1 MUCOACTIVE AGENTS FOR TREATING A PULMONARY DISEASE The present invention relates
to pharmaceutical compositions which are useful in the treatment of diseases where excess mucus is
present in the respiratory tract, 5such as cystic fibrosis and chronic obstructive pulmonary disease. In
particular, the invention relates to pharmaceutical compositions for administration by pulmonary
inhalation. Mucus is a viscous gel, the properties of which are dependent on a variety of 10 factors.
Mucus is primarily made up of a mixture of variable amounts of mucous glycoproteins, water, low

molecular Welli e R9iRie 20t Pk dor HRETREATRNREAS INRONAR DYERNways and these

interactions create the three- dimensional structure of the gel and determine the gels viscosity and
elasticity. 15 Mucin is the principle polymeric component of the mucus gel and consists of a peptide

backbone wit'ﬁr@yﬁ%&%&%@gatzzlqrpperﬂag;lys;@gm&ggcmgi@5@&@&%@%@%@%?@9{5- The presence

of sulphated and sialic terminals makes the molecule highly polyanionic. The mucins form a
polydisperse §iHH5BFE8ASER CRMYEE TASIF PORMISSSIRTEOEWHIEREPEURTIBELM in length, with
random 2@tanglesasTbedbenlagicahprapeties areunainlydepengentanthe tangleudensity, which in
turn is determined b(ynt@qagggtlroeehg; mucus hydrationigggsrpolécig molqgalgg I%n tqh;l'okille necrotic

. 11’1V€?] maceédticay Compos IMITLS Ii}] 11 Q.T .
activated neutronhils release lafge amounts of DNA, actin and proteins which'also polymerise and

interact with @M tFhis process considerably increases the tangle density to form highly viscoelastic
mucus gels. 2r A variety of different types of bonds within airway mucus affect the chemical and

physical prop%ties of the mucus sgch as viscoe sﬂcigy. Disul héde bonds are covalent bonds which
. Mucus, 15 2.viscous €1,t QBtOéDCIUCS OL whicyare E:é) ent on a yvariety o .
link glvcoprotein subunits'into the’large, extended micrornolecular chains known as mucins.

Cross-links fofmtbetwidanvadjarent neirdSOpody mears iprobablyi s caresuitob iheictarge size. The

sugar units, whichnake yR.the: aligosatcharide.siderchaips, amnd asaawtforabaut 80% of the mucin
weight, form h:ydroggn bonds with corlrllglti)ryrenga%sugriﬁ on neiqhbouring mucirlls. Although each

L 1y ents mteract 2 w ese idteractions create t ree-
individual bond IShvesk an readffy dissociates, thefe are very farge numbers of tﬁ &

dimensional structure of the gel and determine the gel's viscosity and elasticity.

75 Mucin 1s the principle polymeric component of the mucus gel and consists of a
peptide backbone with glycosylated and non-glycosylated domains and
oligosaccharide chains. The presence of sulphated and sialic terminals makes the
molecule highly polyanionic. The mucins form a polydisperse group of densely
charged linear polymers, some of which are up to 6pum in length, with random

20 tangles. The rheological properties are mainly dependent on the tangle density,
which in turn is determined by the degree of mucus hydration and mucin molecule
length. The necrotic activated neutrophils release large amounts of DNA, actin and
proteins which also polymerise and interact with mucin. This process considerably

increases the tangle density to form highly viscoelastic mucus gels.

A variety of different types of bonds within airwayimucus affect the chemical and
physical properties of the mucus, such as viscoelasticity. Disulphide bonds are
covalent bonds which link glycoprotein subunits into the large, extended
macromolecular chains known as mucins. Cross-links form between adjacent mucin
30  polymers, probably as a result of their large size. The sugar units, which make up
the oligosaccharide side-chains and account for about 80% of the mucin weight,
form hydrogen bonds with complimentary units on neighbouring mucins. Although

each individual bond 1s weak and readily dissociates, there are very large numbers of




bond sites, making this a significant type of bonding within the mucus. In addition, mucins are also
ionized, containing both positively charged amino acid residues as well as negatively charged sugar
units, principally sialic acid and sulphated residues. The degree of naucin ionisation may actually
increase in airway disease. For 5example, in cystic fibrosis (CF) the proportion of sulphated residues
is further elevated because of alterations in glycosyl transferase activities within the Golgi apparatus.
The ionic interactions between fixed negative chaf&e‘s result in a stiffer, more extended
rnacromolecular conformation, effectively increasing the polymer size and adding to the numbers of
entanglements. Fipally, in airway diseases 10 characterized by. infection and inflammation, such as
CF. high moleSiir WaigRE DRECARE SEbH HARERES ré EIaBSEA by YR Uk BEy 156 dnd
exopolysacclaaridas mesbeciated by Heteria bPHeresHid furtiegadormling 2atto tidk e the mucus.

Mucus is a critical compenrent afthedrimansdefenee piashanispeiobthesrgspiratory d&etract, trapping
inhaled particulatedand microbial material for removal via the mucocilia(g}/ systeIgJ'u. However, when this
mechanism fait$td S5 SURETERR A URL S ACAUHITAIRE 5158 ThiLTAL Cotghed Up as sputum,
otherwise it is retaipkediincthecéspiratoyiiraot prvg cairendovidyesthe gdionisdtiondy microorganisms

which may lead to, chropic lung-inflammation gadsahsiruetion. 20:8atentian.ofibe guicus in the

respiratory tract presents a particular problem as it not gnly obstructs the airways but also facilitates

infection and prHBES & SelPPerBatring cYAR6R ifrSESFUNG MtERnTaTh Patib6yical agents
such as bactetisofe g Rseddamonas aeluginoSajrare aftéfrabteltorestablightcalohies:within 25 the

mucus. Probleps 5%@%&9?%@ when the initial bacterialinfestion stmylates Agutrophil chernotaxis, but

the neutrophils are unable to effectively clear. Defective neuttgé):hﬂ apoptosis and impaired
phagocytdéis &R RESFTRELORE RiHTEPathe deifreeR dr iy Badisdadesh eRNBEFSIR pre>teases and
oxidants are rateased duringfthenpiecessanddhegelfiaye-akodmbenaf effectysddabyrickuse both cellular

damage and impalrment §f allaiToYRIeRS: IS8, alag Palgtaperiadeaus and actualy

enhance further mucus secretion. The proteases also cleave anti-protease.s and cell surface markers,
further impaiting the host defence mechanisms. Thus, the cycle is perpetuated as these effects further
impair mucus glramnce aiiba sameslinie ARG aasiginltaiSsetetlion Lncowaging Hacterial stasis

and promo}ing airway inflam rgf\t(;onar[llggf&fore the fe}yg[gﬁgge@ﬁgeutrophlilsvgg glear the original 5

. . 7 h d
infection actuaﬁﬁﬁ%a&g %nglraplg d%terloratfoarﬁloﬁﬁéosnuatlon an Ot J:eer[]?[)lrogcgfess accounts for much of

the morbidity %meﬁwerWWﬁawéﬁg%ﬁW?nism fails to clear sufficiently,

mucus accumulates and must be coughed up as sputum, otherwise it is retained in
the respiratory tract and can encourage the colonisation by microorganisms which
may lead to chronic lung inflammation and obstruction.

20
Retention of the mucus in the respiratory tract presents 2 particular problem as it
not only obstructs the airways but also facilitates infection and promotes a self-
petrpetuating cycle of infection and inflammation. Pathological agents such as
bacteria (e.g. Pseudomonas aeruginosa) are often able to establish colonies within

25 the mucus.

Problems tend to arise when the initial bacterial infection stimulates neutrophil
chemotaxis, but the neutrophils are unable to effectively clear. Defective neutrophil
apoptosis and impaired phagocytosis are key factors in the pathogenesis of lung

30 disease in CF. Neutrophil proteases and oxidants are released during the process
and these have a number of effects. They cause both cellular damage and
impairment of ciliary movement. They are also potent secretagogues and actually

enhance further mucus secretion. The proteases also cleave anti-proteases and cell




There are two main causes of mucus retention. The first is airway mucus hypersecretion, where the
body produces and secretes elevated levels of mucus and 10 the mucocilialy system is unable to cope
with and clear the large amounts of mucus quickly enough. The second cause is where the mucus has
abnormal viscoelasticity. Where the mucus has an unusually high visc.oelasticity, it is much more
difficult for the mucociliary system to move the mucus and clear it from the airways. 15 Agents which
affect the mucus in a way that assists clearance have traditionally been referred to as "mucolytics”
agents. However, this term may be inaccurate, as may of the agents in question do not exert their
effect on the m is..T fore, agents which assist mucus clearance are herein referred to as
mucoactive agggg?ézggéél{ggs%féa%%{gﬁr@gg %gflg%tlo% aken ﬁzon Teat Al ald Bticts Fittiairmay
hypersecretion BSR4 hitEsss\isebel astieityrinchadéamtibiotictherapyiradministration of

bronchioditatorsq«isesiaf systamiecetiphaled-certicosieraids, ofaral administration, of expectorants for
liquefaction of tlgl%gnm%ugé It isr also. known goﬂtreatftgle sufferers with aerosol delivered "mucolytic”

agents; such as water and hypheeft%ﬁfée’stgﬁné SSitioR® BELEMBIRaRtIRIfL, B514:8L | (rhDNase) has
been used tb trédECPSffarErdeThe ¢l iDNESalisthought t6 enzymaiicalydigestdbanaked DNA
released into the.aiovaysiiace duid fiam haciera-neAIapDls. A0d AR Sellulay debris. It is this DNA
which is thought to contribute to the elevated viscoelasticiri of the mucus in CF sufferers. However,
these conventional approaches have met with only limited success and there is the need for cheap
and effective trédtresieforamedos retentiominthe:temgs:. Whatfiss morewikj:aRaim of the present
invention to proyjde: eaimentanbie wil, Isad o2 Jelugtion Iniihe. ucus elpstolty and viscosity and
which will riesult&iln improyed cough and ajrway clearance of the mucus-an also enabié clearance by
means of diliary Action® & Agetts Suth e WDRER: WHdR dRests e raked DN ATt mucus, and
gelsolin, which gt eerihin The mucus chavésbaershewndasaffeabtheelasticiyi.gempgonents of the

network, as oppse I9.lhe,¥isnsily, Inmesehsidies, diswil tend to improve cough and airway

clearance, rather than helping clearance by means of ciliary a tion. 10 1t Aas been suggrested that

agents which digfUBtIRE SESTIHRS th BT hrifie R e s s retiiiciion i botTaiasticity and viscosity.
This is the preferred result, as it will lead to an improvement in ciliary clearance, according to model

studies. 15Dexttans.haye beep.idgntified as bein otentially useful agent for improving mucus
clearance in Integnational Publication Nol.li/vrbagﬁ?o%&is.sfﬁﬁlseaﬁﬁéﬁl Eé%pﬁ“l%%ﬁ(%ﬁ? i8%0ggested,

from in vitro mOGETE P He Xty Hetraawy miks vischéldstieityaarkt inerease mucagikidty
clearability. Thehdexaansagedhought tohave this effect: by disrupting the hydregen honding between

mucins within the. 20trea; dimensional mucus struglture. It {srpeydoothesised that the dextrans compete

. . N3 _
with the mucin for the hydrogen bonding sites, resulting in the substitdtHR B 88%Pn carbohydrate

moieties, of oligosaccharide moieties linked to high molecular weight mucin peptides that make up the

mucus geldT heCilexirdns useddiave significantly.lowermelacutar weight.an these new hydrogen
bonds are 255t£%£‘%sr<§c”x t%rhdatglde/cgggé%%lrl}lngneﬁ‘ectlve, thus re,duclnlg the overall cross-link density

I'mucus viscoelasticity include antibiotic therapy,

administration of bronchiodilators, use of systemic or inhaled corticosteroids, or
oral administration of expectorants for liquefaction of the mucus. It is also known
to treat the sufferers with aerosol delivered "mucolytic” agents, such as water and
25 hypertonic saline solution. Recombinant human DNase I (thDNase) has been used
to treat CF sufferers. The rhDNase is thought to enzymatically digest the naked
DNA released into the airway surface fluid from bacteria, neutrophils, and other
cellular debzis. Itis this DNA which is thought to contribute to the elevated
viscoelasticity of the mucus in CF sufferers.
30
However, these conventional approaches have met with only limited success and
there is the need for cheap and effective treatment for mucus retention in the lungs.

What is more, it is an aim of the present invention to provide a treatment which will




within the mucus and this; it is believed, improves mucus clearance by ciliary and cough mechanisms.
In a later patent application, International Publication No. WO 01/15672, it is 30further suggested that
the action of dext3.-ans may be further enhanced by using charged forms. A charged dcxtran, for
example clextran sulphate, is thought to have dual activity. Firstly, it is said to have the effects due to
competition for hydrogen bonding sites as discussed above. Secondly, the ionic nature of the charged
clextran is thought to have an additional effect, shiefding some of the fixed charges along the
macrornolecular core of the mucin polymer, making it less stiff and reducing the number of

entanglement cyoss-links with neighbouring macromolecules within the mucus and thereby reducing
d[ e L e ‘95\/@65%‘17?[%‘%ffsﬁciélﬁléﬁ%ﬁb’gés‘féﬂrﬂﬁ% fife charged

viscoelasticity due to ionic Interactions. 5ff
oligosaccharide'hejsaidf st Siteibte foldtreating phlkmonany diseRses siichias &k, Pecause it is
expensive to predugeandi.makeisignificantly, because it could potentially have toxic side-effects such
as pulmonary haemoptysis, which is bleeding of the tracheobronchial mucosa. WO 01/32144
provides a highly dispersible spray dried formulation comprising an 10active agent and a dipeptide and
tripeptide cémpﬁsh@@atltéalstdvﬁi\lemyihfeﬂdlges{,ts&am&smﬁacﬁv&agﬁeﬁ,im@ug@sm%rin or low

molecular weightheparin. Heparin isaulinear polysaceharide which, along with related proteoglycans
such as heparan sulphate, is a member of the group of macromolecules Taterrad to as

glycosaminoglytdRROSHihg (G IS TIRtEatFRBATE Distyetetavisia struerdd, thdte, IBmastomolecules

are involved in various biotogicah processesa\While:heparindhas.basn used ardedopits,anticoagulant
effects based opyitg;hinding to plasma anti- thrombin IlI, there is evidence that heparin and other
glycosaminoglycans also possess various anti-inflammatory and immunaregulatory properties,
including the modulation of T-lymphocytes, complement activation, inhibition of neutrophil

20chernotaxis, Brheothanusglesgrovih and seduietionsafintipsic RNAViscosity. Heparin is a

heterogeneous mijxture of yarjiably sulphated polysaccharide chains with a molecular weight range of
6000 to 30,000 Daltons. Whole or u%}gaﬁlo‘ﬁgtéé) tﬁ'e;%‘rlisnﬁgmffﬁfaeﬁrﬁé Hatfighatedtdcaive low and

high molecular WefyHPRAZEBA! s Fditven keenss irctiredire. Practiohsatsikslow molecular weight heparin
(LMWH)

75 Dextrans have been identified as being a potentially useful agent for improving
mucus clearance in International Publication No. WO 99/01141. In this patent
application, it is suggested, from iz vitro models, that dextrans decrease mucus
viscoelasticity and increase mucociliary clearability. The dextrans are thought to
have this effect by disrupting the hydrogen bonding between mucins within the

20 three-dimensional mucus structure. It is hypothesised that the dextrans compete
with the mucin for the hydrogen bonding sites, resulting in the substitution, by
dextran carbohydrate moieties, of oligosaccharide moieties linked to high molecular
weight mucin peptides that make up the mucus gel. The dextrans used have
significantly lower molecular weight and so these new hydrogen bonds are

25 structurally and rheologically ineffective, thus reducing the overall cross-link density
within the mucus and this, it is believed, improves mucus clearance by ciliary and

cough mechanisms.

In a later patent application, International Publication No. WO 01/15672, it is

30 further suggested that the action of dextrans may be further enhanced by using
charged forms. A charged dextran, for example dextran sulphate, is thought to have
dual activity. Firstly, it is said to have the effects due to competition for hydrogen

bonding sites as discussed above. Secondly, the fonic nature of the charged dextran




25 has been shown to reduce the viscoelasticity of dog mucus and improve mucociliary clearance on a
frog palate model. The effects of inhaling an aqueous solution of heparin using a nebuliser on
bronchial asthma have been the subject of several studies. However, the results of these studies have
been inconsistent, possibly because of the difficulty in 30quantifying the dosages of inhaled heparin
reaching the lower respiratory tract. - 6 - N-acetyl-L-cysteine, which is also commonly called
acetylcysteine or NAG, is a chemical produced by the body that enhances the production of the
enzyme glutathiﬁﬁ@?ﬁ%ﬁ’é\%ﬂTﬁY%\ﬁﬂ&GéémPN,&g@i@WéWﬁim benzetalithetiredgbntgandlisngsed to help
break up the thickernucusroftenyiresent it pkophe Guffeiing JFomaRGIY onicskespiratory-ailragnts, it is
available in an gfghsRiUtiERA é ). that can be ingested or aerosalised and
inhaled. Whilst the prior rhgiid%%lggg}%yé%gssigﬁ%% églr%%lr?i%é) : %%&égﬁ‘ﬁ%ﬁ ?%So%lf)iélﬁti and ionic
shielding in ordér 16 provide. & Wb Fotl TRSIE SPFARGERG 15 Muiadciseesersitisty, there are even
further mechanisms by which the viscoelasticity may be reduced and the present invention seeks to
use these o%her%&@gmér]r%(’t@p%\ﬁaé%ﬁ%%ﬁ?ﬁd@@h@iéﬁﬁ%@aﬂ%ﬁmas@stmwusisIearance,
especially in patients:sulferfiog fremigopditiens.spahas aysiimfibrosis Kchhsehranicpbsivctiye
pulmonary disegsedCOER). ehsanic.iRnchilsy acite. 3stya. o1 bioaghiectasis, Mucus gearance can
be improved by re ucin%efhe viscqsity and efasticity of the mué)us gef. ere are a numnib S5t
mechanisms by’ Which the&s BrohEATELEAR Be SstEubis cséanst Edsr ek e phrenduhirgubyseiliary
movement or a by combination 20 of the two. Firstly, the cross-link' within the mucus gel structure can
be disrupted. THIECSH B! 4beved wyadyehts diriehsbrisaip tie disl fohidelbonds hepwsarn the
glycoproreifis W:imimetlageﬁumusa/kﬂipépaﬂveﬁlwEré}dsﬂaiﬂaél?ﬁ%&fiﬁ@%r@%&%@@éﬂéﬂ%é%%gg %E|d
25structure may; ' agents which compete fo rogen bonding sjtes, as describe

above in relatio%%o e%#gf%ﬁﬁ%e ﬁ%ﬁg}rﬁ ﬁ%‘é}al%ﬁﬁpp%ﬂ&ﬁgov‘%h%#eé%gfs%ﬁ 848t can also be

disrupted, by si}iieeld;n tlhe (fhar es Psing an ionic aggnt. This has been described in connection with
the use of a charged dextfan: SO SECERAR eI mapewitharaiasy nreresalitgttssiees content.

heparan sulphate, is a member of the group of mactomolecules referred to as

glycosaminoglycans. Owing to their linear anionic polyelectrolyte structure, these
15 macromolecules are involved in various biological processes. While heparin has
been used largely for its anticoagulant effects based on its binding to plasma anti-
thrombin I1I, there is evidence that heparin and other glycosaminoglycans also
possess various anti-inflammatory and immunoregulatory properties, including the
modulation of T-lymphocytes, complement activation, inhibition of neutrophil

20 chemotaxis, smooth muscle growth and reduction of intrinsic DNA viscosity.

Heparin is a heterogeneous mixture of variably sulphated polysaccharide chains with
a molecular weight range of 6000 to 30,000 Daltons. Whole or unfractionated
heparin (UFH) may be fractionated to give low and high molecular weight fractions,
as is well known in the art. Fractionated, low molecular weight heparin (LMWH)

25 has been shown to reduce the viscoelasticity of dog mucus and improve mucociliaty

clearance on a frog palate model.

The effects of inhaling an aqueous solution of heparin using a nebuliser on
bronchial asthma have been the subject of several studies. However, the results of
these studies have been inconsistent, possibly because of the difficulty in

30 quantifying the dosages of inhaled heparin reaching the lower respiratory tract.




reduce the gel's viscosity and will ease mucus clearance. This may be done by acluithistering an agent
to the mucus which will draw water into the mucus by exerting an osmotic effect. Alternatively, the
water content of the mucus may be - 7 - increased by agents which control sodium channels in the
lung epithelium and are therefore able to block the uptake of salt and water across the airway
epithelium. Thirdly, digestion of the naked DNA and other cellular debris, such as filamentous actin,
found in the mucus will also reduce the viscosity andlasticity of the mucus. 5The present invention
relates to compositions for assisting mucus clearance, the compositions comprising one or more
mucoactive age%s for I ducing cross-linking within the mucus; for diluting the mucus; and/or for
digesting naked DRIA Bnd SEcHshiis RhtHiAtAE trTRey Fales ieartirstespectih€invention relates to a
composition thaflaﬁs%isaénmtbusdl@ycﬂeabaayzehihem@mppﬂitai@@oggmp;gsj)@ghgr}gzggpore
glycosaminoglygans-gid.a Ic.amino acgid, wherein the composition is a dry powder for
pulmonary inha%ﬁt%n and ﬁ%%%gﬁgl&%‘é@gﬁﬁ&%g%gﬂ%& 2513 o6 TG 859y drdghobic amino
acid. In anothelfsﬁsf)%gtefﬁé’fﬁ?}éﬁﬂ%er%f’é@%%@f%epﬁfsapraMwﬁﬂahﬁ@mpmsition 15according
to the first aépechofthednventignaimibe nanvfaciuaoha medicament f_é%rﬁfx?cao@ﬁ%t guimonary
disease. In a fugﬂ%%g{ag;ﬂt%% lnvenygnrrgl%tseﬁigg da_larrlrlle.thod of producing a composition according to

: : . t :
the first aspect of the mventlon,lt?\géesmet od comprising éﬁ?ﬁﬁf rying the one or more

glycosaminoglycans. 20 In another aspect the invention relates to a method of producing a

composition acd@rdinglte ifie firat @spect:ahthe pventiar dhgunethad gamprising jet milling particles of
the one or more. cqul%'[rilvg gggg}cssiﬁe e r.ese?gce of air or a compress%o e gas or fluid. The

PréferaphPatin s red tirecdy & ro%gegiung by

compositions according to the invention are pre
inhalation. Fhe MitctactRRs ayirts Have adocat Efftotondiiemucusyinihe kags. These agents are not

intended to haveasysiemic affest mgpgyn@rglgggggggpglggn@og% al sg(ggbuesgl_ !Q(tjo tgggloodstream via

the lung. In a prgferred embodiment of the invention, the composition compnses?fiwo or more

mucoactive agents and has at 184St fwo bY the TsFaH SRS theamtreias. mucus clearance,

especially in patients suffering from conditions such as cystic fibrosis (CF), chronic

obstructive pulmonary disease (COPD), chronic bronchitis, acute asthma, or

75 bronchiectasis.

