idoxuridina; antibactarials,
such as erythromycin and clarithromycin; and other
anti-infectives including nitrofurazone and the like.

17. Dermatological agents, such as vitanins A
and E.

18. Humoral agents, such as the prostaglandins,
natural and synthetic, for example PGE,, PGEq, and
PGF,x, and the PGE, analog misoprostol.

19. Antispasmodics, such as atropine,
methanthelina, papaverine, ¢innamedrine, and
methgcopolanine. '

This Sheet Has Been Replac
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FIG 5 is a graphical representation of steady- state estradiol flux

t hr ougRy, S% skin in vitro fromthe drug delivery systems of the prior
art, speC| Qy singl e pol ymeri ¢ adhesi ves of silicone PCT/USi3/082 ﬂ/llc as
conpared to a nultiple polyner t r ansder mal adhe si v s
y y st e m(polyacrylate/polysiloxane)=0T"the present invention; FIG 6 is
a graphical representation of average estradiol flyu
invitro fromO to 22 hours and from 22 to 99 hour{
transdermal adhesi ve system conpri si n,‘g, vari ous

20. Antidepressant drugs, such as isocarboxazid,
phenelzine, tranylcypromine, imipramine,
amitriptyline, trimipramine, doxepin, desipramine,
nortriptyline, protriptyline, amocxapine, maprotiline,

S and trazodone.

21. Anti~diabetics, such as insulin, and anti-
cancer drugs such as tamexifen and mathotrexate.

22. Anorectic drugs, such as dextroamphetanine,
methamphetanine, phenylpropanolamine, fenfluramine,

10 diethylpropion, mazindol, and phentermine.

23. Anti-allergenics, such as antazoline,

methapyrilens, chlorpheniranine, pyrilamine and

pheniranine.
24. Tranquilizers, such as resarpine,
15 chlorpromazine, and antianxiety benzodiazepines such

as alprazolam, chlordiazepoxide, clorazeptata,
halazepan, oxazepam, prazepam, clonazepan, flurazepas,
triaszolan, lorazepax and diagzepan.

285. Antipsychotics, such as <thiopropagate,

20 chlorprozazine, triflupronazine, mesoridazine,
piperacetazins, thioridazine, acetophenazine,
fluphenazine, perphenazine, trifluoperazine,

chlorprathixene, thiothixene, haloperidol,

bromperidol, loxapine, and wolindona.

25 26. Decongestants, such as phenylephrine,
ephedrine, naphazoline, tetrahydrozoline. )

27. Mntipyretics, such as aspirin, salicylamide,
and the like.

28. Antimigranes agents, such as

30 dihydroergotanine and pizotyline.
29. Drugs for treating nausea and vomiting, such
as chlorpromazine, perphenazine, prochlorperazine,

promethazine, triethylperazine, triflupromazine, amd
trimeprazine.

This Sheet Has Been Replaced
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wei ght ratios of polyacrylate and pol ysil oxane;
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FIG 7 is a graphical

representation of steady- state norethimdrone acetate flux through cadaver

ski n iwpw9

singl e polyneric adhesi ves of

mul tiple polyner transdernar
(pol yacryl at e/ pol ysi | oxane) of
representation of average estradi ol and nor et hi ndgg
cadaver skin in vitro for a multiple polyner tran
conprising both drugs and vari ous i ght ratig

and pol ysi |l oxane;

10

25

30

as

30. Anti-malarials, such as the
4-aminoquinolines, c=aminogquinolines, chloroguine, and
pyrimethanine.

31, Anti-ulcerative agents, such as nisoprostol,'

omeprazole, and enprostil.

32. Peptides, such as growth releasing factor.

33. Drugs for Parkinson's disease, spasticity,
and acute muscle spasms, such as laevodopa, carbidopa,
amantadine, apomorphina, bromocriptine, selegiline
(deprenyl), trihexyphenidyl hydrochloride, banztropine
mesylate, procyclidine hydrochloride, baclofen,
diazepan, and Qantrolene.

34. Anti-estrogen or hormone agents, such as
tamoxifen or human chorionic gonadotropin.

The active agents can bs present in the
composition in different forms, depending on which
fora Yyields tha optimum dslivery characteristics.
Thus, in the case of drugs, tha drug can be in its
free base or acid form, or in the form of salts,
asters, or any othar pharmacologically aceaptable
derivatives, or as components of molecular complexss.

The amount of drug to be incorporated in the
composition varies depending on the particular drug,
the desired therapeutic effect, and the time gpan for
which the davice is to provide therapy. For most
drugs, the passage of the drugs through the skin will
be the rate-limiting step in delivery. Thus, the
amount of drug and the rate of release is typically
selected s0 as to provide transdermal delivery
characterized by a zero ordar time depandency for a
prolonged period of time. The minimum amount of drug
in the systen is selected based on the amount of dru-
which passes through the skin in the time span f-.
which the device is to provide therapy. Nermally, thz
apount of drug in the system can vary from about 0.3%
to sbout 50% by weight, and preferably, for tha lower

3i0bgssl F om the drug diisishek asIial €EQf the pri ?%#9@6%?' fically
a
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FIG 9 is a graphical representation showing the ratio of average estradi ol
to norethindrone acetate fl ux- (est radi ol . flux_divided by norethindrone

acet at e WQdyososg ough cadaver skj. n V|tro for a multinpl eﬂgﬁw
297
i0

transdermal adhesi ve system corrpr W cefei ght rat
phi cal
, er skimii$ AHBET HOS BESH i he

pol yacryl ate and pol ysi | oxane;

steady- state flux of pllocarpln .

drug delivery systens of the prior art, specifically singEtpeEYneri c¥
adhesives of silicone and acrylic, as conpared 0 a nmultiple polymer t
rransder mal adhesi v e 28 system (polyacryl ate/polysiloxane)

of the present invention, FIG 11 is a graphical representation of steady-
' drug doses permitted by this invention, from about

1.0% to about 230%.
Of course, the composition of the transdermal
drug delivery system can also contain agents Xnown to
5 accelerate the delivery of the drug through the skin.
These agents have been referred to as skin-penatration
enhancers, accelerants, adjuvants, and sorption
promotars, and are collectivaely referred harein as
"enhancers." This class of agents includes those with
10 diverse mechanisms of action including those which
have the function of improving tha solubility and
diffusibility of the drug within the multiple polymer
and those which inprove percutaneocus absorption, for
axample, by changing the ability of tha stratum
15 corneun to retain moisture, seoftening the =skin,
improving the &gkin‘'s permeability, acting as
penatration assistants or hair-follicle openars or
changing the state of the skin including the boundary
layer. Some of these agents have mors than one
20 mechanisa of action, but in essence they serve to
enhance the delivery of the drug.
Some examples of enhancers are polyhydric
alcohols such as dipropylens glycol, propylenas glycel,
) and polyethylene glycol wvhich enhance drug solubhility;
25 oils such as olive oil, sgualene, and lanolin; fatty
athers such as cetyl ether and claeyl ether; fatty acid -
esters such as isopropyl myristate which enhance drug
diffusibility; urea and urea derivatives such as
allantoin which affect thas ability of keratin to
30 retain moistura; polar solvents such as
dimethyldecylphasphoxide, methylactylsulfoxide,
dimethyllaurylanide, dodecylpyrrolidcone, isosorbitol,
dimethylacetonide, dimethylsulfoxide,
decylmethylsulfoxide, and dimethylformamide which
as affect keratin permeability; salicylic acid which
softens the keratin; amino acids wvhich are penetration
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state al buterol and nitroglycerin flux through cadaver skininvitro
frommultiple polymer transdernmal adhesive systens
(pol yacryl at e/ pol ysi | oxane) of to present~invention (Exanples 24 - 27), and

Ni t ro-\@ary3ro0ds respectivel y; THi SBeet B Hedn 1pflkaphi cal [.on of -
ol i RS

steady- state estradiol flux t Skl nin vi
different multiple polyner tra ﬂ MH’ | ve syst ens pol yacryl at e/
pol ysi | oxane and pol yacryl at e/ po FI GS. |13 :

rel ati onship of flux

28

assistants; benzyl nicotinate which is a hair folliele
opener; and higher molecular weight aliphatic
surfactants such as lauryl sulfate salts which change
the surface state of tha skin and drugs administered.
Other agents ineclude oleic and 1linoleic acids,
ascorbic acid, panthenol, butylated hydroxytoluene,
tocopherol, tocopheryl acetate, tocopheryl linoleate,
propyl oleate, and igopropyl palmitate.
In certain emhodiments of the invention a
) plasticizer or tackifying agent is incorporatsd inte
the formulation to ipprove the adhesive
characteristics of the dermal compesition. A
tackifying agent is particularly useful in those
embodiments in which the drug does not plasticize the

5 polymer. Sujitable tackifying agents ars thoss known
in the art including: (1) aliphatic hydrocarhons; (2)
mixed aliphatic and aromatic hydrocarbons; (3)
aromatic hydrocarbons; (4) substituted aromatic
hydrocarbons; (5) hydrogenated esters; (6)

0 polyterpenes; and (7} hydrogenatsd wvood rosins. The
tackifying agent employed is preferably compatible
with the blend of polymers. In preferred embodigents,
the tackifying agent is silicona fluid (e.g., 360

- Medical Fluid, available frem Dow Corning Corporation,

'5 Micdland, MI) or mineral oil. Silicone fluid is useful
for Dblends comprising polysiloxane as a major -
companent. In other eabodiments, where polyacrylate,
for example, is a major component, minaral oil is a
preferred tackifying agent.

30 Some  drugs, such as the  vasedilator
nitroglycerin, function =as plasticizers in the
coxposition bescause they are soluble to a certain
degree in the polymers comprising the system. Por
drug molecules which are not readlly soluble in the

3s polymer system, a co-solvent for the drug and polymer

can be added. Co-solvents, such as lecithin, ratinol
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rate (J) plotted agai nst apparent diffusion coefficient (D) and
net solubility paranmeter (SP), respectively, for Conpositions |-Vl of
Exanpl e 6.”9TJI3 solubility parameter, SP,, was cal cul ated using a

wei ght ed ave g@@%f the solubility paranmeters of the indiviPSTAUS0820%r S
conprising the matrix: SP[err] [err] [err]SP[err] [err]+[err] SPlerr],
where [err] is the weight percentage of polysiloxane and SP[err] is the
solubility paranmeter of polysiloxane. The subscript "pa" refers to the
polyacrylate; and FIG 15 is a plot of diffusion cof fﬁilé”s% t

a SUsS—#
solubility paranmeter. Detailed Descripti,on In one aspect ﬂ@,&ﬁéﬁ&ﬁ@%’ent
i nvention, a —

derivatives, tocopherol, dipropylene glycol,
triacetin, propylena glycol, saturated and unsaturated
fatty acids, mineral oil, silicone fluid, alcohols,
butyl benzyl phthalate, and the like are useful in the
5 practice of the instant invention depending on the
solubility of the drug in the multiple polymer
adhesive system. .
To summarize, ¢the preferrad and optimum
conpositions for the polyacrylate/polysiloxane

10 embodiment are as follows:
TABLE II
Preferread Optimum
Somponent ~ —linge -Range
18 Polysiloxane 97~4 97~14
Polyacrylatas 2-9§ 2-88
Co=solvent(s) 0-30 0~-20
Enhancer(s) 0=-30 0-~1¢
Drug(s) 0.3-50 1-30
20 ' The composition of this invention may further be

provided with various thickenars, fillers and other
additives Xnown for use with darmal compositions.
Where the composition tends to absorb water, for
example, when lecithin iz used as a co-solvent,
25 hydrophilic fillers are especially useful. One type
of hydrophilic filler which has been successfully
employed is an aluminum silicate clay. -
In a device aspect of the invention, the dermal
composition can be used as an adhesive portion of any
30 transdermal drug delivery device (@.g9., a raservoir
davice) or it can comprise an adhesive
monolithic device. Of course, the principles of the
invention would still apply to embodiments where the
darmal composition is not a pressure-sensitive
35 adhesive and comprises the drug reservoir.

This Sheet Has Been Replaced
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pressure-sensitive adhesive conposition is provided which conprises a bl end
of at least two polyners. -The bl end--of -at | east two polyners is herein

referred to as a nulti phﬁlﬁfmﬁeeﬁi sLye system The term "blend" is

used hewe 93/6098gean t hat r substantially nﬁ"?f@%ﬂ’”ﬁ‘ﬁ"é"
reaction or cross-|inki n mll I mpl e H-bondi ng)

polynmers in the nultiple ve _system In another aspect of the
invention, a controlled rel ease dernal conp05|t|on conprises_a

ot her bioactive agent, in conbination with the nulgEgEe

28 | e

Reference to FIG. 1 shows a schematic
i{llustration of an adhesive mnmonolithic device
embodiment of the invention 10. The dermal
composition comprises a monolithic body 11 of a
defined geometric shape with a protectiv: raelease
liner 12 on one side of monolithic hody 11 and a
backing layer 13 on the cther side. Removal of the
release liner 12 exposes the pressure-sensitive
multiple polymer adhesive which functions both as the

.0 drug carrier matrix and as the means of applying the
Bysten to the patient.

A davice, or individual dosage unit, of the
present invention can be produced in any manner known
to those of skill in the arxt. Aftar the dermal

LS compusition is formed, it may be brought into contact
with the backing layer in any manner known to those of
skill in the art. sSuch techniques include calender
coating, hot melt coating, solution ceating, etc. oOf
course, backing materials are well known in the art

20 and can comprise plastic films of polyethylene, vinyl
acstate resins, ethylene/vinyl acetate copolynmers,
polyvinyl chloride, polyursthane, and the like, netal
foils, non-woven fabric, cloth and commercially

- available laminates. The backing material generally

25 has a thickness in the range of 2 to 1000 micromaters
and the darmal composition is generally disposed on -
backing material i{n a thickness ranging from about 12
to 250 micrometers thick.

Suitable release liners are also well known in

30 ‘the art and include the commercially available
products of Dow Corning Corporaticn designated Rio-
Release® liner and Syl-off® 7610 liner. Fror prefarred
embodiments in which a polysiloxane is part of the
multiple polymeric adhesive system, the release liner

35 must be compatible with the silicone adhesive. An
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11 pol yner adhesive system In this aspect, the nultiple polyner adhesive
not only functions as a carrier matrix for the drug, but enhances the rate
of rel eagRy e, drug, and hence the transdermal perneation rate. In sone
enbodi ments’ 0 e invention, however, the nmultiple poI ymaK'Hd!B y@TSyst em
will function to retard the transdernal perneation [
prem sed on the discovery that the transdermal per
fromthe rmultiple polymer adhesive system can be siele pdutat ed by
adjusting the solubility of the drug in the device. As used herein, the
term "transdermal perneation rate" neapg the rate of passage of the drug

example of a suitable commercially available liner is
IM's 1022 Scoteh Pak.
The configuration of the transderaal delivery
system of the present invention can be in any shape or
[ ~ 8ize as is necessary or desirable. Illustratively, a
single dosage unit may have a surface area in the
range of 1 to 200 ¢cx’. Preferred sizes are from 5 to
60 cuf.
In a method aspect of the inv.ntion, a plurality
10 of polymers havinq differing solubility parameters are
blended (but not chemically reacted or cross-linked)
to result in a dermal composition, or multiple polymer
adhesive system with incorporated drug or biocactive
agent, which controls delivery of an incorporated drug
1s into and through the epidermis. The blending ot
polymers results in an adjustment of the saturation
concantration of the drug in the polymeric system and
therefore pernmits selective nmodulation of the
transderaal drug delivery rata. The tarm "blending,*
20 of course, incorporates choosing ths appropriate
polymaric components, and the proportions thereof, to
achieve the desired effact.
In a preferred embodiment of the invention, a
_ dermal composition 4is prepared by aixing the
25 polyacrylate, the polysiloxane, drug, co=solvent(s),
and tackifying agent, if needed, in an appropriate .
volatile seclvent(s), then casting the mixture and
removing the solvent(s) by evaporation to form a £ilm.
Suitable volatile solvents include, but are not
30 limited ta, alcohols such as isopropanol and ethaneol;
aronatics such as xylenes and toluene; aliphatics such
as hexane, cyclohexane, and heptanas; and alkanoic acid
asters such as ethyl acetate and butyl acetate.
An exemplary general method of prnparation is as
35 follows: I
This Sheet Has Been Re}.!aced
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t hrough the skin; which, as known in the art, may or may not be affected by
the rate of release of the drug-fromthe_carrier. The pol ynmers conpri sing

the nmultiple polyner adheswﬁ;‘s stemare inert to the drug, and are
pr ef er Wit»93/00088sci ble with e ﬁ ﬁ 'Iﬂ“ﬁﬁﬂm ng a bl enob@f;mmﬁ,e

polynmers results in an adhesi ng a characteristic "net

solubility paraneter,"” the s ch advantageously pern1ts a
"sel ectabl e nobdul ati on of the delivery rate of thEg
solubility of the drug in the nmultiple polyner ﬁ
paranmeter, also referred to herein as "SP", has %k
all the o

1. Appropriate amounts of polysiloxane and
polyacrylate, dissolved in a solvant({s), are comhined
and thoroughly mixed together in a vasssl.

2. The drug is then added to the polymer
mixture and agitation i=s carried out until the drug is
uniformly mixed in.

3. Co-solvents and enhancers, if necessary, can
then be added to the drug-polymer mixture, and
thoroughly mixed.

0 4. The formulation is then tran..arred to a
caoating operation where it is coated ontc a protactive
ralease liner at a controlled specified thicknass,

5. The coated product is then passed through an
ocven in order to drive off all volatile processing

5 solvents.

6. The dried product on the release liner is
then joined to tha backing material and wound into
rolls for storagas.

7. Appropriata size and shape dosage units are

0 die-cut from the roll material and than pouched.

The order of steps, the amounts of ingredients,
and the amount and time of agitation or mixing are
process variables which will depend on the specific

] polymers, drug, co-solvents, and enhancers used in the

-] formulation. These factors can be adjusted by those
of skill in the art as required to provide a uniform -
product which bhas acceptable pressure-sensitive
adhesive characteristics.

Exancles )

] The following spacific examples are included as
illustrative of dermal compositions, and methods of
making same, within the contemplation of the
invention. These examples are in no way intended to
be limiting of the scope of the invention.

QO WIAVY ® wipja <D D0 ¥IANMIYT ® AFTOA: 8%:¢l  : 96-T -1¢¢ AAIAYN ® ndd: A DA



I nt er nol ecul ar attractive forces, whi ch are enpirically related to
the extent of nutual solubility of many chem cal species. A general

di scussi gy ubility paraneters is found in an article by Vaughan,

"Usi ng Sol uﬁ"fll %yh Paraneters in Cosmetics Formul ation," J'.’Cé&?‘.’”gmﬁet
Chem Vol .36, pages 319-333 (1985). Many net hods have been devel oped for
the determnation of solubility paranmeters—Tanging fromt heoret I cal

calculations to totally enpirical 12 correl ations.
convenient nethod is

ET Hi\S BEEN

REPLACE
31 ED

The following commercially available adhesives
ware used in the Dblends comprising the wmultiple
polymer adhesive system of the examples: "Duro-Tak
80-1194, 80-1196, and 80-1197" are trademarks of

-5 National Starch and Chemical Corporation, Bridgewater,
New Jarsey for acrylic adhesives (polyacrylates) in
organic solutions.

"BI0-PSA X7-3027, x7-4919 X7-2685, and X7-3122"
are trademarks of Dow Corning Corporation, Medical

10 Products, Midland, Michigan for silicone adhesives
(polysiloxanes) in organic solutions. BIO~PSA-3027 is
particularly suitable for wuse in formulations
containing amine~functional drugs, such as albutercl
and pilocarpine, in the following exanples.

15 *Yistanex LM~LS~LC" is a trademark of Exxon
Chaemical Company, Houston, Taxas, for a
polyisobutylens polymer with a Flory molecular weight
of 42,600 to 46,100.

*"Elvax 40-W*® is a trademark of Du Pont Company,

20 Wilmington, Delaware, for a polyethylene/vinyl acetate
copolymer (40% vinyl acetate content).

The aforementioned polymeric adhesives are
supplied, or prepared, as solutions wherein the
percaent solids by weight are as follows:

25 Ingredisnt Pexcent Solids
BXO-PSA X7-3027 50
BIO-PSA X7-3122 & T T
BIO-PSA X7=4919 so This Sheet Has Been Replaced
BIC-PSA X7-268S5 ' 50 l
: T [T
Duro-Tak 80-1196 43 |
Duro-Tak 80-1197 45
Elvax 40-W 30
Vistanex IM~-MS-LC g
a5 360 Medical Fluid® is a trademark of Dow Corning

Corporation for a polydimethylsiloxane fluid. In
certain embodiments cf the inventiocn, 360 Medical
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Hi | debrand's net hod, which conputes the solubility paraneter from nol ecul ar
wei ght, boiling point and density data, which are conmonly available for
many materials and which yields values which are usually within the range
of ot heWOHYWMPS88 of cal cul ation: SP [err] ([err]E[err]/V)péetmsbyathpre V -
nmol ecul ar wei ght/density and [err] E= energy of vapori zati on. Alternatively
witten, SP = ([err]HV - RT/V)[err] where_lerr]H err] = heat of

vapori zation, R [err] gas constant, and Tis the abs

lute fenperature,

[err]K.  For materials, such as high nol ecul ar wei ght

vapor pressures too Iow to detect, and thus for which

|

OB vHEES HAsteEER fihave
er r REBLACEDNOt  [#

avail abl e, several nethods have been 32

Fluid is added as a tackifier to improve the adhesive

characteristics of the end product.
BXANPLE 2

A nitroglycerin-polymer mixture was prepared by
combining 22.0 parts of nitroglycerin, 1.0 part of
dipropylena glycol, 1.3 parts of lecithin, 0.8 parts
of propylene glycol, 2.5 parts of 360 Medial Fluid
(1000 cs), 1.0 part of bantonite, 63.6 parts aof
polyacrylate (Duro-Tak 80-1194), and 85.6 parts of

o polysiloxane (BIO-PSA X7~-4919), and mixed well in an
appropriata container. Ritroglycerin is available as
a solution in solvents such as ethanol, toluene, and
propylane glycol from ICI Americas Inc., Wilaington,
Delaware. In this instance; the nitroglycerin was
.5 added as a solution in toluene mixed together with the
polyacrylate. The resulting composition had ¢the
ingredjent concentrations on a "dry" basis, that is,
atter removal of volatile process solvents, shown

balow.
Th’l?'S'l’lcet Has Been R
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RCY BY DREW & MPIER 121~ 2-46 : 12:81 FOLkY & LARDNEK DO C— DREW & NAPIER: 306
devel oped which use the summati on of atom c and group contributions to

[err] HVO93/000s8r | Hv = [err] [err]h[err] where [err]h[errﬂq

contribution of the ith atomor group to the nolar heat o vaporlzgﬂtion.
One conveni ent nmet hod has been proposed by R F. Fedors, Polyner

Engi neering and Sci ence, Vol. 14, p. 1477(1974). In this 9d [err] E, and
V are be obtained by sinply assumng that [e =} Tﬁ;\[;etarEiEi~I cerr ] and \%
[err] [err] v[err], where [err] and v[err] afié't ékﬁq¢mDve atmc and
group contributions for the energy o33 vapori Zat.li o ar vol une,

respectively. Yet another nethod of cal cul ating he sol ubility paraneter of
a material COMBONENKbed by Small, J. mﬂlﬂ:ﬂ'&

Polysiloxane 42.8

(Dow Corning Silicone Adhesive X7-4919)

Polyacrylate 28.6
5 (National Starch Acrylic Adhesive,

puro-Tak 80-1154)

Polydxnethylsxloxane fluid 2.5
(Dow Corning 360 Medical Fluid)
Lacithin 1.3
10 Propylene glycol .8
Dipropylene glycol 1.0
Bentonite 1.0
Nitroglycerin ' 22.0
100.0
15 Nitroglycerin flux results through cadaver skin

in vitro from the formulation of Example 1,
Transdern-Nitro® (a trademark of Ciba-~Gelgy
Corporation, Summit, NJ), and Nitro-Dur® (a trademark
of Key Pharmaceuticals, Ine., Kenilworth, NJ)} are
20 summarized in FIG. 2. As shown in PFIG. 2,
nitroglycerin flux from the dermal composition of
Example 1 (20.8 sg/cm’hr) vas approximately twice that
from Transderm-Nitro® (9.5 ug/cw’hr) and about 1.5
times that from Nitro-Dure (13.4 pg/cmhr).
25 EXANFLES 2 ~ 5
In the fellowing examples (2-5), the method of
Exauple 1 vas used with the appropriate amounts of
starting materials to yield compositions having the
following ingredient concentrations set forth in )
30 tabular form in TABLE III. Example 2 is presented for
comparative purposes and its formulation is not within
the scope of the present invention. Example 3 and 5
-are adhesive compositions comprising blends of
polyacrylate and a sstcond polymer celected to
as illustrate the principles of the invention. All other
camponents, such as excipients or fillers, remain

constant in composition and amount from Examples 2 to
S.

This Sheet Has Been Replaced
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Applied Chem Vol. 3, p. 71 (1953). Table I-A below sets forth solubility
para ters of sonme exenplary adhesive polyners which would be useful jn the

pract 499088 i nvention and shows the variation of Shrar/AUSoRREaEU| ar
wei ght, free -OH and - COOH groups, the degree of cross-linking. Table I A
S 13 in (caferr]/cmerr][err] and_(J/cnerr])[err] as calcul ated by

Smal|l's nmethod. TABLE | A Pol yners
solubilty Praneter THIS SHEET HAS BrER

14 RLPLACED
FAELE _XI1X
Examples (%, w/w)

Ingredient (SP, J'%/em*?) .2 3 4 S
Polyacryiate (21) 73.2 331 331 2t
Polyethylene vinyl acetate (21) -~ 40.1 - -

Polyisobutyleae (17) - - 49,1 -

Polysiloxane (15) - - - 4.1
Nitroglyeerin (27) 208 208 208 20.8
Oleic acid 20 220 20 20
Propylene glycol 08 08 08 08
Lecithin 1.2 1.2 1.2 1.2
Dipropylene giycol 10 10 10 10
Bentonite 10 1.0 10 1.0

FIG. 3 graphically summarizes the ian vitro
nitroglycerin flux results through cadaver epidermis
fron the dermal coxpositions of Examples 2 to 5. As
seen in PIG. 3, addition of either polyischbutylens
(Bxample 4) or polysiloxans (Example 5) -- both with
SPs lower than polyacrylate -- resulted in doubling of
the nitroglycerin flux as compared to an all acrylate
systen (Example 2). However, addition of polyethylene
vinyl acetate (Example 3) =~ with an SP value similar
to the peolyacrylate == yesulted in little effect on
nitroglycerin flux as compared to the system of
Example 2. Thus, the formulation of Example 3 is not
within the scope of the present invention.

EXAMPLE €

A geries ot nitroglycerin-containir~ compositions
(I=VI) wvere prepared in whick the pe :erylate (X7-
3122) to polysiloxans (Duro~Tak 80- -4) ratioc vas
varied from 100.0 : 0.. (all aeryl to 0.0 : 100.0
{(all siloxane) by weigh:. Nitrogly-.rin concentration
wvas held at 20t for all compositions. The ingredient
concentrations of these compositions are shown below

as in TABLE IV. .
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Addi tion polyners of unsaturated esters Polynethyl nethacryl ate

9.3 WOYDWSBO! yet hyl net hacryl ate 18. 6
Pol ynet hyl acryl ate 9.7 19. %c%"l ;%/toﬁm’acryl ate
9.2 8 Hydrocarbon pol yners Pol yet hyI QS SHEET HAS BEEN
8.1 16 6 Pol ystyrene REPLACED 9.1 18.6
Pol yl sobut yl ene b , :Soprene
8.1 16. 6 Pol ybut adi ene 8.4 16.6
Pol yet hyl ene/ but yl ene 385 7.9 16. 2
Hal ogen- cont ai ni ng pol yners Pol yterafl ucot hyl ene
6.2 12. 7 FABLE _IY
I I m v v Vi

Polysiloxane _ - 4.4 288 432 357.6 T2.6

Silicone Fluid - 16 32 48 64 80
5 Polyacrylate 800 640 480 328 160 -

Nitroglycerin 200 200 200 200 200 200

In vitro skin flux wvas determined for
these coppasitions and the results are summarized in
Table V and graphically depicted in FIG. 4.

10

15 I 100 0 1.6 00
1§ 81.6 18.4 3.2 1.5
114 62.5 315 4.2 20
Iv - 432 56.3 4.5 2.3
v 21.7 783 52 23

20 Vi 0 100 4.9 24
Nitro-Dur® -~ - 3.0 2.5

" As shown, nitroglycerin (GTN) flux increased as

the concentration of polysiloxane in the wmultiple

25 polymer adhesive matrix increased up to a maximum, at

around 80% polysiloxane, after which no mors increase

in flux vas seen. It appears that hayond a cexrtain

concantration of siloxane polymer, the nitroglyeerin

activity ceases to increase (unit aectivity is

30 reached), and the flux no longer increases. The

attainment of saturation concentration (unit activity)

is further verified by the fact that Composition VI

had nitroglycerin exudate; that is, the surface of the

adhesive was "wet" with excess nitroglycerin. ot

as course, Composition VI, which is all polysmiloxane, is
not within the contemplation of the inventian.
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Pol yvi nyl chl or | ds 9.5 19. 4 Pol yvi nyl i dene
chl ori de 12.2 24. 9 Pol ychl or oprene
9. 4 WO/YSE pg yacrylonitrile

Condensati on polynmers Nylon -6.6

27.8 Epon resin 1004 (epoxy) -
Pol ysi | oxanes, Pol ydi met hyl sil oxans = r“””'"'{"r‘:r HAS BEEN
Copol ynmer s Pol ybut adi ene-co-acrylolitril
18. 9 Pol ybut adi | ne- co- styreﬁe 75
17.4

9.25
8.5

25

75/ 25:PL6CRD/
8

The conpoainon of the blend of polymers is
preferably chosen so that ths flux rate of drug from
the blend is at a waximum. Studies similar to those
reported herein may be employed to assist in salecting
the appropriate componants of the blend and the waight
ratios thereof. In alternative embodiments, it may be
desirable to select a composition in which the flux
rate will be retarded. '

EXNGLES 7 -9

An estradicl-polymer mixture (Example ..7) was
prepared by combining 2.0 parts of 178-estradiol, 2.0
parts of propylene glycol, 3.0 parts of lecithin, 5.0
parts of oleic acid, 5.0 parts of dipropylene glyecol,
93.3 parts of polyacrylate (Duro-Tak B80-1196), and
63.1 parts of polysiloxane (BIO-PSA X7-3122), and
miving well in an appropriate container. The
resulting composition had the ingredient concentra-
tions cn a "dry” basis, that iz, after removal of
volatile process solvents, given below in TABLE VI.

Examples 8 and 9 ware made in accordance with the
mathod of Exawple 7. Tha compositions of Examples 8
and 9 have the same drug and additional components,
such as the co-solvents, as Example 7, but ares not
within the scope of this invention inasmuch2as the
resulting adhesive mnatrices are single polyner
systems. Ewamples 8 and 9 are given for comparative
purposes only.
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14 Table |-B bel ow sets
met hod and are ex

SFOLEY & LARDAER DC C=
excepted fromKraton[err] Thernopl aci e Ruber Shel |

5 ; Crem cal
roc 9 Wr SC. 198-89
paraMe:r;s cal cul ated by Fedoraferr]

DKW

& NAVILENGS#2U

Co. Product

ility

&?‘?&@éﬂ#lgﬁni ts of

(J/cmerr])[err].

