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1 28 July 2006 METASTABLE PHARMACEUTI CAL COWVPOSI Tl ONS
Field of the Invention 5 The present invention relates
to conmpositions for the transdermal delivery of

physi ol ogi cally active agents,‘I to uses of those 28 July 2006
conpositions, and to nethods for the transdernal

del i very GMEPASTABILE PHARMACEUTICALCOMPGAIHONSINd
of the Invention 10 There is a constant need for

met hods for the safe and effective adm nistration of
Fiod of e InvehtionCti ve agents. For many nedications it
is tnportant that the admnistration regine is as
sinple and non-invasive as possible in order to

TR bAeBrt o 4heg oSS i Re2bhERmal Fver of
phyﬁibmg;cal?ﬁttube@mt‘s itd uses af tdset corapysitiom®|amd to methods for
ne However, the oral adm nistration

F%¥ran$@erm%&ee¥5vw| of Physielogically activeragestil i cat i ons

associated with gastrointestinal irritation and with
drug netabolismin the liver. 20 Adm nistration of

Backiquoundafi the Inwentienagent s t hrough the skin

("transdermal drug delivery') has received increased
attention because it not only provides a relatively

SI'IhEPé R desasant ﬁsearrorhﬁétwoas%ﬁmeweﬁa Iaﬁa%frécwé abhiskiration of
slow and controlled route for rel ease of

physiolsigicsllyaactivea @gents. dygrnmanyt mediaat@psnéns dmportant that the

B0BiRaIaH IR IS fan: bR, S Mo vE s Bobibiy i, orcer to
nadibitain D high Bvehrd domepiRineeeby A panientt Oral 2@efihBtration is one
through the skin is a conplex nechani sm

sdmieistratien yegim: thatiin casmEPalysusrd breayse Hdsrelatively simple
P%%Fn} t&L.15 v@t We\(/eh.hf 8H§I eédmﬁﬁstrdti%}‘le{ot%é N§ also complicated
| de athic the

rms I nner
bdeauses 'of. cchpllcalbasnassOGaédlw;tlergan‘trdmteswmldnaﬂtatlsn and with

t he trgtumc eum ) consists of flattened dead
&9 Q’%@@ﬁ"&f’b%feqwﬁéd with keratin. The region

between the flattened dead cells of the stratum
corneumis filled with |ipids which formlanellar
ﬁldasiebtratian cfr physielegically leictivé agentse thratigh athebskin i (dransdermal

QP (eiefl\'/ee@l ast rr(]e%els\'/léd increased attention because it not only provides a
relatively simple dosage regime but it also provides a relatively slow and
controlled route for release of a physiologically active agent into the systemic
circulation. However, transdermal drug delivery is complicated by the fact that
the skin behaves as a natural barrier and therefore transport of agents through
the skin is a complex mechanism.

Structurally, the skin consists of two principal parts, a relatively thin outermost
layer (the ‘epidermis’) and a thicker inner region (the ‘dermis’). The outermost
layer of the epidermis (the ‘stratum corneum’) consists of flattened dead cells
which are filled with keratin. The region between the flattened dead cells of the
stratum corneum is filled with lipids which form lamellar phases that are
responsible for the natural barrier properties of the skin.
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2 28 July 2006 For effective transdermal delivery of
a physiologically active agent that is applied to the
surface of the skin ('topical application'), the agent
must be partitioned firstly ffom the vehicle int oggh'é”y 2006
stratum corneum it nust typically then be diffused

Wior heffective tnanadermalodelivery beff ar phpsiologigadlyt activenadent that is

BIPL,  HAT R B S e
%ﬂﬂﬁiﬁeﬂafiisﬂ?lfférheﬂh@%ﬂé‘l@ itdieheé Vsitrtal’l)moéorraﬁmt, it must typically

physiologically active agent in the vehicle it
doenmbe didused avithiiy $he istrgiural dognewmi haforegbeingt partitoned from the

SHRRTH: oBietel o 1R “HePR Eridhlult AR darlar e pER into the
biendstheanti ated with transport across the dernal ,

| ayers (' percutaneous absorption'), physiologically
active agents are commonly fornulated with

C [ : [ . .
TR eRBhEL' B8 Eoncehfialin JindTRicRyHaitie BB U (8 physiologically
astide agent indhe sledidlenitis.cominadr fonthd physiolppically active agent to be
apﬁ%érﬁati on a% it :IS{ known that ethanol can act as a
P 25 BRAVIEH SOIUHORAT TBES8i ncrease the flux of an
active agent across the skin due to a solvent drag

effect (Berner et al., 1989, J. Pharm Sci, 78(5),
402-oveecorrengomet ialnthenrprablems awith kiransdarmat adelivezy that are

Bl 9 LB PGB EB 8 ot
phpsivicficaly stivergehtsarcecomivaly forindatedwith itsipbration of one
applied to the skin, the ethanol_acts as an

At BYofR dfBIgy PaSIBiraHen wANRINCRES.cadrt R¥amPIYy apdeous ethanol is
%Bﬁ'ﬁﬂ&ﬂy@é’e?f akhg viflidle ir! B3R5 fa%n?rf}ﬁl' '?gpif;élmi éﬁcattigﬁ and it is
(ofo | Pess han m nuP S, and

mposi tions in question is
knowntthat ethiagbl caroast asapenetratios ehhgncarthat cars incréase the flux

AR aclie: RASH aTREe e Gk Gve 185 BNAIT A48 STasiEamer et al,
Foko! RORARTSALTA0) i 0P KRR IR o causo
ekir iaritation irs someningividualsh dndkeé présent imeritieny ethanal iseunlikely to
tjzrc]:{e pg\%ae%retr%ﬁéﬁ%ng@ng%tim%ggéhg icéﬁ_lbw{ag%%al?tquglntify élgpgi?e’d to the
skin, the ethanol acts as an intermediary solvent which spreads the drug and
enhancer over the skin. Since the drying time of the compositions in question is
less than 2 minutes, and in vitro weight loss measurements have previously
confirmed that the ethanol evaporates off pig skin with a surface temperature of
32 °C within 1 minute all that remains is the drug. The short exposure time, less
than 2 minutes, of ethanol or similar lipid extracting solvents to the skin is
unlikely to alter the barrier function of the skin (Abrams et al., 1993, J. Invest.

Dermatol, 101, 609-613).

