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PHARMACEUTI CAL AERCSOL FORMULATI ONS FOR PRESSURI ZED
METERED DOSE | NHALERS COWPRI SI NG A SEQUESTERI NG AGENT
FIELD OF THE I NVENTION 5 The pr | § on

rel ates to stabl e pharmaceuti cal jmm@umjmmmmwwl ations
to be used with pressurized netered doss iInhalers
(MDI's) suitable for aerosol adm nistration.--In —
particular, the present invention relates to
solutions to be used with pressurized netered dose
inhalers (MDls), which are suitable for aeroso
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sequestering agent. BACKGROUND OF THE | NVENTI ON 15
Pressurized netered dose inhalers are well known
devi ces for adm nistering pharmaceutical products to
FIELIH @F TEEINVANON ract by i nhal ation. Drugs conmonly
delivered by inhalation include bronchodilators such
as (32-agonists and anticholinergics,
corticosteroids, antij-|eukotrienes, anti-aLIerchs gnd
The preprat inwettien Feddtes toisigble Pheymapggptisal selptipn. fogRylatjons 10 be used with
adm ni stered by inhalation, thus increasing fhe .
presyurigpcmeered dossrinhalers (MBKy suiablg fey 355056} %Pémélﬁfgaéwsl.n PRIt
use a propellant to expel droplets containing the
the pypegntrineation wiatesip sefudenstio by wed withapsessuizsd yefereddosyighalers
aerosol . - I LLELEELELErErreren o
(MDIs), which are suitable for aerosol administration containing an active ingredient highly

susceptible to chemical degradation selected from a group consisting of 20-ketosteroids and

quinolinone derivatives, which is stabilized by the presence of a sequestering agent.

BACKGROUND OF THE INVENTION

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 3,-agonists and
anticholinergics, corticosteroids, anti-leukotrienes, anti-allergics and other materials that
may be efficiently administered by inhalation, thus increasing the therapeutic efficacy and
reducing side effects.

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

respiratory tract as an aerosol.
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*@300,. 002 * Since the hal ogenated propellants such as
chl or of | uorocar bons, commonly call ed Freons or CFCs,
have been banned as known to deplete the ozone Iayer,
"HFAs and in particular 1,1,1,2-tetrafl uoroethane (HFA
134a) and 1,1,1, 2,3, 3, 3- hept af | uor opr opane ( HFA 227)
have been acknow edged to be the best candi dates for
non- CFC propell ants and a nunber 5 of nedicina

aerosol formul ati ons using such HFA propell ant systens

o SR DR o LRSS St s o
u |o S tion, formulations offer t he
xRS 348 S5 oF PO IR GEHEBLE: G 1D HRAS g in pactcular
redi ent. and ients. cQ etely dissolved in the
lﬁl,fp%”%ﬁ%ﬁv%th% RS 480" I £ ritafotmmronane. (RBA 227
hm@ qgo dtg% et hanol Solutlon formul ati ons al so
Pﬁf Bﬁ%éﬁ cRIPe bt pangdpied B e CEE Pacrelatasedie wimber
¢ % ﬁen5|0@ fornulatlons SO _assuring nore consi stent
of mgdiFinghagiog sf%@lél atiopt s el HF & proprbané pisteyns raysy beey giselogst.
ﬁtlve in (ﬁ nts have been refornul ated as sol utions
Forrgilations for agh ESh PR Brsietrota Ml coy e aplupionsise sesapnsion Sofution
et hanol However, it has been noticed in this kind of
formulatiany efferghe advpatasel 96 bemet omomenghes wish Itzer hatiye Ghgredient and
the HFA propellants, in particular of HFA 134a having
excipjenfs gprapletelycdizsgived ihthegromlisntgelicle apjitsmineepwith stibEF@-
vehicles of D < 2.3, the active ingredient may suffer
solvets sy ras ceancls Salstips fyrmpyiasiphesiso abdate @hysiat swbititnproblems
storage. Chemical degradation is especially
assogjptgeh| veitha s spenstnan formulatienspesu assuiing dioss cbnséstent runtfoen dosage

formul ation. Chem cal degradation of the active
adminggalée ent may occur by various nechani sms, the nost

Recently many types of active ingredients have been reformulated as solutions in non
CFC hydrofluorocarbon (HFC) propellants with ethanol.

However, it has been noticed in this kind of formulations that due to the higher polarity of
the HFA propellants, in 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
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.
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20 significant being the oxidative degradation by
nmol ecul ar oxygen, catal ysed by the presence of heavy
netal ions, such as alumnium ferric or cupric ions,
and the -hydrolysis or esterification phenonena which
are pH dependent. -2 Consequently, attenpts to
increase the stability of the active ingredients have
been directed to |lower the pH and mnim ze the anount
of heavy netal ions in the aerosol formulation. As to
the pH |l owering, WO 94/ 13262 suggests using acids as
stabilizers for reducing the 5 interaction of th
Consgguepdy.i sfgneia ieieres the %tf’??él% 85be vetie ingrefients kaxe é?en directed
present in the solution fornulation, Mst ex
to loyen e Bid apdminypize M5 FMOHRLSE BFAVY aneta ipng i e ABPIOh g}r@}ﬂetlon
drug and an exanple was presented for a (32-agonist,
|.e., fenoterol. No difference is made in the
pplication between the use of organic and inorganic
As tcaehedgi laveerise.g¥Ri ¥/ 1320 h suegres pring @r‘%ﬁbﬁsﬁabd%rd for) igduggys the
01/89480 of the applicant, stability data of a HFA
interaction of ghaative ingrestiant withi th caselverirANE/OR WetsT PEseni R Eiesolyition
agoni sts and in particular fornoterol and
form8latigm Nosy efaniplet Rylatgd tohiprdtropiymzbrgridg, an anticholinergic drug and an
R) - 2- (4- met hoxyphenyl ) - 1- et hyl et hyl ] am no] et hyl ]-2(I1H
exarple|was gir¢samed forhey dizexgbiisty i.de f§npkrd0D®) differghiel issreatiebip the
di fferent amounts of HO |.OMor 0.08M were reported
applicatiihaspheenitle: B¢ bfbrpsidmdtiharaadc fdids andtorgarienipids ke @ekferhisty
a copendi ng application, the applicant had shown that
used TH RQDH1/8%480 b€ the abpltsants ttaliiiityi daexdof alIBF A 1B filgton formulation
concentrated phosphoric acid (EP Application n

conugﬁt% %é%&re&érglcldgoﬁé@s 2093 B8G0A4: RIrabRId and StHyARxy-5-[(1R)-1-

i nhal abl e sol uti ons or suspensions containing a

hydrGRYI[ f‘i‘{j 24 ﬁ@th&:é%hﬂ@?”l‘-ﬁ%gﬁgﬁaﬁﬂl n%?‘gélﬂﬁq)gdé‘ﬁlg’éﬁ%f

een escrl rgani nic

hydrgaﬁgrlcgo '@gbyﬁg slia!Bﬁls&Hby %mt ea§no‘ar1ts Qﬁrltlélc V.bl@lr [)1}’ 0.08M were

I NOor gani c
reported . Phosphoric acid is mentioned but not exemplified.

