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5 antinuscarinic agent glycopyrrolate, for exanple the
salt glycopyrroniumbromde. |In particular, the
present invention relates to dry powder conpositions
\r/]\fg,h% exhi bi t {;ng;oved stability over tine, and
Héa‘*ed’r“‘"p’flo OERRS S ane. " @ ycopyrrolate is an
antinuscarinic agent which is useful in the treatnent
of 10 conditions such as chronic obstructive pul nonary
dIbeaéptiQQODD) asthma, cystic fibrosis (CF) and
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present 1nvention is i nt ended to enconpass salt forns
or counterion formulations of glycopyrrolate, such as
gl QpYrbatedt 8n Rh@hdrinid Sg iR IhidSis uSefubin@He treatment of
stereol soners and m xtures of ster |sor§
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by dry powder inhaler.” The formulation di scl ose
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pe ti’c e providing a
cglyt:myirtoetdlmékce:a@e of the gl ycopyrrol ate. Studi es show
that this 25 formulation nmay exert its therapeutic
effect for nore than or |ess than 12 hours. WO
0The 6675 ghicopymivlse! es peedtimeonnrstion withghepieasntsneration é
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a formulation disclosed in this apphcatlon may include magnesium stearate to
improve dispersion of the dty powder and to help prolong the therapeutic effect by
providing a controlled release of the glycopytrolate. Studies show that this
formulation may exert its therapeutic effect for more than or less than 12 hours.
WO 01/76575 also discloses the use of magnesium stearate applied in a specific

manner to the surface of micronised glycopyrrolate particles, for subsequent use in

an inhaled formulation with delayed release properties.

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 glycopyzrolate and including

0.5% w/w magnesium stearate conventionally blended in a tumble mixer with a
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of noisture ingress. WO 96/23485, WO 01/78694, WO
01/ 78695, WD 02/43701 and WD 02/00197 all 5 disclose
the use of nmagnesium stearate with any dry powder
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an additive. Additive materials which inprove the

di spersibility of the drug particles are often
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MuEfRed Gadrapayses. as taught in the prior art suffers

fromstability problens on storage, even where the
formul ation includes an additive material for

| BRRVLD GuhsS ddeRiphidnt trydOwith AFy p@hd E6inhilgicng #bnssk in dry
noi sture, such as nagnesi um arate, Hﬁ@isél sed in
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any drug, and specifically here glycopyrrolate, may
invol ve the 25 injection of a relatively coarse, sourc

pdukrsrbernfeyng thyEAPRIEPIRIE THERL IS8 cHifias girpicronised powder as

hicgfyys REGRE gﬁQL hirSLEBS froby Mabilihy ProBRHI R REOMBE leSerOfbere the
un-mcroni sed drug wll exist in particle sizes

g wl . . .
s dbstdatinabtipdey amaadgditive egieriad for mpsoBRg SEps RIS of §08

m LAl SREESSCH S hpdeGUNCReAdNE, RIdidERIYd in WO
pggét;tlg%%a%%ggt ?g{gﬁg’i ze whic ei S sneal I enoagh St ombe

déD/3E978d to the respiratory airways. For exanple, it
is known that a suitable size 30 nmay be 10 to 0.1m

and preferably 6 to 0.1mor 5 to 0.5m _ )
Indeed, glycopytrolate has been found to have an acute problem with respect to its

stability, especially immediately following a conventional micronisation process.
Micronisation of any drug, and specifically here glycopyrrolate, may involve the
injection of a relatively coarse source powder into a system which involves multiple
high-speed collisions. Typically source powdets of un-micronised drug will exist in
patticle sizes substantially greater than 10um. The objective of the micronisation
process is to reduce the primaty particle size to a size which is small enough to be
delivered to the respiratory airways. For example, it is known that a suitable size

may be 10 to 0.1pm, and preferably 6 to 0.1pm oz 5 to 0.5pm.

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

milling action required to break the particles down to the required size. Itis also
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is al so WD 2005/ 105043 PCT/ EP3005/ 051980 -3 wel |

known that such mlling action may al so i nduce the
generation of non- crystalline material, especially on
the surface of the.partjcles. Such non-crystallipne
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20 gl ycopyrrol ate at anbient atnosphere (30-50% RH

( PEPEefe MU ty)/ 21-25C) resulted in its

transformation into a very sticky mass within m nutes.

Confirmation of this hygroscopicity (h%g RH >09% was

o BP0 rEwpReDEY cop Fitie ¢ ay aptrited bydyqmhilisation.wEhis hmiosphpus

iySopiRIRORY EURhdAD Ve YralyShygAREoRE.! §forial @hi IRt

{T%g% Iiz;l&&m)r phous was f oundfytShggbe CI? stal | F%@gﬁg%}gpa
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DRsulect fof i1 @Hsk 862 M RYeFANRE} ABLSVilhif tnifu L Y Confirmation

anmor phous gl ycopyrrol ate sarple was at 65C. It is

kabths hygseacapinify Bt 2A% 3vas ohtaineddydp Ve (dynamés wpour
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amorphous was found to be crystalline and was a sintered solid.

The glass transition temperature by DSC (differential scanning calotrimetty) of a dry
amorphous glycopyrrolate 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 room
temperature (at as little as 30-40% RH) and that crysytallization occurs. Prior 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.
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Prior to crystallization thessanple beconmes sticky.

Consequently, it was concluded that re- crystallized

parts which were previously anorphous wll act as a

formof glue between crystalline parts anal ogous to a

sintering process WD 2005/ 105043 PCT/ EP2005/ 051980
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provide a dry powder conposition conprising

gl ycopyrrol ate which exhibits greater stability than
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It is _also an aimof the present invention

PTORRT e BT O p s iieth et RtPap e aitb il thagpgopventional dry
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g ycopyrrolate Accordi ng to one aspect of the present

i PEOEIE Msbods far sonsisiaady 2pé reliabkiirensring steple dsy mgwder
%Wﬂohgh@hﬁrégg% Qi&)ﬁy%glté/\hl ch is stable for a

period of at yéar 25 nore preferably a
period of at |east 2 years and nDst preferably a

pﬁeaomngto e dspasilor o s invl So .ﬁggx&ﬁ fﬁixsulgayn be

a salt, 1soner or deri tive o rrolate
rﬁo%%nﬂsglg glycopyrrolate is provided which is stable for a period of at least 1 year,

mote preferably a period of at least 2 years and most preferably a period of at least

3 yeats.

The glycopyrrolate may be a salt, isomer or derivative of glycopyrrolate, or mixtures

thereof. In one embodiment, the glycopytrolate is not R,R-glycopyzrrolate.

The stability of a 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
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the powder over these periods, which may, for
exanpl e, be neasured in terns of a consistently good
fine particle fraction or fine particle dose over
time. I'n one WD 2005/ 105043 PCT/ EP2005/ 051980 -5
erodininyof dre pRentiogy hstinspariqle fprian (Sapm) &y gonsistently
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Preferably, the fine particle fraction of the dry
powder fornul ations of the present invention is

(IQBiﬁkzﬁbﬂﬁ mmdbﬂnapargaasﬁcamai th3 Qe pa&dérgaﬁﬁula:hxmstofmpresent
at east about 509 ut % o
ABEEEoR dussisipntly %@fstala@eh Wod ?%t ”ng‘f @}&m@em‘t Fhout 50%,

fat RAsiBoLt 609, £asst MHout Mevetbiriat RaVdLLE 80vLI at i ons  of
the present invention is consistently at |east about

30% at | east about 40% at |east about 50% at | east
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I n anot her enbodi nent of the i nventl on, tr{]e dry powder
flayenyioRas ennsistandly phickugbent 3o fap feastabpaigt Yarnd Adgst about 50%,

da(? lléa t]earb\éup %09, Q:rlyasp%? |70d/oru}aalt fé‘as%gu{ é’tﬁ/o packaged

formulations "are stable for at least 1, 2 or 3 years
when stored at normal tenperatures and humdities,

'Iﬁgnf)&@ @%g&g%@of S BLLONR. giybgg&aw B i R LS fkaged
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Sa&é?tlaj)llethf at%?ast 1, 2 or 3 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 environment in order to exhibit the desired

stability.

As the instability of the conventional glycopyrrolate formulations appears to be due
to moistutre absorption, there are a number of measures which are proposed to

increase stability.

