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The control of crystal and precipitate particle size of active and other
compositional ingredients is necessary in industries in which the final product form of the
active ingredient of interest is in the form of a fine powder, such as in the pharmaceutical
and agrochemical industries. The manner in which an active ingredient behaves in a
biological system depends upon many factors inter alia the size of the particle and the
crystal form. Small particles may be made by processes such as milling, but such
processes may have a detrimental effect on the material properties of the milled
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decreases the attachment forces and improves the powder dispersion. Particle
engineering for the optimum drug particles together with DPI device engineering are

essential for efficient drug delivery via the lungs. WO 2006056812 reports the invention
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lung. These pm to sub pm particle sizes required for deep lung or systemic delivery lead
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depending on the magnitude of the roughness. An increase in adhesion force will be
found for extremely smooth carrier particle surfaces due to an increase in the true area
of contact, or for very rough carrier particle surfaces, because here the wider spacing
between the asperities allows mechanical entrapment of the micronized drug particles.
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be provided in single dose units such as foil blisters (such as in Advanr DISCUS inhaler

device) or capsules. Also, the increased homogeneity and reduced segregation of such

mixtures is an advantage for the content.
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excellent performance characteristics for drug formulation in DPI. These particles also
exhibit surprising in vivo performance compared with conventional particles, with respect

to rate of dissolution and FPF delivered to the lungs.
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and after sampling and the MMAD derived from these calculations. Despite the

limitations in this method, namely particles bouncing off, overloading and fluctuation in



aerodynam c di aneter larger than 5 mm Cascade

i npactors such as the Anderson Cascade | npactor or
woleb/0Gamer ati on | npactor, preferably Next GenPCHGBOIWI/050885
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A number of techniques may be used to determine crystalline content. For
example, PXRD (Powder X-ray Diffraction) is a technique for looking at X-ray Diffraction
patterns in solid materials. Crystalline particles have distinct ‘finger-print’ patterns for a

given polymorph. Conversely amorphous compounds show little or no diagnostic
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waterSi1 1deB0add S Roh-S8Re AteRH IPobrIf W REME S0 R E{ARAISA For water soluble

materials, preferably non-solvent hydrocarbons are used, for example, heptane. Further
non-solvents for water soluble materials may include ethers (methyl tert-buty ether),
alcohols (ethanol) and ketones (butanone) as appropriate.
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solid material is insoluble or poorly soluble therein.
For exanpl e, Hi gh Performance Liquid Chromatography
W@ pRL@)740T Gas Liquid Chromatography (GLC) al | peT/GB200DO5088S
determ ne the | evel of solubilised substance in a
I| UId sanple when it is saturated, by analf%/}ms of

cITBgrultEasoynd s PralRlY anplied &f&slab?&’i'%@"%@ e Agd égmperature
requnlt‘éﬁqmoﬁ%}@ ‘émera§$ ?)Brtlo-ﬁh& the aMRrpAEI Rt il [F\R;\%@rystalhne material,

ypi cal used phar maceut i cal products erea
or to|convert a snetgef@bmmterieé intet armate istabley matarials e for example the

proce 34T AR AR ot 8 BEPROBA i TR MiSFoiray

greater thdunc i s, Pneriee paﬂﬁér;ablymgteaﬂerl mansedm&mté ,hior nexangsit, vbeMeen 1

fpor rly water soluble terials. For ter solu
secorebind B8 ol Hhite, SiE1&f 2N pERus Ritiny i and Py pre Breerably
betwmmﬁmésan@rﬂﬂo@r hept ane. Further non-solvents for
wg,ter luble materials egylnclude et hers (nethyl

Y 1Be feHy materalnés '(‘etf‘ﬁdﬂéﬁntdﬂ\é?ﬂi'@ﬂdﬁégy This means
that i %JP?HF@H&BN %Mfaﬂgrﬂéét ﬁo?ﬁ@ol%ﬁtr "i’r?dﬂkﬁ?ﬁ’g IndnRloRichiBater and

d for a suita eri od time and tenperature
OrgamQaaQIWéa tToiscoAges thaéthe selisk matepaf isisosiantiallyeiree of free water or
I |
oo CBRNSBARY [k 1 SRENER Y T TACE g el comans
less tham &% &l . weﬁglnt ahsoiEng, moreepreferablydess thaned %1 aldry preferably less

tan 524 i o e85 6 8% Rhod SRl L R g 127 nf rtereony
less tﬂmo 5%, mhongt ;ﬁefe‘r@tbly mearmzhreo 1b/eby\wngtﬁto$ Sﬁlogﬁi(saﬂd 24
Pl PR RISb PMBB A WA T AU i, nhgular Sovates can be

substBERR{I§ Y tromidoRemed élﬁcéﬂ"ﬁ{e@rrdoi‘akalh'%ﬁ@ the ﬁr@t%qgfsﬁé %mount of water
invention is dry. This means that it is preferably

or solygpisecessall|fgr inEarporation istel the wnit cel of the epystal. Otherwise they are
essed?%ﬂ¥?r@h\6?ﬂ5 walet &'sofaft or gani ¢ sol vents. This neans

eso material is substantially free of free
w&herprcce@oofvm preBgntsinbentiont findsl particdar titildynirs dhev pracessing of

cor o800, LU 5o e AR  of

activarpharmmacelticaihgrediens, amantl\%’/mgmhemmakﬁmgre@lbm lae plsarmacedutical
. than 2% re.preferab less than 1% rmre r ef er abl

excipiedcar, AQICBP MR RERIER) BPdARrPTRLe VIR 6f B By more Thereof.

By apprlo@hhteoﬁt Sohémtthat?aﬁtlvd pﬁ&ﬁrﬁde@h@alqmdieﬁt ﬁﬂy\@tcﬁfmtﬂﬁed with
ati on, and nol ecul ar sol vates can be substanti all

othery ¥<‘éafef PBATMAneylical singrestient: ARg/ot AteamAcHical exeipient(s), but one

wouldPh8f REh Ayt CorABiRE Y Pﬁérn\f@de%céara&@b\fﬁq&edw %aéﬂ agfchemical
|ncorporat|on i nto he unit cel e crysta

excipignhtarfixa@plehey are essentially free of free water or
SQh venk erfglaeenﬂw&%ﬁt 8f hﬁehﬁregéﬁs ﬁ@éntloﬁ ﬂ{%lre %p éJrvlfb(%gi a process

artlcu ar ut rocess
for Inpeaalsmgl e, cwanabinlmuqﬁ@tdewbmeaaolej thlemicm gsnleédsethan 100%

crystaQﬁ geu‘g*&H e%@;.n%;ﬁggcof an active pharnaceuti cal

tive agrochem cal ingredient, a
pi(nair madatting alsokition pf enleastesneagplidehatetigiah assohiapt;ent

appr opr . at es of two or nore thereof
Dfor PBLRREURY e SqltecR 4 Pranses SElRRS IR hEGEIHA tnsisting of

i ngredirghld prRICigNGLI6NIIdRRE Whiky, Iyophilisation, rapid expansion of
supercritical solutions, spray drying or mixtures thereof, wherein the said

dissolved solid material is converted into a substantially dry solid material;
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ot her active pharmaceutical ingredient and/or
phar maceuti cal excipient(s), but one woul d not
woer@bi4y7 conbi ne a pharnaceuti cal active i ngrdi/eBR009/050885
wi th an agrochem cal excipient for exanple. In a
preferred enbodi ment of the present invention, there
i §ilpr oQPiRNAIY Iﬁ@léa@@stheomhdnmééa@al nfiomh the: diguida pnelier tgaseous

of at [ ich is less than 100%
cryst a{:frlﬂﬁén% th‘e n%??ésszésfﬁ% Swform ng a sol ution of
ativ)l eatreaingesaiddrylsolid matexial framastepl(Wemtsteg (iii)) with a non-solvent

subj ecy He'?%o? he solution to a process selected fromthe
group condrsting of rapid precipitation, freeze

dewyi ngap[blymgfultkasismlhd(Mil,’thelr sgliddmatepiahfsorarstel (iv) when it is in contact
supercrtthl ca sol spray drying or m xtures

ns
t her eof"! rg?rhsq)y]%n s dissol ved solid material is
caiver bsﬁbnany %e@aﬁdﬂuh?ta%fdﬂéraéﬂylhgdﬂ% @8Likht 'S8 rh Aferial fﬁom step

(iii) optionally isolating the solid material fromt
I(‘Qw d and/or gaseous conponents of the process of

S‘rPQuc%H h)proéés‘sé% gﬂé’ ? }fc% n§é§ %@'gﬂ%ﬁhg% tﬁé Blution of

step (11) refo
the sqlid)matepalyi @@Mﬂmlﬂa@lcﬁm drcyxrtgmay; (bbl L@edatnetheaapray @nymg process,

the slGRat Vol b bBaly sBSrRG P Rby no the

r Esafbtaiiy, astef thek aimilleaiucm off $tem |$)t e roserial gomg(hho&tep (iii) or (iv)

SELIETE N UV 1 CLRGC E TEA e

than s@%adry&hmh@gnfm d@@fe Ieslsnthbh €25%9 rd:lystaimué N oRY PEAERDIY less
the solid materi al uced i s usual Ksu stantlall
|

than 105 cpiRsline. merperaistaRl lessdhan 5% wppelioas 6 AxamPereds than 1%
crystdlide) . the material going into step (iii) or (iv) is
substantial |y anmorphous, for exanple, |ess than 50%
chystenl (ivnbhe iepnetreatinemgbny expesing Hhe drp%pelid material to a non-

solveﬁtr yﬁ{l?der{Ske ES iRt & rﬁ%p’al éra?{gén‘ss%gﬁ/% the one used to collect

prefer
the mate;r@l ptdduned bmst&p (mp ePeefatab}y [thees antohahoi'a%msqlsmwlﬂa greater than

the air@bpl BF SRYE Rl eidal o SAATRIE: ik altht < Bt Rl mderalgo non-
solvedt in@ngo{iviasprefétubly inetiie radge of ReE0,i motdﬁ;ﬁrefeiaﬁydﬂcn for example

~ JSeparate vessel to the one used to collect the
12, 1rF§ 4’?1a§ ‘ffFoduced by step (ii). Preferably, the anount

OPréf@Fab‘ii;DHN@ Bblid ﬁmaﬂir%@bﬁidub@@ﬁytsk@ @?’EH&‘Or @fepscm) liglsubstantially

mat eri al. For o of sol

dry. heie &r¢aqs that W@%@PW@H@“ .(hOQ,{o)egfg *@ﬁ\ﬁphﬁi @qieréal@\né&m@ pracess step
(iv) id B%fé@Bgesﬁsténtéﬁgﬁre@lg&n%cg\gegﬁ gﬁcbﬁdgng%@atefroingeé@ﬁmc solvents
(whergixt theiterm faubstacsallybiyes frem S(ql\re)ﬂ”aad/ebmectale@/eou ii) is
S%B?Bﬁl{l]ﬁv%hls%hd material, the skilled person is capable of determining suitable
solvents therefor, without burden. Some examples of solvent suitable for certain solid
materials are as follows. Volatile organic solvents such as methanol, ethanol,
dichloromethane, ethyl acetate, acetone, 2-propanol and non-organic solvents such as
water would be typical solvents for pharmaceutically active ingredients.
Preferred excipients may include, for example, lactose and stearic acid. Lactose
may be dissolved in water or ethanol/water mixture. Stearic acid may be dissolved in

ethyl acetate or ethanol.
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dry. This neans that preferably all of (100% of the
solid material entering process step (iv) is
wo@eabeoalbi y substantially free from sol vent, iPCT/GB2009/050885

wat er and organic solvents (wherein the term

"substantially free fromsolvent" is defined above).

Fohe apy- sg’i\«%h{f@bexamwat Wat | process step|(ivids peefetably substantially

d [ ' I r.ef,

e of 8P Aot paaisierdill MBaBybbaN £ 18 3 rharkHA G R p fydrate or
the likeg mthenransathydromst @ystal is ctaseed,saﬁd)allsomme dfcﬂratsdl\ent in which the

. or i C thanol et.hano
soiid (a5, Sesilany SPBIE T TPt B sy BV e wajgs e the sold
materamk m@twmlgmrmmfblewaethem such as wlalter woul d be
cal solvents for armaceuti ca active

| HBgGinalan “Prinsie o Erpre RaTHES Phaoliest angt non-solvent
Comb%ﬁ@fﬁg Sre drWORT bR stearic acid. Lactose may be

di ssolved in water or ethanol/water m xture. Stearic

acid may be dissolved in ethyl acetate or et hanol The

smveﬁgcég)s;og{;aeﬁmg? hbH—'st?/?ﬁfAP? T 'ﬁpgééblv ny;éfgeeg:;swe bmm

eraply substantially

Methamat er not al ready bound to {N¢ateolid material to form

a hurlrofa or—the |||/n) wheplan—anhvdrous r\r\/cf al is

Acetofgsired, and al so free of anyv%ISTvent in which the

EthanoP! 1 0 material i s substanti aiyjjfepol UDI € T M. The
bn the solid material is

Ethaf@hbst anti al I y insol uble thel @ynlohwanest not an

Meth Iaubll Ve | i Dl, S UTIT C)\allpl S Ul VCIIL allu

111 sol vent conbi nati ons ar ¢ ‘_Cg’ﬁré\/\/ﬁxqr}? Table 1. Table 1

Ethandl her non-sol vents suitabl e| paPropagglari ng particles of
i i i e hvdrofl uorocalkane

- the current invention inclug y
Methandhui ds sel ected fromthe gi 8LPH°96W§i sting of

Acetohe L- O ftuoroettane, I, 1, 1= {dJ.bigpgroetiame, 11
3 tetrafl uoroet hane, pentalfluoroethane, 1, 1 , 1

Ethyl a@etate pent af Iuor opr opane .LHeptanel 3, 3 3-h

2. hoant '\F HOF

IICPt o I

U I UIJ(J.IIU L J v v
chhlqomf ang '3 3- pent af | uorobutﬁ? tangy 1,1 ,1

Acetoné, 3, 4 4, 5 S, 5- decaf T uor opentrpganelUse of such
nnn-qnl \/pnt s can facilitateldirect formulation for use

in PMDI. In another enbodlaRefl | ess volatile

fowRsr Rt &y Q'Q&\Hb‘ii% %}a@@ﬁﬁfi@élé@S Et%ﬁtrjegto @?%1%‘?\ include

used as Nnonso vent ation o
hydroftaereaikahe (iqhids Iselestqglrfejreﬁlm)gl_goua thaistim@ etit iediflioroethane, 1,1,1-

iR © o h TR RERRET ) °1 ' bR eBERRRR™Y or 1.3
pentaflaombrpane) ofl, 156, 33hexaﬂserdp$c_>mf en Abl, 2,3 3,8meplimubrdpropane,
1,1,1,%383-%%8%4%but%é: rs.{:{,2:1Z£%3¥¢,Akg§f,£-gﬁqg§ﬂg?op%fnta5n% (Jse of such

non- sé%ﬁ&/ ¢dn Rdlitate difeet AIrARABNGbr UBE i P | PNandthér embodiment
nperature of the non-solvent preferably |ies between

less vq@id@ fiqainatesh gempaute stCh st RerfigrRdesaline vanr keraiserngs non-
solvehth liquid form Preferably, the tenperature of the

non-sol vent preferably |ies between Q0C and 8Q0C, nore

pi B€ caoaBeRtratEnCot thessmigd. material (which is preferably a pharmaceutically

acceptable substance, a pharmaceutically acceptable excipient or a mixture thereof) in
the solution formed in step (i) of the process is preferably from 10mg/ml to 800mg/ml,
more preferably in the range of 50mg/ml to 600mg/ml, more preferably 100mg/ml to
400mg/mi.
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Preferably, the above process is sequential, and steps
(iv) and (v) take place imediately after step (ii)
w@ or10ioomaeti at el y after optional step (iii) wheP€I/GB2®9/050885

occurs). By "immediately after”, it is preferably
meant that the sPray dri ed partlcl es of step (ii) (or
sDawingithe progrss ef the igantios) thertempetateresd dhe nossefyent preferably

lies b%t\N% bvénéf"'ﬁﬁbg%,lﬁgﬂg%teﬁf thg" g8|\/€ e tﬁp{ﬁubg}l liquid form.

era y W thi preferab
Preferabdwﬂbe terppefaémramfylhwi nam- $D|\lelTh meteeahdv I|asdmt\geemg°@taﬂd 80°C,

[ Sol i mredi atel y" neans w t hout any
more%\‘%férq?@d& 266685 Preferably, the above process is a
c@lnéferaw;stherabmssproE@ss %Xgéqﬂeﬂtlélh%nﬂrﬁéwiﬁlvpaﬁdbﬁ ) take place

imme‘éfag%l)lég gggtﬁét(@r gépm@gﬁhagg E? fsnﬁ 1|53.15%rp|0(|m) where this occurs) By

“|mmédl§t'é@”§ﬁ‘érﬁ| it Yo pRAIBGSH: mRbhefadithe/ %bbéy alfesy Béﬁi@%%sof”ﬁEp (ii) (or
be a batch-ty Sglﬁlr%rocess wherein th errocess i'S

step (B ereuit-Rscuf Rpacesead ostaps év)i and (vandthim hour of undergoing
step (?i? %%?e?&&%}@&ﬁﬁ i) mﬁ?ﬁ’e%epré% iy 'ﬂa | B%ﬁﬂfe%b preferably within 1

Al't'ernat | ste ') can
mlnuteuwfpundﬁrgomgstsap (Giin) , Rrefsrably, 6‘mmedlﬁelyiir|meansmwehout any

mternpécﬁgltgrﬁ%%/ o P Ea{%%p@'eoé%vg pg?q%gsfgna grgnﬁgglgg ;‘EP?FSf For
examdteytrm ipoocese sarenbe( cm)tmu'ﬁhslyrMUMtanmnmobesiedatr@térml and the
rein fter be rﬁ@grred to

proces @ mAtSHa . PRoontn oGy of inemeRia RaiveR; Amativel, the

proceBs eaaftbd ravaatohqvpe thresess! WhEFéwltH@Obrac@gso'rse?eéd fitch-wise with
increasing the crystallinity of | east one solid

unproggssqd MAtegy, @ﬁ'd tae P@&@S@%waw@i/@%m barempyekinpatehes.
C%‘T@Fda%@ély, ét@b (DUESEDNE) 8hn b@%%?né?ﬁ@utsdl‘ldrq? @E{ge('i\})ai‘.uch as 6
to nechanical m’'croni zati on,

month iPREN GOt Prafetablyed mpBINSOPTiOr( INyorer erateraglys‘aurdorybl prépr, more

rS, t herefor;
prefeBBPL Wbl PHOM TR rBRreRent 1 3af oPGRI G B0L 1 a7 From
stlép res)ltanheolid matesial momatem Of) nmy ineremiattenbe refolree d as “active
d (d) optionally separating and/or drying the
sultant solid material fromstep (c). After the

a;trphlfulaheroennbcﬁdlmbapo( thp, prbsent mnietition) theed I%Q):bﬂ“ﬁ@d%i pridcess for
e than 50% crystalline,

:
incredsign e GRENTRA cBoleasy S18I $6Ie MAGHAl iR 8 965 dhan 100%

crystdlift®wifiefcempsited:! i ne, for exanple nore than 90%
crystalline, for exanple nore than 95%crystalline,

f 63) ubigaling atpast ©Rgreoid gpateralital meehanics migronigation| reilling, jet
miIIin%,equﬁdhﬁa& Q%%rgg)h%tr@él ine, for exanple |ess than 40%

or exanple |less than 25%crystalline, for
ex@rigading seis sdhamnatemaldrqrs step (@hwith famoresquﬂtehéretm

th , . | es n 1%
Y A 00 S B b i comtact i
said rexpsaavend; dritk dry solid material to a nonsolvent. This
gﬁ%) qu Qaalfylogegpgirqtgpwn%/g’ram |n8rthc§l ress% grqtaéo?d\ﬁég%l from tst'?ep (c).
After the application of step (a), the material going into step (b) is for example

partic

more than 50% crystalline, for example more than 60% crystalline, for example more
than 75% crystalline, for example more than 90% crystalline, for example more than
95% crystalline, for example more than 99% crystalline, or for example, less than 50%
crystalline, for example less than 40% crystalline, for example less than 25% crystalline,
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the material produced by step (a). Preferably, the
anount of non-solvent is greater than the anount of
waolgormt eri al . For exanple, the weight rati oPCf/GBoI00M50885
materlal to nonsol vent in step (b) is preferably in
he range of 1:1 more preferably 1:10, for exanple
for exPngalep than AO%lcrgstaglpg fogleggmp[g Ieﬁ@ywa@b@%rcrystalhne for example

less thAR8 9 Yindf ter step (a) where "inmmediately after”
IS as é’fglslanlgd above. Alternatively, step (a) can be

cdm stepd (Ruthetéror treating epeans) expesnlg the drynsolidhmatariabtg a non-

solveﬂ{ eﬁ% "f’rﬁiﬁytaﬁe Fﬂ%@é:@ %ﬁg%ﬁ%ggr %Ipﬁ%ﬁé gsgeltl gopfh@gé)nrg Lr,l_]scﬁd to collect

the nfabenah baiduned btycstepeea)h Rreferatsgthé angumt of hen-Bbloest is greater than

the oL ol B0l PrekatE o Breingta ohoid materal to non-

solveﬁﬁihtstt@;b &5 is pRsfe RN the rARYE BO1:300BH5rdBéi@ably 1: 10 for example
aer odynam c di anmeter (I\/I\/Aﬁ%/é of |ess th‘gﬁ 10 m¥1 P

1:2, 411 1 4.65Pa®fi shed that particles having an MVAD of
g@é’é €h) hag ocklr mo%tél}/k&le)f 8 i( EP%EBE,‘"\HH@@@M dfter” is as

the throat and generally do not Teac
defingeh abpye.e Allesativglyastapva) ¢an beearriagi out priorstot step (h)'n such as 6

o o 5RAE 3o W BRR5 Sk kO GGty e reerty

1weelemrg1!t0fste£p(bb 0.05 mm are I|ker to be deposited in
t Ive 0 be absor e bl oodstr
| &8s Foy R Rlora S8R Tnd 93P iy, of i bioBg,ge@am va'hatation the
achvé agémtl |atth9riomlnﬂatlncd1 huge béﬂn M\@Ebmf oﬂOérynﬁHeepéHﬂ@I@s 1f2)r example
eferg not nore than preferably

naving} SHassaite g AmACTRE Y ETRIC A BTy (MAWADN o dbsshibnoTas m It is well
establlSHe] lhh?b&r“n@féls)haﬁ}mg é‘FPWAlﬁ‘%T‘ ?eaQer”tman B fin %F@LI%I@?J %‘npact on

not nore than 1. pr ef erab y not nore

the walls olgherihjost anﬁﬁéﬂerétﬁt élomt reachdbanieng. Ragicles having an MMAD in

the re%?dﬁjﬁf: 8 fon%‘ ﬁ@%ll%nsédﬂy?ﬁg% o?@&%ﬁ n‘n’% '?&34 dn%’iorg%%r)chlo?es whereas

particiesy having aaMMADeb the cangesofl Sita 698 (B @aré (Relymd beadepbsited in the

alveoﬁ%ﬁﬂ b Be%%%&'b%g%ﬁ)}gﬁ{]lé @ﬁu@g%?agﬁ“g particle discharge.

spray arie erably have a MVAD of up
t ddedliputie hbtivenparticles ém abdry ;fowalm idithuttiohshblidave an MMAD of

ot Y R Y Y ST S AN rcre v
um, mdrelsrefbidbly ot MbasIthal$05 P, n@&@%e@%@hoﬁh@#ﬂthgg@ i, more
and the like, The final product of
prefefARN RN OTBBAR (& WB. BhpElesakY NokEPraliEs hike s MRD of
upft ﬂaﬁpqwoﬁgnéﬁnls %@fcﬁﬁﬁ‘}%%ﬁloﬁr&né Y BdBW&e‘? éﬁalﬁﬁ%n In a dry

preferably fromabout 100 nmto about
POdef BhaleaiPy )i aorixime ohgctive padigles X 1inym) andevargel egrrier particles

sch 3886k o 20t 830 908 SR Hare

requenc
ulTheaspray ddniesiy @artictesd prefertably pawessMMADt bé yp éseout 10 pm,

petelF B Dgl iy B 5B st S 00749 ot kG 58 sy
prefefabdmﬁrd:ﬁ 1OOJrOﬁ) tdxlaboatz:bmaﬁor%xa&fble abod01 10 Am, 88eut@B0 i, about
400nm abouHZ7O?) nm, about 1 ym, and the like.