In a copending application, the applicant had shown that TA 2005 can be better stabilized
with high concentrated phosphoric acid (EP Application n° 04011424.1).

In WO 2003/087097 propellant-free inhalable solutions or suspensions containing a
combination of [,-agonists and anticholinergics have been described. Both organic and
inorganic acids were used to adjust the pH. Examples of particularly suitable inorganic
acids include hydrochloric acid, hydrobromic acid, nitric acid, sulphuric acid and/or
phosphoric acid. According to this document, it is particularly preferred to use hydrochloric
acid to adjust the pH. Analogous formulations have been described in WO 2004/004704
referred to propellant-free inhalable solutions or suspensions containing a combination of

anticholinergics and PDE-IV inhibitors.
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aci ds include hydrochloric acid, hydrobrom c acid,
nitric acid, sulphuric acid and/or 20 phosphoric acid.
According to this docunent, it is particularly
preferred to use hydrochloric acid to adjust the pH
Anal ogous fornul ati ons have been described in WO
2004/ 004704 referred to propellant-free inhalable
sol uti ons or suspensions containing a conbination of
anticholinergics and PDE-1V inhibitors. -3 As to the
m nimzation of heavy netal ions, WO 00/78286 (' 286)
and WO, 00/ 30608 ('608), propose the use of aeroso
containers with inert interior surfaces. WD 96/ 40042

di scl osed t hat ueous fornul atigons of trjancinolone
As GBE ohmaueasn S e T rspils GBS (b HaRDySoeos
.OXidative degradatlon catal yzed by trace | evel s of
(‘60B Praposedifsuse OE%%S@ %ﬂnFayle éb‘u“eft Hﬁ‘?ﬁ‘oﬁ F‘H es the use
of EDTA as seq@gsterln qent and/ or_adjusting .
WO?ﬁfé‘O%?t disclrseqy aﬁ}@av%%w giong pf WW@!"B%@’CH’&%F @hmea&ral or
i n aqueous solution exhibited a %endency on the
bas‘%&?‘ﬂ%‘?nsc‘éﬂé@ﬁt Padatiye dagractaaﬁ%tcaﬁqkyz% Ariepce divels of metal ions,
strength. EDTA even in verX | ow concentration had a
espegialy GORPEn i anﬁmmé?syh@weeqft%? th EeqhegpriRtaagerirand/pp adjusting
Solution fornmul ations of flunisolide in HFC HFA
PH. gheprit phisappararee i Siqmeinotpne qeetomide By aqpe®s solher exhibited a
is indicated that chem cal stability nmay be enhanced

depdmgency on tizp budidel cericorirtipn Keconwiant pH apdridrii¢ sirengthi P BAeeen in a
and cetyl pyridiniumchloride, and also that certain
verydewtcanagairaiios et a arofayind inditatary effest nf bodegsatiationimi num
enhance chem cal stability and/or 15 minimze the
absorption of flunisolide onto the container wall. The
present invention is directed to inprove the chem ca
Solwipabfdrintlptiafs aft flvresdlidgr mdiH(YEFA propellants were disclosed in
WO 95/17195, where it is indicated that chemical stability may be enhanced by' using
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

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
propellant and a co-solvent selected from pharmaceutically acceptable alcohols. The object
is achieved by adding a chelating or sequestering agent selected 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
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subj ected to oxidative degradati on and sel ected froma
group consisting of 20-ketosteroids and quinolinone
derivatives in an aerosol fornulation conprising a

i quefied HFA 20 propell ant and a co-sol vent sel ected
from pharmaceutically acceptabl e al cohols. The obj ect

i s achieved by adding a chelating or sequestering
agent selected froma group consisting of phosphoric
acid and sul phuric acid. The sequestering agent
stabilizes the netal ions, present in traces in the

cataﬁ@ﬂs ! oQﬂiauH‘rchtiloﬁ§§1 a6t énV cﬁfc"’ﬁ}% g:%ﬁéﬂ)%?%’jcg?agéﬂ? ystACHS that

I'ess available as -4 ca ysts
t i
R e e
Preferably the inorganic acid is highly concentrat ed.
Since t he aerosol fornulations of the invention may

. { di t that
Smce gcanf %ﬂﬁp c?r{g gfn ga 1 ven 10 m mg/c 2111%3 Igenmcg]e tﬁan oné/ actlve

eren
. d d t .
mgrgcﬁ%[ Fa? be su céu?cﬂl @ltalt %nﬁl?f%%}x dglg%haagxgrag ?degradatlon the

he f | at
oo T P i e
t
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hlmechanlsms of action, can be safely utilized in a HFA
chelgiing A8FHtant | cosol vent system and in particular in a
HFA propel | ant/ et hanol systemto prepare formul ations
stable, preferably at room tenperature, for a
rmaceutically acceptable shelf-life. 15 SUMVARY OF
The P@Cm@mﬁ ths 2, ARG R 7ty acting dbrppabian twa diffensny meghanisms of

provi des an aerosol formulation, which conprises at
action, can be safely utilized in a HFA propeliant/cosolvent system and in particular in a

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

temperature, for a pharmaceutically acceptable shelf-life.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides an aerosol formulation, which comprises at
least one active ingredient selected from a group consisting of 20-ketosteroids and
quinolinone derivatives, a liquefied HFA propellant, 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 inorganic acid is highly concentrated.
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| east one active ingredient selected froma group
consi sting of 20-ketosteroids and 20 quinolinone
derivatives, a liquefied HFA propellant, a co-solvent
sel ected from pharmaceutically acceptabl e al cohol s,
and a sequestering agent selected froma group

consi sting of phosphoric acid and sul phuric acid,
wherein the chenmical stability of the active

ingredients is inproved. Preferably the inorganic acid
is highly concentrated. -5 Preferably the

20- ket osteroi ds are sel ected from budesoni de,
qunisoIide trianci nol one acetoni de, dexanethasone,