U.S. Patent Number 6444234 combines particular solvents and solute modifiers
with skin stabilisers in a transdermal delivery system to form a true solution and
thus minimizing irritation to the skin. US Patent Number 6299900 describes the
non-occlusive delivery of a physiologically active agent across the skin
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U S. Patent Nunber 6444234 conbines particul ar

sol vents and solute nodifiers wth skin stabilisers

in a transdermal delivery systemto forma true

solution and thus minimzingdrritation to the sk2f.July 2006
US Patent Nunmber 6299900 descri bes the non-occlusive

dhemever,y this ecomppysition agliesl dry eamneuraagemmmnoesstot aehieve an
ition relies

Ki 3 28 Jul 2006.. h
iBesed ot LombiioRseroiater BOUh e it Alea penetration
feéntincéOBR gehbRily ﬁ&réﬂ’écﬁﬁ/@der%dqw& dbh\‘i‘eruﬁgni‘ﬁf;aﬁ‘t amounts of

penetrati on” enhancer are genera not effeCtive
éh@@@ﬁsnptogﬂ@ahapéwesh@um thenskinnGamposiions taeataining alcohol and

BRAIE PREED 5 Beah U85t ki HehupGEORATPHER, as seen i

llUsSd PthnttNm‘nbéﬂ BOETINE whieH desdribdisthe e cffludBSduihdlone in the
U. S. Patent Nunber 6017912, whi ch descri bes the use of

F¢Fel6@|otﬁ%ﬁltmﬁrt§ﬁ>é skim mfectlonétﬁn@dnﬂ@maﬁthtorwtlm fowever, such

GBBRISHRITS, 1B Infor R AT brfRaGc e Bhtnel PRI ABaig fifve.
physi ol ogi cal active. 10 In order to overcomﬁ the | ow

bi | h I ave
i eraeide PiaeomBdp R eeerbity Fowhsralual gebyGmust have a
R@é)@ﬁﬁséﬂlﬂ%ﬁhoﬁﬁéﬁ%actnﬁt?eAH?(ﬁ'dﬁ*fg ey, @%@ﬁ?ﬁl@mber 6528094,

particles is pafrticularl surted to
ﬁmuseafus@blefshapadmmwes issparticolanty | well-suited to the fabrication of

el B RIS SRl Tafy WRES sl o8he andyunitom

m\ewgbhtygaraoaém 110 Ras Ddeht S50Vt tieststot Hshisve mgbrt Bermeation
concentrations of the drug dissolved may need to

ratgs aqness theuskint theo atigngiof the driugedisgolved may need to be

I t
FIGfE ¥lon. et 6 pBs8EREs' o, D ERAERGY 38" BRBRIRE As @ rosut
mondeanalepdlehes dre oftar Yredraiddyaamicallyngnstablealpecause the drug
bhoWE T tehde et Rcatalise duuamstaehge (SinoPARSIAL ak. 1996, Int. J
Bingiphar 182(1),1 1529155 &ia s@ﬂrét%‘Ft QdOﬁrE’&’m PhBEmU&Bi8pharm., In
testosteroneé in a vo at| e sol vént has been previously
Mress, Serdecteddyoel). et al ., 1976). However, these

conposi ti ons whi ch consisted of testosterone
di ssol ved in neat acetone have a propensity to de-fat

(henoyé§ ofStestdstébonehia Bkidlatile dgdlvéteh4$ edin pRVRASSIY Rlisclosed
conditions and therefore suffer from the di sadvant age

OWestarsiehgalskilA76}.r i Howeyer.ashessy wompasitianse which consisted of
FBAR A WsdoMd in neat acetone have a propensity to de-fat (remove

lipid) the skin under the chronic exposure conditions and therefore suffer from
the disadvantage of causing skin irritation as opposed to the compositions that
are the subject of this invention.

The discussion of the background to the invention herein is included to explain
the context of the invention. This is not to be taken as an admission that any of
the material referred to was published, known or part of the common general
knowledge in Australia or any other country as at the priority date of any of the
claims.
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are the subject of this invention. The discussion of

t he background to the invention herein is included to
explain 30 the context of the invention. This is not

to be taken as an adnission tHat any of the nater 28Wuly 2006
referred to was published, known or part of the common

Gumnmry dfithellnvention Australia or any other country

as at the priority date of any of the clains. 4 28

R BEER by e I8 B €3 it sprave o

‘aef@éd% enﬁphc’mﬂtlaﬂdr froaT treotenligation thapafdrifiniteadode féﬂ‘mulatlons
t he reabll sation that, for finite dose formul at | ons,

SPppresa 8@*@%%@@&%96&0’@&% Mg&omsg@p@[amn@@ﬁom the
?gsﬁ&?&#ﬁbﬁ%nfé@é‘hﬁ ﬂaBlesﬂé;SbélP\R/ rtﬂB Kin ﬁﬁlﬁgté‘@BIQH'eevehlcle

posit w thi |n using a vola
suclh asgsa spn'ayrmyaemoscﬂerosol Previ ous st ud| es wWith
these type of pharmaceutical conpositions have
indicated 10 that the rate and extent of partitioning

PRédiot§ %tlfdiéé‘ with tRESE RS SRpHnRicBLEER rE:bn’{bds'ihon‘:%"have indicated

wi t hout added penetration enhancer (Morgan

trgghe Jatemml extestiof paditionig, intetie- s_lgnaﬁ) alremy gu@@ efficient with

PR e Eingfbtort BahehCel MihiospL Bl g o Pham. o

87610) pt1I2dl3-11218)hG'hepEb§Se<nt o@wemidnyaﬂ@és V&t RZRDLn IfRaft,bRom the
ach| eved b% the deli berate formation of a 15

redlisatian| dhat ugni rineieaget HAt thes %ﬁ"PB’W@ﬁOH’éI 3bsgrfignnt of  the

Pﬁgg?% n pg%}%% ? %?l ne??/é suppF P&?h@f'mation of a
mtaehablaadruganmélacthatdfras d tower melting point thanEWbUIdgbe otherwise
It t ase int di ffusi on of,
BRhieed oo Bectanse Shrnsfiing RRkmhepHR) TaHIRGY R opling by the
Ebﬁﬁﬁéﬁcfa?amaniﬁf)ao%’rbrt Hig %?Lﬁ‘éﬂdﬁ” in %eu.agg%m%%ﬁt%ates to an

present inventor's have 20 found _
owreasein dres diffusisinef thieogiugaacrpsadhe \ﬂ@ldﬁjm andddermis and into

mée@ .d%trg”' vent fgh% el B%irt&tggérgpﬁ%q tpe brﬁéeb HiwEhRYs have
fwtthéﬂ sbhféllddﬁﬁblﬁaﬁ@i‘é)@ﬁl bhyﬁ’blbgl@bﬂl)dléwwe aQéﬁt @nd volatile

nor e F ysi ol oq%acally active agents; and
selvent farmya metastable selid ip sife hrrthiey eyg|ap@i1ed toplca"y

