PHARMACEUTI CAL AEROSOL FORMULATI ONS FOR PRESSURI ZED METERED DOSE | NHALERS
COWPRI SI NG A SEQUESTERI NG AGENT FI ELD OF THE | NVENTION 5 The present
invention relates to stable pharmaceutical solution formulations to be used
Wi th pressurized netered dose inhalers (MDIs) suitable for aerosol

adm nistration. In particular, the present invention relates to solutions
to be used with pressurized netered dose inhalers (MJs), which are
suitable for aerosol adm nistration containing an active ingredient highly
10suscepti ble to chem cal degradation selected froma group consisting of
20- ket osteroi ds and qui nol i none derivatives, which is stabilized by the

presence of aHaeQUESEETIAN. ANRNEOT BARKEROWNRGE H?% -
s eJ??ggﬂgg%%%%ﬁ?%gg?ering

Pressuri zed netered dose inhalers are well known

phar maceut i cal prodystse mLAbERS@W@%Qé%%%g%?@%@@gSU' éSDr ugs

commonl y delivered by inhalation include
firagonists and anticholinergics, corticosteroids, anti-I|eukotrienes,
anti-allergics and other naterials that 20may be efficiently adm ni stered

by i nhal ati gugrbsrimereasiget he therapeutic efficacy and reduci ng side
effects. MDIs use a propellant to expel droplets containing the

phar maceytical product to the respiratory tract as an aerosol. Since the
hal ogenat ed propellants such as chl orofl uorocarbons, conmonly called Freons

or CFCs, ha o to deplete the ozone |ayer, HFAs and in
particul ar \f%% B{-l%@éé'm ?’gf&{rlg) Irﬁglﬁér(%%%leap(r%fa?agﬂgf\gf@ﬂ&fn g‘ﬁﬁ“u@‘?‘%{s & be used with
,2,3,3,3-he [ ne .(HFA have been acknow edged to be the best
candi dat es E E)G?Mrrl%% ’%Et?_f% g%g%el lllréai?{? é@% S‘ﬁtag{?rfglé?ero%’l BRI B Pasistlss o
formul ati ons,_usjng.such FlFA propel.l ant syste have been di scl osed.

For nul at i on?lefpo?se’gel?‘gg of" ’g’ga Sﬁ? 5@}‘1%%5 B%bﬁi/%/sé?é I"‘(}nﬁ‘mféssmd Hesteses] dpse ovslensr
suspensi ons l.ut.i.gn_ for, tions offer the advantage of being honobgeneous
with the ac Wégs)i %@b’ﬁ? é‘H{%‘!ﬁ%ﬁT EISPIACE g pPiBIng e peiye ingseflisnnhighis
propellqgt Vehi%hF or, its Hix%yne W th suitable co-solvents such as

et hanol ¥ SoP It PERAO PRI FRadatpi slestd iliomes giRyR Pensisting efR0Hictoptepridibhd s
thssociated.mhIh sysgension,fornulgtions SO assuring nore consi stent

uni f or m dos agae!none derivatives, which 1s stabilized by the presence of a sequestering agent.

BACKGROUND OF THE INVENTION
15
Pressurized metered dose inhalers are well known devices for administering pharmaceutical
products to the respiratory tract by inhalation.
Drugs commonly delivered by inhalation include bronchodilators such as Bo-agonisis and
anticholinergics, corticosteroids, anti-leukotrienes, anti-allergics and other materials that
20 may be efficiently administered by inhalation, thus increasing the therapeutic efficacy and

reducing side sffects.

MDis use a propellant to expel droplets containing the pharmaceutical product to the

respiratory tract as an aerosol.



adm ni stration. Recently many types of active ingredients have been
reformul ated as solutions in non CFC hydrofl| uorocarbon (HFC) propellants

wi th ethanol. However, it has been noticed in this lIcind of formulations
that due to the higher polarity of 15 the HFA propellants, in particular
of 11FA |34a having a dielectric constant of D> 9.5, with respect to CFC
vehicles of D < 2.3, the active ingredient may suffer of chemcal stability
probl enms and degrade during storage. Chenmical degradation is especially
probl ematic when the conpound is dissolved in the formnul ation. Chem cal
degradati on E(i)f the active ingredient may occur by various nechani sns, the
most 20si gni $ineaiht hidegamgred axhdatdve degsadatd | ecul ar, .oxygen,
catal ysed by the presence i211;epheavy nmet al geCig(zs)ns, dﬁ%ﬁgégﬁﬁfﬁﬁicﬁﬁﬁfﬁeg‘gr@ﬁ c or
cupric ions,CEER habre by draehefSdsSc@bm 5t @hiefd 8at nopena whi ch are pH
dependent. Consequently, attenpts to %ﬁ?ﬁéeggedzgﬁeepaggramsﬂ?% REFEUREL i ve

i ngredi ent s have-thedfhowthact @A q3kowers tthe; pH-and m.nim ze the anpunt of
heavy netal ions in the aerosol forﬁul ation.’ egéﬁgep{aﬁlgorﬁgop%%g%,z%

94/ 13262 sudgesbenuskiglagtds RISbAPLAIZES reducing the 5.
interaction of the ative ingredient with t '1% férglg%ql @lgdﬁjpmaﬂlfpﬁranﬂ/&twbﬁ? esent

in the sel ubfardfcdrMne@bi BfmMagt s%a%a{m related to ipratropi um bronide,
an anticholinergic drug and “an exanpl e %?%Ap&é%eéﬁ%&fg?%&aﬁeB?eﬁé@?(ﬂﬂsgﬁf,

i.e., fenot@onhulaids drfabQER DGR sRafk i he licati on between the use
of organic and inor garllriac aci dslnasnéﬁﬂgﬁg%mfsﬁ%l} g‘g&é“rt’é’%?réf‘%’@awv- badedn I n WO
01/ 89480 of firheiaRRd bean, Ll .data of a HFA |34a solution

fornul ati on 10cont ai ni ng %53‘2@?%8?éﬁ%’%ahé)gmgg??u%ﬁﬂmitﬁe Betivei ipgledient and
fornoterol angni8ubYeha%y 15 : L _

hydr oxy- 2- [ [%’Fﬁ) - 2-(4*{-ﬂ ey ﬁ%%% ey PIORFLEHyeBicky A7 ignmirare wig shitde b qui no
| i none hydr gail@r i,de : 0 tabilised by different anounts of HC1 1.0M
or 0.08M were report eaé-léﬁlaéﬁbg%)]ﬁ%% Corgtgfaﬁoqssglﬁ%ﬁwgﬁ@ang swabtlitie pebielisf i ed.
In a copendifg;appli:cati . 1 applicant had shown that TA 2005 can be
better stabili z]eg(PIV{g% H%S %LFI{:;)P\ 8‘3‘?1“@%?&“?&(%6‘35%‘6%&%? icenségtantl vhERmApipkdzeat i on
n 04011424 3 inislfli MO 2003/ 087097 propel | ant-free inhal able sol utions or
suspensi ons contal nihg a conbination of Pragonists and anticholinergics

have been ibed. Both gorganic and inorganic acids were used to adjust
the pH. Exggrr%%éﬂssp g}a“%g‘ﬁef 8&&%}‘4%“%1“6?1%@1@% ey srfdroubecidds sadelodslen non

hydr ochl ori i hydrobrom ¢ acid, nitric acid, sul phuric acid and/or 20
phosphori c (g%(?ié?&%%%?caﬁﬁﬁmﬁﬁ?@ﬂaﬁéM’htbﬁih,amiﬂt is particularly preferred
to use hydrI%ChI orioi% ag}i@d to, adjust the pH Anal ogous fornul ati ons have been
descri bed i'h V5C2003FREFAraicedindpip kndrd fWiOhaﬁnht-du&e@thiaM@Eﬁ@lﬁ%%gf uti ons
or suspgnsiﬂ(l)enlsﬁgont aini ng a conbination of anticholinergics and PDE-1V

i nhi bi t'drs. propeliants,"m particular of HFA 134a having a dielectric constant of D > 9.5,

with respect to CFC vehicles of D < 2.3, the active ingredient may suffer of chemical

stability problems and degrade during storage. Chemical degradation is especially

problematic when the compound is dissolved in the formulation.