Firstly, the amorphous content of the glycopyrrolate is to be reduced by improving
the processing of the glycopyrrolate. Where the glycopyrrolate is micronised, the
micronisation ptocess may be improved, for example, by adjusting the conditions

under which the milling takes place, to prevent the formation of amorphous
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proposed to increase stabilijy. 30 Firstly, the
anor phous content of the glycopyrrolate is to be
reduced by inproving the processing of the

gl ycapyrrolate. Wiere the glycopyrrol,ate. is

ot ORy dLdicily O ecatrely MG Oued o e be

| TRhAVBHed" O re YA HeQmYh Al hiitdilg t he conditions

under which the mlling takes place, to prevent the
formati on of anorphous WO 2005/ 105043
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supercritical fluid processing using carbon dioxide,

or other controlled forns of crystallisation or
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preferably reduced. In this regard, it is particularly
desirable to reduce exposure of the fornulation to
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Finally, the inclusiognp of additive terials in_the

TR e PR iF BT GHICE 3 PioRiFh FectopHER ibhdfep the maress of
dinsRefirsability and protect the fornmulation fromthe

i ngress of noisture. Batches of mcronised

gl ycopyrrol ate were obtai ned and, foll ow ng seal ed

SBRAERAQf nfirdnfed SHYES7MoINE GE R obfthife PIVE kOB wikd AARAS tthge
the material from'fine cohesive powders to solid
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SIHUTRE L SASmENGsLRSE Sh&pprduct ed on reported batches of
gl ycopyrrol ate received followi ng mcronisation: 25

The following section summarises the tests conducted on reported batches of

glycopyzrolate received following micronisation:

Batch A:

Micronised at 0.5kg/hr

Injection pressure: 10 bar

Micronisation pressure: 7 bar

Sympatec sizing: d10 0.7pum, d50 1.8um, d90 3.6pm
Loss on drying: 0.7%
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W@ 2msNeR04310 0. 71im d50 1.81im d90 3. 6m LOSBCDEP2005/051980

10

15

20

25

30

drying: 0.7% WD 2005/ 105043 P£T/ EP2005/ 051980 -7 DVS
indicated crystalline material. On storage, soft |unps
of material were found in bulk powder, and repeat ed

ng,. gave db al ues ran bet ween 2.
aﬁﬁfssn‘%mte C@afe@% gmtfmag O Sg%tag%fogﬁlgﬁ@s/ matFﬂ]’le“&"t’F Epod
pl&laﬁm%@wdéoada% e IpRALS @izh%lgzapé @5GW16es rindIA¢ between 2.6

qg?tec sizing: di10 1.0m d5 .4m d90 4.8m 10 Loss

mg: 0.6% Water acti vi ty: 54% RH DVS i ndi cat ed
anmor phous material was present. On storage, |arge hard
unps of material were found, and repeated particle
sthidm@ gave d50 val ues rangi ng between 36 and 160m

1o Bat sed &foﬁwﬁgﬁom sed at 0.4kg/hr Injection

pressure: M croni sation pressure: 9.8 bar 20
Slumbe@ressmrn@bailo 0.81im d50 2.3m d90 4.8m Loss

opllcqogl%aqg&?mstsureDy.% | ndi cat ed anor phous material was

| arge hard lunps of materi al
V\&mnpaft@wzing mbul(]pnpd\ﬂﬂempnarddo Apeat ed particle

sjzing gave dj(')i,p val ue of
Water activity: 54% RH
DVS indicated amorphous material was present. On storage, large hard lumps of

material were found, and repeated particle sizing gave d50 values ranging between

36 and 160um.

Batch C:

Micronised at 0.4kg/ht

Injection pressure: 10 bar

Micronisation pressure: 9.8 bar

Sympatec sizing: d10 0.8um, d50 2.3um, d90 4.8pm

Loss on drying: 0.4%

DYVS 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.

Remicronised Batch C:

Micronised at 0.5kg/hr

Injection pressure: 10 bar

Micronisation pressure: 9 bar

Sympatec sizing: d10 1.0um, d50 2.4pm, d90 4.5pm
Loss on drying: 0.5%

On storage, only soft lumps of material were found in bulk powder.
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I njection pressure: 10 bar Mcronisation pressure: 9
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Loss on drying: 0.5% On storgge, only soft |unps of
material were found in bul k powder. WO 2005/ 105043
PCT/ EP2005/ 051980 -8 This summary shows that sel ected

bat ches of mcronised gl ycopyrrol.ate. had forne
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wi Il be |ocated on the surface to have the greatest
effect of 10 this kind. The quantity of anorphous
MEdecinh@phow mitesid Wil bk hecatyd| do the ssrfamyto bﬁve/ére)gxeﬂm effect of
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or. t) rroundj exc 0
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tdﬂemaa&kl%girrw 28, ﬂﬁes\urﬁﬁndﬁg GRcipRn® dFalaitives @ﬁclﬂztsh@rftose or
capsul e lLastic. Tests have shown

t1REge cgrﬂrroh?gfff%ﬁ.ré%aaf&rl%}e%ﬁgf‘%?ﬁ SHADES 3racHER 9F GERSE FRsule

flggtgghagﬂp{;ﬁst[@de usi ng conventional nethods,
incl udi ng those that conprise additives (i ncI udi ng

magnesi um stearate), disclosed in the prior art as

Sf)és%q;a@p W Swn de Q@H@crgﬁg&l élgé#%grrkﬁiu%woﬁg@e ototgpe

eteriorate I n aerosolisat erfornmance over ‘
pferinuldtios BadropsitgsconTntipndlanethods, andleding those thah cormprise

f Rl enaﬁ&ﬂé n‘)@@*&&ﬂﬁﬂ QJe'ﬁgte), disclosed in the prior art as noted above,
have been found to degrade or deteriorate in aerosolisation performance over a
petiod of 6 months. This deterioration has even been found to occur when stored
under dry conditions. Deterioration in performance has been seen to be
approximately 30 to 50% of original performance or more. Such deterioration

would make these formulations unattractive for commercial use.

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



under dry conditions. Deterioration in performnce has
been seen to be approxinmately 30 to 50% of origina

w@eoosaoisence or nore. Such deterioration woul BCTYER®05/051980

10

15

20

25

30

these formnul ations unattractige for comrercial use. 25
It has been suggested that conducting mcronisation
under the use of humdified air or other gas may hel p
to reduce the generation of anmorphous materials. Both
WO 99/54048 and WO 00/ 32165 di sclose that mlling
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%%ECIosed.&ﬂ the prior art are not standard in

t%ﬁ?%ﬁ?loﬁzpractice and it may well prove to be

difficult to control these processes. It nmay al so

ove difficult to use suc rocesses on a €co rcial
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instability. 10 In accordance wt e .enbadi nent. of .
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CIMHRA A rBdlcgll YaRRWthekat e is prepared using a process,
preferably a mcronisation process, which is carried
out under conditions which reduce the formation of
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conditions include increased relative humdity (for
exinglieed30d7heY unrtergrics p o pORAEORIRG ¢ TePRVRET Fadrathe
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po r formulation conprising glycopyrrolate’is .
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condi t7oni'ng steps include exposur€ to noisture

below.

It is known for gelatin capsules to contain in the order of 10 to 15% water, and for

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.

A recent article on improvements in hypromellose capsules (B. E. Jones, Drug
Delivery Technology, Vol 3 No. 6, page 2, 2003), describes the problems associated

with gelatin capsules for use in dry powder inhalers. These problems include
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detail below It is known fqp _gelatin capsules to
contain in the order of 10 to 15% water, and for 25
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E. Jones, Drug Delivery Technol ogy, Vol 3 No. 6, page

2, 2003), describes the problens associated wth

gedmtien cﬂahzrsmhéswﬁb hypsencllosedfHPNICohes the ndediu s s orTdedislose

probl ens i.n 2005/.105043 PCT/. EP200Q5/ 051980 -10
AR B o 41 Bt MR RE AL PIT At ng o GREReeipypae f
aamdh rcqisatee damlbsh:ef gian 1 0%p ef Eamrirhoe 5%Sords %, Wndith nmd;fes such

th h | ati t tent. Th tenti al
otere e e g e AR sour ce. whi ch can

be rel eased to the pomdered contents of the capsul e,

is also di ugsed s the var.iations in

SRt Rosta ot Bomdfrhontitins sbohemepplasisiages other
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Clahsid it @ o, GRARvELHEES S% hﬁ:m% 0% or even bel ow 5% or 3%
and this nmakes such 10 capsul es nore suitable for use
with glycopyrrol ate. Capsul es can al so be made from

gekahidives0BIfRLIRE Bgh BORAM BRI §nible8S {)la%c% Qr $h&@hldPlastics
than wat er, such as PEG ga:tqﬁ erol, sorbitol,

pPelysibeisag Py pelycashonsie et relatid plastics)son{aiing regyged moisture

CRNRAR YEBHS10 NEHEEred N R 58 dr 38, "Bl Sl a8 e /GR E&Hs 118 P
reduced to 15 bel ow 10 0/2 or even bel ow 5% or 3%

Aethened apaivrare congens 61A Badeciapmistar shneiestrich e yativie ot ehitosan.
plastics or thernoplastics (polyethylene or

pol ycarbonate or related plastics) containing reduced
'tgg fqregoing capsules, the problem of brittleness is reduced. Furthermore,

capsules such as those made from celluloses have been found to pietce mote
consistently and reliably, and the pierce hole made appears to be mote cleanly
formed and spherical, with less shedding of patticles. The aetosolisation of the
powder contents has also been found to be improved, as well as being mote

consistent.

