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Aerosol formulation for inhalation, containing an anticholinergic agent The
present invention relates to pharmaceutical preparations for inhalation 5
containing as the sole active substance a compound of formula | Me + Me
Nx OH OO Me 1l wherein X - denotes an anion which is preferably
AREIBS T S ALV TORI ANl Fon! LBMEINR] U n IR Rrgic agent
phosphate, methanesulphonate, nitrate, maleate, acetate, citrate;
fumarate, tartrate, oxalate, succinate, benzoate and p-toluenesulphonate,
IXtur ter,. at least. .
e B e R b i cany
contagdogmatifeesaipieoty asdivstdriceampiexingaderdtiorihgscompounds of
formula 1 are known from WO 02/32899, They have valuable
pharmacological properties and as highly effective anticholinergics may
provide therapeutic benef ir ;Ineztreatment of respiratory diseases,
particularly in the 20 treatment of inflammato?g/ and/or obstructive
respiratory diseases, especialjy.in the treatment of asthma or COPD
(chronic obstructive pulmenary-gisgage). The present invention relates to
' 5{ these compounds-which can be

to use a liquid
1

wherein
X - denotes an anion which is preferably selected from among the chioride,
bromide, iodide, sulphate, phosphate, methanesulphonate, nitrate,
maleate, acetate, citrate, fumarate, tartrate, oxalate, succinate, benzoate
and p-toluenesulphonate, '
as solvent ethanol or mixtures of ethanol and water, at least one pharmacologically
accaptébie acid and oplionally other pharmacologically acceptable excipients and/or

complexing agents.

The compounds of formula 1 are known from WO 02/32899. They have valuable
pharmacological properties and as highly effective anticholinergics may provide
therapsutic benefit in the treatment of respiratory diseases, particularly in the
trea{fnent of inflammatory and/or obstructive respiratory diseases, especially in the

treatment of asthma or COPD (chronic obstructive puimonary disease).

The present invention relates to liquid active substance formulations of these
compounds which can be administered by inhalation; the liquid formulations
according to the invention have io meet high quality standards. The formulations
according to the invention may be inhaled orally or nasally. To achieve an optimum

distribution of the active substances in the lungs it is expedient to use a liquid
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2 formulation free from propellant gases using suitable inhalers. A
formulation of this kind may also be inhaled orally or nasally. Those
inhalers which are capable of nebulis'@g a small amount of a liquid

S A 5 el DRSS BTSSPt o s
kind paaticalisolp s uitabled \Aftindhescalpe dhibesiriveakos witelermesl capable of

L T T e

therdpistialiinsob astivatpiatpan e slntiRNSRNheRebuissdiisie P Brapeutic

one or two puffs to form an aerosol having an average particle size of

inhalatianae paririgHy, syisablan)itis therseonraisidhe isyatfignrriered
nebU&3RRNAB L GARINSR BHFRAMY eRTEsPANS 1odNRiNEIRRRUIGAW ably less

effective quantity. An apparatus of this kind for the propellant-free

than fdhimirnedties anasheteretein et thaa Riuipraiinescefugickive substance
. o for e g " o _
s SR 04T B IO A RS RHARR Bt nvino o

aver dpthoatsitensizdoof ile W 87 /2268ikroh s igueéar Shhat S bhamdithenicrons, so
CCO ing description. In g nebuliser of this kind a pharmaceutical

that B e e B h By LAY B S AGH RrESSEraer (R Wocon BsHisal

effecaBr®splalestined for the lungs, which is sprayed. Within the scope of the

present specification reference is expressly 20 made to the entire contents
of the literature mentioned above. In inhalers of this kind the formulations

An Ripaliienss s sipreddntadevepaibritiscessenfigkifatdhesteivitered amount

substance formulations used are sufficiently stable when stored and at
of a {Wﬁﬁf@ﬁ'ﬂ?@cﬁﬁé‘%bﬁ%ﬁﬁ@?rﬁbﬁf QB ﬁlﬁ%té@%&fﬂ@@ﬂ&‘ﬂf%ﬁﬂ for
exarPRSIRIgIARRILARY AUbe Aanpling Maes Y dances iRl Mediedice and
purpose. Moreover, they must not contain any ingredients which might

Metmﬁl@‘&éic&nﬁitﬂ.&héﬂ ﬁNQeWi’ﬁ £oRh, a:ﬁ_xvﬁmez@ daraag&thandrar eecemepanying
desdHIHIAGRU CRLAIMRLY RTINS SRR LIS AELP I8 RIS S S hverted by

means of a high pressure of up to 600 bar into an aerosol destined for the lungs,
which is sprayed. Within the scope of the present specification reference is expressly

made to the entire contents of the literature mentioned above.

In inhalers of this kind the formulations of solutions are stored in a reservoir. 1t is
essential that the active substance formulations used are sufficiently stable when
stored and at the same time are such that they can be administered directly, if
possible without any further handling, in accordance with their medical purpose.
Moreover, they must not contain any ingredients which might interact with the inhaler

in such a way as to damage the inhaler or the pharmaceutical quality of the solution

or of the aerosol produced.

To nebuiise the solution a special nozzie is used as described for example in WO
94/07607 or WO 99/16530. Reference is expressly made here to both these
publications.



