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WD 2005/ 025540 PCT/ GB2004/ 003932 Phar maceuti ca
Conpositions The present invention relates to
wpharsmassot i cal conpositions which are useful POT/GB2@04/003932
treatment of di seases where excess mucus IS present in
the respiratory tract, 5 such as cystic fibrosis and
chronic obstructive pulnnnary di sease. In particular,
the invention relates to pharnaceutical conpositions
Pbaraunientcablosmpogiionsonary i nhal ation. Micus is
a viscous-gel, the properties of which are dependent
on a variety of 10 factors. Miucus is primarily made up
egérﬁtlﬁ{r&tf?jn féﬁ&és%lpﬁqaﬁm%%aloéo Qhs which are useful in
ycoprotelns wat er, |'ow nol ecul ar I ght ions,
tgp éteetmsntaafoﬂmqap@smheﬂhegfes nop aneresentiinttes saspirpterpmtract,
LRRaE e R A LS bR e e B ot e
1hhe1.tgﬁi tefatyd @cﬂ&kmycamﬁale&caﬁpmmm fol adMitgibiatich bPulmonary
.princi ple polyneric conponent of the nucus gel and
1ggﬂ§ fQ%s of a peptide backbone with glycosyl ated and
non- gl ycosyl at ed domai ns and ol i gosacchari de chains.
The presence of sul phated and sialic termnals nakes
Mheus iypl| weague ghli g Bﬂopettyamf orliich afﬁrréepnudmt@nf DVariedy of
fg. o¥sd I 131%%{153 1es r%ﬁg%ﬁz\gm d%eunfgtl % ml}ftug%gnﬁ xlraﬁm]lbi]e arfl?]unts otf ﬁnucous
giﬁdmﬂ»@mea& ﬁran:g,l les. mzﬂaeulahereigchg iRl pprteipeahd Gipidar Ghese
mai nl y dependent on the tangle gggsit%, which in tur
Gogn e&mnﬁféacta@ AR RfE G qevp e (FEACHOPD Rreatfdthe three-
dHeh SRl 8&kbEe of BRILd -an IRt REAOH CoeRS bis¥adifthnd elasticity.
neutrophils rel ease Targe anounts of” DNA, actin and
protelns whi ch al so polynerlse and i nt eract mnth

nS|der greases n
WHER, bl R TR A SO EH BRL AR br L REEASE8 il 2oh B
pb@ltlldeﬂ)y.cldfoﬂélvf'lﬂegbﬂcbsylay@iamdjﬁo S}’Mﬁéhldbnﬁhr[smyl
ct the hem cal a opertl of
3 chidts: akPspiesthne tsrllﬂ%e¥ﬁ<f ”ﬁ‘i%ls%‘l‘ eI aakes the
raaﬁculeql\zghﬁ BblyReRdR:. vmecllautlhe o lth )Agﬁ?:@;fc Rk SHbY %'f'ﬂ%nsely
u

into the |arge, extended nacronol ar chai ns known
@asrgvddhnaer pelymess, bpmkEfdreh b@tu@e@m;aupaé@gth it mogom

%Xgeﬁ“ﬁe rl?eo??gsq 1#3%%3 { esqnamfgftdh%\hgﬁientlo%r g 2o denslty,

sugar “uni I'gosaccha
whidk i h&lnns demedrnaedmyrthe fd@greamuﬁuc&@(}ﬁydfatltoh&nﬂuﬁtﬁn molecule

wei gh form hydr ogen bonds. npllnentary unlts
1678 Rl JJHOEFT B HTE RGP R e%%g?éae PRAPYE FE P NpoAttn and

Iir%ﬁe%@sa&hﬁﬁcﬁkfoe@ﬂyﬂn@ AROGk & &Swith BRI, a"fﬁls\f)@[)yesL b8Ederably
nu ers of
increases the tangle density to form highly viscoelastic 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
mactomolecular 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 complimentaty units on neighbouring mucins. Although

each individual bond is weak and readily dissociates, there are very large numbers of
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WO 2005/ 025540 2 PCT/ GB2004/ 003932 bond sites, making

this a significant type of bonding within the nmucus.
wonoeddsbon, nucins are al so ionized, contai RCIEH044103932

positively charged amno acig residues as well as

negatively charged sugar units, principally sialic

acid and sul phated residues. The degree of nucin

ionisation nmay actually increase i.n ai.rway, di sease "
b sigese RRFAIEENY heBPERY WPHPHEPRUPER RS HPEaY  Fppddition
mgﬁfciiﬁ UL DPRL §Shib &8 c@ﬂ@ﬁnilhg bt pO&Fivelf cB¥3EE drmldes 3¢i8 @eddues as

terations in glycosyl "transferase activities wthin.
wiehes Gepaivelyappagest angar Thits, ponripalinsieliaatiioad spinbgisdresidues.

i xed negative.charges resul ty.: tiff: .
T_@ﬁ?@%’ﬁg &’qﬁ&%crl% ASHECT natfl%%cﬁ?%un}) rr&la\ltC ll%gs:;e llne%&eﬂg t cih%IEé; For
ekz?ﬁﬁl@,tai%i d’ylgti& FBrqad (AW rihe piaereand oddiphgtedoesiieesns fbeher
of ‘entanglenents. Finally, ip airway diseases. 10 .
clometen eETIss 68 AEatPL & BBt hHo P PR A O e g Sols
aé{ ra s FPh ORI H 18 c MEh T tw e ENAx &N He @ikt Rhdgk A BRAL Sn alseffer,
eased by dying | eukocytes, and exopal ysacchari des

e eseoded erichymblactlar fenfomheiion, £E¢CHTAY HereasBIRdhA polymer
an ul.k. tq the nugus. ' Chat 1 i

SHFanéd ﬁ%ﬁﬁge&é eﬁ%ﬁoﬁgﬁﬁg%%éﬁ@%T@?2%&$%§%€g§?%§€&es
cﬂigrat:tfe_fiﬁléd by ket dg ah d el agtn st ismLH at 6F ahigh mcleobitaveight
et RS D TR E T PLBonsacasdes
Ut GLE B%f h¥cteridlU G sSEMHIRE BSnaing afidHullbeo arughed.

up as sputum otherwise it is retained in the

respiratory tract and can encourage the col onisation

Mm.cr oor.gani sne ' ' .
Rl Tih SR A S Ttob 4o LA e iy
tFALE, glﬁaﬂpﬁhg b aledgpictiatlae wnd mactobpr esaatial far pamevad wiagthe
problemas it _pot only obstructs the_.airways but. al
PYCH RO tEE T n Y 6h Shit BigRoTREE G rd cleis Sbiicftan,
x%?{ug SLUAhhREsYHal Bufbel BUEREd @B aaBslituhy, b@ieraisednis retained in

at hol ogi cal agents such as bacteria (

, rra (e.g.. : :
tPe [euggummsraﬁ‘emrb Faroeacrutage the celanispien by naistogsgidtms which
col pnies w thi 2 h &1 tend to arise
We%a‘% E%_C}i’rrﬂntmlg géé%%%%ag?& ?ﬁ? é)gtE t?%n stinul ates

neutrophil chenotaxis, but the neutrophils are unable

to effectively clear. Defective neutrqphil  .apoptosi .
enfemal HeamPHEBEYE SOPUARE HRE PR br P pic PR OBl as it
RARROENERISs Ble ditRGs Bt Hss EaTRateR iklectibleuhd pphinbtes a self-
proteases and oxi dants are rel eased during the process
petpetuating 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 arise when the initial bacterial infection stimulates neutrophil
chemotaxis, but the neutrophils are unable to effectively clear. Defective neutrophil
apoptosis and impaired phagocytosis ate key factors in the pathogenesis of lung
disease in CF. Neutrophil proteases and oxidants ate released during the process
and these have 2 number of effects. They cause both cellular damage and
impairment of ciliary movement. They ate also potent secretagogues and actually

enhance further mucus secretion. The proteases also cleave anti-proteases and cell
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and these have a nunber of effects. They cause both

cel lul ar damage and inpairnment of ciliary novenent.
woheys/assaoal so potent secretagogues and act ual PET/GB2004/003932

enhance further nucus secretign. The proteases al so

cl eave anti-proteases and cell WD 2005/ 025540 -3

PCT/ GB2004/ 003932 surface markers, further inpairing

t he host . defenge nechani s Thus, the cycle is )
BEFIsE oA ER BEten duuemedtt BottAatthse mepapisifu s, the cycle i
ptipafanarsahed TR Rurt M BmBSir nlde6l ERSFATe THARSsame, time as
secretion, encouraging bacterial stasis and pronoting
HICFSABAS TRHTUS SRFREHPBrenCPHtagisigoras terinh etagiaiahd peombting eirway

i I riegi nal .5 infection_actually
PSR A ELEhe 1R, 00k Bt 1 0P oLl
infiectionocesdly lads suntspidadeteritahtiof of be: sfanbibdidny tAd@rocess

nortali observed in tients with . There are two
RaPHEE L B8 B! it ot ertoA ghostaire obpesee R A eRgHEA CF.
mucus hypersecretion, where the body produces and
secretes elevated | evels of nucus and 10 the

HhesEre e (paky sausas P mysabiesentipne ghee fist bs sirdayciheans

 SaTW = Tilo c=Tac2 [T\ f kl nough. .The.second
CAUse |'s where t gqﬁﬁggég é§9§g§5?n%%s3#§%%gﬁg§4ﬁ%fqumand
theenecaclernestrsn rasnaihe tnospeabitly 2hd gleay tieclagleastduiitd ¥f mucus

it. .S muc e difficult. for he mucaciljary system .
THHE GO Fehe TR CaIAtedaere BEGRPLHhoa i faaal mesoehsticie.
Wherd theih @ hak heGinubRely MISUSisEsLIAHRY, it RahudS §lo3t Qifficult for

| earance have traditionallTy been referred to as
tgﬁm‘%ﬂ%?thaaésysmﬁ? govieghe parcus and sleprit frarayhdeirways.
i naccurate, as may of the agents in question do not
exert their effect on the nmucus by lysis. Therefore,
Agens whidhi affecadlsd stucoumuswey gar asies aleeranes Bave traditionally been
referred to as cpactive agents, .20 C assjcal courses
SSFri O PRGNS P4 TIRNFURCAthil STHY PRT F SRRACRRIRfE, 5 may of

e pEts i Y DEHISACT LA b0k e ANUER I FRBNGK IR miAbEMSy lysis. Therefore,
vi scoel asticity include antibiotic therapy,

APERISAT IR A8516 A eus slesiRaee 6tR hereior tsfereasbtogds myeeastive agants.
i nhal ed corticosteroids, or oral admnistration of
expectorants for liquefaction of the nmucus. It is also
Wasim] cowsty efadctiohaakuf feetrert sndividoalaerffisedd Wieh hirenpd

"nmucal yt.ic" ent.s, such as water and 25 hypertonic
et ap PO Rioe Db aR R DRB S8 e et erapy
ddasinBeeon 5€BroddhiddiRedrs Glse D4 fs?ﬁét%[csor ihRgleh %ﬁ%ﬁ%tér&lds, or

t hought to enzymatically diﬁgs t he naked .
qra} ARBis DD Of FEPeAtPIRRTS foulifaefactionplithe mrriradt ér lsg known

(BAHLE AR rFore ARAPLIBL] LA AL BHGES podd I8 L 8

DNA whi ch is thought t% conf}lbuf% octﬁ%Iéiégé %%Wamrand
hypertonic saline solution. Recombinant human DNase I (thDNase) has been used
to treat CF sufferers. The rhDNase is thought to enzymatically digest the naked
DNA released into the airway surface fluid from bactetia, neutrophils, and othet

cellular debris. It is this DNA which is thought to contribute to the elevated

viscoelasticity of the mucus in CF sufferers.

Howevet, these conventional approaches have met with only limited success and
thete is the need for cheap and effective treatment for mucus retention in the lungs.

What is mote, it is an aim of the present invention to provide a treatment which will
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viscoel asticity of the nmucus in CF sufferers. 30
However, these conventional approaches have net with

wonbos/sat ed success and there is the need feCcTaBa@/003932

and effective treatnent for pycus retention in the
lungs. What is nore, it is an aimof the present
invention to provide a treatnent which will WO

005/ 025540 PCT/.GB2004/ 003932 -4 l.ead. to reductjon

RO 8 PRCS df 457 Ly CAbE T 58 GL-9 s, WA OHv pole
@Sk éd tdugh 40 AMOY OHHLATALRITNRY 268 §R6ANGEIUediife by
mucus and al so enabl e cl earance by neans of ciliary
REpsof, cliptpgees such as rhDNase, which digests the
naked DNA in the mucus, and gelsolin, which digests
actin in the nucus, have been shown to affect the
Abemt bwiltas thidpenehich difesththenaked CNAdS thpposasd ahd gelsolin,
the, vj.scosity. |In nodel studies, this will tend to
VRSP SUESBISHH e Byt Befhihart feut et thhghotcie
GhPota o LRE ARELOIRY 28TBBPSsed @b thé Vis8bNiyaThiRBdel $hdids, this will
has been suggested that agents which disrupt the
PB4 IPPIAFS OHSk Had rirwas cleatpsee. a2thes thant hadpingreldasttive by means
5¥éﬁ§&%%kﬁ&mand viscosity. This is the preferred
result, as it will lead to an inprovenent in ciliary
cl earance, according to nodel studies. 15 Dextrans

ve. been identified as hei.ng a potentially useful
DS pOFOTaBRF b Uik o ctact st fREcTars ke i e couse o
f2dbd tidrainl Kuth NG D2 Pibddbley. NMhid Rithe PALRALA result, as it will lead
application, it is suggested, fromin vitro nndefs,
O IMPERY FRFY 18 sHirsnslsatney scearimedel medsl studiesand
i ncrease nucociliary clearability. The dextrans are
t hought to have this effect by disrupting the .
Rydrogdnvbbedi nignbftdesheing aimsenialpiveefiheged® for improving

t hreesdi nensi onal cu t.ructure. ' t hesi.sed
DREE e PARen S REP RV ECtFR A R R B B8 Pt
Appte e itio Beddegted] 85 il BFnbHAS, thAt N2 RIS deh st hBFus
by dextran carbohydrate noieties, of oligosaccharide

Hisoskrddty andkiaareess mrgpciity staarabilityndibgitexttars are thought to

i , . | extr.ans..uyse
IRe0 ChilgHeL Ol ARl Nnt APaiBUEl Bofiflny LG ACHLEAN S the
thireséimeeniohjidnegerstivonds. drie izpottesivsed tiraalthy danehns compete
t.neal ogi cal i neffective,,.thus redugci ng the aqveral
L BCRLER sl e -8 Kfcith e s b o e sbsetaa, by
deetra g ¢Rbohl ARREOMOSetiIMCAFoliZbORALBAGER: R)ickich 1iksd AMWigh molecular

weight mucin peptides that make up the mucus gel. The dextrans used have
significantly lower molecular weight and so these new hydrogen bonds ate
structutally and rheologically ineffective, thus teducing 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



cough mechanisns. In a later patent application,

International Publication No. WO 01/15672, it is 30
wouodshess4suggest ed that the acti on of dextransPOmGH2@04/003932

further enhanced by using chgrged forns. A charged

dextran, for exanple dextran sul phate, is thought to

have dual activity. Firstly, it is said to have the

f d bondi sites
SEAGELS 040 0 SRR, R SRR AT By o e
ohabgrdedibnx tcoano ¥R 0064 G355AQ, ralRET EB2004.00393%ihs the
thought to h?ve an additional effect, shielding sone

Wit frenfangloorent gessdinds gitthecishheurmepbecormicqidnsevidiin the
thB&:s"He ﬂﬂe%k)é@@lfmngﬁgédwashtlt} 8o tcft n&é 1n%&fd3ﬁtrtoeﬁjsum ng

the nunber of entangl enment cross
5 nei ghbouring macronol ecul es within the mucus and

| : .
e T —
stiftalble tthe tr@ktﬁf@p.dn@nh@%@&@&bae{dcﬂ%s emayekfusk $¢ R Q‘kpenswe to

di h CF,
BT (oA BRREAE Do epl CRHlE @oamRlimbree toxic side-ctfect

s6t9aé hlieddtaky ha&ﬁﬁﬂ&’ﬁ@ wiick %Igecﬁﬁé%g%ﬂ%e;%?%%e%mzl Ct%x?al)f giucosa.

side-effects s as pul nonary R
70 bl eedi ng of the tracheobronchial nucosa. 10 Heparin is

I'@e aki%qgr lﬁlgllly O %ISCQ.EC 9.1'1% lé}? gﬁo al oﬂﬁé tetg]] ét%léeaq%gfﬁ.b%sr such as

ot eoglycan
mpaﬁaheugﬂtﬁu:p isof nﬁﬁﬁeﬁﬂﬁkl&ﬁgﬂoa Jfeh&irb@didcBledSeferred to as

cosant to the|r | i near anionic
g%’&%f/”é?é‘é’s 6’? e %’ﬂgdett F’é lingareandonigpelysiestebiut asuetnee, these
nh XYY RAule D 2 MAnk ON S 1 Q:L@cgisocﬁhlogfcgpﬁ RE&es. VoL he r1n thas

heparin has 15 been used | argel Its antlcoag
75 beea geadslatpelietprdiy antisodgutedit m@fet:ts ke ma ita tihding koo phibina anti-

tllufolmbiﬁ Ii?f %hér? é/xtlgeenréc %hatl'}te arie %g[i{;)gh?r?ﬁ?%cosamnoglycans also

ycosam’ nogl ycans a §s
p&sﬁteiss erﬁd»u%tmmmﬂym&mﬂoﬂymﬂdﬁﬁfn@&hﬂraglﬂﬁﬁbrﬁﬁﬁﬂﬁﬁiéseﬁmcludmg the
e dul ation of T-I|ynphocytes, conplenen

[ ud
ulktl}ﬁ’lt“i ‘gfn% TRRRYTESSo FoBPlemetE peipFAtion, Ehatpaef eutrophil
cﬁélﬁ@falﬁlsnbﬁgbﬁl peyerallls Qr(ﬁﬂﬁ ABdUGLd D lnltrms“ BN& VQNA sity

VISCOSIty 20 Heparin is a heterogeneous m xtur
20 vari ably sul phat ed polysaccharlde chains with a

H\}@lm[qg L.('AO ?Eeé@?&g}gﬁg?%ﬁ% %re o v%ggbltyosu?’pql’a(t—)e%)pcggslatcc?l{]asride chains with
a molecular weight range of 6000 to 30,000 Daltons. Whole or unfractionated
heparin (UFH) may be fractionated to give low and high molecular weight fractions,
as is well known in the art. Fractionated, low molecular weight heparin (LMWH)

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

clearance on a frog palate model.

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

quantifying the dosages of inhaled hepatin reaching the lower tespiratory tract.



70

15

20

25

30

heparin (UFH) may be fractionated to give | ow and high
nmol ecul ar weight fractions, as is well known in the

wanvos/esact i onat ed, | ow nol ecul ar wei ght hepar POT(ABEWH)003932

25 has been shown to reduce tge viscoelasticity of dog
mucus and i nprove nucociliary clearance on a frog
pal ate nodel. The effects of inhaling an aqueous

ol.utjen of . hepari,n. using a nebul jser o bronchial .
S PRl e S "Borevroth ebiErealendunes: NAC,is o
cheittasd produted g IHt bedPEhad@nkRES tSd pIidasH DABE IREED yme
I nconsi stent, possibly because of the difficulty |%

ﬁ’t“?‘i‘ey ARy vt el B Eazjdanto NARHA kagwhepdre mmpeartive ngent and is
r j - 025540 - .

SRR I kb r 000 S50 g o
chormipnspiretdry edmaost ik cysndible ivnn NAT solsion asdIeeB Bk (trade

r ced by the bady that.enhances the production of
’?ﬁgjj%ehﬁg)?%%e éﬁ‘%fts'éegh‘%écfl‘?{e‘fsogseg&ﬂéf@g‘fﬂeant i oxi dant. NAC

is knowmn to be a nmucactive agent and is wused to help
V@' ak up the thick mucus often present in people

%‘iﬁ*é’f‘? RYOF peAisTussss dhe Bossdabivraft combiaingrhydregen onids
cBMdleh ' - ' 1. ({rade :
o apt o Bl ) UeB P B HE RS ol B ot regycins
vk giscpplastpnifyptheae bredives fissher mhchaposgss I Wwhich thé

i ni ng hydy ogen bond. .conpetition and ionic
EE0BN G 5 SR r e BB P BPgeriie o these otber
oic@tbntibng td Grovidel Sn v &COR@ 84l cdrlt Ynedhh €bLasBlsBnfE YWiItus clearance,
further mechani sps by which the viscoelasticity ma .
CRRECIALY IR PAUEIHY St HEMp BeBhtondivert ush a5 sxtic filrogisdCE), chronic

ob Q§§&i&tﬂ1§fhong§7‘:¢]§£g§ E%OPE) ,pélﬁ:ghgeorgﬂflﬁ\’ig,rhc%r aesthma, ot

efficient nea or assisting nucus clearance,
icgdsisy in patients suffering from conditions such

as cystic fibrosis (CF), chronic obstructive

pul monary di sease (COPD), chronic bronchitis, acute

Mastubeearadice Ton be GRGRIvRE LY SeBuciMll EMSvist AE ARG RICANLPSS the
i mpr oved by reducing the viscosity and elasticity "of
mMyeas gf cTREtgare 2 TReper of mechaniveby whicheiblempropsitipy can be

ARl & B Ly b9t ombinati
cl ear anc%%ﬁggag%%ghlig}ﬁgo,&ég@h ggi Vicgfra%}eﬁrr%)\? gnrrltgﬁ% 81%5:' lbg CB?bmanon
ofghtbivrmati on 20 of the two. Firstly, the cross-Iinks
within the nmucus gel structure can be disrupted. This

can be achieved by agents which break the di-sul phide

Fhethd shbetosedinkt Rethgl Yroptaiseiel Structure can be distupted. This can be
achieved by agents which break the di-sulphide bonds between the glycoproteins
within the mucus. Alternatively or additionally, the cross-links within the mucus gel
structure may be distupted by agents which compete for hydrogen bonding sites, as
desctibed 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 watet content. This will
reduce the gel's viscosity and will ease mucus clearance. This may be done by
administeting 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
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within the nucus. Alternatively or additionally, the
cross-links wthin the nucus gel 25 structure nay be

wdaizersupssad by agents which conpete for hydr ogeRrCiamBiongo3932

sites, as described above invrelation to dextran.
Furthernore, the ionic bonding which exists wthin
the gel can al so be disrupted, by shielding the

' an. i oni ent. .This has been descri bed
FORLGEELY TR B rie-DEet < ond JRihoBRE RRbolsn and ax
Secdod ahle tdBloekGHS uptike bE salt had & tddVcl s HBASIHDY, Llithelium.
wat er content. This will reduce the gel's viscosity
and wi Il ease nucus cl earance. This nay be done by
LRI §b6It Ih0o Afhe FAREH DIPA LRE SHGUS WAL Ghp 4 Il }ggs? %‘ﬁamentous
wat ef into the nucus by exerting an osnoticC eft ect .
HMtine forand inghy mudye wilhnbp redunieaht vikotityeamdusiciy f kike mucus.
WO 2005/ 025540 PCT/ GB2004/ 003932 -7 increased by
agents which control sodiumchannels in the |ung
‘Elpist, ek ifisn Bpektasfahe phaeefiatentadd, @ d’o@n;wsﬁgﬁ M%Séﬂ&k@kxﬁucus
%f sal t, and \water across the airway epithelium _
PSS PEPYEET:ithR CORPPHECR SREPLIDNS AFOONALY mueddctivapgents
ﬁ@@édtﬁziq%'s%g's-ﬁﬁkﬂhg |uﬂﬂ§1mt%ucl§s; 364 bilatid otlijlgqnﬁc%s-t abed/ or for
mucus will also réeduce the viscosity ard elastltf%y of
dipestizgmaked PRV anfrrel) debris withgpeetmodust he present
i nvention, a conposition for assisting mucus
cl earance is provided, the conposition conprising one
Dire eronposivienaichutngge theSnvémion £dpetReblY AEmidtalet Mrectly to
q¥&h| th?lﬁ cus; for diluting the nucus; and/or for .
6 "y ¥sth guﬂﬁak eOREC RV G agntharre) aslogpliadfest paghe mucus in
tHE Gltfes. TR sE MRS hdlel | BMrel O i '
pr g\%ﬁ;gr ably adm ni st é&ggn%ﬁ‘?g{:ﬁ ll)i/légrteoa Sy%%gmf gﬁfg%df %nth%; fre not
interdedite bp 2bshbedrintodbe blpodsigent siddeduag.| ocal ef f ect
on the nucus in the lungs. These agents are not
i ntended to have a system c effect and they are not
15 prefendecnbodibenabs ardiadend i thdeohh 69864 L8R NEAwo or
the lung. .In a preferred _enbodi nent of the invention,
THE BYUHHGET S rEH Wgh%éeﬁﬁw’% pf thphedratipete opvthe mucus.
agents and has at least two of the listed effects on
the mucus. 20 Preferably, the conposition according to
Repterahiysehe icomppsitioheccdrdingt toehefifentiooffurthedbi the effect of

