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-1 Pharnmaceutical Conpositions DescriptionThe

present invention relates to pharnaceuti cal

conpositions conprising the 5 antl szcarl n| c |m|m“m

gl ycopyrrol ate, for exanple the salt

bromide. In particular, the prlesent | nventl on réfgésf’es

to dry powder conpositions which exhibit inproved

stability over tine, and nmethods for producing the

same. G ycopyrrolate is an antinuscarinic agent which

IS uysfihaddutiit ¢68pbERMBLT 10 conditions such as

chronic obstructive pul nonary di sease (COPD), asthma,

cystl c f| brosis (CF) and rel ated airway di seases. It

L?n provi de gl ycopyrrolate fornulations in

the dry powder fornmulations, for
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formul ati ons of gl ycopyrrof ate, such as

gl ycopyrrolate brom de, as well as isolated
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contialled L&l B3560f the glycopyrrolate. Studies show

that 'thi's 25 fornul ati on may exert its therapeutic

Effect for nore than or less than 12 hours. WO
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PT ORELdoksBRrers. Derivatives of glycopyrrolate are also encompassed.

20
WO 01/76575 discloses the delivery of glycopyrrolate by dry powder inhaler. The
formulation disclosed in this application may include magnesium stearate to
improve dispersion of the dry powder and to help prolong the therapeutic effect by
providing a controlled release of the glycopyrrolate. Studies show that this

25  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 2 specific
manner to the surface of micronised glycopyrrolate particles, for subsequent use in

an inhaled formulation with delayed release properties.

30 WO 00/28979 briefly discloses an example of 2 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
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30 WO 00/ 28979 briefly discloses an exanple of a dry
powder conposition including a conbination of 0.2%
w w fornmoterol and 0.5% w w gl ycopyrrolate and -
i ncluding 0.5%w w nagnesi um stearate conventionally
blended in a tunble mxer with a ~ll~~~~1 111 1 Il 1
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carrier (98.8%ww. It is allgged that the magnesium
stearate protects the fornulation fromthe
del eterious effects of noisture ingress. W 96/ 23485,
V\D 1/ 786 6
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are often referred to as force control agents.
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Indeed, glycopyrrolate has been found to have an acute problem with respect to its
stabilit.:y, especially immediately following a conventional micronisation process.
Micronisation of any drug, and specifically here glycopyrrolate, may involve the

25  injection of a relatively coarse soutce powder into a system which involves multiple
high-speed collisions. Typically soutce powders of un-micronised drug will exist in
particle sizes substantially greater than 10pm. The objective of the micronisation
process is to reduce the primary 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

30  may be 10 to 0.1pum, and preferably 6 to 0.1pm ot 5 to 0.5um.

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

milling action required to break the particles down to the required size. It is also



particle sizes substantially greater than 10m The
objective of the mcronisation process is to reduce
the primary particle size to a size which is smal
enough to be delivered to the respiratory airways.
For exanple, it is known that a suitable size 30 may
be 10 to 0.1m and preferably 6 to O.1mor 5 to
0.51lim The multiple high-speed _collisions are
enpl oyed in mcronisation to provide the mlling
action required to break the particles down to the
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gl ycopyrrol ate was found to be very hygroscopic.
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25
The glass transition temperature by DSC (differential scanning calorimetry) 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 toom

30  temperatuze (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.



The glass transition tenperature by DSC (differentia
scanning calorinetry) of a dry anorphous
gl ycopyrrol ate sanple was at 65C. It is known from
many substances that water acts as a plasticizer,
i.e., it depresses the glass transition tenperature.
It is anticipated that in this case the gl ass
transition nay be depressed to4bel ow room 30
tenperature (at as little as 30-40% RH) and that
crysytallization occurs. Prior to crystallization the
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The glycopyrrolate may be a salt, isomer ot detivative of glycopyrrolate, or mixtures
thereof. In one embodiment, the glycopyzrolate is not R,R-glycopyrrolate.