TAB3LE | -B Conponents

solubility

i

Paranmeter, J/cnferr])[err] polyethyl esetvinyl (40% VAC)
pol ydi nmet hyl si | oxane 15 .1 pol ?i?ﬂﬁ@ﬁﬁﬁ'@ms BEEN
17. 6 pol yet hyl ene 17 6 REPLACED :
37 ' '
JABLE V1
Examples (%, w/w) -
Ingredient 7 8 9
Polyacrylate 42.0 83.0 -
5 Polysiloxane 41.0 - 83.0
Estradiol 20 2.0 2.0
Oleic acid 5.0 5.0 5.0
Propylene glycol 20 2.0 2.0
Lecithin 3.0 3.0 3.0
10 Dipropylene giycol 3.0 50 3.0
Estradiol flux Jin vitro from the systems of
Examples 7, 8, and 9 is showm in FIG. 5. As seen in
ric. 5, delivery from the system of this invention
utilizing the multiple pelymer  adhesive
15 (polyacrylate/polysiloxane) of Example 7 was
substantially greater than delivery from the prior art
systems comprising single polymer adhesives (Examples
8 and 9).
EXAMPLES 20 = 13
20 In the following examples (10-13), the mathod of
Example 7 was used with the appropriata amounts of
starting materials to yield compositions having the
ingredient concentrations set forth in TABLE V11.
) TABLE YIX
25 Examples (%, w/vw)
Ingredient 10 1112 13
Polysiloxanc 18.0 335 9.5 $8.0
Polyacrylate 65.0 395 33.5 15.0
Estradiol 20 2.0 2.0 2.0
30 Oleic acid 50 5.0 3.0 50
Propylene glycol 2.0 2.0 2.0 2.0
Lecithin 3.0 3.0 3.0 a0
Silicone fluid 5.0 15.0 15.0 15.0
FIGC. 6 shows estradiol flux results for the
i5 compositions of Examples 10 - 13; average flux was

calculated for each composition from 0 to 22 hours and

‘This Sheet Has Been Replaced
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pol yet hyl nethacryl ate 19.[err] polysthyl acrylate
20. polynethyl acrylate 21. polynethyl nmethacrylate
22.3 W&Mne 22 5 nitrogl yMEI/US92/05297

27.0 estradi ol

21. 3 pilocarpine ~22.9 al buterol

26.7 In accordance with the principles of t he [Ny
per meati on

mul ti pl e pol yner adhesive system so"as, to alter—+he

10

15

30

from 22 to 99 hours from the start of the study. ]
sean in FIG. 6, estradiel flux progressively increas

.with increased silicone polymer content during the

first 22 hours of delivery, but vas affected to a much
lesser degree during the remainder of the study (22 to
99 hours). Thus, significant adjustment of the
estradicl delivery rats during the initial phase of
dalivery vas accomplished, with minor effacts on the
later dslivery phase, by modulating the polysiloxana
to palyacrylate polymer ratiec. Fig 6 also illustrates
that the delivery characteristics over time can be
adjusted by the appropriate choice of polymers and
respective weight ratioes. For eaxample, the
formulation of Example 10 dslivers drug at
approximataly the saue rate ovar time vhereas the
foraulation of Example 1) delivers more quickly in the
early phase than the latter.
EEAMELES 14 - 1§

A norethindrons mtati—polyur mixture wvas
prepared by combining 0.6 parts of norethindrone
acatate, 1.0 parts of butylane glycel, and 40.9 parts
of polyaerylate (Duro~Tak 80-1194), and mixing well in
an appropriate container. The resulting composition
had the ingredient concentrations on a “dry® basis,
that is, after removal of volatile process solvents,
given below in TABLE VIII. The samne mathod was
amployed to make Examples 15 and 18.

TABLR VIII
Enmplu (% wiw)
Ingredient 14 16
Polyacrylats 92.0 - 46.0

- 92.0 46.0

24.5 noret hi ndrone acetate

ifansder mal

.Iﬁ’@ts'q%ﬁr HASEEN
rate i-s controlled by varying the |pol ynRgpiGa@igponent &

of the

This Sheet Has Been Rep
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difference in the solubility parameter of the multiple polynmer adhesive

Syst emyj tﬂ to that of the drug (see Exanples 2-5, or 28 and 29,
hér ei nbe Wﬁr eferably the solubility parameters of trﬁﬂb’&EWm
conponents are different fromone another by an increnent of at |east 2
(J/cnjerr])[err]. Most preferably they=tliiffer by at Ieast 4
(J/cnferr])[err]. The transdernal pernmeati on —at-e &l cgntroll ed
by varying the relative proportions of the pol yne?léfsc%ﬂ: F'%’Q 1 ,‘" mul tiple
pol ymer adhesive system (see Exanpl ggf her ei nbeljow) RE tig ', pol yner
adhesive system is preferably forrrul ated so that it is a pressure

sensitive adhesi ygrgtnin@rbhée ARethte AUk N#8 iteo from the
systems of Examples 14, 15, and 16 is shown in FIG. 7,
As seen in FICG. 7, nerethindrone acetate delivery from
the polyacrylate/polysiloxane systems of this
5 invention (Example 15) was intermediate to dalivery
from the single polymer systams not of this invention
(Example 14 and 1S5). Thus, blending the polyacrylate
and polysiloxana results in modulation of the
norethindrone acetats flux.
10 EXANPLES 17 -~ 20
As estradiocl/norethindrone acetate combination-
polymer mixture was prepared by combining 0.6 parts of
178 estradiol, 0.6 parts of norethindrone acetate, 0.6
parts of butylene glycol, 0.6 parts of oleic acid, 1.5
15 parts of lecithin, 4.5 parts of silicone fluid
' {polydimethylsiloxane fluid, Dow Corning 360 Medical
Fluid, 100 cs), and 43,2 parts of polysiloxane ({BIO-
PSA X7-4919), and nixing well in an appropriate
centainer. The method of Exanple 17 vas used with the
20 appropriate amounts of starting materials to yield the
compositions of Exasple 18, 19 and 20, The
polyacrylate used in Examples 18-20 was National
Starch Acrylic Adhesive, Duro-Tak 80-1197. The
- resulting compositions had the ingredient

Ay

25 concentrations on a "“dry® basis, that is, atter
removal of volatile process solvents, given below in *
TABLE IX.
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desirabl e characteristics for aanesives used in the transder nal
delivery art;

OLEY & LARDMER DO C-—

skin, retention of tack with aging, etc. In general, the

such characteristics include good adherence to skin

PREW & NAP LR #b

drug

to be WOS3BO0SE ot herwi se renoved without substanti al trm P 15
tiple poly

adheswe system shoul d have a glass transition tenperature (T[err]),

measured using a differential scanning calori [nﬂs eI
-70[err] Cto O[err] C Selection of the partiqular Robyiey conp
40
TARLE. IX
Examples (% w/w)
Ingredicnt 17 18 19 20
Polysiloxan 720 68.0 60.0 47.0
5 mmm - s.o lslo 3000
Estradiol 20 20 20 20
Norethindrone acetate 20 20 20 20
Olaic acid 20 20 20 a0
Butylene glycol 20 20 20 20
10 Lecithin S0 S50 50 50
Silicone fluid 150 140 12.0 10.0
Flux results for the compositions of Examples 17~
20 are shown in Fig. 8. As shown in Fig. 8, the flux
of both estradiol (B2) and norsthindrone acetate (NAic)
15 varied as the polysiloxane to polyacrylate polyaer
ratio wvas adjusted; estradicl flux gradually increased
and then decreasad with a maximum at about 15%
acrylate, and the norethindrone acatate flux
continuously dacreased with increasing acrylate
20 content as would ba expected from the data of Pig. 7.
A further effect of varying the poly-
siloxane/polyacrylate polymer ratio is exhibited by a
) plot of estradiol flux relative to norethindrone
acetate flux (estradiol flux divided by norethindrone
25

N’i out
SItIOI’]

acatate flux) as shown in Fig. 9. By adjusting the
sllicone to acrylate polymer ratio, it was possible to
woditlate the relative dalivery of two drugs (estradiol
and norethindrone acetate) from the systems of this
invention.
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I's governed in large part by the drug to be incorporated in the device,

wel |

pol ymer transder nal

L L

termine the rate of delivery of drugs frdiRVNEIHRSAITp| e

adhesive systemin order to select suitable

as

conbi nati ons of polymers and drug for & particular application. Various
' ' drug

techni ques can be used to determ ne the ra[,:e;&.-m VET¥end
l &:0 i

from

by measuring the transfer of drug fyom oneichanb®

cadaver skin over time, and calculating, fromthe obtained data, the drug
delivery or flux rate.

i0

i35

20

25

30

s

t he

f SUBFS

polymer. Illustratively, the ra s

-

EXAMPLES 21 - 23
A pilocarpine-polymer mixture was prepared by
combining 5.0 parts of pilocarpine base, 1.2 parts of

t he

lecithin, 0.8 parts of propylens glycel, 2.0 parts of -

oleic acid, 2.5 parts of gilicone fluid
(polydimethylsiloxane, Dow Corning 360 Medical Fluid,
100 cs), and 77.0 parts of polysiloxane ( Dow Corning
Silicone Adhegive BIO-PSA X7-3027), and nixing well in
an appropriate container. Example 22 incorporated
pilocarpine into a polyacrylate comprising National
starch Acrylic Adhesive, Duro-Tak 80-1196. Exampie 2)
employed a blend of polysiloxane and polyacrylate in
accordance with the principles of the invention. Ths
resulting compositions had the ingredient
concentrations on a "dry®” basis, that is, after
removal of volatile process smolvents, given balow in
TABLE X.

TARLE X

Examples (% w/w)
Ingredicnt A 2. 23
Polyacrylate - 82.0 41.0
Polysiloxane 7.0 - 41.0
Silicone Fluid 3.0 - -
Pilocarpine 10.0 10.0 10.0
Oleic acid 4.0 4.0 4.0
Propylene glycol 1.6 1.6 1.6
Lecithin 2.4 2.4 2.4

Pilocarpine flux in vitro from the systems of
Examples 21, 22, and 23 is shown in Fig. 10. As seen
in Fig. 10, the delivery rate from the system of this
invention utilizing the multiple polymer adhesive
(polyacrylate/polysiloxane) of Example 23, wvas
intermediate of the dalivery rates from single polymer
conpositiohs {(Examples 21 and 22) which are not of
this invention. 1In this embodiment of the invention,
the combination of polyacrylate and polysiloxane

This Sheet Has Been Replaced
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TFOLEY & LARDNER DC C-
In a particularly preferred enbodi mrent of the invention,

DREW & NAPIER: w45

the multiple

pol yner adhesi ve system conprises a blend of an acrylic pressure-sensj.tive

adhe¥Q 83/00888a si | i cone pressure-sensitive adhesive.

ThheTROS94) 08390

ased

pol ymer and silicone-based polyner are preferably in a ratio by melght

respectively, fromabout 2:98 to about 36:4, nore preferabl y from about

2:98 to about 90: 10, and even nore preferab

The anount of acrylic- based pol ymer (here|éaﬂﬂéﬁHFET@ﬁﬁéﬁﬁﬂolbroadly as a

pol yacrylate) and silicone-based polymer (h
as a pol ysi | oxane)
the drug in the nulti

AS

20

25

3o

5

r ei naREBACERf e 1 of

polymars adSLsted e delivery of rate of pilocarpine
within the ranges established by single polyner
coppositions.
RXAMPLES 24 = 27 :

An alhuteroi—polyur nixture was prepared by
combining 10.2 parts of albutercl base, 1.5 parts of
lecithin, 1.0 part of propylene glycal, 4.1 parts of
oleic acid, 2.6 parts of dipropylene glycol, 1.5 parts
of butylene glycel, 1.5 parts of vitamin E acetate
(tocoperyl acetate), 25.5 parts of polyacrylate (Durc-
Tak 830~1196), 11.9 parts of polysiloxane A (BIO-PSA

X7-3122), 20.1 parts of polysiloxane B (BIO~-PSA X7~

3027), and 20.1 parts of isopropyl alcohol, and mixing
well in an appropriate container. The resulting
composition had the ingredient concentrations on a
®dry®* hamis, that is, after removal of volatile
process solvents, givaen below in Table XI.

' The nethod of Example 34 was used with the
appropriate amcunts of starting materialsg to yield the
coupositions of Examples 25, 26, and 27.

TARLE XX
Examples (% w/w)

Ingredient 24 28 2 2

A 14.0 13.8 14.0 14.0
Polysiloxane B 19.6 19.2 28.0 19.6
Polyactylate 224 22.0 20.0 2.4
Albuterol 20.0 20.0 20.0 20.0
Oleic acid 8.0 8.0 8.0 8.0
Propylene glyeol 20 2.0 2.0 20
Dipropylene glycol 50 5.0 50 5.0
Butylene giycol 3.0 30 - 3.0
Vitamin E acetats 3.0 30 - -
Vitamin E - 1.0 — -
Vitamin E linoicate - - - 3.0
Lecithin 30 30 30 30

This Sheet Has Been Replaced
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is selected to m&lify the saturation concentration of
pol ynmer adhesive systemin order to affect
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16 the rate of delivery of the drug fromthe system and through the skin.
The adwO98/ppo88 t 0 t he saturation concentration of the d(r;&/ié%g ltiple
pol ymer adhesive system can either be an increase or a decr : It has
been found that when a pol yacrylate having a solubility paraneter SP of
about 21 (J/cnferr])[err] is used as th€ principal pol
nitroglycerin (SP about 27 (J/cnferr])[err]) noRETT

significant increase in the transdernmal peringad
can 43

6 B ¢

Rg{f{g@@ of ni¥

a
m a
roglycerin

Albuterol flux results through human cadavar skin

in vitro from the formulations of Examples 24, 25, 26,

' and 27, are summarized in Fig. 11; nitroglyce&in flux

from Nitro-Dur® through the same skin specimen is

5 ' shown as a control. Flux values for the albuterol

cempositions of Example 24 to 27 ranged from about 17

yg/cm/hr to about 22 ug/ew’/hr. The nitroglycerin

flux value of about 28 ug/cal/hr was slightly higher

than the literature delivary rate for this product (20

10 pg/cwl/hr, based on Nitro-pur® product label of 0.1

ag/hr from a 5 cu’ system). In order to adjust for the

apparent higher permeability of the skin specimen,

albuterol flux results can be multiplied by an

adjustment factor of 0,714 (20/28); this would result

18 in flux values of about 12 ug/em’/hr to about 16
pg/omt/hr. )

Therapeutic albuterol plasma concentrations are
in the range of about 4 to 8 ng/alL, and are produced
by dalivery ratas of about 115 to 230 pg/hr. The flux

20 rates (12 ¢to 16 ug/cw/hr) obtained frem the
conpositions of this invention therefore would produce
the necessary albuterol plagma levels (4 to 8 ng/alL)
for the treatzent of asthma from system sizes of about

. 10 to 20 cx’.

28 EXANPLES 28 = 29

Estradiol-polymer mixtures were preparsd in .
accordance with the method of Example 7. Example 28
is illustrative of a multiple polymer adhesive system
where polyacrylate is blended with polyiscbutylene

30 (Vistanex IM-1S-IC). The resulting compositions had
the ingredient coencentrations on a “dry® bagis, that
is, after removal of volatile procass solvents, given
below in TABLE XIX.

This Sheet Has Been Replaced
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be achi eved by the addition of a polynmer having a |lower solubility
pa.ranwge‘;s,?ég& exanpl e a polysil oxane (SP about 15 (J/cnferr])[err] . By
r educl ng & "net" solubility paraneter of the nulti pl RCHEIS)IN08297 _
transdermal adhesive system the difference between the solubility
paranmeter of nitroglycerin and the mul t+ple pol ynmer adhesive systemis

i ncreased. This increased solubility paraneter_di eRter IRsll ts in a

| ower saturation concentration for nitroglycdgrirnais ATt &t eby 4 greater
ther modynani ¢ driving force. Conversgly, the ko Do KEP LA af—treb nul ti pl e
pol ymer adhesive system can be selected so that the saturation :

concentration of the drug in the%zms I ncreased, so the rate of
delivery is retarded, such as wou e

Examples (%, w/w)
- Ingredient 28, 29
Polyacrylate 45.0 45.0
5 Polyischutylene 45.0 -
Polysiloxane - 45.0
Estradiol 2.0 2.0
Oleic acid 50 5.0
Lecithin 3.0 30
10 Estradiol flux in vitrc from the asysteas of

Exanples 28 and 29 are shown in FIG. 12. As saen in
FIG. 12, delivery from the multiple polymer adhesive
system of Example 28 is comparable to delivery from
Example 29.
s EXMMPLE 30
In addition to flux nsasurenents, tha apparent
diffusion coefficiant, D, was calculated from rsleasae
data for nitroglycerin from matrices of Campositions
I to VI (Example 6) into an infinite sink. The nmathod
20 of D.R. Paul, Controlled Release Polvperic
Foxpylations, ACS sSvmpomium Series Wo, J3, Chapter 1
(1976) was used wherain the initial concentration of
nitroglycerin in the matrix, G, wvas datermined
(assuning a density of 1.0) and the relationship of
25 the amount released, ¥, by a matrix of arsa, A, and
the aiffuzion coefficient is defined by: )
: M/a = 2¢, (Dt/n)?
Plotting, M/A against t?, results in a graph
having a slope, m, defined hy:
30 2 = 20, (/M) |
| The value of m can be ascertained by linear
regression to get the sl:-ne of the bast fit line. The
dirfusion coefticient is calculated as; '

D = w(m/2¢,)?
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desirabl e for adm nistration of scopol am ne. Advantageously, t he nmet hod and
cqnpo?ﬂlﬁﬁﬂmul the present invention pernmt selectable pepqi g o897t Ne drug
in the transdermal drug delivery system The concentratlon y Wwei ght of
the drug in the dermal conposition is preferably about O. 3 to about 50
percent, nore preferably about 0.5 to &bdut 40 Tg—even nore
preferably about 1.0 to about 30 percent. 7 ¢t her there is
hi gh- | oading or | owloading of the drug i gosition, the
mul tiple polyner adhesive system of 4%

The rasults of these calculations for
Compositions I to VI are shown belew in Table XII.

TARLE XIII
Compositi@(mg/ew’)m (mg/cm’h'?p (cm’/sec) D(x10")

5 T 241.0 0.8728 2,861 x 10” 2.86
4 4 233.3 0.9483 3.605 x 10° 36.05
III 231.3 1.0834 4.786 x 10 47,86
v 219.7 1.2%02 7.065 x 10¢ 70.65
v 217.0 1.5920 1.174 x 107  117.4
10 VI 215.0 2.4551 2.845 x 107 284.5
Nitro=-DuBsd.o 1.4680 3.256 x 10" 32.56

FIGS. 13 and 14 show the relaticnship of flux rate
(J) plotted against apparent diffusion coefficient (D)
and net solubility parameter (SP), respectively, for
15 Compacitions I-VI. The net solubility paramestar, SP_,
was calculated using a weighted average of the
solubility parapeters of <the individual polyners
-comprising the matrix:

8P = B,8P,, + @,5P,,

20 vhere ¢, is the weight percentage of polysiloxane and
SP,, is the solubility parameter of polysiloxane. The
subscript “pa® refers to the polyacrylate. FIG. 15 is
a plot of diffusion coefficient versus net solubility
paraneter.

-25 Although the invention has been described in terms
of specific embodipents and applications, persons
skilled in the art can, in light of this teaching, )
generate additional embodiments without exceeding the
scope or departing from the spirit of the claimed
30 invention. Accordingly, it is to be understood that
the drawing and description in this disclosure are
proffered to <facilitate comprehension of the
invention, and should not bhe construed to limit the
scope thereof.
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17 the present invention can be formilated to naintain acceptabl e shear,
adhesi ve propertles Al t hou h not w shing to be bound. by

t ack, 300658
t’neory‘,vﬁgart Icularly in this c Hﬁﬁiﬁ? ef‘uct ure ofPGTAESS220820%i ti on

has not been analyzed, it is po he pol yner g—¢ aryi ng
solubility paraneters, for exa onane and t%sﬁaEgﬁ
result in a heterogenous mx, with the conponents of thelpg riﬁPL@Qﬁ&)ﬁEEN
performng as a nutually interpenetrating polyneric network in
conposition. In other words, the nmultiéle polyner adhesive systemis a
m xture of essentially rrutual |y insoluble or immscible polyners, in
contradi stinction to the CLAIMB '

i. An improved pressure-sensitive adhesive
composition of the type suitable for controlled
release of a bicactive agent from pressure-sensitive

5 adhesive matrix, the composition comprising:

- a blend of a tirst polymeric adhesive having a
first solubility parameter and a second
polymeric adhesive having a second solubility
parameter, the first and second - >lubility

10 parameters being different from one ather by
an increment of at least 2 (J/cw’)?  ana
resulting in a characteristic net solubility
parameter of the blend which can selectably
adjust the saturation concentration of a

13 bicactive agent contained in the pressure-
sensitive adhesiva compesition and thareby
modulate the rslease of the bicactive agent.

2. A transdermal drug delivery system comprising

(1) a blend of:

20 (a) a first polymeric material having a

first solubility paramster, and
(b) a sacond polyseric material having a
second solubility parameter, said

. first and sacond solubility - ramaters

2s being different from one another and
resulting in a preselected net

solubility paramater of the blend; and

(2) a drug, vherein the net solubility

parameter of the blend is preselacted to

30 detormine the solubility of “he drug in

the blend. )

3. The transdermal drug delivery system of claim 2
whurein the blend is a pressure-sensitive adhesive.

4. The tr’ sdermal drug delivery system of clain 3

Bt further com, .sing a backing material superimposed on

R
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typical prior art transdernal
pol ymer Wer9x0e088ut i on of nut ual’l y “sotubte-polyners.
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drug delivery systens derived froma single
In the practice of the

preferred enbodiment of the i nvieRishfasBl&G ehyli c- based D/yse2/08397 be any

of the honopol ymers, copol yners, nd the |ike of various
acrylic acids. In such prefererqm#Mt"r the acrylic- based pol yrrer
constitutes preferably from abou 95% of t hergfy R
dermal conposition, and preferably about 2% q N

nore preferably about 2% to about 85%44 he anobunt of a '
dependent on the ampunt and type of drug used. The acryl ate poI yrrers of

t he total

this inventioonér gurface of the pressure sensitive adhesive, said

10

35

20

30

!’

backing material being substantially impermeable to
the drug contained therein.

5. The transdermal drug delivery system of claim 3
further comprising a ralease liner superimposed on a
surface of the pressures sansitive adhesive opposite
said backing material. _

6. The transdermal drug delivery system of [clain
2) any one of claims 2 to $, wherein the drug is a
steroid.

7. The transdermal drug delivery system of claim &
wherein the stercid is an estrogen sslected from the
group consisting of conjugated estrogens, esterified
astrogens, estropipats, 178-estradiel, equilin,
mestrancl, estrone, estriol, ethinyl estradiol, and
diethylstilbestrol.

8. The transdermal drug dslivery system of claim 6
wherein tha stereoid is a progestational agent.

9. The transdermal drug delivery system of claiwm
[7] 8 vherein the progestational agent is selected
from the group consisting of progyesterone, 19-norpro-
gesterone, norethindrone, norethindrone acetates,
melengestrol, chlormadinone, athisterone, nedroxy-
progestercne acetate, hydroxyprogesterons caproate,
ethynodiol diacetate, norethynodrel, 17e¢~hydroxy-
progesterone, dydrogesterone, dimethisterone,
esthinylestrenol, norgestral, denegestone,
promegestone, and megestrol acetata.

10. The transdermal drug delivery system of
{claim 2) any one of ¢lainms 2 to 5, wherein the drug
is a f8;,-adrenergic agonist.

11. The transdermal drug delivery system of clainm
{71 10 wherein the §,~adranergic agonist is selected
from tha group consisting of =metaproterenol,

I
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pol ymers of one or nore nmononmers of acrylic acids and ot her copol ynerizabl e
nono 9 acryl ate polyrers al se—+nelude-copol yners of al kyl acryl ates

and/ or e rylates  and/ ple  secopgdpnyg rs or
nmononers w th functional grglflJuSShee PRI IZI&g t he armugﬁolf 9g&@ﬂ;?ype of
nononer added, the cohesive p Ilm e resulting acrylate poI ymer
can be changed as is known in neral t he amg [})_ﬂl s
conposed of at |east 50% by 18 wei ght of an acryl at af,ggd S
nmonomner, from a8

U

terbutalins, albuterol, carbuterol, rimiterol,
salmefamol, fenotercl, soterencl, tratogquinel, and
guinterenol.

12. The transdarmal drug delivery system of
(claim 2) any one of claims 2 to 5, wherein the drug
is a cardicactive agent.

13. The transdermal drug dalivery gystem of clain
12 wherein said cardiocactive agent iz selacted from
the group consisting of nitroglycerin, iseosorbide
dinitrate, isosorbide nononitrates, quinidine sulfrate,
procainanide, benzydraflumethiazide,
bendroflumethiagide, chlorothiazide, nifedipine,
nicardipine, verapanil, diltiazenm, timolol,
propranclol, captopril, clonidine and prazesin.

LS 4. The transdermal drug dslivery system af
(claia 2) any.one of clains 2 to S, vherein the drug
is a cholinergic agonist.

‘18. The transdermal drug delivery system of clais
14 wherein the cholinergic agonist iz selected from
20 the group consisting of cheoline, acetylcheline,
nethacholine, carbachel, bathanechol, pilocarpine,
nuscarine, and arecoline.

16. The transdermal drug dslivery system of
(clain 2] anv one of clajms 2 to 15, vherein the drug
25 is intimately nmixed with the blend.

' 17. The transdermal drug delivery systeam of
{clain 2] any onm of claips 2 to 16, vherein said
synstea is 2 reservoir device having an adhesive
portion comprised ¢of said blend.

30 18, The transdermal drug delivery system of
(claim 2] any one of claims 2 to 17, wharein said
first polymeric material is a polyacrylatas. :

19, The transdermal drug delivery systes of clainm
18 wherein the second polymeric material is a
25 polysiloxans.

IIIIIIII I 1) ||I|I || |III
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a functional nonorer.copalynerizable with the acrylate, and

| sooct vyl acryl met hacryl at e,
acrylate, 2-ethyl hexyl nethacrylate —~te
dodecyl acryl ate, dodec nethacrylate
met hacryl ate. Functi onal $ononers, ~ copol

FTEE
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Gy hcaor vl atk

P8 of ot her nonone cryl ate nmononers “h'ehﬁfﬁﬂ?ﬂﬁg d
lic acid, met hacrﬁl ﬁ\ Tiﬂtifweécryl ate uty ﬁ:cryl ate,

tyl acrylate, 2-ethyl butyl
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19 vherein the pelyacrylate is present in an amount

ranging from about 2% to about 96% by weight of the
blend and the polysiloxana is present in an amount
ranging from about 98% to about 4% by weight of the
blend.

21. The transdermal drug delivery system of claim
7 wherein the estrogen is 178-estradiol and the 178-
estradiol is pressnt in the systenm in an amount of
from about it to about 5% by weight.

22. The transdermal drug delivery system of clain
9 whersin tha progestational agent is norethindrone
acetate and the norethindrone acetate is present in
the system in an amocunt of from about 1% to about 5%
by weight.

23. Tha transdermal drug delivery syatem of claim
11 vherein the f,~adrenergic agonist is albuterol and
the albuterol is present in the system in an amount of
less than about 30% by weight.

24. The transdermal drug dalivery system of claia
13 wvherein the cardicactive agent is nitroglycerin and
the nitroglycerin is prasent in the system in an
amount cf less than about 25% by weight.

25. The transdermal drug delivery systea of claim
1% vherein the cholinergic agonist is pilocarpine and
the pilocarpine is present in the drug-containing
polymeric diffusion matrix in an amount of less than
about 30% by weight.

36. The transdermal drug delivery system of
(clain 2] apv one of claims 2 to 5, wherein the drug
is a tranquilizer.

27. The transdermal drug dalivuy systen of claia
26 vherein the tranquilizer is selectsd from the group
consisting of alprazolam, chlordiazaepoxide,
clorazeptats, halazepan, oxazepas, prazepan,

R
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acid, maleic anhydride, hydroxyethyl acrylate, hydroxypropyl
acr te acryl am de, dlnEthy+~~aeL¥L\n1de acrylonitrile;

di )9?’MOet hyl acryl ate, | anmi noet hyl rﬁz-pggg ,
tert-butyl am noet hyl acryl ate, ﬂus‘éj] Kepliveget hyl met acrﬁ%ﬁ?

met hoxyet hyl acryl ate and rreth ryI ate. Further details and
exanpl es of acrylic adhesives’ bI e in the practice of the

i nvention are described in Satas, Acryl | c dhesi ves, " HanmineokiEBT HAS BEEN
Pressure- Sensi ti ve Adhesive Technol o y 2nd ed., pp. 396456 (REPLBLIERS,
ed.), Van Nostrand Rei nhol d, New Y05 (1989). Sw tabl e acTyrTc adhesi ves
are comrercial I

\éepn. flurazepasm, triazolam, lorazepam and
diazepam. _

28. The transdermal drug delivery system of claim
27 wherein the tranguilizer is alprazolanm. '

a9. The transdermal dxrug delivery system of
felain 2) any one of claims 2 to S, wherein the drug
is an antipsychotic. _

30. The transdermal drug delivery system of clain
29 wherein the antipsychotic is salected from the
group consisting of thiopropazate, chlorpromazine,
triflupromazine, mesoridazine, piparacetazine,
thioridazine, acetophenazine, £fluphenazine, perphenaz-
ine, triflucperazine, chlorprathixene, thiothixene,
haloparidol, bromperidol, loxapine and molindone.

312, The transdsrmal drug delivery systeam of claim
30 wvharein the antipsychotic is haloparidel.

32. The ¢tranadersal drug delivery system of
{claim 2] anv one of claims 2 to S, vheraein the drug
is an anasthetic. '

33. The transdezrmal 4rug delivery systes of claim
32 vherein the anasthatic is selected from the group
consisting of 1lidocaine, tatracains, dyclonine,
dibucaina, cocaine, procaine, mapivacaine,
bupivacaine, etidocaine, prilocaine and benzocaine.

34. The transdermal drug delivery system of claim
33 vherein the anesthatic is lidocaine. .

'35. The transdermal drug delivery system of
felainm 2) any one of clpims 2 to 5, wherein the drug
is an analgesic.

30 36. The transdermal drug delivery system of clain
3% wherein the analgesic is selected from the group
consisting of fantanyl, buprenorphine and codeine.

37. The <transdermal drug delivery system of

_ {claim 2) any one of clajnms 2 to 5. wherein the drug
.5 has an action on tha central nervous systea. |

_ — e
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avai l abl e and include the polyacryl ate adhesives sold under the trademarks

Dur o- Tak 80-1194,

Dur o- Tak 80- 11967—andburo-Tak -80- 1197 by Nati onal
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i ncl ude si | | co & tive adhePCVAUS92tosZYT ar e
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gum typically a
resin, to
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38. The transdermal drug delivery system of claim
37 wherein tha drﬁq is nicotine.

39, Ths transdermal drug delivery system of
(claim 2] any one of claimes 2 to S, comprising a
mixture of at least twvo drugs.

40. The transdersal drug delivery system ot clain
39 coaprising a mixture of a progestational agent and
an estrogan.

41, The transdermal drug delivery system of clainm
40 wherein said progestational agent is selected from
the group consiating of progesterones, 1l9-norpro-
gesterone, norethindrens, norethindrone acetate,

‘melengestrol, chlormadinone, ethisterone, xedroxy-

18

progesterone acetate, hydroxyprogesterone caproste,
ethynodiol diacstate, noreathynodrel, 17e¢-hydroxy-
progesterone, dydrogasterona, dimethistercnae,
ethinylestrencl, norgestrel, demegestona,
prozegestone, and megestrol acatats.

42. 'The transdermal drug dslavery system of claim
41 vherein said progestational agent is norsthindrona

" acetate.

30

TO# 1 91dVN R M3AA

43. The transderspal drug delivery system of claia
(46] 40 wherein said estrogen is selectsd from ths
group cansisting of conjugated estrogens, esterified
estrogens, aestropipate, 17f-estradiol, egquilin,
mestranocl, estrons, estriol, ethinyl estradiol, amnd
diethylatilbestrol.