30 To nebulise the solution a special nozzle is used as described for
example in WO 94/07607 or WO 99/16530. Reference is expressly made
‘here to both these publications. 3 The aim of the embodiments disclosed
herein is to provide a formulation of the compound of formula 1 which

Héeﬁi{%t%% mghéa%ssiﬁq@ﬁm%qﬁ%a Q{g%fnw@lk@ BRERUMMLHISRHORT the
cofaso u3| @“ﬂg lers menti dabov §1e ac%/ﬂe .Subs ance I
(?{)nr}f)'ﬂup dHEFGiIATEIE 8 R RS a3t EthlE:OaIEi oW
ORflraky, névttham@hcﬁﬂdt e lphermuateLticalipkiiiie ovdimsstorhges tirhiecofctive

sIEReCY CRSuliRigs Ay RE4EaBERNE YRAT, RO Rigieranly Mghysaéﬁnaceuma

se.pro eIIa tf formulation soI ns must also be.capa
aq% Mg nebuliset undeber %@3?8‘11%‘% ar%lltli??ﬁéfver 3%13163@ Psome yeas,

p #é@%%@%oﬂﬁﬁ@d%@éﬁ%lm pEgFoducibly within a speC|f|ed
range. According to a first aspect, there is provided a pharmaceutical

Iﬂé@@é’r’%ﬂ%ﬁ‘aﬁ?rﬁlé‘@?@%ﬁﬁr{z&%ﬂ&?%ﬂﬁl%&sﬁ%ﬁﬁgx %es%%?e mf%(of%ema nebuiised

com formula Me, + Me X - N ~...... whe denotes
ungRePIFHIER (4 PRefaraBl dele e CRORP SHIIh GitHEcE ot db resmieed, produced
fatdidessotph#ie; phosphgie;ifethanesulphonate, nitrate, maleate,
acetate, citrate, fumarate, tartrate, oxalate, succinate, benzoate and
p-tolyenesulphonate, as the solvent. ethanol or mlxtures of ethanaql and
AREH S o TSR ar ARG IR A b CEBTAE WA BRRAGRStShigybalation,
cothanphasalccldgicallystrve ptablepexsipigifisantd/or complexing agents.
According to a secoanspeqm t, .there is provided a use of a pharmaceutical
preparation as define aBQVe for preparlnﬁ a pharmaceutical
composition for the treatme\r\of
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wheren
X~ denotes an anion which is preferably selected from among the chloride, bromide,

iodide, sulphate, phosphate, methanesulphonate, nitrate, maleate, acetate, citrate,
fumarate, tartrate, oxalate, succinate, benzoate and p-toluenesulphonate, as the solvent
ethano! or mixtures of ethanol and water, at least one pharmacologically acceptable acid

and optionally other pharmacologically acceptable excipients and/or complexing agents.

According to a second aspect, there is provided a use of a pharmaceutical preparation as

defined above, for preparing a pharmaceutical composition for the treatment of
respiratory tract disorders.

According to a third aspect, there is provided &ninhalation kit consisting of a
pharmaceutical preparation as defined above and an inhaler suitable for nebulising this

pharmaceutical preparation.



respiratory tract disorders. According to a third aspect, there is provided

an inhalation kit consisting of a pharmaceutical preparation as defined

above and an inhaler suitable for nétiulising this pharmaceutical

preparation. 3a Within the scope of the present invention, those

. 0, o) bl in.the. api i

it e e ISR e AR ) e
prefarmithanesdlplimTate thitratey méleaiechestatetiroin atmongbeatdivadatbromide,
.. _oxalate, succinate, benzoate and p-toluenesulphpnate. Preferably, the .
o A LR oS P GO i Eiends i Cirate
fum dRetgr oaRraes Sistng of shiordes brermige at=talue pasilphenaleamthie.

methanesulphonate. Particularly preferred, within the scope of the present

invention, are the formulations which contain the compound of formula |

PrefResinee-daraiemRramidearBefesncpsdasiecompeias o anpHiadiacted

always include within the scope of the present invention all possible
fromgline rprRis GaTE istigami Fo RTéd iemidss thido smpadirioRaR @Mdes to

metiqé%ggmg%ﬂgt@f formula 1 also include within the scope of the present
invention all the possible solvates and hydrates which may be formed

from this compound. Any reference to the compound V within the scope of

the present.invention.is.to be re rﬁ ? s a reference 1Q.the .
Pt R aEH, WAL e e OB RT o Resor N Eeaare ing fprguiations
whidth €»fain the compound of formuia 1 wherein X - denotes bromids.

References to the compound of formula 1 always include within the scope of the
present invention all possible amorphous and crystalline modifications of this
compound. References to the compound of formula 1 also include within the scope

of the present invention all the possibie solvates and hydrates which may be formed
from this compound.

Any reference to the compound 1' within the scope of the present invention is to be

regarded as a reference to the pharmacologically active cation of the foliowing
formuta
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Me 61, contained in the salts 1. 5 In the formulation according to the
invention the compound 1 is present dissolved in ethanol or in mixtures of
ethanol and water. According to the inyention, the formulation preferably
contains only a single sal@%f foymula 1. However, the formulation may
also contain a mixture of fe[[lefnt salts of 1o formula 1. Formulations
which contain active substanc
subject of this invention. The ¢
based on the proportion of° igally active cation 1'in the
pharmaceutical preparation according to the 15 invention is about 4 to
2000 mg per 100 ml, according to the gnvengion, preferably about 8 to
1600 mg per 100 ml. Partlcularly prefgrally, 100 ml of the formulations
5aut-8 3 out 1360 mg of 1'. If the

other than those of formula 1 are not a
ation of the compound of formula 1

wherein X- 20 denotes the brom| e proportion.of 1 according to the
invention is about 5 to 2500 mg per 100 ml, preferably about 10 to 2000
mg per 100 ml of pharmaceutical preparation. Most preferably, 100 ml of

Conté‘}%@g@kﬂ@'@é\ a{:cordlng to the invention contain about 100 to 1700 mg

ormu atrons according to the invention contain as solvent pure

ethanol or mixtures of ethanol and water. If ethanol-water mixtures are

in thd$E ed t enrg%ss erc e of 5 ethgmol resent in the g mixtures is
DI ARSI ntihi? {568 %SPW&L@GS tdraBi§SRthdissolved in

etharahge immmélt()r@s&ﬁ‘ %ﬂﬁhanghmgt@(artlcularly preferably according to
the invention, ethanol-water mixtures used as solvent contain between 50
and 92 %, most preferably between 69 and 91 % of ethanol. 5

According to the invention, the formulation preferably contains only a single salt of
formula 1. However, the formulation may also contain a mixture of different salts of

formula 1. Formulations which contain active substances other than those of

formula 1 are not a subject of this invention.