Chemical degradation of the active ingredient may occur by various mechanisms the most

20 significant being the oxidative degradation by molecular oxygen, catalysed by the presence

of heavy metal ions, such as aluminium, ferric or cupric ions, and the hydrolysis or

esterification phenomena which are pH dependent.



As to the mnimzation of heavy netal ions, WO 00/78286 ('286) and WO

00/ 30608 (608), propose the use of aerosol containers with inert interior
surfaces, WD 96/40042 di scl osed that aqueous fornulations of triantinolone
acetonide in neutral or 5 basic solutions undergo oxidative degradation
catal yzed by trace levels of netal ions, especially copper, and proposes
the use of EDTA as sequestering agent and/or adjusting pH The rate of

di sappearance of triantinol one acetonide in aqueous solution exhibited a
dependency on the buffer concentration at constant pH and ionic strength.
EDTA even ig a very /ow concentration had a profound inhibitory effect of
t he degr adafpewgueb@y, Somptsitomefeaemy aibigns rafe SLuni ' ' UL.TI
propel l ants were disclosed in WO 95/1718%, wher e i?gﬁg%ﬁﬁgéﬁg%gﬁ&gﬁgé
cheni cal StEﬁb%@nwepﬁ¢n®ﬁ$ﬁmhﬁﬂ&%ﬁmbﬁxﬂ%&ﬂ@wﬁ&ghé&ﬁﬁﬁm%&%ﬁﬂ@@%ﬁﬁﬁ Sorbi tan
trioleate, and cetyl pyridiniumchloride, and also that certain ot ai ner s
such as glass and resin coated al um num enhance chem cal stability and/or

15m nim ze the absorption of flunisolide onto the container wall. The
present invantd te dislohicrieg ted d10 3baPEQYE: hes chem idity of active
i ngredi ents subjected to oxidative dé%gadatiéﬁ and%géﬁg%?§d£%¥%ﬁW%¥ Foup

consi sting iaferadfok 6f @StAK O iHsdRndt R0l R | Lyes in an aer.oso
formul ati on conprising a Iﬁ%ﬁzfied HFA 28 pggﬁgﬁﬁgﬁg&% ﬁﬂgﬁ&%ﬁng Rt

sel ect ed friommphamMBeeUiheslst %1A8GE | s. .The object is achieved
by addi ng a chel ating orasgguesteri 5%§;§ﬁ?b§§$gd€3§n?$@ﬁ? 'y ARG gnd an

consi sti ng RfmpRogRNGLL ch,d .apd hur i cid...The, sequestering agent
stabilizes tﬁﬂpnetalgfgﬁgé'%ggs hﬁiﬁﬁgffﬁc%§g$ﬁgtwg‘g@WﬁF?dﬁP“Wﬁ1&‘*%55

active statg,t Yo DBK them | ess avail abl e as catal ysts for oxidative
reactions fﬁp%%gﬁ?gn aph%?%?C%ﬁ%?%?3B%F?§ﬁ?WéB§%?W%Wﬁﬂ§9§$@hﬁﬁye&n@hfof t he

formul atio i ti.on. Preferably the inorganic acid is highly
concentrat§%#9%1%ﬂnggéﬁﬁﬁgqg%¥% %Wgﬁ@$WéfQFF8ﬁ§ tife splyvienforroniatiey
conpri%% n%&%.tha$ one active 5ingredient that may be subjected to the two
di fferent MECHANESAE BICEEQEAREE R, 1 treicslar deriotmolr aect-hohoarw] (1RE] -

hydr ol ysi s og esterification, it does appear convenient to enploy an

addi ctive (EIPRE2HEHRit-t-mehowmhenyDakmsibiytetty amima] gty el 5 b@holagk a
sequesteriH or chelating agent. inThe applicant found that an inorganic
acid, acti gdr?ﬁ}lw&hﬂ’t%é Gtedilisgde be i ffoves hamiustrso fOICRC MO B; 008Kr Reresaf el y

utilized in a HFA propellant/cosol vent systemand in particular in a
reported . Phosphoric acid is mentioned but not exemplified,

In a copending application, the applicant had shown that TA 20035 can be better stabilized
15 wiﬂihigb concentrated phosphoric acid (EP Application n® 0401 1424.1).

In WO 2003/087097 propellant-free inhalable solutions or suspensions containing a

combination of B;—agonists and antichelinergics have been described. Both organic and

inorganic acids were used to adjust the pH. Examples of particularly suitable inorganic

acids include hydrochioric acid, hydrobromic acid, nitric acid, sulphuric acid and/or
20 phosphoric acid. According to this document, it is particufarly preferred to use hydrochlaric

acid to adjust the pH. Analogous formulations have been described in WO 2004/004704

referred to propeliant-free inhalable solutions or suspensions containing a combination of

anticholinergics and PDE-IV inhibitors.



FI FA propel |l ant/ et hanol systemto prepare fornul ations stable, preferably
at roomtenperature, for a pharnmaceutically acceptable shelf-life. 15
SUMVARY OF THE | NVENTI ON Accordi ngly, the present invention provides an
aerosol fornul ation, which conprises at |east one active ingredient
selected froma group consisting of 20-ketosterolds and 20 qui nolinone
derivatives, a liquefied HFA propellant, a co-solvent selected from
pharmaceutically acceptabl e al cohols, and a sequestering agent selected
froma group consisting of phosphoric acid and sul phuric acid, wherein the
chem cal stability of the active ingredients is inproved. Preferably the
inorganic acid is highly concentrated. Preferably the 20-ketosteroids are
sel ected from budesoni de, flunisolide, triantinolone acetonide,

dexanet hasors, toathd ristramsiohastoney hoaliesahity (pPRE8YTOENE ARR) bEARLs 0 2
C u

separate invention, has disclosed and clainmed the use of’ speciti nts

of phosphor i(w08ic hdpis tie: 15peCidbsel CRARGRALFRL ha ind%, REAJ] uster, in aerosol
solution fornul ati ons conpri sing '