Ladd; i . one enbodi nent of the present
T

I nve conposition conprises one or nore
mucoacti ve agents together with an additional active
agent. .The addifional 25 active agent nmay be an agent
e et eit ot DEARUEI°ET BIEREPLHE CROBORItogsomnrisEn one o
1h61R midREVERYen® tolgbheH RABI V] 29 SR S8 adelE SHIRARM B

of the conditions involving
active agent may be an agent which has a thetapeutic effect which will assist in the

treatment of the underlying cause or the symptoms of the conditions involving
airway hypersectetion and/or abnormal mucus viscoelasticity. Alternatively, the

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

In a particulatly 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.
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ai rway hypersecretion and/or abnormal nucus
viscoel asticity. Alternatively, the additional active

weagersio2ssy be included to treat or prevent a dpCTaEB2M4/003932

condition. 30 In a particularly preferred enbodi nent,
the additional active agent is an anti- inflammtory
agent, such as one of the anti-inflamuatory agents
|isted below. The conposition nmay therefore, for
exanpl e, conprise a conbination of NAC and i buprofen.
WO, 208 Q26 BELF BR2QQ64H03 %@mu%o&&v@%%&btefor reducmg the
embodi nent of the invention, the mucoactive agent for
fr@enbnlﬂggwﬁﬁnn thogmchs m@nnagem which hag élemgqs hosdarg sltes which
ro bo di si t.es

R N AR R ARy A0 1 bRl 2 shg R i

fd'Im lmydrogen bvlsndsrwﬁh fcompﬂlhl)edfa@g anithon dﬁlg\l’!lbbhrmg mucins.

nt uni ts on nei ghbouri ng )
%&EE)%@:”& |“1$§Fa Lg’féﬂf argad mpeoacheEy ﬁ%ﬁ?&%ﬂb{%e aglitien t\plpielding
{idmaddide edt (Qlaﬁéys %h(ﬂ‘igﬂ%e tﬁa‘?:g@tngfecﬁllaﬁ céﬂe)ﬁﬁd[hg tﬁﬁ{cg@ ﬁolymer also
al ong the nmacronol ecular core of the nmucin po

edmspetingoipp dhe hrdrbeen bpeding axtcﬁg ehhib dreli quecs mzésss tlﬂémngcus less
Q#@Lm(?]; cﬁﬁgs li‘ﬁﬁnﬂgeoﬂ? Sglen%sfl% crgss II ks “{lﬁj 5&& ourmg

e nu entan I'enént ci 055
mec@hhﬂemﬂarsgvﬂlﬁinrthe lnﬁmnls Shetebs raﬂdchngwlts&te:ldweilﬂ)s due to ionic
t hereb duci ng Vi oeI t|C|t due to.ionic
PR o) FERPAC Rl dBARE s dgbAffect is
fHevdergabhi s dual effect is not dextran. In a
particularly preferred enbodi nent of the present
i nvention, the mucoactive 15 agent for reducing

%éjgég‘fnlchﬂhg Sygeijeﬁ:ea e%@lo%?rﬁgm Jlfocgl g;?‘?s@nt invention, the mucoactive

ytosam noglycans are a group
z@ne fopedysag cimmlﬁikmgv&h ) @{ycomﬁmbglyain I\E}a&et@thiabglg}_cans are a

exos m ne acteri stic atln acchari de
§iqPp © ﬁs&é?PﬁY?agcléﬂﬁieéWéw’e&Ofﬁw rﬁCﬁ'afga %EWOSFWW a
cﬁﬁ@ﬁﬁéﬂﬁ@l@&q@éatﬁl@&hﬁﬁ@lﬁfﬂe dnikY qq&p:ﬁﬂr is tartﬁehz@%rglﬂ:oléﬁﬁgmglycan.
in the conpositions 20 conprises UFH

nol ecul ar wei ght heparin. Surprisingly, it has been

i ér?eoééﬁﬁg(ﬂrr}e be hbe! relsqergl}nmltlgﬁulh%rhe\l\ghg us cq o {He com o4 itions
cf i

eparin is effective 1n assis ear ance
¢dmméses &g, ire diplf mohdulao Wb%hﬁ”héparﬁf f &iﬁptﬁﬁlglyh &trhak Géken

ecul .a cti.ons . human cus.
et et i Do ST ol foaS L thartis FBStve in assisting
BIbadileRMce dnldat RERPEFdnbdds Fuds t@bmeetﬂet/@vea@ﬁﬂtlow
the conpositions of the present invention is

weleeelar weighefghtions Rcerlvrisg brmpae pardus v1srce¢lta$taaty in sit.
anal ogues of heparin are comercially avail able and

may al so be used as
In an alternative embodiment, the heparin used as a mucoactive agent in the

compositions of the present invention is low moleculat weight fractions of heparin.

Further, analogues of heparin are commertcially available and may also be used as
mucoactive agents in the present invention. Such analogues include sulphated
heparin and glycosylated heparin. Sutprisingly, the inventors have found that
sulphated heparin is more effective that non-sulphated hepatin in reducing the
elasticity of human mucus. Accordingly, in a preferred embodiment of the present

invention, the composition comptises sulphated heparin as a mucoactive agent.
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nmucoacti ve agents in the present invention. Such
anal ogues i ncl ude sul phated 30 heparin and

wgolyasosyd4at ed heparin. Surprisingly, the invenPorTsH2004803932

found that sul phated heparingis nore effective that
non- sul phated heparin in reducing the elasticity of
human nmucus. Accordingly, in a preferred enbodi nent of
the present invention, the conposition conprises
sul phat ed heparin as a nucoactive agent. WO
ﬁ@@ﬁlrﬂ&é@ﬁ@v@g&m&@qg&% he%afﬁ@ﬁl@'aﬁdQEéée\&ﬁﬁﬁ €S be used
are commonly termed heparinoids and these may al’so be
igstbg composideng ghfhshresertdnuintione Ihersgianidsiatg elostlymelated to
i,0Qi 4 rel at t o parin shar
R P e En o PPl T MigBinolBRE LA Ry R g cross-
lirddnginngucusossl thef alkiaxgibitantitsifboandotyhpiopaltss.
exhibit anti-inflammtory properties. Chondroitins are
anot her group of gl ycosam nogl ycans which may be used
CRodd?8itink @S £ thENYRALI by BN {nld8FeadsNGhidH en A8 Be@Nn the
sul phate and chondroitin sul phates. Keratin sul phate
RiseFOR yaenton; sdidicse cideudermengiiphesarm hdyindeetia sulphates.
i e S i n i R_the :
0 RSl RG50S P whic e
Urep as infuicnagiiepigat®sin she homapotigpay ahtheylrpieat éavention, as are

rot.eoglycan. In one enbodinent of the present

ROERR TR ahfh SO et vbougEne pracodfilir o sodi um

This | ow nol ecul ar wei ght heparinoid contains a

m xture of the sodium 15 salts of heparan sul phate, _

Iserneetrabrdimephat Brearigsetidraosion thesangsrgtiee agrptiisdanaparoid
| . L . ‘

R e A Bl kIBHFhEPAHI b i} BUEHE of the sodium

sebimbf heparom sdphiepderinmtamdaripittannd chphdrogimndphate and is useful

.chondroi ti n _sulphate. Naturally . occurring,and

GRS trhe S DG i BRstF- o DR RFHOIR Thichipar B aed
nRi6asplcembafaHba L MB, @8RS WIHiNe TRY cREndB&iddBEhate.
in the conpositions of the present invention. These

compounds, which are al so known as gl ycosam nogl ycan

WY RPAL S oC A .
nucop2|ysacgﬁégﬁgggagiﬁIgégggﬁgg?%ﬁgﬁﬁ°mﬁa‘Sgbﬁamiueaho
RO df mkiqugetiid dgentd Wibichmaysbd incheled lie ieechmPosi @hesf the

ol ysaccharid aside fro ycosanm nogl ycans may be
el B AR badde ot Sguitl ShiBeT Bah SBobP e e PRk Rgeean
pYlishighataieditp ot Noasul Beed £Ra0spolfieEe Rk Yxe 4188 useful in
pol ysacchari de nmucoacti ve agen% shoul d have a
tedpdng Gy linbinerota thamusis ghbe ceafed. | nst ance, the
agent shoul d have an average nol ecul ar wei ght of |ess
t han 30,000, nore preferably |ess than 20,000 and
@then polys&chrederaable\frémpdy dobaninb@lyoHB. may be used as mucoactive

agents which reduce cross-linking within mucus, such as dextrans. Preferably, the
polysaccharide mucoactive agent should have a relatively low molecular weight. For
instance, the agent should have an average molecular weight of less than 30,000,

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

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

lysine, arginine and histidine, and theit derivatives. These amino acids ate thought
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30 Finally, a further group of nucoactive agents
capabl e of assisting nmucus cl earance are am no acids.

woandsioesd4ar | y effective am no aci ds include baBCT/GBIINIM03932

acids such as |lysine, arginifte. and histidine, and
their derivatives. These ami no acids are thought WO
2005/ 025540 PCT/ GB2004/ 003932 -10 to assi st rrucus
cl earance b&elncreaSJn t he transepi.thel.i al

@ PFSHBRER Cleiralis ‘?vgma SPInS ERaH UReRHI R P HE B e,

éah@iﬂ%&cbrtﬁnulé(%tpbf !:ngﬂﬁg%aﬁ%;cﬁf WRVE TRRced Bhlr bement into the
epithelial lining fluid an further enhances the

¢pithieliplflindag flaid aofd fulidhengabancethvefluidifivation af ithis musug hOther
ht t hj
%&n%y cicﬁl 9% cﬁattg%%ygr'&n%h%%g%l D dﬁﬁuPEn 81 cg sugplimﬁ’e i)onds in the

dayiehiso pzhmhunaacﬂﬁ mlmgshyawpﬂioaﬁ: dnfinoiaokls satls as ldueidClso

cr.oss-1inkin t he mucus. Acetyl cysteine (NAC
H“Tﬂ@s%g @838?@? mISPE derivative Nacystelyn (or

NAL) are also effectlve nmucoactive agents which are

suitable for inclusion in the 10 conpositions of the
prasglerateinn@¥AC) ond thndewTicystiae eflt HemmpivofNagastelyn (or NAL) are

poslbaated Aol he, xpe LIRRLAL okt Algusged palow

her a charged agen
mﬁldostmmrse:cfuhe pn:dfseﬁsﬂvbmkd)mglncbyd,sdme elfﬁﬂctalag off h@d: haingésited in

n the.nmucins, there ucing the ionic interactions
t%% %B?W%tagg‘}tégésﬁllssﬁéaeﬁﬁ” Sui t abl e charged agents
i ncl ude charged gl ycosam nogl ycans, as di scussed

above, including, for exanple, heparin sul phate,
Inep firethet Puelorad embogdimentnashiard 2gediivnsedotreduce cross-linking

[
ROMEBEENRL cfgBt bR DAL BRchl, GROASRIAER, MRYICAlR fciions
ladttveemadjhcomt mmctﬂmbquatgeda@abds endhde¢ elehirgedg
ross-1linkin shi el the 2 es o cins
S ARSI Al TG DAY b o fob ramp o pHEAHn sulphate,
WeHa OACS &gentsndmaroidiss ldk RKIpRGte
MAthlnl%%@nngcus b&ﬁ Jlgrgﬁfﬁhgg?ﬁgﬁﬁ$ﬁgﬁﬁghldepmgtSOI

Drasabeiss E@V\R@érbegill%?éowbtﬂé|4¢X§fﬂlbllhlph?steapép ospiviaTdsAn
E3E400 AAR B FNCH 0 108, SUE1 0 R S,

daegeplomymtianne saddivtethlaatd soduthdAl oatha ldkiet hi ot hrei t ol .

I n anot her enbodi nent of the present invention,
preferably where the conposition conprises just one

SUEGBRCA LY cBIE REe s FMBERPLHAE tkOMROSIALIAR vAARS thOMucus by
i ncl ude an additional Flve agent, the nucoactive

Hyfenting éhm@ﬁ%%fi? hﬁldé‘FS %Ftv,vhqr gleréomt@f@tm gpbunits are compounds

bearing free sulphydryl groups such as cysteine. These agents include the cysteine

derivative NAC, the acetylcysteine salt derivative NAL and dithiothreitol.

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

5,000.
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30 such as dextran sul phate or dextran phosphate. In
anot her enbodi nent, the agent for reducing

wonoesgsi4nki ng is a dextran havi ng a nol ecul ar PeRIGH2004/003932

of nore than 5,000. WO 2005/{25540 - 11
PCT/ GB2004/ 003932 I n yet another enbodinent of the
present invention, preferably where the conposition

onprises just .one cpactive agent or ere the
e s o megdhencit Pnarda: B8 catom (romaaErethe
agedsitiéd CoMPEORGLi a8 actiSe At RERA DR corlSR@hd D does
sul phate, or is not |ow nolecular weight heparin. 5 In

aptdnriede apisdditivant actife egentatieymypamctive hgemnﬁ é;qm@sﬁ;]qgadn ot
ﬁ%ﬁg ' ' : i Q ere the
c npgg%%?gﬁg3%égaﬁg?&ﬁﬁgﬁg%%ygﬁ%%gg%??%ﬁaI active

agent, the nucoactive agent is not rhDNase or is not

C. .10 Vari pus coactive.,agents assist nucus. .
B ity el SSer watthe COBBREEIRP BfmPHisfpjust one
IﬁUCéh&tiveSQQ@ﬁer wihes EhePERP SsitdSd db¥s Acant1nge 28 dhbiBRA active
water_into the nucus, and are often referred to as

WERbIthe MygertyeseciiamonshONase putstiardNiicol yt i cs.

Al ternatively, these agents work by bl ocking the

upt ake of salt and water across airway epithelium 15

Buitwsbhecongtiva egantesssisomucne klestaane by iddieasognihesidteodimtent of
f the present,. jnvention i.ch .act ,by. drawi ng. wat er

Rk D SR e S s PR BEaE af s RHRY A Crips €he mucus,

Aidcite @$ted @¥fciRAT0 a6 @¥inblaR 22888 Bt (eObn nGh HEOSE Ve Hh&ytics.

\Var i ous _ot her nonosacchariges, di sacchari des and

Arsrgodednheietest s kibniloging shrorgteke o bealieand waipgacross

:&W}ag hdlends, an agent which is supposed to bl ock the
upt S@ of salt and water across airway epithelium

t hereby increasing hydration and diluting the

I . 1ent f the mucus.. Sone of the .
S FRIRLEEASE o IBARSDL a0l e e SOTE 2L Lo,

rrvatives o

wiich uéli Mgdphenawhier aitd the paRmb incled 16%2MBleeslaPveight sugars
mucoacti ve agents which are capable of assisting nucus

erlat dreEnsy detrigeserriiengiecescDrmand VeEpTs adist i s
t%ﬁ&'a@cﬂa@ﬁe%éﬁ%cﬂﬂﬁlley gffd ron %&aﬁfﬁ%g gﬁo hg{rggxgto‘?mtoﬂf%c effect.
naked DNA. Fi [ amentous actin nay be degraded by
jﬂg.ﬁ@lti?tp@rsirszigqgt which is supposed to block the uptake of salt and water across
airway 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 thDNase, which
digests the naked DNA. Filamentous actin may be degraded by depolymerising

agents such as gelsolin and thymosin B34.

Mucoactive agents which reduce inflammation include the glycosaminoglycans
discussed above, and in particular hepatin, 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



70

15

20

25

30

agents such as gelsolin and thynosin B4. 30 Mucoactive

agents which reduce inflanmation include the
wglyasossssd nogl ycans di scussed above, and in pacTiGB2b@r003932

heparin, the heparinoids andizhe chondroitins. The

use of such nucoactive agents allows the conpositions

of the present invention to sinultaneously attack the

ORI b B DS B ) B 80 i

ofpat tdsalth &rdny thnpfeasanthicle sl ffetiotlytdhabuagxabbyg thaiciesss

nanmely infla tion, which often results fromthe
MRt ét idbsﬁuWﬁ TS effectively encouraged by the
excess nucus, as discussed above. 5 As will be clear

fromthe foregoing discussion of nucoactive agents
As willl &b|cteat Grony gee foregoitedispussiont ofi myernctivn aggrdn juitsble for use

o SS9 205 YR o PO Lol 0. OOl d B more of the

e cts on € mnmuc
dés@xdd C‘e@&cfshﬁl tHeQfSeusi Hoir Rgamplel hE\partrhﬁ:dEItkﬁsL&e an@ls s+ltnkln%w1thm

an anti-inf armator ffect s may dis
therrgags andik; &‘ﬁ@a"? ﬁmt‘ ?J?%gfefx %;gralnls |n§f’d7e‘§“i”ﬁ‘§ t cross-

hﬁhhgiﬂ Bk Al WAUFAEStrighbid d&hﬂ&ﬂ gf be metad that the

heparin products such as uniracti onated heparin
include both high and | ow nol ecul ar wei ght heparin in

It shouf]dgb eag{egchgt leggg'r?n cféu%[s dsrﬁ;c afs %'h%c?%nﬂg@ ﬂéo%ﬂlrhmclude

I SCUSSe ave erent ects
btmhchigh 280 low hadle adarow ¢ighit lmp&nofm hysithglgprodmondThese different

brea ionic interference an tic.effect 15 are

S T iR GHIA A SETAET 1% B ST e PO B R o, so
tHa@ cORBiEad Iomgaarog@,n bbad bRMERTd, Ahic idierfeRRPOBAA bORotic effect
conprises a | ycosam nogl ycan and preferably a

arehdsged ddrym odmminsgigr ehthipgngls piadedter enbodi ment  of
the present invention, the conposition conprises at
| east two nucoactive agents. |In one enbodi nent, at
In eﬁs Enmbéirﬁénttdfehemﬁz@adb]h vihe agmptositioinszoalprises a
| ycosam ' ycan anot her odi nent, the two or
ORI V6 PrAGETHIE f RHU AP FGPHEOER P L s on ¢ he
mucus to one another, as discussed above. 25 The
conbi nati on of dlfferent types of effects on the
Imgreether pypboflimans obfthe preseniinTeaytion th?e%ﬂ?&]hﬁ’%%%n é?mpﬂses at least

| r b

£ FLEDLAGTEHS, ShSL AN G SERL PR o oo sgens
ist dﬁgigngd"stanﬁmoglpﬂuc dntahether smbsldtryer&ndleeﬂ\xamn wbteymafoadiive

m,ICUﬁ | n I earal?lce of the rrucufchfro .the | ungs
a%eélttah %\Her ﬁené ﬁﬁs r?djl the mucus to one another, as discussed above

The combination of different types of effects on the mucus, by virtue of the
different mechanisms of assisting mucus clearance discussed above, is surprisingly
effective. The combined effects are thought to reduce the viscosity and elasticity of
the mucus, enabling cleatance 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.
Fot example, thDNase has in the past been found to have limited effect on some

patients and this was thought to be a result of the thDNase having difficulty
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and through ciliary novenent. 30 What is nore, sone
conbi nations of nucoactive agents exhibit a

woeypnerigssbi c effect. For exanpl e, rhDNase hasPCl/GH2@04/003932
past been found to have limted effect on sone
patients and this was thought to be a result of the
rhDNase having difficulty W 2005/ 025540
PCT/ GB2004/ 003932 - 13 penetrating the nucus. However,
RReH2 RS theipNase Tlewerraghehile as if |g0-aggpistared with
AR GhU U AGE R e_nWhEéh ﬁ%@@&@gms% tﬂi%{h‘é@b&%r}ﬂg%ithm the
cross-links wthin the nucus, for é&a e heparin,
mheus; kidNssepils hiptring theathXNuse ipbattr dile t¢ pengedte the gel

tructure.and is therefgre. nore effective. .Thus, the.

FELEE 457 1§ RS EOROIIAT FOR BE- 5 e B8 O Jinpdmpiistion of
Bhedlcave hfans ish@esdMinh thbeuwafdfatt sffotts tdireha%mww@@ Bhey ate
they are_ _administered individually. In a preferred

wlepyisterethndyideplyy- i nvention, the conposition includes

a conbination of an agent for reducing cross-|inking
and an agent for diluting the 10 nucus. For exanpl e,
Inhepmdamed émbodiethnt iof ghcimgsstidn, ke ngmpayitive ihdpdesiyn or
heparin sulphate, cysteine, NAC or NAL, whil e the.

SRR o ST Beting Y RSBt o Fin il pdonl el fos e
MBEGNF &lUgampse)Ghe agent € fedlcinRE3H SNk LA BE heParin or
conprises a mxture of different heparins or_ .
hepgEpishinbgte, cpyteisenditiG et YAL dile thrRgsitPhALlREge the mucus
SNBE b 35w HolBGaM wEi%Bt £1%g£-1 GG s deBan! IANGIRG: cotMGiPatdsh

a 15 gl ycosam nogl ycan, “pl us dextran, mannitol and/or
¢caaprirse 2 rhixtwedddiffereanhepicias oh deposmpds. cAbetthyidelygdie
Saadie St Sofprie st -afh 258 s DR e, %8 as
gli(@)%&nﬁﬂd’gk}'}oﬁ@, plabidbxtesh, hep@aitoNandy orNejiased, RObled o @hhgice the
gl ycosam nogl ycan and an amino acid such as_lysine,

Y

YR PrehBiosibbiRT hBIe ARG AT citathts GRPRUSAESRS

ditfon g&hﬂﬁﬁé&é&geﬁp%ggmgmg—ﬁhﬁh 8 s@c‘ﬁ as heparin, a
sul’phate. In"another” enbodi ment” of the invention, "the
Impedacid erothge plysosaneneglydanisgtemadninogicichaaxch as lysine, cysteine or

I.mul t gnegusl r._sequenti al | with _an antihiotic. »

Bttt ANGREE PpPnd B T fe bl QPR R bRl e grgnasiv
aepiegé.ed fromtobramycin, gentanycin, ciprofloxin or
25 colonycin. For treating COPD, the antibiotic m ght
be anmoxycillin, cotrim xazole or doxycycline. One or

IR A bl Slibfefc BRI B0ioBoddife GRIRQAE dfinistered,
either simultaneously or sequentially, with an antibiotic. For example, for treating
CF, the antibiotic might be selected from tobramycin, gentamycin, ciprofloxin or

colomycin. For treating COPD, the antibiotic might be amoxycillin, cotrimixazole
ot doxycycline. One or mote antibiotics may be included in the composition with

the one or more mucoactive agents.