44. The transdermal drug delivery systsa of claim
43 vherein said estrogen is 17f-estradial.

48. The transdermal drug delivery systea of

[clainm 2] any one of claims 2 £o 44, wherein the first
and second solubility parameters ars different from

one another by an increment of at least about 2

(J/cw’) 1R,

L |||\\ l\l\l n \Ill
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produce a three-dinensional silicate structure, via a condensation reaction
I n an appropriate organic solvent. The ratio of resin to polyner is the
nost inportant factor which can be ﬁ&xﬁﬂed In_order to nodify the physical
propert | WO %700058 ysi | oxane adhesThisSheerrias'lRobR@aki, et al . por/iSobjossyr

Pressure Sensitive Adhesives," Ha f ¥ ur e- Sensi ti ve Adhesi ve
Technol ogy, 2nd ed., pp. .508-517 S ), Va d_Rei nhol d,
New York (1989). Further details sili

Yol : : . : ONBISRFEES A pEey
sensitive adhesives which are useful in the practice t hi BERImGEnt | on
described in the followng U S. Patents: 4,591, 622;

4,585, 836; and 4, 655, 767. 52

46. The transdemil drug delivery system of clain

45 wherein the first and sacond salubility parameters

are different from cne another by an increment of at

least about 4 (J/cm’)'?, . :

S 47. The transdermal drug delivery system of

[clain 2] any one of claims 2 %o 46, vherein s:id

system achieves an increased permeation rate of the

drug through the dermis of a subject relative to the

permeation rate achievad by a system comprising said

10 first polymeric wmaterial as the sole polymeric
nmaterial.

48. The transdermal drug delivery system of

(clain 2] any.one of claims 2 to 46, vharein said

system achieves a decreased psrmaation rate of the

15 drug through the dermis of a subject ralative to the

permeation rate achieved by a system conprising said

first polymeric material as the sole polymeric

naterial.
49. The transdermal drug delivery system of
20 (claim 2] any one of claine 2 to 48, fuxther

comprising an additive salected from ths group
consisting of an enhancer, a filler, a co-solvent and
an excipient.
- [$0.]51 A transdermal drug dslivexry systes

25 conmprising:

: (a) a multiple polymer adhesive systen -
consisting essentially of a blend of about 2% to akout
96% by veight of an acrylic-based polymar and about
98% to about 4% by waight of a silicone-based polymer,

30 the multiple polymer adhesive system Dbeing in an
amount of about 99% to about 50% by waight of the
systen;

{b) a drug in the amount of about 0.3% to
' about 50% by weight of the system;

-

) O O
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Suitabl e silicone pressure-sensitive adhesives are comercially available
and include the silicone adhesives sol d under the tradenarks Bl OPSA
X7-3027, WOO3INDOsE<7- 4919, BI O §683§en1€cnldceBl O PSA X7-%@Bg¥?’

Cor ni ng Cor poration, Medical Pro , M chi gan M IS
particularly suitable for use in cont ai ning am ne-functi onal
drugs, such as albuterol. In the practlce o a preferred enb aE 4
i nvention, the polysiloxane constitutes preferably fr q 2o o0 aboljt
‘97% of the total weight of the total dermal conpositi
about 8% to about 97% and nore preferab$% about 14%¢t

practicing the invent | on g bi cacti ve agent
effective amount of a co-solvent for

the drug, said amount heing up to about 0% by weight
of the system; and
an effective amount of an enhancer, said amount
5 baing up to about 20% by weight of the system.
[53.)52. The transdermal drug delivery system of
claim 50 further comprising fillers and excipients in
an amount of about 1% to about 15% by waight of the
dermal adhesive composition.
10 {52.)50. The transdermal drug delivery system of
clain 2 comprising at least two drugs.
$3. A nsthod of making a transdermal drug
delivery system of tha type having a drug-containing
pressure-sansitive adhesive, the method comprising the
s steps of:
(1) producing a mixturs of
(a) a blend of & first polymaric nmaterial
having a first solubility parameter,
and a second polymaric material having
20 a sacond solubility parameter, said
tirst and second soiubility parameters
baing different froa one anothsr and
resulting in a preselected net
. solubility parameter of the blend, and
25 (b) a drug; and
(2) forming the mixture into a pressure-
sensitive adhesive matrix.
$4. The method of claim 53 further comprising the
step of applying a backing material to one side of tha
ao pressure-sensitive adhesive matrix, said backing '
material being substantially impermeable to the drug
contained therein.
55. The method of claim 54 further comprising the
step of applying a release liner to a surface of the
33 pressure-gensitive adhesive matrix opposite said
backing material. T

||IIII|| N T
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may be I ncl uded in the dermal conposition. Illustratively the

Is a drug. Any_drug which._is_capable of producing a

phar macol agp qg ponse, Iocallzed or systen1c i rrespective of whether
I'ag

bi oacti ve agent

t her apeuti c,

ostic, or pr8 laced 50 nature, | FCTMS93Y082970"
animals is wthin the conte l invention. In addition to
drugs, bioactive agent s suc des, I nsect ﬁ?elslr@m"?ﬂf\sm\a

t REPLACED

screens, cosneti

i nvention. It should

10

30

LS#: 93 1dVN ® 493Q

c agents, etc. are within the contenpl ati or

56, The method of [claim 53} any one of claims £3
19 53, wherein an additive selected from the group

cansisting of an enhancer, a filler, a co—-solvent and
an excipient is combined with sald mix:t.re prior te
forming the mnixturs intoe the pressure-sensitive
adhesive matrix.

87. The method of {claim 53] any one of clains 53
to 56, wherein the drug is intimately mixed with the
blend. _

$8. The msthod of [clainm 53] any one of clajns
to 57, wherein said system is a reservoir davice
having an adhesive portion comprised of said blend.

59. The method of {clain 53] anv one of claims S§3
to SB, wherein said first polymeric xaterial is a
polyacrylate.

60. Tha method of claim 59 wherein the second
polyneric material is a polysiloxane.

61, The mathod of claim 60 wvherein the ratio of
polyacrylate te polysiloxane is from about 2:98 to
about 96:4 by weight =32 the pressure-sensitive
adhesive matrix.

62. The method of claim 61 vherein the ratio of
polyacrylate to polysiloxane is from about 2:98 to
about 90:10 bty waight of the pressure~sensitive
adhesive matrix. :

63, The method of claim 62 wherein the ratio of
polyacrylate to polysiloxane is from about 2:98 to

about 86:14 by welght ot the prassure-sensitive
adhesive matrix.

64. The mr- <od of [clain 53) any one of claipms 53
to 63, where: the drug is present in an asount
ranging from .t 0.33% to ahout 50% by weight of the
pressure~gensitive adhesive matrix.

65, The method of (claim 53) anv one of claips 53
to 64, vherein the drug is a steroid.

HIIiIl\ IIIIH II|\\ \\I\I \l \ll\
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be noted that the bioactive agents may be used singly or as a mxture of
two or nore such agents, and-in-amunts.sufficient to prevent, cure,

di agnose oG §% 30058 di sease, i8S the case may be. Exenplary active drugs
t hat can be a m nistered by f B!enaxn@dar rral drug del i vRCR/USSto8 90T
r 1. Cardioactive

this invention include, but a
nmedi cations, illustratively, s such as q&;xggpy

i sosorbide dinitrate, and isosorbide m)nonl trates; quini dr F??EF
procai nam de; thiazides such as bendrofl unme- thiazide,

hydr ochl or ot hyazi de; ni f edi pi ne; nicardipF ge;, adrenergic blocking agents
such as tinolol and propranol ol ; verapam diltiazem

é6, The method of claim 65 wherein the steroid is
an estrogen sslected from the group conaisting of

conjugated = estrogans, esterified estrogens,
estropipate, 178-estradiol, equilin, mestranol,

S agtrone, estriol, ethinyl egtradiol, and
diethylstilbestrol.

7. ‘The method of claim 66 wherein the estrogen
is 317f-estradiol and the 178-estradlol is present in
the pressure-sensitive adhesive matrix in an amount of

10 from about 1% to about 5% by weight.

68. The method of clain 65 vherein the steroid is
a progestational agent.

69. The nethod of claim &8 vherein the
progestational agent is selected from thea group

18 consisting of progesterons, 1l9-norprogasterons,
norethindrone, norathindrone acetats, meslengeatrol,
chlormadinone, ethigterone, aedroxyprogestarone
acetate, hydroxyprogesterone caproate, ethynodiol
dincetate, norethynodrel, 17a-hydroxyprogesterons,,

20 dydrogesterona, dimethisterona, ethinylestranol,
norgestrel, demegastone, promsgestone, and megestrol
acetate.

70. The asthad of claim 69 vherein the
progestational agent is norethindrone acestate and the
25 ) norethindrone acatate is present in tha pressure-
sensitive adhesive matrix in an amount of from about
1% to about 5% by waight.
71, The nathod of {claim $3) anvy one of claims 53
£0 64, wherein the drug is a f,-adrenergic agonist.
3o 72, The method of claim 53 wherein the
| fy~adrenergic agonist is sslected from the group
consisting of metaproterencol, terxbutaline, albuterel,
carbuterol, rimiterol, salnefanmol, fenoterol,
soterencl, tratoquinol, and quinterenol.

\\Illll\ I Illll l\l\l | llll
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captopril; clonidine and prazosin. 2. Androgenic steroids, such as
nmet hyl t est ost erone and fl uoxynesterone. 3. Est r ogens,

t est ost erone,

as conjugated estrogens, esterified estrogens; estropipate, 17[err]

est r adi owo $3/bsysg] - estradi ol m@bﬁ‘e@ﬁia@Beeﬁ(i lidcb), Mestranol
estriol, 17[ err] -ethi nyl
Progestational agents, such as M

nor et hi ndr one,

et hi st erone, mnedr oxyprogest erone acetate hydroxy rx@gestvﬁzﬁms%@p}

19 nor pr ogest er one,
nor et hi ndr one

estrone,

nd di et hyl st i PEEA{S93/08297

gestrol chl or madi none,

such

et hynodi ol di acetate, norethynodrel, 17[err] hydroxypfogestiIrDREED
56

dydr ogest er one,

10

25

B8G# : AAIJVN ® M33A «J 04 HANGEVT ® AHT10d: 8%:81 ¢ 98- -13:

di net hi st er one,

73. The nethod of claim 72 wvherein the §;-
adrenergic agonist is albuterel and the albuterol is
present in the pressure-sansitive adhesive matrix in
an amount of less than about 10% by vajight. ’

74. The method of felaim 53] any ope of claims 53
£g 64, whersein the drug is a cardiocactive agent.

78. The method of claiz 74 wherein said

_cardioactive agent is selected from the group

consisting of nitroglycerin, iscsorbide dinitrate,
isosorbide nononitrates, quinidine sulfate,
procainanids, benzydroflumethiazide,
bandroflunethiazide, chlorothiazids, nifedipine,
nicardipine, verapanil, diltiazen, timolol,
propranclol, captopril, clonidine and prazesin.

76. The mathod of claim 78 vherein the
cardioactive agent is nitroglycerin and the
nitroglycerin is present in the pressure-ssnsitive
adhesive matrix in an amount of less than about 25% hy
veight.

77. The method of {claim 53] any one of claims 53
to 64, wherein the drug is a cholinargic agonist.

78. The nethod of <claim 77 wvharein the
cholinergic agonist is selected from ths group
consisting of cheline, acetylcholine, mathacholine,
carbachel, bethanechol, pilocarpine, muscarine, and
arecoline.

79. The nathod of claim 78 whersin the
cholinergic agonist is pilocarpine and the pilocarpine
is present in the pressure-sensitive adhesive matrix
in an amount of less than about 30% by weight.

80. The method of claim 53 w-1rein the drug is a
tranquilizer.

8l. The nmathod of claim 80 wvherein the
tranquilizer is selected from the group consisting of
alprazolan, chlordiazepoxide, clorazeptate, halazepam,

* [ L M s *
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et hi nyl estrenol,

norgestrel, denegest one, prorregest one, and negestrol
acet ate. 21 5. Drugs havi: ng -aft—acti-en—on.- t-he central nervous
system fayg ,’m% sedati ves, Qtt}i §§e ntianxi ety agents, anal gesics
and anest het i%és, ch as chl oral ¥ e" place(pnal oxone, M’Wpﬁ
f | uphenazi ne, pent obar bi t al , , secobarbital, codel ne,
| i docai ne, tetracai ne, dycl on|

mepi vacai ne, bup

10

cocal ’
i vacai ne,  eti docai ne pr| I ocai ne, ‘ ety BigEETHBAS BEEN |

REPLACED

57

oxazepam, prazepam, clonazepam, flurazepam, triazolam,
lorazepanr and diazepan. .

s2. The method of claim 81 vherein the
tranquilizer is alprazolam.

83. The method of [clainm 53) any one of claims 53
Lo 64, vwherein the drug is an antipsychotic,

84, The method of clairz 83 wherein the
antipsychotic is selected from the group consisting of
thiopropazate, chlorpromazine, triflupromazine,
mesoridazine, piperacetazine, thioridazine,
acetophenazine, fluphenazine, psrphenazine,
trifluoperazine, chiorprathixena, thiothixens,

‘haloperidol, bromperidol, loxapine and molindone.

18

20

30

85. The method of claim 84 vwherein the
antipsychotic is haloperidel.

86¢. The method of [claim 53) any one of clajns 33
o 64, vherein the drug is an anesthetic,
87. The method of claim 86 wherain the anesthetic is
selected from tha group consisting of lidocains,
tetracaine, dyclonine, dibucaine, cocaine, procainas,
mepivacaine, bupivacaine, etidocaine, prilocaine and
benzocaina.

es. The method of clain 87 wherein the anesthetic
is lidocaine.

89. The method of [claim 53] any one of claims 83
$o 64, vhersin the drug is an analgesic.

90. The method of clainm 89 wherein tha analgeéi.c
is selected from the group consisting of fantanyl,
buprenorphine and codeine.

91. The method of [claim 53) any_one of claims S3
£o_64, wvherein the drug has an action on tha central
narvous system.

2. The mathod of claim 91 wherein the drug is
nicotine.
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fentanyl, and nicotine. 6. Nutritional agents, such as vitamns,
essential am no acids and essential fat S. 7. Anti -infl amat ory agents,
such as hydrocortisone, cortisone,  ~dexaret hasone, fl uocinol one,

tri anci noVWOr$3/00088Ir ysone, predmmscghguagasgegm pegenol i de, pFeEgUls

9808297
hal ci noni de, nethyl - prednlsolo enol i de, pr edni sone,
hal ci noni de, nethylprednisolon ﬂ Isone corticosterone,

par anmet hasone, bet anmet hasone,

napr oxen, enopr of en,
fenbufen, fl urbiprofen, indoprofen ketoprofen sup d?ﬂﬁﬁﬂtg

I ndonet hacin, piroxicam aspirin, salicylic acid, diflumn RERﬂE&Q?WbEN
sal i cyl ate, phenyl but azone, 58

93. The method of [claim 53) anv one of claims 3
to 64, wherein a mixture of at least two drugs is

combined with said blend of polymeric materials.

9. The method of claim 93 wherein said mixture

S of drugs comprises a progastational agent and an
estrogen.

95. The nmethod of claim 94 wherein said
progestational agent ia selected from the growp
consisting of progestercne, l9-norprogestercne,

10 norethindrone, norethindrone acetate, mslengestrol,
chlormadinons, athisterone, nedroxyprogaesterone
acetate, hydroxyproquurona caproate, ethynodiol
diacetate, norethynodrel, 1l17a-hydroxyprogesterane,
dydrogesterone, dimethisterone, ethinylestrencl,

15 norgestrel, demegestons, promegestons, and megestrol
acstate.

96. The mathod of claim 98 vwherein said
progastational agent is norsthindrone acstate.

97. The method of claim 94 wherain sald estrogen

20 is selected from tha group consisting of conjugated
estrogens, esterified estrogens, estropipate, 178~
estradiol, egquilin, wmestranel, estrons, estriol,
ethinyl estradiol, and diethylstilbestrol.

98. The method of claim 97 wherein said estrogen

2s ig 178-estradiol.

99, The method of (claim 53) any one of clains S3
to 98, wvherein the first and second solubility
parameters are different from one another by an
increment of at least about 2 (J/cmh)'Z,

30 100. The mathod of claim 99 wherein the first and
second solubility parameters are differant froa one
another by an increment of at least about 4 (J/cw’)'?,

101. A method of adjusting the solubility of a
drug in a transdermal drug delivery system vhich

5 conprises the step of blending a pmnnty of polymars
l\Il\IIl 0 48 L
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sulindac, mnefenamc acid, nmeclofenamate sodium tolnetin, and the |ike.

8. Anti hi st-am nes, such as di phenhydram' ne, dimenhydrinate,
per phenazi L prolidine, r| | am ne, chl orcycli zi ne,
pr onet hazi ﬁ;b”({%# noxani ne, ﬂiﬁf eplaced brorrphenlmzm

hydr oxyzi ne, cycli zine, necI|Z|n I ne, terfenadi ne, and
chl or pheni ram ne. 9. Resplrato h as theophilline and-

ritodrine, carbuterol, fenoterol, qumterenol rimtef oF

[err]-adrenergic agonists such as al buterol, terbut al‘r.‘.ci fret
soterenol, and tet roqui nol . _ 89

having differing solubility parameters, so as to

achieve a predetermined net solubility paraneter,

vherein at least two of said plurality of polymers

have solubility parameters differing by at least about
5 2 (J/cm’) iR,

102. The method of ¢laim 101 wherein the first and
sscond solubility parameters are different from one
another by an increment of at least about 4 (J/cx')!2.

103. A method of modulating the delivery rate of

10 a drug from a transdermal drug delivery system of tha
type having a pressure-sansitive adhasive matrix,
wvhich method comprises the steps of:

(a) gselecting at least two immiscible
polymeric materials as components of a multiple

15 polymer adhesive systam such that the system has a
preselected nst solubility paramester which rasults in
a modified solubility of a drug in the system; and

(d) combining said at least two polymeric
materiais with a drug to form a prassure-sensitive

20 adhesive matrix, wherein the matrix achiaves a drug
delivery rate which is datermined by said preselectsd
net solubility parameter and which differs from tha
delivery rate achieved by a pressure-sensitive
adhesive matrix comprising a single ones of said at

25 laast two polymeric materials as the sole polymeric
material.

104. The method of claim 103 wherein the druy is
intinately nixed with the at ‘least two polymeric
saterials in the pressure~sensitive adhesive matrix.

30 305. The method of claim 104 vherein sajd
polymaric materials and said drug are combined to form
a reservoir device having an adhesive portion
comprised of a blend of said polymeric materials.

————————
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22 10. Synpat hom netics, such as dopam ne, norepi nephri ne,
phenyl propanol am ne, phenyl epari ne, pseudoephedri ne, anphetam ne,

propyl he ' d epinephrine. 11. Motics, such as pilocarpine, and the
i ke. 12%&%@ c agoni sts, such as choline, acetyl chol POEUS2/05207

met hachol i ne, carbachol, bethanechol, pilocarpine, nuscarine, and
arecoline. 13. Antinuscarinic or nuscarinic—holinergic blocking agents
such as atropine, scopol am ne, homatropine, nmet hscopol ani ne,
homat r opi ne

106. The method of (claim 103] any one of claims

103 to 105, vherein said step of selecting comprises

the step of peasuring the flux rate fros varicus

weight ratios of the salected at least twe immiscidle

5 polymers and choosing the ratic producing a
| preselected flux rate.
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met hyl brom de, met hant hel i ne, cycl opentol ate, tropicam de,
propant hel.ine, ani sotropi ne, dicycismne, and eucatropine. 14. Mdriatics,

such a 93’Mpi ne, cycl opentol ate, honatropine, scopolﬁﬁi,@gw
egﬁvaizers

tropi cam de, eucatropi ne and hydroxyanphetam ne. 15. Psychic

such as 3-(2-am nopropyl)indol e, 3-(2-am’__nobut I ndol e, and the |iKke.
Anti-infectives, such as anti biotircS, including penicillin,
tetracycline, chloranphenicol, sulfacetam de, sul f anet hazi ne,
sul f adi azi ne, sul fanerazi ne, sul fanmet hi zol e and sul fisoxazol e;
antivirals, including idoxuridine; antibacterials,
115 THIS SHEET HAS BEEN §*
REPLACED
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such as erythronycin and clarithronycin

I ncl udi ng
vitam ns

and synt heti c,

PCE[ err]
at ropi ne,

met hscopol am ne.

SO#YMIAVN B MHdA

| trof urazone and the I|ike.
0005813, Hunoral agents,

for exanple PGE[err],
anal og m soprostol . 19.

met hant hel i ne,

ITRO

Ant i spasnodi cs,
papaveri ne,
| REPLACEMENT SHEET

and ot her
17. Der mat ol ogi cal
such as the prostagl
PCE[err][err], and P
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=Ti nnanedri ne,
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23 20. Antidepressant drugs, such as isocarboxazid, phenel zi ne,
tranylcypﬁgylne I mpramne, amtriptyline, tr|n1pran1ne doxepln

dési pram 0058 ptyl i ne, protriptyline, anpxapine, MBPI Ofge
trazodone. 21. Anti-diabetics, such as insulin, and anti- cancer JP S such

as tanoxi fen and nethotrexate. 22. Anorectic drugs, such as
dext r oanphet am ne, net hanphet ani ne, phenyl$Topanol ami ne, fenfl uram ne,
di et hyl propi on, mazi ndol, and phenterm ne. 23. Anti-allergenics, such as

ant azol i ne, nethapyril ene, chl or pheni ram ne, pyrilamne and x
pheni ram ne. 3/15

26.2
ACR/SI *
EXAMPLE §

*ACR/POLYMER rotios of 45/55, w/

ACR/PIB *
EXAMPLE 4

Adhesive Composition
FIG. 3

Effect of adhesive composition on GTN fiux
ACR/EVA *
EXAMPLE 3

through human epidermis in vitro.
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'24. Tranquilizers,

_cIorazept‘ﬁbg3

triazol am

thlopropazate
pi per acet azi ne,
per phenazi ne,
hal operi dol ,
such as
Anti pyretics,

triflu
br onperi do

such
anti anxi ety benzodi azepi nes. such as

phenyl ephri ne,
such as aspirin,

as reser pi ne,

al prazol am

pam and di azepam 25. Antipsychoti cs,
chl or promazi ne,
t hi ori dazi ne,

triflupromazine,
acet ophénazi ne,
chl or prat hi xene,
and nol i ndone.
naffa%ol i ne,
sal i cyl am de,

oper azi ne,
|, | oxapi ne,
ephedri ne,

26.

STEADY-STATE NITROGLYCERIN SKIN FLUX FROM SYSTEMS WITH
VARYING RATIOS OF ACRYLATE AND SILOXANE POLYMER

100.0: 00 81.6: |8.4 625:375 432:568 21.7:78.3 00: 100.0 Nllro-Dm"O

chl or promazi ne,

and

chl or di azepoxi de,
I!@@%azepam oxazepam prazepam clonazepam f

s Ry FAREE SR

ACRYLIC:SILOXANE POLYMER RATIO (W/W)

nesorlda2|ne
fl uphenazi ne,
t hi ot hi xene,
Decongest ant s,
t et rahydrozol i ne.

27 .

FIG. 4
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and the |ike. 28. Antinigrane agents, such as di hydr oer gotam ne
and M(@ﬂﬁhe. 29. Drugs for treating nausea and voprhR@a8ih as

chl orpromazi ne, perphenazine, prochlorperazine, promnethazine,

triethyl perazine, triflupromazine, and trinmeprazine. 24 30.

Anti-mal ari al s, such as t he <4- anmi noqui nol i nes,

[ err]-am noqui nol i nes, chl oroqui neS/¢gd pyri nmet ham ne.

Acrylic Silicone/Acrylic
(Exampile 8) (Example 7)
FIG. 5

Silicone
(Example 9)

- STEADY-STATE ESTRADIOL FLUX THROUGH HUMAN EPIDERMIS

iN VITRO FROM SYSTEMS OF EXAMPLES 7, B, AND 9.
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31. Anti-ulcerative agents, such as m soprostol, oneprazole, and enprostil.
32. P¥OYMe00s8such as growth releasing factor. 33. Dru ’Q%%ﬁiz‘é nson's
di'sease, spasticity, and acute nuscle spasns, such as |I'evo 4 r bi dopa,
amant adi ne, aponor phi ne, bronocriptine, selegiline (deprenyl),

tri hexypheni dyl hydrochl ori de, benz##¢®ine nesylate, procyclidine
hydrochl ori de, __bacl of en, di azepam and dantrol ene. 34. Anti-estrogen or
hor nrone agents| such as tanoxrrem or—tromermchori oni ¢ gonadotropi n. The
active agents ¢an be present in the conposiftion in different forns,

dependi ng %? wni ch formyields the opti numldelivery characteristics.
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In the case of drugs,

Thus,

or as conponents of nol ecul ar conpl exe
be incorporated i-n the conpositi &fSvaries depending on the particul ar drug,

the desired therapeutic effect,

be the rate-linmting step in delivery.

delivery charagterized by a zero order time depgndency for a prol onged
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I n ttﬁ?ﬁ stemis selected based on the amount of drug which passes through
t he he time span for which the device is to ppoyiUse gapy .

Normal |y, the amount of drug in the systemcan vary from about 0.3%to
about 50% by wei ght, and preferably, for the | ower 25 drug doses
pernitted by this invention, fromabodt 1.0%to about 30% Of course, the
conposition of the transderrral drugB#8l i very system can al so contain agents
known to accelerate the dellver'z of t-he drug through the skin.

B EXAMPLE 18

1 EXAMPLE |
(0 exAaMPLE 193
B3 exaMpLE

DRUG
PiG. 8

estradiol (£2) and norethindrone acetate (NAC) flux through human
epidermis from E2/NAC combination systems of Examples 17-20.

Effect of the polystioxane/polyacryiate polymer ratio on

M o -
(Jurz. wa/6T) ¥n4 | .
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These agents have been referred to as skin-penetrati on enhancers,
accé’(QePgm adjuvants, and sorption pronpters, anPCENUS9T/AR3gICti vely
referred herein as "enhancers.” This class of agents includes those with
di verse nechani sns of action including those which have the function of

i mproving the solubility and di ffLﬂfl'S‘i‘Ti'ty of the drug wwthin the nultiple
pol ymer and those which irrp'r__‘ove percut gneous absorption, for exanple, by
changing the ability of the=st r&t u coRneum to retain noi st ure, softening
the skin, inproving the s¥Mn'%¥ Rerndability, acting as penetration
assistants or hair-follicl egjpeger% orfchanging the state of the skin

I ncl udi ng the boundary | aye Soge t hese agents have nore than one

S 8gan

SI/ACR RATIO
FIG. ¢

Eftect of polysilioxane/polyacrylate polymer ratio on the

estradiol (E2)/norethindrone acetate (NAC) flux ratio
from E2/NAC combination systems of Examples |17-20.
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mechani sm of action, but in essence they serve to enhance the delivery of

t he drW@ 93Rmoss exanpl es of enhancers are pol yhydric al cohols such as

di propyl ene glycol, propylene glycol, and pol yet hyl ene $CFé¥$92/#828h enhance
drug solubility; oils such as olive oil, squal ene, and lanolin; fatty
ethers such as cetyl ether and ol eyl etdrer; fatty acid esters such as

| sopropyl nyristate which enhance drgﬂ giffusibility; urea and urea
derivatives such as allantoin which f2ct the ability of keratin to retain

noi st ur e; pol ar salvents such as di net hyl decyl phosphoxi de,
met hyl octyl sul f okide, di met hyl | auryl am de, dodecyl pyrrol i done,
I sosorbitol, dinekhylac : | oxilde,
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decyl net hyl sul f oxi de, and di met hyl f ormam de which affect keratin
perrreabMOImmsasal icylic acid which softens the keratin; m% aC| ds whi ch
are penetration 26 assi stants; benzyl ni cotinate whi 2/0%

follicle opener; and higher mol egyy wei ght aliphatic surfact ants
such as lauryl sulfate salts which ¢ aﬁg'e-the surface state of the skin and

drugs admgi st en d |inoleic acids, ascorbic
aci d, pant;enol but prol , tocopheryl acetate,
tocopherylglznolleate .
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wWth t bl end of polymers. In preferred enbodi nents, the tackifying agent
is sil"O8MI0MBLi d (e.g., 360 Medical Fluid, available from Dow Corning
Corporation, Mdland, M) or mineral oil. Siliecone flui BCT&IS92408297 £ or

bl ends conpri sing pol ysil oxane as a maj or conponent. |In other enbodi nents,
where pol yacryl ate, for exanple, is a & or conponent, mneral oil is a
preferred tackifying agent. Sone drugs, such as t he vasodi | at or

nitroglycerin,.function as plasticizers in the conposition because they are
soluble to a ctain degree in the polyners conprising the system For
drug nol ecul&s’ﬁv\hi ch are not readily1 ®8uble in the polyner system a

co-sol vent ro=t he drug and pol ymer
fgm g poly -
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can be added. Co-solvents, such as lecithin, retinol 27 derivatives,
t ocopW> 98/00088 di pr opyl ene gl ycol, triacetin, propyl qﬁ_e"g# # gsat urat ed
and unsaturated fatty acids, m neral oi |, silicone flui co ?s but yl

benzyl phthalate, and the like are useful in the practice of the instant

i nvention depending on the solubility of the drug in the nultiple polyner
adhesi ve system To sunmarize, the preferred and optinmum conpositions
for t he %ol yacryl at e/ pol ysi | oxane
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PERCENT BY WEI GHT Preferred
Range Pol ysi | oxane

~v 2 CURNIHY & AN\ iIoN saml-

enbodi nent are as follows: TABLE |1

opt i mumWOs3moass Range

97- 4 97-14 Pol yacryl ate 2-95 PCT/US92/088¢7 -

Co- sol vent (s) 0-30 0- 20 Enhancer (s) 0-20

0-10 Drug(s) 0. 3-50 = - 1-30 The conpositi-on of this

I nvention may further be provided with various thickeners, fillers and
use with dernmal conpositions. Were the

ot her additives known for
conposition tends to absorb water, foirS,15

100
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TEM
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SOLUBILITY PARAMETER (cal/cmr3)'t /2
FIG. 15

IN DIFFUSION COEFFICIENT AS A FUNCTION
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N REFLAVENMEN)Y oribhy
exanpl e, when lecithin is used as a co-solvent, hydrophilic FiTTEr
especially useful. One type of hydrophilic fillef whiich Ny i87en
successfully enployed is an alum numsilicate clayl _In_a device jaspect of
the invention, the dermal conposition can be used as an adhesive pprtion of
any transdermal drug delivery device (e.g., a resgLyQlk . device D it
can conpri se an adhesi ve nonolithic devige. O course, the principles
of the invention would still apply to enbodi nents where the dernal
conmposition is not a pressure-sensitive atlhesive and conprises the drug

reservorr. SOLUBILITY PARAMETER BASED DRUG DELIVERY BYSTEM AND
METHOD FOR ALTERING DRUG SATURATION CONCENTRATION -

Background of the Inventjon

This invention relates generally to transdermal drug
delivery systems, and more particularly, to a
transdermal drug delivery composition wherein a blend
of polymers is utilized to affect the rate of drug
delivery from the composition. More specifically, a
plurality of polymers having differing solubility
parameters, preferably immiscible with each other,
adjusts the solubility of the drug in a polymeric
adhesive system formed by the blend and modulates the
delivery of the drug from the composition and through
the dermis.

The use of a transdermal composition, for example
a pressure-sensitive adhesive containing a medicament,
namely, a drug, as a means of controlling drug
delivery through the skin at essentially a constant
rate, is well known. Such known delivery systens
involve incorporation of a medicament into a carrier

such as a polymeric matrix and/or a pressure-sensitive
adhesive formulation. The pressure-sensitive adhesive
must adhere effectively to the skin and permit
migration of the medicament from the carrier through
the skin and into the bloodstream of the patient.
Many factors influence the design and performance
of sustained or controlled release drug delivery
products, and dermal delivery systems in general,
including drug properties, optimum delivery rate,
| target site(s), type of therapy (short-term or
chronic), patient compliance, etc. Among the drug
properties which are known to influence the rate of
release or permeation, or both, into the skin are the
physicochemical properties, including molecular size,
shape, and-volume; solubility (both in the delivery
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adhesive nonolithic device enbodinment of the
dermal conposition conprises a nonolithic body % gﬁ geonetric
ef; d? itc]
I

shape with a

and a backing |ayer 13 on the other side. Rermva

—

to FIG 1 shows a schematic i 'H@IAQEM?W SH::ETa
|nv

Pn 1.Q0

protective release liner 12 on one
f the rle_a_;L_g__

The

c{body
ner

11
12

exposes the pressure-sensitive nultiple polyner adhesive which fungtions
both as the drug carrier matrix and as the neansiof.apply-dg-the-systemto

the patient.