The final product of the process, the active particles, may also have a MMAD of
up to about 10 pm, preferably from 100 nm to 10 um, preferably from about 100 nm to
about 5 pm and most preferably from 100 nm to about 2 um, for example, about 110 nm,
about 250 nm, about 400nm, about 700 nm, about 1 pm, and the like.
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at any frequency therebetween. In addition to

increasing the crystallinity of the solid materi al
w@eadoerd? by t he process of the present inventPCHGBRIVE/050885

application of the ultrasound may al so be used to

reduce the anmpunt of agglonerated particul ate

maberireguentyief Kggubbiaseand oyavesdusad dh the direeessi ¢f the present

; t ( r
nventiif &S prRigiaBlyh 02 TaRETEr bHE 18 %2, 561 iz préretaniy from 10-500
kHz, pare pwfcblylbb{rfmmﬁ@usJO@kHrzauabtaatatdocaygﬂ,aclO i602 8Dpoml @@ kHz or
' ' in contact with non-solvent that is
at anéngﬁ] ?{nghé%ggﬂe%hwm c irradiation, the particle my
bm tadditieh ao rincrehsing taescwéthmmt;aodkm s,mtvc(lljI enatbadl| ;ﬁoﬂo@éﬁ by the
activ redi en

proceg ghYiecpirsant v brhiie a8plicain of yie QRESATY B alo be used to

reduc%hﬁé'dﬁwdl.hﬁ oP aghlofl Ratet ISHrtlétﬂath" rhaRpani ?hl's.rdg@%rﬁér‘aﬂé?n P&duction
a material that is present in an unstabl'e anorphous

prefeﬂeélyﬁfake& Plagg abthe same iperashiem\ o (Ruetereddpabove.
2 on?@H&H% 50" e Wt oY eémB hBus h%aﬂ%rlfl : Qﬂns¥m%?m§?nn4e@astable

act th non-sol vent, n ap cation o
crystallineatirant obmeagohmmateml |ne¢cmtapt wima npafStOil\(Blne that is subjected to

utrasBBARAGERS, 308 oBIcRL by, HLRAIbd fid A ST RRARY fre stable

form phMeﬁaEeubxmbleoan aictiee irgpediestanapbe tearsforaedaiinto a more stable

e R S, bRl B o b e
is prezeat Qh'dhsfétﬂ@faﬁidrplﬁtﬁjsaf&msﬁtamw beoc“rﬁﬁsfbhﬁed”lﬁtbaeﬁﬂ’fbré stable

|rrad|at|on step h been a the isolation of
amorphaus grg. Whatieyeidowa thg Baraonas wihep iRwpnisst withRasgsolvent, on

applicdtibn Y uﬁl%)éoﬁ@'w&ﬁihil@rpéé oliffiRB& herdify hh@%alﬂiblef b ogfe@fésoé}e altered,

centrlfugatlon sra- ryrn sup erCI‘ItIC
resultifigoxp dg'ee@ﬂ‘&%ttqnorﬂf anvw @tag{mmﬂr@szles)nwh@h mayt theesusedd in a

pharnit:éé% aI"iS’rr Sthép%@g HERIRA! SHET -as TP @?{%éh%mt&{l t#&@k&lc%r §h a more

usin nventl onal évapo Ve e
efficiemﬂmnaumm| nlgretferebbrprtlaq paricleg cbiaxmledl tros dlmal process are highly

L. treatment reginme in the process of the
CWS‘aE"F es (f‘&lflﬁk?enti on the inventors have now made it

p@swebthe divagumy iirdediatiors sebshay besmrapbiets thedseiation of crystals
trom {1 b teie By dhAabe ATIEY, Py B8 Bk GoRvaNtignal meafs, Such as by

filtratiBh £ ¢ehgifuyanen! @Qfdy‘-’tﬂyiﬂ? tsupBreafiehlt &4B8hH %léklﬁe' Exteaction, simple
non- sol vent, certain characteristics nay

evapqrab%dmmlmwsoeft onigmorehglch tephnigeese rTygtca&xs qfysjals are isolated
usingicBhléiftonBPéld k&.v@%g&\ebggy, surface free energy,

particle siz dlstrl tiron, desired polynorph, and in
t Synpanipuiatiog dhe sprayr diyirigesorfditinnsband tijrasoridosadment regime in

the pr% §59t?1tej5rb§?rﬁr? Bﬁlﬁ ﬁn/en ?Qﬁg So?(?«%ﬁﬁé?%l ‘E&ﬁ provide

erab I cu
crystal$1 at anmrphdusetmdlesaha\rlmg premewmnméd thmacﬂemeudst ey t'r@ting a spray

. [ r,.ab. n act ein i ent ecur s
ariea BRI uffRsB50 12 PoieRnr e b Sl Efisigture in o
non-sefveht)iceftamt cHar@dtelisticalh&y be rémoausibly dbtdifed® fTH&@Qﬂﬁ?hctenstlcs
alterations in hoIo that results in a nor

nor
may igelyde é)art&lwptmgg 8? dree energy, particle size dlstrlbutton desired
polymorph, and in terms of isolated particles flowability, reduced electrostatic and

cohesive / adhesive properties.
The solid material, preferably particulate solid material that is subject to the
process of the invention is preferably an active ingredient or a desired precursor thereof,
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Typically, such nodified particles possess physi cal

properties that nmake them nore anenable for use in a
walesaoned4ront ext, such as in conventional drugPdEGB@YYS0885

vehi cles or indeed, in drug delivery vehicles that my

be desi gned speC|f|caIIy for at | east one given
such g @i drue @r pEe-Hrug &, amgg@lCha@&@l phinkrrpel that isiabletaieymissystals or

underdB’ Sitdr sofr‘len%ﬁdl é I'Fgﬁl%’ feh r?\BFE"'s{ﬁ%?éj férPn bP%he particle.
initial solution are or conventiona

Typically i sugh(modified pam@lealp@eew pbysical ;sropewesmthet msakeofhem more

amerllé 8 A5 BHRShoRLARERE LAERBISRATASY b HBiyeny vepces o

indeednhairagtdelnl'afryszabimla tbahmaylbe deaigmd speciticaibt fov et least one given

modifikﬁr;%l%# ‘:‘;‘83}{\5 g’f"' ﬂ%d ;qe EeSt %er%gy nr%tglfeo o o H@%gle of interest

compdsewsn tiog ikl Sylution pre@ﬂféﬁ %rea@m@hﬁonéwéprw dwlﬁ?qaﬁ the initial
initial solution as solutes or as the ini

SO'”“%’(‘.) Pf ﬁo'lga‘ﬂ‘éf‘?”é# of apyneiihe M esPresrssdechnigesaieieripstofigsein), such
as a HiORSGMWe & ﬁ@FéTBEﬁlcleg%ftxﬁl@e%t pl?irédc‘ﬁ' £ Sohtadt t\% eoréh%r% active

to crystallise under the process conditions of
ingredigRisif insareisher & gembinatios of ayleast ena Qrmruaramgl@tma lone drug, or

two of ﬁ{brg’%n‘jﬁ, %?ﬁhéé BF thoré %@fdﬁl\:/ﬂé%rﬁ% Eaétdé/h egére%mI iRShe initial solution

process resent
as salgtesi @oas ghei idmal ls2hd agamerlat Yepentinghon itherdasired end use post

uItraslsﬁjét( ?%%b%ﬂﬁoﬁgﬁa}g% 0 Q—Fag aellr%l gql:q(?% ﬁg? %{gétgﬁgg runder the process

condnﬁonm” obiheriaverition Llﬁidsw adiie ingtEdigras on Grugi%ﬁuﬁﬁtcbﬁ&ﬁn@rmed into
uni solide; triantinol one sal but anol ; al buterol ;

CWSt%"é}eolBﬁ'HF'Pﬁ@Y tha Riegass A the ipresant inyentien sueh apicaricosteroids, B2-
agonlgfsonéﬂ%hoﬁﬁﬁrb QPSRN jeHE S{gs té‘mlrﬂzﬂ’éﬂyl Yioiifis or peptides,

nedocrom | | um zafirl praanl u
mometgseRea erft!lloat%f obﬁ@i@l@ﬁma’sobanb@pmmﬂnaté enbudesgnjde; fluticasone;

oo AL it 85365t BERELRY e sl et
bitoltdrok; epfatrbbwm bderpldegm‘rlroalium) ‘nlomide; s6ARD @Bombglpcatdanedocromil
al ci.t oni ns

s> gl SPEFURAR JOLRL SerPer Bt fonterc
clenbfees!; rrquecatbfmn; omeoxERbroll MEAR)L6,94-8ifueRAIb, 2 Py HEdxP B3, 17a-

prom sy Bt eprghektS Dot IRHERL onisnss sy terfrons

calcitOiH; ratiPi RS Ho@forfeN ahd bk&?ﬂlo%ytesétﬂéih)ﬂﬁlrﬁﬁlaﬁrﬁ fattor.
princi pal or desired téFrecursor t hereof, and a guest

bdVien Mesetthan ane selid majerialiis |usedi ce- qrvﬂtaiagnay be formed. Co-
cryst;ﬂ%/’gﬁﬁ\‘r?é @Eﬁ L&Ak IRAS coﬁ\rggﬁéaﬁlt%opérj %F# nY;n identical neutral

rogen ng A guest anot her ac
molegsiarneinstilueots, gesh asdarp aetiver }sr(mcmaiezrmuednprenursor thereof, and a

C ' f rmaceut i cal
oues G5 EbBinct 5 oo AETH:00 Foop SR GBHHsiBhe rerray
pnmaplyahmimgem b@idlm@ t hAagoedtemagphbe rartiodri aetivey principal or desired
tab e nolecule in the crystal lattice. The

preculr%ogﬁ §"PRY Ohfh CreVIApOHBAL crystal line phase will

nEhet fdtmatidre of iphatmaddutieal tyichsté Mtﬂvésarr@etpoﬁ@ﬂdnv 8f a given
phar maceut i cal_whil e possessing a distinct

actlvepﬁwm?&ﬁemaé AithparathereohargIagguipalli aepentablremelepuie in the crystal
lattice. q‘Pre%Xﬁlﬁﬁd) i UM-B5rn) oﬁ@rﬂ@rﬁs‘ialﬁﬁ‘@ Pﬁ érf?ﬁllemﬁmélﬁ ‘tr?é‘mtnr{shc activity

nol ecul es present I n the same ¢ structure as
of thezrarenteaghive pbapaaceudcalgdilernaspessaing 8 clistinbiephysiochemiaah profile.

O'A% QéedT%Felﬁdﬁ’x' !tk TV §GH kG e BehiBRE%%% 3F more additional

molecules present in the same crystal structure as the active principal, or desired
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supr anol ecul ar synthon with the active principal, or
desired precursor thereof, by way of the

w0 nd1enomlecul ar i nteractions characteristic of P€TY6B2009/050885
bonding in a co-crystal. In one enbodi nent, the
co-crystal fornmer conprises _one or nore nDIecuIes

PfeCUFﬁSK/lth@fle Vhightonghar syaie rasiditichahiniecties age §éP'éQ|§le forming a

supralf Bl Ot QB e, o LELRE sl A by o
the ln@e:melew\@ln wgmtmse@laéactensmmhbe phadleg #5a @D-,crwmer

2t 87 FhoadiRE 48, §55Ria) TBAREF Lo, Pretht Zr?n%ﬁé%&ecu'es

havmgnatdeastpmne’raymhamfummg enmebyaseie@ted rfeom ahnﬁollcﬂvmg group ether,
hi,oc anam

tioeth, eleBb¥, GRRim. oL AR S RER biokSRE il Fier Phosphate

ester,NAIPheSHHEtE @stdrN8ster URides@r,t dulsHe Reler, SarBBRIR! dYid)Phosphonic
heterocyclic ring (such as pyrrole, imdazole or

acid, BS)WFH}'%)BC“’@S@WB!C@% JHphengeYee.i amidengriman: Amine, secondary
d a
amlnén;kfrgﬂf)g;%o%hlgﬁl gﬁher @?fnr‘t\)écj)gl}nr?gzgnﬁéit Emg? leﬂleb nitrile, diazo,
organghalien tnitre,0 5-eordaiping, hetarasydlisr ring (sc;@hnatShéwphe@eysNaaontamung
neterfllc KB (8 46 pHFRT b SSHERD) 5 S5H95 neerocvl ong
(suchrasyfutam, epo>k|deledpemxme¢andMydatoabmloﬁaandmbletgdsy t he
ave an_activit

AT fstngh ehbosi ey B2 il e oS orp@inifin Ser to form

the ce¢afstal Ve ﬂ@aa@tlvfer Erincigae ofl eislred p?@ddrs{értfﬁeﬁﬁoft hes contemplated
act’ive agent. A non-active 8uest m a conp

that oA Buris MAVoRS MHPEI Fog-eabiahe ACGPIRYRadhe st is not

requird@TBMalE Qin%tﬁﬁ&j oé 6Wnaéﬁhc§l@hf @ﬁia@rmawetao%@gemy'tuat does not
non-t oxi ¢ or har macol ogi cal beni gn. In sone

overlyderggatedram ﬂt‘fh degjpesactivily Ohtixeeathe aggnb AdpnwActiye gyegirmay be
a co@ﬁbtﬁ‘ﬂt \M‘féltey n& ‘B@Héﬁéﬁ%@r%a&& QIEQF a&fwt? rﬁ%ﬁ dg%rﬁgﬁsg ated and

be anot'her acti rinc
whscrpa@mpptﬂCIaertH@OQlcﬂm nend«»pc er Bhﬂrmag:owcallyrd;emgn In some
: it act v
sntuat[c))‘ﬁ%hlé\re eest eielt\‘/ tﬁg %g c‘?& t{? % é’? 8813&'%& éorﬁplementary to that

of theplaativmsagem cTarie goesmhayltmnanothbe agtives pringipalber desired precursor
[ acce tabl e,nol ecu

e R e oo S E8E AL T SBUIne Fhrdpithe ¥R 8 an acive
prlnc@ale@rudésmdqbrebm%os edreof TFer gHamhaceticaiomMatiéis, the guest may
f or mer be an acid and behave in both a neutral

be anyppRIMaSALTIGE AGTERIEbIE MARCUaIPk gk 1978h 3 EFIVAR With the active

pr.nc.bmctrr%@rﬂe@ergeuw)r ortgehras in the case of oxalic acid
or other suitable carboxylic acids when prepared as a

cdhergusshl orvga-prystal fleqmeas, maydb@@naagid @ndrbehserintesn a neutral
mann'reggh[‘ﬁntﬁmc%al Ry mé}g 4dng (Bnﬁ'%ﬁl‘ysrﬁfd*ﬁg hdﬂnéﬂgs#gp as in the

I on or on- exch ange" w
case 8f axaliardojd beuther suitatilel calbdxydlmcanlda what lpobdmdxme ai go-erystal with

neu I n it ho formal pr n_exchal
catteilgy hidgs 2 BRTn-HEMATAt0n P I ast @M m i BR te qeh s i the
reaction er promcbrogxmmlganmh N g&rné dorf GdeplenIShnﬁ@’lyt Benztid acid and
.as sadi enzoate or sodi um sugcci nat e.
SUCCIRE SR ARy M. Meiral” BaBes (WU dprn el Gy tfchange) when
formifg &l EGbn/@testith AlExdHRE IR/APRINOMRNOPTH & FURMLScchhRE tanner to
form ionic salts such as sodium benzoate or sodium succinate. These compounds may
be ionic guests in their own right. Neutral guests are preferably nonionic guests. lonic
guests are compounds or complexes having ionic bonding. The guest may be an acid
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guests are conpounds or conpl exes having ionic
bondi ng. The guest may be an acidthat fornms hydrogen
wohondsowith the chloride (or other anion). |onPCT/GBe®YHS08SS
are conmpounds or conpl exes having ionic character, as
xemplified by ionic interaction and attraction. The
that f@cregthmg)g% bondgcyvith t that chigride (8y drtbefe @nisshds '9Ri¢ hguests are
Mo
compéﬁ@%s?@aéafﬁﬁlﬁk%ér gé\}ellr(l: gﬂfcle%'gfﬂé (%utwtmgggy%ﬂl& HbRction and
attractiomi t ethea ogueshsmaybibe ani dcidylthaioHem®nhydragénd, bonds with the

ohar LG A8l ¥ S s B STUSeF o, S 1RO86 e o
not age owb likited utb;irascoﬂiuc CbCId]ag!bbdﬂ:ialpmere Jac;dg -gtibauicf am;jCaIglmc acid,
ut.ami c_aci

cyclaf At bR oS ilie BRod e ienaniesulBria 2, 2-ox0-s giuaric
acid, phamhﬂbﬁé 113- atsan!ome bR, Sﬁ%tlﬁle%bI@n p?lfb"g'ldiﬁllﬂld hgid and 4-
and/ or so vat es t her eof -Ccry stals are

acetaﬂyiq}}eingglg agid V@@%Eﬁob{ﬁ%?ﬂd W"Véxﬁiﬁﬂ'@e%ﬂ‘sﬁdc'ﬁ they siegification
mcludéfthé R&it RhER? @th{?e‘é%éﬂeef‘ 8- c?HtQ@ '&ﬁé aéscfri%d% WO2005/089375.

p arnaceutica Yy accepta e salt thereo
adet eixeaiplec yifi @ oratygtak mifr the) . presendr inventior| ies sidiérdiil, or a

onar B SR e iy U A A

d &lthereparticley whidraali benmasie dtcerlingttathgeiaierstioneinglude any drug

or aC%r'Bﬂreﬁéengm%%E}g\%ﬁ%@bﬂ'yﬂe‘f d%m @w%{iqer{,] Itsﬁ%lﬁf oeﬂnalgesics e.g.

codelﬂ@tdlﬁydrﬁﬁ@rmne eergota@rm@”q@hw@@t 6 m&ﬁir@ﬁé fa@wyirll preparations, e.g.

|; anti-infectives, al ospori ns,
dﬂtngghlqﬂtqapler,ggcs &9 egp@,ng/pﬁte ggtofyﬂq;hgmngggcromll anti-infectives, e.g.
cephél@éﬂcﬁi‘ﬁ%cbérﬁléiﬂlngr sﬁ@&hﬁ‘gbﬂ' @@bh@ﬁéﬁnhﬁ%t R GSine8- & pentamidine;
met hapyrilene; anti-inflammatories, e.
antihiglagiegfat hﬁgonéﬂemagwlgm,u danti bﬁlaémaipd@s, t Pyk eckaséomethasone,
flumsbﬁdea'ﬂﬁb@%rﬁ@@ ﬁ&g&% qﬁ%rﬂFano'ﬁE' &cdtsige oﬁ@lg{iééﬁﬁb;\’gﬁtitussives,
. ‘noscapi ne; broného ators, e.g. ephedrine,
e.g. admapale,nbconbbn@taecurel ,e.gorapbedring,, ademaliesalfématerol, formoterol,

oor R CYRRRRL BDE Ao o SREPESBRGMIE e

reprotepdijretiavitetol, t salbutaaidln; salmeedrbiar Itéreuteihui olotwaeihe, t(ulobuterol,
. orciprenaline or (-)-4-amno-3,5-dichl oro- 6- [ 2- (2-
ormpr&gg‘urgq nyl ) et hoxy] heEZS/I ] ani no] et hyf '}:'geq{ﬂ'é‘ﬂgiré%fﬁﬁfﬁp‘;aﬁ[a'[z'@'
pyndldywétﬁéxy!}ﬁexyﬁamlno@‘ﬁb{r@ﬂb@}&en@ﬁi@th‘éﬁﬂ I nedigretiss, € Ge. g amiloride;
pratropi um _atropi né or oxitropium. hornones,

ant'cf&b'nﬁi%%@ 9-hipRIERRIM SHIRING: obr RHRPRIYMG MOrMeARAS, h.eraescomsone
hydro%oﬂlsoﬁ'é“dioﬁf'éﬂhisbféﬁe %ﬁiHnﬂ% bfgeoaqnmb%hﬁmee ch'o}iﬁé RReophyllinate,

heophyl I'i nate or I'i n€; and t her apeut

|y3|n9pV’@©§hY|B13éﬁ@f ﬂmnhuwge P incrapastbrproNsing ansbgeplidest e.g. insulin
or gIL%Whg{) . \Aﬁwﬁip&r 5@%@&1‘3@% H%gaé?%r?’ ki thg %rﬂ tﬂaf \nﬁ?u%réeopropnate

ere ap ts conp
medi¢amyerdslicontpsising airtwgsngmyllehts (]S degsrmahebef mem mf theefbrm of salts

m.ne salts or as a
(0. a5iaftel i Arhing Baf by BPU NG BusLo s BJbRueie jayer aky
ester9)r onassSOlvatte S e(e . Hydrdtgsl & eplimise o bolivily alFor stability of the
acti VI ty and/or stability of the nedi canent.

