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F 7 *159159* MJCOACTI VE AGENTS FOR TREATI NG A PULMONARY

DI SEASE The present invention rel ates—+teo

phar maceuti cal conpositions which are useful in

treat ment of di seases where excess nucus mmmm@mﬂm@mﬁw
the respiratory tract, 5 sueh-as cystic f

chroni c obstructive pul nonary di sease. | n partipeat ar,
the invention relates to pharnaceutical conpositions
f MULDA CTIVIEsA GENTDY FOR TREAFING ANPBUBMONARY ®ISEASE
a viscous gel, the properties of which are dependent
on a variety of 10 factors. Miucus is primarily made up
theaprgée)ﬁt HR@ntan NBEds @pkﬁarﬂl%@cﬁ cgfn BUESMSwhich ate useful in
gl ycoproteins, water ow nol ecul ar m5|ght I ons,

dho tehtmeny Afidisgapis JehereTeRsess MusypisRTESFRSIN the easpieatotyrirast,

B 8¢ cy%c ¥B¥Ris ahd cl&x‘%ﬁ&%b'sé}&&fv@%(ﬂn%ﬁrycél%&e Tnirticular, the
t hree- “di mensi onal structure of gel and determ ne

tiAEenGen relatpr ECRASTPYCCHER] é?raeqsmqﬂts yfor %@lmmtrpni ky pyl@onary
AhhAsdd. € pol yneric conmponent of the nucus gel and
consists of a peptide backbone with glycosyl ated and
non- gl ycosyl at ed domai ns and ol i gosacchari de chains.

MRS SRESs BEL &l pr@ér@&, AREhi&H Ak id6pdn@EAH Jhad BaridBKES
the nmglecule hig yani oni c. The mucins forma

paFET s & RfFeE ng %Ih%? ppixtpteof yarbls pragynts of mucous
ROY BPRIt&ins, AR, 16% Me@khrare%hupme cpxéfadsmnhelpgish Th¥det h
random 20t angl.es eol ogé&é: 1pro erties are

RFIROg e PG » SHEPReCt STa B thert BERCCophF B che (e
| Bmeedi @falrs theturb b f tHeezelaGY deterBfineilie gsl'sRysdbdtyi a8 eRBfkity.
muci n nol ecule |ength. The necrotic activated

neutrophils rel ease | arge anounts of DNA, actin and
M odie isnthe phibaplelolytnepio Icyﬁpbme&e ofittd rhwthue pelehd Wodidists of a

c on 2ases the tangl e
AL e S B BSOS OB AP N L AR R 08 L5
vargoatghauﬁc dhdidse fﬁntprtsypwfoﬁlpbmdl snc?\mllm uarramnlwkes the
a he | er
PR e pol i SO B AR orePt S B PR B0
aharged Guek @nlymsonemabi which krekepgh poopndenegitn “stthtramqrs

tm Qest hl%e rﬁgcgcggsi‘ca?ﬁoﬁ garem&? \Ae%%(agl!l Hn &Q@J ﬁ% &98%

cins dj Acent cin
pﬂnshmrtsm prdetsabingd by tl& degrrg|of myfuy h@rwomatpg gnusimzmolecule

I (S UGRL n2d & Sac WL E e iR %ﬁﬂy&ea;eh% oL g03RGEPAFA da%nn and
e-chai ns and account foOr about 5/0 of the nuci

\mpkgﬁf Whighorlin pRjtmese And mﬁﬁsct\mhrmwﬁpifbmmcaPs)/cqsmtrimbly
QHcr%kgmqng@&nWﬂo%rm 'ﬁkgﬁnwggglasdc mucus gels.

A variety of different types of bonds within airway .mucus 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
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 is weak and readily dissociates, there are very large numbers of
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each individual bond is weak and readily dissoci at es,
there are very | arge nunbers of
11111111121211211212112112121321212232° 1 1 1 | *@00002*

-2- bond sites, nmaking this a significant type of
bonding within the nucus. In addition, nucins are

al so ionized, containing both positively charged am no
acid residues as well as negatively charged sugar
units, principally sialic acid and sul phated residues.
ThEnH8QL 6Ra10 o UG & difhSaht 8N b IR AGItkid! thy muPE €8S 8dition,
i n airway_disease. %oy.S exanple, in cystic fibrosis

( @Pying e Aodpwired, Gpnteiniog HoghRe st chediersd mino Fcif xepidpes as
elelr & @%am%eﬁfspgrhgﬁékhﬁa allynsi'ﬂilc)é_gi‘asﬁﬂh sulphated residues.
transferase ‘activities wwthin the Gol gi, apparatus.

THEe Hegirccol Heer innisaBez mek echeadl irqrsase ihegeyi 4e2ehdicges

I eSitlglle, iMcRtiS ibidsRI(CF) tRHpSop¥iSNIEAI MEINRIES W Rbther
conformation, effectively increasing the polyner size
aplgvaertbstause of ehieratientie gﬁ:’rcwl S EEF @RBTtiSs, WiRHR Hie Golst

| Q?;ﬁkitmx‘hgﬁcﬁﬁ@§1@éac%n§ bate&d @fddzaRgatiy chidsC el @NindNGifter,
i nf1 anmati on, such as CF,_hi nol ecul ar wei g

h ht  DNA
afPragtsies maginmpleculsr gonfarmpatioayeiisrigsly Myreasing shaRdener
agide SYORRIASBRENAHBAS of tthgh@Chel Gadlly, RAGhAY dReases

g
These add_further bondi and bul k to_t he, nmucus, Micus
i §hagacgqrized arnfemaﬁamfﬁ 8 %‘Fgﬁﬁg@ Q«gb &?i Glar weighe
mEXaBh &S Braffilifents espEleatObY dyiddleukaytes, d0da@ppslgsaccharides

LA Al

mechanismfails to clear sufficiently, nucus

| at d t. b h . .
R B M I L e
C anctengiigigBaltd parciollomiasdi tii@obibymare daldor gatvivalivia thlai ch

. ranj i,0f | .1.0f S cton.
TN bR ADkd 0, L APIRLL 0 R2 0 QRS EASL
presesdcsurulpzs tnd whsrbepooglied mpas sputump othegpibeyit is retained in
OB LUGH R} 18 AhEWRY 8o ddUap 2hR Qol@GhEb bOSELh OBhich
an ﬁgbnnf%s 2 se%?g %erﬁétuatfﬁb gyé%g§§%xinﬁec€#on ©
amdy ileafl taprmapicdwg ipHrthobkie 4l obageerton- such as
bacteria (e.g. Pseudononas aerugi nosa) are often able
to establish colonies within 25 the nmucus. Problens
t Bagntien af thg anushein thpgespiitpiyarachatepents ap2itigtlacprioblym as it

SLbMHIALERrudRULL RPRITs buCNE&RLBMES infebdod DR f18MbISRREIES
are unable to effectively clear, Defective neutrophi
perpetuating cycle of infection and’inflammation. Pathological agents such as

bacteria (e.g. Pseudomonas aeruginosa) are often able to establish colonies within

the mucus.

Problems tend to atise 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
disease in CF. Neutrophil proteases and oxidants are released during the process
and these have 2 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



apoptosi s and i npai red phagocytosis are key factors in
t he pat hogenesis of lung 30 disease in CF. Neutrophil
prot eases and oxi dants are rel eased during the process
and these have a nunber of effects. They cause both
cel lul ar damage and inpairnent of ciliary novenent.
They are al so potent secretagggues and actual ly
enhance further nucus secretion. The proteases al so
cl eave anti-proteases and cell -3- surface narkers
f usiurbiee mafmad Edrﬂgtr‘izh a the @
the cycle, hF etgaglhﬂe% as %tﬁaggéglce ects “Urthe e Légé cycle is
i nPa %cﬁ%t ST shcurther impair smges elparencaat thens@nneamlemg
numueasegmetuswacreﬂaﬁtzue&g& B nd .
pro It:nm ng.a .g ¥ I nf Ig ion. &Erlﬁlegrtgs%soa?g%%% érfgaaWF
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situatio t oce accounts for

rmrcboudmi e u&hrfgll?‘g PR} Mé%&thO?faWeém Bat\mtshntBFCF.
There are tvvo mai n causes of nucus retention. The

fi mucus. hypersecretion, where the body
pr%k?ﬁ%%% t‘g(ﬁ slf}e%arué'fse%h’e Y SRR e JE Sirwfis pitrargnEme 10

t hyprseweidn, arhyreslis bedn pﬁd&ﬂéﬁﬂ&wk&t&‘%ﬂ@a% 1d3eRRE mucus and
cl gt bl ar)geemarmun s of rrucg]s qU| ckly enough. Fhe
secon(':]1 caus WHETEPIE (52 CRS ST 3ndsclens sy g amounts of mucus

vipessll astglci Tb*: sectitbeadsd I8 6/hB1QHS rikdSs R aHM@lnL%elasu

city.
NivgRe Y uSC t much nmore difficult for
e ORI & bkt TR e i v eprsabtteee fo

f rtheyoppesiligng wates tolibovrgiba hsicwdhi eltlat frefedm thSiRGHS 10
a way that assi sts cl ear ance have traditionally been
referred to as "nucol ytics" agents. However, this term
gﬁ“}gebré W%cﬁéﬁﬁcgthe muggs mafywqf that ehastag&liagcd Ive R 8kibMy been
QefBRtd &AMy " cus S
T erefore, gc elzt1 gs v\% gggf% qﬁlu”g‘ﬁrén ’é‘f‘yg"réﬁﬁ%‘f"‘é"pés may of
ABADY & &?%Eaﬂ 9 nasembaccﬁfqpe oaglentnscus2 1A SEieedbre,

C@gH'nWhl@E afGt HRBud K8k e 8 vidual s afflicted
with airway hypersecretion an réf&g ABhOr AT SEGLTS 2gents

vi scoel asticity include anti bi ot| c ther apy,
adissitas tsarbdsHT a0fioDRRACH @} Jn@k@&xﬁls élgteg 1E¢by§1:t em ¢ or

|ghal ed cort|$ ster0| ds, or oral cfm ni stration’ of
SEFEEHRR a0/Sr aProymel Butisoircetlastiniy makude antililomtsmadaep

kmdttmﬁlstrhﬁod 6Eiedonthi6difud t Q15 55 ‘é‘ﬂeInIﬂ: @:eiﬁgﬁ CLC&@ s¥er01gs o
nueol ytic” .ag such as water and yperton

e
sa’f | fie o rﬁ??noﬁpexﬁéﬁtﬁﬁﬁfsrfahlfq%@ﬁﬂﬁﬂ Df\ﬁ@enqcue thNas:eynown

ha:strbed& sugfeftrs width hé@ad! dgi:ve%élf RISy {g@ﬁts %%?%ater and
tQ go . enz natlﬁtglly est the na
pease Nt o’ faman PNAsel I {shBiVAsedtae beem, used

ntmtirm ﬁﬁl Shﬁereﬂsﬂ dfkﬂ:tﬂﬁE]Nase 1s thought to enzymatically digest the naked

DNA released into the airway surface fluid from bacteria, neutrophils, and other
cellular debris. It is this DNA which is thought to contribute to the elevated

viscoelasticity 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 treatment for mucus retention in the lungs.

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



cellular debris. It is this DNA which is thought to
contribute to the elevated viscoelasticity of the
mucus in CF sufferers. 30 However, these conventiona
approaches have net with only limted success and
there is the need for cheap and effective treatnent
for nmucus retention in the lunags. Wat is nore, it is
an aimof the present invention to provide a treatnent
which will -4- |lead to a reduction in the nucus

el B&d tCd feduaidal i |t§@1§§&ds)’elﬂ§agty%kl%cm1!fyl anlg]l%;rﬁléht will' result in
| roved cough and alrmay cl earance o e nmucus

TRYFASPBBE A ST & eBTrnchpbthe myfcugiid dwexabtemanamnse by
Agﬁﬂirﬁﬁuﬁlhryaﬁmbﬂ]Dl\lase whi ch digests the naked DNA in
t he nmucus, and gelsolin, which digests actin in the
mucus, have been shown to affect the elasticity
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Sﬁo}? g gh studies, this will ten
i Pt o b dig S(Sﬁbcﬁmé'ﬁ ea‘i“FWéy*‘”@F@é?"aW@é’n tpaffqetrthe Rasticity

hedormpmgemls 6AthRNEREvdY, ¥RPPSsedQb tid JilRE aﬁt&,g&l
cIpeen Su QCESt ed f hat g Seents V\:hIlCh %’;sru i St:[lgleL this will

cr 055-] U RO AIEAY cLeathgess & ?fetaa%brlewguchammby means
el<a’$thacy ztcyaoand viscosity. This is the preferred

result, as it will lead to an inprovenent in ciliary

cl earance, according to nodel studies. 15 Dextrans

hdv basteem suggentd thaegheas d&ﬁ¢mgs@ppﬂk&%dsainky inkBeHcus cause a

a v cus.c rance in_International
PR aaf ok RE N g TS FERS Hhieihite midiemt resuo s 4 wil ead
appkeh tapiopemerttin pléaxsu@ge&tedccofrdiﬁgnd foutitskidypdel s,

t hat dextrans decrease nmucus viscoelasticity and

i ncrease nucociliary clearability. The dextrans are

t Hesurtphes hage bprnvidettified agbtigg pbyentlhliyrasptul Bgent A improving
hMcQQ@@arm@‘jﬁ Me}ﬁgﬁg\ﬁf ﬁulgﬂégb SN\é)VI W&% 99} Oq E%lléollnhtgg iPaegt

t hr ee- di nensi onal nucus structure.
t ABRLcE Hen, das syegpsseds é‘t?ﬁet”e’lfm\m‘bdtht Het dumans flefredshéucus

hyde Bci IiGe oc " th tx ubst | t.ution,
yHeQuRncBondiing as_,ahﬁé iy Vel a3l Ntie Hex BT thonpi o

n% dextran carbohydrate I etles, gosace
¥

Wt P sHer trhyetisrepting a hﬁ‘ifloemﬁcaxdmgv@t\gdrﬂn mutaswithin the

pelﬁu d@fentiBAdl MREE st ol e 1IVG dextrans used
significantl \ [ (t)vver g"%@%rﬁﬁ,—g@g 3(‘”‘%“‘5 compete

t ﬁ'étgéhﬁ%wlﬁ)fﬂ‘r%‘@é‘ﬁ 5%%0% B, Seulieriguin ahd %Pbsmﬂuon by

I Heataghdbahdrade hefié06 ! d AMfligodaBS il € AIEHAYLLING 9 \ffghe}nolecular

C%%Sgﬁt rlnluglé ngetp els ttl'}/at make up the mucus gel. The dextrans used have
significantly lower molecular weight and so these new hydrogen bonds are
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
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 ionic nature of the charged dextran
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within the nucus and this, it is believed, inproves
mucus cl earance by ciliary and cough nechanisns. In a
| at er 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 forns. A charged dextwsan, for exanple dextran
sul phate, is thought to have dual activity. Firstly,

it is said to have the effects due to conpetition for

hyld ltbcg%ht tdt0Re il @ddiiid QS e st Mh R soqnea&qxg ﬁxesaec afﬁ%ﬁéﬂf‘g the

,g lLonie rlat ure gf t he_char ged dextran -
?]aVeOa(_arc]u AEEE P Wﬁlm”éf‘q‘ @?}]{mersﬁlpblpg Ftdgs SOffBﬂéfrcd_uhﬁg the

flqmembaem@milangzdshﬁnkJﬁQJQ et he
king it |ess s 298 ucelmﬁlgeS Pigin the

rrirl)eurs *0 ¥heﬁ?bgrf§ H’érﬂ’sc{?f' fLisity Fl‘ka@ lmhﬂtnrel:tgdﬂsourl ng.
rracr onol ecul es WI thin the nucus and thereby reducing
?G‘g%@%é‘?bt% ye to |og|c interactions. 5 1n WO
1S 4T S0 88f3 Shatghe thetged iptigeshathgede heparin is not
oIS}lgdaslfa@uhaam@pMmerry HJsbfsetﬂsQIch a$ait Q&L@sc 1218 ceé'(egﬁge

sease as CF, because it is pensi ve
LoH rg‘g{% %%’gn%fﬁ B E Lg’s?ﬁﬁ?sﬁlb%%‘ﬁ potenyisdln haee toric cideledfects

pétl‘émﬂ Eaihhynalmventqpxyss ShidR ie81E R gSof B4 R RS RUEANA Ysa.
haenoptysi s, which is bleeding of the tracheobronchia

mucosa. 10 Heparin is a linear polysaccharide which,
altrmgrinstatinee m’ﬁdcqbﬂmee@l@bly QB R8s pHRB @Rs such as

sukphat of macrono ecu es
r eflsegrgr e%ﬂ}%ﬂg&as 1% yg%sogr%l § I§F§8§ﬂ’§“°6ﬁeﬁ@bi B te as

| Blfeesminsiglysins- &legkceﬁtuahydren&hrd{ﬁﬂﬁ[eeudy&es‘é&cmre these

MBGE Q& i &yd Lyed in vari ous biologica
pLocessésmLEﬁ% %q‘égg}r{?nt\{ bqggﬁégﬁocﬁ?é‘ﬁ gg@é‘f&?nflé‘ﬁs

gengtied ufon e articoegytiant béfscedbosad ot Sts Biduiigg plfma anti-

pHﬁSﬂBmEEmI itherd RIQMRLAD hddhenlAELE i dence that
$ar| n and ot her gl ycosan?n%}g{ ydcéétﬁg \{ & 83 mipRlIcaggalso

sSesg J2toqsiant ﬁ%ﬂaéxfmﬁpgyra}adMupmui@uoe;gpﬂoﬁtméy including the
i c em
plheﬁelﬁ drﬁGlelyrﬂxCﬂh‘éG}tE@ &lﬂﬁ @tdzléhaz;do% i : rlﬂ;]t.lch? geRtraphil

che\f/n hoc%/t es npl enment activati on;

nedt T opi O%thé“iﬁ‘ﬁfléﬂF%VthS‘ﬁém@Cmﬂ igtrgrimiPNAandosity.