Prefegﬁm }hg :’Z:Qfe\(r!:%tsﬁ?(igg grﬁésr?%e;/c%ld ef'jﬁ \}% %P?eg,ﬂrﬁg C aﬁxﬁ{? o 15' tnaracmol%ne
cl ai red the use cifi t f h h
S L L e pH gdjoﬁrs) ter, in

aerosol solution formnulations conprising
8- hydr oxy-5-[(1R)-1-hydroxy-2-[[(1R)-2-(4-nethoxypheny

)-1- nethyl ethyl] an1no eth I.nol Lnone, .
Becapqesthmheﬁél%: I Fe@éragedPYe“ ignyih g %B%SM%‘WCA (k,he By na ?ccl)%c

wi t h phosphoric acid are excluded by t resent
SO @D BROTL 6 TR BESRFIOAT Y RS R g ion

EMBCDI NI ENTS According to the prese nt i

formjuigtionso QeraRsEFing 6@#??&&%0& B)z-b ?f‘@f&s&i%% ?E%et&xyphe“%?
conprising at | east one actiyve |ngred|§ n. A .

methytsthyllaminelsthyH-3(1id el mongznd isdpdiochipride St i ogmomngs in
sel ected from pharmaceuti cal | acceptable al cohol s and

combinafjve o¥ithipbospirorimacidare grcluded §y e\PéeS%}Et"i“i‘?@tl%s
sequestering agent. The formulation is preferably a
solution in which the active ingredient is conpletely
20 di ssol ved. However in case of conbinations, one of
the two active ingredients could be

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

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

additive acting as sequestering agent.

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

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

al cohol, preferably ethanol. -6 The active ingredient
may be any conpound which is suitable for aeroso
adm nistration froman MD, is soluble in the HFA

propel I ant/ cosol vent system and characteristically
exhi bits significant degradation or deconposition'in

t he HFA propel |l ant/cosol vent system 5 The active
ingredient is or conprises at |east one conpound which
contains a group or residue or radical or side chain

scsz Sl o TS Py S 4
fromg%n n 23:)?:%%5: ytg? %ﬁ&agﬁoéel ant/ccf%gl%%rlltésfitirg F%io%h%[atcferlstlcalrly
S R R e T SR e R

further conprise 10 active ingredients which undergo a
deconposition and for degradation that can be
attri.but to dr ol and esterifi
The b RGHOCRT OhOSPRES Bt Bar 147 SFPBE: B oMy ¢ growp or
cl ass of conpounds representative e invention
residup gF resfical Op sidp ghain .Svfcti&ﬁ agfmabﬁ o Pch 2 PTG to

and expecjally certain 20- ket% HerQ|d 15 Ipf ) 5
oxidptiye degrafationpiid qur ﬁfarteﬁg'fee?rd? gal o sifje, phajn e, pe ?f’é‘é‘i“H{j By
C- 20 ketone and an  OH gro it the C 17 position q!
or ceri@n @n PO a¢idie ddehydicn ala911é> 18, apraippal ?Q?OE% EEoiHp o @ double

chem cal degradati on when stored in contact with a
bondyn airtiewsn afonpieated Aoubls bendyiThe agtive ipgeqdignt mgy jfyfghep comprise
A 1203 layer that forns_on the interior surface of
acti\tehwecbmtawh!ég undargoysieeenpasision asd fop degradatigndhatcan b ggributed
nunber of natural and synthetic 20-ketosteroids has
to htlolpsie andsdstsvificatian, WacOORPdeh are fypically pH dependent.

A first class of compounds representative of the invention is that of steroids, in particular
glucocorticosteroids and expecially certain 20-ketosteroids.

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

been shown in WO 0078286:
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Zl Oz 21 182QCOHOOHOOH 19 11 12 17 16 12 18
'~ 17 18 Z~ CH 1 1 117 16 11 17 16 Z 1 g 8 14 5
66713 6j6 2 14 15 2 8 14 15357 43537 q64qg6
Particularly preferred 20-ketosteroids are budesoni de,
flunisolide, triancinolone acetonide, dexanethasone,
and bet anet hasone 17-valerate, all of which have an OH
group at the CG21 position. Oher kinds of steroids
such as ciclesonide may benefit fromthe fornul ation
of 5 the present invention. A second class of
conpounds representative of the invention is the

chem cal cgas~ of phenyl al kyl am no J32-adrenergic
agoni sts sekect ed fron1qubno” pone derivatives 2

bel ongi ng A3 b
(Cl 32)9ﬁ'

Particularly preferred 20-ketosteroids are budesonide, flunisolide, triamcinolone acetonide,

dexamethasone, and betamethasone 17-valerate, all of which have an OH group at the C-21
position. Other kinds of steroids such as ciclesonide may benefit from the formulation of

the present invention.
A second class of compounds representative of the invention is the chemical class of
phenylatkylamino B,-adrenergic agonists selected from quinolinone derivatives belonging

to the formula:

R4

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

-(CHy),- withnis 1 or 2,
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RSR6 t | 10 R7 wherein Rl is nethyl and R2 is
hydrogen or R1L and R2 form a net hyl enic bridge
-(CH2)"- with nis 1 or 2, -8 R3, R4, R5 and R6 are
each i ndependently hydrogen, hydroxy, a straight chain
or branched Cl1-C4 alkyl, a straight chain or branched
Cl-C4 al kyl substituted with one or nore hal ogen

atons and/ or hydroxy groups, hal ogen, straight chain
or branched Cl1-C4 al koxy, R7 is hydrogen, hydroxy,
strai ght chain or branched Cl1-C4 al kyl, straight chain

%%h bra ed !Fé 4 al k%xg and R8 and R9 are
Bere fg?clh FR?@%‘H‘F‘Y | reﬂenahw?xy@ﬁ skajehh ahaiger Repched
ene éhé;F or an ethg CH2-) radica
Cr-Cay b mereie q °rst5?rt<=§eda<ﬁld%% x}awgquiew@wne or more halogen
Part|cularly preferred are the conmpounds wherein: 1o
atomzAnd/Qr Iyidfsy| eTouRs. halogsms sHiggh chawp or tranchrg Cr-Realkry,  R9
are hydroge R7 is hydroxy and n=l fornoterol), and
Ry 1q:\}1ydrc§ewé1tyasgxy, fraightchepy qﬁmchwl Glkymsstraght ¢ai or branched
hydrogen, R7 is hydroxy, R8 and RO together forma
CV@%@HV ﬁ@-( CH=CH) radical and n=1, that is the
8- hydroxy-5- [(1
Rs apg) Rq arp jndepsogiently] ydmomyn, £ Q4 bkt srdwaypleaetyenjavinyieehy | et hy

| ] am no] ethyl] qui nol i none whose hydrochl oride

(-CHHIH-) ﬁ%’%@?ﬂeé’r@%ﬁ% odicebiapd t h t he experi nent al

codes of 15 TA 2005 and CHF 4226.
enantjomers, salts and solvates thereof.