In an further approach to solving the problem of moistute 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 moisture.

Such devices are known, for example the GyroHalet (Vectura) or Diskus (GSK)
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ectura and it is _an inhal ation device for oral or

rers the 13B1te 9E e hond Feqritrdda EAY Peslingd8\iie ted form The

powder ed nedi canent is stored in a strip of blisters

and each 5 blister has a_puncturable |id. Wen the
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t Weich itpelihas 2 moisare gontprt efdes than 1055, nrpferably leesehan A and

i‘ﬂt"& peBfs LssSthdh BMAY Vvia the inhal er nout hpiece.
This "arrangenent with blisters having puncturable

lids allows the blisters to have the best possible
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d G . f the bond
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requ peefing to dccur. T us, in a further
enbodi nent of the present invention, the dry powder 15

formul.atiaqn .Sl ng. rol I t '
BB LEORIAI B 5l o
mohsbesseiseditydntthef packaping: Haoy <2@9%plepBMST edpbyled megpbe stored
than 5% and

in‘a seiléd environment, such as an additional layer of foil packaging.

In an alternative embodiment, the dty powder formulation is dispensed from a
multidose dry powder inhaler device wherein the powder is stored in a reservoir as
opposed to individually packaged doses. In such an embodiment, the device should
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
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of noisture. Foil sealed bliggers are en exanple of a
packagi ng which prevents ingress of noisture. In this
|atter regard, the prevention of the ingress of

i sture from external . sources, may.be assisted by .
D, PARA G SR B Lo PR s peuh b Lin o rming
Sthe ks oz&elreseamsﬁadamegnyﬂd@amant such as an
additional |ayer of foil packaging. In an alternative

enbodi nent, the dry powder forrulation is dispensed
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regetways reachalndleny., and a deS|ccant In a yet further

enbodi nent of the present invention, the dry powder

formulation 5 conprising glycopyrrol ate further
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ont r ol orce ont r.ol en is a ent
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a (0] ratlonu I Spensi ng t he er romthe
dfgv%g’o%g% SRSt @fd.o Eeﬂga?‘feawsf@er’ eeérec%bﬁsw gicgle Agceptgple and
déiﬁé:i&wblb Rel V¥R %@agﬂ%éﬁgneMntJTQﬂe Eilﬁfﬂ%g @plidhvl, Qnaterial on

consi st of physiologically acceptable materi al
dabglption.  Wheregbe farpmeontiod agant 6pRatisesay 2mien acaqi,wapnsy be one

r GahbveldFend UPthe H116wihE biend Mt RlucRY SN 1 diRYe, mrmﬁe
or consist’ of one or nore conpounds selectéd from

anfthionins ard pbepvhbningal by foscq ermtendrgena mey heptali o aalativative
Asrin\iadihd 88d, £bp ek DGNE Qmeth!a@ oP2RLhIERSe R ¢heAMYDL-forms of

havi ng a nol ecul ar wei ght from 0.25 to 1000Kda. Am no
#eige acidepuy dlse bameedder i vati ves of peptides are
physi ol ogi cal | y acceptable and give acceptable

rel ease or deaggl oneration of the particles of active
rAehechiopgg| cogprol agents may include one or more water soluble substances. This

helps absorption of 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 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, Registered Trade
Mark) which comprise phospholipids, for example, mixtures of DPPC (dipalmitoyl
phosphatidylcholine) and PG (phosphatidylglycetol). Other suitable surfactants
include, for example, dipalmitoyl phosphatidylethanolamine (DPPE), dipalmitoyl
phosphatidylinositol (DPPI).
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val ine, 20 nethionine, and phgnyl al anine. The force
control agent may be a salt or a derivative of an
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D-and DL-fornms of amno acids may al so be used. The
force control agents may include one or nore water
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, the additive materi al

[1thium stearate. Preferab
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surface active materials, in particular materials
t geaetabr Altemptivel thefargecdngrol sgens glay e shelesterohhi ch nay
10 be water soluble or water dispersible, for exanple
lecithin, in particular soya lecithin, or
s@Bsr antsitdt Fyrcqeensrolizgenss inslude sedpmeearprte hydidggnaedioids
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r " | £ X . of ;such. .
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include magnesi’um 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

glycopyzrrolate for treating respiratory disorders such as COPD, asthma or CF.

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

predominantly present on the surface of the glycopyrrolate patticles, as well as ot
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general . Alternatively, the Fgrce control agent may be
chol esterol. 20 Qther possible force control agents

i ncl ude sodi um benzoate, hydrogenated oils which are
solid at roomtenperature, talc, tltanlun1d oxi de,

APihet Hian e e surfage|qf dhmcattiehaagicles dt bpsbeeh fongd that 2
%IIW %ﬂseaiaﬁleﬁcﬁﬁg Ehe B ik Qliv-R ﬁ%@&lﬁ t@laehiktd Mmid or m ng

fatty acids and théir derivatives, as well as
|IpIdS and I|p|d Ilke naterlals 25 Force contro

hiioMh Qedu%{n RaLS ﬁeweeﬁ%& ARL Badi@fes UP el a%:ﬁc%gﬁrolate
ese inventl |nc e magnesi um Stearate,
afondslaudsm laddiitimg ndaeamlsnm,clddy@ the forae gomirol@genth m;ntldmemhzbove

steln nd. their deriv S eci.thin an
Fo B bengire when el BrEC breoftt R ol hes hes
asgggusﬁedltﬁat&wﬁqbﬁﬁ doftrblgHeéLsuchas afagn&amy s@hrate)@re able to

ycopyrro|l ate for treatin res ira rde such
Tl bt i e ST BebRut b he 19 Ry beRBTEor
QﬁutHMBIe@Hﬁnf ﬂfrc@&}htf& hg@ £kl @ﬁrfﬁ%ﬁﬁ Wigeniese agents are

predom nant | res n the surfac
FdRBBiFFsddP <A 4l higir BE 198 10 APIB Pa 0B % sibtss of Golrgs: 1t
QGEE@%%QE%M@&QPM dlaﬂ:efsﬂinh&rthé Bdfa BRIt GhaPiell ASsist in the
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tdiemersion pf i ebiseRYLIAtte AR theformuintien.ithershy anispg s eqhgncing
aeinEMBedtdietfect. N addi tion to reducing the cohesion
between the fine particles of the glycopyrrolate 5
formul ation, additive materials, including the force

CRRL Bl 84 Wg&hg nr@ﬁtuege@rﬂthab@l\é%sumph@aeeneﬁlwmﬁg fine particle
benefits enused in the present invention, It has
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assist int ion O copyrrolate int
fmpnutanmph¢ptheubﬂynaswmswlng and enhanC|ng its
therapeutic effect. 15 Fromthe foregoing it can be
seen that the desired inprovenents in the fine
pAveiyGin@ortant advantage of the present invention is that it allows the

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 particle fraction
and fine particle dose compared to that observed in connection with the
conventional formulations. Consequently, while the dose dispensed is smaller, the
amount of active agent being administered is the same, with the same therapeutic

effect being achieved.
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achi eved by suitable conditiqgging, and/or by

protection of the fornulation from noisture, and/or by
the suitable incorporation of an additive, such as a
f,?}gcggco t.rol ent. | ndeed, as the .20 exa es

dr 3% HEBY S RATSERTETCUBIRE HAPAORYBTPYFRG o healy

Opha AEER IERR SUFRSade8RUSItd:Bad R, BRSformERHbASmay HRlude one or
protection of the dry powder fornulation from

nBPLs furtibenasiivp agesas, i eddiden (o thegbicenRyrolata. deypdditional active

i@g{st@%magg@q&a&gm%ﬁezt he present invention is that

itTallo the’25 admnistration of smaller doses than

pbevi cwebid drggdsuclihe foeduotplonlometidsend bsdoinsthaspnde
ssible by the nore gonsi stent and predi ¢gtahl e

PR R rele WbfodlBlfe SUARIAROA. W RLEl GOBRLEL dctiazacor,

t diflocrolane; dasixghmethhdone] dexnmeddsdrenfup@coiticbee, fluasoliden

e o A b Bl A AT B0 ol 1P RPREL #5rdcBrtisone,

Consegquwdnte, yandabibhe dédagotggeodhysipenipbdte] smesralbhegr, t he

Soﬁgxnpun({ .oﬁ acti,ve a e:lwt bei ng adm ni stered is the

SRRV IREFIS OIS 2LdREPRSIWSeuti ¢ effect being

aphi evaadibiolid 270 AhdiHAbdid Bagetth/ subl? 04) 36 08P, melonitagole,

fo |.atj ons, of the present inyention may incl ude.