8- hydr oxy- 5-§( PR y@Toaxy 1i2é : i SR
met Kyl e?%yl J\g?n %j et %l ] é2@(/%) ¢ %ﬁ%‘ﬁﬁ%@ﬁhgﬁ%@?}g%%? BEHPEEIYR S ¢, sai d

conpounds i nagoO AL QR % LRiRHAS We | excl uded by. the present
i nvention. 10 DETAl LED DESCRI PTI o\lg%%{d%ﬁHoEna%%%E%?EREBX‘E%%F%@%%%di ng
to the presefecihinVeRbéObnd h&s % [ harmaceut i cal conposition
15 conprisingkgtnlgggf onebggt§3g§f%8%g |entg?%ﬁgeg%FhﬁﬁgﬁE@ﬂgégﬁPﬁﬁéfied
FI FA propel hENthe @t:C0- har maceuti cally acceptabl e

Iy e @te d@s%bg%ﬁ%cé Sllt 1‘?&&1@8&]&560 WP 36 ip ﬁ&u%f’éls §%1a1 ‘ixéwi‘tﬁbaagen t

al cohol s and a specific anobunt of an additive a

The for mul abiRRkeh r I t in ich the active ingredient is
conpl etely 20di ss%l c\%etg% giﬁ%%eaég%nﬁﬁkog aiilé gor}]gtamcpg/{rerﬂ? Ricotrenetly 518 Stepén & wo

ST 8 SRR R S SRS e
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Solution formulations of fhmisolide in HFC/AFA propellants were disclosed in

WO 95/17195, where it is indicated that chemical stability may be enhanced by ﬁsing

additives like water, sorbitan trioleate, and cetylpyridinium chloride, and also that certain

containers such as glass and resin coated aluminum enhance chemical stability and/or

15 minimize the absorption of flunisolide onto the container wall.

The present invention is directed to improve the chemical stability of active ingredients
subjected to oxidative degradation and selected from a group consisting of 20-ketosteroids
and quinolinone derivatives in an aerosol formulation comprising a liquefied HFA
20 propellant and a co-solvent selected from pharmacéutically acceptable alcohols. The object
is achieved by adding a chelating or sequestering agent selecied from a group consisting of
phosphoric acid and sulphuric acid. The sequestering agent stabilizes the metal ions;

present in traces in the solution, in a less active state thereby making them less available as



The active ingredient may be any conpound which is suitable for aerosol
admnistration froman MJ, is soluble in the HTA propell ant/cosol vent
system and characteristically exhibits significant degradation or
deconposition in the HFA propell ant/cosol vent system 5The active
ingredient is or conprises at |east one conpound which contains a group or
residue or radical or side chain susceptible to chem cal degradation and in
particular to oxidative degradation. Said group or residue or radical or
side chain may be constituted by or contain an epoxydic, acidic, aldehydic,
al cohol i c, anm noal coholic group or a double bond, in particular a

conj ugat ed d%ﬁ%ﬁ@f@dﬁ@hHYhéﬁa@mbwemmhgmqﬁ&ﬂN&H@@@ﬁ&&ﬁﬂ%&ﬁ&ﬁpgg%%%s%%§Ctive
i ngredi ents which undergo a deconposition and /or degradation-that can be
attributed % rigreiiaons ofthe istiemi PhcfaiblyaRe iof 26l LS n\{%?gnﬁggegﬁggy' cal l'y
pH dependent. A first class of conmpounds representative the rnvention is
that of steroids, in particular glucocorticosteroids and expecially certain
20-ketosterg%§sém15lnfact, it has been reported that steroids in particul ar
havi ng a G 2inkethonrercardicanui@kbigr O fheakvdnign G it of, the C-21
position or.bo;P are subject to enhanced cheg?%gfag%g%aﬁgei%ﬁnﬁﬁgﬁmg?%red
in contaét wigrédient gt ahaycbntsabigREd td hePbt tal. oxide.e.

g.,A 203 layer that forns on the interiortgggkgégkg%m 8 %%%Eg%ﬁgpfﬂw A
typi cal cor exseiaatasrien et tha hh@bHeis BHBRSH nat and synt heti c

20- ket ost eroi ds has 20 been sgom%@in WD gg%%?éng&%%?FﬁéﬁP%?F?t%F@P€Wred
20- ket ost er on dddietive thuke s@MuG8on WY Sl | riangi nol one acet oni de,
dexanet hasone, and bet anet hasone f%ﬁjgggﬁgﬁg?%éﬁﬁggwgﬁﬁﬁEﬁaﬁQW@ﬂﬁﬁ%cﬂ group
at the C- 2lchelatip@agehi.on. Qther kinds of steroids such as ciclesonide nmay
benefit fromthe fornulation of 5the present invention. A second class of
conpounds ‘representative of the invention is the chem cal class of :
phenyl al kyl am no 132-adrenergi ¢ agoni sts sel ected from qui nol i none

deri vat iov eSTREOAGhNGud PG F.98 o AOR7. wherein RlL is methyl and R2 is
hydr ogen or Rlpgnd R2 form a %g%ﬁykgﬁ?féﬁﬁgQﬁﬁ¥ggFEFET}hﬁ@WQHmQ$ﬁn§HE06r 2,

action, can be safely utilized in a FIFA propellant/cosolvent system and in particular in a

HFA propellant/ethanol system to prepare formulations stable, preferably at mom’

temperature, for a pharmaceutically aceeptable shelfilife,

15

SUMMARY OF THE INVENTION

Accordingly, the present invention provides an aerosol formulation, which comprises at

least one active ingredient selected from z group consisting of  20-ketosteroids and

20 quinolinqne derivatives, a liquefied HFA propeliant, a co-solvent selected from

pharmaceutically acceptable alcohols, and a sequestering agent selected from a group
consisting of phosphoric acid and sulphuric acid, wherein the chemical stability of the

active ingredients is improved. Preferably the inofganic acid is highly concentrated



R3, R4, RO and R6 are each independently hydrogen, hydroxy, a straight
chain or branched C1-C4 al kyl, a straight chain or branched Cl-Ca al kyl
substituted with one or nore hal ogen atons and/or hydroxy groups, hal ogen,
straight chain or branched C -C4 al koxy, R7 is hydrogen, hydroxy, straight
chain or branched Cl-Ca al kyl, straight chain or branched 5C -C4 al koxy and
R8 and R9 are independently hydrogen, Cl-Ca al kyl or formtogether a
vinylene (-CHCH) or an ethylene (-CH2CH2-) radical, and enantioners,
salts and sol vates thereof. Particularly preferred are the conpounds
wherein: ioR 1 is nethyl, R4 is methoxy, R2, R3, Rs, R6, R8, RO are
hydrogen, R7 is hydroxy and n=1 (fornoterol), and R, is nethyl, R4 is

met hoxy, 112, R3, Rs, R6 are hydrogen, R7 is hydroxy, R8 and R9 together
form a vinypemeatly Gi=CHdiodi@6ide ale t ISl Sy @xY = 5
[(112.)-1- hydr oxy 2- [ [ ( 1R) - 291(CE %ﬂ%%ﬁ%%@ﬁy?@ﬁ%ﬁ %f‘%?ﬂ%“r i Lhyl ) -2
(1H) - qui nobicipne, Whasendyslr achlarhdrssal t has.been also reported with the
experinmental codes of 15 TA 2005 and CHF 4226. Active ingredients fromthe
above nentioned class of conpounds nmay be used alone, in conbination with
each other and/or conbined with further classes of conpounds for exanple

anti nuscari gb&ooual SiNaLY ix@%@:‘a&%%ﬁg&%ggis&% a8 cliai%’e%t %‘Eﬁlgg)?]ﬁ%rél%ge?gs ol

200xi tropi um brom de, ti1otroprum brom de and anal 6gous.

formul ati on i ALl .en. I re than.one active ingredient
For il 2t onanlcd 09 LONERL LA IR SOTHL SR ABe LIRRGERE BCLive L agred e
the for mul abran oM le Y HElE TR Sonit Bl tepeoliiad ™
sequesterin r.ghel ating , to,stabilize the active ingredients, is
particul arl %e%?déeﬁjé’ﬁ%%la?] 6‘%&?’%@@&%50@80?‘%&“&Htsﬁwg’i"ﬁlﬂﬂ‘il‘%’ el ﬂ“‘g@}n@‘@ﬂ”@‘& Hrom
phosphori ¢ c%rrlnqaiga IlOlp Qr% bﬁosgl%r%'acid are excluded by the present invention.

