WD 2004/ 089374 PCT/ GB2004/ 001627 -1 PHARMACEUTI CAL
COVPCSI TI ONS COVPRI SI NG APOVORPHI NE FOR PULMONARY
wO DikiMog9BrEON  Descri pti on 5 Background of the |POUEGBR@A/001627
The term "erectile dysfunctlgg has been defined by
the National Institutes of alth as the inability of
the male to attain and naintain erection of the penis
sufficient to permt satisfactory sexual intercourse
PHAR{AEWTICATACPMIMSATIONS SORMPRISIAEOLAOMOSBHIGE FAFOPBINONARY INHALATION
Because adequate arterial blood supply is critical for
erection, 10 any disorder that inpairs blood flow may
ated in the aetiology of erectile failure.
?%%gﬁfé?dysfunctlon affects mllions of nmen and,
al t hough generally regarded as a benign dlsorder has
a profound |npact on their quality of life. It is
5 Badkgegand of thedagsption { hat jn many nen psychol ogi ca

PES e " QL GRS B G SARACHaY be) deﬁ@a@w{@tmﬂo&ﬁ@a&i&%s of
are intact even in the presence of erectil
Idyfslfhjmthle embility ofebi ohadgicattain aot ongnfaoy el@pegn ioff ¢he penis
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anx and. rel atjionshj p problens can i
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ﬂh@{%r E‘r&%lé E?éfﬁﬁ&ﬁ:r@é!@éc‘%@ﬁlﬁlﬁoﬁi oB RN, EXR&IJH %@rall
his my toan inability toinitiate or ntarn

Jagarelpéeﬁ a@nmg@@mder fhae & grrsfoundliopect ¢ro dheeinguadity of life. It is

r%%g%nqgeecp %ar%réel:rg!rt]}lpaéqn%na:ngoseen ﬁ%cﬁalog?c]@iyclig )e?n IOJ(:: ast:n?c capacity, and

djsilansy @fpahhﬁalﬁﬁﬁﬁt:t evareih e prespAt vbiys cillei dybfuiion.

i npair refl exogenic erections and interrupt tactile

sensations needed to maintain erections, and spina

ﬁ@tﬁ&io!;&ﬁ' 05 MY ChectERRBEIRY hy@@&e&l@ké ortzR8a} F%h@@&uc or

severity, may produce varying degrees o erecti

$rgpfigie origscul ogenic  risk factors include factors

whi ch affect blood flow and include cigarette snoking,

30 di abetes nellitus, hypertension, alcohol, vascul ar

Eﬁyﬁhageej,ic huicgits Eﬁ\/ﬁieetﬂefdysﬁmuﬁbn tdudhdesdeb@rocdsory dsadeplsssion,

of . hi gh- Sit i poprotein (HDL), and other chran
20 Pigpsed r&@ﬁarl?fflarrgo {5t ek £ fipfig Srepfils funconing by
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A “Feldman, et al., J. Uol., 151: 54-61
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Organic factors include those of a neurogenic origin and those of a vasculogenic

25 origin. Neurogenic factors include, for example, lesions of the somatic netvous
pathways which may impair reflexogenic erections and interrupt tactile sensations
needed to maintain erections, and spinal cord lesions which, depending upon their
location and severity, may produce varying degrees of erectile failure. Vasculogenic
risk factors include factors which affect blood flow and include cigarette smoking,
30  diabetes mellitus, hypertension, alcohol, vascular disease, high levels of serum
cholesterol, low levels of high-density lipoprotein (HDL), and other chronic disease
conditions such as arthritis. The Massachusetts Male Aging Study (MMAS, as
reported by H. A. Feldman, et al., J. Urol., 151: 54-61 (1994) found, for example,
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-2 that the age-adjusted probability of conplete
erectile dysfunction was three tines greater in

WG 84334 reporting treated di abetes than in tPOBFEB2004/001627

wi t hout diabetes. While there is sonme di sagreenent as

to which of the many aspectS‘%T di abetes is the direct
cause of erectile dysfunction, vascul ar disease is

nost frequently cited. 5 The MVAS al so found a

thitght hpeadjnsedrprebaiiligrofempbete eecwil¢ dysdunitafrumey thaee times
and heart disease wth of its associated ri.s .

SRR S UbIfg et DOTEdFE AT ITRBRES SR PG VHBRY %ﬁete& While

théRGPEShE ldihagﬁé%)ent 1 theBichesnhe aRakheskdat dabdR¥ e direct
all untreated hypertensive patientS are inpotent at

cahee off erectilh dysfanetiof, agpdadlisdashisiyperfresusnty cited The
associ ation of erectile dysfunction with vascul ar

disease in the literature is strong, with inpairnents

THe MbeA Henrpdyardrh 6inificadt ecirtlationlbabnhreat@ide dipsfunction and
patients wth myocardial infarction, coronary bypass

hegrtglipgpse E’étPéWPondésc%fP%“rmﬁé6}Sgefﬁ‘it§¥3> hReT SRS W serum

Haw euﬁgﬁ ngoz@é\éﬁ: HDLAI? Baf B pbBRA Th1tB-SORKENAL Lfreated

be an i ndependent” risk factor for vascul ogenic i

lypevtidiee pytsfngneeiiopotesitah the tae dhejeats dideneged wifhdhypsrtension.

’1:;1? aes)égge{ic? a%? telgglerd %l‘un%&og rweﬁ} xirls%ulqy ﬁfs%‘éth‘%ﬂ literature is
Lsherated” w fieardovaselrar: di’seases. emal es can

sitoS@, shithfigipafrheatsiextalhetipsiiinaics ofi erebiiba deasonseeted in patients

shown to quééase Wi th agg and is assocjated with %he d

Bitle suicar ! 1HAEHATAF OISR PRI HP E B d ST AR OFARRY A G cidents, an

I{Tééggh@m QRAUTL diseafE Of Ak @oa&ﬁﬁagh@&e IRLISEOUb &4n independent
hani snms that contribute to 20 penile erection in

niekl fastoarfer pesichlogerictegedsde dysinetion; withhdgarakie smoding found to
gx%%ér%r £ d;lhg isf< eo?.aelreectigee@ : stﬁ%{ctfo%fszgggégt'ed Ivﬁthf gﬂﬁio%isculaft diseases.
Séxuar ysfunctlon cam arlse rom or gani c causes, from
psychogeni ¢ causes or froma conbination thereof.

Fenal e sexual sfunction jncludes failyre 5to .
EeParneDr AHa Y *{HO%QWQ@YF%BFP&%T Tt e A§5n to increase

WRE Qg@ aké isgisséﬁﬁ(t@élwiﬁf(ﬂi.etlﬁ%tce Rrhdcul@ iRk ahétors Ald thReonset of
sexual activity. Organic femal e sexual dysfunction is

tfagonenoprosheSame af te Y%Clﬁi&? and @W%@Ww@s that contribute to

%ergﬂaeierr tn &ﬁgﬁgst iu%gaelhgv% t%dl?é:‘ﬂﬁ'hﬁr PA g%dvafsl:\ﬂwigenic factors in

agi nal "engorgenent 1 nsufficiency and clitora
feredd parital pspbhdeci ency. 30 As described in U S Patent
Nos. 5,770,606 and 6,291,471, it is known to treat
both psychogenic and organic erectile dysfunction in

TR0, bdkubN@ysP Rioth ARGARE PRI @rganid\0anded] fidih @8ychogenic
m | ligram sublingual tablets_of aponorphine . . .
tApdeoehiter Yeombangn SogapHsbarale peryabayypastien pindes 3 failure

to attain ot maintain vaginal lubrication-swelling responses of sexual excitement
until completion of the sexual activity. Otrganic female sexual dysfunction is known
to be related in part to vasculogenic impairment resulting in inadequate blood flow,

vaginal engorgement insufficiency and clitoral erection insufficiency.

As described in U.S. Patent Nos. 5,770,606 and 6,291,471, it is known to treat both
psychogenic and organic erectile dysfunction in males with the opioid apomorphine.

Two and three milligtam sublingual tablets of apomorphine hydrochloride are
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currently available in Europe for the treatnent of
mal e erectile dysfunction under the nane Upri maTM

W@ s®e/08%374. , Eur opean Public Assessnent Repor t PCEBBR)04/001627

1945). Aponorphine is a deriyative of norphine, and

was first evaluated for use as a 5 pharnacol ogi ca

agent as an enetic in 1869. In the first half of the

20t h centur aponor phi ne was used as a sedative for

PRy 2 pilad wsEurqm sthanertmsnhohahlntstile dybfuaciiogunder
f | 60 ddi rLhe

B e e £2. Bt ribE ARl Refie (BEA) 1945).

and the conpound underwent intensive evaIuatlon for

he treatment _of Parki.nsonjsm S} nce_that tineg,
ARCROTTIRAG M3 BESh o FASE FP et ey Brst cxaaiefgpuse as o

SORRAL A8 RCHRAPLs AJCRESL i 1y, Sthi RYIALERa1E DSV hntury,

ner vous systen1 producing an arousal response
sremidrpbinedvasyusgdwa prgdativg foe piitchiatrie distwryaicesamidrglasbehaviour-
438 dj cIo e oj1or phi ne.
?&91%”%§%nt§%18 l‘:()ﬁusces ?nﬁd rdecfl ewﬁ 519? 2’ &8 4“% B’i%ergl&eif%&ts of
@bmimrphmelvﬁerp aéd]ﬁlﬂ,SarBthﬂ:fe &I‘ohﬁ@uﬁﬂ @dPakdtifRAsiSe evaluation for

S e as e h ?I%’IIEWIS ﬂ]lél?ﬁtn; oﬁrj]ﬁ%elt tilaf ggllre% alg:gr\qgme r})é%q( Slgr!tselga[e?ldclasslﬁed as
§§Hléﬂtﬂv@@o AR dckepDr FLERIR t‘ﬁﬁ@gtﬁ-gulh&ts RE @@rﬁ!’cil%rer\;&fs i System

absorptlon through t he"nasal nucosa. In general,
prodacigg ep edesal @apmma@ﬁqsmdsb}equ;gngpgdmppﬂn cp@ctyyn in animals
lahalgation in 20 the prior art. This is because
aponorph|ne was general |y thought to be an irritant
compound and it is therefore considered that

uld be unconfortable and

RN Blophom e be, ncor(ortane snd
ﬁé’r}bd" ?fﬁ%%ﬁé af Méltté Mergigsﬁbﬁsleﬂkingogg k889 ’f‘l’?@f%rmulauon

rises particles having a size of between 50 and
ig @% pewdehielerird hrartsecipesnarpliing m@nstaleleuu entaghtaus solution)

n i nt ranasal
LERER 40 SR M S I I ACRSEL A thel (- ORRERL.
treating organic erectile dysfunctlon by t he oral
dm ni ati.on of. g.therapeutically effect unt
Eoptt Bt 20 rihdice TeL AR SR ety ) Spletion in
g@fo@a&r Uthit ek eghse W’pﬁﬁie%s eizﬂ'l tﬁgu ht to be an irritant
esirable side effect of causin nausea an it is

reyed and it i hepppta coasidseed that inhalation qfppsintrirphing would be
aﬁaﬂm&m@ aﬁﬁg#x%‘fbaéﬂﬁ%ﬁ%b{}ﬁ 1o aaqaéfVﬁo} Bgs 9e%§+r[, %g% dry

t herapeutic whi | st avoi din € nausea
Wibedultihams dib¢lesddsinpidB 9 d:ﬂ9e43l8%. W ROOA/IBA3ZAhaving a size

/ GB2004 ?i I sAqadm ni st n anou h

ST 04 BB B Rk EOR ERt RGO REVRIE e he
1aﬁgmw11|amﬂgethreaﬁgum@e¢hautaaaab@&khnﬁst@mon

nanograns/mllilitre.
WO 00/35457 suggests a method of treating otganic etectile dysfunction by the oral
administration of a therapeutically effective amount of apomorphine ot a
pharmaceutically acceptable salt or pro-drug theteof. Apomorphine has the
undesirable side effect of causing nausea and it is alleged in this application that it is
possible to administer enough apomorphine to achieve the desited therapeutic

effect whilst avoiding the nausea. It is suggested that this is possible by
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WD 01/ 74358 purports to describe a nethod for
treatnment of male erectile 5 dysfunction using an

w@pansgi ne fornul ati on. Once again, the invePCT/GB2004/001627

seeks to achieve the desired,therapeutic effect

wi t hout causi ng nausea. The patient's plasma

concentrations of aponorphine are said to be up to 10

nanograms per mllilitre, wth |less than 15% of

admipserringaorspoetcingommsphine ta opain glagmsf comseeisatifn levels of
1 nLgtratlo N {4358, i ncluding

ARk IkbgR, B BRERPS Sty Ml |

formul ations for inhalation exenplified in WO 01

74 i | ugi hi d_ sodi
W R Ribe e daetind avethad Borerbaseon moiegerye
dRED DS JsHRGH Hlondorftheombiioh! mazlgawjtﬁeqfrp&géggn seeks to

purports to describe a nethod of anelio at i ng sexu
appisfaribe demiredrtherh§eutichebfient Withralt cawing hawseapihs gatient's plasma

dmini st eri to sajd _human.femal e aponorphine in_an.
R e R e BT SR T
@it lasaghaial 5%alflpakikme dxpédiewignestdisTuh ataiety 6f mededof

female hut | ess thap. the ampunt that j nduces .
%dgﬁﬂsmpame a%é%] in WQ 932?445& wemdiRgintrlagiopdp dhe dings.

HbwlederS HE0SHY §8rb Mo 12l 29I, CANGRRJ1AL AR wef 01,/74358
aponor phi ne of no nore than about 5.5 nanograns per

¢Athpiife 2 sduiien phrprmprpddne 200 Subitingetabisaldite m veteatwloch is
t I ne i roposed.. Wi lst. it has clearly

’gleré) r‘1i ng?cggj?gcgkgﬁ%on&\eﬁén% rcl())fgar é?ﬁ frmyt\ggtt mﬁ%%ar'mr phi ne may

be useful in the treatnment of sexual dysfunction, the

eatnents are stjll less than ideal]. Despite . .
PRE09 442 hamers gﬁ e pgethpg of prsliprRerent dysfunction in
4 BOMhATLMalCAHEEn BIBBLiSes RVERistmodo HIEhARMTPERNERBomorphine
plasma | evel s suggested to be free fromthis side

isffneapourt ufhdeptordncrense iaxiashitorsd Mewehflpwmng gl wall blood
ﬁ% J%@lh&ﬁfuhg{l ri LP @? férﬁglg .Pﬂl% Ileas,¥ t}li)a(:“r;c 88, t(pu%t tﬁ&%ﬁﬁu&% substantial
the t erapeu?l S &Y ect i S hecessitates an anount 0
faswar th ptdeamnd achievenrbéy balide, paé b@plestedels 4 plaphedbfitentration

en the therapeutic effect is desired and then . nust
%%%&P%‘a&%w& BroR6iD P P ANe SE P H il bf ghaintained.
$dtaingu A0 il ssh tibf of Rig: HARbrpide ﬂstprbﬁéseg.een attenpted
to keep the dose as | owas possible to reduce the

conconm tant side effects, it has been difficult to

e F e —
12004 /t38 887k HEEAGBAPNtN00dB2 e knbwharmtmthatars sl less than ideal.

B, B R o B B LD v
Mthk spomvep1he glaeia NEvilsRugicBied to be free from this side effect.
Furthermore, the existing treatments also often suffer from a long delay before the
onset of the therapeutic effect. This necessitates an amount of forward planning,
where the patient needs to predict when the therapeutic effect is desired and then

must administer the dose of apomorphine some time befotre that.

Whilst in the prior art it has been attempted to keep the dose as low as possible to
reduce the concomitant side effects, it has been difficult to strike the necessary

balance between efficacy and side effects in the past. However, it has now been
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the side effects usually associated with a
therapeutically effective dose of aponorphine. 5
wemmss7of the Invention It is an ai mof the PCEEBR04/001627
invention to provide a treatnent for sexual
dysfunction which provides @ fast onset of the
t herapeutic effect, which reduces or even avoids the
side effects generally associated with the
fadknd fliastsmaﬂida)@esoéf Ao ppitienan b’eaiﬁhhi;lisﬂfﬁedl ay pabnaindy
,dr WSi ness, d. whj ch easy L.ster, It has
ARy AR A 5E¥a & Bibdst 4y ol oF Spigimising
tBP SR PREAS By RYLARRAM Dﬁ?éréﬂéu%a I LfpQYve dose of
irritation bei r?’g caused. Toxi cology st ud| es have been
apomduehied and it was found that inhal ed aponorphine
was safe in dogs when 15 adm nistered for periods of
28 days at levels at least 12 tines the dosage
SimthsaGFdhe To¥endiohi evi ng the desired therapeutic
effects. The studi es showed no SI gns of irritatiaqn or
Tptsrray 2imy of B RIRMNG FIEator haRgedde pitregtaeny) fop spawh dysfunction
wiSe gw&& 4 hat oﬁmalo!f ﬂp@{huaﬁJeﬁac Qfredp %@J}ptyda@esa&eeven avoids
rapi dl'y absorbed fromt 'ung and provi de an
thxmde reéfegtsrgepechily rasmcm@tfd with thé ediagemmpnsﬁﬁ goimephine, namely
ormrn%hérowsm n fa 1&[‘% anset (ﬁ lnISQe t herapeutic
i S SI gr‘flS |carW}f Padter© t that observed
foI I ovm ng the adm ni st rat| on of aponor phi ne by the
avai l abl e Uprima(r). sublingual tab]ets.
Ingat pPuheer ;SﬂlSCPquﬁééhﬁééﬁ AROBRE & mlflﬁéefa‘}?ﬁmﬂfPBFle by

ARREREANH R SO Wi the St hﬂtﬂo%a;em%s@aﬂg@é iU IsAiMIBRe been
sai d dose i s adm ni stered monary inhal ation is

cangnctﬁd eaftit yasfraindethat lhlhmlelﬂ meom@selsmp o iselkedn spgs hen
adn%(lﬁlas € %A/ f(?ar\gﬁlaerioladg r?,% 2888C 3 atole%r%ls gﬂgsm S f Srbﬁ éors%%e Fmgsaged
Foabtletﬁngm]de Hhﬁreﬁl’thélapal&ai ef&ﬂﬂsﬂDThé‘l mﬁlmcsﬂrp@sdtmoosﬁgns of

bei ng devel oped by st e 30 What is nore, it has

igptagop QERthE ﬁOP?‘%‘P %bﬁ?‘fﬁli‘%’tg@f"i ng aponor phi ne by

pul nonary inhalation |eads to an extrenely benefi ci al

phar macoki netic profile which provides an

Is g plsp baet ﬂysc@*a@pd o smalifpartices h%mmemhmeeffrﬁ gepidly absorbed

ek B BBl e M B P R P Yl epeic ofect of

dpoaimrphmepllagae, thehdset Sf the thetipeast effecttibeignificantly faster than

gﬁ{)lg;]aefqveg %@F%%&gﬁg&?nggg{lﬂ% g) le})r%l(:))lrp ine wltlcl:ehavaﬂable
Uptima® sublingual tablets.

Additionally, it has been found that the amount of apomorphine requires to treat
sexual dysfunction when said dose is administered by pulmonary inhalation is
significantly smaller than the doses provided by the currently available forms of
apomorphine for treating sexual dysfunction, such as the Uprima® sublingual

tablets and the intranasal apomorphine composition being developed by Nastech.

What is mote, it has also been found that administering apomorphine by pulmonary
inhalation leads to an extremely beneficial pharmacokinetic profile which provides

an exceptionally fast onset of the therapeutic effect with a beneficial duration and
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t herapeutic effect and a | ong presence of the drug in
the plasma, presunably due to the gradual absorption

w@boonlgo3ds ug across the buccal nenbrane and evRCT/&@B2004/001627

smal | 5 proportion of the drug being swal | owed:
Advant ageously, it has al so been found that the small
dose of aponorphine adm nistered by pul nonary

i.nhal ati oan and/or,  the plasma concentration profile

s eimEtas of thedtna irpwdds Masme. ruitéed ontiagetrcdeof
ghéjrﬁla%t)f{ﬁgﬁt?s GERER Jiﬁﬂa@stﬁgl%{sa&ﬁighl% 'Mttﬁdélgygegpoenset of the

dm ni stration of onor phi ne, 1 ncluding sy
themiteung effiedt amdonkinggaesenkt e/ druigtin hbs paksa, premmably due to

d .t hine, which is inherent) bl
IR0l Abr TRRRT o dht Srmgli g thE PHETL BB Bl et gl

. prpeabh aﬂ,tﬁmﬁgwﬂga{wﬂmeﬂdﬂ ch 15.exhibit. excel |l ent

stability over tinme and which are therefore suited to
commercialisation. |In accordance with one aspect of

hﬁeamg&%@ Wb Yhen 2EWL LHAL FRESHIT S8

> of apom r]phine
CoMposTtiond conprising aponor phine ar e provided For
tdeaistagddenqrdinodygfinhdb tion a2d/ drythp plaganaioycentration profile

inhal aii on i1 st avoiding.or..mnimsing _adverse side .
PR sl 48 Gt ud o P R e e Brpssociated
@ithape ABmpisRaion Of ALE06HANGE il din@BRIBBE, ASRRGL Al

t he present invention, new nmethods of  treating Sexua
89¥FAASt i on are provided, using new pharnaceutica
conpositions 25 conprising aponorphi ne which are
adm ni stered by pul nonary inhal ati on. Again, these

Feelpds bacHiebeert frandabitr gobndphape whid sfifleatnihhivhsible and

avqi.di ng. the si.de. effect associ at e ith th . .
Sl St oo rio BT b RIS TRY dBRAIBLT othmalqsions which
extiibio dscelient figbifitesesiitich YL tih@h Ak SReRFQYisdRedtd ast

onset qf . 30 the desired therapeutic effect.
ERIPESEAHEAEONt he conpositions. and nmethods of the

present invention are also suitable for treating both

mal es and fermal es. WD 2004/ 089374 PCT/ GB2004/ 001627
l7acPoedamce setit onaaspatt @fthe glredeas inventibghngwe phommmaatical

i.nhal del ivery of apomr.phi ne whi.ch has.a numhe i
LR e i AR S o e o BBt PR dysfuncion
bypuhmﬂﬂ&Whﬂﬁaﬁonnﬁﬂﬂaz@%kﬁﬂ?bﬂhﬁﬁ%ﬂﬁh@@dv&@@sﬂ@dﬁk@&
admnjstratio d the fornul ati ons of the present

a .
i Vi 25TP RS W the adpipisgptionef Rpmamtéisossi bl e. 5

Aponor phine can exist in a free base formor as an

acid addition salt. For the
In accordance with another aspect of the present invention, new methods of

treating sexual dysfunction are provided, using new pharmaceutical compositions
comptrising apomozrphine which are administered by pulmonaty inhalation. Again,
these methods achieve the desired therapeutic effect whilst avoiding the side effects

associated with the administration of apomorphine.

The compositions and methods of the present invention also provide a fast onset of
the desired therapeutic effect. Furthermote, the compositions-and methods of the

present invention are also suitable for treating both males and females.
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pur poses of the present invention aponorphine
hydr ochl ori de and t he aponorphine free base forns are
w@e@heseed, but ot her pharnmacol ogi cal |y accept Bi/6B2004/001627
forms of aponorphine can also be used. The term
"aponor phi ne" as used herein includes 10 the free base
formof this conpound .as.well as the pharnacol ogically
acceptable salts or esters thereof. In addition to
Thpepm@rtdemxﬁmrw@lag%ﬂ to, high peirfoae@wtlabﬂed deliceragéppemarphine,

‘gl SU%? ?g{uﬂ-ﬁ}] etogﬁggg%c%{lg%‘fﬁ}é&z’m gg‘g‘%g SO(QJC?%T?‘;IQL?SIY used
rkladésacbfeadrﬁlhstﬁhbhaﬂme rhdsdae dsﬂxdrﬁmﬁﬁxatioh&nﬂahb cyiradletions of the

t he suycci nat e, mal e %{ %I uconate, and the
PrEReR %eﬂa@@dnﬂgr i exce St pe maReh PRESENE- cal | y
acceptabl e esters" of aponorphine refers to esters
formed with one or both of the hydroxyl functions at
Hpsinpigrse ¢ efer iarrdfrdelbasafdrateit@h 2hyadidodddigon salyiBeg the
%uraolsetr%dftjtgl: trclgs%Se Jggr%:téonx%bfrl}ggrhord e L c?rgcféﬁa()rl{le aﬂg (r%}é% 'fponrllorphine
ek bﬁb|fenﬁ§ 3] pngamls but thetl @Harrﬁﬂfolc@(&mpbeceptthﬂs €orms of
der| ve from ff abmaceutl cally, accep bl e, al i phati ¢

At

Ryineccagcise pech i'dn Sppy “BPRAROHES” ) WEfdeEein includes

%%&%J&@@Qﬁﬁ o@@lqis abkpBeRa QL GeBGk ke th@na%lcfg'ikaﬁ?%&eptable
kyl or al kenyl noiety advantageousfy has ndot nore

iaha@r@'@a"rﬁx@neq% atons. Exanpl es of particular esters

i nclude formates, acetates, propionates, butryates,

acryl ates and et hyI succi nates. The free base of

Bpatditi@n ke €nd ]Sydiaflﬂbﬂ'dlé sdlt, ptindrtacagithble acil iditieosdlBXhclude the

of t pr.es I nv n as es .the | un
Bedep @m@e@ ﬁa&mm@g Eiulfets, dhap PR & £4ld phpgrhate,
3@ 129Nt diahieOheVia fr 4| +HP @ﬂi?&ldt@ hak atié @MW dhk maleate, the
exhibit extremely fast onset the therapeutic

gh¢anate, apdube lkpy of the conpositions disclosed herein
may be fornul ated using the aponorphi ne free base. WO
2004/ 089374 PCT/ GB2004/ 001627 -8 In accordance with
Anasehbadinyend tepf tphermpieagedllyi zmtqrthbka restefrdfeof apomorphme

armaceutl osition.is.in.t rmof a dr
B g St eamed MO DRt o ok re B Eo FRlsdineB at Bysitions 10
sHay1 nawderhikn lﬁﬁilﬁilys@ BPPbi)e artd in@hﬁ&&h@&bﬂm BRAL-Rfwd I&@dﬂy in the
resent invention, the conmposition conprises active

wpen BPEE te lape the PRICRFOMBPIMdRE 2 eq%éth@e«tqfvémpaéﬂq piptegroups
48R ¢ e{%‘?}% AMeridE ALY le %}4\4&@
1![r%lgmrm’lr et %g% about 15#? (? n angﬂ%]&nﬁ éhauc
prrbegiic scisepdrtionlarly Iakkananpajkemmo,mycchnﬁmmse&naulkmdmm acids,
in which each alkyl or alkenyl moiety advantageously has not more than 6 carbon
atoms. Examples of particular esters include formates, acetates, propionates,

butryates, acrylates and ethylsuccinates.

The free base of apomorphine is particularly attractive in the context of the present
invention as it crosses the lung barrier very readily and so it is anticipated that its
administration via pulmonary inhalation will exhibit extremely fast onset of the
therapeutic effect. Thus, any of the compositions disclosed herein may be

formulated using the apomorphine free base.
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10 particles of aponorphine and an additive materi al
which is an anti-adherent material and reduces

w@oivesswsm bet ween the particles in the conposiPCDGB200A/001627

yet another embodi ment of thegpresent invention, the

conposition conprises active particles conprising

aponorphine and carrier particles of an inert

exci pient 15 material, such as |actose. The carrier

buredoedanse wih prsembodimeat afthqpiesentliavesition, gie pliaroyceutical
Bbsifiod & ARRU LAY P Tt BoRled! PREAR LY B CDOAIIRIN,

the" conmposition s a so I 'on Or ‘'suspensi on, Ichi's

disppend dg audiy ppwalep irdatur(DPI et er ed dose i nhal er

(pMDI). The conposition 20 according to this

enbodi nent can conprise the dry powder conposition

Th-5£418886 dinddH@\6E th &b XB86h bt thtfn, @L@g&;@ggﬁw BrolphiILd ftive

propel | ant such as HFA1 34a or HFA227. I'n one .
priicks wemPristogtapenpipbiont therngtine perticlashavingposss inedian
1r e functi vi,a i.nhal ation
%%ﬁgﬁainéé dga%d%é‘eég?ﬂ I?)Sér{nfsfé%& re ga?o&tg@%&' 2400g 25
of aponorphine (that is, aponorphine, aponorphine free

ase, . phar .eutical | acceptabl e salt(s) qr. ester(s) ,
R ErashPr pAeTEesh of e WP LTI 4o LhF, ERBRPN ipR Jemptisés active
gﬁltitcbes of 1PEmAGSAnIBYd GRIBAHSE nff:OMI1APAME 12000t QdRROM material
800g of said ‘aponorphine, or from about 300g to
apbirduessumhegiPn dirtdeemdemaphtlerin the compasibout 4009 to
about 1200g of said aponorphine. In another
enbodi nent, doses are provided in 30 increnents
beyveenthd GoiadindR2080the pasedt ifpentibhethe egrigoeitiht Gmprises
and toleﬁance of. the individégsggatients For . .
BTSRRI AR BIRIVR UaRe 61 shBEAUCkO®! 2ndBgfiexcipient
BQfhriaBRALK 26R0i0saDqUE 48%: RBGULs 8QP haRDOMEY A pABEMLsize of
1000, about 1100 and/or about 1200g of said
bpsnthtiiore. 2bapr Y0mg9374 PCT/ GB2004/ 001627 -9
Where smal | er doses are sufficient to achieve the
therapeutic effect, for exanple, when treating fenale
bexu alterdysfeierobodimendobe sompypsienps asolleibnodr abpertsion, which is
00 bout 200, about 300, .about 400, ut_, 500 ..
diesnse Sk oty e bsfcied dBpoimyeens Dl The gomgositon
oftbetlhfed thio tmbbaini RS oldpRBthORry phBIHASen R sittd¥ediscussed
powder . conposition delivers, in vitro, [

a fine
e Bredgeidh cofissplyad ibea liguropgrebenisoge 2s THUYP4efor HFA227.
aponor phi ne (based on the wei ght of the hydrochl oride
salt), when 10 neasured by a Multistage Liquid
Impiagmbodigrrint ef t18t pteesntRhaentano poetempésitiofChiagt ar treat sexual

%Fos%%ncﬁe%%%g }nlﬂséla%oglzc%%% risedh d%gg of Pom & ggtal%%p!gqg%gggtr2400ug
of apomorphine (that is, apomorphine, apomorphine free base, pharmaceutically
acceptable salt(s) or ester(s) thereof, based on the weight of the hydrochloride salt).
The dose may comprise from about 200ug to about 1800ug of said apomorphine, or
from about 300pg to about 1600pg of said apomorphine, ot from about 400ug to
about 1200pg of said apomorphine. In another embodiment, doses ate provided in
increments between 400ug and 1200ug, based upon the requitements and tolerance
of the individual patients. For examples, doses may be provided of about 400,
about 500, about 600, about 700, about 800, about 900, about 1000, about 1100
and/or about 1200pg of said apomozrphine.
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Generation Inpactor. Preferably, the dose delivers, in

vitro, a fine particle dose from about 200g to about
wa2edgswi4 sai d aponor phi ne, from about 400g t oPCEHEBX04/001627

1000g of sai d aponor phi ne, fr9m about 400g to about

900g, or from 15 about 600g t0 about 800g of said

aponorphine. Alternatively, where | ess aponorphine is

required to achieve the therapeutic effect, for

exanpl e where fenmal e sexual dysfunction is to be

\gli‘lere lle% l&efedso%g glgfrfe re%:tn X ¥h1gx§ea%}£e%a8e f& rcg,oﬁ)r ex?mple
xslaérdtramrg)feamlmaaxuﬁlr@@ﬁﬁhauh d&&@glatydaeqh@ﬂideamgtbaﬁt 100,
sal d (gom)rghl ne, from apout_ 200g to about 400g of_ 20

BPQegbopt 400, ebarie?0G #isHr ehart ¢4fueslispider y

Eg,fongﬂ ARfphi ne via pulmonary inhalation is nore
fficrent than delivery by other routes tried in the
prior art such as oral delivery and intranasal.

t udi cusse ow in |cat th t do of 12009
e G ERR Do i Y eHar oo ek (ASRRERE: ad
cVMrI; sﬂﬂlcﬁo Hel(ved) 5 e¥b,0dISde §h1dﬁle @cﬁsfeQﬁTfSomf‘aBG{it 8¥ug to about

Ogt headedness, but di d not cause serious adverse

pe of peemerRhian (baged o9 ke Feisks @f Vombrdaghlonde selgy frhen

f
RS EPHSCBSGEL g Sl 050 Gaaemakatophilz

Cuarsedella Aﬂpamtuaﬂ (%@131) i mlgAnéq:rders 6ag1aéaﬁmpad:os es a\lkeve

&enerag 1@@9 or Pre Pngﬁea ose htvlgrt%szen vfz 70 fn 195 artl le dose
previ ous ve “Hot O Shown th AdfiTS FiEon

£ mof b0 IZDO;ILg’Ifb hyout nlzad);sg obnidlepsmbgihing Ude rabﬁﬁﬁmol,tg to

serio side effects, such as vomtin
55 %fe sadq glypraerp J’E%Fég%'y @gtt@@hout H0pg, or from

;PJB%& r@@@;@g‘%d Q@éut@@ ?BY s4if onfn‘&&%ﬁgeﬁlﬂ%h{a@ﬁ@@a%here less
del i very of WO 20047089374 PCT/ GB2004/ 001627

Wﬂ}mm reqrdiedapreghterathathecapentn efagt, 66t example where female
zﬁoc{cyp F %{)ﬁ KK tobge 9 n'geal AL ec{ose re:g‘]feratr)i1 Ze rra’gsln 74 iuzZro a Bne

out causImg unaccep
@frﬁeﬁt&hse Then dbsmtr@nggftb abewcy0lug ofl safal d;nﬁm&@hﬁﬁ, hy>m about

e fac th t he cl j ni cal ffe t is, observed
i@wg&wa&r@ugg M T ?Hﬂﬁn‘b‘sp g!rom bRrttO04g tp i ?”E’Fte‘}%‘g of
@Q@gp(gﬁgﬂg;ﬁ,pg]l ne. In contrast, the Uprim(r)
sublingual tablets appear to require a m ni num of 2ngy

to achieve the desired effect. In some enbodi nents of
5B ML O SRV AB GRS i
mbrd effivicald ohin d:ﬂ%tyob;abﬂmt rfix¥s trddd inhbe poind @kt, such as oral
&eﬂ%oyﬁfntgna%gggﬁ%l&s dl ms C}{F{fct\%téx@cg ;gt'raeﬁaetnat dose of 1200pg
administered by pulmonary 1nhalat10n was associated with minor (non-serious) side
effects, such as light-headedness, but did not cause serious adverse side effects such
as syncope and vomiting. Although not serious, the minor side effects associated
with the 1200pg dose would limit the use of such a dose outside a clinical setting
and so greater doses were not investigated. In contrast to these findings, previous
studies have not shown that administration of apomorphine by inhalation does not
suffer from serious adverse side effects, such as vomiting. Furthermore, studies

conducted by Nastech Pharmaceutical Company Inc. into the intranasal delivery of
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aponor phi ne hydrochl ori de, and the dose provides, in

vivo, a nean Cma,; of from 15 about 3.5ng/m to about
wad2®ans9374 | n anot her enbodi nent, a dose i ncl UPEFGRR®YN01627

900g of aponor phine hydrochlq&;de and the dose

provides, in vivo, a nean Crax of from about 7.4ng/m

to about 8.8ng/m . In yet another enbodi nent, a dose

includgs abgvt 1200g of aponnrph|ne hydrochlorld and
PRenqiBlmedndispigddhat ore shop 2mg efeaneresrpkinstcanrksadmysistered in
1%152&19141?@11 10, aRquh st %ngétmmt &Q@ln%&ﬁﬁcée%%akﬁ@&d%% fégt%e

of ‘aponor phi ne occurs“between 1 a nut es a

adm ni stration pulnnnary i nhal ati on, and preferably

B 9B RS R BB AL Bt tferipphreed

@ﬂywd%sﬁlnn'ﬁmﬂﬁuoﬁQﬁrQhHilB@oﬂ ef AN BrtREROMONB AboRbrfiige. In
present invention, a conposition 25 conprising

wpiteh sk Rerina® PW}rxgeal tablets aFps2y toteqyite B minimpmorf 2hg to
Jcﬁ?eve‘%ﬁérﬁ@sﬂe qusc y pul nonary inhal ation provides a

Cmax wthin m nutes of admnistration. In one
enbodi nment , preferably for the treatnEnt of femal e

exual unc 30 Cmax is at ast 2ng/ m

O ‘ffﬁéf’ B %?ﬁféﬁtPfei%é 1@?&%0115%111?*@ e %@mes fiqpn about
FnabhebuesBRIiBBNbdH: 5LHe AEWMRHOPADbr 68 about 15% to about 40%
admi ni stration of the composi tion by pul nonary
RS IPRMISh CPTPOFiEes- a termnal elimination half-l1ife
of between 50 and 70 WO 2004/ 089374 PCT/ GB2004/ 001627
-11- mnutes. In yet another enbodi nent, the
Taldcmemrsbmétrieon 06thet presgunpositicinpa doye puludes abyut 600pg of

i nhal a IO dependent AUCO .... .. 5

T Ebe Bl A AP BEPERr oA 164 isin Con of rom
AP 0 Sink ) il t@ybwlmmgaw Innhatial ieaihHa¥hile U ode dR8Rles about
dependent AUCQO. a further enbodi ment of the

PN0eg Ok ePPmPERiPe ﬁlyditqséloa% i thead@ssProTidendn »ipg a mean C,,, of
£O0PR3E vqgﬁgﬂ PYULEDRET A/ ﬁhalxﬁtfeﬁgn&m#ﬂsé% gﬁ)sedose

dependent X. I n accordance wi'th another e
lgtlutitﬁealmieééﬂ@ug nf/qmm@:phlraa lnmdsecldbridawdnhp kiosepicides, in

i.nhal ed | ose fficie

BV iTEe" a "““‘t ffa{}%rﬁleau%t | 392 é%’? Rl %‘bt {ﬁfrﬁ{u r?fh (Emaf)]Eor any
<kﬁ$©faﬁ5mbqﬂaﬁebbansas&&&hgl&hﬁS@hﬁﬁ@@&aﬂﬁﬂﬁ&hﬁ@ﬁmﬂon
provi des gq doses of aponorphine for ) )
pulmonary inhalation, and pretferably after between 1 and 5 minutes. The terminal

elimination of the drug is approximately one hout for any dose.