(TURBHIAARGH TiERsat BERBYGR ARom PR RRR IR LT

ageitbicifl 8f%iAkMe) Hystail Smbipir6dih ahd oRs:H@MidesCl ude one

o¥ nor e furlﬁlher, active agents, in additi gn to .t he

gPly copVitratatinactvr drupg dPel tin ot srempirelsosgybide Sinfggte.

| R6dddBide nfdAonRMABpSnoPphine SUHiQhedr ugs such as, for
exanpl e, al conet asone,_ becl onet hasone, . becl onet hasone

dPpr opitGhitanescghat HasGEpla, atrasHRf-dbloEheapamincy | |
detdiiz 81 Wetirizind] dihibeRine OAQNRat2 H8S QU WRRENA BBy zine,
dexanet hasone, fludrocortisone, flunisolide,

f inbedhidragries, fetofemeinnokaseiéenfnramietagionetrinfepazincasdne
PlfRhifnat e, hydrocortisone, trianctinolone,

nandrol one decanoate, neonycin sul phate, rimexol one,

19 netdnHipflaamatosy egratsayygh py. daneeaipdm eirogirammqderioniik
a%z%ﬁ ,Qﬁc@&feﬁ‘ic QAR ie%‘f&eﬁ,sibu e ﬁ@ﬁmin%id, nedocromil,
met roni daZzol e, ~ sul phadi azine, triclosan,” neonmycin,
asrosdoglyFate.rfasafmginstandiledoxamide ndanyci n, acl ar ubi ci n,

d@)Ct i rh%ﬁ“ﬁéﬂﬁexg@é’ Egtemsi slch LS &Qh@l@ﬂ&ﬁiﬁk,%&%ﬁo‘%ﬁ%‘??

biperiden, cyclopentolate, oxybutinin, orphenadine hydrochloride, procyclidine,

propantheline, propiverine, tiotropium, tropicamide, ttospium, iptatropium 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;



3) systemcally active drugs such as, for exanple,
i sosorbide dinitrate, 15 i sosorbi de nononitrate,
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for exanple, azelastine, chl gg pheni ram ne,

astemi zol e, cetitizine, cinnarizine, desloratadine,

| orat adi ne, hydroxyzi ne, diphenhydram ne,

f exof enadi ne, ketotifen, promethazine, trineprazine
df)  serprthemimetic drpgsyuckesiadrenplingRatadrspalisp dewmfgamine,

Wpir e, dSKATRLER, 1 6) & OIoE AMenORARGH Hoborenalt Y PRI

nac so m- ket op en, ~ i buprofen, heparinoid,

neeatephidrine, gromwijhy ewd xylohetsadlineyi ne and i odoxami de;
ant i | inerqgic en S . I .
0 op ehE ol St SuiE Yok PSR e b AT By,
QAthHak sl N conijphemadien fudvnas de Hleardodgzolg meaytid, iigli doeazole,
25 pragpant hel i ne ropi verine, tiotropium
ttF’c?b‘?“g‘gﬁ’i Vd’é‘,mf“fzé’%ep*?"tﬁl “PY8t% opi um broni de and
Opg) t I Qgdfal kiiebthemidsGach 75) fadxhmplepimethosdind) bapivadaite,
exanpl e, bestahi sti.ne,. dol agsetron, nabi] one, . .
TPAEtRo B 5E a2 RE P SRR EEF B PIIYBS PP fapivacaine,
t trPhSEh ' RzodorEpadiligosrinehyosci ne,  cinnari zi ne,
net ocl opram de, cycli zine, dinenhydrinate and
p1r3<>_>netomt?snBfe%%feblg)fowmﬂﬁaagcmeab§u%hﬁh¥%§§a?elf’
oRphiRé, ek irEhbRmild) MidrPBine Salde@t @Rbiphate,

somatropi n, tetracosactide, vasopressjn or .
HeztppiopesTRheng)dipidsproreias. RepaTsctuay pRolgadednn, inpesmyle,
f eRQhL [&Iethaﬁs.ﬁé]m&mhe,zmgcoﬁahg,mﬁmo'cm\é\g&maema043
PCT/ EP2005/ 051980 = -16 10) synpat hom netic drugs, such
Lomunations thracofpEhy BRLEPSHE dexanf et ami ne,
49 1 &hhiBesilORHRRIs 1By trElRRGHADTANES sl eNVLEHIM, BSdine,
I soprenal’i ne, dopam ne, pseudoephedrine, tramazoline
agrRroapmehedeatroplopexypens, eegatimingnyamatiptag sraradal and ngngr
eXa0R.E n@!ﬂ?ﬂ%&ﬁ%‘i&&i{iﬁ scaspofungin, 5 clotrinazole,
econazole nitrate, ifonazol e, ketoconazol e,
M3t atramotictagamists agd bpiate angdbien addhres naloxpine end pohtezeo:;

] conazol e: 12) | ocal anagsthetig¢s s 5, for
erqx nplpéfos%&dt}?%)eégf %yé’,e ﬁ%‘?’%tggsals‘hce,as sﬁ?f%ﬁ%@é? i sone,
nen hy lphaatatiesddatin ecceprablecalad mignyprfaliy fretgudeg- ne,

ropi vacai ne, tyrothricin, benzocaine and |ignocai ne;

Preferably, the additional active agents are pharmaceutically active agents which are
known to be useful in the treatment of respiratory disorders, such as B,-agonists,
stetoids, anticholinergics, 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 glycopyrtonium bromide, with Pharmatose 150M
(DMV), blend to give a 60pg dose.
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di hydr ocodei ne, papaveretum_,phol codei ne, | operanmi de,
fentanyl, nmethadone, norphine, oxycodone, phenazoci ne,
pet hi di ne and conbinations thereof with an
anti-enetic; 15 14) anal gesics and drugs for treating
rﬁ?} {a5e2duch as ci oni dine, codine, copr oxanol ,

e BIORY ERRFNRE NS crdAisd@ ERAbIR onSuHTBEdhide ARith PhLARREAL 150M
and non- steroidal anti-infllammtory drugs; 15)

n@4Y), ikdendgersivstas1 e deps-at e anti dotes such as

nal oxone, and pentazocine; 16) phosphodi esterase type
5 inhibitors, such as sildenafil; and 20 17)
phenmmdationt@ cal | y acceptable salts of any of the

f.oregoi ng. Prefer.ably, ,the additional ti) ent s

e e et ATt ebGedtinin 2 MR B AR Ge oM
b@MVEbldnd B giteer 60pgadasent of respiratory disorders,
such as (32-agonists, steroids, anticholinergics,
phosphodi esterase 4 inhibitors, and the like. In one
ZBowiddadinm®ent , the fornmul ati on of the present

inventi on does .not include fornmoterol ... Th [ 1 owi n

b R S AR e b SRR HErBiter s £ Bt 2 sone
a{liM¥), baaingl givela BDuk@osul ati on A The bl end conpri sed

m croni sed gl ycopyrroni um brom de, w th Pharnat ose

150M (DW), blend to give a 60g dose. WO 2005/ 105043
Prdnki a5 051980 - 17 Formul ati on B The bl end

cQ i sed m crqnised,gl.ycopyrroni um brom de i th

PRET NP SumR S S Bl Ry oo 1ot Phera tosg 150M
Faywwh, alddancoGivhes®igadde.conpri sed m croni sed

gl ycopyrroni um brom de, w th Pharmatose 150M (DW)
blend to give a 60g dose. Fornulation D 10 The bl end
CPERLILSRA pm croni sed gl ycopyrroni um brom de, with