Particularly preferred are the compounds wherein:

R; is methyl, R4 is methoxy, Ry, Rs, Rs, Rs, Rg, Ro are hydrogen, Ry is hydroxy and n=1
(formoterol), and R, is methyl, R4 is methoxy, Rz, Rs, Rs, Re are hydrogen, Ry 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-[[(1R)-2-(4-methoxyphenyl)-1-methylethylJamino]ethyl]-2(1H)-
quinolinone whose hydrochloride salt has been also reported with the experimental codes of

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
example antimuscarinic quaternary ammonium compounds such as ipratropium bromide,

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
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Active ingredients fromthe above nentioned cl ass of
conpounds nmay be used alone, in conbination with each
ot her and/or conbined with further classes of
conpounds for exanple antinuscarinic quaternary
‘ammoni um conpounds such as ipratropi um brom de, 20
oxi t ropi um bromni de, tiotropium brom de and anal ogous.
Because the aerosol formulations of the invention nay
conprise nore than one active ingredient that can be
subjected to the tmo di fferent nechani sns of
radation ion reaction an he |
°x‘dﬁv31rr8‘lm§‘§? §“doﬁhe E%“F U3is Prceéfefltgﬂatm{lﬁ W%@%"n‘&égﬁ? ‘5‘?“?}‘1‘%“0“ of an
f.ormul af i an, additive acting both as a
additiy %f&fl%f’otg A% alé aﬂ@a B .S?Pgle%?ﬂn@r% chtl3ting aga%nfe stapiljize the
stabélee t he actlve |ngred| nts, is particularly
actiye ipgreqientyy is Rezticylaghy prefersd- pyd 4 eGP ahifoEeaRie |a81ds°'%‘F‘§€‘% fem
from phosphoric and sul phuric acid. 5 Both these
I*”%&?Q%ﬁ?GWP rm@ﬁ@ conbi ned action of sequestering the
ions _so inhibiting the catalysis of oxidation
Botl @5%?@0{% Sfhye sepbiged #@0@ REseapsicriag thegnetal donsrfe iphibitipg the
interval . For the purposes of the present invention
catalypie eheidation zaripng ascbacg‘esﬂég the gPrageniBH invihe Hesined &servali ¢
aci d, metaphosphoric acid and white phosphoric acid is
For tthe PHBAsEY refd then@resento ingpntion phesshrisr iagidaelio stAfgstedr ta as
aci d have been nentioned before, as possible inorganic
orthephiogrhoderprid yestaphospharicanithandtvihata phﬁ’ﬂPhOTHFaAldpF tho@rdferrad one.
based aerosol fornulations, to adjust the pH, none of
the exanples of the prior art disclose their use in a
HFA propel |l antl cosol vent system as sequestering agent
Whiteophospheris taadishiplexici apid bive2Berk etentidned befdse, aspdssible inorganic
gui nol i none derivatives. 15
acids employable, in connection with HFA propellant based aerosol formulations, to adjust

the pH, none of the examples of the prior art disclose their use in a HFA

propellant/cosolvent system as sequestering agent for the stabilization of 20-ketosteroids

and quinolinone derivatives.

The applicant, in a separate invention, has disclosed and cléimed 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-[[(1R)-2-(4-methoxyphenyl)-1-
methylethyl]Jamino]ethyl]-2(1H)-quinolinone and its hydrochloride salt.
8-hydroxy-5-[(1R)-1-hydroxy-2-[[(1R)-2-(4-methoxyphenyl)-1-methylethyllamino]ethyl}-
2(1H)-quinolinone in combination with phosphoric acid are excluded by the present

invention.

-10-
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The applicant, in a separate invention, has disclosed
and clained the use of specific anobunts of phosphoric
acid in a specific concentration, as pH adjuster, in
aerosol solution formnulations conprising

8-hydroxy 5-[(1R) - 1- hydroxy-2-[[ (1R) - 2- (4- net hoxypheny
l)-1- methyl ethyl]am no]ethyl]-2(1H)-quinolinone and

its hydrochlorlde salt.. 20

8- hydr oxy-5-[ (1R) - 1- hydroxy-2-[ [ (1R) - 2- (4- met hoxypheny
|)-1-nethylethyl]anmi no] ethyl] - 2(1FD qui nol i none in

The ggg}élhgxact Iac|9 g h\% ¢ hcoggkgagégo%q_hr%fe?%bgcalfa %fé’rﬂ%?g ; hIeO M,

nventi on or|

Prefis BHFo b ey e@ngﬁbﬁé{hgﬁﬁ%ﬁ afﬁrtﬁxpﬁe ﬁéﬁ'ﬁ t;ﬁ l"’}e?a‘?n%'ﬁle e
rollcB@steg . 2 BRSkaags s kS 8 uias been used. 5 1

particular, it is preferred to add phosphoric acid in
an anount equivalent to 0.0004 to O. 04096m/m10f 15 M

r.ic d on the. total
in oG i BrTeeef v A8F BhsfRutessked ney 5@“0@2 “\‘MaIﬁ“bP 38004 t0
hor| ci.d, based, on the total ht of
0.0 3BEioF 15 RiGHRIORE aid Beted o, b 1oty e ooat %ﬂ@PSl&@»
M ph horlc acid, based on the total weight of
pref@mei)ﬁw ey i pfemisrone briopen 1§ tgrOesTeit the
w w of 15 M _ 10 phosphoric ased on the tota
compesitipRt mete Rigferably &;98% it P@hO%A@WfoérIS &S plaqsphyigractd, baspdion e
concerned, preferably 0.075 M sul phuric acid is used.
total] weighto@fi the gpaposition, sl mrasy erefwebly §-083do DAY wov aBils M
in an anount equivalent to 0.0005 to 0.02% w w of
phosphgriocig, Basedpruthe gota] dyedght piibe gorappsitiee: t ot al wei ght  of
the conposition, 15 preferably 0.001 to 0.01% w w of
0. 075 M sul phuric acid, based on the total weight -of
t he
As far as sulphuric acid is concerned, preferably 0.075 M sulphurlc acid is used 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,
preferably 0.001 to 0.01% w/w of 0.075 M sulphuric 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 to 0.0054% w/w of

0.075 M sulphuric acid, based on the total weight of the composition.
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.
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conposition, nore preferably 0.001 to 0.0072% w w of

