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is hereby incorporated by reference. The steps of
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device are: a.dissolving an effective anount of



aqueous di spersion, conprising a water phase, of a

hydr ophobi ¢ pressure sensitive adhesive and

optionally a perneation enhancer, to forma m xture;
30b.filmcasting the m xture and evaporating the
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sensitive adhesive matrix film having the ac?lve
ingredient fully dissolved therein and having first

and second surfaces, thereof; and c.lamnating a

release liner to the first surface of the matrix film
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6,375,978 61 and is hereby incorporated by reference.
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In one particular enbodi nent the rate controlling
menbrane i s subjected to an annealing process to

mai ntain a perneability within a preferred range even
after the transdernal device is exposed to el evated
tenperatures. A preferred enbodi nent uses a
rate-control I i ng menbrane conprised of ethylene vinyl
acetate (EVA) copolyner. The desired 35 nenbrane
perneability is achi eved by proper selection of the
vinyl acetate (VA) content of the copolyner in

addition to the proper annealing conditions.




72C, for a period of about 1-72 hours, nost preferred
about 2-36 hours, and a VA content of 4-18% nost
preferred about 5-12% In order to facilitate
transport of hydrophilic active ingredients through
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Transdermal Delivery of Drugs'gpp. 567-581 and by T.
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preferably between 5 nPas and 25 nPas bef or e

spraying. The liquid conposition is formed such that

35 the active ingredient of the preparation forned on
the sprayed body surface is between 25% and 500%
preferably between 50% and 150% hi gher that the
concentration of the active ingredient of the

conposi tion before spraying. Possi bl e

addi tional ingredients of the Iiquid formulation
include a gel-form ng agent. Gel-form ng agents may




The [iquid conposition may include other ingredients
such as but not limted to preservatives or buffers.

A spraying device is used which preferably operates

wi t hout a bl owi ng agent and which conprises a punp
WPl R5es; Whereby 20 to 300 microliters of tﬂ@nhhﬂ%%@mm
conposition per 20 spraying, particularly wth a
dropl et size of between 1 mcron and 1,000 m crons,
preferably with a droplet size of between 10 m crons
and 100 mcrons are emtted bygnmeans of a suitable
sprayi ng nozzl e. O her features and

enbodi ments of the invention will becone apparent
fromthe foll ow ng exanpl es, which are given for
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SOl Whic@Bh WAk AmBAitionloR: ANl ation was tested to
determ ne the flux when organi c conponents are al so
present, in this case propylene glycol was used since

it could potentially be used as a solvent and/or a
permeati on enhancer in either a reservoir style or

matri x type devi ce.




20 Franz Diffusion Cell Experinental Paraneters
Appar at us: Hansen Aut omated Franz diffusion cell
sanmpling system Cell Volune:7.0 nL 25Recept or

Sol uti on: Phosphate buffered saline (1.0 M) Menbrane

W 3533}0?23'63 Human Cadaver skin, abdonmen, nmle 2006/002081
ormulations: Formul ation I: Saturated phosphate
buffer sol ution Formul ation Il: 1% varenicline

tartrate in 50/50 propyl ene glycol/phosphate buffer

sol ution 30Dose: 500 pL over a4} 767 cn? area,;

occl uded Duration: 48 hours Tenperature: 34. 5C Sanpl e
volune: 1.0 nL Rinse volune: 1.5 nL 35Sanpl e

Anal ysis: LG M5/ M5 WD 2007/ 012963PCT/ 182006/ 002081

-13- Tab|P@sej_b’le Ediea) ngesignislef the fmuidoraygionrevdgta gel-forming agent.
Pene€elatrningadeas mEpneudeativk ansotliaitd td, kynthetic gel-forming agents such as
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polymers, particularly polyacrylates, celiulose derivatives, polyvinylalcohals  andior
polyvinylacetate. The gel-forming agents can be a natural gel-forming agent, preferably
phospholipids or a phospholipids mixture and particularly phospholipids and/or mixiure
isolated from soybeans, sunflowers and eggs. A particular phospholipid  is
phosphatidylcholine.