In yet another embodiment of the invention, the mucoactive agents are
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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the one or nore nucoactive agents. In yet another

enbodi nent of the invention, the nucoactive agents are
wOQomnFIab st er ed, either sinultaneously or PCT/GB2004/003932

sequentially, with an anti-iqflammatory agent. For

exanpl e, the anti-inflammatory agent m ght be sel ected

fromdicl ofenac sodium ketoprofen, ibuprofen,

~nedocrom | and cronpglycate. One or .nore .anki VWO
i BGPTSR0 CBS 552 PPHIP A Bl g2 Pere
dBYa el Bchvded in the conposition with the one or

nore nucoactive agents. In yet another enbodi nent of
the invention, the nucoactive agents are 5

adm nistered, either.similt oysl SiCAYSILL el V.
I yesse elfreflgdc%dgrﬁ at %Euéqfeg}g‘fegﬁétgg ’ H%rﬁeﬂu%agvm t% reduce
2@ hetenaeeitier Hitatisarodslh ek pedquentiallhavidi eandectant. rfayfactants

aid the spreading of the mucoactive cqQnmp@sition _onc
sk p FHBCY HARRCICS AR ARG Reli S DRecIrseq PRy Hd the
S%%L&%glof e b8 Co itfar dretiantia th®lungs. Surfactants, such

ospfiol i pids such as PC, DPPE and ot her such
ab lepithlim, astukdlowrsyhinetip dung surfagtapts @y RheaRhalpids sushre QEPC,

10,surface t.ension t: the
08 age P R B S MaPrn R TG P BB Bt
sHEYcDRnEBL of thémiveused detréfoee agmhits clviatdmcany one  or
nore active agents selected from 1) steroid drugs
such as, for exanple, alconetasone, becl onet hasone, 15

nge?hmiyb ASOLENGHInRE O RBRLE onb &k Atk has@aetive agents with any one
udesoni'de, cl obetasol, deflazacort, difl ucortol one,

odesox prethasoteselgeshffethasone, fludrocorti sone,

l'uni solid oG d LgaRENGLhoNSclometh ,
lgl ut i°¢% (s)lgncgr,hg? f’lbctlﬁl %ag%ln%g%;p (lnbrﬂ i onat e, h’ydrcooc%?t FSone,

Hetloatgeh43ohe dipropmndte) benmetesang dudesanedaglihetasol, deflazacort,
sul phat e, rinexol one, t hyl predni sol.one _an SURT
T oS AR B oS> DETBEaeRpieyfrunisolide,
AeMH ol R oAk thd10he, SRARI Re, MBEER8hEpZEPrynate, hydrocortisone,
sul phadi azi ne, triclosan, neonycin, anoxicillin,

teimphiviogriec mdroldnedinsyeeate, negElySRUBIRYASS: ATy ci n,
nystatin, i 1.oc] | or hexi di ne; 3)

Iﬁ%t?‘?’% RS nésrﬁqoﬁrgesa%ﬂ%%dgggbﬁ %’r exanpl e, azel astine,

ghl orphiditicamidnmtibaastiehigzotssuck es.i fok ziweple, metronidazole,

el ires el ol Lol s b et
QLR 8: AfontycidTBRE@FL@uPRECin and chlothexidine;

3) antihistamines such as, for example, azelastine, chlotpheniramine,
astemizole, cetitizine, cinnarizine, desloratadine, loratadine, hydroxyzine,
diphenhydramine, fexofenadine, ketotifen, promethazine, trimeprazine and
terfenadine;

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

6) anticholinetgic agents such as, for example, atropine, benzatropine,
bipetiden, cyclopentolate, oxybutinin, orphenadine hydrochloride, glycopyrronium,
glycopyrrolate, procyclidine, propantheline, propiverine, tiotropium, tropicamide,

trospium, ipratropium bromide and oxitroprium bromide;
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terfenadine; 5) anti-inflammtory agents such as, for
exanpl e, piroxicam nedocrom |, benzydam ne,

wdizelsphesaac sodi um ket opr of en, i buprofen, nedecT@nr2b04/003932

cronogl ycate, fasafungine and i odoxam de; 30 6)
anticholinergi c agents such as, for exanple, atropine,
benzatropi ne, biperiden, cyclopentol ate, oxybutinin,

or phenadi ne_hydrochl ori de, gl ycopyrroni um

Bl ycoprprelpdilators prash s Ispiipranolpfegptaioh éptinprterol and salmeterol;

ropi ; r e -

B o TR 8Ly Thok OPLERTLA porst QRRhL Bexamtetamine,

PP BELiH) 2540 nHET) (RRG 0D pBBZylepliing) isopomahoeli daphoriss,

sucﬁgﬁgPaalbutanol. fen te&g%, fﬁ%npterol and

RsPARsRhegine, Emazoligs apd Fiome2oliPiys, such as

?dr englil-AfgaN@RuAd 5@ALS, A6 exABM] 2l hiBkditin, Abpbfugbin,
obut am ne,” dopexam ne, phenylephrine, isoprenaline,

‘é@ﬁ&?ﬁzﬁ’é‘:, em@g@gﬁﬁém ifigeonaze oleCPPRZOm dystatin, itraconazole,

1?&¥1L18£'$1]ie?z781'1!: zoR. a%)d rﬂmoln?l;&ig;gal . drugs Such as, for

exanpl e, anphotericin, caspofungin, clotrimzole,

Hyonapotlennésthetics suflh ag dnazoingple kebabormag bapivacaine,

ﬁ%%tath, itr cqnaéole teﬁﬂjnafine vori conazol e and

Breg e e P BRI OlRse B IRSE T P SRS HInp gopIvackine,

GXSBBLR, badRichiae ahBdignbuphaacai ne, hydrocorti sone,

net hyl predni sol one, pril ocai ne, proxynetacai ne,

Fopi vekamaecutically esreptailq wilts of Ban 26 el fraegaing:

| i gnocai ne; 11) pharmaceutically acceptable salts of

any of the foregoing. The doses of nucoactive agents
Teedbses df tnondoavtevet dpentiesinieed af hactthefdesissi sif¢aigf assisting

nucus .cl earance. wi ]|, cl earl end, upon the agent

Ut TP G et PR g el L et s A st Sy B dose may
¢d1apri2HTin e tAME 280mPIfOnBLE Qa6 i fEccAGEW Sgents, preferably not
preferably not nore than 200ny, &éeferably not nore
lﬁ)ﬁa%tllfsc%ﬁ?é{ngppﬁf@@hm aptriperethil 1p0ag prefrorkly nebmarehan

g (flﬂ;/:g% S0TG. AL J00f Sd'ﬁ?é E(r: #ElgghoﬁQ Mhn d0d N BRSEObf

sam nogl ycans epari n and hepari nol ds,

" glheospmedaiyceds siathi asérepdrid @sd hepemusds, shberdfeighd daelsvered dose

LB BB 8y Bl DS S U S b S B0 0 csired effect

6L G }RBud. STHd &8lyYddse rbguitdd it NiRelpd®k i0fthe Ok @f 20008 200mg
per day and so. i ndividual doses of .these mucoactive

Rttty endrigdrdviseal dosenof Haase GRrcopFUEREERbfiould be in the region
bt £6.¢5&R 2 ré@iﬁﬁ?gO%rOrrggoélﬁ%IEOmg RS, e PRGOS v Y eagents, such as
J%h as

agents,
NAC and NAL may be effective at lower concentrations and may therefore be used

at lower doses or may be administered less frequently.

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
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 sectetions

in the aitways, including chronic bronchitis, acute asthma, cystic fibrosis (CF),
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NAC and NAL may be effective at | ower concentrations
and may therefore be used at |ower doses or may be
wadomismesiser ed | ess frequently. 25 These are rebarica2bos/003932
| arge doses, even at the | owgf_ends of the ranges and
this presents sone delivery problens which are
addressed bel ow. The conpositions of the present
invention are well suited t téﬁa %rea nment .o 30 X
chyeifoPRatsPCHAIP BT Y fi§é%§§e(§9 > [Pgen BErPRRP Fracton
regﬁﬂgxl %m%%ﬁﬁ@ﬁa@tdgﬁgagé Lich SUITEAL stihQR TBRdhaficalSdb@lkions,
I'se&ses. Preferably; the conpositions would be used
afidnadal bgpdrsegratioveases whi ch have as a synptom the
excess formation of mucus secretions in the airways,
i ncluding chronic bronchitis, acute asthma, cystic
T4 b a A8duda cly Gk ferdd 20052064 thelfcs PEHGB2004/i003982, the

chroni c obstructive pul ppnary . dj sease :
compABHPB PRI LNE TS ég?‘éatnic‘éﬁ mrtglg ff?’f“ig %ggf%‘% powder.
epi thelial damage such as allergic stinuli or

mechani cal abrasions, and nasal hypersecretion. 5 |n
Pacfpaibly, che sir¢ gf freafardaspastitierdis welsetedffos Aepqsitiest within the lung
spegt of. the inv ion .t C L f Oeticl ith
W%E? &tei aﬁav agents gﬁgféarvaen% %)c?geffeﬁg.?ﬁg §lf1%1rc?nﬂg,f19%t1cd re; with an
MIOAGE b f 1436 efa@r Ailny, ledshbas Bam, bfss thve howdess than Spugl, dess than

is selected for depo ithpn within the lung where the
3agt ?R/]éssa?j’éﬂt%mhﬁelpfﬁ%ﬁ’é‘ a local effect. In particular,

particles wwth an 90 MVAD of |ess than 10m |ess than

8m less than 7m Iess than 5m |ess than 3mor |ess
Theanis2ngeaes! prepidice sythisTirshaicpkfield geriartdiessing the pres pucus
.this techpical field.agag ]t DeLEXRASS dRMSHSd
7 Ehei fraser SE@E ao?ntgu%%fllggﬁ%oqﬁu feri nlgr}%rt%m o ite s ol e .
tbhguhiike. Bhdhcandifiynplondein ths fast, mirhatienclusiBely peen treated with

condi tions have, in the past, alnhost .exclusively .been
soRBned PR GHPIRTURG i %@s‘pﬁepﬁﬂé &9 ?8}‘6‘_&%2 "3
c%ﬁ?ﬁpo@ﬁﬁﬂls fcglﬁ%gisfn%‘%nef&r U}l BGh HiRE 2o &RNTPOS idEY pBBder is linked
conmprising one or nore mucoacti ve agents as a dry ;
wigwdeanibst bf sigeifican advantagenibichgmaBledhp Presgat invention to be
advant ages whi.ch.enabl e the present ipventlQietQ.Rfr.
Pﬁﬁtm'iorﬁrgc%creaaélfl ice "ANd Igﬁt%&. Ato pr acrtc}l cdina
commercially attractive manner. 20 \Wen sol utions or
\}S(/g;gggll%lpggss 01?l ;Hesggr?sigr?s '?rgr?o I%Iesatd?nrii%%ltetrgd th&lel 14 b)kr) Ynhalation, this
is done using nebulizers. These devices dispense solutions and suspensions in the
form of a fine spray, and they typically have a face mask attached, so that the
subject may inhale the fine spray through the mouth or nose. However, nebulizers
tend to be large devices and they ate generally not portable, frequently because they
are pressutised by an oxygen tank. For this reason, nebulizers tend to be used to
dispense medicaments to immobile patients and they are often unsuitable where an

easy and convenient (self-)administration of a medicament is desired, as in the case

with the present invention.

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
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I's done using nebulizers. These devices di spense

sol utions and suspensions in the formof a fine
wepo@y2sand they typically have a face nask at patioBi)04/003932

so that the subject may inhal-e the fine spray through

the mouth or nose. However, nebulizers 25 tend to be

| arge devices and they are generally not portable,

frequent| Y hecause they are pressurised by an_ oxygen

Paticamerl leeding tdhs ghed egraase s dess@dminisiered kyeqsyre that

@tleme@&@tmggegatr%rﬂe& it Qchigph kxhﬁctppéshﬁméd&gdvtsta%t 230%n

of ten unsui tabl e where an easy and conveni

ihgehfed) adnohidyersataffsatsof a nmedi canent is desired, as

in the case wth the present invention. 30 A further

probl em associated wth the use of nebulizers is the

Fiinhifiy, 6t ey rélhiv&ll;ﬂ]la? dRe€ Uf ai ctivf peABideQB Hel@aiibishged to a

t he dose actual l |ivered to the patient. There is

pAtiegt-4 tjé#éerﬂateqvléamétlaﬁ?eeif dioofine pRIgY GuECFbETERYedapriiod of

&htl e @Q&(m% foton LAGh 8 B theQUfdcP B magg%p%ﬁfﬂ%md small

PCT/ GB2004/ 003932 -17 ‘medi cament , I ng -t he need

daseiof & XH3E ffepats bad derbniadrénietrechoensupaiadhet 15 mireites.
hera eutic. e achi eved, which results

fkméf Gl g 'y %ngﬁ mntn“%%cgégseﬁl?ﬁg%ﬁof adver se

effects 5 FlnaIIy where relatively | arge doses of an

ctive a ent are to _be admnjstered to a, patient,

By faotEet ahe Aedersrwed to Halreeidsh P@Wd%@rﬂwlﬁéwéls 5§ Sigpdy and

@ﬁtﬁélty%ﬂgﬁﬂ sBQBbtot‘ﬂeﬁEan E e El@%o:ﬁ%Wtﬁ:thét&o?@ &he H%Xes are

of thé effect of al ed hepari a relatively smal

stepdleanst there Ot agsidf pospide dhlpdret aiscbeelammfostaqrzetdnb@use

a period of 15 mnutes. This is clearly not a

conveni ent node of adm nistration. 10 In contrast, the

Idewemstméadretpzoﬁmns\aeﬁocﬁmyd prathofEmiu it ifid | tBE cOMPostibns of the

si npl e and relcﬁlvely Chf so that they can, even be

RfeSPsLapngon ey pHEPRELEE et dyr to dhcly Rolyamapic nafre,

SN Bh A RB1R3%d Aok "egéttya%&ecum%@{h% AL SOLYES HouRAY L Rily form
a patient to use However , there are proble

@gsageteatv@ttn\mrpwdﬁé nmgamcph-ge fclxerm@onp Soch mgg:sg:uf:s ttegoo large to

S y Yoo
Cgl ﬁq Eg%n%%ﬁ) 1 na %Flgn Sg OYS érrln Oﬁ%erl tocag%lgt 1grt£ée clearance of

ﬁtuscﬂﬁfym thelhecul<a lagd dbh@yf hﬁ%&a&ﬁe I’igéﬁlﬂ@ deduirededdidriler to
rt .cul ate

for aggr egat es when_ provi ded
e SRt B 49 dfhe sgdeq 1055F miligrams ofasienagens by diy

£ 4G R0Y Higihabahd 9ff1c1e%%§; Wl Mired Bei¥rd8E shQnacceptable
assist in thé clearance of
amount of powder would have to be inhaled into the lungs. Dty powdet inhalets

which are currently commercially available tend to have relatively poot dosing
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.

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.
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20 nmucus fromthe airways, a |arge dose of nucoactive

agent is required. In order to be able to adm nister
wa 203gessab the order of 10's of milligranms of &ACTiIGB2004/003932

agent by dry powder inhalatig a high dosing

efficiency is required otherw se an unacceptabl e

anount of powder woul d have to be inhaled into the

ungs ... Dry powd i nhal ers _which are currently
EE ti:t}ga‘?fﬁmav%f R ercfor G5 hiRy e RIF ST poTeptige gresents
Bleag, 35pe@fally WHRRAChe WlFbs BN inCludthEISHALY (RRVEEinool
]%grnulatﬁ%ns 57|t hasebeegn?oundntﬁ%t fré%ﬁeﬁtly onnogycan
scl g PEDatifb o hegastnoids. Srteynagpisiaf thes ccoﬁpmtmisamanvtéat they do

rléﬂ i on
rggposcf%hggps‘éﬂ?%g we 1‘%8“{?&15‘]“%91? lerﬁge 10) ticuga,( € ? erefore it is
nmastsaqptoad:vhldoy\dapemlzfohﬁﬂgengl e&hnr@edm bﬂlebeo produce a powder

nls ered. 30 .The esent i nvention, provides

PR HE D& PeBH B At SHECUhERI et I e SHATE Jaeas plearance.
I&g%ﬁhﬁletd} Bewrlk! ks aMdon Bispenacdoding ki 1Se such that it
These aspects of the invention are dlscusse in
Wit bt betdmpossibls| todmips 20 08P a5 6 theRaT¢ @RAVO 44O 39 3Zents to
th &ls: Q5 rﬂdlf@iﬂen@esﬂ‘ i eﬁ%‘%‘fr as%lQ&H%La%gl 9 QISeaJagl‘:e use in

the esent i nvention presents ropl ens. especi al ly
mhere the conposition includes a "sticky"

osani nogl yca uch as hepar n_or hep r|n0|ds The
R ol A e B SR nE e Rath e aghiatt faptign (1) of the
drh eBsAkY BB thord zChcf @Jrf&'s aktiBlenkdndddn® RAIdded ¥h 8k &er to ensure
form_ Therefore necessary to enpl oy speci al

th¢frnfiigh tenpysh g@ﬁrﬂs qﬁéqudn order to produce a powder
whi ch can be dispensed in an efficient manner so that
it can assist nucus clearance. |If a sinple dry powder
ﬁ ﬁnmﬂraibismlei ® hrsmglablt he dd]d)@ir mlje ebfhposienapfuhd predent invention
(P t hat h_W|II ge al OSSIb|e to .adm nister
S Ao ROSHet e enttie tﬁa Bitcop tlve?ga@ﬁf‘@ HERUirghie iAo have
ahQ:fﬂ:@t/ eThoenHesiy 8dt E]Mg%céno@%h S 5511 [313) a&‘i’ﬂ?ﬂi&ered without
cl earance. 10 The dosing efficiency is hig
cRPERI B [ugas iheod Reh Par powdes is f@t@ﬁcﬁ@sr(ngmiglcmcyc foebe high.
[ e
ﬁ%&;ggﬂg%&%lﬁfu%ﬁ glg%ea% @@ ?&rﬂgé/rgﬁ 91%§ cﬁ:& é:ﬁ)'\x%!g: % %%EE,IQE&I of
Satgm levibd. priﬁnAnfv&nuhe,rthe tds»lsa(:\tzﬂ ﬁceqdeatl;n (jaxﬂb:lceed that level and,

e C 05|t i on t he prese vent i a

<" s SOFRER I Ru Bt tro R Rl o i ebver the
ldrgéldbﬁeﬁdaﬂrﬁu&fadﬂ{re hgnhadghirean ef fect. The onl y way
that a high enough dose can be adm ni stered w t hout

exposing the lungs to too nmuch dry powder is for the

"_[Qﬁ’@,i thg p‘i‘:g;ein@ LRRGYH & DS rm:&ﬂf the decision to use certain mucoactive

agents or combinations of these agents. Rather, thete is a significant amount of

wotk 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 dty powder. Preferably,

the composition is suitable for administration using a dty powder inhaler (DPI).
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The usual maxi num dose of drug delivered using a dry
powder is in the order of 20 5ngy. In the present

wonvesessan, the doses will frequently far exceedTidBano4/003932

| evel and, unless the dosing gfficiency is very high,

it wll S|nply not be possible to deliver the |arge

doses of nucoactive agent required. Thus, the present
vention .is not nerely the decisign to_use certain

ﬁﬂ% saRPPYEonD gt &geewﬂegenéﬁn‘@@ﬁ*epﬁw Pesinstuderpiber whsknses, such
RadcliSifisert BEELcihRn RSkl THA ML AU 1L, va@gk mge;iﬂﬁlgt%guany

to put the invention into pr ctice in suc
tampad &t lirst 4% plispruive upemait Iprso 04, at Taet TBApadedst 00%, at

RERTE0 0 o Gt D Rl YL B i R G seene may
a@hnmnﬁerahwmmfamesdmha@w@ﬂlsefér@f &lcahiént, mhdafals.

conposition is suitable for adm nistration using a dry
powder inhaler (DPl). W 2005/025540 PCT/ GB2004/ 003932

OtHe? aﬂi@esc@lr@lgﬁa'rifa!sqglauggd I—rpﬁlepl:rog‘gt%ﬁtldrp%gq éeflﬁed‘%’ assist the

al so |nC ude ot her substances as sta I Sers
eixiciept end reparpandiblesleliTény qfdh¢ raivespagficlau foac the\/C&hagﬂ'nievme to

B eSO RSBl 7 i PHEREELELR 95 e b
596 or at | east 9996nucoact|ve agent . The particles
@%% oact e agent 5 al.sq include other
senet dchpRderghabpRGSiFd COREREIGES & ttherErspirp s tract is

20T td)? felsd il @8taf f%tlé?ﬁs!.fﬁh% AL UGS d Qstdlf 2 DPI) should
conposition are |n ended to assist the "efficient” and

dféwpbm@r@@e Pssdbly pasparHen adithy ectpararttles elﬁpedimi théhe
lggéé YI? Mdlg %19antfﬁ9$}ror%\,\g &o Ee Po [ ath?ig (?ef:f% ﬁbbbaéﬁ the low

ese I scussea |
ﬂlﬁal'i'hen dqi)dbvlﬁigs tofwligely s@tﬁ&\@&ﬁerﬁh aramiaeed. aala result, much work

sitions to the respirato act is. known to
E@éﬂtdoesppdm?rﬁvlﬁsﬁéhﬁow Frtons de{nense fauprqpprtion of

e Bhive ﬁ%@ie@ wiigh {VedliviRE tHRXd 154B: Qgsﬁnzfap&? tBIcPRBP ﬁgéﬁ)ﬂmg

of the active particles expelled to I angs,
i ncluding a S|gn|f|cant proportlon to the | ower Iung,

%eetgﬁr %k%lcﬂy ga ere nlh?l d \QH]? dﬁctﬁzq Cf?i?:]gegfllﬁ}f to% d% ey Pof the

SOIne |en S are
ARIBHK k¢ paftaﬂ;eskleethe dexperaeity itfpt. GMsd) @héel by deiMpesperties of the powder

ions._to increase roportion of  the active
zégﬁ‘EnBBﬁ%@ﬁlﬁffleﬁnF%a %4%33% ifelivenert the dpitveapstigles and
fheaat o@eep@ﬁ@oﬁw&erz cAyRerRk. dry powder inhal er
used will  affect the effici'ency of delivery of the 20

active particles to the respiratory tract. A so, the
BRY%S: G m RLOBALA ecf’ev{%e N ac Qél\gz%ﬁcles 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
absotption site, preferably in the lower lung. Prefetably, 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 impozrtant in determining the site of the

absorption in the body.
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affect both the efficiency and reproducibility of
delivery of the active particles and the site of
wdepanii4on in the respiratory tract. On exit PCOMGB2E/003932
i nhal er device, the active pajgicles should forma
physically and 25 chemcally stable aerocolloid which
remai ns in suspension until it reaches a conducting
ronchi ole or smaller chi ng t.he | monary tree
B B ERRkSap ko FHith o dPublung et Bhaalign; hoaREvs ot o the
foglatiBh 6f@dt ARl if ,th 8 GoRE b YERe Ra&iv%iaaﬁﬁ&es) QHM& ety fine, for
fromthe absorption site. When del’i veri ng
TERPlA Baviema feps meduamer@dnnam dianetesi (MMAtDveo@pzseth@ﬁ 10pm.
h y a
]itt n%\g?]g:g%tt ghshg éc%liétr#?aclm@ E%vn!? 51? Mgﬁo '%k Eea i é%r p;{&gﬁ are likely
tiontplaet dzmdy: WM QD%/tH&ﬁSéﬁ)d g’&ﬂé&iﬁZ&Oﬂbf)ﬂﬁQR Zhe lud@. Pakticles
f or mul ch t he dee vi.a ji.nhal ati on,
it OB : 6 At aeBrmiy bt ROk ngRe FrebpRiory

BrohBhi6les Rfckda6 |;ﬁ.§n<{l@§l§dv\ﬁ§‘g RAMNATESY 3 tH81053kLa 8Ky to be
fine, for exanEIe havi ng a nmass nedi an aer od ynan1g

drpamiadin thrmiopliend teds sbpetbed dnto the bloassiehin.

est abl i shed that particles having an MVAD of greater
than 10mare likely 5 to inpact on the walls of the
Ahtlmanucamdtigsemmé hty: tdachdiredtiyachtienaudusng. thPatrivafd, €e dry

an MVAD 2m rall e _deposit.ed
VR R PReboR Byt b Gt L CHGY Shreed sBE popigepiratory
thadl MYudnh &frdér fRnlPiemsabeld Iirléﬁ‘érybl Qogﬂorlse patticles of the
deposited in the alveoli and to be absorbed into'the

BROBAETS eaeRt Whichabavierre MbbRcafilos tbg@ﬁ@smagreoftg@pa@mmately 2-

e owder
t éﬂn'pgisélf%(ﬁagﬁ L{:%UW Qveg \3 g?(lg §%§0%$g \PS%%CI%Sphatve 2 diameter
Wwithie rthis esqger at or y tract. Thus, the dry powder

formul ati on shoul d preferably conprise particles of
the nucoactive agent which have an MVAD of | ess than

DM Othe Yol RRSAX Rk € by gérosaMinSHIRdaa5 alky resily |f§ﬁ§ bggregates
90% by melght of the nucoactive partlcles have

“ehegnripgided 1 partiqulate fomatiogn faich pagregeres ke tp@llylgn itoméash the
@% theg n¥98t%§%£k%g %X%@@é béelﬁ b1d F F glc!x%{de Pculate

ates when provi In” particula
fSuuhlaagigsr egapesng mdoacmteaarggetstsuch eaghcod Jmundggcpmls wridch are
nt ors

T B S A ol S A LN 05 de o

agents such as gl ycosam nogl ycans which are capable
of being aerosollsed in a dry powder inhaler and
Afpntree e ln he ﬁ@nﬂggﬁop@ﬁ@the present invention comprise at least 30%,

at least 50%, at least 75%, at least 90%, at least 95% or at least 99% by weight of

mucoactive agent based on the total weight of the formulation.

