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UPlcmpUpd Of !jDI I1y1pt;ipp, 

'l'his invention relates qenarally to transdaraal dl'll9 

delivery syste ... , and· more particularly, to a 
transdermal druq d•livery coaposition wherein -. blend 
of polymers is utii~~- to affect the rate of drug 
delivery from tbe: cmap•itian. MOre specifically, a 
plurality af polymers havinq dif farinq solUbility 

parameters, pre:cerably imi.scit.le wt. th eac:h otnar, 
adjusts the solubility of tha clru9 in a polymeric 

adhesive system fonaed by tbe bland and 11adu.lates tha 

d91ivery of tile dra9 froa tbe coaposit:l.on and t:hrou9b 
tba, · clerais. 

'fbe a•e of a tranaclenaal aoaposition, for exaple 
a prusure-senaitiva adhuiv• can~aininv a -.ticament, 
nm1a1y, a cb:u9, u a auns af controllint drq 
delivery throup thll aJcin at •••entially a cou~ant 

ra"te, i• wall known. 81lc:b Jamwn delivery sy•t­
involve incarparatian of a .-die-ant into a cm:riar 

such as a polymeric :matrix and/or a pressure-sensitive 
adhesive foraulat:.ion. The presaure-•ensit:ive adbesive 
must adhere efrac:tivaly · to tile &le.in and panU.t 

JU.9rat:lon of tb.• medicuumt froa the carrier through 
tb• skin and into 'the blooclat:r••• ct the patient.. 

Many factor& influence the daaip and performance 
of 11111teainecl or c:ontroll9d rel•••• 4ru9 delivery 

products, and dermal delivery systems in qenaral, 
including drug prapartias, optilawa da1ivery rate, 
ta1'9et sita(s), t.ype of therapy (sh.art-term or 
cbranic), patient compliance, etc. .Aaon; the clruq 
propert.ies which are known to influence ttae ra"te of 

r•lease or peraaation, or both, into the skin are tbe 

pbysicochemical prapaZ"tiea, incluclinq •olecular •i1e, 
shape, and volume; solubility (both in the delivery 

1-t~1!(Z -/ 
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system and tbrouqh the •kin); partitionin9 
dlaractaristica; d~ee of ionization; charqa; and 

protein bindin9 propensity. 
When a drug is contained in a carrier, for 

example, a preasura-sans:i.tive adhesive for transdermal 
delivery, the rate ot adainia~ratlon aay be affacted 
by the rate ct release ot ~• dru; frma the carrier, 
aa well as the rate of paasa9e of the dru9 t:hrouqh the 

altin. Tb-• rates vary fraa dru;-t.c-druCJ and from 
carrier-to-Ca%'rier. A variety of •t.b-tical 
equation• bave been proposed in t:b• prior an to 

d .. c:ribe theoretically the t\Ulllaaentals of mass 
tramfer phanouna involved in diffusion 1:m'au;b a 
carrier and development of a flux acroaa a ..U.rane 
nail •• the •kin. 

'l'ransdenal drug deliva:ry •Y•~ can he divided 

into two pnar&l fJZ'O\IPSI Q•t..-controllecl and 

skin•controlled devices. .With Kin-c:antrallllCl 
davicu, net drug delivery ia controlla&l la»' the rate 
af drug penaa~ion tbraup ~ skin. Sld.n-cantrolled 
aya~ can ba further •W:Mllvidad in'to monolithic 
devic.. ancl reaervoir cSevic ... 

Generally, a aonolithic ayatea cmapriaas a dru9 
41aperse4 ar diasolve4 in a -trix coapriain9 a 
hoaogeneoua polymar1c material ot, illuauatively, 
ailiGane adhesive, •ilicone rubber, acrylic adhesive, 
polyethylene, polyiaobUtylene, polyvinyl cbl.orida, 
nylon, or the lil:a. '1'laa dru9 ia diaaol ved in tb• 

polymeric matrix until it• aat.uration concentration is 
reacbe.4. Any addit.:.:inal clru9 reaaina dispersed within 
tba aat.rix. A• 4ru9 is raove4 froa the surface of 
the •~ix, 11W• o~ the dZ'WJ di~fusea aut. of the 

interior in response to the decreased concantrat1on at 
th• aurtace. Tbe rel .... rate ia tJuarefara not 
constant: over tba, but instead vrac1ua11y clacreues a• 
tb• drug eoncentra~ion de.area•••· 
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Tb.e flux, or percutaneous absorption rate of 
druqa throUCJh tbe skin, ia deacribed by Fick'& fir•t 
law ot diffusion: 

.r • -D(d&;./d.x), 
where J is the flux in g/ca2/aec, D is th• diffusion 
coefficient of the clruq tbrougb tba sJcin in cri-/aec, 
and dC./dx is the concentration qradient ot active 

•v•nt across the skin. 
In or4er to :maclify the rate of del1vm:y fram a 

mcmolithic transclermal device and into the dermis, the 
prier art ba• typic:al~y focusecl on selecting a 
spacif ic sin9le-polyaer .. trix or a blend or soluble 
(lli•cible) polymer•. Illustrative exampl.aa are tbe 
novel polya.era d••cribed in u.s. Patent Has. 4,111,920 

and u.s. 4, 7!11,01'7. There i• a naacl in tile art to 
.odify tbe rate o~ delivery while u.in9 oamaercially 
availat»le polyaer eoaponenta. 

Another ccmaon taabnique tor aodit'yi119 t.be rate 
af drUri d9li very ia the addition of a vehicle ar 
llhbancar to the fonrulation to increaae the ao1Ubil1ty 
of tba drt1CJ within the polyau .. trix, for exaapl• by 

addinq a co-•olvant: sucb as a polybyclric alc:ohol or by 

changiJMJ tbe skin per.aabill~y, for example by addiN; 
enhancers sucb as ethanol. "l'laare i• • furt:ber need t.o 

be abla to modulate the deli very of a clru9 frma a 
poly.er J1U1.t:rix without addin9 vtahial•• or 91\bancars. 

'ftlere ia no e:11:amp1e in tbe prior art of uainq a 
simple blend of adhesiv• polym•r• to affect the ra~• 

o~ drug deli very frcm a aonolitbic adhaai ve-ba•ecl 
1:ran11deraal caapaait.ian. However, u.s. Patent No. 
4,814,1&8, granted March 21, 1989, and a cont:inuatian­
in-part tbareof, u.s. Patent No. 4,114,217, ianad on 
Webruary 1t, 1911, bath a••ioned to Hoven 
Pbarmac::auticala, Inc., lliaai, FL, disclose the UM of 
a multipalymer, specitic:ally an ethylene/vinyl acetate 
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copolymer or an ethylene/vinyl aaa'tate/aarylic 

t:erpolyaer, a rubber and a tac:kitier in • carrier 

·composition to improve th• adhesive properties. Tile 

coapoai tion o! u. s. Patent Ho. 4 , 994 , 2 &7 furuar 

includes an acrylate palyaar in tbe 11Y&t• fer 

additional iaprov-.it. to t:he adhesive properties. 

Druq cancen~ation in a aonolitbic 1:ran11darmal 

delivery device can vary widely depandiftCJ on the druq 

and polymers ua•d. Par example, certain drWJ• are 

affective in low 4••• an4 therefore the transdaraa.l 

~ormalation -v invol.va low cancentration•, 111\llltra­

tively s• or lus by velCJht of t:ba .. cu.c-nt in an 

ad.beaive. otb8r dngs, •Gab •• niuavlyccin, require 

l.arp dos• to be effeative u4 tu tran11dermal 

~m:aulation tbu"efora .. y involva hifh dru; 

c:onmant:rationa, approxima'taly mtw.an s to 401 or aore 

by wel9bt in an adhesive. i.v oono•ntrat:iona of 

Mdicaaent t.ypically do not critically affect the 

adlul•ion; tack, and 1111..r re•i•tanca propertiea of the 

llA•ive. Hawavar, law drag c:ancantrationa in --~• 

adhll•iv• can result in cUfficultiea in aab.ieving an 

M:C•ptable clelivuy rau of ~ aeclic:aaent. Bi9h 

concent:r:atio•, on the other hand, frequently affeat. 

tile adlle•ion propvti•• oi tba adb.eaivu. 'l'lle 

clalateriau effac:rta are particularly exacerbated 1'y 

cb:'uv• which also act •• plalltieizaraor •olvant.s for 

tlaa polyaaric:; aclbeaive .. t. .. ial (e.g., nit:rocJlycerin 

in palyacrylatas). 

'lber• i• a need in tba azt for an adhesive 

composition for transde:mal delivery •Y•t- vhicb c::, 

••lectably incorpo:r:at:e low oonc:enuat.ians of dJ:UCJ : .! 

deliver saae at an adequate and contro11ed rate or 

inc:orporata biCJb canc;entration• ot drufa• Wb1le 

r.tainin9 9ood physical adbe•ive propezoti ... 

It ia, tllarafore, an object: of thia invention to 

pravid.a a tz'ansde:raal rlrU9 delivery syatu wherein tha 
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rate at aruv delivery :fraa the tran•dermal coapoaition 

.. y ba selectably modulated. 
It ia another object of tbi• invention to provide 

a tranacieziaal druq delivery •t•ta wherein t.b.• rate ~t 

ciruCJ delivery from t.h• transdersal omapositicn may be 

aalectahly modulaCecl by adjusting the solW::.ility 

and/or diffusivity of th.a ~ in the aultiple polymer 

adhesive ay•t.ea. 
It is also an ohject of this invention to provide 

a transdermal drU; delivery syatem wherein the 

•ultiple polymer adhe•iva eyetam is •ialtl• to 

unuf acture. 
It ia a furtlUlr object af thia invantian to 

pz-ovida a. tranadermal druCJ delivery •Y•taa wherein 

dr\lrloacling of a altiple polper adbuiva aystea may 

be ••1actaa.ly varied without adverae aff ecta on dr&l9 
delivery rate and aclbMivt1 propartia•, sum •• 

adh-ian, tack, and abe•r rulat:ance. 
It: 1• additionally an .mjact of thia invention to 

provide a =an•denaal dr&llJ dalivary •YBt- wherein • 
novel multiple polymer adbaalve aptaa i• provided 

which baa dairable pby•ical properties. 
bp•rv pf Inxntion 

ft• toraqoimJ and otbar abjects are acmievad ~ 
this invention which provide• a tranadarmal dz'Ug 

c:llllivery syatam wherein • blend of at least tvo 

polymrara navinq dif f erinca solubility p.r ... tere 

adjust• th• solubility of a dn9 in the polyaeric 

blend and tbereby modulates the dalivery of the c:lrWI 
frcm 'the ays1:aa and ~OWJh tbe darais. 

In aGCOrdanca with a composition ·aspect of th• 

invention, an improvad prea•ura-sensit.iva adha&ive 

caaposition of the type Vllic:h ia suitable •• a -trix 
for controlled release of a bioac:tive a9ant therefroa 

comprise• a bland of a tirat pol}'llaric adl'le&ive 

-t•rial havi119 a first solubility paraaet:er and a. 

! TH1S SHBET HAS BEEN , 
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sacancl polymeric adhesive •t:erial havinca a second 

solubility paramater, the tint and second aol\mility 

paruaters bein9 different troa one another. The 
blend, tberetora# bu a cbaractariatic net solubility· 
paraaater. Ill aabodi.anta incorporatinv a bioactive 
a9ent in the improveCI preccure-aansitive adbesive 
composition, tbe charac:teristic nat: sol.allility 

parameter can be pr•••lec'ted to adjust the saturation 
concentration of a bioactive a9ant in the composition 
and thareey control the release af :be oioactive 
a9ent. Tb• ••turat.ion conaantratian of the bioactiva 
a9ent may bl acljuatm eitber upwu-d or downward 

depancli119 upon vbetbar tba rate of rel•••• ia to be 

enhanced or retard-4. 
In pra:farred Mbo'iaana, t:he bioactiv• a9an"C •Y 

ca.prise a clntf. Jn partioularly, preferred 

•bodiJlents, tba dz'WJ ia a ataroid, S1lClb a• an 
.. ~a9en or a praqestat:ional &991lt, or c:oabimtion 
tbaraot. In other preferred nhQdillent•, tlua dnfJ aay 
a a "'-adrenarvia a9oni•t, •uab u albv::..-rol, or a 
cardloact.i ve avent., a\leb u nU:.roglycarin. In •till 
otbar ambodiaents, tbe b1oaativa ·agent i• a 

cbol:l.nm:9ic a9ent, ll\ICb u pilocarpine, or an 
aMip•ychotic •Dell u baloperid.ol or a 

~anquiliaer/&adative such •• alpraaol.ml. 
'l'h• in:•••ure-eenaitive adheaive caapoaition .. y 

furt.iiB includa enbancara, fillers, co-aolVllfttll, and 
mrcipianu •• are known iD t:h9 art for WI• in aum 
coapositiona. 

In a preferred atwUment of th• illprav·R 
pressure-sensitive adhesive, ~• firat poly.et 
adbeaive material is a polyacrylat:• and the a.Cc. ~ 
adbeai ve uteri.al is a polyailaxane.. Tb• polyacrylaee 
i• praiera~ly pz-•sent 1n the prasaure-•anaitiva 
adhesive coapoaition in an amount ~•DCJimJ froa aboUt 

THIS SHEET HAS BEEN 
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2-961 by vei9ht and the palysiloxane ia present in an 

aaount re9ing from about 98-i&t. Prefarably, the 

ratio of polyacrylate to polyailoxane is fro. about 
2:91 to about 96#4, and more pr•f•rably trma about 

2:91 to about 85&14 by vaight. 
In a danal adhe1iv. composition eml:lodimant of 

tba invention, a llUl tiple polymer adheai ve ayatea 

consistin9 essentially of a blend of 2-9&' ~y weiqht 
of an acrylate polymer and 98-4t by weight of a 

polymer of siloxana, the 1111&ltiple polymer adhesive 

•Y•t- beint in an aaoun~ ai altOut:: 99 ... 50' by wei9ht of 

the dermal adbeaiw coapoeition. fti• ia coabinecl witb 

a bioaative a9ent in the aaount af o.3-~0t by weight 

of 1:1ae tl*al danml adb•iYe ccmpoaitian. optional 

aclditivaa, such •• co-solvent:: tor the bioac::tiva a9ent 

(up to :JO• by weight) and enbancen (up ta 2ot by 

vai9ht) •Y b9 inclu4acl in tile dmiaal adbeaive 

acmpoaition. 
In a tnnadenal drucJ dalivary c:tevica ..Willent, 

the improved prasaura-•enait:l.ve aclheaiv• at the 

praaent invention i• combined vitb a dru9" ne 
tranadermal clrU9 delivary device may coapriae a 

.onoli tllic adbeai ve utrix device in some embadillents. 

o~ c:aurae, tbe transd•rma.1 drUrJ delivery device may 
inalude a acldft9 •t:uial and a rel•••• liner as is 

known in tbe art. 
ft• satvation concentration of a dzuCJ in a. 

tranaderul druCJ delivery daVice of the type havin; a 

ctzu9-containin9 preaaur•-••nsitive adhesive diffusion 

-trix is adjusted. in accordance with a aethod aspect 

af tbe present invention by blending at 1-t tvo 

polymers having 4ifferinq salBili ty par-tar• to 

~ora a pressure-aanaitive adhesive diffusion matrix 

havinq a nat solubility parameter which aodif i•• the 

delivery rate of t:be a druci from the pra .. ure-
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a 
sensitive adbasiva diffusion matrix and throu9n the 
cleZ'llia. 

lri•f D••m;:ip,igp of 'b• Draylpa 
comprehension ot the invention is facilitated by 

readin9 the followin9 detailed d .. criptian, in 
conjunction with the annexed drawing, in ~hicll: 