30
The stability of a composition should be indicated by consistent d.ispersabilify 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



3 years. The glycopyrrolate may be a salt, isomer or

derivative of glycopyrrolate, or mxtures thereof. In

one enbodi nent, the glycopyrrolate is not

R, R-gl ycopyrrol ate. 30 The stability of a conposition

shoul d be indicated by consistent dispersability of

the powder over these periods, which nmay, for

exanpl e, be nmeasured in terms of a consistently good

fine particle fraction or fine particle dose over

tine. In one -5- enbodiment of the invention, the fine
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25
As the instability of the conventional glycopyrrolate formulations appears to be due
to moisture absorption, there are a numbet of measures which are proposed to

Increase stability.

30 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 process may be improved, for example, by adjusting the conditions

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



25 As the instability of the conventiona

gl ycopyrrol ate fornul ati ons appears to be due to

noi sture absorption, there are a nunber of measures
whi ch are proposed to increase stability. 30 Firstly,
t he anorphous content of the glycopyrrolate is to be
reduced by inproving the processing of the

gl ycopyrrol ate. \WWere the glycppyrrolate is

m croni sed, the mcronisation process may be

i mproved, for exanple, by adjusting the conditions
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The following section summarises the tests conducted on reported batches of
glycopyrrolate received following micronisation:
25
Batch A:
Micronised at 0.5kg/hr
Injection pressure: 10 bar
Micronisation pressure: 7 bar
30  Sympatec sizing: d10 0.7yum, d50 1.8um, d90 3.6pm
Loss on drying: 0.7%



Batch A: M cronised at 0.5kg/hr Injection pressure:
10 bar Mcronisation pressure: 7 bar 30 Synpatec
sizing: di10 0.7m d50 1.8m d90 3.6m Loss on drying:
0.7%-7- DVS indicated crystalline material. On
storage, soft lunps of material were found in bulk
powder, and repeated particle sizing gave d50 val ues
rangi ng between 2.6 and 3.5my5 Batch B: M cronised
at 0.5kg/hr Injection pressure: 10 bar M cronisation
pressure: 7 bar Synpatec sizing: di0 1.0m d50 2.4m
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RH D anorp ous mat e
st oimbk ppedegentl amatleqhm;gclefslzmgmveerdSQIvalneqr!engi@gjh@wem@
repgad gg fparticle sizing gave d50 val ues ranging
between ' 36 and 160m 15 Batch C. M croni sed at
0.4kg/ hr Injection pressure: 10 bar M cronisation
Brepash®: 9.8 bar 20 Synpatec sizing: d10 0.8m d50
2.31Lm d9o 4. 81| Loss on drying: 0.4% DVS i ndi cat ed
arrmh'fiffﬁﬁ’éedrf‘éf)él‘g é‘l‘ was present. On storage, |large hard
| undsiecelon prRs:itabamer e found in bul k powder, and
r epgﬁ&ggsﬂl%gtpkeggu%e s.,ibza]ir ng gave d50 value of 51m
Sympatec sizing: d10 1.0pum, d50 2.4pum, d90 4.8pm
70 Loss on drying: 0.6%
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 160pum.
15
Batch C:
Micronised at 0.4kg/hr
Injection pressure: 10 bar
Micronisation pressure: 9.8 bar
20  Sympatec sizing: d10 0.8pm, d50 2.3pm, d90 4.8um
" 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
S51um.
25
Remicronised Batch C:
Micronised at 0.5kg/hr
Injection pressure: 10 bar
Micronisation ptessure£ 9 bar
30  Sympatec sizing: d10 1.0um, d50 2.4um, d90 4.5um
Loss on drying: 0.5%

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



25 Remicronised Batch C. Mcronised at 0.5kg/hr

I njection pressure: 10 bar Mcronisation pressure: 9
bar 30 Synpatec sizing: di10 1.0m d50 2.4m d90 4.51im
Loss on drying: 0.5% On storage, only soft |unps of
material were found in bul k powder. -8- This sunmary
shows that sel ected batches of mcronised

gl ycopyrrol ate had fornmed hargd aggl onerates, and this
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under dry conditions. Detetioration in performance has been seen to be
approximately 30 to 50% of otiginal petformance or more. Such deterioration
would make these formulations unattractive for commercial use.
25 |
It has been suggested that conducting micronisation under the use of humidified air
or other gas may help to reduce the genetation of amotphous 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.
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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 dtop 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 problems associated

with gelatin capsules for use in dry powder inhalers. These problems include
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nor eapsules 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
25  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 more

consistent.