reduction of intrinsic DNA viscosity. 20 Heparin is a
erL29eneous m xture of variably sul phated

p o%g/ Sacchar T ettt REctiietad vageblibiudrhstedrpolyeighirideahgias with
of mEBO@at 0eig, Y2 oBBDIDRS0,000 D £e0B. WRLIAGLANAIEY ey

heparin (UFH) may be fractionated to give low and high molecular weight fractions
as 1s well known in the art. Fractionated, low molecular weight heparin (LMWH)

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

quantifying the dosages of inhaled heparin reaching the lower tespiratory tract.
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heparin (UFH) may be fractionated to give | ow and high
nmol ecul ar weight fractions, as is well known in the
art. Fractionated, |ow nolecular wei ght heparin (LMAH)
25 has been shown to reduce the viscoelasticity of dog
mucus and i nprove nucociliary clearance on a frog

pal ate nodel. The effects of _ignhal i ng an aqueous

sol ution of heparin using a nebuliser on bronchia

ast hma have been the subject of several studies

HoMev ey Lich@einesitliéiSis @fso 3@nldRESE

|n%onsffj hﬂ 0ssi bl %Vsbe;cause of Hﬁt%qé&%h cal® me(g‘sa

quanti FyPR “‘feﬁi T8¢ B&sthat edharess dbt pregegtion qfela.cdfnzyuge

tf’gi’uthtlhm&fe 1 poPLiralafiyxildnRCNAC 8% ucS st ei ne,
whigh, i ﬁé‘ﬁ#’go conmonly cal | ed acé’%ﬁg‘ggé.ﬂhé %‘Weﬁﬁféta“dls

is a feak up by thidsamerys pfen B%?ﬂttlhaFOEéﬂthfﬂ@mg fiole

probehnit teopirQbrytdiene8RZ YR avAlabledt Bh QDE so1did0
NAC i s known 10 be a chZ\%t@?‘{gl)neXgzﬂg;jr‘Gl:cnotmySt (jrade

ant | %m dant
SBAT 48 HedPersii @arergprlisebanchinbidedrucus of t en

present |n peopl e suffering froms5 chronic respiratory

| |s .avai l abl e in_an oral solution as
Nu\*é%%ght F(rt“é‘ Scﬁéﬁe&a‘%ﬂ?ét‘ UtyrPfsembinies hrddogsn bond

aepmseﬂmcsmhdannhclsmamt@dn oW¥e |16 brdvitR PiwioOfolPhbde of redu ing
conbi_ni ng hydr ogen Ondc

0§Si
npetitlon ang' alc?fﬁ ’?:t°§ ‘1yefo HPHgeThansRe bY Mdichrtbyi de a
t \mchsdmnmiey bé redechdcinAghe fiQsdid GiSnNbSGRR @ﬁist BebY other

t RRLE: Dshurther nechani sms by which
vi scoe ggsttl%cp t‘)r/ld(f'rﬁne ye TEGGEE “éfﬂfa’t‘shf@r psEssiag gucus clearance,

i pRpspieihoin prdekss sefferingerdrh esmmxh&mch HREBE@N]iS#T8is (OF), chronic

PHE j or assisting

ey O e T e B DT R B s, Sraterigor

f Pepckisetaiiti ons such as cystl c fibrosis (CF), chronic

obstructive pul nonary di sease (COPD), chronic

b nchitis, acute asthma, or 15 bronchiectasis. Micus
Pl EaEARCA 52 b Be IFPERAcYY dogudimithe ivivgositand bl et bY the

amdcal strgrgyteodfn er,e.,are a nunber

of __.mec %anl sns Jnin%ﬁ o?%gg%n%rg%t?gr‘t DL thess prggertes can be

atifesteddg “P%Stésf‘st*’s‘fe by savedinrge by bliaryoughinrgs otwbicidrafiation

nefheens. or a by conmbination 20 of the two. Firstly,

the cross-links within the nucus gel structure can be

di srupted. This can be achieved by agents which break

tFiestlglj the wtphiidls dRREShHORLWRER] (AR oflk YEPR! 8L %H‘% This can be
ternatively or additiona e

Ca}c%gegeq éyn?%nwvf%f%@lﬁcﬂ%thﬁﬂéﬁl plgtéf: bonds between the glycoprotcms

within the mucus. Alternatively or additionally, the cross-links within the mucus gel

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 ionic agent,

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

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



25 structure may be di srupted by agents which conpete
for hydrogen bonding sites, as described above in
relation to dextran. Furthernore, the ionic bonding
which exists wthin the gel can al so be disrupted, by
shi el ding the charges using an ionic agent. This has
been described in connection.with the use of a charged
dextran. 30 Secondly, the rmucus may be dil uted by
increasing its water content. This will reduce the

gemc&awmbﬁty WAt cWh{:bl SaRE HAGHSs & &@ﬁ&ncglthehum and are

Ny . ni stering an agent
¥h ﬁe%ore agﬁotf’ﬁ\}\?c%égl%\‘?t?lfﬁ‘?fSﬁ‘ﬁénfhﬁe{ﬁsa%yss th eirwayngpithelium.
osnDtl c effect. Alternatlvely, the water content of
cu ncreased agents which control
so?b’g&r# ccﬁ%fﬁﬁ%‘? §F Thﬁ "?'Ff'é’ Nﬁganémdrmr- wi#n dehels,aneh as filamentous
5t hetief foned abthe thdrubk@risd ﬁ&ud&ﬁh@kﬁc&fty S Llagﬂg? WRLE" € mucus.

across the airway epithelium Thirdly, diges
the naked DNA and ot her cellular debris, such as
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25 Eéyvg ge% may be an agent Whlc&]%as a therapeutic effect which will assist in the
treatment of the underlying cause or the symptoms of the conditions mvolvmg
airway hypersecretion and/or abnormal mucus viscoelasticity. Alternatively, the

additional active agent may be included to treat or prevent a different condition.

30 Ina particularly preferred embodiment, the additional active agent is an anti-
inflammatory agent, such as one of the anti-inflammatory agents listed below. The

composition may therefore, for example, comprise a combination of NAC and

ibuprofen.



addi tional active agent may be included to treat or
prevent a different condition. 30 In a particularly
preferred enbodi nent, the additional active agent is
an anti- inflanmmtory agent, such as one of the
anti-inflammatory agents |isted bel ow. The
conposition may therefore, fargexanple, conprise a
conmbi nati on of NAC and ibuprofen. -8- In another
enbodi nent of the invention, the nucoactive agent for
reducing the cross-linking within the nucus is an
mglch has hydrogen bondi ng sites which conpete
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cross-linking is a glycosani nogl ycan.

d ycosam nogl ycans are a group of

h opntain an N-acetylated

o A L 2 B R Pispralan i ot de
15 urﬂggnt ferdriing rosalivief Brieddoghicadaah. nGgicy&&ﬁmogI)lcE]ns are a

NG vetel e nvention arin
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mﬂhér@fﬂeﬁTchEP‘ﬁHPg Hisprshinide @iy (Fdpsiimgyl ayprefekreh &Yy cba@finoglycan.
di scovered that this high nmolecular weight form of
heparin is effective in assisting mnucus clearance and

i t12 1988 c@bedimsakef the prrsentdntratinmrthe éépfaeotwsme:ntthanodnpwmons

20 mb&@ﬂh@mm%hh Brnﬂﬁécluﬁgaref Bt ﬂe%quql thr nH een
vi scoel t|C|ty |n vitro. § In"an a g

e 56 Freshihat ?‘Ffehlgﬁeﬁ’ahchlaﬂg@ahtafsrfa Oﬁhwaletw vféecagent ashibting
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ht fractions of heparin.

‘if@‘lﬁ*w € é‘i%“? i %?F’écl%hwé%vcmaquyflsavelasmm & vétred
nay al so be used as rnucoactive agents in the present

iqventlon Such gnalo ues include sul phated
5 n 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
mucoactive agents in the present invention. Such analogues include sulphated
heparin and glycosylated heparin. Surprisingly, the inventors have found that
sulphated heparin is more effective that non-sulphated heparin in reducing the
elasticity of human mucus. Accordingly, in a preferred embodiment of the present

ivention, the composition comptises sulphated heparin as 2 mucoactive agent.



30 heparin and gl ycosyl ated heparin. Surprisingly, the

i nventors have found that sul phated heparin is nore

ef fective that non-sul phated heparin in reducing the

el asticity of human nucus. Accordingly, in a preferred

enbodi nent of the present invention, the conposition

conpri ses sul phated heparin as .a nucoactive agent. -9-

Heparin derivatives are conmonly termed hepari noi ds

and these may al so be used in the conpositions of the

present invention. Heparinoids are closely related to

heparin and share many of its properties. Heparinoids
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Keratin sul phate and hyaluronic acid arée furt
gl ycosam nogl ycans whi ch may be 10 used as nucoactive

ag@m::ﬁlrdlﬂni i1e aﬁ&H&‘@bﬁ% B8NSy fsarthABgIPEAS GRtchl rgéetflzt LL @ in the

ates such as_heparan
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detrepamansus;wapas ateh ArnepeRaBapRit prowedpRhat e and is
useful in reducing the cross-linking in mucus. Another
heparinoi d which may be used conprises a conbination
OfIChElptamlbndl@tet ﬁﬁiﬁhalprst:lﬂltphﬁuﬁoﬂﬁﬁ(ej ﬁﬁ@&?ﬁ@t E eﬁﬁls dalnaparmd
sul,plat ep rring and synthetic hi
sul phat ed™ ]l uc%slgcrﬁl;nlrogﬁ can%argroé DL Bk g’%ﬁ Pdium
m}g]@saqfthepgaag@ghege Wierotamaylpioee hdtb&kld)d&dnduﬂmﬂﬂﬁate and is useful
CQAPQREL) A 0f il iR t
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cross-linking within the nmucus to be cleared. 25 G her
poY %é]&c?féﬂf%gmég}’lﬁbetfqlbxhlgthysam'lu@girymaglscmyxe_beso
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ag(ﬁ; shoul have an average nol'ecul ar wei ght
HC13B CHRGY kg Mithis, B @SB p Beedegradnan 20, 000 and

even nore preferably less than 10,000. 30

ess

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,

more preferably less than 20,000 and even more preferably less than 10,000.

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

lysine, arginine and histidine, and their derivatives. These amino acids are thought
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Finally, a further group of mucoactive agents capable
of assisting nucus clearance are am no acids.
Particularly effective am no acids include basic am no
acids such as |ysine, arginine and histidine, and
their derivatives. These am no acids are thought 1 1

C, 10- to assist nucus clearange by increasing the
transepithelial potential difference, causing a
stimulation of chlorine transport, which induces water
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derivative Nacystelyn are also e

nu?S%%ﬁ?%%lﬁéﬁﬂfgdwmﬂfﬁn%Wé SU|tabIe for inclusion in

the 10 conpositions of the present invention. |ndeed,
fficacy is indicated_ in  the experlnental
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enddadéfietite mﬁccﬁhﬁfc@%@nt@@ﬂﬁﬂh A& sieBN fbOinktIBHHE & the
Cross shi.el d|n t he charggs on the nucins,

OB PEUDEF G YERE PUTRED: HErGAR SeteTSE B iwBdndicated in
adﬁaeqmﬁmﬂmcmﬂszdSunkabbaoﬁharged agents include

charged gl ycosam nogl ycans, as di scussed above,

i ncludi ng, for exanple, heparin sul phate, heparan
Slﬂlnphﬁﬂttbst prefemeldmmpadlmedt S(&Hh‘géﬂ ageh i@ lusq0loyrs e I&?Js‘s-@ﬁkmg

hos tes may,al so be used,. such as
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ori de utron or t
ad?émrsn sephatgss mﬁmangotdrﬁ@dmnxos@:ﬂer piliragchatitidbuiphidie or

mgau%ﬂqyes oy SIsURE 1O, 108 izl Pl gfsteg“ dg osgh?teg WEEN

gl'ycoprotein subunits are conpoun
s AHpHBHYS P uUefRpiifs s fcAPabde Q%d‘@uimcrogﬁﬁe&elgdgehte@ng the

i nehigdeod Beciay 8L8bBRm Ao MR doMRLL e tﬂ\égﬁa the

acetylcysteine salt derivative NAL an ithiothreitol.
I'n anot her embodi ment of the present invention,

prsafretiabluyohed ?geBQQ'of:@lmgﬁbé QR 056 ‘BHBB%%E%JJ the tmu% eby

or. where the conpositi oes not

mucoacti ve agen
i SRS ARe ga%‘&ﬂht‘#eoﬁ%geh'afttww grfentotein pebugife ewciompeunds
ageiting BeeMlphol@yt £:80pOfucR 1 £ HAlHR ﬂ@?@targms include the cysteine

derivative NAC, the acetylcysteine salt derivative NAL and dithiothreitol.

In another embodiment of the present invention, preferably where the composition
comptises 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,
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.



30 such as dextran sul phate or dextran phosphate. In
anot her enbodi nent, the agent for reducing
cross-linking is a dextran having a nol ecul ar wei ght
of nore than 5,000. -11- In yet another enbodi nent of
the present invention, preferably where the
conposition conprises just oneoucoactive agent or
where the conposition does not include an additiona
active agent, the nucoactive agent is not heparin or
hepayd: Bn Stk POAE RUmBt Jf $h C '
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Sonme of these agents act by draw ng additional
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umr@,gg dhei@lt and water across airway epithelium
t here ygl ncreasi ng hydration and diluting the

macr onol ecul ar corrponents of the nmucus. Sone of the

defuiesit RSl simlar. . activi
N N A s
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de\ﬂﬂlcﬁmﬁd Sl DRnt @ﬁ@lﬂs%uﬁb‘&@d?@b%@fx s dp@a an lpynrgowater across
an:way epithelium, thereby increasing hydration and diluting the macromolecular
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 rthDNase, which
digests the naked DNA. Filamentous actin may be degraded by depolymerisin“g
agents such as gelsolin and thymosin B4.

Mucoactive agents which reduce inflammation include the glycosaminoglycans
discussed above, and in particular heparin, the heparinoids and the chondroitins.
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
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30 Mucoactive agents which reduce inflammation include
t he gl ycosam nogl ycans di scussed above, and in
particul ar heparin, the heparinoids and the
chondroitins. The use of such nmucoactive agents

all ows the conpositions of the present' invention to
si mul taneously attack the excess nucus in the airways,
but also to alleviate one of 12- the particularly

unpl easant results of that excess nucus, nanely
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product. These different fornms of heparin may, as

di scussed above, have different effects on the nucus,
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aHoP MRt P8 Hie DT 9REoRibe sPmPRMEOMIRSERIEES ¥e  agent s
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di scussed above. 25 The conbi nati on of "different types
of effects on the nucus, by virtue of the different

NRCAE S RE:1bO8inRE 66 Sth BgstmQ&lv%nﬁJaﬁaﬁ@mP&iit%%%%@ses at least
above, is.surprisingly effective. The conbi ned
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elsagplljceiamindflycad. NBr 70SEES emBBERIeh i) b LIRAEANER cohdife
mucus .from.t he |ungs both through coughln%_ and
t?ﬁeaﬁdﬁv%ﬁf{egpﬁe#ﬁ Pfelie 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
effective. The combined effects are thought to reduce the viscosity and elasticify 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.
For example, thDNase has in the past been found to have limited effect on some

patients and this was thought to be a tesult of the thDNase having difficulty



30 What is nore, sonme conbi nations of nucoactive

agents exhibit a synergistic effect. For exanple,

rhDNase has in the past been found to have limted

effect on sonme patients and this was thought to be a

result of the rhDNase having difficulty 13

penetrating the mucus. Howevefy when the rhDNase is

co-adnministered with another mnucoactive agent which

is capable of disrupting the cross-links within the

mu e se is better able
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Fd;ucg)@arfp’io@herfcgmbtﬂheaﬂi Edrgprisei-hefaki, dupinkdah QtlpBatBlafdEhd¥ritin
20 S%'u%%h%,d from tobranycin, gentanycin, ciprofloxin or
ol onmycin. For treating COPD, the antibiotic m ght
be anmoxycillin, cotrimxazole or doxycycline. One or

M3k qn@eﬂu B 0341680 L D LS, U&%dmdc%aé h% 2§HPOR WS ered,

the one or nore micoactive ag
elther simultaneously or sequentially, with an antlb1ot1c For example, for treating

CF, the antibiotic might be selected from tobramycin, gentamycin, ciprofloxin ot
25 colomycin. For treating COPD, the antibiotic might be amoxycillin, cotrimixazole
or doxycycline. One or moze antibiotics may be included in the composition with

the one or mote mucoactive agents.