The liguid composition is in the form of a dispersion, a solution and/or a suspension.
The composition contains a liquid as a liquid mixture, a pharmaceutically acceptable organic
solvent or solvent mixture and/or water. Preferably the liquid composition contains an organic
solvent, or as an organic solvent mixture, one or several alcohols which can easily be
evaporated. The low molecular weight and easily evaporatable alcohols may include, but are
not limited to, ethanol, propanol-1, propanol-2 and/or butanol. The liquid composition may
also include propylene glycol alone or in a mixture with the afore mentioned alcohols as
organic soivents. A particular embodiment includes a dispersion containing fiposomes.

The fliquid composition may include other ingredients such as but not limited to
preservatives or buffers.

A spraying device is used which preferably operates without a blowing agent and
which comprises a pump sprayer, whereby 20 to 300 microliters of the liquid composition per
spraying, particularly with a droplet size of between 1 micron and 1,000 microns, preferably
with a droplet size of between 10 microns and 100 microns are emitted by means of a
suitable spraying nozzle.

Other features and embodimenis of the invention will become apparent from the
following examples, which are given for iflustration of the invention rather than for limiting its

intended scope.

Example 1

As a way of measuring the skin permeation properties of active ingredient, a Franz
diffusion celt was provided utilizing a human cadaver skin membrane and a receptor fluid
such as 1.0M phosphate buffered saline. The receptor compartment of the Franz diffusion
cell was filled with the receptor fluid and the diffusion cell was maintained at 34.5°C. Human
cadaver skin was cut out to provide a membrane of 1.767 cm® surface area. The amount of
active ingredient that had permeated through the membrane by various times in a 6 to 48
hour pericd was determined by HPLC analysis of the receptor fluid. Each test was conducted
in several replicates. The average calculated skin flux and average amount penetrating per
square centimeter after 24 and 48 hours for Formulation | and It are shown in Table 1. These
experimental resuits using the Franz diffusion ceil methodology indicate that transdermal



AveSki nFl ux Ave Ant Penetrating Ave Ant Penetrating
(pg/cn2/hr) @24 firs (pg/cnk) @48 firs (pg/cnR)
Formul ation I 12.56 12.32 267 259 581 543
Formulation Il 2.41 0.26 37.9 16.0 49.3 20.0
. 2- Matrix type transder mal

Waggtﬁ[?]%%i%%gr edient is mxed with the aqueousp(:Tlt}l%:m%m2081
di spersi on of NACOR 72-9965 (hydrophobic acrylic
copolymer from National Starch) to achieve a 2% (w w)
concentration of active ingredi,ent in the dried film
after filmcasting. The adhesive m xture is cast on a
rel ease coated polymer film (Rexam Rel ease
Technol ogi es; W Chicago, IL) and is dried at 60C in
a 10°kenvdis jomecuoy i fragbieibasenr ontteportidal i Buxgs fr thyAtigdigeedient
of th&.3ebyen’ingredi ent. The dried filmis | am nated
to a polyester filmlam nate (SCOTCHPACK #1012, 3M

Phar pRGaUtch pRbSatert - Paul, MY).
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Formulation I: One gram of varenicline tartrate was dissclved into 5 mL of phosphate
buffer (pH 7.0). This formulation was mixed using a vortex mixer and sonicated for 5 minutes.
The solution was placed in an amber bottle to limit its exposure to light. The varenicline
tartrate did not completely dissolve and the pH of the final solution was 3.41. The resulting
saturated solution was used in the in-vitro Franz diffusion cell skin permeation study without
filtering to determine the ability of the compound itself to penetrate the skin.