Thus, according to one embodiment of the present invention, a composition
comprising apomorphine is provided, wherein the administration of the
composition by pulmonary inhalation provides a C_,_ within 1 to 5 minutes of

administration.

In one embodiment, preferably for the treatment of female sexual dysfunction, the

C,..x is at least 2ng/ml. In another embodiment, the C,,,, is at least 7ng/ml.

max

In another embodiment of the invention, the administration of the composition by

pulmonary inhalation provides a terminal elimination half-life of between 50 and 70
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treating sexual dysfunction. The unit doses conprise
t he pharnmaceutical conpositions conprising

w@pwrosgh ne di scussed above. 20 I n one enbodi PENGB2004/001627

blisters are provided containjjng the aponorphi ne
conpositions according to the present invention. The
blisters are preferably foil blisters and conprise a
base having a cavity forned therein, the cavity
P ni ng a powder conposition, the cavity having an
openi ng which is sealed by a rupturable covering. 25
The doses and/or drug | oaded blisters preferably
Imypdtudetfer embbdimeintheofdnpiowtation ednpo sompositionfbgrpeilmonary
t he, aponor phi ne .conpri ses f about 3% to about 80%
Blﬁlugﬁé’ﬁ?%g% tgo n% ngﬁ%‘&ﬁﬁ-ﬁ‘r om about 15%to about
40% of the powder conposition. \Were smaller
t herapeutic doses are required, for exanple for
I @mtgﬁrgembﬁﬁlmnséka afiminstrating pbthe qompaspinrobphitieonary
) LS a 9 t o about 40% from about
ﬁ%%%%ggﬁﬁhﬁﬁﬁéégg%a?ﬁ%ﬁﬁg'%ﬁ@cgrto 20% of the powder
conmposition According to another enbodi ment of the

resent inveni.ion dr owder i.nhal.er WD 2004/ 089374
B e st of s el eveeigPoe ddan SUARPR OF
BoraPBRNASH tb'z %hﬁ@ﬁa{}? Ghh G tidh HAQideR\uetysk @Bpedfent C, .
descri bed hérein. In a further enbodi nent, the inhaler
is an active inhaler. In yet another 5 embodinent;
M@céoggﬁ‘l .grwijchsaxﬁ)tﬁéreegﬁgocﬁﬁ{eﬂ?gg ghe' c}?&@%ﬁringe%\ﬂoﬁea d!oge of
one e oglnent, the conposition actording to the
praserphinaisenbdlehints thelugs and saildldost éx suffiiencenpenid: a

f which be .di spensed. usi one of the
theatbnn b 2bash f 0 aEnnts SF drap) y, the blister is a
foil blister. 10 In another enbodi nent, the blister
conpri ses polyvinyl chloride or polypropylene in )
boraeiber wiPeht tePicstsdayention. ProFidss @pﬁéﬁwafs%wmméune for

N1 Sai.r.ec J ng
A Tt S IS L R
compostibnommprisiggtpamotpiene dispestd ebotdie present
invention, there is provided the use of aponorphine
in the manufacture of a nmedi canent for treating sexua

oy shelBgbboaiindit, blpdianapbviddiiad aftdi@thg RO apomorphine compositions

according to the present invention. The blisters are preferably foil blisters and

. comprise a base having a cavity formed therein, the cavity containing a powder

composition, the cavity having an opening which is sealed by a rupturable covering.

The doses and/or drug loaded blisters preferably include from 1 to 5mg of powder
composition, wherein the apomorphine comprises from about 3% to about 80%,
from about 5% to about 50%, or from about 15% to about 40% of the powder
composition. Where smaller therapeutic doses are required, for example for
treating female sexual dysfunction, the apomorphine may comprise from about 3%
to about 40%, from about 4% to about 25% or from about 5 to 20% of the powdet

composition

According to another embodiment of the present invention, a dry powder inhaler
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Al t hough certain of the conpositions, nethods or
treatnent, inhalers, blisters, nethods for inhaling,

w@npw4mgses have been descri bed above as i ncl udP@mG&2004/001627

carrier material having a p_rﬁ{_erred average particle
size of from about 40mto abou 70m it should be
appreciated that in accordance with ot her enbodi nents,
the 25 carrier material in these conpositions, nethods
davigerie prorfed, domtpaistrgsa cshpetives accardinigddghé invention, as
éerglgr%édwgereﬁpd doses can have ot her average particle
sizé'ranges, for exanple, fromabout 5mto about
1000m from about 10mto about 70m from about or
from about 20mto about 30m 30 Thus, it is clear from
l'trhaeﬂfrgrfégeafr 1PRBE t%léﬁﬂﬁheéése%ﬂ 2GY G dRRlein Jorisyraeden
QHEDEMm BE; the i Ad 6 Mk ALUARLALGANAYLAAHE Prior art.
I'n particular, the present invention provides high
performance pul nonary delivery of aponorphine. This
i gh rf.ormance enabl es rapid.peak bl ood | evels to :
ok RBLARRF aBSeon R RE R i 30 sl b beldina
Rt {20 O B2 hichl haPhbe tdi ehbeal agietbh€ o€ thLtforenlfiftioned
ef f ect _of thef pgl nonary a%m’ nistration of aponorphine
fesrsdddeisirilnabp plgents 5 Sf¥n is consistent and
reproduci ble and this consistency of the high
performance adm nistration |leads to a reduction in the
Ei gdoothéf enbgdinenpght goh'gtgg oetinptiecs palytinyledloride or polypropylene
1%dcrri @Ac%tu;iﬁ} jchonco%g aponor phine. The 5 consistent high
performance al SO Q“eqw Fes a lower total dose conpared
to that which would be required if other routes of
adm nj strati onl_il were used. A si %ni fi 8ant asp(g%{(:ﬂ of the
P wiher 3RGEn RORrEP S IRERR R 1B RITEGIS] SR & RO SR ATS Hking an
TUGHbRREO QN RTYHRU R Qf 2 RROSRLRI Afnbddioar e used in
the prior art whilst 10 "achi eving ngEeater bl ood
concentrations of aponorphine but with reduced side
ffects..c r ed the prior art _apororphine
LB TS e Sl Pana o B TS s s of
290800 @himpianhe mhnua ek dfi asthediesimaccfor dtdagng Getdad dysfunction by
resent jnglvlenti on achi eves a bl ood | evel of
HoBRphtRala{APch is 6 tines higher than that
achieved by a 4ng Uprinma (trade mark) sublingual
tabl et, but w thout 15 causing any significant side
Attheeghs cerigin of the compevrerastetheds pretrastpenalinbalesghbltters,
] t e f [ ect .
b o R O AR B bR E S8 p carsie
sl Bohegatprefabidey ageppeperticbdsitabfifrem sihatt 40am fweabout

RS S el ok 2% ROVAET, or i A LANS 2SSILNG, e
carrier material in these compositions, methods ot treatment, inhalers, blisters,
methods for inhaling, and doses can have other average particle size ranges, for
example, from about 5pm to about 1000pm, from about 10pm to about 70um, from

about ot from about 20pum to about 30um.

Thus, it is clear from the foregoing that the present invention provides a number of
significant advantages over the prior art. In particular, the present invention
provides high petformance pulmonary delivery of apomorphine. This high

performance enables rapid peak blood levels to be achieved and rapid clinical onset
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Figure 2 shows an asymmetric vortex chanber which may
be used in an inhaler device used to dispense the

w@ondesosior mul ati ons of the present invention.PEI/GBR@4801627

shows a sectional view of an alternative form of
vortex chanber froman asymetric inhaler. 25 Figures
4A and 4B illustrate the particle size distribution of
the | actose of Exa 1. Figures 5A and 5B

ofl thg sherapenticrtissar H‘Ee leéfest ofethdipsimppary iadmministratien of

a?ﬁ%{%@hﬁ%ost ag%glgpé Bgeastglfét Eg?ﬁ'%’%neis %88518&%1{ Gid geprogucible and

ta[socrmrsptdmg of ab¢ bzl p@&rﬁﬁh%hcﬁhinﬁﬂﬂra@lﬁnﬁ&(ﬁh&nbeﬁreﬂ@&)on in the
7A and 7B illustrate the results of

%@%féﬁfﬁ%? PeaAciRied HPbsrsiAELratigR phggomorphine. The
ST AR %&ffom;m L&S réqaind a310“>épt<2t994é&8b%%2 4.ared to that
PCT/ GBZO 01627 -14 Fi gure 8 illustrates t

phichivedudd bp zequifest if othetrirontesfof pimintstertom wen lllsedm ne

of Example 10. Figure 9 illustrates the quality of
erection by treatnent group for the patients of
E)é%’ﬁ}i)ﬁl@nléspe’ﬁt bf giﬂ’lﬁeéleﬁlt lihvenmsibhds et ﬁlfbﬂloh&scﬁmﬁ)eadmmlster

e- - treat me for the patjents of Exa
I’ilﬁc ?‘F‘@E%/Ie"‘nl‘i“‘}tf Pgé‘,l?‘? 1?%@38%%P3%5{n‘6‘ tii‘ﬁ P Gt Y‘.S]P
£hi&elo fQbtet Bfoomr&yﬁe&fmmsl S %mctrjr':ﬁﬁ% @Rkt WitrddiBed side

pl acebo in Exanple 14. Figure 12 iltustrates the onset
effrftucnmpiion toft %Pflemrtfaeﬂnnomdng? tuptoegntp aIndmtisas will be

S 2 0 08 BB oL o

presedt ievearionpcbievpai binriddevdlrefapeshonpliine 4030¢h is 6 tlmes hlgher

ponpr phj ne in Ex e 14. Figure 14 illustrate
FRE R By mebr Pete ol Grokhinblinat) B cpan: et
éaﬁ;@lﬂ%%ﬂy W ¥ BAPidaRORE PRLRE ik th ExAPRE 6o U 4r;!1 tB1GMG Rich is

conparison of the blood levels at 7

mﬁtﬁmrésteéfhee@us&osﬂmcqepmle sidgetisgicprofdesi ent for the
400g dose and the 800g dose, and additionally shows
the knomn nmean Cnax of 2ng, 4ng, and 5ng Upri maTM

BitidS 7 h wirggres 16 to 19 show t he

ematlcalgr a prerf] ergeedd 1n?1ufer t attcgr? bg Qf’ég’c? to dglg\lrjeg the

har ok| nethl C dat

1gure Stows 'se
powder formulations according to the present invention.
Figure 2 shows an asymmetric vortex chamber which may be used in an inhaler
device used to dispense the powder formulations of the present invention.
Figure 3 shows a sectional view of an alternative form of vortex chamber from an
asymmettic inhaler.
Figures 4A and 4B illustrate the particle size distribution of the lactose of Example
1.
Figures 5A and 5B illustrate the patticle size disttibution of the micronised
apomorphine of Example 2. .
Figures 6A, 6B and 6C show stability data for the 200pg apomorphine-lactose
formulation of Examples 2(a) and 3.
Figures 7A and 7B illustrate the results of tests performed on the apomotphine-

lactose formulation of Examples 2 and 3.



di scussed in Exanple 15. 20 Figure 20 illustrates the
anount (in mcrograns) in drug that was delivered to

we@awmh/08wf4 t he 11 conmponents of an ACI i n ExanpP@r/G82004/001627

Figure 21 illustrates the ar]gﬁn_t (in mcrogranms) in

drug that was delivered to each of the 11 conponents

of an ACI in Exanple 19. Figure 22 shows the through
|ife dose uniformty results of fornulation 12A of 25
Higunes dlup@ateFihppaycle 3xeaheiribgBos b whe técranistdtevicing off
gleliyengd dose of the conposition according to the

resent ‘invention fromdifferently filled blisters, as
Hpsrestlaskratas tHexqulibeofere 3ot adehefle 6lip Pdd @8 pafients of
the Preferred En%{)%ihenents The tmbodi nrg%?s %f thePa

ftl4i nvention are directed to inhal able

5 .-~1§gﬁm 0BTk Qe Qfhe RRMRE E?Pcieflbsr~t9€atlint¢§t géat%? TBE ﬁ%tgﬁaqghksvo
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ceptable salts or esters for use | eati ng sexua
Ewegdipladti on. The enbodi nents of the present invention

| so relate to WD 2004/ 089374 PCT/.GB2004/ 001627 .-15
R S P asFoess R P S A HORS SR PoPRATIND, Shtzgts
tv@hdd Rithithe pRicbPslsn E@impleri@at ment of sexual
dysfunction using said formnmulations and i nhal ers

Yigpield iy tasgsdhe pgpenirdtdugiion Thettesiiat theestoup off peHents treated

\giél?%@%%:of%&?rtng%ﬁl are @Iasfg 1((;'Iillglect ed to the wuse of

ifie 1A .
onor n n é manufaciure of a nedi canent for

Hipert i 3nflusexda theborky s inthdtita@ibn ofR€fechidl thblotoup of patients
formul ations in accaordance with the present invention
tgate PERIRBE yroma RS eEgdpieal 4 dry powder i nhal er

KiDRle) 14 bt £@D 0@ SR ePen PERIRLA BT RE VR de ghé éflgd A
tered dose inhaler (pMJ), or even via a nebulised
tesagebwith18PO0pg aphmocphine it Estmpleelor esent i nventi on,

-he e.g.. ln.mcrQgr f ;. a r-phi ne.or ;it.s
bR S bR rph BT aRh TR R FPTRUBRLER ol (oo
fdesacH paiknt fasad 40008 dbbeawetighd00ply ddse, dnididdeddmilly dRows the
salt (apo j ne hydroc ose of

rph | ori de).. uch, a
50E Brean ér?émﬂfrma &% .aniqéglag BFimed ﬁP§E%3H3§/t3b ets.
BEERP1BRLE 9SMobSthRp bl An Sl dic IRAPShIRR iRy the phase I study
gpongéfhlne hydr ochl ori de, or an equival ent anount of

Frote

inslgfampladdester, or of the base. Dry Powder
Pl'inltl]r%l il ﬂl’ﬁ%ﬂ%L %el ASunt (in micrograms) in drug that was delivered to each
g 24 g

of the 11 components of an ACI in Example 18.

Figure 21 illustrates the amount (in micrégrams) in drug that was delivered to each
of the 11 components of an ACI in Example 19.

Figure 22 shows the through life dose uniformity results of formulation 12A of
Example 20.

Figures 23A and 23B show the uniformity of delivered dose of the composition
according to the present invention from differently filled blisters, as discussed in

Example 4.

Detailed Description of the Preferred Embodiments

The embodiments of the present invention are directed to inhalable formulations of
apomorphine or its pharmaceutically acceptable salts or esters for use in treating

sexual dysfunction. The embodiments of the present invention also relate to
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It is known to adm ni ster pharmaceutically active
agents to a patient by pul nonary 20 adm nistration of

wW@2@ansgi3cul at e medi cament conposition whi ch i neCTIG82004/001627

the active agent in the formeof fine, dry particles

(active particles). The size ot the active particles

is of great inportance in determning the site of

abso tion of the active agent in the |lun I n order
dOpRIPPERE shhepeapibice thaayplations as e |a@rtgsnethhés for

ﬁg{jt%d;%lt gg ?%% g%?uﬁfngg)\ﬁ fdi %aé«]é 9(51&7%%%?&1 anltzlai hnlt%ﬁs a1rr]1@ia%f¢'ng said

fd3mulemmisi (‘Ilhesenliimdumgnaejfaﬂy Pacsest tivanibeate algy eRt@etd to the

t han. about OnLarﬁ ehy to |npaﬂ§ t he ﬁglls of the

Pi5r AP CRRIP GBI 4P F PragBiachyEe of adRericaRent frg trepling peual

Gpdhi@ioner odynam c. dlaneters i n.the range of about 5m

to about 2mw Il generally be deposited in t he

respiratory bronchiol es whereas snmaller particles

'lﬁfi‘é/ !irgxgla%% %Q%&gzglrﬂ%ggfé chkrgrﬁc'cel Wlt]%hhe rraeg%lﬁtle nq_lont 3re preferably

admmmdtenedlvm odey povdel inkaler (IDPI)hButchaﬁhSeﬂm bé B¥RMibered via a

the co ositl n, co se |ve particles conpr|5|ng

S SHOPSR PRt oo 8 raya A De PEer Bt Agre R 5™ g

WO 2004/ 089374 PCT/ GB2004/ 001627 -16 nore than about

10m In another enbodinment, the active particles have

Enthengmtsxs1of the Rrespeiinvertians tla@éme @@ inrmigeegrame} per

S ent L jye aerod

GTRRGRIRY or M ARLENRica B B chl O PN Sl AEVRER: Serpribed

brsed epbo dhmmtghmfof thehydroehtoirida salﬂl(alio&mphﬂﬂ%;@i&oﬂhende) As
hine 5 - -hav artlc si ze_ of

a Ies I
Bfot SrESel 0B ST BOrE e Pine e by iy Ut vt b sl or
tse&S" hitans a0l ol GHpRinNBBY&loridd, 12 ARIVMAANENG 8kl dint of
unstabl e due to their high surface area to vol une
1athey salthpe Bstehros\Afdbe basegni f i cant excess surface free
energy and encourages particles to 10 agglonerate. In
the |nhaler aggl oneration of small particles and
elnhbler Fprtiutitemst o t he wal | s of the inhal er
roble t hat sult in the active particles
f*é%%g%‘@m £ Eeri e P o R GoiEh e EE bpetigtafy pulmonsry
aLH’iﬁ:hiseraheanE a\@rhhﬁaﬂeﬂﬁ@d@iméﬂ%on{midﬁ HeicAdhek.aes IR active
t he |nte%10r of . the device, or even 0g
WeBEI WG ferR ofifiisarer Parilslewﬁ@:t\m@@mcé@sm &hwuteooﬁqhe active

gxtient iofs gr@zft oRBnel iP H%Lzﬁm@%*h‘%@e%ﬁ%sﬁlgﬁt}o%eof tha active

particles en each actuatio he I'n
@esblrb@tevbe@ Idldrﬂear fomtthe phalcbrssheangiried deep into the lungs, the

particles must be very fine, for example having a mass median aerodynamic

diameter (MMAD) of less than 10pm. Particles having aerodynamic diameters
greater than about 10pm are likely to impact the walls of the throat and generally do
not reach the lung. Particles having aerodynamic diametets in the range of about
5pm to about 2um will generally be deposited in the tespiratory bronchioles whereas
smaller patticles having aerodynamic diametets in the range of about 3 to about

0.05um are likely to be deposited in the alveoli.

In one embodiment of the present invention, the composition comprises active

patticles comptrising apomorphine, the active particles having an MMAD of no
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di fferent batches of particles, |eads to poor dose

reproduci bility. Furthernore, the formation of
waogktossrat es neans that the MVAD of the acti VRCT/GB2004/001627

particles can be 20 vastly increased, wth

aggl onerates of the active particles not reaching the

required part of the lung. Consequently, it is an aim

of the present invention to provide a powder

rfl@lrembpatabent Yihineh I Fmﬁharesméeé@qnépthsdeﬁmmmciﬁs dnage an

f an ctrahl
ms Aelr%e ose%gkg§ %ba%g'g%m& QS' %I?O(r%ﬁ%p%n g)mselﬁt% ’hthe active
paatiéks maeméd}amhnw é1an&gﬁl§tm tiesapt of Abddted reilenad.05um. In

form sente y. the. inhal er Ice in question. For
mteﬂéogxtben%mm&e 2 LF@ tnﬂ)?/v ogfth%mr.%s £ @ppmorphine
<—ﬂ%§%u&1@»sﬁe%%m 8194, & Qyclohaler (trade_mark),
or foil blister in an Aspirair (trade mark)
deV| ce. 30 The emtted dose (ED) is the total nass of
ctive a fro evi c f ol | owi ng
ERRRY aiRe AR e R SF iR TSR e oxt et
ﬂhﬁﬁhd@yrﬂtmeemytdmm%w cﬂ1&Ct€bStheﬁfh1g}h surdéia2€a tolWslufd tafio, which
measur ed bfy coIIectin |t}etotal em tted mass fr?mthe
RfEVidee sien! é‘ﬁnbﬁ’ﬁfﬁfsai‘ﬁ BGUESTINANdeePREget Batisle
ot o pid 1Y1h§1%m| gﬂ%éﬁ%&@@#&%@ Aficles and adherence of
/ GB2004/ 001627 apparatus ( A), and
pastioleetd tip vHissofirpe aninadgr axape@blqmamlnattrasult/@ thetactive particles
avqmg cf‘l?nela 131%1%%? Q%l latt%eha:ggﬁo ape%r CC ne%&jl?a%?et § FF a% {he ﬁlggler and
rentaiifing déhireé to tind in@&Md’tg) fathta uﬂafnlca,rbr\/Weﬁ felo ggrirpy es‘e]ntkung the
p aerodynam c particle size smaller than a defined
ipbalet- Where the termfine particle dose or FPD is
used herein, the aerodynamc particle size is snaller
than 5m The FPD is nmeasured using an inpactor or .
Th?)}lﬁg@?ﬂlntg @8 1o the extenti of formgdon ﬁﬁﬁﬁé@ra% grates of the particles
]FM u nger d
%%n %%c%ga%tuaz!tﬁgs qu nm;raé ; %?]cﬁ '\%a@g Wé%% cgff?ﬁ%t %@g Gnd
dlf@amttdnratahm ofiphnges, kads & po@-dat eépmoldedlbﬂfry od'yndeiBore, the

arti.cl e _si collection ¢ each sta
Bt bmo Shaeme ity pattrcrepiie RRLID ke pfive patifs can be
Shsag anl%/asé& 2gRh @gglbz\ﬁ%mﬁ&e& tHe@CAVE pYr tRUAMIt frk RGikY 1R required
val1dated quantitati ve wet cheni cal assay where

ratt REtheguagnflossequggiy.dtits ansaippseldtheprewens pHicEoppp pspvide a
é’oxg@gr%orrﬁgfml)ﬁ ){Vdg%{ E%és%@odl r@éﬁ:&ﬁ% %%ﬂg?tﬁg&@&e accurate and

t age- by- st age oSitionds us
padictabledbsiagt i on (FPF) is normally defined as the FPD
di vided by the ED and expressed as a percentage.
Herein, the termpercent fine particle dose (%-PD)
The metered dose (MD) of a dry powder formulation is the total mass of active

agent present in the metered form presented by the inhaler device in question. For
example, the MD might be the mass of active agent present in a capsule for a

Cyclohaler (trade mark), or in 2 foil blister in an Aspirair (trade mark) device.

The emitted dose (ED) is the total mass of the active agent emitted from the device
following actuation. It does not include the material left inside or on the surfaces
of the device. The ED is measured by collecting the total emitted mass from the

device in an apparatus frequently referred to as a dose uniformity sampling
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is used to nean the percentage of the total netered
dose which is delivered wwth a dianeter of not nore

wao banosnsr{i .e., %PD = 100*FPD/total netered dpGBEEB2@A/001627

The term"ultrafine particle dose" (UFPD) is used
herein to mean the total massi’of active materi al
delivered by a device which has a dianeter of not nore
than 3m The term"ultrafine particle fraction" is
appechthe (BURA) ande@notermgpbisdent edelatdd quaatitdtotealet chemical
amount of active material delivered by a device which
& a diameter of not 25 nore than 3m The term

percent ultrafine particle dose (%JFPD) is used herein

to mean the percentage of the total netered dose which
The Hotr poeicdaideet (FPR)ds drretots] mass ofigetivrgent Whicginemitted from

R L L R

dindliex cliveng dafihad 1id6. Nehedenhe drasfinapertithadeseast BRD Setsed

out. in the current EP.manograph fqr inhal afi .

e B 00 a8 PO P s A 2 e TR is measured
ushed MRLhPALtf oAIInpiABE! Sich 456f R staBe iMBidYePCESH, AUlH-Hdge
which a dose of the powder is renpoved fromits rest

Jiodd ippingen (MRED; Andewsen Crprade dmppctogioss Nextceengdrptéen Impactor

D : | into N r .
QRGP Y om0, BB L0RIAY o MM RN AL Bt SR ot e sine
dadlzrngon at peine féRfachfstage gThe FRIDSelue danbfadddi ighinyerpretation of
npredi.ctabl e and a vari abl e Erotf)forti on af .the fine .
’E’ﬁrsﬁg&r SSH8T 1UE 2SERITCRPETE AR AT e? Falifpteb Uyt wet
SRitieAtasRFWhQt elther 4 siRfple AfgdcktdsWbdd tolBdtSrthe FPD or a more
observed, for exanpl i'n formul ati ons conpri sing pure

e

ermpjer mathermatical ftetpelationmt thegtagefhyrsiegeaddnansiond upsd:

poor flow properties and poor FPF. 10 In an attenpt to

i mprove this situation and to provide a consistent FPF

‘Hhe fikPPartidie frapoovd 8fPH)ds nutasliyodinefitagnhe FPDudeided by the ED

ddi ti terial . The additi terial is intended ,
B P itoeT Eha FEBiTALRO ‘BECRel (AP ECETAS S FRESIORGE: (4FPD)

s 0OV BIeah @n@]faa@tamge of thel ®tdl hdterl dRatwHibfieisatidivtiedQyith a
material interferes with the weak bonding forces

P98 naes thath am (B F-e X0 F IR Fpl MY FED ket mateced dose).
particles separated and reducing the adhesion of such
particles to one another, to other particles in the
Tloe tesmatilonafind pptiebetrise AIFPD) tiheseidriteseingb meeanf theastabfmass of

e TR VIS BT B 5 LA L B8 e
Th Srindlultrafine particle fraction” is used herein to mean the percentage of the
total amount of active material delivered by a device which has a diameter of not
more than 3um. The term percent ultrafine particle dose (%UFPD) is used herein
to mean the percentage of the total metered dose which is delivered with a diameter

of not mote than 3um (i.e., %UFPD = 100*UFPD/total metered dose).

The terms "delivered dose" and "emitted dose" or "ED" ate used interchangeably
herein. These are measured as set out in the curtent EP monogtraph for inhalation

products.
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20 decreases the stability of those aggl onerates so
that they are nore likely to break up in the

WO wobssm air stream created on actuation of PEEBEGB2004/001627

i nhal er device, whereupon the particles are expelled
fromthe device and inhal ed.” & t he aggl oner at es break

up, the active particles may return to the form of

smal | individual particles or agglonerates of snall
Tierbetieon of aparthaiee? efemhtoahe ptecesapadihewhichrededei sfght pewder is
| ower I'n the prior ?rt

5 l.ung. dr owder
RS BrS 1H5eP itiet e 0an S TRt éa\?%? Blacp after the powder

p@snséeﬁl1sm&finaﬂmetihyﬁem§ k& usegeneral ly of a size
conparable to that of the Tine active particles). In

sonme enbodi nents, the additive material may forma

£08LL0, 30 AEDELALLY 8 BLSEONLL OYS i6QAL BBE 9% LD dose
aCtlive parti clies and/ or any carrier partiicles.

2408 BBAG Mhgredit @GBROANY DOdebTe probDrisebetiabiiye pidiles will be
addj tive naterLg% is an anti-adherent terial and jt .
pinigteisd tp dhe EguREta HE OSHEE PHT obak > fa fgselteLhis is

PG Wd lroAd:ShRE @Y EOml1h 6 P& hb&ifS pRRCATL R fine particle form.
attached to surfaces wthin the |nhaFer devi ce.

Perhaforogdasions pxhibitep cd dlaw propentiesrangl poarF R
anti-friction agent or glidant and will give the
powder forrmulation better flow 5 properties-in the
Inhabeemptd heingsidivt thie sitedterd al Srousetiden: ¢dtissstavayFPF and FPD,
gay-no gecessarilé be. usu Ik%%éeferred to as
HtREPERLEtONS afie My adiigentes2l but they will
have the effect of decreasing the cohesion between the
articles or inproving the flow of the powder. The
Herddivize mateial & ntendedgorediqree cehesioeHetvsenpatténiesdn the dry
0 it E ng t I t .
HERAEtorBARNLR, 1o RO Rty \RY sl BO e SR BB B the weak
hoadihg Yercambericah tloy sthflApaasldiskepiigrieikrep itlse particles separated
gg%g%%al osgbgrese ce, on.the surface of a articL% .
ISHERYRE RSP e SR RN TEhER PR RUPFadR Of i gggticles in the
ERRNARICE $rl¥nt DAt cdPMetihfdrBal suffat € MEE$ENGE Afvik! Walere
particles and in relation to the 15 surfaces that the
pealetelages ofrparidsleoare forped;|the gédisiog| of pardcleypbrddnve material

. ' C [

12T Aokl o R ARGl BB W e
&l theanriudersachstahinecregiedtom adhivgicshenfi the inlided devickptvhereupon the
onl y, reduces er .cohesi on an hesi on, hut can
B G PRI R (e ese e PR A eur agBloeFQes break up,
HRadsive ailisQHANRAIS tontht 16:H @F8mall @RAIORE] Pirkicley or
because it reduces the variation in the anopunt of

praﬁﬁ;;stcgrsg&ll numbers of particles which are capable of reaching the lower

lung.