Mucus clearance can be improved by reducing the viscosity and elasticity of the
mucus gel. There ate 2 number of mechanisms by which these properties can be

affected to assist clearance, by coughing, by ciliary movement or a by combination
20 of the two.

Firstly, the cross-links within the mucus gel structure can be disrupted. This can be
achieved by agents which break the di-sulphide bonds between the glycoproteins
within the mucus. Alternatively or additionally, the cross-links within the mucus gel

25 structure may be disrupted by agents which compete for hydrogen bonding sites, as

described above in relation to dextran. Furthermore, the ionic bonding which exists

within the gel can also be disrupted, by shielding the charges using an lonic agent,

This has been described in connection with the use of 2 charged dextran.

30 Secondly, the mucus may be diluted by increasing its water content. This will

reduce the gel's viscosity and will ease mucus clearance. This may be done by

administering an agent to the mucus which will draw water into the mucus by

exerting an osmotic effect. Alternatively, the water content of the mucus may be



30Preferably, the composition according to the invention further has the effect of reducing
inflammation. In one embodiment of the present invention, the composition comprises one or more
mucoactive agents together with an additional active agent. The additional active agent may be an
agent which has a therapeutic effect which will assist in_the 35treatment of the underlying cause or the
symptoms of the conditions involving -8 airway hyperégc”retion and/or abnormal mucus viscoelasticity.

Alternatively, the additional %Cté\r'l? agen mafy Po iSncI,uded to treat or prevent a different condition. In a
particularly prefe%%rgig femb%glr%e%i,% gdcd? 619l gé{ﬁ}@g asl dn il-‘?ﬁﬂaﬁﬂiﬂ“&t]@f*?é@érﬁiﬁsuch as
one of the anti-inflammatary agentaiista WTs. of il et atTalh theitster e ploraivample,

f NAC ar]fdt}ilk%u r fsrb n another embodiment of the invention, the

mucoacive agont I gt e o R i et e Has snesgen

i N
mucoactive agent for Eé
oun

bonding sites which tompeteith THES W I B ARG aais e e adelentime of thhe mueirs which
10form hydg)gejimhbeongssé/vittrilnc%rrpplime tary units on neighbouring mucins. Especially useful are
charged mucoactive agents which “jh 'addition & SHERT S&Me b1 tHagimas thalkgesfonbcthe
macromolecular ¢t Oogfﬁgsrﬁﬁgﬁg PORA RIS B MPRTRGTOr tHe Tl iy erdvsittifg ositdén hgs dual
effect makes the’ %ﬁﬂ&ﬁ dBU U Kt b e i Pentarbissio erbsd-THKS with cell
neighbouring 15HRXE ORGHEC e SRHEHm the mucus, thereby reducing viscoelasticity due to ionic
interactions. In gne embodiment, the mucoactive agent having this dual effect is not dextran. In a
particularly refgﬁﬁgﬂ EhibBHihfSRE DT the Bressnintiestion, trrompesson theagenisormedusing
cross-linking is éliﬂ%&aﬁh%@w&ﬁ%t@%@mﬁﬁglyeam arera 2o gpoupnidiptenspolysaccharides
which contain aRyNtapkahigamexestEminkeinia dhasantpristiorepeatngmdisdeeHarigaltrihareparin is a
preferred glycosabintglyead. whonéehbodimesiroftheppesentivvention thashepasiarysrehir the
compositions camprisesidUFH, i.e. high molecular weight heparin. Surprisingly, it has been discovered
that this high molecular weight form of heparin is effective in assisting 25mucus clearance and it has
even been founthteno¢hgrorepeffediventhanidmntelates to the use of a pharmaceutical composition

15 according to the first aspect of the invention in the manufacture of a medicament

for treating a pulmonary disease.

In a further aspect the invention relates to a method of producing a composition
according to the first aspect of the invention, the method comprising spray drying
the one or more glycosaminoglycans.

20 In another aspect the invention relates to a method of producing a composition
according to the first aspect of the invention, the method comprising jet milling
particles of the one or more mucoactive agents in the presence of air or a
compressible gas or fluid.

The compositions according to the invention are preferably administered directly to

25 the lung by inhalation. The mucoactive agents have a local effect on the mucus in
the lungs. These agents are not intended to have a systemic effect and they are not
intended to be absorbed into the bloodstream via the lung.

In a preferred embodiment of the invention, the composition comptises two or
mote mucoactive agents and has at least two of the listed effects on the mucus.

30 Preferably, the composition according to the invention further has the effect of
reducing inflammation.

In one embodiment of the present invention, the composition comptises one ot

more mucoactive agents together with an additional active agent. The additional

active agent may be an agent which has a therapeutic effect which will assist in the
35 treatment of the underlying cause or the symptoms of the conditions involving




molecular weight fractions in reducing human mucus viscoelasticity in vitro. In an alternative
embodiment, the heparin used as a mucoactive agent in the compositions of the present invention is
low molecular weight fractions of heparin. Further, analogues of heparin are commercially available
and may also be used as 30 mucoactive agents in the present invention. Such analogues include
sulphated heparin and glycosylated heparin. Surprisin‘g?yj the inventors have found that sulphated

heparin is more #fiegfitephat ety lptyied MeRarn 1 MiRAYGRG SR SIgsICIVI RERHpAD rHcus. _
Accordingly, the.aampesitiefivaayalsenepmPTiRg IIPRate,PePRn 253 BYEQaGHVS AGaRY 9 Heparin
derivatives are commonly termed heparinoids and these may also be used in the compositions of the
present inventiol Hppaiénbiels prefeloseniBlatRado harariaad shaks Many ofitspigperties.
lieparinoids are wuskidkirogdURIRg Gierss 2 HekingHn MucHsARCHREY, aAlsa, exflbitand;ipflammatory
properties. €hopgroiingaie ARPIREr IHRUP:of 9%%@@9%%%9@@8&9@& R8N Q?Eﬁ%s?ﬁ indhe present

invention, and tk Jrelpde dermatan sulphate and chondroitin sulphates. Kerat 6ﬁate and
hyaluronic acid are further glycosatninoglycans which may be 10used as mucoactive agents in the
compositions of ihe-piasenkDuaniion; 87 aieiiRkhRin sRRalGR syeh A hepRIaR sylpNale
prOt_609|yca_~n- Irl:%@-ﬁﬂ@x? mﬂﬂhqgghgggggjsngﬁna\%%%ttlOwrhltc%ehrz{]s O(ir%%e% %%%Q}és sﬁesagﬁgcollld
sodium. This logMRlESUREION heparinolg gonialne aimiiue ot e sodfim oSl ot edaran
sulphate, qSI’ZE?t%I‘Tll u Qmatee n nég(gm roclgpns E‘éhatte. an&,lg userul’in rea,E g“fﬁé ‘S&?o Sfihking in
mucus. Anotherf‘nepaﬁﬂm vl\Zh C mﬁ?éy ke (I_iliJS CH S S S ORI BB SPATAS dermatan
sulphate and chordraftin SUfSHAtES Kty BEa G A sy Hithiehic Rightyiengvatbiglding
glueosaminogly¥4R§ Arésish %0 SRaRTpIBSoF MhacBactRBcleRRts iR itay bedicRaEd i the
compositions of RS EEeAeTribetsliostebendngbitardsT Whidrrhedlatsonaonthagnucus less
glycosaminoglytat pefysedphetdieompakrds! ertsolftedonosopdipsacchandgshbtesisp useful in
reducing cidss-timkingnwitiwinl¢thevithiouhitarbecle drectbtleen pinly saecharige fadidert dpnic
glycosaminoglyzans.cian beluseskasrhodbacaity etrgantsaich Jediiaa crosshiindng withinimucus,
such as dextrans tRreferably, the polysaccharide muc-oactive agent should have a relatively low
molecular weight. For instance, the agent should have an average molecular weight of less than
30,000, more pieferphiydess]inaie 20;000:andkren 1aore PiaiaabinessithianhORQ active

agent for reducing cross-linking is a glycosaminoglycan. Glycosaminoglycans are a

20 group of heteropolysaccharides which contain an N-acetylated hexosamine in a
characteristic repeating disaccharide unit. Hepatin is a preferred glycosaminoglycan.

In one embodiment of the present invention, the heparin used in the compositions
comprises UFH, i.e. high molecular weight heparin. Surprisingly, it has been
discovered that this high molecular weight form of heparin is effective in assisting
25 mucus clearance and it has even been found to be more effective than low
molecular weight fractions in reducing human mucus viscoelasticity in vitro.

In an alternative embodiment, the hepatin used as a mucoactive agent in the
compositions of the present invention is low molecular weight fractions of heparin.

Further, analogues of heparin are commetcially available and may also be used as

30  mucoactive agents in the present invention. Such analogues include sulphated
heparin and glycosylated heparin. Sutptisingly, the inventors have found that
sulphated heparin is more effective that non-sulphated heparin in reducing the
elasticity of human mucus. Accordingly, the composition may also compzise
sulphated heparin as a mucoactive agent.




Finally, a further group of mucoactive agents capable of assisting mucus clearance are amino acids.
Particularly effective ammo acids include basic amino acids such as lysine, arginine and histiclinc, and
their derivatives. These amino acids are thought - 10 - to assist mucus clearance by increasing the
transepithelial potential difference, causing a stimulation of chlorine transport, which induces water
movement into the epithelial lining fluid and further ephances the fluidification of the mucus. Other
amino acids, such as cysteine, are thought to disrupt the di-sulphide bonds in the 5mucus, Amino
acids, including hydrophobic amino acids such as leucine, also reduce cross-linking within the mucus.
Acetylcysteine (NAG) and the acetylcysteine salt derivative Nacystelyn (or NAL) are also effective
mucoactive age}%ts Whiéffj are suitable for inclusion in the 10compositions of the present invention.

c

Indeed, the effica®y 6t NAT 1 ROfEAETIM Y dxpaithentaraida dd chescasabab rreetfurther
preferred embodirhentrapchargedbagenpisusethteredicel epessdiaking hysshielging the charges on
the mucins, thefeby.teductng.tha anicAnterastions, 13between adiacent mucins, Suitable charged
agents include charged glycosaminoglycans, as disc.u'sged above, including, Tor ex ple, heparin
sulphate, hépaf@gaiphizisessrddhaparsiadubiuthticnarperpsaeepmidessulphates or phosphates
may also be used, such as dextran sulphates or phosphates. An alternative mucoactivc agent capable
of reducing cro&ii&@g&@yg@ia%lglg%thre u20c|;|a es on mucins is ic%g)di rmchloﬂde olution or the

u
like. Suitable mucoactive agents for diSrupting the crose-lnking within the muéte BY diérupting the

di-sulphide bridgfé&petiearly topibtsmistbanis e cornpbaisds behemdrfice sulphydryl groups such
as cysteine. These:ageaisinelugeihe.cysieing2bdetimativeNbGntheacelyicystaing sglt derivative
NAL and d;’ghio'glrgre%itapsl.nllplCacl)rz'l)((:)ttlbrgrzL eemnpsoldirt‘%ent gI th({.z Jrese %i]nvention,, preferably where the
composition comprises Just one rucoactive agent or where the- Compogitiai dbés Hst include an
additional activecagéHt thentrecaetive bgrmtisnbhdextrarcegieraharged dextran, 30such as dextran
sulphate or dextran phosphate. In another embodiment, the agent

In one embodiment of the present invention, the mucoactive agent is danaparoid
sodium. This low moleculat weight heparinoid contains a mixture of the sodium

75 salts of heparan sulphate, dermatan sulphate and chondroitin sulphate and is useful
in reducing the cross-linking in mucus. Another heparinoid which may be used

comprises a combination of heparin, dermatan sulphate and chondroitin sulphate.

Naturally occurring and synthetic highly sulphated glucosaminoglycans are also

20 examples of mucoactive agents which may be included in the compositions of the
present invention. These compounds, which are also known as glycosaminoglycan
polysulphate compounds, or sulfated mucopolysaccharides are also useful in

reducing cross-linking within the mucus to be cleared.

25 Other polysaccharides aside from glycosaminoglycans may be used as mucoactive
agents which reduce cross-linking within mucus, such as dextrans. Preferably, the
polysaccharide mucoactive agent should have a relatively low molecular weight. For
instance, the agent should have an average molecular weight of less than 30,000,
mote preferably less than 20,000 and even more preferably less than 10,000.

30
Finally, a further group of mucoactive agents capable of assisting mucus clearance
are amino acids. Particularly effective amino acids include basic amino acids such as

lysine, arginine and histidine, and their derivatives. These amino acids are thought



for reducing cross-linking is a dextran having a molecular weight of more than 5,000. In yet another
embodiment of the present invention, preferably where the 35composition comprises just one
mucoactive agent or where the composition does 11 not include an additional active agent, the
inucoactive agent is not heparin or heparin sulphate, or is not low molecular weight heparin. In another
embodiment, preferably where the composition comﬁr@e’s just one 5 mucoactive agent or where the
composition does not include an additional active agent, the mucoactive agent is not thDNase or is not
NAG. Various riruetatitive agerdts assisbminsusasieatdndeabyepichedisimyp thetivhdeff coment of the

mucus. Some ofthese AgentaAcbY dkawing.addiional water inlauthe Muekss I AkdarsOfign

referred to as osmolar agents qr even non-destryctive mueaqlytics, Alternatively, these agents work by
e R e s %

blocking the upfRKE BPEARES Witars QiR &Pt FiRA0M PAUREARHTR 15 R5EIusion in

the compositionsndfd¢heidsesesh awversiond 3whichuglt by dsawyinghe aierilptoidedbmubus ithelude low

molecular weight,2ugarg sueh AsdexianSndaxtin JRanRitehiglIcose Ardreairiusigsher
monosaccharides, disaccharides and o,Iigc&saccharldes also have an osmolytic effect. Amiloride is an

agent which is SEPPSE4 Y BisteHa biRdRe BFSH and water across airway epithelium, thereby

increasing hydration and diluting the macromolecular 20components of the mucus. Some of the

derivatives of aplqlideshaye (m&r@"%@%Mtycei&@wgﬂéagm@pamm%Qéa%ié aMples of

mucoactive agents which are capable of assisting mucus clearance by digesting naked DNA and cell
debris within the'tAGEERS G HiTNG g8 Hinithish thgasiebhe ioakaawsiea iritlmentous actin may be
degraded iy depetyssrisingdgatsrsuatt asvgatsalin Briddbyrmosiffitad. Mucaactivie digartsiwhich
reduce inflaqu%tioQ( include ttakjedgtl){(:cgsamin(g)%léf/lcans discussed above, and in particular heparin, the

heparinoids an the ghon roitins. 30 The Use of sUch mucoactive agents allows the compositions of

the present invention to simultaneously attack the excess mucus in the airways, but also to alleviate
one of the particulady: tiplgasentespithafdhat oxerssFaUGUS: Ramely ipflaaunatinns whighoften
results from the Infectan WIS 15 STTeCival, Sncquraged By 1 SXCesh sk, 25 digcussed above.
15  between adjacent mucins. Suitable charged agents include charged

glycosaminoglycans, as discussed above, including, for example, heparin sulphate,

heparan sulphates, or danaparoid sodium. Other polysaccharide sulphates ot

phosphates may also be used, such as dextran sulphates or phosphates. An

alternative mucoactive agent capable of reducing cross-linking by shielding the

20 charges on mucins is a sodium chloride solution or the like.

Suitable mucoactive agents for disrupting the cross-linking within the mucus by
disrupting the di-sulphide bridges between glycoprotein subunits are compounds
bearing free sulphydryl groups such as cysteine. These agents include the cysteine

25 derivative NAC, the acetylcysteine salt derivative NAL and dithiothreitol.

In another embodiment of the present invention, preferably where the composition
comprises just one mucoactive agent or where the composition does not include an
additional active agent, the mucoactive agent is not dextran or a charged dextran,

30 such as dextran sulphate or dextran phosphate. In another embodiment, the agent
for reducing cross-linking is a dextran having a molecular weight of more than

5,000.

In yet another embodiment of the present invention, preferably where the

35  composition comprises just one mucoactive agent or where the composition does




- 12 - As will be cleat from the foregoing discussion of mucoactive agents suitable for use in the
present invention, many of these agents actually exhibit two or more of the desired effects on the
mucus. For example, heparin reduces the cross-linking within 5the mucus and it has an
anti-inflammatory effect. Dextrans may disrupt cross- linking in the mucus as well as triggering dilution
of the mucus. It should be noted that the heparin pro‘d%t’s such as unfractionated heparin include both
high and low molecular weight heparin in a single product. These different 10forms of heparin may, as
discussed abovethavk differedtigffectbaonthe gancube soutratccombgrationsoftvydrdgen bond
breaking, ionic jpterferengsand asnoatic g;@gg;(ggglgpts@,re\{ggtfﬁg&ggministration of this single product.
In one embodiment of the invention, the composition comprises a 15 glycosaminoglycan and
preferably a charged glycosaminoglycan. In another embodiment of the present invention, the
composition coimprises atdedsidine mupodetidyagents.the onsmpmbodimentp dtdeaqsitane of the
mucoactive; agents ig & glyeasaninogiican.. |DAN0seESMBOAIRE M &P QIaTRLE £ Micoactive

agents have different effects on the mucus to one another, as discussed above. The combination of
different types 8#&Hetts SHHATHTE R WitrietBPNassifeiaMahBeManisms of assisting mucus
clearance discussed above, is surprisingly effective. The combined effects are thought to reduce the

viscosity and e aslicl gl.ihe, iikeun, snebling dearanag.elibegpusua o the winds bath fhrguan

coughing and through ciliary movement. What is more, some combinationS of mucoactive agents
exhibit a synerghﬁi@éfﬁ&ct%@lﬁ&fé}aﬁﬁ%mwm% Ha¥inaHe HHSrPEBA S IRt havECHnited effect

on some patientsang his waséhaudgit 1o bervrasiit ofitbe dhbNase haviagtHiffiewlty pasetrating the
mucus. Howev% when the rt%113Nas is coRabdnf)iﬂ)iglt{ereqhwith ??(Oth?rs muco ctive aggonstswhich is

“capable of disrup%frfaziﬁ‘éecyr’oss%?i%ﬁéevr\lnt in the P41ucus,1 16 eiéﬁ%ﬁ eehoeparlna, e DN&sSe is better able

to penetrate thaigEry-epthdifieture and is therefore more effective. Thus, the effect of the combination
of mucoactive agents is greater than the sum of the effects of the agents when they are administered

individually. 5 Alsp described are co 1Jo,os'tions including a combination of an agent for reducing
cross-linking and AP SG@HE R HITGEHG s HURDL B ERETAPIE R SEHH RO I ERdbs-linking

may be héparinvdidrepariy siulphate weysteirte, tNAG o NiA L while theraljentafiowdifhting ghvs mucus may
be a low molecylar, welght SH9a6 S hamdexiian ,ABLSS QMPIRALIAN.cUmRYSses a mixture of

different heparins or ] ) ) ) i )
monosaccharides, disaccharides and oligosaccharides also have an osmolytic effect.

Amiloride is an agent which is supposed to block the uptake of salt and water across
airway epithelium, thereby increasing hydration and diluting the macromolecular
20 components of the mucus. Some of the derivatives of amiloride have a similar

activity, including phenamil and benzamil.

Examples of mucoactive agents which are capable of assisting mucus clearance by
digesting naked DNA and cell debris within the mucus include thDNase, which
25  digests the naked DNA. Filamentous actin may be degraded by depolymerising

agents such as gelsolin and thymosin 4.

Mucoactive agents which reduce inflammation include the glycosaminoglycans
discussed above, and in particular heparin, the heparinoids and the chondroitins.

30  The use of such mucoactive agents allows the compositions of the present invention
to simultaneously attack the excess mucus in the airways, but also to alleviate one of
the particularly unpleasant results of that excess mucus, namely inflammation,
which often results from the infection which is effectively encouraged by the excess

mucus, as discussed above.




10heparinoicls. Alternatively, the combination may comprise an agent for reducing cross-linking, such |
as a glycosaminoglycan, plus dextran, mannitol and/or lactose, in order to enhance the osmotic or |
hydrogen bond breaking effect. Th another embodiment, the composition comprises an agent for

reducing cross-linking, such as heparin, a heparinoid or other glycosarninoglycan and an amino acid

such as 15lysine, cysteine or leucimi, Another combinafion comprises heparin, dermatan sulphate and
chondritin sulphate. In another embodiment of the invention, the mucoactive agents are administered,
either simultaneously or sequentially, with an antibiotic. For example, for treating 20 CF, the antibiotic
might be selectqd {jam,fohramyein, asriamysin, sRralloxn oF GalemVGIm Forieaing EORR, the

antibiotic might be amoxycﬁﬁn, cotrimixazole o %oxycyc’llne. One or more &ntibiotics may be’ihcluded
in the compositidrf it thenb AR’ 67 ieshe it Gachvee Agents 2081 yeraHdtHareribBameht st the
invention, the miscRagtbfecagenisiaeaadninisiaredaajihenhsimauliaraausitior segvantialy, withan
anttinflamatopy agent. Fan example. (e anfinflammalan: agent might be selected from diclofenac
sodium, ketoprofen, fbupro?en, nedocromil an cromo@lycate. ne of mora anti- © 14 inflammatory
agents may be idifged i eHawomposiaBrwitisshatnélotinoed thaceraetive agents. In yet another
embodiment of the invention, the mucoactive agents are administered, either simultaneously or
sequentially, wim %sg{gagéannt.tesdutrfactt%gtﬁearaeﬂknorv(\)/g l}gt Sr%glug% Saggggence of mucus .and help it to be
cleared or may ai

he spreading O PSS COMPSEIton oCE RS M fife 1HRYL &lftictants,
such as lecithinbpidtinighomsylnivetiolesvdas oy faghaitsp astpiios phglipipioduch aheRRTfGEPE and

other such fipidg,as knewe nihe-att, /ayadvapagsauslyafiaetihe J0swface tension f the mucus
and therefore assist its clearance. Alternatively, the combinations may.be one or more mucoactive

agents with any SHEBPMHBRE ALtive AEEE°SIECEa oMo ) Steifola GrigE WGP AL YOP B AHpRE,
alcometasone, beclbnetkdsone) 1&beciomethasone dipigkipnate.cbetamethasone, budesonide,
clobetasol, ciefiazacort, diflucortolone, clesoxymethasone, dexamethasone, fludrocortisone,
flunisolidc, fluocinolone, fluornetholone, fluticasone, fluticasone proprionate, hydrocortisone,

triamcinolone, A&t RIAR UEEHE S THeBTRTR SUIPh AR PR RIIIGRRiEtHAprednisolone and
prednisolare; glycosaminoglycan and preferably a charged glycosaminoglycan.