In addition to the "sticky" natute of mucoactive agents, the fine particles are also
thermodynamically unstable due to their high sutface 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
particles to the walls of the inhaler ate problems that result in the fine particles

leaving the inhaler as large, stable agglomerates, ot being unable to leave the inhalet
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Advant ageously, the conpositions of the present
i nvention conprise at |east 30% at |east 50% at

wOeasi025400 at | east 90% at | east 95% or at | ea@TIGBRORH003932

by wei ght of 25 mucoactive agent based on the total
wei ght of the fornulation. In addition to the "sticky"
nature of nucoactive agents, the fine particles are
al so thermpdynamical |y unstable due to their high
) fematring aghgred b Fmisitetint of thoprhaler qsreyen glagsipg or blocking
HegRhfii.cant excess surface free energy and encourages
particles to 30 agglonerate. In the inhaler,
aggl orreratl on of small particles and adher ence of such
rticles t he.i nhal e

PRLb R % BB R St LA RGBSR G F I ghparicis
lﬁ?ﬁwleaf g&h zshalmloa gt MR ataed, a1 bd1ek iy diﬂh&bﬂnemhﬂers and
% &i’ﬂ [ nh | er. WO 2005/ 025540 PCT/ GB2004/ 003932 - 21

e:ﬂé ?CHF%]@ atfiisleadicrds torrogrost Ferrogrcipiiey.i Apghermore, the
RrmGMEN of ngjg&&l@&t&r mPhRCHKLNGe Mﬂﬁﬂb rahe Ectn;gf ﬁarnct:)]]ese can be

uncertainty as to the extent of formation of sta
gty oreesstdsoghat the aggloneaghtes of Blekmt\m @artecé@rﬂo not reach the

C n er an SO di fferent
(?esiw ?g?’% an% gmigfflé)f glﬁ reﬁgfreﬁ 8.3 eupar Pe | eads to
poor dose reproducibility. Furt her nor e, the formation

Iorrerat S ans fhat the MVAD . of th active, )
% fidpée adﬁ&ﬁfibrégeﬂémgve%éheea%aos%w thegigsent invention

Raal QpBial £ 9 flﬁéwﬁa@exe AN EPE) §8d qli‘ﬁegﬁhnﬂ@ acke {ﬁiﬁ)) upon
desired part of the lung for the reqU|re t herapeutic

@F@%&l@aﬂw%afp@nh@ﬂp@ Adphtefrr@ilv,et(he @nbmsmms cotripeise patticles
nven tl rovi de
(gfot;}';lg %ﬁi ctoﬁm&f) e%posft‘ in th }9} aP]%ft ]pf %he Yn

fTne partlc ract1on ne particle
Aldsmt{deBYly, Ltho Presaat mhn@mhameﬁﬁﬁéme nh8bEd batingile methods

d|t|onaII t he conpositions ris articles
eE%fnge@F MEEP PBH ﬁ@ﬁ&gq%dglgfﬁs ?‘wg @%ﬂéﬁét%%e particle
sq);e galﬁg l ung. 15 Advant ageously, the present invention
e

has identified a nunber of sinple nethods of
preparing these conpositions having good FPFs and FPDs

’4?1?% %9@%8({ g%s z\ﬁglﬂ.% I Z rf% I%UIQU-(I;h elS t tfieorif 1nass O? a thC
r'y po

ron I's mass O

@eht pesd(} iagenmepired éoim pf‘eséﬂited g ttRe edlaile&rdavméeﬁqﬁés&ﬂ)n. For
estion. For exanple, the

teln&@er dVI elnq
glhe degpassy iAGEV S RRAAE PEFSE8EIR 2 FApsale for a

he (t@aeraarkgf&l A qadogrbh(sﬁe&%si@msbim era&é}nfﬂkf Qbice.
blister in an Aspirair (tradenark) devic
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 or external
sutfaces 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 appatatus 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

smallet than a defined limit. This limit is generally taken to be 5um if not expressly
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The emtted dose (ED) is the total mass of the active
agent emtted fromthe device 23 follow ng actuation.

woRodmess4mot i nclude the material |left on the porEBai4/003932

or external surfaces of the dgvice, or in the netering
system i ncluding, for exanple, the capsule or
blister. The ED is measured by collecting the total

emtted mass from t.he device n an apparat us
Freg ?mag} EHERF figts dChAHONE CUrrorH 1 J RS JR fsrgeasured
ct&r%ﬁ)pméé@ dsdcBCRVEKiA gtagg ﬁrﬁg&%e@ 1‘8@ 'rg@l'ﬁe&a

quantlt ive wet cheni cal assay. partlcle
lifa@ irppippyr GI\éSItIheA@@Qra¢n fesrsdofmpettoy A GHerrta thcﬁenscatlon

.l owiin tuation
S EANGH L BafRIC8 LI NS 3L R Al E O Rmic
mrdet isive dolleqtion. cu'flplomtls ifofl ¢éachstgpendrzl ]FB/DtvaKﬁl’is bBtab@ed by
54mif not gressh%.MD 2005/ 025540 PCT/GBZOO4/003932
DESPAHOEP f%\ SE BSR4 ACAV F 98T tREQV s i tified iy pyalidated

RintitliEe whi@héRlal SsPRBMEGthek's 'sﬂﬁpl@@ta!g@ﬁ@ﬂsqse@ 'to determine
]%]PEBI nger, such as a twin st age | npl nger

it Aspateconpler mathemtisgbint¢pplaripn ofibie s@ewb@asmdﬂ@posmon
isapagtor (ACI) or a Next Generation Inpactor (NG ).
Each i npactor or i mpi nger has a pre-detern ned
aerodynamc 5 particle size coIIectlon cut poi nts for

a The. FP Lue is.ob
TR BpSpafte HHiton ERL &t Srybaly ePags o the FRD gjeided by the ED
AnACXpedsye dbaNpércb@bod) Y HRarelm| the #pgto £ DAL trk fetleH 6 2WBPT éED)
chem cal assay where either a si Ie stage cut is use
g laéelévlmeﬁés)ﬁfﬁ@@r) = (P EEBY 1} 49%°-mat henat i cal
i nterpol ati on of the stage-by-stage deposition is
used. 10 The fine particle fraction (FPF) is normally
et fimeparéslet e tiBROFBFY g dldoybet defided asahel F@mdﬁ&&ﬁd)yaﬁhe MD

t Herein, the.FP ED. | ref dt
Baeph oLl petlhet HeGin dbe BBE BT Gebregp % FPEOMD),
2hdQ%%aldfatbhiQs rtiebp /MBrkiiopy( FPF) may al so be
defined as the FPD divided by the MD and expressed as

a percentage. Herein, the FPF of MDis referred to as

ﬁl:é':&yﬁ)g%g o‘rltrfg1 IIQQL:SCHJ ?g%?cgngr%te Fzng:z%mt th(eFPPI;% (I\)/P 21 fC_)rlven dose is

100% tend cy of Ti%ve partlc gl oner
mgldn santctthie af Pk vaflalale pirveortidasd ths fin2 Q)ahncgdﬂsl will be
abl e .and i abl e n of the fine

redic propo
R PR ELRE e Aanitht P gorh e Wtngs 2Grb the
correct part of the lung, as a result.
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 patticles to one another, to other
particles in the formulation if present and to the internal surfaces of the inhaler
device. Whete agglomerates of particles ate 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 stteam created on actuation of the inhalet
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In an attenpt to inprove this situation and to provide
a consistent FPF and FPD, dry powder fornmnul ations

wohb@r2ssacl ude additive material. 25 The addi t PCE/GB2004/003932

material is intended to decre%se t he cohesi on between
particles in the dry powder forrmulation. It is
t hought that the additive nmaterial interferes with the
weak bonding forces between the small| particles,

fratesh WiretorpRadhe PHgclrares exredled degsarthe eviemend whaledngts the
d%%orﬁ%?e%'kﬁ@akolﬁ SHE QctR% a'r Ll@sc‘ refthrP&eth%nfth%rf sndafl m((ijtwdual
partl ’es 1nt orrm atron i f present
patitlee wihidhegma ahpahle béo@shm@ thedowertiahgr devi ce. \Were
aggl onerates of particles are formed, the addition of
particles of additive material decreases the
Bl aﬁlﬂridryar@fdrt E@&aexa@gin@woat @fe i0cdshad whit®Vindl8e ARGt
likely to brea in the turbulent air stream created
RATtislet aheadiivemaerisl (saasFdly OA® FO0STODEEA to that of the fine
0

Y BT Poe DA EE LN ASRHERRLAR R Ff Efcr
qggin@nes at eslidgpatkuans, contiag aotthy ectpar pardtles amdtasrany tearrier
th formof small individual particles which are

lﬁfe of reaching the lower lung. 5 In the prior
art dry powder fornulations are di scussed which
i ncl ude di stinct particles of additive nmaterial

Vigésrably thy aditiyedpateriplippa patitadhetent materdt apfét villend to
RahLd theRHeLich %%)weehm@a@s S04 yig%)ﬁevehb Ain@ @il ®ecoming

material may formeither a contlnuous or a
dt@bgfihtcp ﬂmgexcmfmcnfgot)thetlhbalacdqmee pAdvintigesusddpdheradditive

LBl S AL AL R P B
pl&rni‘aeditﬁ:al &J}ﬂp(&@tﬁ]@ﬁirﬂﬂhebﬁhéﬂ&e nTE@ﬁddlﬁtr@ﬁlaediﬁlsVﬂlsJeH in this way
al so Pr event f{)ne particl es becom @g attached to the
MARBPT BeRePHEBEPORSHE rPisrAR &P 28 80tiedhersairatt aobirsiop, agents,

Elpceché)d%ﬂ hy@e thg@ﬁ%[:t @i} dééea@ﬂlg%t: 'cof1£§181ji b%e@g &Rd pzct)lrtlcles or

glidant and wll give better “fl ow of

lpttapmgetht: floa Oﬁ:rdmw@wdter ofh ndditige mﬁtaﬂmels arerrfeen referred to as
itive materl used.i n thi

R cafo g s ELR R vl vyl 1R s P Bl ey and

MQhartﬁmefaxﬂuelelfmﬁagents but they will have the

ef fect of decreasing the cohesion between the

particles or inproving the flow of the powder. The

eeldbtdey e‘mnptﬁr hsatlls%dq{e?elﬁflts &h A glflte&rflggz @s&%e OBQBQ Surface of a

contr ol agents (F and the usual lead to better
Photele rcap moetlityi tﬂ)p|a|dh951mdld cohesive surface forces experienced by that

particle, in the presence of other particles. In general, its function is to teduce both

the adhesive and cohesive forces.

In general, the optimum amount of additive material to be included in a dry powder
formulation will depend on the chemical composition and other properties of the
additive material and of the active matetial, as well as upon the nature of other
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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20 higher fine particle fractions. Therefore, an FCA,

as used herein, is an agent whose presence on the
weuodsaess4of a particle can nodify the adhesi veCamB2004/003932

cohesive surface forces experjenced by that particle,

in the presence of other particles. In general, its

function is to reduce both 25 the adhesive and

cohesive forces. In general, the opt|nun1annunt of
BeeV e i ditivarestptls peralE cpaptfeRbysielagienlly aseeriable material,

JI{H ﬁgh dhd ikl Lnagé?ﬂ?ﬂﬁ Ql%tta QQ%QEE h&g"ﬁ’;(f( g{]}le where

t her properties of addi t1ve
ﬂhh @dém\partmleseme aktaclesl twethb smsfactqo@fhcalrher Peaticles tbf:y will

ot he art C such as carrier ant | S, |

P88 P2 RRobistb Floms ik Aief PRl PRt SL ek of the thront of
thatueéd. al is nmeasured in ternms of the fine particle

fraction of the conposition. WO 2005/ 025540

PCT/ GB2004/ 003932 -24 Known additive materials usually

ﬁoﬁﬁjtﬁ{er gftteﬂltﬂ“ %(I) Qé(glgli G ll)ﬂle%ﬁn%pépt% qnfgaatcﬁ(ré glu*tlcles and to

al t hough the additive teriral may not al wayS reach
pmmdewncgnnSEmntdﬂ’fﬂrpideFP%éryepowm fadditaiipas p&r:m imdleds coarse

are attached.to surface. of c i e article

e DRRET 8 P8 LBRiscrl By Bhot Chek Brinles Rap il

Rahtd Ghestckabg thendatdhedf tidfiné h&tﬁ&tpz@ﬁcleéste&lﬂ&oldtﬁﬁére to the

In a further attenpt to reduce ag ghoneratlon of the
Fifreenet theeoparipere Paides Bhilsiad Whembaleg drere v prepppposed

N1 D n I6 ¥ RNEEH e f QF TRU ALt @O LEF B dlfjﬁ‘eh%ﬁﬁg dePRE %ﬁd
carrier particles of exci pient nmateri al ed"™with the

mhaieuwamtpdhese&piramy traet, mtagmeuaafme 6 pRatitve r Thencatrrier particles

rehzhgn%av other, the fine active particles
R'énd® d%ere %ﬁ SUrfates of the coarse carrier

particles whilst in the inhaler device, but are

supposed to release and bhecone di spersed upon
Tt Batistan of caake Gregaristivlgs ﬁmre%ﬂvgn‘aherr: ﬁﬂa‘P‘é‘tlY gall doses of

I r I
e 00 EAILERY ¥, ] P el paspooeian

dllsnmmsﬁczmy sm'alrr peniitics apowdof arsioamabvaationern gerameigt

agec?] trtdrl een ch g@rglee a?geaw;ar}é.%o}[ls 1rgﬁ}ef d(gsgso%%{:tcl’x];e agen‘i W\flere the
W&Hx&bﬁ{ghsam chairetp a@ﬁbu:qiahahgdes d’[rﬁaeft&e theradiioml df a diluent, in

ntities of powder and snall atlons in
St Oﬁargﬁsmgwnmr&éhg gl \makF W rP%’FegréP‘{Péﬂi‘@ll‘f s

Aé&uﬁa‘@@ HRRvES, t@&&és%? o@ﬁﬁﬂ%a%@ra%ehﬁesugﬂ apﬁwﬁ{n requlred to
onprises mainly active particles. Therefore,

]wdlﬂlﬂl edfecobnangfivs gleatance pre relatively large. This means that the inclusion

of carrier particles in some of the compositions according to the invention to

enhance the FPF and FPD values is unattractive ot 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 mote materials selected from sugar
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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the formof |arge excipient particles will nmake dosing
nore reproduci ble and accurate. However, the doses of
woueaesive agents such as heparin required toPOBNGB2603/003932
effect on nucus clearance aregelatively large. This
means that the inclusion of carrier particles in sone
of the conpositions according to the invention to 25
enhance .t he FPF and FPE>yaIue is unattractive or
SFHH RATHOIES B1Y disthasticles ¢f soieirline dugH: (ot emifonpreRigs dextrose
SfladiBse. MERRIHIy, I BY @ﬂrie@?art&?ers e & Eoﬂﬁ?&éd%ieﬁctg@é’ opﬁaaﬁfutol
any acceptable ‘exci pi ent materi al conbi nati on of
wheick iy abwicofgivesganphe distimsed gbevd.er particles may be
conposed of one or nore materials selected from sugar
30 al cohols, polyols and crystalline sugars. O her
ISdNahlaigleeuﬂ?,rd‘wbeﬂ‘aﬁtlhl[}Ci]lJ@)@ wdighty al Itlﬁ‘e cz&ﬁleﬁ Par8ilel hade a diameter
sod#%_ hIorld and cag%lun1carbon organi ¢ salts
EhiE etFieBrAOMPatcht WL AR & elsFgin P Yite 6P d dHBm.

SERa ﬁ@'ﬂéﬁ&%béi‘hﬂﬁ& @ty b | ahayddes is 1
Adva%tggeously, t he carﬁﬁegy apgfié%s aré co#%gggmgﬁesm ©ss

tham 3P §uh anfldiep etesn| 2Apm mﬁeZSmnzoos/ 025540

PCT/ GB2004/ 003932 -25 carrier particles may be

particles of crystalline sugar, for exanple mannitol,
Rleferslsigeat lest DQ%t Ios@eight of Glealatyjer daecleahivtets diameter between

art Cl 7 @% 03 atlva& !%ﬁaggté&o?gsgegglr agg'\pgclatrlger partl ICSC ECIIPIOVCS
tM%@BBﬁGEW%N@th%H REf.a0t halik¥s & beé&ﬂe X‘ﬁéc@x@ﬁ)to @he biaces of

carrier particles have a diameter which |ies between
the grtied pimmndrmrmomdefgepémow HOU e taridmEOD Oracteristics, as

VEJIF:IS 1 %é %1 gasg Io?ﬁ? actlvgf &Fckfg’stllgqy aJrWXys tﬁ) 1n‘(:1§é%e deposition

e carrier par ess
<ﬁhﬂehcmﬁeﬁnﬂmﬂeen1ﬂQNDaﬁdhﬁ@On1 10 Preferably, at |east
90% by wei ght of the carrier particles have a di aneter
between from40mto 180m The relatively |arge

THaBb S in Shidhh®e CaFid: PartRBdst @@&%ﬂtﬁpﬁd} ¥&Rpodift€ictive patticles
opportunity for other, smaller particles tg becone

a¢ priedsewill o fichurssuddpsad onghe ttfveo iahrleedevien vied) g tipelof
atacgvggeﬁQng u‘%?&’ dod 4 e%uﬁef INK ;[‘Ple cQEne‘i rrﬁ'f‘c‘iéser'&l'?f%ia %%ésent in

Foved ease of tThe active partic
ainmrmhmmjframmt 5@/] motepeterdlp T, admadthg@fuslylt®aehd eost

articl in the | ios In which the
b1y S5 Taotd G (BF FopPBt LI AL \Bb FpBEPEES Kethe gricles and
tH@E&&ﬁL%Sﬂkﬂ&e m xed wll, of course, depend on the
type of "inhal er device used, the type of active

particles used and the required dose. The carrier

6! £, R HBi B ? hH A

}g%& “Tor e rpr efer 1a(?b s7 t(:‘lavan g‘fifgousl?1 86@@ réle?r%a]indes to
a composition of fine active partlcles 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
cattier 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
teaches the desired site of absorption in the lungs. In ordet to imptrove the

efficiency of that dispersal it is known to include in the composition additive
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preferably 95% based on the conbi ned wei ght of the

conposite active particles and the carrier particles.
woélawswess40a further difficulty is encountered ROEGB2004/003932

addi ng coarse carrier particles to 25 a conposition

of fine active particles and“that difficulty is

ensuring that the fine particles detach fromthe

surface of the |large particles upon actuation of the
raskiialeripcladingdéC AT Ré tha rysursfdigiusyrsh adovg. Ep@pasifipge comprising
fpn%r;;csigcla 8§rt{c§e%mn%ta%%§ 'V%Ctglﬁt\éﬁalg afd H&%l%&d"@‘i’ﬂdwfd 9"7‘7(%%49 nd WO

carrier-par icles, ki present, to form an aerosol of
doi/pei8dct i ve particles for inhalation is significant

in determning the proportion of the dose of active

material which reaches the desired site of absorption
TaNighh6f GRegdify RFSIREMS BssbBRteAWPith lﬁﬁowﬁfdcrﬁ SoeaeY fe¥nulations,
t hat dlsgersgf |% is known to include in the )
eyonpdsittheningtidietaddisivamaeos/ gy sy catpeTpepeloit 6oz gim of the

-26 _nateri. includi i
bRl Rl B ol D e o Bl R R G and
chiaphiadl gidgereesmahiehiled dstoaneentiag cd OERH and RRD.Q Th(3€dldead to

and .96/ 23485. 5.1n light of the fpregpin ohl ens
RSt O TR Bl 5 PGB0 P et Bsdd Efsg Mot
1@ d hRyddsned paa i linseroratigetiab tREired Akdrhpéutic effect.
particles, it is an aimof the present invention to

provi de dry powder conpositions which have physi cal

T BLAPRFLER AOLED s s epsihpnct B o

antitv & agengrused 8 ther drp powiden cathpodidod by pepmedriag theyparticles

agent 10 reaching the desired part of the lung for
SEHE P e P YBHEH O TSt BBty fHinceiing the
PRAELES Y AdtivelB3Bn D TRS@BEMbRY ESHIs DA I5@kén pArtRRkiidTiSBe reduced
t he preparation of particles of _active agent used iﬂi ;

S 18

infpadertp qrbnees t and FBR etherfyy mewidengoppesitions. T
@oe}lretblgcér%éﬁﬁighﬁlenlgepﬂﬂn%ﬁigésymQﬂélgﬂfgﬁ%p;ﬁi fean and,

I'n parti by *engi'neering t particles of
active agent. Furthernore, cohesion between particles

Gl S R SR SRS, SRR TR e

S BPJokddr 1B8 1, BRI ValuddAkd 416 @FflueAcédBy HE§PBOE iitfala@mused to
FCA. "Wiilst the FPF and FPD of a dry powder = ,
digipamst shd poaste TspReEEstinkalers an kst arwiveplepicet Hgwhich the