In the prior art, dry powder formulations are discussed which include distinct
patticles of additive material (generally of a size comparable to that of the fine
active particles). In some embodiments, the additive material may form a coating,
generally a discontinuous coating, on the active particles and/or on any cattier

particles.



out for each dose and inproves the rel ease of the
powder fromthe device. It also increases the

wo pdoeosd3ond t hat the active nmaterial, which dorGT/(GB2002/001627

the device, will reach the Ilgyer lung of the patient.
25 It is favourable for unstabl e aggl onerates of
particles to be present in the powder when it is in

the i nhal er device. As indicated above, for a powder
Prsterehlye therpdditivel rmpterighiy |aeem§fafdh@r@mma}eraai @nd it will tend to

{e@ggé)g}écécﬁxe 1bntbg§w9ﬁ% aéa{rﬁklg r?é W%lg %ls? %ﬂ% emg ggm Egggtycles becommg

arge, prefera ger i han a
powted toray:fies IvntHﬂi] ehd mhaleptedicé. nAdvatagdrdisly| eheaddditive material

articles havin e of ,ahout 40m or Iarger and/ or
B3g16eR a0 "8 o1 Afopatd POl B (hnBoHdY REHES better flow

5 —fi‘ﬁ)‘é‘eﬂﬂesﬂnSth@ﬁlhgferﬁﬁ%léiadéﬁme%atkﬁilgr%gedq-ﬁbﬁls “way may-not
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aggl onerates forned can have a size of as nuch
atsserarihiobo sy refsitell to he antiddheieots @f anthéicidal etgnene, but they

se oner.ates, are re like
B B Ay Hape ot SRR} 28NS FBEsn e hledsfig a% improving
eeffior efithe/powndéher Hdﬂdahﬁﬁma&kﬁﬁta&e%ﬁhétﬁﬁaﬁ esfe88d to as force
i nhal.ati on erefore, ormati on of unstabl e or
Qe -ag%@@%m@t u,sa?ﬁbﬁ letdbio Petteriosp surferu flilitpand
ﬁ@ygpppﬁsconpared wWth a powder in which there is

substantially no aggl omeration. Such unstable
aggl onerates are stable whilst the powder is inside

’&E%ﬁ%%%%ﬁ%g%é}r?{n%t%}% O]téﬁg:g&d d:IIS Jslnlg]e:é)f%egrdmansd%ﬁlra erla W'T’IIOSC presence
ooligsiwfcand agoiéde ean hetdifyehe hikestat indecdhsive C%{lffSceCﬂﬁlces

| ead to i val ent performance with reduced

ST SHE R PeStel Toghs PR e A GURT I cpand frebaion to the
3 fatByghat itRe %ﬂ@ {28 hr LORRALIBNT 10beddf, RE BERMBOn is to reduce both
i nventi on, conposi ti on conprises active particles

e 2giherne BlPﬁl aehestid farceaddi tive material . The additive
material may be in the formof particles which tend

to adhere to the surfaces of the active particles, as
tTheeddused tdmﬂeu@ S7{HR3648cleAtd ‘easmrhtﬂw@ly,,mﬂalae ta@eahht dther or to

terial, n@y 5 cpat ed on Qﬁ*surfa f the activ
g;g e-vtcleégs yn ? EO\g C eFlloflﬁ.Q ﬁ%an léut can also
&ﬁt@%&ei ﬂox\@@h@?dcéé’i%g@s TRisQeldsab Hm%?@s%ﬁéﬁ@@kﬁth@fdose
esent i nvention, the aponorphine fornulation is

pro Wlﬁ’r PEE it feshuped BeiwRALARIE Hhe arepurteaf ratder htered
SRR PO BEseQUndli gxﬁ)ég\pes%@rr@l@gs%%ﬁ té@&po%d@lcgr%g{ E’}R' cfewce It also

salts or esters one Oor nore a tive materi
Byodases the likelihood that the active material, which does leave the device, will

reach the lower lung of the patient.

It is favourable for unstable agglomerates of particles to be present in the powder
when it is in the inhaler device. As indicated above, for a powder to leave an inhaler
device efficiently and reproducibly, the particles of such a powder should be large,
preferably larger than about 40pum. Such a powder may be in the form of either
individual particles having a size of about 40um or larger and/or agglomerates of
finer particles, the agglomerates having a size of about 40um oz larger. The
agglomerates formed can have a size of as much as about 1000um and, with the

addition of the additive material, those agglomerates are more likely to be broken
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carrier free fornulations are described in WO
97/ 03649, the entire disclosure of which is hereby

w0 pmengporat ed by reference. I n accordance w t hP€T1682004/001627

enbodi nents, the powder for %I ation includes

aponor phine or a pharmaceuticdlly acceptable salt or
ester thereof and an additive material which includes
an anti-adherent material. 25 The powder i ncl udes at
d(ﬁﬁséffﬁf}%ﬂbyn\l\bé ghbulefit iiksereapmmaqeﬂionénbalaﬁon Therefore, the

harrracetlc ya,cc ptable salt or e her eo
BARRITD L EhES s ogRro ot *ERRTEBNHEH PaATloain Hedgley mey be
fta@@mra@\&dﬁrpagedrmﬁh 98> wiler € 3Bkch/@%e 1g@ﬁsst9ﬁ@41@rrﬁmgg1&5erat10n
| east 80% wei ght of onor phi ne or
Spnammtaé*lq frggﬁrmstam @emtabﬁevlstkr tthbeO‘ééQfe‘P insids thefdeg@e but are
h of 1.

g?g e%ug e Ppgf er T grr%?%?(sejsg%}tensﬁ east 90%

m)re prefer abI y at least 95% nore pr ef erably at | east

97% by .wei g a rphine or a rrraceutl C

8’5?%1%%et°°g‘f331 Boaf sfheren pezeh ﬁctr‘rreparerg‘rﬁ o lead to
&ﬁm;aﬁ\‘ﬁlt RRYEEhandd with rBBlde@VUBs ol te kDE! 6r & with individual
physi ol ogi cal benefits in 2004/ 089374

REELIeB2004/ 001627 -21 introducing as little powder as
possible to the lungs, in particular material other

than the active ingredient to be adm nistered to the

Phiis, &nhnotﬂfhreerebddiment b€ thaprandsdttinestion, ik odmpdmétion comprises
addi tive materi al add d ar e referab)y,

H68 PBTELes ShApOmEPbige isrfaptetitheFat 7 vasﬁredml may

E@fﬁpﬂhb$8rm%a£tt@& \9191% hyndN&r #ierOfo e ARARBY PhitREcHke
-pharmaceutically acceptable salt or ester thereof.

m}@alm a@éwmsyd in WeHee 836409arﬂt%ﬁm¥1r@b"thﬁ o fivatnasAgal may be
atéde & tthe alktl,g OW@Q{UV% a&tﬁaes rf{)L Q{a lgf cltcbg]ﬂ %@rﬁirthod as

ave a par e Size m pre
dﬁdnsed:iﬁmém@iz/rﬂﬁﬂél.pr eferably | ess than 10m As

i ndi cat ed above, the size of the 10 aponorphine (or it
phar maceutically acceptable salts) particles of the

ROVGEBNn 8ABYHGNeRE oMb Rsd Enveaifigd, He XM rphiRNoBmERtion is a
to smfor effective de |_verg to the | ower ung.. Were
taaerierdenet ifoemwatien; which dnglpdesanly g wamephige ¢t ithay
gﬁalﬁ)qchgw {1%56 saltd &3 %S gditd gl?e 9@ f L&l 0 n],{]ﬁeyrﬁls Such
sl ze outsi de [ he pre erre range f elivery to the
taovier freeifigmulBidas airs dparibied uh &G’(D)dei’r@r&, alg@@mtsrefcmclcbsrmee of

‘%g’%btéls ﬁgr\?ga%'gcré)ﬁg?rgﬁe%l A CO r {S}ge a%,]aecl%% aé’s‘éﬁ’l"h these embodlments
addidvdee fomiaitied mclﬁc@b apbﬁ% bHiAD be a fphaehh@itiehlly ikeptable salt

active material and al so goq flowpr(i)pertles f the
or ester thereof and an additive matérial which includes an anti-adherent material.

The powder includes at least 60% by weight of the apomoxrphine or a
pharmaceutically acceptable salt or ester thereof based on the weight of the powdet.
Advantageously, the powder comprises at least 70%, mote preferably at least 80%
by weight of apomorphine or a pharmaceutically acceptable salt ot ester thereof
based on the weight of the powder. Most advantageously, the powder comprises at
least 90%, mote preferably at least 95%, more preferably at least 97%, by weight of
apomotphine or a pharmaceutically acceptable salt or ester thereof based on the

weight of the powder. It is believed that there are physiological benefits in
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powder. A preferred amno acid is leucine, in
particul ar L-1eucine. Although the L 20 form of the

w@pionossei ds i s generally preferred, the D anBCT/GB2004/001627

DL-fornms may al so be wused. The additive material may
conprise one or nore of any of the follow ng am no
acids: |eucine, isoleucine, |ysine, valine,
met hi oni ne,. cysteine, and__phenyl al anj ne. '
£Rgs JiEI§ Pov e g5Rmeeibly tocthadengsain pastiselagomiferial other

f AYAE - el ght g of i
R Pk BredlhTSd O MR 2 poRORTTRORDR, LY
quingities of whivd thewdéitive Achtemntlageddesl ate préferapdytesmall as possible.

i.ncl ude ot re.than % nor.e advant ageousl t .
B B R S b YOV g Rt o E T sORar G FIoRP TRl & achy weight of
-4 QI 010 phNenROVKIRTly abSeptdbl 6L 80eRRO%GrefN SOME

cases it will be advantageous for the powder to
contai n about 1% by wei ght of additive material. The

it i.alw @ . native incl.ude
AOLANB TSR B30 CBRBLDRLIRLAEIE) Lo
fhreickd dif the/ powdérdiavala prtiEAizedyss hRarp 6 uh et férablgriess than

nt .from ab 0,1 %to . about. 10% wei ght, . and
Bt Bhd i S O ARIDIEES Brapo it A ipditate oge EisiF Yishe
Mﬂé@ﬁ&ﬁ?ﬁ)t Rﬁﬁa%@%cgﬂﬁ- ﬁ&zﬁta’o%s aﬁtrsp?h@@fyé bof _Qhe's%{%‘&rger should
n e

about 2% e context of t present invention,

Bevithi the magh of rovidienilaliem i éhimdier ehigetivg delivsty to the lower

iulng.' mfé Bre a%%tkfqugt%ﬁglnits 11';"251‘%{&1?[&:‘ fofﬁ‘g qé Ma% Be advantageous for

material s may include, for exanple, nagnesium

dteeanddigye peuciasap bhee i tshremutaddthespdfamdsiaage fdr delivery to the

(ﬂllji”nar ate, and are described nore fully in WD 96/ 23485,
€%’ 5 herby-incorporatezl by reference: Wen the

additive material is mcronised | eucine or |ecithin,

it is preferably provided in an amount from about )

b1 pattisulasly advamessyrsvier g addmivs metesialto eqraprisgirn pmipe acid.

RRLRE hals @39@@%@&%955 Qgﬂg%(?%eﬁ‘g%és%né@ﬁ%ﬁdﬁ% material, high

preferably about 5% o m croni sed 1 eucl ne.
Rspireilalitagtiombof teasttive 384 tbyialwmidgiito gdod flewmiropenties e the

I ' h rticle dianet f.l han 1
BPeT e o e Pk i R hdtsc 5P dr P, Alllogen e 1
fdiano Smmile etk abisherdllyep AR EdIEd BN 26d DEFSIMOMa} BRo be

m croni sg&n | eucine is less than 104m 15 If nagnesi um
wtcdar BE 341V RATEHA! R LRPESrRICREMPLE sty 2fsthe{ellowing

Addid iy [@Eﬁ{ei ﬁl)leul:itrle, liy§in9,rx%fhﬁg,a1gle%i@ﬁi9¥,i %@gﬂﬂé] 284
amount from about 0.05% to about 10% from’about

pheagislaning bbdramBegeohslpntheipmnw ded 12806 ¢sort Aot BOBYpreaferably at
ff:*glsc%rgOa/ob8&7I twe(i-)g'hjfso%a})gm%?l)ol%%e ((91:' 1"? %%armaceutically acceptable salts) based
on the weight of the powder. Advantageously, the powder includes not motre than
8%, more advantageously not motre than 5% by weight of additive material based on
the weight of the powder. As indicated above, in some cases it will be advantageous
for the powder to contain about 1% by weight of additive matetial. The additive

material may also (or alternatively) include magnesium stearate ot colloidal silicon

dioxide.

The additive material or FCA may be provided in an amount from about 0.1% to

about 10% by weight, and preferably from about 0.15% to 5%, most ptreferably



20 In a further attenpt to inprove extraction of the
dry powder fromthe dispensing device and to provide

W@2@e/hsd3st ent FPF and FPD, dry powder formul at PON&B2004/001627

often include coarse carrier,particles of excipient
material mxed wth fine partl cles of active
material. Rather than sticking to one another, the
%I ne active particles tend to adhere to the surfaces

Py 3ROUE Pt 8 do ehpyt B parthe e@retsxmﬁ thetpresent hentiha) ertable

e an econe

P maRls IR0 SHARORSFipfed © SR P o gtitive
innteaiabt gninichtde, fdiexneph h&tgﬁésyuihrsaéh&atetl@u@h&’ BedtHihNghd

Th ticl ferabl y hav
TRREE BB a Tt St Gae e R (e o S 2 iSas which is

5 ——mem—;rﬁfcogﬁ rhic@ltySrefSedles0 vor y—attractive where very
smal | d
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oses ‘of active agent are dispensed. It is
very difficult to accurately and reproducibly

WheR&ns QdA’iﬁw nﬁh@?r A 1sqrﬂﬁr1]%ms?£ lséucl e orgdcg%léﬁggﬁ R/ﬁekelrably

vari at i ons
preaniedange avrmurmtftommsbmmt 0.0% tdnﬁfbuefl 0BClhyi M@lgﬁﬂ @tferably, the

[ t f the
\égﬁetr%en@é%%g Plrég% (f anEun ;(98@/3@893% %o, preferably about 5%, of

RCF6B20RAL001 B2 € QDY 9596 %y Yo AL
partjcles. Theref gia'é)%stahe additi gn é%ﬂt Ofgﬁ l51)é1§1conlsed leucine has

3 prrticlsrdigmeier P4 doge thagc] %ﬂpemprg&rethl}c lees thain| IIOO[mk @nd most

Rl D¥Sly TR S0 d L84, 04U cur at
ISSrgr_tri cles nay Edeﬁgf ?’g%ﬁg éep?&b Semieﬁlélflt%a %%"be)éfhe micronised
leragiee isdkssathag dfipinnat i on of 5 materials. For exanpl e,
the carrier particles my be conposed of one or nore
materials selected fromsugar al cohols, polyols and

Ie Wz%ﬁl&hhha@ez&hl@&fr%odgt@ @feagﬂ‘ i AR age isGREH Leps Aq’%ﬁt!l#edl%aterial it
dgnorganjc salts such as sodium chloride and ca

1% Breferikiveprovisded dnice 2mauns frqre kbawt & B2foutmabast 40%, &weh about
P 8NoAbgANEG, GORPMHIAD. SUE N, gﬁ P@ﬁgsa xCPag¢ 9€% A% 0 about

ol i gosacchari des. Advant'ageou

%%ﬁ’tl cles conprise 10 a pol yol. In particul ar, the

carrier particles may be particles of crystalline

sugar, for exanple mannitol, dextrose or |actose.

IRraeffuethabhbitemphtd> Bafdole Exﬁ@éﬂdrﬁ&ﬁﬁleaﬁf QGMEP E%‘fh tlﬂef d1spen81ng
y wh

Jgact OSS However, a further difficul
RIE6 AP SAOTiARA caawrisgt EBErasd Py ‘ih‘éfrPO\fdd&r piarmuletlelss often

hQude EQROSIrtikO ar‘ﬁtzle@ ol %xég%e'g\éﬁq ?@rfatl LGl &5 W1t§1 SRS, %lnI%S of

that the fine particles rom the Surface
artiee matesial Relther thagetiddng kepnpansthet,ebe fipenceed patichs tend to

er vice. The ste i ng, the
erivg BRI S en st bl b R Beafitey govice, bu
aﬁé)SquJrolsecbfo Wake ah&becdthe BispeRBAE ; uFbﬁ atREHbARFARE ARBLnsing
fin gc tllve particles for inhalation
dev1ce and inhalation into the tespiratory tract, to give a fine suspension. The

cartier particles preferably have MMADs greater than about 90um.

The inclusion of coarse carrier patticles is also very attractive where very small
doses of active agent are dispensed. It is very difficult to accurately and
reproducibly dispense very small quantities of powdet and small variations in the
amount of powder dispensed will mean large variations in the dose of active agent-

where only very small amounts of the powder is dispensed and the powder
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Is significant in determ ning the proportion of the
dose of active material which reaches the desired
W@ a0/ 0g37absor ption in the lungs. In order to POPGBA®4/001627
the efficiency of that disgggsal it is known to
include in the conposition a 3itive materials of the
nat ure di scussed above. Conpositions conprising fine
active 25 particles carrier particles and additive,
qempisealpigly ectiyspitgsiss Theswymaitzauidiion ghydilugn, wnde form
o) n}%'g !e%i?ﬁen@%a%&?es%iﬁsrﬁﬂ{e AdLY; b?@reﬁtrg&c‘}@lmﬂgﬁ LbL @k,
co ise active particles c rising aponor phi ne and
carrier particles. The carrier particles may have an
ver age rticle size of from.about .5 to about 1000 .
HE6 RS Les PGP0t SIAFECRIBRIE 1h AFiBisht "B oRfgPbination of

BB OF of &QMPEEAhE @22RE YhrABA0My KX BShpostsEtdne or more

average particle sizes for carriéer particles are about
1atetials ablsated Jopmorgn adbeahodh potyolandocbieline ogatsVi@ther suitable
c2'{19r(1)e£:"r/s 9§8§ge4in%ga/n(i;c82a 1943/11919 16 ggdiuﬁlzcl}xlc;l;li]é% SOMPYSLE Mbonate,
COnpri sing aponor phine and carrier particl €s may
drgniibesltd aehudeodaaslidctare andbefer akganlh eomgdusdsvaich as
terial, may be in the for f particgles which ten .

RAYRAHAE<E {nd s Spp fiacide® ob o gﬁe’_t“i(iY/’etﬁB &PTHE |Pé§,13§ofsc°mpnse
ApSIGLOIL Battltulll) B QB34 DartiALd BLPBE BN es ShGyAdEint s\ ar, for
mat érial may be coated on the surface of the active 5
panplemasntigl, deyrosxarripttesa Peeferably,the carsieh partipbes are composed
disclosed in WO 02/43701 or on the surfaces of the
carrier particles, as disclosed in WO 02/00197. In a
dry powder inhaler, the dose to be administered is

t or ed ig tﬂe $ 'm,of a non- pressurijze gr% g wder

AEEvEin? dRithich FEHHT THED P dicet cOPRE SaF FR FRSAB Lo ] cartier
PAVEIRE to 4 QoM@ sitidRal fathdnt i B @ RAldsa tnsdXnl MAVWERS fine particles

i nhal ers can be "passive" devices in which the _
drarchettemsthig sagfppe pSthenslaginely lage cewiespagiadesip @thactuation of the

] .a notive force in the device. Exanples of
@%gééﬁ§§ygﬂry powder inhal er devices include the

Rot ahal er and Diskhaler (daxoSnmthKline) and the

rbohal_er (Astrg-Draco) an vol i zer trade .mark
Tr Sp e Shsnbine liestapr ot EomafSuctispptaatrn fem
386 pdrficlk)ii€ PrebBni@ 16 BOHIE Bn QEro6 OINGH BSS £iv@aMrOEles for inhalation
alternative energy source is used. Exanples of

isgignfineat Bristyeniaes besrpertipgeotabsidosr of petramatraipkyhich
%Y&‘Pets Yh& abdifb MDA MEoAHon AR thi ©fn QRN &8 irH{)RR#é GRd

y Nektar Therapeutics“(as covered by US Patent No.
&fiekicP 8B8ihat AGpPeal it cukaovy tpielwleriedht aotipeeltiodradditive

owder inhalers are referred to hecein as Aspriair .
PRRERE R tars SEutFERG™Y € oy Gl RRpRot actve
Pakti0102 62 rieY\Pa it} A8AddWPe materials are disclosed in WO 96/23485.

Thus, in one embodiment of the present invention, the composition comptises
active particles comprising apomorphine and carrier particles. The carrier particles
may have an average particle size of from about 5 to about 1000um, from about 4 to
about 40um, from about 60 to about 200pm, ;)r from 150 to about 1000um. Other
useful average particle sizes for carrier particles are about 20 to about 30pum or from

about 40 to about 70pm.
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02/ 89880 and WD 02/89881, the contents of which are
hereby incorporated by reference. It should be

w@ppnesidat ed, however, that the conpositions oOPCT/82004/001627
present invention can be admynistered with either
passi ve or active inhaler devices. 25 Figure 1 shows
schematically a preferred inhaler that can be used to
deliver the powder formnulations described above to a
Vet gasmpositiothedrapyisiog 2ppinerphipe ard earrige eiticlrsdnaynfurther include

at%%}tﬁrle matem}{i‘O ’lq12/ chlgéxgehmgl&%ﬁ%e? %/ Qr? %?eséormsgf %&J?lr&% i¥ch tend

ures 1 an nprises a
tBQZlhE]&: tdlthe lﬁ:lfmdasrag the ametlﬁxudbambeluscﬂdéedmdm\mm 03649.
exit port n inlet, port for eroso
erflﬁféveéwﬁfe rof G srimeberiab ey e sl ok e GF of e sciive

Ila%awgy | By @xz{fﬂ%ﬂs Iamoeﬁﬁhné-ﬁmettm&&@@lswémnt% B8£13701 of on
i nhal'es’’to use the inhaler. Air passages (not shown)

tha puii@ 2 00 4h 6 893ied pRETIER20d4¢l0gH6R AV O 0%/ 094 9def | ned
between the vortex chanber and the nout hpi ece so that

the user is able to inhale air in addition to the

ROVEE sy dBe dihleAdre tHe ddsaeo pevidiedinfsesradlisadtod ihshé f@medf a non-
in a blister 14 defined by a su

or
preevEissh iy povier qng, om apiatpg of bt ﬂ@lﬁﬁfi»sthﬁdaaafgclfmf the powder
J}Ie i 980 bt ALBt. TS s inkA16s 34 PR %sssw d%vﬁ;ayia xyrhmh

formed therei'n for holding the powder fornulation.
@p@anembmthtlheh@ aviytspuies ofegab axchitly pravéddsiagmopine éqmce fn the
#ondy W
%ﬁiVé i ng es o;? as W%ve grgl peor\xé&‘eeg 11?%1%1 detv?cceg i ﬁéfttégef %}}e{kg‘cahaler and
Distthalde (@EQ@S&ﬁithKhﬁe) 48] dernhebbket mstthteDbddo$ l’aﬂd Novaliaer

assage ajr_s ly,. preferahly nual

’fﬁ‘é‘F sk ﬁﬂﬁtﬁwéﬁmﬁﬁ lgﬁtta%m’&ﬁ%pa%%vseu Rt g 8 used, in which
PEAREL bAR mpFRAHOES drh@eFBIRE Vakioy $Witd? 18u8aB H@mles of
air, in thls exanpl e) to a predeterm ned pressure

s(letagle artige @gyl}'es ingluge .nggﬁgr(tr@de anodiVirehra L@ and the active
S [ d. in
ERRE Rl PR E 87 MUBLEHERa AL (R s Glor o

6,06M23%)e cyl i nder to reduce the volune of the chanber

and pressurize the charge of gas. 15 When the user

i nhal es, a valve 18 is opened by a breath-actuated

Pﬁ%ﬁéﬂam MediPsred f'mﬁﬂen @rfb&wﬁé@ﬂﬂh&l@% ﬁ%@@ﬁkﬂ’ekﬂz@%e@&ﬁ as Aspriait
reservoi r through the I ster where

fodeletd 2nd A descriedrigimperg detpil W4 PWQQ%/Z W 08/ 97%50WO
t
@mg@ 515(2 ’\7&&\?\3)2 I/ @Qgpie Echg chrﬁ%é df%l&l? ?Ieglgﬁ%gyf l:n%érporated by

e a rotafing vortex o
fetﬁdsmncteat]tcshoa]&dcb@appreesated,elm\edreb,eﬂmeém domgpasitiets gfaht present

and the outlet port
mvention can ée aglm Biftered w1th Clther passive ot active inhaler devices.

Figutre 1 shows schematically a preferred inhaler that can be used to deliver the
powder formulations described above to a patient. Inhalers of this type are

described in detail in WO 02/089880 and WO 02/089881.

Referting to Figures 1 and 2, the inhaler comprises a vortex nozzle 11 including a
vortex chamber 12 and having an exit port and an inlet port for generating an
aerosol of the powder formulation. The vortex chamber is located in a mouthpiece

13 through which the user inhales to use the inhaler. Air passages (not shown) may
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t han passing through the vortex chanber in a
conti nuous manner, the powdered fornulation entrained

w0 poothg93ad rf | ow enters the vortex chanber in aP@EGH2004/001627
short tinme (typically less_bhan 0.3 seconds and
preferably less than 20 m || seconds) and, in the
case of a pure drug fornmulation (i.e., no carrier) a

portlon of the powder 25 formulation sticks to th

baieHiBe@ beTFRen bt PEscr AEATBRAT ADTHIS TRRIABIECS 8o that the user is able
£& HARRIME N Lardme& £ %l r;mier@a lﬁeia?camegra shear forces

present 1 n the bound | ayer adjacent to the powder.

The action of the vortex deaggl onerates the particles

e rnu ation, i,Nn se.of a
B o e Fare ey rertnge S g See B afsompprs g »
- phdi€e B DHiFEQMAHIR et Ol @15- Heddd HtblRberdg pbe) Afshown, the
povvder ed fornmulation exits the 30 vortex chamber via

stprotéfops 2 5avify, formedgbersioioribolding shepopder foamylasion. The open

<BFT 5 5b7 o TRULA'DY B, RoGh A Rl of the vputex chamber
temrishteeired piacipehfead 6 twhicH piectes odhs pledmggl fortdrdat A geservoir 17
.the bre k| n% of clusters of parti i.n I
i ARGt e SReF aBy Eopiee: o B SRl Prefqte Bl gpannally
dpeit&d pﬁﬁllpadrl VeaRlidteVb Mete DAL EE bRSoDBIPSlldntS SHidraédths ird@rvoir
to escape nore easily fromthe exit port.

ing gt Ot odif-dn this éaregpkﬁbt%@é%d%rrép%%ﬁgnsﬁe .g- 1.5bar). Ina

pga?ér?x%a %%b%d‘n%mh@%e@th&n ﬁ§ry 4 phlsn g@&%& Llf-é cylBdie
ation-1ncreases the resrdence tinme of

defiustger sesenvoithmhawduet.eXhe patdeis puwbaf iaw the rcehltdqareo freduce the

R DS o5 PIRBPREE SF 7 GREEE TG, hi gh shear

forces due to velocity gradients in the airflowin the
vortex chamber. The velocity gradients are h| ghest in
When theurgaithalesyaialge 48ds ppet %Pre@ﬂeﬁctrlh@ mgrhanism 19,

f}ép%ﬁ%% Cfflﬁm?ﬁé %relélﬁm\ée ratr%sé;oémﬁroagﬁ thB bliber Hakm ok a

antially cylindrical chanber. “Advantageously,
polveleyeat foemud;dtmmbe rentraged in alswmrélpm chs¢1a1pé10W| txamslp@rts the

enbodi d, 3 l
H_oHve eg, 8(?1?11éu1at1 rﬂ)mglre xirogl:elxgc aﬁle ef o?’?n OFfe ro%at\ll% vcfgex of powder

fSﬁh@ﬂahon 1he airik eteap@l ietF et tisdinddt gkt Aid yhetdm@e pbitalRather
the perineter of the vortex chanpber 1 and the exit
tbar Paszlqgsthg%%%rervyr@aﬁé FT 2 SFPRITIRES AR3epfthe pgwdered

HAhhB¥on %Hm%a id theTm@ow gﬁere ¥ SrtdDEh W e X 2 GRATDRIrt time
1 tangenti al ééwat e inlet port 3 and exits axial I&/_ &
m the

(Wlpacaﬂh desexthan Brsecondspind pratfirady Rsefthftrh’éo yulliseopnds) an

Cbeao Chue IR ngsfgﬁ;&ay e D the LR g.fmwgm% Bobelt 2

ecrea es s a naxrnu
fohaulatibestigor do the v&llﬁloﬁ ithie vt excl thraanIRm MChif pugdet R@ubsequently
areraodslo zecﬁ) healgllgl?ngclta?: fgrcets rll?et:s%zlt in the boundary layer adjacent to the
powder. The action of the vortex deagglomerates the patticles of powder
formulation, ot in the case of a formulation comprising a drug and a carrier, strips
the drug from the carrier, so that an aerosol of powdered formulation exits the

vortex chamber via the exit port. The aerosol is inhaled by the user through the

mouthpiece.



fromthe position of the inlet port 3 is given by

R=Rmax( 1- Ok/ 2pi ), where k=(Rmax- Rm n)/Rmax The
w@bdoe0s43ve radi us of the vortex chanber 1 decrpPeEE6E82@8/001627

the air flow and entrained pasrticles of medi canent

circulate around the chanber. 1n this way, the

effective cross-sectional area of the vortex chanber 1

experienced by the air 25 fl ow decreases, so that the

‘Bhe vorterchambee can besrasidgitd th?F@fF’st“foe@@été@lns deagglomeration,

RSB0, O 5 B0 T RS 5 GATEA o
E]maﬂpadpﬂfaelél%ﬂ)allowm pantlcfels deldvsa paltahlsezle tb(l:stffIR mote easily
{tnco ing.airfl rou he .i nl et .part

., SO that
R e 41 oo AP AR B SHBE & Sbitsas B Pogered

5——1%%lula%aqntcf 1c0pEMBIpchidNQ) -Red HRR thiithehs! RS $&8ddnke time of
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t he vortex. 30 Between the inlet port 3 and the exit
@srcﬂuszera iny grer e tgsschaeher o allﬁwmw@mrgh é@rrthﬁm tocke are

LA LR ORI S e MRS ES S b srcin
lngh phﬁfrleflbtatels éd;las% shlokity ggagmﬁs ubtbce etuglggdefdugif ;Zd;rfex_ch;mber.
BRS BPHiL g ni e AR Ot TS T e g e afly of the

FOOM &hadsehows the general formof the vortex chanber
of the inhaler of Figure 2. The geonetry of the vortex
chanber is defined by the dinmensions listed in the

1RO, tQ}?lc}?%{ube-l;gglrpﬂfef £ %ﬁ éﬁﬁJs'fh% f;gl}b ﬁald&

are al Isted inthe ta enot at
NAbeantigeously prhefvertead-hualbee haf al’( hﬂntrem@htshhp@f It ﬂE embodiment
oni cal _part .of chamher.i,s 0O ause t .has .
37 PoRRRE Ao G S &y PR e BREE bR Sbg forms of a spiral
6f {6l TBk Ynlvhesrt3hie sﬁ@ﬁanﬁaﬂ@(lﬁﬂge@fnal feethe RRpdeited §f the vortex
flat. Dinension Preferred Value Rmax Maxi mum radi us

ehaneltes Hand thegminpori? is BATTEAHTRORSER TS Yoth Beaamep! thegrasex
elyﬁx'ﬁ![{@ gﬁé &HEISQL@ %B?t'&) %flarglbm :E.@'tm&)fthe inlet port 3

coni caI part exlt
pot exiB. a‘p’cmﬁy viia t_Ienfgmtprrft 2e>Zl|" Ite qadrtis K)oBtim vc&tdﬂeqlgmbeoﬂ measured

Il m n
eﬁae center of exit portdj decreases SI‘%E)OBI?Y hom :? Maximum radius R..

at the inlet port to a minimum radius R ;. Thus, the radius R at an angle 0 (theta)

from the position of the inlet port 3 is given by R=R_,.(1-6k/2pi), where k=R

‘max max

R.i) /R The effective radius of the vortex chamber 1 dectreases as the air flow
and entrained particles of medicament circulate around the chamber. In this way,
the effective cross-sectional area of the vortex chamber 1 experienced by the air
flow decteases, so that the air flow is accelerated and there is reduced deposition of
the entrained particles of medicament. In addition, when the flow of air has gone
through 2pi radians (360°), the ait flow is parallel to the incoming airflow through
the inlet port 3, so that there is a reduction in the turbulence caused by the colliding

flows which helps reduce fluid losses in the vortex.

Between the inlet port 3 and the exit port 2 a vortex is created in which shear forces
are generated to deagglomerate the particles of the powdered formulation. The

length of the exit port 2 is preferably as shott as possible to reduce the possibility of



a Taper angle of inlet conduit 9, then 2 10 The ratio
of the dianeter of the chanber 1 to the dianeter of
W0 b@4e89374 port 2 has a strong influence on t hBCT/GB2004/001627
aerosol i zing performance of tfie nozzle. For the
asymmetric nozzle of Figure 2, the dianeter is
defined as (RmaxtRm n). The ratio is between 4
and preferably between 6 and 8. In the preferred
dsppsigionett thedryg gathewalls efydexitppst.r Higuere P shewothejgeneral
t [ : Y cha r
R S s L b et O bt LETF bebifley of the vortes
drntireassdefalddigugle dmwhdens imedimfheahblerbridw.v@he preferred
terials i ossi bl e.. Advant.ageou 0 igh vol uyme
bt SRS pa a0 ChaHua ks Boidy bShrok Brotadret e
5 ---peiR POhY BEthe hMH AP LHRRLRIdAR St lof ShaIEe nbBY 180 8nBObecause
hot limted to polycarbonate, acrylonitrile butadiene
5 hgy begn {onmg)thatyibleyanicd shambpofuastippemest effedtipslit yhemthe top
nd pol yol efins incl udi ng
%ﬁ@%&%@%ﬁé%ﬁ?ﬂsgl yet hyl ene terephthal ate (PET).
2004/ 089374 PCT/ GB2004/ 001627 -28 The inhaler in
accqargdanece—_wth—enbodi-ren —i-s—able
to gen¥PEI¥O] relatively slow noving aer os dlreffrted 5
high—fine particle fraction The inhaler | <.V5k1%?)ahl e

of pgribai di iMesmpiretadivsef shapdar abl e aer osdRi%ami on of

and 12

WO

radanecean vt h nmbhoditrants. of tha invanti
T J T LA 2 LI 2B 2L ELE L)

q

a mggsured g o puwderedidruy
and- g?’f‘“- del W%ﬁ?ﬁ{gn- %ﬁgl?e;égr%g%]lblgéed- dose-i nf (‘)Z‘Otj“ﬁrcla1
patijedt s i|ndptirainohyighf bOshaaibed vel ocity | @asmnmhan of

substantially : locity of thelinspirator

f1 ow? t her egelgléfd%‘f%aéléb‘ﬁﬁftcihéwbﬁy i mpact ilfdkn®@n t he

pat | @S TG e e R I IPT e, The effcieny 7
I

aerdsolising system al ws for a sinple, smal

m
and | ow

cost| tdevi cq,Ldngdaufexit pertener gy used to cr gdt3enmhe
aer gsel—s—spad—FheHui-d—enrergy—10requiredto
credte the |a7B8RGOYT B PBE defi ned as t he i ntegP R over
ti me Pt The WRIRSTWIe: patk 1 pl 1 ed by tThe TT oW aLe.