In another embodiment of the present invention, the composition comprises at
least two mucoactive agents. In one embodiment, at least one of the mucoactive
agents is a glycosaminoglycan. In another embodiment, the two or more

20 mucoactive agents have different effects on the mucus to one another, as discussed

above.

The combination of different types of effects on the mucus, by virtue of the

different mechanisms of assisting mucus clearance discussed above, is surprisingly
25  effective. The combined effects are thought to reduce the viscosity and elasticity of

the mucus, enabling clearance of the mucus from the lungs both through coughing

and through ciliary movement.

What is more, some combinations of mucoactive agents exhibit a synergistic effect.
30  For example, thDNase has in the past been found to have limited effect on some
patients and this was thought to be a result of the rhDNase having difficulty
penetrating the mucus. However, when the thDNase is co-administered with
another mucoactive agent which is capable of disrupting the cross-links within the

mucus, for example heparin, the rhDNase is better able to penetrate the gel



202)antibiotic and antibacterial agents such as for example, metronidazole, sulphadiazine, triclosan,
neomycin, ammdecillin, amphotericin, clindamyclia, aclarubicin, dactinomycin, nystatin, mupirocin and
chlorhexidine; 3)antihistamines such as, for example, azelastine, chlorohenixaminc, astemizole,
cetirizine, cinnarizine, desloratadine, loratadinc, hydrox zine, diphenhydramine, fexofenacline,
ketotifen, promethazine, trimeprazine and terfenacllne Janti-inflammatory agents such as, for
example, pixoxicam, nedocromil, benzydarnine, diclofenac sodium, ketoprofen, ibuprofen, neclocromil,
cromoglycate, fasafunginedandlioddxamide;c306)emtichdlinergleagéntscdubla aspfomesxample, atropine,
benzatropine, WQ&% yg&re@gt%@aqepémymrgu%mwf@&y@ﬁomqggﬁsglmpmgwm
glycopyrrolate, procyclidine propa heline, propiverinc, tiotropiutn, tropicaraide, trospiuin, ipratropiutn
bromide and oﬁﬂ’é‘b‘??ﬁﬁbﬁldﬁﬁﬁ’é uallg _ 7) bronchodilators, such as salbutamol, fenoterol, formoterol
and salmererol; 8) sympathonaimetic drugs, such as adrenaline, notadrenaline, dexarnfetamine,

dipirefin, debutaming, dapexamINg, RASHY sgbﬁmuaﬁ re@&l&%@nﬂ%@mg Resrelosphsdipe.

tramazoline and xylometazoline; 9) anti- fun% drugs Such as, for example, amphotericm,
caspofungin, cléfﬂ?ﬁd%élge%%(ﬂéeﬁﬁ@t’e ﬂHEB&éE%I’@“E@?ocF&%ﬁ‘@%P}Fﬁﬁlﬁg‘?ﬂhé%azole

terbinafine, voriganazge and- Hﬂﬁﬁfg’:\ﬁﬁJﬁbe i6)dnaal Ahaesthelitsiauecasefoe eXarple Ntisthocaine,
bupivacaine, hydﬁqcoﬁlson%érr ednlﬁolone riloc %ln%l roxymetagcaine; ropivacaine; .

10tyrothricin, benzocaluggf gnocalnég 11§mharma eutically acceptabe sa s of any of the
foregoing. The d&&ezof AROSERPEREARTEqIIRIE 16 have e abdrderenfdetRrissiiting mucus

clearancewill d@@{&yldsaanmm&@ﬂam@gqmcaﬁﬁdnm@eﬁ%ahdﬂ@ﬂ%mgy&&mawaegwot more

than 250rng of one o n{%e rgu%%oact i gsea%slh fgggb mt%% tpn%r;l r% Olmg ?re bI)é not more
than 150mg, pre?erab’lyn more thant2( rag Aot More than mg or not more than rng In'the

case of glycosamilrodtycahgrsachassheparintdnd tgsarhmold S rkimedaed Hekpetddrdose tends to

be high, as |ar9&%neﬂﬂéﬁpftﬂa EE%@E% é@%dlﬁoztgtaﬁ desied elfect-30ondhmgnugus. The
daily dose requited is Ilkely to be in the ord 00 to 200 er day and so indiyidual doses of these
naucoactive ag;hRSBHGE ﬁéﬂﬁr{ﬁ@fle%‘i 1oy} éff; r%t%? 46-80Mg 8 ’g\é) 260NMg. Other

mucoactlvHSagelmmesuxyhtaaé\ké&@eandlNMmdwbeoaﬁeoﬂmthmdmﬂﬂatldnmdnmay therefore
be used at lower uﬂj%gg, %WQ&RM@%@E@ less frequently.

In another embodiment of the invention, the mucoactive agents are administered,
cither simultaneously ot sequentially, with an antibiotic. For example, for treating
20  CF, the antibiotic might be selected from tobramycin, gentamycin, ciprofloxin ot
colomycin. For treating COPD, the antibiotic might be amoxycillin, cotrimixazole
or doxycycline. One ot more antibiotics may be included in the composition with

the one or more mucoactive agents.

25  In yet another embodiment of the invention, the mucoactive agents ate
administered, either simultaneously ot sequentially, with an anti-inflammatoty agent.
For example, the anti-inflammatory agent might be selected from diclofenac

sodium, ketoprofen, ibuprofen, nedocromil and cromoglycate. One or more anti-




These are relatively large doses, even at the lower ends of the ranges and this presents some delivery
problems which are addressed below. The compositions of the present vention are well suited to the
treatment of 30pulmonary and other diseases, whilst overcoming the problems associated with current
treatments of such diseases. Preferably, the compositions would be used for treating diseases which
have as 2. symptom the excess formation of mucy§4spcretions in the airways, including chronic
bronchitis, acute asthma, cystic fibrosis (CF.), - 16 chronic obstructive pulmonary disease (COPD),
bronchiectasis, hypersecretion resulting from epithelial damage such as allergic stimuli or mechanical

abrasions, and 53l vpersestelian.<imapaiickiadkareliaited emhodimentotibe first aspect of the
tio

invention, the composi r assisting mucus clearance 1s in the form of a dry powder. Preferably, the
size of the povIE“paitieREs i§selected for deposition within the lung where the active agents will have
a local effect. In particular, particles with an 10MMAD of less than |IOpm, less than 8p.m, less than

7pm, less than Spm, less than, 3pm or less;than glitm. age. prefered- Therssisa general prejudice in this
. . .emb } ) : ;
technical fleldnzI;lré ?ﬁéﬁl?rtgae@ﬁrél the %Jfgé(s)s mucus in the IJngs of a p;ﬁ%nt suffering from CF, COPD or

the like with a dejnosited. Bformunatione Stehesaarto e Ravebin ThEFER ahHs&t B elusively been
treated with sojutigRswRespite.tbisiprejudicss ithas beendpund thatfermutatingsthié ¢empositions
comprising one or more mucoactive agents as a.dry powder.is lin wit er. ofisignificant
advantages Wﬁi%’heaé]ﬁ%?g ‘fliflﬁeenﬁlrlégaécr% ‘%1\38%1 8?1%18 lg/(ce)gﬁﬁtlgir%[én ptr%%ﬁ?cgeg %n%‘%ﬁgt&lgn%% Sr\(;)a%tice ina
commercially attractivemanmaro 2o wiiais SolaiBHeSSUSHaTISROEPE o b ddminisStered to the lung
by inhalation, ths#$;done using AebulizerskIhese.davisesmlispanse sehiionstanddsuspensions in the
form of a fine spray, and they }ygicall have athfac Ogg%gslgs:@lg g%lil%crid SQ that the subject y inhale the fine
spray throlfgh (R&B RS rosE HoWe V& neBlizers tend to be 2blarge devices and they are
generally not portable, frequently because they are

Alternatively, the combinations may be one ot more mucoactive agents with any one
or more active agents selected from:
1 steroid drugs such as, for example, alcometasone, beclomethasone,

75 beclomethasone dipropionate, betamethasone, budesonide, clobetasol, deflazacort,
diflucortolone, desoxymethasone, dexamethasone, fludrocortisone, flunisolide,
fluocinolone, fluometholone, fluticasone, fluticasone proprionate, hydrocortisone,
triamcinolone, nandrolone decanoate, neomycin sulphate, rimexolone,
methylprednisolone and prednisolone;

20 2) antibiotic and antibacterial agents such as, for example, metronidazole,
sulphadiazine, triclosan, neomycin, amoxicillin, amphotericin, clindamycin,
aclarubicin, dactinomycin, nystatin, mupirocia and chlorhexidine;

3) antihistamines such as, for example, azelastine, chlorpheniramine,
astemizole, cetirizine, cinnarizine, desloratadine, loratadine, hydroxyzine,

25  diphenhydramine, fexofenadine, ketotifen, promethazine, trimeprazine and
terfenadine;

5) anti-inflammatory agents such as, for example, piroxicam, nedocromil,
benzydamine, diclofenac sodium, ketoprofen, ibuprofen, nedocromil, cromoglycate,
fasafungine and iodoxamide;

30 6 anticholinergic agents such as, for example, atropine, benzatropine,
biperiden, cyclopentolate, oxybutinin, orphenadine hydrochloride, glycopyrronium,
glycopyzrolate, procyclidine, propantheline, propiverine, tiotropium, tropicamide,

trospium, ipratropium bromide and oxitroprium bromide;




pressurised by an oxygen tank. For this reason, nebulizers tend to be used to dispense medicaments
to immobile patients and they are often unsuitable where an easy and convenient (self-)administration
of a medicament is desired, as in the ease with the present invention. 30 A further problem associated
with the use of nchulizers is the difficulty obtaining accurate inthrmation regarding the dose actually
delivered to the patient. There is also a general lack of precision, reproducibility and efficiency in the
delivery of the medicament, leading to the need to }ré)c“rease the dose administered to ensure that the
desired therapeutic effect is achieved, which results in drug wastage and an increased risk of adverse

effects. 5 Finally, whege ielatiglvlaras foseal anadie a0e.aie lo.be.admiplsterse to a patient,

this often requires inhalation of the fine spray over an extended period of time. For example, in one
study of the effétt of iFtrnetrdapatH: & vetafivelPsadairabse BPBPOPLES SEREPEHIHHTRM to be
administered ovgpiaperiegebdspinetesohis s eleriy-nol agorvenienispegdeef administration. 10
In contrast, the devigeslllj ngl eto daeliv??r ,%D/aggv}yq[errn Eorgrg)ﬂlnaetions are simple and relatively cheap, so
that they can e\Pesﬁubé’eglseposabFe.nﬁauﬁﬁermore,Y e dévices are small and therefore easily portable.
They are also vBry easyfbrrgpatiest tachse, 15 Howelrermplerecsre protiiemssassociated with

formulating the ggmpositions af.the-nesent favention as & diy.powdss: Jrirstit. dug eidheir polyanionic
nature, glycosaminoglycans are 'sticky" %r(ml.ecules and they have been found to readily form

aggregates whef Brovited T SETCTAR T BHIEIER Such aggregates are too large to reach the deep

lung upon inhalafion. 8edomdbptlintordertorassistinttipé cleathnee st 20mvacuserom the airways, a

large dose of mycaactiue agentds seauiradh i orden tihe able to.administesia.dase of the order of 10's
of milligrams of active agent by dry powder inhalation, a high dosing efficiency is required otherwise an

unacceptabfe afEURTOF pRIREETIG AR RIS $8 e inhaled into the lungs. Dry powder inhalers which

are currently coiminergibdyravailabley tendrteHavétrelativelf poofadesimg efficiency. With many of these
dry powder formulations, it has been found that frequently only a small amount (often only about 10%)
of the active patrticles that leave the device on inhalation are deposited in the lower lung This is totally

unacceptable whBfe & e 588 HEE A8 D BT ETEd 6 FHEDFESENT iAVRHIN provides
methods and compositiensawhicli eratijedtremupoactivegagentstb be gffictdnthedispensed as dry

powders. These ggpects of e inventer are. diseussed I0.greatet AeialhReipWre mth8 fot

more than 200mg, preferably not more than 150mg, preferably not more than
100mg, not motze than 50mg or not more than 20mg. In the case of
glycosaminoglycans such as heparin and heparinoids, the preferred delivered dose
tends to be high, as large amounts of these agents are required for the desired effect
20  on the mucus. The daily dose required is likely to be in the order of 100 to 200mg
per day and so individual doses of these mucoactive agents should be in the region
of 20-120mg, preferably 40-80mg or 50-60mg. Other mucoactive agents, such as
NAC and NAL may be effective at lower concentrations and may therefore be used
at lower doses or may be administered less frequently.
25
These are relatively large doses, even at the lower ends of the ranges and this

presents some delivery problems which are addressed below.

The compositions of the present invention are well suited to the treatment of

30  pulmonary and other diseases, whilst overcoming the problems associated with
current treatments of such diseases. Preferably, the compositions would be used for
treating diseases which have as a symptom the excess formation of mucus secretions

in the airways, including chronic bronchitis, acute asthma, cystic fibrosis (CF),




Formulating dry powder formulations for use in the present invention presents problems, especially
where the composition includes a "sticky" glycosaminoglycan such as heparin or heparinoids. The
nature of these compounds mean that they do not lend themselves well to formulation in fine
particulate form. Therefore, it is 5 necessary to employ special formulating techniques in order to
produce a powder which can be dispensed in an efficiéAitmanner so that it can assist mucus
clearance. If a simple thy powder formulation is used, the dosing efficiency will be such that it will be all
but impossible G EIHAMEIEMEHEEGH R tRA htissact (e A HPag R IBTRASETS Ve the
desired effect of assistingsauepsIBaransa ¢ Quhe desing efficiency isighlyidapanadashon the fine
particle fraction (FPF) of the dry powder formulation and various excipients need to be added in order
to ensure that & AR eHIUG EEFE € YUthieved. 75A further obstacle to being able to deliver the
composition of the present invention as a dry powder is the high dose of the raucoactive agents
required in order to have an effect,. The,only way that a high.enough dose, can be administered without
exposing thét)a Iuer%rrélé1 ) 88“&53@3?{/6&5\% gﬁélg%%%% %l??o%gg“és |%?§ﬁ%€?§%§aﬁ}§ﬁn he u&seual maximum
dose of drug detiveressitisinde dsyipovedenisinctbe ordersch 208 fwgnirefrredsyesewtztvention, the doses
will frequently far exceed that level and, unless the dosing efficiency is very high, it will simply not be
possible to deliver the large doses of mucoactive agent required. Thus, the present invention is not
merely the deciSisfeteisetbentin phubeacvdeagertisle soiribiiedidns dmptsengas Rathe)s there is

a significant amoypt.ofwaekfeguitad tQiput.thed iention ItorRraatics iRy syshiavayithakit could be a

pharmaceutical product. ~ The composition according to the present invention may be dispensed

using any SbdebiddAthieh ks sthami P psih iard wnlfitisthitoAror-d iy v BrerdPaBly, the
composition is syitableifas admin|stiation Hsingea.dry powder inhaler (DPI). - 19 - The compositions of
the present invention may also include other substances, such as stabilisers or excipient materials.
The particles of mucoactive agent will usually comprise at least 1% mucoactive agent, at least 50%, at
least 75%, at leastR0%6q atlaast PhYodireahleitist:08%imlteAtiysiagentaTie tharticles ehmucoactive

agent may 5also include other substances such as stahili r excipignt materials. Other particles or
materials includ8d Liﬁgg@o B zfﬁlgﬁtefr%f?ﬁflenr%ifga?o%%slésgtﬁg gﬁiégnﬁ%nﬁl?r}éﬁrgayugfb‘fegﬁglivery of
the active partidesfrdnishe delivaryrdinioe tomtre lower pespirhtont, drabisovdiebpelungaad thése will
be discussed in gthil beI(%v. 10 The deIiverYCgfi?rﬁ/aQ%dee% J)r}l rtrﬂlage%uticaﬁ aCﬁ)nmgggitions to the

respiratory tract' 15 Known e|8 eSen l%é)rtt%{ﬁldprdb ems. The inhaler ev?éénklusua y A DPI) should

deliver the maximupopassiblepnppoitigroof thenactiverparticls expelieds todhedongs: idiodig a
significant proporfien tg the lowgt ung, preferably, ata.low dnhiatien sapaliliics foawhich some
patients are Ilmleve(j2 s a result, m ch work has 1lq)egn o‘lfxﬁe on improving dry powder formulations to
increase the praporiion pfatiécactivedriidiesattich is deiverst i ilia ibadriespirdiry tract or deep
lung. 20
When solutions or suspensions are to be administeted to the lung by inhalation, this
is done using nebulizers. These devices dispense solutions and suspensions in the
form of a fine spray, and they typically have a face mask attached, so that the subject
may inhale the fine spray through the mouth or nose. However, nebulizers tend to be
25  large devices and they are generally not portable, frequently because they are
pressurised by an oxygen tank. For this reason, nebulizers tend to be used to dispense
medicaments to immobile patients and they are often unsuitable where an easy and
convenient (self-)administration of a medicament is desired, as in the case with the
present invention.
30
A further problem associated with the use of nebulizers is the difficulty obtaining
accurate information regarding the dose actually delivered to the patient. There is also

a general lack of precision, reproducibility and efficiency in the delivery of the




The type of dry powder inhaler used will affect the efficiency of delivery of the 20 active particles to the
respiratory tract. Also, the physical properties of the powder affect both the efficiency and
reproducibility of delivery of the active particles and the site of deposition in the respiratory tract. On
exit from the inhaler device, the active particles should form a physically and 25chemically stable
aerocolloid which remains in suspension until it reaches a conducting bronchiole or smaller branching
of the pulmonary tree or other absorption site, prefeﬂbly in the lower lung. Preferably, no active
particles are exhaled from the absorption site. When delivering a formulation to the lung for local
action, the size e activ icles, within the formulation is very.important in determining the site of
the absorption ?r?ztﬁéag%%%.ﬁfp C%%?Jlgo%rh?o%ne%Ité%ibnﬁéetaéerg%%ﬁotﬁea%%énﬁSl%ﬁeg(?\;?aﬁ%sﬁlé?atﬁ%h, the active
agent in the forfEIRIGAMREE B if HEfoinr o pettices (actiritpir ielesy thiagare very fine, for
example havingnarmass ixediadaesodyamic diameter (IYLIM_AD) of less than | Bum. It is well
established that particles having an IVENTAD of greater than 10i.tm are likely to impact on the walls of
the throat and generally do not reach the lung. Particles having an MI\LAD of 5 to 24.tm will generally
be deposite'd in‘thelespirstare Brohichistedonderess ptiricleschaviry hnAvABDoéBtto:0.05um are
likely to be deppsited, imﬂw@f@y@@i&@egimh@t@hwae@ddﬂ&dgb&y blagdsiteama L0,As g mucoactive

ry

i IDowder composition should be

agents are to act cgir%cot{y or}:nt e mucus itn he %I{\W& s, the |
formulated for detvery t0 the Towar Fa&piratory PAct THUE el pvidet fsHHTMAGSHEhould

preferably compeisecp&ticles of trrearindedotivies agentinhich havve: aia:MMAD ofiliess-than 10p.m or of

approximately 2+3lisRieferably. atJeash 99%:by, weightiof the mmucoactive particles have a diameter
within this range. Due to the polyanionic nature of glycosaminoglycans, they readily form aggregates

when provided in particulate formation. Such aggregates are too large to reach the deep lung. The
inventors have lhowevst, eetrabie tecprovidépadicutated2d ffarmidations-eempiising mucoactive

agents such as.alycespmingglyeansabich.ae.caRahle . being asioselised.in a dry,powder inhaler

and delivered to th? lung. Advantaé%eousl , the compositions of the present invention comprise

dee
at least 30%, at TEAEB00S SN TE06 BPIsa 60 9C A IR AEDOBIE 67 dt RaHER'I99%BY weight of 25

mucoactive agent based on the total weight of the formulation. In addition to the "sticky" nature of

mucoactive:agenis<{e e adiclemars alsoerady pAmIGAl UASIARIS due o, el high surface

area to volume ratio, which provides a significant excess surfacefree energy and encourages particles

to 30agglomer&ES TS Tt AGGIcHELstoR BT Emdtepartidies aleninmersaee of such particles to
the walls of theginhatenarelproblems'thatyesultdnthefinaparicles leaving the inhalerasdarge, stable

agglomerates, %g?é‘-‘g{‘cgs%%x@%@@&%%%ﬁé@%!%r formation. Such aggregates are too large to

reach the deep lung upon inhalation. Secondly, in order to assist in the clearance of

20 mucus from the airways, a large dose of mucoactive agent is required. In order to
be able to administer a dose of the order of 10's of milligrams of active agent by dry
powder inhalation, a high dosing efficiency is required otherwise an unacceptable
amount of powder would have to be inhaled into the lungs. Dry powder inhalers
which are currently commercially available tend to have relatively poor dosing

25 efficiency. With many of these dry powder formulations, it has been found that
frequently only 2 small amount (often only about 10%) of the active particles that
leave the device on inhalation are deposited in the lower lung. This is totally

unacceptable where a large dose needs to be administered.

30 The present invention provides methods and compositions which enable the
mucoactive agents to be efficiently dispensed as dry powders. These aspects of the

invention are discussed in greater detail below.