A device, or individual doshage unit, of the

systen and through  the skin) ; partitioning
characteristics; degree of ionization; charge; and
protein binding propensity.

When a drug is contained in a carrier, for
example, a pressure-sensitive adhesive for transdermal
delivery, the rate of administration may be affected
by the rate of release of the drug from the carrier,
as well as the rate of passage of the drug through the
skin. These rates vary from drug-to-drug and from
carrier-to-carrier. A variety of mathematical
equations have been proposed in the prior art to
describe theoretically the fundamentals of mass
transfer phenomena involved in diffusion through a
carrier and development of a flux across a membrane
such as the skin.

Transdermal drug delivery systems can be divided
into two general groups: system-controlled and
skin-controlled devices. With skin-controlled
devices, net drug delivery is controlled by the rate

of drug permeation through the skin. Skin-controlled,

systems can be further subdivided into monolithic
devices and reservoir devices.

Generally, a monolithic system comprises a drug
dispersed or dissolved in a matrix comprising a
homogeneous polymeric material of, illustratively,
silicone adhesive, silicone rubber, acrylic adhesive,
polyethylene, polyiscobutylene, polyvinyl chloride,
nylon, or the like. The drug is dissolved in the
polymeric matrix until its saturation concentration is
reached. Any addit:isnal drug remains dispersed within
the matrix. As drug is removed from the surface of
the matrix, more of the drug diffuses out of the
interior in response to the decreased concentration at
the surface. The release rate isgs therefore not
constant over time, but instead gradually decreases as

“the drug concentration decreases.



present invention can be produced in any nmanner

the art.

After the dermal conposition i'sformed, il &€ tbr ought
contact with the backing layer in any mnnﬁk%‘é‘vﬁg"k@ﬁﬁggﬁcf skil
art. Such techni ques include cal ender coatiing= 1ot nelt cogtijng, sol ution

coating, etc.

O course, backing materials larle med BMRNISBA iln it he art
el by

can conprise plastic films of polyethylene, vinyl acetate redins,

et hyl ene/ vi nyl

acet ate copol yners, polyvinyl Cchroride, polyuriethane,

the like, netal foils, non-woven fabrig, cloth and comnercially
avai l abl e | am nates. The backing material generally has a thickness in the

range of 2 to 1000 #hel OfFPhR) S c¥UpéPeutiahablisC dlposrptioni screcodl | y

di sposed on

drugs through the skin, is described by Fick's first
law of diffusion: '

J = ~-D(dC,/dx),
where J is the flux in g/cm?/sec, D is the diffusion
coefficient of the drug through the skin in cm’/sec,
and dC_./dx is the concentration gradient of active
agent across the skin.

In order to modify the rate of delivery from a
monolithic transdermal device and into the dermis, the
prior art has typically focused on selecting a
specific single-polymer matrix or a blend of soluble
(miscible) polymers. Illustrative examples are the
novel polymers described in U.S. Patent Nos. 4,898,920
and U.S. 4,751,087. There is a need in the art to
modify the rate of delivery while using commercially
available polymer components.

Another common technique for modifying the rate
of drug delivery is the addition of a vehicle or
enhancer to the formulation to increase the solubility
of the drug within the polymer matrix, for example by

- adding a co-solvent such as a polyhydric alcohol or by

changing the skin permeability, for example by adding
enhancers such as ethanol. There is a further need to

be able to modulate the delivery of a drug from a

polymer matrix without adding vehicles or enhancers.

There is no example in the prior art of using a
simple blend of adhesive polymers to affect the rate
of drug delivery from a monolithic adhesive-based
transdermal composition. However, U.S. Patent No.
4,814,168, granted March 21, 1989, and a continuation-
in-part thereof, U.S. Patent No. 4,994,267, issued on
February 19, 1991, both assigned to Noven
Pharmaceuticals, Inc., Miami, FL, disclose the use of
a multipolymer, specifically an ethylene/vinyl acetate

known to those of skill in

into
in the

and

and



backing material in a thickness ranging from rometers
thick. Suitable release liners are also well npam;q{)ﬁf\;{gg\g @HEETand |
the commercially avail abl e products of Dow Cofnidg—GCerperat-en desi
Bi 0- Rel ease[err] liner and Syl-off[err] 7610jli ed
enbodi ments in which a polysiloxane is part o
adhesi ve system the release |liner nust be conpd

adhesi ve.

géf r
thi5 zu%: pf‘l“*é?p | yneric

29 exanple of a suitable co rcially avail abl efliner
4 ~

copolymer or an ethylene/vinyl acetate/acrylic
terpolymer, a rubber and a tackifier in a carrier
composition to improve the adhesive properties. The
composition of U.S. Patent No. 4,994,267 further
includes an acrylate polymer in the system for
additional improvement to the adhesive properties.

Drug concentration in a monolithic transdermal
delivery device can vary widely depending on the drug
and polymers used. For example, certain drugs are
effective in low doses and therefore the transdermal
formulation may involve low concentrations, illustra-
tively 5% or less by weight of the medicament in an
adhesive. Other drugs, such as nitroglycerin, require
large doses to be effective and the transdermal
formulation therefore may involve high adrug
concentrations, approximately between 5 to 40% or more
by weight in an adhesive. Low concentrations of
medicament typically do not critically affect the
adhesion, tack, and shear resistance properties of the
adhesive. However, low drug concentrations in the
adhesive can result in difficulties in achieving an
acceptable delivery rate of the medicament. High
concentrations, on the other hand, frequently affect
the adhesion properties of the adhesives. The
deleterious effects are particularly exacerbated by
drugs which also act as plasticizersor solvents for
the polymeric adhesive material (e.g., nitroglycerin
in polyacrylates). _

There is a need in the art for an adhesive
composition for transdermal delivery systems which can
selectably incorporate low concentrations of drug and
deliver same at an adequate and controlled rate or
incorporate high concentrations of drugs while
retaining good physical adhesive properties.

" It is, therefore, an object of this invention to
provide a transdermal drug delivery system wherein the

d include
jesi gnat ed

3ilicone



ivery system

3M's 1022 Scotch Pak. The configuration of t[he—&-r-ansd.eum.L__d.ei
of. the present invention can be in any shapd BEPEAGEMEST issipppcessary or

desirable. Illustratively, a single dosage (ni uriface area in
the range of 1 to 200 cnferr]. Preferred siZeg g0 cnmerr]. In
a nmet hod aspect of the invention, a pluralitly havijng differing
solubility paraneters are blended (but not ¢hée d jor
cross-linked) to result in a dermal conposition, or nultiple gol yner

whi

adhesive systemw th incorporated drug os biTact+ve-ageni

ch controls

delivery of an incorporated drug into and through the epiderm s. The

bl ending of rate of drug delivery from the transdermal composition

may be selectably modulated.

It is another object of this invention to provide
a transdermal drug delivery system wherein the rate of
drug delivery from the transdermal composition may be
selectably modulated by adjusting the solubility
and/or diffusivity of the drug in the multiple polymer
adhesive systen. : '

It is also an object of this invention to provide
a transdermal drug delivery system wherein the
multiple polymer adhesive system is simple to
manufacture.

It is a further object of this invention to
provide a transdermal drug delivery system wherein
drug-locading of a multiple polymer adhesive systenm may
be éelectably varied without adverse effects on drug
delivery rate and adhesive properties, such as
adhesion, tack, and shear resistance.

It is additionally an object of this invention to
provide a transdermal drug delivery system wherein a
novel multiple polymer adhesive system is provided
which has desirable physical properties.

Supmary of Invention

The foregoing and other objects are achieved by
this invention which provides a transdermal drug
delivery system wherein a blend of at least two
polymers having differing solubility parameters
adjusts the solubility of a drug in the polymeric
blend and thereby modulates the delivery of the drug
from the system and through the dermis.

In accordance with a composition aspect of the
invention, an improved pressure-sensitive adhesive
composition of the type which is suitable as a matrix
for controlled release of a bioactive agent therefrom
comprises a blend of a first polymeric adhesive
material having a first solubility parameter and a



pol ymers results in an adjustnment of the saturat 5ﬂ3§§ﬁéé Ja% T
drug in the polyneric systemand therefore permitg selective TD
of the transdermal drug delivery rate. The ter "tI@nalﬁéﬁ"wg} £0
I ncor porates choosing the appropriate polyneric ¢onponents, and fh
proportions thereof, to achieve the desired effegt

enbodi ment of the invention, a dermal conpositiof

pol yacryl at e,
i f needed,
and renoving the solvent(s) by evaporati

In a preferred;
i S DI epalr ed h\/

t he pol ysil oxane, drug, co-solvent s), and tacklfylng

in an appropriate volatile so%vent(s)“,"' then casting the

ntoforma film Suitable

volatile sol vegd §ohQC/ gy mdPiic 2h8ndQive material having a second

solubility parameter, the first and second solubility
parameters being different from one another. The
blend, therefore, has a characteristic net solubility
parameter. In embodiments incorporating a biocactive
agent in the improved pressure-sensitive adhesive
composition, the characteristic net solubility
parameter can be preselected to adjust the saturation
concentration of a biocactive agent in the composition
and thereby control the release of the biocactive
agent. The saturation concentration of the bioactive
agent may be adjusted either upward or downward
depending upon whether the rate of release is to be
enhanced or retarded.

In preferred embodiments, the biocactive agent may
comprise a drug. In particularly, preferred
embodiments, the drug is a steroid, such as an
estrogen or a progestational agent, or combination
thereof. In other prefefred embodiments, the drug may
be a fB,-adrenergic agonist, such as alburerol, or a
cardiocactive agent, such as nitroglycerin. In still
other embodiments, the biocactive agent 1is a
cholinergic agent, such as pilocarpine, or an
antipsychotic such as haloperidol or a
tranquilizer/sedative such as alprazolam.

The pressure-sensitive adhesive composition may
further include enhancers, fillers, co-solvents, and
excipients as are known in the art for use in such
compositions.

'In a preferred embodiment of the improve:
pressure-sensitive adhesive, the first polymer
adhesive material is a polyacrylate and the second
adhesive material is a polysiloxane. The polyacrylate
is preferably present in the pressure-sensitive
adhesive composition in an amount ranging from about

IXi ng the

agent ,
m xture



limted to, alcohols such as isopropanol and eth '

» X1 xd--hept ane;
ﬁ?ﬂ*f!@t%@m 53? il ¢
1.

{5 \INétEM%ﬁBg@ﬂ ve

xyl enes and tol uene; aliphatics such as hexane,

and al kanoic acid esters such as ethyl acetate a
exenpl ary general nethod of preparation is as fo
Appropriate amounts of polysiloxane and polya
sol vent (s), are conbi ned and thoroughly m xed to

-

ol;_aromatics such as

I
Cr
he

D

a

diin
| 2. The

drug is then added to the pol yner

7

2-96% by weight and the polysiloxane is present in an
amount ranging from about 98-4%. Preferably, the
ratio of polyacrylate to polysiloxane is from about
2:98 to about 96:4, and more preferably from about
2:98 to about 86:14 by weight.

In a dermal adhesive composition embodiment of
the invention, a multiple polymer adhesive systenm
consisting essentially of a blend of 2-96% by weight
of an acrylate polymer and 98-4% by weight of a
polymer of siloxane, the multiple polymer adhesive
system being in an amount of about 99-50% by weight of
the dermal adhesive composition. This is combined with
a bioactive agent in the amount of 0.3-50% by weight
of the total dermal adhesive composition. Optional
additives, such as co-solvent for the biocactive agent
(up to 30% by weight) and enhancers (up to 20% by
weight) may be included in the dermal adhesive
composition.

In a transdermal drug delivery device embbdiment,
the improved pressure-sensitive adhesive of the
present invention is combined with a drug. The
transdermal drug delivery device may comprise a
monolithic adhesive matrix device in some embodiments.
Of course, the transdermal drug delivery device may
include a backing material and a release liner as is
known in the art. .

The saturation concentration of a drug in a
transdermal drug delivery device of the type having a
drug-containing pressure-sensitive adhesive diffusion
matrix is adjusted in accordance with a method aspect
of the present invention by blending at least two
polymers having differing solubility parameters to
form a pressure-sensitive adhesive diffusion matrix
having a net solubility parameter which modifies the
delivary rate of the a drug from the pressure-



m xture and agitation is carried out until the drfm Iy Ml ked in
3. Co-sol vents and enhancers, if necessary, can gﬁgiﬁggmgggg%&Eg‘.he

drug-pol yner mxture, and thoroughly m xed. 4. The{fornulation is }hen
transarred to a coating operation where it is coajed gﬁld%ﬁ%ﬁﬁ%tect ve
rel ease liner at a controlled specified thicknessj % The_coat edl pf oduct
I s then passed through an oven in order to drive pff all volatile {
processi ng solvents. 6. The dried product on the release liner islkthen
joined to the backing material and wound®into rolls for storage.

sensitive adhesive diffusion matrix and through the
dermis.
e sc v

Comprehension of the invention is facilitated by
reading the following detailed description, in
conjunction with the annexed drawing, in which:

FIG. 1 is a schematic illustration of a
monolithic transdermal drug delivery device of the
present invention;

FIG. 2 is a graphic representation of the steady-
state nitroglycerin flux rates through cadaver skin in
vitro from a transdermal drug delivery composition of
the present invention (formulation of Example 1) and
two commercially-available nitroglycerin-containing
transdermal delivery devices: Transderm-Nitro® (a
trademark of Ciba-Geigy Corporation, Summit, NJ), and
Nitro-Dur® (a trademark of Key Pharmaceuticals, Inc.,
Kenilworth, NJ);

FIG. 3 is a graphical representation which
summarizes in vitro nitroglycerin flux results through
cadaver skin for the polymeric systems of Examples 2~
5. The composition of Example 2 (polyacrylate-only
adhesive) is compared to the multiple polymer
compositions of Examples 3, 4, and 5, in which the
polyacrylate is blended with a polyethylene vinyl
acetate, a polyisobutylene, ‘and a polysiloxane,
respectively;

FIG. 4 is a graphical representation of the
steady-state nitroglycerin flux through cadaver skin
in vitro from a multiple polymer transdermal adhesive
system or Example 6 compri .ng various weight ratios
of polyacrylate and polysi..xane;

FIG. 5 is a graphical representation of steady-
state estradiol flux through cadaver skin in vitro
from the drug delivery systems of the prior art,

. specifically single polymeric adhesives of silicone



7. Appropriate size and shape dosage units ar > REPAAGEMERT RERle | r ol |
material and then pouched. The order of steps, {hg anounts of 1 hgfedients,
and the amount and time of agitation or mixing fr¢ prpces® {§8% i pbles which
wi || depend on the specific polyners, drug, co-solivents, and enhamcers used
in the formul ati on. These factors can be adjustéd Dy those of skill in the
art as required to provide a uniform product whijch has acceptabl e
pressure-sensitive adhesive characteristi®ts. Thé Tollow ng specific

of making . samBPd AT ne 40 glibitiad o 6B £ RAIPREC ptRdE Jo0s
exanpl es are ire moavay si At ended aol adhes1ive systen
(polyacrylate/polysiloxane) of the present invention;

FIG. 6 is a graphical representation of average
estradiol flux through cadaver skin in vitro from 0 to
22 hours and from 22 to 99 hours for a multiple
polymer transdermal adhesive system comprising various
weight ratios of polyacrylate and polysiloxane;

FIG. 7 is a graphical representation of steady-
state norethindrone acetate flux through cadaver skin
in vitro from the drug delivery systems of the prior
art, specifically single polymeric adhesives of
silicone and acrylic, as compared to a multiple
polyiner transdermal adhesive systen
(polyacrylate/polysiloxane) of the present invention;

FIG. 8 is a graphical representation of average
estradiol and norethindrone acetate flux through
cadaver skin in vitro for a multiple polymer
transdermal adhesive system comprising both drugs and
various weight ratios of polyacrylate and -
polysiloxane;

FIG. 9 is a graphical representation showing the
ratio of average estradiol to norethindrone acetate
flux (estradiol flux divided by norethindrone acetate
flux) through cadaver skin in vitro for a multiple
polymer transdermal adhesive system comprising various
weight ratios of polyacrylate and polysiloxane;

FIG. 10 is a graphical representation of steaﬂy-
state flux of pilocarpine through cadaver skin in
vitro from the drug delivery systems of the prior art,
specifically single polymeric adhesives of silicone
and acrylic, as compared to a multiple polymer
transdermal adhesiv_e systen
(polyacrylate/polysiloxane) of the present invention;

FIG. 11 is a graphical representation of steady-
state albuterol and nitroglycerin flux through cadaver




be limting of the scope of the invention. 31. R M ENOVEREET
comercially avail abl e adhesives were used in the, - -$ing the
nul tiple polyner adhesive system of the exanpleg: | "Dyrgadaksa80411394,

80-1196, and 80-1197" are tradenmarks of Nationall "Staréh and - emi qal
Cor poration, Bridgewater, New Jersey for acryli¢ d ' agryl ates)
I n organi c solutions. "BI O PSA X7-3027, X7-4919} X7-2685,. and X7-3122" are
t rademar ks of Dow Cor ni ng Cbrporation}oNbdical

gskin in vitro from multiple polymer transdermal
adhesive systems (polyacrylate/polysiloxane) of t=n
present invention (Examples 24 - 27), and Nitro-Dur®,

respectively;

FIG. 12 is a graphical representation of steady-
state estradiol flux through cadaver skin in vitro
from ¢two different multiple polymer transdermal
adhesive systems polyacrylate/ polysiloxane and
polyacrylate/polybutylene; '

FIGS. 13 and 14 show the relationship of flux
rate (J) plotted against apparent diffusion
coefficient (D) and net solubility parameter (SP),
respectively, for Compositions I-VI of Example 6. The
net solubility parameter, SP,,, was calculated using a
weighted average of the solubility parameters of the
individual polymers comprising the matrix:

SPy, = ©,SP, + @,SPy,
where ¢, is the weight percentage of polysiloxane and
SP,, is the solubility parameter of polysiloxane. The
subscript "pa®" refers to ‘the polyacrylate; and

FIG. 15 is a plot of diffusion coefficient versus
net solubility parameter.

Detailed Description

In one aspect of the present invention, a
pressure-sensitive adhesive composition is provided
which comprises a blend of at least two polymers. The
blend of at least two polymers is herein referred to
as a multiple polymer adhesive systen. The term
"hlend" is used herein to mean that there is no, or
substantially no, chemical reaction or cross-linking
(other than simple H-bonding) between the polymers in
the multiple polymer adhesive system.

In another aspect of the invention, a controlled
release dermal composition comprises a drug, or other
biocactive agent, in combination with the multiple



Products, Mdland, Mchigan for silicone adhesiyes pUI in
organi ¢ solutions. BIO PSA-3027 is particularly SBE Eéﬁﬁgrggﬁsl n

formul ati ons contai ni ng am ne-functional drugs, jsych™as al Duter% and

pil ocarpine, in the follow ng exanpl es. "Vistaneéx LlﬁL i;s;wgg: TS trademar k
of Exxon Chem cal Conmpany, Houst on, Texas, a pol yi gobut yl ene

polymer with a Flory nol ecul ar wei ght of 42,600 |t 4b,100 "El'vax j40-W is
a trademark of Du Pont Conpany, WI m ngton, Del dqware, for a
pol yet hyl ene/ vi nyl acetate copol yner (4fp6vinyl acetate content). The

af orenenti oned pol yneri c adhesives are supplied, or prepared, as solutions

wherein the "oo)ymer adhesive system. In this aspect, the multiple
polymer adhesive not only functions as a carrier
matrix for the drug, but enhances the rate of release
of the drug, and hence the transdermal permeation
rate. In some embodiments of the invention, however,
the multiple polymer adhesive system will function to
retard the transdermal permeation rate.

The invention is premised on the discovery that
the transdermal permeation rate of a drug from the
multiple polymer adhesive system can be selectively
modulated by adjusting the solubility of the drug in
the device. As used herein, the term "“transdermal
permeation rate®" means the rate of passage of the drug
through the skin: which, as known in the art, may or
may not be affected by the rate of release of the drug
from the carrier.

The polymers comprising the multiple polymer
adhesive system are inert to the drug, and are
preferably immiscible with each other. Forming a
blend of multiple polymers results in an adhesive
system having a characteristic "net solubility
parameter," the selection of which advantageously
permits a selectable modulation of the delivery rate
of the drug by adjusting the solubility of the drug in
the multiple polymer adhesive system.

Solubility parameter, also referred to herein as
"Sp*, has been defined as the sum of all the
intermolecular attractive forces, which are
empirically related to the extent of mutual solubility
of many chemical species. A general discussion of
solubility parameters is found in an article by
Vaughan, "Using Solubility Parameters in Cosmetics
Formulation," J. Soc. Cosmet, Chem.,, Vol.36, pages
319-333 (1985). Many methods have been developed for
the determination of solubility parameters, ranging
from theoretical calculations to totally empirical




percent solids by weight are as foll ows:
Percent Solids Bl O PSA X7-3027

65 BI 0- PSA X7-4919

50 Duro-Tak 80-1194

45 Dur o- Tak 80-1197

| ngr edi ent

50 51 O PEPAGRET SHEET |° 127

45 Dur o4 Tak—86=119%

45 El va Oi-écl\gl g.;%ag 1997

30 Vistanex LM M5-LC 30 "360 ui d" iis ja
trademar k of Dow Corning Corporation for a pol ydi nettrytsiToxane fliuid. In
certai n enbodi nents of the invention, igo Medi c

correlations. The most convenient method is

Hildebrand's method, which computes the solubility
parameter from molecular weight, boiling point and
density data, which are commonly available for many
materials and which yields values which are usually
within the range of other methods of calculation:

SP = (AE,_/V)'”: .
where V = molecular weight/density and AE, = energy of
vaporization.

Alternatively written, SP = (aH,/V - RT/V)I?
where aH, = heat of vaporization, R = gas constant, and
T is the absolute temperature, °K. For materials,
such as high molecular weight polymers, which have
vapor pressures too low to detect, and thus for which
AH, is not available, several methods have been
developed which use the summation of atomic and group
contributions to aH,

AHv = T, ah,,
where ah; is the contribution of the ith‘atom or group
to the molar heat of vaporization. One convenient
method has been proposed by R. F. Fedors, Polvymer
Engineering and Science, Vol. 14, p. 147 (3374). 1In
this method AE, and V are be obtained »y simply
assuming that

AEV = T, ae;, and V = T, v;,, where ae; and v; are
the additive atomic and group contributions for the
energy of vaporization and molar volume, respectively.

Yet another method of calculating the solubility
parameter of a material is described by Small, J.
Applied Chem. Vol. 3, p. 71 (1953).

Table I-A below sets forth solubility parameters
of some exemplary adhesive polymers wnich would be
useful in the practice of the invention and shows the
variation of SP with molecular weight, free -OH and ~
COOH groups, the degree of cross-linking. Table IA is



32 Fluid is added as a tackifier to inprove the adhesiv eristics of
the end product. EXAMPLE 1 A nitroglycerin-polyner;y gt;ﬂ;&lﬂr%&ﬁs prepared by
conbining 22.0 parts of nitroglycerin, 1.0 paft ,Q_t“der_gpy-I—em lycol, 1.3
parts of lecithin, 0.8 parts of propylene gly oI, %El 60 |\/Ed| al
Fluid (1000 cs), 1.0 part of bentonite, 63.6j}par g ?/acr |
(Duro-Tak 80-1194), and 85.6 parts of polysilgxane (PIO PSA-X
m xed well in an

w
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in (cal/cm®)"? and (J/cm’)!? as calculated by Small's

method.
TABLE IA
Polymexs ubjlit er
ers saturated este {cal/ew’) * ’
Polymethyl methacrylate 9.3 19.0
Polyethylmethacrylate 9.1 18.6
Polymethylacrylate 9.7 19.8
Polyethylacrylate 9.2 18.8
lyme

Polyethylene 8.1 16.6
Polystyrene 9.1 18.6
Polyisobutylene 7.7 15.7
Polyisoprene 8.1 16.6
Polybutadiene 8.4 16.6
Polyethylene/butylene 7.9 16.2

Halogen-containing polymers
Polytetrafluorcethylene 6.2 12.7
Polyvinylchloride 9.5 19.4
Polyvinylidene chloride 12.2 24.9
Polychloroprene 9.4 19.2
Polyacrylonitrile 12.7 26.
Bpon resin 1004 (epoxy) 9.7 19.8
Polydimathylsiloxane 7.3 14.9
Polybutadiene-co-acrylonitrile:

75/25 to 70/30 ' 9.25 18.9

Polybutadiene-co-styrene:
75/25 to 72/28 8.5 17.4

sxcerpied from Kraton® Thermoplastic Rubber
ﬂundunudColhduuimdmulhmhusc 198-39



appropriate container. Nitroglycerin is avail af Iﬁ;&ymfx@'ﬁi'{USHéﬁT' n sol vents
such as ethanol, toluene, and propyl ene glycol frgm»-l-ei-—-ﬁtrre‘r"l'i:"s nc.,

W I nington, Del aware. In this instance, the a& L,yf@wggwas apded-as a
solution in toluene m xed together with the poljy (13 I'a Theg resulting
conposi tion had the ingredient concentrati ons on a—*dry*~"basis, that is,
after renoval of volatile process solvents, sho;t/m bel ow. _ 33_Q/PO\IENI’
PERCENT BY WEI GHT

-
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Table I-B balow sets forth solubility parameters calculated
by Fedors' method and are expressed in units of (J/cm’)?,

TABLE I-B

Somponents Solubility Parameter, (J/cm)'?
polyethylene/vinyl acetate (40% VAc) 20.9
polydimethylsiloxane 15.1
polyisobutylene . 17.6
polyethylenes 17.6
polyethyl methacrylate 19.¢8
polyethyl acrylate 20.°
polymethyl acrylate 21, .
polymethyl methacrylate 22.3
pelystyrene 22.5
nitroglycerin 27.0°
estradiol _ 24.5
norethindrone acetate 21.3
pilocarpine 22.9
albuterol 26.7

In accordance with the principles of the
invention, the transdermal permeation rate is
controlled by varying the polymer components of the
multiple polymer adhesive system so as to alter the
difference in the solubility parameter of the multiple
polymer adhesive system relative to that of the drug
(see Examples 2-5, or 28 and 29, hereinbelow).
Preferably the solubility parameters of the polymer
components are different from one another by an
increment of at least 2 (J/cm’)!Z. Most preferably
they differ by at least 4 (J/cm®)!?,

The transdermal permeation rate is also
controlled by varying the relative proportions of the -
polymers comprising the multiple polymer adhesive
system (see Example 6 hereinbelow).

The mnmultiple polymer adhesive system is
preferably formulated so that it -is a pressure
sensitive adhesive at room tempe :1ture and has other
desirable characteristics for aanesives used in the
transdermal drug delivery art; such characteristics
include good adherence to skin, ability to be peeled
- or otherwise removed without substantial trauma to the



Polyéiloxane 42.8 ( '
Adhesi ve X7-4919) Pol yacryl ate Vﬁfﬁ*ﬁp‘t&%@&%gﬁn It i onal

Starch Acrylic Adhesive, Duro-Tak 80-1194) Pol ydi rdt hyT'siToxane
2.5 (Dow Corni ng 360 Medical Fluid) Lecithin g 7 MAR 1897
1.3 Propyl ene gl ycol 0.8 Di propyl ene gl
1.0 Bentonite 1.9 Nitroglycerin
22.0 100.0 Nitroglycerin flux results through caglaver skin
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skin, retention of tack with aging, etc. 1In general,
the multiple polymer adhesive system should have a
glass transition temperature (T,), measured using a
differential scanning calorimeter, of between about
=70° C to 0° C.

Selection of the particular polymer composition
is governed in 1large part by the drug to be
incorporated in the device, as well as the desired
rate of delivery of the drug. Those skilled in the
art can readily determine the rate of delivery of
drugs from the multiple polymer transdermal adhesive
system in order to select suitable combinations of
polymers and drug for a particular application.
Various techniques can be used to determine the rate
of delivery of the drug from the polymer.
Illustratively, the rate of delivery can be determined
by measuring the transfer of drug from one chamber to
another through cadaver skin over <time, and
calculating, from the obtained data, the drug delivery
or flux rate.

In a particularly preferred embodiment of the
invention, the multiple polymer adhesive system
comprises a blend of an acrylic pressure-sensitive
adhesive and a silicone pressure-sensitive adhesive.
The acrylic-based polymer and silicone-based polymer
are preferably in a ratio by weight, respectively,
from about 2:98 to about 96:4, more preferably from
about 2:98 to about 90:10, and even more preferably
about 2:98 to about 86:14. The amount of acrylic-
based polymer (hereinafter referred to broadly as a
polyacrylate) and silicone-based polymer (hereinafter
referred to broadly as a polysiloxane) is selected to
modify the saturation concentration of the drug in the
multiple polymer adhesive system in order to affect



in vitro fromth

- anple 1, Transderm N trof[err] (a
trademark  of ’@W@S‘i@ﬂf%m‘rgtion, Summit, NJ), and Nitro-Dur[err]
(a trademark of Key—Pharfaeeut+eqal §, Inc., Kenilworth, NJ) are sumari zed
in FIG 2. AS ﬁhf)vﬁ |a§%7 Gl 2, nitroglycerin flux fromthe dernal
conposi tion of Ekapp %% [er§]g/cnerr]hr) was approxi mately tw ce
that from Transdpr ”I\IILIU[_CIIJ 95 [err]g/cnferr]hr) and about 1.5 tines
that from Nitro-Dur[err] (13.4 [ert]g/cnmerr]hr). EXAMPLE 2 - 5 In the
fol | owi ng exanpl € od 9§ Exanple 1 was used with the

appropriate amounts of startl ng materials to yield conpositions having the
foll owi ng | Rpecdiatid cOEENIVery 06 thé dpughfirom the system and

through the skin.

The adjustment to the saturation concentration of
the drug in the multiple polymer adhesive system can
either be an increase or a decrease. It has been
found that when a polyacrylate having a solubility
parameter SP of about 21 (J/cw’)'? is used as the
principal polymer of a nitroglycerin (SP about 27
(J/cn®)2) monolithic system, a significant increase in
the transdermal permeation rate of nitroglycerin can
be achieved by the addition of a polymer having a
lower solubility parameter, for example a polysiloxane
(SP about 15 (J/cm®)¥?), By reducing the "net"
soiubility parameter of the multiple polymer
transdermal adhesive system, the difference between
the solubility parameter of nitroglycerin and the
multiple polymer adhesive system is increased. This
increased solubility parameter difference, results in
a lower saturation concentration for nitroglycerin,
and thereby a greater thermodynamic driving force.
Conversely, the composition of the multiple polymer
adhesive system can be selected so that the saturation
concentration of the drug in the system is increased,
so the rate of delivery is retarded, such as would be
desirable for administration of scopolamine.

Advantageously, the method and composition of the
present invention permit selectable loading of the
drug in the transdermal drug delivery system. The
concentration by weight of the drug in the dermal
composition is preferably about 0.3 to about 50
percent, more preferably about 0.5 to about 40
percent, and even more preferably about 1.0 to about
30 percent. Irrespective of whether there is high-
loading or low-loading of the drug into the dermal
compos'ition, the multiple polymer adhesive system of
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tabular formin ABEELA@EME.’@(@'H%E? I's presented for conparative purposes
and its fornul at ijon hih' tihe scope of the present invention.
Exanple 3 and 5 gre qﬁgegj ée‘ conmgosfi ti ons conprising bl ends of polyacrylate
and a second pol rrgr | BReW870 [i 1]l ustrate the principles of the

i nvention. Al ofh sych as excipients or fillers, remain
constant in conp¢sition and anount |from Exanples 2 to 5. 34 TABLE 111
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the present invention can be formulated to maintain
acceptable shear, tack, and peel adhesive properties.

Although not wishing to be bound by theory,
particularly in this case where the structure of the
composition has not been analyzed, it is postulated
that the polymers of varying solubility parameters,
for example, the polysiloxane and the polyacrylate,
result in a heterogenous mix, with the components of
the polymeric mixture performing as a mutually
interpenetrating polymeric network in the composition.
In other words, the multiple polymer adhesive systen
is a mixture of essentially mutually insoluble or
immiscible polymers, in contradistinction to the
typical prior art transdermal drug delivery systems
derived from a single polymer or a solution of
mutually soluble polymers.