Thig is typically less than 5 joules and can be as

| ow|as 3 | qlifﬂeasx afgle oéittleti gpngmitodi nent s of |ORethen@Sent
I nventtonm—the—powder—conpoesttion—+s—such—15—that—=a

fine particle fraction of at |east 35%is generated on

Ted tiaiol ohchefdiiheret BhelebthanhRYi1a6. tht WidnSetpadf theWkardott 2 has a
preferred that the fine particle fraction be gb[eater .
RS ‘BlueRsfuen theqpeasmiizingpesiorpagse p drcctomsly , F'emige asymmetric

AdDE PRrlbid £ the ACh QL ik HeBhed 9@@( 0% yand,e ARSYs between 4
preferablly at’ | east 80% In one enbodifent, this

polhWtfernd prajetablysetween 6 and 8. In the preferred embodiment of Figures 2
and 3, the ratio 1s 6.9.

10

15
In the embodiment shown, the vortex chamber is machined from
polyetheretherketone (PEEK), acrylic, ot brass, although a wide range of alternative
materials is possible. Advantageously for high volume manufacture the vortex
chamber is injection moulded from a polymet. Suitable materials include but are

20  not limited to polycarbonate, acrylonitrile butadiene styrene (ABS), polyamides,

polystyrenes, polybutylene terphthalate (PBT) and polyolefins including
polypropylene and polyethylene terephthalate (PET).
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aponor phine in conbination with a carrier material. 20
Most preferably, the inhaler device used to di spense

w0 b@4pgesder conposition is an active inhal er PEWGB004/001627

the arrangenent being such that a fine particle

fraction of at |east 35% preferably at |east 50%

even nore preferably at. | east 60% even nore

preferably at |east 70% and nost preferably at | east
80%is generated on actuation 25 of the inhaler

AR oEfer 1 ARAOH Wi B SEnRR B (ARRTRG (R 1 genernte
rdlativele slovomovieg deswl m&thmh%hrfamelwxablleefrztdman Tle inhaler is

rved usin as |ve i,nhal er, devi c ccor dance

C R BTG DO e G BORA A GR B BF oo Tglose of
piRsR O drud 0 nAROTARIR BIAL R 4 Ro RINBEITBERUINLS Bld Patient's inspiratoty
acceptabl e salt or ester thereof is definedin terns
ﬂﬁW ehe velogity Jsas thasl @ wbsentilly equabtnthei wlegigpidbs énspiratory

N T

Fuathatnat¢,ahe Hﬁfe;deramdrdmhﬁhg sysmhalaﬁbwaieﬂla sifspls,utimll and low
10089 .do e of o hi ne, WO 2004/ 08937
Biariotss beyenes 0 UHHPoER I P aecrRr s geplly dihe dhpg energy

&éu@ém{m&i@lﬂdeﬂﬁe b8 dsBcanUNIddned Rahi Blitgiaf oferERDof e

% is achieved, whilst the sane dose will deliver
oSy romuinlisdrhyhihedlavorathe Thisia gyrieally lpsstthem® jpwlegand can be

f %i's achieved, or 700g if the %PD is 70%

aﬁg@aa(r%tsllg?i;)ogt ed in the present invention. As such, it
i's approprlate to define the dose of -5 aponorphine in

er s, of FPD o%ﬁht he formul ati on.and iphal er used;. I

i trbae IS0 MR RSt R TGP RS FOBIP ogifion is suc

AL HRO PafeRIE ALEHIATBALE 1R%st 3850 BULReratd 86 GORHBHS 8f hd fihaler
anot her “enbodi nent of the present invention, a nmethod

degicet I@am@ﬁgcu?ésymfedsﬂﬁt&m&theofmwa&ﬂphrfaaoalpmdw greater than or
&{Slgy{od@j/o % h)r%g’pr Pise?g'raR%O Henﬂ% c?e g&stﬁ)nqg a@][iezast 70%, and
wder cohposition into ungs a patient,
mosuepreferiﬂm aplzastei0’e.opose emboddetnty gris pgwdbmcampnms a
fine gﬁ{g{f—i'd e dose. of from about 10019 to about 1800g
FOPBABYE JRICREEHALET 5N A KPRt of t he
hydr ochloride salt), when neasured by a Miltistage
quid I mpin er Uni ted States Pharnmacopoei a 26,

Péﬁafpwré fergigy, thagphalen dayice wedas)lispansosharosede: cawpaaision is an
Acﬁ@@qﬁmercaev&e'\ﬁlw Aang@ﬁ@mélag SLaPaGt QrfmeFfra@&aa fmlcﬁon of at
t he dose del |vers In“vitro, f1ne partlc e dose of

lsastdS‘é(qo pmefepblne: ledist 5PYmeabo morQ @@gfetablsabdmst I)Q%Ogven more
%rﬁ er'talﬁé Gg eastoﬂg/]g,rand nalbgtUtreéedgbqg 25 a ocfsl'I éen%cr):?tgd on actuation

om abo
of the inhaler device. As an active device does not depend on the patient's

inhalation for aerosolising the dose, the delivery of the dose is motre repeatable than

is observed using passive inhaler devices.

In accordance with another embodiment of the present invention, the dose of
apomotrphine or a pharmaceutically acceptable salt or ester thereof is defined in
terms of the fine particle dose of the administered dose. The percentage of the
apomotphine in the dose which will reach the lung (the %FPD) is dependent on the

formulation used and on the inhaler used. As such, a 1000ug dose of apomorphine
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800g. Alternatively, where | ess aponorphine is

required to achieve the therapeutic effect, for
wexanpss7where femal e sexual dysfunction is toP@EGB2004/001627

treated, the dose 20 preferablyy delivers, is vitro, a

fine particle dose from about 100g to about 900g of

sai d aponor phi ne, from about 200g to about 600g of

sai d aponorphine, from about 200g to about 400g. of
hydrerbdpiddorhisiver THusriswostorapmedepht hng ofivt pHient if a %FPD

ke L . _ )
AR ORI PN B LEE 0B EONerien: RIRITROB GBI o the
lomg bhe pagemhf a %IFPDhe G0Y/6 isoshicved der Blpk)if thoefoFREisi 70%, as
t he. mann.

b ' ; [ i.th th Ml tist
IR R GETCICERORTGH AP FYThdt SRR RRALHM AT dose of

- agiohfbrbhﬁletihit%%[& the IFPIRLEESo-£ AR SRR hh MRS used; as measured
e

scribed herein. 30 In addition to the fine particle
by Ml ésiagedhigpidelmpagerastasr Apderson Epgcade Impatior.
ultrafine particle fraction defined above. Al though
particles having a dianeter of |less than 5m
A< ordhe sporedidugct ovithhen oftiirfr)ensls @lisweht abtle gresenl dmadntion, a
delivery to.the lungs, it. is. beljeved that for . :
B§pliot wsging syl Bobictiphaia fpisrin ds predeuhish comprises
iBBRABIHSL dbdteo f piehv AP ARG AR&I3ihdo H@Yu%?@@ﬁl/ptgﬁéﬁ?ﬁle dA of the

e

must reach the alveoli to be absorbedinto
vosd serparitioasdediieting, ity ##76, 2 far preifladose grisemrabegt 100ug to

z{bﬁg& 1%(?@54‘ o z[p'élnﬁ;rhﬂfﬁ% (@%gdgﬁ%’%%%a%ﬂ k2 rl'lga{bgzgllo\g%&ehsalt), when

ent "I nventi on clent to prov
rabdsuadd Inea parltistegeliguatihpimgef, Urtitedetstes PhlvondcopOa 26,

Chieii RidteetoS! DR iy et Fastete Bovpest Geroie

@Enérﬁﬁoﬁi@ﬂngy&oﬂapﬁﬂlﬁblyhﬁfe cﬂ)s@&reﬁiréﬂs,ez'n%#o?a%‘ne?ﬁ:’dde dose of
nore than_ 10m nost preferably not nore than 54m The

3t 1 erePbitrepiirameabging d0%us orkPus 13RGes ifenm ghout 400pg to
: ) di
ag)crér)%lg gp% @%)frﬁ %‘ﬁodt%@Lg IE]O aﬂ&t‘éﬁ{ﬂﬁgh {)PEOInoab%Qlt 609%3 about

e present inv an active er
g c Altrayativiely, whett less aicspernpdénd kheeqponioopivhivee dhy therapeutic
er fornmul at,i on i,n order, to ensure .that the best
RS Toa P RHEHs R ot e F it e MadBiersd o' B55e
pefirepedebrgds, ¥ ofy, 2 FAPPhitaMd H¥se f:bAlaHk 3005 ARCIHANODOpg of
consistently. Preferably, the inhaler device 15 i
SAHCPRAIBRQIPR IS é@ema'wtg?&értg 9 2hean00sg Gt seaapomrephine, from

ARkt ¥60 f atiie 4@?}%%& Sid bHOABEAn by the onset of the

patient's inhal at . This nmeans that the patient does
not need to coordinate their inhalation with the

A ggstei o%nap%];notrgﬁinie Q\Qﬁicﬁrmgl%\é}:s? gpoa}rq(ojrpthti]r?et frtep Eas%oosi:e
pharmaceutically acceptable salt(s) or ester(s) of apomorphine, based on the weight
of the hydrochloride salt), defined in the manner above in connection with the
Multistage Liquid Impinger, can similarly be used in connection with the blisters,

inhalers, and compositions described herein.

In addition to the fine particle fraction, another parametet of interest is the ultrafine
particle fraction defined above. Although particles having a diameter of less than
Sum (corresponding to the FPF) are suitable for local delivery to the lungs, it is

believed that for systemic delivery, even finer particles are needed, because the drug
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can be delivered at the optimum point in the
inspiratory flow. Such devices are comonly referred

W 2008989304 eat h actuated”. 20 I n enbodi ments of P€TI6B2004/001627
present invention which utilisge conventional inhalers,
such as the Rotohal er and Di skhal er descri bed above,
the particle size of the carrier particles nay range

fromabout 10 to about 1000m In certain of these .

TBRES S8R FReiRE £1veolido perabiserbed dptpdthg bleqstieamy s such, it is
(PRECIENEP BN BB TR oE gl ) 220l S0 che
ebseat idveasibn b@&@z(fﬁ)gemmoghbwdé ah hdtrefame pﬂltic]ce:aﬁtidtmlnesf dtdeast

I 1000 f bet
af%%%iﬁf e PEr sl R S A R b 554 mre S tesabl g‘ﬁieast about
_.qesticles gives. _good flow.and entrainment . __ ... __

characteristics. 30 In these enbodi nents, the powder
may al so contain fine particles of an excipient

Ifé%lfe‘ﬂl#l?' at 19411 95%”@;%@%& Sgﬁ{gpicﬁv@ gna%erﬁrﬂth% A }bf%&ig girzé‘%f not

ose nenti‘one ove as being suit
s than d Ogar, st preftbiyahqt me@exhaalsp;n d'herpasticdkd tlreefore give a

su such as dextros or. L tose The fine excipient
%Pé’?‘es?%‘fns SBACTREPR 8T ShigbgE WO 2004/ 089374

PCT/ GBZOO4/ 001627 -31 di ffer ent material fromthe
carrier particles, where both are present. The
fb@ﬁoecdlegéo aeuezlebqﬁlmeaw? theereseat mV@ﬁeomremtme ighalpr device may

l%eﬁ‘s%ﬁ c% rﬁ%ﬂ& %ﬁe % H}neacﬂg pB(v%feJ.eEcﬁg#dau for 9 ensure

excee rs may-al so or mu ate
thddiltei lenafine peitplefitstidmaml ndphitickr Josedn dchw*eeldeasle very

For as. di scussed abov owder. cgnposi { i
B TE R P PSR cPeraer ot Dby’ B ARelt 88%ce
palutbLh Beathh BligR¥XAFRhANt ROGLAA VI Gel e FPSS tHEBIHSANs triggered by
aer odynam c di anet er of greater than 90m which aid

hrenpEiRY PEFYErRY eghelptiofe Thisonewns. thay thermaieny @pgs, not need to
J%Q&QQ&%%& 1Hiuﬁ£t9m]§th(‘t @ﬁctﬁ@é{?x?%f ﬁtéﬁ%&%?ﬁe %IQ%@ tiéht the dose

carrier material. For exanple ropho
¢mnd:reoq1ré1|vtxedl zesthcmptlb:emdpeqne us g mvpitértpry flow. Such devices are

‘g %Tetor % r|c trix, with the overall
(Sﬂ%‘ eﬁre SritulPEs croparticles for direct
deI|very to the | ung. The pol ysacchari de or pol yner
act as_a further barrier tq the imedi ate rel ease of
knenhedimeatsagleive Proysng invegior St ptilcrcanysntoni! iphaleg, such

d&he %@o]ﬁm&cﬁﬁl)mﬁﬁal%f aQRhﬂ%e@fab@ves 'ﬂhé ﬁﬂtfclelsﬁze of the carrier
pol ysacchari de i s xant han gum | st suitabl

potiglee may rasgeeirpal arbqunéﬂud ebpeﬂ W)@em cln eagtadn of these

| | €. aci.dy. erred hydro
%%éé‘g?%ﬁ% the Par& "flzl carne% parti ches may gang)édfll’:org ué: 20pm
to about 120;,Lm. In certain other ones of these embodiments, the size of at least
90% by weight of the carrier particles is less than 1000pum and preferably lies
between 60um and 1000pm. The relatively large size of these carrier particles gives

good flow and entrainment characteristics.

In these embodiments, the powder may also contain fine particles of an excipient
matetial, which may for example be a material such as one of those mentioned
above as being suitable for use as a carrier material, especially a crystalline sugar

such as dextrose or lactose. The fine excipient material may be of the same or a
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state fatty acids such as oleic acid, lauric acid,

palmtic acid, stearic acid, erucic acid, behenic
w@eiod/08wr4 deri vati ves (such as esters and sal t BOT/GB2004/001627

thereof. Specific exanples of;; such materials include

phosphati dyl chol i nes, phosphati dyl gl ycerol s and ot her

20 exanpl es of natural and synthetic |ung surfactants.

Particularly preferred materials include netal

ditferanameaserijlfroma the easrigy pmgkeswbmemlaam preseiti She paficle

r a

I AR R R B ek A 08 R SRR o ggeterably

doe’ rioiekexdd®@Oum.conposi tions 25 which are to be

di spensed using a passive inhaler device, such as the

Di skhal er and Rotahal er devi ces di scussed above.

- iﬂ@ﬁ@wé%hﬁﬁ%lé@b@%mﬁﬂ@c@&%@ 49151{16‘152@ Q;{&gﬁeﬁts - 41ﬁld@hvery and

t he” devi ce upon actuati on and so the presence of
wetaapé- eFoperanipde.as dissussgdrbbie mdvvda@g cofvgppsitiane naay be forrnulated

wﬁ%glagvg}{mﬁ(ég gacich{e aar‘gicgers ftog ex t?ltolf%ﬁawm éI}aS]S I;:rber%lan

ztehi&d}biahﬁf: dianiterCofg A ter vhahmmnv;kw}ﬁhh kid the ﬂo’%&) pEdpREiesh. of the
0 089374 P / @B 4/ 001627 . -32 In s

B?W%ﬁns'{ lgtpeidvely, % w@egw %ropﬁﬁa]leama@srberﬁﬁyp%ed within a

&&ﬁ@@ﬁﬁ%xﬁy Fb%éﬂ@hpﬁ@ &he E?H%%ﬁ%ﬂi&n&fm% ECIQQ\AQJ. Irbe dis ersed

get er. For exanple, thé powd e prepa
1nr@pvlage@ph@rdqfarnqltmeisc ofatastwitke thra@eqralhlcompelsmon

%ﬁ%&%ﬁa%g% ?5 rnlcro art1%ﬁ??(gr 0% eﬁvertyhcg thL Elsﬁ nt’JI"lJlenV ysac(c)hande or

ive In
pinl‘eﬂhdft ds mhfﬁhlrtﬂhkr bBscride se thdomﬂna&mteeqelehkbeof:ﬂferdc&xre agent This

B bt 5 Srrieoromirhet Binerer A CHRIESR 20 R

E@a‘c@hﬂicﬁﬂ?%%thaﬂ_ ?ﬁmd St £¢LRBIL & ﬁeﬁ& 28:t&@s BRIude polylactic
achi eved for exa sieving the excipient. For

s rdrelyrediciagide a@d the 1#1@1 gléteéerrrqyblp)odéenlmmc mﬂﬁeﬂ@mndw@ solid
%gte%&g a&a% ST a%)agl%la%}/de ?aurlya%rgggj ?&ﬁ AR CS)Ief’aH 1% Qruclc acid,

ereby excluding ’parti “bass
bdtenidSmid arreteniva i (samhl ascisngs pad taled) e]sertahﬁt Spiﬁlﬁméxamples of

SR preRe e e e ainsty b P ROl gther

fsdpley &f eftahl YndbydiBasd 3@ % rttahhe BROFNLMNpAFert&] materials
partl cles are 5,mor l[ess In dianeter. As detailed

Beludey maselotiesa eorimprEIGubH, mogResiua siepits rerethys heanppproved
%r%‘eﬁg.grﬁquaaﬁ{ell}{g%l nhal ers, can provide a fine particle

acti excess of about 80% and an ultrafine
particle fraction in excess of about 70% In such

{etep i ice ST RE phs D0 A R e AT BR i HEposidons
Phittleke €9Bs dnptnsaaidgds paieivedehilar @6ricAkhdILLs the Diskhaler and
ﬁgtrail:‘l!dl%l: SGS:WE:P?S discussed above. These devices do not cteate high turbulence
within the device upon actuation and so the presence of the carrier particles is
beneficial as they have a beneficial effect on the flow propetties of the powder,

making it easier to extract the powder from the blister or capsule within which it is

stored.
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enhance the flow properties of the powder. The device

is capable of extracting powders even if they have
wW@own/08430wv properties and so the diluent materPGEl/GB2@d/001627

in such fornulations can hawg a smaller particle

size. In one enbodi nent, the particles of excipient

material may even be 10min dianeter or |ess. 25 The

dry powder inhal er devices in which the powder

TasRpysHEsusrdanses the PeVEs it inh#oder meH brintEPaisd b priping the

0
B s M B T RS e R RPEplired by
txinghtagathien gasticlksalf adoze sravdrial hé lgpvewter conpositi on

are introduced into the device in, for exanple, single
dose 30 capsules or blisters, and also nultiple dose

- R E@Emeh e ofethd FRERnt hecAus RO Lk lide! ArPfRivEBAKler, For
whi ch, on actuation of the inhaler, one dose of t he

FOmBL 27 & spiaifinhadetis Seraincdebovei the sprrios @agmmeqre preferably
B3 508 AR5 blly tRBAFYrC D adr A EG WERIAY g between 20

aeEisiuof it dntiter. plowddrsged partatd sive cambaharievkeviioe @xample, by

of f.er advant a s [ th t a.higher fine partic

Frus PSRN KR ' ostres brdint® 98 bani 5 GRBvEcn 4 and 70um, the
meReal ahy be sleved Iﬂhrobgh e&%aﬁﬁaph@m haa GBLmOEKEQEb}f &fdi®ding

of device were used. Such devices |nclude fo

RAtEAISS Ehatpraes theprghaibe @ﬁaﬁée%rﬂﬁ)ﬁ epeluding mékflasr that do not pass
tﬁ@@&g@p&lét@%ﬁa Scréed. %Fée’}grt Eé} I[ye{he é:cgnent is lactose.

devite- may- be- b tate evi ces-of the
ki nd-in-which generation of an aerosolised cloud of

Eteghis, Skt 99 35 Rlarh PoaeRburR Bhot 03% R RhE Shispombine

phH2titles 9&%@& I@r 165 9D WanitRer 0As 46 88VbelbR, b HBD Y AtuIAbN, when
to 50% b ght based gon the_ total weight of the

B&@waértereg ‘Fr‘f’ethﬁr%ﬁf?freéfacﬁﬁ?Hfhia}?és’éﬁﬁ|P|51>‘é1 ¢ arfiftepartifle fraction in

A5ERRY h  SS cOSLRSEL T

total weight of the powder. 15 Wiere reference is

lma sutch f%rrggfahlalg $ ereét%e odf ﬁpp ggmg A&g%ggée&gﬁnggﬁ\ggr%alenkg within the

(ﬂ?@fﬁttehip’qt). adtﬁk&tori; lolge pédldrcl s HoZ @ctd td hﬁld@ﬂbh@@ carner particles to
gFaﬁgr icle SIZF The artlcle si ze

%ﬁaaea@ Bprapqraeert therrauiati She ﬁ’éﬁ%ﬁ&aPVWéroé egfacting

P ddiS bfelfSRey H&JeU;Qﬁ)’i R BEG ki dRI PHtle HiluRB: Haﬁenal used in

surface of the article, advantageously the particle
sichdoghulalent ot epamalhetr @grtide size.o Imphhembodan@g, the

Igarg el ? gxébl%gt F30N9GP rr{a?r delvgr"la e q 0 pi%r in! cﬁamete(r: %‘rrﬂiess

The dry powder inhaler devices in which the powder compositions of the present
invention will commonly be used include "single dose" devices, for example the
Rotahaler (trade mark) and the Spinhaler (trade mark) in which individual doses of
the powder composition are introduced into the device in, for example, single dose
capsules or blisters, and also multiple dose devices, for examplé the Turbohaler
(trade mark) in which, on actuation of the inhaler, one dose of the powdet is

removed from a reservoir of the powder matetial contained in the device.
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VWiile it is clearly desirable for as large a

proportion as possible of the particles of active
woraioessl4 t o be delivered to the deep |ung, itPCEGB2004/001627

usual |y preferable for as lithle as possible of the

ot her conmponents to penetraté the deep | ung.

Therefore, powders. 25 generally include particles of

an active material, and carrier partlcles for carrying

Atydreads menttonsd,gn the caspeofirgrtein powders, aeactive telplerrdeapise offers

0} ter
a?l%{aét%é%sslg th% ﬂ%ﬁe} ENE %%gﬁet %g’ltt’l’]e 5 51?4 Iéi%trp tgﬁ sr19c¥xll;]tdc?5jse to dose
xdpsaammy itidre dﬂmmbretthmtf othbefoandidfideeicdGvaratueed. Stuch

ECR M, R BRI b TRER Kot 0P ot Slagiy Therspeurics

- -ROWESEh N RNRLRE -0 RS mQﬁb%@éﬁH tciuBted - RORRE-BEGhd RInMin SHth -

as in a separate | ocation within the inhal er such
gematationeofaddierosptistsbdoned of pawdar iscdigiered g iimrlation of the
2Qp4/089374 PCT/ GB2004/ 001627 -34 airfl ow generated

K “Pfihal ati on si mul taneously or sequentially with the

powder containing the actlve material. In some
¢l rcunst anc for ex npl e, re any carr o
VWarts Rieant %&ﬂ&f%ﬁf R Psr % fﬁﬂéﬁ? umé’?’g/wp to 95%, up to

B SEN o B/ Ur u% 1PI RN bﬁ lwdifisdse & BRARE Botff whiBHHEE MY Fowder.
sensation in the oropharyngeal region, the Carrier

‘Plag engheisofang/ fme @mlmtrmaf@;zlei, pi matenimmey paupctarp0% and
b
C&n§{a§£&}s§} ]%Ii) Ta 39 a eg{allgm;q:r IZ% Y%, b %el??fﬁa%'%e% ot thee total

carri ine’ part € excl pl ent
ﬁﬂ@hﬁ@ﬁﬂk@ﬁﬁmﬂﬂﬂﬂlto| Anot her suitabl e indicator
material is nenthol. 10 As di scussed above, in an:
enbodi nent of the present invention, an inhal able

WRMELSe FGRAROS inhd RMtol parBE10 i o p\é&\ﬁ&& MGk YdR&der, it is to be
aponor phine in conbination with carrier naterlm

wedesstanpl wler indisyied 4p (the Wypﬁ@h@eﬁréﬁlelsﬁze is the volume
‘gelgﬁ%ka a¥tr1é{l£ su%p?ﬁ@ Qﬂcﬂn Slzﬂn%? E)Q%%]{gﬁﬁb%lr%;{:% aser diffraction

I ne Conprls S aponor ori ae or
ﬁahﬂloalpd](‘fhm}@hiha @attclé alsd h&lﬁdeeankmisl&ixfmmerihhommb/e surface of the

event, the hine .is provi ded i n.an anpunt
SHEEE: A5t eRo M e Pt ARG B8 fgan SRR R a1 oithin the
HleP DA 123000inldR 2808 A6 QR4S taf ?mc@s aponor phi ne,

or form about 400 to about 1200g of said aponor phi ne.
I n anot her 20 enbodi ment, doses are provided in

WG SR U S el il 400,200, 1240808, RAS A0, o BR0 of BR particles of
reqﬁi remsntrg a%% ?eraésnc 2[g%&))%erl nd%\%%ua Oatl dnts.
Fauiveenatopdles be diadlselsdrtayhbéegr g dies dis ofualib@mtfetl@a@q for as little as
possH)tle op 819. &EQP Eotgggﬁena%sb £ peneQrate alboéjeepqgng Therefore, powders
generally include particles of an active material, and carrier particles for carrying the

particles of active material.

As desctibed in WO 01/82906, an additive matetial may also be provided in a dose
which indicates to the patient that the dose has been administered. The additive
material, referred to below as indicator material, may be present in the powder as
formulated for the dry powder inhaler, or be present in a separate form, such as in a

' separate location within the inhaler such that the additive becomes entrained in the
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about 900, about 1000, about 1100 and/or about 120049
of said aponorphine. Were smaller doses are
wa@ pdofiiogdzent to achi eve the therapeutic effect, PEDGB2004/001627

exanpl e, 25 when treating fe@ﬁle sexual dysfunctlon

doses may be provided of about 100, about 200, about

300, about 400, about 500 and/or about 600g of said

aponor phi ne. These powder conpositions, when inhal ed,

airfehegetsiryted oniiphalagon pimmltapequsdy eipeequirtiallgovigh thepowder
n preferably | ess than about 10

co%%ﬁ?mlﬁﬂe%éu rI%&E%Ireferably | ess than about 9

m nutes. This is supported by the pharnmacokinetic data

di scussed in greater detail below The data indjgcates
ot Rr0q eI el on CHITBR VAP Y BEAGTRBHIAes4Rel 7 any fine

- --é£cf$ﬂﬂérﬁ§nh@n§1 Zéres?éﬁl%se&t §nﬁ¥é§ﬁmtsél?€ap'%'8f£ éﬂhdé&hg Afsehd®ion in
doses of WD 2004/ 089374

PCT/ GB2004/°001627 -

thp @mgplpﬂwmgeat egic thetarnenpasdtioles ehdf drethd ing d:qcmrttheatenal can
cg ségger: (1-31)1(ei 1rirla caférvrgl %ﬁalﬁﬁ L gxabrré[ialﬁ,gth%bcégrée\? %%lflcllgsaz!l fc}/‘ or any fine
FHREES extipidng dndyrto&ﬂp&xsa hadameok Anetiet saitalsle @sdicAUE haderial is
fasg fl imnation of the drug fromthe plasm is

‘ageous because aponorphine is known to have side
effects such as 5--- drowsi ness-which
may-i npair-the-patient-fromperformng certain-tasks;

Az diycassed @be‘rmm ag embedinsentvadithe peesent inzemtyoms g 1phe1nble
Ag ?r%etﬁlscg)r?n %/ti(}nors) %&édgcp o%e&ajuldey apg 3 alh%rieoml combination with a

@Hléxﬁﬂnlte@ﬁbd’d’i eeinisle of atshiraljie epembrphine Bite o, dikabliyryl
dose i foil "bl ster" of a blister, pack.

Z‘li ed in ]317
WROSHRFP men fegnatiye eﬁﬁa@oal%ra B¢ GHAIEAS *RHYORHEIS ych,

IhyfdrodRotiAPeF tiapdnfoBheNEtn (R fredibslaBihal Iy imt)
oxi dation of the apoiorphine prior to adm nistration.

In accordance Wi th the enbodi nents of the present

nhan netvjegp tgﬁ? %ﬁltggjhlﬁé s %:SVIdg m Qla aga%r fro XQQ&&{%O&g to about

formila arr pgrior mnis i on
18080g exftsaild| 2p omxdrghine por bt it&)uaf)ﬁﬁmg phwta:)t 1i680pg of said
revent ed bg storln ose n a seal ed foi

Pigapmerft (Sunr bt oBrrst & Ioeiqe 35 &F??Lﬁ’é In another

SHbddiflc@nldds8s HePrBfiled i BrcARRNME BREAR Al 400MnX1 D5 Hhsed
however, in certain clinmates, such as those found “in

gpan thegpquiremenss pad rolkenen of fog ingirdual potiesy Fios examples,
&’&%?EH fH o0 eS'Bf%BQ tzlgoﬂsp&ﬁ’é Y50, §bb oty LH&& 700, about 800,
preven (f Imt edsl aci ng ur afi
iﬂqusl.‘)é@&homt @O@\O abunt higl0 mds(loedboml%Opg of s&d@lpoas)rphme
Leesdmzﬂflg dr(r)lsagsedre safficient 16 aghleve ale t?lerapseutlc eg‘gct for example,
when treating female sexual dysfunction, doses may be provided of about 100,
about 200, about 300, about 400, about 500 and/or about 600ug of said

apomozphine.