Phar mat ose 150M ] ) ] )
The blend comprised micronised glycopyrronium bromide, with Pharmatose 150M

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

These powders were then loaded as the appropriate doses of 60ug and 120ug into

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

40°C/70% 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 multi stage liquid impinger, using the method defined in
the European Pharmacopoeia 4" Edition 2002. Delivered dose (DD), fine particle
dose (FPD) and fine patticle fraction (FPF) were measured. The fine particle
fraction was defined here as the mass fraction smaller than 5pm relative to the
delivered dose in each case. Delivered 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 results are

summarised in the following Tables:



(DW), blend to give a 120g dose. Fornul ation E The

bl end conprised m croni sed gl ycopyrroni um brom de,
wowndaok/16%033 mat ose 150M 15 (DW), blend to gi vePEI/BR05/051980

dose. Formul ation F The bl endgconprised m croni sed

gl ycopyrroni um brom de, w th Pharnmatose 150M (DW),

blend to give a 120g dose. 20 These powders were then

t he, a te 9 d 120g into
ggﬁag‘l‘%ﬂnafz% f%@g E@&é ﬁg’f‘éds?tsh?es éé(gc/g g%ﬂd and st ored
untigse Sel ectled qpgati ofs of 400 70%i.y 300 60% RH
rl%o?rﬁgé 0%|RH_ 25 The fline particle fraction was
ssessed by flel(lﬂg)the (&Rlﬁl‘gls f rloFPR (Meht Wﬁdﬁ@l er

rce Tto mottTStaygs i Tqurd "ﬂli mger u:>| %g tte
nmet hod defined in the EQfopean Phar nmacopoei a 4i'
Bdi ti on 2002.51Del i vered|d0se (DD),| f9 ne partisde dose
(IFPBD—and—nre—partieletiraction—{FRPH—were tfreasured.—|
Thje fine parjt 51‘Scl e fract |56n was def?Oned her e 3% t he
nesss fractidmssmaller thay bmr el afave 10 [ heag0
el ivered dgse in each gase  Deliviered dose {DD) was
adl%o assessedby col l ec}PBn into [2DUSA t ube4¥si ng
the method defined In the EUropean Pharmacopoei a 2002
Tests were conducted at selected tinme-points of up to

oStabitivhaf Easthulasen e (g stored atAORQAIA%s8H i n t he

SISNNE ! A 1.00

job)

jab)

f o owi Wi g T bte 4.9 2095/ 105043 PCTHERRGO50651986
-%‘%&@QIH II;ornulltlonA(6Og),ﬁsj :)i;led at
2 '[DBE(;@)JSA I\/leD ((ugrpnt hsiPDQPug) . g) FBPB (%)
ARPD{g)—FP{(—06—52-53-2445—3151 5019 39 2 55 51
20039 3 53 55§21 40 62 50 20 4102L 45

1 49 17 35

2 46 46 14 31

3 : 45 44 13 30

5 Stability of Formulation B (120pg), stored at 25°C/60% RH

Time DUSA ‘ MSLI

(months) DD (ug) | DD (pe)  |FPD (@) | FPE (%)
0 107 107 48 45

1 102 104 45 43

2 104 105 44 2

3 110 111 44 40

6 102 108 45 42

Stability of Formulation B (120pg), stored at 40°C/70% RH

Time DUSA MSLI

(months) 5D (wg)  |DD (wg) | FPD (@) | FPF (%)
0 107 107 48 45

1 105 104 37 36

2 101 101 36 36




Stability of Fornulation A (60g), stored at 40C/ 70% RH
Time DUSA MSLI  (nonths) DD (Vg) DD (g) FPD (g) FPF
W@ 2905/105082 53 24 45 1 47 49 17 35 2 46 46 14rGUEPB0£051980
45 44 13 30 5 Stability of Da mul ati on B (1209),
stored at 25C/ 60% RH Tine A MSLI  (nonths) DD (Q)
DD (pg) FPD (g) FPF (% 0 107 107 48 45 1 102 104 45
2 1041 44 42 10111 44 A0 6-102 108 45 42
t3ab| lity of (Hornul at| oh9B (120g),| %kt ored at |38C/ 70%
T me DUSA VBLT—(nmonths) DD (g) DD (g) FPD (g) FPF
(%9 0 107 107 48 45 1 105 104 37 36 12 101 101 36 36
V@abﬂwfﬂ}fxmd@@ﬂ E’PBQ)OW@%T/@«)B}Q? 97 27 128

(f)

Sttty ofFor t+o
TI@G"%S{; MELI I‘?lg%nt hs) DD (g) DD (g?EE% (g) FPF (%
0 7 34DD4(p,g) 49 16THY (pd) 44 PBPDIpdy | FPF (%)
50 49 17 34
2 - 29 16 32
9 44 43 13 29
Stability of Formulation C (60ug), stored at 30°C/60% RH
Time DUSA MSLI
(months) D (wg) | DD (52 | FPD (5g) | FPE (%)
0 50 49 17 34
9 43 45 12 27
5
Stability of Formulation D (120pug), stored at 25°C/60% RH
Time DUSA MSLI
(months) DD (pg)  |DD (pe) |FPD (ug) |EFPE (%)
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) DD (ug) | DD (sg) | FPD (sg) | FPF (%)
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 (wg)  |DD (we) | FPD (@) | FPE (%)
Release 45 51 16 31




Stability of Formulation C (60g), stored at 30C/ 60% RH
Time DUSA MSLI  (nonths) DD (g) DD (g) FPD (g) FPF (%

wWO288/160437 34 9 43 45 12 27 s Stability of PCT/EP2005/051980
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15

Formul ation D (120g), stored,gt 25C/ 60% RH Ti me DUSA
MSLI  (nmonths) DD (pg) DD (g) FPD (ttg) FPF (% 0 97
105 32 31 4 - 99 28 29 19 99 97 23 24 Stability of
Formul ation-D(120g) stored at 30C.60%PRH Time DUSA
Set dowwont HéP DD (g) DD°¢Kg) FPD () FPF (%4260 97

9499 98 24 2510 Stabi 1| of For ation E
g‘gqgféwr_gﬁ-& d4!gat 250 60i;ﬁ|iH Ti e DfL%A IVELI (dr)mnt hs)
DES¢tglowdBvasp) mpRiDs @fpr feREsq ddte Rel ease 45 51 16 31 WO
2005/ 105043 PCT/ EP2005/ 051980 -20 Set down* 48 52 14
26 Set down + 4 45 47 10 20 * Set down was 3 nonths
adthieilityl ofl Fram@latiah & B0a), bdoked ABOFO/ G0 m[—l on E (60g9)

N =

W@d—a 30C0.60% RH — Ti e DUSA-NSLL M: pAt-hs)—Db {;g)
(mff,g,?thSPD (19) @}S‘%% Rel ease 45 51M%-131
oD ) DD (ug) |FPD (ug) |FPF (%)
Release 45 51 = =
Set down* 48 ) 7 -
Set down + 4 | 48 18 5 -

* Set down was 3 months after release date

Stability of Formulation F (120ug), stored at 25°C/60% RH

Time DUSA MSLI

(months) DD (ug) DD (pg) | FPD (pg) | FPF (%)
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), stored at 30°C/60% RH

Time DUSA MSLI

(months) B (ug)  |DD (sz)  |FPD (ug) | FEF (%)
Release 97 107 33 31

Set down* 102 108 31 29

Set down + 4 | 103 106 23 22

* Set down was 3 months after release date

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

in FPF compared to the other formulations, which dropped more sharply.
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MSLI  (nmonths) DD (g) DD (g).#PD (g) FPF (% Rel ease
97 107 33 31 Set down* 102 108 31 29 Set down + 4 99
105 24 23 * Set down was 3 nonths after rel ease date

B e R A2 S0 200 S0

( 9@ the Beﬁee 3680 Atickd/indR 2 Bdy 1aSRtvaBlaieH bekienl@Bse3dthéfviseSimilar
down + 4 103 106 23 22 10 * Set down was 3 nonths

aP¥eBds rel ease date It can be seen fromthis stabi lity
study, that all of the fornulations dropped in FPF
performance during the stability period when stored at
3B&awp¥gd or 40C/ 75% RH. However, at 25C/ 60% RH,

Ferauhatdans A.306, h%&j%rrge;'}%%}l%‘g%%%%”a' | drop 15

[ ns, which

dFegpddicior e sharply. WO 2005/ 105043 PCT/ EP2005/ 051980
so had. a subst
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1g1ycopyrromum 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 layets of the Capsulac large carrier
lactose in a capsule shaped vessel, and then Turbula blended for 1 hour at 42 rpm,

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

Fotmulation 2 )

This blend comprised 90% of Pharmatose 325 large catrier lactose, 7.8% Sorbolac
400, 0.25% magnesium stearate and 1.92% micronised glycopytronium bromide.
The Sorbolac 400 lactose was mixed with the magnesium stearate 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 pte-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

rpm.