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

sodium, ketoprofen, ibuprofen, nedocromil and cromoglycate. One or more anti-
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In yet another enbodi nent of the invention, the
mucoacti ve agents are 30 adm nistered, either
simul taneously or sequentially, with an
anti-inflammatory agent. For exanple, the
anti-inflammatory agent m ght be selected from
di cl of enac sodi um ketoprofegn, ibuprofen, nedocroml
and cronogl ycate. One or nore anti -14- inflammtory
agents may be included in the conposition with the one
o UGRACLLY B AORILS 1o b Yf2boBHOL DR FUBAM/ERR:
e I nveftion he micoactive gents are
adwdicpigivepgedts. ei t her si mul t aneously or sequentlally,
with a surfactant. Surfactants are known to reduce
adherence of nucus and help it to be cleared or may
aild yetiraothspemberlimgnioff thiavantiosa tie PECoseifSASERE 81F once

| G dinthidedled rk‘?thl:ﬁ’srﬂtgéltangUﬁsflya&t s@gaem@w% Airb8Gh Mubactants
natural or synthetic |ung factants
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| Ispfeglénggf KRR o Rivk REMBb ditiod BYce 20N RDHRABRS Ishr RIS RE bsuch
the 10 Surface tension of the nucus and therefore

a®s fesithing naterploopsypibetic lpg spfpstinise Py PhesplokRidbhiushes BREC,

MBYP I 2 AGth & subR S dIWE BRI ML AP, Advhdla @Y1 A€ect He
nore active fgents selected from 1) sterord drugs

s yeHacgdensfagrofdhe myres ang) téﬁfﬁfé’t“’agséﬁé‘ts Hexrffet hasone, 15
becl onet hasone di propi onat e, betanet hasone,

budesonl de, cl obet asol , 3) | azacort, difl.ucortol ane,
d ES’)‘(%?ET ﬁégbﬁ%}n ‘Bér%ﬁ’ﬁé’fﬂ S §ie or H%ﬁ?&&%ﬁ‘f“’%%ﬁ%‘s with any one
f lodRlosOhdtie agenttd u&eteacﬂ:me f 1 uonet hol one,

fI ti cason fluticas EH’Z iﬁonate %dliocot tlsone,
t rY anc PO ﬂ‘é‘gs naAdr Pbﬁ’éa ¢ AIT8RE B O e oy TP Hasone
S lbleflhﬁt:masornle Wﬂﬂnﬁﬂz&g beai dityds piec Had s ohidaelgheehsol, deflazacort,

PI n Siofo d’esoxy ).basaoqxte Rlxgrtnlet%a Orlllg Al r!)cba goenreI ﬁllmisolide,
agant ST eITeR exahpr e, net

roni dazo
slﬂupl:uadlloae,|ﬂmemetlroilameoﬁmasmoﬂwmamnem@@atd hydrocortisone,

a'IH{}x?tu‘?olo&é 'ilanc%foﬂgé‘%gbﬂﬁl %gé’}ﬁ g&hﬁh@ gjrgg&tlérﬂowc' n,

Irocin an
armetthmlp;tteémcdw mdgiredmsoldngr exanpl e, azel asti ne,

C:’Q?]OY pgr?tmxgt?cm Qea ub?c%ér%ﬂrég s%uelggst Ht' egclmg e, metronidazole,

nari zi ne, OI‘ ata | or at adi ne, ydr oXyZzl1 ne,
25uku>ihgrhezmwmmm@eom§eef xaprdtiilfie, anrogericiss slindamycin,

PO 'd@&mo Prlsﬂei?fs%nnfﬁugﬁﬁcm L& &ﬁ&‘&@h@ﬁm, 5)

anti -1 nfl’ammat o Yy agent S Su as, for exanple,
pi¥ oxi eztihistzreidor yushizb, for example, azelastine, chlorphemramme

astemizole, cetirizine, cinnarizine, desloratadine, loratadine, hydroxyzine,
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;

6) anticholinergic agents such as, for example, atropine, benzatropine,
biperiden, cyélopentolate, oxybutinin, orphenadine hydrochloride, glycopyrronium,
glycopyrrolate, procyclidine, propantheline, propiverine, tiotropium, tropicamide,

trospium, ipratropium bromide and oxitroprium bromide;
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benzydam ne, dicl of enac sodi um ket oprofen, ibuprofen,
nedocrom |, cronoglycate, fasafungine and iodoxam de;
30 6) anticholinergic agents such as, for exanple,
atropi ne, benzatropine, biperiden, cyclopentolate,
oxybuti ni n, orphenadi ne hydrochl oride, glycopyrronium
gl ycopyrrol ate, procyclidine, ]propantheline,

propi verine, tiotropium tropicamde, trospium
ipratropiuntbrontde and OX|tropr|un1bron1de -15- 7)
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I ORJABGAIiNGe, mélt_le XHRLHORE cPﬁQ nnﬁ B, ropivacai

| i gnocal ne; ar maceutica ]
10 an?’f?ffmtlhebepe?fég’elan@hgq?h?emdoses of nucoactlve agents

r eﬂi}' r %ai@ac@ﬁyﬁﬂ} I@eﬁ%ﬁe rﬁg 0@ Il)egf thgffm@gcﬁh ti ng

mucus cl earance w | | early depend upon”t hg agents
used. In general, the dose may 15 conprise not nore

t hane d8Q8¢ lgflcdaat?veoar edtl @Qﬁﬂvk\ﬂﬁs RIEM Sttect of assisting
preferably not nore than preferably not nore

t hEHC nce, Wik dsagly WPM%%@ 1888 usero dfggeneral thersjose may
15t h&ﬁn;ﬂﬂﬂ@oﬂxﬁnoﬁ&ha@f@a 8PEheZIMbre H’ﬂxc&JEEVQQg%ﬁtso{)referably not
lécostg %bg%}/ @ as heparl n and heparl noi d
°Briéte BEFS9F 86t HEUR L PE BEb R Pghmosban
| ar@eagafmumm thdn 10RGSE: RGFY:S t1Ah @0KB] Uh ﬂeotateotlsf t he
s1 cosa ef fle%t 20 on.t he, nug#]ﬁ The d ily do
Ui EROPEY PPREIY 2 86%‘%‘ %a”(ﬁ‘lotﬂié’r ﬁ’“f@‘@edt Hlizgofgose
petrerxdiaup teridghs @s iafgdla‘t/dodu&| ode&ESgeﬂfs :I:hﬁéilﬁuEHJEdi&EJ #886Bed effect
ag s shou the re
i pr(g Eehr anly 4gh%%#ﬁ oF° r§@mé%i ﬂke&i Foehe lﬁﬁg%g%ﬁ 9100 to 200mg
agesntdsy arsiﬁphtn@&dumsan@f thitle ntmyadﬁ@e egefnescsthbtﬂa batin kiWegion
concan nd there used at | ower
doses gognt%%e%m%afd?n@% &t ed SB& S GUSRAFYe 2geats, 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),
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25 These are relatively |l arge doses, even at the | ower
ends of the ranges and this presents sone delivery
probl enms which are addressed bel ow. The conpositions
of the present invention are well suited to the
treatnment of 30 pul nonary and ot her di seases, whil st
overcom ng the problens assoggated with current
treatments of such di seases. Preferably, the
conpositions would be used for treating diseases
mhm@@a@u%eqpuw&m&}oms Le( c%ﬁﬁgué&m@%agmgs&s@f&ﬁ
secretions he alrways, 'inc ing chron
b resmitipgtiiom em&bﬁt@ dagegmench ey slidrgic sipnlh of me¢h@pical abgBions,
ChLeRL &) tselehidave pul monary di sease (COPD),
bronchi ectasi s, hypersecretion resulting from
epi thel i al danage such as allergic stinmuli or
”@EQ?;thf‘cﬁiaﬂ??{e@ékéar&nbodﬁﬂgnt%@%@ ﬁJang&%@ E&tlhmnoé thD
ticular referred enbodi nment first
a§9@@95169n fo esspsmé FicBhclestheee ivignho & ofp drgpowder.
assi sting nucus clearance is in the formof a dry
powder. Preferably, the size of the ?omder particles
i é’r%félraekft g sz P! teRosider BHtgFt Hispletpd 19r dsposiygfeyichia e lung

aGlbe}eStha detive SpMtd rillBNe adoda0E@dct.efd %ﬁaeuuznpgaa&a idh 3% ,
partlcles Mﬁtﬁ an 10 MVAD of |ess than 10m |ess than

g MALADsKlets il Twm. less shapifap, deanihap dew. fepnthan Spppless than

| efifn drhewd 2am RbLargpedfeizéd. There is a general
prejudice in this technical field against treating the
excess nmucus in the lungs of a patient suffering from

CHhefo@PDgererdl PeejhdikesinWhis hec&ni&'ﬁl}/ﬁdw)ﬂgjﬂfst tkBating HAIERE s @iducus

S di h t h I I
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advxa_pbages cphvpaking 0ad bemtotﬁempuasmetagam ent dorpdvwalebs linked
pldJithI n&\ﬁxﬁf)elx %GE %&ﬁca%q gdpaliﬁ eP&;&cQ gm&% prgl & 1nvent10n to be
en SO uti

conmercl a tractive nner I ons

S pSpEhs pgngceatpé pubinye pradngenin stcerrederttldlytah@adtlm gxabyer

i nhal ation, this is done using nebulizers. These

devi ces di spense solutions and suspensions in the

f oY moglolugiops presusprngipns aredo thia @gmingys¢redkd theungebyanhadgen, this
MeSkoRLEAGREth1-SQ. HRdle delRes SUUNSELo1 s LRRBLBeds in the

fine -spray through the nmouth or nose. However,
ndenpy P& fige 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 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 2 medicament is desired, as in the case

with the present invention.

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



25 tend to be 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 nedicanments to i mobile patients and
they are often unsuitable where an easy and
conveni ent (self-)adm nistratipn of a nedicanment is
desired, as in the case wth the present invention.
30 A further problen1a5500|ated mnth t he use of

ne oS .ty ob a| accur
i n?%?fﬁétg %%nler eg%é%cfg %ézet dlib "HoseC &t lféf ??Pﬂét“tftfg foetfsisg that
t hélepfétﬂrfe’rﬁbcrap'w effee is atbmeda vgectereallts| i dlugdbastage and an
pr E&ie%&e‘arhsk E&&%%Iﬁ*e!:tjsl ty and efficiency in the
delivery of -17- nedi canent, |eading to the need
to increase the dose adntnlstered to ensure that the
depinh B bR BRG] 158 ldhek! hi g resu

5I - dr%yg vva%t 596 a}lnl g € d]:)?ei%ﬁ)é'ragagtgvé algenq ate V\'hb I'cll %tered toa
ef PAIERS this oftpmaqpiges lmhéq’c@nrcef |tlet fieedpyayl @regen d:CthﬁRd(pfcrlacm of
acﬁﬁny eF@Q&QIn Bl & df s% gﬁ%é’uf&tcte %Pighalcc% geﬂ)ap a relpattt'vclg Ismall

this often reqU|res In tion o

andess 8 AFBY Yref heparinhad 1o heedrfingstered anvpl 9epenord o:frié rsibuigy.
of Thib @ &éaﬁlg‘ﬁgt Plodveiiah &fo eRalldhisfhdof! atively smal |
dose of 001 U of heparin had to be adm ni stered over:
a period of 15 mnutes. This is clearly not a
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sed to deliver dry powder formulations
ﬁ‘i% 2Py 9 thti the) vnfﬁeabe dlétbosefﬂat Fweymemq theevdemicheare
dl mﬂl&amt&reﬂaw dakiB pHREa8Ble. TR gﬁ\éﬂs%ev%rya{agy fo? aheﬂqg
therefore easily portable. They are al so ver easy
a patient to use. 15 However, there are problens

15 addowdvat, &Bier&\faiefprf)lﬂExHULsabhﬂgd tvhﬁ fSﬁﬁm-‘QﬁigtthQQc?mpctstttcﬁg of the
irstly, due to

venti o aS a
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dgeer;yhnbmgeegﬂmg umhahlaaﬂatmn S&eadiydinygrdédto Ak lin tH2 clearance of
a al gpee 0 mucus fromthe. ajr ,
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Ofp ofiabd ! Quder
i Bhal at i or%gtt;ggl b ﬁ LM ﬁggge;a %’flélr‘e(hé%/édlogl FEGTRT Bepceeptable

o 2R MG %fepoa‘hieawaeléélm%t@l ke inhaled into the lungs. Dry powder inhalers

which are currently commercially available tend to have telatively poor dosing

70

25 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 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.



~amount of powder would have to be inhaled into the

lungs. Dry powder inhalers which are currently

commercially available tend to have rel atively poor

dosing 25 efficiency. Wth nany of these dry powder

formul ations, it has been found that frequently only

a smal | anmount (often only abegt 10% of the active

particles that |eave the device on inhalation are
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pr olgl ens,, especially where ositlon irncl udes°¥
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produce a powder which can be dispensed In an

efficient manner so that it can assist nucus
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&7% fd g ef f.i ci.enc | be s%ch théil%bd &:Pw? f)fthe
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m!i’e%adtlgh/enoatglem)Foncagaems to the lungs to have the
desired effect of assisting nucus clearance. 10 The

dosi ng efficiency is highly dependent on the fine
pdy fuirdieeoytabt jodmingRBR)toalelitdaehe EHnyp R thOf B AldvOfkion
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5ng. In the present "invention, the doses wl | ‘
frequently far exceed that |evel and, unless the

dObus) heqirbieat RBEMioNSs &' ﬂ{erlgiygﬂe dddisi {dl us? Icg?any mucoactu?e
possi bl e to deliver the
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 a

pharmaceutical product.

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

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



sat sk astudd YTl cQAGHI %S 9N,

| ar ge doses of mnucoactive agent required. Thus, the
present invention is not nerely the decision to use
certain nmucoactive 25 agents or conbinations of these
agents. Rather, there is a significant anount of work
required to put the invention into practice in such a
way that it could be a, pharggceutical product. The
conmposition according to the present invention may be
di spensed using any 30 device which is suitable for
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[ ation capabilities to which sonme patients are
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to the lower respiratory tract or deep lung. The type
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On exit fromthe inhaler device, the active particles

showl gt fr%%@inﬁ@¥§agv§éel, hedBEe particles should form a physically and

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

exhaled from the absorption site.

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.
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In addition to the "sticky" nature of mucoactive agents, the fine particles are also
thermodynamically unstable due to their high surface area to volume ratio, which
provides a significant excess surface free energy and encourages particles to
agglomerate. In the inhaler, agglomeration of small particles and adherence of such
patticles 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
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external surfaces of the device,
system i ncludi ng, for exanple, the capsule

The emitted dose (ED) is the total mass of the active agent emitted from the device
following actuation. It does not include the material left on the internal of external
surfaces of the device, or in the metering system including, for example, the capsule
or blister. The ED is measured by collecting the total emitted mass from the device
in an apparatus frequently identified as a dose uniformity sampling apparatus

(DUSA), and recovering this by a validated quantitative wet chemical assay.

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 5um if not expressly
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In an attempt to improve this situation and to provide a consistent FPF and FPD,

dry powder formulations often include additive material.

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
separated and reducing the adhesion of such particles to one another, to other
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
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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 is measured in terms of the fine particle fraction of the composition.
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25 enhance the FPF and FPD values is unattractive or simply not an option.

If included in the compositions of the present invention, carrier 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 are composed of a polyol. In particular, the
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a 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
carrier 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
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” 96 2§2§Jé§thgrf‘|¢‘ﬁg&ﬁg pfobighs “E“\Q%G?‘e‘é%?% % peder formulations
asyet hek thefiindndersdditivel mptegialaidy of eurnerl pattichassit is aavaim of the
V\’fp%&eﬁh%yedd%‘ﬁ' tU%@o@M&:ﬁ}p\é?dgﬁo o@Uoﬁy%f%L ¢ aetr ?rlgsm%l and

partlcles an al he present I nven
prfée’in&el prerﬁewbwh dodpost ertpasedifli EndERER. ﬂhysswﬂ ddad to

eat&%%%@kﬁc@gn‘afe\ﬁm ?ﬁrem [91881)&1%‘;1 otf(t’hea&l %ﬁge gﬁt

and FPD. This will lead to ater dosm C|en
witeirhipeghedeséed pri b the lure for affh@nw thapgigd ahqrmpetw effect.
agent 10 reaching the desired part of the lung for

ag[hi evj ng He required therapeutic effect. 1In
POPETPER ! TH@Sfﬂfé%VéﬁPoq HgETiC] ARty Eeks Prapatsen of peticles of

t hety pad ikl anthefdrpaswdes k&8 p&itiord édéﬁ:e@gﬁélghe Lfﬁﬁgslels
by engi neeri ng

the dry r copposition
pd? AP ‘ié’s&m%@k?%“ggp ﬁ°PH@‘W‘ﬁoWﬂ%‘6§?%v@ﬁ%@e
I papritlels io€ bd tafe ag&yc Bixgh d3@61e| El'gaehbﬁ blévg@ﬂﬁ;ﬁﬂtﬁjeeﬁ t@fbelreduced
actlv t. r r e i on between partlc es
3 iR R el PR BRUEP T e Anarure AP o ThpDy
ofdotlhby Ijrepa@n:gl\d:eﬂmepnnmsmdlesaﬂshe pdaseaice 8f adiPOR. by '
preparing the heparin particles in the presence of an
FCA. Wilst the FPF and FPD of a dry powder
f O¥lmdlst thtei KT @udeF IR pé ndengovaier fdieubaibnrae: dpendint bhehe nature
p%\pﬁgﬁr Clv;d%ﬁ Feéf;, tt@u&g’egal%/cs a¥e zﬁso 1é1ntsleencte§:el nl]: {/\%encﬁﬂpa'yr useg to
poisterseithhpdedes. San pb@détpd&mra/eih bnlae\piasse&" idevivdsiic lvhichahe
?Qh&}?g b§eam EQLQ oﬁl sBJ}‘ée Y whPH Crg\ng ot1ve {orcbe in the
ovi d notive force 1 the evi ce. xI?x of
;slaglsq v'éxaﬂmlsﬁ Powresive] ﬁll’xaiomdeldlehulere@ewqqeiughh@e tleeRotahaler and
R@lﬁﬁ@ie? fGl@%m@I@hﬁ?Lxﬁf thg %%‘ﬁﬁl} Mal-ﬁg):o)aﬂ)q I\tI Mlizer

Tur bohal er (Astra-Draco) and
(trade mark) (Viatris GmbH). Alternatively, "act1ve dev1ces may be used, 1n which

b

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.