medigamentcyl arly suitabl e nedi caments for preparation with
PR icRASFy @Qﬁe’r’dlé‘%eﬂﬁaﬁfeﬁ@ 46 GReYirhtibrt Wﬁtrprpﬁﬁﬁﬁe% Qbtained in

the invention include anti-allergies, bronchodilators
accorgﬁace with the process of the invention include anti- -allergics, bronchodilators and
anti-inflammatory steroids of use in the treatment of respiratory disorders such as

asthma by inhalation therapy, for example cromoglycate (e.g. as the sodium salt),
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anti-inflamatory steroids of use in the treatnent of
respiratory disorders such as asthma by inhal ati on
wo banapis7 f or exanpl e cronogl ycate (e.g. as thRCHOBRAMI050885
salt), sal butanol (e.g. as the free base or as the
sul phate salt), salnmeterol (e.g. as the xinafoate
salbutemal ) (e.a ea therifiesebase @r aﬁsthm@umatmaa@) s@lmgterol (e.g. as the
r ! he. h d
xmafdg‘?é’ an@‘t ggﬂéﬁ%@\gl 35 g‘pl §% atﬁ%r %r&fté § rf%rot ol (& gy as the
hydrothlotide aglon beglomeiasane dlr(ropnonater(ierg)-a% tBe monohydrate) fluticasone

propidiaiay || bEvFaHBIerhanol SNy B G AEERExyaminol

methﬁ]@bﬁiér@%étﬁhn@lcélyéﬁd%r‘émurﬁ 'tﬂér'hﬁié' WHAGRShiurdS aBlAALAE tiotropium
salt), theophylihne, "aro ine, zarfirlukast,

(eg- aschroaide rals thGLQ&hMMﬂQarac!i@f))/’U'@g zagtirlghast, Hpemigdukasti earmoterol (eg.
fol

o> 08BN S o et 14 e MR P cpcgorl and

physiglogicallyeacaeptabie saltd anddivategthienedfe appreci at ed by the

ot B 4ebro<lSieRieh shS Rlay Bl e SR afarHectofEs mapte by he

procetsvof the inverdioaahay eomta@r&dombtnatiass oatvi/mdenho?@ abWeemgredlents as
redi ents rom suj

alludddp e BREe O TS (6B SEIACHROLS SHiAPIemsRpinations of the

activehefrRjrédehtar emeﬁh@ﬁed S Wik GRb oD MOTHIAL | (H‘Lﬁaﬁlfe combinations  of
bronchodi | atory agents include ep hedrine a

bronchAIAHRty| Ag4RS ckiita SRR ISRG SRR feaRterol and ipratropium,
and Iéo%ﬁﬁifﬁérdn@epr%‘ﬁ?eghﬁﬁ‘é” ephrine. Further suitable
co

Inations of particles of active ingredients nmade
aEudheri suitable ¢cmeblpatamsﬁ partidlencofi antive ingredients| roaide according to

the @'89% neac%fh%bs ﬂ(/ |ﬁc9§5 rgérﬂgm?ﬁ%’rg' &S CQH%8§t%P619§ such as

asone proplona e an I casone

budesm’rﬂnn dmatometh\asdmehﬁpmgmmam and fluidasese @&id&bﬂeﬁmuh B2-agonists,
er but EI i ne, sal neter ol a‘ not erol and

such o5 o FRPUBMEL) | ETEIEE: aBABStIpl AT BETpREleand physiologically

acceaihe GeAlatives hérdof, %@bé&ﬂélﬂ@sa‘-’ﬂ@'uﬁﬁ!@dl% sulpHAfeer suitable
conbi nations of particles of active ingredients nmade

aEHBhen sittable ¢amedipalinnesy narticlerof anlivainasadientsimade according to
the pfb‘& Bt eoi%eﬁtib?nhigé@dg %mﬂirﬁtf&hi%ﬂeh %lsqfqrﬁl%?éjeﬁand Fluticasone;

onmet hasone an ornotero ornotero
Beclom’d&amen @nd| rreiwateselo| Farmbtetoireard oMeometasanen pinaacaterol and

1.d : .0l ; e .- .
om 58T PhUE AL Ao S flige: ivopun
bromlldeoamdzldfcnmmdmk;ia@wwpqunuﬁormtmdealarﬁlnmo@rcrgteg@lprﬁddmnterol and

as rol . In another enbodi nent
Cicle el He SRR Esne TRt ombi ned 1 nl ud ng

c iivbianethep Nenodieéiiti aRfdeer ipgebdidhtonehndideat &smbinE&h including
as a beta agoni st and anticholinergic agent.

One
combigliant eOf sC?rF'ﬁ‘?ﬁt%')é’é%n@r?”@QpPﬁﬁPér uch  @sotd ongtgmagomst) and
ant.cmﬁ@ag@teagéat h@ﬁe @xampleas fificaddnb e!aﬁ%etém ﬁt.&?&ﬂ.@n *bvorhia%

process of he i nvention may i ncl ude a cronone whi ch
n@hﬁeemplﬁm fr @ﬁ@gleyc@htamablenbmdbeomﬁocessOpf dhe invention may

oo AR ] F42"BRE eobER LBp LY SBBerRE o o
carbohydrate, for example, heparin.

The particles made by the process of the invention may comprise an active
ingredient suitable for inhalation and may be a pharmacologically active agent for
systemic use. For example, such active particles may comprise peptides or polypeptides

or proteins such as Deoxyribonuclease (DNase), leukotines or insulin (including pro-
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i ngredient suitable for inhalation and may be a
phar macol ogi cal ly active agent for system c use. For
wezxanpbda47 such active particles may conpri se pROL/GB2®E9/050885
or pol ypeptides or proteins such as Deoxyribonucl ease
(Dl\lase[) | eukotines or insulin (including
insuling) 0iGEIQEPOrY), , intgriaukingoravinkinas; eantisulokines and owiteldke receptors,

vaccifdy | C%rbmﬂ n‘ﬁ%rrﬂ fe Cy@é@@ﬁéﬁé@*’t %I?tedv a%ﬁél@ﬁﬁes 9" P¥drBrerons,

hot no eupro |de an ana
desmppitessiof imronsogloladime perythsopgeitinranch o@bmdmh [ ns

[ I ' in. Al R
S ANpRT, b aePe iifetishP Malle s b8 Bk brine i ntip may be
swtabl@;orlmmlsminilabtratlcfmm dmuglfoﬂdm adainisitation ma‘y tok Uﬂe f)ﬂthe systemic
adm ni i on may be one of the S'-ﬁﬁﬂem C

drugs RORPT ISy 3 e HRIVE- RS Gaeh B A SUbBIANGE hEh Sxhibits low

solubfityo ﬁ*fécélg\é@ﬂlv%htrﬁéqh i é)‘(?arhﬂ\é/ frtlgmBiuid leéllﬁafeh%alcmm carbonate
di'gestive tract, for exanple, magnesiumtrisilicate,

and bd%m@thLﬁﬁb@afa&%n@f@%aomp@mﬁwr@ubneluégt fer e@a@am @ll products of
combg%ﬁ%‘lmd&wém try nchc?é‘i@rtafo‘?{e e)éﬁ Sthe"f‘l Ir o . h@ﬁaﬂne drugs,

|nator|a che r03|g tazone S
hydrocblbmtblaZIgBJ geiseofalvin; d@{mvuﬂmermw\eomuclmsele'everse transcriptase

oo AL s 08 RO, SRR 87 B Y838 s anc

loratidinegmd drgrothé pbhyatodaogaasuilyablbﬁablé slitsdirel dérivasivesithereof.

laratidin and .any. oth S|oI0|QaII tol.erabl e
 BhBtn bl el BRI SRbBol Bieapising dqcoring 1o the present
mvenﬁd@“@c’sl@d‘é Sfos UbXamiple, fc@fbdh?@n%@é&ﬁ'e%ﬁe@ﬁlﬁprn%d&a&&érﬂés such as
resent invention incl ude, for exanp car bohydrat es

fructoge, ghiFesd SneBIRASRSEh APNTE4UEnG ﬁhsa@cmaraﬁ@tso%@ 3§ Be@rgee, lactose
and tEHAIGHR} %h%@ucnﬁé’rbllgggé{%hﬁﬁdgé Sa6E Rr ?a@ﬁ‘rﬁ:s%u&kﬁ Avelezitose; non

SUcCr ose | act ose™ and trehal ose;, non- r ed uci ng
reducig gfaeiicderiveddealysageharidess profleis suIchras melt@dwrm .dextsans and

Cydoaé%&irra ; gsﬁcﬁ Eﬁg@ﬁ“éﬂ?ﬁolg%lu&? Cr“ﬁf\hgcﬁ% ﬁ%‘ft F el suitable

extrans an
excipieots- inetldlei ogjluidsei preparationk sus:hrrasmicx céxaa‘rmie xmlanztaoistarch, wheat

' | ud
s TLHET U BB S BT S 6 SELLELARE iy phico
hydrosypropiimethyieeiisiosech, p@batum st ar Garb@@hihylcellgiose, and/or

polw%lryﬁgﬁﬁwxgbﬁ%:] ﬁ\quﬁgg 5} Bg%or neie ghany of the above excipients are

also ém[skagéumat hyl cel | ul ose, and/ or pol yvi nyl pyrrolidone
(PVP). Mxtures of two or nore of any of the above
eXer prert gnedieing) ¥e ealts ehledcomepun e0f| wlweaﬁlmrefer to non

toxnc’é rrﬁé&étﬁlcﬁﬁ 5&% %@95@?;9&0 C:LH aﬁ@uﬁ&i@%ép‘?able salt

toxic ceutic
formsatrﬂemédnqjhlarﬁml@uﬂu&e@t 3&2@@@1%41 ePbaltnn Sor 977, Jan, 66 (1), p1)

arm
ot AL, el Bk Ron Sy SRS El el s
aé’dnapnad:mmcalbﬁ diccé@tablensaltsoof thei adidiat ﬁmb’asms%mﬁounds of the
t II tabl e salts of e ac
invenfiblf AR ST bR pRRER PR Enibesl erdhedifs i, B rearting the
free H@}éema&ﬂwltmﬂﬂbaﬂfa)@t@dmrd?ﬁetné dATOUAS obtheldR3Red BEIt tdiing acid or
free base or acid with at | east a stoichionetric

base.anpunt of the desired salt forming acid or base.
Pharmaceutically acceptable salts of the acidic compounds of the invention

include salts with inorganic cations such as sodium, potassium, calcium, magnesium,
zinc, and ammonium, and salts with organic bases. Suitable organic bases include N
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Phar maceutical ly acceptable salts of the acidic
conpounds of the invention include salts with
WO paogemit cations such as sodi um potassi um PBEI/GBa0OY/050885
magnesi um zinc, and amonium and salts with organic
bases. Suitable organic bases include Nnethyl D
methy| [ aglusaming. giaginge, borpzathinge, diglamiagi nelamineaninrecaine and
ne and tromet ham ne. Pharnmaceutically acceptable
trome%f?ﬁi@bof t he basi c conmpounds of the invention include
s &hasnaeatically facoeptablgasilts of maobmcncconmnudmls of the invention

mcludgu%éjﬁdée%vggntgcﬁ a&r@e%% %F g?qrg%r% %C{ ot Sm agjéﬁ? e &élrt'ncﬁude acetate,

adipats tisdsytate, Promdet eamgylates ghiiride, gltna@@n@d@jlate estolate, fumarate,

alucefili coRFaHT e SRGHRTRS. nbLrten By OHe dpiseRromide, hydrochioride,
iodidé, aCisetpiichadé, €. 1adrteat RactdBisndtat emdBdtBY | hiaayiafe. methylbromlde

met hyl sul f at e, napsyl ate, nitrate, ol eate, panpate

methxdﬂd%atr@pswateygaﬂr uIRie.e Pameaie.atrhosghalei neelygalacturonate,
stearétlé' fé.@(f]cm 18 Uifatd, %Wfﬁé.’:ﬂrcyltaf’é1 Rt t@ﬁgétg,te l.%rWé?aelatteh tosylate and

tere ate tosylate’ and trie
trlethlpdldel cles of active ingredient(s) prepared by the

G g hafodsl SR oA Ty Ml B i BEE: g tne present

mvenpdnarate agouhenrieiy| adttioe, theeadtive idgredtmrﬂ/rmly ﬂﬁ’Sé)daﬂi[ﬂ@ be a plant

s BB oo, e, soSRokS 35 SRS | Beseicide, ungice

acaridi®é, | riepedtecids, Miiclle! Ebdepneite aﬁﬁoterm&@s@f:ld@ o) Bt Gepellant
wat er - i nsol_ubl e agrochem cal active | ngr edi ents nade

a&X8Miasy of 0ORgABICH M@é‘%!§§SQJPb'?h69WQQOéW!q3b rAGtive | ingeedients made
accordMyasithe 'pF’&%ss fo@fheelﬁ@éﬂﬁlo‘ﬁ |ﬁ81h8§'ir%‘écfnélﬁé§ e n?pg@ se\ected from

consi st ng car bamat es, such as net
the graPIEONISHRY owarbamﬁtess BuChyag mqmylo@arb@whaae@fsmhoaeldlcarb

organ%PNhld#@%&?aqg Ssuéﬁoéﬁt tl‘:*F‘N‘t el%&éﬁ;s ass,( gﬁac;nOS’chlorpynfos, or

or gano osphd
chlormephas; ot opgdans, @hosmalwl osuuhnprass tgrbutds| ormoaderdtophos, or

erecBERAAES, B ERalE RHED! Sl Y HBRBOBY Sl Bretnois

such asdepvalbeitdi neraticidd carbaxeaipd, esurhl & bram{Ir Revbididesy fetugxample
consi sting of triazines ?uch_as met ri buzin,

selecfd Hoim d1fo 9roHP SPRSISHNGL o Jlirsiney [SUFRAS Qufibygin, hexaxinone, or

atrazﬁeCh@JIf@n%fe(aé MLk Xyad- etisto-N-[&- |5reiﬁdx?76 ﬁ‘reﬁ‘ryl 1,3,5-triazin-2-

yl ) am nocar bonyl ] - benzenesul f onam de' ur aci |
yl)am(rwarhﬁndllﬁégyewﬁow|d@na@qlls (Byrypidines) sgeh @ér'@ﬁ%ﬁ"l ‘bromacil,

or tebaBRSuRdS SRR hd MHOM, oﬂlrﬁf °Q|duﬁ5ndl5r°rgtf acﬁr?,gféétﬂélﬂmes such as

acet’ani | i des such as or net

alachiasi ¢¢ ametaiachier; §b©ﬁa@§mﬁéeﬁ Hiusbaad bepaiosag, (SATURN), triallate;
i t o

orad iR e BB IR AP AY B0 5 gpnen et

such sasc fluaxsfoptiugyli fasflubder) bifemeX, | erookgluorfenf einitxo amilines such as

, f fen: t trif ; .
tor Y o bipfibres Sudf o olBhgeiE sl abd sslers Uhdobenzoniies
such@@eteb“rsmodyl’ﬂm obenagai findicides Ut agariplemelsbiel. fr@l‘n the group

i cides, for exanple selected fromthe

consigis Bl BieI QATRE SHEN A HIIOIAD] (FU3a i SaZalgpbianas benomyl,
carben@HfiAR td) thidpRhARETh &Ry S Wedkolss B HY triadimefon: sulfenamides such

as captan; dithiocarbamates such as maneb, mancozeb, or thiram; chloronated
aromatics such as chloroneb; dichloro anilines such as iprodione; aphicides, for example

selected in the group consisting of carbamates, such as pirimicarb; miticides, for
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carbendazim or thiophanate-methyl; triazoles such as
triadi nmef on; sul fenam des such as capt an;

waolcdlbhioorar bamat es such as maneb, nancozeb, or PCT/GR2G09/050885
chl oronated aromatics such as chl oroneb; dichloro

ani lines such as iprodione; aphicides, for exanﬁ
example| eRieelqd from Hbe gIroup Gansisting | of gorepyd rasdiites sych aasc Rropargite;

tnazaﬁént@bi"ehgé GRER adTh gt%ﬂ%iorfn?fﬂ?%@g%ié&ﬁt 84 hidBbddHate, or

oup consi sting of propyny uc
tetradﬁa@,p@ncbcﬂln@ophemcaa apemastinapasrybuch as amitraz;

R R N R T s
the partiptes proticed - aomodin@lte ther prasent drddendioh iase a mixture of several
oo s Ry TR SORRL e e DR B e

are atP@AIRs, c”dynio&ﬂﬁlﬁ Ehfbthalahit ASPrédonuzOe chd fedilcon LM, C
wat er - i nsol ubl e aﬁrochem cai active ingredients are

altrdll ibgeapregeiatedrinat themasrsalvrnt aRdi the splyept hriid be, selected as
belnga%ltéﬁlgu%f‘ ago g%rtﬁ:'ubrw'ab ivd €] nﬁp&fl%ﬁ Elztre‘%c{i\rﬂén BF&%rsor thereof.
S b as

non-sol vent an sol vent e selecte
Cortidgstenejds,uisteiblas bodesonide,t beclomethasone edipiogiomate randofluticasone

pmp'@%eso Oeeﬁlgéo;ge nhf ﬁﬁlgon%tﬁgﬁ% rog %}segtﬁ% gg ﬂ éjﬁ}”as%n%zlly treated in

non- sblvehts@&brae Heptarie0 rig- Estmgtsbﬁ:oﬂn gssdiveterolikinafoate and formoterol
di chl orggt hane or. met hanaol and ultrasonically treated

fumargaje, fagy. 88 AR V§d§'&@P‘B%”Qi@@@dﬂ@as%@a%dﬁa&%m RQR-folyents such

as acé@h@eéﬁpl%ceﬁté%frﬁébﬁnénd fornoterol fumarate, may be
di ssol ved in nethanol and ultrasonically treated in

nbAlawng éneenventional sepakation @tenatswyh a@dypm sgparation, the dried
Fal | t
partlcrse‘aﬁ’%%ed ?1 O Ritf? VIR édw] dr| P par@b&eﬁ&f’ to ultrasonic

as C oni C separatlon
irradiqﬂoa;.\cmfmm costalst omita lanaealoand/ot \statiilisendmiohghous structures of a

, t al :
cesi IRBEEE HEreid AR b bR ThE b s BILBEY L B prorating
vicinity afdise :uﬂmswé[bralks)e lifeuseidp beﬁbaﬁ uitesssonichertrgyl hansducfer, shuch as a

articles are su 0 the operati VICI.It _of the
wrap BeunadFRon eaio) fiasaiper Ssahblrl sih & BRfaurdiR igemployed.
A suitabieaifiple, ofS¢ith @sjeaucwlgmoenm@ntéd%twaﬁ90/3(55¢eermé ultrasonic
transducer assenmbly, if such a configuration is

energyfpfy peernied Lﬂoﬂﬁi‘)‘l’%’s&(ﬁhﬁ] 8 digcontipuous mapnere sush as by pulsed
appllc‘é\%h' ”RH? %lthBIeVQ)LQQé 905 YffasoHie 1#5&1&%?\0 H'Ia‘ri/uSé‘ QIs8d. MR uitrasonic

cont 1 nuousl y or In di scont | ous mnmanner,
probesm;ay ater tﬁy(ammleeae dpperieshintona mrxy\gsues%| sughiasca@ oontinuous

ultrasUM:rfWEélF dfnr lﬂg’s@r{lé %Pnn'?%rymgg c{?)gut l:\A&?E i Hear%wr%gvessel or the

0O a mx
mlxmgeﬁeel maycbe dmtaedomt almudlnasomct atoor dt fmaywhaeé |an atrasound

s it ARG BT B A0 P b 7L Pn roquency
of theuhltraemjmil wavest dffagts thie ety ofhaucheation Ldrﬁrcﬁﬁﬁar@omh The frequency
transducer fi xed { o the EBXtP‘? nal

of the, EESHuRG e ihRY {of xale oo ket o rdHg, pretaigbidrom 10-

500 ke eforafdrefetably e ab e no RME!spak iaemtand, & ¥6,t4d, 60, 80, or 100
growt h, The frequency of the ultrasound waves may for’

KHz GBhARY kewieencydherebewiaen; such aBE0 KIZeercikiNg. f r om 10-
5%egt¥lﬁasdﬁ?6 ﬁrﬁ%fo%r%berﬁ?lﬁgg&g‘ai%n amPRuéor Jower dfenlhy that is
appropriate for the production of crystals of the desired size, for a pre-determined
application. For laboratory probe systems with an emitting face of, for example 80 cm?,
the amplitude selected may be from about 1 — 30 um, typically from 3 — 20 pm,
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kHz or at any frequency therebetween, such as, 30 kHz

or 50 kHz. The ultrasonic irradiation is enployed at
wareoiapopi4et ude or power density that is approprPEl/eBRa@n/050885

t he production of crystals of the desired size, for a

e-determ_ ned a i catjon. F | abor at ory probe
prefe@bytfé% i 1R KR fg’ﬁﬁi‘%’?‘ﬁ@ Biiee Papbes BRVIRG arRspRe fpeceface area

of 8 kP @nara%dv&érqsqﬁn?érﬁ@ﬁtezﬁ fﬂﬁiﬁVSJ%@ Wt mv&!%oaibo@eq dé%nmt from about

|ca ¥ rom3 - re era rom
0.6 - f‘éﬁ M@fﬁpﬂé’anthUﬁ%§f Ra\ﬁ Wy & ér@ﬁresystﬁms quefesaldy such as

those%:ngr\f/blog%d @ 10 A0 abenl @ﬁ%@ﬁg{léﬁggﬁnggg% rs gt)g&é@%t%gﬁg\;lg\évnézell for

power den
exampleiang litra fbmpd:ellt trteap@ﬁelzda&tmﬁmr tha ttaasdecers eatpoged may be from

10 - BOFFIE SR B REST AR APGr . TR B A G775, Wi, for

exampheadPWLaore7d W/L.e Theowvesent! mvédi@nng\paﬁ!dﬂﬂﬁ“rﬁﬂ §L)ltabkl=r fok edustrial

apsducers enpl oyed may be from 10 - 100 W
scaleafcgﬂ@?%% y from30-80 WL, and nore preferabl y from

SGhd TeMbbncd fefan®!nfixed choﬁéntEQn\fﬁé ultﬂ—eﬁ%nﬁzrﬁfﬁ/@'&bll may be

invention is particularly suitable for industrial
preferably| gregtesdiiani . myhmare ireferidy tgrmtebfthamé misx gwpre preferably

great ANe |ﬁutbnf6rt@(aH{pLé %%8%&1 i | Q6§ dnd hBE s, more preferably

prerera greater than nore prerera
betwegnelaménute aadu 6lhauss, meneereiesdtidy aeﬁweegrfemurmtes amn hour.