The cancentration of the compound of formula 1 based on the proportion of
pharmacologically active cation 1' in the pharmaceutical preparation according to the
invention is about 4 to 2000 mg per 100 ml, according to the invention, preferably
about 8 to 1600 mg per 100 mi. Particularly preferably, 100 ml of the formulations

according to the invention contain about 80 to about 1360 mg of 1.

If the compound of formula 1 used is the particularly preferred compound wherein X
denoctes the bromide, the proportion of 1 according to the invention is about 5 to
2500 mg per 100 ml, preferably about 10 to 2000 mg per 100 mi of pharmaceutical

preparation. Most preferably, 100 mi of the formulations according to the invention
contain about 100 to 17700 mgof 1.

Formulations according to the invention contain as solvent pure ethanol or mixtures

of ethanol and water. If ethanol-water mixtures are used, the mass percentage of
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Other co-solvents may be used apart from ethanol and water. Preferably,
however, no other solvents are used according to the invention. The
formulations according to the inventiog contain pharmacologically

oo T B S PR B0 H ere
morefbefarchbrpia ftefesagly fetveensdd %@t&@n&%ﬁ@ﬁ@ﬁ%&@@}%j@érabty

about 3.5 and 4.5, according to the invention. Examples of preferre

accofigdnithaaKeitiac sitendrAtRle BRoUERSHSRIRS PRSP BRbtAlbRstween
50 ardgigz hdraBEYpieRGIhDiBiASich YRS AFid,ARRkARGEPhOTIC acid.

Examples of particularly suitable organic acids are selected from the
group consisting of ascorbic acid, citric acid, malic acid, tartaric acid,

mm%%@%%@& ﬁ%}%ﬁﬂ%@%igtt%?ﬁg aac?i/d ayé%r?icﬁ%%{%%% however,

propionic acid. Preferre anic 20 acids are oric acl

no otteiphohieats dref weeidrahydrdiciy da dracithie particularly preferred
according to the invention. Of the organic acids, ascorbic acid, fumaric
acid and citric acid are preferred, citric acid being particularly preferred. If

The desitedtionxtaresafitietahioveamentionceoneisls maralsededisat acceptable

articularly in the case of acids which have other properties in addition to .
orgali AR RAN 61 fRe S ST OrHiR e W ResR e e daFmiagens according

to th@itiaxitiRnss prefersr UBRIe CHrig RO 91 RASCAMIS @g%rgtq’g%@%en 3.0

harmacologically acceptable bases may be used to titrate the pH _

and %r%di@@ﬁl@@ﬁ%ﬁﬁ lp sy aen RO Raanel <t ik aceostinayarihadesenion.

alkali metal 30 carbonates. The preferred alkali metal ion is sodium. If

bases of this kind are used, care must be taken to ensure that the
Exarpgdeginbrsaieatditioegeniteactineimee iecties finishbe phanmacesistaty of

tion,.a logically compatible with.the abovementioned .

e ARG ARG FO ORI e SPRUBTIEDLERES: oo

complexing agents as other ingredients. By complexing agents are meant
Exan\ﬁvﬁﬁgglcglf'%asﬁ%?aor{ytg%i e[grcéeg}ganic acids are selected from the group
consisting of ascorbic acid, citric acid, malic acid, tartaric acid, maleic acid, succinic
acid, fumaric acid, acetic acid, formic acid and propionic acid. Preferred inorganic
acids are hydrochloric acid and sulphuric acid, of which hydrochlioric acid is
particularly preferred according to the invention. Of the organic acids, ascorbic acid,
fumaric acid and citric acid are preferred, citric acid being particulariy preferred. if
desired, mixtures of the abovementioned acids may also be used, particularly in the
case of acids which have other properties in addition to their acidifying properties,

e.g. those which act as flavourings or antioxidants, such as for example citric acid or
ascorbic acid.

If desired, pharmacologically acceptable bases may be used to titrate the pH
precisely. Suitable bases include for example alkali metal hydroxides and alkali metal
carbonates. The preferred alkali metal ion is sodium. If bases of this kind are used,
care must be taken to ensure that the resulting salts, which are then contained in the

finished pharmaceutical formulation, are pharmacologically compatible with the
abovementioned acid.
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invention molecules which are capable of entering into complex bonds.
Preferably, 5 these compounds should have the effect of complexing
cations, most preferably metal cations. The formulations according to the
invention preferably contain editic acrd (EDTA) or one of the known salts
thereof, e.g. sodium EDTA or disodium EDTA dihydrate, as complexing

The f8aRNIaRsRECERRY ARG IIRIRIAER ISR CRIRRANERIPRIPETLEERE as other

hydrates, more preferably in the form of its dihydrate. If complexing 90

ingredigétiss Evmlwiﬂﬁjaﬁ@ﬁ@rﬁf@éﬂa@bwm Haer G eRB SRy asent
inven%'r’%t% IS PEISIARN 'é'r%‘@a'ﬁ%lgg 63 gh%e“?r@%%@n %@ﬁﬁg%ﬁg.ﬁeferab!y,

preferably in the range from 5 to 50 mg per t
theseacoordmgntis thiedulcehdve iPecidadilp§ dosrpleniiaticateoascordatptefdrably

invention contain a complexing agent jn an amount_of abpout §,to 30 .m "
et a1 S SR A o o WEI R T oF Bl FENBI et
acid (BOTHatwroaecof thegkitoihe salentiercbie scomatdimad®foneetisgiium EDTA