- 21 - and remaining adhered to the interior of the inhaler or even clogging or blocking the inhaler. The
uncertainty as to the extent of formation of stable agglomerates of the particles 3 between each
actuation of the inhaler and also between different inhalers and different batches of particles, leads to
poor dose reproducibility. Furthermore, the formation of agglomerates means that the MMAD of the
active particles can be vastly increased, so that the ggglomerates of the active particles do not reach
the desired part of the lung for the required therapeutic effect. 10 According to a preferred
embodiment, the compositions of the present invention firstly provide a high fine particle fraction (FPF)

and fine particlé dose(ERD) Hponaerasolisation of the formulation. Aditionally..the, compositions
comprise particﬁq&q&@egoggﬁ '\4,'}{@? fo Ctz)e de%)ict)isited ip he correct part of the lung. 75
Advantageously, the présent invention has identtied & humBe? of S plE T REHEE8 D Breparing these

compositions h${iRd Yoo EPEshapriFRbs dhd zoom atetparticlensizenfangesThe refeted dose (MD)

of a dry powdenfonendationdsihe-databmass,ofiBaliue: 20308 pIESENLIN-Hhe, [etered form presented
by the inhaler device in uesti?n. For.e]xfamp"l\f, the MD might be the mass of active agent present in a
BrITBYSITHISTE LT Repifish (ridehrarkpeedice. The emitted

necessa CPlOY spac
capsule for a Cycio%afgr trade aﬁf), orm
dose (ED) is th&tstalcardzs Bfntes attiveragirt emittedefromithe deviee25fallawiag.actuation. It does

not include the matesialdeft,on the internal or.external surfaces ofdhe devige, or inthe metering system
including, for ex le, the capsule or blister. The ED is meas&red %f/nccgl\r]e(@}anegsilﬁg %%%ﬁtemitted mass

from the device“%“lr?]épﬁ %lpp‘étrgﬁ?é) Pl HRHGTIsRcas A She TRFATHIY esRipiRg esparatus (DUSA),
and recoveringtifsidvbygsatvatidatbd duanditdiive wetohemieal @ssays-30d he fine particle dose (FPD) is
the total mass of active agent which is emitted from the device following actuation which is present in

an aerodynamiglz Particle size smaller than a defined limit. This limit is generally taken to be 51..tm if
not expressly he dosing efficiency 1s highly dependent on the fine patticle fraction (FPF) of the

dry powder formulation and various excipients need to be added in order to ensure

that a high enough FPF is achieved.

15 A further obstacle to being able to deliver the composition of the present invention
as a dry powder is the high dose of the mucoactive agents required in order to have
an effect. The only way that 2 high enough dose can be administered without
exposing the lungs to too much dry powder is for the dosing efficiency to be high.
The usual maximum dose of drug delivered using a dry powder is in the order of

20 5mg. In the present invention, the doses will frequently far exceed that level and,
unless the dosing efficiency is very high, it will simply not be possible to deliver the

large doses of mucoactive agent required.

Thus, the present invention is not merely the decision to use certain mucoactive
27 agents or combinations of these agents. Rather, there is a significant amount of
work required to put the invention into practice in such a way that it could be 2

pharmaceutical product.

The composition according to the present invention may be dispensed using any
50 device which is suitable for pulmonary administration of a dry powder. Preferably,

the composition is suitable for administration using a dry powder inhaler (DPI).




- 22 - stated to be an alternative limit, such as 3tina or 2u,m, etc. The FPD is measured. using an
impactor or impinge; such as a twin stage irnpinger crsi), multi-stage liquid impinger (MSLE, Andersen
Cascade Impactor (ACT) or a Next Generation Impactor (NGI). Each impactor or irnpinger has a
pre-determined aerodynamic 3particle size collection cut points for each stage. The ETD value is
obtained by interpretation of the stage-by-stage acgi\gg agent recovery quantified by a validated
guantitative wet chemical assay where either a simplé stage cut is used to determine FPD or a more
complex mathematical interpolation of the stage-by-stage deposition is used. 10 The fine particle

fraction (FPF) ismermpaily, defined:asdhe lLR divided by, the ED-and expresssd as. a percentage.
Herein, the. FPF of ED.Is referred to as FPI;7(ED) and is calculated as FPF(ED) = fEslllD ED) x 100%.

The fine particle fri@HbS (B BETIHAY A< e derhucPasithes Fohorasts  ere: M ardlexpressed as a
percentage. Hereimptive FREoflMDkscreferreddioas ARK(MD), anchis tadcuated @& TR(MD) =

(FTD/VID) x 1094, sBhe tendencydh e, parleles (0,299lomeyate means hat he PPE of a given

doseis 20highly unpredictable and a variable proportion of the ine partliqcl:\lec‘(s)z"\/c\/ﬁif%e administered to the
lung, or to the cBIYEERTHIt B e RAiE a8 A Helsetts AP difcsemptinocin provehis situation and to provide
a consistent PF and FTD, dry powder formulations often include additive material. 25 The additive

material is intenggge; dr%%[ease thg;3 801'3%?!8{?1 bdeiwg]eQ (particles in the drI}/ Q(?wder,formulation. Itis
2)

thought that the additive material interteres with the weak bonding forees betk2ai th&*Small particles,

helping to keep tHEsattiEb scaeqshiefdel dnidspafiting the adhistorirofstiohiglrtivles toone another, to
other 30particlesiinithe fesmiatign:ih presastard dadherintermalsufaces.afithe inhglesdevice. Where
agglomerates of particles are formed, the addition of particles of additive material decreases the

stability of those agglomerates so that they are more likely to break up in the turbulent air stream
created on actuatieidieie siatepowdeg pharmaceutical compositions to the respiratory tract is

known to present certain problems. The inhaler device (usually a DPI) should
deliver the maximum possible proportion of the active particles expelled to the
lungs, including a significant proportion to the lower lung, preferably at the low

75 inhalation capabilities to which some patients are limited. As a result, much work
has been done on improving dry powder formulations to increase the proportion of

the active particles which is delivered to the lower respiratory tract or deep lung.

The type of dry powder inhaler used will affect the efficiency of delivery of the
20 active particles to the respiratory tract. Also, the physical properties of the powder
affect both the efficiency and reproducibility of delivery of the active particles and

the site of deposition in the respiratory tract.

On exit from the inhaler device, the active particles should form a physically and
25 chemically stable aerocolloid which remains in suspension until it reaches a
conducting bronchiole or smaller branching of the pulmonary tree or other

absorption site, preferably in the lower lung. Preferably, no active particles are

exbaled from the absorption site.

30 When delivering a formulation to the lung for local action, the size of the active
patticles within the formulation is very important in determining the site of the

absorption in the body.




device, whereupon the particles arc expelled from the device and inhaled. As the agglomerates break
up, the active particles return to the form of small individual particles which are capable of reaching the
lower lung. 3 In the prior art, dry powder formulations are discussed which include distinct particles of
additive material (generally of a size comparable to that of the fine active particles). In some
embodiments, the additive material may form either a continuous or a discontinuous coating on the
active particles and/or any carrier particles. 10 Preféfably, the additive material is an anti-adherent
material and it will tend to reduce the cohesion between particles and will also prevent fine particles
becoming attacperdft(g rﬁh tilnnert surfaces of the inhaler device. Advantageously, the additive material is
an anti-friction agent of glidant and wiIGIVE Bettas HEW S HE phiyrisietrear éomgosition in the
inhaler. The adéitiveatiaterials bsed inethiswafpmayiadtnecessailyspenusualkye refarcechto as
ant-adnerents eraRliefriciian AgeNts, uLhey Wl aavaie elfechaldacrensing th gohesion between

the particles or jmproying the flow of the powder. The additive materials ate often refefred to as force
control agents &,5’2’56\){f SR QL pIRHEsa o B AGYE R sroeseibilikearid 2ohighietne particle

fractions. Thereforepan HCA¢ asliiseltthetein,isarpagentnhose: piesenceien:the,swface of a particle
ddhtl)){hthat article, in the presence of

can modify the pdhesive.and sollesive surface forces experience
other particles In general, its function is to ‘rxé%gréeb%%h%%%e Oglg%esweearﬁs E8H8Eive forces. In
general, the ophfGfR alsicthfersariditie hricrar ti¥e Rebded O dnapoikdertopmulation will

depend on the chemicalicompositivnang oherspropertiesef the.additive material and of the active
material, as well as upon the nature of other 30particles such as carrier particles, if present. In general,
the efficacy of the additive material is measured in terms of the fine particle fraction of the composition.
- 24 - Knowh additRiematariars ptrAty e SN SISt BipHy sioldgicallyr atcdptableamateridtyalthough the

additive materiglomay Betalwiays reachithe dwagifar examplenwhere fheadditive particles are
attached to the surfage of &arger %E)ar'gfLe%,rQS will ge&%ra”%/f beb?eposite,d, alon% with those carrier

particles, at the back of the throat of the User. In & further Btemprie Tadics Bygfomefatisn of the fine

active particles BRWPt6 FFRdeR & eohdistent PR dnd HPD oy Powder é6upriationsedften include

coarse carrier pagticles afaxgipiceimaderig) mixed yith.the fine particles,of active material. 70Rather

that sticking to or%ghank(l)ther, the fine active particles tend to adhere to the surfaces of the coarse cattier
. . withifi this ranee, . .
particles whilst in the inhaler device, but are supposed to release and become dispersed

upomactuation of the dispensing device and inhalation into the respiratory tract, to give a fine

suspension. TheGawigle @Qﬂyw aferably Q@\!&MM!%B&QB@?@E&“P@&@O@J ?ggregates

when provided in particulate formation. Such aggregates are too large to reach the
deep lung. The inventors have, however, been able to provide particulate
20 formulations comprising mucoactive agents such as glycosaminoglycans which are

capable of being aerosolised in a dry powder inhaler and delivered to the deep lung.

Advantageously, the compositions of the present invention comprise at least 30%,
at least 50%, at least 75%, at least 90%, at least 95% or at least 99% by weight of

25 mucoactive agent based on the total weight of the formulation.

In addition to the "sticky" nature of mucoactive agents, the fine particles are also
thermodynamically unstable due to their high surface atea to volume ratio, which
provides a significant excess surface free energy and encourages particles to

50 agglomerate. In the inhaler, agglomeration of small particles and adherence of such
particles to the walls of the inhaler are problems that result in the fine particles

leaving the inhaler as large, stable agglomerates, or being unable to leave the inhaler




The inclusion of coarse carrier particles is attractive where relatively small doses of active agent are
dispensed. It is very difficult to accurately and reproducibly dispense very small quantities of powder
and small variations in the amount of powder dispensed will mean large variations in the dose of active
agent where the 20powder comprises mainly active particles. Therefore, the addition of a diluent, in
the form of large excipient particles will make dosing more reproducible and accurate. However, the
doses of mucoactive agents such as heparin requitéd to have an effect on mucus clearance are
relatively large. This means that the inclusion of carrier particles in some of the compositions
according to the invention to enhance the FPF and FPD values is unattractive or simply not an option.
If included in th&CorHBASITERS BT e DHRSLHETIRE oA Rbtise pparteldeatiay pebbtdimeacceptable
excipient materigleanicdembination of materials. For example, the carrier particles may be composed of
one or more materials selected from sugar 30alcohols, polyols and crystalline. sugars. Other suitable
carriers include inorganic salts such as sodium chloride and calcium carbonate, organic salts such as
sodium lactate arid BYETBRGArId LR SoAHSSRem e p oIy sabtherilioscatids olfgbsaechdticies.
Advantageouslydhe caeiier particlesdre compesaciai 2 pelyekJaiparticuian.the .- 25 - carrier particles

may be particleg;ef crystalline. s\ %Eﬁgqgse@qwsqle manQitoI, dext ose or Iaﬁtose. Preferably, the carrier

. O, POPL QOSE repro .
particles are composed of [actose  or mannitol, which is @ MUEOACtivE age Ergger&?&ﬁs%d above.

Advantageously°§tpdeartizABEiamsy wershts 6hth e c it Parfitie s tave ardimetebwhich lies

between 20um eadisl GREutad Neo e Preferably.0mm @@@hé@@@#@gxﬁ&tﬁé@%z fbg.digmeter of
substantially all 4@3\%\#6%)%%% P]:};[gg carfr(i)ﬁrt earticles ﬁ!s}illess than 3R5una and lies between 20um and
a

250um. 10 Preferably, ‘at least 9004 by weight'of the CAR PAtMES have a diameter between from
401.um to 1°80p.m. The relatively large diameter of the carrier particles improves the opportunity for

other, smaller padicies:torbagapeatacheskio the siracesatihe carierpagticlesand fo provide good

flow and entrai t char as well as improved release of the active particles in the airways
e chara 2 o

cteristics,
to increase deposition 150 tﬁeéu%%én{/nee PATHIEIBS T RB fowerith g t Re istolont WHIEH MReTarrier

particles (if pregéftj dheitcompdsitéraetiniparticldsiareinixed witlp oficouy sengepend-addhe type of

inhaler device used.the.pef activerRaticlesisediand the required.dose, The carrier particles may

be present | , :
P A Advantageously, the present invention has identified a number of simple methods

of preparing these compositions having good FPFs and FPDs and accurate particle

size range.

The metered dose (MD) of a dry powder formulation is the total mass of active
20 agent present in the metered form presented by the inhaler device in question. For
example, the MD might be the mass of active agent present in a capsule for a

Cyclohaler (tradematk), or in a foil blister in an Aspirair (trademark) device.

The emitted dose (ED) is the total mass of the active agent emitted from the device
25 following actuation. It does not include the material left on the internal or external
surfaces of the device, or in the metering system including, for example, the capsule
ot blister. The ED is measured by collecting the total emitted mass from the device
in an apparatus frequently identified as 2 dose uniformity sampling apparatus
(DUSA), and recovering this by a validated quantitative wet chemical assay.
30
The fine particle dose (FPD) is the total mass of active agent which is emitted from
the device following actuation which is present in an aerodynamic particle size

smaller than a defined limit. This limit is generally taken to be Spm if not expressly




20 an amount of at least 50%, more preferably 70%, advantageously 90% and most preferably 95%
based on the combined weight of the composite active particles and the carrier particles. However, a
further difficulty is encountered when adding coarse carrier particles to 25a composition of fine active
particles and that difficulty is ensuring that the fine particles detach from the surface of the large
particles upon actuation of the delivery device. The step of dispersing the active particles from other
active particles and from 30carrier particles, if presebg,to form an aerosol of fine active particles for
inhalation is significant in determining the proportion of the dose of active material which teaches the
desired site of absorption in the lungs. in order to improve the efficiency of that dispersal it is known to
include in the cSMSOSIGA HotHGER Ly o 0 Atehas S inlae g FCAS o tRB Matumeadisedssed above.

Compositions cosmprising finecactive:piagiejesand additivematepalsaredisclased g VO 97/03649
and WO 96/23485..in Jight of egoi .Pro Iecry ssoclated with known dry powder formulations,
L o B A B LKA

even when they include a terial and/or carrier ;?ar icfe SAf Ao thePte8ent invention to
provide dry powddcthgdsitioRahireprravehinriceddrd chemieaipropériesinhisticlead to an

enhanced FPF anddPi.clhisewill dead teigreaierdasing £fficiensy, willa giealgr prgportion of the

dispensed active a eggaJﬁOreafcnggtghee_}geswed part of the lung for achle\(lngathe required therapeutic

effect. In particular, the present invetion sesks 16 SRS tREPrEpaPAtit BF pariiesbf active agent
used in the dry peAREEtEe Mpositioi by eayimbering the panidie srpakingsup dieodiyrpaweier
composition anepin pasticular: iy enginesring.the narticlesof @@@P{ee@%%%yﬁ%‘%@%&m&ﬁ%bgoheSiO”

between particlesuissego be reduced in order to enhance the FPF and FPD of th dr)}jpowder
compositions. ThiS IS done by preparing the heparin particles in the presence of an PCA. Whilst the

PPE! and FPD of a dry powder formulation are dependent on the nature 200f the powder itself, these

values are also-influenced:ky.the tvne @binhalgs 4iss &9&%@%@?&%@%‘9&& Dry;powder inhalers

can be "passive" %vices in which the patient's breath is the only source of gas Whic provides a
motive force in fhe G&Vice: RahRSTSE b Epastivem IR fovidrtinhis at it s inERIIE e Rozahaler
and Diskhaler (GlaxoSnithiitihe) BPG(Hie) FuBbhdeD{Ast@braco) and Novolizer 25(trade mark)
(Viatris GmbH). Alternatively, "active" devices may be used, in which
75 The fine particle fraction (FPF) may also be defined as the FPD divided by the MD
and expressed as a percentage. Herein, the FPF of MD is referred to as FPF(MD),
and is calculated as FPF(MD) = (FPD/MD) x 100%.

The tendency of fine particles to agglomerate means that the FPF of a given dose is
20 highly unpredictable and a variable proportion of the fine particles will be

administered to the lung, or to the correct patt of the lung, as a result.

In an attempt to improve this situation and to provide 2 consistent FPF and FPD,
dry powder formulations often include additive material.

25
The additive material is intended to decrease the cohesion between particles in the
dry powder formulation. It is thought that the additive material interferes with the
weak bonding forces between the small particles, helping to keep the particles
sepatated and reducing the adhesion of such particles to one anothet, to other

30 particles in the formulation if present and to the internal surfaces of the inhaler
device. Where agglomerates of particles are formed, the addition of particles of
additive material decreases the stability of those agglomerates so that they are more

likely to break up in the turbulent air stream created on actuation of the inhaler




a source of compressed gas or alternative energy source is used. Examples of suitable active devices
include Aspirair (trade mark) (Vectura Ltd - see WO 01/00262 and GB2353222) and the active inhaler
device produced by Nektar Therapeutics (as covered by US Patent No. 6,257,233). As a rule, the FPF
obtained using a passive device will tend not to be as good as that obtained with the same powder but
using an active device. - 27 - In one embodiment of the invention, the dry powder composition has an
FPF of at least 40%, and preferably has an FPF of atieast 50%. The FPF(ED) may be between 50
and 99%, more preferably between 70 and 99% and most preferably between 80 and 99%. The
FPE(MD) may be at least 35%. Preferably, the 5 EPF(MD) will be between 40 and 99%, more
preferably betwegeeﬁCSeO ?ﬁﬁ%ﬁ% Ak raﬁ§§¥é5 raerfe?}é%Tyl/{:ebggfv?/léle%%Seﬁﬁa o oL yet dhother
embodiment, thégsiarsiace (e eoripoxition rotprisesat teast dnemilcoaltivéiagent and a force

control agent, the.fatee ¢anirol2gesiHNeferably JObRING.presgnt on the surface of particles of
mucoactive agent. In a further embodiment, the pharmaceutical composition comprises at least one

mucoactive agent in combination with an active agent selected from the list above and a force control
agent, the fdrce lcotyolregent greferably beinglpresenteohisthessdirface of pattideset mucoactive agent.

15 The preferregd FGAS t baaincluded.inithe compasifions 95&?%5%\{99&%{@?}/&% any of the additive

materials discussed above, Preferably, the EGA is selected from amino acids, and ¢ éspecially
hydrophobic amifio Sa4E Fepti & o BRy Papie 1A s maledtl arnightstpetween 0.25 and
1000 kDa and devivatives therésf,o2€dipolardonsgsuckhasawitteriarss phospheljpigsisuch as lecithin,
and metal stear@gqgéggh as magnesium stearate. Particularly preferred are amino acids and
especially leucine, lysine and cysteine. Known FGAs usually consist of physiologically acceptable
material, alfﬁough the 25EGA may not always reach the lung. For example, where the FCA particles
are attached to thefsuifacehef.dditier partitles, theywiligenerally-be depasitadalong with those

carrier particles, gt the hackof thetioat of the user, The FCAs used in the present invention may be
film-forming agents, fatty acidsland 30theiqgaderiv§t?ve§T |p%c?§ Snd il%id‘ﬁl alrtﬁa%esr%g?rﬁlr?& surfactants,

especially solid gﬁ?fgg%m@e}?%eg surfaces of the inhaler device. Advantageously, the additive

material is an anti-friction agent or glidant and will give better flow of the

75 pharmaceutical composition in the inhaler. The additive materials used in this way
may not necessarily be usually referred to as anti-adherents or anti-friction agents,
but they will have the effect of decreasing the cohesion between the particles or
improving the flow of the powder. The additive materials are often referred to as

force control agents (FCAs) and they usually lead to better dose reproducibility and

20 higher fine particle fractions.

Therefore, an FCA, as used herein, is an agent whose presence on the surface of a
particle can modify the adhesive and cohesive surface forces experienced by that
particle, in the presence of other particles. In general, its function is to reduce both

25 the adhesive and cohesive forces.

In general, the optimum amount of additive material to be included in a dry powder
formulation will depend on the chemical composition and other properties of the
additive material and of the active material, as well as upon the nature of other

30 particles such as carrier particles, if present. In general, the efficacy of the additive

material i1s measured in terms of the fine particle fraction of the composition.



derivatives of peptides are physiologically acceptable and give acceptable release of the active
particles on inhalation. It is particularly advantageous for the FCA to comprise an ammo acid. The FCA
5may comprise one or more of any of the following amino acids: leucinc, isoleucine, lysine, cysteine,
valine, methionine, and phenylalaninc. The FCA may be a salt or a derivative of an amino acid, for
example aspartame, acesulfame K, or acetyl cysteine. Preferably, the FCA consists substantially of an
amino acid, more preferably of leucine, advantagec')@'ﬁy L-leucine, The D-and DL-forms may also be
10used. As indicated above, L-leucine has been found to give particularly efficient dispersal of the

active particles ?&A@é&%%?&e%@%”d c;fﬁtggn%igtrgfal o useful as FCAs, As discussed above, these

amino acids arc also mucoactive agents. Ih another embodimant. h&SRRIRB!AGIA S Hot glycine or
alanine. 15'The theUBTR s versconeremymotelwarterssolubile lsubstancesribhisdielps absorption of

the substance binthaisedy jLthelRGA reaches thelower ung.The FCA maydngluge dipolar ions, which
may be zwitterions. Tme term FCAC[?%B% comglritieosa phospholipid or a derivative thereof. 20 Lecithin
a

S SSoTIRAE A T8 (e AR AR FEKT PR thi? ECROATAP ESHR SRS Pietal

has been found £6 b6
stearate, or & dehvative thereof, for example, sodium stearyi fumarate or sodium stearyl lactylate.
Advantageously, the FCA 25comprises a metal stearate. For example, zinc stearate, magnesium
stearate, calciur? stearate, sodium stearate or lithium stearate. Preferably, the FCA comprises

magnesium steafate “TRE HIRTRER HEF rierIgR or Congistis: Sieier haretsiffaed tetive materials, in
30particular materalddthavaresurfALE actif@ln the solidestatendhese ey hecwaterosedeible or able to

form a suspension.ia.yaiatiJor xR leciiin, I Ratieuarsaye Jedithin. o1 subsantially water
insoluble, for examgle solid state fatty acids such as oleic acid, lauric acui palmitic acm’f, Stearic acid,

erucic acid,’behSAIRALR SFdarRAti088 TRt adediars it sarey therebtosilirasyiyeeryl behenate.

Specific surfaces of the coarse carrier particles whilst in the inhaler device, but are supposed
to release and become dispersed upon actuation of the dispensing device and
inhalation into the respiratory tract, to give a fine suspension. The carrier particles
preferably have MMADs greater than 60um.