Pt S TAT cASHEERs B8RS Yhr g camoor oy

drawipg off enaidly ubmg\mamerﬁldmahmbaas e lart)oul as abeigeal$guspension.

crystal.s r har vest ed the batch .
C TS parEF HpdiedtEAdrdite JEing Toverion e SHESA Rl Slaline and
show M a8udell feRBemdyt of AoigtEre2 AdSEIPREN VHidH BEMPibaRs tbNfcrease their
phy&&artl cles produced according to the invention are

b§f‘%n‘fhe&F'F§| Stapility) | ﬁeb%taatladluowv@w'mcwaﬂénw@n@ygree of
crysta‘ﬂfmt?‘b‘f H&ﬁeﬁt@% b Rd MR \ﬁé]gﬁpdétc{f 'tl’?éjt:@%tgq Eﬁe‘ pHiG@ Wth respect

hei' r physical and cheni cal tantially
to thedpgaé wglaht abthernasticle tia grenter hen §0% rgreflemlbly graajerdham aa%, even

more B;grﬁélrgl}) gs%e?ﬁ‘? [ @ég gg oé’%% gﬂ%m?{%g Fasd eeﬁ{ﬁ b)fifs te?%éll'eﬂ? dispersion

propepigst dllowing tosegslbraatﬂamhigmor@@@enqusébmmuibﬂlgnsglreaaremulathen the

f 5% Said -
pari 4 p VLB PEF BB g " S5k T iy of e
particlel Mayvbegiet?:rmﬁ Using® Elifmrémtm_lj Scanmigg %I@lﬁ@tﬂ[b%@) Nﬂld%,y powder
t r n the | re fornulated as
difragyBpia ahe e, kUi Fhind aGlied RSrsy SUrh a6 migragmetry,
prefeftaB§ MSCti cl e may be det erm ned using Differenti al

Scanning Calorinetry (DSC), X-ray powder diffraction
ofn eﬂﬁ@m@%mﬁnhmsw%mtqr@l t'fhé e ticosierojsb pB@ prefgeably is any

corticé em.&f gmbw bFFénfr}S» -sANSE §h ke Q:%Grdlﬂ(\]é‘ g%&érp%nf@%mb.my

e SO is a cortjcosterol
glvenu@trmwl;‘tuwean FharmacorpainEdl 4B 2008 wiabr ¢an b@lutjllﬂeei bwnhalatlon

or TR e DA, el bt b it
has atsingle therapeutizpl dodeahigheothah@0 fid)eprieeatsy eoal tard /higher than 80
g, b Bl aby Ay G than fhg ggoes  Preferably the

Preferably, the corticosteroid is selected from the group consisting of

beclomethasone dipropionate (BDP), budesonide, ciclesonide, mometasone and esters
thereof, such as furoate, and fluticasone and esters thereof, such as propionate and
furoate. In a preferred embodiment of the invention the corticosteroid is budesonide or
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has a single therapeutical dose higher than 50 ng,
preferably equal to or higher than 80 ng, nore
wo@eabmoalbi y equal to higher than 100 ng. Pref eP@biGB2009/050885
the corticosteroid is selected fromthe group
~consisting of becl onmet hasone di propi onate (BDP),
flutlca@gaggeﬁﬁg&s oeegipessibAra®E, nonet asone and esters
c e
v egbiy Eﬁecﬁctﬂ/% E)éﬁl&?éﬁ)é tt@é‘gr?] dén#ﬁ)h Q?at%grhe vaﬂfjne dfleter of less
than ‘p) pifng Mozl peefb[aihlmatﬂeasrfga WE% ofvibatactive inlgeedlent particles in a given

compfPlibhFide &l cufels? <CAERRT o ban oL 78 FuPiin by Gpeasurng
the chb@cteﬂMﬁ@teqnleM%m\eVQldMewrakﬁ@\em 33; vblerte haetdf) by laser

ef er abl st 90 % of the activ
difraqlig AT PSA PO ReSTerat Jrivan MalgBurt Bivalsi@nparatus. The

paran%tameﬁaﬁén @ity @onglaeﬁa"uoh%rmé bélﬂnﬂé)dlﬁme?érs Wb?"mrn@fén%f 10%,
measuri n the characteristic equival ent sphere

50% gnchHYecef theraklicles evleased as st ed(50hand489), respectively, which
corre%acf fdrta"?ﬁé %s@%lé?ﬁ?l%F LG MhiRGQVEre |HEFE{)§%%W( Xeh‘ssiflyrfgr fhe e particles.

vern or equiliva ent appa at us ar anet e
i Prefecabhsnodercreitban aaeyvtt%e:f\salmmldeaﬂnaveasvoam diameter d(10)

Iower'ﬂ\gné?ﬁ%)u% d%rgératiﬁo/od (ﬁg 9n/ eégté’@t p(zfrt ' ?ltcﬁé(so F\E%?c’esa volume

diameter 4O towlert thah 220 s, Spreferalsly @t st 901 wig2aofssad@ particles have a

ende for _the rticles. Preferab no )

voturigh SRyl Siag) el d EApWER R 1b dirtn-giEiralii thd wl % of said
particlisaEE e valirh@)didra¥RF elti@no Qor fowanthad €6 grabl y no nore
than 50 wt % of said particles have a vol unme di aneter

d (158)activeuingredigntsan gherpartisiestof the iveation age subganiiallyqin a pure
form. ofsubéta@huaw .wacblﬁ% fo'i‘rY%@arY§ tcbsadmm p.ﬂg% o%f@rngglat least 98

| ower mm Pre er a 100
% or ghletaﬁt: pego W\‘J(We Tae\pdilptm@l dustyemey @q@@termloe@ _ct@wing to methods

knowﬁ 'P@fhe]sckllm pew& Q&Jh' gﬂ%reﬁﬂl'rﬁgrltlc;e ILcchi gﬁroﬁ%ﬁéérﬁbﬁf (I-ﬂ'—f’LC)

I nvention arée su nt a pure
Bubeot:hat asgpeot then peeqent mvémlcm prwmes aitorimelmlbn 96r &dminigtration

by mt%i%tld&‘gcgﬂqfegﬁrw?% at l o& éh% E{CSP at | eB%’%J?'gg ﬁ%ayf e formulated
into seref MBlaﬁﬁm\tﬁgdtI@ertdvm ahe lor ﬁ@brp%ﬂﬂaﬁ@tﬁi&amﬁacceptable excipients,

f | d ch
ey DRSS B BPEETPIpn s ErBHapb (3 Ekided in the fom o

suspdrididiiha pepeliait 23HErBsS chtdr 88 bBYadmihisteréd Bg‘_ ﬁressunzed metered
risi n the particles of the invention.

dosemg?rg(@\g Ray be formulated into said fornulation
L 388! BELpdHidh IBRnAEIGR! FaPh BOABASH hadHional 26RARRAR! Such as

ex0|p|ents Itives, diluents or carriers
surfa@aatrrpnéwettﬁr@ agantul ation is provided in the form of

iyn I t S car.rier. to b
S5 R4 " PR BREt) L BB N A30kE I e om of an
inhaIa(tpNDbc)wde‘Fhmcsesmeﬁesabm irf mertdrat obimteraytiveooileret mixtures, i.e. by
Onrﬁclgexc i ents néuch as surfact

I nd wettin ,
aiutirdhe ' SR 5t Ris Teberlitfol e parpRespaiball b PrySoiogicall
acceaBleicsteipidnt comeistirey on cdbrddr pattiehal at i on powder, nore

preferably in the formof Interactive ordered

ndvantageoysly sgig powder formulation for inhalation may comprise the
particles according to the invention and coarse particles of a physiologically acceptable
excipient, hereinafter “carrier particles”, e.g. particles having a mass median particle
diameter (MMD) higher than 50 pm and preferably the MMD comprised between 50 pm

and 500 ym, more preferably between 150 and 400 um, even more preferably between
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diluting the particles of the invention in a
phar macol ogi cal ly i nert physiologically acceptable
we@bpdaEmt consi sting of coarser particles. PCT/GB2009/050885
Advant ageously, said powder fornulation for inhalation
y conprise the particles according to the invention
210 aachS@dansm peothercembodiment,thg slogrssyparticiey have epMMP omprised

betwe%’rﬂcs%d’bﬁ@tlsggﬁﬁ epafhfin |s°lﬂ%rda‘?ﬁclé’ %E %tlefeg'nat dﬁn&s % quency

a nass ne amet er
dlstnUmMgmm halha‘mtyﬁibrmnta]hmqnaerfoeobrhxbys hhe pNMbIesomm adarger diameter,

ans RSP ST 598 TP PP ML B

mefémb@n@tt lbgst mwmgm oftthé c@ﬂfyrs;ﬁrtm@éé halees dismvétepof less
ri sed between 90 a

t he
than 300 tlJlnbn‘:gofﬂ RFRier@pPly: alateast §P?§>e§3’ t"f?ég'?tr%fq‘t?}@n‘af”ef parficles have a

diamelbB bf |ek%§tth9ﬁ‘ 50@ Al fmoré'ﬁrbbéré’&{/%@r!éasqud"@%yaﬁé%ﬁpbf the carrier
mass has particles with a |arger dianeter, and fi

particlgsrhaveta grameter eleless mamﬁ@@ URRSMerer prefarakly 00k By we%ght of the
carrief EB‘JTI'C%E r%\/@%e&gﬁ'\et oﬂeﬁs@ﬁéﬁ/ 580 }neast 50% by wei ght of

carrier ave a di rreter of |less than 500
nmithe rpbyaokmgwhﬂy abd:qptatble lezaipten8 0tdylhe oaristihtteddf ameamorphous or

erystaffec riveRRPicaly “SoctP SsBlRGShalam FoR bhES, B Fima or

vegetaﬂll‘etsioﬁalrcﬁésohmblaatﬂd)raﬂﬁr@cﬁ ptefersd nidienals @de m‘ylstaﬂmeﬁsugars and

for eme&a&{%ﬁé{ O% gg spglg gzq{lgépstgg% o {nliagé, g aéltsaccharldes such as

maltoaaygh@&rfa%&al dxé&n@@@e&t @éat@seeprlpaleaﬁolmdﬁeas mannitol, sorbitol,
constituted of \éeam)r p ous or cryst alline

maltﬂghy@pbﬂ%gné&l %’ioa epsedl e MearmesioriRfeead| (naterial tis a-lactose
mon gkd al of animal or vegetable source or conbination
ereof Preferred materials are cr%stallme sugars

aEdaMemmmemmm.mm and Rilagroetosebr. An example
of corﬁﬁ% %nmf?)rl 'Sdﬁgﬁﬁt%harl des such as nml tose,

JacCcharo dextrose or |actose. Polyal cohols such as
ndhei fomhylater iayde proridedtinithe licrat ot alsuspghsidrsor &gowder to be

| -1 act
acminySiEtsc i Brelth Rl EAAG BBIeRRr oi al 1 act oge are
CapsdpaedértbrramgtidthaayaicosdhinMieredibyaxediaich With any type of DPIs

comercial mannitol is Pearlitol (tn). The fornul ation
knowpgR theearhy ovi ded in the form of a suspension or a

PRWSIST cdrP pRe dRHEANNS et%d b§¥lcbf@§5h l)aQFn'g}@to%ge NAR&kers, for the

i nhalers. Sai'd powder formulati'on may bé adm ni stered
admimjgtratiomadfaprecsubgividedasipgleydasesfof g acleoopmpeund; di) muyltidose dry

powdgglci’@al?@arﬁa(:ﬂﬂblgls)’ S | Rt Pé@ué(?ﬁb%d tsYﬁb?? ‘dosés Yr"¥tk8oaded with

'for the a m ni
quanﬁties& of .Andive iingradienhglfiicidoties nuditiple aloaes.i Or thw bpsiad the required

spirgly T 38 R R 58 50 Bl "t ‘BkieBtpiog i Feir tédfgn ana

mechauizal iféatasespDRISt areedividgd eit e)mowstés“stamcmwtiefnoes (> 90 Vmin); ii)
medifHa PR laNsF Rk AROUE 0 TR, ik SahTRSHaRGE sevioes (about 30
Iminstrictly depending on their design and

Having regard to the pharmacological activity of the active ingredients, the
particles of the invention may be indicated for the prevention and/or treatment of mild,
moderate or severe acute or chronic symptoms or for prophylactic treatment of
respiratory diseases such as asthma and chronic obstructive pulmonary disease
(COPD). Other respiratory disorders characterized by obstruction of the peripheral
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mechani cal features, DPIs are divided in: i)
| ow-resi stance devices (> 90 I/mn); ii)
woredooMaesi st ance devi ces (about 60 |/ mn); iPCY/GB2009/050885
hi gh-resi stance devices (about 30 |/ mn). Having
regard to the pharrracolo ical activity of the active
airways, g$ adiegut §f inflaemyiion; anckereseneaef Muges sleh amepirasic obstructive

bronchfbﬂhscéﬁ@ghrfoﬂfc Sreﬁcrﬂﬁse%% dlé&f‘bﬂ"b‘i‘ﬁ B\Z tﬁélnp drent of mild,

rate or severe acute or chroni ons or for
pFopragdmioistration et nmmtlatm‘n rtbepparacmiage acm@sr@edlenhs peoduced

C ro ic aobstructiv seas
accorRpYitnd Rchh PbchsB ot i Stsrlly SIrIRIRR Yt S fiECRargles. Said
activeoipgtedieritimay ot grbserpdn lqomrs]agdcyalbvaghaﬁf merfﬁﬁmhlﬁtl@’ﬁ preferably

o ammati o r ce 0 cus. such as chronic
0.25% 5014 (R PECISTAE T BY Yol & IH UG T Eeisyihe carrier
parhc@sﬁﬁa@@@ﬁfrééerﬂ)ﬁn tahedrholisteof 0269 9UTby wadigitdf Qﬁb Yorhulation, more
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produged tageordingntal e presenir isventininl Gondpre®s (Poferaliyr eonsists essentlally

of) fHicEsBhE rbolpare’s BodEnRE,  Bimmblon HMieRiN0 Jeglometnasone or
betanmm?sgjngolénd ggoﬁﬂéé%%r’g%//cmiyrggﬁs trl'gefréécffg J}‘MB“ I;Egl_aéﬁg(yérlrjconma”sses salts,
hydragﬁrﬁeﬂl‘f{ OEYE}{??@'/?EBBEB X ngs Iﬁ a partl%:/ul arly prgferred

98’90§baﬁﬁmg elbbﬁoﬁqﬁlbk@cbw}r(sgwnh ddh bE&I#Ty bEdetved that said
duced accor mgltto the present invention conprises

activel parhiles B SIOBHRATIS St when sPmpaed torihe SEM épage of the starting
materlikﬂ@IO'ItC’tfla'fht Slsotbéd&%’r@biﬁ?ed fh%f R Sét@ikbeasﬁltﬁ@tlr?\fe‘ﬁlnon gxhlblt a more

becl onet hasone or bet anet hosone m Xt ures
uniforgbard (eguiarsphreidalfshageiapd dosiot appearciedinpaiyaeisresiandsirregular

as thg %’ég%@hg%%ﬁaﬁolw}fﬁtae%gg\fﬁ %Hﬁ)u?\? 'HPQMQd artifl S S ?r@ ra!%g) jPresent.

n mcros an be c ear
Withouh being dimited dayi the thesory,i sdicediffaremnceiing thief smﬁmblryo:@helbg;ndﬁ believed

o ol BB 8 04 ST a3 s of e

and hpatcé thehmcellemlmsperea@mbromrt@shl bit a nmore uniform and

t Paicfiso8 antv el pradupeh Aepadindplp i BRSBTS Myepton are

refe@bﬁy@uﬂ:ﬁénti& eRdiddll NehiBadddsCh&SplRiude FarfiGed VAl RMugh
P W t hout bei nwkhjlalhm t'ed by 't he tsheor‘))/ sai d I§)%Il f?erencgsug ened

surfagas. t Preterably ol Rastigies PWC?@ apeerdingde the peesent inyention bave an
averagé |°|1a§bnoit Iﬂ%l’ PgEstt aféﬁjr?é?éry dd)fﬁhé @n@%@s{ %'ihn?étfef I?)ef 1.3-1:1, more

articles I nvent i on, elr exce
prefer@béypérzérbﬁ pﬁ@peptaf%'ablderZﬂcmet oforacnref_\eeably\g‘r aaﬁhmﬁn more
C 0 1 QN
proreb 550 LRI Lo 5, Vg Bpcgeon tat e

particlesexd Itmsdprqsamt mwderﬁmnvare isubstaghrﬁlyesﬂ)hswicﬂaic es.

PR o el S A ahaR andlye s Ao anghts g Ayellable such as

the SymbgﬁﬁtQmFaaﬁhﬁgetemdlm éeﬁ?smﬁ' Whith ddhisimdLpaditielsiZs dnd shape
referably 1. : nore preferably

analysilsleils t nique wﬂtprgmerﬁpyf@ogq)@sp%urgmme abhess tharprarr@ allows for

the use of dispersion units to provide clear images also from fastest particles with a
speed of up to 100 m/s. This guarantees proper dispersion of agglomerated fine and
cohesive powders. Particle sizes of between 1 um and 20 pym can measured. The
primary measurement data is stored in 30000 primary classes and can be evaluated in
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preferably, 1.1-1 .03:1 , nore preferably, 1.075-1
.05:1 . Thus, it can be seen that the particles of the
w@e@seot447 nvent i on are substantially spheroi daPCT/GB2009/050885
nunber of particles size and shape anal ysis
instrunents are avail able such as the Synpatec Q CPIC
individupdly clefinalplp SprnatenBierdefingd et ob sigermbassparalipwian sasyeadoption to

emstu?gﬂ %ﬁpﬁggﬁ\?é |f§cat|3$é féé@ﬁﬁﬂ ‘MnEQ cﬁgé\s %r)éﬁgn module

suppm@ethefaQQMErrsofoup tmiS08 images er decankbaPartmba;aeef lBss than 1 pym

BTN R T T —

diffractiofl asadessribed e@mde rpﬁefe%ht Maherisiagesdifffadiehween 1 nm
E 20 mm can re The rlrra%g/ neasur enent data
[

i3 511 koA 1aeidbs e eqyred taesesolisa aBaqhgeed APT drug particle

is dir@g! Mé?@r‘ﬁohﬂ' fochhgi slitdldr ¥helalitagd efefddTBE the contiguous surfaces,
Pré-defined set of size classes allow an easy adoption

and ingerselys Prapgriineat Ue etienproigrted feapdadt oarea. Atwisgihe most common
appro@@ﬁé@f%@v@?{@a&%g&gggﬁh %ﬁlc@ﬁg iff DP{RE Y Pédﬂ)fgmhe surface free

acquisition o i mges per second
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morplmblcf)gy alsblolontnletesl e s#efhbe larwmgtrhg&teﬂf(ﬁefrlougﬁ) pegﬂ&léﬁ ﬁldve more
t o _aerosol i se, an er.ed API ticle is directly
surfags /BB BRSO TIOS I GPCumYanG SRR OIERE: o1 cs of t o
COlig PR PAEHAEE Dy 117 FhetLSSAISMNIRIBA 'chh Beadefihed by &pecific
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Suﬁa%m%aewegytlihﬁ? rplesRAsticuiatestorersorar 19 Grpdulated iteneshange lung
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contactlng surfaces or nodif article s
that providas erughadhesiea. beSMWfadEJQaafEhCarselh@tprgwﬂeIaystable formulation,

yet alféﬁ&se%ﬂ‘y”%ap%ﬁlo‘ﬁau d Cfnﬁ kléri. .n?|U§§ ceO{ Eﬁﬁasc%réo?ﬁj%atlon on the

sur area:
fine-padictaigattiod qain. tmclamflﬁgh) parti cI es have rmr e surface

a ea han sno arti.cl es . that oc
P Belbeb Al FERE RS Wb P B Breraasesthe fine-
partlclenﬁracttdroaln@ @prﬁsﬂdﬁf&l ofedichynizge aidg, Gutsiler dtaee studles showed that
hol ogy. Th nterparti t e forces can

e SABRY (RATHTIRS: Bpd
Corrugaiag| SRTEE" t RATEFIRRNBESASAY iBpagticle If(ﬂ%%ﬂopy Trﬁ‘ﬁ@ apparently
contré‘d?étbﬁ}ﬁes@ﬁ@@aﬁrtfé é%}&leémba%yf l‘%%t@ﬂféuihﬂt R agiasd Rflcd galance

| evel that provides enou adhesi on between drug an
depe’&%?ri ®vary V@f'ébﬁeéen%{ Sﬁf‘ﬁ‘MISe"fﬂ@? Aiveltieon, yet al | ows

eady RFRAESTA2Ry 'W%Xnﬂ{@g ;'é}&m T@eshﬁéééf"r ac% éﬂ;d Morphology

surface corrugation article
measwnaem ireveal . th@nswfaces ardaaisehighlyt weelatad rwihr ppdicté aiteractions.