) odium edetate also apply apalogouys|y to other possible additives which .
dihydipie, TR S RRIEXIT B SH o TS SARD et ook U RITtIEdS csiamiignaly in the

form BIOREHIRFABE GABraGHSRILPRIGAH AR Pl aexampEdfexing

nitrilotriacetic acid and the salts thereof. Other pharmacologically )
agentracptashs awdiinetis Y WrRlPpS aggertioaie foarinvasieradbeiurrtsnt is
prefelXH Y HHE ?aﬁ%f@#WaPE app Adlifves 3te e ard IR CNeX tH Pange
pharmacologically acceptable and therapeutically useful substance which
from 8 obRInghpastileGusibitefvn waiive faieaninad coletirrantinnhd’referably,
tne r@iluEaURSIANGE I s Aharmasaipgicalisyiable solventLmALHET 1% amount
improve the qualities™of the active substance formulation. Preferably,
of abiheisé suBStamresh&08 nd, pharenpesflegicdy afffects do i) appeeialde ol of the
f a]t least no un es{galg}_ge pharniaocological effects in the context of the
oM &Pl A 9.9 Re dJUV/gH €8nd additives include, for example, 30
stabilisers, antioxidants and/or preservatives which prolong the shelf life of
the finished pharmaceutical formulatjon, as well as flavourings, vitamins

The RKS 2 ARG IBRRRAHThE AR AP @ SaRRRL ANSiaHRIR to other
possitlararseledicalicacreriakiBarable to EDTA or the salts thereof, which have

complexing properties and can be used instead of them, such as for exampie

nitrilotriacetic acid and the salts thereof.

Other pharmacologically acceptable excipients may also be added to the formulation
according to the invention. By adjuvants and additives are meant, in this context,
any pharmacologically acceptable and therapeutically useful substance which is not
an active substance, but can be formulated together with the active substance in the
pharmacologically suitable solvent, in order to improve the qualities of the active
substance formulation. Preferably, these substances have no pharmacological
effects or no appreciable or at least no undesirable pharmacological effects in the
context of the desired therapy. The adjuvants and additives inciude, for example,
stabilisers, antioxidants and/or preservatives which prolong the shelf life of the
finished pharmaceutical formulation, as well as flavourings, vitamins and/or other
additives known in the art. The additives also include pharmacologically acceptable

salts such as sodium chloride, for example.
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salts such as sodium chloride, for example. 7 The preferred excipients
include antioxidants such as ascorbic acid, for example, provided that it
has not already been used to adjust tl%e pH, vitamin A, vitamin E,
tocopherols and similar vitamins or provitamins occurring in the human
body. 5 Preservatives can be added to protect the formulation from

The pafarsidateipistis pahegenitibridant Suilable AESAINAAHYRE RIEdRaTH e,
_known from the prior art, particularly benzalkonium chloride or benzoic
Pm‘“é‘éﬁ&v{ﬁa&& R &ardy LBRMIHSISh R S5kt e Ridn¥kAtmdh Kitawin E,

tocopfRiFolbepdimlariRiraebsRzAkeni LA Rkt tsAddRd Lodbe,

formulation according to the invention. The amountof benzalkonium
chloride is between 1 mg and 50 mg per 100 ml of formulation, preferably

Presé%ﬂéé%%ﬁ Bégal?ﬂejcp% %{3{@8{?{%%‘?@8I}ét%OHE%\tgojrﬁéRﬁr%E{o ng’{we

ml of the formulation according to the invention. However, according to
pathogestt dractenaulbtibablevhies e adtese arain farse freservativesteaserior art,

. ' f . Preferred formulations contain only :
Pt R B R 10 SRRt A
benzputmiradikiétionﬁoeﬁh@amarkamvrethanom&é}jﬁbrr&?ium&?raﬁﬂw%rm?‘tﬁ\?um

ff la 1. 20 The pharmaceutical formulations according to
Ch‘orfﬂoénlﬁsalew%ﬁ o%‘rgﬁﬁa%aﬁ?ﬁbgﬁa%f%%mg DurRYRB Tt BB TSs N iof
benzalkénlalarapisha&ind-desedbed herainbeforgiperdeienpredpsedietion,

propellant-free aerosols according to the invention. At this point we

prefesaBli RBRLE AlaitPdRsressl) Mriiorare praérelbcaRmAts fedeimed per 100
m! oPefeirbeiena e LRI o5 Which Aehise RINEoLPO. %&%%ggﬁﬁﬁeace-

As described at the beginning, a further developed embodimen

inveryiefe fiian iriigesiv Hisblssedah onmedT Amp STt athartcilarBigiordarba
prefe‘?‘r‘%@b and the

Preferred formulations contain only benzalkonium chioride, sodium edetate and the
acid needed to adjust the pH in addition to the ethanol or ethanoliwater mixtures as

solvent and the compounds of formula 1.

The pharmaceutical formulations according to the invention containing compounds of
formula 1 are preferably used in an inhaler of the kind described hereinbefore in
order to produce the propellant-free aerosols according to the invention. At this point
we should once again expressly mention the patent documents described

hereinbefore, the contents of which are hereby incorporated by reference.

As described at the beginning, a further developed embodiment of the preferred
inhaler is disclosed in WO 97/12687 (cf. in particular Figures 6a and 6b and the
associated passages of description). This nebuliser (Respimat®) can advantageously
be used to produce the inhalable aerosols according to the invention. Because of its

cylindrical shape and handy size, this device can be carried anywhere by the patient.
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associated passages of description). This nebuliser (Respimat(r)) can
advantageously 30 be used to produce the inhalable aerosols according
to the invention. Because of its cylindrg:al shape and handy size, this
ice ' h ' e nebuliser sprays a
b R i A P T e R
throngry e alt higizlpreatbigh, jve ssute preducetimhatahlesgioskisie Bigosols.
preferred atom iser essentially consists of an upper housing part, a pump
5 housing, a nozzle, a locking clamp, a spring housing, a spring and a
Thestosdgeredattainesrarianterivasbhyis & prER Bewseliasgniie YRRFhHp
housing part and carrying at one end a nozzle body with the nozzle or