PIG. 1 i• a schematic illustration of a 
monolithic transder:mal dZ'WJ delivery davic• of tb• 

present invantion1 
FIG. 2 is a fraphic repreaentation ot the ateady­

atate nitrocilycarin flux rata• tllroUgb cadaver akin J.n 
vJtro tram a t.ransdenal druq delivery ccmpa•U:ion of 
the present inYt1n1:ion (formulation of b•aple 1) and 

tva c:ommarc1ally•available nit:ro;lycarin-c:ontaining 
tranactenal deli wry devia .. : 'l'nnaclana-1U,tro9 (a 
trad-rk a:t Ciba-Geity corporation, smit, D), and 
11:1.tro-oure (a t:rad~k a~ Key Pbu'mac:au'tic:al•, Inc., 
Kenilworth. lfJ); 

na. 3 ia a ,.rapbical rapresentatian which 
11U11maria .. J.zJ v.Ltro nitr09lyc:erin. flux r••lu 1:!n:'omJb 
cadaver akin for t!I• polymeric ay•'t- oc Jtaapl• 2-

s. 'fb• coapoaition of b•aple 2 (polyacrylat:e-only 
adhesive) is c:aapared to the malt.iple · polymer 
ccnapoaitiona of EXamples 3, 4, and 5, in wbioh the 

polyac:rylata is blended vi~ a polyetbylana vinyl 
acetate, a polyisobUtylene, and a polyailoxana, 
reapeat:ivelyJ 

FIG. 4 ia a graphical representation of the 
a~aady-•~ata nit.raqlycerin ~lux t:hrougb cadaver akin 
1n vitro ~roa a aultiple polyaer 1:ranaderaal a~he•ive 
aysta a:. EXaaple 6 campr:. .:lf various veigbt .:at.:.» 
o~ polyacryla~ and polysi--x&neJ 

FIG. 5 i• a C)raphical representation at steady• 
ante est.racliol flux 1:hrough cadaver sJtin .ill v.f:tro 
from the druq deli vary ay•t.- of tbe prior art, 

•pacifically sin9la polymeric adhesives of ailicc:me 

I T": >Fl! .ff'-\ >\> \l~Ul<1 
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and acrylic, as cmaparad to a multiple polymer 
transdaraal &dh••ive •Y•t•• 

(polyacrylate/polysiloxane) of tbe present invention; 
PIG. 6 is a CJr•phiaal repreaen~ation of avera9e 

eab:adiol flux throu;b cadaver skin in vitro froa o to 

22 hours and froa 22 to 99 hour• for a lnlltiple 

polymer tranadermal adhesiva system ccmprisi119 variou.a 
weight ratios ot polyacrylata and polysiloxane1 

FIG. 7 is a qrapbical representation of steildy­
state narathindrone acetate flux tbrou9h cadaver skin 
in vitro froa th• druq delivary syatama af the prio~ 
art, specifically ainqle palyaeric adbesivea af 
silicone and acrylio, u coaparecl to a aUltipla 

po1yaar transderaal adheaive •Y•t•• 
(polyacrylate/polyailoxane) af tbe praa1111t inventionr 

PIG. a is a CJr•Pbical rapraaantat.ion af averap 
••t.radiol and norethinctrona acetate flux t:!lroup 
aadaver •kin .ta v1trD for a imal~iple polymer 
transdermal adhesive syatea cm.prising botb drugs and 

various ,,.i9ht ratio• ot polyamyla"te and 

polysiloxane: 
P!G. 9 is a qraphical repreaantation shoVinci the 

ratio at avera9e estradiol to narathindrone acetate 

flux (astradiol flux d.lv14ecl by noretllindrone acetate 

f1Wl) through cadaver skin iA vitro far a multiple 

polymer tranadermal adhesive systa• ccaprisi119 various 
wei9ht ratios of polyacrylate and. polysiloxane; 

nc. 10 i• • 4Jr•phical representation of suady­
state flux af pilQcarpina t.brau9b cadaver &kin in 

vitro from the druq deli.vary aystams of tha prior art, 
specifically siDC)le polymu:'ic adbesivu of silicone 

and acrylic, as campared to a mu.ltipla polymer 
tranaderaal adhesive aystaa 
(polyacrylate/polysiloxane) of the present invantion; 

FIG. 11 ia a graphical representation of steady• 
state albutarol and nitroqlycerin flux through cadaver 

THIS SHEET Hr~S BEEN 
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akin 1n v1tro ~rma aultiple polya•r_ transd•rmal 
adhesive syatams (polyacrylata/polysiloxane) of tr. 

present invanticn (EXamplea 24 - 27), and Nitro-our•, 
respectively; 

FXG. 12 ia a vraphical representation ot ataady­

a'tate eatradiol flux throWJb cad.aver skin 1n vitro 
froa two different au.ltiple polyaar transdermal 
adhesive ayst.... polyac=ylate/ palyailoxane and 

polyacrylate/polytnatylane1 
FZC:S. 13 ancl 14 shov t:be rela~icmahip of flux 

rate (JJ plotted. aqainst apparent diffusion 

coefficient (D) and nat. solubility par-tar (SP), 

reapeatlvaly, for cmapoaitiona I-VI of :Example 6. The 

net. solubility par-t.er, SP .. , va• calcalatad using a 

v.i9h1=iacl avera9• of ~ aolubilit.y par-•'tara of the 

individual pol~ coapri•incf tM mat:t:ix: 

·- - ....... + e,.D,., 
vb•r• e,. i• ~· waipt pm:cantaga af palyailo:une and 

IP,. i• the solmaility parmtar of poly•iloxana. Tb• 

nb8=ipt •pa• rafara 1:o ~ polyamylate1 and 

r1a. 15 is a plat at diffusion caetflcientversus 
net solutaility paraaattar. 

"''''•' P111riati•• 
Jn one aspect o~ tbe pr-ent lavantion, a 

pressure-sensi~ive adhesive oompoaition is provided 

which comprises a blend. of at l•••t tVD palymars. 'the 
blend of at. least t:va polymers is herein ref erred to 
u a multiple polyaer adbe•iva eystaa. Tiie te:ca 
"blend• is uaed herein to .. an that there is no, or 
aubstancially no, cbeaical reaction or crosa•llnkin; 
(other than simple H-bondin9) mt.w•en the polym.•rs in 
the aultiple polymar adhesive ayat ... 

In another aspeot at the invention, a r:ontrolled 
relaaae darm.al composition comprises a drUq, or other 
bioac::ti ve agent, in ccmbination vi th the ml tiple 

..... 1 .1C1 i'l:f\(li'!V'l 19 .\.:l"l<H: C.l : C:l 
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polymer adhesive syatea. In tllis aspect, the lllllltiple 
polyaar a.dhesi ve not:. only functiana as a carrieJ: 
-t:rix for the dn9, but enhances th• i-ate ot rel•••• 
o~ ~e dr\19, and. hallae the t.ransdermal PE'ile•t.ion 
rate. In so:sae e'ldxldimenta of the invention, bovever, 
tb• 1111ltiple polymer adhesiv• system will ranction to 
re~rd the t~anadermal peraeatian rate. 

'1'he invention is prmaiaec:l on tbe discovery that 

tile tranadermal permeation rate of a arug trma the 

malt~ple polymer adhesive •Y•tem can ))e selectively 
modulated by adjustinq the solubility of the druq in 
th• 4evic:e. As uaecl herein, th• term "tranacsar.&l 
pen1eatian rate• 11eans the rate cf pa•sa9e of th• d.n; 
tbrouqb the skin; which, u known in the m:t, •Y or 
may no~ l:HI affect.eel by tba rau o~ rel-• of tlMI ·drucJ 
h:oa tbe carrier. 

fte polymers c:cmpriaint the :aul~iple polyar 

adbeaiva ayata ar• inert to th• l!ru9, and are 
pralerably immiscible vit:b eaCb otllar. Ponaing a 

blend of •ultiple palyaan reaulta in an adh••iva 
•Y•~ea havin9 a charactari•tic •n•t solubility 
parameter," tile aalection of which advantaC)eaualy 
para.its a selectable moclulation of the delivery rate 
of tbe drug by adjustimJ th• solub~li1:y at the dru9 in 
tba maltipla polymer adhesive ayetea. 

Solubility parameter, also referred to berain as 
•s111 , bu been deCinad aa the sua of all the 
intezmolecular attractive forcaa, vbicb are 
empirically relat.ac:l t:o th• extent of :mu'tual aolmaility 
of T.llany cbamical speoie•. A 9eneral diacuaaion of 

solubility parameters 1• found in an article by 

vaugbant' "Uaing Solubility Pumt:ars in ca-tics 
Foraulation,• ~ ~ ®mt· cn'L, Val.J&, pages 
319-333 (1985). Many methods have been develop.cl for 
the determination at solubility parameters, ranqi.ncJ 
fraa theoretical calculations ta totally -pirical 

nn-<. -u:: 
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correlations. 'l'be 111oat convenient mat:hod i• 
Hilden-and' a aethacl, which computes the solubility 
paruater fro• ulacular veiqht, bailint point and 
density data, whicb are cc:nmaonly available far many 
materials and which yields values Which are usually 
within the ranqe of other methods of calculation: 

0 • C•'&,/V) 112, 

where V • aolecular waiqbt/density and AB. • enarCJY of 
vaporization. 

Altarnativaly written, SI' • (611,/V - Rr/V)JIJ 
where .er.II.,• heat of vaporiza~ion,_ a• CJ•• constant, and 
T is ~be absolute temperature, •x. Par -tar.i.ala, 
aucll aa hiCJh molec::ular wei9bt polymers, whicb "have 
vapor praaaurea too lov to detec:t, and thus for: wtlieh 

•II. i• not available, •veral mthDCl• bav• M8n 
davelapecl which uae t:ha summation of atomic and group 

contr ibut.ians to dr. 
... .. %t •bi, 

Vbara •bi i1 the aontribut:ion of tb• it:h··at:oa or~ 
_to tb.11 molar beat at vaporisation. o... canvanien~ 
••~od h•• been proposed by ll. F. Paclors, Polp1r 
Enqineeginq and Sqicnce, Vol. 14, p. 14 7 (-..27 4) • In 

this met.bed 6.£r and V are be obbin•d oY aillply 

aaaU11i11CJ that 
•.RV • Et .a... and V • :S:. vi, vb•r• •ea and v, are 

the additive atomic and group cantributions for the 
enerciy ot. vaporization and molar volU1111, respect! vely. 

Y•t another Mtbod of calcula~in9 the soluility 
paraaet:er af a •aterial is ducri.bed by S.U.1, ti. 
Applied '118· Vol .. 3, p. 71 (1953). 

'?al>l• I-A below sets forth solubiliqt paraetara 
of some a:aplary adhesive polymers which would be 

u•eful in the practice of t.h• invantian and abowa tba 

variation of SP with malect1lar wei9ht, tree -OH ancl -

COOH r:JX'OUps, th• d8Qree of cra••-linkint. Tabla IA 1• 

21 !I: ~F"! I, IV'\ ~ \r:l'!'ICT 
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in (cal/ er)'" and CJ/ cm2 ) 14 as calculated by s .. 11 • s 

•tbod. 
'llN IA 

••s•r• lli1'!!ffd '7J:t,• 

1!4munaa •.\par• 
Poly•tbyl.ene 
POly•cyr•ne 
POly1•cmutylene 
Polyi•11pc•1111 
Polyan.&tacll.,. 
,.lymtny1•ae/bucylene 

mmt=et;'• •l••n llJ:Lon _, •• ... ~••ia 1006 (9POllY) 

0-'DV' 
,.lytlut;ad~ac:iyloaitrll•• 

71/21 to 70/JD' 

Polytn&ta'1e1M1-co-a~y~..-1 
71/Z! ta 72/21 .......... ~,,, :'·• ....... 

DllClllmilAICo ....... ...._ ..... SC~ I,._. 

iililiUii1f 1i1iITlii 

9.3 11.0 
9.l 18.6 
'·" lt.• t.2 11.1 

1.1 11.6 
1.1 11.1 

'·' 11.7 
1.1 11.• .... 11., ,_, 11.2 

6.2 12.7 
t.s 11.4 

12.2 z•.t 
••• l.t.2 

12.1 21.0 

11.6 11.1 

'·' 11.1 

,.3 14.t 

9.25 11.t 

1.s 17.4 
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TIJ:al• I-I belaw ••t• fonll HJl.UbiJ..J.t.y pas ... c•r• caleu.lat.ed 

br l'adar:•' Mtoh.Od ancl are •zit1:9••ed .I.A unit• of (3/W) 111• 

TA81.B I-B 

paly•thyl•••/vlnyl acmta~ c•o• Y&c:) 
polydU..Chy1•11oxaae 
pol.Ji.H~at:yl•ne 
polyet.bylene 
polye,byl MCtaacrylat• 
po1711t:.llayl acrylate 
po1~1 aazyl••• 
polymt.llyl mnaacryl•t:• 
polys~ynae 

nl~EOfJlJCU'ill 
••torad1.al 
~l.adron• amt:at• 
pUac:arpJ.m 
aUN'tllsol 

20.t 
11.1 
11.1 
1'7.6 
11.E 
20 •. 
11 •. 
22.:i 
12.1 
21.D 
24.S 
21.J 
22.• 
2•.1 

In accordance vith tile prinoipl• or th• 

inven1:ion, t:h• transde~l penaeatiDri ra1:e i• 

controllc by vuyinq ~ polymer ccnaponents of ~· 
1111ltiple polymer adh-ive syat• ao u to ali:er the 

cl:lffarence in the •oluility paraaeter af tlle a11ltiple 

polyaar adhaaive aysbm relative to tba.1: of t:ha drag 

(••• Exuaplea 2•5, or 21 u4 ZI, bereinbalov). 
Preferably the solubility parameters of the polymer 
craponant.a an dif farent fr• one 
increment of at least 2 (J /ca') 112

• 

they differ by at least 4 (3/ar).,'. 

anath•r by an 
HOat preferably 

'!Ila transdenaal permeation rate is also 
controll.ed by varyinq the relative praportians cf the 

polymers comprising the multiple polymer adhesiva 

ayatea (see Example 6 hereinbelow). 

'1'be multiple polymer adhesive syataa la 

preferably tannalated sa tbat it i• a praasure 

sensitive adbesive at rooa teapr ~ture aQd has o'th· 
d••irable charactariatic• for &GAeaiv .. used in ~ 
transdenal dru; delivery art; such cbaracteriatic:s 

include CJCod a4berence to akin, ability to be peeled 
or ot:herviaa rt1110vad wit.bout substantial trawu to the 

!. T II: '.'l~T l r!Y\' ~ \(lN(l 

• 
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skin, retention af tack with aging, et:c. In 9eneral, 

tbe multiple polymer adhesive syat• should have a 

glass trans! tion tamperature (T1) , measured u~in9 a 

differential scannin9 calorimeter, of ~etwaen &bou~ 
-10• c to o• c. 

Selection of the particular polymer caapasitian 
1• governed in larqe part by t!ae dru9 t.o be 

incorporated in the device, •• well aa th• desirad 

rate of delivery oi th• c1i:'WJ• ftoae akillecl in th• 

art can readily determine the rate af delivery at 
draqs froa the 21\lltipla polpar transdU11al adhesive 

•Y•~- in order to select. suital>le combinations of 
poly.er• and dru9 for a particular application. 
Various techniques can be uaad. to deteraine the rata 
at d•liveey ot i:lle dZUCJ froa the polymer. 