In the practice of the preferred embodiment of
the invention, the acrylic-based polymer can be any of
the homopolymers, copolymers, terpolymers, and the
like of various acrylic acids. In such preferred
embodiments, the acrylic-based polymer constitutes
preferably from about 2% to about 95% of the total
weight of the total dermal composition, and preferably
about 2% to about 90%, and more preferably about 2% to
about 85%, the amount of acrylate polymer being
dependent on the amount and type of drug used.

The acrylate polymers of this invention are
polymers of one or more monomers of acrylic acids and
other copolymerizable monomers. The acrylate polymers
also include copolymers of alkyl acrylates and/or
methacrylates and/or copolymerizable secondary
monomers or monomers with functional groups. By
varying the amount of each type of monomer added, the
cohesive properties of ‘the resulting acrylate polymer
can be changed as is known in the art. 1In general,
the acrylate polymer is composed of at least S50% by
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Pol yacryl ate (121 .2 33.1 33.1 33.1 Polyethylene V|nyI

acetate (21) ¢ I 4Q. : - onlsobuterne (17)
40.1 - Polysifl o éhg }@%5193? - 40.1 Nltroglycerln
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2.0 2.0 2.( Propylene egcoI 0.8 0.8 0.8 0.8 Lecithin
1.2 1.2 1.2 ycol 1.0 1.0 1.0 1.0
Bentonite 1.0 1.3 1.0 1.0 FIG 3 graphically

summmr i 2es t0g kY o¥' bhoaBky186RYSE hiih UickFTukbSnbRERUE) £20R"
0 to 20% of a functional monomer copolymerizable with
the acrylate, and from 0 to 40% of other monomers.

Acrylate monomers which can be used include
acrylic acid, methacrylic acid, butyl acrylate, butyl
methacrylate, hexyl acrylate, hexyl methacrylate,
2-ethylbutyl acrylate, 2-ethylbutyl methacrylate,
isooctyl acrylate, isooctyl methacryiate,
2-ethylhexyl acrylate, 2-ethylhexyl methacrylate,
decyl acrylate, decyl methacrylate, dodecyl acrylate,
dodecyl methacrylate, tridecyl acrylate, and tridecyl
methacrylate.

Functional monomers, copolymerizable with the
above alkyl acrylates or methacrylates, which can be
used include acrylic acid, methacrylic acid, maleic
acid, maleic anhydride, hydroxyethyl acrylate,
hydroxypropyl acrylate, acrylamide, dimethyl-
acrylamide, acrylonitrile, dimethylaminoethyl
acrylate, dimethylaminoethyl methacrylate,
'tert-butylaminoethyl acrylate, tert-butylaminoethyl
methacrylate, methoxyethyl acrylate and methoxyethyl
methacrylate.

Further details and examples of acrylic adhesives
which are suitable in the practice of the invention
are described in Satas, "Acrylic Adhesives,* Handbook

gssure-Sens e esive Te ,
pp. 396-456 (D. Satas, ed.), Van Nostrand Reinhold,
New York (1989).

Suitable acrylic adhesives are commercially
available and include the polyacrylate adhesives sold
under the trademarks Duro-Tak 80-1194, Duro-Tak
80-1196, and Duro-Tak 80-1197 by National starch and
Chemical Corporation, Bridgewater, New Jersey.

Suitable polysiloxanes include silicone
pressure-sensitive adhesives which are based on two
major components: a polymer, or gum, and a tackifying



/romthe der mal 'cmpomtlons of Exanples 2 to 5. As seenin FIG 3,
addi tion of eithe} yHerne— Exarrpl e 4) or polysiloxane (Exanple 5)
. . n ]
-~ both with SPs onvﬁ{eHerbFfa f‘lf)(ﬁf‘ﬁé‘r ylate -- resulted in doubling of the
nitroglycerin flux ps conpared—tg ap all acrylate system (Exanple 2).
However, addition o @)C?l Yithydggng vi nyl acetate (Exanple 3) -- with an SP
t

value simlar toit acryl at - resulted inlittle effect on
nitroglycerin flyx as corrpare he syst em of Exanple 2. Thus, the
formul ation of BExample 3 is not witlhin the scope of the present invention.
EXAVPLE 6 A sefégbnOf Thé rpxsl nenadhes iive chspwsual byspxepardver e

prepared in wych Lhe Pl XRehy! 8he Gif, typically a high molecular
weight polydiorganosiloxane, with the resin, to
produce a three-dimensional silicate structure, via. a
condensation reaction in an appropriate organic
solvent. The ratio of resin to polymer is the most
important factor which can be adjusted in order to
modify the physical properties of polysiloxane

adhesives. Sobieski, et al., "Silicone Pressure
Sensitive Adhesives," Handbook of Pressure-Sensitive

Adhesive Technology. 2nd ed., pp. 508-517 (D. Satas,
ed.), Van Nostrand Reinhold, New York (1989).

Further details and examples of silicone pressure
sensitive adhesives which are useful in the practice
of this invention are described in the following U.S.
Patents: 4,591,622; 4,584,355; 4,585,836; and
4,655,767.

Suitable silicone pressure-sensitive adhesives
are commercially available and include the silicone
adhesives sold under the trademarks BIO-PSA X7-3027,
BIO-PSA X7-4919, BIO-PSA xz-zsss , and BIO-PSA X7-3122
by Dow Corning Corporation, Medical Products, Midland,
Michigan. BIO-PSA-3027 is particularly suitable for
use in formulations containing amine-functional drugs,
such as albuterol. _

In the practice of a preferred embodiment of the
invention, the polysiloxahe constitutes preferably
from about 4% to about 97% of the total weight of the
total dermal composition, and preferably about 8% to
about 97%, and more preferably about 14% to about 97%.

In practicing the invention, any bioactive agent
may be included in the dermal composition.
Illustratively the biocactive agent is a drug. Any
drug which is capable of producing a pharmacological
response, localized or systemic, irrespective of
whether therapeutic, diagnostic, or prophylactic-in



3122) to polysilgxane (Duro-Tak 80-1194) ratio was varied from 100.0 :

(all acrylic) ta o O-{atl siloxane) by weight. Nitroglycerin
concentration EE%’%%HW§%tbrs all conpositions. The ingredi ent

concentrations [of] these conpo ifons are shown bel ow i n TABLE 1 V.
Il 111y VI Rolfy3i MARaiee7 - 14.4 28.8 43.2 57.6 72.6
Silicone Fluid{ I - 1.6 {3j2 4.8 6.4 8.0 Polyacrylate

64.0 48.0 32. 8[ 16.0 - 20

nature, in plants or animals is within the
contemplation of the invention. In addition to drugs,
bioactive agents such as pesticides, insect
repellents, sun screens, cosmetic agents, etc. are
within the contemplation of the invention. It should
be noted that the biocactive agents may be used singly
or as a mixture of two or more such agents, and in
amounts sufficient to prevent, cure, diagnose or treat
a disease, as the case may be.

Exemplary active drugs that can be administered
by the novel transdermal drug delivery system of this
invention include, but are not limited to:

1. Cardioactive medications, illustratively,
organic nitrates such as nitroglycerin, isosorbide
dinitrate, and isosorbide mononitrates; quinidine
sulfate; procainamide; thiazides such as bendroflume-
thiazide, chlorothiazide, and hydrochlorothyazide;
nifedipine; nicardipine; adrenergic blocking agents,

 such as timolol and propranolol; verapamil; diltiazenm;
captopril; clonidine and prazosin. _

2. Androgenic steroids, such as testosterone,
methyltestosterone and fluoxymesterone.

3. Estrogens, such as conjugated estrogens,
esterified estrogens, estropipate, 178 estradiol, 178-
estradiol valerate, equilin, mestranol, estrone,
estriol, 178-ethinyl estradiol, and
diethylstilbestrol.

4. Progestational agents, such as progesterone,
19-norprogesterone, norethindrone, norethindrone
acetate, melengestrol, chlormadinone, ethisterone,
medroxyprogesterone acetate, hydroxyprogesterone
caproate, ethynodiol diacetate, norethynodrel, 17p
hydroxyprogesterone, dydrogesterone, dimethisterone,
ethinylestrenol, norgestrel, demegestone,
promegestone, and megestrol acetate.
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Ni troglycerin 20.0 20.0 20.0 20.0 20.0 20.0 In vitro skin flux was
determined for these conpositions and the results are summarized in Table V

and graphi cal ] G 4. % of Polyner err]g/cm 2/ hr hr
Conpositionrﬁ%¥$gﬁg$€ﬁgqﬁkgry5|onane GIN Fl ux Tlag({ I9 1%0( :
0 l7 0.0 T1 81.6 18. 4 3.2 1.5 111
62.5 | 37.%5 7 """ fon7 2.0 1V 43. 2 56. 8 4.5
2.3V : 21.7 78. 3 5.2 2.3 VI ' 0
100 4.9 2.4 Ntro-fpur[err] a1 - - 3.0 2.5
As shown, n|troglycer|n (GIN) flux increased as

5. Drugs having an action on the central

nervous system, for example sedatives, hyponotics,
antianxiety agents, analgesics and anesthetics, such
as chloral, buprenorphine, naloxone, haloperidol,
fluphenazine, pentobarbital, phenobarbital,
secobarbital, codeine, lidocaine, tetracaine,
dyclonine, dibucaine, cocaine, procaine, mepivacaine,
bupivacaine, etidocaine, prilocaine, benzocaine,
fentanyl, and nicotine.

6. Nutritional agents, such as vitamins,
essential amino acids and essential fats.

7. Anti-inflammatory agents, such as
hydrocortisone, cortisone, dexamethasone,
fluocinolone, triamcinolone, medrysone, prednisolone,
flurandrenolide, prednisone, halcinonide, methyl-
prednisolone, flurandrenolide, prednisone,
halcinonide, methylprednisolone, fludrocortisone,
corticosterone, paramethasone, betamethasone,
ibuprophen, - naproxen, fenoprofen, fenbufen,
flurbiprofen, indoprofen, ketoprofen, suprofen,
indomethacin, piroxicam, aspirin, salicylic acid,
diflunisal, methyl salicylate, phenylbutazone,
sulindac, mefenamic acid, wmeclofenamate. sodium,
tolmetin, and the like.

8. Antihistamines, such as diphenhydramine,

dimenhydrinate, perphenazine, triprolidine,
pyrilamine, chlorcyclizine, promethazine,
carbinoxamine, tripelennamine, brompheniramine,

hydroxyzine, cyclizine, meclizine, . clorprenaline,
terfenadine, and chlorpheniramine.

9. Respiratory agents, such as theophilline and
B,-adrenergic agonists such as albuterol, terbutaline,
metaproterenol, ritodrine, carbuterol, fenoterol,
quinterenol, rimiterol, solmefamol, soterenol, and
tetroquinol.



the concentrati«n.of polysiloxane in the nultiple polymer adhesive matrix

I ncreased up to¢ ﬁEpE;IﬁHE? af qund 80% pol ysi | oxane, after which no nore
i ncrease in fl x.mnqﬁ%ée Q-S%Ehppears that beyond a certain concentration

of siloxane pofyner, the nitroglycerin activity ceases to increase (unit
activity is re c%e@)? Mﬁﬁdggﬁnglux no | onger increases. The attainnent
of saturation €o ratjon (upif activity) is further verified by the fact
that Conpositipn VI had nitrogly¢erin exudate; that is, the surface of the
adhesi ve was "wet——w-th _excess ngtrogl ycerin. O course, composition VI;

which is all polysiloxane, is not Wit hi%#t he contenpl ati on of the
I nventi on.

10. Sympathomimetics, such as dopamine,
norepinephrine, phenylpropanolamine, phenyleparine,
pseudoephedrine, amphetamine, propylhexedrine and
epinephrine. ' ,

11. Miotics, such as pilocarpine, and the like.

12. Cholinergic agonists, such as choline,
acetylcholine, methacholine, carbachol, bethanechol,
pilocarpine, muscarine, and arecoline.

13. Antimuscarinic or muscarinic cholinergic
blocking agents such as atropine, scopclamine,
homatropine, methscopolanmine, homatropine
methylbromide, methantheline, cyclopentolate,
tropicamide, propantheline, anisotropine, dicyc..nine,
and eucatropine.

14. Hydriatics,' such as atropine,
cyclopentolate, homatropine, scopolamine, tropicanide,
eucatropine and hydroxyamphetamine.

1. Psychic energizers such as
3=-(2~-aminopropyl) indole, 3-(2-aminocbut .indole, and
the like.

16. Anti-infectives, such as antibiotics,
including penicillin, tetracycline, chloramphenicol,
sulfacetanmide, sulfamethazine, sulfadiazine,
sulfamerazine, sulfamethizole and sulfisoxazole;
antivirals, including idoxuridine; antibacterials,
such as erythromycin and clarithromycin; and other
anti-infectives including nitrofurazone and the like.

17. Dermatological agents, such as vitamins A
and E.

18. Humoral agents, such as the prostaglandins,
natural and synthetic, for example PGE,, PGEaa, and
PGF,a, and the PGE, analog misoprostol.

19. Antispasmeodics, such as atropine,
methantheline, papaverine, cinnamedrine, and
methscopolamine.



36 The conpositigra-af. the blend of polyners is preferably chosen so that
the flux rate of ¢EW9A35M§NTQ§EE% dis at a maximum Studies simlar to
those reported erELn,nny be 'oyed to assist in selecting the
appropriate congonents of the bllend and the weight ratios thereof. In

al ternative enbddi meht’s AR 1388y |bel desirable to select a conposition in
whi ch the flux gifu will _be retdrded. EXAMPLE 7 - 9 An estradiol -polyner

m xture (Exanple [err]) was preparjed by conbining 2.0 parts of
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20. Antidepressant drugs, such as isocarboxazid,
phenelzine, tranylcypromine, imipramine,
amitriptyline, trimipramine, doxepin, desipramine,
nortriptyline, protriptyline, amoxapine, maprotiline,
and trazodone.

21. Anti-diabetics, such as insulin, and anti-
cancer drugs such as tamoxifen and methotrexate.

22.  Anorectic drugs, such as dextroamphetamine,
methamphetamine, phenylpropanolamine, fenfluramine,
diethylpropion, mazindol, and phentermine.

23. Anti-allergenics, such as antazoline,
methapyrilene, chlorpheniramine, pyrilamine and
pheniramine.

24. Tranquilizers, such as reserpine,
chlorpromazine, and antianxiety benzodiazepines such
as alprazolanm, chlordiazepoxide, clorazeptate,
halazepan, oxazepam, prazepam, clonazepam, flurazepam,
triazolam, lorazepam and diazepan.

25. Antipsychotics,' such as thiopropazate,

chlorpromazine, triflupronazine, mesoridazine,
piperacetazine, thioridazine, acetophenazine,
fluphenazine, perphenazine, trifluoperazine,

chlorprathixene, thiothixene, haloperidol,
bromperidol, loxapine, and molindone.

26. Decongestants, such as phenylephrine,
ephedrine, naphazoline, tetrahydrozoline.

27. Antipyretics, such as aspirin, salicylanmide,
and the 1like. :

28. Antimigrane agents, such as
dihydroergotamine and pizotyline.

29. Drugs for treating nausea and vomiting, such
as chlorpromazine, perphenazine, prochlorperazine,
promethazine, triethylperazine, triflupromazine, and
trimeprazine.
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parts -of propyl emeﬁal%lﬁcol . 2 3 partls of lecithin, 5.0 parts of oleic acid,

5..0 parts of diprogdyl ene QgL%yé; J? ]9 .3 parts of polyacrylate (Duro-Tak
ArisHer Bl

80-1196), and 6331l ip s i Hoxane (Bl O PSA X7-3122), and m xi ng
well in an apprc.pu-a-t_e——agn-t-aj' 'nar. The resulting conmposition had the

I ngredi ent concentra- tions on a "dry" basis, that is, after renoval of
vol atile process| i | ow | R4TABLE VI. Exanples 8 and 9 were °

made i n accordance with the nethod_of appl e 7. The conpositiong of
Exanpl es 8 and 9 havtPt hea§$'ré'cﬂﬁd'aaﬁgxaag%i‘tionaﬁ“c,"o?rponeﬁtss, s%éheas t he
co-sol vents, asi-=efifdguinobihes) @-amiindginolires,end oxioghtiine,i anént i on

I nasmuch as th%{reisnyeléi‘anngirz‘ighesi ve matrices are single polyner

31. Anti-ulcerative agents, such as misoprostol,
omeprazole, and enprostil.

32. Peptides, such as growth releasing factor.

33. Drugs for Parkinson's disease, spasticity,
and acute muscle spasms, such as levodopa, carbidopa,
amantadine, apomorphine, bromocriptine, selegiline
(deprenyl), trihexyphenidyl hydrochloride, benztropine
mesylate, procyclidine hydrochloride, baclofen,
diazepam, and dantrolene.

34. Anti-estrogen or hormone agents, such as
tamoxifen or human chorionic gonadotropin.

The active agents can be present in the
composition in different forms, depending on which
form yields the optimum delivery characteristics.
Thus, in the case of drugs, the drug can be in its
free base or acid form, or in the form of salts,
esters, or any other pharmacologically acceptable
derivatives, or as components of molecular complexes.

The amount of drug to be incorporated in the
composition varies depending on the particular drug,
the desired therapeutic effect, and the time span for
which the device is to provide therapy. For most
drugs, the passage of the drugs through the skin will
be the rate-limiting step in delivery. Thus, the
amount of drug and the rate of release is typically
selected so as to provide transdermal -delivery
characterized by a zero order time dependency for a
prolonged period of time. The minimum amount of drug
in the system is selected based on the amount of drug
which passes through the skin in the time span foT
which the device is to provide therapy. Normally, the
amount of drug in the system can vary from about 0.3%

- to about 50% by weight, and preferably, for the lower



systens. Exanples 8 and 9 ar.e-given for conpar atlve pur poses only. 37

TABLE VI Exanpl es (% 7 8 9 Pol yacryl ate
42.0 83.0 41.0 - 83.0

Est r adi ol 2.0 Aeic acid 5.0

5.0 5.0 Propyl 2.0 2.0

25

drug d%;e?;;rmitted by this invention, from about
1.0% to about 30%.

Of course, the composition of the transdermal
drug delivery system can also contain agents known to
accelerate the delivery of the drug through the skin.
These agents have been referred to as skin-penetration
enhancers, accelerants, adjuvants, and sorption
promoters, and are collectively referred herein as
"enhancers." This class of agents includes those with
diverse mechanisms of action including those which
have the function of improving the solubility and
diffusibility of the drug within the multiple polymer
and those which improve percutaneous absorption, for
example, by changing the ability of the stratum
corneum to retain moisture, softening the skin,
improving the skin's permeability, acting as
penetration assistants or hair-follicle openers or
changing the state of the skin including the boundary
layer. Some of these agents have more than one
mechanism of action, but in essence they serve to
enhance the delivery of the drug.

Some examples of enhancers are polyhydric
alcohols such as dipropylene glycel, propylene glycol,
and polyethylene 'glycol which enhance drug solubility;
oils such as olive o0il, squalene, and lanolin; fatty
ethers such as cetyl ether and oleyl ether; fatty acid
esters such as isopropyl myristate which enhance drug
diffusibility; urea and urea derivatives such as
allantoin which affect the ability of keratin to
retain moisture; polar solvents such as
dimethyldecylphosphoxide, methyloctylsulfoxide,
dimethyllaurylamide, dodecylpyrrolidone, isosorbitol,
dimethylacetonide, dimethylsulfoxide,
decylmethylsulfoxide, and dimethylformamide which
affect keratin permeability; salicylic acid which
softens the keratin; amino acids which are penetration



Lecithin 3.0 3.0 3.0 D propyl ene gLycoI 5.0

5.0 5.0 Estradiol flux in V|trofromthe§ %) E,éﬂ-:n@ s 7, 8, and
9 is shownin FIG 5. As seen in FIG 5, del %‘r‘g&“‘f’f‘: q Vstemof this

i nvention utilizing t he mul tiple pol ymer adhesive
(pol yacryl at e/ pol ysi | oxane) of Exanpl e ”‘§Ubs¥§nt ajly greater
than delivery fromthe prior art systens conp |sb|n yirer

adhesi ves (Exanples 8 and 9). EXAMPLE 10 - 13{In the fol | ow ng bxanpl es
(10-13), the nethod of Exanple 7 was uggd wit
startl ng materials to yield conpositions having the

assistants; benzyl nicotinate which is a hair follicle
opener; and higher wmolecular weight aliphatic
surfactants such as lauryl sulfate salts which change
the surface state of the skin and drugs adninistered.
Oother agents include oleic and 1linoleic acids,
ascorbic acid, panthenol, butylated hydrdxytoluene,
tocopherol, tocopheryl acetate, tocopheryl linoleate,
propyl oleate, and isopropy.l palmitate.

In certain embodiments of the invention a
plasticizer or tackifying agent is incorporated into
the formulation to improve the adhesive
characteristics of the dermal composition. A
tackifying agent is particularly useful in those
embodiments in which the drug does not plasticize the
polymer. Suitable tackifying agents are those known
in the art including: (1) aliphatic hydrocarbons; (2)
mixed aliphatic and aromatic hydrocarbons; (3)
aromatic hydrocarbons; (4) substituted aromatic
hydrocarbons; (5) hydrogenated esters; (6)
polyterpenes; and (7) hydrogenated wood rosins. The -
tackifying agent employed is preferably compatible
with the blend of polymers. In preferred embodiments,
the tackifying agent is silicone fluid (e.g., 360
Medical Fluid, available from Dow Corning Corporation,
Midland, MI) or mineral oil. Silicone fluid is useful
for blends comprising polysiloxane as a major
component. In other embodiments, where polyacrylate,
for example, is a major component, mineral oil is a
preferred tackifying agent.

Some drugs, such as the vasodilator
nitroglycerin, function as plasticizers in the
composition because they are soluble to a certain
degree in the polymers comprising the system. For
drug molecules which are not readily soluble in the
polymer system, a co-solvent for the drug and polymer
‘can be added. CO-solvenis, such as lecithin, retinol




I ngredi ent concentrations set forth in TABLE VII. Exanples (@b m/mb

I ngr edi ent 10 11 12 13 Polysiloxaﬁe~— 180 3.5
39.5 58.0 Pol yacryl ate 65.0 39.5 3B 31!1{31%4§.@!E§;?ﬂ553'd:ol
2.0 2.0 2.0 2.0 Aeic acid 5 0

Propyl ene glycol 2.0 2.0 2.0 2.0 L30|ta ﬁ ggjcgy 3}0
3.0 3.0 3.0 Silicone fluid 5.0 15{0 0 5[ Of FI G
shows estradiol flux results for the conpositionk Exanples 1 -§13;
average flux was cal cul ated for each conppsitionjfromO to 22 hour§ and

derivatives, tocopherol, dipropylene glycol,J
triacetin, propylene glycol, saturated and unsaturated
fatty acids, mineral oil, silicone fluid, alcohols,
butyl benzyl phthalate, and the like are useful in the

.practice of the instant invention depending on the

solubility of the drug in the multiple polymer
adhesive system.

To summarize, the | preferred and optimum
compositions for the polyacrylate/polysiloxane
embodiment are as follows:

TABLE I
C G
Preferred Optimum
one —Range -Range
Polysiloxane 97-4 97-14
Polyacrylate 2-95 2-85
Co-solvent(s) 0-30 0-20
Enhancer(s) 0-20 0-10
Drug(s) 0.3-50 1-30

The composition of this invention may further be
provided with various thickeners, fillers and other
additives known for use with dermal compositions.
Where the composition tends to absorb water, for
example, when lecithin is used as a co-solvent,
hydrophilic fillers are especially useful. One type
of hydrophilic filler which has been successfully
employed is an aluminum silicate clay.

In a device aspect of the invention, the dermal
composition can be used as an adhesive portion of any
transdermal drug delivery device (e.g., a reservoir
device) or it can comprise an adhesive
monolithic device. Of course, the principles of the
invention would still apply to embodiments where the
dermal composition is not a pressure-sensitive
adhesive and comprises the drug reservoir.
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REPLACEMENT SHEET 0 7 MAR 1997 38 from 22 to 99 hours fromthe start of the
study. seen.in FIG 6, estradiol flux progressively increas with increased
silicone polynmer content during the first 22 (SSe) G YA but was
affected to a nuch | esser degree during the rmEﬁH&'E%g‘“ﬁ{%&jy (22 to

99 hours). Thus, significant adjustnent o%‘tne estradi o] felivery

rate during the initial phase of delivery was Rc ogp}ﬁ&ﬂb&ﬁﬂm [ h} m nor
effects on the later delivery phase, by nodul aji mg the pol ysilbxane
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Reference to FIG. 1 shows a schematic
illustration of an adhesive monolithic device
embodiment of the invention 0. The dermal
composition comprises a monolithic body 11 of a
defined geometric shape with a protective release
liner 12 on one side of monolithic body 11 and a
backing layer 13 on the other side. Removal of the
release liner 12 exposes' the pressure-sensitive
multiple polymer adhesive which functions both as the
drug carrier matrix and as the means of applying the
system to the patient.

A device, or individual dosage unit, of the
present invention can be produced in any manner known
to those of skill in the art. After the dermal
composition is formed, it may be brought into contact
with the backing layer in any manner known to those of
skill in the art. Such techniques include calender
coating, hot melt coating, solution coating, etc. oOf
course, backing materials are well known in the art
and can comprise plastic films of polyethylene, vinyl
acetate resins, ethylene/vinyl acetate copolymers,
polyvinyl chloride, polyurethane, and the like, metal
foils, non-woven fabric, cloth and commercially
available laminates. The backing material generally
has a thickness in the range of 2 to 1000 micrometers
and the dermal composition is generally disposed on
backing material in a thickness ranging from about 12
to 250 micrometers thick.

Suitable release liners are also well known in
the art and include the commercially available

- products of Dow Corning Corporation designated Bio-
Release® liner and Syl-off® 7610 liner. For preferred
embodiments in which a polysiloxane is part of the
multiple polymeric adhesive system, the release liner
must be compatible with the silicone adhesive. An



to polyacrylate polynmer ratio. Fig 6 also illustrates that the deli

characteristics over tine can be adjusted by th Sicamv, ﬁ e
pol ymers and respective weight ratios. 'oﬁlEPléwgi\ﬁ&Ng SHEgT

fornmul ati on

rate over tinme whereas the formul ati on of Exanplie l?g getﬂaqeﬂgi'mre
in the early phase than the latter. EXAMPLE 14 - 16 A
acet at e- pol yner m xture was prepared by conbinijng-6-6"Ppartis of

of Exanple 10 delivers drug jatrapproximately tih

nor et hi nddone

noret hi ndrone acetate, 1.0 parts of butyene glycol, and 40.9 part
pol yacryl ate (Duro-Tak 80-1194), and m xi ng wel | =rm—an appropri ate
contai ner. Theek&mphki 88 &0sWPEablécommercially available liner is

3M's 1022 Scotch Pak. |

The configuration of the transdermal delivery
system of the présent invention can be in any shape or
size as is necessary or desirable. Illustratively, a
single dosage unit may have a surface area in the
range of 1 to 200 cm’. Preferred sizes are from 5 to
60 cm?.

In a method aspect of the invention, a plurality
of poly‘mers' having differing solubility parameters are
blended (but not chemically reacted or cross-linked)
to result in a dermal composition, or multiple polymer
adhesive system with incorporated drug or bioactive
agent, which controls delivery of an incorporated drug
into and through the epidermis. The blending of
polymers results in an adjustment of the saturation
concentration of the drug in the polymeric system and
therefore permits selective modulation of the
transdermal drug delivery rate. The term "blending,”

‘of course, incorporates choosing the appropriate

polymeric components, and the proportions thereof, to
achieve the desired effect.

In a preferred embodiment of the invention, a
dermal composition is prepared by mixing the
polyacrylate, the polysiloxane, drug, co-solvent(s),
and tackifying agent, if needed, in an appropriate
volatile solvent(s), then casting the mixture and
removing the solvent(s) by evaporation to form a film.

Suitable volatile solvents include, but are not
limited to, alcohols such as isopropanol and ethanol;
aromatics such as xylenes and toluene; aliphatics such
as hexane, cyclohexane, and heptane; and alkanoic acid
esters such as ethyl acetate and butyl acetate.

An exemplary general method of preparation is as
follows:

very
of

e sane
qui ckly

of



had t he i ngredi ent concéntrations on a "dry" ba'iﬁgggﬂﬁﬂm§M§,SﬁEEEr

of volatile process solvents, given below in TABL - -Fhe
was enpl oyed to nmake Exanples 15 and 16. TABLE VI Ijl ag?g ,g%@b
| ngr edi ent 14 15 16 Pol yacryl gt b
46. 0 Pol ysfl oxan - 92.0 46. '

3.0 3.0 3.0 Butyl ene glycol 5.0 ; 5.0 5.0

S3

r enoval
me net hod

w)

tate
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1. Appropriate amounts of polysiloxane and
polyacrylate, dissolved in a solvent(s), are combined

and thoroughly mixed together in a vessel.

2. The drug is then added to the polymer
mixture and agitation is carried out until the drug is

uniformly mixed in.

3. Co-solvents and‘enpancers, if'necéssary, can
then be added to the drug-polymer mixture, and

thoroughly mixed.

4. The formulation is then tran.:a2rred to a
coating operation where it is coated onto a protective

release liner at a controlled specified thickness.

S. The coated product is then passed through an
oven in order to drive off all volatile processing

solvents.

6. The dried product on the release liner is
then joined to the backing material and wound into

rolls for storage.

7. Appropriate size and shape dosage units are

die-cut from the roll material and then pouched.

The order of steps, the amounts of ingredients,
and the amount and time of agitation or mixing are
process variables which will depend on the specific
polymers, drug, co-solvents, and enhancers used in the
formulation. These factors can be adjusted by those
of skill in the art as required to provide a uniform
product which has acceptable pressure-sensitive

adhesive characteristics.

Examples

The following specific examples are included as
illustrative of dermal compositions, and methods of
making same, within the contemplation of the
invention, These examples are in no way intended to

be limiting of the scope of the invention.
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15, and 16 is shown in FIG 7. As seen in FIG 7“‘*{?"61*@%

delivery fromthe

omthe SYste

Exanpl es 14,
_e acetate

pol yacryl at e/ pol ysi | oxane Systens

i nvention (Exanple 16) was internediate to
systens not of this invention (Exanple 14 amnd {5). Thus,

pol yacryl ate and pol ysi |l oxane results in nodul _
oret hi ndrone_ace

acetate flux. EXAMPLE 17 - 20 As estradiol/

conbi nati on- pol yner

el § vr@r',vy P«iﬁﬁoiﬁ’ﬁhe

bl dn !ng the

estradiol, 0.6 parts of norethindrone acetate, 0.6
The following commercially available adhesives

m xture was preparesirby conbining 0. 6 pa}t's of 170

were used in the blends comprising the multiple
polymer adhesive system of the examples: "Duro-Tak
80-1194, 80-1196, and 80-1197" are trademarks of
National Starch and Chemical Corporation, Bridgewater,
New Jersey for acrylic adhesives (polyacrylates) in

organic solutions.
"BIO-PSA X7-3027, X7—4919 X7-2685, and X7-3122“
are trademarks of Dow Corning Corporation, Medical
Products, Midland, Michigan for silicone adhesives

(polysiloxanes) in organic solutions.

particularly suitable for
containing amine-functional drugs, such as albuterol
and pilocarpine, in the following examples.

"Vistanex IM-LS-LC" is a trademark of Exxon

Chemical Company, Houston,

use in

Texas,

BIO-PSA-3027 is
' formulations

for a

polyisobutylene polymer with a Flory molecular weight
of 42,600 to 46,100.
"Elvax 40-W" is a trademark of Du Pont Company,
'Wilmington, Delaware, for a polyethylene/vinyl acetate
copolymer (40% vinyl acetate content).