Formuiation H: One hundred milligrams of varenicline tartrate were placed in 10 mb of
a 50/50 v/v combination of propylene glycol and phosphate buffer solution (pH = 7.0). This
formulation was mixed using the vortex mixer and sonicated for 5 minutes. The resulting
formutation was a 10 mg/mL non-saturated solution of varenicline tartrate. The aciual parent
varenicline concentration in this formulation was 5.85 mg/mL. The pH of the final solution
was 4.94. This formulation was tested to determine the flux when organic components are
also present, in this case propylene glycol was used since it could potentially be used as a
solvent and/or a permeation enhancer in either a reservoir style or matrix type device.

Franz Difiusion Cell Experimental Parameters

Apparatus: Hansen Automated Franz diffusion cell sampling system
Cell Volume: 7.0mlL
Receptor Solution: Phosphate buffered saline (1.0 M))

Membrane Samples:  Human Cadaver skin, abdomen, male

Test Formulations: Formulation I: Saturated phosphate buifer solution

Formulation il: 1% varenicline tartrate in 50/50 propylene glycol/phosphate buffer solution
Dose: 500 pL over a 1.767 cm? area; occiuded

Durgtion: 48 hours

Temperature: 34.5°C

Sampie volume:1.0 mL
Rinse volume: 1.5mbL
Sample Anatysis: LC/MS/MS



Exanple 3- Matrix type transdermal systens 15(1) The
base formor salt forns of the active ingredient is
di ssol ved or dispersed in a polyacryl ate sol ution,
such as Duro-Take 387-2052 adhesive. Appropriate
W% 06’7%%96 enhancer and/or filler is added i nyé{;ﬁm%/ 12081
esive dispersion, and mxed well. Air is fenov
fron1the resulting mxture and | am nated on a release
liner, such as Medirel ease0 2228, to forma coating
thlckness of 0.5 - 2 mm The adhesive layer is dried
at roomtenperature for 5-10 mn 20 and then at
40-80C for 15 - 30 min to renove all volatile
sol vents. A backing sheet, such as Mediflex0 1200, is
coated on the adhesive side. The resulting patches of

a desiredasd 7 adhReddia rmgaddmnﬁ@ab@eud@aﬁkra@wanons land I

talalal ‘Ff\l’

(2) The base tor MR saR x| A Bleliliiy PRIt Pencirating
ingredient is dissolv d | Sperse

pol yi sobut yl ene (W%‘Bj base @%‘\‘d]ﬁégﬁ%) s 191485’?(”9/9’“)
Dur o- |Tiakeul@gn 1617312.55Rd2.8D| |; 89 48g° 25pr ocedbfiegd4ar e

si m | ProrkdknbAI0S €| ZeSaTasbed [ BNo £ 180 pr evi oliss. memid on.
(3) Thebaseformor—satt—fornms—of theactive
ingredient is dissolved or dispersed in a
silicone-based adhesive, such as Bi 0- PSAO 7-4302. The
f ol | Bapig2 pridsEis e Bapsdema@ si i | ar to those descri bed
in the piiByegusingedért dnmix8Dkathp lagredus dispersion of NACOR 72-9965
Rat engiRptdbRlakd RS pRmBr fﬁﬂlma&iﬂl&@drcﬁﬂtofaaf ev2 b, @W/w) concentration of
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unt i migetsinpa bdyegted fiinh Bmnkte EHOPEEHPARKGEI OB M PHamgdeeuticals; St. Paul,
contyagt adhesive layer is forned on a -14- rel ease
liner for the system by sol ution casting an am ne
resistant_silicone nedi cal adhesive (XCF 2992, Dow