15
The inclusion of coarse carrier particles is attractive where relatively small doses of
active agent are dispensed. It is very difficult to accurately and reproducibly
dispense very small quantities of powder and small variations in the amount of
powder dispensed will mean large variations in the dose of active agent where the

20 powder comprises mainly active particles. Therefore, the addition of a diluent, in
the form of large excipient particles will make dosing more reproducible and
accurate. However, the doses of mucoactive agents such as heparin required to
have an effect on mucus clearance are relatively large. This means that the inclusion
of carrier particles in some of the compositions according to the invention to

25 enhance the FPF and FPD values is unattractive or simply not an option.

If included in the compositions of the present invention, cartier particles may be of
any acceptable excipient material or combination of materials. For example, the
carrier particles may be composed of one or more materials selected from sugar

30 alcohols, polyols and crystalline sugars. Other suitable carriers include inorganic
salts such as sodium chloride and calcium carbonate, organic salts such as sodium
lactate and other organic compounds such as polysaccharides and oligosaccharides.

Advantageously, the carrier particles ate composed of a polyol. In particular, the



- 29 - examples of such materials are: phosphatidylcholines, phosphatidylethanolamines,
phosphatidylglycerols, phosphatidylinositol and other examples of natural and synthetic lung
surfactants; lauric acid and its salts, for example, sodium lauryl sulphate, magnesium lauryl sulphate;
triglycerides such as Dynsan 118 and Cutina 5HR; and sugar esters in general. Alternatively, the FCA
may be cholesterol or natural cell membrane materigazl)s, including pollen or spore cell wall components
such as sporo-pollenins. Other possible FCAs incliide sodium benzoate, hydrogenated oils which are
solid at 10 room temperature, talc, titanium dioxide, aluminium dioxide, silicon dioxide and starch. In

embodiments, acggggpgfﬂgiq%ggé g&&sfeg%@ st&ﬁ?nde' dpAccording tg a second as ect of the
present invention, methods are provided for producing cortipositions according to't & first aspect of the
invention. Spray HRARSsTASENRkh S WRIER a sEtRieRRIge focpredercineppiplicles of material.
To briefly summaisise ithexnaierialktobe madecdinte pastieles is dissolved 20or dispersed in a liquid or
can be made into a liquid which is sprayed through a nozzle under pressure to produce a mist or
stream of fine liquid droplets. These fine droplets are usually exposed to heat which rapidly evaporates
the excess ‘éoIa?ﬂ%"ﬁa@ﬁfﬂ‘fSlﬂe%?éﬁi’é%?ﬂ’é&%‘?ﬁg@f@éﬁi@él@dW%mmphﬁtwesf%mrding to
anothedr aspect @Emeué@gs@%&vm%ﬂ@ﬂm&h@(ggmpﬁﬁi@p&%m%l@tﬁ%@ﬁ‘ﬁ&”ﬁ{ﬁf@g@ arehprepared by
spray drying. In.one embadiment, the spr ryi cess involves co-spray drying the one or more
mucoactive agelr%ggevﬁt Ybﬁgézorarﬁgtr%r gr?:lé %3%%%,}9 a%je fs)’ q‘l‘%@g:%ﬁﬁﬁﬁgﬁé’ﬁr&dﬁfe’ﬁ&eésf one or more
mucoactive ageies! dptivhallg brrcborrrorélothendddftional active agents, and FCA which is spray
dried to form a dry powder formulation can be a solution or suspension in a host liquid. In some

embodime%s, alll ofrexali){eraggétlea21 TOROr ion of tltwe ucoactive agelnt gnd/ord\,/GA is or are in solution in
the host liquid before being stbjectéd o yoé}bf’n‘ﬁ‘frfeé@a-mc es have a diameter between
from 40pum to 180pm. The relatively large diameter of the carrier particles improves

the opportunity for other, smaller patticles to become attached to the surfaces of
the carrier particles and to provide good flow and entrainment characteristics, as
well as improved release of the active particles in the airways to increase deposition

75 of the active particles in the lower lung.

The ratios in which the catrier particles (if present) and composite active particles
are mixed will, of course, depend on the type of inhaler device used, the type of
active particles used and the required dose. The carrier particles may be present in
20 an amount of at least 50%, more preferably 70%, advantageously 90% and most
preferably 95% based on the combined weight of the composite active particles and

the carrier particles.

However, a further difficulty is encountered when adding coarse carrier particles to
25 acomposition of fine active particles and that difficulty is ensuring that the fine
particles detach from the surface of the large particles upon actuation of the

delivery device.

The step of dispersing the active particles from other active particles and from

30 catrier particles, if present, to form an aerosol of fine active particles for inhalation
is significant in determining the proportion of the dose of active material which
reaches the desired site of absorption in the lungs. In order to improve the

efficiency of that dispersal it is known to include in the composition additive




Substantially all of the mucoactive agent and FCA can be in solution in the host liquid before being
subjected to spray drying. The one or more mucoactive agents are preferably at least 1.5, 2, 4 and,
more 5 preferably, at least 10 times more soluble than the FCA in the host liquid at the spraying
temperature and pressure. In preferred embodiments, this relationship exists at a temperature
between 30 and 60C and atmospheric pressure. In other embodiments, this relationship exists at a
temperature between 20 to 30C and atmospheric ptze()séure, or, preferably, at 20C and atmospheric
pressure. 10 In addition to the above discussed spray drying technique, alternative techniques for
producing fine payiclas Ma,be uped: Sych as, spray, freeze diving and freeze drying, In another
embodiment of the invention, the one or more rucoactive agents are fgspray re usﬁg a
non-convention&P§pFaydrPreEEGpsiNg Brmeairsidsrape stitrtmeddroplers Mg atdavéentrolled
velocity and of agredetermined size. The advantages of this control of the droplet formation and
drying profile will be discussed in greater detail below. 20Finally, the spray drying process may also
include a further step wherein the moisture content of the spray dried particles is adjusted, in order to
"fine-tune" the propetties bt tespatticlesbims issalsgdiscussedn greater detiitbelowalt has been

discovered that the, KRE.andFRMof theidry Rawder formulation s . 2a affected bythermeans used to
create the droplets which are sprag dried. Different means of formingpgroplets can affect the size and

size distribution"5F1HE HFOPIATS Setidii S e VETSET) RP WHICH 1RE GroptétLHEVE When formed and
the gas flow arovmduthé mhapstetss hibislesyardn e veletify BtwhicPRhel dropidte4dawel when formed

and the gas (whigh s usually.ain; flow @ri@w9gﬁmﬂg@%gﬂmmfeawd%%ﬁ%éi%e, size
distribution and shape of resul_tl%g dried particles. - 31 - A method of preg?arlng a dry powder
compositiof’is ProviRt\y NSRS tRY ‘GHe b MG MG RISEER B a Grteesr P epsmey it tising a spray

drier comprising a means for producing droplets moving at a controlled velocity and of a

predetermined draplet. 3.5128. The yelari of fhe.Arqplstsiis:rreferahly. controlled relative to the body

of gas into which they are sprayed, This can be achieved by controlling the droplets' initial velocity
and/or the velodfy 6t 1B bothy' o é%%%fﬁ@wﬁwﬂw&f&gééﬁ@wﬁe%ﬂ&é%ﬁwé%ﬁ%me to be able to
control the size okihe dropletdormed! duringptheid®splayndringuprotesaginetihie droplet size will affect

the size of the dijed pargiele.Preferably, the droplet forming means alsa Rroduces ayrelatively narrow

droplet, and therefore particle, size distribution. This will lead to a dry powder formulation with a more

uniform particle 8i2&35nte s BmdreTpreanddible ahdechsimtatrieppp aagtions. This is

done by preparing the heparin particles in the presence of an FCA.

Whilst the FPF and FPD of a dry powder formulation are dependent on the nature

20 of the powder itself, these values are also influenced by the type of inhaler used to
dispense the powder. Dry powder inhalers can be "passive” devices in which the
patient’s breath is the only source of gas which provides a motive force in the
device. Examples of "passive" dry powder inhaler devices include the Rotahaler and
Diskhaler (GlaxoSmithKline) and the Turbohaler (Astra-Draco) and Novolizer

25 (trade mark) (Viatris GmbH). Alternatively, "active" devices may be used, in which
a soutce of compressed gas or alternative energy source is used. Examples of
suitable active devices include Aspirair (trade mark) (Vectura Ltd - see WO
01/00262 and GB2353222) and the active inhaler device produced by Nektar
Therapeutics (as covered by US Patent No. 6,257,233). As a rule, the FPF obtained

30 using a passive device will tend not to be as good as that obtained with the same

powder but using an active device.




FPD. 15 The ability to control the velocity of the droplet also allows further control over the properties
of the resulting particles. In particular, the gas speed around the droplet will affect the speed with
which the droplet dries. In the case of droplets which are moving quickly, such as those formed using a
two-fluid nozzle arrangement 20(spraying into aix), the air around the droplet is constantly being
replaced. .As the solvent evaporates from the droplet,’ﬁﬁ%"moisture enters the air around the droplet. If
this moist air is constantly replaced by fresh, dry air, the rate of evaporation will be increased. In
contrast, if the drepiet iscrhodinesthrotighe ther aitisiovhy the pirvatousththesthioplétwilh itbefreplaced

and the high hunsidity eyound the diaplet 25wl stanthe Tate: &latyingAspigerssad bglow in greater

detail, the rate at which a dro dries affects various properties of the particles formed, including FPF
and FPID. Prefg?sB’r;?‘EHe%@ %ﬁ’;t? gi"&?(?f)‘fe‘f eéftf%?ﬁ”nﬁﬁtﬁ’(?ﬁ?t%%ﬁ%?ﬁt@?@gﬁ@%ﬁ@ﬁ%‘%@g’ 30than 100
m/s, more prefekaieres8§thad 30°%m/sdhd FiUsf\bRfenaplydesictsan 20.MisfRublerably the velocity of

the gas, used inthe @eNerAPRAS thedropielsaaiob) ﬁﬁ&ég&f@é@%@p%@w{*m&b& sHoplgts are

generated is less than 1%?( rE{s more preferably less than 50 m/s and most preferably less than 20
m/s. In an - 32 DSHUEHFRRE (heVericlty) Y droplets relative to the body of gas into which they
are sprayed, nil 0 ram from their point of generation, is less than 100 m/s, more preferably less than 50

mis and most prgferabl 2R R A0S YRISRNI, e meros oRHENg dropleis mguing aca

controlled velocity and of a predetelminecl size is an alternative to the commonly used two-fluid
nozzle. In one eff5JBRARHILER AU TeBtfiseR LA REUde f escrorertiiel arsplersdfetrlspray
drying prodéss. F&\¢hilsisalitasorie seffuliseBpiitds) af elkaowdtivihesearacanventignally used in
inhaler devices, J%‘%@cﬁrgier&‘fttﬁ‘eh L%tri n C()Ju 1ocll,ltions cont.ainingnlgrqgésaﬁq they have not E)r.eviously

. ! COmMpOoSsition ¢ east’one muc t1v,
been widely used in a pharmaceutical spray 3ry|ng pparatus. Phas beeh discovered that the use of

such a nebulisef§A1 BroCE3RIf6Fepray drninms pasthaest forsatral dtiom itas s helmberoflimfsorant
advantages and:thesel have:Nole13 previously haen reeramised.ihberefarres WSNs centsel the

velocity of the dr%[r)tlle an Ighe%eafotrigetge rnatte at which the particles are dried, which in turn affects the
shape and densrfty of the resuftant partlglees.‘ The use of USNis, also provides an opportunity to perform

spray dryiflg on a larger scale than is possible using conventional spray drying apparatus with
conventional typgs.Qf RRZZILSISEY {9 be included in the compositions of the invention may be any

of the additive materials discussed above. Preferably, the FCA is selected from
amino acids, and especially hydrophobic amino acids, peptides and polypeptides
having a molecular weight of between 0.25 and 1000 kDa and derivatives thereof,
20 dipolar ions such as zwitterions, phospholipids such as lecithin, and metal stearates
such as magnesium stearate. Particularly preferred are amino acids and especially

leucine, lysine and cysteine.

Known FCAs usually consist of physiologically acceptable material, although the
25  FCA may not always reach the lung. For example, where the FCA particles are
attached to the surface of carrier particles, they will generally be deposited, along

with those carrier particles, at the back of the throat of the user.

The FCAs used in the present invention may be film-forming agents, fatty acids and
30 their derivatives, lipids and lipid-like materials, and surfactants, especially solid

sutfactants.

The term FCA includes one or more compounds selected from amino acids and

derivatives thereof, and peptides and derivatives thereof. Amino acids, peptides and




20create the droplets, such as two-fluid nozzles. As USNs do not require a high gas velocity to
generate the droplets, the dryer may provide greater control of the shape, velocity- and direction of the
plume than is possible with conventional two-fluid, pressure or rotary atomisers. Advantages
75therefore include reduced drier wall deposition, better controlled and more consistent drying rate.
Reduced plume velocity means that smaller drying unité®re possible. The preferable USNs use an
ultrasonic transducer which is submerged in a liquid. 30 The ultrasonic transducer (a piezoelectric,
crystal) vibrates é¢rintrasenic freptidacies toh prodogeadhesshastabayelengihs seqpireddonligad £
atomisation. In ome commpn. frm af, YaN;thepase of the crystal is held such that the vibrations are
transmitted from its surface to the nebuliser liquid, either directly or via a coupling liquid, which is
usually water. When the ultrasonic vibrations are sufficiently intense, a fountain of liquid is formed at
the surface of th ligpid i thelnebuliserehasmberharge dopleis ase amitted framithe.apexand a "fog”
of small drogletsnilgi)ggg)ig@isé Sehemal % edg)afgar m0§kt1 W%QH how a standard, USN works i'fﬁshown in

r single piezo uni g egafrz) is
greater than 1.056/RH, Grécisn AR e orehinaingerie pienysloemikhg el mph S0elimin, greater
than 10.0cc/nainjgreatet tan LorDechzi 66.96eates1than20.8cc/eindueheUaits shauyd then produce
cry partiles with o |east S04, by, 19.elght of the parficles having & size of lesp than 3pm, less than
2.5nm or less than 2p.m, as mea ared y aivemn Mastersizar fronia t r)}npoof’i\? rra%rﬁersion unit.
Preferably, the dtptahey siigkcinezedunntirsossbhlalewiinss ditatiRgrat-DI. Yoregatizy idsgrbater than
0 Scc/roin, greatesddanskfleahadnagreater ham3. Aecinin, drgreateritnan ri0ee/minggraater than
8.0cchnin, great 1rthan 11qu c/mitn, reateé than %g).%cc/min or greater than 20.0c¢/min. Such units
should then produce ary partiGI&SWith PR E AT ST TEAS IRE S SRR 255 MR tReiAIm, as
measured by Mai¢eérn Masiesizerdrdma diyepowdercdisphrsienlsnim20Fheiattrgetive dharacteristics
of TISNSs for progging ﬁ%@@ﬁﬂ@lﬁ,dtryepﬂms@J@ﬁéﬂt@lgﬂlmpwmhlgw spray velocity; the small
amount of carrier gas required to operate the nebulisers; the comparatively small droplet size and
narrow droplet size distribution produced; the simple nature of the USNs (the absence of moving parts
which can Wear,1dentaminétidmetd:) thécability tanace wately clobleotibergas forh Sanpend the
droplets, therebycanlialing be.raiB.of drving ARG g Hialh AR GRIS W NEN MAkES, erpoduction of
dry powders usm% USNs commercially viable in a o

FCA may include dipolar ions, which may be zwitterions.

t '
Figure 1. Preferably, the output per single piezo unit for such & dn %%3ﬁf§ﬁh§%%lgelf§0 854

The term FCA may comprise a phospholipid or a derivative thereof.
20

Lecithin has been found to be a good material for use as an FCA.

The term FCA may comptise a metal stearate, or a derivative thereof, for example,
sodium stearyl fumarate or sodium stearyl lactylate. Advantageously, the FCA

25  comprises a metal stearate. For example, zinc stearate, magnesium stearate, calcium
stearate, sodium stearate or lithium stearate. Preferably, the FCA comprises

magnesium stearate.

The term FCA may include or consist of one or more surface active materials, in

30 particular materials that are surface active in the solid state. These may be water
soluble or able to form a suspension in water, for example lecithin, in particular
soya lecithin, or substantially water insoluble, for example solid state fatty acids
such as oleic acid, lauric acid, palmitic acid, stearic acid, erucic acid, behenic acid, or

derivatives (such as esters and salts) thereof, such as glyceryl behenate. Specific



way that is difficult and expensive when using a conventional two-fluid nozzle arrangement. This is
because scaling-up of conventional spray drying apparatus is difficult and the use of space is
inefficient in conventional spray drying apparatus 30 which means that large scale spray drying
requires many apparatus and much floor space. - 34 - USNs do not separate the liquid into droplets
by increasing the velocity of the liquid. Rather, the necéSsary energy is provided by the vibration
caused by the ultrasonic nebuliser. Furthermore, the USNs may he used to adjust the drying of the
droplets and to contrgllthe Expressiantofthedoshephntial ageliher) fie spkfack lefihedesiiiant
particles. Where [ itsel ; ntrol agent, spra ﬁjr i ith.a USN can
ptﬁ'gs ﬁ&M&gg?&&&%@, gf%%%p%gtﬁglﬁdg @oq ggd othe ex%fn[p%s% fny {[&q?\i\/an

further help to control the positioning hydrophobic moieties so that the e ect of inc uding a force
control agent cafVBEMSERIBVASH BY8RTMITROME ToireRlaithitnel tThins, e laiterditivdaethe
conventional BUatiphwerfiic; nedale, lan:yitragonic nebllisetdnayube used #-geneyateidraplets, which
are then drigd within the &%%QI eQFXLQQnCh%@Pﬁ.r' fg‘qtopn% elee _nﬁge E}%t&e ubSeN }ils félacteq in the feed
solution comprising’an active agent in & specially (fe5|gneJ’Q ass chamber which alfows Shtroduction of
the cloud of droplatérglifdrtetr birtseasididegipiins hellse stesparsing bvathbempptivatspray dryer.
The two-fluid nozaztt issIsfbid Patedmseal the hole in which it normally sits, but 20the compressed air
is not turned on. The drying chamber is then heated up to 150C inlet temperature, with 100% aspirator

setting. Due to the negative pressure of the Biichi system, the nebulised cloud of droplets is easily
drawn into the dfythetdressibler FvAere eheddrplaim drendried, thyidreg rartidleslswhitth are sulbbetjuently

classified by theeyelones sndicallagied:im e dlselirn darmihis MpRitant thatshesilsvel of.feed

solution in the ct;gr&%er is regularly topped up to avoid over concentration of the feed solution as a
result of continuous nébulisation. When a spray drying process involves the use of a conventional
nozzle for forming the droplets to be dried, such as a two-fluid nozzle, high gas flow speed rates

around the droplgfs eashio,aqdast rate-ol Gryingcincanrakisen, Recayge the gas speed around
droplets formed using a USN is low in comparison, droplets formed using a USN dry more slowly than

those produced by using conventional two-fluid nozzles. This has several marked effects on the
particles prdducédcor@ing Wheresthel depplets rlyequiekdys amwrninidedparticts arerprsipgy i observed,

especially when e AcHe AR S9:SHIAN, IR YL 30 ECA. I scansiderg hat the recuced rate
a

of solvent evaporation from the droplets formedusing a USN s5tore uceé)r'}blowing" which is the
phenomenon which leads to the wrinkled particle morphology. Therefore, physically small.er and
smoother primasppgriiciesdhal areliobsemneanihaid Ppiticle s fed asepuaingna Ualcles of

material. To briefly summarise, the material to be made into particles is dissolved
20 ot dispersed in a liquid or can be made into a liquid which is sprayed through a

nozzle under pressure to produce a mist or stream of fine liquid droplets. These

fine droplets are usually exposed to heat which rapidly evaporates the excess volatile

liquid in the droplets, leaving effectively dry powder particles.

25  According to another aspect of the present invention, the compositions of the
present invention are prepared by spray drying. In one embodiment, the spray
drying process involves co-spray drying the one or more mucoactive agents with

one or more force control agents.

30 The combination or blend of one or more mucoactive agents, optionally one ot
more other additional active agents, and FCA which is spray dried to form a dry
powder formulation can be a solution or suspension in a host liquid. In some
embodiments, all or at least a proportion of the mucoactive agent and/or FCA is ot

are in solution in the host liquid before being subjected to spray drying.



It is also speculated that the slower drying rate which is expected when. the droplets 10 are formed
using USNs allows the co-spray dried FCA to migrate to the surface of the droplet during the drying
process. This migration may be further assisted by the presence of a (polar) solvent which encourages
the hydrophobic moieties of the EGA to become positioned on the surface of the droplet. For example,
an aqueous solvent is thought to be of assistance in thi&’regard. 75 With the FLA being able migrate to
the surface of the droplet so that it is present on the surface of the resultant particle, it is clear that a
greater proporticnlaftine ¢ Alltichdsrinchadaddnghe: draplat widhadteallys bRy thi farea sqntrolling
effect (as the }CA must esent on. rface in order for it to have this effect). 20Therefore, it also
follows that the u1 '{eH gllfg ﬁ%%%%%gsgﬁlelgfﬁ%%eaﬁ é’di?’gﬁa“g‘ qﬁﬁgét it requires the addition of less FCA to
produce the same force controlling effect in the resultant particles, compared to particles produced
using conventionalkspiay drying metadsy Natunally-shere:theyagtivesagentitselihias.aydrophobic
moieties which can.be.presente dominant ¢ osition,on particle surface, excellent FIT and
FPD valuegg ma)}? Jbeéeé%}ﬁ'e’vaege\%/%hqﬁtt & or ﬁ%%%f)%%%ge I%R.t}hedggg%, in gﬁ% OcsiFéh S é‘ﬁct:%%, the active
agent itself acts R ECMITeeaUseof thie sttt genreptestdatsdmybpdphebie. mhosetiésionsie surfaces of
the particles. 30ckiveas reviepshitheughithat shaxrisided particle pamholesyyvas desiable as it
was though that it %%ed to reduce %rticlg.adhest,ioq argd cohesionblt has a 30 p(gqg%u%?/ been
speculated that this particle morphology may even Ref THeRsaHIbES T S8 o P whe are
expelled for the #ihakpbdevipes However padspitesthis 2pdcatatiarmtiselinvieniorssactually feel that the
chemical ngiure of the particle surfaces may be even more influential on the performance of the
particles in terms of EPF, ED, etc.. In particular, it is thought that the presence of hydrophobic
moieties on the SUALLLSR ﬁ%rfll?flé‘? 7 i Fé‘kﬁberﬁjif?é’éi?ﬁ ﬂ%?é‘@d&ﬁa‘lﬂ’%ﬁeéﬂéﬁ?ﬁﬁﬁetﬁ‘écb?é%‘éﬁc@bf
craters or dimplesodirengféue; pantrdey tothieesugdestion an sheplieeartdiyianat décessatyytogseek to
produce extremely dimpled or wrinkled particles in order to provide good FPF values. 10Indeed, it is
actually be advantageous not to produce severely dimpled or wrinkled particles, as these can yield low
density powderSAiRR V&R MERVEIEEE HEEVEEAISIAHCIBE CSEH FRATEER CASHTS agerbertdlume
relative to tlieir spass @Sl cohigequencecak thisdannspand den wshifirisipackaging psoBlesihg., much
larger blisters 0%%9@%9135(%% r%qlélitce(gnio(r)@egi‘\;e N mass ﬁ)fo OW(jzggr.e ﬁe%ﬁ r(ljee §1it V\éders, is such as
those produced using OENE T a spray (frylng procegs may, théré ore, be of benéfit, especially in the
present inventiotlvanétecthefdbseshattivel abedteploe fadeitieteted irtighprofile will be

discussed 1n greater detail below.