ROUSG& S102AGe MEKRE 1800 i SRt R B0 &y SRINGAPE e Ftarad eff

conf@Rge EhaRisfeHRRgilpw body is fixed and which is located in the upper
housing part, - a locking clamping mechanism located in the upper

housing pdftR heuspihiresLisitavitprbelsprrigd e tieminyingthoise end a

rotata ' r ns . qf a rotary
bearinqg{?sf%@%ﬁﬁ&iﬁiﬁl@%@%ﬁ%@%kgg{a grl%}?kg]en%pring housing in

the-axidlhdilewtwaiorneitioNalveistaty with valve body corresponds to a
device_dj in WO, 97/12687, It projects partially into,the cylinder of
-~7a esret%@—o flange in wh:c}%t ei;PI%%‘%éBI@iWﬁ% %Wnﬂél‘:ﬁ“ is

the pump housing and is disSposed 10 be axla
Referepcatsoadespapiiear adysmbigares 1-4 20 especially Figure 3 - and

the assogciated passages of description in the abovementioned =
Interm AT EAEAE KA RO AET U SREIRED PO HPRRY BOMEINGRAT

the_holipwpRisianowisiny aive kg SHeH Sodkh it Nigk ke SHHIErERbRatably
pressure of 5to 60 Mpa (about 50 to 600 bar), preferably 10 to 60 Mpa

(about TEYHPHCEBEA IPHARURINhEFHdaK RearmRiumf frartiraring,
substagqeaol RN WEERAERA4%iR0d onto the spring housing in the axial

direction.
The hollow piston with valve body corresponds to a device disclosed in WO
97/12687. It projects partially into the cylinder of the pump housing and is disposed
to be axially movable in the cylinder. Reference is made particularly to Figures 1-4 -
especially Figure 3 - and the associated passages of description in the
abovementioned Intemational Patent Application. At the moment of release of the
spring the hollow piston with valve body exerts, at its high pressure end, a pressure
of 5 to 60 Mpa (about 50 to 600 bar), preferably 10 to 60 Mpa (about 100 to 600 bar)
on the fluid, the measured amount of active substance solution. Volumes of 10 to 50
microlitres are preferred, volumes of 10 to 20 microlitres are more preferable, whilst

a volume of 10 to 15 microlitres per actuation is particularly preferred.

The valve body is preferably mounted at the end of the hollow piston which faces the
nozzie body.

The nozzle in the nozzle body is preferably microstructured, i.e. produced by micro-

engineering. Microstructured nozzle bodies are disclosed for example in WO-
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25 microlitres are preferred, volumes of 10 to 20 microlitres are more
preferable, whilst a volume of 10 to 15 microlitres per actuation is
particularly preferred. The valve body s preferably mounted at the end of

ollow piston which faces the nozzle body. 30 The nozzle in the _
001 B S EFAR R R i el SHdCicPby saiion, especially
Figuenginaerihg. %@@ﬁf@gtgg@ﬂ;ﬁp@@}g bodies are disclosed for exa_tmple in
WO 9 99/16530; reference is hereby made to the contents of this

specification, especially Figure 1 and the associated description. The

The RBZZle B@@fyx eansists for exampie %?%%h%%%‘gﬁ%%%%ﬂr% % Sdgen, securely

securely 5 fixed together, at least on ne or more
fixedripgetiflichirapehanads wiikh hasnpeetahenwe zisidrstrent te thehapnas which

conr2et et ERL ARG 0 ! é?i%‘{ﬂ%tﬁé‘?z@eéﬁti%tjetéﬁg%@ﬁé%%ﬁ%%@d there is

non-round opening microns deep an

at leaipohprefenably bemgotsdopehimictons anwiaﬁd@g@tégpeaglmfst@gi F? microns
. ' . If t IS a plurality of zle openings, preferably two, the
wide e P TR S he s TIE M3 A GUS FAGE hrisactén ©

micrée®ach other or may be inclined relative to one another in the direction of

the, ening. In the case of a nozzle body having at least two _
I therg 9 I%%@%ﬁ‘%r}%%ﬁ@%ﬂ@?Bﬁ@;%h‘é@f@@t@hé@s@%ﬁiﬁ@cm I6& spraying of

the dﬁzﬂl@aﬂi.ﬁeﬂﬁé\f@;@m@w Al anale b2 08 JRes é?aé%%%e%ﬁ&ﬁﬁed

15 preferably at an angle of 60 to 150 degrees, most pref
relatiyggg. at feptherdpdhmgl st aretapiperaia gaening siratirgabe @@ nozzle

!’2}%1' ier, ; ing.0 0.100,microns, still mpre .
bod prefﬁaﬁ)@n?%atgg %ﬁ%%%? gé‘sgéﬁag;%%qcﬂ%05r%i%ﬁo%%sgrstgngog{rg%’%’Prseafspraymg
may Prdnpeaibrelaiepiaying tretiercmestinghe stpbdadrthestozr® degrees.

prefe‘?QBW'}ﬁsanzzgﬂgie of 60 to 150 degrees, most preferably 80 to 100°,
The nozzle openings are preferably arranged at a spacing of 10 to 200 microns,
more preferably at a spacing of 10 to 100 microns, still more preferably 30to 70

microns. A spacing of 50 microns is most preferred.

The directions of spraying therefore meet in the region of the nozzle openings.

As already mentioned, the liquid pharmaceutical preparation hits the nozzle body at
an entry pressure of up to 600 bar, preferably 200 to 300 bar and is atomised

through the nozzle openings into an inhalable aerosol. The preferred particle sizes of

the aerosol are up to 20 microns, preferably 3 to 10 microns.

The locking clamping mechanism contains a spring, preferably a cylindrical helical
compressidn spring, as a store for the mechanical energy. The spring acts on the
power take-off flange as a spring member the movement of which is determined by
the position of a locking member. The travel of the power take-off flange is precisely
limited by an upper stop and a lower stop. The spring is preferably tensioned via a
stepping-up gear, e.g. a helical sliding gear, by an external torque which is

generated when the upper housing part is turned relative to the spring housing in the
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As already mentioned, the liquid pharmaceutical preparation hits the
nozzle body at an entry pressure of up to 600 bar, preferably 200 to 300
bar and is atomised through the nozzl$ openings into an inhalable

lowe rosol. The preferred particle sizes of Qhe aerosol are up to 20 microns,
owel BRUSING B 15 S8 SREC 2 PREk R S RRE ARSLIDR RANES fakReoft
flangespontaiprgferaib. @,cmmmg;@é@glgﬁdm@og@y@ssion spring, as a store for

the mechanical energy. The spring acts on the power take-off flange as a
spring member the movement of which is determined by the position of a