25 (trade mark) (Viatris GrbH). Alternatively,
"active" devices may be used, in which a source of
conpressed gas or alternative energy source is used.
Exanpl es of suitable active devices include Aspirair
(trade mark) (Vectura Ltd - see WO 01/00262 and
(B2353222) and the active inhagjer device produced by
Nektar Therapeutics (as covered by US Patent No.

6, 257,233). As a rule, the FPF obtained 30 using a

Pa$S b¥EediEdihEn Yy Ol 49 ood .as 1 hat
obt ai ne%l W t hgmwlf %%Eﬁgm‘ﬁgm% W‘%’éf C%mpgﬂn%%Efs\ﬁéx FPF of at

delfaet0”%, a0d prefereiip hemdfm“n@&w lmt 106 ’ll‘he/ERF (BID), miyhe
dr ¥eRQUWISH 2 e Qe DefeBE 76F | e st 40%
ROINORShd 2 fbaagg Dele ,578 %é‘g%/ %eﬁs)ly

and preferably has an FPF eas
nmadetyeen $hangetiye 5 ha FRFOIDY mmbeaphem‘téﬁ%bleefheﬂsly\ﬁea 70

sandpp mggo&gw i A nd 99%
Fpp(w%”’ ey rcioh® 0%, mR R b AR W g g
P1°5"d§° e Rrierd 9%, rmre preferably between 50
and 95% and nost preferably between 70 and 90% In a
yet anot her enbodj nment, the pharmaceutical conposition
cotfbt T @gother qrabadimensnihe pherawesitizel cogmesitiandompfigs @eleast

Cobid Bhcoag@ittaged @ dfadb e AN ginta&@ Bb1cP rcgtttggl gl ot pre]Eembly
e%edtg%{))r esent on the surface of particles

Y8 gBERt Surtere of Repiddier neirpetivReet Ihe fusther

phantmii@edt] ¢halpheonResichl QhpoSibh E%?n&g al A} n? g’ﬁlcoactwe
mJC%aCt ive Bﬁgent n conbi nati on w an active agent
sefeSRBFOPPHRIP R P28 Actissoertaniactad frorr e listaRorepnd 2 force

agemtrol igeet, frlor Kb@ce.Cdbﬂ&degeﬂQﬁE‘FeralB[yq; ga[%]eyenbgh W% surface of
pr ea%?&es n the surface of particles of nucoactive

THE*P1'&r8#ed FCAs to be included in the
5 conp05|t| ons of the i nvention may be any of the

l;,xt%n@%%A %cﬂ]cﬁ]%us' ﬂ%?%gc‘?sué?'}’{fiég{,ﬁb' y, . the

ils selected from: an ho & Or&lop may be any
hy‘tfrtbp#bbm‘@ ramlmis disivdsd apept iRtefrabid tmon?@mapgeled@a from

h f bet vvee and 1000 kDa
A0 LS EH ALl RELNERE, BTN el

7 \liaping aj r@(ﬂsculqg hveeeghh of bqud@ %Zﬁchlda@OD &Diatalnid Iﬁlprléﬂ’ﬂﬂeﬁﬁE@bf
20 STEANAIESs sudHGD, PBc ARBUD gﬁ‘d gmd]sp &l

L N amtl cyl arly N
preferred are am no ac/ especi aﬁll PiEipa stearates
| y3§F}hé9 HeeRerymiseiarmte. PartiwiarlFoaserusivad hlylltE)OlrdSlls ahd edpecially

physidl 9gheahd ¥saakept able material, although the

Known FCAs usually consist of physiologically acceptable material, although the
25 FCA may not always reach the lung. For example, where the FCA particles ate
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

surfactants.
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25 FCA may not always reach the lung. For exanple,
where the FCA particles are attached to the surface
of carrier particles, they will generally be
deposited, along wth those carrier particles, at the
back of the throat of the user. The FCAs used in the
present invention may be filmdorm ng agents, fatty
acids and 30 their derivatives, lipids and lipid-1like
materials, and surfactants, especially solid

SunbaGtaedsly, RS CADVAREAGRAUISh Yre cgggofr%.sialggtlg% St S0

or npre conpounds sel ected fromamno aci

det 9 2ef Feevatiney Gereof, and pprtistes eledexivdtichetharadfi Yiesno acids,

t @és anQleAPativel BB peptREPLt IR ANHASLENBLLIES 4 Of
pg%??dgg arg ph siolggﬁca_lygg%éegggbfe(Eﬁ%béf%ggwe
actETRIT lsaeq ebibe 2pfvermeticles pvehalaioni cl es on :
inhalation. 5 It is particularly advantageous for the
FCA.to conprise an anmino acid. The FCA nmay conprise
oﬁ@‘soﬁawaé‘rmfi"%ﬁgeevs for sher BfA emFaroprintian@maRd etdd. The FCA

| edsyi dapriss GhEBEIBES of dny B B fol%SihE bfitho M&sl Reine, i i
nqthionine, and phe ;I;?anine? ThegFCACE% *be %n%g?kumnq

or 74P GBFRA T RS, BEther R phPhsayglanmg, The e inay be a salt or 2

asqeaiviiieef aAaRSdd {BodexaRpleaSHilrdnelite HBLRI I s acetyl
an am no

Prefera e F onsi sts substantially of
acﬁyﬁflnﬁt%%fe‘%ﬁ]yef%ﬁcéb‘g yoRtsty ehetanially of ¢ AriRpesiss mpte
L -prefeciblyenf 1demeDadiasia loublp LBudiRy Tak $02REDLUSEHs mfPalso be

RS R BaiPIOY Shave 1 Eing Rad e oo gt Ratiq-hely cFicien
patispeshlesf thnadtivhahaicieoon idhakitibe. B?di’n&étﬂt@ist@ﬁe arenlR §0ful as

u | as...FCAs., As discussed .gbove, these ami no acids
oSl B ch, BeECHRRS AR Sharmrren A,

t heothei erobaiment, thenotinghyidisnet glyciak anhlagne. The FCA may

i ncl ude one or nore water soluble substances. This

hel ps absorption of the substance by the body if the
FAReH demas inchide ooner miotrgaterHobibGAbsmiyces] Tk Hélps absorption
digeel [ , ' g .tk erjons. 20

AF ST A by i, 5N Mt S b0 B T ES gy

a 1grétde\ipqlardony, shichfmay hearsiittdriomshas been found to be a
good material for use as an FCA. The FCA may conprise

a netal stearate, or a derivative thereof, for
exaiipragrely.zhe EGfi i wwmpaisy k pheaphpliie cop devitiventistedr v|

| agtiiakes beé‘g\f@\mmqgliséo}éd rﬁalg&ial:&}/f\use as an FCA.

The FCA may comprise a metal stearate, or a derivative thereof, for example,
sodium stearyl fumarate or sodium stearyl lactylate. Advantageously, the FCA
comptises a metal stearate. For example, zinc stearate, magnesium stearate, calcium

stearate, sodium stearate or lithium stearate. Preferably, the FCA comprises

magnesium stearate.

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



conprises a netal stearate. For exanple, zinc
Stearate, magnesium stearate, calcium stearate,
sodium stearate or lithiumstearate. Preferably, the
FCA conprises nagnesium stearate. 30 The FCA nay
i nclude or consist of one or nore surface active
materials, in particular matggiLals that are surface
active in the solid state. These nmay be water sol uble
or able to forma suspension in water, for exanple
I ehdhhis Q)leld dtid) Bfutbit GHHAFalm QYR dl
Bst antl dovvat er i ﬁlgaol ublya%,d &géécteufg& 1ch 251% Behspispgid. o
?fi/va&E‘?S zgestgraéﬁd adtspthereofanihias $IBQSFF)I1¢>€]&DI8¢ Specific
pabmni}il& oAGhdh mHbLAL hiC: ﬁ@dsﬁhatﬁ%&ﬁ&]ﬁne@%h@ dpﬁ%%'f’l?n inolamines,

i vatives_ (such as’esters "an

r
t hB]i’%“Bga“dg@E’ﬁ“% @ﬁ“;ﬁ&%ﬁﬂyhﬁéﬁehﬁa{d@thtsmempﬁee of e@mm)irels
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atidyl et hanol am_nes, phosphati cerol's,
ph% fﬁ%é& ReRR e el S%h‘b%ttﬂérceeséemldess Bﬁmsnatlaus ahd Gndia

5 H}Kﬂiﬁtﬁiulgﬂr dsté&gmsgldﬁéralc tﬁﬂatn?auVEl?utrh% ‘?C@xcﬂngy @lecllgs?erol or
sal ts 3 SOdI um | auryl  sul phat e, magnesi um

| atfVR! & ‘P?'ic’(:}? §wd’é?lv%}e&9gliréwragown%avﬁu td:8penrats
Cuguchas spdEb pamdmssugar esters in general.

Alternatively, the FCA nay be chol esterol or natural
cell nenmbrane materials, including pollen or spore

Ce@them@bésxhﬂ:@mﬂﬁﬁhﬂe sGAI6H bafzcaRg hPdrBEdra I JRS whid are solid at

0 i.ncl ude, sodi um benzoat e
J&?%gtgnéfmg"%|t11 5 mmﬁ dyades gmipap digpdppilicon dioxide and

tem;elrature, talc, titanium dioxide, alumnium

di oxi de, silicon dioxide and starch. 15 In

enbodi nents, a plurality of different FCAs can be

uslegmbaderndh, aglurditpofdiffencit ASPecin B udele present

i nvention, nethods are provided for producing

composj tions according to the first aspect of the
rﬁ‘éﬁ{‘ilféﬂio apgcandragpect pf th@g)rcsnamv\eidonkmeuhnadam péb-déddyfor

ticle mat erl al .

R e A T

particles is dissolved or dispersed |n aliquid or

CaRrH & al JHIOK i Gui L ed t.hrough..

n(??zall?e ﬁ%er resxfsil)l‘ﬁrn eaq‘%i gg géri%g%?etkc}n?ﬁ% Z}‘Xoﬁ?rOd?Clté%?rﬁrsaes of
f ipdertal-q 4P B“&‘lﬁ) Yoprerasise, Tthe swatetizhte bednaolslistospaatidestis diaddlyed

ewa&p&si@lnh%tud’mﬂ &h be aRladlito VAR Mi D s sggygc?(ggg’us ha
volatile 25 liquid in the droplets, |eavi &
einf’é%‘f PodsE Pregiye Bbmépcepaamtsr: et ggeam 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.

According to another aspect of the present invention, the composidoﬁs 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.

The combination or blend of one or more mucoactive agents, optionally one or

more other additional active agents, and FCA which is spray dried to form a dry
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Accordi ng to another aspect of the present invention,
the conpositions of the present invention are
prepared by spray drying. In one enbodi ment, the spray
dryi ng process involves co-spray drying the one or
nore nucoactive agents with 30 one or nore force
control agents. The conbinatifn or blend of one or
nore nucoactive agents, optionally one or nore other
addi tional active agents, and FCA which is spray dried
Oggﬁemf@mgﬂa\ﬁon%gn bPRUEIRGod Of T Ao § 8B, Mul. In some
so ution or suspension in a |qu
niFBRRdErRS, allgrjat Ispst atprerartien af reoporeitin agfnt ehd/ or FCA is or

nUﬁ@ﬁPIth Py QE‘éh i L on in
the o oot hAPHI08 pEIA baUI LR apap il
@nﬁal%xu@g f 3t Usgagtivg agegsfand FE Aepodedn |svleuargemae apst
F%ug@gefgge geqhgssg[,jlggdeg)gb gﬁdyt J;y;mgost 5 liquid before
bei ng subjected to spray dryin The one or nore
nmucoacti ve agents are preferably at least 1.5, 2, 4
aNfhe $M & mbke %{&Bﬁ:l@llvé/ agedts A€ ﬁ&tferl-lgy L RS 1505 & zﬁ'x‘&l Hble
t han_t he FCA in the host liquid at’ the spraying
t RFpisFabiT pEleash O Brmes apresolybie Breatths Fel %rhsdmm!m%at the

t NipSayic] c8inbOafid fhdlfe R¥ieS 18 padfeded EHRSLALME §hRGLNEShip
30 and 60C and atgns pheric pressure. In ot her

enBEH HerftBPerppirsPsrrren 10APHI0C 8%t atmospheris pressyrer &2 ather

b ednvieelim &0, tthis 244zicasidp ear&ms@lf@ﬁpe@at@ie%weﬁ 2096 30°C and
preferg@ ¥ at 20C an %b"§® essure In

addrPTRE 8T HES QbRFE P fsTe a§ PEYOsBRSHRyessure-
techni que, alternative technlques for 15 producing
fijne particles may be u such as spray, freeze

drite gl%an&o ficgbs °Vé’%‘? c)}"ls?weé spiay ﬁ%feﬁwgﬁrﬁ%ﬂPWﬁttec&P‘q“es for
t rpeodmm@"ﬁnm;udmen@rbe BEd, ¥D¢tCasnip €9 Tedek e/ Ery@RAL SreddeQirying.
spray dried using a non-conventional spray drier
conprising a nmeans for producing droplets noving at a
cdntpothkecmbadineittof thamidvedftion, (reede e kv edcsicdes agth® are
2 rolqf. the droplet fo

B0 o a0gg s Bbp DL Rp SN iy Bior e AR Fisap 0T Pro i
detraplits yedving at Bicaairded vielpaitg prdagf adprgilagrnproicess Thay
al noi s
c Rl lG PE ool N LR IORLELD b BB o
ordifspssedin SfFﬁef-cieGmJebelcche 25 properties of the

particles. This is also discussed in greater detai

bel ow. |t has been discovered that the FPF and FPD of
t Kéeadlyythp spide Frying arasest manalpe inchyde a durle:isteptrherqim dres
USESsth Gheat 6f Ih'@%pﬂ{: %L&ﬁﬁu&@é EQdﬁlE@d SR3der qg "Ergje tune" the

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

It has been discovered that the FPF and FPD of the dry p-owder formulation is
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

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



means of formng droplets can affect the size and size

distribution of the droplets, 30 as well as the

velocity at which the droplets travel when forned and

the gas flow around the droplets. In this regard, the

velocity at which the droplets travel when fornmed and

the gas (which is usually air};flow around the

droplets can dramatically affect size, size

di stribution and shape of resulting dried particles.