R
dovate (Etandysbeo & aniviediypassiey éthadervdevess inrlyde this Rdighaler and
Diskhaler (GlaxoSmithKline) and the Turbohaler (Astra-Draco) and Novolizer
(trade mark) (Viatris GmbH). Alternatively, "active” devices may be used, in which
a source of compressed gas ot alternative energy source is used. Examples of
suitable active devices include Aspitait (trade mark) (Vectura Ltd - see WO
01/00262 and GB2353222) and the active inhaler device produced by Nektar
Therapeutics (as coveted 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.
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patient's breath is the only source of gas which
provides a notive force in the device. Exanples of

woOpesanssad dry powder inhal er devices include POEGB2004/003932

Rot ahal er and Diskhaler (d a{-ﬁSm thKline) and the

Tur bohal er (Astra-Draco) and Novolizer 25 (trade mark)
(Viatris GbH). Alternatively, "active" devices nay be
used, in which a source of_ conpressed gas or

ki o simbodiincah of ghe wraraen. ithe d5epow dstammrasitsn has an FPF of at

1 L) %nagﬁafé@ Himscs%pp? ey feaétsmofoavz% ggg@m&;ﬁ%

(Vectura see WO 01/00262 and GB
baieere 59 lahdtl9é?/o cheatie peeforabiiubadeby 7Naktl 9% ﬁ'thdanmpepteife:tsbly

bR RREE BEE 0%, o T MM b8 R et Pecort Sty it

EBF(NID) Ia;eu as beRskna) 418099 blhatdwp@fwamg Heb®echi@BBand 95% and
powder but using an actlve devi ce 005/ 025540

ety rpbekly begos2 1hmd ¥%ne enbodi ment of the

i nvention, the dry powder conposition has an FPF of at

| east 40% and preferably has an FPF of at |east 50%

Ikhe yERECEDR): emebo dbe@ent) eheplennstewivdl 89%positoe comprises at least

ferably bet 7 f
B R S0, e st RSl Bt el S0 grereably
Prigs prabhtyon thesthfacPof WhticWs!|Jf hecdaetivesfentd01anduRle

nore_preferably between 50 and 95% and nost
ﬁ?@?%ﬁr yhe @be\réﬂé%emczéﬁam@e%wwoaw&s ahlsetteyne mucoactive

%IHQFH g@rﬂﬁmaﬁgﬁ “9{11%{@&&% &a! sefég{gaoﬁbﬁll @B 11@95%%5&%%1 a force

| east one nucoactive agent and a force control
eqarml agedte tifeofogee conitalagertguniergipbeinglpirysend obehagurface of
gar%d[eéso %ﬂ;c%hc surface of particles of nucoactive
fR P embodi ment, the phar maceuti cal
conposi ti on corrprl ses at | east one nucoactive agent
in conbination with an active agent sel ect ed fromthe

Thepreagiaeb Fand 18 egpeluded Bnthe semppstitonsofdhs gyveation may be any

Gp&teragh.ltﬁ?g%&teﬂﬁlgfﬂcﬁgleﬁ apgimn gP&@@r%ﬁ@t tH%nF(tZRQS §é1£d‘t§d‘: Erom
of particles of nucoactive agent he preferred

FGA acolshbend nyglegudiy hw#dphebm@mpos |at1d@n1semfdes hed polypeptides

I nventio I
PR e TR 0SB e F it bl B B s gpereot
aﬂffbne il Aish aapdieapas] plhds;bhbyphﬁ@ pﬁabhs:lealmmlﬁparai:hﬂsa.l stearates

ti des and pol ypeptides. having a nol ecul ar,
Srhis TR A Pooislers PtIT9e @F%@f%@%@dgwwaﬂy

ROcidk ggglgg ah@@?stéﬁg.h as zwitterions, phospholipids
such as lecith and netal stearates

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

with those catrier 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
their derivatives, lipids and lipid-like materials, and sutfactants, especially solid

surfactants.
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such as magnesium stearate. Particularly preferred are

am no acids and especially |eucine, |ysine and
woyetsasao Known FCAs usual |y consi st of PCT/GB2004/003932

physi ol ogi cal |y acceptabl e malerial, although the 25

FCA may not al ways reach the lung. For exanple, where

the FCA particles are attached to the surface of

carrl er cl es, will generally b posi ted
ﬁw@ageml Fﬁggeﬁ H’&F eéPnﬁé’FFIF‘?fFéngé’PnSﬁégﬁ% ¢ from amino

N8 atnarcfé‘ﬁtva@estthgt&@ earnd OP SdECAN U8 tivBs BRI ARGAL acids,

I nvention may be f ng agents, fatty acids and
psatptltihsemd desivapiats vépeptidep |adsplamblbglpalhf Jeckpetaipigtaodi gives |

ctant ecial.ly sol.id urfactants. WO
afﬁ?fgs%i gﬁﬁseﬁ’(‘%’ ‘8‘%?4?"685%%5“ 1r-ﬂ%’éatfsg?dlvant ageously, the
FCA i ncl udes one or nore conpounds selected from am no

aci ds and derivatives thereof, and peptides.and
{6 pscTiods strrseasspos foh Hh g compai PHaRingtrid. The FCA

rﬁ%F ¢ éhé’eeéné)ér Repd bﬂ%%y &f &C%M%QJ Oﬂﬁﬁ@akﬁﬂsaﬁﬁéﬁk ai%l@ucme
e acceptabl e rel'ease of the actlve rticles on

1vmelcasqemq, vzsmlet meshlpalm msﬂ Bhdwlaéedmtﬁ)g ohayrbe peelt or a
cFenvaEnQe &Pl n;prmi 5o gc@d 119, 3 pa?ne gACSH%XICCIg I ace?yl
0 the ? |a[°>po

ne“or nore ’am no- ac
dyeumenexefbﬁblyeﬂﬁd EeA cdnyStsrbe:bsmyehlm aan Mﬁiﬂd’kﬁ:,ld mote

RjCF eéa ?ff‘\l,lﬁ?qrﬁlt‘?% he?aé:qgllé nhglexéca{led OCS aggala,gre ?mg ?Ill'}y also be

wefakd ﬁf@aatépﬁ}cd#ef BlBudfne PAs l?&ﬁtﬂé{lné-go %Mr%t}ﬁktﬁ@ﬂaﬂy efficient
Preferably, the FCA consists substantially of an ‘am no

disghedsal o e aq@wefperfaﬂwoefnhab@@pn éysmwadtcagtemwy also useful as
IL’C § ug&l rc‘l? cu 8 agbﬁm:ihese JI’I? Le8 {ng.reah? %o? a\%eé% In
oun

I'ca ove, 1'euci ne een
mlhdrceuﬂkafdlmeei theamitio adid spert%a;lcmbf ot digniaet i v e
particles on inhalation. Lysine and cysteine are al so
useful as FCAs. As discussed above, these am no acids

’P}E@F@l&%ﬁaﬁﬁﬁﬁﬂétdn\é%&géﬁéatei SoldBle A0RSthedes MR e O[Aﬂ%%sorptlon

the am no acid i s not %@ym ne or al anine. The

q>frﬂbb @dlestm@ hyrthnmoelmét rFGhreashes thedowanbeg: ThRFCA maY
1'38& r1g% icl® ma I13ee z%pc%&pce by the. body if the

ovver FCA may i nclude
di pol ar |ons V\,hl ch rmy be zwitterions. 20

g{ttﬁg;{} ¥,Itg%¥rﬁ4\efng&compnsg a p%ospllloﬁ.lepit? OP 2% ﬁg'gt!ﬂl Ihgzre%rf

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

The FCA may comprise a metal stearate, or a derivative thereof, for example,
sodium steatyl fumatate ot sodium stearyl lactylate. Advantageously, the FCA
comprises a metal stearate. For example, zinc stearate, magnesium stearate, calcium
steatate, sodium stearate ot lithium stearate. Preferably, the FCA comprises

magnesium stearate.

The FCA may include ot consist of one ot more surface active matetrials, in
patticular 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



70

15

20

25

30

Lecithin has been found to be a good material for use
as an FCA. The FCA may conprise a netal stearate, or a

wdeoiswasisve thereof, for exanmple, 25 sodi um sPeaGH2004/003932

fumarate or sodiumstearyl |agtylate. Advantageously,
the FCA conprises a netal stearate. For exanple, zinc
stearate, nagnesiun1stearate cal cium stearate, sodi um

stearae l.ithium stearate. Preferably, the FCA

bge 0 %ﬂﬂ%}@%“sm%&& apdd; S@@ﬂﬂfé@t@ﬂl%@dﬁn‘&hﬁa@ acid, or
c&:&lv%ﬁ{}‘és' @hctOfs QR8s 2hd SRES tBUEbAGEIREL | blyeer h@éeSspécﬁhc
particular materials th are Surface ve in the

exeimplesstfaneh nipterids mypb@sphauéylchcslmea,mls)SQhatacmlﬁhamolarmnes
phoors cfy ag%}p erdclls }%os@h%’%&y%Pb%lF(ﬁsu Sc* | egcal %‘fes of}l narturapand
ﬁﬂfﬂuubh sdrﬁfctze]xarrmre: Aoid bald &b a4les, ff@t &Mrrqﬂd: dsdm@l laur
/025540 PCT/GB 0Q4/ 003932 -29 such as oleic aci
1% AEPEspdrw PP hrtegtriedcedfsoushisg Disser 148 apd @uﬂna

ﬁﬂh%ﬁ Fud® leQ:ersQﬁ eﬁ’&fal Vﬁhéﬂﬁﬁv&? UGHR 1RSA G %Scmgteml ot
salts) thereof suc as glycery behenate Speci f

r@%m#)i:@llsmembmhnmnelm imlckidargepolismospipatd dsll whid Icomesnents

sphat i d anol am nes, phosphati dyl gl ycerol s,
SQIﬁQ Qﬁ%?md%cflf%%%m tol and ot her exanples of natur al and

5 synt hetic Iung surfactants; Iaurlc acid and its

R TR T T

ki fép e'fﬁurea%'ic %Qﬁﬁnﬁ&%@f& hlﬂnﬂ@iﬁﬁf &loxide, silicon dioxide and
Al ter nat ively, the FCA may be cholesterol or natural

s¢ech- menbrane materials, including pollen or spore
cell wall conponents such as sporo-pollenins. 10
O her possible FCAs include sodi um benzoat e,

IhydnlogEmaheda plurslitphif cliffatreat FQlAisdtaatbe usedm

tenperature, talc, titani um dioxide, alum nium

di oxi de, silicon dioxide and starch. 15 In

@&&Q&imgeata%eccﬁldoisge@ dftthe Predhf fRERREN Fr%ﬁo&@@re%ovided for

used ccording to a second aspect of ‘the prese

ntadesing opmpaeitihotsccerdingtovhel fst epect pf druioivegtion.

conpositions according to the first aspect of the

invention. 20 Spray drying is a well-known and w dely

Spaeyddtydohis |aqmﬂl kodwip mdi tddelg upeﬂ tek:EﬂnQﬁe 6r prdteing Plarticles of
be made .i nto

To hri QJE;% mari se, e mate

B | B et SemR gy oAkt & bR 1200 FRatiFgS Grdissolved
Sels REs AR i@ ofcdd Bl dwhh ©h liguid RIAMER sbbiyedER:Righ o
nozzle under pressure to produce a mist or stream of fine liquid droplets. These fine

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

liquid in the droplets, leaving effectively dry powder particles.

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

one or more force control agents.

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

more other additional active agents, and FCA which is spray dried to form a dry
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nozzl e under pressure to produce a m st or stream of
fine liquid droplets. These fine droplets are usually
wexpsgess4b 0 heat which rapidly evaporates the eETEBR004/003932
volatile 25 liquid in the draplets, |eaving
effectively dry powder particles. According to another
aspect of the present invention, the conpositions of
the present invention are prepared by spra& dryi ng.
PO dsi downiadptireaht De ¢ RelUERR £F susapisiog Hrackess Saridy o sege
SBREBN s I51Y b S 18 2 Y6 OFti JIPE EhTUG ARG VA RABBAS/ W EDA is or
30°Gne or’ nore force 'control agents. The conhbi nati on
ap¢ ithédndonin drdioot liguddefoedmitg swbjegehtsspraptivonal | y
e of. e.Qt her additi onal i ve agents nd. F
el Shpaedrreaore: roprad iy S B0t et i e host
1Reid E0OBLA0 3G 2ctedPo ppmfiatiyihgr mul ati on can be a
sol ution or suspension in a host liquid. In sone
enbodi nents, all or at |east a proportion of the
COACLS G805, ADILILnECR R fQhbIyRk GeabiM 508 Uf A1) nhd}
Tt:%eg%gstéﬁ%fﬁui d a‘bef orag ri)tei ngbsubj egt ed at 0 spray ©
peferaigy, atSulystGititiealniqre ablubdsf thahghenlf€daint thedroatbepidan the
BEVITE BB ST APy I PR paoau s il g fitionstip
HUECORNCE tenh AP0y Seteen PO ahaabl inadtatthegsierit phessdre. 4ln other
and, nore preferably, at least 10 tinEs nor sol%pke
enphaflimgatsEtus 1ol fanshiRoBESth Pt FURRE2 5 e@ﬁﬁﬁ?P fg 30°C and
RREREGH SR ARY R SIFULBly, ADOCERN 4180 ERRA ABALS
athi S relaz;T[gi ?)nshi p }%% exi sts at ant errpersat u%gﬁ bet ween
30 and 60C and atnmospheric pressure. In other
BoCRBHT B HesP Rt s A PRRd Ry kil PSR BLbifucs for
Rbehehaing paddicld0Gapbe uaddyeshey ipraplressld@ingland freeze drying.
addition to the above di scussed spray drying
technique, alternative techniques for 15 producing
Tl 2R tRE' drhi5d B FRYE B iw&FionS HE L ASoSRLAY Mt 6RFR e agents are
darying and freeze drying. In another enbodiment of "the
spmayediti¢bnsing ha@oorenpentimrad spray daict compseganeans for producing
r dried using, a,non-conventi gnal [ dri.er
%gﬁ%?f? Songed r%ecé’%grop %‘?vﬁlro 5t 3?% g 7 ro pf{geeI sn%elgﬁgrﬂéet a
ARBhtagtd efthvetatidl yf anddafple foraaedennd dednspadile Wilkbe
20 advantages of this control of the droplet formation
dsrpserd g eprofstrbbiioM pe  discussed in greater
detail below. Finally, the spray drying process nay
also include a further step wherein the noisture,
Kionllwthe efray deyisppenres eyl alpariniledes fithedfapsvherein the
rg{)gg{retc%ntefnlt g?iﬁeus?)%ay (tiHeed patticles is adjusted, in order to "fine-tune" the

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

It has been discovered that the FPF and FPD of the dry pAowder formulation is
affected by the means used to cteate 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 ait) flow around the droplets can dramatically

affect size, size disttibution and shape of resulting dried particles.
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25 properties of the particles. This is al so di scussed

in greater detail below It has been discovered that
woOhersPRF54and FPD of the dry powder formul ati onPCE/GB2004/003932

affected by the neans used tagcreate the droplets

whi ch are spray dried. D'fferent means of form ng

droplets can affect the size and size distribution of

the droplets, 30 as well as the velocity at which the

droplets travel when fornmed and the gas flow around

2tdM a

4 BB BB acl PP HmRodiol T Prldedlbpiitie e que or
rasteahhigosgiivy agetrwrma:rsqymyddmerﬂeumg)plsptas deizn codmpmatngeatinkns for

aff.ect siz size distribut nd s of

oriine Brdiier 8ok Shber e e e g Mpoptes

skxeTe The GrelicitP o€ pidd ditplas o prefaxble rcoﬁﬁﬁncﬂb‘tdldtﬁrl’d: tbghe body of

provi ded, wherein the_one or _nore nucoactive,_ age

&85 &ntoyigh dhgvetre gRTEr-a L Bisrcad b&r%céifeve%fﬁsrcpgﬁﬂ@mg tﬁeﬁf@lets
I e

e RO P By SP M MeS iy ef AROGPEE v sprayed.

veI00|ty of the droplets is preferably controll ed

f:c 1s glt %r delshtlagﬂz t‘.oti)O :X)leOI ccHtol't C} Ee slze 12? {ipo ete}'éremed during the

R e achieve con
ﬁp&l@lﬁg proc&staindlthy @k@qeéd syzmdll dffedt filge s&ed: eﬁ tHeydrddd pd’tede
as_into_which they are sprayed. is clea
éﬁrft%lm eidsoplet fsping Hleeawlﬁ% PrQCﬁJéegﬁ zéa%‘fe ¥ Hérrow Jroglet and

t‘ﬂERmn% A QEEBG, AU i bR Thib Quif REAY t o ¥4 fﬂgwpde@ ¥88HuldA&n with
&% et size will affect the size o he dried

qomom nméornppeft@&@mq/anc’e thais drioptecpreflistablo gndreensisten P F and
duces a relatively narrow droplet, and therefore

particle, size distribution. This wll lead to a dry

powder fornulation with a nore uniforn1partic|e si ze

and thus a nDr predi cta d co ent _FPF and
Preoil oronaist e ye PGTCoe GroP DR FHOTY fregpericpgtrol over the

%Bg@!rﬁts AUBOrAhlRS AL N T GAALLIRE, BY gis §28d around the droplet
perties of the resulting partlcles particul ar,

willea s topenedd aviumbiichtbe drmuerednesw Tni the st depglets Which s
rargggd &%ék?%%{;]}?h Ehose 0 de usl ?\%o fluld %hgzlg ?ﬁrgn ement

are novi n
(fspfalﬁﬁ@ & #ig), ehd M&)a]fduh:lddhé] dZ(iﬂlet ﬁrcbﬁﬁgﬁtﬂljebémg@eplaced As the

prayi ng |nt air) ai.r around the dropl et
et SHEPSFat58i %nﬁ%epﬁrge . thegmeiiRice £Bf% %%fﬁ&?‘iﬁ%%dmplet-

lffrtﬁm rﬁgﬁt gkt %Oé(ﬁistan‘i:lgﬁeﬂgéesit L4 ﬁeﬁ{“d@f girl e r@ﬂerofazer#Mtion will
re

dropl et . his noist air is constantl aced
ltwmfcmselrﬂ hwonettast if the draplet @fmemgdhmngrthwifrlslovdé the air

zl%rﬁgr %ﬁeglhoglleq \x%_ﬁ occ 8 repl?%edt aql% t% qgéheflur&)?dlgoarblgrgd the droplet

alr S
will slow the rate of drylng As discussed below in greater detail, the rate at which a

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

Preferably the velocity of droplets at 10 mm from their point of generation is less
than 100 m/s, mote 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
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around the droplet will not be replaced and the high

hum dity around the droplet 25 will slow the rate of
wdanyisngss4hs di scussed bel ow i n greater detail, PCESB2614803932

at which a droplet dries affgcts various properties

of the particles forned, including FPF and FPD.

Preferably the velocity of droplets at 10 mmfrom

SiBredipRa ahaBry B eE fie Giplsds Hisdotbe boRY BF BraBry which they
Areg mgrtwrhtﬁﬂnﬁ% SronHRfiep SRl ¥f AR MRIDG fe¥s Bantilne ngﬁss mote

used in the generation of the droplets, at 10 mmfrom

RIRESERIY s abamnpl} et stand oo prefietably lesytnerimds.i s | ess

than 100 m's, nore preferably less than 50 m's and

nost preferably | ess than 20 mis. In an WD 2005/ 025540

Refdr@Bp 04 /1639 F3r pfo’?u?l&cﬁllghhdplﬁmﬁlpvm@at veloaediollyd @élotiﬁﬁ and of
droletsr lative to the bod as nto whi c fgl-\é g

Lpd SIPRIASE, 1%t 11 G2 AETRENE Enth fel yotsegérer zle. In

dife érﬁ&‘ﬁdﬁntéﬁf‘ ah00erA hic leﬁlselp BRIs¥d t& ﬁﬁrﬂ ﬁﬁ:rﬂr'églets in the
nm's and nost preferably |l ess than 20 nis.

W@T@Yﬁ%ﬂvocﬁﬁe nmeans for producing dropl ets novi ng at

a controlled velocity and of a predeterm ned size is

an alternative to the commonly used two-fluid nozzle.
Whilstodeasnbodeimdisers @ISNH) hrealsonwg thedeudre senva(nldSIhl)xlly 8sed in

RS E SE ECP L o P S Byt s
Gt PMviolidlR Heerdived dfﬂééﬂﬂhla%}ﬁkﬂrﬂcéﬁﬁgl dptay 808 Hparatus. It has

devi ces, for the rect inhal ati on of sol uti ons
ResptdaseRr pigddheigthe el of Fesh haskulispioin pPWFFBUSL ypEatying

IW:Q&L;Q’ f&%ﬁﬂalh&%@hﬁ’éﬁﬁhﬂﬂﬁ%f ﬁa@}Le ag{t %ﬁvzg{tx di%nd thesfe have not

appar at us een di sco at t e use
p;:av;thuaiy the b Ir¢®gn1s et Ahppocfessd N sq:ma;oldh«y Iveigcn-y of the

for al ati on ,has er
okt wEE e Rer R R T T By UG B o tosn affeces
tihe CBGY £RUdenbltf o tIed RIshIREht PINSCIE0 MK Obsed SERUSRE Qhbiptofildes an
the droplets and therefore the rate at which the

WW@P%O deefogm; aay dyingr nlargerpealefthet i pqswéleswa@
&%@eﬁ@ %ragfdr g gﬁ&uluts %‘&h pa{vtenﬁl)ﬁfﬁ tég{& of{'hsoezzfe used to
e p

USNs a opportunity to orm sp

ateate mige dnn)péetls ,augkns sealflid hareléss possi bl e using
conventional spray drying apparatus with conventi onal
types of nozzles used to 20 create the droplets, such

ASUBNR-dd hlbtkeffize b @Ssh A% WISy 46 BRrateeBdidipletsh it dryer may
gas, velocity to generate the droplets, the dryer nmay

Iﬁptsw(géeﬂg?rewé%o @é ik ehapss velp@tistishdireaiioncdi thy phiree than is
ﬂusglgﬁzt\!vﬂﬂ Bhviftfoml H ﬂh{&?grééure or rotary atomisers. Advantages

therefore include reduced drier wall deposition, better controlled and mote
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 ctystal) vibrates at ultrasonic frequencies
to produce the short wavelengths required for liquid atomisation. In one common
form of USN, the base of the ctystal is held such that the vibrations atre transmitted

from its surface to the nebuliser liquid, either directly or via a coupling liquid, which
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possi ble with conventional two-fluid, pressure or
rotary atom sers. Advantages 25 therefore include

woedispess4dr i er wal | deposition, better control Pet/Ga2004/003932

nmore consistent drying rate.;sReduced plune vel ocity

means that smaller drying unlts are possible. The

preferable USNs use an ultrasonic transducer which is

sub ged i quid. 30 The ultrasonic transducer

élsg’%z%?fe Ewﬁ%ee the pltgaspyiciyatipas atgsuffidientlpiitense, a fountain

M]@cﬁﬂ@ RCiRel Ot %@Qﬂ@a%eto@?héﬁgﬁﬁ M@{@hmfg@&ﬁaﬁ%&r €drge

for liquid atom sation. In one conmmon form of

diopldynste epfittefdramyke apex aldrve'l'hg'é Qé hmtlﬁ aroplhts is emltted A

sclh | aElc iy gfa%:rl %h(t)vﬁrﬁlnsl}nc]hvtz 21% dardt Wor glisf Coewr} 1O % ure 1.
rser dir e orovia a cou

I|qU|d mhlch WO 2005/ 025540 PCT/GBZOO4/003932 -33 i's

wat er. When the uItrasonlc vtbratlons are

Iy
%@E afﬁ‘elvsefrhewltw& R sEsle PreaR MY (FPr HFh Ry escilieting phggl->
ﬁm 3 i§ fe‘a@&echgﬁ 1tdee/ i gkéltérr’ch&bg 0!, %@Jat&h‘ﬁﬁ@@r(}cc/min

oplets are emtt fromthe apex 0g
gfeatsnsh\am %@mdltrensgnestee thant BH0ccAmis,restat thandiSdipcamin or greater
1%1 In_,}%(e)?)g(r: anlgst s%g?%\{h\é\g g’dlfcsé dsr?f gx\a{l\ﬂlcles Wlt%]lg'{{ ﬁaaé‘t 90% by
weight &f w&lgar@éles hidhg lglzatof}esi t15an M&galelzg thHad 2 eatoelless than

t han 1. 0Occ/ eat t han 3, Occ/ greater than .
%%c”é/‘ﬁ?%ufelgg‘ﬁe f’i ﬁ%ﬁt%%%fcf,‘?\‘inﬁ‘ ‘Enr@ RO paFpion unit.

