Pharmaceutical Compositions Description The present invention relates to pharmaceutical
compositions comprising the 5 antimuscasinic agent glycopyrtolate, for example the salt
glycopyrronium bromide. In particular, the present invention relates to dry powder compositions which
exhibit improved stability over time, and methods for producing the same. Glycopyrrolate is an
antimuscarinie agent which is useful in the treatment of to conditions such as chronic obstructive
pulmonary disease (COPD), asthma, cystic fibrosis (CFl)'and related airway diseases. It is known to
provide glycopyttolate formulations in the form of dry powder formulations, for administration using dry
powder inhalers. Frequently salts of glycopyrrolate are used, such as glycopyrronium bromide. 15 The
]'Eerm "glycopyrrol_at?,'th%% I%?\eg&%gg# o%% n gyh%gle present invention is intende_d to encompass salt
orms or counterion formulations of glycopyrrolate, such as glycopyrrolate bromide, as well as isolated
stereoisonaers and mixtures of stemoisomers. Derivatives of glyeopyrrolate are also encompassed. 20
WO 01/76575 disclggg&;pg&elivery of glycopyrxolate by dry powder inhaler. The formulation

disclosed in this ap;glication may include ma%ne%um stearalte to improve dispersion gf the dry powder
and to help prolong tHePFRETH R RAE RHET B B TG A Son i oTRS TR S BPINE I ebpyrolate.
Studies show that this2&formalationgpespexeittistherapelritefdcipraporetivanioriegs than 12

hours. WO 01/7657%3 plse-disclases e usaLidnaangsivasteataie-applisdinasspegeiic manner to the
surface of microniseqé%l‘ €eo rr\%ate particles, for sugse en;[ yse in S‘ln Jnhalxed formulation with
[

delayed release propEHEEIB IS BSB89 BREMPHISTSSSE S BMSRESFS IR Showder
composition including a combination of 0.2% w/w formoterol and 0.5% w/w glycopyrrolate and
including 0.5% w/wanaghesium stearate-cenventionallyblendedira tumbledixeniith a lactose
carrier (98.8% wiw). It i 'allegle that the magne ium Siearate protectsthe rmulation from the
deleterious effg()éts B?Qréll?)ﬁ%?areﬁgrlasrééé?n\}\?ﬁ ggﬁfﬁ%ﬁ%g \ﬁl/%l%)r{/? %ﬁﬁfvé\% 773695, WO 02/43701
and WO 02/00197 &hmséiscRsedrelried Brmadnesiimisit ApaBirrsrRidglrontar ithaled system
for improving the digpersibitity of therspicmisegodidiy partidasiiomothaifamatiationdmgdmparison to a
formulation in the absence of such.an adg*itivel Aqld'ltive ' ;pa}ggrials which improve the dispersibility of
the drug particles are o eéﬁn%é#eé?ig: %_uaeg %?éetsc%rﬁrycglo%eﬁts.ela eﬁlg\?vé\%?, 3uring development work
with dry powder forgHigRRTISIE SR B idry powder inhalers for the treatment of COPD, asthma, CF
and related airway diseases, it has been found that the above disclosures do not teach the satisfactory

production of a robusgt and, stapls, dnsRawder dormulation f - olyrRRYERIRIE iadt has keen found that

glycopyrrolate which is generated as a r icgonised powder as.taught in thefp{ior art syffers from
stability problems of*EtSF4J8 “BRAAPAMR SRS tREO P RRIGH TADHRE 4iP AY GitR2 RRAEERA! For improving
dispersibility or for protiestigargaivisterhoistide asuch ssimatpresiunvisteatttendsndistieset in WO 20
00/28979. Indeed, glycopyrelatehas.beanfoundiahave 40 Acvia psalyamavith respect to its stability,
especially immzeodiately following a conventional solemnisation process. Micronisation of any drug, and
specifically here glycopyrrolate, may involve the 25 injection of a relatively coarse source powder into
a system which invSi¢e81AT6RASIEitfitpacs pesedrbrims RirdycPypiealiesoufee Bivdae astein Fhfcronised
drug will exist in partiglaistzesduihstantialy grpdtet shamiCpiradtha.ghieriivetefsthe thicronisation
process is to reduce the primary .particle size t i hich is s e .t delivered to the
respiratory airwaysfme&? égxarﬁgﬁ%%,gﬁ ?slg i%%ﬁ%ﬁ‘é?% éﬁﬁg %;hgfer gggﬂr%%ggg%a %g% f%yﬁ]&a d
preferably 6 to 0. LibFaer®sts Oxd rhesmefiprelprigmiat comdisnsios tidhied in
raicronisation to pravidaithie Mulineracticniagpired ¢fthrclak therparticlesldowiminitheoreguired size. It is
also well known thaj such-guling action.mavalsQ ndues ihe.genaation.p.aencrygialiine material,

especially on the surface of the particles. Such ngn-crystalline material may be amort)hou,s material.
manner to the sutface of micronised glycopyrrolate particles, fof subsequent use in

an inhaled formulation with delayed release properties.

30 WO 00/28979 briefly discloses an example of a dry powder composition including a
combination of 0.2% w/w formoterol and 0.5% w/w glycopyrrolate and including

0.5% w/w magnesium stearate conventionally blended in a tumble mixer with a



5 It has been found from studies of glycopyrronium bromide powder that the presence of
non-crystalline or amorphous glycopyrronium bromide material can lead to significant physical
instability. This instability appears due to the aggressive uptake of water by thé amorphous fraction,
leading to partial dissolution, and subsequent re-crystallization. Amorphous glycopyrrolate appears to
aggressively 10 take up water when stored at relative humidities as low as 30%, indicating that the
amorphous glycopyrrolate is inherently unstable even in conditions which are normally considered to
be "dry" conditions. Indeed, the uptake of only a very siall amount of water (as little as approximately
4%) is believed to be sufficient to cause re-crystallisation. Thus, glycopyrrolate is extremely unstable
compared to the 15 majority of active agents, including those that are generally considered to be
sensitive to moistur@??ﬂﬁ@%x&fiﬁ6?6@8&%’61‘%5&5%?8?&[33 WA B AR HAITSHRTEAST TS amorphous
glycopyrrolate was fetmndliadaeveryteydpiescopic:fSiosinfdhistamonphsus 20 glycopyrrolate at ambient
atmosphere (30-50% R_H (relative humidity)/ 21-25C) resulted in its transformation into a very sticky
mass within minutes. Confirmation of this hégrrosco icitgl é?t RH >0%) was ohtained @/}EV (dynamic
vapour sorption), wifiéh %@?ﬁ%ﬁs?ﬁ%@dﬁﬁﬁ %%Iéi@, Sive Wi PEhé g%é’i‘ﬁnvgfﬁ ?ﬁé $hous was
found to be crystalliaecand wassa sintegaessalide2 (& ket lagsiisamsitien idniperadtare By DSC
(differential scanning, solors{r. g Ay pgerRRaLR AhuaRuy alR samRle A Al iakodl Is known

from many substan(;eg that Water acts as a plasticizer, Le., it depresses the glass, transition
temperature. It is affiGpaBagaRian fRreeksetie ﬁﬁ%@fﬁﬁgﬁiﬁﬁmfﬁ)@tﬁépfgggléﬁ %o below room
30temperature (at as4ditielasBek48%rREantstaatidhirs plafhz dtienrecites aRridteoefystaization the
sample becomes sticky,. Gopgeaugtly. it was concluded that recrystallized parts which were
previously amorphous will act as a form of glue between crystalline parts analogous to a sintering
process. 4 Sinﬁfarly, amorphous glycopyrrolate was formed by spray drying a 1% solution of the drug
in water using a Biidh fetveratonpspeasiarpent nonradihtdly peresh detionlasiotreipowelet Hithin the
collection cyclone, thexRewdeniarraeda wats iy anapm & dpowrdan caueibavegovered. In a
relatively short perial of fime,, compared. e gt demanded for.slomag,fan.haled proghyct, moisture
can be drawn in by ?ﬁe norj-crystael Ine material in a dry powder glpeopyrrolate formulation, even in
conditions which ar&géreiemyorebriardstrtls e riEarefr iRy eEA HIEIaPEENESption leads to the
production of aty intermediate wet form, followed by re-crystallkation and possibly the release of any

surplus moisture nof,ieauired MJ@%@?gyégpgrmge%&ﬁlwg%&mmamewp&eﬁ@qiwﬁly to induce

the formation of solid bridges at contact’points between the particles present. Where these bridges
form, it has been foﬁﬂé%’&ttﬁ?e%ﬁﬁfﬁtﬁéfi%ssﬁ%ﬁ@fbﬂéﬁ%%?@élﬂ? ﬁ’f%%f‘gﬁﬁf@a‘ﬁ?ﬁgo%’&ion in the
powder dispersibilityodtisithereforel anaind Ofith enpresé it hvention tdiypasidbtp @riocpowder.
composition Compriﬁl‘%@e&hﬂ%‘%@&’ﬂ&@&é@(ﬂk@Qlﬁmﬂo&%@@ﬁtﬁrﬁﬁm@é;@é&w@a\ﬁﬂiiQﬂéﬂ dry powder
glyeopyrrolate formgl ti%n% Its also an aim of the present invention to 20 provide methods for
consistently and relix I%/ Bre‘paring stable dry powder compositions comprising glycopyrrolate.
According to one aspect of the present invention, a dry powder formulation comprising glycopyrrolate

is provided which isistable focd-pesiee af atdeastlirarnat moraprplerablyapesigd-otaldeast 2 years
and most preferably a.period of at least 3.years. The. glycopyrrolate.may be a salt, isomer or derivative
of glyeopyrrolate, of trﬂf)‘gméiéptﬁéégo%et‘%}éég E%Egg%fy H%émgytt%gp?frrfﬁa?eg?g% ]'Eolifls?és-'glycopyrrolate.
30 The stability of aMsismepissiitsrrEnauRiise IPHRPSEE Bl betrstbierrydiser<apnify oF thEpowder over
these periods, whichjmapnfot exanapley bameastteddrdermc of gseanstsienthy goeddidemarticle
fraction or fine PartiglkehQOS%aox,%s'JQA%.- LEE,%Q&YSS-C,&@;q)%wwmimé%p;@m fing;panicle fraction

(<5um) is consistent grsggt_er than about'30% over a period of at least | year, at least 2 years or at

least 3 years when Bi6F&l siesiorhsirtsiiyarsnire s nimidit oD to R el Fha cuEire35tucts. In
another embodimentrotdticsnvestion thaefimesp anticts: fiaction S¢< Ghithn) isebrsistgntly lgreater than

about 40% over a pgligd,0f @ lﬁé‘%&%ﬁﬁ@fy %&@2& PGSOl 2 I8asLe -y eRls, Riefarably, the fine

particle fraction (<5p.m) is consistently greater than 30% or greater than 40% when the formulations

are stored undé? stariahel 1R &iRd anthgaHei<in Qe S5 esrI-P- 3%/60% RH, 40C/70% RH or
40C/75% RII. 10

The multiple high-speed collisions ate employed in micronisation to provide the

milling action required to break the particles down to the required size. Itis also



Preferably, the fine particle fraction of the dry powder formulations of the present invention is
consistently at least about 30%, at least about 40%, at least about 50%, at least about 60%, at least
about 70% or at least about 80%. 15 Preferably, the fine particle dose of the dry powder formulations
of the present invention is consistently at least about 30%, at least about 40%, at least about 50%, at
least about 60%, at least about 70% or at least about 80%. In another embodiment of the invention,
the dry powder formulations are packaged 20 for storage and/or delivery by a dry powder inhaler and
the packaged formulations are stable for at least 1, 2 0P3 years when stored at normal temperatures
and humidities, i.e. the packaged formulations or products comprising the formulations do not have to
be stored in a controlled envir ngneq;[ Lgﬂggder to exhibit the esir&d stability. 25 As the instability of the
conventional glycopyTolate Tormulations appears o be dus t6 molstire abSorption- there are a number
of measures which aretp¥opoveeried irtereate srabilityR0eEif sHy pindckan oipHoasrcontentiof the
glycopyrrolate is to Qg deduwesohby dpRRingihgiprocessing of the glycopyrrolate. Where the
glycopyrrolate is raicronised, the micronisadon process may be improved, for example, by adjusting
the conditions under which the milling takes place, to prevent the formation of amorphous material.
Additionally or dlteri&tivekeatherpddromisedior od gitcnray-beiteonditislam“derahroveethe amorphous
material. Alternativglysdhe: particlesyefglycopyrolate. maybs.enainasied soithal they inchude S little or
no amorphous material. Suit methods.for. doing this are known to.those. skilled in.the art. For
example, glycopyrr%aslt%mg%vavg éLr%Y\j\ll% %W%%gic@gtsaﬁsn%%éﬁotﬁt%ﬁte ?ﬁsa‘ii/uﬁéorﬁ}é%aegﬁtsﬁ%v?nethods such
as supercritical fluidRt6EaETAGUEITBECaDRE HO XA idr baknrerrrstiedfsehsienrcdydtallisation or
precipitation, such assiquequrecipitatitm oy e mulsigiomeaihesssoite-grysiallisaligreandithe like. 10
Secondly, the expagpre, ofthe, drypauider formuation tomaisture, whes,the poy SRt edis

preferably reduced. In this regard, it is particularly desirable to reduce exposure of'the formulation to

moisture during stotRGE Y EaBECBE B RLTPE T8 Eums  ifeci ol iR AT Sfagtitivis histerials in the dry
powder formulatiorresmaénhamidethe tpdwdérydispeltsallityatrddprbtagitihe sowmiylatiery fspmilithe ingress

of moisture.  Batchigs.at wq&@ﬁ@sﬂm&écg%gm&sawwfmm&@@% tllqwing. sealed.storage 20 for

several weeks, the. eph%gtiﬁﬁl changle!?ugf Ehe matelrial from fine cohesive powders to solid agglomerates

& TONOWInG Section SUTANSeS the S IOhAtHEH SATPBRSHS Bstches of

were observed. The 1o
glycopyrrolate’feceigerioldveiy misrsniselicha S But e p/Beronibecb ati®3kd e Ijection pressure:
10 bar MicronisatioRfressty eadisbae.30 Sympatec sizing: d10 0.7gm, d50 1.8p.m, d90 3 6itm Loss on
drying: 0.7% DVS indicated crystalline material. On storage, soft lumps of material were found in bulk
powder, and repeated particle sizing gave d50 values ranging between 2.6 and 3.5p.m. 5 Batch B:
Micronised at 0.5kdA974njeetioe prebsape:ob baraMibrommchtin iy ppbdisetien Bais Syagrphtee sizing: d10
1.0pra, d50 2.4pm gBehA:Biur: t0d psad toyire: DyElsWater astivityhB4%IRRAYS indicated
amorphous majeriglyasRLeaeL LB SIPIRAB JRIIE b )g%ﬁir%a@v%tﬁagm%? $qudcpnd repeated

d
particle sizing gave d alues ranglng betweén 36 and 160
resulted in its transformation into a very sticky mass within minutes. Confirmation

of this hygroscopicity (at RH >0%) was obtained by DVS (dynamic vapour
sorption), which is a moisture sorption analysis, and after the expetiment the
amozphous was found to be crystalline and was a sintered solid.
25
The glass transition temperature by DSC (differential scanning calorimetry) of a dry
amorphous glycopyzrolate sample was at 65°C. It is known from many.substances
that water acts as a plasticizer, i.e., it depresses the glass transition temperature. It
is anticipated that in this case the glass transition may be depressed to below toom
30 temperature (at as little as 30-40% RH) and that crysytallization occurs. Priot to
crystallization the sample becomes sticky. Consequently, it was concluded that re-
crystallized parts which were previously amorphous will act as a form of glue

between crystalline parts analogous to a sintering process.