-31- A nethod of preparing a dry powder conposition is

pr vi ded, wherein the one or nore nmucoactive agents
r’%ﬁ'f‘%\‘i/c’ TeRtingsi 4y PV dpsreayrpgpitier icapded iwhgrean Meams or

fOﬁoreﬂhGéB&GdlM dﬁt@ra{eesrpa r@éu%gmga gz G ARk, Q(Janq:gmg_lahmeans for

vel o and o redet er m ned et 5 size
veP§ P‘ng SPP{%mavlaa Pt onqteollpd §fle¢la!tﬂﬂyl of arpredstdrmihed droplet

5T edind | Te bélodityeo MREN:plets Q@?efhgg@ c\é’fx‘dr:&lndtrt]lgé{veat{j b&he body of
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spr ay ed. Thlril can be achieved by controllin

dr&pi ’?etP? £¥ P515PRAEE b TS carier %SPICF?beW@ﬂ@@Iﬂmg th¢ dioplets’
boiditiab¥elgas anBf & thb b QBcityEYhab&d Y &do whldh

clearly desirable to beiyabl eto yg{)}{g{ar ol oEvhec sdﬁ% e ?Prayed
the droplet formed during the 10 spray drying process

anhl lst h&rl?rdaﬁﬂraﬁﬂe Bibe@bM tblcoafrbiast si:hef ﬁe%@o;qgt ft)lﬂgedjédrﬁg the
e droplet form ng neans al so

prs’(g’éla J c ergmﬁ PFe ?%ftﬁ“gé*l%d‘ﬁﬁp‘f §%F Aot thesing of thredrisdgnagticle.

pal?xtefem:ibég, tlsd drepldt E:Irﬁxllﬂgl.ﬁlédhﬁ alsa_ @k&du‘é&s‘ d rela%ag¥ EQtlr@W qg%let and
ICle SIze

st BBl b o TR |G bR fopiieson wic
Fmofp@nﬂm@nqbtdcldﬁ sjzetand (thmst a mbret prediv@bleGhd YoistdMEPF and
drigghet also allows further control over the
properties of the resulting particles. In particular,
the gas speed around the droplet wll affect t he

foohg:lclag?ﬂg} Vta)#ggﬂt&gﬁee%loq rf’ B% gxte dg{;:é(l?tsalso arﬂlo ﬁ}ae% ggrgtrol over the

f FreRAdtiessefrthe seseliiog praticlds. nbzzdreaénr aamgemtd 2fdund the droplet
( SN aykagnd gl;egd @vllél)wlnttmt%e %(gl&)slarcﬁ}égd r he cgr ocH'de p%letatwéxéch are

constantly being replaced vent eva
f rRMREUEH5PET 25 there fathedt wing etvtcefieid nhezlaiirarge memd

t f‘(@)rgf 1n@d m) che aWr&dM§hrc§JlJt id §on§gg§$ @QB%\Ayﬁp % tqae

I es air, the rate evapor at
i iie Vé%\tseéfdpmf* s &59p tha droplgts the eoigtpesisingars the anrwwrgi the droplet.

t F eighotshair & Jon&hﬂ# ﬁépla&é@ﬁ)yaﬂrésh Qﬂng@lle LRe 9P aﬁ;g?atuﬁn will

will._not be replaced and the hi gh ty aro
dP5PTBEse% [ Jontattoly hendroplst i mpvies Yicongh the aidslowiys Sechir

bal:d]mldltl‘ie Bfoph il BRI thpladdd€inti dhEni ?L thwg;% rat@?u qrtgplh%tplet

S ects | ous, properties o
rdﬁ,élaw the gate, 8?%1%13@ glhsdtgssed 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
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



FPD. Preferably the velocity of droplets at 10 nm from
their point of generation is less 30 than 100 nis,
nore preferably | ess than 50 nisand nost preferably
|l ess than 20 m's. Preferably the velocity of the gas,
used in the generation of the droplets, at 10 nmmfrom
the point at which the dropl egs.are generated is |ess
than 100 m's, nore preferably less than 50 m's and
nost preferably less than 20 nis. In an -32-
en‘emdodmaﬁu, thehR10¢8Y OF teYdr &l ! |

f gas i ﬁ%o whi cﬁg %thgﬁa@g?gt%p?ogggé s FDOW%TTE’ they
f r 6%3%’?%?“? Bg i fep ghearointiod Bencragioneisdess iam moenm Sipre
nopefergilefesy tibh 0 bﬁ%%m& RS %Qfefgb%' RRARIPS P ef erably
| ess than 20 m's. 5 Preferably, t'he means for
produci ng droplets nmoving at a controlled veIOC|ty and

50f Pfe&rfbiﬁdbet R 4HsTBLpHIEQng SroBl saAns b
monly use tvio f?w d néozgﬁ t ‘%%%E %E’b° ed S?C“Yand of

uI%Pason FreHtn i a8 plierortye tP§h°tﬁ§ét1n<t16Y flmdrrwpﬁbnd nozzle. In
dr opi @t dimedt v uleNoal AbMIsBIUINGESSd td @oMiHeSroplets in the
%ch,ﬁl C nebul isers (USNs) are known, these ar re
on&f1¥>used in inhal er devices, for the
dlrect i nhal ati on of sol utions containing drug, and

o NI EONOL QaSuL QUSLY been i dely used 11 2

phar maceut | cal“spry ffsate cpnyragonglgaged in

di iskderedegides, fraxtthe ﬂeecm&fhalaﬁors uc&bhandhe Ruh 5@l g drﬂ§ nd theg have
pr X . articles for inhalalio

R RS A ISR s Ml e e S aree. Tehas
prisen éusqurdsieé# theg@g:rﬂ sselda néﬁmesqm ek prdced AISNsaf afinOl

t ty@éq ol 1€ . LRl efs and therefore the rate
I“p%: « 26! lmé lgtgrtl?g ensmarfa Sa Pé’dta“\ﬁlf:islv%’ﬁageﬁ apgthese have not

75 afffr@’é?tsﬂy heh'e reshggieeda the peefeiréd/USINs tdskeme}sweuaﬁﬁy of the

palrbplés @8d thERGoMSBe c afticles are diie
s Vto p2§ %frtem spr 6{]3! hg?’yﬁp on d} ﬁa‘?’ﬁ’é{’ insfuzg gffects

op or.t uni

frshage b‘t%‘%ﬁnﬁﬁ%"%@is n@‘ll’smvemde@nahe swcsf)USN yalngpxowdes an
apuﬁspas@ﬁdi t8ipkFFo 0 A ¥ 07zl es .ysed
20 cr eatﬁe;y the dr ogrlyet s, Qlgucrzlha @f‘%\cgfef U4 Pﬁ%sizfggngAs
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20 t Recathrthp HRipfers, i QAravb8lnuiPYo.,REOViI de greater control

of the shape, velocity and direction of the plune than

is possible with conventional two-fluid, pressure or

o\tséi%Nsadoomt&eqxsxe AdpOR 308825 dHEL&FAL 8 d Gl Ugle
ep%htssltl ortly2 bgtgtter cont |Pﬂi% URef may

PRt ShaRl o F Migor e beioreen dtion ahthamime g is
mpassdld Wb cemmhti@fial 6N, }b&@ésﬁ& S tBtary atomisers. Advantages

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

30

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.
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



possi bl e. The preferable USNs use an ultrasonic
transducer which is subnerged in a liquid. 30 The
ultrasoni c transducer (a piezoelectric crystal)
vibrates at ultrasonic frequencies to produce the
short wavel engths required for liquid atom sation. In
one common formof USN, the_Bgse of the crystal is
hel d such that the vibrations are transmtted from
its surface to the nebuliser liquid, either directly
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2. Bym,os meesged bpMalv2fl MageddRastsQd 2y A@bé&%ﬁbersmn unit.
Mast ersi zer froma dry powder di sper3| on unit
Preferably, the output per single piezo unit (for such -

a Bqurahbjs ¢hd d)latputf}geraingk p2ezB unM(gualﬁBah d §T96§tﬁiﬁﬁ£ g hd¥aB 2
cC at er an
o R e EEMEL 00 soicstht -7 rarer o O/ min,
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15n5% G}é chm.(i)t[ og%rggtteﬁ{ axt.l Bé‘ Bcc?glug lcguclg| unftls,| %b(( erpr?cngg dry
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unit. he attractive chara ristic f or
produ0|ng fine particle dry powders for |nhalat|on

for
carrier gas required oper sergpofvﬂ‘éts
c dPfriatienigdpde: lovasnraydyeqsitet the prael andurnaxf Icamvedgzepkqiﬁrcd to

Sicperatdhhs tebklidbds Ofhe REAIMG BRI, L1 ture
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U t
gﬁbﬁéﬁqﬁ’ﬁtﬂrﬁwce@t%e jimpleygatersiof teyUsNs gbe %trsatlcal qf movmg parts
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contrqgllin he rate of drying; and
tLe dr%plets thereby controlh%l/g th% rate of drying; and the hlgh 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

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

space.
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whi ch nmakes the production of dry powders using USNs
commercially viable in a way that is difficult and
expensi ve when using a conventional two-fluid nozzle
arrangenent. This is because scaling-up of
conventional spray drying apparatus is difficult and
the use of space is inefficiept. in conventional spray
dryi ng apparatus 30 which means that |arge scale spray
dryi ng requires nmany apparatus and much floor space.
%SNéJ&blﬁotde o HERRL @Lﬁo hnﬁlété gyum@réaﬁh rv%RJcﬂ‘% éfﬁl\é
i ncreasi ng t e veloc [1quid
né%&ﬁsheemrwesssrmpm epezuob;iect h>eth¢|vmawowuequ$;e@e
byuith@nicWebhigsoni ¢ nebuliser. 5 Furthernore, the USNs
may be used to adjust the drying of the droplets and
to control the expression of the force control agent
ONEdrhRrraskef @e B1sBfs iy Gedltd Ajlst t}ﬁad’rw:xg o $he %@Efe aEHQo
active agent itsel f ‘can act as a force control” agent
spearobhg erressifn: ¢ the (osre eontrol tgepher th?eﬂ“pfaf%Ofcfémffrseltaﬂt

RO Wi D@ Qfivd RV AIFRRNARIAG 2 TOIE LI AP01 a5he! H3d
tﬁgreffect of |ﬁ%|ﬁd¥%n a force éoﬁtrol agen?gcaﬁg g(hwng

achifted HaNesp fusslrer st tomnvwhaa?%@o%weof the g droghobip moieties

alsoahitahd ¥fEect Of IR AGRAVBRLIcORRb! ABEEthn H¥RcHibdtiddven without
nonggF%an ultrasoni ¢ nebuliser may be used to

°Yropl ets, which are then dried within the
Buch| drying chanber. In one arrangement, the USNis

pI ed in he f eed qutlon 15 ¢ I ng an active
» §S R0 2 tg’:ﬁété at'olr.§ P nEv ncﬂtrasomc
a|debmlﬁser At boeked ttd @Ehc@:fte Hh‘@;ldﬁ&l &Uhﬁi:h(hfre dfeﬁﬁjrﬁﬁ Svithin the Biichi

geper at.ed .by .t he USN directly into the heat ryin
CRARRERSGR Tk “Bp FePatrar et R R e et
| ebtnprisingbhaeaive @geﬁaxh a tsheemhp Hesigniad whi s:&hahﬂ)en@hﬁalahyws

SLL{I/?%CBRg%n ﬁﬁ%e cnﬁldc ?@5;‘3‘ Fen& Aeld l?y the %%9& %Id mto ‘the L]eated
t elrpeg etagrbet Of/\ﬁhbhpm@@i%easpl r at or setting. Due t o the
negati ve pressure of the Buchi system the nebulised
cloud of droplets is easily drawn into the drying

c Nehstswe- flujtheezaletin befiiin gprce tos seal the dioledd wibichf io poymally sits, but
PaRd i Sl SSsseil &Ny RN ESHBS eﬁﬂ@@%&ﬂg cnshB8sk tae%q,e?%dmg%o

cycl one, and collected in l ection jar
i rﬁaBrQ it tqppeeatptsewh 1@ ebpitstorfsetides Blustth ohe Ragatitrepressure

CRARMREB i dhS sys R A Aebuli QRREM WP at léygle% Vc?rgwn into the drying
concentration of the feed sol uti as a resul ?

cdﬁf’f‘hﬂoﬁ%efﬁ éttﬁﬂrpglﬁfslaéﬁglned to form partlcles, which are subsequently

classified by the cyclone, and collected in the collection jar. It is important that the
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
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.
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When a spray drying process involves the use of a
conventional nozzle for formng the droplets to be
dried, such as a two-fluid nozzle, high gas fl ow speed
rates 30 around the droplets lead to a fast rate of
drying. In conparison, because the gas speed around
droplets formed using a USN._i3g _| ow i n conparison
droplets formed wusing a USN dry nore slowy than

t hose produced by using conventional two-fluid

nozzl es. This has several marked effects on the
particles produced. -35- Were the droplets dry
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phenonenon whi leads to the winkled particle
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i sﬁl"éf“e‘s g}b"lﬁﬁtemgiﬁfé‘& St%)"f“"’t“h 1Sd‘r“:ﬁf’ﬁflet so that it is
present on the surface of the resultant particle it

C t. a greate ion ch
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o PlsEitrer pieb TR Rl 0t HRINSc B0 O SRALL BB i
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n%%m&ﬁ’t aﬁcl%lag&ﬁrgréy to ém%& g&lc@cﬁ: Lé £ c(?rgfgﬁl&odat %)QJQI drying

has hydrop et can be " presenteda
dongthedst conposition on the particle surface,
excel I ent FPF and

Naturally, where the active agent itself has hydrophobic moieties which can be
presented 2s 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 particles.

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



FPD val ues may be achieved wth little or no separate
FCA. Indeed, in such circunstances, the active agent
itself acts as an FCA, because of the arrangenent of
its hydrophobic noieties on the surfaces of the
particles. 30 It was previously thought that the

wri nkl ed particle norphol ogy-ses desirable as it was
though that it hel ped to reduce particle adhesion and
cohesion. It has also previously been specul ated that
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of DI S, ti the surface of particles
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particles in order to provide good FPF val ues.
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severely or WK 19N PRITIE] Bgere d or wgigkled
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mass of powder. Hi gh density powders,
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&1 88% hi gh. What is nore, as indicated
above, the effect of the FCA included in the spray
d‘;c,gotl1 20 partlcl eg if’s magni fi ed when the droplets are
f or ne ¥ afrardebs H“ééﬁ%“ ofiehFa4 iacludydnp tiyespaaysdried
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QX)%%E(? C‘El%SI 'fi gn:phgr at?vant

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. Tt is
therefore not desirable to include additional materials such as carriers ot 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
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included in the conpositions of the present invention
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not desirable to include addifjonal materials such as
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the particles. Thus, in one enbodi ment of the
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For _exapple, further alternative nozzl es my be use

s uecxﬁmgg’ g’?@&’t HSEEEG DptR)cs AT bsrused, isprhoasichrytrosrithy sexzles or
Nodilagsg orlfite 9@z 167 ZI'1RSe nbéz!‘e@, ﬁﬂaehyhtém&zﬂg,zﬁi S mentum
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easi T U PR e Hy ™R 519 heegasily; dirested i cartidoisspam,

t Ndowevey tripid outpilt@ateSs GRRAINANIWer HOMRRad JTR: HBRY d@Icri%an?
USNS gescrlbed 10 above. Another attractive type o

nozzle for use in a spray drying process is one which
utilises electro-hydrodynam c atom sation. A tailor

c | ted for e le,, at a fine needle by
Aopl Ra HREAYe ks phale oF i ip A spesr Apioipege e o eekich
dmﬁl@;ﬁm{hm?dynakﬁc mm’mﬁml £ iR edﬁ@f@ffi&pfoﬁa%xﬁple, at
g €8 Use. S W, . excep 0 trapsport,

the dropl et}ic,!;b_gjfl }fléé% E‘&?)‘ﬂgﬁa © aAﬁ‘eat@CigFégftém the droplets into an
nBAsEFSlseraiodivpeaienalkie rivehodofdieahorde dighd A6k NGkedbt to

88 \ b4 atc monadis he
S RiaBEHoROkREl sp 1 HELYR %té"ﬁﬁ% AE {b‘%szﬂ e ?%llgp 6$§’{/F%‘r"ést‘ﬁ bty

uI%rasonLq_nozzLes, | ettrospray nozz

oPPIAed uiibsingyy snipaing disc penemtoranged in a nul ti-nozzl e
array, in which many single nozzle orifices are
aﬁ&anged in a small area and facilitate a high total

t HP6 ARG uDT asrligtrogisingetlem electfyrpray|sor e Gbndag bafiées
aBotHldscas BOhGardgt ARSHHGEI i L8SH hSaChystal ), 1f.
the ultr asonirf:get r ansggc{:géﬁileg‘l rflgg’ggt“g%ghl I!rn]gn n eqﬁ%%%z)ﬁ%eeonﬁces

vEELERI8Hdn 8 sl preaayd Frsilitai s bigh tafabthirpugbant éffee@lution.

Wie & ultid€paChd YR iDRE LGl it BLRARLO PUGEHRYRRIAY.Y. 1f the
drying, so nmoi sture will remain
uftrasonic transducer 1s located in an elongate 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 is
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 patticle characteristics,

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



in the particles. This is especially the case where
the nucoactive agent is tenperature sensitive and
does not tolerate high tenperatures for the extended
period of time which would normally be required to
renmove further noisture from 30 the particles. The
amount of noisture in the parigcles wll affect
various particle characteristics, such as density,
porosity, flight characteristics, and the |ike. -38-
Therefore, a nmethod of preparing a dry powder
co osition is al so provided, wherein the nethod
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noj sture is renoved by sublimation. An alternative
y]ﬁeonﬁfem &f]ﬁeﬁb tp% meisturg mi)aftweﬁgor H;eﬁ%ggmsrqulveq the removal

se@m&awe Buyh ﬂgeaoahﬁ? dg}hemé:tﬁﬁ@g%%ragm ﬁlvﬁﬁta:‘én %t@ehzg?ﬁﬁﬁg,

has, been co-s dri

enBRdP Rt %ddttﬁ’égﬁf@elamwyewd@ sphlianiqn Ageltametiye type of
nediyiing Sechcilit agedd. ve agent has been spray dri ed,

wherein the active agent was optionally in a blend
with a FCA. 15 The secondary drying step has two

paGtieeallyathe ad:‘éaﬂirﬁlgqﬁng fakésplAcy afted the aElm*lngS@A S bEG coS&ray

as 0 PPS| t he .heparin to hi pper at ur es
foff egr o\i’o"lﬁ1 SFe g‘f‘ fugec © (la{g'iﬁ 1§ %ew?‘g“ﬁ%é"?[fngdf keg place after

r esbdlised nxmomuue egeay h&cigen dpay dHléd wh@rekdihehetive agent was
nifi nt%y ? gpeﬁ khan removing all of the
he

nnlé?ﬁ? rom par |cIe by spray 20 drying. Thus, a

conblnatlon of spray drying and freeze- drylng or

%Q%(q{dpgqg{lh%‘ptcﬁ %ngvm a%llcu r}(%dveafnftaﬁg:. %nrs e)b 1t. can ble selected

SU|tab efature sensitive mac i ¢a
aceiay ¢ axpehexposiSe tlomiskprsin dr bigh gerspegﬂmfes cftarm:blyongeuwmss

t I m e RE; I r b Cl rom
apor o nat ey g St ggg AL S P e 2 b

nﬁmp%cqgwqr itkgngigmoving all of the moisture from the particle by spray
drying. Thus, a combination of spray drying and freeze-drying or vacuum drying is
economical and efficient, and is suitable for temperature sensitive pharmaceutically

active agents.