10. 0cc/ m n, greater than 15.0cc/mn or greater than
20.0cc/ m n. Such units should then produce dri;éi

Preferploly etheutpuizper| sixgde pBEOTbY (o sweh ghtnlfdfsql ng at > 2.2
Iglagz#]{z |r1§§1ée§1ger t gn B.50L n%e Of %gezfi‘cP&elg ?@cg’% §§eate¥rnﬁgn 3.0cc/min,
dasice f_}&hzm)ccf/mm gretliey thnmvmecrc /dnﬁ,pgesjeﬁthaum t0cc /mm greater

Preferably, the output in I €z0
Farie 0Cpebin prgren: G B0 i Sneh SHs dheud (het mdoce
%xﬁ@l@é Fhidhy d(gg)e@it REs tHAaBuM, @&G/tﬁ'&xﬁz 5Ae8E ®ss BB um, as

cc/ mn, greater than 5.0cc/mn, greater than

BegueddbnMagresa Mbasterbignr fOmOTarymawdeydéspession uhin

15.0cc/mn or greater than 20.0cc/mn. Such units

shoul d then produce dry particles with d(90) of I|ess

Thantt3ctive che&s&ehm A USlYs fur fredscihd dine me:mﬂs dry powdets for
sured | vern Mastersizer froma dry

gralateat W SPHY i c&% 55 éwgéféﬁfegtgﬁwq&red to

eftRE n%%@%‘ Ak EdRFaRaFdly Ghsll qfdiﬂ@coéﬂ&ez[rﬁi hfkow droplet size
inhal ation include: |ow spray veloci'ty; the small

@mmﬂogfpr@dwqeldetheg%@ﬁeewweﬁ the USHfre(the ebsenee of moving parts
Derul S e%t ctop?an%%nggﬂ Al Y. &hY SR o ALQR:&) 8448 AT as flow

narr OW
around the droplets thereby controlling the rate of drying; and the high output rate

which makes the production of dry powders using USNs commercially viable in a
way that is difficult and expensive when using a conventional two-fluid nozzle
arrangement. This is because scaling-up of conventional spray drying apparatus is
difficult and the use of space 1s inefficient in conventional spray drying apparatus
which means that large scale spray drying requires many apparatus and much floot

space.
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di stribution produced; the sinple nature of the USNs
(the absence of noving parts which can wear,
woanisanssaat i on, etc.); the ability to accurat ePgT/GB2004/003932
control the gas flow 25 arougg_the droplets, thereby
controlling the rate of drying; and the high output
rate which nakes the production of dry powders using
USNs commercially viable in a way that.is difficul}
Ushis @ pensippestaihmliqus drfoireplstrehit iGrRaPingiBe FrIgRy of the
QA2 REtheRr thP RIEIRNY - enlhbyS .&v@@&ﬂﬁsﬁl SEBRY-UBs &l by th
gonvengronal spré§&é?y%%gsgpparat S fs 5ifficu?t g%de
ultesopgencblispace is inefficient in conventional spray
dryi ng apparatus 30 which nmeans that |arge scale spray
drying requires many apparatus and nuch floor space.
FRL2BQ6/:0) 2258 ONs 3da ﬁ@&@&a{lﬁea&s&yw e daoplets and to
separate the liquid into drop] ets by jncreasi g t he
cpirakiheyexpresting of|the feige crathkagent AR thed %ﬁsrf{} BR&Tsgyant
LiddOMHed (RY JLiG YRt atdiPR.CAYSEY et R trdihEEASQRILE dryi
Pﬁgbu‘fsl \s@gr. 5‘E Far?ﬁeerér?or e, the USNs rtaycebe lﬁrsedéto’%}g _ryl‘ng
veith uBISN ben fhrthiendelpf tot drentobl dlpd positiemidg o the bydnophobigenoieties
expr essi of . t force control, agen nth r .
sBiRe FRSe PEie o { Ff e il RO faa W e U e B ichowe
ihdlo@hf ogan act as a force control agent, spray drying
with a USN can further help to control the positioning
of the hydrophobic noieties so that the effect of
THRG! M0 NG 20 fB1CH BORbARIN RAENE 5 A2 RwBENAG RioeMe tarEWRAsonic
w thout 10 including one. Thus, as an alternative to )
rtehelio magritd wedlto Benehie dppletd, wikdchhergAhen dggd within the Biichi
|trasonic -nebuliser may he t -
Hirigp Bt o araShnRt RRUSRT: hcOFREHR] feg soturion
q&mﬁrﬁgugfoha%mﬁé l.agéﬂt ianespReiaby desi@nd, glissehbiSNet whigthadless
inthe feed solutjon 15 conpri si n i ye agent i.n
intraglRiio 0y th EATHRGP LSS EREMERL PY T BN el Shto 1t heated
06 QLG EO5f @ pud of droplets generated by the
6%N%§irectly iﬁﬁggﬁH%5heated dryi ng chanber of the
spray dryer. The two-fluid nozzle is left in place to

eal tEe.hoIe i.n ich it. norpml | i -
BBl Pt B kTR B g o
thBeBmpeatataidfps fex thbid éml The tepipetlntnise, is whenhh®BPAp to
aspirator setting. Due to the negative pressure of
ERBCERleCrm iy with R B T SN BATE (QEBph G pressuse
&aik Ie\sc A Qf\é\fhﬂ, RhO nbhQisdl ¥R of droplets is easily drawn into the drying
chamber, where the droplets ate dried to form particles, which are subsequently
classified by the cyclone, and collected in the collection jar. It is important that the
level of feed solution in the chambet is regulatly 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 tates
around the droplets lead to a fast tate 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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chanber, where the droplets are dried to form

particles, which are subsequently classified by the
woyailsongs40and col l ected in the collection jar. PCT/GBR004/003932

important that the 25 level @t feed solution in the
chanber is regularly topped up to avoid over

concentration of the feed solution as a result of

conti nuous nebulisation. Wen a spray drying process

i nvol ves the use of a conventional nozzle for form ng

e [ :

W B 0 08 P e R SR gl DO,

ebpeciullyadienrtht @cofe agepi igco-spray dripdmithom FEac dgsecarsidered that

as . speed around droplets for Si SN, i s_|
B EedsEie B SR AP e B B the Ry o CR R YA SN leads
£8 O ¥ d t"BRRriAFIOS BicRMO BCHIk oY b REhiCP IB4dR kb ERatyrinkled particle
two-fluid nozzles. This has several narked effec_tf on
mérphplagyi dibesefpres phrderlywpaligosyhomsaget pyimary particles that are

78 %g] ! eb&udRGusHlz0PUSks dry quickly, a
O&%{X&?e géf?tpt?cg%éar%r pﬁ%l og; igs observed, especially
when the active agent is co-spray dried with an FCA

It i.s consjdered that the reduced rate of | vent

To et SHACIACE, Bt P LT ST B8 e et o s BRI the flroplets
2e EQntAAUGRAUS s QWbRE thavbé Epiraly Slrie A F Qi es aiipnentorbiechrface of

| eads to the winkled particle norphol ogy. .Therefore,
thiylseRiel duringrdhe Idsving RO EiTH oL HE™ISF ’?%éFtﬁ”& gisaspifigl by the
Ff}%g‘t:lngg gf g gﬁ/@grg%mnp%ﬁdhcérﬁguﬁ%% Meatuesshdbit BbididdINthe

culated that the sl ower drying rate
R ¢cb besorex pesitieded\herthe herfabesyfitee droplet. dfer gxamply an aqueous

usi ng. USNs .al | qws t he. co-spr dri FCAto migrate to
Stoiveengifrtﬁgg%ﬁotf’gqeh%gacfﬁlg%lné? Pndf}\r{sl il a’?'e dryi ng process.
This mgration may be further assisted by the
resence of a (&%I ar) solvent iC engour ages
be

t he .
Ylrtbp R beippbleimgruF to R Surte 08 BRI OSET Bivaresent
(%g]:ﬁehs%rﬁyé faag Qbutde qut%@é, et is ckQk tl@ﬁ%@il&@cer PIORAHEP ES the

vent 1s thought to be of assistance in this regard.
AGAWHibh {sheclE@Al betheglrablee will getaslly hayetthe fetgefcaaerobing effect
h let so that it is present .on-the s
EhLEER B s 58 RSPl R FHEEARE Bl
Phapyt,ii0als®Folldies thaChariecdt WSNS hed thdefdribar hdveantage that it

dr opl et V\/il‘l,actualll%)gggavet e force cantrolling. ‘ 0 th
reRpees the addittoner fAest IS topeoBEentBh 'e1re CQBFPg’é“éﬁ fpet in the
1%%19’1 arnftg)?ftiélés, I:&nP@L’éQ th a&i&ésf[ﬁ:‘%aﬁeedz\psiﬂ_ &5:8feakiBnall shray drying

a sg ows that the uUse of USNs has the further
mdthaxdsage that it

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

its hydrophobic moieties on the surfaces of the patticles.

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
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requires the addition of |less FCA to produce the sane
force controlling effect in the resultant particles,

woaopanedot o particles produced using conventi Ba@IGB2004/003932

spray drying nethods. 25 Nat4yally, where the active
agent itself has hydrophobi c noieties which can be
presented as a dom nant conposition on the particle
surface, excellent FPF and . FPD val ues may be achi eved
i HVBE (e eﬁbéjféﬁgf iednbela’ dHitfeeld Ve detpiee this
§)cEEABA, 306 8Srentd}8 2RG1ITY SRR the ERGhicaBEAiSreaSt R phfeldle
because of the arrangenent of its hydrophobic _
srofased ©8y ba ef ¢re mnye infiuentiak on Hee prafatingings of Bge partiglgs in terms

| 'y thqught. t. i e [ .
o iag Autic R WIBolp VAR RAEIREL Bt pydspphobic
thelepes oh ohe atfice qfgratrticlkeisalthessignificind i€ adtesimcobletion than the
has alsg FfErevio sl¥ been specul at ed thgt this. . he b
PEPHICE 108 SHFIS 1061 By St REh EPRUPROSAF sggesdonyy the prior
a?t@,qgfsqg)ﬁ%@esgg/ 15832004 ﬁ%%@g extréfell %&bléd%&&iﬁlﬂ@d/ articles in
are expelled for the inhal er device. However, desplFe
esies to Biswédsl gaddoRPF vRlmep.nvent ors actual |y feel that
the chem cal nature of the particle surfaces may be
even nore influential on the performance of the
healetd,dt Baictnally denslvamthgdeRl noED) peddnce séverplardimplddar:, wrinkled

it .is thought tha he presence, of hydrophohic .

PSHEE a8 Cher Ts 1R QBBRD pmtdect aUth Epupiih voidage between
Sdr8iblef.| SN pdHdér Beeii0a heherdlORelrlidtivd Rethep BeQNER Of
craters or dinples. Therefore, contrary to the

s Af ths foranmndgran rgyult inj packaging proflems.degr,ymuch larger

. i e Wi ikl :
5K L HSASE, SHRTSLY, QRS K, B iy powaes,
duetes dhodetproguact wiishd YShe 1adwantyatygmgprnotss tnmayp rledefoee, be of

everely dipled or winkl ed rticles, as these can
BrhiFl PhsrHBhe R PhiabResir ook Ge ioyn ST sittageent to be
pﬁﬁmﬁﬁafdﬂam@hples. Such powders occupy a | arge vol une
relative to their nass as a consequence of this form

and can result in packaging problens, i.e., much

rger | g S i I\ .

YRLER pod S AR MR Bl B IRICAGCLE B BetFhy dricd
pdrosles proggiigad whienghd)8Ngplétn age Spmayg udimgi aligryyivegesss, such-as a

t heref or,e, be of benefit., .especiall in the ..
TR, b 0BG mieaiur f it 98 i Bordrs RyBie: (Mhipie
AR het REECHCASnddg o b¥iddludesl 3 @heShibhdosét &lhctive agent are

above, the effect of the FCA included in the spray
Ja:ﬂpjég&, this is a further advantage.

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 ot at least 0.5g/cc.

As discussed above, at least some of the mucoactive agents to be included in the
compositions of the present invention are required in large quantities. It is
therefore not desirable to include additional materials such as carriers or bulking
agents in the compositions or in the particles. Thus, in one embodiment of the

invention, the spray drying method of producing the particles for use in the
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20 particles is magnified when the droplets are forned
using alterative nmeans, such. as a USN, because of the

wongrsakssam of the additive to the particle surPataB2004/003932

This in turn nmeans that |ess;-FCA needs to be included
and, where high doses of active agent are required,
this is a further advantage. 25 Preferably, powders
according to the present invention have a tapped. )
IR PTSOLFhe PresgRt inyention doesspot agelye gosgraydtyipg the active
%éﬁn?&;itﬁ-a?&é&&’oraiuliziﬁgél%e& 4g/cc or at least 0.5g/cc.

di scussed above, at “least sone of the nucoactive
agents to be included in the conpositions of the

resent.inventio re required,in l.arge ,quantiti |t
Be S Ll o sl ™ RN e e en
W £61hat SreSACWhRb atuéLlosr wdlodityl ddoplets adsiph Sutputtrh®s. For
conpositions or in the particles. Thus, in one

> friberterpative;nazales iy, be e dspichyrs GloFHegP T fREales ot

ﬁgraﬁﬁgqﬂﬁicg %o&ﬂ@s.p@hgée%ﬁlefsplﬁkeu@% lﬂtli]asroﬁfc_ M;Qzles, are momentum
2005/ 025540 PCT/ GB2004/ 003932 -37 conpositions of the
fres senvitingmeniptgnwiitdhscandte ¢agilptlirected by preasriatray siceathe

ctive .agent wth a carri.et or bul ki e e .
By Rl ik B RRRF o8 By B eRBE DonyiiiRoribea
Aawvee using USNs when 5 using other nmeans which

produce | ow velocity droplets at high output rates.

For exanple, further alternative nozzles may be used,

BHEMASBLRR RS RIFRL-PREE) §Se B2 sprhPARiAIBrdEdS ik GBe which
nozzl es. Thesé nozzles, |ike the ultrasonic nozzl|es,

wilsenpleeme-rlradysemia atenlisating. i/ntadlos peagisvieattd.dan ekample, at
easi | irected. by .a carrier, airl. s r .

T8 bstt BEAO PSRl SRS Bt Focl bR UBfpigipdoro oo
44obystablle 366 dakiepellobDie medhiod Hees ddttusaatgday dlowy pecdit to

nozzle for use in a spray, dryin rocess. i s one whic
fﬂ%ffslPP_éfeé‘e Srele oy PERg AR EeRED 2RPPBiSPeTA ARG SO be
SRRl 21i6Li8A L AFindiQf dRX3ERLBorat @ fine needl e by
applying high voltage at the tip. This shatters the

droplets into an 15 acceptabl e nonodi spersion. This

é 98 dzlgsos%sh N9 t %tya%g s rﬂ%%leg’l Qe S %rpt Ao ok Rrﬂ)qggggg Lrifice
earopl et s “af'ter aryl ng. AN acceprabl e
M0 ica ) &k Skangahih Ahsdtihezzleatmay nedviith bkiasy Bhgh nozzle orifices
spi nni ng, di sc neratqQr. .The npzzl es such as .
P FageT © wied] gen el deekatA g‘;‘lﬁrf&?% Frgughpwfi Hriged prfution-
Phd 18040 nBRALZE5n GRMABRICAHINBNGRHE (1 Pieodtiditit <RAZA). €f the
array, in which many single nozzle orifices are '
drpsgrge transdugessivdpated nameldngaie ivessehthe qutpitighay be gdised
ggﬂgyt of feed sol ution.

L0e
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
petiod of time which would normally be required to remove further moisture from

the particles.

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

such as density, porosity, flight characteristics, and the like.
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The ultrasonic nozzle is an ultrasonic transducer (a
pi ezoel ectric crystal). If the wultrasonic transducer

woO0dspest4ed i n an el ongate vessel the output mRYTEB2004/003932

raised significantly. 25 Wgg nucoactive particles
are produced by spray drying, sonme noisture wll
remain in the particles. This is especially the case
where the nmucoactive agent is tenperature sensitive
and does not tolerate high tenperatures for the

"ﬁé&%geeg m@cﬁf)a Q)‘F Qé}_)raﬁirn%‘:ﬁ r@l&z&@? l&l)ﬁil BeER ik Xls@iorowded

requiréd to reno ture rom
et tinche methidrecamptises aofteprof sdjusteng thetihelspaﬁ cheteas of the
mnll affect various particle characteristics, such as

P#Edfty, porosity, flight characteristics, and the
| i ke. WD 2005/ 025540 PCT/ GB2004/ 003932 -38 Therefore,

a method of preparing a dry powder cqnposition %s %lso
Iprasyvi cgehpdimaple tla moffharergitrseeionpPiosbigs stepriapolges the removal

g e, b t | n
oIty TR R s prRl et T LR iy
whiepinithy aﬂdaaenﬂhaonsmwatem@fedl’qyl ssblimgtiosush aliematlve type of

econda step preferably invol ves
Y@%i%vﬂ¥v yl aherein the additional noisture is
renoved by sublination An alternative type of drying

i s vacuum dryin 10 Cenerally, .the secondary dryin
Geneazllyp It}sF‘csé”a]P‘ibéV deyiag saler @é%s@étﬁf theActige agertidh éﬂ&%co spray

d}[eld%él)fwaﬁ a0 lhothPr 8885 MHELen® mQQéJ@ﬂEty cﬂ@ﬁlg takes place after

secondary drying takes place after nebul’iséd
mebobect vesagentgdradiabbern sprrpylricd.ivelkreinHbe efrve sgent was

activ nally in a blend with a FCA. 15
Oﬂﬁgngg%gﬂﬁgkn 3?9?%%kg¥ep has two particul ar

advant ages. Flrstly it can be sel ected so as to

avoi d exposing the heparln o high tenmp res fo
Freotesraty JerpBESh barqVPHSFHONE, "V SHBESY T Gt ipcan be selected

a%'tg%@lndr@ﬂ %EM%thlﬁeﬁﬁﬁpﬂﬂ g}{ t%ﬁéﬂ%x@@fbr%olonged petiods.
S|gn| I cant | y cHeaper” than réenoving all of th

Toodtlsdronoee, fremovalld tpapctqldjlzé ﬁt;ystg};n' layysecondary drying can be
significantly cheaper than removing all of the moisture from the particle by spray
drying. Thus, a combination of sptay 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 patticles
(from approximately 8.5% to 2%). This would imply that the mucoactive patticles
are drying in such a way that there is a hatd outer shell holding residual moisture,
which is driven off by secondary dtying, and further moisture is trapped with in a
central core. One could infer that the residence time of the particle in the drying
chamber is too short, and that the outer shell is being formed rapidly and is too

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 2 powdet. It also means that drugs which may be very
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20 drying. Thus, a conbination of spray drying and
freeze-drying or vacuumdrying is econom cal and

wehbtisoresad, and is suitable for tenperature SeRETGB2&04/003932

pharnaceutlcally active agenps. Secondary drying

significantly reduces the noisture content of

mucoactive particles 25 (from approximtely 8.5%to

2% . This would inply that the mucoactive particles

hepiesepsifive §2h Re SHER d&%@? lowiet: tepperatuses tq Prajieqt Bigfeand then

sﬁﬁ]% ledg! g&&ﬂiahﬁéi o 1S WeSnoisWht ¢hrths: AHd tYl%Heb?ftE protect
secon ary drying,” and further noisture is trapped

wwtﬁugn a central core. One could infer that the

residence tinme of the particle in the drying chanber

Is too short, and that the outer shell is being forned

Thaiolet calihdiied st B0 thiad dspiet PEEHE invemticd, lﬂherﬂo@stute profiling

readi |y escape during the |n|t|al spr a q
ipyJEessigcreaiss MunMPIURLF s ted Pt he 6P%%5‘é SPIE'SE to

the stability of the product, by bringing down the
moi sture content of a powder. It also neans that drugs
Rukafeciblypiie beoistere/is\AAded b:a/e@g@@wg)ﬂﬁcpra/r@mem bogddatmosphere.

39 heat s nsi S i.ed at. we <y
F{}éerﬁfg?‘é%ﬁ e%o’tséure ?%% ec?antel?w e?ﬁm%gor%p dtkH’ TRk (t%)h e%‘tlmad {fypod/ox
the tapdaby titfeyongrHich fiRdietcledrermbstdd @ 1fnw Ihhﬁjrdi@n d

thereby to protect the drug. 5 In another enbodi nment
of the third aspect of the invention, the noisture

Igﬂgvhhgé @glag rd%yl'ﬁ}g “USSich QBBWOQQH}I Hﬁ% F%Elt?dé»'{e%oﬁ@ﬂ? %E;qngflt may

the s i'ed”particles. Prefera the moisture Ts
admleedacwna»gggss t@gnﬂhéaegmwdeeqs dor expraplh g abitjptowghér erder to

i.stur ca
L b e T e B e L e R
pitieles.t he particles are exposed to this humdity.
Fol | owi ng spray drying, which also optionally nay
include secondary drying, it may also be advantageous

93 lftlrthgieerﬂgé‘ﬂﬁ{eﬁt of e Qémllﬁvéﬂﬂloﬁnlréteradlo?tspfﬂyl clrymg the
|n order to separate any particle agglonerates whi ch

dsrm/@r mormmdcsetqtlan gebrts dybsrnbednepawdst @awla@loeslt i mlssa possible
t her |nent of rese L

1]y OUSE & eg%er ?etgﬁr e};xlajhlng { h(%y %8%3(2% ﬁgr exa ﬁ;g Ig%l%yl <\i/tg powders

2@ F6irSed By frﬂcflﬂhﬁaﬁléiy, thomd egriddingnip aztrgémpamt:les $o &bre0small

pOSSIb|e to use other nethods of preparing a dry

Rrstglet of poesisstaiif-e, nany dry powders 20 are formed by

m cronisation, that is, grinding up larger particles

to formsmall partlcles of a desired size.
Techniques known as co-milling and mechanofusion, as described in detail in

International Publication No. WO 02/43701, produce composite active particles
and also are suitable for preparing the dry powder formulations of the present

invention.