10
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

According to the present invention, there is provided a pharmaceutical composition
15 comprising at least one active ingredient in a solution of a liquefied HFA propeliant, a co-
solvent selected from pharmaceuticaliy acceptable alcohols and a specific amount of an

additive acting as sequesiering agent.

The formulatior. is preferably a solution in which the active ingredient is comnpletely
20 dissolved. However in case of combinations, one of the two active ingredients could be

present in suspension, The co-solvent is usually an ajcohol, preferably ethanol.



5Bot h these acids fulfil the conbined action of sequestering the nmetal ions
so inhibiting the catalysis of oxidation reactions and adjusting the
apparent pHin the desired interval. For the purposes of the present

i nvention phosphoric acid also referred to as orthophosphoric acid,

met aphosphoric acid and white phosphoric acid is the preferred one. 10
Wi | e phosphoric and sul phuric acid have been nenti oned before, as possible
i norgani ¢ aci ds. enpl oyabl e, in connection with 1-17FA propel | ant based
aerosol formulations, to adjust the pH, none of the exanples of the prior
art disclose their' use in a HFA propellant/cosol vent system as

sequest er i ndltagetite fgrediehenst BOidy aaticand ohid0s ketast £F 9'£§0f§%i qyi,nol i none
derivatives. 15 The applicant, in a separate invention, has Isclosed and
cl ai med t he fuse aofMBpES kflifle AMHENETBA Ofro | bl | eci.f.ic
concentration, as pH adjuster, in ae?ﬂéﬁ?ggg?ﬂﬁyﬁﬁgﬁ%?ﬁu g?ﬁ%ﬁgwg%ﬁfﬁ¥sing
8- hydr oxy- 5-ekhitR) sidmbytet @Rl R i : -
nethylethyliarnino%ethyl?%%?lkb-quié%?%%gﬁghgﬁgﬁﬁggﬁﬁ%g?%%ﬂ$%ﬁﬁh%S@?rt.

208- hydr oxy-5-{(1R) - 1- hydroxy- 2- [ { (1R) - 2- (4- net hoxypheny1l) - 1- et hyl et hyl | am
inolethyll- 2(1H)-quinolinone in conbination with phosphoric acid are

excl uded sby Thbecpvesentishiny I ; i 1d. has a concentration
preferably equal or ighe? ?ﬂgﬁﬁgﬁﬁﬁgb%ﬁggféggé 8§%€ﬁ@mﬁfﬁwawsﬁﬁﬁwﬁhﬁbut 12

M and i n paridsil Al : o | a at Il ows .85%i.e. 15.2 M
phosphori c aci d hasfa%%glr% a%gé;%%lsﬂsc%%?%%g)u{;ﬂa%n ,qcaltlt e$r§‘éaglr‘°ﬁfa\§$ e datighiagy

Phosphori o %kskiidgaqaunnl: AU Yk el 1.0, 8000 B0 AR W OL A5 M
the composi 1 on e Por B By BR80T BT e e Srvpmocimbt ¢
aci d, based . . I i ght . of onposition, still nore preferably
0.002 to O. 8@'&5%%‘%\}\/8% alﬁkg%}%dpﬁ%%%%%cﬁ%%‘ye bagsslieng may Herthes compnigsi ght

of the nposi.ti-on. .. f.ar, as sulphuric acid js concerned, preferably 0.075
M sul ph E?l c Q%fé’% RS mﬁl\g?evg’.mhl Uﬁ’aﬁrg?’ f %E‘fﬂ“ﬁ’r“,smp‘f‘ andy/ondegragdpticadhitisam belatsibptiur i ¢

acid in an &ﬂﬁ%nﬁ e uiv%l t.to 0.0005 to 0.02% w w of 0.075 M sul phuric
aci d, based oR The Gt SFTP: rBpIPR &N FFoEPicallpH depsndsief er abl y 0. 001 t o
0.01% w w of 0.075 M sul phuric acid, based on the total weight of the
conposition, nore preferably 0.001 to 0.0072% w w of 0.075 M sul phuric
aci d, based 3n t@e total wejght of the conposition, even nore preferably
0.002 to 0.OCETARAY GHIRS AT eINRHIiRE KU PY e Awientionyia skad ob pretois, trofeaticuisei ght
of the compagsition. 20A still high concentrated phosphoric acid other than
15 M or sul HRTCPECoRsT o9 pecipdly certain 20-ketosteroids,

15  Infact, it has been reported that steroids in particular having a C-20 ketone and an
OH group at the C-17 position or the C-21 position or both are subject to enhanced
chemical degradation when stored in contact with a metal container, in particular the metal
oxide e. g.,A 1,05 layer that forms on the interior surface of the container,

A typical core structure for a large number of natural and synthetic 20-ketosteroids has

26 been shown in WO 0078286:



0.075 Mcan be utilized. In this case, the person skilled in the art wl|
be able to determine the right percent anmount in view of the disclosure in
the present application. The pH of the formulation, nore appropriately
defined as "apparent” pH, is preferably conprised between 2.5 and 5.5. The
attribution “apparent' is used as pHis indeed characteristic of aqueous

i quids where water is the dom nant conponent (Mol e Fraction > 0.95). In
relatively aprotic solvents, 5 such as the HFA-ethanol vehicles used in

t hese studies, protons are non-hydrated; their activity coefficients differ
significantly fromthose in aqueous solution. Although the Nernst equation
wth respect to EMF appli esﬂand the pH neter glass el ectrode systemw ||
generate a variable mlligvelt output according to proton concentration and
vehicle polarity, the " pH i i t a true pH val ue. The neter
readi ng represents an appacenpt pH 10or , &c]*dity function (va'a 2 The effect
of the acid on the a m wapparent pHy e, sol ution of
the active conmpd 338 :

L e
110 r
comercially avaS

met hod devel oped by t¥ie appli cax 5 described in 3 '689. 15The anount
of acid to be added to reach the des¥red apparent p YOF be pre-determ ned
in the nodel vehicle reported before. The formul ati ons of the present
invention will be preferably contained in cans having part or all of the
i nternal suPfrdceslynmdlered 26kaibntors a&lR8LsonABOGLZEF 2 W i wm or |ined with
an 20inert organic coating. Exanples of preferred gggt#%}écsmoaﬂr% a@ﬁ?ﬂ% Zphenol

resins, dexamethasone, and betamethasone 17-v i

per f |1 uor oal koxyal kane, perfl uor oal koxyaell?rﬁtye/’l Eg}n(g,vg}g?l} ?Etlygra%gll—{(%/rf)@n@y?u%ﬂés

pol yt et r af | psitpat Oeerads b 4960 € pnolael oY) . pol.yet her sul fone
and nmi xtures of fluorinated-et h?%%ﬂ%%@éé@?gggéyg%ﬁeﬁﬁ%ﬁﬁefgmwmfﬁﬁé)