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

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



This bl end conprised 90% of Capsul ac |arge carrier
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Sor bol ac 400 | actose was m xggl with the magnesi um
stearate and the micronised glycopyrronium bromde in

a Kenwood M ni Chopper high shear blender for 5

mnutes. At 1 minute intervals the \NﬁHS of . the

dremirsr TherSorelant0ldasiase Beas BiFef fibdbaimagpegium steagieaod the
m}snmt%@sym ég(u_*ame% pRbE Ghed hrb¥eeRish shay ichdef fd:Neminute

Capsul ac large carrier |actose in a Capsul e shaped
wesz@@o rprandhis v lefufds |l kousite peflade lgptrastitisiphatge within g
ol y 10 minutes at 62 rpmto inprove content
L}) fdgrlfgnlq?;; Formul ation 2 20 This bl end conprl sed 90%
of Pharnmatose 325 large carrier |actose, 7.8% Sorbol ac

P PRI P e et%%‘t?%&?ﬂg&cﬂ%&”eﬁ%&%’? Bt i

Pr¥®lkndiih hhd GendTIHE shdiBlefli@bfoabaniantts bh2000NpaS. oni sed
gl ycopyrroni um brom de in a Kenwood M ni Chopper high
shear blender for 5 minutes. At 1 mnute intervals

themtdtoss 6fhnd Berpbasader vvere swept 25 down to

timse mXx This d was then sandw ched .
E’S*t%éﬁ?e%eﬂ aﬁf&%cww 9§r{ Phbeacesis] lafggecmbea&ﬂﬁfw» 1.8%
| REH£18E400) oqsmaﬁgﬂeauﬁmpﬁ@ke\éﬁasemo Angodif@ingiy dd??ﬁbﬁum
bl ended for 1 hour at 42 pm 30 Fornmnul ati ons and 4

(hrepmide: ckhe Sprealec @dé%f?éed“’bﬁ B Vb the megaeshunsisptate and the

%Exﬂ%@é ?S(ﬁgl%e cAfrf3® 1 esk k4 drﬁﬁbgﬁ}gh % sﬁe/é?r bmrdbpfcﬁq minute
400, 0.25% nmagnesi um st earate and f/o m croni sed

it PR sam- o his Hands fo oS hes o ywﬁkpzwwi% ovithinp the
Qe BrassThe Sorbolac 400 |actose was mixed with the
magnesi um stearate and the Pharmatose 325 | arge
carrier lactose in a GindoMx high shear blender for

SR lﬁ:BF%Q&QuIB%mIﬂl éasvyﬁén &a%ﬁ‘tvlcilgé bétw}ggﬁlﬁ nﬁgrs of this

Uce el&ctrostatic char ge wth
pre—blend in the GrindoMix, and blended for 5 mmutes at 2000 rpm followed by a

further 4 minutes to improve blend content uniformity.

Formulation 7

This blend comprised approximately 90% of Pharmatose 150 large cartier lactose,
7.9% Sorbolac 400, 0.15% magnesium stearate and 1.9% 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.

Formulations targeted at 480ug without magnesium stearate
Formulation 8
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and 6 (repeated) 10 These repgated bl ends conprised
90% of Pharmat ose 150 | arge carrier |actose, 7.8%
Sor bol ac 400, 0.25% magnesi um stearate and 1. 92%

L.croni sed glycopyrroni br omi The Sor bol ac _400
| bt blend cawPrpsecdl % Bt #ﬁ%‘%‘@*ﬁé’gg ifes tadeardosnd e
Rhanome 6% 248Q.9294 Bfer6Add §fco?§\ﬁt)ﬁ§§ﬁ1 bBnAddI THROQM Hlac 400
hi gh shear bl ender for 1 mnute at 2000 rpm This was
| lagtoser wps mixed iith the Phenmacose| 388 4% catipclaethen ige GrinfloMix
igh HeoPBRHRE: A58 Snin M GE 90053k, ITHE QY KRl YRR el ce
wa hed be this

then sandw c tween 2 |ayers of
prlectigistatid charge trith@ tha govids;, magsd bl ended for 5 mi nutes
at 2000 rpm followed by a further 4 minutes to
i mprove bl end content uniformty. 20 Fornulation 7
TMicgoibeelgly wpyppohisachrapdeoxisnthte band9ded beffean RdiyRELof this
150.kar aprier.lact 9% Sor bol 00, 0.15%
n%ﬁ#é%d%rgntg g%\fﬁg?léfmaﬁagﬁgg%cr?nfoé ré onrs geﬂ ag?(y)/oébo’ﬁﬁ' roni um
brom de. The Sorbol ac 400 | actose was mixed with the
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Powder Testing

All formulations manufactured were assessed for satisfactory bulk powder content

uniformity.

The fine particle fraction was assessed by firing the capsules from a Miat
MonoHaler device into a multi stage liquid impinger (MSLI), using the method
defined in the European Pharmacopoeia 4® Edition 2002. Five consecutive doses
were collected under an opetrating air flow of 1001/min. CITDAS software was
used to process the stage deposition data, and to generate delivered dose (DD), fine

particle dose <5um (FPD) and fine patticle fraction <5um (FPF).

The results are summarised in the following table.

Formulation MSLI Performance

DD (pg) FPD (ng) FPF (%)
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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% compated to
FPFs of 57% and 54%).

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

values than those in Example 1 without magnesium stearate.

The repeated formulations in Example 1 without magnesium stearate show greater

variation in FPF than the repeated formulations in Example 2

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 lowet enetgy blending
methods or insufficient blending time. Similarly, aerosol dispersion characteristics

were substantially worse for blends made with the lower energy blending process,
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This blend comprised approximately 90% of Pharmatose 150 large carrier lactose,
approximately 9% Sorbolac 400, 0.15% magnesium stearate and the micronised
glycopytronium 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 20pg
into gelatin capsules, and packaged in foil pouches. These wete 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
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384 + 0.8

Time 400pg 25°C/60% RH Packaged in Foil
(weeks) Pouch

0 426+ 1.3

12 420+ 24

31 39.0+ 25

42 449 + 0.3

52 40.3 £ 1.2

Aerodynamic Assessment - FPF (ND) %

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

0 395+ 2.0

4 27.6 £ 0.7




The data are summarised in the follow ng tabl es.

Aer odynam ¢ Assessnent -
wWRRb0Paetayed i n Foi |
1.9 12 26.5 1.4 31 23.9
Packaged in Foil

FPF (ND) %

(weeks) Pouch 0 42.6

Ti me 400g 40C 75%
(weeks) Pouch 0 42.6 1.BCT/ERPR05/051980
276 Tinme 400g 30C/ 60% RH

.3 4 41.4

0.9 12 40.7 1.3 31 36.7 1.1 42384 0.9 52 38.4

0.8 W@O&—%%@M-RI:LP&GK&@@GH—n—EeH__(MBeKS)
Pouch'® 42.6 |#14*13 42 0 2.4 3139.0 2.5 42
44. 913P. 3 52[4Y93f - 2 Aerodynam C Assessment - FPF
(ND) | % Tinme 2509 4OC/ 75% RH Packaged in Foil (weeks)
PouchTémg9. 5 |25@ng 30°C76% RH Paskagebsi FoB043
PCT/ EG2€)6) 051 F80ch- 27

0 39.5+2.0

4 402+ 1.5

12 356 £ 2.1

31 31125

42 369+ 0.5

52 3221 44

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

(weeks) Pouch

0 395+ 20

12 392129

31 39.0 £ 1.5

42 39.1 £ 0.6

52 345+ 1.1

Aerodynamic Assessment - FPF (ND) %

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

(weeks) Pouch

0 423+ 19

4 20.8 + 1.1

8 184+ 09

12 -

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

(weeks) Pouch

0 42.3 £ 1.9

4 355+ 14

8 29.0+0.3

12 28.8+ 05

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

(weeks) Pouch

0 423 %19




12 21.3 1.1 31 19.9 0.6 Tinme 250g 30C/ 60% RH
Packaged in Foil (weeks) Pouch 0 39.5 2.0 4 40.2
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4.4 Time 2509 25C/ 60% RH Packagged in Foil (weeks)
Pouch 0 39.5 2.0 12 39.2 .9 31 39.0 1.5 42 39.1
0.6 52 34.5 1.1 Aerodynam c Assessnent - FPF (ND) %

Ti me 20g 40C/ 75% RH Packaged in Foil (weeks) Pouch 0
42.3141.9 4 2898*941 8 18.4 0.9 12 Tim 20g
300 6 RH %’h‘ﬁ%e”loj"f” Fort— (weeks) Poucit 0142.3 1.9
4 35 1.4 8 .0 0.3 12 28.8 0.5

12 3731+ 0.2

23 36.2 £ 1.7

26 31.0 £ 0.5

40 318+ 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 matetial stoted at 40°C/75% RH, the FPF had dropped

to below 30% after 4 weeks, and in most cases to approximately 20% after 12
weeks. The 250pg the material stored at 30°C/60% RH, the FPF had dropped to

nearly 30% after 31 weeks, and the 20ug the material stored at 30°C/60% RH, the
FPF had dropped to below 30% after 8 weeks.