The'%ﬁ’ﬂg%m%rmﬁrﬁé@ﬁé fhBWek sﬁ&ﬂ@&%é%&@%@b{ 29 annular

limited by an upper stop and a lower stop. The spring Is pre
confighisiifed saundtepmayeptgkarcl. faadrlitaatisisty trsaxayale of a ring of
iGhJ er housing part.js turned
Pl e o T S R s PR e
arraimgegpipen piarsingepperaiiclithe fooiver dakeod fthé angmisentdifter singtensioning of

multi-speed spline gear. The Iocking member with the engaging lockjng
the i e S oe kB AR TR SR A ol of he
powlakeak-HaniEndecandsiste fenexaagiaiabareng wdirjastisasedretal waighg
radjally elastically deformable. The ring is arranged in a

is inh tl
merpRfe hAFUAREL R RS B8 SUHE BRI RSTSIB FAGICtRE o
couBREiNG; the loeking sheinees. QhBRISCkNgMEMPHISINRINCHBEPHE Rlechanism -

the power take-off flange and prevent the spring from being released. The
the ReldANDHERbIS RovaH RBERRG! e e FRaURRDIANEh Brafaatihynia e

iS; the locki I t e .
B o e e e e B g et
of thagolasipatienpréibmlsighing demaioiserchadithe arefaesabitesdrig /0
97/%6%@6)y deformed in the annular plane. Details of the construction of the

ocking clamping mechanism are described in WO 15 97/20590.

The lower housing part is pushed axially over the spring housing and covers the

bearing, the drive for the spindle and the storage container for the fluid.

When the atomiser is operated, the upper part of the housing is rotated relative to
the lower part, the lower part taking the spring housing with it. The spring meanwhile
is compressed and biased by means of the helical sliding gear, and the clamping
mechanism engages automatically. The angle of rotation is preferably a whole-
number fraction of 360 degrees, e.g. 180 degrees. At the same time as the spring is
tensioned, the power take-off component in the upper housing part is moved along
by a given amount, the hollow piston is pulled back inside the cylinder in the pump
housing, as a result of which some of the fluid from the storage container is sucked

into the high pressure chamber in front of the nozzle.

If desired, a plurality of replaceable storage containers containing the fluid to be
atomised can be inserted in the atomiser one after another and then used. The

storage container contains the aerosol preparation according to the invention.
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The lower housing part is pushed axially over the spring housing and
covers the bearing, the drive for the spindle and the storage container for
the fluid. 20 When the atomiser is opquted, the upper part of the housing

t ive to the. art, the lower.part taking the sprin
The e e s LD il et PR LS a ey, he
clampiegmsaftibeisielittadsliheggtas, veay tbetblepoing mRsINiEMBBAEESThe
bi automaticall Th? angle of rotation is preferably a whole- number fraction
:zsaseé:#J H.g ,Se. ei%

3808 PP RN AFHEGHB L8 PEpRg-id s fluid

emeiigasigoadiibmpawerdalsalfGamerne i d s WIREEHYYSING part is
moved along by a given amount, the hollow piston is pulled back inside

the cylinder in the pump housing, as a result of which some of the fluid

FurtHepradhssiorage containends, %1‘8‘%%@éB%e@ﬁwWéé%?%ﬁ@&ﬂ?%rd?/12683

front of the nozzle. 30 If desired, a plurality of repla e storage

and \Agpt8iH8RSEOntainmhictnecfieignosis iatsatiyetiada be inserted in the
atomiser one after another and then used. The storage container contains
the aerosol preparation according to the invention. 11 The atomising

The progessdsinitbitbd biogeaty (preissiingtheractnatisgbuttaatarie selrsmdngr their
functiBec réi m then %%e@%tflg vv_aé for the pé) er take-off component. The
Bidsed'SpIny Piss & BN i Ghe gﬁﬁéHPﬁ%‘%aﬂQMbﬁ&E%ﬁg%fﬁeaS
well dricbremeesgos ienetbe pezaesobthejarissidn hedrimeFRasraYicl
Further details of the construction are disclosed in PCT applications WO

appligaipsss Py SIPIRECEH L BseRP BRI BIRRIBIeREE 14358keby made. The

components of the atomiser (nebuliser) are made of a material suitable for
their 10 function. The housing of the atomiser and - if the function allows -

Figursh Eafae6 WO \9el 12687 shorniheResmmaiBieebeligebyitjertion the

Igi ' icati iologically acceptable material
e O R g
nnhai@ith which the

Figure 6a shows a longitudinal section through the atomiser with the spring under

tension, Figure 6b shows a longitudinal section through the atomiser with the spring

released.

The upper housing part (51) contains the pump housing (52), on the end of which is
mounted the holder (53) for the atomiser nozzle. In the holder is the nozzie body (54)
and a filter (55). The hollow piston (57) fixed in the power take-off flange {56) of the
locking clamping mechanism projects partly into the cylinder of the pump housing. At
its end the hollow piston carries the valve body (58). The holiow piston is sealed off
by the gasket (59). inside the upper housing part is the stop (60) on which the power
take-off flange rests when the spring is relaxed. Located on the power take-off flange
is the stop (61) on which the power take-off flange rests when the spring is under
tension. After the tensioning of the spring, the locking member (62) slides between
the stop (61) and a support (63) in the upper housing part. The actuating button (64)
is connected to the locking member. The upper housing part ends in the mouthpiece

(65) and is closed off by the removable protective cap (66).
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95 aqueous aerosol preparations according to the invention can
advantageously be inhaled. Figure 6a shows a longitudinal section
through the atomiser with the spring under tension, Figure 6b shows a
longitudinal section through the atomié with the spring 20 released. The
upper housing part (51) contains the pump housing (52), on the end of

Thewpithgshanehed thevrldenmrak i thepmiagies) RorAiseIA NRlHs ish the
the nozzle ?t%(fj{ (54) and a filter (55). The hollow piston (57) fixed in the