These powder compositions, when inhaled, preferably exhibit a time to therapeutic
effect of less than 15 minutes, preferably less than about 10 minutes, and most
preferably less than about 9 minutes. This is supported by the pharmacokinetic data
discussed in greater detail below. The data indicates that the C_,, was achieved after

between 1 and 3 minutes in all subjects except one and for all of the doses of



alum niumfoil. Further mechanical protection may al so
be desirable, to protect the sealed blisters from

waG@l200a9893dur i ng storage and transportati on, et cPCTTO82008801627

of the sealed foil blisters {;and opti onal seal ed bags
and/ or other protective packagl ng) 25 elininates any
need to include anti-oxidants in the fornulation. The

aponnr8h|ne dry powder compositiaons according to the
inerfgeAd, #téon of thesdrag feadn ithn plasmr s telatiyelyrgpid,

\trﬁfl B8 ?Pﬁ:fl{)ﬂ?engﬁwgﬁgﬁk{lﬁggg _?ﬁ g&gmesm lgE(.LBs% ?izfog all doses

consist o ase a ase nmateri a
featietl iatlee plarpracskingtiasipdiegnSnci3e fha)ehmmzrndm@ﬁ ﬁxetdrug flom the

the drug, a soft tenpered al um ni.u er . and
RIS dvaﬁ%lgffﬂﬁrbelcﬁ apo?}?épg;;ﬂ E’}l%\ﬁg by Baygside Fﬁgcts such as

5 - — (B3 des & wR . QXY AP Bl P @lent-Bk ﬁérf&ﬂﬁn? Q@ftyﬁﬁ%sks such as
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provides a relatively inert layer in confact with the
@pqxgﬂn%mot%mie?le@r hepruhepiipmeRts ductile so that it
can be "cold forned" into a blister shape. It is WO
2004/ 089374 PCT/ GB2004/ 001627 -36 typically 45-47m
ARBdgilonally) eloselparpqpabyatiey waaykp deprmnistdesdadd i, | 0ARIC, , and
ﬁyength to the lamnate. The lid material is a

fomat e conprising a heat seal lacquer, a hard
rolled alumniumlayer (typically 20-30mthick) and an
external polymer |ayer. The heat seal |acquer bonds
frocertpdn s@u%yﬁ@?eqtayétheopreﬁm inpepaiongpachl dasieAnsterefin npil

i e

058 ex o FHA QI padLEABLHT L, SRR RERER UL B0, oo such, it
isazy:@brtlant woptesedt Wishbatthﬂ:ndihydgmt)rmhduieam@ﬂ glmalppknorphme ptior

chl pri de PVC ol P). and l.yet hyl ene

oS B a PR B RS b ing s BEUE Bebeet Mgention
WURLGAZY 6] bEFeRd e PR shadTh Hleh o REAhatibA tBra@SStidd ®eministration
Met ered Dose | nhal er Fornul ati ons Pressuri zed netered

tod amppteRtables oTigMIPY of Yl tRAmPhinFS it IMsVeRitp dciedng gach dose
ﬁﬁq@ée%ie%rfoﬁm%qe he s@al@@ If&llll1 bh&@ @'ﬂy‘% r&@gﬁ}; 19% ﬁifﬁgfeﬁt to protect

IS case aponorphine or its ceuti’‘ca
decpotaiphinsdrds o@uda@s»nehsx)rexaar,emsctemaedchmdles, sp.u:hss tirase found

f d
B S SO B s Do PO Sy SEa00 BBl anc
H'%dib isliy fuxaae&e}ﬂbﬁl@éd (/Mrlumleézi)tb@lpladmg alpmmhﬁ}aﬁaﬁls&frs into a

ormul ati on, althoug i's pOSSI ble to have

t he
S1thyr serderd eontaimestsork 2na S?\?éf“ll agrmedechor sEapPledoitdtuch as
E,Mﬂﬁﬁﬁlﬂ {5611I rlﬁdrﬂ%@%@chgﬁ'ﬂcyl?go@)&tuloﬁtmgf 29 %'d%glr'ﬂhce to protect the

contents of the canister di scharged. Aer 0so
septtidddistaym fiomm daislpwéle@lng $t9mgehed|ctmst§/tafa@pl ey¢ n@ha use of the
nent

€ !
seédc’:eépﬁo hégecr:o caasr.{ontahsea a B élﬂld o %t%lef },)]r(:)ot\e/?Jl Ve e;%jicEagmg)
élithinatesang neadu&b ﬁgldd’é&mmﬁdmdﬂitb Gxi t]&’ifdthﬁilaﬁibrl o be
conveyed fromthe
The apomorphine dry powder compositions according to the present invention were
transferred into foil blisters for the experiments discussed below. The blisters
consist of a base and a lid. The base material is a laminate comprising a polymer
layer in contact with the drug, a soft tempered aluminium layer and an external
polymer layer. The aluminium provides the moisture and oxygen barrier, whilst the

polymer provides a relatively inert layer in contact with the drug. Soft tempered

aluminium is ductile so that it can be "cold formed" into a blister shape. Itis



val ved outl et through the receptacl e conponent and
di scharged froman outlet of the receptacle

weopossn . Upon di scharge fromthe cani ster, PEEGB2004/001627
medi cation particles are "atggsed" form ng an
aerosol. 25 It is intended that the patient coordinate
the di scharge of aerosolised nedication wth his or

her j.nhal ation so that the npedication particles are

‘éfﬁ'tctaléi’ ?Tga*%ﬁl ik Hag PRiSE Pelymfs fYcaP BTl htiangl strength to
grny&wede. t ont N8 PGS is TYRhGAL %mpﬂ@gsa YE8£t seal lacquer, a hard
propel lants to pressurize the contients” of the cant ster

elidd tabum@dump Aaype(typivalln@ei36pti thitkpand axg e rmitpobfmétieyer. The

utl et,,of the receptacl e conponent n | inhalers,

it A Rk P € P GoPurtr A ot b P hopi a8 near
5. -—$c@fihgleTheialubhiBidni iy e £ RHa2H B6ledPdoOREilivItE Pidk &g, - Materials-for the

propel | ant, The praopellant can take a variety of

polyms: layehin eondprsMath theedyg dpdndepelywan] @éwp% e,

' g

BOIPAEISES Boiusleay s 94Ee (BR) 238 U AIRAL T Hibs on the base

£oR1Gs (tpikdlyoddanvedpalyboide (@Pdpel | ant s such as CFC 11

and CFC 12, as well as HFA (Hydrofl uoroal kane)

propel l ants such as HFA134a and HFA227. One or nore
10  PfelpaidedNIsteEYDBE: LR lkriFbrenu®iti@s fornmulation. -5 In

order . tq better_ coordinate actuation of the inhaler
RrestroissHareeiesiiose anbplera MR typicadly haze (uo spmnomentsy 2
i R UG P e
plrrirmestitiqalp adwepiabde satchr astras) arbetodetenda pressure in a
auvommtl gally bl ved, when Lhe patLent bnhales o 104 Bd actuat
ACROVAZACE "W FR™ (8T AP 2 b Tt e RYEP gy Hlée%rt% 8t and actuate
15 theveRist@NTypgicfllyDh cahioteitiiBico@fid SruligRd dbeesdsfl th¥ &brhiigtion,
ponor phine to the lungs of the patient. The .
%&m’rtghﬁh}Srfé)SF lefiodvAvasirala dase @bttt 2 6t aboGtnistspgomponent

%%ic%ﬁ? 13 RQQG 1 8fc dSRItH t FRARQ %ri@mh@%on&{ntg L meaxpﬁﬁgter can be
04g  to about 16004g of said aponorphine, or form

dischargh Aoyl atrginativR(9 dispknssdi fdora pberpMIDI hp applying a force on

not her enbodi deoses 15.are proyided in .
el R aBeTECly ntdT s B6GaB .l tikn by opeaing
20  tedguilveenanles asd dadstl ethanaedioftidagarticids Yo Bel@bnPai-d €rdss the

Fqr exappl es, doses nma e provided of about 400,
Kbt o540 ,tﬁ%ﬁgﬁﬁ% e%ﬁepg?ﬁgeu?owwenas%éms reed bR 290w tlet of
#R04EeptI0 coBPOMnt 116 n R oM thd 29049y Qhe $Rd Ecation

aponorphi ne. 20 Where snul |l er” doses are sufficient to
paticlsy ere eomived afretning 2afapraspl. for exanple, when
treating femal e sexual dysfunction, doses may be
provi ded of about 100, about 200, about 300, about

25 K00 intedodrdt thaOthegrdieot cadxdittat&Ogliathaggi ¢f aerosolised medication

with his or her inhalation so that the medication particles ate entrained in the

patient's inspiratory flow and conveyed to the lungs.

Typically, pMDIs use propellants to pressurize the contents of the canister and to
30  propel the medication particles out of the outlet of the receptacle component. In

pMDI inhalers, the formulation is provided in liquid form, and resides within the

container along with the propellant. The propellant can take a variety of forms.

For example, the propellant can comprise a compressed gas or a liquefied gas.
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aponor phine. 25 In certain enbodi nents, the pMD

formulation is either a "suspension" type fornulation
w@e00a/08804 uti on” type fornul ati on, each usi ng BCT/GB2004/001627

l'iquefied gas as the propellgnt. It is believed that

the in vivo affect of pMD formulations will be

simlar to those of the DPI formul ations descri bed

above, in terns of tine to therapeutic effect, and

e blei prapefianthinclysie i€ (dowdhorap gy mrrpellagvprudgras CFC 11
WF& %',“Qs%‘é’ﬁ’ WEBE A ﬁlflg&rbﬁﬂopomaﬁﬁl%g@ﬁ#tggg& gsnggl 34a and
e nost’ appropriate‘for ~system ung delivery as

HEAg2Df Oate dih@ofd preptllantsinay dachsedin bHgivenrfermaktiby. WO

2004/ 089374 PCT/ GB2004/ 001627 -38 optim sed through

nmodi fications to the device. Recently devel oped val ves
~JnCorder tANEkd :AYodihE RN BRSBAKI-tRL -8R fofifh RAYGRE: 2 breath

I ncreases over current systens, neaning that |arger

wystehydve opeem ceay rorsedt iSakh yysemesl ete aveilahle; for example, from

| utd 0 n.in uspensi gn t PMDLS . o -
BN S EAR! SV Rk PUERRE RGeBpBdyne device, ana
thef hd abseoinaufmtiatilelly fiesdywhén tlepsitiehphitntsest ers (for
exanpl e, diisobutyryl aponorphine) wth HFA
propel l ants. However, conventional solution pMD
1L B U s walheceR@ln BbbENRMA L OF e p'k@se%l@ RERRELAL £pMIBT
the delivery of aponorphine or its pharnmaceuti caFI y

mowafstiablie used tosdeliver therpanmtobisie| tarths lurgsedithe pati¢ng, The
%Po‘i’n”oox{aBﬁiqu S58ed f 4LEnY0 tgf?gr'neabto ¢ ?80 I 8 MU\R4880pg of said
sing A | e H%0

current approaches and aponorp salts are
feinssrphineber fdoal Abdwat3@dpgaso sodutt 16008g ofi sdifApomorphine, or form

ropel J ants. For anpl e, .aponorphine_ HO _requjres at
fheaEAougicinedrOfer Chtid abras B¢ L fagsher cmbodiment, doses
ARIpYBHEEL Yo I rdHERE HbEWRIR M0 2n AAJ0GIC BasiSifFBhwoul d
nei'ther be technol ogically acceptabl e or I|keIY to be

mqespreetsppdgateranse of thy mdivifed] potientsa Foysramples, doses may be
1,0 rati £, < j iRV

R B, BLLER app ST, 26505 R0, F AU Bflue 000,

oaw 4 000y aboonhEt 2oty oniab bu ¥ 300Rg wd esidl aploal@phine20 | n

t he past, formulators sought to mnimze the amount of

water present in a pMDl solution because water was

WMRYWNsth £l QIBUELa rk REFHdidIR tPAERiEd Ehef ﬂh@k—?a%ﬂeﬂﬁc offeéth€or example,
formulation (e.g., as reported in WO 02/030499) and/or

vhen tariéns fomalspeypl disfunstiony feses sran it apiagifsdecfrbougd00,
1500 2bE e ¥60, UHoBP8d6 )about 500 and/or about 600ug of said

apomorphine.

In certain embodiments, the pMDI formulation is either a "suspension" type
formulation ot a "solution" type formulation, each using a liquefied gas as the
propellant. It is believed that the Z# »ivo affect of pMDI formulations will be similar
to those of the DPI formulations desctibed above, in terms of time to therapeutic

effect, and duration of therapeutic effect.

Solution pMDI

Of pMDI technologies, solution pMDIs ate believed to be the most appropriate for

systemic lung delivery as they offer the finest mist, and can be more easily



25 In accordance with an enbodi nent of the present
i nvention, a pMDI solution including aponorphine or

Wo e@4fpsmsraraceuti cal |y acceptable salts is surpPCEGBI0Y/001627

provi ded through the deli beraj,te addi tion of water to
the system Specifically, it s bel i eved that a
sui tabl e pMDI solution can be obtained by adding the

aponorphine or its pharnmaceutically acceptable salts
lerals dpepglamode@amom@ o whe d¢vigencResdaty Heorlopdl wdlorst (c.g-

50%.t
a(Vf zlbli fij? i t r aig{r) é)ef' s oad m ease?_“:_x Acfzc.}lrrent systems, meaning

thit birder3ydedicdddreptad bu&mpm;obaﬁeﬁveréd @Rciter pRADEsGhan in
about  10% w w water, and from about 0%to about 47%
WERERSEAGE PMPEF er abl y, the water is provided in an

5 -—anount._from greater than 5%.t.0 about. 10%w.w. Wth.__ .. ..
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regard to ethanol, it is WO 2004/089374

Mﬁ@p@ﬁm GoheRves G@Qb@nm‘deuoqtbparp foundedonnf@ndelivery of
ampunt 0% w w.

RO B SR Ot ST Bl AR bt PO AR E) SEaF reeBellants

hydrochloride in addition to the HFAl134a, water

and/ or ethanol. A 3M coated (DUPONT 3200 200)

Eaiiestte FO%‘éﬁﬁ‘“Béa LpodriiopsP Mk teghiigpesrare gpt Pﬁ]ée"eﬁl’falbér

BEAXL 0 115&2-&%% Me%H:GR }%%Q Jh% WP L dePrable sal

%eiﬁ €er apjé)rmr hind or s | arem;ce[}% cally By Fockftable salts

wob éﬁfélkylrep@ahtss Specifivally, upgglorpbwe‘besre is Sge plemsbbtnto be

D O B R I

feehildted apddhtodniel FAFA I&bpé]lﬁhn&@ Bbhefam s o nid mnecHCI

t o suspens ose . .inconsis a&qgﬁnm es,. va

1 Qn
mqatrﬁ%@elea%ﬁ&]%i@ﬁewsﬁos Auitahle gppegepfable lukylity n these systems,
S6d ;dcnlrbg;mmlé%uw B@ﬁeelr&aeem@o yoi&@l%tﬁbles&slﬂéﬂﬁioo&

pMDIs ténd be nmuch nore conmpfex ‘to or mul at e "and
mnpﬂfeddvmaeema ol with snclpd/Bissem,1Bsdlntien coretmtgioniath

Q?/%f /@?O 15 acﬂ}eveo hlgh RY x%g']? ECIO‘W t\f'x%netffe%pv% ngc’el“sls escr%be% above in

ra onorﬁhlne or pharmaceu
aﬁﬁ&phabh@ﬁﬂ@hﬁBoWSaﬂhﬂMk@ed Preferably, the
propel l ant of the suspension pMDI is a blend of two
commercially available HFA propellants, nost

1 86130 ¥ Rhotds 60HHFAZAAirki}e thelardodntdoBwater present in a pMDI
hept af | uor opr opane) and about 40% HFA134a

{olution bocapeg water yos epware)tedmys the Z@leamﬁidaétﬁcehewé dhe

for}ht}]ﬂaqjon @ S'a.% quérggﬂfnuw 0&% b% L 4fK Sl. tt%’_ﬁlg%}clgghggt)ablhty of

out addi’tio er’ exci
thiedoestiavion (hgt as tploredsh ¥ &rS96e@di | y capabl e of
manuf act ure, al though ot her excipients may be added at
low I evels to inprove pharnmaceutical el egance. For

BXAEBt @uncO®b@ihds ahbedietdnt 69hdhARddnk iaRchtRRQUipMDI solution

including apomorphine or its pharmaceutically acceptable salts is surprisingly
provided through the deliberate addition of water to the system. Specifically, it is
believed that a suitable pMDI solution can be obtained by adding the apomorphine
ot its pharmaceutically acceptable salts to a propellant solution which includes from
about 50% to about 98% w/w HFA134a (1,1,1,2-tetrafluoroethane) and/or HFA227
(1,1,1,2,3,3,3-heptafluoropropane), from about 2% to about 10% w/w watet, and
from about 0% to about 47% w/w ethanol. Preferably, the watet is provided in an

amount from greater than 5% to about 10% w/w. With regard to ethanol, it is
g g



40% HFA134a were prepared w th aponorphine
hydrochloride in a 3M coated 25 (Dupont 3200 200)

w@2004088r4 Wi t h a Bespak BK630 series 0.22mm acPCEGBR004/001627

The results of these experingnts are di scussed bel ow

in connection with Exanple 1I6."  Nebulised Systens

Anot her possible nethod of adm nistration is via a

nebul i sed system Such systens 30 include

weferavly povratiediin srasonivet fretdbiosie 2%yt abont 40% Wéw. Preferably,

nebul i sed syst L 1.aS [ s recently,introduced., .
hiAaL SR VRLE e R 8 e P fRdbebaiAl FRPEPrdgn
Fdedd:d foale RS ALAkerQndy be e ARl (Aa3Mi doatdde DURONT 3200 200)
Atadignm). In such a system the_ aponorphine or a

aistereea e watl iy the eapttehios thafnhalit. est er t her eof

5 -could be WD 2004/089374 PCI/(GB2004/.001627...-40 . . ...
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stabilized in a sterile aqueous solution, for exanple,
Sisphngot pdMdHant s such as sodi um et abi sul fite. The

oses .wou e simlar tqg thpse descri bed abave )
cipeaten PMP S i B nmcbdih i S HRars gt bhasmaceutically
RRES@PleadRs & (RRARY. PHoRRvEN 8hspehiibn pMBI hike hutiBerd &E
a nebulised system Although these systens can_be
disedyantagey BeeemmlearspensivnepMEHs gedeplly dpives jawarmoses than

gﬁé&gﬂ Pﬁﬁ)ﬂbﬂi Care E?&rﬂ oo th&f ﬁ?uegfr,eﬁ{efdi ey s%ﬁ%%ﬁesgﬂg, e.g., dose

convent ence o 55 Exanpl es Various exa
incbugsteatien galviablodkagntand suspeansinsiosis biidied ¢. pywsettlivigps For

therwise 1 tated, the i er device used in the
BenieeTan sl R st o DUGHS b T miek R cblex to
Megtulita ahd Mdn@tactieaiPd Soldtiof Iation of |actose A
sieved fraction of Respitose SVOO3 (DW I nternational
Pharma, The 15 Netherl ands) |actose is manufactured by

H@§c%i09<93|n19!:‘ I\x%tlﬁ@ﬁ@éﬂnﬁ!}dl%@ e @h9p1%§gﬂt iﬁ‘lf&\fﬁm, Ilgh%etnﬁié)n pMDI

material Is then sieved through a 45m screen an
foetapiomedphimt er it phaimagolicdlt adepteblgurks isdproaiigd4 Breferably,

how t re ts of a partigcle siz nal ysis of. two_ .
ety ST foubrnde” B B Be0f R Lo KtaP st vaiabte
BO00propRNaH 8 ChbE ke ita BV B OG0 % IHBIE A 22TR(1L 15 1,213, 31 3-
(Malyern, UK). 20 As shown. the |actose had a vol um§ i
hentaHerarrmpsmebind akant 4060 HEY g (b ded-tetgdlnoreethany) ofThis
%}gﬂ%@p%weﬁ nRi-2BAMic.l QPbilfy 4R Qf ddnsRMARAEE)ithSut addition

out 55m and a d90 of fromabout 85 to abou%_ 95m
ohBrrtien eddipiegsn TS iy afggestive thhesuthapsttms are readily capable of
manufacture, although other excipients may be added at low levels to improve
pharmaceutical elegance. For example, blends of about 60% HFA227 and about
40% HFA134a were prepared with apomorphine hydrochloride in a 3M coated
(Dupont 3200 200) canister with a Bespak BK630 series 0.22mm actuator. The

tesults of these experiments are discussed below in connection with Example 16.

Nebulised Systems

Another possible method of administration is via a nebulised system. Such systems
include conventional ultrasonic nebulised systems and jet nebulised systems, as well
as recently introduced handheld devices such as the Respimat (available from

Boehringer Ingelheim) or the AERx (available from Aradigm). In such a system, the

apomorphine or a pharmaceutically acceptable salt or ester thereof could be
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of 10% 50% and 90% of the anal ysed | actose. 25
Exanpl e 2: Preparation of aponorphi ne-| actose

w0 oooassrd on Aponor phi ne hydrochl ori de was obtBCTI6#2004/001627
from Macfarlan Smith Ltd, anggwas micronised
according to the follow ng product specification:
> 99.9% by mass <10m based upon a laser diffraction
anal ysis. Act uaI typi cal results of the | aser 30
stabakizeiddn aaienly sagequs sOIuon: 601 GREPIY Fothangoxidants Juchngs

[ £

DO0ER Bl ISLANG GEO0RR IR bl Shflac 18 e S BMRLI R,
alalymkmbfd ke dao cBheidanmnrtbh idmermpdcremmyemf agpemuaphine that will

roni.sed. wi t itro (rat h than the co nl
Shih Qi § natlis L 98P A R0 dbtsd gy sfitieicon be woed, they are
clftagwlﬁgermg O0ADIE 37 RALLGBRAMLIQIRAY in 1éhns SFofABRncy and
5B showthe results of a particle size analysis of two
demvemiencesdf ¥s¢e i croni sed aponor phi ne hydrochl ori de
performed with the Mastersizer 2000, manufactured by
Mal vern Instrunments, Ltd. (Malvern, UK). 5 Exanple
sledr epar ation of 200 m crogram formnul ati on 70
rans of t actose le 1 ,were to a :
S P (Dot edhe iv<aipp 36 Soered bEPY: il Ghervise
dehied Nihe il SreflvaRAFRA BR HE WP QACHA O ASpinaE ﬁrétla%ifoe inhaler
added. An additional 70 grans of the Iac}t)ose of
ey ¥eqtugeknitétbn added to the nixing vessel, and
the resultant m xture was tunbled for 15 m nutes. The
resultant 10 bl end was then passed through a 150m
< paggiopeofcldciosend (i.e. the portion of the

o kLB R ‘e Haer ] P, The

Kb S F1b hsh 1RPoRfis mum@maw)@a PA6sih @61LIRSBa ReMDAIrou §a 63um
determ ned by _an Andersen scade | npactor (U.

DEe- @habtreﬁereé) 15, thap péavae aronsh 2008y scres g%tt@dr%md material
i '&8119&&9 AL §hesanpi e lhe Pésagsegﬁggmleﬂe Ral LABUALS two

he particte size distribution for a 0se was as
lﬁz@theewsf thé-lanesp pretfiocined dogea (\%t@tsﬁdr?@OOUhtanafaicneed by Malvern

Ioartl cl e ods%]v%Q. S"gJK?Og 20 MVAD (Mass Medi an
RSTBAF AR BV aNet®r Y& 94m Exanpl e 2(b): Preparati on
of 100 mcrogramfornulation 72.5 grans of the | actose

of Exanple. 1l were placed intgo a netal nixing vessel of
2As Slgcm’lt,éb? lectpsediad asvelpmegreighted @stn Afdrpreedout 50 to about

%mrcﬂpbpﬁoﬁy%&ﬁm @ﬁ%t%ﬁﬁl, EQ&‘O of from about 50 to about 55pm,

and a d,, of from about 85 to about 95um wherein d,, d;, do, refer to the diameter

of 10%, 50%, and 90% of the analysed lactose.

Example 2: Preparation of apomorphine-lactose formulation

Apomorphine hydrochloride was obtained from Macfarlan Smith Ltd, and was
micronised according to the following product specification: 299.9% by mass
<10um, based upon a laser diffraction analysis. Actual typical results of the laser
fraction analysis were as follows: d;; <lpm, d;y: 1-3pum; dgy<6pm, whetein d;, ds, dog
trefer to the diameter of 10%, 50%, and 90% of the analysed apomorphine
hydrochloride. The apomorphine hydrochloride was micronised with nitrogen,

(rather than the commonly employed air) to prevent oxidative degradation. Figures
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25 added. An additional 72.5 grans of the |actose of
Exanple 1 were then added to the m xi ng vessel, and

W b@4ogsi t ant m xture was tunbl ed for 15 m nuUPEFGBII14/001627
resul tant bl end was then passed t hrough a 150m screen.
The screened blend (i.e. the portion of the blend
t hat passed through the screen) was then rebl ended for

15 mnutes. 30 As described below, with reference to
¥ gud 6B shawathd re‘z@lts o acpamdt nizbanelpisis optwo brtolnes e the

2(c§ n1 (P 2 (n?cg h rRroc%rl er\f@ Hw tﬁ\fﬁ“é .ars]t‘?er izer 2000,
ar P§ fg 1|1;1U ? Vﬁ'] a | Ow s%ear
Iﬁamﬁactdtesi by Pratveen Dx)/stﬁ'ﬁdidrﬁi |Laan(1\$ﬂwemi; UfI<t)c Equi pnent

WO 2004/ 089374 PCT/ (3B2004/ 001627 -42 Ltd of
Gat eshead, UK. In other batches, the m xer used was a

%@Q z@ %;m&ongf&@b d1§r&,‘rlﬂn%%uﬁlﬁgﬁr i xer which

S 'S rirstison Scientific

Hojgria plmftthttla:ttosl of éiggne:gtaﬂ ivome ‘p@se@ bowen metabenxmg vessel of a
setnl(_ss%t ive the [ gensn ty of .the mxXxin es
SRRl PEER D 878 Ob 4 T P BRRERO O

Adtea) Pt RlitiondlF0RPadAs bOheSACDEe oHE&%quuM@&Bdlewlaﬂhedito the
nmet al -vessel -such-as the I nversina mxer referenced

e veElatl Bheesylies MEBrAtE Mah tyrPiedriRt | afpightes ntlge resultant

BkhSWaE %hen‘[ﬁasg&f b dQ A50,8h s@%@ﬁpi“ ke s&@é)edaiﬂgndz (R) the portion

were each cor por at into blisters in

cﬁfoﬂhjedql\g:mbthnapmpd thiflengle th $dr¢(gr)am§ thén teﬁéended for 15 minutes.

aponor phi ne-1 actose fornul ation were placed in each

blister. The base of each blister is a cold-forned

'Hhél Phaticlensizedlis gibakion fodrihe dpcﬁﬂhefpkﬁné Bdﬂdkatlﬂmafer Qfsi dfdrédned by
yam de (exterior), 45m of al um ni grpn éentre)

Mﬂé?lﬁﬁ% Chegarts Tpmattpr (Oor He rpir 4714 EPrarassor B0,
daa el ’Jh%qlrtoiggﬂdc%kﬁge el dlsﬂ'yi‘yédn Qnapa.lﬂﬁéllalsgﬁe patticle size

l'acquer. After"the fornulation'is |oaded 15 into the
distrpition fof 2 2ABrDHPsterssas fioHewsl | sters are seal ed by
placing the Iid over the blister base, and heat
sealing the lid to the base via the heat seal |acquer.
Eﬁeipragudm'tlbéeakaﬂmml opnent the al unitoipgm PVC blisters
ﬁ descri b abo e were used. Duri ﬁg t he course of
VHertwe piyti ﬁé‘Ps‘? T2-P8hnol ogy reasofZ¥8we al so tested

ﬁ@mbumm T feloll xewasyheafc ORBERetbhi st 8usm expecting no
di fference in performance. However the results shown
bel ow in the table bel ow denpnstrate that the PE
ansj der abl y worse
' ' g t he
aps @mphbﬁﬁaehydbmhf medpledhemeqﬂhd;eﬁ idegs atesd rmixidgheessel of a

E 1ta%F nrgl%ce? f5 gt;rams of the micronised apomorphine hydrochloride were then

Wetre then

added. An additional 72.5 grams of the lactose of Example 1 were then added to
the mixing vessel, and the tesultant mixture was tumbled for 15 minutes. The
resultant blend was then passed through a 150pm screen. The screened blend (i.e.
the portion of the blend that passed through the screen) was then reblended for 15

minutes.

As described below, with reference to Figures 7A and 7B, in certain batches of
Examples 2(a) and 2(b), the mixer used was an Inversina Variable Speed Tumbler

Mizxer, which is a low shear mixer distributed by Christison Scientific Equipment



pol yet hyl ene. 25 Table 1 - Differences of nean drug
retention in PE and PVC blisters Man drug retention

wove@a/ogh3eyg retention PE blisters PVC bli st er sPCUGB2004/001627

43.6 g 12.9 g Initial stabiljty 44.7 g 13.9 g Initia
stability data using the PE blisters also show an
increase in sone of the related substance peaks
conpared to the initial peaks after 1 nonth this
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aponor phi ne-1 act ose fornul ati ons of Exanple 2(a),
sefrserecedabeve-or mul ati on conprises 6.67% drug (200g),
were placed into heat seal ed al um nium | am nate bags
to replicate patient packs. Storage conditions were
Bian?NE 3a itk obp8barieh atfifeemtiativalidty blagds 40C and 75%

el ative 10 humdity (accel ed storage conditions), )
%%?ogwﬁawﬁ PRl Gor A beR <5 E1CH HEoOaIF giblisters in
QRFoNEMngWhirdhel € Ithrllatn@B o Qs o MMBLP o ARE BnBRER HPhulation
both storage conditions, with additional test dates

weregpleasAtip sackobkigten hEhahebe1of eapmblistef tra cdiflifermed aluminium
e % rel at] i di e r

AL B3R 0 SO LR LBLAD UL B

dibmitiemchenmie)ahnd P {inteyiore dBhe lid of He: lslisady ik imiadeaff a hard-

t he.drug supstance. This is cessary_because .
&9@6?;3%%1 lffgffwy%?’ﬁr cheof sl eBpar AL O GFoplafing is loaded
1RS Habhesrior RATthE GULRFS, Yhd Bliskh18 2P SSEIACH; ?I_fzciﬁé)fﬂ@ﬁé @vEr the
and water. 20 To test the chem cal stability, the

blatenltaae.iaod heas seadingvlellid to the base|vanthraeat berd rcqusrd

the blisters and was tested using H gh Performance

Li qui d Chromat ography (HPLC). The assay value is the
Periog mitialf devialo pexepe ch e duapoivnr/FV G blisterst @ntesofibed dtove were

{sg?gﬂu?itglg 31{11’ 8(5121:35@? glﬁeg%ipxgy !Eri'lobtsflofl ?e%%ngﬁ)egly resal'égfc’lg) vlvg altsg %ested

aluminium/polyethylene (PE) blistets, expecting no diffetence in performance.

However the tesults shown below in the table below demonstrate that the PE blister
material appears to lead to considerably worse performance. There is also evidence
that the apomorphine hydrochloride chemically degrades in the presence of the

polyethylene.

Table 1 - Differences of mean drug retention in PE and PVC blisters

Mean drug retention Mean drug retention
PE blisters PVC blisters

DUSA 43.6 pg 12.9 pg

Initial stability 44.7 pg 13.9 pg

Initial stability data using the PE blisters also show an inctease in some of the
related substance peaks compared to the initial peaks after 1 month this suggests

that degradation of the formulated product takes place in the presence of PE.
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are shown 1n Figures 6A to 6

The chemical stability measures the stability of the drug substance. This is
necessaty because apomorphine hydrochloride has a reputation for being unstable,

particulatly in the presence of oxygen/air and water.

To test the chemical stability, the formulation was removed from the laminate bags
and the blisters and was tested using High Performance Liquid Chromatography
(HPLC). The assay value is the percent of the expected apomorphine content of
the formulation, the relative substance (Rel Subs) is the total related substance
peaks as a percentage of the total peak area in the chromatogram. As one of
ordinary skill in the art will appreciate, these values (shown in Figure 6A) are well

within the acceptable parameters of 0.1% for Rel Subs.

The physical stability was also measured over the same time frame. This is the
"petrformance” aspect of the stability programme, investigating whether the amount

of drug delivered to the deep lung will differ over time. The results are set out in

Figures 6B and 6C.



10 493 11 497 15 A graph showi ng the delivered dose

(g) for each of the 10 neasured doses is shown in
wWO2@ung9328A. WO 2004/ 089374 PCT/ GB2004/ 001627 PCHEB2004/001627

Table 5 - Hand-filled blisterg Test No. Delivered Dose

I ndi vi dual Mean for Doses 2-11 n=10 (1 ND) Mean =

556 2 536 SD = 25 3 593 % RSD = 4.5 4 591 5 584 Mean

as % of nomnal 6 539 93 7 521 8 543 Mass Bal ance (%

9 545 = 92 10 560 11 548 A graph show ng the

R MRS IR S R il Pyt TRORHIER, (A% Snany

desitei gl BOES ey, svieeatiai fnisnghdthveasapanep giddyén hasrdaee with

for ations re subjected to.testi in n .
AL POt OB HIHARERe UiforRits cddhe fdivgnedfinseip galcnlated
5 -ddbal@blondatanlesehirbed=bel aWe-bARuLABAKAE 209V E£EG blend

was used in conjunction with three instrunents, a

(medeiacSerdine 1o heistpndatd ergemplOnBiled at frygpiping2enominal dose of

(](5?) ter 601, Apparatus 4 (2003), an Anderson Cascade
n‘g'ctor (ACl) (U S P. 26, Chapter 601, Apparatus 3
(2003), and a Dosage Unit Sanpling

The aerodynamic assessment of fine particles was determined using an Andersen
710  Cascade Impactor (ACI) where FPD=Fine Particle Dose of <5um and FPF=Fine
Particle Fraction of <5pm. The flow rate of both the uniformity and the

aerodynamic assessment was 601/min.

Table 4 - Machine-filled blisters

Test No. Delivered Dose
Individual Mean for Doses 2-11
(n=10)
(1 ND Mean = 503
2 489 SD = 14
3 495 % RSD = 2.7
4 508
5 514 Mean as % of nominal
6 532 =89
7 488
8 506 Mass balance (%)
9 509 =98
10 493
11 497

15
A graph showing the delivered dose (ug) for each of the 10 measured doses is
shown in Figure 23A.
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Apparatus (DUSA) (U. S.P. 26, Chapter 601, Apparatus B
(2003). Each of these 15 devices has an input for
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used to nmeasure the total nggnt of drug which | eaves
the inhaler. Wth data from'this device, the netered
and delivered dose is obtained. The delivered dose is
defined as the anount of drug that |eaves the inhaler.
Thbless WH2A0041ed8083#4s PCT/ GB2004/ 001627 - 46 i ncl udes
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(aerodymam ¢ sizg distridution) pMednys Ponllepmirtal ers
(DPls) in 10 accy ' 263 Chapter 601,
Apparatd% 4 (2008) and P# accordhnce with the
~European; Pharmacppoer a, sMethod 5 2. 9. 18, Apparatus [C
Suppl ement _2000. | The ACI_is anot her device for
estimtithg deep |ung debi¥ery of Bﬁﬁ?gabﬁﬁﬁé?)
torrutatd-en—HherAG—-smti—stpgeycascade i npact of
whi ch cé% be used for 1%4 eterm hing the particle s|ze
(aerodypgm C siz€ distrgpytion) of dry powder inhalers
(DPl) in accordahce with USP 26 | Chapter 601
Appar at 4é 3 (2003). As &&%cribed|bel ow, the MSLI and

Al ac HE NP [) (| L :
the—ACHtesting—devices—canbeused—to determne;

inter alia, the fine particle dose (FPD), i.e. the

@%Pdﬁl‘l sh@ﬁmﬁ’g the, deiveted ddie (119 fiok efcdgs thie, 10t fhadsuirsd doses is
measured in the sections of the testing device which
shePndpdtigareidBh deep | ung delivery and the fine

particle fraction (FPF), i.e. the percentage of the

et er ed dose which is nmeasured in the sections of the
Festplag: Hehslationtiaétedg correl ates with deep | ung

%.?lté%r\és% Xfamzlrsl F ur er%%rz)ﬁhneen%c%)ﬁ% If!)]‘hmulﬁgé’l(a'ﬁsﬁ%gesu{)%%wdtt% testmg
dsatgnai A&pmdir pfot&y@e'@dﬂ&l& The FPD FPF and MVAD val ues
were generated fromthe MSLI and ACI data using the

Copl ey Inhal er Data Analysis Software (Cl TDAS) V1. 12.
Tao AL O Sbtahh th@qm@alhﬁ;oﬁhﬁmeg&ﬁbe@ Belé®! tReliahileNgevice was used
which are identified in colum 5000. Flgure 7B

ipreowjuwietion atith thoee mntraengints, 8 Adpltirage Liquid Impinger (MSLI)

(U.S.P. 26, Chapter 601, Appatatus 4 (2003), an Anderson Cascade Impactor (ACI)
(U.S.P. 26, Chapter 601, Apparatus 3 (2003), and a Dosage Unit Sampling
Apparatus (DUSA) (U.S.P. 26, Chapter 601, Apparatus B (2003). Each of these

devices has an input for receiving the mouthpiece of the inhaler.