Deter | spér Ne %Vgﬁlr%age g?&é %@é@ﬁ e&sgﬂﬁg cﬁﬁjrﬁef / %étﬁ Ia(c)isorbed to

the pemvdzm asfach mmadglt/dampreseurwmms tast teav dpeaddse hew techniques for
sed t he article fraction. These apparently

studyf&tg‘ 38?%9%%/9'?'8@9‘1?3 can be expl ai ned by the

PTaE Wuihee bbad oft the pawtidieser fhersiesdralimittion SR GRte@Mined by the
several variables, not sinply surface structure. For

ACCG'EE’I‘FW Sugace ALe3 AREH ORRSIMEYY Snabseghiinadel AFAR 2808 Micromeritics,
Norcr88¢l @Ry BIRG Aogen as the adsorbate gas. The powder materials (0.3-0.7 g)

were degassed for approximately 24 h under nitrogen at 45°C to remove the
preadsorbed gases and vapors from the surface of the samples. The surface area was
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measurenents reveal that surface area is highly
correlated with particle interactions. Determ ning the
wQ@owmn74gur f ace area i nvol ves nmeasuring the voPCIeBRG09/050885
gas adsorbed to the powder surface at a given
ressure. Over the |ast few decades, new techni ques

detefmdﬂedspudw@U%IQPP&&!@HWe Eswaeteand Trlers(RERcmethashusing the
adsoptioh R8tPR éﬁ% eEQﬁe RPFF%@ rﬂ%nﬁe??!fe@b*i Ppgras

eterm ne erat ace Area and
Poireferatly the mmclyseqf thisnnuentiosMill BdG0a shface awa iniths range 6 -

22l SR S AR GO 1% AERRIRBh on o 1

m%g.approxi mately 24 h under nitrogen at 450C to renove

e e T
surfadi@ﬂahdlftmm*prcgf Bf sollFRitérizad|dT ﬂ@bhﬁélpl@@%ﬂl(}@hl@@ew simple,

usi ng the adsorption data in the relative pressure

being the Fﬂe\/efﬁal%é Qsmvemes’nabg@% chiomategraphig (G6e qxaetimentA eylindrical
colurﬁmls%dlfﬂ\/rﬁ@tﬂa‘&ﬂ tt tHé‘éSIl@ﬂﬁagr-;'rfa‘i‘%ﬁrﬁ‘él%@t g{bléﬁg d yﬁ&gc?e{(aflbre or

pre era g, nore prefera
film &F@/ tj\e fﬁie@th@r timer ams ;euamupemsm@ ard stusiiesk fagag series of well-

crarsEROIB SRR e st SR AAEBE chRERL B e of oo '

injectad tdeminathe. cd]hmnpat adlxpd aariddr g@flaweawsrandsmﬁpﬂlme taken for the

bei th . t
putse s EhaepiEH T ayeide HMdia SORMIT S ReAsuee e ptector. A
series$ @fumcf Cmiéﬁs)llréiﬁéﬁﬁedmw tdiffdrbet §ad lpﬂ\aﬁ”@trﬁbbél'm@lfacules then allows

t t powder, fibre or m and t he
acceq eV a0 ORh USPARG BI$ASHIACUITAERENaTeY 43 el 881 sty small

chan@esslﬁréuﬁﬁc@f:héﬁ%bié?@ﬁé@&lt%@bchraé&!%mgar and pol ar
gases. A pulse or constant concentration of gas is

| HiEcvas ugedio mRasyE BwiRce: erergy védhe aarticles qfbisfingention. IGC
can HeXdried Bt (IR tlb LBt (?fiﬂ?o'ﬁdftﬁﬁs %ﬁfﬁl}rﬁi{éhcgﬁm% the adsorption isotherms

concentration front "ut'e
can he@wweddromy paakl ptafitesoand Bsexbto eaicidébtel e(d%rrﬂmmrm@ndlstnbutlons

Secomﬂ ggts u{f nﬁée&fu&gﬂ aﬁggﬁt‘g &%%Eutgo %(gs%u lég ﬁtgtgga?tgg 'clﬂr? }Qfsgyte of the

mstruenmt gye ijecied hnasm this sasehessvhite-sohae gﬂérabt‘bmrfe@ﬁall and only

coun SRR PG GAUSES Bl oS Mk i e ' S s

dispetgiveand epecifiéinterastideoatween Qﬁow@aﬁd bldcte &RE Stadnary powder.
At finite dilutio e adsorption

diti
The P%'E‘E‘;%%rozsfh%dﬂV%woa&fP\@@qut%fﬂﬁeﬁeak havpei iPeenaiaetia,distribution of
surfaée® eﬁéﬂtg?%sagi?om R Licany §A ‘F’"@M? %StTrhbk&iHaeg Steneﬁ.ﬁpﬁr\@r}’ similar

at Iinfinite [ ution anbunts of solute close to
and geareidenteal| afrnbpﬂbfﬂnttﬁeandwmfmﬁeﬁrtut@nefqrnp&mcleal rrapatied by the

prefe%r%{j §n o¥ nﬁs {ncﬁ'nss Nnidh&yd tgﬁﬁéfaﬁlﬁrgﬁﬁe@ ?rt“éféglého%n&amatlc

ute SO I'ht erac uence
vanammsalrnedeaedeﬂmemnumom This can yield both

d nteracti bet ween obe .
(COBRCIoNE, BkoSRET (AT RhrF el Moattren bt pseghesive
balant:b eandnverikt lbsyrmaaﬁjra'l@aﬁeigﬁte WitA eﬁe kp)/omﬁglnﬁ PldceRER YJoaict with the
of surface ene as shown quite clear|

b
Surfa?% 2 tb‘a %"Tgp 9. <CW@°%WPP3C@°@\?%M98.@%C9PQ. 6 Ve clode to the

surface of the sample (noncontact and tapping mode atomic force microscopy). The
probing tip is attached to an elastic cantilever that is deflected proportionally to the force
experienced by the tip. The atomic force microscope raster-scans the sample, producing
a matrix of data points, from which quantitative height and roughness measurements
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and near identical at both finite and infinite
dilution for particles prepared by the preferred
woredlthoa74ef t his inventions, whereas typical ni BPeDOB2@®d/050885

particles show dramatic variances at finite and

infinite dilution. Atom c force m croscopy (AFM can
can bgexyaeted: dappingurede plomis herse veiceshery eedivelninagesdrystals of

n C

varioltbiEBnle) oo Bosy inchUiy crudt g (R ARhBHERA, bicBeleR i barrir
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. p ortionally to the force experienced b [
using e &

th .. )
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Olympusdipst (l@s Gambridge.etifar el @ schactate eof GoHzoi Jurfaasbeoughness
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surfadtradperities weke t;dsmguﬂeaventl on were investigated usi ng a
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DI, CvP«Ee‘,iS/t) USipa AN Bpexy msm @&fﬁamr@g:&te Gambridge. $4an Theae tnps were
proefl o qom i 8.0 BeRRs WAR ALY ML SILA i roscope
(magnifieationr 5w do pnspee theemtagrity bé thH yttadiedsmarhele,ebefoté] allowing the

thin ""{3’%85 ﬁ@gﬁ%gﬂpared surface roughness neasurenent (Rq)

surface roughness (R ) of the height
d@heaubstrsteaiad badedioh s thealPRIrscanasr stages vaemp Wi @nclosed in a

Priaor to, force enent icles for each batch
custo bk A oRERgaL CaaBhER T MiE L e HRPEN CSIE WRr Bintained
ata c@ﬁ@fah{ @h%é‘rawlré Bf p5 ecdef Hed) aRd rdlativEORShity %f 35 % RH ( 3 %).
020, DI, CA, USA) using an epoxy resin

The |@tgfaéqtlgptf@rcem¢ iMRASUregkby regerding tth?)geﬂﬁqﬂ@n@?érm,bgan cantilever
f
as a ifctPACLT FRTBhSrafd ¢ nﬂﬁ é?ﬁ’q% Wr%@ﬁ%‘ fcke ! ef_?ﬁa('?‘ -kz).

optical m croscope | cation
Indwldmlégrncew}dr\@rs (e 1024 a/wred:Opducted lower 8d0aume xalQ omiarga at a scan

rate q‘f oa die %hd;% cta}é%{r %éeyl\fékﬁg Of 20 ﬂNy P }q}ﬁetﬁﬁ\ﬁgl{?%wgt \é@ﬁst

scanner st X CAM R s ed
i Tha eadictes mfi the einventonmame abhm‘aateheed by hévieh sliestantially
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a const.ant . .
cormu G SPlpERAS U i e 2. eR AR e e RO 8T Iriirasey inventon
have @andmet¥rRidale Surfdce ddrRugatibes. aPtref@faHIyDtHéeﬁalM@roﬁf R, is between 10

neasur ed by I‘?COI‘dI ng the defl ection of the AFM

d 10%,pm, Qe preferably between 20 and 90 nm. Preferably the value of R, is
between 10 and 100 nm, more preferably between 20 and 90 nm.

The cohesive-adhesive balance (CAB) approach of the AFM colloid probe
technique is a development that enables direct quantification of the cohesive and

adhesive nature - "the force balance" of an AP within a formulation. It is a commercially

31



as a function of the substrate di splacenent (z) by
appl yi ng Hooke's Law (F = -kz). Individual force
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with tméiealdrbr bartiglegadi €y.8-a @) esorerpreferddng 02ct ive rﬁ@btpréieﬁ!am@ 1.0- 1.1.
art icle is

er, therefore the active
This if Aycarglul BAIRRGRPAMEBERdER Sanesion Ab SLABaN ials And dne adhesion

of thetd?@é thﬁ tiRdcamBal ed conposition, the active particle
remai ns attached to the carrier particle may not

rEB@ whpmcal @ng Rivsioah ptabiityl apd She earmacdudicahaesaptatility of the
aerosBMohfifiations according to the invention may be determined by techniques well
known to those skilled in the art. Thus, for example, the chemical stability of the

32



tongue. Preferably, the particles produced according
to the present invention have nuch | ower cohesiveness

W ban/opanti cl es prepared by ot her methods i ncl pdi/a$2009/050885
m cronization and mlling. Wth respect to a neasure

of cohesi veness, since all substrates will be
compgnents meaw beietermised dytHRLL apeay, forchasinie alted pralergsid/atorage of

the p%d&eﬁrliiﬁgza}r%gh%n@%?ffwéasur r?édTﬁBﬁf 8{I’1|e?§:§m V&itldRal analytical

or co
techniques suealhlag, for examald, ibylleak msndg,da,dvzme delmemg assay (m/erage shot

\ t ] ntlo haveCABrtosvmt
weigrBE, BEF bt oy ast EorihRabify iplispotids Bofetiéns ot aquation
and spragfaisteiblition dndlysis.. 1 . This is a careful bal ance
cohesi gn of the drug with itself and the

b
aﬁhégsg'ﬂtc!g? StZRe JiRtRYRN Hptth% RelPeele formylatiopgearearing to the
invenfiéll midyysé @ﬁéas‘faﬁ@bb 'cb)ivé’fﬂﬁ!)nhh%&Hﬁhﬁ@cﬁa‘ﬂtéxﬁmple gy usmg a Next

acceptabili tKI e aerosol fornulations accor
Geneffﬁ@n. Impastar d %W'tbéf@éﬁé@fﬁiﬁégf Byampleny q@ss@dﬁsmpactlon or by

the “We Cﬁfg%eg'gbf}%‘gyt El +r]oegsé r]s’édafﬁérelnle%rb?e?r(gé;{obtz\)éaWIr? Impinger"

ity o econponen
assaydseansi H2etetnyina#orC MSmaydepﬁcmtlowahnhe ernittedr dgseoliomyeskurised

ol Rl B 30l B g azoe

207, Ap;mdfncasXVﬂcE Smﬂumbmodbyn\kmm(flltlmthdlge dupavatbvith HPLC mobile

o A YL KBS R B SAE S 0L PR S v

eliminagd péﬁlb@fﬁomé spvicalycfosf MdRitduaP Bapdidsy 8 the sHife formulation are
cle size distribution of the aerosol formul ati ons

dlschgr(g@grlatpﬁgetmﬁ{ Hederreseringd eanditioas neallayyieg agiosolization, the NGI
appar‘éﬁ&V%nélbr%ﬁﬁ{le& %ﬁBnthGLiﬁﬁaleF Q{ap‘%ﬁl@gpirﬁj QXCHJ? g?fgtPBbRiél washed

CGeneration rrpac or re-separa )
downdntarifsiownhiplunes atidPL @blleomhaae bihet mess zlsf/\ﬂmgl dgpiosied bn each

part cf'ffpl\?mé ﬁk%lcc%n HeR ‘b%sc?eteﬁ?lngﬁ ‘Bg Hh%é(?' Pnd 8P ?f @%‘éﬁptngﬂérg&esents the

I ngéer ' "assay erm na
massdefpdrigt ccojlectﬁd olrnestzmgast Bed 8ok the NGIr 8bsuFPE ezimitted dose is also

ceter8, 3 BRrotol oA B BU o8 oSSR Al Pl partc
fractuﬁuc/aFfPfE)tmSpuraW@fruetudn |bla|stmga§sbss¢de separ ator vvlth

HPL | h ps of t|
S EnIveB SRpI NG [SRABEJrACtoR FidhaAeIas! formuiations to be

calcuIﬁiéd“A%ais%dmtfrélh(‘rb%r@r%ént@e’res-BYrﬁbféﬁFédloﬁOerahEJ e éﬂ%@ht of active
capsul es of the same fornulation are discharged into

mgre(i'ﬁ@t setlectashiy the daweri mnwn@. theo NGl ey a@uﬂtm;w expressed as a
erc(-:‘ff’\?{—fg‘ésé’lJ ﬂ'vléafdté}namém (’)\iq\ct %t'o%h?ér%Wué’t% ysing the

capsul es an art o
methQﬂ)dﬁSQﬂbEd aboyan The ImeBéat@hs mc@dmgatd thepheandionThawertesn found

o naffs U0 7 P 028 B By o 5GP FATARER i o e
medmmt,ofprefe:@l;c did-28 t%d fom gxamgm chdJHt 850% t éved NMBout BH9% as
FPE itted term e
exemplijest By, STHMERS & 14 an GO Gy BEiRSndd By plc oY agremple
(budekbhidepardxagipte f rzacmuacas(o%PFaropubna@;pla"nabl xam@et igdN(fenoterol
al so. assessed echni ques enabl e the

i S
hydrobr%glﬁﬁ} thsre W&?%n 60<5f 6Q%canek 3@ sR0% (5?$Rﬂcél‘t’¢|b ircre@se in FPF
for th@ﬁartlcles of the present invention compared to the prior an.

The propellants for use in the inhalable formulations including particles according
to the present invention comprise any fluorocarbon or hydrogen-containing
chlorofluorocarbon or mixtures thereof having a sufficient vapour pressure to render
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cal cul ated. As used herein reference to "respirable
fraction" nmeans the anobunt of active ingredient

w@odlbmet4et in the | ower chanmber in the NG perPCT/GB2009/050885
actuation expressed as a percentage of the total

a t of acti t delivered per actuation
them (atEVe B HEPRIATHOStSs Bl S RIoPeHATE Wi bt paposgNent for the

medi@@eaitdi NGuitadld hepr’obélﬁmté OntFéMé bagrverisAs t%yﬁﬂi@%nacontalmng
respirable fraction of 10-30 % or nore by weig

Ch'OVth@fQQﬁfo@d m@l@ﬂoflvﬁ@cmeamwgepmmmm yﬂtmocmbons and

I u
por i B 8020 S50 ARBUES PR P s 227 o
mixtueﬁﬁdthQEB)Of nmyrbesml@ebu(slkywedom de), exanpl e 2
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for delmqmlegt phah}adenﬂasa&aaaosdﬂ fa?ﬁnuialbnts h@amwtéﬂscbéﬁeraﬂy tddenprise a
resent, .in nco ared to the prior art.
contalfef SEPrblhc S ei o RRob T pisswRoTibe pipaIADhused such as a

plastlb 2 bm@tuwomatqla“ésQfonaétépﬂsr@féigbw Bl BAR I8PEXArAYIB Hnl Afminium
rise any fluorocarbon or hydrogen-containin

can \ef'NP rBRY tieealheR Brodised Upreauarttoptask angier mjastic-coated, which
contafrék fid Elbgé’di wiAROMEtdrin %Weeﬁ'@ rﬁ&@ﬁﬁ%b?l@& ?fet g§§ gr‘(@d &deliver a

propellents. Preferably the prope
meteigdnarseuntedlt thediormulation giet actuation Suidt inbbrpopate e ghsketdo prevent

Ieakaéﬁ l%i“ g)?? e Gehane '?Hoﬁﬁﬁl’ thY %IQ/% CRHe01) ta%';%'c E{’%H of@meprise any suitable

rocar bo non-chl or of |
elastdmeknmgmheraatrmjah msw@rfdnampm@ wvb@ieasmpdolyethylene chlorobutyl black

b ular the
and etg&ﬁq@%f@&c_&gn{cg@ bé?fa Mﬁﬂ?l?ef n éﬁﬂﬁ?%"s t her eof
Meyithisle adwast g %@Hﬁhé’rcl&ﬂ?d\/afﬂm frembAtfaeiiserdGedll kHdvh in the
the i ventl o‘ﬂﬁa\ff‘%ﬁbe filled into canisters suitable

aerospgpdag,t” & 1R CERis FARNGR (%8 dPF 1Q iR OR &% Bespak pic,

UK (€& BIRICD, BRIBBERAY BM-RESREAS
(esvl@t hst andi n% ?he va ou?ﬂagregéﬁjr gﬂgg ?%rargpel
u

uSeaventignah Sulk maaygtackuripg @Bﬁ@dsoarwbata@b:ngnawgllmwneto those
skilleggﬂﬁ\f\\ﬁf&‘ia@l hé’}nﬁ%@ﬂuciaﬁ oéd?rmgﬁse ’u?ef Qﬁ‘@a'b‘é"b ;Hygd for the

r i ch may optiona e ano er- CoR
prepasatitynosf lpigesscate batahesofor Wla edmmerdialipneduction of titeetcasiigtérs.

5B, 0165, 6 PR e RPTAS iter
checlawbm‘edp nodeth with co batehatuenisergamk packed ipted ardy foeakdrgge before

| { ggel | ant through the val ve. The gasket nmay
reea%q) e any suitable elastoneric material such as for

exaphfifed cavigien® dahvBRkHEy hflécﬁrh&) aGhltasie bHamﬁeuu@ d@&lice prior to
nd whi t e but adi ene- acrylonltrl e rubbers, buty

use t? (5BLR mgigracskdpnachbalestor agmipisiation of H}eemeemmeet iite yhe lungs
f ! | |

o eSS P o ARG B o821 R v

actuafyr3and BFeYindrigals pakope-tke ms@@geg thlBls{gn)oNhlaKBfiedlcanelnt may be

0
sovefh VAL SENEA e s IR oGP0 GREORYpaten
eg. a mmmd aetdaton MbEreai tosd wﬂ‘ramfrmemfesrgabd aerdetivdr a fixed unit
manuf act ure o enpl o reparati on of
dosa B RSB B o Sl o oA B8 et to 500
microig'rdnh e@d@@mﬁt%&s puff. Administration of medicament may be indicated for the
treatment of mild, moderate or severe acute or chronic symptoms or for prophylactic

treatment. It will be appreciated that the precise dose administered will depend on the
age and condition of the patient, the particular particulate medicament used and the

34



Typically, in batches prepared for pharnmaceutical use,
each filled canister is check weighed, coded with a

woatiohonynber and packed into a tray for storapel/oBL@nOs0885
rel ease testing. Each filled canister is conveniently

fitted into a suitable channelling device prior to use
frequencyr ot arminielfationdane sulli wWinptely fogr atathe disstatieni o ther attendant

physé@ﬁ WRALE 3B .‘TxﬁHr% P emb Pﬁgﬁlegfs %éaémgﬁ%??é’teh%; gr%se of each

ient. Suitable channelling devices c
compenmtpmetra eembipation wall ér gendrah beythahénmplayedbfor each component

whon BRSO SFESAT S A RY 1 e, SERBIL Bt B ot o

1 to Svtimherepéraddyh givingsfer exampletm 2oB od 4pAlfisesaich emga a

t. hpi t uat h
auee gl Bapss oy Bewid GHATPEOARJES JANAB PR dReRRO H of
salmé!@rfol Q043000 1@ of 'saiftdmoll 80 t6 28001 of ﬂuﬁéh%ohé%@@pl@rﬁate or 100
to 5000 m crogram nedi cament per puff

to ZO%HQ Rf Q?q'%ﬁtmse'ﬁe HipaeRianaia: depgnding ohiecsavetityras the disease.
t ‘Tﬁ@g NP lexah 'é%chr(ﬁa@fﬁ atafdn HRULHSIVRF ‘?‘S%ﬁ’{sﬁﬁﬁ)@é@fb‘lﬁ 00 g

Sy rrporrs or prophyl actic treatnent.

salbumleaﬁaﬁe,dwfbmr 230l 9 feticamneopropmmatenos 56r 80wR00 or 250 ug
. . . candi.t f t.

becloﬂmar Jase %n? %lﬁ%é}oﬁggeuﬁnggg%ﬂ%%ﬁ%g ﬁfeﬂﬁﬁ ggerq‘ﬁF &% a Jﬂ%tered dose

mhaletrh:eﬁtammwﬂ;w 60for 24 0imetetechdioses aurpduffmol‘ medidameattel y be

Scr tlon of the atten
cIhbitied BNk S Fetbike isaRERa fosrabSy Agem aMprise further
aspe(ﬂgghtr@qupgémmve@.hoﬁ he conbi nati on will in general be
t hat enpl oyed for each conponent when used al one.

Ty pec BIVEYLO, dMil npaw r e j desariked pwith neeferengerte thergagcompanying
exambRs %&T&Ur@s fit i@"ﬂ) 3bet®d%r§tb6@§1a‘?%e €2mples ‘éhﬂglghﬂafs ?re not to be

exanpl e puffs each tinme. Suitabl

consteRekas llrmﬂpg Bie Seame @i@@rﬁwenilqn INMRAYIMAARRETS0 to 200 ny

1000 ng of sal butanol, 50 to
Br'ef%géﬁhg%he&f%et@gg%% e propionate or 100 to 2000 ng of

bdtiegmetdsasbiiee uhiventipi may tbe, cadierkouti usingeonvieaticmal @equipynent as
f e disease. Thus.  .for .exanple, each valve
showflin [i8SaERTRED g Moy BN 2ol et er ol 100" g
s &lidune anolsho@s, cbfveritidbally By ngriéd ubugesppie (with ultrasound

rﬁéopl onate or 50, 100, 200 or 250 ny becl onet hasone
treatet}-opi onat e. Typical |y each filled canister for use

| IFigur&et gk dpsy drittPbedesoPiedivile ult%ouﬂa@%é&"tm@ﬁpaccordmg to

nmet er ed doses or puffs of nedicament. The fil
the pregAnN¥@ioAnd net ered dose inhal ers descri bed herel n

C @RIre SnbWst SCa&%ﬁb&t%fnag)th@}f‘?ﬁlﬁatb HOYSHiGd on. The

i nvention w | arlgnow be descri erence to the
afagmpahyhms exBFp ebspiiay drieglibedesonide with arpgowder ultrasound

treamqg,q gsgmhvér{i%nexanpl es and figures are not to be

cons rue I'ng the scope of the invention in
afjgurarinehowsra dfag&mmlatnptrepnesematlm dbraacomgstiohal spray drying

equip%%@ﬂfqr%ﬁhhegabn\éﬁl@ﬁgl%p % F;%g&g%%&w HIHasomc cell
havingia@Wi&sdnic plabenserted into the cell.