Cor rﬁxﬁr@p'e:i\/fﬁf”tﬁ’htéﬂpetrﬁﬁderg'ﬁ't%stet e polyester filmfroma

3Dl uti on{H iﬁheﬁ:@pﬂ fgiieor salt forms of tm]acg\ﬁﬁggplga lsdjlissolved or dispersed in a

non-maRReaediuidal ok srburetdki Re7-ToeTramene. Apppriatesetierafenhancer
EVA 5(18&" f)l(éor‘)is b&ie@ SR HJhQSiJeadBpg}%rze @Gnd RixddNe EX0R $&kbved frorrl the
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i s Kepipo Gickngee! §-or 2 glrrbél?q aglpsie la}gblé dried guoqutarpgeraéﬁﬂfor 5-10 min
therung bed @do-BECdarbhs e A8 mpdndintve ehwiafile sohahie Ut badi@gtsbrst. such as

bef MUeRinDSI 260, i BSSUEFnd ARENBLRE ThorebliRg pAMES brRiesired size are
A backl ng Iayer corrprl sed of a

s¥ d in sealed
nult 0fam fate 0 yester, et hyl ene, _alum n i
pol yest ef?) Qﬁd’aﬁ\fﬂ”’(%éﬂttf@ﬁ‘ﬁafl@hel § ingfpfligsp is disegived g ipersed ina
MN) polgisastgiehet (Piplobredad t dubesiret sk aslQuradei® §-6¢f8l The foliowing
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l'i ner/ adg?ﬁ‘e\ﬁgéer f@rh%r Q:Qtl}&rﬁg I)ij tﬁJthn)Jﬁqu%:@r@% dklédi\)ag oradlspersed ina

rotary at - seal

chi
| BB BrT e F B FIE AR TGP o Her o
i ngrfedt eatribeshin thheredeuwdesctiest 0.5 - 6.0 ng. Exanpl e 5-
Sprayabl e liquid 15The pharnaceutical conposition is

§Bn Lt&émpw_eﬁazéa&o%uﬁ@ﬁem&nlegmeggd hitgkpdbgnt s: 10 g

phOS ph0| J['!'% actwe lngredlent 15 aﬂée‘é}% rglxture of 95% ethanol and purified water. 2% of
hydroxyethyl cellulose gelling agent is added slowly fo the aciive solution with sfirring and is
mixed until a smooth gel is obtained. A 0.05mm thick contact adhasive layer is formed on a




16g ethanol 1 g active ingredient 200.5 g phosphate
buffer distilled water to obtain 100 g of the liquid
conmposition The 109 of phospholipidic gel-formng
agent is hydrated in about 30% by vol une of the total

wat er. The active ingredient and §,
“gﬁgggﬁ?%;the hydrated gel -form ng 25agent an%ﬂﬁﬁ&kghﬁm
in a high pressure honogeni zer. The buffer and
remai ni ng water i s added. Through honobgeni zation an
average vesicle diameter of ahgut 100 nmis obtained.
- 15 - Wiat is Cained is: 1. A transdernal
conmposition conprising varenicline or its
pharmaceutically acceptable salt or prodrug form and
furt ﬁa@psedi@efﬁqrit@i smﬂe@bm@mnwgsﬂgm@eqmiqeagqis@gt s@ipcpwggqeﬁi@! adhesive
sur f eceg9%2hiadw Giténgr Bispec i) vred e chiysdtalfiimaing apbiatioh Mekptine.
the 5ski mpwheaeapnloh exqqeemaec&eaﬁdg RGmBRAnd Jaeprme@a@lewl(g% VA)

surf %%?es&te Igr%]ﬁat oatcsrhneqi)ose oIrl%slvEJ 1:5 b?al Ewrcl%less Oft the g’d?’ of 2-3

conpril ses

pRar REfc ELTTead (e RTeprdBy Besipie it Berphf'"l §°Gyfor 2 Pe”Od of about 24
wat ekausodnddhes doolediia ambient proditnpe far iabat H§ hetfrd beftre \peing pressure
t ot abmasedibthe aftdsiciispey sed in a matri x. 2. The

transder mac%misé&ﬂp%d of a Gli@haale of\ﬁla s@} rﬂo[&etﬂ'g[ene aluminum,
nat I‘& §/I %“(&%5 IE?/E%?coﬂh a%qu%l gﬁ C.o ]3? Paul, J eIS tuge 0 oucme actlve

I on

dOf i rilcgfouFéjg P%qeln tp%ygrikmw,ﬁy%ar@ow? E{F’?fﬁe hﬁeé dheswe/rate—controlhng

var en#edrdng gsiggd] rafee freat-senl mavbing albR seafpd shusiels die gufdh asize to provide

S ec ofigldsaeHa@sibineotlagtye ngrediat onl tise didebofiomals otn@y. t he skin

when applied, wherein, optionally, a nenbrane that

per npixa% 2995§$ %big mdhe varenicline is present between
FeSer Vol and t he adhesi ve | ayer.