The DUSA is used to measure the total amount of drug which leaves the inhaler.
With data from this device, the metered and delivered dose is obtained. The

delivered dose is defined as the amount of drug that leaves the inhaler. This
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30 formulations. In each Figure, the test data for the
formulations is divided into two types: data relating

W ooogsd3es mity of the delivered dose for the PCT/GB2004/001627

formul ati ons (colum 6000) apd data relating to fine
particle size performance of the fornmulations (colum
7000) . WD 2004/ 089374 PCT/ GB2004/ 001627 -47 Referring
to Figure 7A, the first five fornulations listed in

insludsn tsotpomH s inths roatind tho® US4 deyearin the measuring
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[1sted includes 3ng of the O"m crogram fornulation
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fourth, and fifth fornmulation listing contain the
notation "G indomx" to indicate that the m xer used
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he | actose .in aml e. 1 was, Sj.eve ith a ' et )
Srarstinien et 55 AT H e el drbols® P10
ARpadaalcd with BEhek, ChaneacCnWVankitanal 2663) @80 in 5t&FBance with
V\,hl ch was used for the first thi rd, fifth, and sixth

rfiforesRBagRasPReEi2, Mpidhod].2.01 8 Sbpatatsi ©rounpdereent 2000.

aI so contains the notation "20-30m Extra Fine" to
indicate the approxinmate particle size range for this
Th¢ &Glak andthet dewee fdrantiBRO0g dief-lupgrdelivéey dfhedlﬁbl;l&&vder

R e R R R

@étbﬁ‘hﬁﬁng ﬁ@]f&}mcle the ézﬁa&ti@yrfaﬁhe Rizk @Ebttlﬂutﬁck}@ dfﬂﬁ? kvder inhalers
é6013) the delivered dose (6015), the netered dose

180D 49 2cepidanarevisadS P, Shertssdild eAPRy8SEDERP)- The
notation n=10 indicates that 20 the inhal er and DUSA

apparatus was fired 10 tinmes for each of the three
f\e dnmrdite'rlch@@w che MldmnoUBA Adak estisg Hewt@dtanTrarsddita

%le!:t‘g’}rreﬁ%e D7 G5 ?nﬁgg 90, gs'gi @E’?ﬂé?g% tg{: ﬁtgp)]gnﬁgf drug, e.g., in

n séc

ﬁ:@d’rbgﬁlrr& Aett iomamueal irﬁthmasmw@cbmhb Redtitf@ dezfre which correlates
d feret devi ces, the MSLI and the ACl. Data for the
degp&ing F’fya‘mde“ eifwe pastirle frasgon AEREL dft tegrescqptage of

hfa A QVESN: ,wmaelsdfﬁaﬁuwcplw e ded i ReH thoRes A0l R e Wifich
particles having a particle size dianmeter of [ess than

saredlates asrthedrepduigdeliviesy. di scussion as "fine

particles”). As such, columm 7012 provides the fine
particle drug

Figures 7A and 7B illustrate the results of tests petformed on the apomorphine-

lactose formulation of Example 2. The FPD, FPF and MMAD values wete
generated from the MSLI and ACI data using the Copley Inhaler Data Analysis
Software (CITDAS) V1.12. In Figure 7A, data is shown for six formulations,
which are identified in column 5000. Figure 7B provides data for an additional four
formulations. In each Figure, the test data for the formulations is divided into two
types: data relating to uniformity of the delivered dose for the formulations (column
6000) and data relating to fine particle size performance of the formulations

(column 7000).
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retention in the blister, colum 7013 provides the
fine particle drug retention in the 30 inhaler, colum

w3/ opm3owi des t he amount of fine particles inP€16B2004/001627

del i vered dose, colum 7020 provides the FPD for the
formul ati on, columm 7025 provides the FPF for the
formul ati on, colum 7015 provides the anount of fine
particles in the netered dose, colum 7035 provides
t he mass bal ance percentage for the WO 2004/ 089374
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itERles et bt 200 Minteetam SRR ORFAEPla 2(4). The fist

RVESLABARMxth |T8r. WMatiod | hgﬂlr{g[gﬁn 5000 cOkHagh R dcta@bd' Irfersid" to
Figure 7A, with simiar bearing identi cal

mézfcetreethe%thenumeused imHxapiple £ Wasrthe latdreina Migew dnd ghe third,
rt nﬁrr%]mf g.gt% f‘ Fmggl%%nmﬂ% Bgtgtaﬁt}lgonotmgr[ o@rﬁ?ﬁ]ﬁ?mx" to indicate

'on 0 remai nin
thﬁ)tr | ratxe D Sed IACH xp6heple ar@ascthe G‘rﬁlcﬂ@ﬁxm{mmgﬂ“hmsecond and fourth

or | ati f Exanpl.e 2(a), .angd,a t he
PEPEEAET Bhed po i S O EiAn AR Jokb i f1ohesta et for these
f%%ul&ﬁ%ﬁs PrERBIRE 1rWE§<£Tmi>R01t Q&@m@&&ﬁ@ftﬁ@nuﬁﬂrﬂ& Sifwe ﬁﬁiih
63m screens. The DUSA data in colunmm 6000 was obt ai ned

dppliche veemm tordrmesteesissi¢vs 4pipginates, Tatherhaam caygntipaal pcreen
%O(%léh'\% 1h48 §Eﬁé gl ﬂﬁ?& A{%}Eﬁ%ﬁ%ﬂﬁtf@mﬁﬂﬁ%ﬁ&&étw The

was otaln usi ng aratus wt
fafiildl f@rnhblotion Hitedafso @@ummth:b nol&nﬁs "20-BOysarBttedFinR" to indicate
tg gures.7A and .7B, . when the fornmul ati ons were n xed
& PRETPHRAte RAHEASKE TFRRFHCS I RS the fine
particle fraction (FPF) ranged froma |low of 62%to a

hi gh of 70% and the percent delivered dose ranged
Forsatien GBQP of Faros ¥4, the RU§A wipaovys daissibed pharaisivsad to

@%ﬁﬁa&%fégq Qbmgtﬁ&el%g?rﬁﬂcg[n&%rﬁré éﬁﬁo%% /ghe blésa%} (6012),

|ne partlce Ion O rom
therdrhig rared tadn ontheiinkdlerdi6AH3) He: delbetSudoded60 i etheTihetered dose

| ati.on with the high e G indom x . pi.xer
(o0 555 B me o et ek et S sp s AP Q01 BRI R iaeates that
A8 dn1306p ﬁ?@hDDJSCAeib@.BathQ%QQS&ﬂM tiffs fBAELdnChRrhErtBEdel ON
of 62% 25 Examgl e 6: Preparation of 400 m crogram

fosmilatiapp &or Whic @Uﬁﬁu %affaelfs ligtefpol'he drtadistasd InseriPnOPYhis an
g,%;gglg%fqg@%qﬁ;r%g_ed in the manner set forth above

In section 7000 of Figure 7B, the fine particle performance is measured with two
different devices, the MSLI and the ACI. Data for the ACI, whete available, is
indicated in parenthesis (). In any event, the data provided in section 7000 is for
patticles having a particle size diameter of less than 5um (referred to in this
discussion as "fine particles"). As such, column 7012 provides the fine particle drug
tetention in the blister, column 7013 provides the fine particle drug retention in the
inhaler, column 7015 provides the amount of fine particles in the delivered dose,
column 7020 provides the FPD for the formulation, column 7025 provides the FPF
for the formulation, column 7015 provides the amount of fine particles in the

metered dose, column 7035 provides the mass balance percentage for the
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with regard to Exanple 2, with the conponents provided

in the follow ng anounts: Conposition Anount (gQ)
weegogesu37Aponor phi ne HO 400 13. 33 Lactose 26P0T1/882@48/001627

Total 3000 100 WO 2004/ 089374,4PCT/ GB2004/ 001627 - 49

Exanpl e 7: Preparation of 600 mcrogramfornulation in

3ng blister A 600 m crogramfornulation can be

manuf actured in _the manner set forth above

fosgalegons EsberiPEl ACHjtetistand dwparifa @rwé@q @@destrﬂow rate
foPend ﬁirhﬂl‘i\ﬂt{b% s A ERIHA 7005 § &9&9@&4& HRNdmber f times fhe inhales
Bercent - - Aponor p%
BAOM30I (drab CHpp24HQs Bere fi'l@ﬂaincBﬂﬁOiaizOEste& isAlrt ivaagge of the "n"
é&é‘? above referenced exanples utilize a blister "fill
ght" of 3nmg, it should be appreciated that |arger
or smaller fill. \AEJ.ghIS -may_ al.so.be.used. For

exanmpl e, in_Exanples 8-12 below, fill weights of 1ng
Gguntp tremaroil Kigure 7 witle sighilag iiemsi @layngﬂdqné@hmévegce
r&%ﬁb% IsI LI'hEerpJ fo %nga%og)%s?elﬂclg oh!lrnng% (?Mc?um SrirE g@O

It i s known comer ci uc I'sters
mickbigast fveenlatioy dritkabigle 2(0)] the\menghhﬁg fas: fﬁﬁlﬁﬁlatlons include

chieved with a Har efI| [ e Fill
b 310 Biospert foor TP H5 2 19 APk e forplations
26 BldeShRR tRANIRREL M FLRg! AN %veferweﬁuea RvifiBRcRRe prepared using
manuf actured in the manner set forth above 15 with

et @Prre seieamp| EhoDUNA Hatare cobipoABIR wappbisinsdini the same

I 1 Si
L ORGP AR OFpOHO b SE SR ce o
13006t di0 D0 ExeapbdletaBied RseypathatA @namfar2 00 withcrejraadh a flow rate of
éginu.l ation with nmagnesium stearate in 1 ng blister
800 mi crogram fornul ati on can be prepared
i ncl udi ng magnesi um stearate with the conponents

Erow ded in the foll ow ng anmounts:
s illustrated in Figures 7A and 7B, when the formulations were mixed using the

low shear Inversina mizer, the fine particle fraction (FPF) ranged from a low of
62% to a high of 70%, and the percent delivered dose ranged from a low of 81% to
a high of 94%. The formulations made with the higher shear Grindomix mixer
exhibited a fine particle fraction of from 47% to 50% for formulations including the
45-63pum lactose. The formulation made with the high shear Grindomix mixer and
with lactose having a particle size between 20 and 30um exhibited an increased fine

particle fraction of 62%.

Example 6: Preparation of 400 microgram formulation in 3mg blister

A 400 microgram formulation can be manufactured in the manner set forth above

with regard to Example 2, with the components provided in the following amounts:

Composition Amount (ug) Percent
Apomorphine HCI 400 13.33
Lactose 2600 86.66

Total 3000 100
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Conposition Amount (jig) Percent Aponorphine HCO 200
20. 00 WD 2004/ 089374 PCT/ GB2004/ 001627 -50 Lactose

w(Q@ 2004/0898% 75 Magnesium stearate 2.5 0.25 ToteCT/GBR®4/001627
100 This fornulation can be grepared in the manner
set forth above with regard to Exanpl e 2, except that
magnesi um stearate i s added to the mxture along wi.th
the aom)rphl ne h rochl or| def 5 ExarrpI% 10:

A @0@%@% !t’ﬁ'fl E& mlﬁatélloonocm E{IQ}QEQQCI\R M teI r%gnr?eq:nsep fith above
prepare EMth Teuct ne wt € conponents  provi ded i
witterdeatd onErgnpalny Rt theaopgsinkhtnprAmidet tin ¢igy fd%ﬁﬁﬁglhmounts.
Aponor phine HO 400 20 Lactose 1560 78 M croni sed
| eucine 40 2 Total 2000 100 10 This fornmul ati on can

l-r-abﬁ—l)'t%(iﬁﬁ@élubﬂ Lhe. miﬁ%%urﬁaﬁ ?0[-_[ N APEY&E W U regar
to |Exanmple 2, except that gonl sed leucine is_added
to thi‘@oumlootpbm Ialeng W@ h the aponotphine
hydr hi-or+de—35+H 7| 8—shews—therrt ou!ts ofF—a
pgrtFi@ ©%8i ze anal ys 24%(} a preferrezlz3 croni sed
| eucrnRgaiper f ormed w i Boddhe Mastersi zefo@000,
manufactured by Malvern Instruments| 1td. (Milvern
UK). As illustrated, the exenpli fi ed m croni sed

AIEUCI Ghe a%?*r']e 5%0 ?c’:ec% %xaﬂg)a%stegu ],Esa%r 'lrfﬁ wel‘gh?'neft’jemg, it
s\heughlbcembpfealteﬂahiu letger di anmienarfﬂbﬁveigdasasmiﬁ aBo®Aus2d. For

Exa : a i.on Q0 m crogram fornul ati

FATD nb Sk %%elﬁ%?ﬁgﬂzeaaw S st e GHnPIsided.
m@mf cd W2y b tdchgigies r&rfﬂﬁﬁg bliS¥ek Nt ARRN &ill Wi gﬁts may be used,

ard to Exanple 2, with the conponents provi
ﬁg{rfoo\m it ﬁgmmgﬂ]tgoductlon of blisters with between 1mg and 5mg fill

o

weights has been achieved with a Harro-Hoefliger Omnidose Drum Filler.

Example 8: Preparation of 800 microgram formulation in 2mg blister

An 800 microgram formulation can be manufactured in the mannet set forth above

with regard to Example 2, with the components provided in the following amounts:

Composition Amount (ng) Percent
Apomorphine HCl 800 26.66
Lactose 1200 73.33
Total 2000 100

Example 9: Preparation of 200 microgram formulation with magnesium stearate in
1me blister

A 200 microgram formulation can be prepared including magnesium stearate with

the components provided in the following amounts:

Composition Amount (pg) Percent

Apomorphine HCI 200 20.00
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WO 2004/ 089374 PCT/ GB2004/ 001627 -51 Conposition
Amount (g) Percent Aponorphine HO 200 10 Lactose

waamdoeB74 Total 2000 100 Exanple 12: Prepar at PONGB2004/001627

200 microgram fornulation inhng blister A 200

m crogram formul ati on can be manufactured in the
manner set forth above wth regard to Exanple 2, with
the conponents provided in the followng amunts: 5
ConpééF‘lqs?m Amount  ( gY9P&r cent Apoma??)ﬁf’ne HO 200 RO
Lact fotal51000—1066—Exan 3—Preparatipn
of L%%mg%:i&ggsﬁ?frﬁ or anlJSati on in 2rrgp3 |2§ter A 400

m cragrdm f ormul ati oh1e@n be nanufactwuped in the
manner—set forth above wth regard to Exanple 2, \I\Ii h

the conponents provided in the fol | owi ng amount s-

e T

Krxangple I2|, mqept tidateghedampataremtis adde@labeﬂe whitkhure along with the
apormr e.via,DP| inhalation In this study, 35
Q\P(S’Frtﬂwt? q‘ﬁf&f‘? Z‘ﬂﬂr Svere given 4 random doses of

pl acebo, 200g of 15 aponorphi ne hydrochl ori de, 400g
of aponnrohlne hydrochlorlde or 800. of aponorphlne

XA INS ' i rat DIRO .{JL dB1CHRgTaMm ALK agipp

N

) bli
@Bb rn?uo§r%ﬁ g%ﬁﬁé(l?ﬁoxggﬁ%ﬁg ﬁ%};aQ&LWYC}%tlgH{] ?V?’h’el t?x% %é onents
oivslednd tior fallovanghmoehws: bl i st er (I actose only). 20

During each treatnment, a patient was adm nistered the
gi ven dose and was |eft alone to watch an hour of

vi sU AohipysitionSt | NUT AW RBuAM . At DPeacedn nutes
after \\WD 2004/089374 | PCT/ GB2004/.001627

Apomorphine HCl 400 20

Lactose 1560 78

Micronised leucine 40 2

Total 2000 100

This formulation can be prepared in the manner set forth above with regard to

Example 2, except that micronised leucine is added to the mixture along with the

apomorphine hydrochloride.

Figure 8 shows the results of a particle size analysis of a preferred micronised
leucine performed with the Mastersizer 2000, manufactured by Malvern
Instruments, Ltd. (Malvern, UK). As illustrated, the exemplified micronised leucine
has a volume weighted mean particle diameter of 3.4pum, with 90% of the particles

having a volume weighted mean particle diameter of less than 6um.

Example 11: Preparation of 200 microgram formulation in 2mg blister

A 200 microgram formulation can be manufactured in the manner set forth above

with regard to Example 2, with the components provided in the following amounts:
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-52 adnmi nistration,
study would end at 60 m nutes.

the patients were warned that the
After 60 m nutes, the

wQaiotesu37s were asked to rate the quality and PCT/a@BR@A/001627

of their response to VSS | 1thls regard, the quality
of response is defined as one of four grades: 0: no
effect; 1. sone tunescence, no rigidity; 2: sone

not
Pgrepntt umescence

conptete

tumaqr‘pnr‘p’ some -5 --rigidity: but
sui t@@?ﬂ@iﬁ%’enet rat ﬁéﬂougﬁ (Hg)gl dity
t hat orh engtTratton—but—$
er eqgt A1 corrp et g erection. This spudy was

cond@c&d;el n a doubl e 18bd nd fashi on, [where both the

healjt-hcare professignal adm nister] nn the treatnen

and tTfEtalpatl ent were |#800i nforned as|28010 the actual
dose—bermy_adm i stered—The patients who particrpated .
in this study were random sed. During each treatnent,

Baohplef12 Reepdbatiyai éfeIﬂOSmroeG@ kteﬁbrﬂaubaltioﬁtiﬁ $ng blister
egar d] ess of the dose i ecei vi ng
136'3@ pisFogtaRefoRTH a&OPé&%P@éﬂ@Hfﬁt

IBft{l? franner set%orth above
RRRYBERNID @fo;lpwt | R e and gnéxltté’\@)ovq)(iedtlhechglféﬂ&pﬂg amounts:

blisters and a patient rece|V|ng only placebo took
(four) of the placebo bllsters 15 The study showed

t hat 1 s—tre u Wi Opna 99 of
aponpr pﬁlp% T experl encegl"g Eﬁt cl?est onset of
ef f gchpohongssd HAUr gtaoon and nost2gonpl etle  erections

roups treated with eilther pl acebo
or ZdEPCthS&pormrphi ng 8¢ dose. Fa?oexarrpl e, the group

t r eqtgg, M th 8009 apofgpp Pt me 20 iy extiibited a
medilan onset of effdct I n about B or |esg ninutes

adm ni stration of aponorphine HO as conpared
. % 4 €ss dwutes for th?tZOO

A 4O@rmfkr6§§ﬁ0ﬁaﬁﬁﬁla\ﬁ%h%aﬁ®3|rﬁéﬁﬁﬁaéﬁre‘&lﬁhc‘tﬁk Yna@fneffset forth above
m nutes for the 400 and 800g groups. It is believed

vhhtregardithiBrampde 2 meih thesempendsds prgysdadid t\htetfhllgwm amounts:

as ¢

after

dosi ng as 25 opposed to 4 doses at a tinme (i. one
800g blister dose), the response to treat msnt woul d
exhi|bComgposiwen f ast erAmnsat (ug)her eby Pegreawt di ng ever
nor e—effeeti-ve eatAe Fa—the—stydy—patients
treat HOW’EH?%‘T% (43,)de i sters, ead RVzonsi st i ng of
pl acebRlose30 showed d 13894% aver age rgpponse rate. 11
200g_group (4 blisterls, 1 containing| 200g aponorphi |
HC1 Mal he rerml ni ng 290081 i sters each 106nt ai ni ng

pl aceboy—showed—a—22-9%average+response—tate,—the

4009 group (4 blisters, 2 containing 200g aponorphi ne

Behmpled 4t 1€ vivendioidahgatd fe@ntAkishRGrdkal©hh)apshaweking via DPI
48. 59%

inhalation

In this study, 35 volunteer patients were given 4 random doses of placebo, 200ug of
apomotphine hydrochloride, 400ug of apomorphine hydrochloride or 800pg of
apomorphine hydrochloride. The doses were administered using an Aspirair
prototype device either with the blister of Example 3 (200ug of apomotrphine

hydrochloride in 2 3mg blister) or in a placebo blister (lactose only).

During each treatment, a patient was administered the given dose and was left alone

to watch an hour of visual sexual stimulation (VSS). At 50-55 minutes after
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rate, and the 800g group (4 blisters, each containing

wQeBdg/ossponor phi ne HC1) showed a 58. 8% aver agePCEEBRIV8/001627

rate. As the patients treated, with 400g and 800g
di spl ayed significantly higher response rates as
conpared to those patients treated with elther
pl acebo or 200g, the 400g and 800g doses are )
sdspigistreien, the phtientsivase Wéﬂe(dsfé‘ét tﬂmt‘ed)BWbEldowd atfpingnutes.
| T on S

%g ﬁg'i il t}é égfﬁ?) hglﬁﬁnggé‘gerg %%1%‘) Iteot%@ﬂu%%yf er%:dt (P('}:a&on of their
febposb ao 35S1 In3thish¥pdd, #6 dNality: Z@Dg:sﬁ&ﬁ 12 defffed ds 8% dDfour
4089 3 16.48. 5% 33. 3% Yes 8004g.34 20 58. 8% 43. 3%

&: Uino EHRFY dutnoet MARSFYAe POPRSEs 3 e Srmedeasypome
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primary measure of ficacy, as defined in the
gablecpasietration buhs Iprtomrmlqafemr@mons fibjsnplster paie.ng a
grade 3 or 4 erection, using general criteria defined
in the International Index of Erectile Function

Tllnh ERidy vasadeddc@tdn 4 kbt blatdsfaakien, ﬁrﬁgﬁf st ths healthcare

ffJCIen for suc essful intercourse”. Using.these
RPFTSRA SOOI TS ESHONY. Mot waFoH BT as to
HEL MBI QOQQ&HEQ a@lfntrﬁ&tzie\ﬂe’_[‘hé%ahéﬂtg %Ihroaﬁﬁgcllpgte@ ifl Lﬂiﬁ%t@d}r were

and 10, a clear dose responsé rel ati onshi p was noted
r&ﬁéﬁ@sﬂedt Aeuting ¢arh terosmens ovpisof Bet3h pamentﬁerepmpd) ¢ thilioters
at, eLéF ok Cc‘llxeegtgsa i& eacélitp 0¥ tectepv? r48 f—f’gq%ogé W%UF(P J?ecé]ive 2
5 er ectiorns q respon or exa
trive) of dueppdéndrpiateddCivblidte 3004 2b¢twapofrﬂrepilsinf&>ol-ﬂisters and a

PRGBS P BREGTEPE aPEr+ (AU BE e ewbof bRt bt i r

conparison to the groups treated with placebo, 200g
and 400g of aponorphine HCl. Wth respect to efficacy,

Tappady shevedithat (ths groape sreatedtwith 400D b poHer @ﬁﬂp}i@@wrphme
f

P oyR0 0008 0 QUB SXULIL CE2 A1 O MORRLn S LS brorec

atctiensi atdoorpanéd ta the, granpls trheted mdhed theg piatebexhi20D e d

a_ nmedi t of effect of 10 mnutes a :
AARHPEPF AL DFOT T4 SGA daf BB HETArTdrf (e apopiphine
HO eghibitad b .mddigh 40DG oARE-S0A0HARO IR PbYs BRinkids gRse

groups exhibited the

administration of apomorphine HCl as compared to about 11 ot less minutes for
the 200pg apomorphine HCI group, based upon grade 3 and 4 responders. Grade 3
ot 4 responses were achieved as quickly as 4 minutes for the 400 and 800ug groups.
It is believed that if this treatment wete to be repeated with single dosing as
opposed to 4 doses at a time (i.e. one 800pg blister dose), the response to treatment

would exhibit an even faster onset, thereby, providing even mozre effective

treatment.

In the study, patients treated with placebo (4 blisters, each consisting of placebo)
showed a 31.4% average response rate. The 200ug group (4 blisters, 1 containing
200pg apomorphine HCI and the remaining 3 blisters each containing placebo)
showed a 22.9% average response rate, the 400pg group (4 blisters, 2 containing
200pg apomorphine HCI and the remaining 2 containing placebo) showed a 48.5%
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qui ckest medi an onset of effect (8 (SD 7.5) and 8 (SD
5.0) respectively). The 400g WO 2004/ 089374
weFanAeBB0N4/ 001627 -54 and 800g aponor phi ne HELT/G82@®4/001627
groups al so exhibited the no % conpl ete erections and
hi ghest response rate perceh? ges as conpared to the
groups treated wth either 200g aponorphi ne HC1 or
pl acebo. 5 -Table 7 Sunmary-of efficacy
a(nl{rlge Mapbadei ratd, afdiahd 8Q0pQuabip Y4 Bligatsnesrh cdatadmg 200pg
Pl aceba 200g. 400g 80 No effect 0 12 11 8 4 Saone
apomesRiEne gi,cq}]éwvrf‘g% %??-9"/013‘?1&3? ESRPUSELHE: Aﬁ%&éﬁ&‘éﬁ treated
@ Gt disBlayed si dah@d b £tdsgBn ared to
wAid4dd 8)00%% 55922;}8 5 ﬁEO’l ﬁ% {érlﬁ@ 8 & ftds £ Omp

Ful I erection 5°2° se n post dose) N 11 8
thGsel@tieMsaneatd! wih eith¢oplagihorog20ug, thestMug ang §P0sg gloses are

3 .WMax ,27.20,.28 .17 ' 8 8 Duration (mn) N
C&f&“g‘g’%fé%i?e eﬁtﬁvige%@b?egﬁ%%"%’ "2 SD 18. 0 7.2 8.)4

16,6 Mn 6 24 4 6 Mux 52 47 54 54 Median 30.0 31.5
tailed ill t he onset and

i F SRIMSIABLE ESPORY FHRePy el group is
PHoVd 080 T gy GHlkd 1 RdPoRd RatE'(D' € GIILSHANS EifEctive?
onset and |duration of effect rthe patli ents whg
\Blaeebior eat dd wi t h Bbdcebo. Fi dirle 1B1stogs 108He No

nnoent Aand mreatit An  ~Ff of f ot f ol + b~y .y £ " !
\= \"4 ot oiTac 1ot T CT 1T CCT T 1 T T C qutcu
v%qEOHgZOMg apormrpl'??rﬂ’re HC1. F;ggure Qfg /Z%’r O\Asd’tlhge%c nset No
mpguratl on of effsgdt for thggpati er®®otir eatad®omit h Yes
4009 "apomoriphine HA land Figure (14 shows It he onsetland

0agi on of| ef f ect 3¢dr 20 58.8% 43.3% Yes

" The confidence interval (CI) is 2 one sided 95% CI. It extends from the limit
shown to 100%.

The primary measute of efficacy, as defined in the protocol, was the proportion of
subjects reporting a grade 3 or 4 erection, using general criteria defined in the
International Index of Erectile Function (IIEF). Grade 3 and 4 erections are
regarded as "sufficient for successful intercourse". Using these criteria, the 400pg

and 800pg doses of apomorphine HCL were deemed effective.

As illustrated in Figures 9 and 10, a clear dose response relationship was noted
amongst the active dose groups, both in the proportion of "sufficient" etections, the
proportion of grade 4 or "full" erections and response rate. For example, the group
treated with 800pg of apomorphine HCl showed the greatest number of grade 4
erections, highest response rate and quickest onset of effect in comparison to the

groups treated with placebo, 200pg and 400ug of apomorphine HCL

With respect to efficacy, Table 7 below illustrates that the 200pg apomorphine HCl
dose group exhibited a median onset of effect of 11 minutes after administration
(with a standard of deviation of 4.2), and the placebo group exhibited a median
onset of effect of 10 minutes after administration (with a standard of deviation of
7.8). In contrast, the 400ug and 800ug apomorphine HCl dose groups exhibited the
quickest median onset of effect (8 (SD 7.5) and 8 (SD 5.0) tespectively). The 400ug
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the patients treated with 8004g aponorphi ne HCl . For
exanple, referring to Figure 14, it is apparent that

wo@e@4psu3rent in the 800g aponor phi ne HCL gr oupPCT/GB2004/001627

experi enced WO 2004/ 089374 PCJ/ GB2004/ 001627 -55 the
onset of an erection at about 4 mnutes after
adm'nistration Referring to Figure 13, for exanple,
is apparent that a patient in the 400g aponor phi ne
abld:lsoow eppmespbénd HAd dds¢ proupnsbp eshibdtedahestdsonomplete

t t d t
eﬁc P%a&ghﬁlﬁxsgérets%o esfa énem me% :%aes Iag @?xﬁgalf&%or& fc‘oups treated

vﬁﬂﬁé‘lﬂie@@@eﬁlgﬁﬂikﬁn5rp1ﬂ§@HCDfor@ﬂhce560tI on at about
40-m nutes after adm nistration. Overall, these
Figures illustrate that the groups that rece| ved 400g

: 0Qg,4 i ca P Bhi experienced faster
I%Egeevg @g d0ses Qb P PO D&

erections. It should be appreciated that the

Qasilitng period | ast ed 6Qualinyt es, and thé"tpatments
were rem nded at 50-55| Gradelt es—tha est e
end at 60 m nutes. 10 Adverse ay‘ bw?% %\tgﬁ'@d 800ug

q Lffg€ach dosing peri] pd. The[pgoport|en of [patient|ss
experiencing one or nofe adverse events was sinilar in

ébtneftgmesctelneatrrrengldltgroﬂlps No| geri ous| &@ver sebevent § 3

trerse—evernt—tedito—the
ﬁ%?ﬂ}eécedﬁcg%ﬁﬂghd%’u gn of aws subj ect. All Adver sd /
evenli sravebe M1 d or nodlgrate 156in sevepity and 6

occurred in a small percentagelof the groups treated.
Fall|cgegioing a surmary 014 al | afiverse eyénts. T8ble 9 |14

T -1 ment g ated dversggventsiio
aor\%&go li;fétbre S trea nent-le;lat ed adverse|events

down by body system 20Mdeferfilhg to Table 8] 1only 6%0
of the 800, g aponor phi hre_HCl—gitoup—experienced
adverse events, which |§Q he sa per ce,ﬁtzage of7‘5( hose| 20
who experienced adversgpgvents 4 n bot gt he plflacebo |3
and 200g aponor phi ne HUO _group. Table - Su ry of
all adverse events (AE) M@af et) ZEopuI afi2n) Pl d8ebo |17
200g 400g 800g N % N %N-2%6N-9%—Subje¢ts—treatetd—35
35 95 35 WEhOAE 4 1194 Heva 90}”2 6% |Wth severe ABSS

D Fra¥iod Whid) Serious AEN0 0 0 8 16 19
Mean 29 33.3 31.1 31.2
SD 18.0 7.4 8.4 16.6
Min 6 24 4 6
Max 52 47 54 54
Median 30.0 31.5 38 36

A more detailed illustration of the onset and duration of effect for each individual
group is provided in Figures 11 through 14. Figure 11 shows the onset and
duration of effect for the patients who were treated with placebo. Figure 12 shows
the onset and duration of effect for the patients treated with 200ug apomorphine
HCL Figure 13 shows the onset and duration of effect for the patients treated with
400pg apomorphine HCl and Figure 14 shows the onset and duration of effect for
the patients treated with 800pg apomorphine HCL. For example, referring to Figure

14, it is apparent that one patient in the 800ug apomorphine HCI group experienced
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Di scontinued due 0 0 0 O to AE 25 WD 2004/ 089374
PCT/ GB2004/ 001627 -56 Table 9 -Sumrary of
wo e@ansmsm - rel at ed adverse events (AR) ( Saf et yPCT/GB2004/001627
popul ati on) Pl acebo 200gg 4%999 800g N %N %N %N %
Subj ects treated 35 35 35 35 *Wtl ATE -Z-- . _,. 6%
_.--2- .6%3 9% 2 6% Wth severe AEs 0 0 0 O Wth
serious AEs 0 0 0 0 Discontinued due 0 0 0 0 to AE
tfrabheetlo@ an efeasimorenboned atisdteaditer sdmmjsrationh\R¢fording to

R e A A R S

gkéﬁaégﬁtxﬁﬁcaﬁt&%zﬁ& ofGasteotith @siidwal3 Idirﬁﬂésdﬂlt@c atindfsBation.
1 3% Nausea 00 0 1 3% Vomtlgghl(ﬁls%ooo
Insopgagh Sigveeh? ahewt that 90¢ P3vsar i39he 290K gropppREeaced the

o]nh’gtlg pargerggﬁom%lg QO"&'DJ%Y{QCQ @D adﬁﬁﬁ@rz{tﬁirpr @verall these

oracic & 2 6% 1 3% 3 9% 0 nedi astinal disorders
Kgugh illus8%elth304h@ gdoupy that hecearied #0894 8nd 880pHdodNadl
i 0
D eséilil? %(f%g{%/n(if% aﬁ'g? o Oolf LIRS IIt sﬁo&d%e apprecﬁted
that the testing petiod lasted 60 minutes, and the patients were reminded at 50-55

minutes that the test would end at 60 minutes.

Adverse events were monitored during each dosing period. The proportion of
patients expetiencing one or more adverse events was similar in all four treatment
groups. No serious adverse events were observed and no adverse event led to the
ptemature discontinuation of any subject. All adverse events were mild or moderate
in severity and occutred in a small percentage of the groups treated. Table 8 is a
summary of all adverse events. Table 9 is a summary of all treatment related
adverse events, and Table 10 breaks treatment-related adverse events down by body

system.
Referring to Table 8, only 6% of the 800pg apomorphine HCI group experienced
advetse events, which is the same percentage of those who experienced adverse

events in both the placebo and 200ug apomorphine HCI group.