0. 075 M sul phuric acid, based on the total weight of
the conposition, even nore preferably 0.002 to 0.0054%
w w of 0.075 M sul phuric acid, based on the total

wei ght of the conposition. 20 A still -high

concentrat ed phosphoric acid other than 15 M or

sul phuric acid other than 0.075 Mcan be utilized. In
this case, the person skilled in the art will be able
to determine the right percent anount in view of the

iscl ' h A ' ' - 11 .
e o

tel

"apparent” pH. .is preferably conprised between 2.5
Compé‘ﬁ%qnf%‘?enﬁéa“gtstari bution “apparent’ is used as pHis

i ndeed characteristic _of aqueous |iquids where. t
The RGO ARG "Eohoor ML oh <l g8 e
relatively aprotic.s epts, 5 su as,_th .
water s Ahe dRIHB °B?“é§8{?lee afth"“t%&?égg{‘ J%?tévs? ?y g vents,
are ngn-hydrated, .their.activity coefficients, differ, .
such 3 G, PG TGS RS &t TS sLEreats t SRS s
_the Nernst equation with respect to EVMF appli an
activity gopfificiepisediffy ﬂg%‘g%ﬁl“él& %éﬁ‘%ﬁs‘f‘e?ﬁ“ﬁ?ulsl Sﬂ%@ﬁeg'ﬁ{’(&' the
variable mlli-volt output ac orﬁi ng tg(i Er ot on "
Nemgiquatifnrwith esapesiia EMIpenlis sl the phiymeter glass elgpodg sysiem wi
reading is not a true pH value. The neter readiﬂ_n% .
generagpe exsshlegniflirvelpRipue Atcopiing tePreipn eRIFEAUEGoN Foiehigly polarity,
(pH). The effect of the acid on the acidity function
the “piHmetsr resgipgiennt 2 pHy PO fvalupelhsaratarirepdingrenresgnts gg gppgeent PH
conmpound can be determ ned in a nodel vehicle system
or acgiyrferctioaply )-avai | abl e (HFA 43- 10MEE, Vertrel XF,
Dupont), according to a nmethod devel oped b%( the
The effit iof &het acidagrithd @sidity Bengtiom(pEPD o1 2BmRE@ pH) of the solution of the
active compound can be determined in a model vehicle system commercially available

(HFA 43-10MEE, Vertrel XF, Dupont), according to a method developed by the applicant

and described in EP 1157689.
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 stainless steel, anodized aluminium or lined with an
inert organic coating. Examples of preferred coatings are epoxy-phenol resins,
perﬂuoroalkoxyalkane, perfluoroalkoxyalkylene,  perfluoroalkylenes ~ such  as

polytetfaﬂuoroethylene, fluorinated-ethylene-propylene, polyether sulfone and mi>_ctures of
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15 The anpunt of acid to be added to reach the desired

apparent pHw Il be pre-determned in the node
vehi cl e reported before. The formul ati ons of the
present invention will be preferably contained in cans

having part or all of the internal surfaces nmade of
stainless steel, anodized alumniumor |lined with an
20 inert organic coating. Exanples of preferred
coati ngs are epoxy-phenol resins,

per f| uor oal koxyal kane, perfl uoroal koxyal kyl ene,

fl | kyl h | yt fl. t hyl
oI ERRBTE BHLParehg whgne GhbS bt SGhie SRfa pe

i Xt of -12.fl i nat ed- et hyl - | .and
poly361G B R A6 ol B eI P Bg e SR e B R

| yami de, pol yim de, pol.yani dei ni,d |l vphenyl ene :
The Dapds gestared, Rabingt o REChaERorRIIaRt s POk BPaR b A ene,

ti fl I | k L
perfipapalklgies AP PORIE RS Y SR P ARy byl Reeplfng end
ol ytetrafl uoroet hyl ene and
copofymigat PhiesinaistFhysRePIPYRRA Releeth pufeneg Jiupyrathon Reylymers

fIuorinated-etgilene-pr%gy&ene pol yet her sul f ones.
are niirkpsgdordetindeparky shsh 8s Bl mar ket ed under trademar ks

such as Teflon To further inprove the tabiléty, cansi,u

To fhaher irgprave diel evility capshaying frodedsimpmyand pelpreblya Reff qr full
roll over rimcan be used. The formulation is actuated

rolloygr rém pagt eerispdy val ve capabl e of delivering a vol une of
between io0 50gl and100l. The hydrofl| uorocarbon

The Mp@tima'rstacffusteg Pt Blctenng vales eapplde of ddiveings Yplupgeidetween
HFA 134a, HFA 227 and m xtures thereof. 15 The

50 uphrat ¥8geut i cal fornul ations of the invention may
further contain excipients and in particular a | ow

volatility conponent in order to increase the mass
medi an aer odynamni c

The hydrofluorocarbon propellant is preferably selected from the group of HFA 134a,

HFA 227 and mixtures thereof.

The pharmaceutical formulations of the invention may further contain excipients and in
particular a low volatility component in order to increase the mass median aerodynamic
diameter (MMAD) of the aerosol particles on actuation of the inhaler.

However, in a preferred embodiment the addition of other components to the formulation_ is

avoided.

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:
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di ameter (MVAD) of the aerosol particles on actuation
of the inhaler. However, in a preferred enbodi nent the
addi ti on of other conponents to the forrmulation is
avoi ded. 20 According to a further aspect of the
present invention there is provided a nethod of
filling an aerosol inhaler with a conposition of the
i nvention, the method conprising: -13 (a) addi ng one
or nore active ingredients to one or nore co-solvents
optionally containing a further active ingredient or
ipieni or an (gg riate amount of a
Vofeht | B ipe B‘Eﬁﬁid’h gty ii)gridnnn HePners niféﬁ‘v?wlwlisnpgfaiaiiy
solutigw¥ 56& addin pre-determ ned anount of a
contypigg FhBYther eftive di‘%‘ﬁ‘ii? coraeépialent U FFBORYE 28108l adew
contai ning a hydrofluoroal kane (HFA); and (e)
volaglity goyppRyen t h val ves and gassing. Cther features of

the invention w |l beconme apparent in the course of
t he®) f olfillig theydeviss lseldispltiois of exenpl ary
enbodi nents which are given for illustration of the

i n(&nt jadfing apee-detesminsd appyns aEephasphasis or puphuri geid;
thereof. The stabilizing effects of phosphoric acid
ha(® bedding agropellans centaiminga hyshofuorealkaae (F8A )l anda

20- ket osteroi d, budesoni de. The results show t hat

snie) | anippingsvidf vapesaidigssing)  phosphoric acid

(0.00074 to 0.0015% wW w) reduce the formation of the

mai n oxi dative 15 degradation product, the

21- al dehyde. Further, anounts ranging from0.0031 to
Other features of the invention will become apparent in the course of the following
descriptions of exemplary embodiments which are given for illustration of the invention
and are not intended to be limiting thereof.
The stabilizing effects of phosphoric acid have been tested in a solution formulation of a
20-ketosteroid, budesonide. The results show that small amounts of 85% (15.2 M)
phosphoric acid (0.00074 to 0.0015% w/w) reduce the formation of the main oxidative
degradation product, the 21-aldehyde. Further, amounts ranging from 0.0031 to

0.0063% w/w of 15.2 M phosphoric acid stabilize a formulation which combines

budesonide and TA 2005 as active ingredients.