Accordingly, the present invention provides a composition including:

- one or more physiologically active agents; and

- a volatile pharmaceutically acceptable solvent
wherein the physiologically active agent forms a metastable deposit upon
evaporation of the volatile solvent. The lower melting point metastable deposit
arises, at least in part, from either a metastable pseudopolymorph such as an
alcohol solvate, a metastable polymorph, a metastable amorphous solid, or a
mixture of these. Typically the reduction in melting point (at atmospheric
pressure) provided by the metastable deposit will be in the range of from 1 to
50°C and preferably from 2 to 30°C.

Unlike a solid precipitate (e.g. salt derivative of a drug) or a high melting point
crystalline polymorph, the metastable deposit is readily partitioned into the skin
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wherein the physiologically active agent forns a

nmet ast abl e deposit upon evaporation of the volatile
solvent. The lower nelting point metastabl e deposi

arises, at least in part, fror#ei ther a netastabl e58 July 2006
pseudopol ynor ph such as an al cohol solvate, a
wppas2vaEpoeation ghthepyolatiersslvest @niderapidly piffusessadross ther stratum

0 [ly.the r. tlqr o
ooy P ofralion f sug B TE mBltbacemiEs SHislalihg depgsis in the
BRin TSt ehigedroprdpetisity vard $K6 iFBE6N And ' Mekrease in
to 500C and preferably from2 to 301C. Unlike a solid
peeataneeys absogptiosy efficirnayy édye, 4o otheanged gfpr cgreateri ghergy to

@Etsgy%g%@oérgéts oéé?%yéﬁ@é éh%ﬁré&%‘pﬁ HF |r g Pl e dt |h (net o the

skin 5 28 July 2006 upon evaporation of the voI atile
solvent and rapidly diffuses across the strat

doenegtastable deparit alsa has exeellengskin sl tanﬁ!gtowhﬁvhen in some
fSShcHd Itrlﬁag\%%?gé&ﬁaﬂlé‘.t& heb tﬁ@rﬂefa@?ﬁi gfégesﬁ |%et'he skin of a

propensity t skinirritation an rease
benman. aneous absorption efficiency (due to the need
for greater energy to 5 dissolve the crystal prior to
di ffusional transport). The netastabl e deposit al so

e eorhpbsiash cﬁkthé |ﬁ€@fﬁt|(ﬁﬂﬁ; é@éé‘rﬂlawgﬁéé Bf pEABtration enhancers.
i nstances it may desirable to rub the netastable

Fepetation ne@hamrgkhzmva)ftha efietaof lmgrealsmgc@k;jbs)etrnmbmty by

Bovenly ehaqfl, bF SRHFEL IR AtnelRRoBidlcRERE b e stratum

conterms itt gedudenit difftreipi eisistarie. Peere@bﬁoblenhdﬁtr@@ m generally
or altering the physiochem cal nature of the stra

linepiailien nof-velatileccarproynds Wish gimplesular yyright greater than 100 and
non”ﬂ@vc%ﬁ' a;%r%?s@r'éhﬁé‘lﬁw ?Oﬁfn? Q?Eﬁ#bééplﬂeﬁd egal%gﬂ é bfid normal skin

e conpounds w t greate
téraperreaofd32°€. vapour pressure bel ow 10mm Hg at
at nospheric pressure and normal skin tenperature of
320C. In addition to providing inproved percutaneous

ﬁpsé’dmflbﬁntoefrfrb\ﬂﬂﬁ@CYm Fd%d i) rERERESIS | AYsoRitidn @fficiency, the

I nvention may al so prow Irritancy than sone
compositidal ®fvtheym§95tlmrma3ualsoasrowlﬁzIpWeammamny thanasame other

Fause th |rr|ter11t
élivery ~ systems ' suc

| nsg benzyl alcohol sprays, because the irritating
penetration enhancer is removed. Also, the composition of the present
invention may avoid problems with crystallisation and/or supersaturation that
are encountered with storage of existing type transdermal patches because the
pharmaceutical compositions of this invention exist as stable, single phase
solutions and hence have no crystalline nature (or polymorphic memory) during
their pharmaceutical shelf life. Another advantage of the present invention is
the rapid partitioning into the skin from these in-situ forming metastable
compositions which means the skin can act as a natural crystalline inhibitor for
the physiologically active agent, further improving the stability of the metastable
deposit within the skin. This leads to consistent and reliable delivery profile of
the physiologically active agent over the desired dosage interval, which is

typically once every 24 hours.
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penetration enhancer is renoved. Al so, the conposition

of the present invention may avoid problens wth
crystallisation and/ or supersaturation that are
encountered with storage of e% sting type transder #g@uly 2006
pat ches because the 25 pharnmaceutical conpositions of
t'l‘rlnesplreseehinmtiemaiso psoddesdh bemethothbkdelhasing a metastable drug

ISraion 8 8rhatt 5 rRiAg o R isifinmSahibinb S faieal spray
|cbfrﬁ:osﬂl&ﬁ1t EsitamiiPoRE 9 ni&retd!@s@l@@éﬂ édﬁ'('@rﬁgé?ﬁs ighd a volatile

the rapid partitioning into the skin fromthese

iphagnaceytinally ragcaptaple splvent tQ)ﬂ’tﬁ)§kln: Clzfrﬂ;'levhﬂsﬁ fSSTHE@M.he volatile
BRSSPI P Bl b shb iy IR agent

i nproving the stablllty of the netastable deposit
gathln the skin. This leads to consistent and reliable

oe; W@P?“ﬁo‘ﬂ&?"‘l@ frrther provides; a sosasitian, fop sprayeargyieation to the
SKELofd Su0388 o8l T O Ittt agont
itlnweomposltlahmnmrmmgjes a met hod of delivering a

met stable dru IrmJ ation o a host, the nethod
i nclidi ng P{TM@OE}%@ZY&W%&QW g a topical spray

congesi téQBIa‘ﬁiH‘bﬁéﬁFrhé&uﬂBQIl;%chM@ol@'%bﬁ/e?n't QQ-'cfa' Iy
active agents, and a vol atil phar maceut i'ca

acclipt aba erepsiiashtpreferalbly asﬂumoéwdtmrbmr.t SO that t he
vol atile 5 solvent evaporates to forma netastable
deposit containing the active agent. The present

whegsini @Iﬁ\efcusmbesltlom OthﬁSappIﬁEdTﬁOStHe Qgkih Odis S®T §pray forms a
application tq in of a subject for transdernal