15 Batch C: Micronized at 0.41(g/hr Injection pressure: 10 bar Micronisation pressure: 9,8 bar 20
Sympatec sizing: d10 0.8pm, d50 2_3pm, d90 4.8pm Loss on drying: 0.4% DVS indicated amorphous
material was present. On storage, large hard lumps of material were found in bulk powder, and
repeated particle sizing gave d50 value of 51pm. 25 Remicronized Batch C: Mictonised at 0.5kg/hr
Injection pressure: 10 bar Micronisation pressure: 9 bar 30 Symparec sizing: d10 1,0pm, d50 2.4p.m,
d90 4 5pm Loss on drying: 0.5% On storage, only soft lumps of material were found in bulk powder.
This summary shows that selected batches of micronised glycopyrrolate had formed hard
agglomerates, and this appears to be associated with the presence of amorphous material, as the first
batch, which contained no detectable amorphous material, exhibited good powder properties following
storage. Consequently, it is 5 believed that the formation of hard agglomerates occurs within a
micronised powdeFtrdedpriairs sl mrondayseifermeddiapwhetiieg fotihatdredwith excipient,
any moisture proteglionagent.afQ5ee contEe] RESALSY @ﬂai}sa@em-xmﬁeama?pm@%@rial will be
located on the surfgtcglgo Qggg @&%?Q&%ﬁ&?@%ﬂ é)f H;Illse Kind. Thg q anti%/ 0 anl[or%hou material
relative to the bulk mass'may be very small, as oG as it 1S sumcient 18 prédude thid 8Fe&C The
non-crystalline’matefi@rwiraeamhhoisereteém its surroundings. Sources of moisture may include the
surrounding air or gas, the surrounding excipients or additives (such as lactose or force control
agents), the packaging, 1. de¥iGe, 34eh a8 & g@é}%@&%&@bﬂ%ﬁ%&é&%&&%ﬁ“ﬂ%g{ '%Lsr‘;graao?'?é“c- Tests

P

have shown that all micronised glycopyrionium bromide prototype formulations made using

conventional methB&SARRRGHy (ROSE TRt EBATHHEE HbRibe S omemitmipmasnediite ddaxate),
disclosed in the prioraitagdynoped dire Verr2@ldniavedvee nfestiibond egiad o drteliorate in

aerosolisadonperiaiiuana Y&k &ARKAY &h6 e, LusdelcHoralion Jas yenbeen fund to

occur when stored under dry conditions.” Deterioration in performance has been seen to be

approximately 30 (5SBSEBIEHGHES {arofAlgNEs BF Frsres Sl e ardremtiniiite ekt these
formulations unatteactiverfor commeroilreger2bbit thas:belricugdesteditinatsoontuetiffimicronisation

under the use of hppidifiedialiprothergas NA IR 1 seduaceiie Aepsration;of.amgrpious

materials. Both WQ 99/54048 and WQ.00/32165 disclose that milljng under, increased humidity can
e Pl Al WadCR s@%’&%ﬁ’ﬁ;ﬂgﬁ“ |s?élié%%élsp?h“@%ﬁﬁﬁ§?¥onb”fyrﬁ‘éterial at

seduce the generatloﬁ%Pam rphous ma er!af
reduced tempEratdreugitiy peblitmicorlainigrefictHekdns ttavdimtother daslisperdbiitp. reduce the
formation of amorphous material. It should be noted that none of these prior art documents disclose

that the milling of QMQQE%QQQWE under these special conditions |s£ean§f|0|al. However, the milling

.. . re an aim of thé present invention to pProv owder 1t
conditions discloséd In the prior art aré notstandard in raicronisation prafice arfdREREY Well prove to

be difficult to contrSIHREEE § ehrsessEs e WhiF h ey pisadificrbibn sasgerrproeatsds on a

commercial scale.powder glycopyrrolate formulations. It is also an aim of the present invention to
20 provide methods for consistently and reliably preparing stable dry powder

compositions comprising glycopyrrolate.

According to one aspect of the present invention, a dry powder formulation
comprising glycopyrrolate is provided which is stable for a period of at least 1 year,
25 more preferably a period of at least 2 years and most preferably a period of at least

3 years.

The glycopyrrolate may be a salt, isomer ot derivative of glycopyrrolate, or mixtuzes
thereof. In one embodiment, the glycopyrrolate is not R,R-glycopyrrolate.

30
The stability of 2 composition should be indicated by consistent dispersability of the
powder over these periods, which may, for example, be measured in terms of a

consistently good fine particle fraction or fine particle dose over time. In one



5 Finally, the extent to which such processes may help to control the generation of amorphous
material for the specific problem of glycopytrolate is also not known As mentioned above,
glycopyrrolate presents particular problems because of its inherent instability. 10 In accordance with
one embodiment of the present invention, the dry powder formulation comprising glycopyrrolate is
prepared using a process, preferably a naicronisation process, which is carried out under conditions
which reduce the formation of amorphous material. Examples of suitable micronisation conditions
include increased relative humidity (for example 30-70%c) or tnicronisation using 15 helium at reduced
temperatures. In another embodiment, the dry powder formulation comprising glycopyrtolate is
micronised and then undergoes a "conditioning” step to remove or reduce the amorphous material
content. Such conéfftiiRF Rt i ctterrarpta faa s TSR 0 (5" b i SR S stallisation of the
amorphous materigdeatithdut: thies foFddtior:0f hadddghiotetatesExaepled phauchacdnditioning are
discussed in more e Relow:Ji 13 KOO 40K AGIAUA CARPHIES R CORIAIILIDING. QEEg! of 10 10 15%

water, and for 25tHis to provide a sufficient source of water to create a moisture instability problem.
The moisture contBHBFthegerthcespadie e CRRTAT M dyarafis!sErsHRE extracted by the
capsul_e contents. Higmjateroosiatentyin-dhe:felatinicapsiifesacts @Sracpmsaiﬂi@ef sg;em_aitwhen the
water is extracted gnd she wajer. ceient diaps. the.sapsulesesome. mere rits, which will affect

piercing and the like. .30 A recent article on improvements in hypromellose capsules (B. E. Jones,
Drug Delivery TecRRSISSY 0813 Rido % page ??’fﬁﬁé)ﬁhaﬁggﬁﬁggﬁéhﬁm FEsHEATREWith gelatin
capsules for use inetfy: prandied inbtiersdfiteme . problem? ihdetie RE.GEh£AYeBEh brittleness and
hence piercing consistensy, and ral@ed gdispatsion performance as a function of the changes in gelatin
moisture content. The potential of the gelatin to act as a moisture source, which can be released to the
powdered contents of the capsule, is also discussed, as are the variations in electrostatic charge
Sproperties. Capstieseedy b nfade witrhiproniendse e siomaletetelosds preeetiulose
derivatives which de-aatdely @msnaisiiire &ssa asticipelaflaesmoisiurescpmantofsueosapsules can
be less than 10%, Qn Ve, DEIQYEH % RL 3% ARYNIS MakES Sueh Jeapsules more suitable for use
with glycopyrrolate. Capsules can also be made from gelatin containing one or more plasticizers other
than water, such as PEG, glycerol, sorbitol, propyleneglycol or other similar polymers and
co-polymers, hienc&eiewinghthémpistitie dontehtiie dg peddeethbtoibthelows 10 Yeomeven below 5%

or 3%. Alternatively, capsies £RRPRNade FomLayaHela RIASUSS Qrihgrmaplastics. (Relyethylene or
polycarbonate or related plastics) containing reduced maisture content below 10 %, or even below 5%

or 3%. Further altétnstiaboahalasanir otP rag et thei tverRBRiéltare made from starch or starch
derivatives or chitosan. In the foregoing capsules, the problem of brittleness is reduced. Furthermore,

CaPSU|eS such as _EQ%%&H@Q&!@%G&J'U%@%@M&&?% @9%@&%&'%%&95@1@%@!%@%%3“
reliably, and the pierce hole mgzje appear to a%mor%1 cleanéy 25c{ot£med nd s%herl al, with less
shedding of particiSs STHa &P St oPtAS BRITSF L RTeR& TaE RS BEeh R ES B improved,
as well as being nore ebladitenteast hrtfortherapploactics SetvingaHdompitkmmeofnatisture absorption
by dry 30powder glysogyelaiedersmulations.aninhales devgects tseghwhich includas:a means for

Ig within a segaled lister %(l:thtges&foil lister, with

protecting the formyllation rom maisture, for example within a sealed blister,

. . Vit ire
suitable sealing to preyen? the ingress of moisture. SUCH devices are Known. Tor exampﬁet e
GyroHaler (Vecturd}¥EDiskus (GSK) devices. It is believed to be particularly advantageous if the
blister is pierced using a simple mechanism, such as with the GyroHaler. This device has been

developed by Wotan and.i.isaf) inhalation device far oal.annassldelivery of s.medicament in

powdered form. The powdered medicament is stored in a strip of blisters and each 5 blister has a
puncturable lid. WiteR HETRARIGFIEYS HRSTfsHa ARBMAb PiTe Aty R d Bt @ B BuRRefad, thereby
allowing an airflowdtrasgtiadhbtplister to be generated to entrain the dose contained therein and to
carry the dose out of the blister and into the user's airway via the inhaler mouthpiece. This
arrangement with plisters having Euracturable lids allows the blisters to have the best pgossible seal. In

10contrast, i Dlistef $VsfBRTESiRACHS IRR SR SR BNSAPIHS it DIHRS e trgmproving

the processing of the glycopyrrolate. Where the glycopyrrolate is micronised, the
micronisation process may be improved, for example, by adjusting the conditions

under which the milling takes place, to prevent the formation of amorphous



peeled open, it is more difficult to maintain an optimum seal due to the restrictions on the nature of the
bond required to allow peeling to occur. Thus, in a further embodiment of the present invention, the dry
powder 15 formulation comprising glycopyrrolate is stored in packaging made from a material which
itself has a moisture content of less than 10%, preferably less than 5% and more preferably less than
3%. The packaging should also preferably prevent the ingress of moisture, so that the 20 powder is
protected from external sources of moisture. Foil sealed blisters are en example of a packaging which
prevents ingress of moisture. In this latter regard, the prevention of the ingress of moisture from
external sources may be assisted by further packaging. For example, HPNIC capsules may be stored
25 in a sealed environment, such as an additional layer of foil packaging. In an alternative
embodiment, the dRFisERbde iAo letapEisdbsBif 2ot RIedecdmaBdfder inhaler device
wherein the powdelismsioseeiinartaserdis asapposeehiecindividually packaged doses. In such an
embodiment, the device should 30 offer superior moisture protection compared to conventional
reservoir devices. For exatnple, the device should include one or more of the following features: a
sealed reservoir ch‘é‘ﬁﬁ’d’éﬁ‘(fgrv Berppielshefaliivgrreelaimpyakketeiieust othasgichipclugy -
chamber), plastics imatefials.exaphitingneeydDVs maisture pean eabiliiy ferfaraingdheanals.of the
reservolr chamber), g1 4 desieeant, 10 a.el luiher emhodiment of.lhe presentinetion, the dry
powder formulation 5 comprising glycopyrfola < further corﬁprlses an additive mgﬁerla, such as a
so-called force corftP8FaGE. I fatte LHtrar dgant s hps ayeiciiffehfeducescata e bHesion between
the fine particles withirdhiopiindercibrmedatiolsdiiereb o proymativgtdeaggioripiation, ypanadispensing
of the powder from ihe dry;powderinhaler; Suitehleddores cepitelrgants aredisepligsed in WO 96/23485
and they preferably 10 consist of physiologically acceptable material, despite the fact that the material
may not alwayg reach the lung. The force control agent may comprise or consist of one or more
compounds selectéecfroty. ahairep ecidscdnt:deyivativies ftrersbfiant peptides v deripatides 15
there_gf, the gzptid%%wﬁﬁi%@mHQ@éﬁ@Jeﬁfdﬁg \Aé%k&h"' H{@J@ﬁ&@%}g@&t&% tAIzr%iaim@fids,
peptides and derivatives o tides ar siologically acceptable.and giye acceptable release or
deagglomeration o?xt%oesuﬁar??c e%%?%‘?ﬁ%(da% rr%%tnélﬁ)a on %ﬁg%?i%ﬁ?%e???ﬁ%?gfc%%g%ﬁsﬁoI agent
comprises an amino acid, it may be one or more of any of the following amino acids: leucine,
isoleurine, lysimre, \mtisly, 2 matiion sk, did-phanylalaginke. dheptardercontiakageriimay be a salt or a
derlvarive of an aMA. 4Gt B GAATBRI ATPRNAME Ao AG MG [ dfied:AN0. Dt foig Of amino
acids may also be used. Theforce control agents may include one or more water soluble substances.
This 25 helps absdPStisHof the force control agent by the body if it reaches the lower lung. The force
control agent may include dipolar ions, which may be zwittetions. It is also advantageous to include a

spreading agent amé@&&%@}&%@@g@%%@%ﬂ%%ﬂ@ S@?ﬂé@%ﬁ?k&ié@%&%@&ﬁ%ﬂ,@%@ the lungs.
Suitable spreading agents jnclude surfactants such as known Iung surfactants (e.g. ALEC, Registered

Trade 50 Mark wHitH CSMpTEE bHSsPHHB S rsr eRAMp = SRV RO G e a1
phosphatidylcholin®)sahd g tphaspatidylghreedol) Other suitable surfactants include, for example,
dipalmitoyl phosphatidylethanolamine (DPPE), dipalmitoyl phosphatidylthositol (DPPI). - 13 - The
force control agentI@a?/ﬁ:om rise a metal stearaLe, or a derjvative thereof, f(;i% example, sodium stearyl
funaarate or sodiuftSteaRTEECITHRE, A BTSSR A RS RRSAE " or example,
zinc stearate, magslesinrrrgtcaretey chlfcilariBsteatandsasodium steatate or lithium steante. Preferably,
the additive material comprises or consists of magnesium steasate. The force control agent may
include or consist gf one or more surface active materials, in particular materials that are surface
active in the solid state, which may 10 be water soluble or water dispersible, for example lecithin, in
particular soya Iec%ﬁﬁ?’ﬁ?eélfﬁgté}r‘ﬁ@ﬁy water insoluble, for example solid state fatty acids such as
oleic acid, lauric adigkqpatnpiteasacic sbearin acid, erucic acid, behenic acid, or derivatives (such as
esters and salts) thareaf.such sﬁgl}iggl;ygggehenate. Specific examples of such materials are
phosphatidylcholines, phosphatidylethanolamines, 15 phosphatidylglycerols and other examples of
natural and syRtheti®RA WC%H@*? e adid 8 &9 for example, sodium lauryl sulphate,
magnesium lauryl sedphaidyiniglycétides such as Dynsan 11B and Cutina HR; and sugar esters in
general. Alternatively, the force control agent may be cholesterol. 20 Other possible force control
agents include sodium benzoate, hydrogenated oils which are solid at room temperature, talc, titanium
dioxide, aluminium dioxide, silicon dioxide and starch. Also useful as force control agents are
film-forming agents, fatty acids and their derivatives, as well as lipids and lipid-like materials.