20 Finally, the spray drying process may also include a further step wherein the
moisture content of the spray dried particles is adjusted, in order to "fine-tune" the

properties of the particles. This is also discussed in greater detail below.

It has been discovered that the FPF and FPD of the dry powder formulation is

25  affected by the means used to create the droplets which are spray dried. Different
means of forming droplets can affect the size and size distribution of the droplets,
as well as the velocity at which the droplets travel when formed and the gas flow
around the droplets. In this regard, the velocity at which the droplets travel when
formed and the gas (which is usually air) flow around the droplets can dramatically

30 affect size, size distribution and shape of resulting dried particles.




What is more, as indicated above, the effect of the FCA included in the spray dried 20 particles is
magnified when the droplets are formed using alterative means, such as a USN, because of the
migration of the additive to the particle surface. This in turn means that less FCA needs to be included
and, where high doses of active agent are required, EQig is a further advantage. 25 Preferably, powders
according to the present invention have a tapped density of at least 0.1g/cc, at least 0.2g/cc, at least
0.3g/cc, at least 0.4g/cc or at least 0.5g/cc. As discussed above, at least some of the rnucoactive
agents to be included in the compositions of the present invention are required in large quantities, It is
therefore not deiirablg to include additional materials such as carriers or bulking agents in the
compositions or'inthe PartidE*TRaS I 9E eFhEemPRetosr e drisAtihettie Spragaeying method of
producing the particlesiforausecingtihes 2:3 Zproptpasitions.ohiae present jvention degsdot involve

co-spray drying fhe:acive:agant with.a carmier Qrlking,adent, One would expect fo get similar
results to those shown above usin US%\IS when 5 using other means whic Iproaucé W velocity
droplets at High séﬁtpu??&t‘é@??ﬁ’r(égiﬁmﬁ%elﬁﬁ?tﬁé?réfféﬁﬁﬁtw@ﬁe%ﬂe@miay petbiséddsach as
electrospray nozziesworwiirating erifigeHeaziesisihase negzles bkedtheulirasenic nazzles, are

momentum free; tasuliing in a s raxhwhi h can be easily directed by g carrier air stream. However,
their output rate is generalllil} %w%?rthgnvé%%lgf ?Eglﬁ%ﬁ% e{ BiRa TOSBAE AfishiaFdttractive type of

nozzle for use in a spray drying process is one which utilises electro-hydrodynamic atomisation. A

tailor cone is craatedicfalyexample caba fine Readiahyapahing Jﬂ@ﬁkéﬁ'&@%ﬁ&&%ﬂﬁﬁ s shatters

the dropletsinto an 15 acceggtable mg@&d{igge sion. Th'ﬁza ethod does not use a gas flow, except to

transport the droplets after drying. An accepiable AacRoASSerioi el N8By shtafed utilising a
spinning disc geréfatbilyTHe Ariisdsoiheasutratlonic: ndzzles relestriysirayndzaiés, anvibrating

orifice 20 nozzles&an he amaRgacinia-Mulli-RoZEle amay.inyhich many, single nezzle arifices are
arranged in a smzrarlll area .?nd facilit?teigehajgg t}(l)tal throughput of feed solution. The ultrasonic nozzle is

an ultrasonic transducer (a piezoelectric crystal® ff The TRFESSHIY taifsericés815&4téadn an elongate

vessel the outpditiay be raised significantly. When mucoactive particles are produced by spray
drying, some moisture will rcrnaio in the particles. This is especially the case where the mucoactive

agentis temper,:lxguereb%nsti(t)i\égnatrn oes not tolerate high temperatures for the extended period of time

which would nofmalfly & rSqUired to PSS tHET FRORdtt S frafRws further control over the

properties of the resulting particles. In particular, the gas speed around the droplet
will affect the speed with which the droplet dries. In the case of droplets which are
moving quickly, such as those formed using a two-fluid nozzle arrangement

20 (spraying into air), the air around the droplet is constantly being replaced. As the
solvent evaporates from the droplet, the moisture entets the air around the droplet.
If this moist air is constantly replaced by fresh, dry air, the rate of evaporation will
be increased. In contrast, if the droplet is moving through the ait slowly, the air
around the droplet will not be replaced and the high humidity around the droplet

25 will slow the rate of drying. As discussed below in greater detail, the rate at which a

droplet dries affects various properties of the particles formed, including FPF and
FPD.

Preferably the velocity of droplets at 10 mm from their point of generation is less
30 than 100 m/s, more preferably less than 50 m/sand most preferably less than 20

m/s. Preferably the velocity of the gas, used in the generation of the droplets, at 10

mm from the point at which the droplets are generated is less than 100 m/s, more

preferably less than 50 m/s and most preferably less than 20 m/s. In an




JOthe particles. The amount of moisture in the particles will affect various particle characteristics. such
as density, porosity, flight characteristics, and the like. - 38 - Therefore, a method of preparing a dry
powder composition is also provided, wherein the method comprises a step of adjusting the moisture
content of the particles. In one embodiment, the moisjure adjustment or profiling step involves the
removal of moisture. Such a secondary drying step preferably involves freeze-drying, wherein the
additional moisture is removed by sublimation, An alternative type of drying is vacuum drying.

Generally, the seeondansdniegdakes place altgidheaative,agent has heen co-spray dried with an
FCA. In another embodin;nen the secondary dr_;?/)ire]g takes Lplaceeaftoerynoekfgualslsla?fr‘rﬁ)ll?(?\éz%c: Ve agent has

been spray dried, wherein the a¥E AT pHGHARS 2 Bidtta tith EEAS I89The secondary
drying step has pigéererttidesartadvdntates drisstlypit arb haseleaiedisa as to avoid exposing the
heparin to high temperatures for prolonged periods. Furthermore, removal of the residual moisture by
secondary ol,ryinlg can ﬁe s'gnifican;%ly cheaper than removing all of the moisture from the particle by
spray 20 drying. Thus, & cOmBiiaion Frepral affrrjcant fraez et drytmeg ofladhedorinoryingfis
economical anckeffecientramd issitablel fon iemperattie sensitive phasnaceutically agtive agents.

Secondary drying signifigantly; reduges the moisture nt of mucoactive particles 25 (from
approximately 8.5% to 2%). This would imply that th muclosailn:stei‘\rglpet Opgorf%éléeaﬁﬁeomm@ ffisuch a way

that there is a h%yoﬁiﬁ?%ﬁé‘i’lcﬁ%ﬂ'ding residual moisture, which is driven off by secondary drying, and
further moisture is trapped with in a central core. One could infer that the residence time of the particle

in the drying Ch%@ﬁﬁ!ﬁ&?&?@g&ﬁnd t tsmrs outEIr1 sheIIth being formed rapidly and is too 30hard to
|

permit moisture to readily escape during fial Spray drying Procsss tose'y iset densitive can be

spray dried at |08 tetrperatife s odittcabduine afdohensubjectethtodsegondanedhying to reduce

the moisture furthepanib thieredy. toi pegtestdhe dpug:»inanothey.gmbadiment, the meisture profiling
involves increa%'jgk,gJL mgcmgigyggag%ntent o(g thghsi)lrla,gu rieed. articles. - Preferably, the moisture is

added by exposing the g}amcles fo a humid atmosphere The' RAT5GH: SF RtdrEakided can be

controlled by Véﬁﬁﬂﬂ% ﬁm%}ﬂ&ig?%ﬁa;@rnumber of important advantages and these have not
75 previously been recognised. The preferred USNs control the velocity of the

droplets and therefore the rate at which the particles are dried, which in turn affects
the shape and density of the resultant particles. The use of USNs also provides an
opportunity to perform spray drying on a larger scale than is possible using
conventional spray drying apparatus with conventional types of nozzles used to

20 create the droplets, such as two-fluid nozzles.

As USNs do not require a high gas velocity to generate the droplets, the dryer may
provide greater control of the shape, velocity and direction of the plume than is
possible with conventional two-fluid, pressure or rotary atomisers. Advantages

25 therefore include reduced drier wall deposition, better controlled and more

consistent drying rate. Reduced plume velocity means that smaller drying units are

possible,

The preferable USNs use an ultrasonic transducer which is submerged in a liquid.
30 The ultrasonic transducer (a piezoelectric crystal) vibrates at ultrasonic frequencies

to produce the short wavelengths required for liquid atomisation. In one common

form of USN, the base of the crystal is held such that the vibrations are transmitted

from its surface to the nebuliser liquid, either directly or via a coupling liquid, which




10the length of time for which the particles are exposed to this humidity. Following spray drying, which
also optionally may include secondary drying, it may also be advantageous to mill the powders, for
example in an air jet mill, in order to separate any particle agglomerates which have formed strong
bridges between 15particles. In a yet further embodiment of the present invention, instead of spray
drying the one or more mucoactive agents to form adry powder formulation, it is also possible to use
other methods of preparing a dry powder. For example, many dry powders 20are formed by

micronisation, thatis.grinding ypnlarast parliles iovam.small particles of @ desired,size. Techniques

known as co-millmg%ar(}d ngecha(pofugion, as described in detail in InternatlonaT’Pu hnclan%n No. WO
e 1a 18 the

02/43701, produce tomposia ActivepArites Ehnimigdare: ditabre teryreparigahe dry powder
formulations of theptesentmiThe tompbsigeactide: (Jartities fanmed y:co-milling.and mechanofusion

in the present inventioncate yery fing.Rarticles, of.ong LLAIete Mucoactive agents which 30 have, upon
their surfaces, an amount o?‘an FCA.BT%re FCA ig preferably iﬁrtﬁésf%?nwgf%ggégffr\:\g’ on the surfaces of

the particles50f one or more mucoactive agents. The coating may be a discontinuous coating. The FCA
may be in the fotreiokparticlesuapinesing i thpisurfacegaf dhe, particles:of, 9hg Lr-more mucoactive

agents. As explgipedibelow..at.le@st,some of the composite active. particles may be in the form 350f
agglomerates. - 40 - hegr!ﬁhe composite activ rggretrlct%g a'rgecfr%nfb% FHCA BRAMIScER Al

composition, th&BEH [renidtes thie cssrers abast Hd eomiso it e tibenpdriiciésroncadministration of that

composition to shpattent/iaiactation:afandlbleen asdlisclsses akoue, B.THYS,O566, ggain, the
presence Offothevﬁltg‘hti%@@l@ﬁ%m%se%%@}lhe FPF §nd FED 9f th.? dr%/ powder formulation. It has also

2 size of less t a

been found that the milling of the partlc]Ie of One or more Mucbactve %&ésr‘i‘f? 7 thie f)l?é%ence of an
FCA produces StfiffcdantR? Sisrhitesairsercdlanierre1 Grequids tesdimbsandilessenergy than the
equivalent process carried out in the absence of the FCA. This allows composite active particles to be
produced Whicﬁ);@ggﬁm%gsomed'an aerogeyn.amic diagggeterk(bMMAD) or a volume median diameter

(VMD) of less than 5, 4.3 or 2pm. It IS Often Much easier to obtaif sl paracies By this method than

by other mi”ing%ﬂ%&aés_ greater than 0.5cc/min, greater than 1.0cc/min, greater than 3.0cc/min,
75 greater than 5.0cc/min, greater than 8.0cc/min, greater than 10.0cc/min, greater
than 15.0cc/min or greater than 20.0cc/min. Such units should then produce dry
particles with d(90) of less than 3um, less than 2.5um, or less than 2um, as

measured by Malvern Mastersizer from a dry powder dispersion unit.

20 The attractive characteristics of USNs for producing fine particle dry powders for
inhalation include: low spray velocity; the small amount of carrier gas required to
operate the nebulisers; the comparatively small droplet size and narrow droplet size
distribution produced; the simple nature of the USNs (the absence of moving parts
which can wear, contamination, etc.); the ability to accurately control the gas flow

25 around the droplets, thereby controlling the rate of drying; and the high output rate
which makes the production of dry powders using USNs commercially viable in a
way that is difficult and expensive when using a conventional two-fluid nozzle
arrangement. This is because scaling-up of conventional spray drying apparatus is
difficult and the use of space is inefficient in conventional spray drying appatatus

50 which means that large scale spray drying requires many apparatus and much floor

space.




15 It is known that a milling process will tend to generate and increase the level of amorphous material
on the surfaces of the milled particles thereby making them more cohesive. In contrast, the composite
particles of the invention will often be found to be less cohesive after the milling treatment. 20 The
word "milling" as used herein refers to any mechanical process which applies sufficient force to the
particles of active material that it is capable of breékiﬁg coarse particles (for example, particles of
mass medium aerodynamic diameter greater than 100pin) down to fine particles of mass median
aerodynamic di@g&@te({ozn%qot more mg 511%’&51'1 or W ich 1%Flplies a rel%tive contrfoIL%d compressive

. S t separate ets ncreasing rhe velfocity aof t .
force as described below in rélation to Frechanotusio cyclornixing Ahd Sintilar methods. A high

degree of forceligwégliréd idbseirsraterime metividual piadibled of Brictior morediidbactive agents
(which tend to agglemeratawaspecially if they include 30heparin which is sticky) such that effective
mixing and effective application of the FCA to the surfaces of those particles is achieved. It is believed
that an especially desirable aspect of the milling process is that the FCA may become deformed in the
milling and maybelsmrearedhoVebldr fusebtostie sadacedh ofithegmicbactivel paricles. It should be

understood, howgves; thatip.ihe case where.the narlicles:of, vélw ane o Merg Mmugractive agents are
already fine, for example, having an I[VIMAD below 201.,im prior to the milling step, the size of those

particles may nB?rﬁélgﬁgr?ﬁfbeéﬁ © PSR AR RETBOrtaht YRIFY 7€ tRAFHIS SAing BFTEEE applies a
sufficiently highvdggré&sot ferce o erietgydashepahtglesitbaihe ¢hethbgdgeplesallysimwoalves bringing

the particles of EGAIniQ. clese centactwiih, hesyiacssahihe micoastive paricles i order to

achieve coated particles. A degree of intensive mixing is required to ensure a sufficient break-up of
agglomeratés ofBfH Eotituents, dispersal and even distribution of FCA over the 10mucoactive
particles. As a consequence of the milling step, complete or partial, continuous or discontinuous,

porous or non-parous CAANRGS LAY B OMEd. Fhe, CRALNGS, Originals fIpm.2 gambination of heparin
and FCA particles. They are not coatings 15such as those formed by wet processes that require
dissolution of oftePGHsGHRaYy be used to generate droplets, which are then dried within the Biichi

drying chamber. In one arrangement, the USN is placed in the feed solution
75 comprising an active agent in a specially designed glass chamber which allows
introduction of the cloud of droplets generated by the USN directly into the heated

drying chamber of the spray dryer.

The two-fluid nozzle s left in place to seal the hole in which it normally sits, but
20 the compressed air is not turned on. The drying chamber is then heated up to

150°C inlet temperature, with 100% aspirator setting. Due to the negative pressure

of the Biichi system, the nebulised cloud of droplets is easily drawn into the drying

chamber, where the droplets are dried to form particles, which are subsequently

classified by the cyclone, and collected in the collection jar. Itisimportant that the
25 level of feed solution in the chamber is regularly topped up to avoid over

concentration of the feed solution as a result of continuous nebulisation.

When a spray drying process involves the use of a conventional nozzle for forming
the droplets to be dried, such as a two-fluid nozzle, high gas flow speed rates

30 around the droplets lead to a fast rate of drying. In comparison, because the gas
speed around droplets formed using a USN is low in comparison, droplets formed
using 2 USN dry more slowly than those produced by using conventional two-fluid

nozzles. This has several marked effects on the particles produced.



components. In general, such wet coating processes are likely to be more costly and more time
consuming than the milling process of the invention and also suffer from the disadvantage that it is
less easy to control the location and structure of the coating. 20 A wide range of milling devices and
conditions are suitable for use in the method of the invention. The milling conditions, for example,
intensity of milling and duration, should be selecte’dgtso"provide the required degree of force. 25Ball
milling is a suitable milling method. Centrifugal and planetary ball milling are especially preferred
methods. Alternatively, a high pressure hoinogeniser may be used in which a fluid containing the
particles is forced through a valve at high pressure producing conditions of high shear and turbulence.
30Shear forcesBhethahsattliss frpaiekipeawsiak e padle s Bha rrichris €liffaces or other particles
and cavitation dug.tg,asceleration-atthe duid sy alf ceptribute:tortbe fracuicesidhedpadicles and may

also provide a compressive fore, . 42 - Such homogenisers may be mare.shitable fhap ball mils fo
use in Iarge Scale preparations o e composite active particles. Suita le ho ogensiers include

EmulsiFlex highpressurehomogémsiebsinichare Beapableidf jsrdssards wpits'abDo B4, Niro Soavi
high pressure homegenisersicapatle, of HEassues R0 2000Ban: and, Micteflvidics.Microfluidisers
(maximum pressure 2750 Bar). The milling tepdmay, aq%&atively, involve a high energy media mill or
an agitator bead il FOFEKARBI thaRBEERRGH EREGY Media mill, or the DYNO-mill (Willy A.
Bachofen AG, Switzerland). Alternatively, the milling may be 10a dry coating high energy process such

as a MechanoFysionsystem.dpaokanes Micron:id) - adbridizes (dlan) ohannsimilgehighly intense
compressive process. Other passible milling devices includég%{r jet mills, pin mills, ammer mills, knife
e

mills, ultrad@ntriftiy AT SHd Pabtie RNee it E3r G S 18° GNP PrEfsad WMetods are those

involving the Mekhanflision;ityibkdisenapo Cyclrhix instranenty. AdSoréspeasialiydgretéered is an air

jet mill. presence of a (polar) solvent which encourages the hydrophobic moieties of the

FCA to become positioned on the surface of the droplet. For example, an aqueous
solvent is thought to be of assistance in this regard.

75
With the FCA being able migtate to the surface of the droplet so that it is present
on the surface of the resultant particle, it is clear that a greater proportion of the
ECA which is included in the droplet will actually have the force controlling effect
(as the FCA must be present on the surface in order for it to have this effect).

20  Therefore, it also follows that the use of USNs has the further advantage that 1t
requites the addition of less FCA to produce the same force controlling effect in the
resultant particles, compared to particles produced using conventional spray drying

methods.

25 Naturally, where the active agent itself has hydrophobic moieties which can be
presented as a dominant composition on the particle sutface, excellent FPF and
FPD values may be achieved with little or no separate FCA. Indeed, in such
circumstances, the active agent itself acts as an FCA, because of the arrangement of
its hydrophobic moieties on the surfaces of the patticles.

30
It was previously thought that the wrinkled particle morphology was desirable as it
was though that it helped to reduce particle adhesion and cohesion. It has also

previously been speculated that this particle morphology may even help the particles




Other suitable methods include ball and high energy media mills which are also 90capable of providing
the desired high shear force and compressive stresses between surfaces, although as the clearance
gap is not controlled, the coating process may be less well controlled than for rnechanoflision milling
and some problems such as a degree of undesired rg-agglomeration may occur. These media mills
may be rotational, vibrational, agitational, centrifugal or planetary in nature. 25 It has been observed in
some cases that when ball mining mucoactive particles with additive material, a fine powder is not

produced. Instead fihe-pewdey was.eampaglecom e walis.of ihe il by the,action of the mill. That
has inhibited the millipg actti n.and prevente ?e preparation of the compaosite active particles. That
By Whe AN e

30problem occurfed particutarly when cartsi HafonmsihBreisettinrutes where the

additive materiaFWeSpreseRt ity serat propoions (typic aHyf st 2%).cin foasgs miblesedthemilling balls
were relatively ssaatbtypisally. < Bmmkidnsases where: e mili &%%%9%@%&3}0%%]%% and where the
a

starting partijg:les were too fine. TF?% prevent this occurring it is a \(antage‘ougto . P mill in a liquid
medium. Th liqiid 432 MEGHM FeBUREL T femeehbets cothipacioroassibsiehetinpersal of
additive materiapemehimpfoves-amy filling adtierfrhe diguic-medinaupayte high o dew volatility and

of any solid contegptias 1oRg asQit-dees.pot dissalve the mucoactive particles to any significant degree
and its viscosity is_not so high tsh;rtﬂt gprgventf effective milling. T eﬁﬁgﬂﬁ Fﬁ%%?&r%%%%rgbly is not
aqueous. The liqETGiE grErEioy $hebih Wich the additive material is substantially insoluble but some
degree of solubility may be acceptable as long as there is sufficient additive material present that

undissolvedpartiches;of. additive; 10material remain. Suitable liquid media include diethylether,
acetone, cyclohexane, ethanol, igopropgnoalggﬁ%fia?ltor% et ué:ﬁqéf)‘ elﬁeLﬁ ﬁwnélﬁa Ard PP &tred which are

non-flammable, 36 EXamp R Grororame tRaeaid noshrmiedthydrodagbonslespecialty fluorinated
hydrocarbons whicticre SuitablevidiruisecasyropedabtsHia halers. ¥5-Thetesults of spray drying

heparin and jet mjlling.beparingh an ECA (heparin + leucinc é95:5 re set out below in Table 1. Table
. , ; ) 1t e.
1: Particle size studyggf snrav dried and jet milled heparn Withe= l)(?b?ems’ L. much lirger
sters or capsules are required for a given mass of powder. High density powders,

75 such as those produced using USNs in a spray drying process may, therefore, be of

benefit, especially in the present invention where the dose of active agent to be

administered is high.

What is more, as indicated above, the effect of the FCA included in the spray dried
20 particles is magnified when the droplets are formed using alterative means, such-as a

USN, because of the migration of the additive to the particle surface. This in turn

means that less FCA needs to be included and, where high doses of active agent are

tequired, this is a further advantage.

25 Preferably, powders according to the present invention have a tapped density of at

least 0.1g/cc, at least 0.2g/cc, at least 0.3g/cc, at least 0.4g/cc or at least 0.5g/cc.