Rgtasiable depesit 'Bfthﬁ Sbmftbﬁég'bl%’ltl y active agent, the
conposition conprising: 10 (i) a physiologically

active agent; (ii) a volatile pharmaceutically

a'd:leelpt/albﬂlm alsovprovidesnal spfay d¢viee foofrahsdartmal administration of a

f fl h wh h
E)be Bletiaall astHe nBgRPE CCRBPTRBOS B EHAT BT Joky MaARtalning  the
mpostRInAF iR gfeéjﬁ.ﬁ@sé Imikftiré BEn@iiey \ﬁfthlhhﬁ? THBhfer comprising

The i nvention al so provides a spray device
thexpbyisiolagically éctive @geant, @npbarnmcquhyall)oac@ptaible)solvent which is

OBl PO RO L DR o B e
1t PAREIgin figURI fofhthder pressure within the chamber and valve means
for providing delivery of the mixture and wherein the mixture provides a
metastable deposit of physiologically active agent on the skin. The propellant is
preferably a hydrofluorocarbon such as HFC-134a or HFC-227. HFC-134a is
the most preferred propellant. The hydrofluorocarbon propellant is preferably
from 15 to 50% by volume of the total pharmaceutical composition and more
preferably from 20 to 40% by volume of the total composition.

The invention further provides the use of an active agent for manufacture of a
medicament for treatment or prophylaxis disease in a subject wherein the
composition includes a physiologically active agent and a volatile carrier and is
topically applied to the skin of the subject for transdermal administration
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20 the physiologically active agent, a

phar maceutical ly acceptable solvent which is volatile

when applied to skin and a prapellant which is

preferably maintained at |east partially in Iiqui@8dJuly2006

formunder pressure within the chanber and val ve neans

Mdherginothiecvalatile siolvent gvaporates ta foror 2 netdstabie deposmeontalnmg
%8{5\‘{2 é% i des a netastable deposit of

Bﬂﬁ%; %8 Iy active agent on the skin. The

propellant is 25 preferably a hydrofl uorocarbon such

as HFC-134a or HFC-227. HFC-134a is the nost
P edditioadhpmaplastabie compesitiparayoidsthecdisadvaniage of saray nozzle

blockegeisBR i LR Rirhdortilll St ShFuBiolor, ' 1 om

20 to 40% by vol une of the t ot al corrp05|t| on. 30 The

ventl 0 t he ovi des the use of an active agent,
e PR Tort Bl piMass hasresgiiah o dascaaodanove. contained in a

Ehﬁmb‘ér%&eﬁi fgﬁgﬁ? flof RUDFEC] 3ad e RNy dISfe solveqt and active

conposition In ysiologically actrve a
sviltipeefersbly prayidena single phdsé solutiopiof tie actiyepl | ed to
the skin of the subject for transdermal adm nistration
7 28 July 2006 wherein the volatile sol vent

AR PhE®IM ﬁhef R anrmpﬁéd@hh@ar&méntramPtr@nnérvgtamne. It will
the active agent. |In addition the netastab

bernprpreciated 3 yolassesneiciiadvatheayiseothe tersy amnrpheus includes

RIAFLAPEc5 2 Aebe (Aol Gaplah SR ENSRIEMCLT  Ton s

descri bed above contained in a chanber wherein the

ropellent js HFC-134a. The vol atile sol vent and
Toel gambipationy, ok mkysiolgoically, petive agenliandywalatile solvent of the

%?ééétdt‘?ﬁ\/ tioh§ liffiteld\fE ncﬂ&aﬁ?ltH 1655 fE 'tc?%t%tﬁ@r fo‘?lrnlr'% metastable

anor phous’ neans substanti Yy non-cCcrys
vzshepbsnt mdthap pmelting tpaintt loaviey tharh disat samcfrbrremeotdrgev\o’serystallme

{'}‘Q?[E?glgsidﬁoé@ 6’3§w@{e§d§§ttgj\é\1 (EQ%IE]VII'(EI% SCOp?ac?w%r or- obtained
%ﬁbbﬂ%‘tél%t@fn fROMShetHiof 8F tilofStbine FRsiaRls I%%Qon it is preferred

vol ati'l e solvent of the present inventionis limte
thatdheactiveyagentiis delativelsitnaroyelatiler relaiive: ta thstmlaum solvent so

8 i b o e BndBoRliph i e B oigtBincBE sy e Voatie

sulveht evaporatdseatqshyaiicgieal temipetratatay. er or obt ai ned

In practice, it has been found that the physiologically active agent may selected
from a range of potent, lipophilc, physiologically active agents with a molecular
weight less than 600 Daltons and a melting point less than 200°C with the list
including apomorphine, fentanyl, ropinirole, rivastigmine, buspirone, rizatriptan,
anticholinergics such as oxybutynin, tolterodine and darifenacin, testosterone,
MENT (7-methyl-19-testosterone), ethinyl estradiol, or an pharmaceutically
acceptable salt or derivative of any one of the aforementioned.