Secondary drying significantly reduces the moisture content of mucoactive particles
(from approximately 8.5% to 2%). This would imply that the mucoactive particles
are drying in such a way that there is a hard outer 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 éhell 1s being formed rapidly and is too

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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are drying in such a way that there is a hard outer
shell hol ding residual noisture, which is driven off
by secondary drying, and further noisture is trapped
with in a central core. One could infer that the
residence tinme of the particle in the drying chanber
is too short, and that the ouser shell is being forned
rapidly and is too 30 hard to permt noisture to
readily escape during the initial spray drying

pr bze ssusitivEeaoindpiay diedial bl erdFAuRRe ;@g{a%é‘ck Bled, ah® thea
thg%bs.etC egltl)lsgc\{)ngf t,he pr og\gqgt, by bringin down t'he

ot Sture [ SHPARYT §ping BIfEhse thy moisruse fusthenand thatebgraigetect
whthelirugpy be very -39- heat sensitive can be spray

dried at | ower tenperatures to protect them and then
subj ected to secondary drying to reduce the noisture

5 f Ulntanetheapubodimrathyf thetHHd0lsped of H8nHnkin, 1Ae H&s@@r@%@gfﬂing
t Re

e Laept. . of the third aspect of the invention,
o TR g b i PR 9116 Bt P MRES R St ur o

content of the spray dried particles. Preferably, the

b St LS ed b osing.the particles to a humd
troele, bR ARG R R g i panrads ¢ Afmistamosphere

Ic &hﬁ;ﬂg#qu?dobyoimwidag_d tlrc]tebhwﬁtdﬂl:eg b?ﬁg&ﬂg thelQurLiaﬁ,dr and Jor
ehg {0 , ch t.he partic re exposed to
this ehﬂt?ﬁoéi ty. °L§F’1C§%en%“§%?% °ai‘§ﬁ5ﬁ§,t° %i‘ﬁ hdicg o
optionally may include secondary drying, it may also
be.adyant blhsoldig papder s, for exanple in an
air jet Qr??%?g%# %H(;Pg rahstooc'P %é’ ggig?%%ye‘h‘&ﬁ& Sﬁé?’i‘c’l‘gx grying, it may
aglP dredeaneageaitsite inih alveep dotens forsixnoplg ibeh Biges I8! WeBe: to
13eadtt b ic1d I ERbodi ment of the

preeﬂ;er:t Iigylnl\gl%tztrﬁ i ggr%% I%(eﬁgtte Ie{é{,%i} Cg?‘n asep%rz’g?}e%?tf/‘im&gb‘f%és besHeeror

nBreicksicoact i ve agents to forma dry powder
formulation, it is also possible to use other nethods

0 reparing a dry powder. For exanple, nmany dry
pi‘\‘ﬂg éf‘s‘%ﬁb“f&fﬁémﬁs?% &f Hif niFserbinv entionoinsteshaf spirgy, drying the

gphaei Rgretpudcdt 9RMaghAt td LR &) phRrm f%%l!atiorf?trig LELES ible
of a deglred iize. Techni ques known as co-m/I'li'ng a 3

meC RSP ULPORL I &4 Pereatins bew Ravdset Bed example, many dry powders

| teefo nadd Wc;dﬁﬁﬂaﬁb&%d&ﬂ gNdeng\Qp Qﬁg&}l%lesgg ?erfnce all

C ”BQF'tF Qctl e particles 25 and &l so are suitable

f g?r ClES OIL a eﬁldf:%/ﬂég

preparI dry powder fornul ations of the
present invention. The conposite active particles
f@g&gﬂﬂ@ykco-n1llln..and mechanof usion in the

nown as co-mithng 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 or more 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
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present invention are very fine particles of one or

nore nucoactive agents which 30 have, upon their
surfaces, an anmobunt of an FCA. The FCA is preferably

in the form of a coating on the surfaces of the
particles of one or nore nucoactive agents. The

coating may be a discontinuoys-coating. The FCA may be
in the formof particles adhering to the surfaces of
the particles of one or nore nucoactive agents. As

- 4&plaixdbabwiad laglsoie odlithd @AfHosSOIRivOharlibRs GAPBON i€ form
acti v artlcles may be in the form of agglonerates.
Mﬁeﬁgf ergﬁ%p05|te active particles are included in a
pharnaceutlcal conp05|t|on 5 the FCA pronotes the

di I he co te acti e particles on

'ag"r%ﬁ%ﬁu E P|°8‘rﬁe < ?’Eé‘f °% BB r{eddn 2 Phaspasetical rompppigion,
attelkiA pwnoftesahe ﬂrsiaakae lof &ascodip%elué&eele BREVI8s on {HRistration

f ot FCA bl e t
Iogg ?xég%)e %oﬁmoEg?__Q [ etzeenggy% gcftuantoﬁ ofap #%E\?ﬂé I%Jsm?ssed above.

f Ghwsbate again, the pkdsedraf ahsPCReeiblé @Uincteiddake FPRand FPD of
”Me'd:}‘?ov%ertfg‘&&a@“ cles of one or nore nucoactive

agents'in the presence of an FCA produces
S|gn|f|cantly snaller particles and/or requires | ess
1118 A0 bL ST u S8 O, LR t nt process
carried out 1h 41% abhe absens g‘? © RR¢ ORGRE ozt PYfRactive

CITPG IR the paesensecofpariiGa Pe:slut:qs sigexfpnm@tmedieMrﬁhes ahlayex
Arel & nf8Y%es AlIG1 Gl €55 ¢a

s 1R Snd o D Bt PR e ANER) a0
I ‘t‘bSFf§° Sf therF Guc ﬁrhesaf’élloETP compotiteactivesmetidiespabeipeddsed Bitich
tihive a MRk DRl D AR o B RENGE Y| g\lug& hQ%F d diedi, K090,

that a mlling process wll gene Tt et End
| YOFRheldlessrian vt opBumaliy %MUMQQQM &l oturin tshwell particles

sy thaGeah&f thhABy Bitel gauubcaldes t hereby making them
20 nore cohesive. In contrast, the conposite particles

of the invention will often be found to be | ess

d@i’se&lo% tH:fttaQﬁxllIn rédebd Wildedd RAFABALe andNE WAL the 1evel of
herein refers to any nec anlcar

5%05 RS e B &b Piei sBgaces of fhecpiliad btk e et by Meskins them

pasteicoh@seofn @ﬁ&hstetheabﬁpbsade pahtedesiol theSinb@RBRNEN Bften be
Qr ea(}qorbge l25 coar se partic (for exanple, particles

nmass nedi u Sﬁ’@lﬁg ﬂ‘ﬁl’ﬁ‘ n&ltﬁﬁ’é’feé‘r‘ greater than
100n) down to fine part| cl es of mass nedi an

a dianet.er .not. nore than 50m or which
app%?%g g‘ﬂr}n |u§/eéll )7' D REFSITP A ’E‘Bﬂ’ﬁf“é%lﬁ‘?/‘@“f Bhick applies
Getfistenb Edcdo| tbwparnclbebfatdn@a m&rmmammamweﬂ Kaking

ngzjspmrél:lgsg(fgneqmg’lpfn par[lcles o(h Haass medium aerodynamic diameter
greater than 100pum) down to fine particles of mass median aerodynamic diameter
not more than 50pm or which applies a relatively controlled compressive force as

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

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



30 A high degree of force is required to separate the
i ndi vidual particles of one or nore nucoactive agents
(which tend to aggl onerate, especially if they include
heparin which is sticky) such that effective m xing
and effective application of the FCAto the surfaces
of those particles is achievegy It is believed that an
especially desirable -41 aspect of the mlling
process is that the FCA may becone deforned in the

EAG £ cROEiRYp r Lpe i
sur%aces of the ﬁggegigﬁlﬁét:ﬂe g}fﬁ%‘ befcg’%tggﬂgso %ﬁ‘?ﬁl %15mﬂhng

fYo*bedsmwﬁﬂeve% or fupggt toj the piréacensthpivereadtive particles. It

pa'ih‘bhﬂl?esurﬁ rstHR, Rdw !
al ready fi ng %or%exéam{ Fléﬁtthg\%?cﬁgé ¥§er?/%ﬁ% gtuﬁes QE9G8,0g more
priPBroscEre 9rgéml"na’fel algedys fOItCP?@zms]lez'eaVUfg N helowgs
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is_that the ling process applies a’'su

hi Hif griaat %‘fng a B’PE 6?111&8@(!@‘3#5% tppllipgea péﬁclr:@tlyelsgh Jégzee of
rreﬁommrg,a&%yagméﬁaméwsves bringing the particles of
FCA into close contact with 10 the surfaces of the
nmucoacti ve particles in order to achi eve coated

parie é@6d ghher ?Qﬁ@@ve@gnhgﬁlgﬁﬁ ﬁé@umsﬂfﬁﬂiﬂ B8 SO L slgact with
i cient brea aggl onerates o

t o, ens e a
boPh® g 8t ??‘E‘éﬁ%“%‘u"%ﬁ@ﬁ‘g]ﬁf ma‘?Fée’e\?é’ﬁ @7 s¢fddUrat Epeso fA

F(Rgre ef iﬂtl‘:’k&lvemﬁﬁﬁg(ﬁ ﬂeh{ﬁu@ﬁtﬁtén%rQS sufiRieAS bR ak- -up of
conseguence the mll | B conpl ete or partial,

cORE I AUOUS °ofr °dﬁ'f°§8%ti’ff?ﬁﬁ iP§rsa Ydogren gieethotiopof Eke over the

c oatdongwemastiches. f or med. The coatings originate froma

conmbi nation of heparin and FCA particles. They are not

coatings such as those forned by wet processes that

r LA s seliussal aftthomilidg 9ne cOmphed b p2OIPRRAERESHs deN

g rogesses . are l ik to. be

meﬁrgggg%%uto%y%n%ﬁfégggﬁmp% coa Suﬁ]bﬁd'orlnheélh’?‘l;%é oatings

mioriginaty E[B‘PIB easombyhtiothef hmsntand) ¥ CAnghradlSO TR e dre ol chfIhgs

t t a control the
B A e e o S A

ofCOFﬁPPPfFDr'ig Ty esdecdsudndetentdng ponssses ee dikidly abthmf)&r cdddfand

| BndrB e BHLRALMR B&hid [ The m|

conditions, f oré téhfgrqrhpé e, %?%Eésslsg@ therinyention ané‘gls%lsuffer from

dheatisasiantageriben 16136@5seqYéetce@rrqzlahpkoswmrmhemmqmmel

degiteg. of force. Ball mlling is a suitable mlling

met hod. Centrifugal and planetary ball mlling are

especially preferred nethods. Alternatively, a high

PAES R fhgd QFRGIEAE 888ceIBYd Pénditions 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.

Ball milling is 2 suitable milling method. Centrifugal and planetary ball milling are
especially preferred methods. Alternatively, a high pressure 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.
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30 used in which a fluid containing the particles is
forced through a valve at high pressure producing

condi tions of high shear and turbul ence. -42- Shear
forces on the particles, inpacts between the particles
and machi ne surfaces or other particles and

cavitation due to acceleratiofpof the fluid may al
contribute to the fracture of the particles and nay

al so provide a conpressive force. 5 Such honopgeni sers
MagheRe fI¥s BnSHé ﬁﬁ'm:l@s, §gde DR e b Earfti fes Shifmhd 'ullea ugéce
scale preparations of the conposite active particlegseseor
SuP PRI e AT AL EPE dhtitd ardele@ton of Hedkidinghalpe@ssbite to
hotlie gRBSES SthWih ible &5 &1 m R yrescup to

4000 Bar, Nir g,ﬁSoavi hi g?ﬁ?ﬁé’?ﬁ% ah%ﬁ%éeesﬁr%é%fge- 10
(capabl e of pressures up to 2000 Bar), and '

M Slfcﬁfhloﬂiogéxﬁs‘fer%ﬁ:f 10 hbieui 1S HalB%h YUY £ PLESRYL S §c7 eo
Bar). The m_lling step may, alternatively, 1nvoPve a

hi Pﬁ)ﬁPaéﬁéOf‘@;?f FRECROIPORF 4°UB¢ Patkclayi t at or bead nill, for
exanpl e, the Netzch high energy nedia mll, or the

D il (WI]y A Bachofen AG Swi tzerland).
Al%ﬁélb?e‘%sv{m%éﬁgdm% Frhi ehighpregsugy omegepisery vthighare
enspgle Hf NEQELs GPEH 460D Bar MIGHIBMT B P SYR 8 Mogenisers
(hg;ogp@% 15 Nlcronﬁéégb, a Hybridizer (hbra).gr any
siiTar NEGRTY= 1R €S8’ Conpradsticeliioidissolluid fmaximun
PEsSisble@7H0 Bhr) MThedniling&sepi i, HE@naivkly] Bbolbl Lhn_%fh dkfky media
ny++§ﬂagang5& n1éh51fkn|fe 1mIIs, ultracentritugal
mills an glpestlTeé TR "AoPPEP e Retzdhigh precgyamedia mill, or the
pridYEOredl (WihadBadioent AGSBuitAvandjj Alehitfely, the milling may be

MaGhangofFusi on, bridi ser ., and clogi x instrupents.
Al g%@ eés)aﬁlgg B VOB BFEFF St & ale aP°F1‘é$f°%ﬁYqur.n Hasekawa
s Micel ladre Hybddizem™aud er bay dimitnchifilgh@ReEip ABG &process.
mlls which are also capable of providing the desired
hkgh shear force and conpressive stresses between 25

s ({Hthercrossiblgmilioa dkviess indhedeclinjar millsepigaplld, a@ier mills, knife
Caihy, Qlheherik DA £0LA SrTBYaRe | ess well
controlﬁedt?hgn for ﬁggﬁg%%%ﬁéfgﬁ:ﬁls]ing and sone

probl ems such as a degree of undesired

I BsRQalP BREatddON: tHBYs L fbke inbBF tgF’g&e%hargokL?si%rgg{ybgﬁiser

r ot élonajh vi brational, agitati centri

p F’é‘ﬂ YRPRHxi ipstipgeg s Alsg Gspeacialin prefiesend ipbs air jeechiln  sone
cases that when ball mlling nucoactive particles wth
agpitive material, a fine powder is not produced.

I

S 2R e p bRt citds babisdugleencrgyrmediemills| whicloire e
ntdpableyf pheridifd theeQfedttigh dHehd forcdEN@h BRAS s DI Me}tgseeg rl])te Seen
e

mlling , actjon and prevented the prepafration o
CHFRSET plhongh Ay thesleataneq gap is Fhlpgontsolleq, the coating process may be

less well controlled than for mechanofusion milling and some problems such as a
degree of undesired re-agglomeration may occur. These media mills may be

rotational, vibrational, agitational, centrifugal or planetary in nature.