In an further approach to solving the problem of moisture absorption by dry

30  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 ingtess of moisture.

Such devices are known, for example the GyroHaler (Vectura) or Diskus (GSK)
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25 in a sealed environment, such as an additional layer of foil packaging.

In an alternative embodiment, the dry powder formulation is dispensed from a
multidose ciry powder inhaler device wherein the powder is stored in a teservoir as
opposed to individually packaged doses. In such an embodiment, the device should
30 . offer superior moisture protection compared to conventional reservoir devices. Fot
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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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, Registeted Trade

30 Mark) which comprise phospholipids, for example, mixtures of DPPC (dipalmitoy]
phosphatidylcholine) and PG (phosphatidylglycerol). Other suitable surfactants
include, for example, dipalmitoyl phosphatidylethanolamine (DPPE), dipalmitoyl
phosphatidylinositol (DPPI).
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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 respiratory disorders such as COPD, asthma or CF.,
30

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

predominantly present on the sutface of the glycopyrrolate patrticles, as well as ot
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i mportant advantage of the present invention is that
it glvetyvyisnportant 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.
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consistently inproved fine particle fraction and fine
particle dose conpared to that observed in connection
with the conventional fornulations. Consequently,

whil e the dose dispensed is smaller, the 30 anount of
active agent being adm nistered is the sane, with the
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6) anticholinergic agents such as, for example, atropine, benzatropine,
biperiden, cyclopentolate, oxybutinin, orphenadine hydrochloride, procyclidine,

25  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;

30 8 hormonal drugs such as, for example, protirelin, thyroxine, salcotonin,
somatropin, tetracosactide, vasopressin or desmopressin;

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



6) anticholinergic agents such as, for exanple,
atropi ne, benzatropi ne, biperiden, cyclopentol ate,
oxybutinin, orphenadi ne hydrochl oride, procyclidine,
25 propant hel i ne, propiverine, tiotropium
tropi cam de, trospium ipratropiumbrom de and
oxitropriumbrom de; 7) anti-enetics such as, for
exanpl e, bestahistine, dolaseggon, nabilone,
prochl or perazi ne, ondansetron, trifl uoperazine,
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nor adr enal i ne, dexanf et am ne, d|p|re in, tam ne,
dopeexkintfine, vqaﬁewplepMm#enaﬁobopr enal i ne, dopani ne,

pseysloenb&aida8fhetlcs ﬁi’éﬁl@'féﬁb‘%aﬁﬁl@ MAHQJEE&:@ 1R&inell)
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anae PhOCEN
bupbvpemsirplane, dhymrmmﬂc,simrpm qudqmee;dmmteo ne,

pri h%?%oxﬁh@ﬁ@f BB} A6&Jde8e, f;apﬂeiem'mkodw Rl g@ ;

benzocai né and | gnocal ne; opl at es
f or fegtnp. MERAIRATERPIPhBE ¥ Epdong, phensgemiss) pethidine and
bupesiihions theredexith eiaghalR; di anor phi ne, codei ne

Baplor ot h At SOHCIOR AP Epu At e FBALAy fodine

met ha;dme:,ol dextpiproxyeRs, edcnene, pienaFan) tkeyadplindindhne

and mﬂ@tggns thereof with an anti-enetic; 15 14)
anaTgeS|cs And arugs F& treating migraine such as

cl o) di n@;cocoegone.;s and opkExatidites el i DFOPOXYD PRI zOcine;
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16) phosphodlesterase type 5 inhibitors, such as
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Perabﬁy, the a%g.ltlonal active agents are pharmaceutically active agents which are

known to be useful in the treatment of respiratory disorders, such as B,-agonists,
steroids, anticholinergics, phosphodiesterase 4 inhibitors, and the like. In one

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

Example 1
30 Formulation A

The blend comprised micronised glycopyrronium bromide, with Pharmatose 150M
(DMYV), blend to give a 60ug dose.