O her sus t atak eresatnivegisncoul d be pol yam de, pol yi mi de, pol yam dei m de,

pol yphenyl ene sulfide or their conbinations. The nost preferred coatings
are perfluoroal koxyal kane, perfl uoroal koxy-al kyl ene, perfl uoroal kyl enes
such as pol ytetrafl uoroet hyl ene and fl uori nat ed- et hyl ene- propyl ene and

rding to a

A second class of compounds representative of the invention is the chemical class of

phenylalkylamino Bo-adrenergic agonists selected from quinolinone derivatives belonging

o the formula:

0

wherein R; is methyl and R, is hydrogen or R; and Rz form a methylenic bridge

~(CHz)s- with nis 1 or 2,



5copol yners of fluori nated-ethyl ene-propyl ene pol yet her sul fones.

Fl uorocarbon pol yners are marketed under trademarks such as Teflon(r). To
further inprove the stability, cans having a rolled-in rimand preferably a
part or full rollover rimcan be used. The fornulation is actuated by
a netering val ve capabl e of delivering a volune of between 1050 ul and 100
pl . The hydrofl uorocarbon propellant is preferably selected fromthe group
of HFA 134a, HFA 227 and m xtures thereof. 15The pharmaceuti cal
foitnulations of the invention may further contain excipients and in
particular a low volatility conponent in order to increase the mass nedi an

cerodynam ¢ a0kl NADL 8, BprR gl RErLIELSS or Ayt on of, the

inhal er. However, 1n a preferre ( _
of U he-pr eset T aant | anel Sl o eBs0 s o latRbO i v rgncarindeobol
el W B BRSNS LIS s 1S, e ho cOTprLsing:

appr opri at o ShBChEeBR bty GG afEh 5 bBenemts 45!, Srmciispaior snghet he
phosphor | ¢ of SUISRAATS aci d; {d) adding a propel |ant containing a

hydrofluoroa&@ggﬁh QF¢$; a d1§g crinping with valves and gassi ng. O her
features of the i AVentiERPR QRSP 1 prRbiFR AT T tegpéhes ouinglenof t he

Followi NG cHeCH.) or an sthylens (-CH,CHy-) radical, and

enantiomers, salts and solvates thereof.
Particularly preferred are the compounds wherein:

10 Ry is methyl, Ry is methoxy, Ry, Rs, Rs, R, Rs, Ry are hydrogen, Ry is hydroxy and n=1
(formoterol), and R; is methyl, Ry is methoxy, Ry, Rs, R, Re are hydrogen, R is hydroxy,
Rg and Ry together form a vinylene (-CH=CH-) radical and n=1, that is the 8-hydroxy-5~
[(IR)-1-hydroxy-2-[{(1 R)-2-(4-methoxyphenyl)- L-methylethyl]amino]ethyl]-2( LH)-
quinolinone whose hydrochloride salt has been aiso reported with the experimental codes of

15 TA 2005 and CHF 4226.

Active ingredients from the above mentioned class of compounds may be used alone, in
combination with each other and/or combined with further classes of compounds for
exampie antimuscarinic quaternary ammonium compounds such as ipratropium bromide

H

20 oxitropium bromide, tiotropium bromide and analogous.

Because the aerosol formulations of the invention may comprise more than one active

ingredient that can be subjected to the two different mechanisms of degradation, the



10descri pti ons of exenplary enbodi nents which are given for illustration of
the invention and are not intended to be |imting thereof. The stabilizing
ef fects of phosphoric acid have been tested in a solution fornmulation of a
20- ket osteroi d, budesonide. The results show that small amunts of 85%
(15.2 M phosphoric acid (0.00074 to 0.0015% w w) reduce the foimation of
the main oxidative 15 degradation product, the 21-al dehyde. Further,
anounts ranging from0.0031 to 0.0063% w w of 15.2 M phosphoric acid
stabilize a fornulati on which conbi nes budesoni de and TA 2005 as active

i ngredi ents. It has been al so denonstrated that the chem cal stability

of TA 2005, aidgtivmekitivoned 2QAedh ek oy estdrFichidl, BSHey. lLRRuLIC
acid, present in a concentration of 0.0018 to O. 00654(%63\?%%%%#%#@&%

fol | owi ng exddiplesctiaptothhus @wghauftet MSasspRLEEHEAL] @D { $,:80d
percent ages are by weight, and all terrpe?%t%r esgarcgl ll’atrﬁﬁ%%ggéos&@]fzfitﬁes,
~unl ess expr esleyngtditied id SrfQ Lk BeFwh-Se sa1d REHBGL | UE il di ent/s. in the "
pressurized netered dose inhal e]tr}},@g{:cordiarig to tT1!es\élgrHHeCls;l r??“%%@see{neﬁeg%oﬁ‘as a

percent recoiepioresdlulghurhigher than 95% after 6 nonths, preferably after
12 nmonths at 25C and 60%rel ative humdity. JoExanple 1 A formul ation for

delivering @otombRakiidass @f c4Mndd £1i0f ' er._act uation was
prepared and filled in anodi zed alum ni aﬁ&gg%%g%lg&ep?%tﬁiéanwotlﬂhl REHEr i ng

val ve havi ngedy800f LS AGnE AR RL 0 LARL LY Study, s garried out

by storing the fornulation in uprig ans at 40C
and 75% rel agd Vg 1ot Vor ter r mnt of stor.age under these
it & gle%e%lptﬁgﬁn% Q@OSPIE%?CeGFIgn?ISQ\/a?f%Pyt(gc?éd. At

conditions the percent recover e ac
hosphori c acid appears

th ti Bno 1 | tities of
©oatce t MophdiBndtidld ARl it ap A8 his BasphorRiag 1y Re preerizd oag dohy de

to reduce the nmain oxidafion on pr
content of the budesonide fornulation. Budeson de 200 pg/50pl, 15% Et OH,

0, 15% H20 W w
10 While phosphoric and sulphuric acid have been mentioned before, as possible inorganic

acids employable, in connection with HFA propellant based aerosol formulations, to adjust
the pH, none of the examples of the pric}r. art disclosé their' use in a HFA
propelant/cosolvent system as sequestering agent for the stabilization of 20-ketosteroids
and quinolinone derivatives.

15
The applicant, in & separate invention, has disclosed_and ciaimed the use of specific
amounts of phosphoric acid in a specific concentration, as pH adjuster, in aerosol solution
formulations comprising 8-hydroxy-5- [(1R)-1-hydroxy-2-[[( IR)-2-(4-mnethoxyphenyl)-1-
methylethylJamino}ethyl}-2(1 H)-quinolinone and its hydrochloride salt.

20 8-hydroxy-5-{(1R)~1-hydroxy-2-[[( IR)-2-(4-methoxyphenyl)-1-methyl ethyljaminojethyl}-
2(1H)-quinclinone in combination with phosphoric acid are excluded by the present

mvention.