The drug and solvent generally have the ability to intimately mix, such that the
solvent will interact with the crystal face of the drug. Therefore, the drug will
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fromcrystallisation from nethanol or chloroform For

this reason it is preferred 20 that the active agent

is relatively non-volatile relqative to the vol atilg

sol vent so that upon applicatdon of the conpositi 68 July 2006
to the skin of the host, only the volatile solvent
dyrigallyahage & spluyated| sajulbitity ine’rmaesdt/emeef greatpr tiedn oeequal to

een foun siolo al | |ve
FRoecBlayab5:rbaen AT of a0 iy
l'i pophilc, physiologlcally active agents wWith a
nol ecul ar ight |ess than 600 Daltons and a nelting
ﬁ’defqrablyst@et velatilzoseenii bas tehyapput pressoraids mpove 35mm Hg at

SEABBORINS Sy S0 B nSREAY S fomb AT L4826, The o

suivient will rprefe@éblyrmm%eaado%r i st ﬂwoteiétéfétaﬁlyﬂﬂ@e volatile
,\gﬁ 7- et hyl - 19-t est osterone) et hin est radi ol

r\wﬂcegmpeaw gt l%aﬁtaé%ptbabwelgm @f dhe d@talvwlatﬂ@ solvent
n‘gﬂ)\h rementioned. The drug and sol vent
gen raeﬁgng)vmgrﬁca{O& ity to intimately m x, such
that the solvent wll i nteract with the crystal face

the drug. .Ther will, 8 28
Rost efeyalii 6 FoBie, Saverl adbnehe witicondisl SsbeGRald of one or
ﬂﬁorﬁﬂéﬁb?élcbh@l%. OTheeE#@érréd’ Iov@er%'i%l%lg\’aré@ﬂ%nol isopropanol and
preferably greater than or equal to 0. 1 %w
nm@lweamryeo?he vol ati|l e sol vent has a vapour pr essure
is above 35nmm Hg at 5 atnospheric pressure and nor nal
skin tenperature of 320C. The volatile solvent wll

Qorivenidhitly, te1pompesitiohdeer td;ilcml”spiray Nbﬁ‘fpo@lt@heﬂhabbléntams the
the volatile solvent wll g}érlse at | east 60% b

ﬂEV@lﬁ{Ogﬁa"M?@tW@ﬁQPnt/@P@ﬁhGP t‘o' ‘e\@\‘fent@‘ﬁ’ﬁbﬁéﬂ@th@ﬁi 'nClUdeS the
% ofakg@mq thé MFO&EISEG A ¥hd h{ku’{ obthé ehsd Y& brm the
co ol ‘one or_ nore

onen consi's essen rall'y
Inetastablec dbpo sit cdfﬂainmgsﬁherpmﬁldlmgleallyadactivbdwsme.
et hanol , isopropanol and m xture thereof.

Conveniently, the conposition is a topical spray

HPEReRISFtRAE ddevk %%e%b@tatﬂg dé?b%h@é %eéﬁ@?édl formed in the

active agent and the volatile so and 't

eptdenmissof the hastep of spraying the conposition onto
the skin of the host to formthe netastable deposit
cont ai ni ng the physiologically active substance. In

Sridf Msdmi@bmm@m%etshe met ast abl e deposit is
preferably forned in the

In the accompanying figures:

Figure 1 shows a plot of the cumulative amount of drug penetrating across
the skin from the metastable composition compared to a saturated
solution of drug.

Figure 2 gives an example of base DSC profiles before and after
evaporation from ethanol.
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20 epiderm s of the host. Brief Description of the

Figures |In the acconpanying figures: 25 Figure 1

shows a plot of the cunul ativegr amount of drug

penetrating across the skin ffomthe netastable 28July2006
conposition conpared to a saturated solution of drug.
Sguredur e Bhgwﬂasplahofeerrpemngfpdmgﬂ €ash rpodnélidrag, before and
bef ore and fter oration e : 28 Juj

2006 Fi guP o5 euaRayAtiaN ghifeit aapqt S%{Pﬁn ?ﬂbe fifge Rgriod of 24
each nodel hdppg, before and after evaporation froma

vol atile solvent after a tine period of 24 hours. 5

Figure 4 shows a plot of the diffusion profile for

fentanyl through human epidernms, after evaporation
fFigureet hanshowada iptmipobmd disffusiﬂmproﬁlé)efoaifdarﬁdnyl through human

Description of the lLnventi on A t he
Thvent | on PRRGREYS. a8t BUmRISton S strandhrad fedirgp Alcohol,
means 10 that it is not prone to supersaturation or

crystalllsatlon durlng |ts pharmaceutical shelf life.
DetailaehDeseription ofihe davaqtion ¢ r ansder mal patches in

%é@?i tENE BrosshEiRuph i e bifioB8REh i Sapie, wiigh means

tﬁattnhs notgsené to Bupstsaturatiom ob erystallisatibnaduirig®s pharmaceutical
container during the shelf |ife without encounterin

Shelff ife, f & ThiHENaYsber CPREasIeoMith transdaETal matchess in which
egis;fé]ﬁéat oh6r tﬁ §%ta'g%ﬂgﬁ% obg{seﬂf&sﬁﬁ'}g%lgﬁf ﬁéthQ 'baSEY Thus the

A 1T om a out
poprgiositioni ofalhleypmsent/mvegmn caard heldnnampuma&'ﬁ%ohtamer during

oué@ﬁ?ﬁﬂs‘&&t% qt{‘g\%Hv ﬁ‘tﬁltsgflﬁ@(%l \éﬁ |ﬁg{§eqj%t%lg>|?lor brttansdermal

%ﬁgdr@sents for exanple gelling agents, such as
RBOPOL and cel | ul ose derivati ves.

The composition of the present invention may contain from about 0.1% to about
10% of the physiologically active agent, and from about 85% to about 99.8% of
the volatile solvent.

Optionally, the vehicle may have additional pharmaceutical excipients, for
example gelling agents, such as CARBOPOL and cellulose derivatives.

The invention will now be described with reference to the following examples. It
is to be understood that the examples are provided by way of illustration of the
invention and that they are in no way limiting to the scope of the invention.