UPPBLARY IR Rty Jee@ of ihe SmARdiiiioadARisgdstaanhsarinesedise lower

Aty ' f LAt jts end the hollow. pi .
o e A e PR i the
replgsephisistetasauppelanrsing) fartha it dpIpoharnwhiobthatpaviesd. The

- e ring is.rel .Located qn oW .
St e B S S P R S AT ey piston
projedierirteetspratgrisgemdentadh teremioid ibltdtstien tensiotrisglofd e gpings thaive

ckirg mFH be; (62) slides between the stop (61) and a support (63) in

I
sub%aen& psec? ﬂg'ng part. The actuating button (64) is connected to the

locking member. The upper housing part ends in the mouthpiece (65) and
is closed off b%{the removable protective cap (66). 12 The spring housing

The @eingieh(EohBreson SEmiy(@ssayméeaisoR aHBladan dhatrstaigigerf the spring
houbpigsimaParhRy aan 7@5)@?l§B§ié‘cﬁté%‘%(%%Mﬁgtgﬁﬁ@@&ﬁﬁgﬂg upper

lower housing part (70) is pushed over the spring housing. Inside t
hougipishgaibuSngietrriBdedmirabliEatd@e container (71) for the fluid (72)

which is to be atomised. The storage container is closed off by the

stopper (73), through which the hollow piston projects into the storage
Thegugphaiineraresalfseitsaimymio shdhiel feuppbubsiagite asbssahpesparations

o A8 O 0 e Al epauned o
end of the spindle facing the upper
In another preferred embodiment, the pharmaceutical formulation according to the
invention is administered using the nebutliser described above in which a replaceable
storage container is used containing the pharmaceutical formulation according to the
invention inside a gas- and fluid-tight container as described in WO 99/43571. Some
details of the construction of this container will now be described: the reference
numerals quoted in the following description correspond to those disclosed in WO
899/43571. The description that follows incorporates the disclosure of WO 99/4357 1
by reference.
Accordingly, for administering the formulations according to the invention, it is
particularly preferable to use a gas- and fluid-tight container as a replaceable
cartridge for a medical fluid in a propellant-free atomiser, which, as disclosed in WO
99/43571, comprises a dispensing outlet in the form of a hollow piston, the container
comprising:
- afoil bag (11, 21, 31) sealed at both ends, at least one end being closed off
by a weid seam (13, 23, 32) which runs substantially at right angles to the axis

of the bag, and the foil bag is defarmable by external pressure at a differential
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housing part. On the spindle is the slider (76). The nebuliser described

above is suitable for nebulising the aerosol preparations 15 according to

the invention to form an aerosol suitakjlg for inhalation. In anoc':her )
referred embaqdiment, the pharmaceudtical formulation according to the

e RS 1E BT TTohaE DL AL b GG DS bR oS ess

reftlese 300 Hteragelcaiamer is used containing the pharma(_:eu_tical

formulﬁéj‘%n according to the 20 invention inside a gas- and fluid-tight

“coAinEIEEE b taElaRaR O 99783534 Woikte ity @Hﬂ@%@rﬁ@tm@tf@rﬂ bag
of tiRIGeRIGHReFIMbNRY BeescaRRA e, é@ﬁrﬁ@%%rﬁ%?ﬁglﬁg%ﬁéﬁ%'leontainer

the following description correspond to those disclose
Thedes3 heRANHRCIoNbRE(®tbrporates the disclosure of WO 99/43571

by é%%ﬁg@%%é&:&sﬂ%l I q]?\réqﬁérlgejg'stering the formulations according

to thé invention, It Is particularly p able to use a gas- and fluid-tight
-conithiieiratha griMicobbimatastfimtyecio reasmekticap it Boadeopalapidieea

atomijser..whigh as disclgsed in WO 99/43571, comprises a dispensing
ouﬁ%ﬁﬁsmﬁ@g’rﬁ %‘f a oclh'vcv piséfgﬁymgsc@)}?tﬂﬁé’re'&fﬁﬁ)ﬁé‘#@: 30 - a foil
-bagritila PAmdLnspalatiet bestiants eideagionoen keirg CRSAAQTRYwhich
a v&gldﬁﬁg\%%:% 23, 32) which runs substantially at right angles to the

axis'o StarHRIESH SRS RDditeramBR By Exisn dhpreadirakiiwd.
differential 13 pressure between the interior of the container and its
surroundings of less than 300 hPa (300 mbar), an inherently rigid flange
If theigrpwilatigr Araeidingy thedenentionHs rrbbligednsisairmsmatieetasascribed
j - itt] iner. 5,qnt , :
Bt o A aneal LG AR tl8 Befned gyantiy
withqulgtesnaemef isdbmesd theaaliblh poief€ssh 54 T%) aittlieraanount in at least

87%, preferably at least 98% of all operations of the inhaler (spray actuations).
Preferably, between 5 and 30 mg of formulation, most preferably between 5 and

20 mg of formulation are delivered as a defined mass on each actuation.

However, the formulation according to the invention may also be nebulised by
means of inhalers other than those described above, e.g. jet stream inhalers or

ultrasound nebulisers.

The present invention also relates to an inhalation kit consisting of one of the
pharmaceutical preparations according to the invention described above and an
inhaler suitable for nebulising this pharmaceutical preparation. The present
invention preferably relates to an inhalation kit consisting of one of the
pharmaceutical preparations according to the invention described above and the

Respimat® inhaler described above.