Illustratively, the rate of delivary can be determined 
by measurin9 tha trana~ar of dru9 fr• one chamber to 
uot:bar ~ouqh cadaver akin ovar time. and 

calcmlat:ing, fraa tile oi,t:ained data, tbe 4ruC)' delivery 

or flux ra~e. 
In a particularly preferred ..Wiaent af the 

invention, t:ba 111\litipla polyaar adhesive ayacea 
compriaaa a blend ot an acrylic presaure-aensitiva 
adl'leaiva and a •il1cane presaure-aenaitive adh••ive. 
'l'ba acrylic•basad polyaar and ailic:sone-baaad polymer 
are prefarely in a ratio :by weight, respeati vely, 

fraa about 2:98 to about 96:&, more prafarably froa 
about 2:91 to about 90110, and evers aora preferably 
allQut 2:98 tea abau.~ 86: 1•. ft• aaoun1:. of acrylic­

baaed polymer (berainafter referred to broadly a• a 
polyacrylate) and ailicone-baaecl polJ11er (hereinafter 

ref erred ta broadly •• a polysiloxane) is selected to 
aoclify t.ha saturation concentration o~ the drug in the 

auitiple polymer adhesive ayat.ea in order to affect 

~n-;: - T7:: 
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t:he ra1:.e of delivery at the clraCJ from the aysta and 
through the skin. 

'l'be adjustment to tbe •tm:ation conoentration of 
the drU; in tha multiple polymer adbeaiva ayatea can 
ei thar be an increase or a decraasa. It haa been 
found that: when a polyacrylate bavinq a aolUbility 
par-etK SP of alKlu.t 21 (:tJCJll) •11. i• uaed a• the 

prinaipal polymer at a n-.t.t:ra9ly~erin CD uout 27 
(J/cr) .,.,, aanolit:b.ic •Y•tam, a aipificant inc:reaee in 
th• tranederaal peraeation rate of nitroqlycerin can 
~ aabievm by. the addition of a polyaw having a 
lover wolubility pumter, for exaaple a polysiloxw 
(SP aa.cnit 15 (3/cr) 111). ay nd.uclnlJ tae •net• 
•OlW»111ty P•&--tar ot tba 'mltiple polyaer 

tranllderaal adheaive eyst•, tba difference between 
t!all aolm»ility pu--ter at nitrcMJlycerin and t!ae 
altiple pol,._. adbu:l.ve syata i• increaaed. ft1a 
inc::nalled •olWlility pa~ar difference, l:'aaul.t.11 in 
a 10tntr aaturation conc:antrat:ion for nitZ'Otflrcer.t.n, 
and thereby a 'Fta•tar thenodynaalc di'ivinv force. 
canveraaly, 'the ccmpoaitlcm ot the aultiple polyaer 
adh••ive syatem can bl -l•ct•d so that: the aat:aration 
concantraticm of the dn9 in the syat• is increa•ed, 
•O the rate of delivery 1• retarded, such •• would be 
deairabl• for adainistraticm of acopolaaine. 

Mvant:ageou•ly, tbe •tl'sod and cmapositian of 1:be 
pz:•ant invent!ion perait salectable laadin; of tl\e 

druq in the transder11al d1:119 deli very •Y•'t••. Tb• 
concentration by wei9bt or 1Ze druCJ in 'tb• dermal 
composition is preferably about. o. 3 to about . so 
percent, aare preferably about o.s to about 40 
p11rcent, and even more prefara~ly about 1.0 to a1'Gut 
JO percent. Irrespective of whether there ia hi9b• 
loadin9 or lov-loaclinq a~ t:he drug into t.b• dermal 
coapoalt1on, the multiple polymer adhesive systea of 
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tbe present invention can be f0X1Dulated to main~ain 
acceptable shear, tack, and peal adhesive properties. 

Altbou9h not wi•binv to be bound by theory, 
par~icu.larly in this caae where tbe structure of tha 
composition nas not ~een analyzed, it ia postulated 
tbat the polymers of varyin9 solubility parameters, 
for example, the palysiloxana and the polyacrylate, 
result in a heteroqenous aix, with th• =-aponents of 
tlle polymeric aixture performin; a• a mutually 
interpenetratin9 polymeric natwark in ~e composition • 
In other wards, tbe lllllt.iple polyau aclheaive system 
1• a mixture cf easentially mutually ineol&able or 
1-iac:l.ble l)olymera, in cantradistinc:1:ion to the 
typical prior art trans4~1 drag delivery aysteaa 
derived from a •iftCJl• polyaer or a aolut:lan of 
autually aalubla polyaara. 

In the pr•=ioe of th• pretarred •bocU.11ant. of 
t:be invani:ion, t:.he acryU.c-baaed polymer can be any or 
tll• bwpolyaera, copolyaez:a, terpolyaara, and the 

like of varioua acrylic aoicls. In S\ICh preferred 
•bnd.iaenbi, the ac:zylic-baaad polyaar consti tut.ea 
preferably froa al'>aut 21 to about 951 of the total 
vei9ht of tbe total deru.l campaaition, and preferably. 

about 2t to about 90,, and aore preferably about 2t to 
about ast, t:ha aaaunt of acrylate polymer minq 
dapendant on th• aaount and t.ype of druCJ uaed. 

'1'be acrylate pol)'llK8 of tbia invention are 

polymer• of one or mare aanomers of acrylic ac:ida and 
other capolyaarizabla aoncmara. Tba acrylate polymers 
alao inclw:le c:opolymera of alkyl acrylataa and/ or 
aethacrylat•• and/or capolyaarizable saccndary 
monomers or monomers with functional cp:oupa. By 
varying the amount ot each type o'f 110noaer acldad, tba 
coheeive p:ropart1•• of t.b• resulting acrylate polymer 
c:an be chanvad aa ia known in the art. :tn 9aneral, 
the aaryla~e polyaer ia coaposecl of a~ leaat sot by 

• 
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wei9nt of an acrylate or alkyl acrylate aono .. r, frma 
o ta 20t of a functional monoaar copol~izable with 

the acrylate, and troa o ~ 40t of ot:bar monomers. 
Acrylate monomers which can be uaad include 

ac:rylic acid, .. thacrylic: ac:id, J:nat.yl acrylatet ))utyl 
-thac:rylate, hexyl aarylau, hmryl ..tbacrylate, 

2-ethylbutyl acrylate, 2-etbylbutyl -tllacrylat.e, 
iaooctyl acrylate, iaooct:yl aet.hacry!.ate, 
2-et.hylbaxyl acrylate, 2-ethylhe¥f l •tha=rlate, 
4-cyl acrylate, decyl aethacrylate, dodecyl acrylate, 

dadeeyl -tbac:ryla~e, tridecyl acrylate, and tridecyl 

.. tbacrylata. 
l'Qnctional moncmen, copalymrir.abl.e vi.th tlle 

al»ve alkyl ac:rylat• or Mi:bacrylat.ea, wbich can be 

uaecl include acrylic acid, aetbac:rylic aaid, maleic 
acid, uleic anhydride, hfdroxyet:hyl aarylate, 

~pyl aca:ylate, am:yl .. i~e, diaei::hyl­

acryl .. ide, •GrJloni~ile, diaatbylaainoetbyl 
acrylate, di•etbylaa1noethyl ••thaorylate, 
ten.-butylaainoe~yl aaryiam,, t:ut•but.ylalnaathyl 
-'tbaarylate, -~tbyl acrylate and ••thmcyatbyl 
Mthacrylate. 

:rurther detail• and exaapl•• of acrylic adhui vu 

vbieh ue suitable in the practioe af the btvant:icm 
are described in Sataa, •Acrylic Adhesive•,• Handbgpk 

pf 'Prl!l••ur1-scnsitiy1 A4b11lye Tw;hnplpqy. zmt ad., 

pp. 396-45e (D. sat.as, eel.), van Hoat:rand llainbald, 

Mew York (1989). 
Suita~le aarylic aclbeaiv.. ara coaaercially 

available and include ~• polyacrylata adhesives sold 
under the t:rademarka Dm'o-Tak 80-1194, Duro-Tak 

ao-111&, and. Duro-Tak 10-1111 by Rational st:arch and 

Cbaical Corporation, Brielgavater, ttew Jer-y. 
SW.tuale polyailoxanes inclWI• ailicone 

presa\IZ'a-aenaitive adbasivaa Which are baaed on t.vo 
aajor coaponen~a: a polymtar, or CJD, and. a tackifyinv 
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resin. The polysilaxane adhesive is usually prepared 
~ cro••-linkinq the qum, typically a hiqh molecular 
weight polydior9anosiloxana, with the resin, to 
produce a three-dimensional silicate si:t'ucture, via. a 
condensation reacticn in an appropriate or,anic 
salvent. Tbe ratio af reain to polyaer ia tbe most 
important tactar which can be adjusted in order to 

modify th• physical propartiea of Polyailoxane 
adha•ives. Sobieski. et al. , •silicone Pressure 
Sensitive Adhesive&," RtpSlbppj pf J?r111pg1-Scn1itiya 

Adb••iye T!shDQlQV, 2ftSI po., PP• 508-517 (D. Bat.aa, 
ad.), Van Nostrand Reinbold, Haw lork (l.tlt). 

Further details and axupl•• of •ilicone pressure 
sensitive adhesives which are uaetul in the practice 
o~ 'tllia invention u-e ducribe4 in tlaa following u.s. 
Pa't:ents: 4,191, &a2; 4,11,,355; 4 ,5&5,13&; Ul4 

4,115,767. 
luitable silicone pruaura•aanaitive adhesive• 

are comaercially availula and. lnclwte tbll ailicona 
adhe•iv•• sold under 'tile ~adeaarlca BIO-PlllA X7•J027, 
BIO-PSA X7-4919, BlO-PSA X7•2&15, and BIO•PSA X7-3122 
by Dow corning corporation, K•dical Producu, JUdla.nd, 
Mlcb.i;an. BIO-PSA-3027 i• particularly 11uitable for 
use in toraulatian• containin9 amine-functional dru911, 

•tlClh - albuterol. 
Xfl the practice ot a preferred aUodiment. or the 

invention, tba polysilaxane constitutes pretera.bly 
tram about 4t t.o about, 97t of the total wei9bt of the 
tot.al deraal caapo•ition, and preferably about '' ta 
about'''• and more preferably at.out 1.t• to about 971. 

In practicing the invention, any bioactive a9ent 
•Y 1'e included in tbe ctermal composition. 
Illu•tratively tba bioac:tive aqent i• a dru9. Any 

dr\19 which i• ca})able of producing a pharmacol09ical 
response, localiaacl or systemic=, irre•pective of 
wbet.ber therapeutic, 41a9nostic, or prophylactic in 
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nature, in plant• er animal• ia wi i:hin tba 

contaaplat.ion of the invention. In addition to dru9s, 

bioactive aqanta aueh u . peaticidea, insect 

repellents, sun acraana, co ... tic aqent•, etc. are 

within th• conteaplation of the invention. It Should 

lMa noted that the i:,ioaativa a9ents 11ay be usecl sinqly 

or •• a mixture of twa or more •w:b. agent•, and in 

aaount• sufficient to prevent, cm-a, dia9noa• or treat 

a 41•-•· &a the caaa •Y be. 
ZXemplary active dru9s that can be administered 

by the nw•l tziaft8deraal dnq delivery ayataa of t:hi• 

invention include, mt aa:• not: 1.tait;ed i:o: 

1. C.rdioac=ive meclicationa, 1lluatrat.ively, 

or9anic: nit:atu ••ch aa nit:r09lycarin, iaoam:bid.e 
cllnit:rate, and i•oaor~i4e mcmonitraU.1 quinidina 

aul!ata; p~cain-iu; ~as:Ldee am:b u bendraflae­

tb.iaaid•, Cblorat:bi.azide, and byclroahloroi:byaz.:i.de; 

niredipina r nicardlpinaJ ~arq:l.c: S:.loc:ltinv a9anta, 

•ucts u tillalol and prapranololr vwap&llll; clllt:ia••: 
c:aptopril; clonid:lna and praaaain. 

z. AndrolJ•nic at.eraida, aacb a• t•atoatm:cm.a, 
.. tbylteatostercne and tluoxymeaterane. 

3. latr09ana, am:b •• conjugated •tragena, 

ateritied astro9ena, aatropipate, 17fJ estra41ol, 11-­

-t.radial valerata. equilin, uatranol, •trone, 
••triol, 17l••c~inyl ••tradiol, and 
diethylatilt»eatro1. 

4. Proqestational a;ents, nc:b as proqa&terone, 

11 .. narpr09esterone, norethindrone, nora~ndrona 

aaatate, 11alenrJestrol, chlomadincma, ethiaterone, 

aaclroxypr09ea~erana acetat:a, hydroxyprovesteronr 
oaproate, •thynodiol diacetat.e, norethynodrel, 1'7·~ 

hydrcxyproqestezoone, dydroqeaterone, dimetbiatarone, 

athinyleatrenol, nor9estre1, 4eme9eatone, 
promequtone, and llllCJUtrol acetate. 
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5. Druq& tiavin9 an aation on tha central 
nervous system., tar example ••datives, hyponatics, 
antianxiety a;ents, anal9asics and anesthetics, such 
a• chloral, buJ;Jrenarpbina, nalaxone, halaperidol, 
tluphenazine, pantobarbital, phenobar~ital, 

••ca!Jarattal, cOdaine, lidacaine, tatracaine, 
dyclonine, clibuc:aine, cac:aine, procaine, mepivaraine, 
bupivacaine, etidocaina, prilocaine, banzoc:aine, 
fentanyl, and nicotine. 

1. Nutritional apnt.s, such aa vituina, 
•••antial amino acids and ••.-ntial fats. 

7. Anti-1nf lauatory •v•nts, aucb a• 
hydrocortiaone, cortiaana, daxaaetbaaone, 
flUDainolone, triaac:inolana, Jl8dry1ane, predni•alone., 
fl"W:andranolide, preclnisone, halcinonicla, ..t:hyl­

predniaolone, fluraadrenol1de, pr•dniaone, 
ll&lcinanide, .. tbylpreclrsisolone, ~1udrocorti•one, 

aortica•tarona, par-tbaaona, bataaetbaaone, 
ilNpropllen, naproxen, lenaproien, fenbufan, 
f1US"biprofen, indoprafen, klltoprafen, •gprofen, 
indomatbacin, piroxioa, upirin, aalicylie acid, 
difluniaal, ••t.byl salic::ylata, pllanyll:nltazona, 
aulinclac, metenaaic acid, meclofenamate aacliua, 
tolaatin, and the like. 

•• Antihista11inea, such a• di.pbennydruine, 
di•enbydrinate, perphenazina, t~iprolidine, 

pyrilaaine, cblorcyalizine, praaethazine, 
carbinaxamine, tripelennaaina, broapheniruaine, 
hyclroxyzine, cyc:lizina, aaclizine, clot-pranaline,. 
terf'enadine, and chlorphairmU.na. 

9. Reapiracory a9ents,. such aa theopbillina and 

'11-adrenarqic aqoni•ta auc:b aa albUteral,. terbutaline, 
-..taproterenol, rit.odrina, CIU'lnlterol, fanotaral, 
qulnterenol, r111iteral, salmefaaol, soterenol, UICI 
tetraquinal. 
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10. Syapatb.oaimetic•, a11c:h •• dopam.in.e, 

narepinaphrine, pheny lpropanolamine, phenylap:2.rine, 

paeudoephedrine, amphetamine, prapylbaxearine and 
epinephrine. 

11. Mictics, sucb aa piloc:arpine, and the like. 
12. Cbolinerq:lc a9aniat.s, such aa choline, 

acatylcholine, athaeholin•, carbacbel, ba~anacbol, 
pilocarpine, muscarine, ant areooline. 