25 Force control agents which are particularly suitable for use in the present invention include
magnesium stearate, amino acids including leucine, lysine, arginine, hisddine, cysteine and their
derivatives, lecithin and phospholipids. The inclusion of these force control agents is expected to
improve the efficacy of the glycopyrtolate for treating respiratory disorders such as COPD, asthma or
CF. 30 - 14 - rather than being on the surface of the carrier particles. It has been found that a high
shear blending method is advantageous to achieve this In addition to tech-wing the cohesion between
the fine particles of the glycopyrrolate 5 formulation, additive materials, including the force control
agents mentioned above, may have further benefits when used in the present invention. It has been
suggested that some force control agents, such as magnesium_stearate, are able to themselves
reduce the ingres;%ey%& F&diﬁf&s'fﬁjénar‘?aﬁ e?f’o?F%fﬁ%"tic?ﬁf‘cﬁilﬂﬁﬁéﬁ%’é‘r"‘é?rrﬁﬁ?fﬁof‘é‘énéontrol
agents act as surfaicthniis pyviden thé seperyehps rairde 5O mgrpinistSiedhteethenging bty deddito rapidly
spread over the sugfgee of the lung. It is postulated that this rapid dispersion of the surfactants may
well assist in the dispersion of the glycopyrrolate in the formulation, thereby assisting and enhancing
its therapeutic effect. 15 From the foregoing it can be seen that the desired improvements in the fine
particle fractiorsof @atgpdwvder formulations containing glycopyrtolate for a period suitable for an
inhalation product (@;ig.ohis€d %mﬁ)hgan be achieved by suitable conditioning, and/or by protection of
the formulation from moisture, and %E the suitable incorporation of an additive, such as a force
control agent. Indee’ﬂ?%lénﬁ?erefﬁneemmp es discussed below indicate, a combination of two or more of
these me.asures |dtisogistiiobpstsramuidaThe protection of the dry powder formulation from moisture
may be particularlysimperaskisyVvery itnpartst advantage: sithe present invention is that it allows the
25 administratiygn o{ osS@gIIlI%r %s%sﬁgyan previously used. The reduction of the dose is made possible
by the more consistent an tE)rééllc‘taf)le administration of the glycopyrrolate, for example, through a
consistently improW¥etfirsyamicie friktion and fine particle dose compared to that observed in
connection with theDsmnveitiedal-dorphdiations-itl anseguanty ovwilethe dese wispensedss smaller, the
amount of active aggplReingd AAMIRISIE edis L0, SAmE Ll the Sape erapeulic effect being
achieved. - 15 - The formulations of the present invention rﬁgy include glycop)%?rglate as the only
pharmaceutically a%:(fi%d&gggh’ﬁ“Alternatively, the formulations may include one or more further active
agents, in addition to the glycopyrrolate. The additional active agents may include, for example: 5
l)steroid drugs such.ag, for example, alcometasone, beclornethasone, beclomethasone dipropionate,
betarnethasone, b%esonid : cio etasol, deflazacort, diflucortolone, desoxymethasone;
dexamethasone, fl ?6086?%56‘}1 *H&{RSolide, fluocinolone, fluometholone, fluticasone, fluticasone
proprionate, hydroéurtson@r¢simmecifidiene, nandrolone decanoate, neomycin sulphate, rimexolone, 70
methylprednisolonganshRradniselang: 29 gnrtibiotic and antibacterial agents such as, for example,
mettonidazole, sulphadiazine, tric ne in, a icillM, atnphoteticin, clindamycin, aclarubicin,
dactinornycin,%yst%%?ﬁ?artﬁﬁBllzf%)né'néggn%%%%@?dgl]ﬁ’él;’n}(g@%gi}‘s‘femicaIIy active drugs such as, for
example, isosorbideéfiitdtEingsliddsorbide mononittate, apomorphine and nicotine; 4) antihistamines
such as, for exampbe;sizalasenenchiaHabanialiling s pstesnizate, aetilizine:cinRal ikiRgs dgsloratadine,
Ioratadme, hydrox;gﬁglrg&i F%per}g@g%jc{%r%lmg 1;%3( Jggg%lpee,egg@ng?g rstgzrpnetggzé Otgar"ﬂlepr?zwte anq
terfenadine; 20 5)anti-inflammatory agents'such as, for xamp‘fe, pﬁltorlcaiga, nedocromit, %enzydamlne,
diclofenac sodium,sﬁé’fbprofen, ibuprofen, beparinoid, nedocromil, cromoglycate, fasafungine and
iodoxatnide; @j anticholinergic agents such as, for example, atropine, benzatropine, biperiden,
cyclopentolate, ozyQufinis,;pRenadine hydrochloride, procyclidine, 25 propantheline, propiverine,
tiotropium, tropicamide, trospium, ipratropium bromide and oxitroprium bromide; 7) and-emetics such
as, for example, bELEARIRS ,tcgoﬁg%/éﬁon, nabilone, prochlorperazine, ondansetron, tdfluoperazine,
tropisetton, dompéeligtaties hysseirnel 0dmnarizine, metoclopramide, cyclizine, dimenhydrinate and
ptomethazine; 30%@@95@%@%@5{%%, for example, ptotirelin, thyroxine, salcotonin, somatropin,

tettacosactide, vasopressin or desmaopressin; 9)btonchoclilators, such as salbutamol, fenoterol,

formoterol ané"salﬁ%’&%ﬁ?ﬁ sizing: d10 1.0um, d50 Z.4pm, d90 4.5um
Loss on drying: 0.5%

On storage, only soft lumps of material were found in bulk powder.



- 16 - 10) sympathomimetic drugs, such as adrenaline, noradrenaline, dexamfetanaine, dipirefin,
dobutamine, dopexamine, phenylephrine, isoprenaline, dopanaine, pseudoephedrine, tramazoline and
xylometazoline; 11) anti-fungal drugs such as, for example, amphotericin, caspofungin, 5clotritnazole,
econazole nitrate, fluconazole, ketoconazole, nystatin, itraconazole, terbinafme, voriconazole and
naiconazole; 12) local anaesthetics such as, for example, amethocaine, bupivacaine, hydrocortisone,
methylprednisolone, prilocaine, proxymetacaine, ropivacaine, tyrothricin, benzocaine and lignocaine;
7013)opiates, preferably for pain management, such-as; for example, buprenorphine, dextromoramide,
diamorphine, codeine phosphate, dextropropox-yphene, dihydrocodeine, papaveretum, pholcodeine,
loperamide, fentanyl, methadone, morphing, oxycodone, phenazocing, pethidine and.combinations
thereof with an anrgli%’ésmsélf%? 751 %%%@tess?%%t‘éér%da ¢ %Jeés? or trea w?é %%@rgYﬁIéD é‘ﬁecﬁaggf%ﬁ%lﬁ%ine,
codine, coproxambkrdesglopopory pehtictpptamind e satreintigtarhitanracekandinon-steroidal
and-inflammatory gliigsh I AACATIC ARSI apiie apfidates,suth.aamaloxeRmand
pentazocine; 16) phostlodi%lss;(er se tgpe 5dinhibitors, such as sildenafil;énd 20 1Q§harmaceutically
acceptable salts of &iy7of fie ToregoiRgr BrefeBBRy e SaaiioRal 2edve aYBRE D& phirmaceutically
active agents whidtekaes&ownbtof renasedudfihaide gebemrer tis ofomspivatone disordersd such as
p2-agonists, sterojdsy anticholinargicsuizhesphodissigrase 4Jdphikirs..ancthes likewimone 25
embodiment, the formulation,ofthe.present Invendap doss notinclude formoteral, The following
examples serve to squort the invention discussead above. Examp e 5 B0 EStmulation A The blend
comprised micronised glycopyrronium bromide, with Pharmatose 150M plym, blend to give a 6t4,g
dose. - 17 - FormulatioadBpkbes bienddertfrisiedmiceanised cyeop ot apbromidarasiths
Phartnatose 150M{RY1Ya; BIEDd i BlyeAdaaRa flase A armuation. o le-blend sameispd

micronised glycopytronium bromide, with Pharmatose 1501VI (DMV), blend to give a 60pg-dose.

Formulation D 10 TH&btéAeresiibisudirieidrissfyrocbpyitsnumms e sttt prariatose 150M
(DMV), blend to giwél a:20pagsdasdédeomriationdings. e deentinconmorsed inidrarised

glycopyrronium bramigle, sith.Rhanatese.L20Whds (LMM):blend 10:0ive.a-80R.0 d9se. Formulation F
The blend comprised micron'ﬁsed S3/cgpyrrcz{nium bromide, W“i? Pharmatose Jaff\SOM gg)Lll\/lleV), blend to

012(‘6 contro agen €pacgaging or device, such as a ge atin or otner ca

give a 120pg dose.

75 material, or a plastic.

Tests have shown that all micronised glycopyrronium bromide ptototype
formulations made using conventional methods, including those that comprise
additives (including magnesium stearate), disclosed in the prior art as noted above,

20 have been found to degrade or deteriorate in aerosolisation performance over a
petiod of 6 months. This deterioration has even been found to occut when stored
under dry conditions. Deterioration in performance has been seen to be
approximately 30 to 50% of otiginal performance or more. Such deterioration
would make these formulations unattractive for commercial use.

25 |
It has been suggested that conducting micronisation undet the use of humidified air
or other gas may help to reduce the genetation of amorphous materials. Both WO
99/54048 and WO 00/32165 disclose that milling under increased humidity can
reduce the generation of amorphous material. WO 00/32313 discloses the milling

30  of material at reduced temperature using helium or a mixture of helium and another
gas in order to reduce the formation of amorphous material. It should be noted
that none of these prior art documents disclose that the milling of glycopyrrolate

under these special conditions is beneficial.



These powders were then loaded as the appropriate doses of 60pg and 120p.g into gelatin capsules.
These were then packaged and stored under selected conditions of 40C/70% RH, 30C/60% RH and
25C/60% RH. 25 The fire particle fraction was assessed by firing the capsules from a Itiat Mononaler
device into a multi stage liquid impinge; using the method defined in the European Pharmacopoeia 4th
Edition 2002. Delivered dose (DID), fine particle dose (FPD) and fine particle fraction (FPF) were
measured. The fine panicle fraction was defined here as the mass fraction smaller than 5um relative to
the 30 delivered dose in each case. Delivered dose (BP) was also assessed by collection into a DUSA
tube using the method defined in the European Pharmacopoeia 2002. Tests were conducted at
selected time-points of up to 9 months and the results are summarised in the following Tables:
Stability of Formulation A (6011g), stored at 25C/60% RH Time (months) DUSA MSLI DD (Fig) DD
(rtg) FPD (lig) FPF X2y & &2 tb32illids b Glltb0s18s89s2 55 Bk POBR3 &8 HF 2thuoklrd in

micronisation practice and it may well prove to be difficult to control these
processes. It may also prove difficult to use such processes on 2 commetcial scale.

5 Finally, the extent to which such processes may help to control the generation of
amotphous material for the specific problem of glycopyrrolate is also not known.
As mentioned above, glycopytrrolate presents particular problems because of its

inherent instability.

70 In accordance with one embodiment of the present invention, the dry powder
formulation comprising glycopyrrolate is prepared using a process, prefetably a
micronisation process, which is carried out under conditions which reduce the
formation of amorphous material. Examples of suitable micronisation conditions
include increased relative humidity (for example 30-70%) or micronisation using

75 helium at reduced temperatures.

In another embodiment, the dty powder formulation comprising glycopyrrolate is
micronised and then undezgoes a "conditioning" step to temove or reduce the
afnorphous material content. Such conditioning steps include exposure to moisture
20 to encourage te-crystallisation of the amorphous material without the formation of
hard agglomerates. Examples of such conditioning are discussed in more detail

below.

It is known for gelatin capsules to contain in the order of 10 to 15% water, and for
25  this to provide a sufficient source of water to create a moisture instability problem.
The moisture content of the gelatin capsules has been shown to drop as the water is
extracted by the capsule contents. The water content in the gelatin capsules acts as
a plasticizer so that when the water is extracted and the water content drops, the
capsules become more brittle, which will affect piercing and the like.
30
A recent article on improvements in hypromellose capsules (B. E. Jones, Drug
Delivery Technology, Vol 3 No. 6, page 2, 2003), describes the probletns associated

with gelatin capsules for use in dry powder inhalers. These problems include



46 50 20 40 Stability of Formulation A (60n) stored at 40C/70% RH Time (months) DUSA MSLI DD
(iig) DD (lig) FPD (lig) FPF (%) 52 53 24 451 47 49 17 359 46 46 14 31 345 44 13
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-10 -

changes in brittleness and hence piercing consistency, and related dispersion
performance as a function of the changes in gelatin moisture content. The potential
of the gelatin to act as 2 moisture soutce, which can be released to the powdered

contents of the capsule, is also discussed, as are the variations in electrostatic charge

properties.

Capsules can be made with hypromellose (HPMC) or other celluloses or cellulose
derivatives which do not rely on moisture as a plasticizer. The moisture content of
such capsules can be less than 10%, or even below 5% or 3%, and this makes such

capsules more suitable for use with glycopyrrolate.

Capsules can also be made from gelatin containing one or more plasticizers other
than water, such as PEG, glycerol, sorbitol, propyleneglycol or other similar
polymers and co-polymers, hence allowing the moisture content to be reduced to

below 10 %, ot even below 5% or 3%.

Alternatively, capsules can be made from synthetic plastics or thermoplastics
(polyethylene or polycarbonate ot related plastics) containing reduced moisture
content below 10 %, or even below 5% or 3%. Further alternative capsules with

reduced moisture content are made from starch ot starch derivatives or chitosan.

In the foregoing capsules, the problem of brittleness is reduced. Furthermore,
capsules such as those made from celluloses have been found to pierce more
consistently and reliably, and the pierce hole made appears to be more cleanly
formed and spherical, with less shedding of particles. The aerosolisation of the
powder contents has also been found to be improved, as well as being motze

consisterit.

In an further approach to solving the problem of moisture absorption by dry
powder glycopyrrolate formulations, an inhaler device is used which includes a
means for protecting the formulation from moisture, for example within a sealed
blister, such as a foil blister, with suitable sealing to prevent the ingress of moistute.

Such devices are known, for example the GyroHaler (Vectura) or Diskus (GSK)



30 5 Stability of Formulation B (120n), stored at 25C/60% RH Time (months) DUSA MSLI DID (jig)
DD (m) FPD (jig) FPF (%) 0 107 107 48 45 102 104 45 43 2 104 105 44 42 3 110 111 44 40 6 102

108
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devices. Itis believed to be particularly advantageous if the blister is pierced using a
simple mechanism, such as with the GyroHaler. This device has been developed by
Vectura and it is an inhalation device for oral or nasal delivery of 2 medicament in
powdered form. The powdered medicament is stored in a sttip of blisters and each

5 blister has a puncturable lid. When the inhaler is to be used, the lid of the aligned
blister is punctured, thereby allowing an airflow through the blister to be generated
to entrain the dose contained therein and to carry the dose out of the blister and
into the user's airway via the inhaler mouthpiece. This arrangement with blisters
having puncturable lids allows the blisters to have the best possible seal. In

70 contrast, in blister systems such as the Diskus where the lids of the blisters are
peeled open, it is more difficult to maintain an optimum seal due to the restrictions

on the nature of the bond required to allow peeling to occur.

Thus, in a further embodiment of the present invention, the dry powder
15 formulation comprising glycopyrrolate is stored in packaging made from a material
which itself has a moisture content of less than 10%, preferably less than 5% and

more preferably less than 3%.

The packaging should also preferably prevent the ingress of moisture, so that the
20 powder is protected from external sources of moisture. Foil sealed blistets are en

example of a packaging which prevents ingtess of moisture.

In this latter regard, the prevention of the ingress of moisture from external sources
may be assisted by further packaging. For example, HPMC capsules may be stored

25 in a sealed environment, such as an additional layer of foil packaging.

In an alternative embodiment, the dty powder formulation is dispensed from a
multidose drv powder inhaler device wherein the powder is stored in a reservoir as
opposed to individually paékaged doses. In such an embodiment, the device should
30  offer superior moisture protection compared to conventional reservoir devices. For
example, the device should include one or more of the following features: a sealed

reservoir chamber (for example including a sealing gasket to seal the reservoir



45 42 Stability of Formulation B (120n), stored at 40C/70% RH Time (months) DUSA MSLI DD (jig)
DD (jig) FPD (rig) FPF (%) 0 107 107 48 45 105 104 37 36 2 101 101 36 36 - 19 - 397 97 27 28
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chamber), plastics materials exhibiting very low moisture permeability (for forming

the walls of the reservoir chamber), and 2 desiccant.