The aforementioned polymeric

adhesives are

supplied, or prepared, as solutions wherein the
percent solids by weight are as follows:

Ingredjent Bercent Solids
BIO-PSA X7-3027 50
BIO-PSA X7-3122 65
BIO-PSA X7-4919 50
BIO-PSA X7-2685 50
Duro-Tak 80-1194 45
Duro-Tak 80-1196 45
Duro~Tak 80-1197 45
Elvax 40-W 30
Vistanex LM-MS-LC 30

*360 Medical Fluid" is a trademark of Dow Corning
Corporation for a polydimethylsiloxane fluid. In
certain embodiments of the invention,

360 Medical



parts of butylene glycol, 0.6 parts of oleic acid, 1.5 parts of |ecithin,
4.5 parts of silicone f|UId (pol ydi net hyl si | oxa gg% ﬁ Pow-Se+ Nng 360
Medi cal Fluid, 100 cs), and 43.2 parts of ponS|I 5 ﬁmﬁfﬁﬁﬁﬁ 7-4919),

and m xi ng mell i n an appropriate container. thoa of le 17 was
used with the appropriate anounts of starting t 0 @ $aRoiggpel(d it he

conpositions of Exanple 18, 19 and 20. he pol yacryl afe jused in
Exanpl es 18-20 was National Starch Acrylic Adhgsive, Bburo-Tak" §0-1197.
The resul ting conpositions had a%he Lngredi ent concent gati ons on

a "dry" basis, that is, after renoval of volatile process SoOIv S, given
bel ow i n TABfiuid is added as a tackifier to improve the adhesive

characteristics of the end product.
EXAMPLE 1

A nitroglycerin-polymer mixture was prepared by
combining 22.0 parts of nitroglycerin, 1.0 part of
dipropylene glycol, 1.3 parts of lecithin, 0.8 parts
of propylene glycol, 2.5 parts of 360 Medial Fluid
(1000 cs), 1.0 part of bentonite, 63.6 parts of
polyacrylate (Duro-Tak 80-1194), and 85.6 parts of
polysiloxane (BIO-PSA X7-4919), and mixed well in an
appropriate container. Nitroglycerin is available as
a solution in solvents such as ethanol, toluene, and
propylene glycol from ICI Americas Inc., Wilmington,
Delaware. In this instance, the nitroglycerin was
added as a solution in toluene mixed together with the
polyacrylate. The resulting composition had the
ingredient concentrations on a "dry" basis, that is,
after removal of volatile process solvents, shown
below.
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40 TABLE | X Exanpl es (% w w) Ingredient
72.0 68.0 60.0 47.0 Polyacryl ate - I adi ol
2.0 2.0 2.0 2.0 Norethindrone acetate 2.D 2.? 2.0 240 deic acid
2.0 2.0 2.0 Butyl ene gl ycol 2.0 2.0 ©70MAR B8%edithin
5.0 5.0 5.0
A
33 ;

COMPONENT PERCENT BY WEIGHT

Polysiloxane 42.8

(Dow Corning Silicone Adhesive X7-4919)

Polyacrylate 28.6

(National Starch Acrylic Adhesive,
Duro-Tak 80-11594)

Polydimethylsiloxane fluid 2.5
(Dow Corning 360 Medical Fluid)
Lecithin 1.3
Propylene glycol 0.8
Dipropylene glycol 1.0
Bentonite 1.0
Nitroglycerin 22.0
100.0

Nitroglycerin flux results through cadaver skin
in vitro from the formulation of Example 1,
Transderm~-Nitro® (a trademark of Ciba-Geigy
Corporation, Summit, NJ), and Nitro-Dur® (a trademark
of Key Phamaceuticéls, Inc., Kenilworth, NJ) are
summarized in FIG. 2. As shown in FIG. 2,
nitroglycerin flux from the dermal composition of
Example 1 (20.8 ug/cm’hr) was approximately twice that
from Transderm-Nitro® (9.5 ug/cm’hr) and about 1.5
times that from Nitro-Dur® (13.4 ug/cw’hr).

EXAMPLES 2 = 5

In the following examples (2-5), the method of
Example 1 was used with the appropriate amounts of
starting materials to yield compositions having the
following ingredient concentrations set forth in
tabular form in TABLE III.
comparative purposes and its formulation is not within
Example 3 and S
comprising blends of

Example 2 is presented for

the scope of the present invention.
adhesive
polyacrylate second polymer
illustrate the principles of the invention.

are compositions

and a selected to
All other
components, such as excipients or fillers, remain
constant in composition and amount from Examples 2 to

5.



Silicone fluid 15.0 14.0 12.0 10.0 Flux results for the conpositions
of. Exanples 17- 20 are shown in Fig. 8. As shown in Fig. 8, the flux of
both estradi ol (E2) and norethindrone acetate ( .-

pol ysi | oxane to pol yacryl ate polynmer ratio was aﬁgp@mﬂ\ﬁsgﬁggﬂf
gradual ly increased and then decreased with a rraxu nmum at...ahout _
acrylate, and the norethindrone acetate ux cont 0, JFIy d _'creased
with increasing acrylate content as woul d be e>Jpe Hagnié@ ]

7. A further ef f ect of varyi ng 34 t he pd
polymer ratio is exhibited by a plot of estradijol
nor et hi ndrone acetate flux (estradi gasLBUuXIgi Vi

qux relatlve

Examples (%, w/w)

Ingredient (SP, J*?/cm3?) 2 3 4 s
Polyacrylate (21) 73.2 331 331 331
Polyethylene vinyl acetate (21) - 401 - -

Polyisobutylene (17) - - 40.1 -

Polysiloxane (15) ' - - - 40.1
Nitroglycerin (27) 20.8 20.8 20.8 20.8
Oleic acid 20 2.0 20 20
Propylene glycol 08 0.8 08 038
Lecithin 1.2 1.2 1.2 1.2
Dipropyiene glycol : 1.0 1.0 1.0 1.0
Bentonite 1.0 1.0 1.0 10

FIG. 3 graphically summarizes the in vitro
nitroglycerin flux results through cadaver epidermis
from the dermal compositions of Examples 2 to 5. As
seen in FIG. 3, addition of either polyisobutylene
(Example 4) or polysiloxane (Example 5) -- both with
SPs lower than polyacrylate -- resulted in doubling of
the nitroglycerin flux as compared to an all acrylate
system (Example 2). However, addition of polyethylene
vinyl acetate (Example 3) -- with an SP value similar
to the polyacrylate -- resulted in little effect on-
nitroglycerin flux as compared to the system of
Example 2. Thus, the formulation of Example 3 is not
within the scope of the present invention.

EXAMPLE 6

A series of nitroglycerin-containing compositions
(I-VI) were prepared in whick the polyecrylate (X7-
3122) to polysiloxane (Duro-Tak 80—-1194) ratio was
varied from 100.0 : 0.. (all acrylic) co 0.0 : 100.0
(all siloxane) by weight. Nitroglycerin concentration
was held at 20% for all compositions. The ingredient
concentrations of these compositions are shown below
in TABLE 1V.



acetate flux) as shown in Fig. 9. By adjusting the silicone to acrylate

polymer ratio, it was possible to nodul ate the reliatLue, dekiyerg
BEL AT sHeRT o

drugs (estradiol and norethindrone acetate) fromt

i nventi on.

prepared by combining 5.0 parts of pilocarpine bade,| 1§ 7 PRt 1998¢

41 EXAMPLES 21 - 23 A pil ocarpine-pdl yimer m xt ure_wdas

ci t hin,

0.8 parts of propylene glycol, 2.0 parts of oleic aci d, 2.5 padrts

of silicone fluid
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TABLE IV
I O I IV V VI
Polysiloxane ~ 144 288 432 57.6 T72.6
Silicone Fluid - 16 32 48 64 80
Polyacrylate 80.0 64.0 48.0 32.8 160 -
Nitroglycerin 20.0 20.0 20.0 20.0 20.0 20.0

In vitro skin flux was determined for
these compositions and the results are summarized in
Table V and graphically depicted in FIG. 4.

TABLE V
% of Polymer ] (ug/cm 2/hr) (hr)
I 100 0 1.6 0.0
1§ 81.6 18.4 3.2 1.5
m 62.5 37.5 4.2 2.0
v 43.2 56.8 4.5 2.3
\'4 21.7 78.3 52 2.3
Vi 0 100 4.9 2.4
Nitro-Dur® - - 3.0 2.5

As shown, nitroglycerin (GTN) flux increased as
the concentration of polysiloxane in the multiple
polymer adhesive matrix increased up to a maximum, at
around 80% polysiloxane, after which no more increase
in flux was seen. It appears that beyond a certain
concentration of siloxane polymer, the nitroglycerin
activity ceases to increase (unit activity is
reached), and the flux no longer increases. The
attainment of saturation concentration (unit activity)
is further verified by the fact that Composition VI
had nitroglycerin exudate; that is, the surface of the
adhesive was "wet" with excess nitroglycerin. oOf
course, Composition VI, which is all polysiloxane, is
not within the contemplation of the invention.
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The composition of the blend of polymers is
preferably chosen so that the flux rate of drug from
the blend is at a maximum. Studies similar to those
reported herein may be employed to assist in selecting
the appropriate components of the blend and the weight
ratios thereof. In alternative embodiments, it may be
desirable to select a composition in which the flux
rate will be retarded. '

EXAMPLES 7 =~ 9

" An estradiol-polymer mixture (Example7) was
prepared by combining 2.0 parts of 178-estradiol, 2.0
parts of propylene glycol, 3.0 parts of lecithin, 5.0
parts of oleic acid, 5.0 parts of dipropylene glycol,
93.3 parts of polyacrylate (Duro-Tak 80-1196), and
63.1 parts of polysiloxane (BIO-PSA X7-3122), and
mixing well in an appropriate container. . The
resulting composition had the ingredient concentra-
tions on a %“dary" basis, that is, after removal of
volatile process solvents, given below in TABLE VI.

Examples 8 and 9 were made in accordance with the
method of Example 7. The compositions of Examples 8
and 9 have the same drug and additional components,
such as the co-solvents, as Example 7, but are not
within the scope of this invention inasmuch2ias the
resulting adhesive matrices are single polymer
systems. Examples 8 and 9 are given for comparative
purposes only.
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2.4 2.4 Pilocarpine flux in vitro fromthe [syjstepgs

and 23 is shown in Fig. 10. As seen in Fig. 10,
systemof this invention utilizing the multipl¢
(pol yacryl at e/ pol ysi | oxane) of Exanplgy 23,

delivery rates from single polymer conpositions (Exanpl €52 Tk 22) whi ch
are not of TABLE VI
: Examples (%, w/w)

Ingredient 7 8 9
Polyacrylate 42.0 83.0 -
Polysiloxane 41.0 - 83.0
Estradiol 2.0 2.0 2.0
Oleic acid 5.0 . 5.0 5.0
Propylene glycol 2.0 2.0 2.0
Lecithin 3.0 3.0 3.0
Dipropylene glycol 5.0 5.0 5.0

Estradiol flux in vitro from the systems of
Examples 7, 8, and 9 is shown in FIG. 5. As seen in
FIG. 5, delivery from the system of this invention
utilizing the multiple polymer adhesive
(polyacrylate/polysiloxane) of Exanmple 7 was
substantially greater than delivery from the-prior art
systems comprising single polymer adhesives (Examples
8 and 9). '

EXAMPLES 10 - 13

In the following examples (10-13), the method of
Example 7 was used with the appropriate amounts of
starting materials to yield compositions having the
ingredient concentrations set forth in TABLE VII.

IABLE VII
Examples (%, w/w)

Ingredient 10 11 12 13

Polysiloxane 18.0 335 39.5 58.0
Polyacrylate 65.0 39.5 335 15.0
Estradiol 2.0 2.0 2.0 2.0
Oleic acid 5.0 5.0 5.0 5.0
Propyiene glycol 2.0 2.0 2.0 2.0
Lecithin 3.0 3.0 3.0 3.0
Silicone fluid 5.0 15.0 15.0 15.0

FIG. 6 shows estradiol flux results for the
compositions of Examples 10 -~ 13; average flux was
calculated for each composition from 0 to 22 hours and
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from 22 to 99 hours from the start of the study.
seen in FIG. 6, estradiol flux progressively increas.
with increased silicone polymer content during the
first 22 hours of delivery, but was affected to a much
lesser degree during the remainder of the study (22 to
99 hours). Thus, significant adjustment of the
estradiol delivery rate during the initial phase of
delivery was accomplished, with minor effects on the
later delivery phase, by modulating the polysiloxane
to polyacrylate polymer ratio. Fig 6 also illustrates
that the delivery characteristics over time can be
adjusted by the appropriate choice of polymers and
respective weight ratios. For example, the
formulation of Example 10 delivers drug at
approximately the same rate over time whereas the
formulation of Example 13 delivers more quickly in the
early phase than the latter.
EXAMPLES 14 - 16

A norethindrone acetate-polymer nixture was
prepared by combining 0.6 parts of norethindrone
acetate, 1.0 parts of butylene glycol, and 40.9 parts
of polyacrylate (Duro-Tak 80-1194), and mixing well in
an appropriate container. The resulting composition
had the ingredient concentrations on a "dry" basis,
that is, after removal of volatile. process solvents,
given below in TABLE VIII. The same method was
employed to make Examples 15 and 16.

IABLE VIII
Examples (% w/w)
Ingredient 14 15 16
Polyacrylate 92.0 - 46.0
Polysiloxan - 92.0 46.0
Norethindrone acetate 3.0 3.0 3.0

Butylene glycol 3.0 5.0 5.0



of butylene glycol, 1.5 parts of vitam n E acetate (tocoperyl acetate),
25.5 parts of polyacrylate (Duro- Tak 80-1196), 11.9 parts of polysiloxane
A (BIO-PSA X7-3122), 20.1 parts of polysiloxane B{BLQPSA X7- 3027), and

20.1 parts of isopropyl alcohol, and mxing well fi RERDAGHARFIPPSIHRET
cont ai ner. The resulting conposition had the irjgree4 frations on

bel ow i n Table XI - The method of Exampl ¢ 24 was sﬁémﬁfﬁ@ﬁ@‘a‘ZBgf’
anounts of starting materials to yield tjae conpogi th e
and 27. Exanples (% w w) |ngredient 24 5 26 27
Norethindrone acetate flux in
systems of Examples 14, 15, and 16 is shown in FIG. 7.
As seen in FIG. 7, norethindrone acetate delivery from
the polyacrylate/polysiloxane systems of this
invention (Example 16) was intermediate to delivery
from the single polymer systems not of this invention
(Example 14 and 15). Thus, blending the polyacrylate
and polysiloxane results in modulation of the
norethindrone acetate flux.
EXAMPLES 17 - 20
As estradiol/norethindrone acetate combination-
polymer mixture was prepared by combining 0.6 parts of
' 178 estradiol, 0.6 parts of norethindrone acetate, 0.6
parts of butylene glycol, 0.6 parts of oleic acid, 1.5
parts of lecithin, 4.5 parts of silicone fluid
(polydimethylsiloxane fluid, Dow Corning 360 Medical
Fluid, 100 cs), and 43.2 parts of polysiloxane (BIO-
PSA X7-4919), and mixing well in an appropriate
container. The method of Example 17 was used with the
appropriate amounts of starting materials to yield the
compositions of Example 18, 19 and 20. The
polyacrylate used in Examples 18-20 was National
Starch Acrylic Adhesive, Duro-Tak 80-1197. The
resulting compositions had the ingredient
concentrations on a "“dry" basis, that is, after
removal of volatile process solvents, given below in
TABLE IX.
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TABLE IX -
Examples (% w/w) )

Ingredient 17 18 19 20

Polysiloxan 72.0 68.0 60.0 47.0

Polyacrylate - 5.0 15.0 30.0

Estradiol 20 20 20 20

Norethindrone acetate 20 20 20 20

Oleic acid 20 20 20 20

Butylene glycol 20 20 20 20

Lecithin 50 50 50 5.0

Silicone fluid 15.0 14.0 12,0 10.0

Flux results for the compositions of Examples 17-
20 are shown in Fig. 8. As shown in Fig. 8, the flux

" of both estradiol (E2) and norethindrone acetate (NAc)

varied as the polysiloxane to polyacrylate polymer
ratio was adjusted; estradiol flux gradually increased
and then decreased with a maximum at about 15%
acrylate, and the ‘norethindrone acetate flux
continuously decreased with increasing acrylate
content as would be expected from the data of Fig. 7.
A further effect of varying the poly-
siloxane/polyacrylate polymer ratio is exhibited by a
plot of estradiol flux relative to norethindrone
acetate flux (estradiol flux divided by norethindrone
acetate flux) as shown in Fig. 9. By adjusting the
silicone to acrylate polymer ratio, it was possible to
modulate the relative delivery of two drugs (estradiol
and norethindrone acetate) from the systems of this
invention.
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A pilocarpine-polymer mixture was prepared by
combining 5.0 parts of pilocarpine base, 1.2 parts of
"lecithin, 0.8 parts of propylene glycol, 2.0 parts of
oleic acid, 2.5 parts of silicone fluid
(polydimethylsiloxane, Dow Corning 360 Medical Fluid,
100 cs), and 77.0 parts of polysiloxane ( Dow Corning
Silicone Adhesive BIO-PSA X7-3027), and mixing well in
an appropriate container. Example 22 incorporated
pilocarpine into a polyacrylate comprising National
Starch Acrylic Adhesive, Duro-Tak 80-1196. Example 23
employed a blend of polysiloxane and polyacrylate in
accordance with the principles of the invention. The
resulting compositions had the ingredient
concentrations on a "dry" basis, that is, after
removal of volatile process solvents, given below in
TABLE X.

IABLE X

Examples (% w/w)
Ingredient 21 22 23
Polyacrylate - 82.0 - 41.0
Polysiloxane 77.0 - 41.0
Silicone Fluid 5.0 - -
Pilocarpine 10.0 10.0 10.0
Oleic acid 4.0 4.0 4.0
Propylene glycol 1.6 1.6 1.6
Lecithin 2.4 24 24

Pilocarpine flux in vitro from the systems of
Examples 21, 22, and 23 is shown in Fig. 10. As seen
in Fig. 10, the delivery rate from the system of this
invention utilizing the multiple polymer adhesive
(polyacrylate/polysiloxane) of Example 23, was
intermediate of the delivery rates from single polymer
compositions (Examples 21 and 22) which are not of
this invention. In this embodiment of the invention,
the combination of polyacrylate and polysiloxane

bas&i on Nitro-Dur[err] product Tabtel
n order to adjust for the apparent
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within the ranges established by single polymer

compositions.

EXAMPLES 24 = 27

An albuterol-polymer mnmixture was prepared by
combining 10.2 parts of albuterol base, 1.5 parts of
lecithin, 1.0 part of propylene glycol, 4.1 parts of
oleic acid, 2.6 parts of dipropylene glycol, 1.5 parts
of butylene glycol, 1.5 parts of vitamin E acetate
(tocoperyl acetate), 25.5 parts of polyacrylate (Duro-
Tak 80-1196), 11.9 parts of polysiloxane A (BIO-PSA
X7-3122), 20.1 parts of polysiloxane B (BIO-PSA X7-
3027), and 20.1 parts of isopropyl alcohol, and mixing
well in an appropriate container. The resulting
composition had the ingredient concentrations on a
"dry" basis, that is, after removal of volatile
process solvents, given below in Table XI.

The method of Example 24 was used with the
appropriate amounts of starting materials to yield the

compositions of Examples 25, 26, and 27.

TABLE XI
Examples (% w/w)
Ingredient 24 23 26 27
Polysiloxane A 14.0 13.8 14.0
Polysiloxane B 19.6 19.2 28.0
Polyacrylate 22.4 22.0 20.0
Albuterol 20.0 20.0 20.0
Oleic acid 8.0 8.0 8.0
~ Propylene glycol 2.0 2.0 2.0
Dipropylene glycol 5.0 5.0 5.0
Butylene glycol 3.0 3.0 -
Vitamin E acetate 3.0 3.0 -
Vitamin E - 1.0 -

Vitamin E linoleate - -
Lecithin 3.0 3.0 3.0

14.0
19.6
22.4
20.0
8.0
2.0
5.0
3.0

3.0
3.0

14
to
are
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Albuterol flux results through human cadaver skin
in vitro from the formulations of Examples 24, 25, 26,
and 27, are summarized in Fig. 11; nitroglycerin flux
from Nitro-Dur® through the same skin specimen is
shown as a control. Flux values for the albuterol
compositions of Example 24 to 27 ranged from about 17
pg/cm’/hr to about 22 pg/cm’/hr. The nitroglycerin
flux value of about 28 ug/cm’/hr was slightly higher
than the literature delivery rate for this product (20
pg/cm’/hr, based on Nitro-Dur® product label of 0.1
mg/hr from a 5 cm? system). In order to adjust for the
apparent higher permeability of the skin specimen,
albuterol flux results can be multiplied by an
adjustment factor of 0.714 (20/28); this would result
in flux values of about 12 pg/cm’/hr to about 16
pg/cu’/hr. )

Therapeutic albuterol plasma concentrations are
in the range of about 4 to 8 ng/mL, and are produced
by delivery rates of about 115 to 230 ug/hr. The flux
rates (12 to 16 ug/cm’/hr) obtained from the
compositions of this invention therefore would produce
the necessary albuterol plasma levels (4 to 8 ng/mL)
for the treatment of asthma from system sizes of about
10 to 20 cm’.

EXAMPLES 28 - 29

Estradiol-polymer mixtures were prepared in
accordance with the method of Example 7. Example 28
is illustrative of a multiple polymer adhesive system
where polyacrylate is blended with polyisobutylene
(Vistanex LM-LS-LC). The resulting compositions had
the ingredient concentrations on a "dry" basis, that
is, after removal of volatile process solvents, given
below in TABLE XII.
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Examples 28 and 29 are shown in FIG. 12. "

As seen in

FIG. 12, delivery from the multiple polymer adhesive
system of Example 28 is comparable to delivery from

Example 29.

EXAMPLE 30

In addition to flux measurements,

the apparent

diffusion coefficient, D, was calculated from release
data for nitroglycerin from matrices of Compositions

I to VI (Example 6) into an infinite sink.

The method

of D.R. Paul, controlled Releage Polvmeric
Formulations, ACS Symposium Serjes No. 33, Chapter 1

(1976) was used wherein the initial concentration of

nitroglycerin in the matrix,

Co

was determined

(assuming a density of 1.0) and the relationship of
the amount released, M,, by a matrix of area, A, and
the diffusion coefficient is defined by:

Plotting, M/A against t!?,

having a slope, m, defined by:
m

M/A
results in a graph

2¢, (D/m)'?

2¢, (Dt/m)'?

The value of m can be ascertained by 1linear

regression to get the slcpe of the best fit line.

The

diffusion coefficient is calculated as:

D

7(m/2C,)?



data for n}troglycerinfromrratrices of Conpositions 1 _to VI (

into an infinite sink. The nethod of D.'R. Paul, t g
Pol ynmeri c Fornul ati ons, ACS Synposium Series No. 33, PLACEMER SHB@-T;
used wherein the initial concentration of nitroglycgrijn in rijx,
Cerr], was determ ned (assumng a density of 1.0) gn thd Fe a@?mshi
the anount released, Merr], by a matrix of area, A ' Hor
coefficient is defined by: Merr]/A = 2Cerr] (DIALErr])[err] Plotti

M A against t[err], results in a graph h#&ng a slo )
2C[ err] (D/[err])[errll The val ue of m can he ascerta&neg gx | i near,
The culations

m Aﬂf::n lac)

6)
ase
vas

p of

ng,

LA~ NN VDA

results of these for
Compositions I to VI are shown below in Table XII.

TABLE XIIXI
Compositicg(mg/cn’)m (mg/cm’h!?p (cm’/sec) D(x10°)

I 241.0 0.8728 2.861 x 10¢ 2.86
II 233.3 0.9483 3.605 x 10% 36.05
III 231.3 1.0834 4.786 x 10° 47.86
IV 219.7 1.2502 7.065 x 10° 70.65
v 217.0 1.5920 1.174 x 107  117.4
VI 215.0 2.4551 2.845 x 107  284.5
Nitro-Dun8o0.0 1.4680 3.256 x 10° 32.56

FIGS. 13 and 14 show the relationship of flux rate
(J) plotted against apparent diffusion coefficient (D)
and net solubility parameter (SP), respectively, for
Compositions I-VI. The net solubility parameter, SP,,
was calculated using a weighted average of the
solubility parameters of the individual polymers
comprising the matrix:

SPp =  @,SP, + B,.SP,,
where @, is the weight percentage of polysiloxane and
SP, is the solubility parameter of polysiloxane. The
subscript "pa" refers to the polyacrylate. FIG. 15 is
a plot of diffusion coefficient versus net solubility
parameter.

Although the invention has been described in terms
of specific embodiments and applications, persons
skilled in the art can, in light of this teaching,
generate additional embodiments without exceeding the
scope or departing from the spirit of the claimed
invention. Accordingly, it is to be understood that
the drawing and description in this disclosure are
proffered to facilitate comprehension of the
invention, and should not be construed to limit the

scope thereof.

m = .
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CLAIMS

1. An improved pressure-sensitive adhesive
composition of the type suitable for controlled
release of a bioactive agent from . pressure-sensitive
adhesive matrix, the composition comprising: '

a blend of a first polymeric adhesive having a
first solubility parameter and a second
polymeric adhesive having a second solubility
parameter, the £first and second Solubility
parameters being different from one gnother by
an increment of at 1least 2 (J/cw’)® and
resulting in a characteristic net solubility
parameter of the blend which can selectably
adjust the saturation concentration of a
bicactive agent contained in the pressure-
sensitive adhesive composition and thereby
modulate the release of the biocactive agent.

2. A transdermal drug delivery system comprising

(1) a blend of:
(a) a first polymeric material having a

first solubility parameter, and

(b) a second polymeric material having a
second solubility parameter, said
first and second solubility parameters
being different from one another and
resulting in a preselected net
solubility parameter of the blend; and
(2) a drug, wherein the net solubility
parameter of the blend is preselected to
determine the solubility of the drug in

the blend.

3. The transdermal drug delivery system of claim 2
wherein the blend is a pressure-sensitive adhesive.

4. The tr- ‘sdermal drug delivery system of claim 3
further com, .sing a backing material superimposed on

NV O O
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pol ymers conprising the matrix: SP[err] =47 [err]S [err]
where [err][err] is the weight percentage of polysi
the solubility penemsumfacfe mf \the pressufiécsensitive adhesive, said

backing material being substantially impermeable to
the drug contained therein.

5. The transdermal drug delivery system of claim 3
further comprising a release liner superimposed on a
surface of the pressure sensitive adhesive opposite
said backing material.

6. The transdermal dru§ delivery system of [claim
2) any one of claims 2 to 5, wherein the drug is a

steroid. _

7. The transdermal drug delivery system of claim 6
wherein the steroid is an estrogen selected from the
group consisting of conjugated estrogens, esterified
estrogens, estropipate, 17f-estradiol, equilin,
mestranol, estrone, estriol, ethinyl estradiol, and
diethylstilbestrol.

8. The transdermal drug delivery system of claim 6
wherein the steroid is a progestational agent.

9. The transdermal drug delivery system of claim
(7] 8 wherein the progestaticnal agent is selected
from the group consisting of progesterone, 19-norpro-
gesterone, norethindrone, norethindrone acetate,
melengestrol, chlormadinone, ethisterone, medroxy-
progesterone acetate, hydroxyprogesterone caproate,
ethynodiol diacetate, norethynodrel, 17a-hydroxy-
progesterone, dydrogesterone, dimethisterone,
ethinylestrenol, norgestrel, demegestone,
promegestone, and megestrol acetate.

10. The transdermal drug delivery system of
[claim 2] any one of claims 2 to S, wherein the drug
is a B,~adrenergic agonist.

11. The transdermal drug delivery system of claim
(7] 10 wherein the f,-adrenergic agonist is selected
from the group consisting of metaproterenol,

I s
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terbutaline, albuterol, carbuterol, rimiterol,

salmefamol, fenoterol, soterenol, tratoquinol, and

quinterenol.

12. The transdermal drug delivery system of

(claim 2] any one of claims 2 to §, wherein the drug
is a cardioactive agent. . |

13. The transdermal drug delivery system of claim
12 wherein said cardiocactive agent is selected from
the group consisting of nitroglycerin, isosorbide
dinitrate, isosorbide mononitrates, quinidine sulfate,

procainamnide, benzydroflumethiazide,
bendroflumethiazide, chlorothiazide, nifedipine,
nicardipine, verapanil, diltiazenm, timolol,

propranolol, captopril, clonidine and prazosin.

14, The transdermal drug delivery system of
(claim 2) any one of claims 2 to S, wherein the drug
is a cholinergic agonist.

1s. The transdermal drug delivery system of clain
14 wherein the cholinergié agonist is selected from
the group consisting of choline, acetylcholine,
methacholine, carbachol, bethanecheol, pilocarpine,
muscarine, and arecoline.

16. The transdermal drug delivery system of
{claim 2] any one of claims 2 to 15, wherein the drug
is intimately mixed with the blend.

17. The transdermal drug delivery system of
[claim 2) any one of claims 2 to 16, wherein said
system is a reservoir device having an adhesive
portion comprised of said blend.

18. The transdermal drug delivery system of
{claim 2] any one of claims 2 to 17, wherein said
first polymeric material is a polyacrylate.

19. The transdermal drug delivery system of claim
18 wherein the second polymeric material is a
polysiioxane.
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46 CLAI MS 1. A dermal conpositi on co acghg
pol yacryl ate and a second pol Whre‘ﬁheﬁﬁ néﬁ"i

pol ysi | oxane and a hydrocar bon
anount of a drug for transder

Pr @i MARe 13g79nplosf tion is

a pressure-sensitive adhesive an he pol yacryl a and the secono‘ ppl yner

nodul ates the perneation rate of the drug throughj the derms, and wnerein
t he conposition excludes a pol yet hyl ene/ vi Q;I acef ate copol ynmer.

20. The transdermal drug delivery system of claim
19 wherein the polyacrylate is present in an amount
ranging from about 2% to about 96% by weight of the
blend and the polysiloxane is present in an amount
ranging from about 98% to about 4% by weight of the
blend. |

21. The transdermal drug delivery system of claim
7 wherein the estrogen is 17f-estradiol and the 178-
estradiol is present in the system in an amount of
from about 1% to about 5% by weight.

22. The transdermal drug delivery system of claim
9 wherein the progestational agent is norethindrone
acetate and the norethindrone acetate is present in
the system in an amount of from about 1% to about 5%
by weight.

23. The transdermal drug delivery system of claim
11 wherein the f,~adrenergic agonist is albuterol and
the albuterol is present in the system in an amount of
less than about 30% by weight.

24. The transdermal drug delivery system of claim
13 wherein the cardioactive agent is nitroglycerin and
the nitroglycerin is present in the system in an
amount of less than about 25% by weight.

25. The transdermal drug delivery system of claim
15 wherein the cholinergic agonist is pilocarpine and
the pilocarpine is present in the drug-containing
polymeric diffusion matrix in an amount of less than
about 30% by weight.