13. Antimuscarinic or 1'1.lacarinic cbolinar;ic 
blockinq aqents such .. at~opine, aoopolaaina, 
homatropine, ••thscopolaaine, boaatropine 
••thylbromide, .. thant~eline, cyclopentclate, 
tropicamida,propanthaline, anisotropina, dic:yc~~aine, 
•nd eucatropine. i•. Kydriatica, •Qch a• a~ropina, 

CJClopantolate, ha.atropine, aaopolalline, tropicaaida, 
ncatropina and hydroxyaplletaaine. 

11. P•ychic aner9izera 
3•(2-aainopropyl)indole, J-(2-allinob\lt 
tlae lib. 

au ch •• 
ilMSole, and 

11. Anti-infect:ives, INCh •• illltibiatics, 
includinq penicillin, tat:rac:ycline, chloraaphanicol, 
aultaceta•icle, a ult aaatba&ine, aulradiazina, 
sulfuaraaine, sulfuetbizol• and a11l.~iaoxaaole1 

antiviral•, inclucli.1u;i idoxuricUnei antibactarials, 
such aa erytbraaycin and clarithroayc:in; an4 other 

«nti-intectivea includiftfJ nitrofuraaone and tile liJce. 
17. Deraatoloqical a9enta, such •• vitaina A 

and E. 

11. HUllaral aCJents, auc:h as the prosta9landins, 
natural and synthetic, tor example PGEu PG&zcl, and 
PGF,a, and tbe PGl:1 analo9 aiaoprostol.. 

19. Antispa•ll041ca, •ucb ••. atropine, 
-t.h.antheline, papawrine, c1nn ... drine, and 

-th•copolaaine. 
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20. Antidepressant druc;s, such as isoc:arboxazid, 
pbenelz1ne, 
allitriptyline, 
not"triptyline, 
and trazodona. 

tranylcyproaine, iaipraaine, 
trimipr:aain•, daxepin, desipramine, 

protriptylina, amoxapine, aaprctiline, 

21. Anti-diabetics, sueh a• insulin, and anti­
caneer drugs suc:h aa t.uaoxifen and -thotrexate. 

22. Anoreo~ic drugs, such aa dextro-pbetaai.na, 
utJi .. pbeta:min•, phanylpropanolamina, fentluramine, 
4:1.ethylpropion. •zinclol, and phentaraine. 

23. Anti•allervenlcs, such aa antazolina, 
mei:hapyrilana, ablorpheniraaine, pyrilaaine and 
phenirDine. 

24. Tranquilizer•, nc:ib •• raaerpine, 
cbl.orproaazine, and ant1anxiety benzad.iaaepinaa sucb 
•• alprazolam, abl~iaaepaxicla, clorazapt:ata, 
halasepma, oxazepaa, prazapa, clonazepn, flura:zapu, 
'triaaoln, loraaepaa and diasepaa. 

zs. Aratipaycbot:ic:a, ll\ICb .. tbiopropasa~e, 

cblorproaazi.ne, triflupromazina, aeaaridazine, 
piperacet.asine, tbiorid•zine, acetophanazine, 
flupbenazine, perphenazine, trifluoperazine, 
ahlorprathixene, thiotbixene, haloparidol, 
brmapariclol, loxapine, and .olindona. 

21. DeconcJestants, suc:h •• pbenylepbrine, 
ephedrine, naphazolina, tatrahydrazoline. 

27. Ant.ipyretica, SUCb as aspirin, salicylaaide, 
and the 11Jce. 

21. Anti•i9ran• a9an~s, 

dib.ydroel99otaaine and piaotyline. 
such •• 

21. Druqs for treating nausea and voait.in9, aueh 
•• chlorpr011azine, perphenaaine, pfttchlorperazina, 
proaethazine, triethylperazine, triflupro•azine, and. 
trimeprazine .. 
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30. Anti-malarial&, s\lch •• tbe 

4-aainoqu.inolines, a-aminoquinolinas, chloroquine, and 
pyriaat:bamine. 

31. Anti-ulcerative agents, such as aisaprostal, 
011epraacle, and enprostil. 

32. Paptidea, •ucb •• 'JZ'Dwt:h releasin9 factor. 
33. oruws for Parkinllon•s diaaase, apasticity, 

and acute •uacle spa111111, such as lavodepa, carbidopa, 
-ntacline, apoaorphina, broJaaeriptine, selegiline 
(depranyl) , trihexypbanidyl bydracblorida, banztropine 
aaaylate, proc:yclidine bydroeblorida, baclofen, 
diaaepaa, and dantrolane. 

34. Anti-eetroqan or hormone a9anta, aucb a• 
tuoxiten ar huun cborionic CJonadotrgpin. 

'Ille active a9ents can bll preaaat in tbe 

c:Q11PO•ition in different !~, d9P9ftding on whicb 
:r~:ra yielda tlle optiama 4a11vary cbaractai:'i&tiaa. 
ftWI r ill tba caae Of UWJ8 r t:lla drug can b9 in ita 
f&'a• baa• or aaid fo:na, or 1n the fona of salts, 
..ar.~ or any ot:har pharmacologically aocapbble 
darivatlve:a, or as c:cnaponan't• o! :molecular eoapluaa. 

The aaount of dn9 ta be incarparatelll in tbe 
campoa1t1an varies dependiDCJ Dn tbe particular dru.9, 
the dMired therapeutic effect:, and the time span for 
wlUch t.b8 davic:• is 'to provide therapy. Por moat 
drug•, tbe pasaa9a of the dru9s 'tbz'ouvti tha skin vill 
be tbe rata-liaitintJ aap in deli.vary. 'l'bwa, the 
amount of ctru; and tba rat• of release is typically 
aelegted •o aa to pz"Ovide tz'anacleraal delivery 
abaracterized by a zero order tbe dependency for a 
pralonqed pariocl of tiaa. 'tile miniawa qount. ot d.ruq 
in the system is ••leate4 baaed on 'the IUIO\mt. of dru~ 
which. passes through t.b• sin in the ti.. span fr; ... 

which t.h• device is ta provide therapy. Honally, t.":e 
amount of clruq in the aya'ta cam vary trm aballt o.3, 
to abou~ 50' by weight, and preferably, for th• lower 
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drug d~aea pe:naitt.ed by this inv•ntion, froa about 
1.0• ta about 30,. 

Of course, the coapoaition of tbe transdermal 
dru9 delivery syataa can also contain a9ent• >uaovn to 
accelerate the delivery of the dng tbi"oqh the akin. 
These aqenta have been referred to•• skin•panetration 
enhancers, accelerants, adju.vanta, and aarption 
prcmotars, and are collactively referred barain as 
"enhancers." ftis c:lass of agents includes these with 
41 verse meebanisms of action includin9 those which 
have tbe function ot illpraving th• ao1Ubil1ty and 
cliffus1bility of tbe c.tru1 wit:hin the multiple pol~ 
and those which improve percutaneous ahaorption, tor 
e:m:aaple, by cba119inq the ability of tba strat:ml 
cornama ta r9tain moiatm:e, aottuainv tba akin, 
illprovinq t:ae ldcin • • permeability, ac:tincJ u 
penetration aasisbnts or hair-follicle cpenen or 
cban9inq the state cf the sJcin inclwU.llCJ tbe boundary 
layer. S•e of tlleae aCJl!ll't:s have mare than one 
Mcb.anin of action, l:nat. in easence tbey aerve to 
anbance the delivery of t.b• druq. 

Soae example• of enhancers are polybydric 
alcohala such as dipropylane glycol, propylena 9lycol, 
and poly•thylene 9lyecl which enbanca drllCJ aolubilit:y; 
oils such as olive oil, squalane, and lanolin; fatty 
ethers such as cetyl ether and cleyl et:her; fatty acid 
est.era sucb aa iaopropyl myristate Vhieh enbance drUg 
dif'fusibility; urea and urea derivatives auch aa 
allantoin Which affacC tha Uility Of keratin to 
retain 110iature; polar mol vents auah aa 
dimethyldacylphoaphoxide, .. thylactylaulfoxicle, 
dimethyllaurylamide, doclecylpyrroliclone, iao•or))i tol, 
diaetbylacetonida, di••thyl•ulfoxide, 
d•c:yl.llethylsu1foxide, and diaetbylformamida vbicb 
affect keratin peraeability, salicylic acid vhich 
aoft.ena the keratin; amino acids which are penetration 
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assistants; benzyl nicotinate which ia a hair follicle 

opener; and hither molecular weiqht aliphatic 

surfactants such as lauryl sulfate salts which cbaNJ• 
the surface stat.• of tha s.Jc:in ancl dru9a adJliniaterad. 
Other a9ents include oleic and linoleic acids, 

a•carhic acid, panthanol, butylated hydroxyt:oluene, 

toc:apherol, tocopberyl acetate, tocapheryl linol••t•, 
propyl oleate, and isoprcpyl pal.aitata. 

In certain aabadiaani:s af tbe invention a 

plasticizer or tadtifyinq a9ant is incorporated into 
tbe tormaiatian to improve ~ adhaaive 

characteristics of the dK31&1 ccmpoaition. A 

taakiryinCJ a9ent i• particularly ueful in those 
embodiments in 'wbic:h the c1rug· 'doe• not plasticize the 

polyaer. hi.table t:ackifyin9 agana are thDlla known 

in ~ art inclwlift4J: (1) aliph&Uc: llydrocarbon•s (2) 

•lxad aliphatic aa4 armaatic: bydrocarbona; (3) 

araaa~ic hydracar})ons; (t) aubat:it.uted armaatic 

J:aydrocar.bona; (I) bydrOCJan&ted 9Bera; (I) 

polyi:erp•fte8; and ('7) hydrogenat:ad vaad ro.J.na. The 

tac:Jcityinq · a9ent aploylld i• pr•~erably oaapatible 

with the blend of polymers. In preferred embacU.aents, 

the tac:kityincJ acient ia silicon• fluid <••9•, l•O 

lledical Pluid, available fr• Dow coninCJ Corporation, 

Midland, MI) or •inual oil. Siliaana fluid is uaaful 

for blends coaprisin9 polyailoxana •• a major 
component.. In other •abodiaenta, wbera polyac:rylate, 

for example, is a aajor component, •ineral oil i• a 
preferred tackifyi119 agent. 

SO.e druCJ•, such aa tb.a vuodilator 
nitr09lyeerin, tlUICftion aa p1aatieizers in t.b• 

ccmpoait:ion because they are solut.le to a certain 

d•CJJ:"•• in tbe polyaars camprisinq th• •Y•~-. Por 

drug malecules which are not readily soluble in the 
po1}'1D8Z' ayat-, a co•solvant far the drU9 and polymer 
can be added. Co-solvents, such as lecithin, retinal 
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derivatives, tocopneral. dipropylene glycol, 
triacat.in, propylena qlycol, saturated and unsaturated 
tatty acids, aineral oil, aillcane fluid, alQohols, 
butyl benzyl ph~alata, and the like a.re uaeful in the 
practice ot the inatant invention dependinq on d'le 
solubility of tb• dru9 in the multiple polymer 
adhesive system. 

To au-arize, 
coapasitians tor 

pref erred and optimua 
polyacrylate/polysiloxane 

eabod.iment are a• rollows: 

TABLED 
PIRC:M IX DJQBT 

Pref erred 
CQmpgnant 

•oly•iloxane 
Polyamylate 
co-solvent.(&) 
Sllhancar C •) 
Dl'UCJ(•) 

"DI• 
11•4 
:z-•s 
0-30 
o-zo 
0.3-so 

Opt!iaum .... 
97-14 
a-as 
0-20 
0•10 
1-30 

fte coapoait1on of tllill invention -y further be 

provided with various thickenara, tillara and otb.r 

additives known tar UM with darmal capoaition1 .. 
Wbere tbe cmapoaition tends ta absorb water, for 
example, Wben leci t.hin ia used a• a co-solvent, 
bydraphili= riller• are especially u••ful. one type 
o~ hydrophilic fill er vbich haa been successfully 
employed is an aluminma silicate clay. 

In a clavice aapec:t of th• invention, i:h• dermal 
composition can be used as an adhesive partian of any 
transdermal dr\19 delivery davice (e.g., a reservoir 
device) or it· can c:oapri•• an adhesive 
monolithig device. Of course, th• principle• of the 
invention would still apply to eabodiaanta where the 
darmal acmpositian is not a pressure-sensitive 
adheaive and ccmprises the dru; reservoir. 

M::=t ! dV'\" ".\> l(·Pfn: \H \.)}! 
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Reference to fZG. 1 sbowa a aGheaatic 

illustration of an adhesive manolitbio c:levice 
uabadiment of the invention lA· 'l'he danal 
composition ccmprisea a 110nolithic body 11 of a 
detined qaometric shape with a protacti -;.·a release 
liner 12 on one side ot monolithic body 11 and a 
backing- layer ll on tile other side. Aeaoval of tba 

releaae liner 12 exposes th• pre•aure-aensitive 
Jlllltiple polymer. adhesive which functiona bo~ as the 
c:lru9 carrier aatrix and as the maana of applyinq the 

•Y•tu ta the patien~. 
A device, at' individual do•&CJ• unit, of tbe 

praaant invention can be produced in any aanner Jtnovn 

to those of skill in the art. Attar tbe darmal 
ccmpoalt.ion i• fonted, i~ -y be browJbt into cantact 
with the bacltin9 layer in any mannU" mown to tho•• of 

llkill in tb• art. SUCb taabniqaea inalude calender 

coating, hot 111111 t. coat int, solution coating, •~a. Of 

couraa, backin9 matuiala are wall known in tile ut 
and can acmpriae plalltic film of polyethylene, vinyl 
acetate reaiu, ethylene/vinyl acet.ate aopa1yaer•, 
polyvinyl chloride, polym:athane, and the like, -'tal 
foila, non-woven fabric, cloth and caamercially 
availul• laaina~ea. '1'ba backinq ut:erial generally 
has a thickness in the range of 2 ta 1.000 aicroaat.u• 
and the dermal caaposi~ian is 9enerally disposed on 
baekintJ -terial in a thickness rU19ing froa about 1Z 
to 250 micrometers thic:k. 

suitable release liner• are also well known in 
the art and include the cmamercially available 
products of Dav CorniDCJ Corporation desiqnated Bio• 
Release• liner and Syl-oft• 7610 liner.· For preferred 
tnmodiaants in which a polyailoxane 1• part ot tile 

multiple polymeric adhesive sys~a, the release liner 
aust be cmnpatible with tbe silicone adhesive. An 

1~~·1·'1711.l\."\ "' ;l'.1~(1 
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example af a suitable commercially available liner 1s 
3H's 1032 Scotch Pak. 

The conf'ic;uration of the transdaraal delivery 
ayatea af the pr•••nt invention can be in any shape or 
size as is necessary or deaira~le. Xllustratively, a 
ainqle doaaqe unit aay have a surface area in the 

ranCJe of 1 ta 200 er. Preferred sizes are froa 5 ta 
GO er. 

In a method aspect of tbe invention, a plurality 
of polymers havinq differinq solubility parameter• are 
blended (but not chaic:ally rucud or cross-linked) 
ta result in a denal composition, or multiple polymer 
adbe•ive system wi~b incorporated drutJ or bioactive 
aqent. which eontrols delivery of an incorporated 42:'UCJ 
into and tbrouqh the epidcmaia. 'l'ba blending of 
polyaars results in an adjustment of the saturation 
Conc:antratian of tba dru9 intha polyaric ayaU. and 

therefore permits ••lectiva modulation oi tbe 
transderaal dru9 delivery rate. 'rile tm:a •b1ancU.1UJ,• 

of ceuraa, incorporat.• chooain; th• appropriate 
polyacic components, and the proportiana thllZ'eaf, to 
achieve the desired ef f ec:t. 

ln a preferred llllbodiment of tha invention, a 
dermal ccmpositian i• pa:-epared by aixing tha 
poiyacrylate, the polyailoxane, cku9, co-salvant(s), 
and tackifyinq aqent, it needed, in an appropriate 

volatile solvent(•)• then castinCJ th• aixture and 
r .. oving the solvent(•) by evaporation to fora a fila. 

suitable volatile solvents include. bUt are not 
limited to, alcohols suc:h as isaprcpanol .and ethanol1 
aroaatics suc:h as xylene• and tolu.en• 1 alipbatica such 

•• h•xane, cyclobexane, and heptane r and alkanoic acid 
esters suc:h as ethyl acat:ata and butyl acetate. 