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

35% aftet 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 measutes
were proposed:

e To increase the magnesium stearate level

e To condition the drug by a pre-exposure to moistute

e To condition the excipients and additives by a pre-exposure to a low

moisture environment
e To condition the capsules by a pre-exposure to a low moisture environment
¢ To employ low moisture content (e.g. HPMC) capsules

e To investigate foil aluminium overwrap.

Example 4
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These were then stored under conditions of 30°C/65% RH. The fine patticle
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
Pharmacopoeia 2002. Delivered dose (DD), fine particle dose (FPD) and fine
particle fraction (FPF) were measured. The FPF was defined hete as the mass
fraction smaller than 5um relative to the nominal dose in each case. Delivered dose
(DD) was also assessed by collection into a 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

months. The results of the tests are summarised below:

With 0.15% Magnesium Stearate and 250pg Glycopyrrolate

CT re-micronised te-micronised Pre-clinical
=0 Gelatin HPMC Gelatin Gelatin
0.15% 0.15% 0.15% 0.15%
DD 2159 £ 3.7 2149 +7.7 203.5 + 2.8 192.7 + 6.6
FPD (ug) 106.1 £ 2.6 [116.8 6.3 100.5 £ 23 08.8 + 4.9
FPF (%) 42.4 + 1.0 46.7 £ 2.5 40.2 = 0.9 39.5 + 2.0
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HEMC_Gel atd 046%| at 23/600 1560765 504 0 3045450, 150430/60
DD 17.6 £ 0.2 18.3+08 [17.6 £0.1 15.2 £ 0.1 16.9 £ 0.5
FPD (ug) 9402 86%x05 [7.7+0.1 6.5 £ 0.2 7.1 £0.3
FPF (%) [468+1.0 429%25 [387+05 [323+09 [355+14
DUSA N/A 174 14 168 £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 30/60
DD 17.2+0.2 178 *1.8 (183 +0.1 16.2 £ 0.4 16.4 + 0.4
FPD (ug) [(9.1+£01 7.9%03 [7.5%0.1 6.1 0.2 5.8 £ 0.1
FPF (%) [45.8+0.3 39.6%1.3 [37.3+0.7 30.7 0.8 28.8+ 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

equivalent powders in gelatin capsules and temained high (at least 44%) over the 3

month petiod. 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% ot below.
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ch’nthmg tge powder Wl(t)hln pre—metered1 foil blister strips. Consequently, no
moisture soutce is available to the powder providing integrity of the seals is

maintained.

In this study, blends containing 250ug in 15mg or 20ug in 25mg glycopyrrolate were
made using the following method. This blend comprised approximately 90% of
Pharmatose 150 large carriet 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 pietcing head to pierce the blister lid.
The powders were then drawn through the mouthpiece and into a multi stage Liquid
impingert, at 60 1/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 glycopyrrolate 'A' was micronised at 9.8 bar with feed rate of 0.2 kg/hout.

This material was then conditioned on a tray at 25°C/60% RH, with or without
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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 Phatmacopoeia 4® Edition 2002. The fine particle fraction was

defined here as the mass fraction smaller than 5pm 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 20pug 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™
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its primary size, at least transiently.

Example 8

Mechanofused Glycopyrrolate with Magnesium Stearate

Blend 1: Micronised Glycopyrrolate Bromide + 5% Magnesium Stearate

A further study was conducted to look at the mechanofusion of the drug with a
force control agent. The force control agent used was magnesium stearate. The
blends were prepared by using the Hosokawa AMS-MINI system (Hosokawa
Micron Ltd), blending 95% micronised glycopyrrolate bromide with 5% magnesium

stearate for 60 minutes at approximately 4000 rpm.
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a
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
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 innet drum wall and the inner element. The patticles are pressed against each
other with enough energy to locally heat and soften, break, distort, flatten and wrap
the additive particles around the core particle to form a coating. The energy is
generally sufficient to break up agglomerates and some degree of size reduction of

both components may occut.
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nb.bhgma%ﬁﬁf stPlrhdeS T8 (tygfolﬁﬁ:lé (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 2000rpm for 10 minutes.

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

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

10 capsules were filled with 25mg + 5mg of this powder in order 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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general approaches are outlmed below.

Particles extracted from the dynamic micronisation process ate collected and may be
transported to a suitable vessel for conditioning at a controlled humidity. In such a
system, preferably the particles are all exposed to the humidity for sufficient time
for the water absorption and for the re-crystallisation process to occut. Preferably

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

If the micronisation process itself were conducted using gas at elevated humidity,
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.
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all of the particles are equally exposed to the hum d

aRNMAREEAT Bed abhssol tlchiige: Rk tHid pagidsatbild baloae ah@dsesbddby
ayoi d or §djg Iorreratlon of the particles during
i ﬁ@qﬂgﬁ

“08&56 te8tse YOL 26nboch a3 anshiefrsennen therein) v
t akes place over a period of at |east about 10
m nutes, at | east about 20 m nutes, at |east about 30
m nutes, at |east about 40 m nutes, at |east about 50
m nutes, at |east about 1 hour, at |east about 2, 3,
4.5 6, 8, 10, 12, 14, 18, 24, 36 or 48 hours.



20 Conditioning may al so be achieved in a variety of
alternative ways. Sone further general approaches are

wo@iositeread bel ow. Particles extracted fromthe PYTEPI005/051980
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m croni sati on process are col Lected and may be 25
transported to a suitable vessel for conditioning at a
controlled humdity. In such a system preferably the
particles are all exposed to the humdity for

s@ilpims ent time for the water absorption and for the
re-crystallisation process to occur. Preferably all
the powder remains in the vessel fromstart to finish
ofl. t hi & ¢y powds: foddulafiot kempiiging glysetyirmirtprwoess the

i t.sel f, wer.e conduc eg usi n as. at elevated hum di.ty,
PR P BBIER F Rt Bl Pho R Afemifpdetcn.

powder coul d be conditioned in the collection system
powder added at fhe end of the progess uld have | ess .
Plre Adire sRates torop bR ﬁﬁ%ﬁl@%ﬁdaaﬁégn 41 Wi hs fprmfgion is

2Q0Ble1RP4 B fild bERAGRPLGSAY80 -38 The Rel ative
Hum dity nmay be in the range 30 to 100% nore

preferably 40 to 95% nore preferably 45 to 95% and
mast  paefpralhye LOmtRHSPYE 1l dlif MREA Al WherePe fO8nulation is
varied, and preferably be in the range 5C to 90C, nore
pEepleroyst § Peped ?f)atée%g)@:}’e‘q-‘he vessel may be for exanple
a tray, or a bag. It should allow suitable exposure of
the powder surface to the noisture applied fromthe
attnos pActE povHer fosmietionas claimed g prnprtiobthe pyeceding claims,
e R pablin QLARTGRIS, SRRELDE, BelbBuidn of rd

| agglememates- the tray. As an alternative, the nicronised
powder may be transferred to a systemwhich creates a
fluidised bed of the m croni sed powder. Such systens

abe kndvihy pavwifrcfognulation peclaiined om peeonpofidie précsding claims,
difif].e€ 1 L di . an n nt | : .
PR dfhl BB R AE AR ERLRRL ke fin il
asrapedmbr, figd pegtitle dosd wdwesor ceram ¢ beads, typically
with dianeters in the range 100mto 5mm A fl uidi sed

bed aerosol technique for this purpose could be one as -
déscr i hebly bywdddfiotranlagén ad cliimeAéd clamh 5 Sehan@ahe YAt particle

28iact & B33 aBNY b S GLENCE Teal 1F0G! Bdon. 20

7. A dry powder formulation as claimed in claim 6, wherein the fine particle

fraction of the powder is consistently at least about 40%.