In a yet further embodiment of the present invention, the dry powder formulation

5  comprising glycopyrrolate further comprises an additive material, such as a so-called
force control agent. A force control agent is an agent which reduces the cohesion
between the fine particles within the powder formulation, thereby promoting
deagglomeration upon dispensing of the powder from the dry powder inhaler.
Suitable force control agents are disclosed in WO 96/23485 and they preferably

70 consist of physiologically acceptable material, despite the fact that the material may

not always reach the lung.

The fotce control agent may comprise ox consist of one or more compounds
selected from amino acids and derivatives theteof, and peptides and detivatives

75 thereof, the peptides preferably having 2 molecular weight from 0.25 to 1000Kda.
Amino acids, peptides and derivatives of peptides are physiologically acceptable and
give acceptable release or deagglomeration of the particles of active material on
inhalation. Where the force control agent comprises an amino acid, it may be one
or more of any of the following amino acids: leucine, isoleucine, lysine, valine,

20 methionine, and phenylalanine. The force control agent may be a salt or a derivative
of an amino acid, for example aspartame or acesulfame K. The D-and DIL-forms of

amino acids may also be used.

The force control agents may include one or mote water soluble substances. This

25 helps absorption of the force control agent by the body if it teaches the lower lung.
The force control agent may include dipolar ions, which may be zwitterions. It is
also advantageous to include a spreading agent as a force control agent, to assist
with the dispersal of the composition in the lungs. Suitable spreading agents
include surfactants such as known lung surfactants (e.g. ALEC, Registeted Trade

30 Mark) which comprise phospholipids, for example, mixtures of DPPC (dipalmitoyl
phosphatidylcholine) and PG (phosphatidylglycerol). Other suitable surfactants
include, for example, dipalmitoyl phosphatidylethanolamine (DPPE), dipalmitoyl
phosphatidylinositol (DPPI).



Stability of Formulation C (604, stored at 25C/60% RH Time (months) DUSA MSLI DD (jig) DD (jig)
FPD (jig) FPF (%) 050 49 17 34 4 49 16 32 9 44, 43 13 29 Stability of Formulation C (60p.g) stored
at 30C/60% RH Time (months) DUSA MSLI DD (Fig) DD (jig) FED (jig)

-13 -

The force control agent may comprise a metal stearate, ot a derivative thereof, for

example, sodium stearyl fumarate ot sodium stearyl lactylate. Advantageously, it

comprises a metal stearate. For example, zinc stearate, magnesium stearate, calcium
5 stearate, sodium stearate ot lithium stearate. Preferably, the additive material

comprises or consists of magnesium stearate.

The force control agent may include ot consist of one or more surface active
materials, in particular materials that are surface active in the solid state, which may
70 be water soluble or water dispersible, for example lecithin, in particular soya
lecithin, or substantially water insoluble, for example solid state fatty acids such as
oleic acid, lauric acid, palmitic acid, stearic acid, erucic acid, behenic acid, os
derivatives (such as esters and salts) thereof such as glyceryl behenate. Specific
examples of such materials are phosphatidylcholines, phosphatidylethanolamines,
75 phosphatidylglycerols and othet examples of natural and synthetic lung surfactants;
lauric acid and its salts, for example, sodium lauryl sulphate, magnesium lauryl
sulphate; triglycerides such as Dynsan 118 and Cutina HR; and sugar esters in

general. Alternatively, the force control agent may be cholesterol.

20  Other possible force control agents include sodium benzoate, hydrogenated oils
which are solid at toom temperature, talc, titanium dioxide, aluminium dioxide,
silicon dioxide and starch. Also useful as force control agents are film-forming

agents, fatty acids and their derivatives, as well as lipids and lipid-like materials.

25 Fotce control agents which are particularly suitable for use in the present invention
include magnesium stearate, amino acids including leucine, lysine, arginine,
histidine, cysteine and their derivatives, lecithin and phospholipids. The inclusion
of these force control agents is expected to improve the efficacy of the
glycopyrrolate for treating respitatory disorders such as COPD, asthma ot CF.

30
Further, it is believed to be important for any force control agent to be

predominantly present on the surface of the glycopyrrolate particles, as well as or



FPF (%) 050 73494517 1234279  Stability of Formulation D (120p.g), stored at 25C/60% RH
Time (months) DUSA MSLI DD (jig) DD (jig) FPD (Etg) FPF (%) 97 1053231 28

- 14 -

rather than being on the sutface of the carrier particles. It has been found that a

high shear blending method is advantageous to achieve this.

In addition to reducing the cohesion between the fine particles of the glycopyrrolate
5 formulation, additive materials, including the force control agents mentioned above,
may have further benefits when used in the present invention. It has been
suggested that some force control agents, such as magnesium stearate, are able to
themselves reduce the ingress of moisture into the dry powder formulation.
Furthermotre, many force control agents act as surfactants. When these agents are
70 administered to the lung, they tend to rapidly spread over the surface of the lung. It
is postulated that this rapid dispersion of the surfactants may well assist in the
dispersion of the glycopyrrolate in the formulation, theteby assisting and enhancing

its therapeutic effect.

75 From the foregoing it can be seen that the desired improvements in the fine particle
fraction of dry powder formulations containing glycopyrrolate for a period suitable
for an inhalation product (e.g. 1, 2, 3 years) can be achieved by suitable
conditioning, and/ot by protection of the formulation from moisture, and/ot by the
suitable incorporation of an additive, such as a force control agent. Indeed, as the

20  examples discussed below indicate, a combination of two or mote of these measures
leads to the best results. The protection of the dry powder formulation from

moisture may be particulatly impoztant.

A very important advantage of the present invention is that it allows the
25  administration of smaller doses than previously used. The reduction of the dose is
made possible by the more consistent and predictable administration of the
glycopyrrolate, for example, through a consistently improved fine patticle fraction
and fine particle dose compared to that observed in connection with the
conventional formulations. Consequently, while the dose dispensed is smaller, the
30  amount of active agent being administered is the same, with the same therapeutic

effect being achieved.



29 9 99 97 23 24 Stability of Formulation 1D (120 jig), stored at 30C/60% RH | Time 1 (months) DUSA
MSLI DD (jig) DD (jig) FPD (jig) FPF (%) 0 97 105 32 31 99 98 24 25 70 Stability of Formulation E
(60i1g) stored at 25C/60% RH Time (months) DUSA MSLI DD (jig)
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The formulations of the present invention may include glycopyrrolate as the only
pharmaceutically active agent. Alternatively, the formulations may include one oz
more further active agents, in addition to the glycopyrrolate. The additional active
agents may include, for example:

1) steroid drugs such as, for example, alcometasone, beclomethasone,
beclomethasone dipropionate, betamethasone, budesonide, clobetasol, deflazacort,
diflucortolone, desoxymethasone, dexamethasone, fludrocortisone, flunisolide,
fluocinolone, fluometholone, fluticasone, fluticasone proprionate, hydrocortisone,
triamcinolone, nandrolone decanoate, neomycin sulphate, rimexolone,
methylprednisolone and prednisolone;

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

3 systemically active drugs such as, for example, isosorbide dinitrate,
isosorbide mononitrate, apomorphine and nicotine;

4) antihistamines such as, for example, azelastine, chlorpheniramine,
astemizole, cetirizine, cinnatizine, desloratadine, loratadine, hydroxyzine,
diphenhydramine, fexofenadine, ketotifen, promethazine, trimeprazine and
terfenadine; ,

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

6) anticholinergic agents such as, for example, atropine, benzatropine,
biperiden, cyclopentolate, oxybutinin, orphenadine hydrochloride, procyclidine,
propantheline, propiverine, tiotropium, tropicamide, trospium, ipratropium bromide

and oxitroprium bromide;

7 anti-emetics such as, for example, bestahistine, dolasetron, nabilone,

prochlorperazine, ondansetron, trifluoperazine, tropisetron, domperidone, hyoscine,
cinnarizine, metoclopramide, cyclizine, dimenhydrinate and promethazine;

8) hormonal drugs such as, for example, protirelin, thyroxine, salcotonin,
somatropin, tetracosactide, vasopressin or desmopressin;

9 bronchodilators, such as salbutamol, fenoterol, formoterol and salmeterol;



DD (jig) FPD (fig) FPF (%) Release 45 51 16 31 - 20 - Set down* 48 52 14 261 Set down + 4 45 47 10
201  * Set down was 3 months after release date Stability of Formulation E (604 stored at 30C/60%
RH Time (months) DUSA MSLI DD (gg) DD (gg)
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10)  sympathomimetic drugs, such as adrenaline, noradtenaline, dexamfetamine,
dipirefin, dobutamine, dopexamine, phenylephrine, isopzenaline, dopamine,
pseudoephedrine, tramazoline and xylometazoline;

11)  anti-fungal drugs such as, for example, amphotericin, caspofungin,
clotrimazole, econazole nitrate, fluconazole, ketoconazole, nystatin, itraconazole,
terbinafine, voriconazole and miconazole;

12) local anaesthetics such as, for example, amethocaine, bupivacaine,
hydrocortisone, methylprednisolone, prilocaine, proxymetacaine, ropivacaine,
tyrothricin, benzocaine and lignocaine;

13)  opiates, preferably for pain management, such as, for example,
buprenorphine, dextromoramide, diamorphine, codeine phosphate,
dextropropoxyphene, dihydrocodeine, papaveretum, pholcodeine, loperamide,
fentanyl, methadone, morphine, oxycodone, phenazocine, pethidine and
combinationis thereof with an anti-emetic;

14)  analgesics and drugs for treating:migraine such as clonidine, codine,
coproxamol, dextropropoxypene, ergotamine, sumatriptan, tramadol and non-
steroidal anti-inflammatory drugs;

15)  narcotic agonists and opiate antidotes such as naloxone, and pentazocine;
16)  phosphodiesterase type 5 inhibitors, such as sildenafil; and

17)  pharmaceutically acceptable salts of any of the foregoing.

Preferably, the additional active agents are pharmaceutically active agents which are
known to be useful in the treatment of respiratory disorders, such as §,-agonists,
steroids, anticholinetgics, phosphodiesterase 4 inhibitors, and the like. In one

embodiment, the formulation of the present invention does not include formoterol.
The following examples serve to support the invention discussed above.

Example 1
Formulation A

The blend comprised micronised glycopyrronium bromide, with Pharmatose 150M

(DMYV), blend to give a 60ug dose.



FED (gg) FEE (%) Release 45 51 16 31 Set down 48 52 14 26 Set down + 4 48 48 10 21 * Set down
was 3 months after release date 5 Stability of Formulation F (120 jig), stored at 25C/60% RH Time
(months) DUSA MSLI DD (pg) DD (gg) FPD (gg) FEE (%) Release 97 107 33 31
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Formulation B
The blend comptised micronised glycopyrronium bromide, with Pharmatose 150M

(DMV), blend to give a 120pg dose.

5 Formulaton C
The blend comprised micronised glycopyzronium bromide, with Pharmatose 150M
(DMV), blend to give a 60ug dose.

Formulation D
70 The blend comptised micronised glycopyrronium bromide, with Pharmatose 150M
(DMV), blend to give a 120ug dose.

Formulation E
The blend comprised micronised glycopyrronium bromide, with Pharmatose 150M

75 (DMV), blend to give a 60ug dose.

Formulation F
The blend comprised micronised glycopyrronium bromide, with Pharmatose 150M
(DMYV), blend to give a 120pg dose.
20
These powders were then loaded as the appropriate doses of 60ug and 120pg into

gelatin capsules.. These wete then packaged and stored under selected conditions of

40°C/70% RH, 30°C/60% RH and 25°C/60% RH.

25 The fine particle fraction was assessed by fiting the capsules from a Miat
MonoHaler device into 2 multi stage liquid impinger, using the method defined in
the European Pharmacopoeia 4* Edition 2002. Delivered dose (DD), fine patticle
dose (FPD) and fine particle fraction (FPF) were measured. The fine particle
fraction was defined here as the mass fraction smaller than 5um relative to the

30  delivered dose in each case. Deliveted dose (DD) was also assessed by collection
into a DUSA tube using the method defined in the European Pharmacopoeia 2002.
‘Tests were conducted at selected time-points of up to 9 months and the resuits are

summarised in the following Tables:



Set down* 102 108 31 29 Set down + 4 99 105 24 23 * Set down was 3 months after release date
Stability of Formulation F (120g), stored at 30C/60% RH Time (months) DUSA MSLI DD (g.g) DD (gg)
FED (p.g) HP (/0) Release 97 107 33 31 Set down* 102 108 31 29 Set down + 4 103 106
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Stability of Formulation A (60pg), stored at 25°C/60% RH

Time DUSA MSLI
(months) BB g DD (ug) | FED (ug) | FPE (%)
0 52 53 24 45
1 51 50 19 39
2 55 51 20 39
3 53 53 21 40
6 46 50 20 40
Stability of Formulation A (60pg), stored at 40°C/70% RH
Time DUSA MSLI
(months) 5B (ug) DD (ug) | FPD (ag) | FPF (%)
0 52 53 24 45
1 47 49 17 35
2 46 46 14 31
3 45 44 13 30
5 Stability of Formulation B (120ug), stored at 25°C/60% RH
Time DUSA MSLI
(months)  HH g DD (pg) | FPD (ug) | FPF (%)
0 107 107 48 45
1 102 104 45 43
2 104 105 44 42
3 110 111 44 40
6 102 108 45 42
Stability of Formulation B (120ug), stored at 40°C/70% RH
Time DUSA MSLI
(months) 5B ey DD (pg) | FPD (ng) | FPF (%)
0 107 107 48 45
1 105 104 37 36
2 101 101 36 36




23 22 10 * Set down was 3 months after release date It can be seen from this stability study, that all of
the formulations dropped in FPF performance during the stability period when stored at 30C/60%Rili or
40C/75% RH. However, at 25C/60% RH, Formulations A and B had a relatively small drop 15 in FPF
compared to the other formulations, which dropped more sharply. - 21 - Formulations A and B also
had a substantially greater FPF at the release compared to the other formulations, indicating large
variation between these otherwise similar blends. Example 2 Formulatioted at 48ma e inn stearate
Formulation 1 This blend comprised 90% of Capsulac lexge carrier lactose, 7,8% Sorbolac 400, 0.25%
magnesium stearate and 1.92A micronised glycopyrroniurn bromide. The Sorbolac 400 lactose was
mixed with the magnesium stearate and the micxonised glycopyrronium bromide in a Kenwood Mini
Chopper high shear blender for 5/ finutes. At 1 pfihute intervaldthe walls off%ﬁe blender Were swept
down to optimise mixing. 15 This pre-blend was then sandwiChed between 2 tayers of the Capsulac
large carrier lactose.in a.capsule shaped vessel, and the la blended for 1 hour at 42 rpm,
followed by 10 minustt(gg%\tiy rt?’r‘iﬁmtloalrﬁ?)m\fée?j %@hfé?ﬁer&]%l %?E#&@& lation 2 20 This blend
comprised 90% of PR&amAatose 325 lalgeHarrier|lactose, 7.8% SoM8ldc 400, 0.25% maﬁ}nesium
stearate and 1,929 fiefshided g Ms.ﬁp@({{é?”ium BHE) The \?piiﬁ)i@%f()@ FppTEyvas Mixed with the
magnesium stearat ronised_glycopytronium-bromide in a Kenwaoaod Mini Chopper high
shear blender foPS minutes. AP minute intgr¥als the walls'df the blende¥were swept 25 down to
optimise mixing. Thig pre-blend was then sandwiébed betweeni2 layers of {l3¢ Phartuatose 325 large
carrier lactose in a cgpsute shapegyesset, andthgn Turbuta bignded-for-Hjhgurat42-rpm. 10
Formulations 3 and-4-{repeated)TFhese-repeated blends comprised 90% of Pharmatose!325 large
carrier lactose, 7.8% Sorbolac 400, 0.25% magnesium stearate and 1.92% micronised glycopyrronium
- 22 - bromide. TheSSbibtac400tadttge Wi nsixedwithrth MEGHeRIM stearate and the Pharmatose
325 large carrier latpggein a GrinfdMpTGR Shear bfender for T igggierat 2000 Tprm—Ttis was left for 1
hour to reduce eleqtiasiatit charge-within-the-pgwder mass. 5-Micronised glycopyrroniugn bromide was
then sandwiched bafween Zﬁayer?g} {ﬁ%) pre-ble%) iFf‘ﬁ?e Gﬁ‘nﬁ%ﬁliﬁ&%nd afel?%—gé’)for 5/minutes at
2000 rpm. Formulaidns 5 and 6 (rf&peated) 10 THése repeatedi blends con@rdsed 90% gf Phartnatose

150 large carrier lagtoSe, 7.8% Spipotac 400, 0.2576 magnes|{upy steatatc gme-1-92%micronised
glycopyrronium bromide—Fhe-Sefblac-400-lactose \.A,Ias-mixedwm_the_magneslumsmamte and the
Pharnaatose 150 large carrier lactose in a GrindMix high shear blender for 1 minute at 2000 rpm. This
was left for 1 hour t¥eluce Elecirdsiot Ociafge) wwitn e 3B p6e&Hmass. Micronised
glycopyrronium brgiigigeWwas the Sagipioned betweer 2 tayers gjpihip pre-bferd-imthreGrindMix, and

blended for 5 minut 0 rp| d-byva further 4 minutes to improve hlend content
RO P o Y PO ey T TEPD () [ FPT ()

uniformity.
97 105 32 31
4 - 99 28 29
99 97 23 24

Stability of Formulation D (120pg), stored at 30°C/60% RH

Time DUSA MSLI
months
(months) DD (wg) | DD (ag) | FPD (@) | FPE (%)
0 97 105 32 31
9 : 99 98 24 25

70 Stability of Formulation E (60pg), stored at 25°C/60% RH
Time DUSA MSLI

months
( ) DD (pg) DD (pg) FPD (ug) FPF (%)
Release 45 51 16 31




20 Formulation 7 This blend comprised approximately 90% of Pharnaatose 150 large carrier lactose,
7.9% Sorholac 400, 0.15% magnesium stearate and 1.9% micronised glycopyrroniutu bromide. The
Sotholac 400 lactose was mixed with the magnesium stearate and the 23 Pharmatose 150 large
carrier lactose in a GrindMix high shear blender for 1 minute at 2000 rpm. This was left for 1 hour to

reduce electrostatic charge within the powder mass.