The examples of formulations given below serve as illustrations without restricting

the subject matter of the present invention to the compaositions shown by way of
example.
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press fit (55, 66, 77) which surrounds the dispensing outlet and a removal
point for the fluid in the region of the guide channel into which 10 the
hollow piston projects during use so as to dip into the medical fluid. If the
formulation according to the inventionyig nebulised using the method
described above (Respimat(r)) the quantity delivered should correspond
to a defined quantity with a tolerance of not more than 25%, preferably

20% of thls amount in at least 15 97%, preferably at least 98% of all
Exgmgle l2REspray actuations). Preferably, between 5 and 30

mg of formulatlon most preferably between 5 and 20 mg of formulation
are delivered as a defined mass on each actuation. However, the

100 roiraliRiiemassaiting poaherafiemtontaiay also be nebulised by means of
inhalers other than those described above, e.g. jet stream inhalers or 20
ultrasound nebulisers. The present invention also relates to an inhalation

Exatkiplegnsisting of ong ioérnthakphiarmacediticdikpreparatido aadconsiagetoghe 100 m!
inventi Q abg 3 inh itable for nebulising this_ .
pharm Qn e%%c ?pﬁ parath{on he preséﬂﬁ% lE|§§entl n p¢ rably relates 10
an inhalat{6gkit cansistif@@f one pf tAZEasRarmaceutical prepathtopigvater
according to the invention described ab and the Respimat” inhajer, ..
described above. The examples of formulations given below serve as
illustiations without restricting the|subject matter of the present indefatiBm
{0 the comppgitions Showqipy way of ~36[gxample. T4 3L EXamples gh5n
formulations 100 nmpl of pharmaceutical preparatian contain: % Example 1
PenzalkordiB@¥disgdium cifric acidjmade up to 100 ml 3V-bromide) 70/30

_‘Th'ltmde tate(mg) with- 0 E 76130
4 500 ~ 20 2 70/30
5 150 - 10 3 90/10
6 250 - 10 2 90/10
7 750 - - 4 90/10
8 150 - - 3 90/10
9 250 - - 4 95/5
10 500 - - 3 95/5
11 100 5 - 3 95/5

The formulations according to the invention are prepared analogously to methods

known in the art, for example by dissolving the ingredients of the formulation in the

solvent ethanol or ethanol/water.




n

70

20

(mg) (mg) dihydrate ethanol/water (mg) mixture (% m/m) 1 2000 10 10 3

50/50 210005 -3 70/30 3 150840 514430 4500 -202 70/30 5 150 -

10 390/10 6 250-10290/10 7 750 - - 4 90/10 8 150 - - 3 90/10 9 250 -

-4 95/5 10500 --395/5 11 100 5 - 3 95/5 The formulations according to

invention.are. pr : logously to methods known in the art, for

Pﬁ%ﬁ%@“é@ﬁ@%ﬁ%@%@iﬁgﬁ A B e Ui PR Sbigemstance a
cethanahar @thamol/iwater. 10 Patent Claims 1) Pharmaceutical preparation

for inhalation, containing as sole active substance a compound of formula

1Me+Me_ Nx 1100M6\§A3‘"i v

bromide, iodide, suiphate, phosphate, methanasulphonate, nitrate
mialeate, acstate, citrate, fumarats, tartrate, oxalate, succinats, banzoats
and p-tolusnesulphonats,

as the solvent sthanol or mixtures of sthanc! and water =i izzst ona
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Pharmaceutical preparations according to claim 1. containing at l=ast one
compound of formule 1 wharein X - is szlectad from among chiorids, bromice

4-tolusnesulphonate and methanssulphonats.
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wherein X - denotes an anion whichjig preferably selected from among

Pthershloridea hrespiglestiedide csulphate; phesphaie: methanesulphonalg, e
_nitrate, maleate, acetate, citrate, fumarate, tartrate, oxalate, sudcinate,
PITERYSEME A 07N R pORiisRES BIPACRAte |SastHdreotvint isthzrol O pitktures

hﬂrsmgﬁé%%wwro%r@a%é. an Vngﬁggg%éf%‘ﬁﬁé peespiable acid and .

t
optionally other pHarmacological C & exclpients Andror

‘amomplexingragentsils 23 Pharmadsuticalprepar ationsrastorging tekaim acid

1, containing at least gne, compound of formula 1 wherein X - is selected
ki ond GBHOE oW, 26l REEHPROAt- & 20 an3 Bropionic
sdnethanesulphonate. 3) Pharmaceutical preparations according to claim 1

or 2 which contain mixtures of 20 ethanol and water as solvent, the

proportion by mass of ethanol in these mixtures being in the range from 5

%.,16. .4 [ io cording to one of claims 1 .
et The Pha o GOy Hctabiant A © b e == o
3 fpidrganic &eids. hydrochloric acid, hydrobromic acid, nitric acid, sulphuric
acid and phosphoric acid or from the organic acids ascorbic acid, citric
acid, malic acid, tartaric acid, 5 maleic acid, succinic acid, fumaric acid,
P aeeticand; farmieaeid:and propianie acihLhammacautical Prepamtions isad in
..according to one of claims 1 to 5, characterised by a pH of 2.5 t0 6,5. io
(P&t PRamAeRUHCAL prahration'actsibimge aneBr BIARS A B).
characterised in that the content of 1' is about 4 to 2000 mg per 1D0 ml of
solution. 7). Pharmaceutical preparation according to one of claims 1 to 5,

| PoRarsetersed ipreparation according to one of claims 1to A, characterised in

that they contain a complexing agsnt 2s an additicnal ingredient.

Pharmacsutical preparation according 1o ong of claims 1 1o 7, characterizad in

that they contain benzalkenium chiorids s excipient

Use of & pharmacsutical preparation according to one of claims 1 to 8, for
preparing a pharmaceutical compesition for the treatment of raspiratory tract

disordears.



15 that they contain a complexing agent as an additional ingredient. B
Pharmaceutical preparation accordirig'to one of claims 1 to 7,

~ characterised in that they contain benzalkonium chloride as excipient. 25
9 Use of a pharmaceutical preparation according to one of claims 1 to r3,
for preparing a pharmaceutical composition for the treatment of '
respiratory tract disorders. 17 fig) Inhalation kit consisting of a
pharmaceutical preparation according to one of claims 1 to P. and an
inhaler suitable for nebulising this pharmaceutical preparation.

10} Inhalation kit consisting of a pharmaceutical preparation according to one of
claims 110 - -8 and an inhaler suitable for nebulising this pharmaceutical

oreparation.