8. A dry powder formulation as claimed in any one of the preceding claims,
wherein stability of the formulation is achieved by preventing or reducing the

uptake of moisture by the formulation.

9. A dry powder formulation as claimed in any one of the preceding claims,

wherein the glycopyrrolate is micronised.



WO 2005/ 105043 PCT/ EP2005/ 051980 -39- Cains 1. A dry
powder fornmul ati on conprising glycopyrrol ate, wherein

W@ b@s/1650u31ul ation is stable over a period of apCT/BRED5/A51980
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year under nornal conditions. ;45 2. A dry powder

formulation as clained in claim1, wherein the

formulation is stable over a period of at |east 2

y 3, Adr r. fornmulatjon _as clainmed in claim
ei%mheﬁe‘? é*y °f gqrmhlfﬂé‘t’flaﬁ claimedyiy dyimyy), @herean the gheqoppygolate
Ofis 8dndi@aeH dBriE F Sollokind il ¥niPAWGH rt:(gfcmdl@{ehggh %f the
claimed in any one of the preceding clains, whe

i AStRntion {p abBotbmoPdieul ation i s i ndicat ed by the
formati on of hard agglonerates. 15 5. A dry powder
fornmul ation as clained in any one of the preceding
clldi ns A dwlpewébnfcsmabitibh ty clafmddhie dagmmll ahémein the conditioning

|qg} at ed ns i sten artlcle fraction
d%ﬁgcﬁﬁg g ePadEs of Y L§§§°P§6°%P A Fowder

fornulatlon as clalned in claim5, wherein the fine

particl,e, fract the powder. i s consistently. at
321 At oS00 PymSlRser 5 BaRre) -0 s ton A he
Clcahdigioniing imloditesdGruptivar fiafy bbled biid@s fadiiddCduRing or following
fractlon of the powder is consistently at Ieast about
KTO8BAON. A 4y v powder formul ation as claimed in any

one of the preceding clains, wherein stability of the
formul ation is achi eved by preventlng or reducing the

URBake Bt ReF e ioETBlFton et slormad iaannAne abrbe praceding cluis,

PQMRSN fHa (ALhALHOH iR fheE L:@ﬂnﬂﬁges ar}'o?&x:oﬁﬁgl ent Bfich is capable of
precedi ng clainms, wherein the glycopyrrolfate Is

nieusEsebesioP guesy tt@é@&@a@t#s@z@@@r@wgs@ -40 10.
A dry powder formulation as clainmed in claim9,

mhereln the glycopyrrol ate
A dry powder formulation as claimed in claim 13, wherein the force control

agent also acts as a sutfactant.

15. A dry powder formulation as claimed in claim 13 or 14, wherein the force

control agent prevents the ingress of moisture into the formulation.

16. A dry powder formulation as claimed in claim 13, whetein the force control

agent is magnesium stearate, one or mote amino acids or their derivatives, lecithin

ot phospholipids

16. A dry powder formulation as claimed in claim 15, whetein the amino acid is

leucine, lysine, arginine, histidine or cysteine, or detivatives thereof.

17. A dry powder formulation as claimed in any one of the preceding claims,
whetein the formulation is stored in packaging made from a material which has a

moisture content of less than 10%.



is conditioned during or following mcronisation to
reduce the tendency of the, fornulation to absorb

worpiostiesogs 5 11. A dry powder fornul ati on as cPEI/RRIHOF/051980
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clai m 10, wherein the conditioning involves
control | ed exposure of the gl'ycopyrrolate to noisture.
12. A dry powder fornulation as clained in claim10 or
11, wherein the conditioning involves disruption of
dfy sd fer navidey Earmpalationcs (larnedigHaimol T, SETe thegpackaging
ThAEAN04 bt donfafby1ROMARSoL O mul ation as cl ai med
in any one of the preceding claims, wherein the
formul ati on further conprises a force control agent

ich ca reduc en the
e dhipiERER: Formetaalof o laitls fBIRGSTT, FEUEE R i agine
hﬁﬂﬂﬁh&ﬁk@muﬂﬁu&hﬁhﬁﬁﬂofR5£ﬂﬁnmﬂﬁ3, wher ei n the force
control agent also acts as a surfactant. 15. A dry
powder formnulation as claimed in claim13 or 14,
wier ei N dighewfdef € mulliodan iclathe ABedMimp @y EbS14, Rierein the

ngy ess of ' #ure into the forrmulation. 16. A dry
dﬁﬁ%%?“ %rﬂgﬁﬁi GAPES claimed in claim13, wherein the
force control agent i S magnesi um stearate, one or
nore am no acj ds their derivatives, lecithin_  or .
pHos pHo AgRarles éorfeﬂaqsendw 2By 20 (e 1S Rificegiog claims,

ChiRdrBRGhé Porflubitidh 1PstoMAGh PhékaliG wHIHS cAFAblk bfSpreventing the
| euci ne, |ysine, arginine, histidine or cysteine, or

dagtesnel melstuen faragrxtenal sopecgs-y powder formul ation as
clainmed in any one of the preceding clains, 30

wherein the fornulation is stored in ackagln made
f22om &\ datravidek fesivddtionas chimesbinstlaime’ g wibetetn thefpatlaging is a
t 2005/ 105043 PCT/ EP2005/ 051980 -41 18. A
Jﬁgggégﬁg%s ornmul ation as clained in claim17, wherein

t he packaglng naterial has a nDisture content of |ess

than 50 ry % d%r 9(5 X{UE €5 cfa%ngﬁ’lln ol?le 3%, %{igaidj wherein

clai m erein tne packaging 5 mater
nthie @bch’agmg ontretftprofected Soom Heningdsss of moisture from external sources.

24. A dry powder inhaler device comprising a dry powder formulation as claimed

in any one of the preceding claims.

25. A method of preparing a dry powder formulation as claimed in any one of
claims 1 to 23, wherein the glycopyrrolate is micronised and the micronisation
process is petformed under conditions which reduce the formation of amorphous
material and/ ot wherein the glycopyrrolate is conditioned to reduce the amosrphous

material content.

27. A method as claimed in claim 26, wherein the conditioning involves

controlled exposure of the glycopyrrolate to moisture.



20 A dry powder forrmulation as clainmed in clainms 17,
18 or 19, wherein the packaging is an HPMC capsul e.

WA 2002105048 dry powder formulation as clained i NPEIEPIINF051980

10

of the preceding clainms, wheggin the formulation is
stored i n packagi ng which is capabl e of preventing the
i ngress of noisture formexternal sources. 22. A dry
pggﬂer formulation as clained in claim21, wherein the
kagPrigethed gs clyimeddp claa 26 <4 251 wherein, tho gonditieltipg mvolves
tiohQIFHY Rb1PBY B3 @Aﬁemdn oR wmgayﬁtegf fofib @)
20, wherein the packaglng | Itself protecte from
HEGPHQP%@B of noisture fromexternal sources. 20 24.
A dry powder inhaler device conprising a dry powder
fornmulation as clainmed in any one of the preceding
CR%i mSA B&hodandiihed mﬁn}pbﬁpaf ¢lﬂglsanb)28p@h\&€ih a force control

for tlon as n e of clainms 1 to 23,
wheT & nlﬁhﬁﬁca@aﬁ?geo%ﬁ%‘iﬂ“ﬁc Be %‘ ?r?’ﬁ‘i“’c?ﬁ? ingRprfigles in the
nfaxrahitoatis fdded 3o rali@gl@&@ytrslaﬁerf ormed under conditions
whi ch reduce the formation of anorphous naterial and/
or wherein the glycopyrrolate is conditioned to reduce
t he anorphous material content. 27. A nmethod as
clainmed in claim 26, wherein the conditioning involves
30 control |l ed exposure of the glycopyrrolate to
noi sture. WO 2005/105043 PCT/ EP2005/ 051980 -42 28. A
method as clained in claim26 or 27, wherein the
conditioning involves disruption of any solid bridges
formed during or imediately follow ng mcronisation.
5 29. A nethod as clainmed in any one of clains 25 to
28, wherein a force control agent which is capable of
reduci ng cohesion between the fine particles in the
formulation is added to the glycopyrrolate. 10