26. The transdermal drug delivery system of
{claim 2] anv one of clajms 2 to §, wherein the drug
is a tranquilizer.

27. The transdermal drug delivery system of claim
26 wherein the tranquilizer is selected from the group
consisting of alprazolanm, chlordiazepoxide,
clorazeptate, halazepanm, oxazepan, prazepan,
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2. The corrposi tion of claim1, which further conprises_a hydrophili.c

fitler. 3. The conposition of claim2, wherein t 1@3;1%9&?\?;9@?354 Suidy ler
i ncl udes a alum num silijcate cl lay. 4. The conpos oo of . claim1, further

conprising a backing materi al superinposed on one puﬁfacerrgA t@ pfesgsure
sensitive adhesive Hasmgmkeﬁlaaed backi ng-mater | alf Bel B9 apt al | y

i nperneable to the d rherel n. 5. T”ne coppositiaon.of Elaim
4, further conpr|5|n ner superlnposed on a surface of tpe
pressure sensitive adheswe corrp |t|on oPPOsi t swjl-. 6.
The conposition of claim1, wherein the drug is a steroid. 7. The
conposi tion of Glahﬂzﬁpaﬂ)erm’lmfié'&ﬁdﬁl Oifri®$zolam, lorazepam and
diazepan.
28. The transdermal drug delivery system of clainm
27 wherein the tranquilizer is alprazolam. .
29. The transdermal drug delivery system of
{claim 2] any one of clajms 2 to 5, wherein the drug
is an antipsychotic. _
30. The transdermal drug delivery system of claim
29 vwherein the antipsychotic is selected from the
group consisting of thiopropazate, chlorpromazine,
triflupromazine, mesoridazine, piperacetazine,
thioridazine, acetophenazine, fluphenazine, perphenaz-
ine, trifluoperazine, chlorprathixene, thiothixene,
haloperidol, bromperidol, loxapine and molindone.
31. The transdermal drug delivery system of claim
30 wherein the antipsychotic is haloperidol.
32. The transdermal drug delivery system of
[claim 2) any one of claims 2 to 5, wherein the drug
is an anesthetic.
33. The transdermal drug delivery system of claim
32 wherein the anesthetic is selected from the group
consisting of 1lidocaine, tetracaine, dyclonine,
dibucaine, . cocaine, procaine, mepivacaine,
bupivacaine, etidocaine, prilocaine and benzocaine.
34. The transdermal drug delivery system of claim
33 wherein the anesthetic is lidocaine.
3s. The <transdermal drug delivery system of
{claim 2] any one of claims 2 to 5, wherein the drug
is an analgesic.
36. The transdermal drug delivery system of clainm
35 wherein the analgesic is selected from the group
consisting of fentanyl, buprenorphine and codeine.
37. The transdermal drug delivery system of

(claim 2] any one of claims 2 to 5, wherein the drug

has an action on the central nervous systen.
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an estrogen selected fromthe group consisting of conjugated- S@E S,
esterified estrogens, estropipate, 17[err]=-estrodi olg;_gpgﬁ’ﬁﬁﬁ:%ﬁﬂ:\i

estrone, estriol ,__et hinyl estrodiol, and diethyl stl | pest+ot The
conposi ti on of cl 6 wherein the steroid is a p}yogegtqt ma‘gg?agm . 9.
The This 8ks "‘°° claim 8, wherein the L?gestat i onal { agent
sele t roup consi sting of progesterone| S-rorprogest erofe,

noret th| ndrone acetate, mel engest jol , chl or onadi_one,

et hi sterone madroxyprogesterone acet at e, hsﬂroxypt-@gesfvrone capr oat e;

38. The transdermal drug delivery system of claim
37 wherein the drug is nicotine.

39. The transdermal drug delivery system of
{claim 2] anvy one of claims 2 to S, comprising a
mixture of at least two drugs.

40. The transdermal drug delivery system of clainm
39 comprising a mixture of a progestational agent and
an estrogen. -

41. The transdermal drug delivery systenm of claim
40 wherein said progestational agent is selected from
the group consisting of progesterone, 19-norpro-
gesterone, norethindrone, norethindrone acetate,
melengestrol, chlormadinone, ethisterone, medroxy-
progesterone acetate, hydroxyprogesterone caproate,
ethynodiol diacetate, norethynodrel, 17a-hydroxy-
progesterone, dydrogesterone, dimethisterone,
ethinylestrenol, norgestrel, demegestone,
promegestone, and megestrol acetate.

42. The transdermal drug delevery system of claim
41 wherein said progestational agent is norethindrone
acetate. :

43. The transdermal drug delivery system of claim
{46] 40 wherein said estrogen is selected from the
group consisting of conjugated estrogens, esterified
estrogens, estropipate, 178-estradiol, equilin,
mestranol, estrone, estriol, ethinyl estradiol, and
diethylstilbestrol. '

44. The transdermal drug delivery system of claim
43 wherein said estrogen is 178-estradiol.

45, The transdermal drug delivery system of
[claim 2) any one of clajms 2 to 44, wherein the first
and second solubility parameters are different from
one another by an increment of at least about 2

(T /cm®) 13,
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il

et hynodi ol di acetate, norethynodrel,  I7]err]-hydroxyprogesterone,
dydr ogest er one, di net hi st erone, ethinmhs&knmm%&deﬁﬁﬁges ; est one,

and negestrol acetate. 10. The conp05|
a [err]- adrenergic agonist. 11. The c cIa
[err]- adrenergic agonist is selected

net apr ot erenol, terbutaline, albuterol, carbuterol rimit

fenoterol, soterenol, tratoquinol, and quinterenol. 12, 4T

claiml, wherein the drug is a cardioactiw agent. 13. |The conposition
of claim 12, wherein sai d cardioactive agent is selettet++em.Lhe
group consisting of 4Rkt r oFhpctransdermadrdvee delivery systam ofpbriain

mononi trate, 45 wherein the first and second solubility parameters
are different from one another by an increment of at
least about 4 (J/cm’)!?. _
47. The transdermal drug delivery system of
(claim 2] any one of claims 2 to 46, wherein said
system achieves an increased permeation rate of the
drug through the dermis of a subject relative to the
permeation rate achieved by a system comprising said
first polymeric material as the sole polymeric

‘material.
48. The transdermal drug delivery system of

(claim 2] any one of claims 2 to 46, wherein said
system achieves a decreased permeation rate of the
drug through the dermis of a subject relative to the
permeation rate achieved by a system comprising saiad
first polymeric material as the sole polymeric
material.

49. The transdermal drug delivery system of
{claim 2) any one of claims 2 to 48, further
comprising an additive selected <from the group
consisting of an enhancer, a filler, a co-solvent and
an excipient.

[50.])81 A transdermal drug delivery systen
comprising:

(a) a multiple polymer adhesive systen
consisting essentially of a blend of about 2% to about
96% by weight of an acrylic-based polymer and about
98% to about 4% by weight of a silicone~based polymer,
the multiple polymer adhesive system being in an
amount of about 99% to about 50% by weight of the
systen;

(b) a drug in the amount of about 0.3% to
about 50% by weight of the systenm;

LT




qui ni di ne sulfate, procai-nmam de,”” benzydr of | upethi-azi-de;
bendr of | unet hi azi de, Ch|Q£Q§ﬁkﬁ%$§&mR&Mkeﬁlplne n dﬁFﬁAﬁEMENT%ﬁﬁﬁﬁaﬂl,

Sr-ehi-Are—aRa—pFazbsi n

diltiazem tinol ol aptopril, :
14. The conposition of cI “\ﬁ the drug i agpni st .
15. The conposition of cla t he cholihe 952P£3%§%€¥p I s

sel ected fromthe group conS|st|ng of choline, acetylchottne;

met hachol i ne, car bachol , bet hanechol , 48 pi |l ocar pi ne, muscafi ne,
and arecoline. 53

(23N )

{c) an effective amount of a co-solvent for
the drug, said amount being up to about 30% by weight
of the system; and

an effective amount of an enhancer, said amount
being up to about 20% by weight of the systenm. '

(51.)52. The transdermal drug delivery system of
claim 50 further comprising fillers and excipients in
an amount of about 1t to about 15% by weight of the
derma) adhesive composition.

[52.]50. The transdermal drug delivery system of
claim 2 comprising at least two drugs.

53. A method of making a transdermal drug
delivery system of the type having a drug-containing
pi:essure-sensitive adhesive, the method comprising the
steps of:

(1) producing a mixture of

(a) a blend of a first polymeric material .
having a first solubility parameter,
and a second polymeric material having
a second solubility parameter, said
first and second solubility parameters
being different from one another and
resulting in a preselected net
solubility parameter of the blend, and

(b) a drug; and

(2) forming the mixture into a pressure-

sensitive adhesive matrix. : _

54. The method of claim 53 further comprising the
step of applying a backing material to one side of the
pressure-sensitive adhesive matrix, said backing
material being substantially impermeable to the drug
contained therein.

55. The method of claim 54 further comprising the
step of applying a release liner to a surface of the
pressufe-sensitive adhesive matrix opposite said
backing material.
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16. The conposition of claim1l1, wherein the drug i-s-d-Rtatery—mxed W th
the blend. 17. The conposition of claim1, V\herehﬁﬁgajtd!ﬂﬁfﬁ'nﬁﬁgﬁl onis a
reservoir devi ce_havi.ng-an--athesi ve portion condpr +sed—ef—sat-dl gnd. 18.
The conposition of clal 7 ein the estroggn i tir gdi ol and

ghel . i
the 17[err] - estFud : rRV\42 t in the conposijtiio J’ &aﬁ izgrm nt jof from
about 1%to abou u ﬁ 19. The  congosition lgim 9,
wherein t he pr gent is norethindrone acet ate fand the
nor et hi ndrone acetate is present in the c&#positttomrtnmamamoumt—of from 1%
to about 5% by wei ght. 20. The conposition of claim1, wherein the drug is-
56. The method of [claim 53) g_ny__ggg_p_i_glg_ms_ﬁ}_
to 55, wherein an additive selected from the group
consisting of an enhancer, a filler, a co-soclvent and
an excipient is combined with said mixtire prior to
forming the mixture into the pressure-sensitive

adhesive matrix.

57. The method of [claim 53] any one of claims 53
to 56, wherein the drug is intimately mixed with the

blend.

s8. The method of [claim 53) anvy one of claims
to 57. wherein said system is a reservoir device
having an adhesive portion comprised of said blend.

59. The method of [claim 53} any one of claims 53
to 58, wherein said first polymeric material is a
polyacrylate.

60. The method of claim 59 wherein the second
polymeric material is a polysiloxane.

61, The method of claim 60 wherein the ratio of
polyacrylate to polysiloxane is from about 2:98 to
about 96:4 by weight of the pressure-sensitive

adhesive matrix.
62. The method of claim 61 wherein the ratio of

polyacrylate to polysiloxane is from about 2:98 to
about 90:10 by weight of the pressure-sensitive
adhesive matrix.

63. The method of claim 62 wherein the ratio of
polyacrylate to polysiloxane is from about 2:98 to
about 86:14 by weight of the pressure-sensitive
adhesive matrix.

. 64, The m=- ~od of [claim 53) any one of claims §3
to 63, where- the drug is present in an amount
ranging from .t 0.3% to about 50% by weight of the
pressure-sensitive adhesive matrix.

65. The method of [claim 53] any one of claims 53
Lo 64, wherein the drug is a steroid.

[




upto about 30% by weight. 21. The conposition of clj
cardi oach_ve agent-. J}s ni-troglycerin and the nitroglygeti 7@'@&3‘9? | _
I

corrpos!tl i:nBen t of less than about 25% by

conpo
the pil
about 3
traan|I|zer

‘SNTaFfFBQEIt of

al buterol and the al buterol is present in the corrp05|t|or*r"*r’i‘?i““"j

i T3, wherein i

ht 22. The

wherein the cholinergic agojpist is pilocarpln_

sent In the conposition in an gnount of |es

3 The conposition of claim1,

selected fromthe group consisting of al prazolam chlordi azepoxi de,

cl orazept at e,

hal azepgun oFneapethodralz eladm 65 wherein the steroid is

an estrogen selected from the group consisting of

conjugated estrogens, esterified estrogens,
estropipate, 178-estradiocl, equilin, mestranol,
estrone, estriol, ethinyl estradiol, and
diethylstilbestrol.

67. The method of claim 66 wherein the estrogen
is 17B8-estradiol and the i7B-estradiol is present in
the pressure-sensitive adhesive matrix in an amount of
from about 1% to about 5% by weight.

68. The method of claim 65 wherein the steroid is
a progestational agent.

69. The method of claim 68 wherein the
progestational agent is selected from the group
consisting of progesterone, 19-norprogesterone,
norethindrone, norethindrone acetate, melengestrol,
chlormadinone, ethisterone, medroxyprogesterone
acetate, hydroxyprogesterone caproate, ethynodiol
diacetate, norethynodrel, 17a-hydroxyprogesterone,,
dydrogesterone, dimethisterone, ethinylestrenol,
norgestrel, demegestone, promegestone, and megestrol
acetate. '

70. The method of claim 69 wherein the
progestational agent is norethindrone acetate and the

'norethindrone acetate is présent in the pressure-

sensitive adhesive matrix in an amount of from about
1% to about 5% by weight.

71. The method of {claim 53] any one of claims 53
to 64, wherein the drug is a g,-adrenergic agonist.

72. The method of claim 53 vwherein the
B,-adrenergic agonist is selected from the group
consisting of metaproterenol, terbutaline, albuterol,
carbuterol, rimiterol, salmefamol, fenoterol,
soterenol, tratoquinol, and quinterenol.

R R O R

erein the drug i
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49 cl onazepam qurazepan1 trlazola

wherein the tranquilizer
wherein the drug is an antlp
26, wherein the anti psyc
t hi opr opazate, chl orpromazi ne,
pi peracet azi ne, thioridazine,
trifluoperazine, chlorprathixene,
| oxapi ne and nol i ndone.

trlflupronBZ|ne
acet ophenazi ne, uphquz

25 The conp05|t|on of cl ai.m 24,
ce drhe conposition of claim1l,

lﬁef roﬂﬁﬁﬁ%f@h%\ﬁﬁ S@@E g of

sting of
orTaazi ne,

MR, 1963 ﬂgenazi ne,

pbperi dol, bronpeyidol,

t hi ot hi xene, ha

56

73. The method of claim 72 wherein the §,-
adrenergic agonist is albuterol and the albuterol is
present in the pressure-sensitive adhesive matrix in
an amount of less than about 30% by weight.

74. The method of [claim 53] ;n!_gng_g:_glgigg_ig
to 64, wherein the drug is a cardioactive agent.

75. The method of claim 74 wherein said
cardicactive agent is selected from the group
consisting of nitroglycerin, isosorbide dinitrate,
mononitrates, quinidine sulfate,
benzydroflumethiazide,
bendroflumethiazide, chlorothiazide, nifedipine,
nicardipine, verapamil, diltiazenm, timolol,
propranolol, captopril, clonidine and prazosin.

76. The method of claim 75 wherein the
cardicactive agent is nitroglycerin and the
nitroglycerin is present in the pressure-sensitive
adhesive matrix in an amount of less than about 25% by

isosorbide
procainamide,

weight. E

77. The method of {claim 53) any one of claims 53
to 64, vherein the drug is a cholinergic agonist.

78. The method of claim 77 wherein the

cholinergic agonist is selected <from <the group
consisting of choline, acetylcholine, methacholine,
carbachol, bethanechol, pilocarpine, muscarine, and
arecoline. :

79. The method of claim 78 wherein the
cholinergic agonist is pilocarpine and the pilocarpine
is present in the pressure-sensitive adhesive matrix
in an amount of less than about 30% by weight.

80. The method of claim 53 wherein the drug is a
tranquilizer. .
81. The method of «claim 80 vwherein the

tranquilizer is selected from the group consisting of
alprazolan,chlordiazepoxide,clorazeptate,halazepam,
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28. The

hal operi dol . 29.

anest heti c. 30.7The conposi-t+onr-of claim?29, wher i@gPDRGEMEﬁTH@ﬁ%ﬁ
sel ected fromiifiéhediRtBefROF.SL 1 NO Oof |idocaine, tiety] '

di bucai ne, c
pril ocai ne and
anesthetic is
I s an anal gesi c.
selected from

conposition

of claim 27, wher ei n
The conposition of claiml, wherein the drug i s-ah-

S
i he,

I ne, mepi vacai ne, blupjvacai 4 dpc
TMHEEWJ"HI} The conposition of [l gi %kMei he
I ! I8l The conposition of clhil ' e
33. The conposition of cl ghpm 32, erein the anal ge
t he consisting of fentanil,

group
oxazepam, prazepam, clonazepam, flurazepam, triazolam,

lorazepam and diazepam.

82. The method of
tranquilizer is alprazolam.

83. The method of [claim S3) any one of clajms 53
to 64, wherein the drug is an antipsychotic.

84, The method of claim 83 wherein the
antipsychotic is selected from the group consisting of
chlorpromazine, triflupromazine,
piperacetazine, thioridazine,
acetophenazine, fluphenazine, perphenazine,
trifluoperazine, chlorprathixene, thiothixene,
haloperidol, bromperidol, loxapine and molindone.

85. The method of claim 84 wherein
antipsychotic is haloperidol.

86. The method of [claim 53) any one of claims 53

Lo 64, wherein the drug is an anesthetic. '
87. The method of claim 86 wherein the anesthetic is
selected from the group consisting of 1lidocaine,
tetracaine, dyclonine, dibucaine, cocaine, procaine,
mepivacaine, bupivacaine, etidocaine, prilocaine and
benzocaine.

88. The method of claim 87 wherein the anesthetic
is lidocaine.

89. The method of [claim 53) any one of claims 53
to 64, wherein the drug is an analgesic.

90. The method of claim 89 wherein the analgesic
is selected from the group consisting of fentanyl,
buprenorphine and codeine.

91. The method of {claim 53] any one of clajims 53
to 64, wherein the drug has an action on the central
nervous systen.

92. The method of claim 91 wherein the drug is
nicotine.

) O O VI '

claim 81 wherein the

thiopropazate,
mesoridazine,

the
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bupr enor phi ne and code| ne. . The conposition of claim1l, wherein the drug
has an SOTTaiﬁhP ntral nervous system ﬁ t{on of
cl aim 34, vvhe H is nicotine. 36. The c %éé}gﬁ -g;gi&%; m 1,
conprising a east two drugs. 37. The Forpositron of aim

36, conpri si ng a mxture of a progestational agent a1dgapmq§ﬁien 38.
The conposition claim 37, wherein said

58

93. The method of [claim 53) any one of clajims 53
to 64, wherein a mixture of at least two drugs is

combined with said blend of polymeric materials.

94. The method of claim 93 wherein said mixture
" of drugs comprises a progestational agent and an
estrogen.

95. The method of <claim 94 wherein said
progestational agent is selected from the group
consisting of progesterone, 19-norprogesterone,
norethindrone, norethindrone acetate, melengestrol,
chlormadinone, ethisterone, medroxyprogesterone
acetate, hydroxyprogesterone caproate, ethynodiol
diacetate, norethyncdrel, 17a-hydroxyprogesterone, '
dydrogesterone, dimethisterone, ethinylestrenol,
norgestrel, demegestone, pronegestone « and megestrol
acetate.

96. The method of claim 95 wherein said
progestational agent is norethindrone acetate.

97. The method of claim 94 wherein said estrogen
is selected from the group consisting of conjugated
estrogens, esterified estrogens, estropipate, 178-
estradiol, equilin, mestranol, estrone, estriol,
ethinyl estradiol, and diethylstilbestrol.

98. The method of claim 97 wherein said estrogen
is 178-estradiol.

99. The method of [claim 53] any one of claims 53
£o 98, wherein the first and second solubility
parameters are different from one another by an
increment of at least about 2 (J/cm’) 2,

100. The method of claim 99 wherein the first and
second solubility parameters are different from one
another by an increment of at least about 4 (J/cm’)'?,

101. A method of adjusting the solubility of a
drug in a transdermal drug delivery system which
comprises the step of blending a plurality of polymers
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pr ogest at i onal

chl or onadi none,

agent is sel ected fromthe group conmsi st'ggﬂ.ﬁ@@éﬁ%g?

19- nor pr ogest er one, nor et hi ndr on@his SeetelbiBRERIReACET t

est hi st erone, rone acdtate,
hydr oxypr ogest erone caproate, eth te, ngrdtyRoMARI1337 |
17a- hydr oxypr ogest erone, dydrogest , steronpe,j_ethinylestre

norgestrel, denmegestone, pronegestone, and negestrol acetate. 39. The

conposition of

claim 38, wherein sai d progestatilgnal agent is

O

olf

nor et hi ndrone acetate. 40. The conposition5®f claim 38, wherein said
estrogen is selected fromthe group consisting of cogjtgg_gt ed estrogens
i

esterified estrojavingsaiffiering sofupllity:r naram

i 80 MAZtr

estrone,  estriglchjevd NiahYpreagtetathed. neendGoliubhiyityi [paraimeter,

wherein at least two of said plurality of polymers
have solubility parameters differing by at least about
2 (J/cm®)?,

102. The method of claim 101 wherein the first and
second solubility parameters are different from one
another by an increment of at least about 4 (J/cw’)'?,

103. A method of modulating the delivery rate of

a drug from a transdermal drug delivery system of the
type having a pressure-sensitive adhesive matrix,
which method comptises the steps of:

(a) selecting at 1least two immiscible
polymeric materials as components of a multiple
polymer adhesive system such that the system has a
preselected net solubility parameter which results in
a modified solubility of a drug in the system; and

(b) combining said at least two polymeric
materials with a drug to form a pressure-sensitive
adhesive matrix, wherein the matrix achieves a drug
delivery rate which is determined by said preselected
net solubility parameter and which differs from the
delivery rate achieved by a pressure-sensitive
adhesive matrix comprising a single one of said at
least two polymeric materials as the sole polymeric
material.

104. The method of claim 103 wherein the drug is
intimately mixed with the at -least two polymeric
materials in the pressure-sensitive adhesive matrix.

105. The method of claim 104 wherein said
polymeric materials and said drug are combined to form
a reservoir device having an. adhesive portion
comprised of a blend of said polymeric materials.
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41. The conposition of claim40, wWhereinsaid estrogen is
17[err]-estroadiol . 42. The connmneatamsmpmm wherei n sai d

conposition achi eves an |ncrease te of the drug through the
derm s of a subject relative to mmﬂimm rate achi eved by a
conposition conprising one of sai or said second polyner as
the sol e pol yner. 51 43. The conposition of claim1 wherein sition

achi eves a decreased perneation rate of the drug through the derm s of a
subject relative to the perneation rate aohi eved

106. The method of [claim 103) any one of claims
103 to 105, wherein said step of selecting comprises
the step of measuring the flux rate from various
weight ratios of the selected at least two immiscible
polymers and choosing the ratio producing a

preselected flux rate.
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by a conposition conprising said one of said polyacrylate'or said second
pol ymer as the sole polynmer. 44. The conposition of claim1, further
conprising an additive selected fromthe ‘group consisting of an enhancer,

filler,

a co-solvent and an excipient. 45. The conposition of claiml1,

wherein the polyners of the blend consist essentially of the polyacrylate

and second pol yner.

conposi tion of claim46, wherein the polyacrylate is present in an anount
rangi ng from aboutgciiPEIY, 7O HARGMHTRR \BASED DHRUG mmusymmnd t he
polysiloxane is presepjini fermop FOR ALTERING DRUG SATURATION

CONCENTRATION
ABSTRACT

The method of adjusting the saturation concentration of a
drug in a transdermal composition for application to the
dermis, which comprises mixing polymers having differing
solubility parameters, so as to modulate the delivery of
the drug. This results in the ability to achieve a
predetermined permeation rate of the drug into and through
the dermis. In one embodiment, a dermal composition of the
present invention comprises a drug, an acrylate polymer,
and a polysiloxane. The dermal compositions can be
produced by a variety of methods known in the preparation
of drug-containing adhesive preparations, including the
mixing of the polymers, drug and additional ingredients in
solution, followed by removal of the processing solvents.
The method and composition of this invention permit
selectable loading of the drug into the dermal formulation
and adjustment of the delivery rate of the drug from the
composition through the dermis, while maintaining

acceptable shear, tack, and peel adhesive properties.
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46. The conposition g1 claim1, wherein polyners of the

bl end consi st essentially of the polysiloxane and the polyacrylate. 47. The



an anmount rangi ng from about 98%to about 4% by wei ght of the conposition.
48. The conposition of claim46, which conprises based on the wei ght of the
.conposition, about 0.3 to about 50% by wei ght of al buterol, about 14 to
about 97% by wei ght of polysiloxane, about 2 to about 85% by wei ght of

pol yacrylate, O up to about 20% by wei ght of enhancers, and about 0 up to
about 30% by wei ght of co-solvents. 49. The conposition of claim46, which
conpri ses based on the weight of the conposition,about 0.3 to about 50% by
wei ght of said drug, about 14 to about 97% by wei ght of polysil oxane,
about 2 to about 85% by wei ght of polyacrylate, 0 to about 20% by wei ght of
enhancers, and about 0 to about 30% by vvei’ght of co-sol vents.
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52 50. The conposition of claim 1, wherein the blend includes
addi tional polyners 51. A conposition as clainmed in claim1, wherein the
pol yacryl ate and the second polynmer are pressure-sensitive adhesives. 52.
The conposition as claimed in claim45, wherein the polyners of the blend
consi st essentially of the polyacrylate and the hydrocarbon polymer. 53.
The conposition & claimed in claimb52, whérein the hydrocarbon polyner is

sel ected from t hE group_consisting of SE—
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pol yet hyl ene, pol ystyrene, polyisobutyl ene, pol ybutadi ene and the copol yner
of pol yet hyl ene/ butyl ene. 54. A conposition as claimed in claim53. wherein
t he hydrocarbon pol yner is polyisobutylene. 55. A conposition according to
claim1l1, wherein the conposition consists essentially of the polyacryl ate,
t he second pol yner and one or nore drugs. 56. The conposition of claim1,
wherein the drug is an androgenic steroid. 57. The conposition of claiml,
wherein the drug is an Parkinsoni an agent. 58. The conposition of c@pin157,
wherein the Parkinsoni an agent is selegiBine (deprenyl). 59. The '

conposition of claim1,__wherein the drug is an gg
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'anti-inflarmatory. 60. The conposition of claim59, wherein the anti -

I nfl ammat ory agent is selected fromthe group consisting of 53
.fenoprofen, flurbiprofen, ibuprofen, Kketoprofen, naproxe peroxicam
fludrocorti sone, bet anet hasone, fl uci nol one, flurandrenoli de,

pr edni sol one and predni sone. 61. The conposition of claim1, wherein the
drug is an anorectic. 62. The conposition of claim®6l, wherein the ,
anorectic is selected fromthe group congisting of fenfluram ne, mazi ndol

LS| \\\
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FIG. 4

STEADY-STATE NITROGLYCERIN SKIN FLUX FROM SYSTEMS WITH

VARYING RATIOS OF ACRYLATE AND SILOXANE POLYMER
100.0:0.0 81.6:18.4 625:375 43.2:56.8 21.7:78.3 0.0: 100.0 Nitro-Dur®

T - T —

(/g wo/brl) xN1d

REPLACEMENT SHEET

0 7 MAR 1997




and phenterm ne. 63. The conposition of claim1, wherein the drug is

sel ected fromthe group consisting of m soprostol,

tetracycline, al buterol,

conposition of claim36, wherein the first drug is an anesthetic and the
second drug is elected fromthe group cogfisting of anal gesi cs,
and anti-inflammtories. 65. The conposi

al prazol am and hal operi dol .

bacl of en,

64. The

scopol am ne,

anest hetics
on of claim1l1, which further

conprises: a backing layer which is in contact with a first surface of the

- dermal conposition; aTH'a rel ease layer which is in confact with and which

rel easably covers the

0.354

STEADY-STATE ESTRADIOL FLUX THROUGH HUMAN EPIDERMIS
IN VITRO FROM SYSTEMS OF EXAMPLES 7, 8, AND 9.

opposite surface of the dernal
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Example 7

co gpition.

Acrylic
Example 8
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66. A pressure-sensitive adhesive conposition for dermal adm nistration of

a drug conprising a blend of: (a) tw polyners consisting essentially of
.about 2% to about 96% by wei ght of a pol'yacrylate and about 98%to about 4%
by wei ght of a polysiloxane, the two polérrers being in an amobunt of about
99% t o about 50% by wei ght of said conmpoSition; (b) a drug in the anount of

about 0.3%to about_50% by weight of said conposition; (c) an effective
anount of a co-soljvent for the drug, 54
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(a) two or nore polynmers which includes a polyacrylate and one or nore of
a pol ysil oxane, polyvinylchloride, polyvinylidene chlori
pol yhchl oroprene, polyacrylonitrile, nylon-6,6, .epoxy resin
pol ybut adi ene/ acrylonitrile and a hydrocarbon pol yner, sai
pol ymers have corresponding solubility pganeters and are
proportion, resulting in a net solubility paraneter of the bifelld;
said preselected drug, wherein the gQ anéltEfnoéf a pressufe
adhesi ve wherein the net solubility sararet t he bl end
solubility of the preselected drug iw th@ blends and wher €t

~conposition excludes a pol yet hyl ene/&i n;&f agbt copolynmer. 69. A pr
according to cl ai n56é-, wherein the oEe (i E s
= X X »x X :
W o W W
N O B

DRUG
FIG. 8
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Effect of the polyé'l loxane/polyacrylate polymer ratio on
estradiol (E2) and norethindrone acetate (NAC) flux through
epldermis from E2/NAC combination systems of Examples 17-2

03
0.21
- 00

0.1

(dusg wo/br) xn14



t he

55 71. A process according to

i ncl udes the hydrocarbon pol yner

| NPT N

70. A process according to claim 68,

nore drugs.
wherein the second pol yner

wherein the conposition consists essentially of the pol yacryl ate,
Is selected fromthe

second polynmer and one or

nore pol yners includes polysil oxane.

cl ai m 68,

whi ch

FRr

]

Effect of polysiloxane/polyacrylate polymer ratio on the
estradlol (E2)/norethindrone acetate (NAC) fiux ratio
from E2/NAC combination systems of Examples 17-20.
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72. A process according to claim®68,

Rononetateds : ] ExAMPLE 19
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E3 EXAMPLE 20
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adm ni stration, the conposition is positioned between a ba kﬁgﬁ
is in contact with a first surface of the conposition, andja e4

of the composition. 73. A dermal conposition, conprising a blegdyqﬁ&
pol yacrylate having a first solubility paranmeter and a secpn
sel ected fromthe group consisting of polQsiloxane and hydrocar
having a second solubility paraneter, wherein the first a

re (1897 2

solubility paraneter§ are different—fronmrone anotfer—by an i ncrenen
least 4 (J/cnferr])[err]; and (b) a therapeutically effective anount of a
drug for transdermal fadm ni
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wherein the conposition is a pressure-sensitive adhesive and the
pol yacryl ate and the second pol yner nodul ates the perneation rate of the
drug through the derm s, and wherein the conposition excludes a
pol yet hyl ene/ vi nyl acetate copol ynmer. 74. The conposit | ;
whi ch further conprises: a backing |layer which is in coﬁ?ﬁgécé¥€wj2§ﬁéffs

ich is 1n COMtay

surface of the dermal conposition; and firel ease | ayer
wi th and which rel easably covers the opposite surface jof] thg@ MARNER7

conposition. 75. A conposition for dermal admnistratiforaf _a drug,
conprising a blend of: (a) a polyacrylate and a second pol ynmer selected

fromthe

FLUX (pg/cm™2/hr)
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lidene
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REPLACREMUEESHEE 56 group consi sting of_polyvinylchloride P

chl ori de,
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conposition is a pressure
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76. The conposition of claim75, which further conprises: a backing |ayer
which is in contact with a first surface of the dermal conposition; and a
rel ease layer which is in contact and which rel easably covers the opposite

surface of the dermal conposition. 77. A nmethod of nodul at i-'ng Lvery
rate of a drug froma conposition for dermal adm nistratiof, mﬁﬂfﬁ,@ﬁhg

conprises the steps of: (a) selecting a polyacrylate havin

solubility parametgr and a second pol yner selected fromthe ré)?pw

consi sting of pq|yd | oxane and hydrocarbog pol yners havin sedond’® g7
solubility parar®ter, wherein the first and second sol ubi ’ Ity --amat_g,[_s\/

are different f%rﬁone Qo
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2

anot her by an increnent of at least 4 (J/cnferr]) such that the resultant
pol ymer has a net solubility paranmeter whHich results in a nodified
solubility of a drug in the conposition; and (b) conbi ning said

pol yacryl ate and the second polyner with a drug to forma
pressure-sensitive adhesive matrix conposition, wherein the nH IH‘WLA{: § Arp o —
conposition achieves a drug delivery rate which is determ ned jby, | dEM’éfPT SHEET
sol ubility paramaker and which differs fromthe delivery ratejlaghi eved by
pressure-sensit r@ adhesive matrix corrpqii tion conprising a singl & Bnﬂ,ﬁgﬁf;@g?
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57 and the second polynmer as the sole polynmeric mterial. 78. The nethod
af claim 77, wherein said polyacrylate, said second polyner and said drug
are conbined to forma reservoir device having an adhesive portion
conprised of a blend of said polyacrylate and said second pol ymer.
met hod of claim 78, wherein the drug is intimately mxed with the
pol yacryl ate and said second polyner in the pressure-sensitive adhesive
matri x. 80. The nethod of claim 78, wherein said step of selecting
conprises the step of nmeasuring the flul®rate fromvarious wei ght ratios of
the selected bl end of said polyacrylate and said second pel yner and .