20 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 treatnment of respiratory disorders,
such as P2-agoni sts, steroids, anticholinergics,
phosphodi esterase 4 inhibitors, and the like. In one
25 enbodi nent, the formnul ati ogyof the present

i nventi on does not include fornoterol. The follow ng
exanpl es serve to support the invention discussed
aboyg,miptiy € 1 30 Fornul ation A The blend conprised
m croni sed gl ycopyrroni um brom de, w th_Pharnatose
150Vibe Pm/}ommpseﬁg @qu@n.lgf:l\gbrcgayg(ggmaao@'@nudqwth Pharmatose 150M

For@yhg@nggmaogggabh osonprised m croni sed
glycopyrronlun1brom w t h Phar mat ose 150M (DWwW),

blend to give a 120g dose 5 Fornul ation C The bl end

gonp5h§ggmgkpronised gl ycopyrroni um broni de, wth
Phar mat ose 150M (DW), blend to give a 60p. 3 dose.
For e Blepdrpmeprised mprzonited glycepypropiu@ekromides ith Phermatose 150M

gl y copwy, HuduazRE @B0EEdosw t h Phar mat ose 150M  (DW),
blend to give a 120&q§%se Fornmul ati on E The bl end

conprised m cronised glycopyrroniumbromde, with
PhaFratudsenIb0M 15 (DW), blend to give a 60g dose.

ot il gfew&nf n-gpfmm;ﬁﬂs(id %ﬂg@ﬁ;@gﬂﬂrm&' ggtg/ﬂ:hfmse 150M

gl yco rroni um brom armat ose 1

bl edMYY biinddo aiva 20%0ugsloee: 20 These powders were t hen

| oaded as the appropriate doses of 60g and 120g into

gel ati ul es. These were then packaged and stored
OndEPTRARRERed condi tions of 40 70% RH. 30C/ 60% RH

and TRSeddDeaniprised micronised glycopyrronium bromide, with Pharmatose 150M

15 (DMYV), 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 60g and 120pg 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.

25  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 Pharmacopoeia 4" Edition 2002. Delivered dose (DD), fine particle
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 results are

summarised in the following Tables:



25 The fine particle fraction was assessed by firing
device into a

the capsules froma M at

mul ti stage liquid inpinger,
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Stab?lity of F

@bmul ati on

A1(60g), $26red at 407/ 70% RH

Ti mgz DUSA—VBLI[ 53 (TroTTt11s) 153 (g)—Db @g) FPD—~ “EOJFPF
(/0}—0Q 52 53194 45 1 47°49 17 35 46 46 14 31 3
45 4% 13 30 {4tability |8 Fornul a2Pon B (1269),
stored at 25U 60% RA Time DUSA NBLT — (months)— Db —<g)y—
DD (S%bi.hj:ypg% P( o%ulfgfn XO(%Opg)(? st]é(r)e?d a:!:- 9-3°C4)§0°25RH

Time ‘DUSA MSLI

(months) DD (ug)  |DD(pe) | FED (pg) | FPE ()

0 52 53 24 45

1 47 49 17 35

2 46 46 14 31

3 45 44 13 30
5  Stability of Fotmulation B (120pg), stored at 25°C/60% RH

Time DUSA MSLI

(months) DD (pg) DD (ng) FPD (pg) | 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 (120pg), stored at 40°C/70% RH

Time DUSA MSLI

(months)  'DDGig)  |DD G [FPD G |FPF %)

0 107 107 48 45

1 105 104 37 36

2 101 101 36 36




1 102 104 45 43 2 104 105 44 42 3 110 111 44 40 6
102 108 45 42 Stability of Fornulation B (1209),
stored at 40C/ 70% RH Tinme DUSA MsSLI (nonths) DD (Q)
DD (g) FPD (g) FPF (/o) 0 107 107 48 45 1 105 104
37 36 2 101 101 36 36 -19- 3 97 97 27 128 Stability
of Formulation C (60g), stored at 25C/60% RH Tine
DUSA MBLI  (nmonths) DD (g) DD4g) FPD (g) FPF (%9 O
50 49 17 34 4 - 49 16 32 9 44 43 13 29 Stability of
Formul ati on C (60g), stored at 30C/ 60% RH T| me DUSA