As discussed above, at least some of the mucoactive agents to be included in the
compositions of the present invention are required in large quantities. It is

30 therefore not desirable to include additional materials such as carriers or bulking
agents in the compositions or in the particles. Thus, in one embodiment of the

invention, the spray drying method of producing the particles for use in the




Formulation _ d(10) d(50) d(60) d(90) Yield % FPD <512m Spray dried collected from cyclone 1.2 2.7
3.3 7.2 55 37.4 Spray dried collected from cyclone 0.4 0.9 1.1 >100
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compositions of the present invention does not involve co-spray drying the active

agent with a carrier or bulking agent.

One would expect to get similar results to those shown above using USNs when
using other means which produce low velocity droplets at high output rates. For
example, further alternative nozzles may be used, such as electrosptay nozzles or
vibrating orifice nozzles. These nozzles, like the ultrasonic nozzles, are momentum
free, resulting in a spray which can be easily directed by a carriet air stream.
However, their output rate is generally lower than that of the USNs described

above.

Another attractive type of nozzle for use in a spray drying process is one which
utilises electro-hydrodynamic atomisation. A tailor cone is created, for example, at
2 fine needle by applying high voltage at the tip. This shatters the droplets into an
acceptable monodispersion. This method does not use a gas flow, except to
transport the droplets after drying. An acceptable monodispersion can also be

obtained utilising a spinning disc generator.

The nozzles such as ultrasonic nozzles, electrospray nozzles or vibrating orifice
nozzles can be arranged in a multi-nozzle array, in which many single nozzle orifices
are arranged in a small area and facilitate 2 high total throughput of feed solution.
The ultrasonic nozzle is an ultrasonic transducer (a piezoelectric crystal). If the
ultrasonic transducer is located in an clongate vessel the output may be raised

significantly.

When mucoactive particles are produced by spray drying, some moisture will remain
in the particles. This is especially the case where the mucoactive agent 1s
temperature sensitive and does not tolerate high temperatures for the extended
period of time which would normally be required to remove further moisture from

the particles.

The amount of moisture in the particles will affect various particle characteristics,

such as density, porosity, flight characteristics, and the like,




15 25.0 Spray dried collected from cyclone and then jet milled 1.1 2.6 3.1 5.9 40.2 Spray dried 6.5hr
75 Jet milled I1x 0.85 3.4 4.2
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Therefore, 2 method of preparing a dry powder composition is also provided,
wherein the method comprises a step of adjusting the moisture content of the

particles.

In one embodiment, the moisture adjustment or profiling step involves the removal
of moisture. Such a secondary drying step preferably involves freeze-drying,
wherein the additional moisture is removed by sublimation. An alternative type of
drying is vacuum drying.

10
Generally, the secondary drying takes place after the active agent has been co-spray
dried with an FCA. In another embodiment, the secondary drying takes place after
nebulised mucoactive agent has been spray dried, wherein the active agent was
optionally in a blend with a FCA.

15
The secondary drying step has two particular advantages. Firstly, it can be selected
s0 as to avoid exposing the heparin to high temperatures for prolonged periods.
Furthermore, removal of the residual moisture by secondary drying can be
significantly cheaper than removing all of the moisture from the particle by spray

20 drying. Thus, a combination of spray drying and freeze-drying or vacuum drying is
economical and efficient, and is suitable for temperature seasitive pharmaceutically

active agents.

Secondary drying significantly reduces the moisture content of mucoactive particles
25 (from approximately 8.5% to 2%). This would imply that the mucoactive particles
are drying in such a way that there is a hard outet shell holding residual moisture,
which is driven off by secondary drying, and further moisture is trapped with in a
central core. One could infer that the residence time of the particle in the drying
chamber is too short, and that the outer shell is being formed rapidly and is too

30 hard to permit moisture to readily escape during the initial spray drying process.

Secondary drying can also be beneficial to the stability of the product, by bringing

down the moisture content of a powder. It also means that drugs which may be very
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heat sensitive can be spray dried at lower temperatures to protect them, and then
subjected to secondary drying to reduce the moisture further and thereby to ptrotect

the drug.

In another embodiment, the moisture profiling involves increasing the moisture

content of the spray dried particles.

Preferably, the moisture is added by exposing the particles to 2 humid atmosphere.
The amount of moisture added can be controlled by varying the humidity and/oz

the length of time for which the patticles are exposed to this humidity.

Following spray drying, which also optionally may include secondaty drying, it may
also be advantageous to mill the powders, for example in an air jet mill, in order to
separate any particle agglomerates which have formed strong bridges between

particles.

In a yet further embodiment of the present invention, instead of spray drying the
one or more mucoactive agents to form a dry powder formulation, it is also possible
to use other methods of preparing a dry powder. For example, many dry powders
are formed by micronisation, that is, grinding up larger particles to form small

particles of a desired size.

Techniques known as co-milling and mechanofusion, as described in detail in
International Publication No. WO 02/43701, produce composite active particles
and also are suitable for preparing the dry powder formulations of the present

invention.

The composite active particles formed by co-milling and mechanofusion in the
present invention are very fine particles of one of mote mucoactive agents which
have, upon their surfaces, an amount of an FCA. The FCA is preferably in the form
of a coating on the surfaces of the particles of one or more mucoactive agents. The
coating may be a discontinuous coating. The FCA may be in the form of particles
adhering to the surfaces of the particles of one or more mucoactive agents. As
explained below, at least some of the composite active particles may be in the form

of agglomerates.




7.0 Pure heparin ~ 12.0 - 44 - Heparin and leumne (95:5) in a 2%w/w) solution was spray dried using
an SL10 spray drier, with a conventional two-fluid atomiser. The powder was spray dried at a
temperature of 250C and a nozzle air pressure of 80psi. The liquid flow rate used 5 was 32 ml/min.
The resulting powder was collected in a cyclone. This powder was then secondary dried under
vacuum. The powder was then filled into capsules at 26fhg, and then fired from a Monohaler device
into a twin stage impinger. The resulting FPF(MD) 10 was 37%. The FPF(MD) increased to 40%
following a subsequent air jet milling of the powder to reduce any solid bridges between particles in

agglomerates. T{g APWdeY, also.an by Malvern pardicle sizet The combination of heparin
and leucine (95:5) was alsg\%%s?et mgillled@ Luy Kifﬁ“%%é‘ %5%%@\?}/%&?@?0%% rgggf)urtﬁ?ﬁ.f) ‘f?}ré_l f’gtel fé.’l was
passed twice thidigH-thFAMoTtetpowtier Wl Ak snapssioycntaran gastictedizenisTheel(50)
value and the FBF(MD}wvepe siibitarcta theicagulis achiavwed i1 e above sprav:gried poyyders.

5  Thus, once again, the presence of the FCA is able to increase the FPF and FPD of

the dry powder formulation.

It has also been found that the milling of the particles of one or more mucoactive
agents in the presence of an FCA produces significantly smaller particles and/or
10 requires less time and less enetgy than the equivalent process catried out in the
absence of the FCA. This allows composite active patticles to be produced which
have a mass median aerodynamic diameter (MMAD) or a volume median diameter
(VMD) of less than 5, 4, 3 ot 2um. It is often much easier to obtain small patticles

by this method than by other milling methods.

15
It is known that a milling process will tend to generate and increase the level of
amorphous matetial on the surfaces of the milled particles thereby making them
more cohesive. In contrast, the composite particles of the invention will often be
found to be less cohesive after the milling treatment.

20

The word "milling" as used herein refers to any mechanical process which applies
sufficient force to the particles of active material that it is capable of breaking
coarse particles (for example, particles of mass medium aerodynamic diameter
greater than 100um) down to fine particles of mass median aerodynamic diameter
25 not more than 50um or which applies a relatively controlled compressive force as

described below in relation to the mechanofusion, cyclomixing and similatr methods.

A high degree of force is required to separate the individual particles of one or
more mucoactive agents (which tend to agglomerate, especially if they include

30 heparin which is sticky) such that effective mixing and effective application of the
FCA to the sutrfaces of those particles is achieved. It is believed that an especially
desirable aspect of the milling process is that the FCA may become deformed in the
milling and may be smeared over ot fused to the surfaces of the mucoactive

particles. It should be understood, however, that in the case where the particles of




20 Pure heparin powder was air jet milled with two passes and gave an FPF(MD) of only 7%. The
d(50) of this powder is substantially larger than that of the leucine containing air jet milled sample. 25In
a further example, a USN was used to prepare dry powders using a feed solution of an active agent
(heparin) alone, and a blend of active agent with 1% to 5% and 10% w/w FCA (1-leucine). The
ultrasonic nebuliser output rate was 130 ml/hr. The furrfdce temperature of the nebulised powders was
set at 350"C. Figure 2 shows a schematic drawing of the ultrasonic set-up. - 45 - In order to test the
processing of therpowderseworkosasvecigduatadeusiagdy Monabalenaida kapsyledilad xish 20mg
powder and fireqitsq &4anid S 3 e MARTELEXPADSH PrvouslY, Hhe Uy, Used,a TS flow rate
of 601pm with a cutoff of approximately 5um %hr € measurements ere made for @ach blend and the
results are sumi&REEAHYIFRAYigthg el mparsprt vhinadsobaiahinredlingpos ressrpbibtained.

Table 2: Rapid F&ffieisulls ugihgithecdryifondes peneisgad usingaddRN with varvin 10 amounts of FCA
FormulationsFPF% (metered dose) FPD (mg) Heparin (0% leucine) 1.1 1 0.22 Heparin + leucine (1%
wiw) 17.43.5 Heﬁparin + leucine (2% wi/w) 30.26.0

he method generally involves bringing the particles of FCA into close contact with
the surfaces of the mucoactive particles in order to achieve coated particles. A
degtree of intensive mixing is required to ensure a sufficient break-up of
agglomerates of both constituents, dispersal and even distribution of FCA over the

10 mucoactive particles.

As a consequence of the milling step, complete or partial, continuous ot
discontinuous, porous or non-porous coatings may be formed. The coatings
originate from a combination of hepatin and FCA particles. They are not coatings
15 such as those formed by wet processes that require dissolution of one or both
components. In general, such wet coating processes are likely to be mote costly and
more time consuming than the milling process of the invention and also suffer from
the disadvantage that it is less easy to control the location and structure of the
coating.
20
A wide range of milling devices and conditions are suitable for use in the method of
the invention. The milling conditions, for example, intensity of milling and

duration, should be selected to provide the required degree of force.

25  Ball milling is a suitable milling method. Centrifugal and planetary ball milling are
especially preferred methods. Alternatively, a high pressute homogeniser may be
used in which a fluid containing the particles is forced through a valve at high

pressure producing conditions of high shear and turbulence.

30  Shear forces on the particles, impacts between the particles and machine surfaces or
other particles and cavitation due to acceleration of the fluid may all contribute to

the fracture of the particles and may also provide a compressive force.



Hein + leucine (38/0 w/w) 28.65.7 Heparin + leucine (4% wi/w) 48.4 9.7 leatin + leucine (5% w/w) 41.5
8.3 Heparin + leucine (10% w/w) 55.8 11.8 The rapid TSI results using the dry powder produced using
the USN indicate a very low aerosolisation efficiency for pure heparin particles, but an improvement
appeared in FPF with addition of I-leucine as a FCA. 15 In a patrticle size study, the particle size of the
spray dried particles formed using the USN was analy”s‘%%i.‘ The dry powders were dispersed at 4ba_r in
Sympatec particle sizer (Helos dry dispersed). The values of d(10), d(50) and d(90) of the ultrasonic
nebulised powdeérs vk renersaderesdrandbare indicated linthe tadileritiolv( 1094l 2Rvakiae of the

particles are of q)gf§gtm§§ssgmpyogy}gggﬁge&t}pg%gsrgglgw the d(10) value, 50% by volume of the
particles are of a size, measured by Sympatec, that is below the d(50) value and so on). The values

are an average of three measurements, In addition, the percentage mass of particles with a size of
less than Sum wast2ebtainegefronrthechaltitlensize tiathigh is upressadas kR which are

5 capable of pressures up to 4000 Bar, Niro Soavi high pressure homogenisers
(capable of pressures up to 2000 Bar), and Microfluidics Microfluidisers (maximum
pressure 2750 Bar). The milling step may, alternatively, involve a high energy media
mill or an agitator bead mill, for example, the Netzch high energy media mill, or the
DYNO-mill (Willy A. Bachofen AG, Switzerland). Alternatively, the milling may be

10 a dry coating high energy process such as a MechanoFusion system (Hosokawa

Micron Ltd), a Hybridizer (Nara) or any similar highly intense compressive process.

Other possible milling devices include air jet mills, pin mills, hammer mills, knife
mills, ultracentrifugal mills and pestle and mortar mills.

15
Especially preferred methods are those involving the MechanoFusion, Hybridiser

and Cyclomix instruments. Also especially preferred is an air jet mill.

Other suitable methods include ball and high energy media mills which are also

20 capable of providing the desired high shear force and compressive stresses between
surfaces, although as the clearance gap is not controlled, the coating process may be
less well controlled than for mechanofusion milling and some problems such as a
degree of undesired re-agglomeration may occut. These media mills may be
rotational, vibrational, agitational, centrifugal or planetary in natute.

25
It has been observed in some cases that when ball milling mucoactive particles with
additive material, a fine powder is not produced. Instead the powder was compacted
on the walls of the mill by the action of the mill. That has inhibited the milling
action and prevented the preparation of the composite active particles. That

30 problem occurred particularly when certain additive materials were used, in cases
where the additive material was present in small proportions (typically < 2%), in
cases where the milling balls were relatively small (typically < 3mm), in cases whete
the milling speed was too slow and whete the starting particles were too fine. To

prevent this occurring it is advantageous to ball mill in a liquid medium. The liquid



- 46 - Table 3: Panicle size study of aura dried particles using USN Formulation u(10) ni d(50) m d(90)
m FPF% (<5;xm) Heparin (0% leucine) 0.43 1.07 4.08 90.52 Heparin + leucine (1% w/w) 0.41 0.90

1.79 99.97
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medium reduces the tendency to compaction, assists the dispersal of additive

material and improves any milling action.

The liquid medium may be high or low volatility and of any solid content as long as
it does not dissolve the mucoactive particles to any significant degtee and its
viscosity is not so high that it prevents effective milling. The liquid medium
preferably is not aqueous. The liquid is preferably one in which the additive material
is substantially insoluble but some degree of solubility may be acceptable as long as
there is sufficient additive material present that undissolved particles of additive
material remain. Suitable liquid media include diethylether, acetone, cyclohexane,
ethanol, isopropanol ot dichloromethane. Liquid media ate preferred which are
non-flammable, for example dichloromethane and fluorinated hydrocarbons,
especially fluorinated hydrocarbons which are suitable for use as propellants in

inhalers.,

The results of spray drying heparin and jet milling heparin with an FCA (heparin +

leucine (95:5)) are set out below in Table 1.

Table 1: Particle size study of spray dried and jet milled heparin with FCA

Formulation d(10) | d(50) | d(60) | d(90) | Yield |FPD
% <5um

Spray dried collected from | 1.2 2.7 3.3 7.2 55 37.4

cyclone

Spray dried collected from | 0.4 0.9 1.1 >100 |15 25.0

cyclone

Spray dried collected from | 1.1 2.6 3.1 5.9 40.2

cyclone and then jet milled

Spray dried 6.5hr 75

Jet milled 1x 0.85 3.4 4.2 8.8 20.4

Jet milled 2x 095 |35 4.1 7 37.1

Jet milled 3x 1.1 2.8 3.3 5.5 41.0

Jet milled heparin 1x 7.0

Pure heparin 12.0




Hesanleucine-7.7 /w) .(2% 0.41 0.89 1.75 100  Heparinucine (3% w/ 0.41 0.88 1.71 100 ie
armeucine (4% wi/w) 0.41 0.86 1.71

10

15

20

25

_ 44 -

Heparin and leucine (95:5) in a 2%(w/w) solution was spray dried using an SL10
spray drier, with a conventional two-fluid atomiser. The powder was spray dried at a
temperature of 250°C and a nozzle air pressure of 80psi. The liquid flow rate used

was 32 ml/min.

The resulting powder was collected in a cyclone. This powder was then secondary
dried under vacuum. The powder was then filled into capsules at 20mg, and then
fired from a Monohaler device into a twin stage impinger. The resulting FPF(MD)
was 37%. The FPF(MD) increased to 40% following a subsequent air jet milling of
the powder to reduce any solid bridges between particles in agglomerates. The

powder was also analysed by Malvern particle sizer.

The combination of heparin and leucine (95:5) was also ait jet milled using a
Hosokawa Micron AS50 mill. The material was passed twice through the mill. The

powder was also analysed by Malvern patticle sizer.

The d(50) value and the FPF(MD) wete similar to the results achieved in the above

spray dried powders.

Pure hepatin powder was air jet milled with two passes and gave an FPF(MD) of
only 7%. The d(50) of this powder is substantially larger than that of the leucine

containing air jet milled sample.

In a further example, a USN was used to prepare dry powdets using a feed solution
of an active agent (heparin) alone, and a blend of active agent with 1% to 5% and
10% w/w FCA (I-leucine). The ultrasonic nebuliser output rate was 130 ml/hr. The
furnace temperature of the nebulised powders was set at 350°C. Figure 2 shows a

schematic drawing of the ultrasonic set-up.



100 Heitarin + leucine (5% w/w) 0,41 0.41 0.90 0.89 1.84 1.76 100 100 He arm-F. leucine (10% w/W)
It can be seen that particles formed using a spray drying process involving an ultrasonic nebuliser
have been found to have a greater FPF than those produced 5 Using a standard spray drying
apparatus, for example with a two-fluid nozzle configuration. What is mate, the particles formed using
a spray drying process using a USN have been found to have a narrower particle size distribution than
those produced using a standard spray drying apparatus, for example with a two-fluid nozzle
configuration. Gleady:thetes are.gfhreknovy techpigues forferming fine particlgs comprising a
mucoactive aggﬂt a%g_a FCA. Suc t(—i-_&pniques include, for example, techniques. uslng supercritical

0 a rapid TSI in the

fluids (SCFs), which A Hea Y %%Foreﬁ%&i%gﬁﬁé’é)r‘g%rand nred tnt

mannper explained previously. The study used a TSI flow rate of 60lpm with a cut-

off of approximately Spm.

Three measurements were made for each blend and the results are summarised

below, giving the average values of the three sets of results obtained.

Table 2: Rapid TSI results using the dry powder produced using a USN with varying
10 amounts of FCA

Formulation FPF% (metered dose) | FPD (mg)
Heparin (0% leucine) 1.1 0.22
Heparin + leucine (1% w/w) | 17.4 3.5
Heparin + leucine 2% w/w) | 30.2 6.0
Heparin + leucine (3% w/w) | 28.6 5.7
Heparin + leucine (4% w/w) | 48.4 9.7
Heparin + leucine (5% w/w) | 41.5 8.3
Heparin + leucine (10% w/w) | 55.8 11.8

The rapid TSI results using the dry powder produced using the USN indicate a very
low aerosolisation efficiency for pure heparin partcles, but an improvement
appeared in FPF with addition of l-leucine as 2 FCA.

15 |
In 2 particle size study, the particle size of the spray dried particles formed using the
USN was analysed. The dry powders wete dispersed at 4bar in Sympatec particle
sizer (Helos dry dispersed). The values of d(10), d(50) and d(90) of the ultrasonic
nebulised powders were measured and are indicated in the table below (10% by

20 volume of the particles are of a size, measured by Sympatec, that is below the d(10)
value, 50% by volume of the particles are of a size, measured by Sympatec, that is

below the d(50) value and so on). The values are an average of three measurements.

In addition, the percentage mass of particles with 2 size of less than 5um was

25 obtained from the particle size data and is expressed as FPF.




15particle production purposes. Similar to the spray-drying technique, this technique provides a direct
formation of micron-sized particles suitable for inhalation powders. The most commonly used
supercritical fluid technologies for particle production are rapid expansion of supercritical solutions
(RESS) and supercritical antisolvent (SAS) or gas aggsolvent (GAS) methods. 20 RESS is based on a
rapid expansion of a SCF. The process involves dissolving the drug mixture in a SCE, followed by a
rapid expansion of the f|UId causmg the compound to preC|p|tate This technique is capable of
producing unifo#s : ; i i

this 25techniquers [T e tgs A-Sotabiit *" m the SCEs. - 47 - SAS is a
recrystallisation process that relies on the ca %ﬁjﬁty 0 ggﬁ}s c?énq{ asjan grﬁiéa%‘i‘h) to/precipitate
particles within a;jgw;qgs(@l%t;g&lmhke inthe RESS eicBlplque,ﬁg\S w&? netreguire-a high solubility
of the drug compeynds 10 N&RCHS, LHerefore, SAS '5 fore ommercia |\5Z,.gh|n forpowder
production. 5 R a1 1020 e||rd1‘ Litic 89.1917: (SEDS) was introd d

.5 Reggly.a: OftHom STancs eHSpersior oY s Upercrtica introduced,
see for example patent o ||L,ctllt|unoa B Lezz‘éhe, W$B/013245W0 01221 _US 5,851,453 and
WO 96/00610. 5t titaneo8Bispeision, sohnt extraction and particle
formation in a hﬁﬁ.‘??ﬂé’r%’lm‘?ﬁw%"/@#ﬁ id Bdpabld §fégenelatitiy untharged and crystalline product,
with the Capab:t&m%ﬁtﬂﬁ]}mﬁedérﬁové\s]ze rid size @iFiributiondy manipulating process conditions.
Another approadieitineitéabmiguéRhoun) sMulsic)m.pweciditﬁmn. Thiggnethod 15cah be used to
prepare fine particles of mucoactive agent and one or more FCAs. An experimental programme was

conducted to tastthenucalytic gg;{yg;ysq{)ﬁg@c&gg Q g e agents. The rlmary objective of this
initial protocol is Io determ;j n%the mu ontlc act|V|ty (ce% gftyy}{o %33&88%"‘ ﬁfévwscogs:’tf)‘/ and elasticity and

thereby affect 2(1) fearabiliry) 6f heparie TR £t fohesrs spertsFRE cneshuetionsokpotential clinical
relevance. This'gsastittiedrtherSiageringxpprimentfhealomniheisecondaty;abjestive is to compare
heparin with otbeifepaiix fractions in a screening test for activity, incorporated in the Stage 2
experiment. 25 The experiments were carried out using a protocol similar to that described by Sun et
al. (Sun F, Tai S, Lim T, Baumann U, King M (2002) "Additive effect of dornase alfa and Nacystelyn on

transportablI|ty\‘é{i"«\olt %seomaétmwoﬂeyﬁmnhhrmﬂ%&mﬂumd&ag ;R%&JJ he4085406), In Stage 1,

several concenttatignsQf :HERANN WEIE NV %gpted he res ill be compared with vehicle
control (ngrmal 0. JaSI\4 505aI|ne) and a control (Nasclyz/%t Bﬂttum LARPRIOsrd B8t Gted from adult

patients Wlth cysatlc S eRe drying apparatus, for example Wlth 2 two-fluid nozzle configuration.