- 10 -



Phosphoric i Acid (15,2 M Up/ Inv Recovery t=3 days Recovery t=3 nonth

21- Al dheyde Budesonide 21-Aldheyde Budesonide

The phosphoric acid has a concentration preferably equal or higher than about 10 M,
preferably higher than about 12 M and in particular about 15 M. In the example that

follows 85% i.e. 15.2 M phosphoric acid has been used,

5 In particular, it is preferred to add phosphoric acid in an amount equivalent to 0.0004 to
0.040% wiw of 15 M phosphoric acid, based on the total weight of the composition,
preferably 0.0008 to 0.020% w/w of 15 M phosphoric acid, based on the total weight of the
composition, more preferably 0.001 to 6.010% w/w of 15 M phosphoric acid, based on the
total weight of the composition, still more preferably 0.002 to 0.0075% wiw of 15 M

10 phosphoric acid, based on the total weight of the composition.

As far as sulphuric acid is concerned, preferably 0.075 M suiphufic acid is uséd." In
particular, it is preferred to add sulphuric acid in an amount equivalent to 0.0005 to
0.02% w/w of 0.075 M sulphuric acid, based on the total weight of the composition,
15 preferably 0.001 to 0.01% w/w of 0.075 M sulp?mric acid, based on the total weight of the
composition, more preferably 0.001 to 0.0072% w/w of 0.075 M sulphuric acid, based on
the total weight of the composition, even more preferably 0.002 fo 0.0054% wiw of

0.075 M sulphuric acid, based on the total weight of the composition.
20 A still high concentrated phosphoric acid other than 15 M or sulphuric acid other than

0.075 M can be utilized. In this case, the person skilled in the art will be able to determine

the right percent amount in view of the disclosure in the present application.

-11-



Exanple 2 5A formul ati on of

8- hydr oxy- 5411R) - 1- hydr oxy- 24[ (1R) - 2- (4- net hoxypheny1) - 1- met hyl . .

et hyl i am noj et hyl i - 2(1H) - qui nol i none hydrochl oride (TA 2005) for delivering
a nom nal dose of 1 jig of active ingredient per actuation, was prepared
with the follow ng fornmulation: - 16 - Conponents Ampunts TA 2005 Et hanol

H2SO4 0.075 M HFA 134a g.s. to 9.72 ml Per unit Nom nal dose

The pH of the formulation, more appropriately defined as “apparent” pH, is preferably
comprised between 2.5 and 5.5.
The attribution ‘apparent’ is used as pH is indeed characteristic; of aqueous’ liquids where
water is the dominant component (Mole Fraction > 0.95). In relatively aprotic solvents,
5 such as the HFA-ethanol vehicles used in these studies, protons are non-hydrated; their
activity coefficients differ significantly from those in aqueous solution. Although the
Nernst equation with respect to EMF applies and the pH-meter glass electr_ode system will
generate a variable milli-volt output according to proton concentration and vehicle polarity,
the “pH’ meter reading is not a true pH value. The meter reading represents an apparent pH-
16 or acidity function (pH’).
The effect of the acid on the acidity function (pH’ or apparent pH) of the selution of the
active compound can be determined in a model vehicle system commercially available
(HFA 43-10MEE, Vertrel XF, Dupont), according to a method deveioped by the applicant
and described in EP 1157689. |
15 The amount of acid to be added to reach the desired apparent pH will be pre-determined in

the model vehicle reported before.

The formulations of the present invention will be preferably contained in cans having part
or all of the internal surfaces made of stainiess steel, anodized aluminium or lined with an
20 mert organic coating. Examples of preferred coatings are epoxy-phenol  resins,
perfluoroalkoxyalkane,  perflucroalkoxyalicylene, periluoroalkylenes  such  as

polytetrafiuoroethylene, fluorinated-ethylene-propylene, polyether sulfone and mixtures of

- 12-



ng 0.15 1650 0.2 - 0.6 0.0016 wv 15 ww 0.18 - 0.54 ww The fornulation
(120 actuations/canister, overage of 30 actuations) was filled in alum nium
cani sters having the internal surface coated with Teflon and fitted with a
netering val ve having a 63 ul netering chanber. 5A stability study was
carried out by storing the fonnulation in upright cans at 40C. The percent
recovery of the active ingredient after one nonth of storage under these
conditions is reported in the foll ow ng: TA 2005 stability in presence of
sul phuric acid - Recovery after 1 nonth storage in upright cans at 40 C

fluorinated-ethylene-propylene and polyether sulfone. Other suitable coatings couid be

polyamide, polyimide, polyamideimide, polyphenyiene sulfide or their combinations,

The most preferred coatings are perﬂuoroalkoxyalkane, perﬁuOroalkox3f—alkyiene,

perflucroalikylenes such as polytetrafluoroethylene and fluorinated-cthylene-propylene and
5 copolymers of fluorinated-ethylene-propylene polyether sulfones, Fluorocarbon polymers

are marketed under trademarks such as Teflon®.

To further improve the stability, cans having a rolled-in rim and preferably a part or full

roliover rim can be used.

The formulation is actuated by a metering valve capable of delivering a volume of between

10 50 pland 100 pl.

The hydrofluorocarbon propellant is preferably selected from the group of HFA 1344,

HFA 227 and mixtures thereof,

15 The pharmaceutical formuiations of the invention may further contain excipients and in
particular a low volatility component in order to increase the mass median aerodynamiic
diameter (MMAD) of the aeroso} particles on actuation of the inhaler,

However, in a preferred embodiment the addition of other components to the formulation is
avoided.

20
According to a further aspect of the present invention there is provided a method of filling

an aerosol inhaler with a composition of the invention, the method comprising:

-13-



I Sul phuric Acid (0.075 M Recovery t=0 Recovery tr--1 nonth ng % ww
ncg ntg % 0.2 0.0018 153 151 98 0.4 0.0036

()  adding one or more active ingredients to one or more co-solvents optionally
containing a further active ingredient or excipient or an approiariate amount of a low
volatility component;

(b)  filling the device with said solution;

3 (¢)  adding a pre-determined amount of a phosphoric or sulphuric acid:

(d)  adding a propellant containing a hydrofluoroalkane (HFA); and

(&) crimping with valves and gassing.

Other features of the invention will become apparent in the course of the following
10 descriptions of exemplary embodiments which are given for illustration of the invention

and are not intended to be limiting thereof,

Tﬁe stabilizing effects of phosphoric acid have been tested in & solution formulation of a

20-ketosteroid, budesonide. The results show that small amousts of 85% (15.2 M)

phosphoric acid (0.00074 to 0.0015% wiw) reduce the formation of the main oxidative
15  degradation product, the 21~a1dehyde. Further, amounts ranging from 0.0031 to

0.0063% wiw of 152 M phosphoric acid stabilize a formulation which combines

budesonide and TA 2005 as active ingredients.
It has been also demonstrated that e chemical stability of TA 2005, a quinolinone

20 derivative is improved by 0.075 M sulphuric acid, present in a concentration of 0.0018 to

0.0054% wiw,

.14 .