Example 1
In situ formation of metastable drug deposits

The formation of a metastable deposit of drug within the stratum corneum can

be expected to increase the penetration of a drug across the skin relative to a
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The invention will now be described with reference to

the followi ng exanples. It 25 is to be understood

that the exanpl es are provideg. by way of illustratjgn

of the invention and that thg9 are in no way |im{28dgﬂy2006
to the scope of the invention. Exanple 1 In situ
fsaturatedasobrrcionmfaatdmgeordausjrrm@ﬁsipesrsioamfr thee solid drug on the

f ' f t.ast bI d h th
SEFEER of et gl AWt s RO Gy o fistEc) e
penetration of a drug across the skin relative to a 10

28 Julé 2006 saturated solution of a drug or a sinple
dn of the solid drug on the surface of the

A 10, A, 0 e ot
a@wesnst m xed with volatile solvent The ability to

forma netastabl e deposit of the drug after
evaporation of a volatile solvent can be determ ned

{ t ' ;
The! BBUE T FeBIA O RAN o B ATy, dporatipn of o
aokhtife solkept carl be Iéemeranyed bRubke wedm&nonTasneihng ipoire athieved 24
t hi Est | (EE2 95% Et CH | | cohol
FoBHS St sl SHvAPRETCNES SHEWAIB TGEIS8,2 808 ch: o chosen

Wéﬁggnt a diverse range of physicocherni cal

properties as shown in the foll ow ng table:
Fentanyl

Buspirone
Testosterone

Ethinyl Estradiol (EE2)
95% EtOH

Isopropyl alcohol (IPA)
Chloroform

Acetone

The active agents chosen represent a diverse range of physicochemical
properties as shown in the following table:

Drugs of Choice — physiocochemical properties

MW Daltons LogP MP
Fentanyl 336.48 3.79 84.0°C
Buspirone 385.51 2.63 103.5°C
Testosterone 288.4 3.01 156.0°C
EE> 296.4 3.91 180.8°C

Method
Various % w/v mixtures of active agent and volatile solvent were prepared. A 10
microlitre aluminium micro-DSC pan was then placed in a 50 microlitre

aluminium DSC pan, and 5 microlitre aliquots of each formulation were pipetted
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Drugs of Choice - physiocochernical properties MV

Dal tons LogP M D Fentanyl 336.48 3.79 84. OCC

Buspi rone 385.51 2.63 103.50C, , Test osterone 288. 4

The OO ERD 206. 4 3.91 180,80 25 Nethod  vari ougBolly 2006
w v mxtures of active agent and vol atile solvent were
inteptheet) microlitrer®SCopan.r Bhanlvolatite solvent was- aibWeashto evaporate

510 AR ARES el Peabpld bRl ieFlo fmatined "
pi petted 11 28 July 2006 into the 10 mcrolitre |1DSC

The vol ati]e solvent was allowed to evagorat e o
5@@ PaNg M@are Anaigtained it rambienkiginperaturatand 3P4 relative humidity

r e (!

18D ETRIBE s JH5a AR AR Bl el g nolPRiERly sealea
NS('erwathhert pefEfotrhed under westeem\cﬁrmdog@d anelr a1 0%GIhinute and

| ed. DSCf‘ was t eﬁaﬁﬁéfo d under a stream of
H‘f' i g dampREatyre range/t othedMda t enperat ure
range that depended on the drug. Results 10
Evaporati on by each solvent resulted in nelting point
Resultat i on (Fi gure 2). |DSC anal ysis of buspi rone

ter evapor atjion nstr ted th
RYbBPre o PR oG RaV 0, P B i P rpadietin (Figure 2),
DBT amalysis 6ﬁb@§;§|ﬁf@§fté¥%l@ﬁ ev%b@Yﬁlan@éMoﬁgﬂré(t@Btthe steadier
dependent mel ting point reductions. In each case,

meliing ppinteduation deigures 8).aneepntrastnfentanyl giestosterone and EE2

SHEMEEE86, AYTEL' BB Y B BTGP LA caso
isvpeo byl Laldohalrdémenstedted nhé madstt élgmﬁoamoanfférevmvml felting pomt
have an .increase in rFﬁerCUt aneous absorﬁtl on,

£8ang¢ when ¢pmparegto 8 SORRAHNTRasS: Melting pemaeareqswn Is, we
hagé! Rjund’ esh! Ihﬁl&tlbﬁ that O{h\ée%nga%%ﬂﬁnt & &4 4P iRcrease in

solrd wthin stratum cor neu
percutaneous absorption. In addition, the stratum corneum may prevent
crystallisation, resulting in a solvent deposited metastable solid within the

stratum corneum.

Example 3
Effect of metastable compositions on percutaneous penetration

The choice of solvent used in a composition can be selected on the basis of the
desired transdermal delivery profile as measured by percutaneous penetration
(an example of which is shown in figure 4) in order to achieve the desired
pharmacological effect.

The aforementioned examples are not meant to be limiting and it is envisaged
that combinations of volatile solvents could also be used to obtain the desired
pharmacological effect; for example on a weight basis.

Ethanol : IPA 20-80 : 20-80
Ethanol : Acetone
or IPA or Chloroform 60-90 : 10-40;
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20 Exanple 3 Effect OF Metastabl e conpositions on

per cut aneous penetration The choice of solvent used in
a conposition can be selected,gn the basis of the 5
desired transdermal delivery 6£ofile as measur ed b?g‘h"Y2006
per cut aneous penetration (an exanple of which is
shown in figure 4) in order to achieve the desired
phar macol ogi.cal, effect. The aforenenti oned exanpl es
are n&FaﬁB&ﬂﬂeﬁBeﬁ?1irﬁting and it is envisaged that
conbi nations of volatile solvents could al so be used
to obtain the desired 30 pharnmacol ogical effect; for
Siffugion Studigswei ght basi s. Et hanol | PA 20-80 20- 80

TGSt sH50E VBre sohluh s Befimipe g fofird bl gt aotastabie

BoRipdsitineracsdselsidn. were conducted to determine the
delivery profile of nmetastable conpositions across
skin. Formulations Fentanyl in ethanol (1 nole) 10

kn i sopropyl alcohol (1 nole) Al
Fg)?ﬁr?g,%#topgns were prepared by accurately wei ghing the

appr diantanyd imethamol (bmaobdlysi ol ogi cal active into a

volunetric flask an e to.volunme with

appr &rr\t%rt“é '@/!ﬁ%{??@a@?\%ﬁfm &) Met hod In vitro

Wllfffoﬁﬁ%l@?ioﬁé ReéreBrebare b 4.l féiél?ﬁﬁei@ﬁln@gth%t appropaste amount
t eel S, I Ag human

steel flowthrough "diffusion cel usin .
obiphysialeginali activendntoaa \Biumetrich#asle @ngt cradesuputa yalume with

%3%&59%??%@[%'% é‘ﬂl}? 10(IJEA|) SL?ﬂcielnl 2 ?gf%eglgrﬁecggdizto;%on

were treated with 5pl of appropriate donor

Method

In vitro diffusion experiments were performed using stainless steel flow-through
diffusion cells, using human epidermis maintained at 32°C. The receptor
solution consisted of either 10% EtOH in 0.002% NaN3 or 20% EtOH in 0.002%
NaN3. Eight cells for each condition were treated with 5ul of appropriate donor
phase, each a finite dose that was formulation dependent. Samples were
collected at appropriate time points and analysed by high performance liquid
chromatography (HPLC).
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20 phase,
dependent .
poi nts and

Sanpl es were

anal ysed by hi gh pq&
chr omat ogr aphy (HPLC).
1. HPLC conditions for

25 30

each a finite dose that was fornul ation _

coll ected at appropriate tine
formance liquid

3 28 July 2006 TabP@8 July 2006
receptor solution analysis.