It has been also demonstrated that the chemical stability of TA 2005, a quinolinone

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

0.0054% wiw.
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15

0. 0063% w w of 15.2 M phosphoric acid stabilize a
formul ati on whi ch conbi nes budesoni de and TA 2005 as
active ingredients. It has been al so denonstrated that
the chemical stability of TA 2005, a quinolinone 20
derivative is inproved by 0.075 M sul phuric acid,
present in a concentration of 0.0018 to 0.0054% w w.
-14 In the foll ow ng exanpl es and t hroughout this
specification, all parts and percentages are by
wei ght, and aII tenperatures are in degrees Celsius,
SS exX re sta t erw.se.. 5 The
in g TpRape A but ot nhon Al gl pamies
accordlnq to the resent i nventi.on has a percen
by ey 81 b JTReBY o G B ISR IR PE RS BT RREed to be
preferably after 12 nonths at 25C and 60%rel ative
otheRYjsf di ty. 10 Exanple 1 A fornmul ation for delivering a
nom nal dose of 200 g of budesoni de per actuation was
prepared and filled in anodi zed al um ni um cani sters
fitted with a netering valve having a 50 | netering
The @piayeragredien/sAn dha prepsurigeds mgigipdigese a.nézﬁlﬂ agpopsling fgythe present
storing the forrmulation in upright (Up) and inverted
inveptiopdas @ RErsenirecpueTy £AvRl P5 bhighw| tbftnl Rp&0 pitariodnenths, prefesgbly after
three nonths of storage under these conditions the
12 npaths @5 °F ead &P yelgivetiymidit i ve i ngredi ent was very
good. At the sanme tinme, the addition of snal
quantities of phosphoric acid appears to reduce the
mai n oxi dati on degradation product, which is the
21- al dehyde content of the budesoni de formul ation.

Example 1

A formulation for delivering a nominal dose of 200 pg of budesonide per actuation was

prepared and filled in anodized aluminium canisters fitted with a metering valve having a

50 nl metering chamber.

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 same time,
the addition of small quantities of phosphoric acid appears to reduce the main oxidation

degradation product, which is the 21-aldehyde content of the budesonide formulation.
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-15 Budesoni de 200 pgl501j1, 15% EtCOH, 0, 15% H20 w/ w
Phosphoric | Recovery t=3 days Recovery t=1 nonth
Recovery Acid (15,2 M Up/ Inv t=3 nonth Bud

21- Al dheyde Budesoni de 21- Al dheyde Budesonide ng %
wwmnmg N9 %ng %Ng %ng % Up 50 37 0.08 50 99 72
0.15 49 98 0.2 0.0015 50 39 50 73 49 Inv 50 99 171
0.35 49 98 49 171 49 Up 51 43 0.08 50 98 85 0.21 49
98 0.1 0.00074 50 39 49 118 49 Inv 448 9 97 1118 90
0.39 49 97 51 39 50 174 49 Up 0.08 98 0.35 97 0 51
40 50 174 49 Inv 50 98 286 0.55 48 95 50 256 48
Exanple 2 5 A fornul ati on of

I ) 1- nmet hyI - et hyl-] ;;lrri noj et -hyl-] _-2(1_.H5 - ;1ui ;10I i none
hydr gt ¥éniie 26031301, sULELOH, 0195% FRD Galv

Phosphoric Recovery t=3 days Recovery t=1 month Recovery
Acid (15,2 M) [Up/ Inv i y i t=3 month
Bud | 21-Aldheyde | Budesonide |21-Aldheyde | Budesonide
mg | % wiw mg Hg % | mg % Hg % mg %
Up :g g; 0.0830 | g9 | T2 | 45| 49 | o8
0.2 (0.0015 gg 17731 :g
Inv 99 .
49 171 0.35 49 98
Up :; ';g 0.08 ig 98 -85 |21 |49 | gg
0.1 |0.00074 2 :;z :g
Inv 97 0.39 97
49 190 49
51 39 50 174 49
U 0.08 98 0.3
0 P 51 40 50 174 5 49 7
50 286 48
inv 98 0.5
50 256 S 48 95
Example 2

A formulation of 8-hydroxy-5-[(1R)-1-hydroxy-2-{[(1R)-2-(4-methoxypheny!)-1-methyl
ethyljaminoJethyl]-2(1H)-quinolinone hydrochloride (TA 2005) for delivering a nominal

dose of 1 pg of active ingredient per actuation, was prepared with the following

formulation:
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dose of 1 p.g of active ingredient per actuation, was

prepared with the follow ng
Conmponents Anounts Per unit Nom na

2005 0. 15 0. 0016

wv 1 Ethanol

H2S040. 075M 0. 2-0.6 0. 18-0. 54w w - HFA

9.72 m -

fornmul ati on: -16
dose ny % g TA
1650 15 ww -

134a g.s. to

The formul ation (120 actuations/cani ster,

overage of 30 actuations) was filled in alum nium

cani sters having

t he i nternal

surface coated with
Teflon and fitted with a netering valve

having a 63 |

rviaod woVEL

LIIdIIU’EI .
erts

T
8lbs?or I'ng the fq
per cent recovery

RN S - 3 -0
moTreTT Ul

UI‘\DL(J.UIIIL

brmul ati on in

bl uuy V

|nﬁ|nr dfnr\n

%ht cans at 40C. Th4
of the actlve |ngred|ent_after one

on
V(J.D cart Tt uu

A3

storage

in the foll ow ng:

u;%?NHEOOS stability

S :;\r\r'\rfgd_~
Noping} @Sence of

sul phuric acid -
pright cans at 4

Téégggery t=0 Reco

Ethanol

H;S0,0.075 M

HFA 134aq.s. t0 9.72 ml

mecovery gbfer 1T nonih,

100_C Sul phuric Acid (C
@&y t=1 fofPH Yy 9% v

1650 15 wiw
0.2-0.6 ( 0.18 — 0.54 wiw

tforage 1n

75 M
JMIntg ncg %

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 pl metering chamb

Cr.