The composite active patticles formed by co-milling and mechanofusion in the
present invention are very fine patticles 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 sutfaces of the patticles of one or mote mucoactive agents. The
coating may be a discontinuous coating. The FCA may be in the form of particles

adhering to the sutfaces of the patticles of one or more mucoactive agents. As
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Techni ques known as co-m | ling and nmechanof usi on, as

described in detail in International Publication No.
wiRBA283701, produce conposite active particl eeT/&B26030D03932

al so are suitable for prepar4agng the dry powder

formul ati ons of the present invention. The conposite

active particles forned by co-mlling and

: ' ' esent invention are very fine

EEAAL BN, Pk bR o e sty S TR IO e 3o e corm
ofh@pbomerpan. t heir surfaces, an anount of an FCA. The

FCA is preferably in the form of a coating on the

surfaces of the particles of one or nore nucoactive
WARARhS cohBBsiteCRRvt PArHENs 28 iflfl AN pHRUSERAT L&ldposition,

The FCA may be in the formof particles adheringt
theHECA prometes the dishersplapft the lcompobite petivsr partieles on administration

' : - 2005/ 025540 [ GB2004/ 003932

oY PACk b3 R L pavifi, e oS it T Rt 2555
Thuad, iovee pguid,ithe @sesamye dethierFAAés e Mo 1afe B3¢ ghoORPFahd FPD of

Wen the ¢ o?ite active particles are included in a
t Hg}‘ﬂ?ﬁ&’gﬁ’tf‘%%“l osition, 5 the FCA pronptes the

di spersal of the conposite active particles on

adm ni stration of that conposition to a patient, via
Ttshas akpibsan deutththap Hie milling of thespartisles 0Abov er moEhusycoactive

' e { FEA i ble to..
PRI R IS PLEEERSRRc M ANS AN kit s o
refjorrenilestt iR and Qesh tenbigs thiss thebepivAllaundotdsatardiied out in the

mlling.of e.particles of one aor nore nucoactive )
Wi SR F RS e o RA R Bt BAUELS o be produced which
havle @ dsGARihY A &UBYdBic R ché el ENINANODS 6F 2 vORAW £88ich @B Smeter
time and | ess energy than the equival ent process

(VAP iog desp than 1 4 Reot Zatys dih deoftsen mveh raier tpholaaial dneadlsparticles
- I [ It 0. fe produced which have
bsgmﬁ%%gmngd@gﬁlbgg’rdg yrlﬁié&néiéﬁlthfr?gter (MVAD) or a vol une
medi an di aneter 15 (VMD) of less than 5, 4, 3 or 2m

.t . is often ch easier to obtain small particles. b
Ie RSB PG TR B comrell 1T £ B TRERBERaCFtoe B kFHhAS
arh&iphods HakdrlaNOn RhOS@SRWOE khd 8Nk dl 01808 HRL & 12RKking them
i ncrease the level of anorphous naterial on’the

metf fodeaiye R qondrani: heerpartitearatclenef Bwyinmekiangwilheften be
foégdgﬁ%%_l&gf&‘aﬁés\{@e af&.{lltﬁgﬁ%ﬁ%uea& gnconposi te particles

e invention w n<be ound to be |ess
cohesive after the mlling treatnent. The word
used [tl]erei n refers to %nx rrlechani c
cnafnica

Tlé)e:ng!gllﬂedsgrgwgﬁs é’ﬁfﬂi pigtein refers to any me process W%llich applies
sufficient force to the particles of active material that it is capable of breaking
coatse particles (for example, particles of mass medium aerodynamic diameter
greatet than 100pm) 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 fotce is required to sepatate the individual particles of one or mote
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
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sufficient force to the particles of active materi al

that it is capable of breaking 25 coarse particles
woOhws/essanpl e, particles of mass nmedi um aer ody RamiGB2004/003932

di aneter greater than 100m_ ,down to fine particles of

mass nedi an aer odynam c dlaneter not nore than 50m or

which applies a relatively controlled conpressive

force as described below in relation to the

aecti @ SRESIGAS PEYEP DI RPhERedife 9747 beépnwé%qﬁ%fd%ed igotha milling
alﬂlﬁlgll; J{ﬂgu L£E.-08 otrar &xefus§d LSO S8 EOoFBRANAL S HPE particles. Tt

partlc es of one or nore nucoactive agents
shwhidche tmctadstbod,dgg#ftmertaa@p the pewi whéty thé peitelesiaicingde more

hepari.n whi ch uch t.hat ffec

3R aéf‘?%%%‘?“\'?e“ﬁﬁ%ﬁ%’a’f OBFXT’P%I ’%&X Ml\ég?lﬁr) %ﬁg‘é’gzso“ m

IﬁfoﬂthQﬁ@nﬁ& ysﬁépeﬂad éiz@ﬁhﬂfﬁé@ artidlesi ﬁa;bﬁbﬂ e sighiflaad thadfeduced.
espeC|aIIy desi rabl e WO _2005/ 025540 PCT/GBZOOthOS932
Theimpastast typg indahihe piing prcsssannlios asptigentiychghggsree of

0 e mlling and may be sneared
fg\g%ré?aern%?‘%ﬂ ?gga&%&surf aces of the nucoactive
particles. It should be understood, however, that in

hg%lg S%\%\eher @ﬁtlé]veo&f grbtgin%rgérg%sjthefﬁ Hele% 8? ﬁg% mt(f close contact with
tha\éhffgce@rbf%:@\Q@SA&We%ﬁmﬁeml &¥det @ hdgevd dolatel’dQ)z&ﬁst A
the size of those particles may not bF |f|cantl
Fegerscidntentive MiFHGIE AFAUeHitA §nﬁ‘étet%sa’t 1f1ﬁ%tg'?ﬁeﬂ FRpt
RERGE2BP Ibbﬂlsc&lsﬁ\:\.tefn'tsc etk OBy Se88Buabn d‘fqr@@ ovet the

energy to the particles. The nethod generally

mneglcdes phrtickkgi ng t he particles of FCA into close
contact with 10 the surfaces of the nucoactive
particles in order to achieve coated particles. A
Aegepseatienddt AMbE 6kkdig complae i pectial,corfisuses ét
suf ficient break-up aggl oner at es. of. both

Hefipatinp 0eh (POTOW %rpré-’rrgawoan% Goatings BrsPe fHiRGdo f hecopings
&Kggﬁatt: he,m TUERASH IS Paldiafhesd BdA gar@a&omﬁ@%%m Bhtings

[1ng step, conplete or parti conti nuous or
ﬂmb@smhmwdbus§dbpﬁmusﬂnmsn@mhpnxqw@ed@aﬂuﬁg@0ﬁayebeb0ﬂl
Wé%%eﬁts ng gg%%}l lgt‘t Otr Io%' At %ocge:sgerpna% ﬁgeqb Itcr)1 %t I o&e coF]tly and
@8rd 198 @ ohalmipg tba/n Vb&:tmﬂli@g:pﬁcﬁ;ess bl 1ﬁﬁiiﬂjolf1&nd also suffer from.
di ssol ution of one or both nP nents ener al L
thg Fsadeantagatphl iplest easgds ca%r Heelpyattoal Fripcgure of the
&Qshby and 20 nore tinme consumi ng than the mlling
procéss of the invention and al so suffer from the
disadvantage that it is less easy to control the

A%vcigg Iraonnge%l} ﬁ}r{gu&evyceg agzl c%ggmo(f‘is dtd Q¥able 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 a suitable milling method. Centrifugal and planetary ball milling are
especially preferted methods. Alternatively, a high pressure homogeniser may be
used in which a fluid containing the particles is forced through a valve at high

ptessute producing conditions of high shear and turbulence.
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A w de range of mlling devices and conditions are
suitable for use in the nethod of 25 the invention.

wohersmsd4dng conditions, for exanple, intensityCcoiGB2004/003932

mlling and duration, shoul d,be selected to provide
the required degree of force. Ball mlling is a
suitable mlling nethod. Centrifugal and planetary
ball mlling are, especially preferred, nmethads.

Sheeforessi aethy Paatitlesy FBRs SaPeecRdhe gaticksranpeyr e syprtaces o
o;egerer ag&%lgérw@ ﬁaavﬁawh due QL aldMAGod B@t}p@ﬂaiuqhﬁylsfn Sontribute to

ough a valve at high pressure producing

the fdkturo o tiof pariighs sidaray akw provisiel esmapreyiiye force.

2005/ 025540 PCT/ GB2004/ 003932 -42 Shear forces on the
particles, inpacts between the particles and machi ne

Sudh hReRspeflsersGhiithe pkd bitadle and Kalithilia tfoOasedindaige scale
acceleration of the fluid may all contribute to the
mrepaseiions of thekempesys aftes I%?r‘iédﬁ‘hy al so provide a
conpressive force. 5 Such honogeni sers may be nore
suitable than ball mlls for use in large scale )
Juitepriatrhogessiefs inhlede fmpdsiFlex kigh ipvessparitdredgesisers which are
Sui.t.abl.e honpbgensi ers.i,ncl.ude Enul.siFlex high pre e
FBHIGEAPEETE AP R “I03 PAEAS RIS Hr gk GLearEd g
400188 preblivres §o ey 2000 Bix) prrRiSHidroflhidimditk suidisd (maximum
(capabl e of pressures up to 2000 Bar), _and]g . .
VPRt Hﬁ(’d]?%:“g- Nrecrghing step 8% 2t RERiRtlin 10peiEs 2 Jigh sneggy media

@r%}r anT {18t 1daAniBt £ HBMplA il ENBIChMBLY end:BY @lod@ Aill, or the
Igh enefgy nedia mll or an agitator bead mll, for

Y AiPine]l (WHBy Ne Bachofah gt ePreitzplamdlifdternativelyp the mélling may be

DYNO- mj. | | /11y A Bachofen A W f .
e A e R e
MRL6Q Y.t @ EBHidsALe INaR) ar Wag biafibl bsglin iyisde@immpressive process.
(Hosokawa 15 Mcron Ltd), a Hybridizer (Nara) or any
simlar highly intense conpressive process. O her

i bl 5 GeSud @ [ pih Shill5 HaloSmePinfls, knife
%ﬁféﬁgggﬁ%%}ﬁr%g?%?%&ﬁ?%@& I Iqrél,%’u%l{lr acentrifugal
mills] sltanehtpiéegal mildnahdpestlarndithar @dlsEspeci al | y
preferred nmethods are those involving the
MechanoFusi on, Hybridizer and Cyclom x instrunents.
E’ép%@iaﬂf @Q@fbﬁkcﬂ Yoephi @dsedré €lfodednasivagthy @MechhhdFusidd)@iybridiser
sui tabl e met hods i ngl ude bal Ly ang h“idgjlh ener.% r.rlgdi a
wd Crclomichsiraeatsoisocspetly Bretsrslr arsy iFh@ibesi r ed
hi gh shear force and conpressive stresses between 25
surfaces, although as the clearance gap i s not

Qdrrsoithidd methedsciogliidnfaihpod digh enyshmediagnidls wati¢h are also
%?)gl%];égolélg)ergﬁ%iﬂnagg%ga%sgg éé }?%g %%gzrc’rlunrﬂ éag%nlrdle%)@lgpr%g]sq‘fesﬁﬁses between
fuefad e hBHBHEL AOtherthearare Wap isThesentBicd, thieldostin@yprdiess may be
less well controlled than for mechanofusion milling and some problems such as a

degree of undesited te-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 powdet 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
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rotational, vibrational, agitational, centrifugal or
pl anetary in nature. 30 It has been observed in sone

woasBg2ssaat when ball mlling nucoactive parti eCESB20E4003932

additive material, a fine powder is not produced.
Instead the powder was conpacted on the walls of the
mll by the action of the mll. That has inhibited the
mlling action an reyvented the preparation of th

¥ e

RisplR orertard PAFECHA ggertrnaddifgy2neisrios 5540 used, in cases

Kl TR Q040 303 1a] wh3 XE&QH{ ﬁf@&ﬁ??fdp%gﬁ&?sr (e sied1Br £ $9%), in

when certain additive materials wereused, In cases

edves whetvetha duillivigvsllmteer Fed tinasspalb@ppicallyn< Smuh), in cases where
ropertions.(typically < 29 in ases re th .

Rttt 350 SR € Boetarit §BHy bRarFARETller s Chop e To

pitveRSdss ddearing it ieadviahtlgagussiecied] wibint Diiqwt eveding. The liquid

where the starting particles were too fine. Iﬁ 5 )

Preente RS CRRISIChE° FRmPAStRy ARYHY SSRGSt 2 Rt

teial h&d‘hﬁpﬂ&%gé MY 1m"*ﬂ]§g higH d medium reduces the

tendency to conpaction, assists the dispersal of

additive material and inproves any mlling action.
e.liquid,.nediu be ;high ar. | ow,val ati | nd, of

LR gt TR at b R O o iy B S0} bod ol & 1ong o

it e esri60diGidlveteantit@lcase partatey t6iaghisfgntfinatt degeeenditd

its viscosity, i ot. so high that it preyents . .

B sy 15,81 high @Eéﬁ*h_@rq‘ffa‘?gfieﬁeﬁe&? mﬂhngrﬁ%f*@ﬁ#yﬁ?@um

PRYABYEOHSt aq3Bud. MY 16 di $ iR ELERP e NG/ hidh MR CRittREmaterial

additive material is substantially insoluble but sone

Yoybeenddllysosalpbleibny spmrg dserescdephubliits neay heorrgepigble as long as

hRer & s'u?fiéééﬁtfdd%it%%tmﬁgﬂ' bt eTBA AN lissBIvES %Q%ﬁcﬁ&aéf additive

undi Ssol ved particles of Bdditive material remain.

ftdrablandih (Ruiidbleihvad hiediamlielude elidtiyletheeraceme} orbohexane,

cycl ohexane, ethanol, isogpropanol, or_dichl oronethane.
EihaRR e RRERPAnal & G BloEpPEt A OHbid Bedif ammeé%%wﬁfc are
HO%-rRXATNIE 18} EIn0K10 MRINGRE ARh el dnd i 81.8A hydrocarbons,
hydr ocar bons, especially fluorlnate%agydrocarbons

2

oipecialln luogpited by drocarbogs avhich prespirbladpsuserps propellants in
L@ﬁ@k;rs. 20 The results of spray drying heparin and
JeF mlling heparin with an FCA (heparin + | eucine
(95:5)) are set out belowin Table 1. Table 1:

RBD&rAS o phror an b bk S Fobist TON B0y oke0y o] Grefrgpacin +

FeRBne (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
% <5pm

Spray dried collected from | 1.2 2.7 3.3 7.2 55 37.4

cyclone

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

cyclone

Spray dried collected from | 1.1 2.6 3.1 5.9 40.2

cyclone and then jet milled

Spray dried 6.5hr 75

Jet milled 1x 0.85 3.4 4.2 8.8 204

Jet milled 2x 0.95 3.5 4.1 7 37.1

Jet milled 3x 1.1 2.8 3.3 5.5 41.0
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%<5m Spray dried collected from1.22.73.37.25537.4

cyclone Spray dried collected fromO0.40.91.1>1001525.0
woyaeilsonss4epray dried collected from 1. 12. 63. 15r02@B2004/003932
cyclone and then jet mlled Spray dried 6.5hr75 et
mlled 1x0.853.44.28.820.4 et mlled 2x0.953.54.1737.1
et mlled 3x1.12.83.35.541. 0 WD 2005/ 025540 -44
PCT/ GB2004/003932 Jet m-lled hnnarl n1x7Z-0 Pure
HepailledRplritidpar i n “&nd | elici ne {95; 5)|lin a 2%ww) |70
R HhipRiavas spray diied using ap SL10| spray drier|12,0
Wtihr—a conventional (Wo-fluid atom ser. The powder was
spray dried at a tenperature of 250C and a nozzle air
Hemiwnei bﬁciaep% 5) ifire2%ei(w v lsdlhoon mas ep1as aldie um BPSL10

m / mn resultin S €O ct ed

a5t e S R bR SRRt ARS B s apeey dried aca
%reTerZSDGMKiﬁH szl BN pidshl @ Gfig0bsl. TRPSYLRISAG rate used

ngz, and then fired froma Monohal er device into a

/498 i npi nger. The resul ting FPF(MD) 10 was 37%

The FPF(MD) increased to 40% followi ng a subsequent

air jet mlling of the powder to reduce any solid

Thé mhgehingqmmﬂen malcbllmtectid ncpdeienEhiatpeydeTives tipawwtepndaty

I
Fpaeranee isbrcata reiritede i el g g ten
field fmihlaadoﬁsmgc devl& 1H&S9Kﬁﬂﬁstk%&1ﬁ@ing\’55@h’ﬂ debultilf @PF(MD)

mat er i al vvastassed twce throu the mll. The
was 37%. The FPF(MD) increased to 40% llowmg a subsequent air jet milling of

the powdert to reduce any solid bridges between particles in agglomerates. The

powder was also analysed by Malvern particle sizet.

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

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

containing air jet milled sample.

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

schematic drawing of the ultrasonic set-up.
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powder was al so anal ysed by Malvern particle sizer.

The d(50) value and the FPF(MD) were simlar to the
woesuslless4achi eved in the above spray dried porde/cB20@M003932

Pure heparin powder was air ju §t mlled with two passes

and gave an FPF(MD) of only 7% The d(50) of this

powder is substantially larger than that of the

| eucine containing air jet mlled sanple. 25 In a
In prdefeto té%atﬁ*ﬁ [p&ocesSpgRQL \xf& P%?é%t%ﬂ%ﬂ%%?%’dgﬁcvdp‘b%&’e? s

?1'1&9&1& g%dcag%lgtfﬂfgﬁ with 268 g }gv}d\é? 2R9ERLd LSRG }51G)TSI in the
one of active~agent with 1%to 59
rﬂﬂ%emkmplﬁmd (pieviewsdy.n€he sty uskd p dSdlay medaf Pelpm with a cut-
‘i%ﬁ P ratet\éxa 130 m /hr. The furnace tenperature of
8" AR IFE ;& Mers was set at 350'C. Figure 2 shows
schemati ¢ drawi ng of the ultrasonic set-up. 30 WO
2005/ 025540 PCT/ GB2004/003932 ~-45 In order to test
e m@é@@@ﬁ@ vaFee fprelefatgetisbleqd prd fristeslitie e gpmarised
Hé%vp%}@in g@ vam & thaRsik Seds i Jfl B W hifai QD
powd A flre into a rapid TSI in the mnner
expl ai ned pr eV| ousl y The study used a TSI flow rate

sed beI ow, Qi Vi ng t he aver age val ues of

HEnfdlhG6nSeL S Of Tesul gphigidiedd dak) €| ApDRaRky TSI
resur, é,lbl gt e ary powaer proauced USI USN W T
ﬁm&&éﬁ&b&&&wﬁmh onEPE )cg'ggeter ed
dbpe)iRPDldunipe (Hépsrywh (0% euci ne) 1. 10. 22| Heparin +
I_@éf,ghge( 1V dolwia) 5| Beparin + | euci ne( Rgo

P iR I 4B) T gy o0 W 28, OPL Zarepartn ¥
Vi eppdin, BEugine (4% w/w) | 484 T e

Heparin + leucine (5% w/w) | 41.5 8.3

Heparin + leucine (10% w/w) | 55.8 11.8

The rapid TSI results using the dry powder produced using the USN indicate a very
low aetrosolisation efficiency for pure heparin particles, but an improvement

appeated in FPF with addition of l-leucine as a F CA.

In a patticle 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 dty dispersed). The values of d(10), d(50) and d(90) of the ultrasonic
nebulised powders were measuted and are indicated in the table below (10% by
volume of the particles ate of a size, measured by Sympatec, that is below the d(10)
value, 50% by volume of the particles are of a size, measured by Sympatec, that is

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

In addition, the petcentage mass of particles with a size of less than 5um was

obtained from the particle size data and is expressed as FPF.
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Hearin + | euci ne(10% w w)55.811.8 The rapid TSI
results using the dry powder produced using the USN

wondispassaoa very | ow aerosolisation effici encyCtaB2004/003932

pure heparin particles, but af inprovenent appeared
in FPF with addition of 1-leucine as a FCA. 15 In a
particle size study, the partlcle size of the spray

hie rticles forned ! as anal ysed.
FEr"}l?gegLP% Ce%ze’igudyoifsm SHEHEL RSN 1 Synpat ec
Burhiulh@onsi zer (Hel os dlr(m)dl ‘>ﬂ@50§ed d(91ti)e / BIPIBS (5 um)
d(10), d(50) and d(90) Qﬁmt)he ﬁl asop nebul i sed

@nggks ee asureﬁ‘ﬁ% arE HE&LE? &5§ 8@P§:DI€

N
| ulll A LIL] ulll N g J

ﬂ%flnn%@G¥1@d1%WWéWhD 0dd_ t hAO0 s bdi78w t h89-8710)
\Hadpagin -5 09%4chiy (\Wd wl”&) of otshe paoisocl es1ase of 1@0 si ze,
TEgAULST BEEPRL o) T TS| oBET oW 15g TRy, v ue

oI Oor oy

0 —S; vargesare—anaverage th

.‘qpp'l-ml_qqcme (ﬁ%’ WA t ] 8l th =Og$5r ce 1?13319 rrﬂ;QO of
ﬂéﬂﬁanolJeheummer(S% si/zp OD.4less| 0l9an 5msds PHO®bt ai ned

o hhe1paik @)% /4P| daha aldsbs exppesseflge FPF
4UU4I UUJ.:JJL -4 apre o.

Particle size study of spray dried particles using USN

IFormbk atdnothd( paxrickks FOImel 889hg EBEB@(d{ﬁRg)prammﬂhﬂ?g EAn

(0% | euci,ne) 0. 431. 074. 089 52 Heparin Ci ne 0

PTG 0T 56856 PEHDIA ReF 4 BGEPREPF g those produced

L‘M Dst4dDar8draflk Ay, Tod SYUEIIEW BY two-fluid nozzle
0.410. 88 gllgﬁgﬁgaﬂ n + IeumplrI]E: (4%

‘WP Hgeraien. 861. 71100 Heparin + | euci ne (5%

w w) 0. 410. 901. 84100 Heparin + | eucine (10%

w w) 0. 410. 891. 76100 It can be seen that particles

Wostne doarsj thy parsgiesaforoieyivagepr goes &ryinpyplocesigasiny 2 USN have

ul traso |c nebul i ser have been foupd.to hav%oa greater

}ﬁg'n._ f? tq ]ﬁ:ﬁrgea ws%egéﬁimcle size distribution than those produced using a

standard spray drying apparatus, for example with a two-fluid nozzle configuration.

Cleatly there are other known techniques for forming fine particles comprising a
mucoactive agent and 2 FCA. Such techniques include, for example, techniques.
using supercritical fluids (SCFs), which have been explored for many years for
particle production purposes. Similar to the spray-drying technique, this technique
provides a direct formation of micron-sized particles suitable for inhalation
powders. The most commonly used supetcritical fluid technologies for particle
production are rapid expansion of superctitical 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 particles,
with control on the size distribution and motphology of particles. However, this

technique is limited by the fact that most drugs have low solubility in the SCFs.
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5 using a standard spray drying apparatus, for exanple
wth a two-fluid nozzle configuration. What is nore,

woOherspasi4dcl es forned using a spray drying proeessB2004/003932

using a USN have been found,to have a narrower
particle size distribution than those produced using a
10 standard spray drying apparatus, for exanple with a

two-fluid nozzle configuration. Clearly there are
SdSHer rRerpsialliseEtmpipses thet roligy Anribe FIRELEEPE PEIFgdo act as an

aﬁﬁs ULl Bt i{?&{Q g@&%&é@e\v% {8 sB8lub6A: URHEin the RESS
echni ques I nclude, for exanple, techniques, using
tedbpéquel BAS cleles hbuicdmire 3GHEgh solwhilith of theed tygenmmopinds &xithe

f f I cl d [ S .
S6i TR HES eragF whymistre B oo Perre BT

provides a direct formation of mcron-sized particles
suitable for inhalation powders. The nost_ commonly

Resertlisapelptpn enbaficed [dispersien R stpgradca Sids{sHy) evas
. | ! SAN Bl
1%{5?9%%%1' on (%E%ggn?@'ﬁ %a?@ﬁ@éﬂﬁhé’ﬂmﬁﬁé S'ReE£Ist ixEdlos (%1A352)4’ WO

ut i1 ohs supercritical antisol vent

961 0tz , &1t 5,89, 4Enind WABP6ARAHOdThis2OcIRESS isdapebed on

a rapid expansion of a SCF. .The process.involves .
stpElBIegrR g RO Rp ol o STGEHCT A28 PRI fospiatioht g pighty
th ARl Cht FURA BT isfaphible dflgehékatiag sholghrgdband ofyp@lling groduct,
precipitate. This Fechnique i s capahl e of.prodqging
it ther rpphifity of eaptrollipg patsigle 1% atshsiphdisfbrigion

' [ ii8Qs.and nor phol ogy of particles. However,
I%h?%gfgﬂ%ggﬁﬁique is limted by the fact that nost
drugs have |l ow solubility in the SCFs. WO 2005/ 025540

- 47 PCT/ (3B2004/003932: SAS i s _a recrystallisation -
A BESSRERAD 1 a1 BB REVARSTTI g G SR PhLoR) Thip method
@8 RMise@d bsPavenhe partRIL U Phld@hetipaident hed onk bhinibra FCAs.
liquid solution. Unlike in the RESS technique, SAS
does not require a high solubility of the drug
| PEStes AR thicdPiCactivity of selected

TR P OPERET T g DATE L tea bl e Gactivly of seecte
rausmelctit¢ ogenen Mrqeinadiy shgective f lyis snipiel protedod & tof dejpmeine the

SE was. introduced,, see for exanple; pat.ent
BRBTTAETOHE (5o 9 oo F oot i Ane P AR it therelpyaect
BeBH1GS 3£ BBFa MO OE4LB0 EibLosisTijBuies kbh itrationb ag @dteiial

si mul t aneous di spersi on, sol vent extnactiqy and
cé]@pqaﬂ éql@fapé?.nﬁh}sd:ﬁnpqﬁtuéesmh@ |§|t9}ge 1 expetiment, below. The secondary

objective is to compate hepatin with other heparin fractions in a screening test for

y manipulating

activity, incorpotated in the Stage 2 experiment.