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



-43- problemoccurred particularly when certain
additive materials were used, in cases where the
additive material was present in small proportions
(typically < 2%, in cases where the mlling balls
were relatively small (typically < 3mm, in cases

where the mlling speed was_y90 sl ow and where the
starting particles were too fine. To 5 prevent this
occurring it is advantageous to ball mll in a liquid

mi‘gfdlb‘f@m $0&irded gyﬂ&ulaﬂﬁq’hm&m&ﬁ%vt r}r?a %:{_?aﬁ]sdvg&g YISCtd? in cases
Cco actl on _aSSIStS the dlspe_rsa Ofe aoﬁ Itive

materieghe adfiaverptiena Fannsesertiis smyl proppoiens Tigiciliyqul), in
e gl sy ALY b8 wh Lh f3: 20y iS50k,
Tk o1 s L 08y S 7L
mu s HRELOBSPERd T3S EP@ SloW g Whets (hn sfaktingrar thbey rvesee mvdidet o

5 V! ﬁ:_@@ﬂtttlﬁs io@cxﬂ_ﬁﬁg R JHvQ&aéé&ﬁE td BalRLAYE chéulﬁftixe%ﬁ&dnv'ﬁ:e liquid

mlling. The |qu+d medi um preferably is not aqueous.
Thefing feduges thsrterdsnaptocosraction, wsistshthe isperdaiof adaitive
M@ fekial anidSm§H)b'§§ %}trhﬁidgyac{im0| ubl e but sonme degree of
solubility may be acceptable as long as there is

sufficient additive material present that undissol ved
parhé Gqes mefivatehy bo/Bigl or MR €1k Bty §ENTH ddy soletl LARLR as long as
I|@%|d nedtalln%%ude i et hyl et her’, acetone, _

0 ¢y I8 RS s solv e s RRAC2C Ve B3FtisIFA SR PoToYisRificaRt Beasereanddtie.
Li efsiodityrdion s @high Pk hieyre R e WTtee iy AhBling) 90e filaamiale,
for ?xqﬂgle gichlor #hage and fl uorinated . .
hy & 6Car bSAST *TE8PecPral iy 41 RIGHTHRAR erf IRYHEGCRE Bafigve material
Whis citbsarogiaBitlint clivhle bhosomisdeges ofsGIRBilityadiShd dtceptable as long as
i nhal.8l S,:r20 tﬁgkggsults of [ [

n . spray dryi ng heparin_and .
jet mr P g “HepariTs RheR! %‘ﬁseﬁ@t‘% Hé%&%c’ﬂ'ﬁd Particley of pdditive
15 ( Obatsiill remein SHiitablgtliqhid| oadid clhabbe thllethbadcetode, cyclohexane,
Pald, i &h 65 S t ay dried and | et 'Ileg)(i
hepar i W%Itr ﬁ’gﬁ&&%oh?%ﬁ 5{11%?1 dc{uigfneglfgjff) P Iafenéﬁfl RS (G105
Yi taodflmpeble 5oy Sprple dchilesnedidne st d fuddmarmadlhydratambods,3
7. &panlB b rin&¥EL ied c ted fromaQ. 4
0.9°7, allﬁ >100 15 2’2‘!}5‘"'&2{/"?&&%‘ %ﬁ?“a%'bl&r PREES |P|’°ePc§9é‘Hs in
frightlars] 2.6 3.1 5.9 40.2

20

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
% <51um

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 dtied 6.5hr 75

Jet milled 1x 0.85 3.4 4.2 8.8 20.4
et milled 2x 0.95 3.5 4.1 7 37.1
et milled 3x 1.1 2.8 3.3 5.5 41.0
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cyclone and then jet mlled Spray dried 6.5hr 75 et
mlled 1x 0.85 3.4 4.2 8.8 20.4 Jet mlled 2x 0.95
3.54.17 37.1 Jet mlled 3x 1.1 2.8 3.3 5.5 41.0
-44- et mlled heparin 1x 7 O Pure heparin 12.0
Heparin and |l eucine (95:5) in a 2% ww) sol ution was
spray dried using an SL10 spsay drier, with a
conventional two-fluid atom ser. The powder was spray
dried at a tenperature of 250C and a nozzle air

SMIRABEpA@PS! - The TTquid fTow rate useg S—was 735

pr
m B0 D ephte rresutrtinyg powder—wascotHeeted—rh—a
C))C-I—Oﬁef}i"lfﬁ%s pewder—was—thHen-setondarly driled under2.0

vacuum The powder was then filled into capsul es at
20Hepariarddidveine (99:3)a6 2 2006/ &) MIBEHRLES s 'q\%vdrg:g dsggg ?}10
twin, s &Pl nger . The rggjﬂltl ng FPF(P ) 10 wa 3 o
The gﬁ%%?ﬂ" | NCT easEd?t 87 40Ys AHITEH Tl RPvedsh Fee Ay dried at 2
ai tempetaturt bf 2500C 0hid 2 hbezlpBRGaks 0 of BTHIEL Q‘h@'ﬁ%ﬁmﬁl(}ioﬁ rate used
bridgss,between particles in agglomerates. The powder

was al so anal ysed by Malvern particle sizer. The
conmbi nation of heparin and | eucine (95:5) was also air

| e ing._a 15 Hosokawa, M cron AS50 mill. The
mat er | %Jll S%Jggggésdcoti\?\f t&é“i hSIRgs %ﬁlé RPPIder wasden secondary

potiténodersaaiwn Hirapgsedd sy tival AllRE fntp akfsalk @ §c’b:ﬁ§ ﬁmd then
e

Thege a imcl’:PFill\]/[s)a . Sim to.
o Fo e MBI A el A Sagh FaGingie e geied PEAYD)

P8 3fi%p altierd AFGWER inonss e daior 4078 followlid gatlsubb ddie ki RASABSy of
anfe S&VEr ) only 7% The d(50) of this
povvdgr i s@(gs]fjegggé\n i"a l{?rl?%fc‘ égfwe{: ﬁg'ﬁr%f%%\fn %%Pc’c"fféates' The

| @9¥AFevasEbRtaanliied by Malviratparicld ser.sanpl e. 25 In a
further exanple, a USN was used to prepare dry powders
usri n% a feed solution of an active agent (heparin)
al'6f&omBRatee of keparin rndientige O8d% ptas wise bit 1¥onible a4im

1024sultatra AGee o L3 50UGIHIMED e mIRE A" RSB G LAY ISEL i
outpyt rate was 130 m /hr. The PSR eicl B0 e mill. The
powder was also analysed by Malvern particle sizer.

The d(50) value and the FPF(MD) were similar to the results achieved in the above
spray dried powders.

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 latrger than that of the leucine

containing air jet milled sample.

In a further example, 2 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 (l-leucine). The ultrasonic nebuliser output rate was 130 ml/hr. The
furnace temperatire of the nebulised powders was set at 350°C. Figure 2 shows a

schematic drawing of the ultrasonic set-up.
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furnace tenperature of the nebulised powders was set
at 350C. Figure 2 shows a schenmatic drawi ng of the
ultrasonic set-up. 30 -45- In order to test the
processi ng of the powders, work was conducted using a
Monohal er and a capsule filled with 20ng powder and
fired into a rapid TSI in thes manner expl ai ned
previously. The study used a TSI flow rate of 601pm
with a cut- off of approximately 5m 5 Three

MeRSLaSNBRLS MBS m;ofﬁlre %%Qrsb&gﬁ%ﬁ@gncmfedfu%& lts

are summari sed glVlng the average val ues
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r e&h&HeS eHSHLIRGH fioRo6Ny PGS RePIHRE YLD ?0 ng '\m 5 Bue-
[ ng 10 anpunts ‘of FCA l'—Y ormul at1 on FPF%
P e EmgYely Meparin (0% | eucine) 1.1 0.22 Fbparln
+ Ieu0|ne (1% ww 17.4 3.5 Heparin + |eucine (2%
ww 30.2 6.0 Heparin + leucine (3%ww 28.6 5.7
HepHFT FReasufefatsrecre Ao fofeadpblandard theisgsals fre suaadiede
( S04 \@ the aget%e YaRRALE Hne"f:hjleg W&k BEreb Q%M Nda. 55 8
11.8 The rapld TSI results using the dry powder
produced using the USN indicate a very |ow
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'ICubIIIC S A A\ aaw

pafiormplationz e of the g rERF“@r(mehreéﬂPMI L EPDofmrgyd
ug iHrpatiin 0% ld8Nowas anallyised. The dry powdees were
di sppased 1alcidthay. Sy npat ec particle biyger (Helos
dnl Y1k SPENSEHe- g/l [gs, of d(T0), d(5P) ;and u(90

ooy

- ed
o ne . Ul T asor byt —sed—powders—wergfreastred—an
I_{epagln + IEUCAFC &.{%1-‘?}::\3 P@I8r§ bel ow (JﬂOA h\l %&

ane v vol ume of
t héelem i deusige{#% wfw)a 418;49 measir ed bv &Y npat ec,
t hddepuin thd¢usimet(b%é wiw)0)| 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 l-leucine as a FCA.

In a particle size study, the particle size of the spray dried particles formed using the
USN was analysed. The dry powders were 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
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 ate an average of three measurements.

In addition, the percentage mass of particles with a size of less than Sum was

obtained from the particle size data and is expressed as FPF.
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% by volume of the particles are of a size,
xg;gﬁ}egob; éynpatec, that is below the d(50) val ue
and so on). The values are an average of three f
measurenents. In addition, the percentage mass of ;
particles with a size of Iess than 5mwas 25 obtaine
fromthe particle size data a?dals ?XEL$Z§egr?ZdFPF
- ble 3: Particle size study o
pg?tllﬁes usi n USN Fornulatlon d(10) d(50) d(90) FPF%

(< _!!. e 15 -JQ‘AA' sprat)edeld g = Lﬂs& 1. 07 4. 08
0 SR VS e e e
Heparin + | euci ne (2@6m#w£n {H' 2n 1Q n

Ln +
rgqg&hrgX&?ibMﬂ%& 4 4l §Q2§ 71 14870 0&r i n99-5Leuci ne

oL FREIS A B0 wi) 1h04 e + | swmi e 90.50% W W
0. Herprigd ludee @IOw/t) cpidbe Jeed t hpt 7par {iphes

f Qrified:iniSi lgcide G4 FYw il yo.BY P @GRSS | yPIVi E@of“'

ul tm@%ﬁﬂucle&lgpe e4l’/§%ywpa\/&§f)ew Q80 17 e 118 Ay

FI“ [E T i ar g

o TT

dr I_.Ier?ﬁrm: IQ‘JC‘@‘? @[’/ ¥4P) o nyQ.‘Mal e | R 18b0- f | 40@ nozzl e

canfsPatin A1 lpugine %t w ) nbéle, R&9par(ti.mg es|figy med
u3|ng a spray drying process using a USN have Dbeen

rticle size distribution
I P e M Rulielst SYEleaRShk s S8y Sk tross inrobiod 1y

S3oqpig debylispr @Y&I‘?ﬁ#ﬂefqmﬂ o havtewcgrédﬁul RPEW@Z:Z ki€se produced
re_other. known
fi‘éﬁgg“ﬁﬂ““?ﬁfm SRR Lo RS O G Bb T o Qi gosee
g%@? jra- agent and a FCA. Such techni ques i ncl ude,
for exanple techni ques. using supercritical fluids
h have been explored for many years for 15
p?%Fl c|%°’|§r RetHcl ipiaredosms.a sSrayidrring pwcthasing a USN have

r.ovi des
Lt e b ol SUARHE L8 i e
a ar {rglg

for 1n He 2;5’8%3@155 ot tFARe Fith @ swadhiid/ nerzldconfiguration.

supercritical fluid technologies for particle

DERQH hkgpfﬁ@§§f id ex anS|on of supercritical

sol utions P EpRALssifer foamingsfnei protidesmompSAB), 2
oPugwuamgegodndeanF CA GSSYh tﬁ'ﬂirﬂ@% 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.

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 patticles,
with control on the size distribution and morphology of particles. However, this

technique is limited by the fact that most drugs have low solubility in the SCFs.
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20 RESS is based on a rapid expansion of a SCF. The
process involves dissolving the drug mxture in a
SCF, followed by a rapid expansion of the fluid
causing the conpound to precipitate. This technique
i s capabl e of producing uniformparticles, wth
control on the size distributjg;on and norphol ogy of
particles. However, this 25 technique is limted by
the fact that nost drugs have | ow sol ubility in the
S s 3 r | on Pr.oc
rgﬁi%elg ag%c S%g’%ég%na% ocigsg 351){ %%%&ﬁé%e agc %%%Fs Whct as an
arfHedyane te PreeiPiitte Prysiclea vithizan liquid eglutivzt. Mnlhkaml the RIESS
squmqﬁ@ sAdS Bol Rahes BERSoLbEEND! A i Y0R8, 0L
| re hi gh sol u [1ty~o drug 2

Trlrfé? afcoPaS lssngchmmgauymbé«r {nravlowetx/prabtcmohor
povvder production. 5 Recently a solution enhanced
di spersion_by supercritical fluids (SEDS) was
i fecertliceglutioasnhasceddispastien patugrercepishl fluidst (SBRS) 68
23223 BRed, VWQ 2k wé‘patm u%ﬁéa%])éasedé@’)§268% 6?}01@9&' WO

6/ 00610 Thi s techni due 1 s Si mul f'aneous

d.%Z%F df >8R d P2 P9aIA- Hiiel teshrigiesdasegramat i on
| Gn&llﬁhgcms)ﬂls;agrsioﬂr N @0 ExctdcA¥h a%%ui:l@ £5aR8bh & 9 thgh.ly

gtl ng unchar ged _and crystalline product
rrrbuleptlewi YEP O carabler ofi geperatipmprabeteed siderymiling proguct,

divth th Wipabilitddyf JEBRLNEL Phicl siAl08 @é@ akeikibh (BF ulating
Anot her approach is the techni que known as emnul si or?
plPé%ﬁeffi‘t%ﬁ{)nSﬁs This method 15 can be used to prepare
fine partl cl es of rrucoactlve agent and one or nore
othr experi,ment al ramre was conducted to test
EAPRIETE 2N OB ASER AL FERSOmACT bR A5 mehod
Thel bdf LR NRY poiphie(ine\parties ol nfacbatitive @genP b OKObr thSrelFT As.
determine the nucolytic activity (capacity to reduce
the viscosity and elasticity and thereby affect 20
c M@aﬂxamrbmttgl)pr@gram &rap nondmc&ylsb itest tHelh@Silydic SptitiBfatlected
c S ten clini.cal. rel evance. This
o TR P RS Pl e SR Bige o g drdemific the
s evenldng yetivish j(OeBetcntveo resluteothc oispedity ahé pamoﬁty\mﬁ lohe@étyeitfect
h g, lest act
Reor oAt oy The & AC5 Bup SRk Bhtoi vt
e £irdrdl pderagcancibds eomptituead thm&%sl Fipeampnobelonl ’Eherxbéoaxﬂary
t@b]‘ék@vte 1@%3&0"11{;}2% Xréwﬂ:h o arinSH?cqu 8 emn rpes-[’for

Baumann U, Kin 2002) PUe & oafSc orn
activity, incorporated in the Stagc 2 expenment

The experiments were carried out using a protocol similar to that described by Sun
et al. (Sun F, Tai §, Lim T, Baumann U, King M (2OOZj "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

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

patients with cystic fibrosis.
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J, 9: 401-406). In Stage 1, several concentrations of
heparin were investigated, and the results wll be
conpared with vehicle control (normal 0.15M 30
saline) and a control (Nacystelgyn). Sputum sanples
were collected fromadult patients with cystic
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Frog pal ate st udi es of nucociliary clearance vvere al so

used in the studies. The frog 15 palate epitheliumis

| imedpyhd Rvalel b ARd. secretes and clears mucus nuch
thegésjgrre atSI,l eL ﬁm@cocmaﬂz Cle“f?cgc"ffé%lﬂs%s(féé’? Fheaﬁrgdles The frog

C Ipélafeaqﬁ)ttéelg@ﬂs ling@ withtcilia agtl @aﬂyteé’ atdec1df mSaMeL@h the same as

het Ba@fchBin SAGLI. fmg gx¢ision of the palate (King
M, Fes%a E (1998) ﬁ’eﬁag 16h “Brenureata Sepdp attafe several

noder 26t Saﬁﬁ%@@nﬂ#uﬁ&@gﬂoc béareantaee (KGhg M3 Fedhl €US9FH) U

MereddGiida &ff the ) BhIAG! . 191 r|n hi's
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at are reflective of their viscoelastic propertties.

Mucociliary velocity (MCV) were measured by observiag the rate of movement of
endogenous mucus, using 2 calibrated mactoscope and a stopwatch. MCV is

computed as the distance of marker particle travel divided by elapsed time

) (mm/s).
mean of five consecutive runs for each test solution are used to compute each

value of MCV.