79. The
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81. The nethod of claim 77, wherein the conposition
pol yet hyl ene/ vi nyl acetate copol yner. 82. A net hod
pressure-sensitive adhesive transdermal drug delive
conprising the steps of: producing a mxture of a p
pol ymer selected from the group céfsi sting

pol yvi nyl i dene chl ori‘de, pol ychl oroprene, pol yacf

epoxy resi GLARME a copol yner of pol ybut adi ene/ acry
therapeutically effective anmount of a drug; and for
pressure- sen5|t|ve adh i ve trix. 83, The nethpd,
conpri si ng the sk

|udes a (T
$f H?ﬁ%ﬁ%ﬁWEH|SHh
ryﬁﬂ@s e he ek Hod
pl yacryl ate an d4econd
bt | pdl %vﬁ?&l‘ﬁ%ﬁd;{i de,
yhionitrile, nyl 6, 6,
pnitrile and a
"-Rg-the mxture i hpto a

of cI gﬁgzéfiurther

ermal composition, comprising a

(a) a polyacrylate and a second polymer selected from the
group consisting of a polysiloxane and a hydrocarbon polymer;
and

(b) a therapeutically effective amount of a drug for
transdermal administration,

wherein the composition is a pressure-sensitive adhesive
and the polyacrylate and the second polymer modulates the
permeation rate of the drug through the dermis, and wherein the
composition excludes a polyethylene/vinyl acetate copolymer.

2. The composition of claim 1, which further comprises
a hydrophilic filler.

3. The composition of claim 2, wherein the hydrophilic
filler includes a aluminum silicate clay.

4. The composgition of claim 1, further comprising a
backing material superimposed on one surface of the pressure
sensitive adhesive composition, said backing material being
substantially impermeable to the drug contained therein.

5. The composition of claim 4, further comprising a
release liner superimposed on a surface of the pressure

gsensitive adhesive composition opposite said backing material.

6. The composition of c¢laim 1, wherein the drug is a
steroid.
7. The composition of claim 6, wherein the steroid is

an estrogen selected from the group consisting of conjugated
estrogens, esterified estrogens, estropipate, 178-estrodiol,
equilin, mestranol, estrone, estriol, ethinyl estrodiol, and
diethylstilbestrol.
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adhesive matrix, said backing material | it Al y{i nper neabl

t he drug cont ai ned t herei n. 58 84. t m83, further
conprising the step g the step of applylng a releage liner to a
surface of the pressure- sensitive adhes%s : STt ;sai d backi ng
material. 85. The method of claim82, wherein an additive sélected fromthe
group consi sting of e{fhezn@ampeﬂtaoml bfeclaamcd, sblerein die HSreseidi ot

i s conbi ned, g]%/ &(ﬁéliea&éﬁ@r to formng the m xture into the
pressure-sen e adhesive

9. The composition of claim 8, wherein the
progestational agent is selected from the group consisting of
progesterone, l9-norprogesterone, norethindrone, norethindrone
acetate, melengestrol, chloromadinone, ethisterone,
medroxyprogesterone acetate, hydroxyprogesterone caproate,
ethynodiol diacetate, norethynodrel, l17«a-hydroxyprogesterone,
dydrogesterone, dimethisterone, ethinylestrenol, demegestone,
promegestone, and megestrol acetate.

10. The compogition of claim 1, wherein the drug is a B,-

adrenergic agonist.

11. The composition of c¢laim 10, wherein the &8,-
adrenergic agonist is selected from the group consisting of
metaproterenol, terbutaline, albuterol, carbuterol, rimiterol,
gsalmefamol, fenoterol, soterenol, tratoquinol, and quinterenol.

12. The composition of claim 1, wherein the drug is a

cardiocactive agent.

13. The composition of claim 12, wherein said
cardiocactive agent is selected from the group consisting of
nitroglycerin, isosorbide dinitrate, isosorbide mononitrate,
guinidine sulfate, procainamide, benzydroflumethiazide,
bendroflumethiazide, chlorothiazide, nifedipine, nicardipine,
verapamil, diltiazem, timolol, propranolol, captopril,

clonidine and prazosin.

14. The composition of claim 1, wherein the drug is a

cholinergic agonist.
15. The composgition of claim 14, wherein the cholinergic

agonist is selected from the group consisting of choline,
acetylcholine, methacholine, carbachol, bethanechol,
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matrix. 86. The method of claim82, wherein the drug is Rrpligrehg E)ﬁd
with the blend. 87. The nethod of cIa|n182 wherei n sald systemis %B
reservoir device having an adhesive portion conprised |

The met hod of claim 82, wherein the second pol gprrer S @ﬁégﬁrﬁ%&g%@ﬁ&
The nethod of claim88, wherein the rati 48of polyacryljatp T o polysiT-oXan
is fromabout 2:98 to about 96:4 by wei ght of the pressufeidekPR 1988
adhesi ve nutirliocar@@inehenyscdothel andiawsRliweerein thelratio of

pol yacrylate to polysiloxane is fromabout 2:98 to abdut 90: 10 by wel ght
t he pressure- sen156|t|ve adhesive matri x.

The composition of claim 1, whersimr the—drug—t=
intimately mixed with the blend.

hev I

17. The composition of claim 1, wherein said composition
is a reservoir device having an adhesive portion comprised of
said blend.

18. The composition of claim 7, wherein the estrogen is
178-estradiol and the 178-estradiol is present in the
composition in an amount of from about 1% to about 5% by

weight.

19. The composition of claim 9, wherein the
progestational agent is norethindrone acetate and the
norethindrone acetate is present in the composition in an

amount of from 1% to about 5% by weight.

20. The composition of claim 1, wherein the drug is
albuterol and the albuterol is present in the composition in
an amount of up to about 30% by weight.

21. The composition of claim 13, wherein the cardioactive
agent is nitroglycerin and the nitroglycerin is present in the
composition in an amount of less than about 25% by weight.

22. The composition of claim 14, wherein the cholinergic
agonist is pilocarpine and the pilocarpine is present in the
composition in an amount of less than about 30% by weight.

23. The composition of claim 1, wherein the drug is an
tranquilizer.

24. The composition of claim 23, wherein the tranquilizer

is selected from the group consisting of alprazolam,
chlordiazepoxide, clorazeptate, halazepam, oxazepam, prazepam,

* c L M S *
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91. The nethod of claim 90, wherein the

pol ysil oxane is from about 2:98 to about 86:1
pressure-sensitive adhesive matrix. 92. The m
drug is present in an anount rangi ng from abo
wei ght of the pressure-sensitive adhesivé9mat
82, wherein the drug is selected 59 fromt

gat ed estr sjeomszepaner i fiunpzepangdisiazekamnopt
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equilin, nestranol,
diethylstilbestrgg,

estrone, estriol,

is alprazolam.

et hi nyl

-39t 0 about

98- AP E0oBt

> r
estradi ol ,

,group consi st

The composition of claim 24, wherein the tranquilizer

26. The composition of claim 1, wherein the drug is an
antipsychotic.

27. The composition of claim 26, wherein the
antipsychotic is selected £from the group consisting of
thiopropazate, chlorpromazine, triflupromazine, mesoridazine,
piperacetazine, thioridazine, acetophenazine, fluphenazine,
perphenazine, trifluoperazine, chlorprathixene, thiothixene,

haloperidol, bromperidol, loxapine and molindone.

28. The of

antipsychotic is haloperidol.

composition

29.

‘anesthetic.

30.

claim

27,

wherein

the

The composition of claim 1, wherein the drug is an

The composition of claim 29, wherein the anesthetic

is selected from the group consisting of lidocaine, tetracaine,

dyclonine, dibucaine, cocaine,

bupivacaine, etidocaine, prilocaine and benzocaine.

31.
is lidocaine.

32. The composition of claim 1,
analgesic.

33. The composition of claim 32,
ig selected from the group
buprenorphine and codeine.

34. The composition

consisting

procaine,

of

* c L M S *

mepivacaine,

The composgition of claim 30, wherein the anesthetic

wherein the drug is an

wherein the analgesic

fentanyl,

of claim 1, wherein the drug has an



progest erone, 19-norprogesterone, norethindrone, norethin cet ate,

nel engestrol, chl or madi none, et hi st erone, nedroxyprgﬁggﬁg e T SHEET

acet at e, hydroxyprogesterone caproate, ethynodi ol di adgetate HUIU[nynGur |,

17a- hydr oxypr ogest erone, dydrogest erone, dinethisteroneF*@Lﬁﬁﬁwﬁﬁgé*§Eﬁl,

norgestrel, denegestone, pronegestone, nmB@estrol acetdt ol |,

terbutaline, al buterol, carbuterol, rimterol, sal nmefg L geEBB
oslor bi de

sot er enol , aqtdtaydmdihe (ReREEFbMATVONS reYFSR®rin, |9 initrdtd,

| sosor bi de nononitrates, quinidine sulfate, pr ocdi nam de,

benzydr of | unet hi azi de bendrofluneth|a2| phloroth|$zide, nj f edj pi ne,

ni cardi pi ne, verapanithe CEMPPSardRP °§|?&ﬁ 4. pr 0 il
cl oni di ne, nigazasd N, chol i ne, acetylchollne, nethachollne car bachol
bet hanechol , pilocarpine, nuscarine, arecoline,

36. The composition of claim 1, comprising a mixture of

at least two drugs.

37. The composition of claim 36, comprising a mixture of

a progestational agent and an estrogen.

38. The composition of c¢laim 37, wherein said
progestational agent is selected from the group consisting of
progesterone, l9-norprogesterone, norethindrone, norethindrone
acetate, melengestrol, chloromadinone, esthisterone,
medroxyprogesterone acetate, hydroxyprogesterone caproate,
ethynodiol diacetate, norethynodrel, 1l7a-hydroxyprogesterone,
dydrogesterone, dimethisterone, ethinylestrenol, norgestrel,
demegestone, promegestone, and megestrol acetate.

39. The composition of claim 38, wherein said

progestational agent is norethindrone acetate.

40. The composition of claim 38, wherein said estrogen
is selected from the group consisting of conjugated estrogens,
esterified estrogens, estropipate, 178-estradiol, equilin,
mestranol, estrone, egtriol, ethinyl estradiol, and
diethylstilbestrol.

41. The composition of claim 40, wherein said estrogen
is 178B-estroadiol.

42. The composition of claim 1, wherein said composition
achieves an increased permeation rate of the drug through the
dermis of a subject relative to the permeation rate achieved
by a composition comprising one of said polyacrylate or said
second polymer as the sole polymer.

* [~ L M S *



al prazol am chl or di azepoxi de, cl orazepta eﬁj Srad. azq*pg&@g‘- i
prazepam cl onazepam fl urazepam triazgl am..lorazepam.-

t hi opr opazat e, chl orpromazi ne, triflupronajine, {% ne,

pi per acet azi ne, thioridazine, acetophenazine, fll uphbHEB?R éé rfpHenazi ne,
trifluoperazine, chlorprathixene, t hi obhi xerje, _-_-—ha-l—epeH-el-e-l-,
br onperi dol, | oxapi ne, nol i ndone, | i docai ne, tetracalne
di bucai ne,  codd ne Theasmmasitiore ity sdaife l —Bapr 7 QMRS Ta"rh‘él?

prilocaineg r&f&@laﬂedeéf@aa@ailpeiameaem@ﬁpbaee, @n@h@o@&u@e tl"%uéﬁ’bethe
met hod of c] aim 82 V\/nerelgamxt re,of at ast two dr.ugs 1S I ned with

the bl end TGS R yF afl &ﬁﬂttﬁé §E&8ﬁdtﬁol pergeatip rﬁ?ttt?ooa 1&YST m
94 wher ei n gyhes neehpbei ©iodr dgdprising said one of said polyacrylate or

said second polymer as the sole polymer.
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44. The composition of claim 1, further comprising an
additive selected from the group consisting of an enhancer, a

filler, a co-solvent and an excipient.

45. The composition of claim 1, wherein the polymers of
the blend consist essentially of the polyacrylate and second

polymer.

46. The composition of claim 1, wherein polymers of the
blend consist essentially of the polysiloxane and the
polyacrylate.

47. The composition of claim 46, wherein the polyacrylate
is present in an amount ranging from about 2% to about 96% by
weight of the composition and the polysiloxane is present in
an amount ranging from about 98% to about 4% by weight of the
composition.

48. The composition of claim 46, which comprises based
on the weight of the -composition, about 0.3 to about 50% by
weight of albuterol, about 14 to about 97% by weight of
polysiloxane, about 2 to about 85% by weight of polyacrylate,
0 up to about 20% by weight of enhancers, and about 0 up to
about 30% by weight of co-solvents.

49. The composition of claim 46, which comprises based
on the weight of the composition,about 0.3 to about 50% by
weight of said drug, about 14 to about 97% by weight of
polysiloxane, about 2 to about 85% by weight of polyacrylate,
0 to about 20% by weight of enhancers, and about 0 to about 30%
by weight of co-solvents.
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eonprises a progestational agent and an estrogen. 96. Thg p%\g claim
95 wherein the progestational agent is selected annmthgﬁgpgﬂ ‘g%ﬁgﬁ§¥7ng

of progesterone, 60 19- nor progesterone, noreth | one
acetate, nel engestrol, chlormadi none, ethisterone %%@EN@@ZQ%%@? ne
acetate, hydroxyprogesterone caproate, esBynodiol |diacetate, norethynodrel,
17[ err]-hydroxyprogesterone, dydr ogesterone, d t i gttf%?ﬁ)r'lggs

et hi nyl est renol ,5or geis¢ r elqmuutesiggiest ond, pladvgept
acet at e. 9@néﬁﬁhé§”i&ﬁﬁé§oﬁ%fﬂﬁ%f§he¥@?rei” the progestational

i

rwlend

51. A composition as claimed in claim 1, wherein the
polyacrylate and the second polymer are pressure-sensitive
adhesives.

52. The composition as claimed in claim 45, wherein the
polymers of the blend consist essentially of the polyacrylate
and the hydrocarbon polymer.

53. The composition as claimed in claim 52, wherein the
hydrocarbon polymer is selected from the group consisting of
polyethylene, polystyrene, polyisobutylene, polybutadiene and
the copolymer of polyethylene/butylene.

54. A composition as claimed in claim 53. wherein the
hydrocarbon polymer is polyisobutylene.

55. A composition according to claim 1, wherein the
composition consists essentially of the polyacrylate, the
second polymer and one or more drugs.

56. The composition of claim 1, wherein the drug is an
androgenic steroid.

57. The composition of claim 1, wherein the drug is an
Parkinsonian agent.

58. The composition of claim 57, wherein the Parkinsonian
agent is selegiline (deprenyl).

59. The composition of claim 1, wherein the drug is an
anti-inflammatory.

60. The composition of claim 59, wherein the anti-
inflammatory agent is selected from the group consisting of

I



agent is norethindrone acetate. 98. The nethod of clEMrSF—ret-ed-i-t
estrogen is selected fromthe group consisting of canﬁﬁ@"..nﬂs“ jegslT

esterified estrogens, estropipate, 17[err]-estradiol| “fresteanpl ,
estrone, estriol, et hi nyl estradi ol , and di | ﬁb?i gal :
The met hod of claim98 wherein the estro§a8n is 17[er|r]t i q JOoO} The
met hod of claim 82 wherein the first and second sol ubi paraet re
di fferent fhegopomeamot Hduripaefiencr efbuprofeas | leef , haproxen,

4(chn{errk%£§§£ﬂcam, fludrocortisone, betamethasone, flucinolone,

flurandrenolide, prednisolone and prednisone.

61. The composition of claim 1, wherein the drug is an

anorectic.

62. The composition of claim 61, wherein the anorectic
is selected from the group consisting of fenfluramine, mazindol
and phentermine.

63. The composition of claim 1, wherein the drug is
selected from the group consisting of misoprostol, baclofen,
scopolamine, tetracycline, albuterol, alprazolam, and
haloperidol.

64. The composition of claim 36, wherein the first drug
is an anesthetic and the second drug is elected from the group

consisting of analgesics, anesthetics and anti-inflammatories.

65. The composition of claim 1, which further comprises:
a backing layer which is in contact with a first
surface of the dermal composition; and
a release layer which is in contact with and which
releasably covers the opposite surface of the dermal

composition.

66. A pressure-sensitive adhesive composition for dermal
administration of a drug comprising a blend of:

(a) two polymers consisting essentially of about 2% to
about 96% by weight of a polyacrylate and about 98% to
about 4% by weight of a polysiloxane, the two polymers
being in an amount of about 99% to about 50% by weight of
said composition;

(b) a drug in the amount of about 0.3% to about 50% by
weight of said composition;

(¢) an effective amount of a co-solvent for the drug,
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REPLACEMENT SHEET 61 101. The conposition of claim 44, N@IEMENTESHEETY i s
for Parkinson's di sease, the co-solvent is selecte

consi sting of propylene glycol, saturated fatty acil/df8EPAADEYRNET GHERDri nore
enhancers are selected fromthe group consisting of} arpetyhyerie— ohol ,
r

ol ar solvent, a higher nolecul ar wei ght 54l i phatic f ) | e] c
gcid. 102. The conposition of claim1l, wherein the Lg?g%?g%%?%ghs ng s
di sease is | evod@isl ameupbl Waind cunl dehokbpytpridy | i '
hi gher nol ecul arcdigicHite @dd phatd ¢ surfactants are lauryl sulfate salt

103. The conpositjon of clalim56, wherein the androgenr ot

andr ogen sel ect € r G t BEEGEBUBSc GHGUAY ngf 0Pk ARFWRUGHhe, S@Ld amount

met hyl t est ost er GeELmNdig [ H®ab@msd ooy Mighthe £ s i ddisof £ Lo m 36,
conprising a mxture of an androgenic

67. The composition of claim 66, further comprising
fillers and excipients in an amount of about 1% to about 15%

by weight of the dermal adhesive composition.

68. A process for transdermally administering to a mammal
a therapeutically effective amount of a drug, comprising the
steps of applying a composition for transdermal administration
of the drug to the skin of said mammal, and maintaining said
composition in contact with said skin until said effective
amount of said preselected drug is transdermally administered,
wherein said composition comprises a blend of
(a) two or more polymers which includes a polyacrylate
and one or more of a polysiloxane, polyvinylchloride,
polyvinylidene chloride, polyhchloroprene,
polyacrylonitrile, nylon-6,6, epoxy resin, a copolymer of
polybutadiene/acrylonitrile and a hydrocarbon polymer,
said at least two polymers have corresponding solubility
parameters and are blended in a proportion, resulting in
a net solubility parameter of the blend; and
(b) said preselected drug, wherein the composition is a
pressure-sensitive adhesive wherein the net solubility
parameter of the blend determines the solubility of the
preselected drug in the blend, and wherein the composition
excludes a polyethylene/vinyl acetate copolymer.

69. A process according to claim 68, wherein the one or
more polymers includes polysiloxane.

70. A process according to claim 68, wherein the

composition consists essentially of the polyacrylate, the
gsecond polymer and one or more drugs.

L



steroid and an estrogen. 105. A conposition acgg
the polyacrylate is a polyner of one or nononer$

consisting of acrylic acid, nethacrylic acid, but
nmet hacryl ate, hexyl acrylate, hexyl nethacryl ate, i2-¢ c yl ate
2-ethyl butyl methacrylate, isooctyl acryb&te, i4

2-ethyl hexyl acrylate, 2-ethylhexyl nethacrylate, Emma¢w decyl
met hacryl ate, détlecylA gurgdess, ackueding nee Hakrifh A%, whemtryltla%rcémc,i

tridecyl rﬁ?é} é%iyﬂ% R Eﬁeaﬁ¥ér08§£3bﬁ S - §rs0xs ¥€d from
acryl ate, xy ropy acr acrylan1de dlnethylacrylan1de

acrylonltnqh? d|%¥@%¥lanFﬁEE%ﬁ?Fnacrypéte Hﬂ%ﬁﬁqﬂﬂkﬁﬁQHxﬂrﬂﬂ ystyrene,
met hacryl atgy1yiddbbtif vémd) pRalydtadied®, and polyethylene/butylene, and

mixtures thereof.

72. A process according to claim 68, wherein before
administration, the composition is positioned between a backing
layer which is in contact with a first surface of the
compogition, and a release layer which is in contact with and
which releasably covers the opposite surface of the
composition.

73. A dermal composition, comprising a blend of:

(a) a polyacrylate having a first solubility parameter

and a second polymer selected from the group consisting

of polysiloxane and hydrocarbon polymers having a second

solubility parameter, wherein the first and second

solubility parameters are different from one another by

an increment of at least 4 (J/cm®)¥*; and

(b) a therapeutically effective amount of a drug for

transdermal administration,

wherein the composition is a pressure-sensitive adhesive
and the polyacrylate and the second polymer modulates the
permeation rate of the drug through the dermis, and wherein the
composition excludes a polyethylene/vinyl acetate copolymer.

74. The composition of claim 73, which further comprises:
a backing layer which is in contact with a first
surface of the dermal composition; and
a release layer which is in contact with and which
releasably covers the opposite surface of the dermal
composition.

75. A composition for dermal administration of a drug,
comprising a blend of:
(a) a polyacrylate and a second polymer selected from the
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acrylate, tert-butylam noethyl nethacryl ate, nethoxyethyl[ﬁ@ﬂﬁt&M@Mmghgrt

net hoxyet hyl

nmet hacryl ate. 106. The conposition o
conposition further conprises dipropylene glycol,

17[err]-estradiol. 107. The conposition of Claiﬁl‘
conposition further conprises dipropyl en&égl ycol
wherein the drug includes a further drug, whereinjs

mhereln th

; T
'E&%ﬁ%ﬁgf rtiher

e

drug sel ected fmunnuheq&naa&&yhgan055tp@bﬁwleﬁHCb Prodest 22 Mel nYbEReNS 08.

The conposi tion o1&} aidn %Q?lyé’ﬁfdfdﬂkéﬁl@ Ei§c§lr a4 0b ,
109. The conposition of cl'aim9, wherein t he $ on
mor e nor et hi ndr RO%Ad FE&Bfi-nr oARGcetdt e COP Aviv)g

ALY
to claim102, whaferodheronsly ogedi c steroid |s testosterone or

e estoster ey A0 hAL BRI SEEE RRRLARE ¥ O 0P 24

of ethinyl estra

transdermal administration,

wherein the composition is a pressure-sensitive adhesive

and the polyacrylate and the second polymer modulates the

permeation rate of the drug through the dermis, and wherein the

composition excludes a polyethylene/vinyl acetate copolymer.

76. The composition of claim 75, which further comprises:
a backing layer which is in contact with a first
surface of the dermal composition; and
a release layer which is in contact and which
releasably covers the opposite surface of the dermal

composition.

77. A method of modulating the delivery rate of a drug

from a composition for dermal administration, which method

comprises the steps of:

(a) selecting a polyacrylate having a first solubility
parameter and a second polymer selected from the group
consisting of polysiloxane and hydrocarbon polymers having
a second solubility parameter, wherein the first and
second solubility parameters are different £from one
another by an increment of at least 4 (J/cm®)¥ such that
the resultant polymer has a net solubility parameter which
results in a modified solubility of a drug in the
composition; and

(b) combining said polyacrylate and the second polymer
with a drug to form a pressure-sensitive adhesive matrix
compogition, wherein the matrix composition achieves a
drug delivery rate which is determined by said net
gsolubility parameter and which differs from the delivery
rate achieved by a pressure-sensitive adhesive matrix
composition comprising a single one of said polyacrylate

i
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and the second polymer as theg sole polymeric mgterial.

78. The method of claim 77, wherein said polyacrylate,
gaid second polymer and said drug are combined to form a
reservoir device having an adhesive portion comprised of a
blend of said polyacrylate and said second polymer.

79. The method of c¢laim 78, wherein the drug is
intimately mixed with the polyacrylate and said second polymer
in the pressure-sensitive adhesive matrix.

80. The method of c¢laim 78, wherein said step of
gelecting comprises the step of measuring the flux rate from
various weight ratios of the selected blend of said
polyacrylate and said second polymer and choosing the ratio
producing a preselected flux rate.

81. The method of claim 77, wherein the composition
excludes a polyethylene/vinyl acetate copolymer.

82. A method of making a pressure-sensitive adhesive
transdermal drug delivery system, the method comprising the
steps of:

producing a mixture of a polyacrylate and a second
polymer selected from the group <consisting of
polyvinylchloride, polyvinylidene chloride,
polychloroprene, polyacrylonitrile, nylon-6,6, epoxy
resin, and a copolymer of polybutadiene/acrylonitrile and

a therapeutically effective amount of a drug;

and forming the mixture into a pressure-sensitive adhesive
matrix.

83. The method of claim 82, further comprising the step
of applying a backing material to one side of the pressure-
sensitive adhesive matrix, said backing material being
subsgstantially impermeable to the drug contained therein.
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84. The method of claim 83, further comprisiing the step

of applying a release liner to a surface of the pressure-

sensitive adhesive matrix opposite said backing material.

85. The method of claim 82, wherein an additive selected
from the group consisting of an enhancer, a filler, a co-
solvent and an excipient is combined with the mixture prior to
forming the mixture into the pressure-sensitive adhesive

matrix.

86. The method of c¢laim 82, wherein the drug is
intimately mixed with the blend.

87. The method of claim 82, wherein said system is a
reservolir device having an adhesive portion comprised of said
blend.

88. The method of claim 82, wherein the second polymer
is a polysiloxane.

89. The method of claim 88, wherein the ratio of
polyacrylate to polysiloxane is from about 2:98 to about 96:4
by weight of the pressure-sensitive adhesive matrix.

90. The method of c¢laim 89, wherein the ratio of
polyacrylate to polysiloxane is from about 2:98 to about 90:10

by weight of the pressure-sensitive adhesive matrix.
91. The method of claim 90, wherein the ratio of

polyacrylate to polysiloxane is from about 2:98 to about 86:14
by weight of the pressure-sensitive adhesive matrix.

92. The method of claim 82 wherein the drug is present
in an amount ranging from about 0.3% to about 0.5% by weight

of the pressure-sensitive adhesive matrix.

93. The method of claim 82, wherein the drug is selected
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from the group consisting of conjugated estrogens, 3sterified

estrogens, estropipate, 17B—estradibl, equilin, mestranol,
estrone, estriol, ethinyl estradiol, diethylstilbestrol,
progesterone, l9-norprogesterone, norethindrone, norethindrone
acetate, melengestrol, chlormadinone, ethisterone,
medroxyprogesterone acetate, hydroxyprogesterone caproate,
ethynodiol diacetate, norethynodrel, l17a-hydroxyprogesterone,
dydrogesterone, dimethisterone, ethinylestrenol, norgestrel,
demegestone, promegestone, megestrol acetate, metaproterenol,
terbutaline, albuterol, carbuterocl, rimiterol, salmefamol,
fenoterol, soterenol, tratoquinol, quinterenol, nitroglycerin,
isosorbide dinitrate, isosorbide mononitrates, quinidine
sulfate, procainamide, benzydroflumethiazide,
bendroflumethiazide, chlorothiazide, nifedipine, nicardipine,
verapamil, diltiazem, timolol, propranoclol, captopril,
clonidine, prazosin, choline, acetylcholine, methacholine,
carbachol, bethanechol, pilocarpine, muscarine, arecoline,

alprazolam, chlordiazepoxide, clorazeptate, halazepam,
oxazepam, prazepam, c¢lonazepam, flurazepam, triazolam,
lorazepam, diazepam, thiopropazate, chlorpromazine,

triflupromazine, mesoridazine, piperacetazine, thioridazine,

acetophenazine, fluphenazine, perphenazine, trifluoperazine,

chlorprathixene, thiothixene, haloperidol, bromperidol,
loxapine, molindone, lidocaine, tetracaine, dyclonine,
dibucaine, cocaine, procaine, mepivacaine, bupivacaine,

etidocaine, prilocaine, benzocaine, fentanyl, buprenorphine,

and codeine.

94. The method of claim 82 wherein a mixture of at least
two drugs is combined with the blend of polyacrylate and the
second polymer.

95. The method of claim 94 wherein the mixture of drugs

comprises a progestational agent and an estrogen.

96. The method of claim 95 wherein the progestational
agent is selected from the group consisting of progesterone,

Iy
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19-norprogesterone, norethindrone, norethindrone acetate,
melengestrol, chlormadinone, ethisterone, medroxyprogesterone
acetate, hydroxyprogesterone caproate, ethynodiol diacetate,
norethynodrel, 17a-hydroxyprogesterone, dydrogesterone,
dimethisterone, ethinylestrenol, norgestrel, demegestone,
promegestone, and megestrol acetate.

97. The method of claim 96, wherein the progestational
agent is norethindrone acetate.

98. The method of claim 97 wherein the estrogen is
selected from the group consisting of conjugated estrogens,
esterified estrogens, estropipate, 178-estradiol, equilin,
mestranol, estrone, egtriol, ethinyl egtradiol, and
diethylstilbestrol.

99. The method of claim 98 wherein the estrogen is 178-
estradiol.

100. The method of claim 82 wherein the first and second
gsolubility parameters are different from one another by an
increment of at least about 4 (J/cm?)*.

* [ L M H *



61 REPLACEMENT SHEET

2 3 SEP 1383

€2

101. The composition of claim 44, wherein the drug is for Parkinson’s
disease, the co-solvent is selected from the group conmsisting of propylene glycol,
saturated fatty acids, and the one or more enhancers are selected from the group
consisting of a polyhydric alcohol, a polar solvent, a higher molecular weight
aliphatic surfactant and oleic acid.

102. The composition of claim 1, wherein the drug for Parkinson’s disease
.is levodopa, the polyhydric alcohol is propylene glycol and the higher molecular
weight aliphatic surfactants are laury! sulfate salts. :

103. The composition of claim 56, wherein the androgenic steroid is an
androgen selected from the group comsisting of testosterone, methyltestosterone and
fluoxymesterone.

104. The composition of claim 36, comprising a mixture of an androgenic
steroid and an estrogen.

105. A composition according to claim 1, wherein the polyacrylate is a
polymer of one or monomers selected form the group consisting of acrylic acid,
methacrylic icid, butyl acrylate, butyl methacrylate, hexyl acrylate, hexyl
methacrylate, 2-ethylbutyl acrylate, 2-ethylbutyl methacrylate, isooctyl acrylate,
isooctyl methacrylate, 2-ethylhex91 acrylate, 2-ethylhexyl methacrylate, decyl
acrylate, decyl methacrylate, dodecyl acrylate, dodecyl methacrylate, tridecyl
acrylate, tridecyl methacrylate, maelic acid, maleic anhydride, hydroxyethyl acrylate,
hydroxypropyl  acrylate, acrylamide, dimethylacrylamide, acrylonitrile,
dimethylaminoethyl acrylate, dimethylaminoethyl methacrylate, tert-butylaminoethyl
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acrylate, tert-butylaminoethyl methacrylate, methoxyethy!l acrylate and methoxyethyl
methacrylate. ' '

106. The composition of claim 47, wherein the composition further cdmprism
dipropylene glycol, and wherein the drug is 17B-estradiol.

107. The composition of claim 47, wherein the composition further
comprises dipropylene glycol and oleic acid, and wherein the drug includes a further
drug, wherein said drug and further drug selected from the group of an estrogen and a
progestational agent. |

108. The composition of claim 107, wherein the estrogen is 17B-estradiol.

109. The composition of claim 9, wherein the progestational agent is one or
more norethindrone and norethindrone acetate.

110. The composition according to claim 102, wherein the androgenic
steroid is testosterone or methyltestosterone, and the estrogen is selected from the
group consisting of eth.inyl- estradiol, mestranol and 17Beta- estradiol.
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SOLUBILITY PARAMETER BASED DRUG DELIVERY SYSTEM
AND METHOD FOR ALTERING DRUG SATURATION
CONCENTRATION

ABSTRACT

The method cf adjusting the saturation concentration of a
drug in a transdermal composition for application to the
dermis, which comprises mixing polymers having differing
solubility parameters, so as to modulate the delivery of
the dzrug. This results in the ability to achieve a
predetermined permeation rate of the drug into and through
the dermis. In one embodiment, a dermal composition of the
present invention coﬁbriées a drﬁg, an acrylate polymer,
and a polysiloxane. . The dermal compositions can be
produced by a wvariety of methods known in the preparation
of drug-containing adhesive preparations, including the
mixing of the polymers, drug and additional ingredients in
solution, followed by removal of the processing solvents.
The method and composition of this invention permit
selectable loading of the drug into the dermal formulation
and adjustment of the delivery rate of the drug from the
composition through the dermis, while maintaining
acceptable- shear, tack, and peel adhesive properties.
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