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:
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0.2 0.0018 153 151 98 153 0.4 0.0036 153 100 155 153
0.6 0.0054 98 The results show that the inorganic
acids of the invention are efficacious to inprove the
chem cal stability of the 20-ketosteroid budesoni de
and the quinolinone derivative 5 TA 2005. Exanple 3
Three batches of HFA propel |l ant/ethanol sol utions were
formul ated conbi ning approximately 0.30 ng TA 2005
and approxi mately 30 ng Budesoni de ("Bud") varying 10
t he phosphoric acid (15 M and water quantities. The
formul ati ons were packaged in Tefl on-coated al um num
canisters fitted with a hal obutyl or butyl rubber

vy Ve '-'-lrﬂlf\. r\nv'\[i st ers—were—stor ad HA—RVv-ent ed
(Yul’y C. Ul ST CIT o SO C <
POSI LI O 2o Ry LS 3%?"@8“@&1%@00 to 12
nmont s, ',’ﬂ‘(s?ab M §cﬂ'89 &MPEQP FAF A0 At difflerent
pormts—T I timeore—detairted-—resutts—are—+reported in
SUBRICHUE 5T~ 15 BREE e 25 “Helb v 2o o R
00 A SAZE05—98y H3 3 2 612 Fgnt hs
CHoRtths—rontRS—roHt-hs—ABRLRS Forihs ﬁf Q Q]OG;E;QQ.S
P00 98pQo7d- 7 I5- 7 98,4 151 98
153
0.4 0.0036 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 propellant/ethanol solutions were formulated combining
approximately 0.30 mg TA 2005 and approximately 30 mg Budesonicie (“Bud”) varying
the phosphoric acid (15 M) and water quantities. The formulations were packaged in
Teflon-coated aluminum canisters fitted with a halobutyl or butyl 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 resuits

are reported in the table below.
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2 0.3 0.0031 98.8 99.0 98.2 98.7 95.6 98.6 3 0.3
0.0063 98.7 1 99.3 97.9 99.2 95.6 98.7 The total

per cent age of TA2005 degradati on products resulted
between 1.2 and 2% The total percentage of
Budesoni de degradati on products resulted between 0. 64
and 1. 7% 5 Cbviously, nunerous nodifications and
vari ations 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
clains, the invention nay be practiced otherw se than
as speC|f|caIIy descri bed hereln 10 Al patents and

A |

Bath| V20 EORYAT mss' q L%*rx T &;ﬁa’d R " o%Bud
gﬁﬂ%1 ?ﬂﬁ f% e(yen f@ 5aNg a ?@et ‘12
farth at engi &8 Q%%n 1 aros%

e rrga NS ponths, o mopths | mopths | months
1ingr dieRTst1 a froh@fw roég(gon>|g§?ng Oﬁ%ﬁ 98.7
’)f‘Jzni-G +aor I -l:- and tH IT ohne rlnri it L\lco’ a
2I i qa)?%i eg'ﬁp‘)gFA g?-gpé I z?ﬁt, c9<§ ol ueRWsQI e‘cbrse6d fIr oth-0
nharmae ||fi ca lv accan a' Gghg' [ [
3saqiest EPORG hgelb7selledPad f r cti groﬁ%zcansig’éﬁ ng of87
pHospholicand sul phurlic_acild whereij hem cal_

stablllty of the actlve ingredients is inproved,
provi ded that when the active ingredient is

Thegotﬁlﬂff@ﬂaggof THRPOS degyadatipayprodycts replied betueen 1.2 and 2%. The
met hoxyphenyl ) - 1-met hyl et hyl)
totakperoeripga ¢fyRuldesonide degradagion pméw@s tgulied betpetr Gehindrli He.
salt (TA 2005) the sequestering agent is not
phosphoric acid.
Obviously, 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 specifically described
herein.

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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10 2. The fornulation according to claim1 wherein

said liquefied HFA propellant is at |[|east one nenber

selected fromthe group consisting of HFA 134a, HFA
227, and mxtures thereof. 3. The fornmnul ation
according to clainms 1 or 2, wherein said co-solvent is
ethanol. 4. The fornul ati on according to anyone of
clainms 1-3, wherein said phosphoric acid is 15

present in an anmount equivalent to 0.0004 to 0.040%

w w of 15 M phosphoric acid, based on the total

wei ght of the formulatignp. 5  The fornulation

according to any one of&gﬁgﬂﬁs 1-3, wherein said
OKlphurlg)amd |slﬂﬁbesent in an anount equjvalent to

850f PrHUFEOR- Wb FOmPrisest [opst onp Al dnaedient Selbcé@e%om

on the total ht of the conposition. 20 6. The

fDEREP sensHng el 88&@??@‘[8{0@8@%. qwrwlmvméeawﬁwga.adlqueﬁed HFA
phosphoric acid is_present in an _anount equivalent to

oprewélsntt 8 0506 %}Wesffr% PRAITBRGY PR i ascepiabls, alprbolsg agsha

the total t of the formulation. -20 7. The

f SAVATICEDS wnh%&éifr@n £ grogip 0nsisEng ofhospharig andisulphuric acid

sul phuric acid is present in an anount equivalent to

ovirain ttee chepioal \wahilisy obthe7stivg ingregisntsiie improved, preyidgd dhat

the total weight of the fornmulation. 8. The

fwhenul Hiei orrtizie c dngrpdigntt oisardrhysexyof-[(ERai -pdroxy72-[ MR )eh(4-
has an apparent pH of 5 between 2.5 and 5.5. 9. The

f oethesyahéroh- lametydethy Jamindetylb?E Hyfquinbbnams ot it8 hydrochloride

wherein said co-solvent is present in an anount of 6%

t 21t3 080200 ).the sequestering agent is not phosphoric acid.

The formulation according to claim 1 wherein said liquefied HFA propellant is at
least one member selected from the group consisting of HFA 134a, HFA 227, and
mixtures thereof.

The formulation according to claims 1 or 2, wherein said co-solvent is ethanol.

The formulation according to anyone of claims 1-3, wherein said phosphoric acid is
present in an amount equivalent to 0.0004 to 0.040% w/w of 15 M phosphoric acid,
based on the total weight of the formulation.

The formulation according to any one of claims 1-3, wherein said sulphuric 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.

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 weight of the formulation.
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10.

11.

12.

13.

14.

15.

16.