Table 8 - Summary of all adverse events (AE) (Safe opulation

Placebo 200pg 400pg 800ng
N % N % N % N %
Subjects treated 35 35 35 35

With AE 4 11% | 9% 9% 6%
With severe AEs 0

0

0

With serious AEs

3 3
0 0
0 0
0 0

O O O N

Discontinued due

to AE




5 For each patient, blood sanples were taken 70

m nutes after inhalation. The blood sanples were
waeahyssd and the blood |evels for 400 and 80BCT/GB2004/001627

m crogram doses of aponorphine for each of the 34

patients that conpleted the “8st are set forth in

Table 11 in nanogranms per millilitre. It should be

appreci ated fromthe data V\D 2004/ 089374

.
A v AD ! \ A .
that these hl ood-caml oc vywnrao Aact Al |y ake

’JI o J v AT U CAT\
after the pl aSH %"cﬁﬁ’é’entr ?p peak. Mﬂge 11
anarysts 70 m es abjer | gpsi ngofat [/t TP, | N Y
Apom)rphnel—l<|n:|-8001-Aprnormine HC 40bg Sub 1 ’
GubyeatsOurd38d Sub32 0.829 0]293 Hub 3| 85716 0. 23835 Sub

N _loub & 306 . -
AR 550 o 133 SiB”8 02740 ).64‘24 35ub B96 gh3 6%
Wﬁjseve}gggsu UGAT5 U, I53[gSub [T 0. 585 0. P53 5gb 12

70 0.240 Sub 13 27110.140] Sub!14 0.563 0]398
WthbSrl@uiSﬂESO. 294 Sub 1600.367 0.172 Sub 17 09504

70 " aVaYal Qi DN N N7 N 144 ~ 1 N1

q
Cui 10 fa a
&%ﬂtﬁ%”féﬁﬁesté’ 25 0 73418 226] sub| 93 0. b4s o] %63

Table 10 - Treatment-related adverse events by body system (safety population)

Body system/ Placebo | 200ug 400pg 800pg
Preferred term

N % | N % | N % |N %
Subjects treated 35 35 35 35
Gastrointestinal disorders |1 3% {0 0 1 3%
Nausea 0 0 0 1 3%
Vomiting NOS 1 3% |0 0 0
Netrvous system disorders | 1 3% i1 3% |0 2 6%
Dizziness 0 1 3% |0 2 6%
Headache 1 3% 10 0 0
Respiratory, thoracic & 2 6% |1 3% |3 9% | 0
mediastinal disorders
Cough 1 3% | 1 3% | 0 0
Dry throat 1 3% | 0 1 3% |0
Nasal congestion 0 1 3% 10 0
Pharyngolaryngeal pain 0 0 2 6% | 0
Sneezing 0 1 3% (0 0

For each patient, blood samples were taken 70 minutes after inhalation. The blood
samples wete analysed, and the blood levels for 400 and 800 microgram doses of
apomortphine for each of the 34 patients that completed the test are set forth in

Table 11 in nanograms per millilitre. It should be appreciated from the data



Sub 24 0.598 0.205 Sub 25 0.384 0.188 Sub 26 0.730

0.167 Sub 27 0.437 0.174 Sub 28 0.414 0.132 WO
wQomheB2874 PCT/ GB2004/ 001627 -58 Sub 29 1. OBOT/GB1®9/001627

Sub 30 0.593 0.220 Sub 31 1.471 0.126 Sub 32 0.446

0.251 -Sub' 33 0.501 0.244 -SUb 34 0.405 0.177 Sub 35

0.808 0.213 Mean 0.608 0.215 Median 0.567 0.217

Fi gure 15 shows a conparison of the blood | evels at 70

didcnsitedsn dxaerpld 0§ ibelpw Ha0yhest blowbwimpet werstachalyttlen long

00 m crogram dose and the 800 m crogram dose. Al so

ag’feétt]feeélaf' 2 CRBCHBRR ™ REAT . of 2ng (0.7ng/mM), 4ny

(1.25ng/m), and 5ng 5 (1. 7ng/rr1) of Upri maTM

subl i ngual tablets. In th|s regard, 4ng and 5nmg Uprinma

Al ipod zuiplysiss7/ g B/e unaccept abl e side

ta%‘?'ieif‘?‘éfm;?% T BT, e o

RBhiic nal ProglcHl (e EBAR {Eur oppisBubl to o *

ASgesSnent Sail giggoReport) 1945, Upr | gwg3conmon name

10 aponorphine hydrochloride, "Scientific [iscussion”

b 325- 27 _(20().@)7)16 The clini cal dat (10<z?§:§)crtbfed albove

TPd of Tabl o | T8 %Bupport the concl uLDaRr hat the

iyRad ed aponorphygeze 1 n  accordance Wwotzoot he

enhodi nents off the present invention mninizes the

[SuBl6 of 15 si d&-&ff ect s. First, they Qp?@&ti c

R T ue of |ChBU . Powsver. oide GPrasts are of ten
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Sub 10 0.415 0.153

Sub 11 0.585 ‘ 0.253

Sub 12 0.570 0.240

Sub 13 0.271 0.140

Sub 14 0.563 0.398

Sub 15 0.549 0.294

Sub 16 0.367 0.171

Sub 17 0.504 0.219

Sub 19 0.756 0.000

Sub 20 0.467 0.214

Sub 21 0.646 0.207

Sub 22 0.734 0.226

Sub 23 0.648 0.263

Sub 24 0.598 0.205

Sub 25 0.384 0.188

Sub 26 0.730 0.167

Sub 27 0.437 0.174

Sub 28 0.414 0.132




20 tinme of admnistration until it returns to zero
(i.e. the area under the curve AUC 0'. 9% . The
wore@sssd val ues of Table 11 denonstrate that PCEHEBR004/001627
levels fall rather rapidly ts\%ﬂ | ow val ues after dosing
via inhalation in accordance With the invention. In
contrast, absorption is nuch |less rapid and conpl ete
by nbst other routes of administration. For exanple,
BRBR91945 reportOt hat the elimnat|6A0half-life for

VWO 2004/ 089374 RPCT/ GB20041 001627 >9—UprHra—s—2—F
%‘Er@ for. a .2rr8'5§l§bl i ngual dose, 4. Zdﬁggrs for a 4ny
S@Rngual dogq,4713- 9 hours for a 5[y 15gbl i ngual dose,
g 4.0 hours|for a 6ng sublingual dose. (EPAR 1945,
"Ssbi¥entific Di9dcssi on", p. 12). 5 10R5%-econd- but

aaual |l v
AR TR =
T%%ES’F& ant - benefi0lal - ef fect - of -t h-c{ It - hal =l i fe-as
QLG ted Wi iy Jgge 1 nhal ed Tornul afpgnyr S that the
period in whigh therapeutic and anyiside effects is

Subra5 due to t|W808hort hal f-1ife of |0R43f ornul ati on.

Aseguenty—rsige—effects—+F—they t——wH—be
Mspp lived, alor R ng the patient 0% %22une nor mal
aakdidd 1 es sudhy.ssy driving. 10 Exanple1t5: Phase |
Study A phasell double hlind random sed  placebo
controll ed study was conducted exam ning the safety,
l.erabiq i nar et | f. 8¢

e T R R R S
frahdaphtentffor tlef 400catyogms dédseanddhe 88d ndurdgngn tdeee. Also

li ni_cal, study. Ph i netic pl '
SHAR 6t Bt TP ATIER v - Pl ORI Ch i () gnd Smg
QOAL: /8405 8f BPRTBLGBLALA] tabldf.NUL Ehis Zegdid)Un®Band5mg Uprima

m nutes, 10 m nutes, 1 m nutes, 30 m nutes, 45
mbdigeed tableyigae knaws tpbaye unaccrpigble side ¢ldents, Far peampple, the

%lﬁgrlﬁ%gﬁﬁ %t?hn%ﬂgl @ feROYES fotRg b g:lalré)%%g?gtgmetclﬂl‘igical safety by

oki neti°c paraneters were derive
tHedSwmpeapigarqyhionehcBndentioabf biegidiyal Products (see EPAR

- t mept al lysi s, 25 i |
A e e Tl LR S e
phiNeSldy BElabrigelMEeichAgl Mildusiioh? Gp. L5227 @0DASL

guantifiable concentration AUCO CO Area under curve
[ng/ M *hr] fromt=0 to infinity t,/z Term nal

?‘lﬂa g]llli]i@&ll RN H'@sjciiblaéi faﬁove in connection with Tables 4-6 and the blood level

data of Table 11 support the conclusion that the inhaled apomorphine in

accordance with the embodiments of the present invention minimizes the risk of

side effects.

First, therapeutic (pharmacological) effects are usually dependent upon the value of
C,... However, side effects are often dependent upon the systemic exposure to the
drug. Systemic exposure can be measured as the integral of the plasma level from
time of administration until it retutns to zero (i.e. the area under the curve AUC
%- The measured values of Table 11 demonstrate that plasma levels fall rather
rapidly to low values after dosing via inhalation in accordance with the invention.
In conttast, absorption is much less rapid and complete by most other routes of

administration. For example, EPAR 1945 reports that the elimination half-life for
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30 The results are set out in Figures 16 to 19 and are

summari sed in Tables 12 and 13 below It should be
woeiedsBnat the tmax is represented as nmedi an REI/GB2004/001627

WO 2004/ 089374 PCT/ GB2004/ OOég -60 Table 12 - Mean

standard error of aponorphi i€”pl asma phar macoki neti c

paraneters Dose Crax tmax AUCO-, AUCO oo tl/2

Adm ni stered (ng/m) (mn) (ng*nin/n1) n*mn/m (mn)

ads 27 Oloﬁxsafc(r]a- 303 sdi3BgBalldosg; 4.2 hibﬁ@s for26418g 6@bléngual dose,

5 Bousp e sy lipenl o updeh Bekes 1034 bpaiablignad dgte.
&baR 19465, Eséﬁa@dlﬁc biscus§oamar 1gpn of i nhal ed

aponorphlne and Uprima(r) pharnmacokinetics Paraneter
Uprima(r)' Aponorphine HCl 2ng 4ng 5ng 6ng 600g 900gg

L TR AT i

withl te JﬁhSleG férrﬁu]ludn s Dhaf tHe pdrnﬁbﬁnﬁv}ﬁhh @he}hpﬁttﬁhmﬂ afly side

3m ns,_ | l.ic.Assessne

eGP § Orf “fStP by gl?o %& ?gﬁ P the g9 (Eor*lsﬁ “enﬂy= side

Jff&w &Sthe 8 Wyl RillBOLKort BvidlAiIEaty ﬁllaagaﬁ%hgw {ek€@BthbYmal
hi gh ér Cnax val ues are achieved Using the present

detiviies isaeh eodpepred to the sublingual Uprima (trade 10

mar k) tablets. At doses of 600g and 900g adm ni stered

by inhalation, no significant side effects were

Bhseslvdd: PHive IeRindni stration of the 1200g dose was
oci at ed h, i nci denc t - headedness. but
REPoR L Ripl wihd shobnid it Fer Pt HEGnEAaRatadda

ééamlﬁlhgqh@gfeﬁ Qh@ﬁbﬂﬁdaﬂu bhaARRBRIRALNES s1h§le(6©0§t% ,880ug and
rima tabl et's are commerci a

bapﬁug dpbes, malsé hqakthv arrﬂéfevola@@éss Ng ezalysdony ﬁ@rc%fémcam?é
f f. it has surprisingly been

fégﬁﬁggﬁgg&gﬁggagggﬂfggrat|on of aponor phi ne by

pul monary i nhal ati on accordlng to the present

ﬁ}?a\égggélggegg gfagr\rllgssargg rI?g xl;;lflag conducted pre-dose and at the following

intervals post dose administration: 1 minute, 3 minutes, 5 minutes, 10 minutes, 15
minutes, 30 minutes, 45 minutes, 1 hout, 1.5 houts, 2 houts, 4 hours, 8 hours, 12

hours and 24 hours.

The following pharmacokinetic parameters were derived from the plasma

apomotphine concentrations by non-compartmental analysis.

C Maximum plasma concentration [ng/ml]

max

t Time at which C_,, occurs

AUC,, Area under curve [ng/ml*ht] from t=0 to last quantifiable concentration
AUC,w  Area under curve [ng/ml*ht] from t=0 to infinity

ty, Terminal elimination half-life

The tresults ate set out in Figures 16 to 19 and are summarised in Tables 12 and 13

below. It should be noted that the t,_,, is rtepresented as median values.
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15  cause unacceptable side effect profiles.

Thus, it has sutprisingly been found that the administration of apomorphine by
pulmonary inhalation according to the present invention achieves much higher
blood levels compared to the mode of administration favoured in the prior art, but

20  these high blood levels are not associated with significant side effects.
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WD 2004/ 089374 PCT/ GB2004/ 001627 -62 Exanple 16:

Solution pMDI formulations A pMDI fornul ati on was
wpe@passd with the ingredients listed in the fpCT/GBR6V4/001627

table. The fornulation can_ke placed in a 3M coated

(Dupont 3200 200) canister with a 5 Bespak BK630

series 0.22mm act uator for subsequent deli very to the

Iun s of a patient descrl bed above._ 200g

PERESPOGISiRRS SRMisLPE TrScBARMRGS Studyo npb"‘er‘lln SYRECIRiS)

a@;@ﬁgﬂ%}l Witld %QQ[Hml% an:ﬂ-l%ﬁl- élaw et R -FRWbserved
ng 63. 60 t er 749ng 6. 03% Et hanol

berwémill 376 3. rﬁ@m@;s&@tei Q%‘m@Dadse Ifa@opmiﬂanialmy wiagi dgitonstrated for

(éégé%(? O ngéﬁg&‘ I1at 1!?1(%20?% L}%@Oﬁnt h ﬂ@%elé lxggavgy rapid

_vt’lﬂﬂhtélﬁhﬁalf-l&ﬂMfeadﬂ-a@@r&}aﬁhaﬂ;ﬂ}ﬂﬂﬂ)ﬁn@teﬁ bBQer@éii fdrCdlstudy-doses.
fraction of between 10 10% and 30% Exanple 17:

ppn BrAdilife appeirata bhdosiigderridsat pvDl s wer e
prepared wi th HFA227, HFA134a, and aponor phi ne
hydrochloride in a 3M coated (Dupont 3200 200)
héwrﬁhlgic&tanmitb moge Bes fudte BrEBeat Selgeoishsp oorzazzlmorphine between

ec al | the f rnuIaI i 0 set aqu
it SR AP e S4Bt T B ROV ATGN e ARy tasget
the ha f%agR dORDWhére FRE @O baget fipBfRcyihd 26 aBsdi@e of
0.23% w w 104ng 0.9% W w (Ex. 2) HFA134a 4229ny
w@z%tﬁdﬁf‘zf@gs 7mg 37. 4% w w HFA227 7129.7 62.62%
ww 7129. 7ng 61. 7% w w Total Fornulation 11385. 4ng

11555. 4ng Wei ght WO 2004/ 089374 PCT/ GB2004/ 001627
It is speculated that the side effects experienced by the subjects may be limited by

the short exposure time, which results from the administration by inhalation. The
exposure time from sublingual tablets is considerably longer, as will also be the case

for oral and nasal administration.

The initial drug distribution phase extends between approximately 1 and 15 minutes
after the dose is administered, with a linear elimination phase being observed over

the remaining sampling time points

-The pharmacokinetic profile indicates highly efficient and reproducible delivery of
apomorphine via inhalation when compared to Uprima® with a significantly higher
Cpuax for any given dose of the inhaled apomorphine, very rapid absorption, as
indicated by t_,, and no prolonged clearance of apomorphine with any of the

inhaled doses.

The results provide validation of the predicted rapid absorption, rapid systemic
availability and rapid elimination accompanied by low intra- and inter-subject
plasma concentration variability plasma via inhalation mode of administration.
Tolerability and the pharmacokinetic parameters from this study indicate that
delivery of apomozphine by inhalation facilitates attaining the therapeutic window

for apomorphine when seeking to treat erectile dysfunction.
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-63 Total Formulation 8.5m 8.7mL Vol une (Estinmated)

Esti mat ed dose of 157g/ 501 600g/501 A onor hine HCl
wo-oroassrdi on Bwas tested with an Ander son CascBGEGB2004/001627

| npact or over 10 discharges. g,The results were as

foll ows, each val ue being an average of the 10

di scharges: Metered Dose 517.43g Delivered Dose

470.96g MVAD 3.47m Fine Particle Dose 314.140g Fine

Particle Fraction 66.7%5 wherein a fine particle is

]%?Jrﬁ%!@q@‘%lﬁtigﬁ‘?%g![ %#ﬂ&tﬁ‘&s&‘ di ameter of |ess than
r ua 0 anpl e . 400Qg aponor phi ne

Aypii DT fidomilgkdorc aps ptepafat witk ehé mg@ydi¢mh dibed in 1Be Folloaving table.

00g aponor phi ne hydrochl gr.i de capsul e repar ed .
LBl rroche RfIORA D PR GRCER 2000 AAPIGHREee with o
Eé%@k By 30 skriesrobai attlatd f&lul:(sélqlﬁn?d_eﬁ'@ery@@lﬁ)é Rings of a
601, Apparatus 3) configured for operation at 100
patignpasidesceibpd ebpul e had a fill weight of 25ng, and
i ncluded the follow ng conponents: Conponent Wi ght
(g) Weight % (ww Pharmatose 150M 127.725 85.15 W
Phar ma) Sorbol ac 400 12. 375 8. 25 20Mpgl Bodrhalanian
M croni sed Leuci ne 7.50Q-5-00—A

doceri hod 1n
A\E™ B vy | L>AYA" |

\ A T T

Exanpl e 10) Aponor phi nd Y3/BRSchI orf AfBOYAY 00 1.@@‘“?53§e
o AR ACIRET BET GTORGHT € kgl ® 111 LS55 v/
regard, Pharnmatose 150M available from DW Pharm
déhpidses | act ose 6.45m] 7905mg 63.60% w/w
Water 0.75ml 749mg 6.03%
Ethanol 4.75ml 3751.50mg 30.18%
Total Formulation Weight 12429.50mg

Total Formulation Volume 11.97ml

Estimated dose of 200png/100pl

Apomorphine HCl

It is expected that this formulation can provide a fine particle fraction of between

10% and 30%.

Example 17: Suspension pMDI formulations
Suspension pMDIs were prepared with HFA227, HFA134a, and apomorphine

hydrochloride in a2 3M coated (Dupont 3200 200) canister with a Bespak BK630

seties 0.22mm actuatot. Specifically, the formulations set out below were prepared.

Formulation A Formulation B

Amount Percentage | Amount Percentage
Apomorphine HCl 26.7 mg 0.23% w/w | 104mg 0.9% w/w
(Ex. 2)
HFA134a 4229mg 37.14% w/w | 4321.7mg | 37.4% w/w
HFA227 7129.7 62.62% w/w | 7129.7mg | 61.7% w/w
Total Formulation 11385.4mg 11555.4mg
Weight
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with the follow ng particle size distribution
(according to DW Pharma literature): 100% I ess than

W ianser4 | east 85% | ess than 150m, at | east FOPR&GB2®g/001627

than 100m WD 2004/ 089374 PC'éI')/ GB2004/ 001627 -64 and
at least 50% | ess than 45m ~ 3r"bo| ac 400, avail able
from Meggl e Pharma conprises |actose with the
following particle size distribution (according ta
Vioga)| ForoPietroma | i { 85atlure): | 100% | ess { Hdml100m | at
Vedsime §B%uhesd) t han 63m ang at | east | 96% | ess [ han

$2ematePdepasfat i on18fug?sepbl end The Phasoiggseul

Y RbphiRMECl eucine were layered in the niXxing pow

SO that the Teucine was sandw ched between the
‘Sor bol ac, which in turn was sandw ched between the

RhrarieticrsB. wiFhestpbwithran Hhodesth Enstade fop260r szcohddisgharges.

st R aeaS Alowne e 3F 0N o AP Us

before further use. Preparation of Final Blend The

aponorghLae_%LdLm;hLoLLde_m&‘sandw_ched—bei—wfen t he
pr e- bl gAdeteredtRase 15 ni xi ng bowil7-4Bk&ndi ng was carri ed

out for érin?éé B at 2000rpmushH g Gingdom x
m xer. IE end was then passed th}fl%uqh a 21?m sieve.

Ther eaf tMMAthe final bI end was. 4§’Ipaced |n capsul es,

a havi na o L
VALY

each cgpsule-ha a—F+H H€f nL 25rg—Hhe

capsul d< e Par FFe]ROfﬁ aced in a (1:§} f"gﬂ‘&l er and|tested
in an AQLZB.ddicTRcadp,  Chapl &g, BpL, Apparatys 3),
with the data analysed via the CTDAS described
above, providi ng the following results: Delivered Dose

81%. 100* DO /T Do . - t
%{&% Fing poriofnis RBRE o7 AR ke B8 EiafBligf ol ot bihcor cqual

Particle Dose 55% (Percent of the total dose
<5n) MVAD 2.3m Fine Particle Dose 220g % trafine
Particle Dose 44%

Example 18: 400pg apomorphine hydrochloride capsule for use in Cyclohaler

Five 400ug apomorphine hydrochloride capsules were prepared and tested in a
Cyclohaler inhalet (trade mark) (available from Miat) in an ACI (U.S.P. 26, Chapter
601, Apparatus 3) configured for operation at 100 Lmin™. Each capsule had a fill

weight of 25mg, and included the following components:

Component Weight (g) Weight % (w/w)
Pharmatose 150M 127.725 85.15

(DMV Pharma)

Sorbolac 400 12.375 8.25

(Meggle Pharma)

Micronised Leucine 7.500 5.00

(As desctibed in Example 10)

Apomorphine Hydrochloride 2.400 1.60

(dso =1.453um)

(As described in Figure 2B)

In this regard, Pharmatose 150M, available from DMV Pharma, compzises lactose
with the following particle size distribution (according to DMV Pharma literature):

100% less than 315um, at least 85% less than 150um, at least 70% less than 100pum,




(Percent of the total dose <3m) U trafine Particle

Dose 175g Utrafine Particle Fraction 53% WD
wWQOm0882B874 PCT/ GB2004/ 001627 -65 Fi gure 20 PCT/GB2004/001627

illustrates the average amouryd, (in mcrograms) of drug

that was delivered to each o the conmponents of the

ACl, and retained in the device. Thus, for exanple,

the ultrafine particle dose can be produced fromthis

watad lenpt PR lessTibas 45pae Iinglolas 489 vpilablg Gronm drgele Pharma
- | st
RO MGV ol BFck ! ElerBhkBn (Wl ding fo Megele
Rlesteditentirhe IODWﬂakﬂhanﬂ OBl leads 990 ks MG AUBE 226 ,at least
%f'{l’ter 60_;}2 Apparatus 3) configured for operation at
eshith4m 248 ch blister had a fill weight of 2ny, and
5 -Lncluded.the 10 foll.ow.ng conponents: Component . \Méi ght
(g) V\él ght % Respi t ose 45-63m si eve 120 80 (As
eatipa@fifgeblendh| e 1) Aponor phi ne Hydrochl ori de 30

".ge Plga %ﬁaos]e %gg{gg{g{] d lggcc' Gt le%?edla eﬁl %lﬂlﬁde ﬁ%?)l l;o%tl B that the

aponor phi ne orl was sa
lB&ﬁﬁd: tvas eardwitheal berimeen gheo®avbobs, gbﬁhhﬁklﬁ;ﬁ wes enidbdched

st e 2(2%61{[18%12,&19)%%6: Ao 301?%@6 FAaBR000pm

10 Sixethe RASHGeRAoWRS Hikle Bh@ﬁ&\‘&&@r HEOHEH aBovel &meSpreAbeend was
Thereafter, the blend was placed in blister, each

llstl“ieétfelf1t]ilwrhgf0&effmtherv%@|eght of 2mg. The blisters were
then placed in the inhaler of Exanple 5 and tested in
an ACl (U.S.P. 26, Chapter 601, Apparatus 3), with the

Mﬁ@i&@lﬂlﬂ&dhe Cl TDAS descri bed above,
ovidin f resul Del i ver ed se.
Py e heionteb PO AE s St bt by Boeyh 0FY RO in the
15 RBalihd BbRL Matdih®Ba8tried out for 10 minutes at 2000rpm using the

Grindomix mixer. The blend was then passed through a 212pm sieve.

Thereafter, the final blend was placed in capsules each capsule havmg a fill weight
of 25mg. The capsules were then placed ina Cyclohaler and tested in an ACI
20 (U.S.P. 26, Chapter 601, Apparatus 3), with the data analysed via the CITDAS

described above, providing the following results:

Delivered Dose (%) 81%
(100*Delivered Dose/Total Dose)

%Fine Particle Fraction 67%
(percent of the delivered dose <5um)

%Fine Particle Dose 55%
(percent of the total dose <5pm)

MMAD 2.3pum
Fine Particle Dose 220pg
%Ultrafine Particle Dose 44%
(percent of the total dose <3um)

Ultrafine Particle Dose 175pg
Ultrafine Particle Fraction 53%
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(percent of the delivered dose <5n) %-ine Particle

Dose 72% (percent of the total dose <5nm) MVAD 1.70m
wo-20ve/08%8r4 i cl e Dose 288g %J trafine Particl e BOFEBBWI001627

(percent of the total dose <§)rg) WO 2004/ 089374

PCT/ GB2004/ 001627 -66 U trafine Particle Dose 266g

% trafine Particle Fraction 75% (Percent of the

del i vered dose <34n) Figure 21 illustrates the average

Rigoer0 illustratecthegvarmgy agfoudt (ig nhiqedgrams) efediugahetdwast gelivered

t he conponents of the. A and left .i.n.fhe devicge.
e O e
REAPUC eHe h1AMk HasidkalGselGin e $dauéddAG Dachagdy th& CITDAS
It should be noted that the D of 1.70m generated
ekt he ACI data is remarkably fine, and very close
to._the nedian dianeter. determ ned by |aser [|ight
diffraction, for this batch of aponorphine
yadhiiiele @ 2 mnadydemhidratt 205g blister 5B) . Thi s
inh

.ndi tes that.th Ier. '.eff'c'ntl reduci ng t.h
Rive,d00e spqmaphigeqyatplonide Blisiprarsre pisared sdd to¥thd g the
ihBAB: 86 EREBbRMEIAIEACTUSPIZ%, Thgtey eunuas%;allmﬁl@ 13) cédfigured for
i nhal er. For exanpl e, when the sane batch of

esertintpil ¢l mindr desnbdlistrs had 26l wejght 95 2mgs pad dncleded the
f}éﬂgw %%&gm i.th the Cycl ohal er of Exanple 18, a
0

arge '2.3mwas neasured, indicating that
t hi S fornul ati on and device was not as efficient at

el | m-Aati+hg—agghorerates—i5ben-conparet VW
f or CRPYIEYMng i nhal er of Exalpiati; t HeVFigH o 4P/50
and R@Qﬁ{&,@ 48fg3Exaspye 19 al sogor ovi ded 4 sguperi or

del | yey gdscH8sgid BRa.dphevis. 819, fine parjticle '

fraghl y B g T e PAT T clre dgsy) (72% Vs.
55% A %_10%? ﬁi; fdlrne p%rti cl g jg)glse (67% vs. 44% . 20
It is,also rent fs t he [above data tthat the

f or AESREESH FhE- el of—Bxdanple

The apomorphine hydrochloride was sandwiched between the Respitose in the
mixing bowl as generally described in Examples 2(a) and 2(b). The powdets were
blended for 5 minutes at 2000rpm using the Grindomix mixer. The blend was then
passed through a 212um sieve. Thereafter, the blend was placed in blister, each
blister having a fill weight of 2mg. The blisters were then placed in the inhalet of
Example 5 and tested in an ACI (U.S.P. 26, Chapter 601, Apparatus 3), with the
data analysed via the CITDAS described above, providing the following results:

Delivered Dose (%) 89%
(100*Delivered Dose/Total Dose)

%Fine Particle Fraction 81%
(percent of the delivered dose <5um)

%Fine Particle Dose 72%
(petrcent of the total dose <5pum)

MMAD 1.70pm
Fine Particle Dose 288ug
%Ultrafine Particle Dose 67%
(petcent of the total dose <3um)
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19 produces an ultrafine particle fraction (<3m of
nore than 70% Wiile a fine particle fraction (<5m

wean4pogosconsi dered acceptable for [ocal delivergr/GBRooit®01627

bel i eved that for system c deld very, even finer
particles are needed, because the drug 25 nust reach
the alveoli to be absorbed into the bl oodstream As
such anultrafine nartlr‘lp fraction in excess aof 70%

is partﬂélﬁ#aélﬂlﬁ:)?aa@ll\}%lmoageous The above |2€f1g enced
data in cf?rhe Elcf'elpﬂr H:l erred—Tnhaters=i

accor dance ent i pvention ils ﬁ%rticul ar|y
effici r{Pemﬁ%OHbﬁfdemss#ea idoge <R referded 30

formul ation in accordance with the present invention.

USRS SRR AT PR okl I Gy

tohthe cOyriomlaatsesf)thaddCl; wed fedt mjdhatdemceofl"}ﬁx,afmle&aﬂaﬁle the

h the. preferred inhaler rovi de si [

Vikeliae bagiRn fonees herpoeend ol En BBt £ ERATpskage.
16, which 5 had an MVAD of 3.47, an FPF of 66.7, and a
%-ine Particle Dose of 52.4% Exanple 20: Conparison
Bfshewnld leg netiefl |thet thadMMAdh aﬁéﬂ@gédgmmd pieionghe ACI data is
{e%{aqyz} q‘% f191@ Sarﬁ ! 9? Q(]; HaPRIRLR rleﬂg ﬁgt%g {iwgzqaser light

or mu FORS W LY f1ne exc pI ent par 1 cles re
@ilfﬁparcexj fb)ythas)bgteh offap binngpline hipgrokblohiale ¢ F4SBom saneported

hese Iat ons e tes ed. -The, co t
EPF PG R s teDAE B R FGRe faretrug o, o

Megfhﬁﬁ@tFlpshﬂﬂ PDaBE@ES rbBS: Gahlak a%%l@merdte This i is highly unusual for
MechanoFusi on” Syst em ( Hosokawa cron Ltd). g_L

9. g

ot inbglasolies caDDleawhen hasiine bgh of 2ppwetnise aydrochlonde (ie.,
i [ S

e e LR e R D D Rl haneaD
bOP. 35m1wzzmme5s,uréd)Ixhdxwdugb@laatlsefdmngamdn ﬁﬂi’/dmuewﬁ oot as
1Q. m nut erial was recovered and recorded
gigickePpat g@‘ﬁmfgn%ﬁgg?mg Ror phi ne hydrochl ori de and
0. 758 of mcronised L-leucine were conbined in the
MechanoFusi on_system The naterial was processed at a

Yehepj egersired yobotheweimylationand ihales offEsample d8pire formulation
$6d LB, Ak E@&A;@@Y‘@ bish :’g&oéﬁe&% L &Sor Jéﬁkéredr@o%%r(g@%% vs. 81%),
nd as .

was recovered reco
find garticty adtsed(31&uTes. ¢ Vel il pmdeld doye h7&2ﬁ/d vE. nSSéVo) and
and sile, for 2 mpputes. 2.5g m cronised
PRt S RaPE el B 5 Mka for a rurther 2
m nutes. 5g mcroni sed | act ose was added and bl ended

for another 2 mnutes. This
It is also apparent from the above data that the formulation and inhaler of Example

19 produces an ultrafine particle fraction (<3um) of more than 70%. While a fine

particle fraction (<5um) can be considered acceptable for local delivery, it is
believed that for systemic delivery, even finer particles are needed, because the drug
must reach the alveoli to be absorbed into the bloodstream. As such an ultrafine

article fraction in excess of 70% 1is particulatly advantageous.
P P y g

The above referenced data indicates that the preferred inhaler in accordance with
the present invention is particularly efficient when combined with the preferred

formulation in accordance with the present invention.
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m xture was then processed in the AS50 Spiral jet mll|
using an inlet pressure of 7 bar and a grinding

wpe@gssmed of 5 bar, feed rate 5m/mn. This poMiBEGBNMNNS/001627

gently 30 pushed through a 3gm netal sieve with a
spatula. This material was recorded as "10A'. WO
2004/ 089374 PCT/ GB2004/ 001627 -68 1.5g "10A" was
conmbi ned with 0.20g m croni sed L-Ieucine and 3. 75g of
Sorbolac 400 lactose by hand in a nortar with a
t T r I ed
I? Eﬁé\ﬂh alsoq;é:d‘éo(‘le i b%zllll él\l/egfo\%nﬂ%&g)%s% . ua[mlgl%EPtS ()Sévn@lut%Q
(D;&l(ﬂrailea) andithe foemalagied fSExahii¥E 19 fwill the prefairsédnhaler), provide

phiine HC pl 1 onised.l e r ced
SRR 0T SRR RGIED sﬁ%rregbs% B 'Eefﬁr%ﬁﬁf&gﬁ b Ej 6, which
Haaoa%%mrﬂnf&rs 1437 et sf 64N snd NPAFiAL PaRi@OD MRS 5DAY,.

processed in thé AS50 Spiral jet mi Il using an iniet
pressure of 7 bar and a grinding pressure of 5 bar,

¥ 2 , pASOLL . L AUy m%ﬁaﬁo%g l.. agrh%‘ne
fa‘ﬂﬁﬁhlugh , and then was gently passed t hrough a 300. m

taI ve by sha Thi s terial was. recorded as
Presoet pEpomimion LGB T HBCRR Vb et gpient pasticles
rerpqr%ase&bléeegémlmeg endpta}e m@&gaM&%}gand PhedP b MulMhs were
1gestle m’ nut es .59 mi croni sed | act ose was
del¢estethdI e emgradnilling was ¢asriehept I nienmilswhitsfethe 5
r n
S e e Ly R S A
Mpiroalltd)et m i1l using an inlet pressure of 7 bar and
a grinding pressure of 5 bar, feed rate 5nl/mn. 20
Thi s powder was gently pushed through a 300m net al
8.6V 6f 9b:hB1a2 40Pahdthge ankh B¢ OTRLiEIInde IR S BIOK 88 Gobined in
"1ZA". 16.5g of Sorbol ac 400 and 0.85g of m cronised
the (¢ PhanpBraopFEste. | ThetthateriNEeHaTOFESEOAT 3 yattiamoiRQ% power
‘g)é%q%ﬁ%lg& ﬁ%llo%@e%)lg Q Q&Elgg)of fSQ‘%rh}? xi?%l”é& 89 1{1&%@esatTl'§Q Yaterial
( rpm  for m nu S nmateria
wacecoededsnd i&AtdedaSRAN. cr oni sed aponor phi ne HC
plus 2.0y "13A" were blended by hand in a nortar with
a spatula for 10 mnutes. This powder was gently

PISH B8l dth Sl eahy BOOILARE ahd Slﬁé%f\hn'fcfbrﬁseimlleﬂc@ae were

This material was recorded as "13B"
combined in the MechanoFusion system. The material was processed at a setting of

20% power for 5 minutes, followed by a setting of 80% power for 10 minutes. This

material was recovered and recorded as "2B".