Mucociliary velocity (MCV) were neasured by observing
the rate of novenent of endogenous nucus, using a

cal i brated nmacroscope and a stopwatch. IVICV is
conputed as the distance of marker particle travel

di vided by el apsed tine (nrn/s). 30 A nean of five
consecutive runs for each testgsolution are used to
conmput e each value of MCV. -49- Wen interpreting the
results of the studies discussed herein, the primary
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%ovement injinyvitro clearability. 10 Stage 1

PAPYRReph ” BUL G5B9 om each of 10 CF sputum
san‘pl es, up to 6 aliquots of approximately 10-15 ngy

ated for 30 mnutes at 37 with either
10 a%t@/g?\laéﬁeg?n ﬁe'gﬁfgptgﬁs concentrations of
helpard qach of 1WCF hpﬁhansatnypldsy@ R mﬁlqhois)b'ilapf&ﬁmg'JW)lO 15 mg
lowing it,

3 to inc tion
g e%t? lllj%crvegtsmygzé 4 f | Cl Wuéis aig r i githes v?/a(% Naét %’r\‘ﬁt’héﬂe of the
byconafgwetlpmﬁ crﬁlr;pmx.hd @0 Wit -acékyleyspaitnal.- yyfkinatee(f\]ffﬁgt(wlf
ghu an fractjo
gg % &’hgp 0 L{1§ub Eon ancij fo?l%*vm\gﬁ% é%%ti.lﬁwsgﬁalasucny at 10 rad/s

decr eas or 'sum o
5 elwtdemmyl)‘:d by engtdie nligrashevplets. tTas infidtolyfik eff&&sowle&cs; solution

arie aSAHTAR |tgee1g seen fromth
graph tha ednnﬁﬂgggﬂt% §§rtc§§%lég’a %(g%lstu ed’ VHsc08I1('5375‘T’1‘1ed

actastsiiry O‘afﬁdh%& samplentevedkt i ve agents. Furthernore,
whil st the'lowest dose of heparin has little effect,
the activity of the heparin is dose dependent and

i ndreesds agcsmaagired io| Rigyt ¢ &f faadteisven Aot the giaphslsatslﬁe

20 My ét&s fekRalANGEed tht dl:§rea|a§19v1gfan@(3tteastnb@ctoaé apties. @
ef tive at a | ower concentrati on conpar e g

p‘é Frorosvidstade lowqs Haergraf hertinchas dittle cffrdf, dlne 44eivay bhthe
Faepatinib ldeﬁ)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 heparin.
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/mL

and 5mg/mL respectively.
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The design of this experinent was simlar to Stage 1,
except for the use of heparin size fractions and
Nacystel yn 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 unfragpi.onated heparin each at
1.6ng/ L and Sng/nL respectively. -50- The results

show there is little difference in theol ogical effect
OfThtengsuﬁtg\@hJWQﬁEé i httier cﬁfﬁ:ﬁeg%\fﬁ&ﬁ cal Qﬁec(t) rolf Q:lewo heparin
unfractionated heparin. Each of results in

d dxstioneiseyrd it %Pyﬁ@omtﬁébtpum Bachpfthem eﬁslés jorp dose-
| Qﬂ ndteg'taﬁnugblygfc%@fegtr id. Qirdegregg:/% ﬂat'sféilgatgr f@r gg{g‘ﬂni than

the decrease in |og . origi na

urfP? hétﬂ?&a’ PRt éd Song{adathndgcsease 1In|1t’8q’ fog rﬂéea?f&mﬂt maffaqtiopated
;msqqlww%tx@mr@sﬁ BhtShe MAEnEF ?repﬁm&fs conposi tions
he prese invention are preferably delivered by

an i nhal er device, nost preferably by a dry powder

| bl &mrkomgbsléoasympﬁresen@ Hﬁv’e@ﬂiod sre 99&‘5@99%3&%@@ by
for pu nnnar adm nistration of a

{ G HhEk 9BTIeS, AL PRASERl B AR Rt (Rhe e DR pdbis e of

t RgndldINEchBaly 8sddRbr pSlmoRAG\uS&EstrakiBh o@m%awm the
composi tion, of the present invention. The

i fetpraron. FB%%?‘%FBF‘P% B> Hothar geTtied SsoRBRtoPot ML it i on
aipdodded)edralidpegsi Gl @B Bifiod oMbk QEdstgt ifktndbAdi vi dual
doses of the fornulation fromthe 15 reservoir.
Exanpl es of such devices include Turbohal er

( th@deriany) in¢lA84d & aaZ&neﬁ d)r haMingtHeqioRale £forfoll2866 aRd K)

Innovata |one Alternatlve t.h
| AT Rech e dpratishal poHRR st Soke By b Bo fom e
t hesef«mmlébatmla&a opanihaged¢s iheladeXeadsphder (tradéradrkl) HstraDédeca)
| cks. The Rot ahal er
?;%r a élgn}gr %Q&%H arkgg Oﬁ% Blo nfe%qég?anhal er (trademark)
( Rhone- Poul enc Rorer), Cyclohaler (trademar k)
R n t
(a #‘heg%%g%l glég g% pt\éh“)degﬂlgalelvg ? EQLSJng\%\% [eora‘gS%ﬁga-%Fe_ggafﬁ%Sls of
i thefrringhtion perkpgedy fod esmaplpsen ép@cbrdgégebﬁn tchpsules or blister
g;aaw #hd Rtk @h rk)f @ax%éméne a@n@am&%e@ﬁar oft

latin capsu e or I St pac orement i one

dé&h@é’sf’ca’rl@c2@rgb@cwaldemaéegarkbmhambwe@evo eed,

?%?)%6oga§lgﬁgha?;§rﬂhrkgg‘ﬁmgta; Egieg)of tevi éygg of &%spé)\%reg Qx%illl’er The

t AevenHpplee progidgs p EFF@%EF‘ ti@secﬁf é}tﬁeﬁ?sfé“le‘h‘éﬂ enntzpede fofoample,

Ofin L M€rd or soft gelatin capsule or blister pack. The aforementioned devices are

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
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 mote
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formul ati on, each dose conprising an effective anount
of one or nore nucoactive 30 agents to be nmde
avai |l abl e for inhalation. The dose nmay conprise not
nore than 250ng of one or nore nucoactive agents,
preferably not nore than 100ng, nore preferably not
more than 50ng and nost prefepably not nore than 20ng
of one or nore nucoactive agents. The dose may
conprise at |east 5ng of one or nore -51- nucoactive
ageMoSerivil; : t nor refera at
R Bl Bl ot B0 B RE R R g 4,
moreferred dasetciomeriagyeift 8mel qneanatdre muwnbwidE Agsts. of t he
present invention, the DPl is adapted to deliver one
5 or nore nucoactive agents to the deep lung of a
pdtirepthentmbodipent affthgprepans investignehe PRI isadepted tndeliver one

anRthak nRSOREe Qgen_tshc% thd @égri{m . &!é’ae;]% e D¢ aadogggk(ﬂqgask %800

provided for use in a DPl “cortalning as anount o
cJHpositi on which conprises at |east 20ng of 10 one
or nore nucoactive agents. Preferably, the DPI

according to the invention is arranged to use a
pACRAGLEAL GBPAFIITPES of Hee Pisveah iivertionAe porkdeniy provided for use

f uk b DAY cA8RBEAg Rfantdi8t BF @S %Bﬁap.bﬂﬂ@x{wvhﬁﬂ colmBEises at least 20mg of
conpositions according_to the invention are used for

uS8 PhoPRePAIRFCUT 2Rt aBrsferablicipe AR 2reprdiggdo thesinpention is
t nfahgedgo Ll MPRALY LESARTES th¥ihedhdoRV Ol VE excess nucus
in the airways or problens clearing nucus fromthe
ai rways, exanples of which are di scussed above. -52-
ClAziorglink. to A yeOfiphst spedt off Ge $S&inb IovBgtidhy BhdSc ok RAMRBRE €,
tggxp8g$g§h}Lon con'grisicggJI one or nore nucoactive
agents ¥ or ©F STURPAY *Er eI MRk ISTGSRPY T 55 farHdY - ey Age for use
f or trediingipulthomgy dibeasexveic inaoleé efcefsahudis §€ el :ﬂ@va?ﬁkled

I ris within the npucus,. 2. A
LMD B 8RR Bl Wb oo PR B H o disapssdusbare.
of the nmucoactive agents are able to reduce

inflammation. 10 3. A conposition as clainmed in claim
1 or 2, conprising two or nore rmucoactive agents.
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4. A conposition as clained in any one of the
precedi ng clainms, wherein the 15 nucoactive agent or
agents reduce cross-linking within the nmucus and
dilute the nucus. 5. A conposition as clainmed in any
one of the preceding clains, conprising one or nore
gl ycosam nogl ycans. 20 6. A cenposition as clained in
claimb5, wherein the glycosam noglycan is heparin
and/ or a heparinoid. 7. A conposition as clainmed in
cl @ia#n6, wherein the heparinoid is danaparoid 25
sodi um or dernmatan sul phate. 8. A conposition as
claimed in claim®, wherein the heparinoid contains

hepar I ™A cﬁﬁﬁdﬁﬂo@ﬁoﬁ%sﬁﬂ@% ﬁxu@tﬁQI&mgg Rl Edzg%%%cﬁxhc%m%nsmg

A conposition as aimed in any one

pr erte odltwﬁe ugpPifLive egﬁqﬁﬁog itcﬁ]gcmg giosglipldng within the mucus; for
gl dibeing HenaguycaBor Bk MGRSHFI IR Mﬁ%ﬂ%ﬁ%%ﬁi]g&ﬁ& ghe

congounds or sulfated nmucopol ysacchari des
CoPosition as claimed in any one of the preceding
clalns conprising a nonosaccharide, a disaccharide

/ or 2an ol i gosaccharide. 11. A conposition as
cI ai med SAPELRYOB AR B dHa e d evhgigin g icrImOTe o fheimmicoactive
5 agexts p@npledextéduca infiisc@ise. and/ or mannitol. 12. A
conposition as clained in any one of the preceding
claims, conprising an amino acid. i0 13. A

c Gpos At dogrposision hantkdiin cRity 1 0Re, @mpr Rt dhdlg
cﬂ&u&gaw%g kd Sing rhDNase, gelsolln and/ or thynosin
B4. 14 np03|t|on as clained in any one of the
precedi ng cl ai s, conpr|S|ng acetyl cyst ei ne and/ or

chyst I o s AL osi&lo s claj.med in any one
of theSizpc)réglcE)eé'lé % g Tarms, V\Weree %%Icc%ﬁpﬂ%‘f”ﬁ Bherpig the

disucpenmtie pgepb pr mbmh@ﬁy ctgshdihlabg ofthinltfe mcGOIHWSItd BB
asndgeh@i med in claim 15, wherein the conposition has a
fine

5. A composition as claimed in any one of the preceding claims, comprising

one or more glycosaminoglycans.

6. A composition as claimed in claim 5, wherein the glycosaminoglycan is

heparin and/or 2 heparinoid.

7. A composition as claimed in claim 6, wherein the heparinoid is danaparoid

sodium, or dermatan sulphate.

8. A composition as claimed in claim 6, wherein the beparinoid contains

hepatin, dermatan sulphate and chondroitin sulphate.

9. A composition as claimed in any one of the preceding claims, comprising

sulfated glucosaminoglycans, glycosaminoglycan polysulphate compounds, or

sulfated mucopolysaccharides.



20 particle fraction (<5m of at |east 50% and
preferably between 70 and 99% or between 80 and 99%
17. A conposition as clainmed in claim15 or claim 16,
wherein the conposition has a fine particle dose of
bet ween 50 and 90% and preferably between 60 and 25
70% 18. A conposition as cl.agoed in any one of clains
15-17, conprising particles of at |east one
mucoactive agent and a force control agent. 30 19. A
CQppos tc'oQJ oﬁﬁpﬁ: Ia?klgﬁgedlng a:%J &:_lergfjtﬁe é@@&ﬁtgé aaﬁrﬁ,eccftﬂfrﬁﬁlg a
control agent I1s an amno ‘acid or peptide, or

d erdnpsacihagisle t hdipasgharids aphrspholippirerbsrida et al

stearate. -54- 20. A conposition as claimed in claim
19, wherein the force control agent is _|eucine, .

| &i neA coppppaifipe as grimpdyin awe%ﬂet%éh%alre.cedzqg clgims, comprising

5 CQUROS| Béﬂﬂn,ag?q&kéh_{@@r ifRngtdi m 18, wherein the force
control agent is 5 included in an amount of up to 50%
ww, preferably |less than 10% w w, and nore
pri8f er Akl plo€isisn LD AR WiNLNY oreof the SR &1hiBR}, @nprising an
clainmed in"any of clainms 15-21, wherein the
comtsstdd-on  conprises particles of nucoactive agent
having a MVAD of |ess than 10m 10 23. A conposition
as clained in claim22, wherein the pan%&fles of ..

10 ml@oacHi PEPOSGERA RS FAREdHe RReF ot te BifFedsng claims, comprising
CQHPSGL, bakblRSandl/ i phobiA sany one of claims 15-23,
wherein the 15 conposition further conprises carrier
particles, preferably wherein the carrier particles
have aApakdgosition Sk Z2Rinedd iAkny 6@sdf RO prec@bng Maims, comprising

phar maceutical, c osition as clainmed in any one of
claé\?fggysie-“?ﬁn%/B’f&ggy te&Yi“h t herapy. 20 26. A
15 pharmaceutical conposition as clained in claim?25, for

t rlﬁ,g't | Rgco?'nr?o% 'lorrlnz)ig ?:‘fa%ndﬁ%lggg‘ P Ene gf;tge ékvﬁgge]crﬁégﬁ%?#té%gglem the

conposition as clained i'n clarm _
pubmpngriyn diasdapewidenfok pelsnonymyentsdatioet i on of nucus or
abnormal viscoelasticity of

16. A composition as claimed in claim 15, wherein the composition has a fine

20  particle fraction (<5um) of at least 50%, and preferably between 70 and 99% or
between 80 and 99%.

17. A composition as claimed in claim 15 or claim 16, wherein the composition
has a fine particle dose of between 50 and 90%, and preferably between 60 and
25 70%.

18. A éomposition as claimed in any one of claims 15-17, comprising particles of

at least one mucoactive agent and a force control agent.

30 19. A composition as claimed in claim 18, wherein the force control agent is an

amino acid or peptide, or derivatives thereof, a phospholipid or a metal stearate.



mucus. 28. A pharmaceutical conposition as clained in
either of clains 26 or 27, wherein the pul nonary
di sease is chronic bronchitis, acute asthma, cystic
fibrosis 30 (CF), chronic obstructive pul nonary
di sease (COPD) or bronchiectasis. -55- 29. A nethod of
treating a pul nonary di sease ggonprising the
adm nistration of a therapeutically effective anmount
of a pharmaceutical conposition as clainmed in any one
Of 2| a'morﬂ'% fhidnCas @150 ﬁc&mﬁnr‘wn@ﬁ&eﬁfthg’ HGe L&Al gE&%ﬁ is
30. A nethod of producing particles for use in a
o]ﬁffe%fi tisieg, gsteiteapmmirtyses ‘gﬁVO -one of claims 1-24, the
nmet hod conprising spray drying the one or nore
mucoactive agents. 31. A nethod as clained in claim
30%1- whet ermpesiionsysiclament i gl Ay Bherels thpforge eontaqh ageme i
5 SPinAMALH Gk $&RURE bSLED AR SpdeQiratlly RIVEHRY 0% R}, GhE more
noving at a controlled veIOC|?y 32. A nethod as
cl RretfEAPl lesschan AT°31/¥-wherei n the vel ocity of droplets
at 5mm fromtheir point of generation is |ess than
20n's. 15 33. A nethod as clainmed in claim31 or
wher ei i EHRPSHoRAs Haaed BaRp Pf Saisgly- thhfa%fbmeéomposmon
NeQithiirBey parBdes df MBIAOeagert hatilRd MMATNYE RAGHOE 1G1ai m
31-3 mhereln the one or nore 0 nucoactive agents
are co- spray dried with a force control agent 35. A
mezhod foéonpp&m RGPAE inCllE 220Whetsh the partieREPOHutéRbve
as cl %£¥ ?ne of clainms 1-24, the nethod
c otB5PY Vﬁ@#ﬁgé §3PH8 particles of the one or nore
nmucoacti ve agents in the presence of air or a
conpressi ble gas or qu d. 25 36fchn£na§5% 23 i med

i n“¢l ai' hfSBPOS Oé’raélc}?uf’ﬁemﬁél PREPes*ate Tlme%11 in
15t heampmsme I’fﬁlﬁh@fcoﬁnpf:l@d’s@:@rreo pinuoles @gefntablyaﬁherﬁn it daedler

a%é}{tslniﬁ,@ealgaﬂ% Qe ¢ ?rg and 36, wherein the

0 carr e at an inlet pressure of
betmeen 0. 1 and 3 bar. 38. A met hod as clained in any

ong;, of feLﬂflx%ce%%cﬁngﬁgsm(\lﬁ]ﬁrcﬂﬁe& E}Pad JnergflchaErHQI -24, for use
in therapy.
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20
26. A pharmaceutical composition as claimed in claim 25, for treating a

pulmonary disease.

27. A pharmaceutical composition as claimed in claim 26, wherein the
25  pulmonary disease involves hypersecretion of mucus or abnormal viscoelasticity of

mucus.

28. A pharmaceutical composition as claimed in either of claims 26 or 27,
wherein the pulmonary disease is chronic bronchitis, acute asthma, cystic fibrosis

30 (CF), chronic obstructive pulmonary disease (COPD) or bronchiectasis.



is carried out at an inlet pressure of between 3 and
12 bar. -56- 39. A nethod as clained in any one of
claims 35-38, wherein at | east 90% by volune of the
active particles are less than 20min dianeter prior
tojet mlling. 5 40. A nethod as clainmed in any one
of clains 30-39, wherein 90%gf_the resulting dried
particles have a size of less than 101lim as neasured
by laser diffraction. 10

70
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29. A method of treating a pulmonary disease comprising the administration of a
therapeutically effective amount of a pharmaceutical composition as claimed in any

one of claims 1-24 to a subject in need of such treatment.

30. A method of producing patticles for use in a composition as claimed in any
one of claims 1-24, the method comprising spray drying the one or more

mucoactive agents.

31. A method as claimed in claim 30, wherein the spray drying involves the use
of a spray drier comprising a means for producing droplets moving at a controlled

velocity.

32. A method as claimed in claim 31, wherein the velocity of droplets at 5mm

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

33. A method as claimed in claim 31 or 32, wherein the spray drier comprises an

ultrasonic nebuliser.

34. A method as claimed in any one of claim 31-33, wherein the one or more

mucoactive agents are co-spray dried with a force control agent

35. A method of producing particles for use in a composition as claimed in any
one of claims 1-24, the method comprising jet milling particles of the one or more

mucoactive agents in the presence of air or a compressible gas or fluid.

36. A method as claimed in claim 35, wherein the particles are jet milled in the

presence of a force control agent.

37. A method as claimed in any one claims 35 and 36, wherein the jet milling is

carried out at an inlet pressure of between 0.1 and 3 bar.

38. A method as claimed in any one of claims 35 and 36, wherein the jet milling

is carried out at an inlet pressure of between 3 and 12 bar.
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39. A method as claimed in any one of claims 35-38, wherein at least 90% by

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

40. A method as claimed in any one of claims 30-39, wherein 90% of the
resulting dried particles have a size of less than 10pum, as measured by laser

diffraction.