CEM=  Columm Symmetry C18 (3.9*150mm) 5pm Symetry C18

(3,9* 150
'@

P BonliBlinLraeC8her rehomansns o 10.o

M. Mobi | e

Chliimth 1. O NSRS
50 Pl 50 P volume Colum 40 ]
. Line A: 20% AcN in 0.01M )
Mobile Line A: 5nM TEA (milli-Q), pH 10.9
KH2PO4 @ pH 2.85nM ]
Phase ) Line B: 100% AcN
Line B: 90 % AcN @ pH 2.8
Gradient:
] Time %A %B
Isocratic:
0 80 20
Pump 70% A
8.5 63 37
30% B
9 80 20
11 80 20
Flow rate 1.0 ml/min 1.0 ml/min
Absorbance 239 nm 210 nm
Injection
50 pl 50 ul
volume
Column
40 °C -
Temp.
Results

Diffusion experiments were performed using fentanyl as a model compound,

after ethanol and isopropyl alcohol evaporation.

Fentanyl diffusion profile, through human epidermis, demonstrates a change in

delivery profile which is solvent dependent (Figure 5). After evaporation from

ethanol, fentanyl showed a sigmoidal, first order diffusion profile indicating that

the initial burst across the skin is limited. However, after evaporation from

isopropyl alcohol, fentanyl shows a zero order release rate profile. Therefore,

the leaving tendency may be modified to suit the desired delivery rate by

altering the volatile solvent vehicle.
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5 Diffusion experinents were performed using fentanyl
as a nodel conpound, after ethanol and isopropyl

al cohol evaporation. Fentanyl gi ffusion profile,

t hrough human epidernis, denohdtrates a change in 28 July 2006
delivery profile which is solvent dependent (Figure

5). After evaporation from 10 ethanol, fentanyl
CLAMS a signoidal, first order diffusion profile
indicating that the initial burst across the skinis

i m t @P'phW@d&ﬂica%drﬁﬁoﬁﬂé‘rﬁ’Rfr%Fdr%BeFthl:’@elIv%%péé’rlﬂbl'ising;
al cohol, fentanyl shows a zero order rel ease rate

profi lee. dieormore physiblogicallyiactivé agdetscanday be

dified t |t the desi. del i te b
2 ter g 4 KeRls %!?ﬁrﬁ@é@i'%égﬁa%hx g sobventie Jul y 2006
CLAI MyheréinPiha/ é@fﬁgﬁﬁi'ﬁgﬁ is GRBBRtilP FrebO5f ﬁérﬁ‘-@é%ﬁ!ﬁ'ﬁénetmtion

H 0,
delivery conprisin o> 0 one or nore physiologic
act i venhgooers, ang dviterainy theaphiysioloiginatsective i agdnt yand the volatile
acceptapl e, sol vent . wherein, the conposition i .
ubst SHVERH IR0V PR, aofianafls) 2BpPaT sanapislie ohe pharmaceutical
enhanegfive apen\evapsidtioht thé velatleosiigait. act i ve agent
and the volatile solvent provide a netastabl e deposit

conprising the pharmaceutical 10 active upon

Vaponal i . iiJ: | ) o
Shar nishhtfdte b dhbsitich R aerHential dhiivary corpysing:
COMpY iaSi 01 of mxYe physislogicahactve) agmpolindGblscted from the group
e

conpound sel ected fromt roup . consj sting of L
aponor pheQfsistingnt aﬁy|qpq'wﬁnneo| dentanyhst fopiifple, figastigmine,
buspiro dzat ri nt j I LS, { n :

cstr adi orsirokey PeRbtal AFRHCHRBIRAC ety ¥gpradiol or a
deri vat i plrarofaceaticalhe acteptable ashtir emaderivatiesl; ofaady Ooe of the
vol atil e pharmaceutjcally acceptable solvent; wherein

t he con‘p%’g’f‘?msﬂt'?%e%lﬂggt antially free of non-volatile

penet atj g ti@pﬁé}h?é}fé%ﬁéalwﬂé*cdw{b?étﬁé %owéﬁf-

physi ol ogi cal active agent "an he volatil’e sol vent

provi adheseinethescerbpesitiepds isubstantiallys freg efheon-volatile penetration

phar maceut i cal C?Ct ive upan eva(ﬁor.atli ont. of the .

vol at £NBaRCFTSApd Wherein the' physiological active agent and the volatile
solvent provide a metastable deposit comprising the pharmaceutical
active upon evaporation of the volatile solvent.

3. A pharmaceutical composition according to claim 1 wherein the solvent
comprises a hydrofluorocarbon propellant wherein topical application of
the composition as an aerosol provides a metastable deposit on the
evaporation of the volatile carrier.

4. A pharmaceutical composition according to claim 3 wherein the
propellent is HFC-134a.

5. A pharmaceutical composition according to claim 3 wherein the
hydrofluorocarbon propellant is from 15 to 50% by volume of the total
pharmaceutical composition.
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3. A pharmaceutical conposition according to claiml

wherein the solvent 25 conprises a hydrofl uorocarbon

propel | ant wherein topical applLication of the

conmposition as an aer 0sol pro%des a met astabl e 28 July 2006
deposit on the evaporation of the volatile carrier.