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

patients with cystic fibrosis.
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10 turbulent flow SEDS is capable of generating
uncharged and crystalline product, wth the

woapesiiss4oy of controlling particle size and SPEZE/GB2004/003932
di stribution by manipul ati ng 4Process condi ti ons.
Anot her approach is the techm que known as enul si on
precipitation. This nmethod 15 can be used to prepare
f@gﬂpartl cl.es of mucoactive agent and one or nore

Agppti e PThremeast ‘pero@qsaﬁh@i hm!img) (dingtM d1988) t"dbtgnetic
ﬁﬁ‘@to%%e)féﬂ" QVIt;acﬁBHQI 1nt ﬂro uco c%gya}?p e og ot ?h}asgg%l%gment is

The primary objective o s Ini
@@[dg:pnnmuterme bmtik:mlsgdsntgz aadteilastlt:iyy ot apjaoclitey duanti€&UsBmucus.
Ahleoow S .and l.astici ty and thereby affect 20
cl'eal'dbi f‘ B 011 o 1T s &%f‘llcm%%‘%@ AfFgperh and

cilesd Bjclhie@fﬂéSoD{n Plet@bhh@hetie! fidld %?Adlé‘tﬁl q\h%rlﬁgtlot-lr BE Bhis sphere
conskltutesthe Stage 1 experinen bel ow.

SEaSKeAFYh thepidcaf %/ﬁhw@azlb BbmJaf balhépalamnmttxtcrmshezgnenc
f&@ﬂe%sg& @&H&Qﬂﬁmer{ vﬁ%gggpin%gelgs%cgty o?élée %?1]11:0&/ as X Function of

i ncorporated in the experi
apphied ifregmescyvid rid0cad f s) e d"}xesldz rhtsﬂcsgcaa ppdsphttﬁé:@&answrhéearto
Tai S, LimT,

h scri bed
ﬁégf}fr%nn %‘? -"C%CSR/P? )‘*m A]E‘TG’FQPF%’OéQ P ciliagy 2fipandtor
dézfrancaal’hir i\l&@@bﬁhﬂh}éau@lﬁl %ﬁﬁﬁmﬁ&@ﬂﬂ 'ﬁaihc%'l‘ﬂl su1ted to the
Vi scoe astl city of cystic fibrosis sputunt Can Respi r

propgsedgiyd 13%)’61)"01‘411?8 g[uétgge treatypes of spgmoebtaansd ohtheghinimal
NERAL tyueh@nt. Nvestigated, and the results will be
conpared wi th vehicle control (normal 0.15M 30

sal ine) and a control (Nacystelyn). Sputum sanples
atients with stic

fed.from adul t G
g Bab SR O TR oo BT et d G sl ovfies. The frog
pnm;a epitleliiint sQidea GEl eflia Wad sdas ki Radidays Kb kR ghév%ame as
%988) ‘Magnetic _mcrorheaoneter” Methods in Bronchia
mr%tag,hanptﬁachyg Q/Is.w))cmm degrpreer gonsinues at a Qﬁg@bf tage for several

HRAS M6 dBRAAULKY yﬁé&&%?t Mlegﬁﬁatg'<§§%1gﬂ éPT (1998) "The

mcroliter quantltl es O
ey ahefog| ¢fythp doigtiatate thadel forlmiodliarg ah&piaﬁcdf Citlac Macafdnd

I | at.ed | ect field
R N A ST A S
mllncfbcﬂiady olkaran @he@inadsemo dulBk €t 15y MenbAdblt Ql'te?gh@‘%ﬁﬂ%n&uwty ot
ver gnetic  force are used to determ ne t
e %ﬁgg‘{r&e&?’fal’%q“% ef the sppseiigitlelyid dayst é@uql#amtdqtqrmma@f fluid).
BPPhitiag 1dd0ef Q‘a}éys(ﬂn &Q%uﬁl?r%g?éﬁuém%ﬁgreg?ﬁ Clle ciliar ty

properties c n be’ used to |veness
agfivigiueqnsinues &dtedleast B-6 duysh Dagtmcgu ﬂhnaamteraieﬁlmoandmfcﬁ{ from

endogenous or exogenous (e.g. cystic fibrosis) soutces ot mucus simulants ate

transported at rates that are teflective of theit viscoelastic properties.

Mucociliaty velocity (MCV) wete measured by observing 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).
A mean of five consecutive runs for each test solution are used to compute each

value of MCV.
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10 clearance by airflow interaction. This instrunment
is particularly suited to the proposed studies
wonvisloezssag nultiple treatnents of sputum becauBeTwB20d3®03932
mnimal  sanple requirement. fyog palate studies of
nmucoci liary clearance were al so used in the studies.
The frog 15 palate eplthellun1|s lined wwth cilia and
cretes and gﬁfars ys much the sape as the

ptetpreting sul @Iqst\g}l?s @p@gp%b%‘ce@@ ﬁl@q m@gr}%ﬁranable of

Ateteadvhe RlcfeabOln RRAVES %sco@%ﬁ(z %)?ersseﬁ@&sr élé‘l{aclg (cotrected
exci sion of the palate (King %

fovoebicleoneapientie /f Flgglf}samad@rmdm lofgoB* mJ@ gmehlmyentratton of
}S:ea)%% 3%&%511 s eB?bnce S oF nr(lj mll\l/lél ?f&l | (I:t?xylérf t]geg;ca %rgto %atabﬂﬂ:y

@fxe mfcdmrdnlca oy nmcﬁattanﬁ&teca Elplhﬁni‘ﬂéwﬂﬂvatte thebiylea@edit § sputum) is
Iter th ciliary activity or that hange t he

t hat
ﬂpfe&ﬁeatvﬁ%%blsp fHerest pléfruwlarlaﬁreﬁmws by &¢ g glegisq of

Q8Edligkddo %ﬂhcfdtl&egﬁzoymglfhé’\@ésgé ﬂﬁcb@sﬂ%@ rstr(létu%e glﬁ}l(ﬁd Le&sult in an
the bull'frog), mucus Secretion ceas while cilrary

lafmrpvﬁtrm;nte@m vitfaskeafabilitat | east 5-6 days. During this
ext ended period, nmucus from endogenous or exogenous
(e.g. cystic fibrosis) sources or nucus sinulants are
%gerla(ﬁegmheﬂoaé -Reasipeasthat are reflective of thei r

scoel erties. Micociliary velocity, (
Pbe"’rfél %ft 69 ’i%%é%"{}P]ﬁ@ Yhhi© ¢ aliquiogs o ﬁémmtslff 10-15 mg

&QIHQGLO HEabIRE Y81 301 iRGted a£ 89 PIRERHNRIVORGOPE! %@L She of the
stopwatch. MCV is conputed as the distance of market

GPAceR tEd tEons oA e patdiuydraeidh E)\Iraeﬁttﬁlpﬁé@nt mm(lmﬂ(N)ALB(OO%

C n t est ut |
arg}ﬁ]@gdﬂtl% géﬁpgﬁ?eagl%eac frc’\k/ia e £t S%kl/%@n %f) ﬁlﬁg;écft@fggﬂdad/s
WiSTdEB2M106d BP 3BD3hRetic dicrdtendityer Pictiubglytibeffeesell dagh solution

e i es d SCUSS herei.n, _the primry_ variable
Sftehini B e SPa bhat Gt fedteirerin Gl st istendd H83qsiy ppd
QDRSO We U0LIApl9es@d. (COrTected for vehicle
treatient). A S|gn|f|cant decrease in log G at a

given concentration of heparin is taken as evidence
I.Vipt cili

PHORRLH 10 THERAED §n SR 5o 0 USSR BN s mprtntpe
agpuitsumstedkeiibited the dsited hetitityeatdedtt aputud)ctivg agants.

ond vari i nterest. Migoly atnents th
R f e B EDoBES C1oG oA bt ChGUIcCHaBT FOgTiHGDE the
Heﬁb@nb @ssﬂ&:serﬂ-é@@h@erﬁ %hdﬁﬁ&@%ﬂ&ﬁm%@ |cg:aﬂg%9ﬂet:t1\'r@arﬁpwﬂl assist
i nprovenent in in vitro clearabil Stage 1

npEpaliaames dt Redgsopisegte that the NAL was effective at a lower

concentration compared to heparin.

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.

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 hepatin each at 1.6mg/mlL

and 5mg/mL respectively.
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From each of 10 CF sputum sanples, up to 6 aliquots of
approximately 10-15 ng each were incubated for 30
wonmstess4at 37 with either 0.9% NaC or w th oreT@B2003®03932
concentrations of heparin, ?rE with Nacetyl cysteine
L-l1ysinate (NAL) (309 ntg/ 9 Prior to incubation
zilgd f ol Idovvi ng it, sputumviscoelasticity at 10 rad/s
was determ ned by nagnetic njcrorheongtr The .
Tirg egujtsishowfthetetis bffx%élé%f%ftﬂedtl irbwloslsal&gﬁfh éfd they topfaeparin

f{zrtgégnsf 5«%515%%3 %lri a(f LERAEH . e hé}%’ahﬁxt Pl clS B m results in a dose-

VI SCOSI sticity) over e 10 sanpl es tested.
dEpendens tlucslytic effeuiar i detteise iFlepg(etlat's preagerrfobd mgaml than

AL DTADR 888 L 0 20, T ko SO o

hEPAAA R TRHIR o rddiéd ﬁlhntfbﬁtﬂeoﬁeﬁﬁﬁexﬂﬁﬁ@aﬁfﬂohepari n has
ITttle effect, the activity of the heparin is dose

dependent and increased doses are clearly effective

%%g%r\{}“?hgvdﬁéﬁ&ﬁggsig?fgyéf A SAL ARG Savehtioh Srab&Pe@blyMlli€ered by

ective at a lower concentration

andnhderdevic, hepapraferably 18t ady povddepahdler @RIt (1dvstype of

.and/ or Heparin Forpmul ation) The.desi.gn tihi

1%5@3%?* ﬁBﬁ‘?"?ﬁé@é “%ei%n%lrj 5’?1&?18“%?' ﬁg gnllfézé%%ne% afl gyr 5?Yw’ccalerus e
BEmBRRSA | Thuss h&@rdihaabiacRsthanskpblacyssthe liventiont o @PI Fhe
results are shown in Figure 4. 30 Data points 1 and 2
papeidedrfon disaenying reacoppesitionial thedr At 0ERH°% are for
heparin pol ysaccharide, and points 5 and 6 are for
unfractionated heparin each at 1.6ng/nL and 5ngy/ nL

TlesPRE tiay ehglu dNDr &0 65110 fE3ndding chepy daoomubera3mdrhe
results show there is.littl.e.diffen [ [,C
rafipHes FE BT b b ol RoSidebAERE s i FIRRIANLRbm he

r@iérﬁ&ig.a Exﬂiﬁg[e@@figﬁ&aﬂe&cmaa]ﬁlﬁa Tubssihlaf(thiemmid {MbtrgZeneca)
in a dose- dependent nucolytic effect, i.e. a decrease
grrClickgaer {trademarly, dapeyaty 8&0%641)57 than for 1.6

mg/nL. At 5 ng/ni, the decrease in |ogG for the

original unfractionated 5 heparinis a little greater
Ahanatiody, tthe dtyyowéey iphdpamay bonstanTitbtodese prewdetered doses of

e R NN R e R
[SHeks. Praedies tahA18atfidefddbt)) (GlAtuSmithifine)f Spiniutied @rademark)
é&rﬁtggﬂ)lo){ﬂe%?:efgorferc)),r C}eéjllolrlra?lgra (rt%/ad%grz{]rlgl(% gr?rtlalc Qm?ef B% .)dzqud
Monohaler (trademark) (Miat) are examples of this type of dry powdet inhaler. The
invention also provides a metered dose of the formulation contained, for example,
in a hard or soft gelatin capsule ot blister pack. The aforementioned devices are

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

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

Preferably, the inhaler is arranged to dispense one or mote doses of the
formulation, each dose comptising an effective amount of one ot 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 mote than 20mg of one or

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



10 formul ation. Thus, according to a further aspect of
the invention, a DPl is provided, for dispensing the
woaopaesi4bon of the present invention. The DPl POBAGB2004/003932
include a reservoir for holdighg the powder fornulation
and a nmetering nechanismfor netering out individua
doses of the fornulation fromthe 15 reservoir.
Exanpl es of such devi ces include Turbohal er
TYGo4eiETReARen sy REtPrablrd depst 20me appekprgferebly at dapehdimy. A
pldfaARY b8 asrggﬁges%déorﬁg%hs bRAdrY Sheoal i d;gg Repowder
I nhal er may be arranged”to use pre-netere doses of
the formul ati on packaged, for exanple, in hard or soft
elatin c ul e r.blister. 20 packs. e Rotahal er, ..
1f Endlish sFRP ARG 3 hF prte L isp o SRePIR: FPaERis Rytiver one
5 of BhseenRUtBRCadBat o) the Qeep AltD &2 fdtlead@iRdke of at least 5,000
Phar machem e B.V.) and nohal er (trademark) (M at)
re exanples of this type of dry powder inhaler. The
i nvention also provides a netered dose of the
formul ati on contained, for exanple, in a hard or soft
Agebating tecapghéreaspectnf bt prespatiaveliien, af prckagmnisipaoeided for use

R B DAt By SR B RS L St 20mg o
0 odd /R b€l 2332352 2D ref@ybla) the W AzeelinPreties @bktion is

the inhaler is_arranged to di spense one or nore doses

AFANgGeto Y5 ARACKIFEATCORURR IUBSELEHHNT si ng an ef fecti ve

anmount of one or nore nucoactive 30 agents to be nade

avai |l abl e for inhalation. The dose may conpri se not

Argeuling tma yasomleoispsneobtherppeenmiroeatonyibe agertcsitions

r ef,er abl ot re than A00no, re ef erabl y not

L
75 imtrediiey pilmoiBfedistenthichant@eatscesd hicdOEELtHEBNrways ot

C rise at |least 5ng of one or nore WO 2005/ 025540

PR EBsbeure 3932 from the alse; Femplenmisvhish aredisppspedebove.

| east 20ng, nore preferably at |east 50ng. A

preferred dose conprises 70-80ng one or nore

mucoacti ve agents. | n another enbodi nent of the

present invention, the DPl is adapted to deliver one

5 or nore nucoactive agents to the deep lung of a

patient at a dose of at least 5,000 [U According to

anot her aspect of the present invention, a package is

provided for use in a DPl containing as anount of the

conmposi tion which conprises at |east 20ng of 10 one or

nore nucoactive agents. Preferably, the DPlI according

to the invention is
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arranged to use a package according to the invention.
According to a yet further aspect of the present

wonveessam, the conpositions according to thePCT/GB2004/003932

invention are used for use ingd herapy. Preferably,
they are for use 15 in treating pul nonary di seases
whi ch invol ve excess nucus in the airways or problens
§kearing mucus fromthe airways, exanples of which are
YBssed above. WD 2005/ 025540 -52 O ai ms
PCT/ GB2004/ 003932 1. A conposition for assisting nmucus
cl earance, the conposition conprising one or nore
hucoattiomposiiont for pevistingomuiwsgrlarrans, thenddmppsii¢thtomprising
: / i i-ng. t;he nmucus;,. and/ or, f or,
e MO et Hlerp bt KB 0eclC RSP S e Wbt s fos
Gilutihgctbaposiut;iaowd/as fed dipegidgitaked DNA hndWeBdRbAs QAGiOFhe
nore of the nucoactive agents are able to reduce
THffanmati on. 10 3. A conposition as clainmed in claim
1 or 2, conprising two or nore nucoactive agents. 4.
A conposition as clained in any one of the preceding
2| ai nd compesision asitdaimes ingliadt mhercigent comageifittbe mucoactive
1RAHGS: GERIS iR M LALR, The micus and di fute the
cus. 5. A conposition as clainmed in any one of the
precedi ng clains, conprising one or nore

| ycosam nogl.ycans, .20 6. A conposition as clainmed in
AP %?“WﬁgﬁﬂéPﬁstC#émﬁﬁ%GQ il g FemPLisNg epel mate
RiedRtivaagr@pari noid. 7. A conposition as claimed in
claim6, wherein the heparinoid is danaparoid 25

sodi um or dernmatan sul phate. 8. A conposition as
£l ai nedojin clal ‘ : ] e rinoi.d contains .
hepaan? ggrhg%ghggﬁ¥%ﬁgfé%%%%ig %%3%8?‘#?5§%V%%3¥??ﬂnthe
BOchctive gaeapos hgerns rabice cadssRahking witlyinahe ndicuk AAd dilute the

lgﬁgggdlng cl ai ms, conpri sing

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

one ot 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 hepatinoid is danaparoid

sodium, or detmatan sulphate.

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



70

15

20

25

30

sul fated gl ucosam nogl ycans, gl ycosam nogl ycan
pol ysul phat e conpounds, or sulfated
wouepesssacchari des. WO 2005/ 025540 -53 PCT/GB2004/003932
PCT/ GB2004/ 003932 10. A conpgsition as claimed in any
one of the preceding clains, conprising a
nonosaccharide, a disaccharide and/or an
ol i gosaccharide. 11. A conp05|t|on as clained in ang
18ne Of conmeositiest eitlaigned iaiamg ongsrphe §Ff‘r?§ ngrzi“’é?ls rising 2

mdq%gggacgm@e YCRSE AN OLndTBIR bitkosaldharfdeCOMPOST i on. as

any one 0 preceding clains, conprising
amno acid. 10 13. A conposition as claimed in any

one f the precedi ai ns, Q@g

el o O SAmBRAST 23 Ay ﬁwi i %fnef}%?xpc &%%%1 i TAER Samprising
dekdTRexicih, 309N EnDforihndiogcedi ng cl ai ms, conpri sing
acetylcystelne and/ or Nacystelyn. 15 15. A conposition

as cIalned in any one of the preceding clains, wherein

nha a% ﬁgglét%&) a%cﬁllﬁecgﬁ]ya oéligec;f th%r RIS i¥hs, comgrising an

ositron as C|§Iﬁed in claim1
aies edid. t he conposition has a fine 20 particle
fraction (<5m of at |east 50% and preferably between
70 and 99% or between 80 and 99% 17. A conposition

138 clpatdmfodilofk hacBinked Bf arfl @tidbflibe pabedaigncliiss, comprising
conposition has a fine particle dose of between 50
thRiN90gelsatd 2pfépetamaepihitween 60 and 25 70% 18. A
conposition as claimed in any one of clainms 15-17,
conprising particles of at |east one nucoactive agent
1land & tempesitionts claimgéitt any3onel® tha peesrding eliior, agmprising

cIa% med. i n yalg?18 1whereln the force control agent
gty leRstelngiang/ QL@ B pt i de, or derivatives t her eof,

a phospholipid or a netal stearate. WO 2005/ 025540
PCT/ GB2004/ 003932 -54 20. A COWE sitio as cl ai d i.n n
181 ai M sompapitipaian claiped i eRy eRfeh BIe PL glaims, Wherein the

composition is a dty powder for pulmonary inhalation.

16. A composition as claimed in claim 15, wherein the composition has a fine
particle fraction (<5pm) of at least 50%, and preferably between 70 and 99% ox
between 80 and 99%.

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

18. A composition as claimed in any one of claims 15-17, comprising patticles of

at least one mucoactive agent and a force control agent.

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

amino acid or peptide, or derivatives thereof, 2 phospholipid or a metal stearate.
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| euci ne, lysine, cysteine, or mxtures thereof. 21. A
conposition as clained in claim 18, wherein the force
woanisress4agent is 5 included in an anobunt of upCT&GB20#6003932

ww, preferably Iess than 10%w w, and nore
preferably | ess than 5% w w. 52. A conposition as
clainmed in any of clains 15-21, wherein the
conmposition _conprises particles of nucoactive agent )
Ravi iy cammmpitionras|cimed iy plaitp 1Y> whets the fogsaepntiql ggent 1s

. 13 ' l.aj LA the particles of
%éu%%%gﬁﬁség C&%%ﬁt bﬂ?ﬁ\%ﬁugmwﬁi%bgf 2 5m. 24, A
conposition as clainmed in any one of clainms 15-23,

erejn the 15 conposition further c rises carrier . .
Yo et PA R RSB R B eUAE Pt P el sy B8 flg) Ggenc s
inaMBe@iPA hinchiBt 6f 4 tOB0%Btw B asre fe2bly 15 théh 10% w/w, and more
pharmaceuti cal conposition as clainmed in any one of
ReeEraRly Jespahaty 9o Wik in therapy. 20 26. A
phar maceuti cal conposition as clainmed in claim?25, for
treating a pulnonary disease. 27. A pharnaceuti cal '
220npoA icoinpresaencisailaimddiim asy af pe2es 1 3dér wherethde®mposition

BERRAED 5 AP SRR S o o,

phar maceuti cal conposition as clained in either of
clains 26 or. 27, wherein fhe pul ponary di sease i.s .
Ehr oni CoBREIRN 35sclatme i clagp ﬁﬁa?v BiFst the paifiFlgs pg mygoactive
%%Eghm&n{g@kglpgpgggg;ive pul nonary di sease (COPD) or

onchi ectasis. WO 2005/ 025540 PCT/ GB2004/ 003932 -55
29. A nethod of treating a pul nonary di sease
PP A LS LNE AU AL SN ALL 0, 0he BN PEBREULLER i

‘f ect’i Ve tanoun d# a phar ceutr ca conposition as
&drap suibbor Pureief coaiprised cakiat partitle® dprefersblg wijepdh thoicarrier
need of such tr atnené. 5 30Q, A nethod of producing
prebieles hase 3 Bartifleesizg0hatdeath 484 on as claimed in any
one of clains 1-24, the method conprising spray drying
the one or nore nucoactive agents.

25. A pharmaceutical composition as claimed in any one of claims 1-24, for use
in therapy.
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
pulmonaty disease involves hypetsectetion 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

(CF), chronic obstructive pulmonaty disease (COPD) or bronchiectasis.
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31. A nethod as clained in claim30, wherein the spray
drying involves the use 10 of a spray drier
woaop@riesi4smg a nmeans for produci ng dropl ets novPayGB20@/003932
controlled velocity. 32. A mgthod as clainmed in claim

31, wherein the velocity of droplets at 5mm from

their point of generation is |ess than 20m's. 15 33. A

net hod as_clained in claim3l or 32, wherei the S

dri er’: ooitped 9é4reating awﬁa ¥ dissatsforapsising e *? éon ofa

ﬁ%r %Déth&rx‘ﬁ elff3 c @AY 2:3BEn b &%ﬁdrﬁla@%@éi C(‘MlgBﬁth b @laﬁﬂ&i in any
mucoacti ve agents are co-spray dried with

Qnef Qﬁ’@@mohﬂ‘ﬁ‘ b aagkjett B5iced ofsbtiotieatngntoduci ng

particles for use in a conposition as clained in any

one of clains 1-24, the nmethod conprising jet mlling

Foar ti Alee&hod of Ipeo@faﬁlg)pame]ree fomuéaﬁ&tddhepc&gﬁj’ﬁ s ¢liinteden any
presence of air or ﬁ?(EOWDVGSSI bl e S, or fI uid. 25 36.

ek Hersals 26 the med C%’P‘BPWPS?PI V’é‘lgrf £ R8¢ 9AMITE| es

ﬁﬁ@odcgt,eggo,gtjtgd in the presence of a force control
agent nmet hod as clainmed in any one clains 35

and 36 V\,hereln the jet mlling is 30 carried out at
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33. A method as claimed in claim 31 or 32, whetein 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 ot 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, whetein the jet milling is

catried 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 cartied 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, whetein at least 90% by

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

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

diffraction.