Figure 6 shows a bonded transducer apparatus of a similar configuration to that
of Figure 5.

Figure 7 shows a multiple transducer apparatus of a similar configuration to that
of Figures 5 and 6. The multiple transducers in this case are circumferentially mounted
around a cylindrical duct.
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Figure 1 shows conventionally spray dried budesoni de

(wWth ultrasound treatnent). Figure 2 shows spray
waleiiedoaytdesoni de wi th ul trasound treat ment acPCI/dBa@9/050885

to the present invention. Figure 3 shows a DSC of

conventlonally spray dried budesonide. Figure 4 shows

aFiogre §rshopisaa, multinid) transrisen paRasatushsimilar othakin Figure 7 where

the m\é't@WﬂcéF PR0% _|s°<t,ork|gﬁre‘2f lﬁ%erréhrédléﬁfdﬁ lb8p: Figure

a diagrammatic representation
chigueantd shews apsamplerofi fhgicaspriep prapionste peénareth dydagrosolisation

I chanber is replaced by an ultrasonic
(acco og+g# %tg\g/lulﬁ%%ghﬂ)ﬂl trasonic probe inserted into the
c €idure AOgsosvsba shovwe af Hotivhedné Ipaoysionkte rprep@rad afyuaerdbolisation

| ar. configuration to that of Figure 5. Figure 7
acco%%}gtg e t'BF)g transducer apparatus of a simlar

CPRfurdvn adhoRd 4 Sam PRt ofHfutich8dHeepropiohate Prepahsd B}/”dtépfét'ﬁon and

transducers in this case are circunferentially nounted
precipifationwith Wasospdi cal duct. Figure 8 shows a multiple

t Eﬁjﬁu?éj 45 %ﬁ WE R ﬂ(!é oP idrbAiced P nﬁl@tfldtlea{dr%t’érgalgpﬁﬁgr e

errutlpetran ucer appara us 1S con
r Eigwre (18 shpwa aeaso) eﬁcgncwo@v&lmmampé@rpl e of

(GRS 37 3058 B L ot Bl € PR B4
oFug‘dre}m 5 chows eeﬁrsopemn@hey pompareeldzvlgygseﬂ;sﬁg%omgag |a on
e b Eacties Grraiblal dibtymidk phst tr ISy ey

pF@ur@nVm;bmhuséut#bn@kérbﬂwmomﬂéyure 12 shows a
onj se Iled fluticasone propionate.

FF@!W% 1§3P§H@!ﬁs S@erqj@f@buw idatee 005 180404 sl GRIAIFETI/C are
part|cl:ésqj1lé'§‘aréé l??f'?ﬁ*éﬁm’@n‘hgﬁ.ha” representation of Fine

Icle action. Figure 15 shows aerosol efficiency
cE@m a8 Gamparaibre EinglRaxinlé Feactiph JGPE) d@tamsing iohalstiof device.

F . . .
CRIRFE" 8% CHRPAMAT. FRsr Rkl 'waR0L TebF SR Lepy qyalaton
proprietary itedteigsi ze di stri buti on data GRO05/ 189/ Ad and .
T 21 S SRSt R BT\ L A BB Btin.
d Fgure! 2RNAF M MoRddyastofiley ifeiebuddsaride mikrémrapand bHRicles of the

Fine Particle Fraction (FPF) data using inhalation

presept BNEMEary test rig.

Figure 23 shows aerosol efficiency of various samples of FP following 1 and 3
months storage.

Figure 24 shows a bar chart comparing the aerosol efficiency of various samples
of FP following 1 and 3 months storage.

Figure 25 shows a particle fraction distribution graph for various stages of a Next
Generation Impactor.

Figure 26 shows the fine particle fraction of various samples of fiuticasone
propionate following 1 month storage.

Figure 27 shows a bar chart representation of fine particle fraction.

Figure 28 shows fluticasone propionate particles (90% by weight) made by the
current invention in combination with salmeterol xinafoate particles (10% by weight).

Figure 29 shows the cohesive — adhesive balance of fluticasone propionate with
lactose.
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Figure 2 1 Surface energy neasurenents with | GC at

finite and infinite dilution. Figure 22 AFM Topol ogy
w@eabiobrg? f or budesoni de m croni zed and parti cPEFGBR009/050885

the present invention. Figure 23 shows aerosol

efficiency of various sanples of FP follow ng 1 and
nbiours 39 shays. thei gxealleny homagengithf ERapartisleapealr ﬁhfg present

mvem‘ﬁ(ﬂﬂvﬁ@ﬁ B%%e&%th%%%ﬁaé@f gxarious sanples of FP

OW n and nont hs storage. Figure 25 shows a
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Detanl@domes&rqstﬁarpaftneqheénﬁaﬁ% by wei ght) nmade by the
current invention in conbination with sal neterol

x Fkardag do Faguree 1and roompanisngthe) DSEi iages too thadwe batches,
there i1 @leaP RfdafRN- théf' Hﬁﬁllc‘éﬁoﬁ%lf %ﬂﬁa%ggﬁ It]% \Ayzﬁﬂﬁﬁé@ gamcles modifies

ropi onate w act ose. Fi gure t’he ex
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moca e ROBRL ) D BB B 48 D5 PURER TR encr

there isdedinite dnpradvemelt enciystalline chatactevistia eﬂpﬁ&essnmaatedlal
gur AEM cont.our pl.ots

S THRAEYE bl 2 Sty S Wity SRRt Ao B8 FroliPrisena tiauia

feed mmn Bpedysdiying Starigereandonghe® 9as Gﬁleﬁ@"@a@oﬁatBR chamber 3,
Ied Descr i Ptl on of the Invention Referrin

CYCIOTH GPBEAET dncPORINU o BITaRGE BTN 1RhBEer G @HEOWged by a
thermﬁﬂ!&"ch@lsﬁ ). LY BoventibRaly tréwtbd %‘p’ré&ﬁdﬁé@bo%@ '|sC ﬁébég?teefdlrectly

rasound to spray dried particles nodifies
into aptsasenic ftavarelt elkamben 2. <Coffcusgnily.cd eentinpaes @@ﬁ ofencm -solvent 7,

s Pk PR ot SR, SRR o n RETRTHR dbaric
slurrydbrie rsabsectmnte pracedsing riyt fitratinor avdnyimgt UItraaonjcsmrabb i10e irradiates

f e rj T ing to
the nﬁ{}ﬂte?g\}lt | ?r%n%&mc? rylr% %ﬁattﬂeﬂﬂxs%ljgg{lm&s i@@gggt% outlet 11. The
solvemommnus e,straurlel mamdeé ard gabes1iv2rard, expplied/ vidrfjten gs The ultrasonic
ser and ati.on cha

radlatgn 'E)?BPW}HeQ %selsgg gts %gsslag%ﬁ%l ilﬁbggl\ég‘lgqc{ pattiglg;size ande crystallinity
is acHiewst, etrafi and esed stréémftboth@d@ﬁa)bﬂr@rt@fﬂa@iced a@iiﬁi‘fhe rate at

The conventionally treated spray dried powle
Whlcho@wﬁt%ﬁwlsrr@mqv? dj nthe %qwm@t@ﬁ@é%ﬁpatr@lﬁwm nhat the residence

time ﬁh%@@ﬂtra@on@oﬂéwrééiﬁbhﬂmbér &0Nng 115H QutSmi f’eedﬂ%f to 1 hr Localised
non-solvent 7, is punped via a punp 8, a a sui

cavitatip® \QCEUBg A1 AMAIBPSBYPIE Iscalezpremetes cliangss ipdluid @mperatur e and
pressure that induces the aforementioned solid state effects. By adjusting the power of

the ultrasound, and the residence time in chamber 5, the particle size and morphology
can be controlled. The ultrasound has the additional benefit that any crystal deposits
within the chamber 5, tend to be removed from the surfaces.

Referring to Figure 6, spray drying with ultrasound apparatus is of a similar
configuration to that of Figure 5 except that chamber 21 has single bonded ultrasonic
transducer 22 located on the external surface of it. The transducer 22 insonates the
entire volume of the chamber 21 with sufficient intensity to cause dispersion,
deagglomeration and amorphous to crystalline or metastable to stable-crystalline
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slurry 9, to subsequent processing by filtration or

drying. Utrasonic probe 10, irradiates the m xture
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time in hiserteircGlafiol procassing oo yrd , 4R} theganiicle tize andusepiology can
on the external surface of it. The

2
there@%beﬁpﬂhﬂ@dtransducers 32 insonates the entire vol une
ofThkhkilleB addeipéss3e wiMdppravidit iteateRb thékh%n%adw {0dEAGITRI to help

di s si on, deaggl onerati on and anor phous to
malntéwg*t%tqmnﬁéawe B Meprsoivent &t Adesitgd, tamperatuse, depending on
desig gonversion, and by adjusting the power of the

uItrasound and the residence tinme in the chanber 3 1,

t Hepderm cicemprisiaganmenns pﬁml@@t)gcm twelk efsor‘eomsisting” e.g. a

conrBRIbA KBS 30N DR 9 ) OB et
addltlboalimgr)éwdi(/ed fromthe surfaces Referring to Figure
Faangn offaifie e Wb yBRBAIEl o it BehUEE Giffipletel

e.g. a%@mp@:ﬂtloﬂ anichcigagbiestastiallyi fleelitffone h’emavcbeac@ﬁplﬁﬂﬂy/ free from Y.
particle coIIectlon vessel 4 1 fitted w

Whe’?h’ﬁ%?@é{ult% WoRd adsdantiady’a mavobe |°<5‘H5Pd ggqrr,x tigg definition of the

inventiofpel 1 or 44, via punp 42, thus creating a conti nuous
cl osed | oop _
“Optional" or "optionally" means that the subsequently described event of

circumstances may or may not occur, and that the description includes instances where
said event or circumstance occurs and instances in which it does not.
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processi ng system The ultrasound is applied with
sufficient intensity to cause dispersion,
waleaggbmawer ati on and anor phous to crystal |l i ne PET/GB2009/050885
net astabl e to stabl ecrystalline conversion, and by
adj usting the power of the ultrasound, and the
Exampdes dence time in the recircul ation processing | oop 3
Exaﬂf% 4 1, 42, the particle size and norphol ogy can
erefore be controlled. The skilled addressee wl |
aBadesorade (5@)aﬂvas Iui?ssbhﬁeldnial 100k ef dichictesietiread. tThehsdmples of
t ai n the re,_of the nop-sol vent
budegfRife BN hgadsieani CofmHea TS Pradioed using a Bchi

290 |ats‘d?a=naw §¢aﬂ€ spf@amer (BUh! @Wi&erlaﬁd)\/\mhb futiohalgd afdmiged using
OSItlon nprisin consij st

mtrog@sa (ﬂt u 5’?‘2/@4’“3’/'“813" ﬁpB'PXMGM?éHQg@'% &lﬁﬁ?'im'ﬁ@tebdwet aspirator was set
at 1Oﬁ%g%n(?qIOLw\fa}eUBIl S Sticiehh 58t éﬁ{ 'i‘@rLWn? elfhc-;lI QSS Y&ﬁgerature Was set to

stantia does not ex
120°G:olapd®mldmpanicleb ware" emllest%htheamlryscbmee:hambmncvsnnatyted to the

t | f Y.. \Wh
ena ol ygR PRIfBhSedos ind Stateicl O S mERbL ARG chine spray
dried bbﬁlcl%\éﬂﬂi ¢dﬂ@;:t||@¢éltrasmh% clgﬁmb@rﬂ?&@?l&éd With heptafe tigioregulated
e ubse n escril e en (0] clrcu es ma
at 25%0 Sad YRR SHe] Bipan S aHG PrabRe eBRRRGA D KHn Llgaoand at 20 W
powel DS AR08 SOITAAES 2Rl 1©hbGUTHEARSBIAGGHHoIeLiry was

instances in which it does not.Exanpl es Exanple
spraypdded @Addearticlgy shasaciprzasl by PRtisal ouproseapy and DSC (Differential

Scamqlh ectrﬂﬂ@t}yﬂaﬁ e S&F%f $HPAfcle M&@Wg%th%g‘égg% of 1 — 7 pym.

trasonic c anber wer produ
u§‘ hagP(éoBLDJ(BD) X(90) foabwo tepvesentdativessasmpley were 21( BEI3, 4.63 pm

and i‘;@s%é%?é,a?sg) -gm:rtég%%{v%&n ﬁgﬁé?@%[ﬂeégﬂx ﬁ)i(rﬂgatgict HBYBS laser

dlffracﬁtlantre/m nute). The aspirator was set at 100% and flow

Diff éﬁ‘ﬂs soJ u on e set to 10 Lpm The gas
iffetetial poanpind Galotmey, 1oonc. Budesoni de particl es

WEISC ceadpleﬂmteﬂti; Weee Ydrfornedi witlt RAIIBT Q200 a2’ thil o7 (TA
end of high perfornmance cyclone separator. In order to

'nstﬂmﬁnts;» WK} AARssRR ey BrBa P matetial was weiahed) it therrample pan of
the D@d hﬁ&*sue,@cwdttb&%hg rQM%'mefOOV*@ﬁmﬁ'ddgeﬁeé’t%& o BPBI@NEhe DSC

her noregul ated at 250C and was fi
meawrem@md\fﬁ%cqzm@%@ur esingte fallowing stepskHz. Ul tr asound at

W & Z%ﬁ'%y ‘r@ﬁgd W@Eh%%& ?Fe‘é'?ﬁwﬁﬁ u'ﬂ %Lﬁé a%gtgrdi}g;f?)u{he present

he re e slurry Wwas 'spra
p dnvieintibre)s character| zed by optical mcroscopy and DSC

(Di fferentj nni Jorjmetry). The size of the
%3?%“"(5"%’5%9%9\}%% %ﬁ'cﬁ éﬂg range of 1 - 7 mm The
~Diduie BEPS1anBeRRBef A tvo Tepresentative sanpl es

were 1.2 63 nmmand 1.05, 2.99, 3.76 mm

—xé@miepv&ﬁﬁfspwm ned by Synpatec HELCS | aser
— Size 2.140 mg

— Method Fast Heating expt 100°C-min
o Weighed sample is heated at rate of 100°C/Min to 275°C

— Run 10 (material treated with ultrasound according to the process of the present
invention)

— Instrument DSC Q2000 V24.2 Build 107

— Module DSC Standard Cell RC
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diffraction. Differential Scanning Calorinmetry DSC

experinments were perfornmed with a DSC Q2000 V24. 2
wheilbdoud®7 (TA I nstruments, UK). Approxi mat el yPGI/GB2@0/050885

mat eri al was wei ghed into the sanple pan of the DSC

and subjected to heating ranp of 100C/ mi n add heated

-t Sampipx0g1e6dpestitisaspubfent was carried out using the
f Ql j eps. (r) Run 9 (spray dried material not

%t r@’ééae%%g%nﬁ ul trasound according to the present

—i Metimdd Bagt Hegtingrexpt 10EQ-MPSC Q2000 V24.2 Build 107

pCoNBiGe8 AP e 9 a1, of WGBSR Gt hod Fast

Examip#@Ri ng expt 100C-min o Weighed sanple is heated at
rate of 100CMn to 275C (r) Run 10 (material treated
wEKAMpla Paghayid the: advantages of the prasiucef eaccording to the

invention) (r) Instrument DSC 000 V24.2
preseff @5&for, (r) Modul e DSC Standard Cel | RC(r) Sanple
pXbe- 2aespbizationl tefficienayd af r hree z ba®hes 0 ofrgerfgineaved héldticasone

. ' - ' d | e.is.heated
popiS i (BTl ARELHRAsRL TARa SRS HOSY!EY powaer
inhaler {pPyduamtlatiers. dBatties ﬁadhddhc&adqalrpduced ac;:]?_rd! ng to

o orTHER R B el on MEUTae, eranlied e Ths SpeGRal es shown
in SEMPgups Qdﬂmﬂdaé@heV;ﬂbEi@Hétem Q@8I diskona?l iASIDDRACEE Adktone. The

aler (DPlI') formul ati ons. Batches

binary dry powder in I -
samplgs,, g éH’t'P%%Q'I?dBFOPSH}% Poyder Solectad iy therWkasqnig chamber were
g gl .y . g
o 388 S X BPL0. Aoy U1 ef 10t . e
solutiamamas @toraized owring Thisoganmat odapfflowing jal agppreximately at 10 Lpm

(Litrel\ﬁrf/eifr?lglje -P?é‘ﬁc%g’\“ﬁgrn@%aggg%ﬁ%dé% %@Eﬂé&/ trétasé:frgo‘ﬁftfbtﬁa\ﬁgg ;§et to 10

oratory-scal e sprf
Lpm. diThergasBehiper8uid was|sebdd .120p@. shllitiddasone ywaspiahatei gaticles were

cotecth T M BHE iy B9 5eBli Ty e 388" bR bt cycione
separatd?W TrRlopdéf tos abplyl Gfra¥&inds &8 the shPay dried particles, the collection
ultrasonic chamber was filled with heptane thermoregulated at 25°C and was fitted with
multiple bonded transducers (akin to figure 7) resonating at 20 kHz. Ultrasound at 20 W
power was applied between 30 minutes and 1 hour. The resulting particle slurry was
spray dried and particles characterized by optical microscopy and DSC (Differential
Scanning Calorimetry). The size of the particles were typically in the range of 1 — 6 pm.
The D(10), D(50), D(90) were 1.35, 3.25, 5.63 pm as determined by Sympatec HELOS
laser diffraction.

Sample 3 Prepared by aerosolistion method exemplied in this invention as shown
in SEM Figure 10. Sample 3 was prepared by the same method as sample 2, except
that 3g of FP was used in sample 3. The D(10), D(50), D(90) were 0.99, 2.55, 4.97 ym
as determined by Sympatec HELOS laser diffraction.

Sample 4 Prepared by alternative precipitation approach as shown in SEM Figure
11. Sample 4 was prepared as described in WO 2008/114052 A1. This method does
not use initial solution atomization. Instead this prior art involves the dispersive
antisolvent crystallization brought about by adding a solution of fluticasone propionate in
acetone to heptane antisolvent in the presence of an ultrasonic field. This leads to
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Lpm The gas tenperature was set to 1200C. Fl uticasone
propi onate particles were collected the ultrasonic
w@bauersronnected to the end of high perfor maPCEGB2009/050885
cycl one separator. In order to apply ultrasound to the
spray dried particles, the collection ultrasonic
parth@ﬁamwﬂcamly smoother matnhparmgearferm%mmgetgal rmethodanf the current

ovenfy 068301 585 60\ 18 P05 LERBEHRER b gyt

HELOBlagépdifferctioms appl i ed between 30 m nutes and 1 hour.
T resultin article slurr d a ..
3 ERtes RErS EhbpRtsE AR BlioBte Wi Jakt BimaRfiopsentaining
microhi2edl Fer &t forhuaamexteacted fomneEnotide Discusi :mealéif t he
rticles were |caII in the range of 1 - The
D% @g)aer%@tgfltlorb(eé&lewr §a@gle332,2§ ard @oﬁrﬁn@yeered FP were
evalu%ﬁﬂsmdﬁﬁaﬁﬁoﬁmr@%dﬂ%ﬁﬁ '03@% whl Epraction. Sanple

Prepared Dy aerosolistion mstho exenplied in this
i E@éim ingry tsmyladian coptagEd G046 ad PLand 88%4Ixlagtoaa¢MLO01, DMV-

Fone B R, ey B AR PUE i by i

the blerd val.sabsequedly pﬂemﬁ‘edmslag adeurbula TeF(Willy dyBacticden AG, Basel,

r diffracti Sanpl e 4 Prepared by
Swﬁzgr'f’q@ﬁg?é %mgf’r %$ B\'Ql‘gg‘?on approach as shown in SEM
FFgUt}Svangbgné&]mhﬁorﬂmmsmgpm@d Bamgleseadhobidnd wadloaded into
1 1405

size SouEiaHPRPIMSAY, SAITPNS  arsuldn SHERIG Shiandgh, Bhgicars SA

Basing50ké] BRG! STVE cﬁﬁéulé@'vvﬁétst&feﬂsétahh |92 ARHORr B4OH G or to in vitro
about by adding a solution of fluticasone propionate

perfoimangededig- t o hept ane antisolvent in the presence of
a‘TeE‘ﬂ nig’ Q%%n' ‘érfﬁhﬁé@' usTrk’q S 'MSGEH@%QB? Cllnfgagtor (NGI) wlth pre-

I cantl'y snooth han partic
separﬁmrhwblctafwameomqtemto anﬂa@nuﬂnomumrrN@Emmys) D(’Ei@)to testmg, the

pre-s%a%%t)g{ ‘g@rsﬁlfg%éﬁ}h 1?5 W C?f?l?(;bﬂé ;mgs sa.Pgiethg ] %F%? t@%ygl cups were

aser ract’i on.
coatedavithat &dv/v silieanadillirt heaale tb ehamr;até)ﬁhrti:tu odnati on

cantai njng m.croni zed .FP and, fornmyl ati.ons extracte
£ FBmeRCh X5 MAN oI Jadivihal SApsWes, of dR8game dpimilation: were

disch&ffgfeﬂqmteﬁhaf Ndi| a&iﬁm_p?ﬁ f@r 4 8 vaend %tﬁalm@mwaﬁé IEJ?()\@PIedewce

Add't'eva}ll u% ﬁsﬁl ng E naré forrrud i Qns contai ni ng O,
tignalivi-PlIStEE WO ch BIXPUAR gl G%{('CWﬁfealL?@oW@emptgeqﬁnd loaded

into 28 B HPRAS Q:dp@@le@sﬁd MlsQ:%rgedDWé:CH“l\félr 8 e¥ensigh for 4 s via a

Net her| ands) and was prepared ba%eoms\trl Cc m Xxing
Rotahadgrn dw"ﬁylngﬁ@osc@lﬁ@ﬂm dhel N@lsanm g M@ﬁtd@mmtlﬁsiaarwthe inhaler,

cans ) B89 1 TRE NG A PR BT apBRilotmos of Lo
mobile phaseit unlformt_y testing, 12.5 1 ng of each blend
" AL et o A R T L BBl oy v
This pijtocoTheas appedted theagee tistesr fd eHcMﬁleWleblfowng?éwmh the mass
mediepnr Iaoerrocsy(l)'nalrnric Vd|:£1rrn%tee {Ml@lA‘B’?n%eeotm% ric nsﬁ’a’ndard deviation (GSD), fine
particle dose (FPD) and fine particle fraction of the emitted dose (FPFED) were
determined. The FPD represented the mass of drug that was collected on stages 3 - 8
of the NGlI.
The aerosolization efficiency is shown in figure 13. The percentage fine particle

fraction is shown in figure 14.
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Testing was performed using a Next Ceneration | npactor
(NA) with preseparator, which was connected to a

wo aoooo4punp (GE Motors). Prior to testing, theBCT/GB2009/050885
pre-separator was fiIIed with 15 ml of nobile phase

andthe cusofﬁ cups were coated with 1 %v/v
sil e @sreslisation, efiiciengy atsod piminRd Yy pRIFentape finguprrticle fraction