Cleatly there are other known techniques for forming fine particles comprising a
mucoactive agent and a FCA. Such techniques include, for example, techniques.
using supercritical fluids (SCFs), which have been explored for many years for
particle production purposes. Similar to the spray-drying technique, this technique
provides a direct formation of micron-sized particles suitable for inhalation
powders. The most commonly used supercritical fluid technologies for particle
production are rapid expansion of supercritical solutions (RESS) and supercritical
antisolvent (SAS) or gas antisolvent (GAS) methods.
20
RESS is based on a rapid expansion of a SCF. The process involves dissolving the
drug mixture in a SCF, followed by a rapid expansion of the fluid causing the
compound to precipitate. This technique is capable of producing uniform particles,
with control on the size distribution and morphology of particles. However, this

25 technique is limited by the fact that most drugs have low solubility in the SCFs.




- 48 - The magnetic rnicrorheometer was described by King (King M (1988) "Magnetic
microrheometet” Methods in Bronchial Mucology, pp. 73-83.). This instrument is used to measure the
bulk viscosity and elasticity of microliter quantities of mucus. A 100nm steel ball is carefully positioned
in a 1-10 pi sample of mucus and 5oscillated by means of an electromagnetic field gradient. The
motion of this sphere is tracked with the aid of a phﬁo'cell. Plots of ball displacement versus magnetic
force are used to determine the viscosity and elasticity of the mucus as a function of applied frequency

(1-100 radfs). Hiese theolngiealpranauies,can bawsed I predictine affaciivengss of mucus in

clearance, both by ciliary action and for 10clearance by airflow interaction. This instriiment is
particularly suif@dte'TRet pPaEEBHASFRIEE FVBIvHIY NHariglectrsismm Bt i gindh Because of the
minimal sample:cagigrensast dbsogpatata.studies oflapuegciliary elaaranssoneseialan used in the
studies. The frag15 Pﬁ"%é?o??iéﬁ"s”ﬂ% Is lined with c‘dlia\tv QQP@' secrete and clears mucus much the same

A ¢ comimercia A &) owder production.
as the mammalian tracﬁea. Mucoci iary clearance continues ali steaopy rafletfor several hours after

sacrifice afd excision of the palate (King M, Festa E (1998) "The evolution of the frog palate model for
mucociliary clerranes; CiliaMiicus: and Musasiliany nigractions fis1@EB8iL) During this period, the
rate of palatal %notmlécoc%[iarg Plrearanc can be m dulated 8% g ents t%&alt(y the ciliary activity or that
change the propérties of tiie stparticiai ﬁﬁtl%ﬂfarilueﬁ‘frﬁtlﬁ%ﬁss an %é‘%%ﬁia yHeRd? BS wiliting longer (1-2
days in the bultfd§}2/iulisSstdrébidanctse d whfle oiliahjsactivitywontinses dor at least 5-6 days.

During this extended Refiod:yucds fiomendadenous, of eXQQeNRAUs {89 GYstiGfigrosis) sources or
mucus sir%Jlants are ZSé%ansgéé)étgd at rﬂgs that ate reflective of their viscoelastic properties.
Mucociliary velS&Ry tRIG TV were mes&rad By SSBERRAGS RRY&ES 87 hiovenidtt FPaREfogenous mucus,
using a calibrateichrizcresdope ahdoatstdpwatchicM@xeisccomp diediastihre ldistangelofimarker particle
travel divided by &lapsed dime,{m_m/s). 30A mean of five consecutive runs for each test solution are
used to compute each value of MC V.

Another approach is the technique known as emulsion precipitation. This method

15 can be used to prepare fine particles of mucoactive agent and one or more FCAs.

An experimental programme was conducted to test the mucolytic activity of selected
mucoactive agents. The primary objective of this initial protocol is to determine the
mucolytic activity (capacity to reduce the viscosity and elasticity and thereby affect
20 clearability) of heparin in cystic fibrosis sputum at concentrations of potential
clinical relevance. This constitutes the Stage 1 experiment, below. The secondary
objective is to compare heparin with other heparin fractions in a screening test for

activity, incorporated in the Stage 2 experiment.

25 The experiments were carried out using a protocol similar to that described by Sun
etal (Sun F, Tai §, Lim T, Baumann U, King M (2002) "Additive effect of dornase
alfa and Nacystelyn on transportability and viscoelasticity of cystic fibrosis sputum”
Can Respir J, 9: 401-406). In Stage 1, several concentrations of heparin were
investigated, and the results will be compared with vehicle control (normal 0.15M

30  saline) and 2 control (Nacystelyn). Sputum samples were collected from adult

patients with cystic fibrosis.




- 49 - When interpreting the results of the studies discussed herein, the primary variable of interest is
the decrease in mucus viscoelasticity, expressed as delta log G* (corrected for vehicle treatment). A
significant decrease in log G* at a given concentration of heparin is taken as evidence supporting
inucolytic activity. Mucociliaty clearability (rate of clearance of mucolytic-treated sputum relative to
vehicle-treated sputum) is a second variable of interéSt, Tvlucolytic treatments that reduce the degree
of crosslinking, without destroying the basic mucous gel structure should result in an improvement in in
vitro clearability 1t0. St i -Response) From. each of 10 CF sputum samples, up to 6
aliquots of approxima?eglls %(%Egr%ﬂ%gaggr%%vgﬁé .ﬁéﬁ‘ﬁ%&%ﬁ%@%ﬁ%{%ﬁ% "Witets#ser 0.9% NaCl or
with one of the CORCEREEHETE Of HBPATHT, BronmhiaMeatdeysieirs-Balysimate Al {309 mcg/mL) Prior
to_lncubatlon an@NdIk@vmmgsunéspuwnkme@@@%@g{a@&;@ 5@%&%%955%@%&@4 magnetlc _
microrheometry A T, mugcolytic effect gl?achmsmolutl n is defined by the mean fractional decrease in G*
(vector sum of viscosity and elasticitys ovef fhe 1084 Fé%otéétéﬂ?ﬁ“‘ﬁé’fréélﬁﬂﬁ &#eé summarized in
Figure 3. It ¢an B¥'Sa6H Fomcme of aphltiapthez20agtritsaested.exhibitedishe dasiy eshagtivity and act
as mucoactive agentsefuithesmare, whils dhelowest desqiok ieparin. has little effect, the activity of

the heparin is dgge dependent and increased doses are clearly'effective and will $8§i& mucus

clearance. It is aiso of note that the NAL Wag SREEHTR‘R e chscantration Gompared to heparin
25 Stage 2 (HepBiiif EFARAS dhd At 1efari T FormuationpThe siesign.of thisexpgriment was similar
to Stage 1, excepidiar theM&Qtﬁafeh@ﬁa{m;@sf{@@f@gﬁg&ngo%ag sctiggxn countrol. he results are shown

n an

in Figure 4,,30Data points 1 and 2 are for heparin decasacharride, poTnatcs an Afeére for heparin
polysacchafl(r)?de,C %f%jﬂbcéir{i sagqg)r%%tearraedf‘(?flur%%é%ﬁﬁff‘&i@&%éﬁéﬁﬁ‘é%saﬁt@r@tm1: and 5mg/ml
respectively. - BEPPTHE testdts stwviathenddslkitthe ifierenge pndheslagical @ffect.qf the two heparin
fractions versusdhgleriginatmpfractionated heparin Each of them results in a dose-dependent
mucolytic effect, i.e. a decrease in logG that's greater for 5 mg/rub than for 1.6 mg/ML. At 5 mg/ML,
the decrease in logG* for the original unfractionated heparin is a little greater than for the two new
preparations. ThegRMHpbwtislicorpusitiche ot hepeesent invention arg.rgferablydelivered by an

inhaler device, pansé praferablydy.adpypwder inhaler (DPD). This type of inhaler is commonly used
for pulmonary qgministraﬁiion of a dry powder 10fo?ﬁ%ﬁ"i§t%é‘ﬁfpf s, ’é}é%‘ésrd’ﬁ)fgj}ié}‘é fartAér aspect of the
invention. a DP| Iesmamma an trachea. Mucociliary clearance continues at a steady rate for several

hours after sacrifice and excision of the palate (King M, Festa B (1998) "The

evolution of the frog palate model for mucociliary clearance" Cilia, Mucus and

Mucociliary Interactions, pp. 191-201). During this period, the rate of palatal
20 mucociliary clearance can be modulated by agents that alter the ciliary activity or
that change the properties of the superficial fluid layer (mucus and periciliary fluid).
By waiting longer (1-2 days in the bullfrog), mucus secretion ceases while ciliary
activity continues for at least 5-6 days, During this extended period, mucus from

endogenous or exogenous (e-g. cystic fibrosis) sources or mucus simulants are

25 transported at rates that are reflective of their viscoelastic properties.

Mucociliary velocity (MCV) were measured by observing the rate of movement of
endogenous mucus, using a calibrated macroscope and a stopwatch. MCV is

computed as the distance of marker particle travel divided by elapsed time (mm/s).

50 A mean of five consecutive runs for each test solution are used to compute each

value of MCV.,




provided, for dispensing the composition of the present invention. The DPI may include a reservoir for
holding the powder formulation and a metering mechanism for metering out individual doses of the
formulation from the reservoir. Examples of such devices include Turbohaier (trademark)
(AstraZeneca) or Clickhaler (trademark) (innovata homed Ltd). Alternatively, the dry powder inhaler
may be arranged to use pre-metered doses of the fdrmulation packaged, for example, in hard or soft
gelatin capsules or blister 20 packs. The Rotahaler (trademark) (GlaxoStnithKline), Spinhaler
(trademark) (R -P RO Cyclohaler (trademark) (Pharmachemie Thy.) and Monohaler
(trademark) (M?g?%?é%%g%%%ﬁ%ﬁ?g %5’2 of 5%%%%&1 er |rs1%1%?eerr.eﬂﬁ(te |?1%]ﬁrhac§£/ Vglalrézc{)%%r&gides a
metered dose o??ﬁ@%ﬁﬁﬁ?d%ﬁﬁ&%ﬁ%ﬂ}%iﬁ@%@d?ﬁ%w inpitarerior ssitgblatii’ capseledr blister

pack. The aforefoentiacied:-derices. ares2apRGsive-drvicas, Iy actve Gevices SHERRS 3R Aspirair
(trademark) deyice (see WO 01/00262 and GB 235322? may also lﬁ used. Preferably, the inhaler is

. taken as evidenc 11 . 5 .
arranged to dispense one or more 0s6s orthe Tormuiation, each doss %Ooct‘ﬁ‘ﬁﬁ’s‘f?f@‘é?f ective amount

of one or mére friEGAcidve0 afeneelribdtmtnde pvaitabié for intredhiidn tFhedgseumpy comprise not

more than 250rag2beMe.eh POk Mueqackiye.agants. Areiprably. nokmore han £0gmg, more
preferably not more ﬁgﬁg 58%%3@ most pr%ﬁe ably not more than 20mg of one or mom nnicoactive

FOREBFHORE THUCHHEGE UYETHY! Héferably at least

agents. The dose may comprise at ieast Sh
20mg, more preferabiyretderst’5omgleAapreferred dose comprises 70-80mg one or more mucoactive
agents. In another embodiment of the present invention, the DPI is adapted to deliver one 50r more
mucoactwef Oagegts to tkﬁedea%& Iér%%gkg patient at a dose of at least 5,000 According to another

aspect of the pre@&StilttsRisH: §B%8%6Povided for use in a DPI containing as amount of the

composition whithsearprigeld 4tHeast20mgpofelOgne oraipretmiicopactivienagents. Breferably, the DPI

according to the jayention lsanged §o4se:a paskagepcerrding:1ohe invention, According to a yet
further aspect of the present invention, the compositions according to the invention are used for use in

therapy. PrefersBRHE R 3o tRE P o Hatis SUioRan afEdasssNiion 3Y%olve excess mucus in
the airways or problemhs dering imubas fromdiielainvays, examples ofwhich are disayssed above. -
52 - Claims; 1. &50mposionihal aasislsMuGHS SIealangs, NG CRMPQRIion FoMpLising gne or more
glycosaminoglycans and a hydrophobic amino acid, wherein the

1s defined by thie mean fractional decrease in G* (vector sum of viscosity and

elasticity) over the 10 samples tested.

The results are summarized in Figure 3. It can be seen from the graph that the

20 agents tested exhibited the desired activity and act as mucoactive agents.
Furthermore, whilst the lowest dose of beparin has little effect, the activity of the
heparin is dose dependent and increased doses are clearly effective and will assist
mucus clearance. It is also of note that the NAL was effective at a lower
concentration compared to hepatin.

25
Stage 2 (Heparin Fractions and/or Heparin Formulation)
The design of this experiment was similar to Stage 1, except for the use of heparin

size fractions and Nacystelyn control. The results are shown in Figure 4.

30 Data points 1 and 2 are for heparin decasacharride, points 3 and 4 are for heparin
polysaccharide, and points 5 and 6 are for unfractionated heparin each at 1.6mg/mlL

and 5mg/mL respectively.




5composition is a dry powder for pulmonary inhalation and wherein the composition comprises 2% to
10% wi/w of hydrophobic amino acid. 2. The composition as claimed in claim 1, wherein the
composition is able to reduce inflammation. 10 3. The composition as claimed in claim 1 or 2,
comprising one or more further mucoactive agents. 4. The composition as claimed in any one of
claims 1-3, wherein the 15glycosaminoglycan is h"efb%lfin and/or a heparinoid, preferably wherein the
hcparinoid is danaparoid sodium, or dermatan sulphate, or wherein the heparinoid contains heparin,

dermatan sulphate and chondroitin sulphate.. 5. The composition.as claimed in any one of claims 1-4,
wherein the ZOh(I:%Fnr&S)lgl S|ogﬁ végggr !ﬁ%%g%%t%é éeflgélé |6%I§< EO J)C%)feé\ffl %ta%% 5(%7 %?ﬂ%tr\}\?een 70 and 99%,
or between 80 &rei0996::615The Casipbsitiorr agrelaihveddnclBirh S Mhereisstie Lontsesition has a fine

particle fractionigf hetwesr &Qand80%; or.ketwesn G0a8k 0%, 22.4. Thescaprasition as claimed
in any one of clfairn]sél-G, c%mgri?

in ticles of a glycosamjnoglycan and a force control agent. 8.
The compositiofi as ¢ N a’ﬁ%%ﬁ ?%C?ﬁa‘e%efé?éggc%n Pgléﬁé)ﬁ f&%b’gﬁryicélr%?ﬁ%%cid or peptide,

or derivatives thereof, ia phokpheligidbor @nibtatstearatesprrviverein the force control agent is
leucine, lysine, cysteine, or mixtures thereof. - 53 - 9.The composition as claimed in claim 7 or 8,

wherein the force control agent . i _ _
e dry powder compositions of the present invention are preferably delivered by

an inhaler device, most preferably by a dry powder inhaler (DPI). This type of
inhaler is commonly used for pulmonary administration of a dry powder
70 formulation. Thus, according to a further aspect of the invention, a DPI 1s

provided, for dispensing the composition of the present invention.

The DPI may include a reservoir for holding the powder formulation and a
metering mechanism for metering out individual doses of the formulation from the
15 reservoir. Examples of such devices include Turbohaler (trademark) (AstraZeneca)

or Clickhaler (trademark) (Innovata Biomed Ltd).

Alternatively, the dry powder inhaler may be arranged to use pre-metered doses of
the formulation packaged, for example, in hard or soft gelatin capsules or blister

20  packs. The Rotahaler (trademark) (GlaxoSmithKline), Spinhaler (trademark)
(Rhone-Poulenc Rorer), Cyclohaler (trademark) (Pharmachemie B.V.) and
Monohaler (trademark) (Miat) are examples of this type of dry powder inhaler. The
invention also provides a metered dose of the formulation contained, for example,
in a hard or soft gelatin capsule or blister pack. The aforementioned devices are

25  passive devices, but active devices, such as an Aspirair (trademark) device (see WO

01/00262 and GB 2353222) may also be used.

Preferably, the inhaler is arranged to dispense one or more doses of the
formulation, each dose comprising an effective amount of one or more mucoactive
30  agents to be made available for inhalation. The dose may comprise not more than
250mg of one or more mucoactive agents, preferably not more than 100mg, more
preferably not more than 50mg and most preferably not more than 20mg of one or

more mucoactive agents. The dose may comprise at least 5mg of one or more




is included in an amount of up to 50% w/v,r, or less than 10/0 w/w, or less than 5% w/w. 510.The
composition as claimed in any of claims 1-9, wherein the composition comprises particles of
mucoactive agent having a MN1AD of less than 10pm, or wherein the particles of mucoactive agent
have a MMAD of 2-5pm. 11,The composition as claimed in any one of claims 1-10, wherein the
10composition further comprises carrier particles, p?éferably wherein the carrier particles have a
particle size of at least 20pm. 12.Use of a pharmaceutical composition as claimed in any one of claims
1-11 in the ma%@gg%%eog a rpsedix% erp%rpt f(t.')li treta%tm? a pulmongr e isease. 35 13. A method of
producing a composition as claimed in any one of crama 1= P He Méthsd corffrising spray drying the
one or more glyEeSarindelycamsrises 40T method asclaimeddnvelagm®3, wherein the spray drying
involves the 20 use of a spray drier comprising a means for producing droplets moving at a controlled
velocity. 15. T?e metFod as ¢ imed in claim 14, wherein the velocity of drgplets at Smm from their
point of generatioh R RSESTRT TGS, 55 RIS THETREHEY B¢ dAikeadmPadif 4875 %fherein the
spray drier tongrises: amaitrasoniganebtdiser dp. e ahethodms: cladmedinakysoa@@f claim 13-16,
wherein the onggpr more 30glycosaminoglycans are co-spray dried with a force control agent - 54 -
18.The method of producing a composition as claimed in any one of claims 1- 11, the method
comprising jet milling particles of the one or more mucoactive agents in the presence of air or a

compressible gascordivjgto another aspect of the present invention, a package is provided for use
in a DPI containing as amount of the composition which comprises at least 20mg of
70 one or more mucoactive agents. Preferably, the DPI according to the invention is

arranged to use a package according to the invention.

According to a yet further aspect of the present invention, the compositions
according to the invention are used for use in therapy. Preferably, they are for use
in treating pulmonary diseases which involve excess mucus in the airways or

problems clearing mucus from the airways, examples of which are discussed above.




519.The method as claimed in claim 18, wherein the particles are jet milled in the presence of a force
control agent. 20. The method as claimed in claim 18 or 19, wherein the jet milling is carried out at
an inlet pressure of between 0.1 and 3 bar or wherein the jet milling is carried 10out at an inlet
pressure of between 3 and 13 bar. 21. The method as claimed in any one of claims 18 to 20, wherein
at least 90% by volume of the active particles are less tRan 20um in diameter prior to jet milling.
1522.'The meth(jS as claimed in any one of claims 13 to 21, wherein 90% of the resulting dried
particles have a 585 less than 10pm, as measured by laser diffraction.

1. A composition that assists mucus clearance, the composition comprising one
or mote glycosaminoglycans and a hydrophobic amino acid, wherein the
5  composition is a dry powder for pulmonary inhalation and wherein the composition

comprises 2% to 10% w/w of hydrophobic amino acid.

2. The composition as claimed in claim 1, wherein the composition is able to
reduce inflammation.

10
3. The composition as claimed in claim 1 or 2, comprising one or more further

mucoactive agents.

4. The composition as claimed in any one of claims 1-3, wherein the
15 glycosaminoglycan is heparin and/or a heparinoid, preferably wherein the
heparinoid is danaparoid sodium, or dermatan sulphate, or wherein the heparinoid

contains heparin, dermatan sulphate and chondroitin sulphate.

5. The composition as claimed in any one of claims 1-4, wherein the
20 composition has a fine particle fraction (<5um) of at least 50%, or between 70 and

99%, or between 80 and 99%.

6. The composition as claimed in claim 5, whetein the composition has a fine
particle fraction of between 50 and 90%, or between 60 and 70%.

25
7. The composition as claimed in any one of claims 1-6, comprising particles of

a glycosaminoglycan and a force control agent.

8. The composition as claimed in claim 7, wherein the force control agent is
30 any amino acid or peptide, or derivatives thereof, a phospholipids or a metal
stearate, or wherein the force control agent is leucine, lysine, cysteine, or mixtures

thereof.
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9. The composition as claimed in claim 7 or 8, wherein the force control agent
is included in an amount of up to 50% w/w, or less than 10% w/w, ot less than 5%

w/w,

10.  The composition as claimed in any of claims 1-9, wherein the composition
comprises particles of mucoactive agent having a MMAD of less than 10um, ot

wherein the particles of mucoactive agent have a MMAD of 2-5um.

11. The composition as claimed in any one of claims 1-10, wherein the
composition further comprises carrier particles, preferably wherein the carrier

particles have a particle size of at least 20pm.

12. Use of a pharmaceutical composition as claimed in any one of claims 1-11 in

the manufacture of a medicament for treating a pulmonary disease.

13. A method of producing a composition as claimed in any one of claims 1-11,

the method comprising spray drying the one or more glycosaminoglycans.

14. The method as claimed in claim 13, wherein the spray drying involves the
use of a spray drier comprising a means for producing droplets moving at a

controlled velocity.

15, The method as claimed in claim 14, wherein the velocity of droplets at 5mm

from their point of generation is less than 20m/s.

16.  The method as claimed in claim 14 or 15, wherein the spray driet comprises

an ultrasonic nebuliser.

17. The method as claimed in any one of claim 13-16, whetrein the one or motre

glycosaminoglycans are co-spray dried with a force control agent
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18, The method of producing a composition as claimed in any one of claims 1-
11, the method comprising jet milling particles of the one or more mucoactive

agents in the presence of air ot a comptessible gas or fluid.

19, The method as claimed in claim 18, wherein the particles are jet milled in the

presence of a force control agent.

20.  The method as claimed in claim 18 or 19, whetein the jet milling is carried
out at an inlet pressure of between 0.1 and 3 bar or wherein the jet milling is carried

out at an inlet pressure of between 3 and 13 bar.

21.  The method as claimed in any one of claims 18 to 20, wherein at least 90%

by volume of the active particles are less than 20um in diameter prior to jet milling.

22. The method as claimed in any one of claims 13 to 21, wherein 90% of the
resulting dried particles have a size of less than 10um, as measured by laser

diffraction.