Micronised glycopytronium bromide was then

sandwiched between 2 layers of this 30 pre-blend in the GrindMix, and blended for 9 minutes at 2000
rpm Formulations targeted at 480[tg without magnesidf-stearate Formulation 8 - 23 - This blend
comprised 90.25% of Pharmatose 325 large carrier lactose, 7.8% Sorbolac 400, and 1.92%
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ility of Formulation F (120ug), stored at 25°C/60% RH
Time DUSA MSLI
(months) BB (ug) DD (sg) | EFPD (pg) | FPE (%)
Release 97 107 33 31
Set down* 102 108 31 29
Set down + 4 |99 105 24 23
* Set down was 3 months after release date
Stability of Formulation F (120ug), stoted at 30°C/60% RH
Time DUSA MSLI
(months) DD (ug)  |DD(pe)  |FPD (pe) | FPE (%)
Release 97 107 33 31
Set down* 102 108 31 29
Set down + 4 | 103 106 23 22

10

* Set down was 3 months after release date

PF). 30 The results are summarised in the following table. Formulation MSLI
Performance DD (Sp %
ta

It can be seen from this stability study, that all of the formulations dropped in FPF
performance during the stability period when stored at 30°C/60%RH or 40°C/75%
RH. However, at 25°C/60% RH, Formulations A and B had a relatively small drop

15

in FPF compared to the other formulations, which dropped more sharply.



2 38586 22 3350 159 45 4 384 179 46 5 406 233 57 6 420 229 54 7 404 216 53 8 390 148 38 398
177 The data show that formulations manufactured without magnesium stearate as a force control
agent exhibited approximately 20% reduction in fine particle fraction and dose than the respective
formulations with a force control agent. For example,
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Formulations A and B also had 2 substantially greater FPF at the release compared

to the other formulations, indicating large variation between these otherwise similar

blends.

Example 2

Formulations targeted at 480ug with magnesium stearate

Formulation 1

This blend comprised 90% of Capsulac large carrier lactose, 7.8% Sorbolac 400,
0.25% magnesium stearate and 1.92% micronised glycopyrronium bromide. The
Sorbolac 400 lactose was mixed with the magnesium stearate and the micronised
glycopyzronium bromide in 2 Kenwood Mini Choppet high shear blender for 5
minutes. At 1 minute intervals the walls of the blender were swept down to

optimise mixing.

This pre-blend was then sandwiched between 2 layers of the Capsulac large carrier
lactose in a capsule shaped vessel, and then Tutbula blended for 1 hour at 42 tpm,

followed by 10 minutes at 62 rpm to improve content uniformity.

Formulation 2 )

This blend comptised 90% of Pharmatose 325 large carrier lactose, 7.8% Sorbolac
400, 0.25% magnesium stearate and 1.92% micronised glycopyrronium bromide.
The Sorbolac 400 lactose was mixed with the magnesium steatate and the
micronised glycopyrronium bromide in a Kenwood Mini Chopper high shear
blender for 5 minutes. At 1 minute intervals the walls of the blender were swept

down to optimise mixing.

This pre-blend was then sandwiched between 2 layers of the Pharmatose 325 large
carrier lactose in a capsule shaped vessel, and then Turbula blended for 1 hour at 42

Ipm.

Formulations 3 and 4 (repeated)
These tepeated blends comprised 90% of Pharmatose 325 large carrier lactose, 7.8%

Sorbolac 400, 0.25% magnesium stearate and 1.92% micronised glycopyrronium



5 Formulation 8 without a force control agent exhibited a EPP of 38%, Formulation 4 with a force
control agent a FPF of 46%, Formulation 9 without a force control agent a FPF of 44% and
Formulation 5 with a force control agent exhibited a FPF of 57%. /0 The formulations manufactured
with 9.15% force control agent had a slightly lower performance than those with 0.25% force control
agent-(17PF of 53% compared to FPFs of 57% and 54%). ~ In general, the formulations in Example
2 with magnesium stearate show better FPF 75 values than those in Example 1 without magnesium
stearate. The repeated formuladous in Example 1 withg@ut magnesium stearate show greater variation
in FPF than the repeated formulations in Example 2 20 Blend content uniformity did not seem to be
affected by addition of a force control agent, but was affected by insufficient mixing, related to the
lower energy blendiigthdds nhaksitidrtpiafting itk v shihampsaevoso yriptesishthe
characteristics weresithstasdizily ey serfef bleadsimadeinddMihaignvaranarandiendingipracess, - 25
- that s, Turbula blgnds,exhibiteq FPES.of 22:31% Whilsh bigh shear blends exhibited PP of 45-57%.
Dispersion performance for blends using Pharmatose 150M were |mprove(§ ver B those using
Phartnatose 325. Wﬁé"ﬁﬁé?bsé' attributed to the increased fine lactose (i.e., % <40nm) content for the
Pharmatose 150M material. Performance was consistent at 25mg and 12.5 mg capsule loadings.
Consequently, it cap:be concluded that the op4-imum performance required: 10 High s{: ar blending;
Magnesium stearaatigl%)ontié?lqtcéilz)c.a%yf%?nrhug?egrpge é?gﬁ'ﬁ/}%f ¥ gmcpr@éi‘gﬁ%ﬁnn%%agﬁgu% 0 create CU
or toxicity problem@te et érchsiriedydinmng Hearad by <ovsntanee 1I9Fepably <1%, and more
preferably <0.5%); and Fine lactose content preferably >3%, more preferably >5% more preferably
>8%. 15 Example %@%ﬁgﬂg@ta@i@@&gg&)blends containing 400p,g, 250p,g and 20ug
glycopyrrolate wereF 5ade using the following ' method. 20 This blend comprised approximately 90% of

Pharmatose 150 lafg&°eAFREH FARGRES “aPBrBRTAMIS 08B aBtmR 9 dc Ut AESss iigtfedidi stearate
and the micronised®gtpebpyivdnaairepided ke Soroldd 200 lattoseswiagyniped ovithuhe

magnesium stearaig anddheRhImatossiRAJargn candes lagkase in.g.GeindaMix.high shear blender

for 1 minute at 200 me' Thislgxg?s left for 1 hour to reduce electrostatic 25 charge within the powder
mass. IVlicronisecl ghvEBBibMUM BT SHiTE HrALtHE SEreNe i B thaa R odst &0 bR Hre-blend
in the GrindMix, aret Bl8Aded-fdhd mrinlsedoat! 2000 mpmd8e: Fhesespoivdbrsswerichthehdoaded as the
appropriate dases pb48Qngss250pg and Mug into gelatin capsules, and packaged in foil pouches.
These were then stored under conditions of 40C/75% RH, 30C/60% RH and 25C/60% RH. The fine
particle fraction was assessed by firing the capsules from a ivliat MonoHaler device into a -26 - multi
stage liquid impingt&caaisng sles Pretosiradnasidn The trer spediriqhrd hercop Sdry e diffon 2002.
The fine particle fraetitieweis defioaadasre, asdhe-nRasbertion.smaleodhap.s L srlatiye, to the

nominal dose in e3ch.gase.. Selectedests were condusted at time-points of Up to 52 weeks. The data
are summarised in the following tables. Aerodynamic Assessmerit - FPF (ND) % Time (weeks) 400pg

40'C/75% R.H'Packaged in Foil Pouch 0 42.6 + 1.34 30.1 1.9 12

Formulation 7

This blend comprised approximately 90% of Pharmatose 150 large cartier lactose,

7.9% Sotbolac 400, 0.15% magnesium stearate and 1.9% micronised glycopyrronium

btomide. The Sorholac 400 lactose was mixed with the magnesium stearate and the
25 Pharmatose 150 large carrier lactose in a GrindoMix high shear blender for 1 minute

at 2000 xpm. This was left for 1 hour to reduce electrostatic charge within the

powder mass.

Micronised glycopyrronium bromide was then sandwiched between 2 layers of this

50 pre-blend in the GrindoMix, and blended for 9 minutes at 2000 rpm.

Formulations targeted at 480pg without magnesium stearate

Formulation 8



26.5 1.4 31 23.9 2.6 Time (weeks) 400pg 30C/60% RH Packaged in Foil Pouch 042.6 1.3441.4
0.91240.7 1.33136.7+1.14238.4+0.95238.4 0.8 Time (weeks) 400pg 25C/60% RH Packaged
in Foil Pouch 042.6 + 1.31242.0 2.43139.0 2542 44.9 0.35240.3 1.2 Aerodynamic
Assessment - FPF (ND) % Time (weeks) 250pg 40C/75"/G RH Packaged in Foil Pouch 0

-23 -

This blend comprised 90.25% of Pharmatose 325 large carrier lactose, 7.8%
Sorbolac 400, and 1.92% micronised glycopyrronium bromide. The Sorbolac 400
lactose was mixed with the Pharmatose 325 large carrier lactose in 2 GrindoMix
high shear blender for 1 minute at 2000 tpm. This was left for 1 hout to reduce

5 electrostatic charge within the powder mass.

Micronised glycopyrronium bromide was then sandwiched between 2 layers of this

pre-blend in the GrindoMix, and blended for 7 minutes at 2000 rpm.

70 Formulation 9
This blend comprised 90.25% of Pharmatose 150 large catrier lactose, 7.8%
Sorbolac 400, and 1.92% micronised glycopyrronium bromide. The Sotbolac 400
lactose was mixed with the Pharmatose 325 large carrier lactose in a GrindoMix
high shear blender for 1 minute at 2000 rpm. This was left for 1 hour to reduce

75 electrostatic charge within the powder mass.

Micronised glycopyrronium bromide was then sandwiched between 2 layers of this

pre-blend in the GrindoMix, and blended for 7 minutes at 2000 rpm.

20  Powder Testing
All formulations manufactured were assessed for satisfactory bulk powdet conten

uniformity.

The fine particle fraction was assessed by firing the capsules from a Miat

25 MonoHaler device into 2 multi stage liquid impinger (MSLI), using the method
defined in the European Pharmacopoeia 4™ Edition 2002. Five consecutive doses
were collected under an operating air flow of 1001/min. CITDAS software was
used to process the stage deposition data, and to generate delivered dose (DD), fine
particle dose <5pm (FPD) and fine particle fraction <5um (FPF).

30

The results are summarised in the following table.

Formulation MSLI Performance

DD (pg) FPD (pg) FPF (%)




395 2.0 276 0.7 -27-1221.3+1.13119.9 + 0.6 Time (weeks) 250mg 30C/60% RH Packaged
in Foil Pouch 039.5 2.0440.2 1.51235.6 2.13131.1 2542 36.9 0.552 312 4.4 Time (weeks)
250ug 25C/60% R_H Packaged in Foil Pouch 0 39.5 2.0 12 39.2 2.9 31 39.0 + 1.542 39.1 0.6 52

- 24 -
1 367 114 E
2 385 86 22
3 350 159 45
4 384 179 46
5 406 233 57
6 420 229 54
7 404 216 53
8 390 148 38
9 398 177 i

The data show that formulations manufactured without magnesium stearate as a
fotce control agent exhibited approximately 20% reduction in fine particle fraction
and dose than the tespective formulations with a force control agent. For example,

5 PFormulation 8 without a fotce control agent exhibited a FPF of 38%, Formulation 4
with a force control agent a FPF of 46%, Fotmulation 9 without a force control
agent a FPF of 44% and Formulation 5 with a fotce control agent exhibited a FPF
of 57%.

70 The formulations manufactured with 0.15% force control agent had a slightly lower
performance than those with 0.25% force control agent (FPF of 53% compared to
FPFs of 57% and 54%).

In general, the formulations in Example 2 with magnesium stearate show better FPF

75  values than those in Example 1 without magnesium steatate.

The repeated formulations in Example 1 without magnesium stearate show greater

variation in FPF than the repeated formulations in Example 2

20  Blend content uniformity did not seem to be affected by addition of a force control
agent, but was affected by insufficient mixing, related to the lower energy blending
methods or insufficient blending time. Similarly, aerosol dispersion characteristics

were substantially worse for blends made with the lower enetgy blending process,



34.5 + 1.1 Aerodynamic Assessment - FPF (ND) % Time (weeks) 20ug 40C/75% RH Package_d in _
Foil Pouch 042.3 1.9420.8 1.1818.4 +0.912 Time (weeks) 20ug 30C/60% RH Packaged in Foll
Pouch 42.3 1.9 35,5 1.4829.0 0.312 28.8 0.5 Time (weeks) 20ug 25"C/60% RH Packaged in Foil

Pouch 042.3 1.9 -28- 39.1 0.4841.2
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that is, Turbula blends exhibited FPFs of 22-31% whilst high shear blends exhibited
FPFs of 45-57%.

Dispersion performance for blends using Pharmatose 150M were improved over
those using Pharmatose 325. This may be attributed to the increased fine lactose
(i-e., Yo <40um) content for the Pharmatose 150M material. Performance was

consistent at 25mg and 12.5 mg capsule loadings.

Consequently, it can be concluded that the optimum performance required:
High shear blending;

Magnesium stearate content >0.05%, more preferably >0.1% but preferably not
enough to create CU or toxicity problems (e.g. preferably <5%, more preferably
<2%, more preferably <1%, and mote preferably <0.5%); and

Fine lactose content preferably >3%, more preferably >5% more preferably >8%.

Example 3
Subsequent to this work, blends containing 400ug, 250pg and 20pg glycopyrrolate

wete made using the following method.

This blend comprised approximately 90% of Pharmatose 150 large cartier lactose,
approximately 9% Sorbolac 400, 0.15% magnesium stearate and the micronised
glycopyrronium bromide. The Sorbolac 400 lactose was mixed with the magnesium
stearate and the Pharmatose 150 large carrier lactose in a GrindoMix high shear
blender for 1 minute at 2000 rpm. This was left for 1 hour to reduce electrostatic

charge within the powder mass.