[l Y o N L4140

NSL' (llUlltilb) é:,D (g) DLJ (ﬁ) I_t"L} \ )27|—r|— \/9 T HF T
17 3 9 43 45/ 12 27 5 Stability of Formul atizgn D

(120g), stored at 25C/60% RH Tinme DUSA MSLI  (nont hs)
DD (@)bifidPof Bdenfdidob @ (6615, stored at 25°C/60% Ru

Time DUSA MSLI
(months) DD (ng) DD (ng) FPD (pg) | FPF (%)
50 49 17 34
4 . - 49 16 32
44 43 13 29

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

Time DUSA . MSLI
months
( ) [DD (o) DD (ng)  |FPD (ug) | FPF (%)
0 50 49 17 34
9 43 45 12 27

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

Time DUSA MSLI
months
(months) DD (ug) | DD Ge)  |FPD (se) [FPF (%)
97 105 32 31
4 - 99 28 29
9 99 97 23 24

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

Time DUSA MSLI
months
(months)  'SB ) DD (ug) | FPD (ng) | 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) 55 ag) DD (5z)  |FPD (ug) | FPE (%)

Release 45 51 16 3




(/0)

(9

Fornmul ati on E (60g),
VBLI

0 97 105 32 31 4 -
Stability of Fornulation D (1209),
RH Ti ne DUSA MSLI

stored at

99 28 29 19 99 97 23 24

30C/ 60%

(months) DD (g) DD (g) FPD (g) FPF

0 97 105 32 31 9 99 98 24 25 10 Stability of

stored at 25C/60% RH Ti me DUSA

Rel ease

(nonths) DD (g) DD (g) FPD (g) FPF (%
45 51 16 31 -20- Set down* 48 )52 14 26 Set down + 4
45 47 10 20 * Set down was 3 nonths after rel ease
dat e St abi I|ty of For mul atlon E (609) stored at

300G BT DUSA— VSt \numn\)muu (o—Po-e)—FFDb
SRy e oce an 515216 31 8

(9) et _down* zg652 14
26 >§ttd¢m1’f4- 4548 48 10 |21 * Set {d8wn was 320ont hs
af t E!de’Q

(120 st ored#%%’%ggégé%aﬁiﬁ%ﬁ'l rreﬂtj)lugxl K/ELFJ" '(_rmnt hs)
DD (g) DD (g) FPD (g) FPF (%9 Release 97 107 33 31

Set” JANMY oAPZmh B0 E (@8.g), stored at 30°C/60% RH

Time DUSA MSLI
(months)  "BD g DD (pg) |FPD (pg) | FPF (%)
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 (120pg), stored at 25°C/60% RH
Time DUSA MSLI
(monhe)  IDD (ug)  |DD (se) |FPD (np) |FEF (%)
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) DD (ug)  |DD(sg)  |FPD (pp) | FPF (%)
Release 97 107 33 31
Set down* 102 108 31 29
Set down + 4 | 103 106 23 22

710 * 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 30°C/60%RH or 40°C/75%
RH. Howevert, at 25°C/60% RH, Formulations A and B had a relatively small drop

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



Set down + 4 99 105 24 23 * Set down was 3 nonths

after release date Stability of Fornulation F (120g),
stored at 30C/60% RH Tinme DUSA MSLI (nonths) DD (Q)

DD (g) FPD (g) FPF (%9 Release 97 107 33 31 Set

down* 102 108 31 29 Set down + 4 103 106 23 22 10 *

Set down was 3 nonths after release date It can be

seen fromthis stability studys; .that all of the

formul ati ons dropped in FPF performance during the
stability period when stored at 30C/ 60%RH or 40C/ 75%