'Fﬁe trang Bee‘?hﬁ‘ﬁ]aceé’mg‘msl“%s BEUEFEPTYS, th@vfﬂ’é‘f"@q 'Flg”fcl‘?éts
coating further conprises one or 15nore skin
per meat i eny gRRABIGRCYs-Ghakidehizer s, dyes, pignents,
inert fihégkBanat ackifiers, gel
1 g active ingredient
20 0.5 g phosphate buifer
distilled water to obtain 100 g of the liquid composition

The 10g of phosphdlipidic gel-forming agent is hydrated in about 30% by volume of the total
amount of water. The active ingredient and ethano! is added to the hydrated gel-forming

25 agent and mixed in a high pressure homogenizer. The buffer and remaining water is added.
Through homogenization an average vesicle diameter of about 100 nm is obtained.
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form ng agents and optional antioxidants. 5. The

transdermal conposition of Claim4, wherein the

perneati on enhancers are chosen from et hanol and

ot her hi gher al cohols, N-decylrnethyl sul foxide

(nDVB), pol yethyl ene glycol ngnolaurate, dilaurate

¥nsht iotdinpd iest ers, glycerol nono-ol eate and rel ated
20tri functi onal

_.__..a,_____
t'ol /8 gﬁpsggrmai' CW&@@T gompn )%‘? 8?{8"! n¥ obﬁs Opﬁ\%?'macgutgglnl acceptable salt

" I ptodriugdtrinyand|fetheapdrafsisingl,  N- d| met hyl 1 auram ne oxide
: aé‘gadﬂnﬁtéﬂééshatn § opRYsin s@rfac-EQ @hak %%nr%%'&ﬂmy dSATRAS |p¥dx9rﬂal to the

arm erein the adhesive.is S(edfr
SR PhER A e SR B o0 oL e G el Mp e
am:bopﬁﬂgycoﬁmbm)(h)eairemm‘slmtd (by vacempieyorits phdreraceuticagly acceptéble
r
AP FRTE Wl BT, Rty B e S igporsed in
gt ai m 1, wherein varenicline is present in an

thhéttrdﬂ@eﬁhaffcerhﬁ@ﬁﬁﬁ of Cigim BaBereinthelmaméconprisds @ tadifesive.
ggArv\lﬁ etrans:?e»(mal%om-;la-gﬁ.emotn ro? E%ﬁ,? l:I Wer%?r? !EB ggét{‘lgg&nﬁ{seg aq‘lrﬁ] reservoir _'

erern varenrciine 1s

 farbreuis s cnaiT O NENOINS AdigPeT & Ue hgRkingeshetagnd @ sggond adhesive

ﬁary@rrlﬁﬁt% H@klmﬁﬂﬁﬁﬁ@él@lﬁ \Qrﬁbnaa?)pﬁ‘é@f WiRéln, | |0Bt|cﬁaﬁl$‘y @Mfnidbane that permits

GrRtPR POIF BTG R R AP BB SRR PER G Pr e adiesirg over
af Tmiieansmermale:ornpoatmmzijcémm 3, wherei the noading fntherafomprises one or

\4‘% ki ! eﬂﬁeattlgrﬁtﬁnh&c:@rtsf SGhili2eR, Ided GFlAR ir{éhcﬁi’lﬁr‘sn?acklfers gel

Ctl or al I'n the cessation or essenlng of.