Micronised glycopyrronium bromide was then sandwiched between 2 layers of this

pre-blend in the GrindoMix, and blended for 9 minutes at 2000 rpm.

These powders were then loaded as the appropriate doses of 400ug, 250pg and 20ug
into gelatin capsules, and packaged in foil pouches. These were then stored under
conditions of 40°C/75% RH, 30°C/60% RH and 25°C/60% RH. The fine particle

fraction was assessed by firing the capsules from a Miat MonoHaler device into a



4-0.41237.3 0.22336.2 1.796 31.0 0.54031.8 1.052 32.8 + 1.3 In each case, the FPF value at
the initial time-point was approximately 40%. However, in each case, the material stored at 40C/75%
RH, the FPF had dropped to below 30% after 4 weeks, and in most cases to approximately 20% after
12 5 weeks. The 250pg the material stored at 30C/60% RH, the PPP had dropped to nearly 30% after
31 weeks, and the 20ng the material stored at 30C/60% RH, the FPF had dropped to below 30% after
8 weeks. The 250ng the material stored at 25C/60% RH, the FPF had dropped to nearly 70 35%
after 52 weeks, and the 20pg the material stored at 258Y60% RH, the FPF had dropped to about 30%
after 26 weeks. Consequently, it was concluded that magnesium stearate was not providing
protection from instability in these prototype formulations. A number of measures 11 were proposed:
To increase the maBHESItHsF Seirdrarisses Tirs Somien 1A € eitrs By hgPaterpsure to moisture To
condition the excipmfuﬁnaaﬁbaddinivmhyﬁmoe exp@w@wt&ﬂ@waeﬁatswedeﬁw@ﬂwm +{& condition
the capsules by a Rre-eXRosyre to stare envirgpment. To empl W moi t re content (e.g.
HPMC) capsules To méglsctt?ggtg ﬁ}r arﬁﬁt?nf%@%ﬁv%%geéf%ﬁ?f% lﬁgac hthis néﬁcs ﬁody, blends
containing 160).4g SOt eMLAHE 0P EHeBHy piomtE 2 ¥69be made using the following method.
The blends comprise approximately 9 O % of Pharmatose 150 large carrier lactose, between

approximately 9 ang, 9 §£{% §r%rslggn%§: tjﬁ5f01inw ne%s m stearate and the micronised
glycopyrronium bromid 5 pow ers are blende |qh shear mixer, in one step. These
powders are precondltloned at”’%%YRWE%PﬁB?@Sm RPF (ND) %

Time 400ug 40°C/75% RH Packaged in Foil

(weeks) Pouch

0 426+ 1.3

4 30.1 £ 1.9

12 265+ 1.4

31 239+ 2.6

Time 400pg 30°C/60% RH Packaged in Foil

{weeks) Pouch

0 42.6 £ 1.3

4 414+ 09

12 40.7 £ 1.3

31 36.7 1.1 .

42 38.4 % 0.9

52 384+ 0.8

Time 400pg 25°C/60% RH Packaged in Foil

(weeks) Pouch

0 42.6 £ 1.3

12 42.0+ 24

31 39.0+ 25

42 449 £ 03

52 403 £ 1.2

Aerodynamic Assessment - FPF (ND) %

Time 250pg 40°C/75% RH Packaged in Foil
(weeks) Pouch
0 395+ 20

4 27.6 £ 0.7




Blends contaiving 250 jag and 20ng glycopyrrolate in 25mg were made using the 10 method
described in Example 3. Powders were made with 0.15% magnesium stearate. 25nag of the powders
were then loaded into HPMC capsules and into gelatin capsules,.and packaged in cold form aluminium
foil pouches. The gelatin capsules had been pre-conditioned at 40% RH. These were then stored
under conditions of 30C/65% RH. The fine particle fraction was ‘assessed by firing the capsules from a
Miat MonoHaler device into a multi stage liquid impinger, using the method defined in the European
Pharmacopoeia 2002. Delivered dose (DD), fine particlr dose (FPD) and fine particle fraction (PPP)
were measured. The EPP was defined here as the mass 20 fraction smaller than 5p.rn relative to the

se. Delivered dose (DD) was also assessed by collection into a DUSA tube

irs were tested at the start

the tests are summarised
nised re-micronised
DID 2159 3.72149 7.7

2 (%) 42.4 1.046.7 2.5

nominal dose in each ¢
using the method defingd4n the Eurépéah Pharmacopoeia 2002.  Powdé
point and at selected timgpaints of prgsan@ ghree 25 months. The resultsof
below: With 0.15% Magresium-Steprate-and-250tg-Glycopyro
Pre-clinical It0 Gelatin Hgb‘g)gigelan@%"ﬁgﬁncgqg }%ilg%fﬁﬁg@)ﬂopfg%
203.5 2.8 192.7 6.6 FPp (i) 1065520 1168 6-3166:52:3-98:84-9-FF

4 40.2 + 1.5

12 35.6 £ 2.1

31 311+ 25

42 36.9 £ 0.5

52 322+ 4.4

Time 250pg 25°C/60% RH Packaged in Foil

{weeks) Pouch

0 395+ 2.0

12 39.2 £ 2.9

31 3904 1.5

42 391+ 0.6

52 345+ 1.1

Aerodynamic Assessment ~ FPF (ND) %

Time 20ug 40°C/75% RH Packaged in Foil

(weeks) Pouch

0 423+ 19

4 208+ 1.1

8 18.4 1+ 0.9

12 -

Time 20pg 30°C/60% RH Packaged in Foil

(weeks) Pouch

0 423+ 19

4 355+ 1.4

8 290+ 0.3

12 28.8+0.5

Time 20pg 25°C/60% RH Packaged in Foil

(weeks) Pouch

0 423+ 1.9




40.2 0.9395 2.0 -30-DUSA 204.7 12.4 N/A N/A 188.4 16.7 t=1 Gelatin EIPMC Gelatin Gelatin
30/65 0.15% 0.15% 0.15% e.15% 30/60 DD 196.2 6.8 209.3 + 2.3176.1 5.7 202.7 8.4 FPD (pg)
75.2 7.2111.05 1.666.0+ 2.6 100.4 3.7

-28 -

4 39104
8 412+ 04
12 373+ 0.2
23 36.2 1.7
26 31.0£ 05
40 31.8 £ 1.0
52 328+ 1.3

In each case, the FPF value at the initial time-point was approximately 40%.
However, in each case, the material stored at 40°C/75% RH, the FPF had dropped

to below 30% after 4 weeks, and in most cases to approximately 20% after 12

5 weeks. The 250pug the material stored at 30°C/60% RH, the FPF had dropped to
neatly 30% after 31 weeks, and the 20pug the material stored at 30°C/60% RH, the
FPF had dropped to below 30% after 8 weeks.

The 250ug the material stored at 25°C/60% RH, the FPF had dropped to nearly

70 35% after 52 weeks, and the 20pg the material stored at 25°C/60% RH, the FPF
had dropped to about 30% after 26 weeks.

Consequently, it was concluded that magnesium stearate was not providing
protection from instability in these prototype formulations. A number of measures
75 were proposed:
@ To increase the magnesium steatrate level
® To condition the drug by a pre-exposute to moisture
* To condition the excipients and additives by 2 pre-exposure to a low
moistute environment
20 » To condition the capsules by a pre-exposure to a low moisture environment
® To employ low moisture content (e.g. HPMC) capsules

¢ To investigate foil aluminium overwrap.

Example 4



FPF (%) 30.1 2.944.4+ 0.6 26.4 1.140.2 1.5 DUSA 199.4 10.4 N/AN/A 183_.2 13.6 With 0.1_5%
Magnesium Stearate and 20pg Glycopyrrolate t'O HPMC Gelatin Gelatin Gelatin Pre-Con Gelatin DD
18,1 0.418.2 0.317.3 0.5 18.2+0.317.0+ 1.2 FPD (pg) 10.1 0.39.6 0.28.8 0.3 8.1 0.28.5 0.4

h.PF (8'0)
929 .

In this new study, blends containing 160ug, 80ug, 40pg and 20pg glycopyrrolate are
to be made using the following method. The blends comprise approximately 90%
of Pharmatose 150 large carrier lactose, between approximately 9 and 9.8% Sorbolac
400, 0.15% magnesium stearate and the micronised glycopyrronium bromide. The

5 powders are blended in a high shear mixer, in one step. These powdets ate

preconditioned at 40% RH.

Example 5

Blends containing 250pg and 20ug glycopyrrolate in 25mg were made using the
70 method described in Example 3. Powders were made with 0.15% magnesium

stearate. 25mg of the powders were then loaded into HPMC capsules and into

gelatin capsules, and packaged in cold form aluminium foil pouches. The gelatin

capsules had been pre-conditioned at 40% RH.

75 - These wete then stored under conditions of 30°C/65% RH. The fine patticle
fraction was assessed by firing the capsules from a Miat MonoHaler device into a
mult stage liquid impinger, using the method defined in the European
Pharmacopoeia 2002. Delivered dose (DD), fine particle dose (FPD) and fine
particle fraction (FPF) were measured. The FPF was defined hete as the mass

20 fraction smaller than 5um relative to the nominal dose in each case. Delivered dose
(DD) was alsc assessed by collection into 2 DUSA tube using the method defined in
the European Pharmacopoeia 2002.

Powdets were tested at the start point and at selected timepoints of one and three

25 months. The results of the tests are summarised below:

With 0.15% Magnesium Stearate and 250pg Glycopytrolate

CT re-micronised te-micronised Pre-clinical
={ Gelatin HPMC Gelatin Gelatin
0.15% 0.15% 0.15% 0.15%
DD 215.9 + 3.7 12149 7.7 203.5 + 2.8 192.7 £ 6.6
FPD (ng) 106.1 £ 2.6 |116.8 £6.3 1005 £2.3 98.8 £+ 49
FPF (%) 42.4 + 1.0 46.7 £ 2.5 40.2 £ 0.9 39.5+20




50.3 1.347.8 1.0439 15 405 09423+ 1.9DUSAN/A16.5 0.616.2 0.9 N/A16.8 0.7 -1
HPMC Gelatin Gelatin Gelatin Gelatin 30/65 25/60 30/65 30/65 30/60 DD 17.6 0.218.30.817.6 0.1

15.2+0.116.9+ 0.5

~30-

DUSA 204.7 + 12.4 N/A N/A 188.4 = 16.7
=1 Gelatin HPMC Gelatin Gelatin
30/65 0.15% 0.15% 0.15% 0.15%
, 30/60

DD 196.2 £6.8 12093 %23 176.1 £ 5.7 202.7 £ 8.4
FPD (ug) 752 £ 7.2 111.05 £ 1.6 66.0 £ 2.6 100.4 £ 3.7
FPE (%) 30.1 £ 2.9 44.4 + 0.6 26.4 + 1.1 40.2 £ 1.5
DUSA 1994 £104 N/A N/A 183.2 £ 13.6
With 0.15% Magnesium Stearate and 20pg Glycopyrrolate

t=0 HPMC Gelatin Gelatin Gelatin Gelatin

Pre-Con
DD 181+04 182%03 [17.3£0.5 [182%0.3 [17.0+1.2

FPD (ug) [10.1 03 9.6+0.2 [8.8+0.3 8.1 = 0.2 8.5 £ 0.4
FPF (%) 503 +£13 478+1.0 439+15 40.5 0.9 423+1.9

DUSA N/A 165+ 0.6 [16.2 0.9 N/A 16.8 £ 0.7

t=1 HPMC Gelatin Gelatin Gelatin Gelatin
30/65 25/60 30/65 30/65 30/60

DD 17.6 £ 0.2 183+0.8 17.6 +0.1 15.2 + 0.1 16.9 £ 0.5

FPD (ug) 9.4 +02 86%05 (7.7 £0.1 6.5+ 02 7.1£0.3
FPF (%) ©46.8+1.0 429+25 38.7+0.5 32.3 0.9 355+ 1.4

DUSA N/A 174+ 1.4 {16.8 £0.7 N/A 16.5 £ 1.4
t=3 HPMC Gelatin Gelatin Gelatin Gelatin
30/65 30/65 25/60 130/65 30/65 30/60
DD 172 £0.2 178*+1.8 1183+ 0.1 16.2 £ 0.4 164 £ 0.4

FPD (ug) 9.1%01 7.9%03 [7.5+0.1 6.1 +0.2 5.8 £0.1
FPF (%) 458103 39.6+13 [37.3 +0.7 307 £0.8 288+ 0.5
DUSA N/A 16.0 £ 0.7 [16.7 N/A 15.7 £ 0.6

In each case using HPMC capsules, the FPF started at a higher level relative to the
5 equivalent powders in gelatin capsules and remained high (at least 44%) over the 3

month period. In each case using gelatin capsules, the FPF started at the slightly

lower level than had been seen with HPMC capsules, but also in several instances

dropped significantly over the 3 month period to 30% or below.



FPD (frig) 9.4 0.28.6 0.57.7 0.1 6.5 0.2 7.1+ 0.3 FPF (A) 46.8 1.042.9 2.5_38.7 0.5_ 32.3 Q.9
355+ 1.4DUSAN/A17.4 1.416.8 0.7 N/A 16.5 1.4 t=3 HPMC Gelatin Gelatin Gelatin Gelatin

30/65 30/65 25/60 30/65 30/65

70

15

20

25
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This study supports the benefit of using 2 low moisture capsule in resolving the

ptoblem presented by micronised glycopyrrolate as outlined above.

This study also supports our belief that the basic aerosolisation process is more
efficient with HPMC capsules compated to gelatin capsules. We believe this is due
to the improved pietcing of holes formed in the HPMC capsules.

Example 6

As an alternative device, a prototype system termed the GyroHaler (as briefly
described above) was used. This device protects the formulation from moisture by
containing the powder within pre-metered foil blister strips. Consequently, no
moisture source is available to the powder providing integrity of the seals is

maintained.

In this study, blends containing 250yg in 15mg or 20pug in 25mg glycopyrrolate were
made using the following method. This blend comprised approximately 90% of
Pharmatose 150 large carrier lactose, between approximately 9 and 10% Sorbolac
400, 0.15% magnesium stearate and the micronised glycopyrronium bromide. The

powders were blended in a high shear mixer, in one step.

The powder was metered into each foil blister which was subsequently sealed with a
foil lid. The device was actuated by allowing a piercing head to pierce the blister lid.
The powders were then drawn through the mouthpiece and into a multi stage liquid
impinger, at 60 I/min, using the method defined in the European Pharmacopoeia
2002. In each case, the fine particle fractions were between 45 and 50%. The fine
patticle fraction was defined here as the mass fraction smaller than 5um relative to

the delivered dose in each case.

Example 7 -
The effect of conditioning on micronised glycopyrrolate was investigated. An initial

batch of glycopytrolate 'A' was micronised at 9.8 bar with feed rate of 0.2 kg/hour.

This material was then conditioned on a tray at 25°C/60% RH, with or without



30/60 DD 17.2 0.217.8 1.818.3 0.1 16.2 0.4 16.4+ 0.4 FPD (pg) 9.1 0.17.9 0.37.5 0.1 6.1 0.2
5.8 + 0.1 FPF (a/0) 45.8 0.339.6 1.337.3 0.7 30.7 0.828.8+ 0.5 DUSAN/A16.0 0.7 16.7 N/A
15.7 0.6 In each case using HPIVIC capsules, the FPF started at a higher level relative to the 5
equivalent powders in gelatin capsules and remained high (at least 44%) over.the 3 month period. In
each case using gelatin capsules, the FPF started at the slightly lower level than had been seen with
EIPMC capsules, but also in several instances dropped significantly over the 3 month period to 30% or

below. - 31 -
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agitation/turning. Each of these powdets was sized by Sympatec. The powders
were then formulated using the method outlined in Example 4, as 20ug dose in
25mg powder with 0.15% magnesium stearate and loaded into gelatin capsules. The
fine particle fraction was assessed by fiting the capsules from a Miat MonoHaler
device into a multi stage liquid impinger, using the method defined in the European
Phatmacopoeia 4" Edition 2002. The fine particle fraction was defined here as the

mass fraction smaller than 5um relative to the nominal dose.