An ex .. plary general ••~ad of preparation is as 
tollcwa: --- -- -- -- --------------

This Sheet Has Been Rei.l~ced 

111111111111111111 lll 1111 
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1. Appropriate amounts of polysiloxane and 
palyacrylata, dissolved in a salvant(s), are coa):)ined 
and thorou9hly mixed together in a vessel. 

2. '!'be dru9 ia then added to the polymer 

mixture and a9itation is c•rried out until the dru41 is 

uniformly •ixad in. 
3. co-aol vent• and e~ancers, if necessary, can 

then be aclcled to the dru9-palymer mixture, and 

tboroughly :mixed. 
4. The foraulat1on is tben tran-_.srrlld. to a 

coatinCJ operation vbere it is coated onto a protective 

release liner at a contz"olled specified thic:kn•••· 
5. The coated pracluct ia then passed tbrouqb an 

oven in order to drive oft all volatile processing 
•olventa. 

t. Tbe dried. pradw:~ on the rel••• liner is 
then joined to the baclcinq -~•ial and vouncl into 
rolls ~or 1torage. 

7. Apprapriata aiaa and shape dosa9e units are 
die-eat from t:he roll .. terial and than pouclulcl. 

Th• order of atepa, th• amounts of ingredients, 
and the aaount and t:.iae of a9i tat ion or •ixinq are 
process variables which will depand on tbe spacif ic 
polymera, drug, co•aalventa, and enhancers used in the 
tonmlation.. These f actara can be adjust:ecl by those 
of skill in the art as required to provida a uniform 
product which baa acceptable pressure-sensitive 
adhesive characteristics. 

Rpplll 

The f ollawing spacif ic ex .. ples are included as 

illustrative Of clenal C011pCsitions, and Mthac:ls of 
making s•-, within the contaplation of tb• 

invention. These examples are in no way intended t.o 
be limiting of the scope of the invention. 
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The followin; cOJ111Dercially available aclbesives 

ware used in tba blend• camprisin; the multiple 
polymer adhesive systea of tbe examples: "Dura-Tak 

80-1194, 80-1196, and 80-1197" are t:rad-rks of 

National Starch and Cbeaical corporation, Bridqawater, 

New Jersey tor ac:rylic adhaaives (polyacrylate•) in 

or;anic solutions. 
•ato-PSA X7-3027, X7-4919, X?-2685, and X1-3122" 

are trademarks a:f Dov corning corparat.ion, Medical 

Products, :Midland, Hiohi9an for silicone •dheaivea 

(polyailoxanea) in oqanic solutiona.. BIO-PU.-3027 is 

particularly sui tab.le for ue in formulations 

containin9 amine-functional cb:'wJ•, l&uc:h •• albatercl 
and pilacarpine, in the :followincJ examples. 

11Viatanax Ul•J.S-U:- i• a trad-rk of Exxon 

Clleaical coapany 1 Hom1ton, Tmma, for a 
polyiaobu.tylana polymer vi~ a Flory aolacular wai9ht 
of 42,600 to 4C,1oa. 

•Blvax 4o-w• ia a tradeaar:k of Du. Pont Company, 

Willlin¢on, Dalavare, tor a polyethylene/vinyl acetate 
copolymer (40t vinyl aaatata content). 

'l'be 

supplied, 
afore.mentioned polymeric adhe•ives are 

or prepared, •• salutians Wllarein the 
percent solids by weight ara aa follows: 

IJmredi,•Dt 

BIO-PSA X7-3027 
810-PSA X1-3122 
BJO-PSA X7-4919 
810-PSA X7-2&85 
Duro-Tak 10-1194 
Dura-Tak ao-119a 
Dura-Tak 80-1197 
l!lvax 40-W 
Viatanex LM-MS-LC 

Ea,tsant Sqlid1 

50 
15 
50 
50 
45 
41 
45 
30 
30 

·~60 Medical Fluid• i• a trademark of Dov corning 
Corporation for a polydimethylsiloxane fluid. In 

certain embodiment• at the invent.ion, 3&0 Medic:al 

OR-(. -TC:: 
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Fluid ia added •• a tack1f ier to improve the adhesive 
characteristics of the end product. 

mn1c• ' 
A nitrD9lycerin-pclymer •ixture vas prepared by 

cambinin9 22 .o parts of nitroqlycerin, 1.0 part of 

dipropylena 9lycol, 1.3 parts of lecithin, o.a parts 
af propylene 9lycal, 2.5 puts or 360 Keclial Pluid 

(1000 ca), 1.0 part af bentonite, 43.& parts of 

palyacrylate CDura-Tak 80-1194), and 85.6 parts of 

palysiloxane (BIO-PSA X7-4919), and ailrad well in an 
apprapriata container. R1troqlyoerin i• available aa 

a salution in solvent.a auc:b •• etaanol, 1:o1uena, and 
propylene 9lycol from. l:CI beriou Inc., Wllaintton, 
Delaware. tn thi• in•tancet tll• nib:09lyoeria wa• 
addlld ••a aolutian in toluene •ixad tav•t.her with~• 
polyacrylate. Tlae reallltinv c:ompoaition had the 

inl)radiant coneantrations an a •dry• basis, that is, 
after raoval or volatile procea• aol venca, shown 

below. 
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PQCEHT SY WElGIIT 

Palysiloxane 42.8 
(Dow Corning silicone Adhesive X7-4919) 
Polyacrylate 28.6 
(National Starch Acrylic Adbes~ve, 
Duro-Tak ao-1194) 
Polydi:methylsiloxane fluid 2.s 
(DDW corninq 360 Medical Fluid) 
Lecithin 1.3 
Propylene 9lyQol 0.8 
Dip~opylene 9lycol 1.0 
Bentonite 1.0 
Hitroqlycerin zz.o 

100.0 

Kitraglycerin f lwc results tbrouqh cadaver skin 
.t.n v1 tra frma the f orm.ulation of EX&aple 1, 
Tranaclera-Hitro• {a trad ... rk oi Ciba-Ceigy 
corporation, suait, R.T), and H1tra-Dur9 (a traclaark 
of ICey Pbarmaceuticala, Inc. , JCanilvorth, &J) are 
•marized in FIG. z. A.a llbawn in PtC. 2, 
nitroglycerin r1ux froa the clenal coapoaitian of 
-.ple 1 (20.1 "g/ca2br) va• approxima~ely twice that 
fraa ttana4era-Hi tro• ( 9. I 1'9/ cm2br) and. about 1. 5 
ti••• tbat fro. Hltro-oure (12.4 p9/ca2br). 

snm•• z - ' 
In the followin9 exaple• (2•5). the method of 

Bxaaple 1 wa• uaed with t.be app:ropriat• aaounts of 
starting materials to yield ccmpasition• havin9 the 
f ollowinq ingredient ccmcentrationa ae~ forth 1n 
Ub\llar ton in TABLE III. Example 2 11 praaented for 
ccmparativa purposes and its formulation is not within 
tbe aaopa of the present invention. Bxaaple 3 and 5 
are adhesive coapositioll8 coaapri&iDCJ' blends of 
polyacrylate and a second polymer selected to 
illuatrate th• principles of the invention. All otber 
components, such a• excipiants or tiller&, raain 
constant in composition and a:mount frcm Bxaaples 2 ta 
!S. 
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Polyacrylate (21) 
Polyctbylcac vinyl .-.etate (21) 
Polybobutylcu (17) 
Polysilamle (15) 
N"itql)'cain (77) 
OJeic acid 
Pmpylene alycol 
lecitb,in 
Dipropylene &lycol 
Bmtanite 

l4 

DILi JU 
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Eamples ('6, w/w) 

2 3 4 ' 

73.2 
-

20.8 
2.0 
0.8 
1.2 
1.0 
1.0 

33.l 
40.l --
20.1 
2.0 
0.8 
1.2 
1.0 
l.O 

33.l 33.1 

'0.1 -- 40.l 
20.1 20.B 
2.0 2.0 
0.1 0.1 
1.2 1.2 
1.0 1.0 
l.O 1.0 

PlG. 3 graphically __.&-1z•• tlaa 111 vJtro 
nitroglycerin flux ruulu tbraqh cadaver apid&r11ia 
frcm the denial coapoaiticma of Bnapl•• z to 5. M 
-n in P:tG. 3, allcli'tion of either polylaotautylane 

(Bxample 4) or palyailoxan• (lbcaaple S) - both with 
8P8 lower than polyaczylau -- reault:ed in doubliq af 

1:be nlt.roqlycerin flux as coapared to an all aarylata 
•Y•tea (Example 2). However, addition ot polyatbylene 
vinyl acet:ata (Ex••ple 3) -- with an SP val.ua similar 
to the polyacrylate -- reaultec! in little effect on 
nit'&'Gglycerin flux a• coapared to ~e aystea of 
Example 2. Tbua, the f onulatian of Example 3 ia not 
vi~in the scope of tbe present invention. 

mpt.11 

A ••rias of nitr09lycerin-c:ont.ainir- compositions 
(J:-Vl) were prepared in Whict: tbe pc ;c:rylat.e (X'7-

3122) to polyailcxana (Dllro•Tak so- ·•) ratio was 
varied frct11 100.0: o •. {all acryl co o.o: 100.0 
Call ailoxane) by weigh:. KitrOCJly·· -rin concan'tration 
.., .. held at 2ot for all c011posit:ions. The intredient 
concentrations af th••• cmapo&itions are shown below 
in TABLE IV. --·-· -·· 
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QILI !! 

I n m N y VI 

14.4 21.8 43.2 57.6 72 .. 6 
1.6 3.2 4.1 6.4 8.0 

80.0 6'.0 41.0 32.8 16.0 
20.0 20.0 20.0 20.0 20.0 20.0 

z.n vitro akin flux was determinac:l for 
these C:lilllPQ&ition& and th• :results are • 11-•rized. in 
Table V and graphically depicted in FIC. 4. 

WJel ! 

15 of Polyllll!I' (lclcm 2/hr) (hr) 
CmnQOSidon PQJyacrylatc PolySilmw G1'?f Em 'Dll 

I 100 0 ·1.6 o.o 
u 11.6 1L4 3.2 1..5 
m 62.5 37..5 4.2 2.0 
IV 43.2 •• .., 2.3 
v 21.7 71.3 5.2 1.3 
VI 0 lGO 4.9 2.4 
-.em- - - 3.0 2.5 

AS &bovn, nitr09lyeerin (CTH) flux increasad as 
the concentration of polyailoxane in tile malt:iple 
polymer adhesive matrix incr••••d up to a uximm, at 
around aot polY•iloxane, after which no more increase 
in flux was aaen. It appea:r• that. beyond a certain 
oone•ntration of silaxane polymer, the nit:rC19lycerin 
activity ceases to increase (unit ac:t.ivity is 
reacmed), and tha flux no lOJUJer increases. Tbe 
attaimaant of satu~ation concentration (unit activity) 
is further varif 1e4 by the fact that coapoaition VI 
had nit:ro9lycerin axudate1 that is, the surface of th• 

adh-ive va• •wet" vit:.b excess ni'tro9lyc:erin. Of 
course. Composition VI, which i• ell polyailoxane, is 
not within tbe c:ontemplation of tbe invention. 
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-nae composi ticn of tbe blend of polymers i& 

preferably cb.aaen so that tha flux rate of drug froa 

tbe blend is at a maximua. studiea similar to t.hoae 

reported harain aay be maplayed to assist in &alactin9 

the apprapriate c011ponanta of 1:ha blend and the wai9bt 

ratios theraaf. In alternative aJlbodiaents, it may be 

cleaira!:ale to select a campaaition in which the flux 

rate will be retarded. 
'DRLU 7 • I 

An estradiol-palymar llixture C!Xampl•···~) was 

prepared by combining 2.0 puts of 171-estr•cliol, 2.0 
parta of propylene 9lycol, 3.0 parts of lecithin, 5.0 

parts of oleic acid, s.o parts af 4ipropy1ene 9lyco1, 

13. ~ pa:ta ot polyacrylate (~o-'fak 10-119•) , and 

13.1 parts of polY•iloxana (BIO-PU. X7-3122), aD4 

aixinv well 1n an appropriate container. '1'be 

rasultinv compaaitian bad tile invradlant concantra• 

t:Lona on a •dl:y• 1:aaai•, tbat ill, attar reao•al af 

volatila prac- solvents, given bal.ov in '1'A8LB vt. 

EXuapl•• 8 and 9 ware ucle in ac:cordanea vita tbe 

-t.hocl of BXa.ple 7. fte coaposi.tion• af ZX..ples a 
and 9 have tbe same d.ruq and additional coaponants, 

auch •• t:.he c:o-solve:nts, a• Exallple 7, but are not 

within the soope of this invention inaaw:b."'"a• the 

reaultln; adhesive matriaee are ailUJl• polya9Z' 

ayataaa. !:Kamplea 8 and 9 are given for camparative 

purpoaea only. 
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IABLEYJ 

E.lamples (~, wJw} · 

lnmcficnt 7 I 2 

PolYKl}'late 42.0 83.0 
Polysilo:ane 41 .. 0 83.0 
&lractiol 2.0 2.0 2.0 
Oleic acid 5.0 5.0 s.o 
Piopylem glycol 2.0 2.0 2.0 
Lecithin 3.0 3.0 3.0 
Diplopylene glycol 5.0 s.o 5.0 

Estradiol flux .ila v.tf:ro froa the sya~ of 

Example• 7, a, and 9 i• mown in PIG. 5. Aa aaen in 

FZG. 5, delivery froa the ayatam or thi• invention 

ut111zin9 the •Ultipla polymer · adhesive 

(polyacrylate/polyailoxane) of ZX&nple 1 was 

aubatauatially greater tban delivery from the prior art 

ayataas CD11P%'iSiJUJ ainqle polyaer adhesives (ZX...ples 

• and 9). 
mpr.p 11 - 1, 

J:n the followint; amplu ( tD-13 > , the -thod. of 

Bxample 1 wa• uaad wi1:h t:be apprapriat.a aaount:a af 

atartiD.CJ materials to yi•ld caapositians havin9 the 

in~ent conc:entrationa set. fort.h in TABLE VJ:t. 

"MLJYXI 

lnpatimt 10 
lxallpl•• (t, 

11 12 
v/v) 

13 

Pol:pilaunc ILO 33.5 3'.5 58.0 
Polymylm 6'.0 39.!I 33.5 lS.O 
Bltndiol 2.0 2.0 2.0 2.0 
OJeic add s.o s.o 5.0 s.o 
PIDpylene glycol 2.0 2..0 2.0 2.0 
Lecithin 3.0 3.0 3.0 3.0 
Slli«lm: :fluid ~.o 15.0 1,.0 15.0 

na. ' show• -=adiol f lwc results tar tbe 

COJDpositians at Examples 10 - 13; average flux was 
calculated for eac:h ccmposition from O to 22 hours and 

"'.> 



1.0 

15 

20 

21 

30 

l~: ~4 : FOLE \ & i..i\.kU\.E1' UC L ... 