_ 'foéfﬁﬁ&@ﬁe’lﬁ%@dl@t"ﬁlﬂ’hﬁ"ﬁ'f”g?%‘Fsed to a subject

Br al'rfbdfa\h%nhal cofPostion oetainnd, wiferddh thisIpeBneatidresnbiametshge chosen
}48\{1%%3%# EA| lth%r Wgﬁé a%ohé‘@ NHLS g mlylsm%xb@gﬁdl\fg\) po n%%hrleﬁb glycol

sure s I've ad
panelaurgter dllﬂhfét@s@r@rr FedoPétera/éryyefQHﬁ?nOxPéﬂa@rﬁf@lfP'ﬁf@d tReno-, di- and
triBicBdnaP Glye&tass, Stiethg @uamide, 116Dodecylazacycloh?ptan(ﬁbne N,N-dimethyl
issolving an effective arepicline in an
Byt N B Bios e Ar B P R hase. o N
Ry dihepitaosieoa) corppesition sE@IgiT 1, whergiiesidpesiveriglselected from an acrylic”
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%.e ridiet transdearddlesimpesitiant ofi aifni 1, whesein vagerfidiing fs pragknt in an amount

gﬁlgﬁj Fliqjea§%’§,r ftcﬁ:?%utﬁ hﬁ}?’é% SuFd | gk piapg fully

I SSO ereln

- 8. The transdermal composmon of Claim 7, wherein varenicline is present in an amount which

releases from about 0.5 mgA to 4 mgA per day. .
8 A transdermal composition as defined in any one of claims 1 to 8 for use in reducing

‘nicotine addiction or aiding in the. cessation or lessening of tobacco use in a subject,

whereinan amount of vareniciine that is effective in reducing nicotine addiction or aiding in the
cessation or lessening of tobacco use is administered to a subject transdermally.

10.The method of Claimm 9, wherein the vafenicline is present as varenicline tarirate.

11. A method of making a pressure sensitive adhesive matrix patch for transdermal delivery

of varenicline by the steps consisting of:
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(c) lamnating a release liner to the first surface
of the matrix filmand a substantially

10dr ug-i nmper neabl e backing | ayer to the second
surface, thereby providing a pressure- sensitive

adhesive matri x patch for trapsdermal delivery of

varenicline. 12. A sprayable liquid for preparation

of a transdermal conposition of varenicline, or a

pharmaceutical ly acceptable salt thereof. conprising

phos pltg)ldissoldng amy effecferamaugt cigemuigiine irrerapjugous dispersion, comprising
ey r

S By AIRPAR PreRilid Fong R o ond Penal 2 pemeston

ﬁﬁ@ﬁﬁﬁboﬁﬁWﬁﬁmﬁﬁ%-fornlng agent, ethanol, phosphate

buf f enb) fizm dasteg B misttdre ahb @vigosnisg Bl Waker BESeAs bbthiam Myéirophobic

: @e%gtﬂé g%Ps}fWeeéa%leiné 91 trlx @Fyﬁ%‘v%k lfg?ar{dsse&%rd %Dﬁ%eé e \Ialfe%ﬁ:llne being
ase .an

¢ an anti oxi
fully dissolved therein; and,

(c) laminating a release liner to the first surface of the matrix film and a substantially
arug-impermeable backing layer to the second surface, thereby providing a pressure-
sensitive adhesive matrix patch for transdermal delivery of varenicline. - '

12. A sprayable liquid for preparation of a transdermal composition of varenicline, or a
pharmaceutically acCeptabIe salt thereof comprising rph‘osphol-ipidic gel-forming agent,
ethanol, varenicline, phosphate buffer, and water. '

13. The sprayable liquid of Claim 12, further compr:smg a phOSphO]IpldlC gel-formmg ‘agent,
ethanol, phosphate buffer, and water.

14. The transdermal composition of Claim 6; wherein the varenicline is_‘varénicline free base
and an antioxidant is present.