(%FPE§lof @%ﬁiﬂ@@e&rﬁdr@was §:gh‘|ﬂcérﬂf§f' rbgféalthéwafdflo%.efonﬂ?a% FP. This
sane formnul ati on were di scharged 1 nto the
data ispshavar inFigure 4 Saamrbcieady @smwaemaabeﬁlmﬁpcmpmpared with the
S o) u
forma?@%ﬁ%@qﬂl Wé‘aﬁ'hé{ m@lje?% gﬁatrt?g ?%?g%ng;nlcét{))ﬁ g'ﬁ%‘é% §# 0°f these
materidd/Basapraomatic fe:nﬁednlsa:lhaugﬁdm isostadNGISaamplé @ Ihmirﬂi dignificantly

ower pf il (eBUReq R, e S TR RS ey SR mbioly of the

particRa¢ IThHeaetdatd stidgeshéd litna sliffersdudost@snn itthd 8edo8NdAtion efficiency of
ol unes_of HPLC nobil e phase. The mass of drug
samplp 874 8

d on each part of the NG was determ ned by

H@eﬁCFaTé‘t'w% B QAtRS ‘Hatav\/asﬁob\@,pﬂﬁi aflet PérfstianB® Soff Bérti%féc Broduced
bl en foll ow ng which, the mass nedi an aerodynam c

accorgingnia de [OURSEDL  inyRiient Afe: oyeRYelMtNale andt SUSAMSICED) Superior to
pertofh AR RN ARG Bl ed i RSB0 S e lonicaty

precipi@ped panticies that hawes vastly differgnt sarfacsaand gebmetrimproperties. In all

cases &t?@%%rﬂ?’clefs %]av% g sla?ﬁ%ﬁ%ng%rsj%%fg@ez ?It lhgnpéjé{élf%: §9§r¥p|e for

FIutlcésena propicnates hiosvi PFriof optimal p’h@tld«bﬁawae rsas/@br@aérl than mlcronlzed /

it B 1 B B L 5  RoEd H Encos ane

improye@ pefbrhéde dfhdbs® bptifnal partiéied cah- thé'ﬂéf&e(b@téttrib’intéﬁﬁMO size,
in Figure 15 and clearly djsplays aerosol efficiency

a'thowrﬁaﬁ d8 30 tRPeRantt desien i e ane kUl & Irangs il othgm groperties  that

descﬁﬂéothggéeaét itdovRRr dficiesice on inclusion of these
materials \'Xaybdrarraélé for the inhaler used in this

stTheySEMdmpues shawa im Figujes PianahtQ (adcerding % thernvention) clearly

R I -
show@l&r%&ingrggt |§fte{rﬁ@ of gp%{?ez Flfééé _sﬁﬁtﬁgesé&ghpgss: gM\g&rfeg o precipitated
and milled| matsriaf shewo embElgu@n 11 Imdaeeomsbeﬁwelyo (not according to the

venfi, 8PS TR e Db SIB 8 K e mosct o

their pertarmainog. t o t he present invention are overwhel m ngly

R R ! SRS Rt e

of thel tdinhb&ﬁ@ﬁ‘ iceAtaining hﬁ@rbﬁizbatfmﬂéam@prébleﬁatbfuﬂcré@ée by almost 50
vastly different surface, and ometric properties.” In

% aftgy stopageder pRR Mesth ABH @it id% ﬁtéers%tﬁeagﬁafpt {heee manghs compared
il | F

o tnd PORRLLD L SuEREE g FEATBY Rl otldiiAg e grvarea y e

curreglingerdiontwera not es @ﬁe@t@d_wllqwmm styrageiinsliess 200diigneal ke FPF of

sam pﬁ??e?@%%é@ btgaéﬁéjr 181G 18Y one MEniH MY di&8Med 3% after storage for

three months compared to the FPF at t=0. The FPF of sample 2 decreased 7% after

one months storage and 28% after three months storage compared to the FPF at t=0.
There was a small yet statistically significant decrease, 29%, in the fine particle fraction
of the formulation containing sample 4 which was prepared by alternative precipitation
approach after one month with a decrease of 24% after 3 months storage compared to
the FPF at t=0. This may be related to the planar morphology of the particles, and
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i mproved performance of these optinmal particles can
therefore be attributed not to size, although this is
w@powspmant ant design criterion, but a range of POL/GBR009/050885
properties that describe these vastly i mpr oved
cles, es shown in Fi glures 9 and

therefpik, e @Pﬁgl%sggr@ﬁ?/lvink? "R Setex achedhn s dhe etose s result of

capﬂl@@ﬁbfe@@;t THé H@tbr@re@hoﬁﬁﬁﬁ%é\ﬁ}@s% érﬂfﬁﬂ QUBNEIESSthat the FPF of
ar ed precipitated and material shown i n

sam phs and3 malatﬁmeﬂ@ Righgyelclt v@rytherwcrome@r&w@e posample 4 when
stored ﬁ)‘f%%'o?'?ﬁreem th8 W{?\'%etﬁﬁd BAs 68 slﬁ"}o o §B“Bjeﬁ 2and3

has a prof ound on t rmance
decrefaeedmyatssmalherwar@rﬁagﬂ thanftbe rmnmnmd sdnmp!e whant $terealt for one or

oo TN 04 coFQchEToRLAE AR P00 B 9 2 er more

stablebhabotiaé hecroaized agendie® afternﬁommtfbr angl oatnres mofie. aShmlple 4 has
ared to the FPF at t=

a mudh, uBEFPF that BRPIGE 4 o3 RAeT SREGSIRT ahePhlremmanEites

Exampiepared by the current invention were not as affected
ol | ow n stora in stress conditions. The FPF of
SEK%W“@'% g’&jaé%'ﬁﬁ%? o§ ithe Rpetidies prhicad AGsOEdRD to the
9 r
pf@“ﬁﬁ“ﬁ“ﬁ@@%@ﬁ?%“é‘%ﬁﬁﬁhﬁ53%@%?*‘%“ FE iR Peri BERRG P fistribution
graphafar evarigne stagashen sherhige aaﬂoclaa?% siiaws théisgpenmnpdréormance in

ermsSAPEBHSE SRRAPY, ey SHRHEE, Mook gt BRedioBh ' i
mannfer te sprapte 2 loé Efxampie an Sﬁmplbeﬂ fmsrpléparedrfrmlait@hizhng\ of a 3%
rnatjve

, l.e..4 which
soluti? BR G GasEe o RRaBUR 2 cichammeliane i hatnangle 8 B 400 m
and Safm;ilé%\ﬂést pfeparémﬁbrlnsatSMMaﬂGﬁ o@@%@él@ﬁbd &) éd@@od?@ @'in 100 ml).
ated to the planar norphol

As shopg i EiUre PBthOcE T Re St S(CU-RE Toab B PLERLNG! (o beltysamples

showé@ oVeV $H®R i8EreasE compaRy With hﬂcr‘bh%eh@ﬁ&t‘éﬁﬁl %ﬁm"g@ﬁﬁé'émllar FPF
capillary forces. The data are shown iIn Flgures

for St%aﬁj42aut qft 213§> nkarhe: RRE velves prare ol . 8Q%sings13:80%dorestage 5 for
sampg&;h% g& Zle%n e@t’i\ﬂ; E%ﬁﬁgreﬁ%fh B%°/‘\‘&rrﬂﬂl'&‘ﬁ'%dsﬁﬁfélt ﬁl Ot is clear

or one or r ee non
therefoom dhati :mrspleheé andt&Uavém sinfiRIF FF todthp Inssrodizadpraduct at stage 4,

th i cronized
ana SUFERGEPBE i MR e DREERH ARadd'Sr < e 11 o
Exampdedi t i ons described. This shows that sanples 2 and 3
t.a t.h t S e aft
o0 bp AT USABRSrioRe eSanthien S s 2l & Thiane Hraeionate P)
proddc@weffs dd¥cribédin E&ﬁﬁh'p@Z 2/\/@@89%3@&@ & cérfnbrn%ﬂ@n de pBW8er inhaler
hr ee nont hs, e 3 shows

(OP) JoledsC AT g e STABL U0 B (N o Retahaler®
unit doEE Mt dé\raé/ee WGSRH vk, UR) BaeE)aondigr@ uﬁﬁ%se DEY& i (TEVA

I's a particle fraction distribution graph for various
PharrgaegidisalsnNetherlamis)and cl early shows the superior

p%E ‘ﬁ?at'idﬁ éfﬁ&gﬁ%)p\‘;vag gEaILQfeds ﬁ'&"rﬂ) r?at%ﬂ%ﬁﬁ%&laﬁons also
es wer e duced Tna simlar nmanner To0
contamlgalmlcmmifedEﬁé(rrpEacm coBaimatonl farasilglioapeorddinedo®16000 g FP
) : 0
(sam@ib F78114)°B.02528 3K and 3.8168 g lactose (MLOO1, DMV-Fonterra, Vehgel,
Netherlands) and was prepared by geometric mixing. Following this, each blend was
subsequently prepared using a Turbula T2F (Willy A Bachofen AG, Basel, Switzerland)
at 46 rpm for 45 minutes. The blend strength of each combination formulation equated

to 500 ug FP and 50 pug Salmeterol base. This matches the dose strength of Advair
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solution of fluticasone propionate in 20%
di chl oronet hane in nethanol (3 g in 100 m) and Sanple
w200 prepared from atom zati on of 3% sol uti oPCT/G6B2009/050885
acetone (3 gin 100 mM). As shown in Figure 25, the
on stage Sc{yagt off 1.36 mm of the N@ for both
500/5@ama eampleo Rk Adyaisr 58969, Wag rusgdeas dhpanistionizet example. The

coro AR CONRECTE s PAG| SRT Lamin ori0. &, 4 o

microni2e@bPowas meagwed. f or sanples 5 and 1 respectively

CREROFH uf thrbecee A IR AEE'S SRR S Ao b pyotonate

unit d6$¥DPY dehiee rare gosHtaethap el mtroatzedtﬁgq)lé Wingh the Rolahaler unit

dose BREAaFke it v e 5EB) Fariiles BBt il GalhgnpBlezs and the

microsizéd dahph. frhrgtgr@wsqnst fNeqmti@Bé’cSr% 6rE>B)on@t ngéﬁ@@sa:ﬁ the present
descri bed in Exanp was assessed in conbination dry

inventipsingampiasirapad 3¢ QJFQF?" f‘éY%l"%ﬂh% & Fcipribaitwe Agvices. While sample

i
4 perfggrt%{z1 ﬁﬁﬁ"'é‘rﬁqﬁ‘?@ (45 Ell osugﬂtbgﬁfagg/ ? Is%%(%(&ﬁ‘l%e% th Rozljlanhgler unit.
Samp@ﬁcﬁt anchBdagye a high FPHde dotbRunigevi ce ( TEVA

é'?@&reéﬁ:h 3L SyerNeliBR APAS hvonf 845 Z9HP The %FPF of
51,2805 Bp

|c ency s evaluated in co
microtﬁmedrEPaAnd)tmse sansples @n8 amndlm‘gs]amnot sngnmednt@Xafdem:dt under stressed

conbi nati on..formul ation ta|n 0. 160 P
storags” Sarfonsy TeSh g HBuxah aau kiR BTt Pyhe (HEGOL Mvention
shouI@WorfdQﬂaﬁirwao Dmtn@ﬂtulatmsherl ands) and was prepared by
Eorretrlc m Xi n owi hg this, each blend wa
S

SU08 oMy Bl G a1 & 5T BN oF srel plenpyas loaded into
size Qa%p&fo%)prﬁﬁylnﬁqﬁw celMbdeZ &R0k AUPHT, T @ﬁldn%bl 4Qualicaps SA,

tes | end strength of each conbinati o

Basingglpkel HK).omhe fiapsulgstwersostorafl BP 44ne 5t ey galfmﬂﬂ@f ¢¢ in vitro
AR s, mat ches the dose strength of Advair500/50.

perfoA S Et%@“ngf Advai r 500/50 was used as the mcronized
eXeastjrige wathpedemoed wsingra dNext cGenenatiod Impactadi (N@H ewtth pre-

i t
separpfdf.4hith AL oSN I VACuBRTBURB (GE; fodrshiRriosdo tegting, the
pre- s@a@xtogI hesHFRed wgths&h'ptl ©f niHbild phade éﬂd&h@@uﬂs oy tHeoK @l SUps were
ev ar r than the micronize
coated il £5: Gk Scomsoki hatane o Einfrats Ba e Bt oo | &
used eabﬁee)ﬁ)ﬁﬁn@‘nt Sﬂt’ﬂﬂnﬁﬁwau@néb;f’sule% ﬁf Qﬁé Gdaniéa&mutatlon were
d the mcronized his shows t

dischargl it the, NG 76 COIL6H7 G4 SV Hplanaler 4B HpcuRhand 90 Lpm
for 2.8 s\tﬁahlcworfa@émtrewpﬁm;muﬁaaé améthe RIs§ td) bHFtFr(e BJaT devices

in the two devices. Wile sanple ormsvve
were PIP@HQQ’CSL@I‘?AIT@4 &Fﬁaprestsurerdrgpav ep@ﬁﬂorrrance in the

SBURGHD, 15kt FATTA iRy DRSS A8 5587 e o5
USA) atyerESemﬁtuéd VRS r'ﬁgeo%%ﬂﬁlwfﬂlom wagrtransteridd amal didzee 3 HPMC

capsu TN Gpaded o & ML) kPR AR L Ao BEEP 1§y 0 Lom o
2.8 s tihai Cpaotialel. es prepared by the current invention

Following aerosolization, the NGl apparatus was dismantled and the inhaler,
capsules and each part of the NGI was washed down into known volumes of HPLC
mobile phase. The mass of drug deposited on each part of the NGI was determined by
HPLC. This protocol was repeated three times for each blend, following which, the fine
particle dose (FPD) and fine particle fraction of the loaded dose (FPFLD) were
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should afford stability to DPI fornul ations. Follow ng
content uniformty testing, 12.5 0.5 ng of each bl end
worsoloraded i nto size 3 hydroxypropyl met hyl cebPCTIGB2@®9/050885
capsul es (HPMC, Shionogi Qualicaps SA, Basingstoke,
UK). The capsules were stored at 44 % RH for 24 h
deterrpinedr The FRD vepresented the mase of deug thay watewllpetgd aasstages 3 - 8
oftheq\?éformd using a Next Generation Inpactor (NG) with
preéseparator, which was connected to a vacuum punp (CE
Vbigures )26 E%nmws the RRES spedificallpefop R sapam atdvairws@0/50 equivalent

o B Aol T B8, 7, BOROSAR ik Ficen X
partlcfé@X Rigard 27 @Eaﬂﬁlcfaﬁlvtéhb%tth@FPFQ%H&QanE@ "of péﬁlbles whereby the FP
erinment i ndi_vi dual asules of

was W arad Lyithis ‘Wé‘i"'g'oﬂr §éﬁ‘¢ﬂ|§e% and 13,(cyple_ ?\I@“dé%yc@g‘?’i_%'i‘ﬁ' f@a_2 and
rota_% (ﬁeé’rlyasrﬂmRQ&&é?%'r %bﬁé%cevxﬁrt&mé%ﬂ‘) Flﬂ%cpmug%@afrlp rmcgcées that

s via'a Cycl ohal er har maceuti cal s, Net her
the colesions lpesvern HFPd@ﬂdc'éB mee‘ﬂ@e@;ﬁé\daad@emr@ftla@tpsel ta P can be

d
cont ol A 8P 8> rsREes omAlhs POBi Yo, ik 4BE9 re rom
comn(e@ﬁﬁlly HM)ablaedellcmspMnerdbmmb chrEnuzgd ofatédal alsaindergon@sseveral

weord JORR RO B TG REHE8 308 B 5E05 yonnon
are hlghly fstabIeZe\%erS whed faedhie |pﬂatﬁr@d ardkd esitargte, this again states that
B RSB T SR g ons

w@m@ %%wgﬂém&egm POk AIBR Qfmeﬂ%l—% thﬁemﬂs&mon They
mass of drug deposited on each

were H@net?kh’i' inpya cPMEinatinn §opsisingoli sa}vagte.r @ Wlﬂf@ﬁliet(h‘?%eby weight)
and fh'tl@@&‘,%n@% Si%ﬁﬁteb{gﬁ)‘%j bx‘(}@% {;RZ" \nart i Cfﬂé ?élﬁlﬁté‘rblnﬁn?foaﬁ particles

Icle ose raction
were mjar@eaedcfm@l tbsﬁlumct)sqmr waeloeata particleT lage prRapared according to the

ed the mass of drug that was collected on
prese@ffaﬁggét?dg{ 8 of the NG . Figure 26 shows the FPF

Examgdedi fical |y for FP for an Advair 500/50 equi val ent
bLend of .FP, t 0 thi xanpl e, and
IR aaesivepaRreRe hoods GARLPLidautedrEiFEons prdBionate (p)
and bgtombldt #pl efn@hw@d théFFH‘etlnm bpiheeeRneinveatidr (Tslaﬁﬁnles 2 and 3)
%bge t he F repared 599&2' S invention.
and bz aaﬁ e %d Qx%rﬁ |Ift§§dclp6N§) Hgsg Al éﬁ@(ﬂnplgﬁa q;e) descrlbed

in Ex&r'nB%r’l ywéﬂaoerétémmﬁéa Wlthpf%‘sﬁé&tﬁ@%téll‘hé 86tr s EPFPam lactose
hus cl earl(:{)%l ndi cat es that the cohesion between FP

monoamdrarav pae tGAB dloreen halampe sefothep Hiffesentobaiches mpthe sgspeet to the
crysteﬁlﬂ{étitfﬂsirﬁ%s c‘.f&e?b'ne& g 1Jligwoni zed conponents used

I's stu are om conmrercl al |y avail abl e devi ces
Probmmﬂphe m croni zed material has undergone sever al

oA, Al BT ylindit PERF RelCAeeefi Shignpgra V-shaped

tiplesst@dJ'Itlmvemer(DNH-'eozm r 8hI0A, puSPar aesing aad dpoxy eicsitr i (Araldite,
trajs GR in states that

Cambridge, .

Production of smooth lactose & drug crystals:

Smooth crystals of lactose were produced on cooling of a heated saturated
droplet sandwiched between cover slips. Smooth drug crystals were produced using
sitting-drop anti-solvent crystallisation, in which the active was dissolved in acetone and
the anti-solvent employed was water.

AFM force measurements:
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particles prepared by the current invention should

afford stability to DPI formul ations. Figure 28 shows
w@arvioeises of FP sanple 3 nade by the current PCT/GB2009/050885

i nvention. They were then blended into a conbi nation

consi sting of salneterol xinafoate (10% by wei ght) and

f Indiyidua daeemusgasoiia: 4024098 1eycandugled)ovenBetim x h@ pm area at
a sca?atla'f@[)? 19z %h83Y 8&5?{%@[\%“{55@% BN, %ﬁvn%%e%qal%%d tidfis were

| casone propl cl'esare prepar
maintainedrad |araynstantt remperatea bf 2096+ |1C5’1°C)Eami’maalle&|v5 hlhedity 45 + 3 %.

e 4, Bl B0 Rl P25l A5} 0 ecunaent comac

geomeny) theerdbdsivy RFhEadtesd pterattidrizeofanicicitted FV apd it 36 times greater

d by a different nethod
than @Q&%P?'f’?é&’aﬁg Nﬁ%a%g@@{ 14052 A 1 (sanple 4), as

dener cagr dnanysiadp! sampleWer ﬁPd%&@éQté@%ﬁ{ 8 TeRRIRARINt contact
to crystalline substrates of FP and | actose

geomelito ipupdhesiver fiE-lastoseointeragtignenefesampleneP dire et 2imes greater
than m@t&hggvaﬁwFp?ﬁP?ﬁmﬁ@ the crystalline substrates was

determ ned as ows: Probe preparation: Particles (n
—T3)9 GAEn|dnalysisc loé ssahplEP3WEPe saggestént dhantfor snaivdient contact

r DNP- 020 CA, A
geom:ét hg a%dheﬁoffﬁ é.%?ﬁ)ts '@é%(cipé? 8FP%'PpEa?D|r§ﬁ ar&e?'ygk}nes greater
than tlﬁecmbhe!aweFPel’FPmmtchoﬂ\sact ose & d(rjug cryslt al s: me)ot h
cryst al cto e were produced on cool | of a
nhBe B ARG et BahHhetwachiost ek oc saupalent contact
georr@krypthe ﬁn@@tvb FP-UBctoEd fitalaStio®y 8f SHrRslE «erdp e Eﬁnost equal to the
rop anti-solvent crystallisation, in ch

cohequ%Fgg%' {/éeNaBHoNS: ssol ved in acet one and t he
ams sy ﬁﬂhq?ﬂglz@lf Rk e ?ro‘l‘ﬁte@rFPA\)@é %ﬁhﬁﬁ_aliat%/ 5nore adhesive to

measur ement s: ividual force curves
lactossothan gaseples &r 3antpd onFR neparadar Sampte 4 wasatherleast aﬁheswe to

IactosAe d288 Zhd HRERRS) %‘tquﬁg.gsd gfgt 3 ac‘é”c‘-.‘hérﬁge ; a{h . material is

rtrons were mai'n a constant te
S|gmfm;anm0 dﬁ@rentlfrémom)e ather rbadtettasy dHdweviedi the 48hesoovalles ranged

o B8 30 B B RSP s s o

matelnaltwhmtcbnmm@ thé ai fté‘rEﬁEdutEsl?raQéSE ﬂh@@ré&téﬁ&oﬁé@ﬁfaﬁ” ius of this
t he cohesive FP-FP interactions. The CAB anal ysis

mateal 4 V%ﬁ%%t i tﬂwt%@%[%?'@a“% &Pop 6?%@?%?1‘&&'“@'&& gy powder

mhal@’QDF"P)Hanulbﬁ&@dheSl ve FP-Lactose interactions of
nple FP are 17 tinmes greater than the cohesive

FFb] Fmtr&ﬁteih&&d"@ﬁw velgesomiatingaloy il s lagtosaipgeeactorpf sample 3
anaeb SRS 51 0BR8P 1 120 - 1
nN, whicherefieatssthgramaller contact radius of particles of the present mventlon when
contacting the different substrates. The small contact radius of this material will result in
greater FP aerosolisation upon formulation of samples 2 and 3 in carrier-based DPI
formulations compared to micronized FP, with adhesion values ranging from 169 — 249
nM.