2.1g "2B" plus 0.4g micronised leucine were blended by hand in a mortar and pestle
for 2 minutes. 2.5g micronised lactose was added and blended for a further 2
minutes. 5g micronised lactose was added and blended for another 2 minutes. This
mixture was then processed in the AS50 Spiral jet mill using an inlet pressure of 7
bar and a grinding pressure of 5 bar, feed rate 5ml/min. This powder was gently

pushed through a 300um metal sieve with a spatula. This material was recorded as

lllOAH.
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A nunber of foil blisters were filled wth
approximately 2ng of the followng fornulations: |QCA
wO0 20088Bpoor phi ne HCl, 5% 1-1 euci ne, 75% ni crPCii/&€8e004/001627
| actose (co-jet mlled) WO 2004/ 089374
PCT/ GB2004/ 001627 -69 10C - Z26. 2% aponor phi ne HCl, 5%
1 Ieucine 68. 7% sor bol ac (geonetric) 11B - 95%
hine HCl, 5% 1-|eucine (co-jet mlled) 12A -
b%‘g'hwp h@mbm@l@mﬂsﬁ/@pg mpmmed@%eﬁpm @nds?e'éﬁg of Sorbolac

VEEREEe (b B 8 AT B B
g'i@]lt]l?qilﬁﬁed Brbagh aﬁotﬁmeﬂétaﬂhe@eewm nephttdn Thiseflatkfignvas

irgir_gdevice into an NG at a flow rate of
’GG&WWEaSTHéBAspirair was operated with a reservoir of

15mL at 1.5 bar. Each in vitro test was conducted
once to screen, and then the selected candidates were
Yemeerpeted 2pomprtine HEA pdisdy mécrapised ladusmerweepce Plaxdd iim the

I?Oglba 0 3 Us%%tem ar% ﬁto]béélsse(? g‘yq% rg&?ber \%%%Smlggge)ﬁ nE[IFI)1r1E])s initial
BI0Ad 384 tB&Bp &zgssxd 18 thel 8858 5PirA37: R0DusinS4n if1d7P@)sure of 7 bar
(1635). 000) 10C 523 492 374 1.63 118 1891 1680 1614

andyg eringing presyrel oty bar, Jeed rptgmmy/maiy. Thismaterial wesptecorded as
190> 1657 1589 1.43 SD 32 31 33 0.07 RSD 1.7 1.9 2.1

4.6 11B 1895 1559 1514 1.58 1895 1549 1485 1.62 AdC

1923 1565 1504 1.62

After blending, this powder was rested overnight, and then was gently passed

thtough a 300um metal sieve by shaking. This matetial was recorded as "11B".

2g micronised apomorphine HCI plus 0.5g micronised leucine were blended by hand
in mortar and pestle for 2 minutes. 2.5g micronised lactose was added and blended
for a further 2 minutes. Then 5g micronised lactose was added and blended for
another 2 minutes. This mixture was then processed in the AS50 Spiral jet mill
using an inlet pressure of 7”bar and grmdmg pressure of 5 bat, feed rate 5ml/min.

This powder was gently pushed through a 300pm metal sieve with a spatula. This

material was recorded as "12A".

16.5g of Sorbolac 400 and 0.85g of micronised leucine wete placed in the
MechanoFusion system and processed at 20% (1000rpm) for 5 minutes then at 80%

(4000rpm) for 10 minutes. This material was recorded as "13A".

0.5g micronised apomorphine HCI plus 2.0g "13A" were blended by hand in a
mortar with a spatula for 10 minutes. This powder was gently pushed through a

300pm metal sieve with a spatula. This material was recorded as "13B".

A number of foil blisters were filled with approximately 2mg of the following
formulations: '

10A - 20% apomorphine HCI, 5% l-leucine, 75% micronised lactose (co-jet milled)
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Ave. 1904 1558 1501 1.61 SD 16 8 15 0.02 RSD1 1 1 1
12A 414 387 363 1.63 410 387 363 1.66 406 378 355

wd 2080889, 410 384 360 1.66 SD 4 5 5 0.03 RSDI/GB1001/001627
2 Total ave. 2050 1920 180Q M0 2004/ 089374
PCT/ GB2004/ 001627 -70 12A 395 365 341 1.80 411 385
360 1.85 ACI 400 370 349 1 84 Ave. 402 373 350 1.83
SD 8 10 10 0.04_ RSD 2 Total ave. 2011 1866

Wf50263H1 @%omrrmﬁ%%l fcan{IWD?S &fzﬁcf PlaE gt Emytric)

ER 5 5
m@ b s OE(‘EQ‘IHC%@ é;({?fl}%%m}é;{ﬂ% gl 8’)8; ég rlﬁé ( isE?
%“x 6 10%23p492nd19h1ribdﬁ3]7 3% Bubine515%6nicidBs b6 s fulBdo-j24 milled)
g% 999_‘%)5ap§350'2r§hm8e21-18p 59/21 l7ef11c1%ce) 7ﬁx%or§g’lag 908 %leucme %z Sorbolac

MechanoFused) -

These were then fired from an Aspirair device into an NGI at a flow rate of 601/m.
The Aspirair was operated with a reservoir of 15ml at 1.5 bar. Each in vitto test
was conducted once to screen, and then the selected candidates were repeated.

Further candidates were also repeated in ACI at 60 1/m.

Table 14
Formulation MD (ng) DD (ug) | FPD (<5pm) | MMAD
2mg, 1.5 bar (ng)
15ml reservoir
60 1/min
10A 384 356 329 1.78
13B 359 327 200 1.54
(1793) (1635) (1000)
10C . 523 492 374 1.63
1B 1891 1680 1614 1.36
1882 1622 1551 1.44
1941 1669 1601 1.49
Ave. 1905 1657 1589 1.43
SD 32 31 33 0.07
RSD 1.7 1.9 2.1 4.6
11B 1895 1559 1514 1.58
1895 1549 1485 1.62
ACI 1923 1565 1504 1.62
Ave. 1904 1558 1501 1.61
SD 16 8 15 0.02
RSD 1 1 1 1
12A 414 387 363 1.63
410 387 363 1.66
406 378 355 1.68
Ave. 410 384 360 1.66
SD 4 5 5 0.03
RSD 1 1 1 2
Total ave. 2050 1920 1800




RSD O 1.6 4.5 9.1 11B 80 97 94 74 14 78 96 93 70 14
ACl 78 96 94 72 12 Ave. 79 96 94 72 13 SD11 2 1
WORSD4089378 9 12A 88 94 89 68 13 89 94 89 66 1PCT/8B28M4/001627
88 64 12 Ave. 88 94 89 66 1§O_SDO 121 RSD0O135

12A 86 94 85 57 9 88 93 84 55 8 ACI 87 94 85 56.8
Ave. 87 9485568 SD1111 RSD1127W
2004/ 089374 PCT/ GEB2004/ 001627 -71- Table 16

E2Anul ati on Recov®y Thropd6Blistef34levice 2npl84.5
bar 15ml reservoftl 60 1/ B 10A 958%605% 0. 3% 7p4.813B
%ﬁzg% 3% 6% 16T 100% 1p%F®% 4% | 34B 101% 2% 0.86%

% 20 0 0 %4 29 0 9
7 99% 2% 0. 2% %62/0 102% g./g 0. 3% 1§15{9 183
SD 8 10 10 0.04
RSD 2 3 3 2
Total ave. 2011 1866 1750
Table 15
Formulation FPF(MD) | FPF(ED) | FPF(ED) | FPF(ED) | FPF(ED)
2mg, 1.5 bar % % % % %
15ml reservoir | (<5pm) (<5pm) (<3pm) (<2pm) (<1pm)
60 1/min
10A 86 93 87 60 )
13B 56 |61 52 42 19
10C 72 76 67 51 16
1B 85 96 95 81 24
82 96 93 77 22
82 926 92 74 20
Ave. 83 96 93 77 22
SD 0 1.5 3.5 2
RSD 0 1.6 4.5 9.1
11B 80 97 94 74 14
78 96 93 70 14
ACT 78 96 94 72 12
Ave. 79 ' 96 94 72 13
SD 1 1 2 1
RSD 1 1 3 9
12A 88 94 89 68 13
89 94 89 66 12
87 94 88 64 12
Ave. 88 94 89 66 12
SD 0 1 2 1
RSD 0 1 3 5
12A 86 94 85 57 9
88 93 84 55 8
ACI 87 94 85 56 8
Ave. 87 94 85 56 8
SD 1 1 1 1
RSD 1 1 2 7




Ave.

WQO200%088B% Ave.

101% 2% 0. 4% 13%

3% 18%

ACl

SD1.500.2 2.3 RSD 1.5 0 57
18 11B 100% 1% 0. 5% 17% 100% 2% 0. 1% 18%
100% 2% O.

101% 2%

SD 1 1 0.2 IrCREB2M4/001627

35 62 3 12A 109% 4% 0. 3% 6%7408% 4% 0. 2% 6% 107% 4%

0.02% 7% Ave.

108 4% 0.2 6%
9 12A 104% 3% 0. 4% 7% 108% 4% 0. 2% 6%

Sb100.11

RSD 1 0 82
ACl 105% 2%

0. 4% ;% Ave. 106% 3% 0.3 7% SD 2 1 0.1 1 RSD 2 33
l91fhe co- jet mlled fornul ations once again

%}hﬂh&&gnexcepﬂ ﬁ@éco’aﬁ’gs [kt 1S %&ens-ﬁ)é&f’éeﬂg
D ACLE YGe dry povvc | er device. The inproyenent
ars be llargely du¢ to reduced throat

R% ?ergn Whl ch was | ess than 5% conpared to|between
’)OOAfnr fh l\/hr\hannl:nc-crl for m|| :\t! opns—112A"

. ,produced as a 9r64beat of Sp"/"lOA" bif-3e%cl udi %/0 t he
NRghanoFused pre- ol (to ¢ T Was U Teqysredr-
\\}\%EZOOM 089374 PCT /9%8?2004/ O()?g%% -72 13'26; e
rlﬁﬁr odu0| b| lity of 110[3% FPFs db‘t/cai ned WIZf/h the 4%

1 12N t \
(}ggcrl bed above v 1t/‘iesred 20 nurrber f’0| I biP% ers
were filled with dpgrbxi mat e,lzy 2my of too?r/ﬁul at il 8A712A.
102% 2% 0.3¢ 14%

Ave. 101% 2% 0.4% 13%

SD 1.5 0 0.2 2.3

RSD 1.5 0 57 18

11B 100% 1% 0.5% 17%

100% 2% 0.1% 18%

ACI 101% 2% 0.4% 18%

Ave. 100% 2% 0.3% 18%

SD 1 1 0.2 1

RSD 1 35 62 3

12A 109% 4% 0.3% 6%

108% 4% 0.2% - 6%
107% 4% 0.02% 7%

Ave. 108 4% 0.2 6%

SD 1 0 0.1 1

RSD 1 0 82 9

124 104% 3% 0.4% 7%

108% 4% 0.2% 6%

ACI 105% 2% 0.4% 7%

Ave. 106% 3% 0.3 7%

SD 2 1 0.1 1

RSD 2 33 35 9

The co-jet milled formulations once again exhibited exceptional FPFs when it is
dispensed using an active dty powder inhaler device. The improvement appeats to
be largely due to reduced throat deposition which was less than 5%, compared to
between 16 and 29% for the MechanoFused formulations. "12A" was produced as a

repeat of "10A", but excluding the MechanoFused pre-blend (to show it was not

required).
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5 Through life dose uniformty was tested by firing 30
doses, with the emtted doses collected by DUSA.

wabooewsgHs7d i fe dose uniformty results are preseeit/682000/001627
the graph in Figure 22. The7gean ED was 389g, with an
RSD of 6.1% and the through I'ife delivery of this 10
drug-1l actose fornul ati on was very good. Exanple 21:

Provi si on_of appropriate aponorphi ne doses Fromthe
Thsaeprodugibility aftthedidFajobitved wirht thgforpalafanlgmthe preparation

[ aponor phi ne was around
°t9F%‘l’o*§.£@£ &'?‘ﬁ%%o%% ea{ti}lt}%{neg%sd ed in Exanple 7
i ncor porated 20% w w (600g) of aponorphine.

Experi mepts,. w.th blister fi. htsof3 re, .

A SRR e s Jels? b it oy B A AT Ao plgion 124,
IerBﬁ Pafd &&le%nﬁfo@ﬁﬂg%sqgstzg%f fE&gQW dsds amtIQQQegerQR&% doses
it vvould therefore be necessary to increase the

dollpeted by R VS Andibghugh hitsdase iy 4e B 26¢ Present®ddg the graph
drug formul ati on, or to use a nunber of blisters (e.g.
1%13%91%%89/3”9 and 1 x 300 g/1.5 ng). Another option

woul d be to increase the drug | oad from20%to 30% w w

15 it LD 36 A RSPOAEE T Fid 2 b 1B etlvery of ehis

dr@g it SRV EmLNA tIER 3R rPgoodM th the conponents
provided in the followi'ng anounts for a 3ng blister:

Conposi tion Ampunt (g) Per cent Apom)r phi ne HC 900 30

Fliahi t—he]phabe[l GW)dySlthS titsabwtrladithaﬁhhﬂ mragxirgumgrotdngtefl idoke of
V\E?‘gt from3to45 the blister, the FPF

BEUPR Al OT i s SRAG IOHE 200 w w ' formul ation. The
FPF of the 30% w w fornul ation increased slightly to
74% This i nd| cates that a 30% w w drug formul ati on
Ermfopmulpsion ysediipEremple JircorporatesddWo 77/ w (E9ehet of

z{%g!mc[rﬁﬁfﬁle!: Exﬁ’éxnggntg%qt@&@tw #h q;eﬂg%tg Sf %g%érg berformed and

these blisters were shown to provide a fine particle fraction of 72%. To obtain a
900pg dose, it would therefore be necessatry to increase the blister fill weight from
3mg to 4.5mg of the 600pg drug formulation, or to use a number of blisters (e.g. 1 x
600pg/3mg and 1 x 300 pg/1.5 mg).

Another option would be to increase the drug load from 20% to 30% w/w to

maintain a fill weight of 3mg per blister.

This formulation can be manufactured in the manner set forth above in Example 2,

with the components provided in the following amounts for a 3mg blister:

Composition Amount (ng) Percent
Apomorphine HCl 900 30
Lactose 2100 70

Total 3000 100




Fine particle dose Fine particle dose <_ 5m<_ 3m

Formul ation/blister detail Dose (g) Fraction Dose (Q)
woe@aswsm 20% w w 3 ng (600g) 370.41 72.45 28PCHEB2004/001627

55.28 20% w w 4.5ng (9009) 0.48 69.19 412.88 51.90

30% w w 3 ng (900g) 611.07 74733 460.98 56.08 Exanple

22: Conparison of use of sieved and unsieved |actose

carrier particles As part of the ongoing 30% w w

‘Bieah@1 dw&zﬂs dyrent naTtiPle Ad hebiwngshost Bek that 20@n raising the fill :
V?%ght OgohoRg\égut Sfﬁe §N8Lg§ tﬁg%gﬁgfeg%g& EES usm& 6]66 20% w/w
faﬂduﬁheﬁed"lﬁcﬂm bﬁthm wf /5 EdrgndatidiDimcreasdd Sighvlg)to 74%. This
15 Thlsfornulat)on ca be manuf actured in the nner
igdicates that 2atfbo e/ glagion apig YshE ¢ HHpERTE

5 provided in the follow ng anounts for a 3ng blister:
Corrp05|t| on Am)unt (g) Per cent Apgm)r phi ne HCI 900 30

ONAL +

ochn hao ~Ff
sArowtnat—tnre l_l'l_ Ot

yH-at UI '65“"
hi gher than the 20 FPF gbn? fi%ﬂfﬁ’}gl 95€d 1or it ea?ré‘de dose

(6194 \\D 2004/ 0893741 PCT/ CR2D8H 01 §27 74 Ex p

Fprpylapapdblisicr SetiVDD9ss: (48D af ESACHOR uf ORse (g) | Fraction

formul ation accordinglto the prédélt invention may|K&)

rﬂOé/pafr/Swag 6‘660mg)vvs ﬁ?o@ m crdﬁi4§ed apé%ﬁéhl ne|&h@s

UL I |0 A\ dl © |\ u IIIl
ggﬁ%’r/ bi'ﬁ%lgp(g Frgﬁgferre?)tlg t he VEI%%% awa 5150
Al M/N 35@@@@@9@9 @n1.03yst emmdizad a fyrgebsatta¢heds
to the-largest port in the |lid with the leguipnent

runni ng at 3. 5% The port is sealed and the cooling
wat er svmtched on. fThe eqw pmsnt |s rgq at 20%for 5

Yk 2 6 6) %) (s e 241!
S SW t b/S t
PR 0ESe by PO LB LA o o

10 maﬁsd of Respitose SV003 was prepared.

The formulation was prepared with unsieved Sorbolac 400 and sieved Sorbolac 400

(using a 100pum mesh sieve).

75 This formulation can be manufactured in the manner set forth above 1n Example 2,

with the components provided in the following amounts for a 3mg blister:

Composition Amount (pg) Percent
Apomorphine HCl 900 30
Sorbolac 400 2100 70
Total” 3000 100

Initial results show that the FPF of the sieved formulation (65%) is higher than the

20  FPF of the unsieved formulation (61%).
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0.027g powder is weighed into the can, a 501 valve is
crinped to the can and 12.2g HFA 134a is back filled
WO ni0a/084324 can. 15 Exanpl e 24: Preparation of PCT/GB2004/001627
MechanoFused fornmul ation for yse i n passive device A
further formul ation according to the present invention
may be prepared as follows. 20g of a mix conprising
20@6n1cron|sed aponnrph|ne 78% Sor bol ac 400 | actose
2 Pt ] eamu!ghed into the

s F
R AU o MO TAEEA RS Koy O
fsmhlw NMENOg ?ﬁmmmfa ogmo'iﬁ/hma'_l?_ﬁd pdptledithis eacheds @nybitl GMBH)
coollng water swtcnea on e e n a
p0wsREbFd ipaaber 1 HhY BaBery a0s LR T heinpobted HHE-MINT
NG PQPH&OI? Sy n%i‘fltv‘fe{@ Bl att%kﬁﬁﬁ@%@ﬂax%&g gEPth the lid with the

resulting ation recovered
cuipmpine r@dnindpois/phiThe porice sbpésréaﬁ@thnﬁcmhmgnvamem@tched on.
ram f.ornul a can _be nuf ac |

ThersebaER 1 0% A 2608" SVPPReT oy e B R0 e mingres, The

eglg B oS QIRO ReiéSedns fVdisiaan dldd ztrhfthfe&kitﬂmgl forafmatidiBiecovered
np05|t|on Amount (jig) Percent Aponorphine free base

othapigallf-act ose 2400 80 Total 3000 100 WO 2004/ 089374

PCT/GBZOO4/001627 -75 In the preceding specification,

the invention has been described with reference to

‘EmpnnﬁDEOéxemplary enbodi nents and exanples t her eof .

i dent hat
Wi hs e Rafe o SGE St HlPed o b e
Hfmmg%mhﬁbauiHﬂe&hﬂadbfcﬁplrlt and scope of the
|nvent|on as set forth in the clains that 5 foll ow
The speci fication and drawi ngs are accordingly to be

&?élg ed. Pf@p@ﬂmo‘nl AWE@E@B’OY‘@SM&%M&@E%E uE@ﬁ{‘%ﬁswe device
restrictive sense. GB2004/ 001627

A Ferthal @rmlallonmcemdmgtq therpreesnt nn@aﬂpngn@e%atepared as
sfunghion b r
féj% i %b%g 2 513{)1%‘%01 1s§ gy %(?,]e a16gor%r S %p%%j%ghﬁl%npg‘% %&tBQIac 400

Iﬁa@tlbaé aid 2% megneshim l@&smp herwegedd mmlt]heyHosokawa AMS-MINI

acceptable-salt- or- ester. - - -- -- -- - , S
MechaeloFusmn system via a funneq attached to the largest port in the lid with the

equipment running at 3.5%. The port is sealed and the cooling water switched on.
The equipment is tun at 20% for 5 minutes followed by 80% for 10 minutes. The
equipment is switched off, dismantled and the resulting formulation tecovered

mechanically.

Example 24: Apomorphine free base formulation

A 600 microgram formulation can be manufactured in the manner set forth above

with regard to Example 2, with the components provided in the following amounts:

Composition Amount (ug) Percent
Apomorphine free base | 600 20
Lactose 2400 80
Total 3000 100




2. A conposition as clainmed in claim1, wherein the
aponor phine is aponorphi ne hydrochloride. 10 3. A
W@ o09posI3ri on as clainmed in either of the precePCTGB2004/001627
clainms, wherein the admnis ratlon of the conposition
by pulnnnary i nhal ati on prOV|3es a Crax within 1l to 5
m nutes of admnistration. 4. A conposition as clai ned
in claim3, wherein the Chmax is at least 2ng/m. 15
Ig, thmém‘é@eu spegification thg invantien bhabeansdespiledwithhference to
?Q’Hﬁc leRefibla O}f? Qi%ﬁog&gln@; d gXa lgsot!ﬁgg)e%ﬁt 'Ip‘g]ulﬁ%l’(])((‘ve% r';r%g evident
n-any on e prece I ng cltarns erel e
thgkntaricss maddifitatinstahé chengreshdy lonmhyle pheremnsityout departing

nhaL? tb %6? g}gl\élllt \%géﬁa e g?%v%%gatealéggg t[-;%h}laen the claims that
N8R0T Hel @@cﬁéat@é@amdrawngme QB&18fn m% Y ﬁ%eﬁieaqn an
clai ms, wherein the admnistration of nposi ti on
i tpwlnﬁn%nyrwﬁhanﬁ@n@nfﬁmmvvdegma dose dependent
AUCO_OO. 25 8. A conposition as claimed in any one of
the preceding clains, wherein the admnistration of
the conposition by pul nonary inhal ation provides a
dose dependent AUCO . 30 9. A conposition as cl ained
in any one of the preceding clainms, wherein the
adm ni stration of the conposition by pul nonary
i nhal ati on provides a dose dependent Crax WO
2004/ 089374 PCT/ GB2004/ 001627 -77 10. A conposition
as claimed in any one of the preceding clains, wherein
the adm nistration of the conposition by pul nonary
i nhal ation is not acconpanied with the adverse side
effects usually associated with the adm nistration of
aponor phine. 5 -11 - -A-conposition-as-clained-in- any
one-of -t he preceding clains, wherein the conposition
provi des a dose of aponorphine of fromabout 100 to
about 1600 m crograns of aponorphine or a
pharmaceutically acceptable salt or ester thereof
(based on the wei ght of the hydrochloride salt). 10
12. A conposition as clained in claim11l, wherein the
dose is fromabout 200 to about 1600 m crograns.
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13. A conposition as clainmed in claim12, wherein the

dose is fromabout 300 to about 1200 m crograns. 15
wa2004M8B0hposi tion as clainmed in claim13, wheP€i/aBRGV8/001627

dose is fromabout 400 to abgut 1000 m crograns. 15.

A conposition as clainmed in any one of the preceding

clains, wherein the 20 sexual dysfunction is erectile

dysfunction. 16. A conposition as clained in any one

®Painms 1 to 14, wherein the sexual dysfunction is

femal e sexual dysfunction. 25 17. A conposition as

claimed in claim15, wherein the erectile dysfunction

I.s  p&yohggeition. fol Breatdng saquokdisiwnctas gl milmedatyninbhlation, said

15, wherein the erectile.d sLunction i.s ,arganic. .30

FEPRIEIHEUEPET BR “B BT RN RGPS APARG B BERR the form of a free
_lﬂ{s\%}ﬁ%ﬂﬁc&i@h]ﬂﬁ?aee\éﬁ@b@—ﬁlttd}ﬂaste@pmoﬁi Lon is.a dry ..

powder conposition. WD 2004/ 089374 PCT/ GB2004/ 001627

-78 20. A conposition as clainmed in claim 19, wherein

1 SROTRE D, oy AR TR s

di amet nposi n as cl ai ned
ipontdrphine2drodidodden t he mass nedi an aerodynamc 5
diameter is 5mor less.- - 22. A conposition as

claimed in any one of clainms 19 to 21, wherein at

3.east A Qa¥PRftidoR ANMRALRRIAE: HRthedPATALLinS, FBefin the
10mor less. 10 23. A conposition as claimed in claim

adminigyatienpiabe FemppsigoyPyirulnenaiahbr i peovites 2eCan,. within 1
&@gkﬁ&%@sgkggmgﬁﬁggh)( | ess. 24. A conposition as

claimed 1n any one of clains 19 to 23, wherein the
conposition further conprises an additive material. 15

5. A,conposition as cl,ai ned i | ai.m 24, wherein the
£ CINOTREEC FEmeg g TR G rEPeRt So e 1 PO A8( L
0.15%to about 5% of the conposition, by weight.

5. A composition as claimed in claim 4, wherein the C_,, is at least 7ng/ml.

6. A composition as claimed in any one of the preceding claims, whetein the
administration of the composition by pulmonary inhalation provides a terminal

elimination half-life of between 50 and 70 minutes.

7. A composition as claimed in any one of the preceding claims, wherein the
administration of the composition by pulmonary inhalation provides a dose

dependent AUC, .

8. A composition as claimed in any one of the preceding claims, whetein the
administration of the composition by pulmonary inhalation provides a dose

dependent AUC,.,.

9. A composition as claimed in any one of the preceding claims, whetein the
administration of the composition by pulmonary inhalation provides a dose

dependent C__,.
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20 26. A conposition as clainmed in either of clains 24
or 25, wherein the additive material is selected from

W0 b@4g8Bnp consi sting of | eucine, magnesi um st REF/&B2004/001627

| ecithin, and sodium stearyl fumarate. 27. A

conposition as clained in any ‘'one of claims 19 to 26,
wherein the 25 conposition further conprises an

exci pient material. 28. A conposition as clained in

6. ai nd 28mpabigiogias dadimediepy ent ofithecptieatding clajms, twlerein the

for.m of .carrier parti.cl es hayi ng an.a age rticle . .
fRisGp R of ephr Ayt by RUBRRET AN afissippapied wick
BB Y% dPOee Oide GFfRLIEskallyOasiSciatetiaFie thel ddenink @BHOS idfiaPBmorphine.

conprises a solution pMDl fornulation including a
propellant, a solvent and water. WO 2004/ 089374

»-@I%/-%%Q%JOQR?O%%»-clﬁ%%d-%anﬁoﬁ%@ﬂ% Hﬁ%ﬁ% chali@b MPELoLR the

m 29, “"wherein the propellant is and/ or
AP &TrioBprovides angwsidfiapnmasplginaiofrécbnh abewtt H¥Y toofbout 1600

&Ec%!)grgm_zsgqf%rpo?n%rpwlgfo? Iar]p}}a?r%age%l_ti\é%?}; acca tagl estaﬂaoqoelste_r_thereof

GALAOSA tHOReigBt 6f AleMBdrddhlanye ag. of clains 29 to 31,
wherein said water 1is present in an anmount from
greater than 2% by wei ght to about 10% by wei ght of
{{!e. Sﬁgﬁmﬁzﬁ&ws QAR 111 Q13Rein A EQHRAS il drR b ES: 200 to
claimed 1m any one of clainms 1 to 18, wherein the
domp 3606 hocorogsanas. suspensi on pMDl fornul ati on includi ng
a propellant. 34. A conposition as clained in claim
33, wherein the propellant is HFA134a 15 and/or
HEA22K. co38p oshidz0apsideddn oBSmCl 22w ekih Bhe Hadets Idom about 300 to
wherein the propellant includes about 60% by wei ght
tiont 3200 gerogsRt 40% by wei ght HFA227. 20 36. A
nmet hod of treating sexual dysfunction, the nethod
conprising admnistering to a subject in need of such
14.eat Areqemposgomposiliined inglatal rwtherqin thngossie fofm pheut 400 to
%%$%§%§8 jgkpkggé 37. A nethod as clained in claim 36,

&tei SIS G dysfunction is male 25 erectile
dysfunction. 38. A nethod as clainmed in claim 36,

wherei n the sexual dysfunction is female . ) )
15 composition as claimed 1n any one of the preceding claims, wherein the

sexual dysfunction is erectile dysfunction.

16. A composition as claimed in any one of claims 1 to 14, wherein the sexual

dysfunction is female sexual dysfunction.

17. A composition as claimed in claim 15, wherein the erectile dysfunction is

psychogenic.

18. A composition as claimed in claim 15, wherein the erectile dysfunction is

organic.

19. A composition as claimed in any one of the preceding claims, wherein the

composition is a dry powder composition.
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sexual dysfunction. 30 39. A nethod as clained in any

one of clainms 36 to 38, wherein the nethod does not
weaugeshe adverse side effects normal |y assocP@r/e#2004/001627

with the adm nistration of gonnrphine. WO

2004/ 089374 PCT/ GB2004/ 001627° -80 40. Use of

aponorphine in the manufacture of a nedi canent for

treating sexual dysfunction by pul nonary inhal ation,

26her eA nomhesitiedias alrentd oocipin § 8 swlhereimotn @pbtiopphias has 2 mass

ckgined i,n any one OfﬁiL I s to 35. 5 -41. A use as

mRedipthagrofFrans diamgser P AT ¢H& nedi cament does not

cause the adverse side effects nornmally associ ated

w th the adm nistration of aponorphine. 42. A dry .

Powdek comipasition de vlagmed thpleins 2Agvhereimipe spass sredian aerodynamic

-£lal -d4n.any one__of clains 1 to 28. 10 43. A dry
dﬁgﬁﬁ%f%fﬂﬁgpé%sgevice as clainmed in claim42, wherein

the inhaler is an active inhaler. 44. A dry powder

i nhal er as clained in either of ¢lains 42 3, .

Aher et ODRESIIDS 7 hied 11 ekops ebeRet i 2l Thrsinge st
SN b€ Bhe AomdyphleHBla fRficldShel IF 1@u ¥r ROWeEr i nhal er
device as clained in any one of cralns 42 to 44,

wherein the blister contains the conposition. 20 46. A
l'ister ] ai I | ai ' bi i's

1 o1 F opRbeFiPh Ry A 2o WRELE RGO B8k o

aploaidphihb has a4articl eizeiofi Siureoblesst er  conpri ses

pol yvi nyl chloride or polypropylene in contact with

the conposition. 25

24. A composition as claimed in any one of claims 19 to 23, wherein the

composition further comprises an additive material.

25. A composition as claimed in claim 24, wherein the additive material is
ptovided in an amount from about 0.15% to about 5% of the composition, by

weight.

26. A composition as claimed in either of claims 24 or 25, wherein the additive
material is selected from the group consisting of leucine, magnesium stearate,

lecithin, and sodium stearyl fumarate.

27. A composition as claimed in any one of claims 19 to 26, whetein the

composition further comprises an excipient material.

28. A composition as claimed in claim 27, wherein the excipient material is in

the form of carrier particles having an average particle size of 40 to 70um.

29. A composition as claimed in any one of claims 1 to 18, wherein the
composition comptises a solution pMDI formulation including a propellant, a

solvent and water.
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30. A composition as claimed in claim 29, wherein the propellant is HFA134a
and/or HFA227.

31. A composition as claimed in either of claims 29 ot 30, whetein the solvent is
ethanol..c e — o e
32. A composition as claimed in any one of claims 29 to 31, wherein said water

is present in an amount from greater than 2% by weight to about 10% by weight of

the solution pMDI formulation.

33. A composition as claimed in any one of claims 1 to 18, wherein the

composition is a suspension pMDI formulation including a propellant.

34. A composition as claimed in claim 33, wherein the propellant is HFA134a
and/or HFA227.

35. A composition as claimed in claim 34, wherein the propellant includes about

60% by weight HFA134a and about 40% by weight HFA227.

36. A method of treating sexual dysfunction, the method comprising
administering to a subject in need of such treatment a composition as claimed in

any one of the preceding claims.

37. A method as claimed in claim 36, wherein the sexual dysfunction is male

erectile dysfunction.

38. A method as claimed in claim 36, whetein the sexual dysfunction is female

sexual dysfunction.

39. A method as claimed in any one of claims 36 to 38, wherein the method does
not cause the adverse side effects normally associated with the administtation of

apomorphine.
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40.  Use of apomorphine in the manufacture of a medicament for treating sexual
dysfunction by pulmonary inhalation, wherein the medicament comptises a

composition as claimed in any one of claims 1 to 35.

41. A use as claimed in claim 40, wherein the medicament does not cause the

adverse side effects normally associated with the administration of apomorphine.

42. A dry powder inhaler device comprising a composition as claimed in any one

of claims 1 to 28.

43. A dry powder inhaler device as claimed in claim 42, wherein the inhaler is an

active inhalet.

44. A dry powder inhaler as claimed in either of claims 42 or 43, wherein the

inhaler is a breath actuated inbaler device.

45. A blister for use in a dry powder inhaler device as claimed in any one of

claims 42 to 44, wherein the blister contains the composition.

46. A blister as claimed in claim 45, wherein the blister is a foil blister.

47. A blister as claimed in either of claims 45 ot 46, wherein the blister

comprises polyvinyl chloride or polypropylene in contact with the composition.