10. The fornul ati on according to any one of clains
1-9, wherein said co-solvent is present in an anpunt
of 6%to 25% w v. 10 11. The fornul ati on according to
any one of clainms 1-10, wherein said fornulation is in
the formof a solution in which the active ingredients
are conpletely dissolved. 12. The fornul ati on
according to any one of clainms 1-10, wherein one of
the active ingredients is in suspension. 13. The
formul ati on accordi ng any of the preceding clains

rein.the 20-ketaosteroids, 15 ar lected from
mﬁeg’gﬁ‘.“a%?“ %cmrﬁwg?f i 5y PYhSiER F SRV @pidris geesent in an
dexanet hason db et hason 7 valerate, 14. The
T R P LB A Mo B, ik IS

20- ket osteroi d i s pudesoni de. 15. The fornul ation
a@ggpﬁﬁﬁ§§#§igVﬁﬁﬂF@'mherein t he qui nol i none

d ﬂiyatives is 8 hydroxy-5-[(1 R)-1-hydroxy-2- [[(1
Rf_ez_omglﬁtéqnhqx}g?;gﬁg ﬁ9|a51y P0Gk ﬁl?qms 7, which has an apparent pH of

t hyl ] thyl]-2(1H)-qui nolinone hydrochloride (TA
bR TR T of mul at ) on p ‘

e fornmulation according to claim 13

wherein the active ingredient is a conbination of
b"Elaee plagonaﬁ(a:ordmg to any one of claims 1-8, wherein said co-solvent is

8-hydrpxy-5-h§1R -1-h&?roxy-2-[[(1R)-2-(4-nethoxypheny
| §resent inah AU ohgRerio 30 A¥Y-et hyl | - 2( 1H) - qui nol i none
hﬁdrochlonide (TA 2005). . -21 17. The use of a
s by Esmlationy aceguing e prsc predof eleimsphds pioreinc said do-solvent is
sul phuric acid in a fornulation as in any of the
pPI&seBHin 9p aapeit aE6% do P¥pmdve t he chemical stability of
the active ingredient. 18. A pressurized netered dose
i hibraforpulatighiag¢prding taninysong of olaimsl &l 0,0vheredrc said ehirmglation is in
any

the form of a solution in which the active ingredients are completely dissolved.

The formulation according to any one of claims 1-10, wherein one of the active

ingredients is in suspension.

The formulation according any of the preceding claims wherein the 20-ketosteroids

are selected from budesonide, flunisolide, triamcinolone acetonide, dexamethasone,

and betamethasone 17 valerate.

The formulation according to claim 13 wherein the 20-ketosteroid is budesonide.

The formulation according to claim 5 wherein the quinolinone derivatives is 8-

hydroxy-5-[(1R)-1-hydroxy-2-[[(1R)-2-(4-methoxyphenyl)-1-methyl

ethyl]lamino]ethyl]-2(1H)-quinolinone hydrochloride (TA 2005).

The formulation according to claim 13 wherein the active ingredient is a combination

of budesonide and 8-hydroxy-5-[(1R)-1-hydroxy-2-[[(1R)-2-(4-methoxyphenyl)-1-

methyl ethyl]amino]ethyl]-2(1H)-quinolinone hydrochloride (TA 2005).
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17.

18.

19.

20.

21.

22,

5 one of the preceding clains. 19. The pressurized
nmet ered dose inhaler according to claim 18, wherein
part or all of its internal netallic surfaces are
stainless steel, anodized alum niumor lined with an
inert organic coating. 20. The pressurized netered
dose inhaler according to claim19, which is lined
with an 10 inert organic coating selected fromthe
group consisting of epoxy-phenol resins,
erfluoroalkoxyalkanes erfluoroalkoxyalkylenes

| kK th f t f
PP St TR bR, LBP L rom e ot b e in o
t Th d nete
3%3“8“1"*1 (o af St i g kg sPG ol a Ay obhe

mherehn the active ingredient has a percent
%@8@5@? ¥8bal or higher than 95%after 6 nonths,
preferably after 12 nmonths. 22. A nmethod of f||||ng an
R ErEn i) fessd dosg infalge pYech coBRinS) astorgulation) aggedinggio any
nore active ingredients to one or nore

@e§gltl§?éjﬁ‘?°§d‘“g@6)‘nsfl |Ting said inhaler with said

Iutlon ﬁ addln a pre-determ ned anount of a
d“eifé?éln‘iose Inh‘ paiceoidingde clamn 13, wherpimpart arailldf its

pref sel ected from phosphoric or sul phuric acid;
(e lic susfageseare sfdinless wisels gnodized aneiniofl orofinesl widlnen

( HFA) to said solution; and -22 ~
inert organic coatlng

The pressurized metered dose inhaler according to claim 19, which is lined with an
inert organic coating selected from the group consisting of epoxy-phenol resins,
perfluoroalkoxyalkanes, perﬂuorbalkoxyalkylenes, perfluoroalkylenes, polyether
sulfones, mixtures of fluorinated-ethylene-propylene and polyether sulfone, and
mixtures thereof.
The pressurized metered dose inhaler according to any one of claims 19 and 20
wherein the active ingredient has a percent recovery equal or higher than 95% after 6
months, preferably after 12 months.
A method of filling an aerosol inhaler, said method comprising:

(a) adding one or more active ingredients to one or more co-solvents;

(b) filling said inhaler with said solution;

(©) adding a pre-determined amount of a sequestering agent, in particular an

inorganic acid, preferably selected from phosphoric or sulphuric acid;

(d)  adding a propellant comprising a hydrofluoroalkane (HFA) to said solution;

and



(e) crinping with val ves and gassi ng, wherein said
phosphoric acid is present in an anount equivalent to
0.0004 to 0.040% ww, preferably 0.0008 to 0.020%

w w, nore preferably 0.001 to 0.010% w w of 15 M
phosphoric acid, based on the total weight of the
final solution or 5 wherein said sul phuric acid is
present in an anmount equivalent to 0.0005 to 0.02%
w w, preferably 0.001 to 0.01% ww, nore preferably
O 001 to 0.0072% w w, even nore preferably 0.002 to

¢22540é1’r1}4{|p1 S\;lthvavs &%%%§h?rgﬁ a?lzg based on the

- wherein said phosphoric acid is present in an amount equivalent to 0.0004 to 0.040%

w/w, preferably 0.0008 to 0.020% w/w, more preferably 0.001 to 0.010% w/w of

15 M phosphoric acid, based on the total weight of the final solution or

wherein said sulphuric acid is present in an amount equivalent to 0.0005 to 0.02%

w/w, preferably 0.001 to 0.01% w/w, more preferably 0.001 to 0.0072% w/w, even

more preferably 0.002 to 0.0054% w/w of 0.075 M sulphuric acid, based on the total

weight of the composition.
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