A second batch of glycopyrrolate 'B' was micronised at 9.8 bar with feed rate of 0.3
kg/hour. This powder was sized by Sympatec. The powder was then formulated
using the method outlined in Example 4, as 20pg dose in 25mg powder with 0.15%
magnesium stearate and loaded into gelatin capsules. The fine particle fraction was
assessed by firing the capsules from a Miat MonoHaler device into a multi stage
liquid impinger, using the method defined in the European Pharmacopoeia 4%
Edition 2002. The fine particle fraction was defined here as the mass fraction

smaller than 5pum relative to the nominal dose.

A third batch of glycopyrrolate 'C' was mictonised at 9.8 bar with feed rate of 0.4
kg/hour. This material was then conditioned on a tray at 25°C/60% RH, with or
without agitation/turning. EHach of these powders was sized by Sympatec. The
powders were then formulated using the method ouﬂiﬁed in Example 4, as 20ug
dose in 25mg powder with 0.15% magnesium stearate and loaded into gelatin
capsules. The fine particle fraction was assessed by firing the capsules from a Miat
MonoHaler device into a multi stage liquid impinger, using the method defined in
the European Pharmacopoeia 4® Edition 2002. The fine particle fraction was

defined here as the mass fraction smaller than Sum relative to the nominal dose.

A fourth batch of glycopyrrolate 'D' was micronised at 8.8 bar with feed rate of 0.4
kg/hour. This powder was sized by Sympatec. The powder was then formulated
using the method outlined in Example 4, as 20ig dose in 25mg powder with 0.15%
magnesium stearate and loaded into gelatin capsules. The fine particle fraction was
assessed by firing the capsules from a Miat MonoHaler device into a multi stage

liquid impinger, using the method defined in the European Pharmacopoeia 4



This study supports the benefit of using a low moisture capsule in resolving the problem presented by
micronised glycopyrrolate as outlined above. 5 This study also supports our belief that the basic
aerosolisation process is more efficient with HPMC capsules compared to gelatin capsules. We
believe this is due to the improved piercing of holes formed in the HPMC capsules. Example 6 10 As
an alternative device, a prototype system termed the GyroHalez (as briefly described above) was
used. This device protects the formulation from moisture by containing the powder within pre-metered
foil blister strips. Consequently, no moisture source is.agailable to the powder providing integrity of the
seals is maintained. 13 In this study, blends containing 250n in 15mg or 20ng in 25mg glycopyrrolate
were made using the following method. This blend comprised approximately 90% of Pharnaatose 150
large carrier lactosesdigiweere appeosinatetitd andidd % Sochatdth400,s Lk hsapgnpaium stearate
and the micronisedsgllylgquxgpglitxjnn}etg ‘;gigoetﬁpgoggngpwcqg‘rs were blended in a high shear mixer, in
one step. The powder was metered Into each foll blister which was subsequently sealed with a foil lid.
The device was actuated by allowing a piercing head to pierce the blister lid. The powders were then
drawn through the mdiith piece el iy adatiBtagediguidi2bi inafindge:; attbdeltifte using the method
defined in the Europegn Ehaimacopasia 2002, In,caeh case, (e, fine Rartcle ragtions.were between
45 and 50%. The fine particle fraction was defined here as the mass fraction smalter than Sum relative
to the delivered dogethressiiatiose r30iExafsie o tsecafecicot vontiridringyretdetoRised
glycopyrrolate was javestigated AR fpitialihatchpb ahcrrmsalatrife ASRaIGIRNISAMhaL 9.8 bar with
feed rate of 0.2 kg/hour. T{%sn mategal was étlfgg} conditi(i)nedton a tra% ?t 45&3/6}3:0% Rﬁ'i’ with or without
- 32 - agitation/turning. Each Grnese powders Wasized by Sympatec, T he powders were then
formulated using thepféasod stfittatrindadrmpre Faagsooped Hodens S5rme posdernithen 5%
magnesium stearatelardiloadediiato. gelatiol capsdlpsuid heding:pasicie feaction aasassassed by fixing
the capsules from izl MaaBaleb. devicepia A mulstage Ak mainggs g the method

defined in the European Pharmacopoeia 46 Edition 2002. The fine particle fraction was defined here
as the mass fractiofcErfdilstraibs T TSRt W oA T 6La R Qs Batehist Glycopytrolate
'B' was micronised at 9.8 bar with fegd rate of 0.3 10 kg_/hour_. This powder was sized by S_ympatec.
The powder was thep.farmulafed using the.methad 94%@1!!3?% 1, %Xﬁ:@ﬁlgéa%@gg&w%ﬁcﬁ@s%mg

powder with 0.15% magnesium stearate and.lpaded into gelatin capsules. The fing particle fraction
was assessed By fifihg th&°SApsies ﬁ%*rﬁ"&‘fx?ﬁ&f‘iﬂoﬁé‘ﬁ&liér%'e\%é“iﬁtﬁ?a‘?ﬁ‘iﬁlﬁ"ﬁ%%@‘@"lﬁi‘tﬁa impinge;
using the method dziRdoiv thig indropears Pliathacdfiseiard' tdndbibdidien2Z00260Ph& Fineigharticle
fraction was definegd, hgre as the mass fraction smaller than .5um relative to the nominal dose. A third
batch of glycopyrrolate CI' was micronised at 9.8 bar with feed rate of 0.4 kg/hour. This material was
then conditioned on a tray at 25C/60% RH, with or 20 without agitatioa/turning. Each of these powders
was sized by Sympatec. ¢ pgwWders webg, the®iprmubgted Usreg the method s2ikied in Example 4,
as 20p.g dose in 25mg poivar witke(.15%magmasiu 1 cEGasT tessRtimeRpsUles. The
fine particle fraction was assessé&%ﬂ}’?iring thel capsules frompaliatgydprmHaler deviggjntoja multi
stage liquid impingexysig e rgshod uefEd g g ST Pilg:l”lld(wwid FpsEdition 2002.
The fine particle fractioniwas degfined here_as the mags fraction smaller than Spm relative to the
nominal dose. A foufth batch of glycopy">3(9r8?e 'B5vak Mitrdmedd al8s bar Wﬁﬁﬁ feed Rte of 0.4
kg/hour. This powdexdvas sized by Sympaigc. e powdedr Wasiherefdrmulateds30 ysing thel method
outlined in Examplegt, as PP -ui¢ase M 26580 pever gudT 058y ThRgyesiungstearptgmndtpaded into
gelatin capsules. The fine partidle fraction was.assessed by filing the capsules from'a Miar MonoHaler
device into a multi s%ge |I%§Jid iﬁ)p‘fnger ﬁs%g thd methidd de?f?n%d mthe Eu 3B‘éan 3‘f’lgur‘macopoeia
4th -33 - Edition 2002. The fing particle|fraitiondwas defined deze asthe mass bactiesmaller than
Sp.m relative to the-gpminal dose. A fifthrpaichrafgtycqpyrrotatesrE)yvas mimtonisedrgt7-8-bar with
feed rate of 0.4

D 8.8 0.4 4.86 |244 1098 {379 |32 31.9 3.6
Et 7.8 0.4 488 1247 |1.01 [399 [33 33.3 34
E2 7.08 ;3061 | 1.28 |ND ND ND ND

E3 7.85 379 123 [387 (32 ' |327 3.7




5 kg/hour. This material was then conditioned on a tray at 25C/60% RH, with or without
agitation/turning. Each of these powders was sized by Sympatec. The powders were then formulated
using the method outlined in Example 4, as 20pg dose in 25mg powder with 0.15% magnesium
stearate and loaded into gelatin capsules. The fine particle fraction was assessed by fixing the
capsules from a Mint 10 MonoHaler device into a multi stage liquid impinge; using the method defined
in the European Pharmacopoeia 4th Edition 2002. The fine particle fraction was defined here as the
mass fraction smaller than 5p.m relative to the nominal gdose. The results from each of the tests on
batches A to E are summarised below. Batches 15 Al, Cl and El were not conditioned. Batches A2, C2
and E2 were conditioned at 25C/60% RH and batches A3, 03 and E3 were conditioned at 25C/60%

RH with turning. GRitbat)shesdratenkafil D90 pm D" Pill D10 pm T =0' T=2 wks % PPD MMAD
(ttn) %ETD MMAD%@%@LQ.S O.2.c31 68 1.95 0,81

efn particlé size ‘data show that particle size can be influenced by powder
feed rate. The relationship between feed rate and particle size obtained is probably
non-linear. So, depending on how close the operation is to the most sensitive
5 conditions, an effect may ot may not be seen. Here an effect is seen. Similarly, an
effect would be expected with milling pressure, but in contrast this data suggest
between 8 and 10 bar it appears to be above the pressure-sensitive conditions, so

little change in d50 is seen at constant feed rate.

70 In each case, the Malvern d30s grow significantly on exposure to moisture, doubling
diameter which probably represents formation of hard agglomerates of ~8 primary
patticle equivalents. This is consistent with formation of solid bridges, as is
anticipated from the amorphous to crystalline transition. However, it is interesting
to note that the MMADs produced from dispersion testing the formulations do not

15 mirror such growth when comparing the formulations.

It is suggested that the Malvern disperser has not been strong enough to destroy
these solid bridges down to primaty particles. However, the milling action occurring
when these drug matetials were blended in the high shear mixer with large lactose
20 particles contained in the Pharmatose 150M can be quite substantial (i.e. larger than
approximately 50um), and may well be sufficient to return the drug agglomerates to

its primary size, at least transiently.

Example 8

25 Mechanofused Glycopyrrolate with Magnesium Stearate
Blend 1: Micronised Glycopyrrolate Bromide + 5% Magnesium Stearate
A further study was conducted to Jook at the mechanofusion of the drug with 2
force control agent. The force control agent used was magnesium stearate. The
blends were prepared by using the Hosokawa AMS-MINI system (Hosokawa

30  Micron Ltd), blending 95% micronised glycopyrrolate bromide with 5% magnesium

stearate for 60 minutes at approximately 4000 tpm.



34.72.830.53.2A2 10.023.891.22 ND ND ND ND A3 9.784.031.2434.52.831.53.1B9.80.3
4.25 2.14 0.85 ND ND ND ND

- 35 .

This powder was kept stored in a sealed bottle for approximately 4 years. In order
to determine the performance of this material after this time, blends were produced

and a selected formulation tested for aerosol performance.

5 As the name suggests, mechanofusion is term referring to a dry coating process
designed to mechanically fuse a guest material onto a host material. The process was
conducted here in order to achieve a drug powder which was less susceptible to
formation of solid bridges and related instability such as via re-crystallisation over
time.

0
For mechanofusion the guest material is generally smaller and/or softet than the
host. The equipment used for mechanofusion are distinct from alternative mixing
and milling techniques in having a particular interaction between one ot mote inner
elements and a vessel wall, and are based on providing energy by a controlled and

75 substantial compressive force. Suitable equipment for mechanofusion includes the
MechanoFusion range of systems made by Hosokawa, the Cyclomix range of
systems made by Hosokawa, the Nobilta systems made by Hosokawa, the
Hybridiser made by Nara, and all related such systems. Mills such as ball mills may
also be used for this purpose, as can pin mills, disc mills, mortar mills and other

20 such mills. Jet mills may also be used.

In one embodiment, the powder is compressed between the fixed clearance of the
drum wall and one or more inner elements with high relative speed between drum
and element. The inner wall and the curved element together form a gap or nip in

25 which the particles are pressed together. As a result, the particles experience very
high shear forces and very strong compressive stresses as they are trapped between
the inner drum wall and the inner element. The particles are pressed against each
other with enough energy to locally heat and soften, break, distort, flatten and wrap
the additive patticles around the core particle to form a coating. The energy is

30 generally sufficient to break up agglomerates and some degree of size reduction of

both components may occur.
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An especially desirable aspect of the described processes is that the additive material
becomes deformed in the milling and may be smeared over or fused to the surfaces

of the active particles.

5 For the purposes of this method, all forms of co-milling are encompassed, including
methods similar or related to those methods desctibed above. For example,
methods similar to MechanoFusion are encompassed, such as those utilizing very
high speed rotors (i.e. 1000 to 500001pm) with elements sweeping the internal
surfaces of the vessels with small gaps between wall and element (i.e. 0.1mm to

710 20mm).

Blend 2: Mechanofused Fine Lactose + 1% Magnesium Stearate

Batches were prepared by combining 198g Sorbolac 400 (Meggle) lactose with 2g

magnesium stearate. The Cyclomix (Hosokawa Micron Ltd, set with a 1mm gap)
75 was set running at 200rpm. Half the lactose was added followed by the magnesium

stearate and the remaining lactose. The speed was slowly increased to run at

2000rpm for 10 minutes.

Blend 3: Mechanofused Large Carrier lactose + 0.12% Magnesium Stearate

20 Batches were prepated by combining 199.76g Respitose SV003 (DMV) lactose plus
0.24g magnesium stearate. The Cyclomix (Hosokawa Micron Ltd, set with a 1mm
gap) was set running at 200rpm. Half the lactose was added followed by the
magnesium stearate and the remaining lactose. The speed was slowly increased to
tun at 2000cpm for 10 minutes.

25 A combination of Blends 1, 2 and 3 comprising treated drug, fine and coarse carrier
lactose was prepared as follows: 90% Blend 3 + 9.5% Blend 2 + 0.5% Blend 1. The
powders were layered in a glass vessel. The vessel was sealed and the powders

blended in a Turbula tumbling blender at 37tpm for 10 minutes.

20 10 capsules were filled with 25mg * S5mg of this powder in oxder to target a dose of
approximately 120pg of glycopyrrolate. All 10 capsules were then were fired from a
MonoHaler (Miat) at 70 1/min into a TSI. Stages 1 and 2 were analysed by UV
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spectroscopy at 220nm. An average fine particle fraction of 40% was calculated for

this blend, where the fraction was calculated as that less than 5um.

This demonstrated that the drug powder has exhibited excellent stability over 4
5 year’s storage, and was able to produce a good fine pazrticle cloud on aerosolisation

from an inhales.

Conditioning of micronised drug particles

The above example illustrates how micronised drug particles may be conditioned, in

70 order to reduce the surface non-crystalline material present. The conditioning
involves exposing the glycopyrrolate to humid conditions of 30-100 RH, preferably
40-95 RH, 45-95 RH or 50-90 RH. The glycopyrrolate powder is preferably placed
on a tray for this step and the powder is preferably agitated or tutned to ensure that
all of the particles are equally exposed to the humid atmosphere. The turning or

15 agitating also helps to avoid or reduce agglomeration of the particles during the
conditioning process. The conditioning preferably takes place over a period of at
least about 10 minutes, at least about 20 minutes, at least about 30 minutes, at least
about 40 minutes, at least about 50 minutes, at least about 1 hout, at least about 2,
3,4,5,6,8,10, 12, 14, 18, 24, 36 or 48 houts.

20
Conditioning may also be achieved in a variety of alternative ways. Some further

general approaches are outlined below.

Particles extracted from the dynamic micronisation process are collected and may be
25 transported to a suitable vessel for conditioning at a controlled humidity., In sucha

system, preferably the particles are all exposed to the humidity for sufficient time

for the watet absorption and for the re-crystallisation process to occut. Preferably

all the powder remains in the vessel from start to finish of this process.

30 If the micronisation process itself were conducted using gas at elevated bumiditfr,
this exposure would be less easy to control. While powder could be conditioned in
the collection system, powder added at the end of the process would have less time

to condition than powder added at the start.