5. A phaphaneacauticl ceompasitioronaceardingi rtg tctaiml &3 nwherein the

wher ei e..30.propel.l ent. is HEC-134a,. 5. A . .
phar meSRIRIAR &0 RBGIDED .8 SIATAG £ Ziserey gpplicator device
wher eicompind udvallé Hor aemeingy HeOBSpdsitiohSirdhotReléhamber, a
to 50% by volune of the total = pharnaceuti cal

conpo4iozzien forsdispsrsing theycompesition as @ aesesnit andimeans for
conposy.ti: [ C e . -
con‘po?iré\lngﬁgﬁéqﬁ%%t@(?r@ ei(lﬁfaélé?c 8%&“ gﬂe bggﬂ?aiﬁ'd composition
appl i beiny refainedainder mpesstira gvithiry ey ehdraberlgd iagetbi mgintain said
t he conpo l’tion fromthe chanber, a nozzle for

di spepggwéelnﬁ@ BYAPYSOfMon as an aerosol and means for

5 providing a netered dose of aerosol fromthe nozzle

sai d conposition being retained under pressure within

’he clhapbarmaceuiicat compoaitianraccarding do aiaini 8nwheneirathe volatile

St chPORRTIGRHECE SESEBRoRA AT o B8 actve

propelagapt. provide a single phase solution of the
active agent. 8. A pharmaceutical conposition
according to claim3 wherein the conposition

ONprixse 9%t 9 P [ gi.cal acfiyv .
gggﬁt A @gg an eg' Fléﬁ) é%&jx?oéﬁ% 8%%Cg)§8h i éﬁt Cl@?’mvﬁ a\fvﬁ?reem the
sol vegbripod ittmhocﬁmfhdpr&&ds fr@mI M %liﬂf W&bﬂﬂl@t@ﬁlogically active agent;
conposi tion aceording claim erein e
Shysi SnEdTarmbys k0P ks Ry srioRkar velaiie pleRband propeliant
solubility in the volatile solvent of not |ess than

0.05% 20 10. A pharnmaceutical conposition according
B0 cl & npHarmemesticalt rommposition according to claim 1 wherein the

physiologically active agent has a saturated solubility in the volatile
solvent of not less than 0.05%.

10. A pharmaceutical composition according to claim 1 wherein the
physiologically active agent component comprises a molecular weight of
less than 600 Daltons and a melting point less than 200°C.

11. A pharmaceutical composition according to claim 1 wherein the
physiologically active agent comprises one or more compounds selected
from the group consisting of apomorphine, fentanyl, ropinirole,
rivastigmine,  buspirone, rizatriptan, ethinyl estradiol or a
pharmaceutically acceptable salt or derivative thereof.

12. A pharmaceutical composition according to claim 1 wherein the
physiologically active agent comprises of testosterone, MENT (7-methyl-
19-testosterone), or a pharmaceutically acceptable salt or derivative
thereof.
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physi ol ogi cal |l y active agent component conprises a

nol ecul ar weight of |ess than 600 Daltons and a

nelting point |less than 2000C, .25 11. A pharnaceutical
conmposition according to clalﬂ§1 wherein the g%ul 2006
physi ol ogi cally active agent conprises one or nore
conpounds selected fromthe group consi sting of

ARpr PoRbaacS Al bamoogRefh feciapedaigains,d whetein the volatie

phar ngeRiht takla/ véﬁ@@%r@%b@resé\lbév@%ﬁﬁmq 3t 'aYrﬁospherlc pressure
thereof . 30 12. A pharmaceutical conposition according

to cl @&ngha tempeeraturetaf@2°Ghysi ol ogi cal |y active agent
conpri ses of testosterone, MENT (7-nethyl -
19-testosterone), or a pharmaceutically acceptable

d4lt o pblarma@éutioel cbmpositibn ddzordind ub)cl@ifPd whereirf\the volatile
phar rrac uti cal ggo& tion accordl ng to claiml

\/\herelsﬁvﬁﬁ‘éc‘?mpﬂﬁ engQryaere lawsr alcphplSur pressure

above 35mHg at atnospheric pressure and a

tenperature of 320C. 5 14. A pharnmaceuti cal

donpod#i phanmaassdicell cq;npositidnaiancd)rdwigatoeclalm HaNheﬂem iat keast 60%

sol vent ca wer al cohol s

ohar mivatBBLoT B8 yUgi¢ polfehteatiives pas 6r e fower alcohols.
wherein at |east 60% 10 by weight of the volatile

sol vent conprises one or nore |ower alcohols. 16. A

dRar méc phermsaceutisab sempsitionccsorling to claimil ivherein the volatile

one. oPONERECHTGIER SabeDRRISEEY o ool chiah Aikarls Lol

conmposition according to claim 15 wherein the | ovver
al.cohal s, are sel ected from et hanol and isopraopano
4. APpﬁﬁﬁ%@@ﬂtl@bpomﬁl@mamr@eedponlwg\ f1§ whasem the lower

wher elgfghol d fRfG Bthdnol BhES ﬁ’dp 0 1 %to
4k pUb A0 A1 il B8 36 _

20% by wel g t ot al ar mnaceu
conpositi on 19 A pharmaceut | cal conposn ti on

I 18 whe
%cor % pﬁartn?aé:eu ica COSmpOSI{Ion accordmg to claim 1 wherein a thickening
agent is present from 0.1% to 20% by weight of the total pharmaceutical
composition.

19. A pharmaceutical composition according to claim 18 wherein the
thickening agent is a cellulose derivative, more preferably hydroxypropyl
cellulose, hydroxypropyl-methyl cellulose, hydroxyethyl cellulose, or a
mixture thereof.

20. A pharmaceutical composition according to claim 18 wherein the
thickening agent is CARBOPOL.

21. Use of a volatile solvent and pharmaceutical active in preparing a spray
on transdermal pharmaceutical composition of an active by formulating
with the volatile solvent so that the composition when applied to the skin
of the subject forms a metastable deposit of the pharmaceutical active

upon evaporation of the volatile solvent whereby partitioning of the



t hi ckening agent is a cellul ose derivative, nore

pref erably hydroxypropyl cellul ose,

hydr oxypr opyl - met hyl cel | ul os hydr oxyet hyl

cellulose, or a 25 nixture tﬁgreof. 20. A 28 July 2006

phar maceuti cal conposition according to claim18 _
wher eibhysiglogieayc Retye paghé nfroms thearbehan. comeam tosthe viable

of a \é?Jlic?érH@isSé’ljﬂYaq{btedand pharmaceutical active in
preparrng a spray on transdermal pharnmaceutica
conposition of an active by fornmulating wth the

vol atil e solvent so that the conposition when applied
to the skin of the subject fornms a netastable deposit
of the pharmaceutical active upon evaporation of the
vol atil e sol vent whereby partitioning of the 17 28
July 2006 physiologically active agent fromthe
stratum corneumto the viable epiderms is enhanced.