153 153 100 0.6 0.0054 155 153 98 The results show that the inorganic
acids of the invention are efficacious to inprove the chem cal
stability of the 20-ketosteroid budesonide and the quinolinone derivative 5
TA 2005. Exanple 3 Three batches of HFA propell ant/ethanol sol utions were
formul ated conbi ni ng approxi mately 0.30 ng TA 2005 and approximately 30 ng
Budesoni de ("Bud") varying 10 the phosphoric acid (15 M and water
guantities. The foinmulati ons were packaged in Tefl on-coated al um num

canisters fitted with a hal obutyl or butyl rubber (butyl) valve. The
canisters were stored in inverted position at 25C and 60%relative humdity

up to 12 northse folostr@hihihslys std@YorbRer Gaf b e@ﬁ; 4 %L(f erent points in
time. More detailed results are reported in P e tab?%p Lnépm@wl%&sam
by weight, and all temperatures are in degrees Celsius, unless expressly stated to be

otherwise,

5  The active ingredient/s in the pressurized metered dose inhaler according to the present
invention has a percent recovery equal or higher than 95% after 6 months, preferably after

12 months at 25°C and 60% relative humidity.

10 Example !

A formulation for delivering a nominal dose of 200 pg of budesonide per actuation was
prepared and filied in anodized aluminium canisters fitted with = metering valve having a

50 ul metering chamber,

15 A stability study was carried out by storing the formulation in upright (Up) and inverted
(Inv) cans at 40°C and 75% relative humidity. After three months of storage under these
conditions the percent recovery of the active ingredient was very good. At the seme time,
the addition of small quantities of phosphoric acid appears {o reduce the main oxidation

degradation product, which is the 21-aldehyde content of the budesonide formulation.

-15-



o8ud 3 nont hs %9A2005 6 nont hs

W w H3PO4 %IA2005 3 nont hs

Batch i %420 1
| | | | |
J Budesonide 200 pg/50pl, 15% EtOH, 0,15% H,0 wiw ;
; |
Phosphoric Recovery t=3 days Recovery t=1 month - - Recovery
i Acid {15,2 M) |[Up/ Inv Y Y a4 t=3 month
Bud | 2i-Aldheyde | Budesonide )21-Aidheyde Budesonidﬂ
[ |
mg | % wiw mg e % | myg % { 1g { % mg % {
|
Up 50 37 00850 | o #72 o5 28| o (
50 39 | 50 73 49 | !
0.2 |0.0015 o Lm — j
i l%] 99 : /
i 43 171 | 0% g 98 1
j
up 81 [ 43 00830 [ g |85 021 49 | g5
50 | 39 | 49 118 49
0.1 10.00074 h
Iy o7 L1188 [o39 40 | o |
49 190 49
51 | 3¢ ] 50 174 | 49 J
U .' 0.08 08 — 0.3
0 P e 40 50 174 > s o |
50 286 48
inv } 188 - 0.55 —— 95
| | 50 | | 256 48 | {
Example 2

n

A formulation of 8-hydroxy-5-1(1

RA-1

A58/

~hydroxy-2-[[( 1R}«2-(4»methoxyphenyl}s I-methyl

ethyljaminoJethyl]-2(1H)-quinolinone hydrochioride (TA 2005) for delivering a nominal

dose of 1 pg of active ingredient per actuation, was prepa

formulation;

-16 -
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100.0 98.0

%8ud 6 nont hs %A2005 12 nonths %Bud 12 nonths 0 0.003 1 99.3 r
98.7 95.798.7

F Components Amounts ]

|

L

1 Per unit Nominajl dose

!

| mg % g

!TA 2005 0.15 0.0016 w/iv i

(Ethanol 1650 15 wiw -

SO, 0.075 M 0.2-06 0.18 - C.54 wiw |-

HFA 134a q.s. t0 9.72 ml

|

|
|
-
|

The formulation (120 actuations/canister,

overage of 30 actuations) was filled in aluminium

canisters having the internal surface coated with Teflon and fitted with a metering valve

having a 63 pu! metering chamber.

5 A stability study was carried out by storing the formulation in upright cans at 40°C. The

percent recovery of the active ingredient after one month of storage under these conditions

is reported in the following:

S17.



2 0.3 0.0031

95.698. 7

in

it

98.81 99.0 98.2 98.7 95.6198.6 0.3 0.0063 98.7 99.3 97.9 99.2

TA 2005 stability in presence of sulphuric acid -
Recovery after 1 month storage in upright cans at 40° ¢
| | |
Sulphuric Acid (0.075 M) Recovery t=0/ Recovery t=1 month
mg % wiw mcg mcg Ye
5 ]

0.2 B.6018 153 151 98
153

0.4 0.00386 153 100
155 153

0.6 0.0054 ' 98

The results show that the inorganic acids of the invention are efficacious to improve the
chemical stability of the 20-ketosteroid budesonide and the quinolinone derivative

TA 2005,

Example 3

Three batches of HFA propeliant/ethanbl solutions were formulated combining
approximately (.30 mg TA 2005 and approximately 30 mg .Budesonide (“Bud”™) varying
the phosphoric acid (15 M) and water quantities. The formulations were packaged in
Teflon-coated aluminum canisters fitted with a halobutyl or buty] rubber (butyl) valve,

The canisters were stored in inverted position at 25°C and 60% relative humidity up to 12
months. A stability study was carried out at different points in time. More detailed resnits

are reported in the table below.

- 18-



The total percentage of TA2005 degradati on products resulted between 1.2

and 2% The total percentage of |3udesoni de degradation products resulted
between 0.64 and 1.7% 5 Cbviously, nunerous nodifications and variations
of the present invention are possible in |ight of the above teachings. It
is therefore to be understood that, within the scope of the appended
clains, the invention nmay be practiced otherwi se than as specifically
descri bed herein. 10All patents and other references nmentioned above are
incorporated in full herein by this reference, the sane as if set forth at

|l ength. MCSLLP CLAIMS 1.An aerosol fornulation, which conprises at |east
one active ingredient selected
| Baich | %H20 | %wiw | 9%TA2005 | %Bud | 95TA3G05 %Bud | %TA2005 [ %Bud
H3PO4 3 3 6 ) 12 12 A’
months | months | months months | months 1
t
1 0 0.0031 89.3 160.0 98.0 58.7 95.7 m;;’;s
2 0.3 ] 0.003] 98.8 9%.0 98.2 98.7 95.6 98.6
3 3.3 | 0.0063 98.7 99.3 97.6 99.2 95.6 98.7

The total percentage of TA2005 degradation products resulied between 1.2 and 2%. The

total percentage of Budesonide degradation products resulied between (.64 and 1.7%

Obvicusly, numerous modifications and variations of the present invention are possible in
light of the above teachings. It is therefore to be understood that, within the scope of the

appended claims, the invention may be practiced otherwise than as speéiﬁcaﬂy described

herein.

10 All patents and other references mentioned above are incorporated in full herein by this

reference, the same as if set forth at length.
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froma group consisting of: 20-ketostero ds selected from budesoni de,

fluni solide, triantinolone acetoni de, dexanmethasone and

bet amet hasone- 17-val erate and, a liquefied 5 HFA propellant; a co-sol vent
sel ected from pharmaceutically acceptabl e al cohols, and a seguest gri ng
agent selected froma group consisting of_ phosphoric and sul phuric acid
wherein the chemcal stability of the ingredients is inproved.