32.7 3.7 - 34 - Micronisation Trial Results The Malvern particle size data show that particle size can
be influenced by powder feed rate. The relationship between feed rate and particle size obtained is
probably non-linear. So, depending on how close the operation is to the most sensitive 5 conditions,
an effect may or may not be seen. Here an effect is seen. Similarly, an effect would be expected with
milling pressure, but in contrast this data suggest between 8 and 10 bar it appears to be above the
pressure-sensitive conditions, so little change in d50 is seen at constant feed rate. In each case, the
Malvern d50s grow significantly on exposure to moistugg, doubling diameter which probably
represents formation of hard agglomerates of -8 primary particle equivalents. This is consistent with
formation of solid bridges, as is anticipated from the amorphous to crystalline transition. However, it is
interesting to note that the MMADs produced from dispersion testing the formulations do not 13 mirror

such groth when opIDRAIINGAG 05 Ilions; 5 SHARaeH 10gk e Malvern dispersetas not been

strong enough to destroy these solid bridges down to primary particles. However, the miil md’action
occurring when theé’é°6"rl§f@eﬁf§?é¥i§1r’st9v%§§° Brehaedt Rrtfehigr e dP thixehwitpsrgetasese 20
particles contained b theiRharinatdea b 0Mican: baguiecsubstatial 4 plagssithar @pproximately
50nna), and may well.be sufficient to return the drug agglomerates to its primary size, at least
transiently. Example 8 25 Mechanofused Glycopyrrolate with Magnesium Stearate Blend 1:
Micronised Glycopyrrolate Bromide 5% Magnesium Stearate A further study was conducted to look at

the mechanofusion pidhesshugawith @ ferescrntiohagenbakha fQreqiaomse! AgenkUsedwas ¢
magnesium stearat%; Tidecplend§ ing the Hosokawa AMS-MINI system

€ Do r Sur ggetregr%oaigggeby UE!IQ%%
(Hosokawa 30 Micron Et&‘s,eblendﬁng B85 PO SRR Ty SE BT AEISFBR iR WhA BUBIRERESiUm
stearate for 60 minlpeiEitah pradmiataied0B0pRew dgss-phvishona armis kepfstbiediraisealed
bottle for approximateiyeacs.drepraes 19.dedecminedhie performance of this material after this time,
blends were produced and a selected formulation tested for aerosol performance. 5 As the name
suggests, mechanofusion is term referring to a dry coating process designed to mechanically fuse a
guest material onto’¥ ARSI HRAET Rt Srgtsd P alet sra e satiérasd trdertsmcrinste a drug
powder which was lesgsusitegisbitbs! fof thativrrofisaliddritigeSwandyataied nbiakilits sHeh-as via
re-crystallisation OV%J&E@MJ&@W%@%9&1@%&dﬂé‘tﬁgﬁéj%&ﬁ@?&%‘#ﬁ?ﬂ?#ﬁ&aﬂg‘ﬁor softer than

the host. The e uipm%pt useg for mechanofusion are distinct from alternative riMng an&’?nilling
techniques in Having A pAFtieCTAP HRETAEr aRdsduish Aonetr Riterimler efctriemts Aerfia vessel wall,
and are based on proiddingendigydysraicortrelied @Adn fosidastantial compressive force. Suitable
equipment for tnechanofusion includes the MechanoFusion range of systems made by Hosokawa, the
Cyclomix range of systems made by Hosqkawa, the Nobilta systems made by Hosokawa, the
Hybridiser made bf@ﬁ%ﬁéﬁdﬁ gl ?re%/%\ et gsill?cl: "SRl ME PRAMRSE SeRld L b ARt Eh sids be used for
this purpose, as caipitemaild (HidemwivkS sicortaVolilRS alNd. 0tipd6 2 Brslicifenilke jehméis) may also be -
used. In one epabodiment, the powder is compressed between the fixed clearance of the drum wall
and one or more inner elements with high relative speed between drum and element. The inner wall
and the curved element together form a gap or nip in 25 which the particles are pressed together. As a
result, the particles experience very high shear forces and very strong compressive stresses as they
are napped between the inner drum wall and the inner dement The particles are pressed against each
other with enough energy to locally heat and soften, break, distort, flatten and wrap the additive
particles around the core panicle to form a coating. The energy is 30 generally sufficient to break up
agglomerates and some degree of size reduction of both components may occur. - 36 An especially
desirable aspect of the described processes is that the additive material becomes deformed in the
milling and may be smeared over or fused to the surfaces of the active particles. 5 For the purposes of
this method, all forms of co-milling are encompassed, including methods similar or related to those
methods described above. For example, methods similar to MeehanFusion are encompassed, such as
those utilizing very high speed rotors (i.e. 1000 to 50000tpm) with elements sweeping the internal
surfaces of the vessels with small gaps between wall and element (i.e. 0.1tam. to 10 20mm)



Blend 2: Mechanofused Fine Lactose + 1% Magnesium Stearate Batches were prepared by combining
1989 Sorbolac 400 (Meggle) lactose with 2g magnesium stearate. The Cyclomix (Hosokawa Micron
Ltd, set with a Imm gap) 1$ was set running at 200rpm. Half the lactose Wasf\%\g%igéollowed by the
magnesium stearate and the remaining lactose. The speed was slowly increase run at 2000rpm for
10 minutes. Blend 3: Mechanofused Large Carrier ld&ose + 0.12% Magnesium Stearate 20 Batches
were prepared by combining 199.76g Respitose SV003 (DMV) lactose plus 0.24g magnesium
stearate. The(Byiobsraix (Hosokawa Micron Ltd, set -with a Inam gap) was set running at 200rpm Half
the lactose was added followed by the magnesium stearate and the remaining lactose. The speed was
slowly increased to run at 2000tpria for 10 minutes. 25 A combination of Blends 1,2 and 3 comprising
treated drug, fine aritl €oarse eaFrier REERNTAEISE Jared A TBRGVGS T4 BifeHEC S Y 6 B85 Blend 2 +
0.5% Blend 1,.Fha.pawders weredaygreddn arglassypssel.The vessehwas sealed:and the powders
blended in a Turbula tumbling blender at 3‘7@ for 10 minutes.. 10 ccf:\gsul S were fgl(?qgﬁ% 25mg
5mg of this pBNEERs ot Fe B 1eryEe 8 GBI8% %ﬁﬁrﬁ%&?ﬁ}%’tﬁf 15014 Ogﬁjlyco?ayrroﬁate. 10 capsules
were then wegerfiresk feomn:R-Monatlates Miat) et 70 d/minintd a TS llcStagesd amd 2vbereyanalysed by
UV - 37 - spectroscopy at 220nm. An average fine.particle fracti f 40% was teddfor this
blend, where Y84 E¢HOH Wad caftate ﬂéf‘%%?fé%@ %h%ﬁcgf?né%)%%én %ggﬁ%?ri?é%%tﬁa?gﬂ{g drug
powder has eyhibited exaallent stability ved 45dyearsGtoragey End was able to produce a good fine
particle cloud on aemsolisation from an inhaler. Conditioning of inicroaised drug particles The above
example illustrates how raicronised drug particles may be conditioned, in 10 order to reduce the
surface nipn-crystallineimateviakpresentlathe eonditinaing ivolves ekposimghtheqljcopymalate to
humid conditions of 30-100 RI-1, preferably 40-95 RIEI54_F§-(?O§ Iﬁ?x or 50-90 RH. The giycopyrrolate
powder is prefBYabi§pTERaNSH B (PAYSH (RIS L8R A he powder is preferably agitated or turned to
ensure that all of the particles are equally exposed to the humid atmosphere. The turning or 13
agitating also_helps to avoid or.reduce lomeration of the,pitticles duri ; ditioning process.
The condition?hg pré%‘e?aybﬁ/ot\’é’ﬁgg P 518561 %88?15 Spgl:lrallo e%figtﬁle%}glt at())él?t’ 5&8%%%%%?89 at least about 20
minutes, at leasthaloub 30 mirkikesyat lepstiath odta4lemsinttesrat least about 50 minutes, at least about
1 hour, 3gleast about 2, 3, 4,5, 6, 8, 10, 12, 14, 18, 24, 36 or 48 hours. 20 Conditioning may also be
achieved’in a variety of alternative ways. Some further general approaches are outlined below.
Particles extracted frodrtheodydvarficmibronisatiohipretésslate chlrsbeaei ankienias BBYS trinsported to
a suitable vessel for con ,-:ﬁggr%r}g &ta g&@{rgl_ d.bumidity. In such a system, preferably the parti_cles_
are all exposecf1 to the humidity for sufficient time for the water absorption and for the re-crystallisation
process to occur. Preferably all the powder remains in the vessel from start to finish of this process. If

the micronisaglon pr%ﬁ%é@@'ﬁé@%&%ﬂuﬁ%@ UBing:-gas ab elevatedc-humidity, thisvexpasure would
be less easy to control. ile powder could be conditioned in the collection system, powder added at

n
the end & theipabdss wotlld FRRIBS fiitd 1 EHHAitSTIALR PARVES: Aoy AP SAHE": 38 - The
Relative Humidity may be in the range 30 to 1000/, more preferably 40 to 95%, more preferably 45 to
95% and most preferably 50 to 90%. gg‘gt,emper ture may be varied, ntr:in Erfft%r%‘bl}fhb?eii% the range
5C to 90C, mére prefefSb)ornecid B BUE MRS VSBHE Y 1P exarmple a tray “or a bag. It should
allow suitable gxpagure ekibeponsiensurtage ta thes maisturengppliddafrosh ¢the Hithosphere. The
powder may be agitated or not agitated. If the powder is placed on a tray, it is preferably spread
10evenly in a relatively thin layer over the tray. As an alternative, the tnicronised powder may be
transferredl toa systemiwhichvakeatesrafluidised dechof thermicronisédipowdere Sush sistems are
known in the art, The micronised powder is difficult,to fluidise .alone,. idisation 15
media are ad\?éan‘%lé%éggstckleag léldf,i Such gsa?néﬁgf,dplfgsl%%,vé?%%go?%égr(gr% % egeg}sltl,[?@%}iécgﬂy with
diameters in therangek0OtuhaombBiane A fluidised bed aerosol technique for this purpose could be one
as described by Morton et al U. Aerosol Science, Vol. 26, No.3, p353 and references therein). 20

MCSLLP ‘ '
8. A dry powder formulation as claimed in any one of claims 1 to 7, wherein

30  the conditioning involves disruption of any solid bridges formed during or

following micronisation.



-39- Claims 1A dry powder formulation suitable for inhalation comprising glycopyrrolate and
magnesium stearate, wherein the glycopyrrolate is micronised and then 5undergoes a conditioning
step including exposure to humid conditions of 30-100% RH, wherein the fafh8ldtion is stable over a
period of at least 1 year, the stability being indicated by a consistent fine particle fraction (<5,u m) of at
least about 30% when the formulations are stored tféter 25C/60% RI-I. 102.A dry powder formulation
as claimed in claim 1, wherein the conditioning involves exposure to humid conditions of 50-90% MT
3.A dry powder forrutitiopeasiemfivreia driirsiclimad i eny Resorhflitioh id s Soiestdra period of

at least 2 yeays. 15, 4, A A powder farmulaiiop.as.cimeddnclaim Biherainbe farmulation is
stable over a penoé of at least 3 years. 5. A dry powder formulation as claimed in any one of claims 1
to 4, whereirc2Dsétabiiftrsteth b finglatioicis sridichteP BY e fstmation of hard agglomerates. 6. A
dry powder formulation as claimed in any one of claims 1 to 5, wherein the fine particle fraction of the
powder is consistently at least about 40%. 7. A dry powder formulation as _claimed in any one of

claims 1%0 6] WhereindstaBiitydst 1 ToHALRRidh GSEBRIE VR & BY D ravERGHY b e A0S B Bbtake of

moisture by the. formulalicing ;& &ugfycpawder formulation as claimed in any one of claims 1 to 7,
wherein 30the conditioning involves disruption of any solid bridges formed during or following

mieronisation. MCSLLP -40- 9. A dry powder formulation as claimed in any one of claims 1 to 8,

wherein the magnesiuipSIRATAIE #Skmasa daree dantelageniwhizh is oapatieof teedsiog cohesion
between the fine particles in the formulation. 10. A dry powder formulation as claimed in claim 9,

wherein the fBE omeRttayeNeaISI tEciB HSSs Shraistire 1At YoWHRY 8Srmulation as claimed in
claim 9 gy 10, wherein the force control agent prevents the ingress of moisture into the formulation. 10
12. A dry powder formulation as claimed in any one of claims 1 to 11, wherein the [ rmulation is stored

! . 1,w
in packaging hade AotYaRNEETAIVRIEI AR 28 HGHRGD Comtem st féfs%p?ﬁ%lﬁ 109! 1513.A dry powder

formulation aglaimed infelaimiidowheseinddennackaging matesial hasameistire/sartiéns af less than
5%. 14.A dry powder formulation as claimed in claim 12, wherein the packaging material has a

moisture conteptsBrIeSS et 99650 that ASdRy powder formulation as claimed in any one of claims 12
to 14, wherein the packaging is an HPMC capsule.

15 13. A dry powder formulation as claimed in claim 12, wherein the packaging

material has a moisture content of less than 5%.

14. A dry powder formulation as claimed in claim 12, wherein the packaging
material has a moisture content of less than 3%.

20

15. A dry powder formulation as claimed in any one of claims 12 to 14,

wherein the packaging is an HPMC capsule.

16. A dry powder formulation as claimed in any one of claims 1 to 15,
25  wherein the formulation is stored in packaging which is capable of preventing the

ingress of moisture form external sources.

17. A dry powder formulation as claimed in claim 16, wherein the packaging
is a foil sealed blister.

30



16. A dry powder formulation as claimed in any one of claims 1 to 15, 25wherein the formulation is
stored in packaging which is capable of preventing the ingress of moisture form external sources. 17.
A dry powder formulation as claimed in claim 16, wherein the packaging\,iggl_fgg sealed blister.
MCSLLP -4 1 - 18.A dry powder formulation as claimed in any one of claims 12 to 15, wherein the
packaging is itself protected from the ingress of mot#ture from external sources, 519.A dry powder
formulation as claimed in any one of claims 1 to 19 further comprising one or more further active
agents in adéftion té gy apyresiatermoptiama pivimied formutation scdiairetZincleim 19, wherein

the additiona| acfive aaeph iz &Rgsaconisty sigraid.antisholinerais. Qs piasphgdiestergse 4 10inhibitor.

21. A dry powder inhaler device comprising a dry powder formulation as claimed in any one of claims 1
to 20. 1522 A%5&Hdd U EEEparing a dry powder formulation as claimed in any one of claims 1 to 17,
wherein the glycopyrrolate is micronised and then thc glyeopyrrolatc is conditioned by exposure to
humid conditions of 30-100% RH. 23. A method as claimed in claim 22 wherein the glyeopyrrolate is

micronised 90and thegK eopitesIERE ESIItREa IBILeXBGEN O 1S Ripid Bonbitoh? BE6R00% RH.
24. A metho laimed.ia elaim 22rartB3y whersindha candiianing ipvalyesdisigtion of any solid

bridges formed during or immediately following 25micronisation.
20. A dry powder formulation as claimed in claim 19, wherein the additional

active agent is a f2-agonist, steroid, anticholinergic or phosphodiesterase 4

10 inhibitor.

21. A dry powder inhaler device comprising a dry powder formulation as

claimed in any one of claims 1 to 20.

15 22. A method of preparing a dry powder formulation as claimed in any one of
claims 1 to 17, wherein the glycopyrrolate is micronised and then the

glycopyrrolate is conditioned by exposure to humid conditions of 30-100% RH.

23. A method as claimed in claim 22 wherein the glycopyrrolate is micronised
20 and the glycopyrrolate is conditioned by exposure to humid conditions of 50-90%
RH.

24. A method as claimed in claim 22 or 23, wherein the conditioning involves
disruption of any solid bridges formed during or immediately following

25 micronisation.