W09JJOOl58 PCT/US92IOSZ9'7 

THIS SHEET HAS BEEN 
REPLACED i 

JI 

from 22 to 99 hours tram the &tart of tbe study. 1 

•••n in r1c. 1, aatradiol flux proqressively increas 

·With increased silicone polymer content durincJ th• 

flrat 22 hours cf delivery, J:Nt. vaa affected to a nch 

leaser deqree durinf the r-incler of the study (22 t.o 

91 hours). Thus, sitni:ficant adjustment. of the 

••tradiol d•livary rate during tbe initial phase of 

daliYary waa acccmplillhecl, wl~ •inor etfac::ts an the 

later dalivery ptaase, by modulating the polysiloxana 

to palyacrylate polymer ratio. Fi9 6 also illust.rataa 

t!mt the delivery charactari•tica over tiaa can be 

adjusted by tb• appropriat:e daoiaa of polym1ra and 

reapec:tive wei9ht: ratios. Por u:uaple, tile 

~armlation of Bxaapl• 10 deliven dz11g a~ 

apprmd.11atel.y the •- rate over tt. vbar••• tbe 
fonulation or Enmple 13 deliver• •r:• quietly in the 

aarly pbase than tbe lat.t:er. 
llM!'e• ,. - ll 

A norethindrane aaaute-polyaer mixture was 

prepared by combining o. & parts of norethindrone 

acetate, 1.0 par1:• of m~ylene 9lyool, al'ld 40.9 parts 

of polyacrylate (DUra-Tak 10•119.&). and •ixincJ well in 

an appropriate eontainar. '1'be resultinv composition 

bad tbe incJrec:liant concentrations an a •c!zy• basis, 

tlaat ia, afte.r removal of volaCile.proc .. a solvents, 

CJiven below in TABLE VIII. !be same -thod vaa 

employed ~o maka Exurpla• 15 and 16. 

mu n:ri 

Eumplu (S w/w) 
lggdicnt 14 -15 I§ 

~ 92.0 - 46.0 

i11i1iiiiif 1Uf PolysiJozan - 92.0 ~.o 
Nomhindrone acetatB 3.0 3.0 3.0 
Butyime 1lycal s.o 5.0 s.o 
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Rorethindrone acetate flux in vitro from the 
sy&teas cf Ex:maple• 14, l.!5, and 16 is shown in nc. 7. 
Aa seen in F?C:. 7 , norethindron• acetate deli very from 
the pclyacrylate/polyailoxane •Y•te.. of this 

invention (E>Cample 16) was intermediate to dalivary 
from the sinqle polymer ayat... not of thia invention 
(Exa~le 14 and 15). Thua, blencliDCJ tha polyac:rylata 

and polysiloxana re•ult• in madulation of the 
norethindrone aoecau flux. 

JP.Pl.II 11 - 10 

Aa estradial/norethindron• acetate caabination­
polyaar mixture was prepared .by cOllbin.inCJ o. 6 parts of 
17/J estradiol, 0.1 parts of noratb.indrone acietate, o.G 
parts of butylene glycol, o., part.a of oleic acid, 1.5 
parbl of lec:it.Jlin, 4.5 parts ot a:.L11c:one fluid 
(poly4iaatb.ylailoxane fluid, Dov eorninv 360 Jladical 
Fluid, 100 ca), and 43.2 parts of polyailo:xane tBJD­
PSA X7-•919), and abing wal.1 in an apprapriata 

aont:ainer. Tile -thod of Exaaple 17 vaa uaed vii;h the 
appropriate uaounta of atarti119 -~eriala b yield. the 

ccmpaaiticma of '!X&Jlple 11, 19 and 20. ~ha 

polyacrylate u•ed in Exulpl•• 11-20 was Rational 
starch Acrylic Adhesive, Duro-Tak ao-1117. The 
resulting composi~ions had tbe iDCJredient 
concentrations on • •ctry• . 'basis, that is, aft.er 
r .. aval cf volatile process •Olvents, qiven below in 
'?ABLE :tX. 
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TUM i1 

Eumplea c• w/w) 
Jnmdicpt 17 II 19 20 

Polyliloun 12.0 68.0 60.0 47.0 
Polylcryllle 5.0 1,.0 30.0 
Bltadial 2.0 2.0 2.0 2.0 
Ncadlindtone acecatr 2.0 2.0 2.0 2.0 
Oleic acid 2.0 2.0 2.0 2.0 
Butyi.e glycol 2.0 2.0 2.0 2.0 
La:itbin s.o 5.0 5.0 s.o 
SWcaae fluid 15.0 14.0 12.0 10.0 

l'lwc re•ults for the coapoaitions of Exaples 17• 

20 an sbovn in Pi9. a. .u aJsovn in r11. a, tbe flux 
of bath est:rac:liol (D) and norethindrone acei:ate (De) 

varied •• th• polyalloxane to polyacrylate polyaar 
ratio vu adjusted J e.tracUol :Clux vradually increaaed 
and tllen dec:reasecl vlth a maxbua at about 15t 
acrylate, and tbe norethlndron• ac:at:ate flux 
aon~inuouly dereaHd vi~ incre.asin9 acrylat.a 
conte11t aa vould be expeotad :rroa tbe data af P19. 7. 
A f.artber ef feet. ai varyim, the poly­
alloxane/polyacry la~• polyaer ratio is exhibited by a 
plo1: of estradiol flux relative to norethindrane 
aaeut:a flux (estradiol flux divided by noret:.hindrane 
ac:atate flux) as Sbavn in Fi9. 9. ay adjusting the 

a111cone t:a acrylate polymar ratio, it: was poasi!)le to 
modulate the relative dalivary of two drU9a (eatradiol 
and norat:hindrone acetate) from tha syst8JIS of this 
inven~ion. 
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1mm,11 21 - 23 

A pilocarpine-polymu •ixtur• was prepared by 

ccnlbinin~ s.o parts of pilocarpine base, 1.2 parts of 

lecithin, o.a parts of pi-opylene 9lycol, 2.0 pana of· 

aleic acid, 2. !5 parts of silicone fluid 

(polycl1•thylailaxane, t>ow corning l60 Medical rluicl, 

100 cs), and 77.0 parts of palyailoxana (Daw Carninq 

Silicon• Adhesive BIO-PSA. X7-3027) , and m.ixing well in 

an appropriate container. Exe•ple 22 inccrporatad 

piloc:arpine into a polyaerylatll comprisinv Rational 

surch Acrylic Adhesive, Daro-Tak 10-1111. Jbcample 2J 

.. ployed a blend of polyailoxan• and polyacrylate in 

accordance with the principle• of the invention. 'l'h• 

n•ult:in9 coapoait:ions had tile ingredient. 

concentrationa cm a •15ry• ba•i•, t.bat ill, after 

r..aval o~ volatile proceae aolvanta, given. balov in 

i:rULB x. 

Polyacrylate 
Pol)'lilcmae 
SDicoae Pluid 
Pi1acupine 
OJeic: add 
Propylene glyml 
Lecitbin 

21 

DILi x 
....,..(•wlw) 

2Z 23 

- 82.0 
77.0 
5.0 -
10.0 10.0 
4.0 ,.o 
1.6 1.6 
2.4 2.4 

41.0 
41.0 

-
10.0 
4.0 
1.6 
2.4 

Pilocarpine flux ln vitro rrom tbe systeu of 

Example• a1, 22, and ZJ 1• shown in F19. 10. AS seen 

in Fie;. 10, the dal_ivery rata :f'roa the syst•• of this 

inVention utilizinv tbe JDUitiple polymer adhesive 

(palyacrylate/pclyailo:xane) af Example 23, vaa 

interaadiata of the delivery rate& :f'roa ai119le polymer 

ccmpo•itions (Examples Z1 and 2Z) which are not at 

tbi• inYention. i:n tbia eabodillent or the invention, 

the coabination of polyacrylate ancl polysilm:ane 
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polyaera adju&ted tha delivery cf rate of pilocarpine 

within the ranqes eacablishect by slnqle polymer 

coapoaitians. 
mRLI! 24 • 17 

An albutarol-pol)'Jltlr aixt:ure was prepared by 

aouining 10.2 parts ot allRlterol base, 1.s parts of 

ltM:lthln, 1.0 part of propyl .... 9lycal, 4.1 parts of 

alaic acid, 2.1 parts ot dipropylane 9lycol, 1.5 parts 

of mtylene glycol, 1. 5 partll or viQJlin E acetate 

(tocoperyl aceta~•) , 25. 5 parts of polyacrylate (D\lro­

~aJc ao-11t•>. 11.9 parts at polyailoxane A (BJO-PSA 
X7-3122), 20.1 parts of polyailoxana B {B%0•PSA X7-

J027), and. 20.1 part• af 1aopropyl alcohol, and a.t.xincJ 

well in an appropriate catainar. '!be reaultinq 

aaapoai~ion had 1:ba ingrecliat acmcanti:atiou on a 

•dry• ba•ia, tbat. 1•, a~ reacrval of volatile 

proca11a solvents, 9iva belav in Table Xl. 
ne 11t1tllod of Bxuiple 3.&· was \18wl wi1:h the 

apprapriat.11 aaounta ol •~int .. teriala to yield the 

COllpoai~ions of 'BX•Pl•• 25, 26, and 27. 
DIM u 

P.amples (S w/w) 
Jnazdicnt 24 2, 2§ n 
Polyaikmne A 14.0 IS.I 1-'.0 14.0 
Polysllouae 8 19.6 19.2 21.0 19.6 
Palyaylale 22., 22.0 20.0 22.4 
Albutaul 20.0 20.0 20.0 20.0 
Olcic add 1.0 LO 1.0 LO 
Pmpylme glycol 2.0 2.0 2.0 2.0 
Dipmpyleae &lJCOI 5.0 s.o 5.0 5.0 
Blltylene glycol 3.0 3.0 - 3.0 
Vitamin E acatt 3.0 3.0 - -
VftaaainE - 1.0 - -
Vitamin E lino1eata - 3.0 
lecitldn 3.0 3.0 3.0 3.0 

.. ----·-----·· 

~1ii1i1ii1fillr 
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AllJuterol t lux results throu9h human cadaver akin 

in vitro frca the famulations cf Examples 24, 25, 26, 
and 27, are sn••arizad in FJ.g. 111 nitroglycerin flux 
fraa Nitro-Dur• th:roWJh the sa• skin spec:i.men ia 
shown a• a control.· Plux valu•a for tbe albuteJ:'ol 

aoapoaition• of Exaapl• 24 ta 2'7 ran9ecl fraa about 17 
IAt/crr/hr ta abOut 22 µ1/cr/br. The nitroglyc:erin 

flaw valu.a of at.out 28 Uf/t:a2/hr wa• sli9htly hiqhar 

than the literature delivuy rate for thi• product (20 
119/ra.2/hr, ba•ed on Nitro-Dur• product 1ai:.1 o:t 0.1 

_,/br f'roa a 5 or sy.t•). In arder ta acliu•t for the 

apparant bi9ber permeability of tbe akin specimen, 
albUtaral tlux results can be •ultipliecl by an 
adjustment factor of o.11t (20/21); thi• vau.14 result 
in flux values of about. 12 #J'l/cr/hr to about lei ,,.,,..,=. • 

Derapeutic all:uterol plam c:onc:entrationa are 
in the range of .abou.t 4 to a '14/-.L, and are produced 
by delivery ratu of U.011~ 115 to 230 pg/hr. Tba flux 

rat.. (12 t:o 11 p.9/~/b%) obt:ained frcm the 

compositions ot thia innntian therefore voul4 produce 
1:11.e necaaaary albuterol plaaaa levels (4 ta a ncJ/llL) 
!ar the treatment of aatlma fr• aya'tem aizea of about 
10 to 20 Clll-. 

QlllLll II - ZI 

Batradiol-polymer aixtures were prepared in 
accordance with the •thacl af Exaaple 7. Example 28 
la illustrative of a multiple polymer adbesiva ayate• 
whare polyacrylate i• blended with polyisobutylana 
CVistanex LM-LS-LC). Tb& resultinq caapositions had. 
taae invreclient:. concentra~ion• on a •ct.ry• ba•is, that. 
ia, after removal of vala.~ile procaaa solvents, qiven 
below in TABLE x:n:. 

ilifi11iiU 
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45.0 
45.0 

2.0 
5.0 
3.0 

45.0 

45.0 
2.0 
s.o 
3.0 

-
Batradiol rlux Jn vitro from the •Y•tea• of-

Bx-ples 21 and 29 are shown in PIG. 1%. ls •••n in 
FJ;G. 12, delivery trom th• mu1t1p1e polymer adheaive 
•Y•t:ea of EXample 28 ia comparable ta clalivery from 
Bxuple 29. 

llNQ'Jil u 
In addition to flux -ur-nta, t:ba apparent 

d1.ftwtion coefficient, D, ,,.. caloulat:acl from ral .. ca 
dab fer nitrc;lygarin froa ~trices of campasitiona 
I ta VI (BXaple •> into an inf bii'te ainJc. ft• ••1:ho4 
of D.R. Pa'lll., Qmtrp}le4 Bal111e !Olyllri; 
rprmylation•, &es sympgaium sari•• Rq. 32, Cbapter 1 
(117&) wa• uaed wherain tile 1niti•l eoneentration of 
nitraqlycerin 1n the -trix, Co1 va• deterain8Cl 
(assuming a den•i~y of 1.0) and th• rala~ionship af 
the aaount releasecl, Ifs, by a 11atrix of ar-, A, and 
t.b• 4itfusion coef!icient is daf ined by: 

MJA • 2C. (Dt/1f) 14 

Plottinq, KJA a9ainat tw, reaulta in a qraph 
havin9 a slope, m,, definecl by: 

. ii = zc. (D/11') VJ 

'Iba value or • can be ascertained by linear 
regression 'eo get the sl~~· of tbe ba•t fit line. The 
41truaion coatt1eient is c:aleulated ••: 

D • 11' (a/2C.) i 
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The results of these calculations tor 
Compositions I to VI are shown below in Table· XII. 

DILi 1111 

t:ompo&iti-(•CJ/=3)111 (m9/ca2h11.1., (cm2/sec) D(Xl.01
) 

I 2,1.0 
II 233.3 
III 2ll.:S 
IV 219.7 
v 217.0 
VI 215.0 
Ritro•DUl'SIO.O 

0.1728 . 2.11i x 104 

0.9413 l.105 x 10~ 
1.0134 4.786 x 10~ 
i. • .isoa 1 • 01& x ur• 
1.5920 l.174 x 10~ 
2.4551 2.845 x 10~ 
1.4880 J.25t x 104 

2.86 
31.05 
4"7. 86 
70.65 

117.4 
284.5 
3J.5t 

FICS. l:l and 14 show 1:ha relaticnship of flwc rate 

(J) plotted a9ainst appa.J:ent diffusion coefficient (D) 
and net solubility parameter (SP), reapactively, tor 
Coapoait:lona I-VI. '?be net aolutaility par-'tar, SP .. , 

wa• calculatecl uain9 a walCJbtad avu-•9• of the 

solubility ~tar• or ~· individual polyaer• 
coaprlsin; the .. trix: 

0. • f,.SP,. + Cl,.IP,., 
where e,. is th• wei9bt pvaenta9e·of polysiloxane and 

SP,. is the aol"W:>111ty par-ter oi poly•ilaxane. !'he 
sUbscript "pa• refers to the polyacrylate. FIG. 15 is 
a plot of diituaion coefficient versus net solubility 
para .. tel:'. 