RH. HoM@Yfns A%d%ﬂ@ﬂ@a@ﬂbstf&fa@%@ith‘m £ tﬁatﬁ% %M%éémd

relatively small drop 15 in FP ared to e ot

f or iR Bstths Sormphntions, MW%W@@?aPpwen thge otherwise similar
For munad.i ons A and B al so had a substantially greater

FPF at the release conpared to the other

formul ations, indicating |arge variation between these

Ot h@xaipee 3i M | ar bl ends. 5 Exanple 2 Fornul ati ons

tar ete W|th magnesi um stearate Formul ation

1 TAPERYMans tagrted.at £80uegpth igagnesium stearate arge carrier

I actFe&ﬁ;la%na% Sor bol ac 400, O. 25% magnesi um st ear at e

and O/mcron opyr.roni um romdeo

Sor Bol*as n%idﬁmp mefl ?gg ‘%ﬁ% ?ﬁ%éﬁgﬁ\f’t‘ﬂ“ #ESfralg ?\@§P’Eh?1‘“° 400
st e&r2aYrenzmneivnn etesriic aoh il $2% ngtl:npmpcygly@pyﬂﬂm;hhmzdﬁe i Mhe
o) KQ&WQQQ 4(M lgétogm Qg{edmrﬁhthg I?nea esBLn {Q?z? rte %r?c[ ﬁne micronised

m nut es. m nute 1 nterval
bl eﬂ’d&qPYﬁE?‘émshkﬁ%‘B{de ewﬁevevoooddﬁw ﬁh@menblxh plepar Bi§nden oy 5

Pr enddhRed MASnihie fnteRNs WeGhad obﬁfe%ﬁer&ér@%@%@ d8fa tre
Capsul.ac | arge carrier |lactose in a capsul e shaped

vesSBI™ 4RE Bhen Turbul a bl ended for 1 hour at 42 rpm
followed by 10 minutes at 62 rpmto i nprove content

H ni t.['% glet-yltnf wga[sqyinastalngwpichzed between 2 layers of the Capsulac large carrier

lactose in a capsule shaped vessel, and then Turbula blended for 1 hour at 42 Ipm,

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

Formulation 2 )

20  This blend comprised 90% of Pharmatose 325 large cartier lactose, 7.8% Sorbolac
400, 0.25% magnesium stearate and 1.92% micronised glycopyrronium bromide.
The Sotbolac 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

25  dowan to optitnise 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
tpm.

30
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



20 This blend conprised 90% of Pharnmat ose 325 | arge
carrier lactose, 7.8% Sorbolac 400, 0.25% nagnesi um
stearate and 1.92% mi croni sed gl ycopyrroni um brom de.

The Sorbol ac 400 | actose was m xed wth the magnesi um
Stearate and the mcronised glycopyrroniumbromde in

a. Kenwood M ni Chopper high shear blender for 5
mnutes. At 1 minute intervalgathe walls of the

bl ender were swept 25 down to optimse mxing. This
pre-blend was then sandw ched between 2 | ayers of the
Pha [
sha"é@a’*@iifs%%%ﬂ*@%%%2%9’%%%{1’“%@”’%3“;&“% R3S e o the

h¥smatos0335drige Faati¢rdersoss imp Grind¢Mixdught sé!dax bléndsefor 1 minute

r ep@@io@@i rth ORES Wa ORI SERoR 0l FNALIRLASE: rrgﬁimh&( 8%
carrier lactose, 7.8% Sorbolac 400, 0.25% nesi um

st eBPYEE meBY 1. 92% ni croni sed gl ycopyrroni um - 22- '
brom de. The Sorbol ac 400 | actose was mixed with the

esi um stearate and the Pharmatose 325 | ar ]

car EPoiped ByseRyrioRiun Fromidewas tha; Sgﬁd“é‘ﬂé"érbemeeﬁgéﬁ?eﬁséf this
1 npietblend idtheXORHoMBNand BieBdelers: b efidutdsQit 2d00pHs. t O

reduce el ectrostatic charge within the powder mass. 5

M croni sed gl ycopyrroni um brom de was then sandw ched

bet Hemmlfiohay erd6 @épertai)ls pre-blend in the Gri ndoM X,

nd j t o
B paed B Rl B0 % ok R BT s B bl e
9 0‘V§<6P°1M1‘é90rr&%é anagBQivmyytepsate and 1.83% Inaerp@ls@ gly%t)ﬁ%omum
SOfmha& 449 So&o&@%@ﬂﬁ%%&%%é@@ﬁ@&% g;m? gt{&- te Gnd the

m croni sed gl ycopyrronl um brom de. The
| acthrematgersTotilazesicagior Fﬁ%ﬁ%%@ﬁ@%@(&%h@eﬁaraatb@naﬁdor heinute