CAB analysis confirmed that sample 3 may have smaller contact radii than the
other materials, whereas sample 4 may have greater contact radii, which is related to the
surface geometry of these particles.

These data demonstrate that the particle engineering strategy as exemplified by

this invention are able to afford control on both surface energy and particle contact
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than the cohesive FP-FP interactions. The CAB anal ysis
of sanple 4 FP suggested that for equival ent contact
w@ean®oTy] t he adhesi ve FP-Lactose interacti onBCDEGB2009/050885

sanple 4 FP are al nost equal to the cohesive FP-FP

interactions. As shown in Figure 29, the mcronized FP
geomely, dotnidfi ediinh yarepewticad haudlie atsibutest @f edtugaparticles in DPI

es 2, 3 and 4 of FP prepared. Sanple 4 was the

fonnufaz?lgﬂ% adhesive to |l actose and SX and therefore,

sHigyes 29 $ﬁca~s the FRlLdacse éneragtiornd withi ﬁasmad:tetd different contact

aeom Sy AeF IR Yafnd LRIE ™ b6 SIS R ok ATBan acpgon anc
cohesidw forBample £f | ect s the greater contact radius of

partlcl es of this material when contacting the
Example ferent substrates. The greater contact radius of

t fhe a@ﬁ;s%r.talonvaﬁ &.eﬁaﬁérl stan‘uﬂe bl dﬁflhﬁé’as%%?ﬁ@bnbﬁ&}egfp) produced

upon ornul ation of sanp ]
as degsprpgd ﬂmrﬁmnmlqe chyvas assﬁsﬁead aetcombieamw oawder urhaler (DPI)

| At i - P j i e .
oAl Ao Tird B84 B AE5IRN, S8 BERLSR Boanaler® un
dose £aRiptevite r(@giedWargmUK}8and IBelahbjer@hunih doskl BPt sdevive (TEVA

smal lL.er, cqont act dius of particles of the present
Pharm%%éﬁq??lghﬁﬁﬁ'gﬁa%ﬁt acting the different substrates.
TiThe %@ﬁislollzatrdnaéﬁucnému was elalulied inRbAIbirdtioni DM fbﬁﬁullatuons also

n greater FEP _aer i sation upon fornulatiaon
contalgTHG 0P 25Ha S8, | SR cP MBI ARE SRR GNP Po 16000 o FP,

0. 01169"5385(%6 8. 8@8@%&&'0?(%@ (H?_OOW' UMWBﬁﬁa'rt%n VERGEE Netherlands) and
rom 16 249 nM CAB anal ysis confirned that

was p&&?ﬁ%}eg%s aeginairis, e idng Follpwingrthise ther é@nd \Maﬁ@wbﬁwetmlmaepared
using ”Qtﬁfrbé‘lhsﬁl”(w A ?&gﬁbfaenA'A@ayB%}(eS%t?@ﬁéﬁ eﬁnag%m for 45

is Tela to theé surf’ace geone
mmutBheEhze p@ndustte@gth Thiheccaimbinaiizmtonuladioe equated iq:esoo ug FP and

[ ied by this
25 ”g%@ng‘%rglnﬁz}%éﬁ%b%fo@mﬁa ?%rggs\bggz;stf‘raéﬁug#%ot h surface
eAssepsneerd op trd cartentamifoanihgefothre tfoym ulmmdnmftamlmgcrhlcmed FP
criti.cal aIL a i.pbutes of. dru artjcles in
and Pttt SKawithy 3 50058 L liiof . SHedtRldd JoB? honGGeneity and
thereﬂoﬂé emtfomamd hvafseﬁbﬁctihatabtéﬁsfeﬁeb?nh gigat epaction studies. In
ticles taki ngl note of the relatively

contrgst tﬁeff%fvmlé%m@? é%'ﬂ'"&dﬂ’e%'ﬂ eahand BHerONgRd 1% eéumﬁdeverv good
homoﬁenéwaaaoéﬁoﬁn heigars 96.0mhzadHaws Bkl Ranme 9tfan8§1'83lb§w§non for

of fl'uticasone pr i onate (FP) produced as describ

Samplé, e I wae3idsangsios Sewar - eonibhisaadmpared yo ﬂtmmromzed FP-
S oIS, L Ind o ALt R RS LRLBLGA o PRl 678 g of S s
15.95dose DPI device (GSK, Ware, UK) and Cyclohaler(r) unit
d%ﬁo@ﬁb c%ﬁ%gn?ﬁn{f&ﬁ'}(@ testing, 12.5 + 0.5 pg of the blend containing the FP
sample 3 blend or Advair was loaded into size 3 hydroxypropylmethyl cellulose capsules
(HPMC, Shionogi Qualicaps SA, Basingstoke, UK). The capsules were stored at 44 %
RH for 24 h prior to in vitro performance testing.
Testing was performed using a Next Generation Impactor (NGI) with pre-
separator, which was connected to a vacuum pump (GE Motors). Prior to testing, the
pre-separator was filled with 15 ml of mobile phase and the cups of the NGI cups were

coated with 1 % v/v silicone oil in hexane to eliminate particle bounce.
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Phar maceuti cal s, Netherlands). The aerosolization
efficiency was eval uated in conbinati on DPI

wo ord AT ons al so cont ai ni ng m croni zed SX. BE_CTYGB2009/050885
conbi nation formul ati on contai ned 0.16000 g FP, 0.01

160 SX and 3.8284 g.lactose (M.OO DW- Fonterra
vgﬂ@%ﬁ ﬁ(m@m%d@yo (vigal 5@@#8%@* 59¢ cRam domRulation were

dischargsé o tﬁ@'NlGM'hf‘gO q_Bhﬁforti‘Q sb\hsradcvaéhélepmﬂrﬁﬂasfmaceuucam
prepared usi ngpa Turbula T2F (W A Bachof en

Nethesagé$ togisupe pPiiIrdpvices m@rerqmrat@d smsh haiut kBa pre@ure drop was
gener?{e%nd strength of the conbination formulation equated
500 ng FP and 25 ng Sal neterol base, therefore this

mﬁellcawﬁ@(ﬂetésdlaamn aﬁeoNGleasaiuerWasafdlmhm\tkednammhe inhaler,

capsufih o Bl it O Nl L BB RPILINED WD e EEEa o reLe

mobul@@haseﬂdrmegmes toy gaigzldéﬂm“teﬂ @negadhhpat bmhmuat wag mmmed by
aracteri se vVitro npaC |eS
HPLCE Jhis BIGHSCo) RiaSrigpraiba g 1ok LaTiRAcH P ARAYNG Walkh, the fine

particldl @688 EFFh)S¥ng X Mdidaeskiy SfActiBA0er IREDIBRA&T tabsas (b
i in Fi gure 20 Thi s shows theC % Rel at T ve Standgr (FPAY) were

determingdat he i A rersasgited the gasspf eg @awaérc@"e@edsm stages 3 - 8
of the’NGP- This conpared to the m croni zed FPSX
fornul ati on, where the % Rel ati ve Standard Devi ati on
oPerRprmancesiats saggieated SXRiator sam@ie 3 fifod 1500i25dotouiatort of 79 pg

and 1§ iq BrEe, dnt K% B%heckfel o5 st Fiolital; Aghauigioure 21

this trianslatesi toea 3|nbym!rtnodg fragtigh of @dityl foc §X cdraparedapitui6s % for the

Shi onogi Qual i caps SA, Basingstoke, UK). The
engmégrﬁgﬁ es were stored at 44 % RH for 24 h prior to in

Vthu@e B ERewanee FREEtD ﬁﬂeas'[ﬁféd Idsgdmﬁnb@arébzfveedomdrﬁmmons
Next Generation | Wt h _preseparat or

contaiiE KON Shaabied LR 800 S0uRop b (BRRPRLB0S&YS0), 500 g of
Samp‘?é qup ta‘hgtiﬁhbrlﬂ SX faeahPe semr/ﬁ)oa[ndmavé.f kAm.rW gdtvd® which

phase and cups were
contamdtﬁaﬂ) w; ohFP and/bQ g <pf| @én éf hdﬂ Flgure ﬁfaem that ¢n Sample_3 500/50

and sféﬁﬁdqﬂ\a/ Qﬁéfékﬁ{a% P he ¥ il ﬁ?uﬁi‘ﬁe/&é\!s%”%ookwo The FPFLD

capsul es O atron—we
of SxmeSa@@lﬁﬁrﬁQ@/zﬂwwamﬁlgrm thed theBaimple B BOF50i a a

ol B e e SAGEDES il F 1,0 bIAHE o Phy bl he content

uniforprigsefutre dlepd aad faciitatest ad. in¢rehb@vwh rBX agitro sedpectltd FRF, also
s disnmantl ed an he i.nhal er,

. 1 he appar at.us

mplypgioeh toc LR deFniion L3NG RoRehE P HEHERABEES SXocan be

used Kﬂm&fbléﬁﬂi wrashiebe thinparidl FEFEbAB6th AR angee mesdrdé@a suggest
eposi ted on each part of the NA  was determn ne

that qang@nwegeﬁ ot GEBPATRE DY Bp et tr}vﬁe@on,l 'hequS@rb!eie fermulate
f
combma‘ﬁal‘ii DPIPrbQyhts Q:omﬂlrﬁ hali% fthd ﬁoﬁ\i’?rf ose r(e"ggg%)oloyed in

fine particle fraction of t
theAdJé&"eprdtl@trm ned. The FPD r epr esent ed the mass of drug
Exan{d?é‘y was col l ected on stages 3 - 8

The surface roughness and surface area of micronized Fluticasone Propionate
(FP), sample 3 of FP prepared by the current invention and sample 4 of FP, as
described in Example 2, were determined using atomic force microscopy (AFM) and
BET surface area analysis, respectively. The roughness of imaged areas was quantified
using the mean (R,) and root mean square (Rg) of the variations in the height of the
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of the N@. Performance data suggested a FPD for
sanple 3 in a 500/25 formulation of 79 ng and 11 ngy

wo oo10BP74and SX, respectively as shown in Fi gureBCBOB20AS/050885
shown in Figure 2 1 this translated to a fine particle

ion of 44 % for SX _conpared with 15.8 % for the
imagesh SR dibrbsimerey dhe S9TCE RS Of RETPISS iRsrERlaMine ity a five
point ng*crmr{g%}, Q&&Yﬁuorféﬂalyfs% mul ati ons contai ning 500 ng of
FP and of SX (Sampl e_3 500/50), 500 ngy
fT hesnpee Eanolraam Jirghfhﬁ Psampleg Baamvesmae@m)TammgModem
atomn@‘i‘c‘(fﬁé (5n|(:|%g¥?b gé\lfl@ﬁ gia"mulﬁﬁno g ,hgﬁpg%ggﬁﬁephaggscope llla

ure s
contr@igp/ @0 imm sun@aerlmﬁxeom& aBH Iaad:llaomutm (ﬂmngblemuﬁfbétEOMCL-

a8 SNBSS 000 T Sy TR o e

areasi ow theesurfduat oft perticlag ioh eacie ehdtétidiasitraa dé@dmﬁdrﬁoﬁﬁ 21512 pixels

t ent f f the bl end
and o ShaR ol ok Han | i EualiOess Rl QaRRkaHErs g iepkebusing the mean

(R,) adlds@ot mélaﬁléggafé?@-’( foﬂfheavé}IaY@Hs ﬁrpﬂi@%é’léht‘m tH8 iffged surface, as
engi neered_FP signifi cantlé" ess can be used Tn the

Calcum%feyth@/*fdvlﬁ@wat%wa@&m @PPQfQﬁuab@ﬂﬁh FP and SX.
These data suggest that using engi neered FP, prepared
by the current inventli is possible to fornulate
conbi nati on DPI %fodm:ieﬂiht aining hal f of the
nom nal strength curenEly depl oyed in the Advair

product. Exanple 7 Th e roughness and surface
area of mcroniz d Fl tll ﬁ e Propionate (FP), sanple
3 of FP prepare ént invention and sanple 4

of FP, as descrlbed |n'%XahpIe 2, were determ ned

wherg!8), mth@tmserf@frmntmnﬁ oS Fadye éﬁ&lyb isafe ditdndelbf P6ibt i from the
aLea anal ysi s, respectlvely The roughness of i nmaged

centre iReys was quantified using the nmean (R ) and root nean

Squarspecite) sutfack el & iof Qﬁé @PﬁsérﬂPFe@.ew@r%' RRbs@ed using a Gemini
t hei maged surface. Furthernore he surface area o

2360 safgre aremanalser (Miseumesitics InstiepentnEompration; Negeness, USA). A
five- pgglfngrﬂg;ﬁlag é’r’f‘ﬁbé’o? ffon %H%y tRALa{% rﬁékp8%%§(?ﬁ$§53% Qi]ﬂgep samples

|nves I gat e appi ng
for 2#ohewsninc o StayrepABRY dagasgen (Midrometities ARditurderity Gerporation,

Nanoscope Ilia controller (all fromD,
Norcré%@rbrhe%)ge UK) and a silicon tip (nmodel nunber

OVBEACR AR EBe sGmymarised id Apble)2 belownage t hree random y
selected 1 M x 1 mm square areas on the surface of
particles of each nateri al vvith a resolution of 512 x

Sample? pi xel s| rap- Amycan r4t (s@ Hz. Th@uﬁﬁé@m’@agén;%

I maged arefps was quant i fli using thelmean (R ) an

Micrepigéd nean a@§7é1%ﬁé) of 4t5IrQ7 (drfti on6.55 t he hei ght
Samgz)ef ;r,:grienﬁglgﬁgg % q?‘ol I CVVI ng gqu%t an:)iol?lgc A
Sample 4 11.20 (1.55) 16.52 (3.13) 7.49
Table 2

Surface roughness analysis of the samples suggested that sample 3 possessed
the greatest surface roughness, whereas sample 4 (not prepared by the current
invention) was the smoothest. Sample 3 had a greater surface area than the other
samples, which may be related to the materials roughness. The R, and R, values, and

the surface area of sample 3 are greater than the micronized sample and sample 4.
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where np is the nunber of points in the inmage and vyi
is the distance of point i fromthe centre line. The

W@ p@oi06i4a7 surf ace areas of the FP sanpl es wer ePOBGB0QM50885
using a Gem ni 2360 surface area anal yser

M croneritics |Instrunment Corporation, Norcross, USA).
(ATth?éabeﬁfﬁtdee;@ﬁom ¢fr higeRa zi’(ﬂ‘goRg)tV?Bﬁsafﬁélt@% imicipRized sample is
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and %mpe@w@ t Tleesy ehnvematssanfpiee is onigtimermeothen thiaeasample 3. The
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micronised Budesonide and Budesonide particles of the present invention. 1GC was
used to measure surface energy of the particles of this invention. IGC can be carried out
with two sets of conditions. At finite dilution the adsorption isotherms can be derived
from peak profiles and used to calculate adsorption energy distributions. Secondly at
infinite dilution amount of solutes close to the detection limit of the instrument are
injected and in this case the solute-solute interactions are small and only solute-sorbent
interactions influence the measured retention time. Only limited adsorbance (coverage)
at particularly high energy sites are analysed as shown on the left of Figure 21. As the
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Figure 17 shows an SEM i mage of commercial mcronised
Fenoterol hydrobrom de. Figure 18 shows the particle
W@ me/oafi4g1 ri buti on data for sanpl es of parti cl BGT/GB2009/050885
processed by this invention nanmely GR0O05/180/ A4 and
GRO05/ 179/ C. Figure 19 shows a conparative Fine
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di lution the adsorption

Var'anﬁgg%é}r"frrgslé%daﬁhgié gft!edrtﬁ\?ed from peak profiles and used
to cal cul ate adsorption energy distributions. Secondly
at infinite dilution amount of solutes close to the
detection limt of the instrunent are injected and in
this case the solute-solute interactions are snmall and
only solute-sorbent interactions influence the
measured retention tine. Only Iimted adsorbance
(coverage) at particularly high energy sites are
anal ysed as shown on the left of Figure 2 1. As
t heanmount of solute is increased to finite dilution
ultimately 100% coverage is achieved giving rise to
adsorption on all sites of the particles regardl ess of
varying surface energy. The particles of the invention
are characterised by having isoenergetic distribution
of surface energy as shown quite clearly in Figure 2
1. The surface energy is very simlar and near
identical at both finite and infinite dilution for
particles prepared by the preferred nmethod of this
i nventions, whereas typical mcronized particles show
dramatic variances at finite and infinite
di lution. CLAIM5S 1. A process for increasing the
crystallinity of at | east one solid material which is
| ess than 100% crystalline, conprising contacting said
solid material with solvent in which the solid
material is insoluble or poorly soluble (a
non-sol vent); and applying ultrasound to the solid
material when in contact with said non-solvent. 2. A
process according to claim1l, wherein the solid
material is a particulate solid material having a nean
medi an aerodynam ¢ di aneter of up to about 10 mm
preferably up to 5 nm 3. A process according to claim
1 or claim2, wherein solid material is obtained from
a process selected fromthe group consisting of
mechani cal mcronization, mlling, jet mlling,
grinding, rapid precipitation, freeze drying,
| yophilisation, rapid expansi on of supercritica
sol utions, spray drying or mxtures thereof,
preferably spray drying. 4. A process according to any
preceding claim wherein prior to the application of
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Claims
1. A process for increasing the crystallinity of at least one solid material
which is less than 100% crystalline, comprising contacting said solid material with
solvent in which the solid material is insoluble or poorly soluble (a non-solvent);
and applying ultrasound to the solid material when in contact with said non-
solvent; wherein the solid material contains less than 5% by weight of solvent.
2. A process according to claim 1, wherein the solid material is a particulate
solid material having a mean median aerodynamic diameter of up to 10 um,
preferably up to 5 um.
3. A process according to claim 1 or claim 2, wherein solid material is
obtained from a process selected from the group consisting of mechanical
micronization, milling, jet milling, grinding, rapid precipitation, freeze drying,
lyophilisation, rapid expansion of supercritical solutions, spray drying or mixtures
thereof, preferably spray drying.
4, A process according to any preceding claim, wherein prior to the
application of the above process, the solid material is less than 50% crystalline.
5. A process according to any preceding claim, wherein the solid material is
selected from the group consisting of an active pharmaceutical ingredient, an
active agrochemical ingredient, a pharmaceutical excipient, an agrochemical

excipient and appropriate mixtures of two or more thereof.

6. A process according to any preceding claim, wherein the process
comprises:
0] forming a solution of at least one solid material in a solvent;

(ii) subjecting the solution to a process selected from the group
consisting of rapid precipitation, freeze drying, lyophilisation, rapid
expansion of supercritical solutions, spray drying or mixtures
thereof, wherein the said dissolved solid material is converted into
a substantially dry solid material;

(i) optionally isolating the solid material from the liquid and/or gaseous
components of the process of step (ii);

(iv)  treating said dry solid material from step (ii) or step (iii) with a non-

solvent therefor;

(V) applying ultrasound to the solid material from step (iv) when it is in

contact with said non-solvent; and
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(vi)  optionally separating and/or drying the resultant solid material from

step (v).
7. A process according to any of claims 1 to 5, wherein the process
comprises:

(a) subjecting at least one solid material to mechanical micronization,
milling, jet milling, grinding or mixtures thereof;

(b) treating said solid material from step (a) with a non-solvent therefor;

(c) applying ultrasound to the solid material from step (b) when it is in
contact with said non-solvent; and

(d) optionally separating and/or drying the resultant solid material from
step (c).
8. A process according to any preceding claim, wherein the solid material is
a pharmaceutically active ingredient selected from the group consisting of anti-
allergics, bronchodilators, anti-inflammatory steroids and mixtures thereof.
9. A process according to any preceding claim, wherein the solid material is
a pharmaceutically active ingredient suitable for use in an inhalation formulation,
preferably

cromoglycate (e.g. as the sodium salt), salbutamol (e.g. as the free base
or as the sulphate salt), salmeterol (e.g. as the xinafoate salt), terbutaline (e.g. as
the sulphate salt), reproterol (e.g. as the hydrochloride salt), beclomethasone
dipropionate (e.g. as the monohydrate), (-)-4-amino-3,5-dichloro-a-[[[6-[2-(2-
pyridinyl)ethoxy]hexylJamino]-methyllbenzenemethanol, glycopyrronium bromide,
darotropium, aclidinium, tiotropium (eg. as bromide salt), theophylline, arofylline,
zarfirlukast, montelukast, carmoterol (eg. as the hydrochloride salt), formoterol
(eg. as the fumarate salt), or indacaterol and physiologically acceptable salts and
solvates thereof, or

carmoterol and physiologically acceptable salts and solvates thereof, or

a combination of carmoterol and physiologically acceptable salts and
solvates thereof and a corticosteroid, preferably when the corticosteroid is
budesonide, beclomethasone dipropionate, ciclesonide or mometasone, or

glycopyrronium bromide, or

fenoterol, or

a combination of formoterol and a corticosteroid, preferably when the

corticosteroid is beclomethasone dipropionate, ciclesonide or mometasone, or
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a combination of indacaterol and mometasone, or

a combination of glycopyrronium bromide and indacaterol, or
a combination of tiotropium bromide and formoterol, or

a combination of beclomethasone and salmeterol, or

a combination of ipratropium bromide and albuterol, or
ipratropium, preferably ipratropium bromide, or

darotropium or aclidinium, or

a combination of fenoterol and ipratropium, or

budesonide, salbutamol, formoterol or mixtures of two or more thereof.
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