Although the invent.ion baa been described in ter1111 

of specific eabodbenta and a.pplicationa, persona 

•killed in tba art can, in light of tllis teacbinq, 
venerate ad41 ti.anal euocU.aents vi thout exceedinfJ the 
acope or departin111 froa the spii-it of the claiaed 
invention. AccordiftCJly, it is to be understood that 
the ctraw.inq and description in this disclos\U"e a.re 
proffered to facilitate comprehension of the 

invention, -and should not ~· construed to limit t:ha 
sc:ope thei-eot. 

-----·--- ·----------····· ·--··--·-·---·-
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c:y.111 

1. An iaprovac.t pr•••ur•·••nsitiva adhesive 

composition cf the type suitable for controlled 

rel•••• of a bioactive a9ent from pressure-sensitive 

adhe•ive aatrix, tbe composition camprisin9: 
a blend of a first polymeric adbeaive having a 

firat solubility para•eter ~ a aecond 

polymeric adbesive having a second solubility 

paramater, t:b• first and second · :"Jlubility 

paramater• bain9 different troa one ~tber by 

an inor-nt of at. l••t 2 (J/crt) 111 and 

ruultinv in a cbaractariatic net solubility 

·par-tu: of the ):)lend which can ••lectably 

adjuat tile ••turation concentratian of a 

bioacti ve •vent contained in tlaa pna11V-

11an•itiva adbe•lva caapoaitian and tbareby 

udulata the release at the bioac:tiva apnt. 
2. A t:Z'ans4u:mal dra9 delivery ayai:em ccmpriai.ng 

(1) • bland of: 
(•) a f.lrat polpaerlc -terial having a 

first aaluilility par-tc, and 
(ti) a ••cond polyaeric material bavin9 a 

aecond aolubili ty par-t•r, aaid 

first and aac:ond solubility ·.rnaters 

beiNJ dltf •rent froa one anai:her and 

ruul ting 1n • prasalac:t:ed net 

solubility parnater of the bland; and 

(Z) a drWJ, vberein tlla net •ol11bllity 

param•ter cf the blan4 1• preselected to 
determine the eolubility of ~he druq in 
the J)lenel. 

3. The transdenaal druCJ delivery ay•t.- of claim 2 

Vb.rein the blend ia a prassure-aeru1itive adhesive. 
'· The i:r• ·sdenal drug delivery system of clab 3 

furthar caa1 .sing a backinq material superimposed on 

·--·-··----·----------:----

11111111111111 11111 1111111 1111 
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one surface ot the presaure sensitive adhesive, said 
backinq mat.erial bainq substantially iapermeable to 
the clru9 contained therein. 

s. Th• tran•dermal drwJ delivery ayatea af claia 3 
further ccmprisin9 a r•l•as• liner superimpo•ad on a 
surface of the pressure •en•itive adbe•iv• apposite 
aaid backinq material. 

'· The tranadermal ~ dalivary syatu of (claia 
2J ADX oru1 of cla,t.Jn 2 ta 5. wberein the dnt9 ia a 
atarald. 

7. Tb• tnnsdermal dJ."u9 delivery syatu ot clab 6 

wherein the steroid 1• an •straven ••lec:te4 traa t:b• 

group consiatin9 ot conjUCJaUd utrovans, eat:erifiacl 

••'trOCJens, ••traplpa~a, 170-e•tradiol, equi11n, 
-tranol, ••trone., ••t:iol, et:hinyl aat:radiol., and 
Aietbylstilbeatrol. 

a. Tbe traud.erul dr&af deliVe&"J' •rat• of claia 6 
vluu:•in i:Jl• staroid 1• ~ PftCJ•t:ational a9ant. 

1. ft& transdermal druCJ dalivaxy ayat• of claia 
(7] I wh8rei11 the pn199acational a9mt i• aelected 
trOlll the CJrOUP conaiat.in9 of pr09asurane, 19-narpro­
v••terone, noretbindrone, nm:etll.lndrone aaeta~, 

•len;estrol, cblorudinone. etbisterone, udroxy­
prOCJ-terona acetate, h~ot•sterona caproata, 
etbync.1Cl1ol diaca~~., narethynodrel, 170-hyclre>xy• 
prav••tarone, dydr09eaterone, di•atbiatarone, 
ethinyleatrenol, no~v••trel, d•••9••tone, 
promeqestone, an4 -9ut.rol acetate. 

10. 'l'be trans4eJ:ma1 druCJ deli vary •Y•tea of 
[claim 2] any one of plaipw z to 5. wherein the drUv 
i• a a,-adrenarvic agani•~· 

11.. ft• tranlldemal cln9 delivery ayatea o~ claia 

[ 7] ll wbarein t.ba 11-adranerg-ic agoniat 1• a elected 
froa the CJrOUP c:onaiatinv ot aetaprot.erenol, 

I lllllll llllll lllll lllll II llll 
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tarbutalina, alb\aterol, carbuterol, 
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riaiterol, 
aal .. famol, fenoterol, aoterenol, tratoquinol, ancl 

quinterenol. 
12. ft• transdarmal druq d•li very •Y•t- ot 

[claia 2] ADY pn• gf claim• 2 to 5. wherein tbe dru9 
is a cardiaactive a9ant.. 

13. Tba tranadaraal draq dalivary aystaa of claim 
12 wherein said cardloact.ive 1UJ9ftt i• aelactad froa 
t:ba group c:onsi•tbv of nitr09lycerin, iaoaorbide 

dinitrate, is011orl:»ide aanonitz'atea, quin1cU.na sulfate, 
procainaaide, bensydrotluaetkia1ide, 
bendrof1aaetbiaaida, c:hlorothiaslcle, nlfedipine, 
nic:ardipine, 'VllZ'&paail, 4iltiasea, ~iaolal, 

propranolol, cap1:opril, clonlcline·and praaaain. 
1•. n. trauclanal dnv delivery •J•t- of 

(claia 2) l'D' PM oC plelw 2 t;p S. wherein 'tile dru4J 
i• a cbolinervia awaniat. 

· 11. 'l'lae tranlldezmal dl'Wf deli vm:y sy•t- ot elaill 
14 vberein the cbalinertJic .,oni•t 1• .. iactecl froa 
tbe poup con•i•tinv ot cbctllne, ••~ylabaline, 

Mi:bacbol:lne, carbachol, b9tbanaebol, pllocarpine, 
auacarine, and aracoline. 

1•. 'l'be tranadenal drug delivery ayatea of 
(olaia 21 am cme pf ql•iw• a ta i:s, whn-•in 1:he dng 
i• intillately mixed vitb the blend. 

17.. The tranlldanal drGI delivery •r•t- oc 
[clai.11 2] ID.Y eg 91 cl1W 2 tp 11. wherein said 
•yatea i• a re•ervoir ctevlce having an adhesive 
portion ooaprised. o~ aaid bland. 

11, 'I'll• t.ransde1:11al dft9 delivery syatea of 

[clai.11 2] 1Df gnc o( ql•i• 2 t;.p 1z1 wherein said 
ti.rat polymeric aaterial 1• • polyac:ryla~a. 

11. Tile transdermal drufJ delivery syatea af claia 
11 wbar•in t:h• second polyaeric 11aterial ia a 
polyailoxana .. 

---------------- -

I lllllll llllll lllll 11111111111 
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20. Tba transdenal dru9 delivery systma of clai• 
19 wherein the polyacr:ylate 1• present in an amount 

ran9in9 !roa about 21 to about ''' by wei;ht of the 
blend and tba polyailoxana is present in an DOWlt. 

ranviftCJ tro• about 9Bt to about 4t ~y wai9bt ot the 
blend. 

21. Tb• tran•derul c!ruq delivery syate11 or clab 
7 Wberein the ••traven ia·11a-ast~adiol and tba 17#­

••tradiol ia prasant 1.D· the ayataa in an amount o~ 

froa about lt to aboUt St by vei9ht. 
Z2. 'l'be tronsdenaal drWJ delivery syata of claill 

t wberain tha progeatational a9ant. is nontbindrone 
aoetate and tile noretll.indrone acetate i• present 1n 
tile ayatea in an uount af troa about it to at.out 51 

bJ' weight. 
2J. 9le transdezu.l dl'u9 delivery ayat:• ot claia 

11 wberein the · lt•adreneqic avcmist i• albutarol and 

tile allNterol 19 pruent in tb• •Y•ta. in an uount of 
1- than about 3Dt .by veipt. 

2i1. 'Iba ti:ansdenal 4r"9 dalivezy ayllta of ol.aia 
13 wherein tbe cardioactiva agent i• nitroglycerin and 

tba nitr09lycarin is pra•ent in tba ayatea in an 
.. aunt of lua than about 25t by wei9ht. 

25. Be ti:ansdermal dru9 del1va:ry syatea of claia 
15 vnerein tbe cbal1n8rt)ic a9oniat i• pi1ocarpine and 
the pilocupine is present in the drug-oontaining 
polymeric diffusion •U'ix in an aaaunt: of leu than 
about 30t by vei9ht. 

a&. Th• transcieraal dr'UCJ delivery •r•t- of 
[a1ai• 2] •DY on• gf QJ•!WI 2 tq s, vberein the druv 
ie a tranquilizer •. 

27. 'ftl• t.ranadermal druCJ delivery syat:ea af claia 

2& wberein t.he tranquilizer i• selected fraa tile vroup 
acm11i•tin9 of alprasolaa, cblorcllazepoxide, 
cloraseptat:e, balasep-,, oxazap&m, prazepaa, 

I lllllll llllll lllll lllll II llll 
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clonazepaa, flura%•P••· ~riazolaa, lorazepaa and 
diazepam. 

21. The transderaal clruCJ delivery aya'tea of claia 

27 wherein th• tranquiliaer 1• al~raaolaa. 
391 'fhe transdera&l dn9 delivery ayatea Df 

[clai• 2] any gnp cf claipll 2 tp s, wherein the drug 
i• an antipaycbotic. 

30. 'l'b• transdansal drwJ delivery •Y•t•• of claia 
21 wherein the antipaychot1G 1• selaetecl fr• the 
group canaiatintJ of thiopropazate, chlorprou.sina, 

~irluproaazina, lle80rida•ill9, piperacetazine, 
thior1da&in•. aoetapllenas:l.ne, flupbenaaine,perpb.enaz• 
ine, tl"itluoperazine, cblorpra~ixana, tbiothixene, 
haloparidal, brcmperidol, 1osapina ancl aolindona. 

31. ft• tranacleal dng delivery ayataa or claia 
30 vbarein the antipayabot:io u balap1ridol. 

31. 'Ille tramadenal dn9 clali very BY•taa of 
(olai• 2] av pn1 .Ar q11iM a m f. vbenin the drWJ 
1• an an•mtbetia. 

33. 'Iba tramdenal dru9 dalivai"Y apta of c1aill 
32 wb.erein the anutha~ic ia ••lee.tad frma tba group 

con•i•tlnv ot lldoc:aine,, tetracaine, dyclonina, 
dlbucaina, cac:ain•, procaine, -pivacaina, 
b\l.pivacain•, etidaca.lne, prilacaine and banzooaina. 

34 • '1'be tranadft'll&l c:lru9 deli very syat• ar clai• 
2:S wherein th• aneat.betlc :I.• liclocaine. 

35. 'l'ba transdenal clnt delivery ay•tea of 
[claia 2) •nv pne pf elaiM 2 t;p !i. Wherein t:he dru9 
i• an anal9eeic. 

Jfi. The transdermal dr\UJ deli very •Y•i:- ot claia 
35 wherein the analgesic ls selected f rm1 tbe group 
consiatint ot tantanyl, buprenorpbine and cacleine. 

37. ft• transcleraal druCJ 4-livery ayat:a of 
(clai• 2] any ane qf ql•iW' a to s. Wherein tbe ~ 

bas an action on th• central nervoua mJ•'t• • 

I lllllll llllll lllll lllll ll llll 
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31. Tb.a tra:nsdera&l dru9 delivery syatea ot claia 

37 wherein tha drUq is nicotine. 
39. "nl• transcl•raal dru9 d.•liwry •)'•~- ot 

[ claia 2) •DX an• gt elaiu 2 tq s. ccmpriainq a 

mixture cf at leaat tva dru9a. 
40. 'l'be transderaal druCJ d•livery 1yata of clab 

31 ccmprislnci a aixt.ure of a proqestat:ional a9ent and 
an aatroqan. 

41, 'l'be transdanal dz'uq delivery systaa of claia 
40 wherein said praqestat.ional avant i• ••lected fro. 
the qraup conaiatin; of provesterane, lt•norpro­
qesterone, noretbindrona, noretbindrone aoetate, 

· ••lenqeatrol, chlonadlnone, ethi•terone, Jledroxy­
proqest.erona aaat:ate, b7dZ'oXYPr09-terone caproate, 
at;hynacllol dlacatate, mt:bynodrel, 17a-byclraxy-

proge•terona, 4ydr09utarona, 4laetllillterana, 
·~hinyleatrenol, norv••t.ral, ••••9••tona, 
proael)estona, and •81Jutro1 .ac:atau. 

ca. Be transderu.1 c1ZUfJ dalevery ayat.a of claill 
41 vllerein aaid proqeatat:lonal a9ent: i• norftbindrona 
acetate. 

43. Tb• transdenal d.i'u9 delivery ayatea of claia 
(41] !Jl vbarein aai4 estrogen ia selected troa tba 
group cansistin9 of canjuvat:ed estrogens, astarified 
••trogens, aatropipa~a, 17-·•tz'&diol. equilin, 
... ~ranol, estrona, ellt.riol, atb.inyl ••t:radiol, and. 
diatbylati]l)ea~ol. 

44. 'lbe uanacle~l c1n9 delivery •Y•~- of claia 

43 ~rein said eatr09en i• 111-estradial. 
41. The tranadenal clru9 delivery ayata ot 

[alaim 2] ADY cme at gl1!• z t;pzM&. wherein the first 
and secon4 solubility para .. tera are different frat 
one another by an inc:rea•nt of at lea•t about 2 

• 

<JJcr> w. -----------
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46. Tb• transdermal dru; delivery systea of claia 

45 wherein tbe fir•t and seconc:l aolubility parameters 

are different from one anat:her })y an in~rament of at 

least aba.at 4 (J/caJ) 111. 

41. Tile tranaderaal clru9 delivery •yatea of 

[claim 2] any QM of cl•i•• z t;o tA. wbere:Ln s~id 

ayat:.. achieve• an inar ... ecl persea~ion rate ot the 

cSruq tbroWJb tha der11ia of a subject relative to the 

permeation rate achieved by a •r•tea coaprisln9 said 

f irat palymeric 1111terial •• the eola polyaeric 

-t•rial. 
41. ft• transdermal dnfJ delivery •Y•ta of 

[alai• 21 ID¥ on• pf claim 2 ta 1f, v.bartlin aaid 

aystaa achiav•• a dacreaaed pmraaa~lon. rate of the 

dr119 t!ar'ouqh t:b8 demi• of a aubjec:t: ralaliva to the 

permeation rate achHved by • llJ•i:• cmpria1n; sail! 

f ir•'I: polymeric •tarial •• tb9 Mle polymeric 

-t:erial. 
••• ft• tranadenal dZ'ag dallvery •r•t- or 

(ol•i• 2] any 9M pf el•iw• a H fl,,. f1artbar 

aomprisin9 an a4ditive aalectad frml tJae vroap 
aanslsting of an enhancer, a filler, a co-solvent and 

an exc:.lpiant:.. 

[SD. Jll A transderal dr\19 delivery ayata 

ccmprisinci: 
(a) • mlti»le polyaar adbeaive ayata 

consiatin9 essentially af a blend of abcMat 2t to about 

9tt by vai9ht of an aarylle•baaed polpar and abaat 

98t to aboUt. tt by weight of a silicane-ba•ed polyae", 

the aultiple pOlYJller adhesive ayatea bain; in an 

uaunt af eout 91• to abOm: 50t by vaipt af tba 

•r•tar 
(bJ a dn9 in tb• amount of about o. 3t to 

abau~ 50l by V•i9ht Of the ayat.-r 
----------------
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(c) an effective aaount of a co-solvent tor 
the dru9, said amount being up to about 30t by weight 
of the syst.ea1 and 

an effective amount of an enhancer, said aaount 
beln9 up to about. 20• br wei9ht. of the •Y•t.-. 