The formul aiti on zdﬁ:t(;cordi ng to ¢claim1 wherein said |iquefied HFA propel | ant
is at |east one ‘NeAHE! SEIBERGN: ek chsPassup leansinstdctige oforb#idht 13fkaed HFA
227, and m'fxtures 10t hereof 3. The fornulation according to clains 1 or 2,
wher ei n sai'tP"8o? SEPRe RPN Eingt AanolQ-ketdsterThies §deard dtdnd MbiAERAIEI NGntG;ANY
one of claims 1-3, wherein said phosphoric acid is present in an anount
equi val ent T'#MONO00Y 26BoHIQAB%embthashe bEd MephospRosd-¢7.a8k0 e B?cﬁeadiicgléﬁ%@e

t ot al mﬁ;g%@gf thia1 formul ation. 1s5. The fornulation according'to any one
of cl ai \ Direteitnasaisdheol phcrddcrasi ghansa t.d t

equi valent to 0.0005 to 0.02% w w of O. 07%1 M sﬁlgﬁﬁ}l %dcgpg?ig? %Elg)g%(sf ‘3}31 t he
total wei ghtqubteting aganp@iictediofom a gloup T, ccor di to claim
4, wherein said phosphoric acid is pr ege&r}?lsifsgﬂghgf?rirlggﬁr}@%qﬁdv%Hq 1thi:?ld(-j1

0. 0008 t o GuHRROVehWICHerBTal kDMt S LAkl Dased on the total 20wei ght
of the formulation. 7. The fg?ﬁuéﬁg?{}%ﬁng‘%g%%%i1§6nli’r8v%q'ai m 5, wherein said

sul phuric acid irge REESEbn 12045 - uivalent to 0.001 to 0.01% w w of
0.075 M sul phuric acid. bgﬁe@%ﬁg?ﬁgﬁﬁ%ﬁg@%nﬁﬂd bﬁuqﬁﬁé High minreting at

It MCl BLLP ;1 8st oH 1 on according to any one of clainms 1-7, which has
an appar ent Sbtl-(l) E?ﬂ egng{e\i\rgée]%&éf?@ogﬁ% g8 901§?St1?ﬁ8fﬁ§ﬁfﬁ,ﬁ4&tﬂ5ﬁ 2ad corddhingirtso any

one of gl a'%g]s&?ﬁ-& wherein said co-solvent is present in an amount of 6%to

30% w/' v. 510.The formul ati on according to any one of clains 9, wherein said

co-solvent ,present.in an amount of 6%to 25% wv. 11. The fornul ation

accordi ng to any oRETYRIY ahcpiing 9 slaimhé peRvisatid shidromusbBEnOB eihgndin t he

formof a $O| uthonf in which the active ingredienis are conpletely

di ssol ved. ¥ he formulation according to any one of claims -3, wherein said phosphoric acid is
present i an amount equivalent to 0.0004 to 0.040% w/w of 15 M phosphoric acid, based

on the total weight of the formulation.

15 5. The formulation according to any one of claims 1-3, wherein said suiphuric acid is
present in an amount equivalent to 0.0005 to 0.02% w/w of 0.075 M sulphuric acid, based
on the total weight of the composition,

6. The formulation according to claim 4, wherein said phosphoric acid is present in an

amount equivalent to 0.0008 to 0.020% w/w of 15 M phosphoric acid, based on the total
20 weight of the formulation.

7. The formulation according to claim 5, wherein said sulphuric acid is present in an

amount equivaient to 0.001 to 0.01% w/w of 0.075 M sulphuric acid, based on the total

weight of the formuiation.
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12. The fornul ation according to any one of clains 1-10, wherein one of the
active oingredients is in suspension. 13. The formulation according to
claiml wherein the 20-ketosteroid is budesonide. 14The fornmul ation
according to cla|n11 wherein the active ingredient is a conbi naten” of
budesoni de

8- hydr oxy. 5[ ( 1&51“’ TORGHF IR RSO ineR)ANS opa ofwtaisy pheryeh hds areadpgdent pH of

ethylianingJﬁ%Q%ﬁJ 2 - qui nol i none hydrochl oride (TA 2005). 515. A
pressuri ze ed? i nhal er conprising: a can configured to store a
formul ation for use |n an inhaler; and the formulation in said can,
the fornul ati on & H@mélﬂiqﬂa%ﬂcél‘dﬁtﬁ tcp@mosod cadimims Sit§,akh@bin {ahe 6950 at i on
conpri si ng: at | east one active ingredient selected form

the group @B#§IiSH angmetnt 0f6% 1ROKRE: edst er oi ds sel ected from budesoni de,
flunisolide, tria cinolone acetoni de, dexanet hasone and

bet amet hasdfle- 17hy dbenddtenanderdang ioqasf bedot Iﬁﬁngr;qqugcg&h,g ?dL&Q'cﬁ%nY?sm
sel ected from pharmaceutically acceptable al cohol s and M CS L. L

a sequest eprasgptagentmset: eCt%do Dramihe group consisting of phosphoric and
sul phuric acid, wherein the chenical stability of the active ingredient is

i nproved. 16. Thé‘h@f{ﬁﬁlﬁl&f}bﬂQ&of@ﬁffo%yq}ﬂé%f LAR £50A6EOLAI NS A Sudiaf L B>

wherein pan or all of its internal netallic sur

steel , anodi-zeh af MM A, Unidi inert 5organic coating. 17, The
pressurized metered dose |nhélégg%%§%§@¥gﬂe %a?ﬁQPH¥%% AP s 1ined with

an inert ofganig,c ect.ed fronlthe grqQup conS|st|ng of epoxy- phenol
resins, perfluoroa Q%g?§§ﬁ%§&n%e?ﬁﬂ PO QIR k{0 easgein one of the active

perfl ugyoa et her sul fones, m xtures of
quorlﬁgtegﬁedﬁnSISgp %%@Hﬁne and pol yet her sul fone, and nixtures thereof

13. The formulation according to claim 1 wherein the 20-ketosteroid is budesonide.
4. The formulation according to claim 1 wherein the active ingredient is a combination
of budesonide and 8—hydr0xy-5~[(1R)—1—hydzoxy»Z—[[(iR)-Z-(4—methoxypheny})—1 ~methyl
ethyljaminolethy!]-2(1H)-quinolinone hydrochloride (TA 2005).
15 15, A pressurized metered dose inhaler comprising:
a can configured to store a formulation for use in an mhaler; and
the formulation in said can, the formulation being suitable for

aerosol

administration, the formulation comprising:

at least one active ingredient selected form the group consisting of: 20-

20 keteosteroids selected from budesonide, flunisolide, triamcinolone acetonide

dexamethasone and betamethasone-!7-valerate and, a liquefied HFA propellant, a

co-soivent selected from pharmaceutically acceptable alcohols and
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a sequestering agent selected from the group consisting of: phosphoric and
sulphuric acid, wherein the chemical stability of the active ingredient is improved.

16.  The pressurized metered dose inhaler according to claim 15, wherein part or ail of
its internal metallic surfaces are stainless steel, anodized aluminium or lined with an inert
organic coating.
7. The pressurized metered dose jnhaler according to claim 16, which is lined with an
inert organic coating selected from the group consisting of epoxy-phenol resins,
perfluoroalkoxyalkanes, perfluoroalkoxyalkylenes, perfluoroalkyienes, polyether sulfones,

mixtures of ﬂuorinaied—ethylene—propylene and polyether sutfone, and mixtures thereof.
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