[51.].D.J.. 'l"be tran9dermal dru9 delivery syatea af 
claim 50 further comprisln9 f lllera and excip1ents in 
an amount of about 11 to about 151 by wei9ht or the 
dermal a~sive com.position. · 

(52.Jll· 'ftla tranadarmal druq delivery •Y•tell of 
clai• 2 comprisin9 at leaat two dr\1911. 

53. A •thad of Jlakinq a transderaal drU9 
delivery system af tile type bavinq a dru9-containin9 
pressure-sansitive adhaaive, tb• •tbod compriaiq tb• 
aapa of: 

( 1) proclUciDCJ a .inure oc 
(a) a blend Of a fir•t polymric 11&terial 

bavlnv a tir•t •oJ.uh.ility par-ter, 
and a HCOnd palymric aaterial haviluJ 
a •eeond aalubillt:y par-1:er, said 
first: and ••aond so1ui:,111ty paraaetens 

(b) 

(:Z) 

bain9 d1ff erent froa one anather 
reaul~lmJ in a JeaB•la~ed 

solubility parameter af tile blend, 
a drug; and 

ancl 

net. 
and 

fDrain9 th• aixt.ure into a pressure­
•ensi tive adbe•ive matrix. 

54. 'l'he aetb.od of claia 53 further c:cnapriai119 the 

•tep of applyincJ a backinq aaterial to one •lde of the 
pressure-sensitive adhaaiva .. trix, said bacJcinq 
.. ~erial being •Ubstantially imparaeable to ~be druq 
contained therein. 

55. 'rb• aethod of claim 54 further cmapriain9 t:h• 
step of applyin9 a releaaa liner to a aurtaoe of tbe 
pra••ure-aensitive adhesive aatrix opposite said 
baokin9 material. ---------- ------·-----· 
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!56. The 11ethod of [clai• 53) ADY QM gt claims =~ 

tg ='. wherein an additive ••lected from the CJZ'C\IP 

cansiatinq of an enhanaer, a filler, a co-aolvent ancl 
an excipJ.ent i• combined wit.Ii said aix-:=. :;re prior t.o 
faraing the aixtura into the pressure-aenaitiva 
adhesive matrix. 

S7. Tba :method of {claia 53] any on• pt cl•b• 53 

tp 5§, wherein the dru9 i11 ini:imat.aly aixed wit:h th• 

l>lend. 
58. '!he utbacl of (claia 53) any pna q( plai11 

tp az, wherein said •f8Cea ia a raservoir device 
bavin9 an adhesive portion ccmprised oi said l>lend. 

59. Tbe method of (claia 53J any on• PC elaia sa 
1;p !ii, wberain aa14 fir•'t polymeric u~arial ia a 
polyacrylata. 

so. Tba aet:bod of claia 51 wbarein 'the ••cond 
polyaeric -t.erial i• a poly•iloxane. 

11. '1'lle Mt.bod af alala 'o wherein tbe ratio of 
polyacrylate te polyailman• i• fraa BIKNt 2: ti to 
aboUt: 9t:4 by vaiC)bt ~f tile praseare-•ensitive 
adheaiva .. t:rix. 

82. ft• •thod af claia 61 wherein the rat.to of 
polyacrylate to polyailoxane i• trma atlout 2: 91 to 
a:t.out 91U10 by vei9ht o~ tbe pr•••_.•-ensit1va 
adheaiva aa~rix. 

13. The utbod af cl&1• 62 wherein the ratio of 

polyacrylate to polysiloxane is troa abotit 2: 91 to 
abau~ 86:14 by weifht of the presaure-aansitive 
adbasive matrix. 

64. "l'lle JDF·· ~od of [claim 53) any one pf c111m1 5J 

t:o §3, where· tile dru9 i• present: in - amount 
ran9inq froa .s; 0.31 t:o about so• by vai9ht af tbe 
p~esaure-aenaitive adbaaiv• matrix. 

&5. Tb• •ethoci of (claill 53) •nv one Of c;l•im1 '' 
to it. Wherein th• druCJ ia • •terold. 

------·-------- ------ -- ------ --
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66. Tbe method of clai• 65 wherein the •teroid ia 

an estrogen selected froa the 4Jr'O\lP conaiatin9 of 
conjugate4 eatroci•n•, ••terifiecl ••tr09ans, 
••tropipate, 1'71J-astra41ol, equilin, ••tranol, 
eatrone, ••triol, ethinyl ••~radial, •nd 
diathylatilbe•trol. 

11. Tile -thod af cla:i• 61 wherein the estroqen 
1• 171-••~~adiol an4 the 11a-eatradiol 1• present in 
the p:r:essure-senal~ive adbasiv• matrix in an uaaunt of 

from about 1' to about st by weight. 
11. !'he method of c:laia '' vberain tb• at:eroicl 1• 

a ~oqeat.atianal a9ent. 
61. 'Jibe MthOd Of claia II 'Vberein the 

prageatational a9ant 1• ••lactad froa tlae vroup 
aonsiatin9 af proqeR•rone, 11-norpr099at:arone, 
norethindrone, ~•t:ll11ldl'Ona acetate, •lanva•trol, 
cbloraadinone, etbiattarone, ~terone 

ac:et:ate, hyclroxyproJMterone Qproate, etbJ11od.iol 
diacatat.e, noz-atbynadrel, 170-hydroxypr098fterone,. 

dydrclJe•terona, cUaetldft8rona, et:binylut:nnol, 

norqeatrel, d•99-u.. pr.ml8CJ••tona, and ...,eatrol 
aceute. 

70. The •thDd at cl.aia '' wberai.n tile 
P:OCJ••t:ai:ional aqent i• norethindrone acetate and tile 

noretbindrone acetate i• pre••nt in the pressure• 
aensitive adhesive matrix in an amount of froa about 
1t to abmlt 5t by w•i9ht. 

71. Tile •thocl of (clai111 53) am QDI qf p~aiu 53 

1;9 t.t. wherein th• dru.9 ia a 81-adranarqic a9oniat.. 

72. Tile met.bod at clai• 53 wherein the 

~1-adrenarqic a90ni•t ill ••l~ed froa t.be vroup 

canaistin9 at •taproterenol, terbutalina, aUmterol, 
carbUterol, riaiterol, aalaefaaol, feno1:ero1, 
aot.arenol, trat.oquinal, and qainterenol. 

·-· ---··-------------·-------
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73. Tile method ot claim 72 vtwrein the 8,­
adranerqic aqanist is albut:erol and the allNterol is 
present in the pre•aure-••n•itive adh••iva aatrix in 
an a11aunt of le•• than about ~ot by wei9bt. 

''· Ttle aethod of [claia 53] any pne pf elaima 53 

tg &+, vberain the dnq i• a carc:ll~active a9ent. 
71. The •thod of cl.ala '74 wherein said 

. cardioactive a9ent 1• .. 1actad troa tbe cp:otap 
conaistinq Qf nitroqlycarin, isoaorbiicla dlnitrata, 
1-asor~ide .onani1:rate•, quinidina •Ulfate, 
procainaa14a, benzy4roflu•etbiazlda, 
bendrofluaethiazide, cblorot:biasida, nifeclipina, 
nicardipina, verapaail, diltia••, tbolol, 
pr:opranolol, captopril, cloni41ne and prasosin. 

76. 'l'b• •9tllod of ol•i• 71 vbereln t.be 
cud:Laactive agent; :L• nitr09lycerin and a. 
nitroglycerin 1• present in the pre•sua•IHDllitive 
adhaaiva •tr1x in an ac:Mmt of le•• tban Uaut 2!5t tiy 

vait)bt. 
17. '1'lle •i:bocl of (c:laill l:SJ •DX Mf gt plalw 13 

tp ft.._ wherein the dru9 i• a clloliJulrvic a9oniat. 
'71. Tbe -thod of clai• 77 vbarein the 

c:bolinertic a9aniat ill aaleatacl rrva t:ba group 
c:o1111la1:illCJ of choline, acetylchOline, · •et:bacholine, 
carbachal, bathanacbol, pilooupine, INSC&rine, ancl 
~line. 

79. Die -thod ~ alaill 71 wberain the 
obolin•rt1ic: a9CH1ist i• piloc:arpln• and the pilacarpine 
i• present in the pressure-sensitive adhesive .. trix 
in an &11ount. of 1••• than abou~ 30t by welpt .. 

10. The aathDd of clai• 53 w'.'-2rein th• clnq is a 
uanquilizar. 

81. Tb• utbad of cla:la ao wtaerein t:be 
tranquilizer 1• Mlectecl troa the qraup camiating of 
alprazolaa, chlordiaaepoxi4•, clorazeptate, balazepaa, 

111111111111111111111111111111 
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oxazepam, prazepam,, c:lanazepaa, flurazepaa, triazolaa, 
lorazepaa and diazepam. 

12. '1'be method of claim 81 wherein t:be 
tranquilizer is alpraaolaa. 

83. fte aet.hod of [glaia 53) any on1 of claiJps 53 

to &4. wherein the dru9 i• an antipayc:botic. 
84 • 'l'be mathod of c:laia 83 wherein the 

antipsycbotic is aalected from t:ha 9%'0\lP conaiatincz at 
~iopropazate, Chlorprcmazine, tritlupramazin•r 
•••oridazine, plperacetazine, tbicridazina, 
acatopbenazine, flupbenaaine, P•rpbenaaine, 
trifluoperazine, cblorprathixene, tlliotbixena, 

.haloperidol. bromper:ldol, loxap.i.ne and aolindone .. 
al. The met.had ot claia 14 vberein tile 

ant:ipsychot:ic i• haloparidol. 
''· 'l'b• •etbod or (alahl 53) any pn• o( claims ma 

to ft, wherein tJaa dmf i• an an•tbetic. 
87. Die -thod or cla.ill •• vJlerein t:.b• -tbetic i• 
.. 1-=u rrn t:ha group con•l•tinv of lidocaina, 
tatracaina, dyclonlne, dil:Mlcaina, cocaine, ~ina, 
aepivacaine, >:Npivaaaine, •~idooaine, prilocaine and 
benzacaine. 

81. The •thod of claia 87 wherein th• anesthetic 
ia lidocaine .. 

• , • Tb• ••thOd Of [claim !13] Im: one gf gla iml IJ 
$8 If, vberaln the drUCJ is an anal9eBic. 

90. !he method of clai• 89 Vberein tile analqeaic 
ia •elected frma the qroup cansistin9 of fantanyl, 
i:.ap~enorpbine and codeine. 

11.. The aethOd ot [claia 5l) ID! OD• pf Ql•im1 52 
to Jt. wherein the dru9 bas an action on tba central 
nervous ayatea. 

t2. ft• -thod of claim 91 wherein the drug is 
nicotine. 

111111111111111111111111111111 
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93. The •ethod of [alaia 53] ADY PD' pf claims s, 
to 61~ wherein a •ixture ot at least two dru9a ia 

cambined with said blend of polyaerig materials. 

94. The aethod of clab 93 wherein aaid mixture 

of dr:U9• compri••• a proqaat.ational agent and an 

-tr09en. 
95. Tb• mei:hod of c:laia 94 wherein said 

proqasta~ianal a9ent la ••leatec:I froa the group 

aonaistin9 of pro9esterona, 11-norpro9e•~erone, 

norethindrone, norethlnclrane acetate, -lengeat.rol, 

ah1o:naaclinana, a~iaterone, 11edroxyp:r:09esterone 

acetate, bydraxyprov•terone caproate, ethynocUol 

diacetate, noretb.ynodral, 110-hydro:xyprOf)esterane, 

dydro«Jeaterone, dlaethisterone, et.binyleatrenol, 

norge8tral, dDe4Jestone, praMCJ••~one, and aeqeatrol 

acetate. 
11. ft• •tbod of clam 91 vberein ••id 

pro9-tatlonal apnt 1• naret:hinclrane acetate. 

97. 'rb• •thDcl Of Gl.ai• 94 vbarain aaJ.4 estrogen 

i• selected traa u.e ~P acmaiati119 of canjugat:ed 

•trGCJ•na, ••terified at:rotena, •tropipate, 11•­

utracliol, equilin, -t:ranol, eeuone, ••trlol, 

e~inyl astradiol, and diethylstilbestrol. 

91. ne -thocl of claia 97 wherein •aid estrogen 

l• 17~-estradiol. 
99. 'l'lle :mathocl of ( claia 53] IDY on1 of clai;s 5J 

1;Q 11. wherein th• first and second aolubility 

-,arueters azie d.lf terent tram. one another bY an 

increment of at least about 2 (3' 1•> 111. 

100. The method of cl.aia 99 wherein the tlr•t and 

second solubility paraaetars are different froa ane 

another by an i11crement of at least Gout ' (:S/ca1>"'· 
101. A •et.had of adjusting the aolub111ty of a 

clr&atJ ln a tranadermal cln9 dalivery •Y•t.a vbicb 

ccmpris•• the step af blandinCJ a plurality of polpara 
----·---- ------------ -
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havinCJ differin9 solubility· paraaeters, so as to 

achieve a predetermined net solubility para11eter, 

wherein at laaat t110 of aaid plural.I. ty af polymers 

have solubility paruetera differing by at least about 

2 (J/cm1) 14 • 

102. Tile method of claba 101 wherein tbe f irat and 

.. cond solubility parameters are different from one 

another by an increment of at least al::laat 4 (J/cr) 111• 

103. A method at modulatin9 the delivery rate of 

a dru9 from a trans.dermal dr\l9 delivery •Y•1:em of t:be 

type havin9 a pre~aura-sanaitiva adlluive matrix, 

vbich method coapr:L-• ~· stapa of: 
(a) select.int at least two ilaliacibl• 

polymeric .. teriala a• CGllpOneft~ of a 1n1.ltipl• 

polyaer adbuive •Y•'t- ll1lab that. t:b9 ayat:- baa a 

preselected net solubility parmt;ar vbic:h r..W.ts in 

a aaclifiad •oluhility of a dra9 in the •rat•: and 

(b) cnbininv Aid at l••t two polyaeric 

-t.eriala with a dzuv i:o fora a prunre-•an•iti'ft 

adhesive -trix, Vbereln the matrix acbieva• a dl:'uCJ 
delivery rat• which i• de~lned by •aid pr•••l•c'ted 

net aaluility parueter and Which cliffara fr_oa tb• 

delivary rate aabievecl by a praaaure-aensitiYB 

aclbaaive matrix campriain9 a sin91a one of said at 

laaat two polym1!%ic material.a •• the aale polyaaric 

-terial. 
104. Tb• method of claia 103 wherein the dru9 1• 

intimately aixed vi th the at · luat: tvo polyaaric 

-terial• i~ tbe presaura-•ensitiva adbeai.ve •trix .. 
105. Tile met.hod af claim 104 vberein said 

polymeric aaterial• and aaid dru9 are c:Ollbined to :fora 

a reaervoir device bavin9 an adhesive portion 

campriaad of a blend of said poly.aerie :material•. 

------·-----------
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101. Tb• met.bed of [claia 103] ADY qn1 of claim• 

1Q3 tg 105. vb9rein aaid •t•p of ••lactincJ coapri••• 
tile atap of meaaurin9 th• flux rate frOll variou• 
weight ratios or the selected at leaat two imaiaci~le 
polymers and choosin9 the ratio producin9 • 
presalectad flax rate. 
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