Phaitrpad®gn. 1Ti0s &l 16 f6:aAl Kdue o JeaGdeQSRtrbilatt Bhigh daMoXihe
FI gh s lear bI ender for 1 mnute at 2000 rpm This was

ef X161 “1**hour to reduce el ectrostatic char ge within
the 15 povvder mass. M croni sed gl ycopyrrom um br om de

E’?ZM%CP%S&:Q ﬁgé(igﬁﬁjagiqm SI)W Qag ég)é?Jd%v % d%&ivé 2 laﬁerf of this
at Potiead phthe fGrindoér axbyblanded for 5 minutes at 2000 tpm, followed by a

further 4 minutes to improve blend content uniformity.
20
Formulation 7
This blend comprised approximately 90% of Pharmatose 150 large cartiet lactose,
7.9% Sotbolac 400, 0.15% magnesium stearate and 1.9% micronised glycopyrronium
btromide. The Sorbolac 400 lactose was mixed with the magnesium stearate and the
25  Pharmatose 150 large carrier lactose in 2 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

J0  pre-blend in the GrindoMix, and blended for 9 minutes at 2000 rpm.

Formulations tatgeted at 480ug without magnesium stearate
Formulation 8



further 4 mnutes to inprove blend content uniformty.
20 Formul ation 7 This blend conprised approxi mately
90% of Pharmat ose 150 | arge carrier |actose, 7.9%
Sor bol ac 400, 0. 15% nmagnesi um stearate and 1. 9%

m croni sed gl ycopyrronium brom de. The Sorbol ac 400

| act ose was m xed with the nagnesi um stearate and the
25 Pharmat ose 150 large carrigg_lactose in a GindoM x
hi gh shear blender for 1 mnute at 2000 rpm This was
left for 1 hour to reduce electrostatic charge within

t he ThRGNQ rcoEBﬁ&-d 9M2§%%'P§§zgna%s¥ %QPMEgeQQJrﬁFIa?& m7 %@o

was then sandw ched between 2 | ayers of
pr e Spibelig 49h 20 & 92%irreronissd glenapytstnivm deprhide. Then§aabsles400

at  ZRRe &N ixed QI AH AR 0de 308 ﬁtrfedcaﬁﬁet ﬁ%gg%w %gﬁléoMlx

rmgneS| um gt earate Fornul ati on -
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20 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

25 MonoHaler device into a multi stage liquid impinger (MSLI), using the method
defined in the Eutopean 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 <5um (FPD) and fine particle fraction <5pm (FPE).

30

The results are summarised in the following table.

Formulation MSLI Performance

DD (pg) FPD (ug) FPF (%)
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and dose than the tespective formulations with a force control agent. For example,

5 Formulation 8 without a force control agent exhibited a FPF 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%.

10 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

15 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 fotce 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,
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20 “This blend comprised approximately 90% of Pharmatose 150 large carrier 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 hout to reduce electrostatic

25 charge within the powder mass.

Micronised glycopysronium bromide was then sandwiched between 2 layers of this

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

30  These powders were then loaded as the appropriate doses of 400ug, 250pg and 20pg
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
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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
weeks. The 250ug 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 250ug the material stored at 25°C/60% RH, the FPF had dropped to nearly

35% after 52 weeks, and the 20pg the material stored at 25°C/60% RH, the FPF
bad 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:

® To increase the magnesium stearate level

¢ To condition the drug by 2 pre-exposure to moisture

® To condition the excipients and additives by a pre-exposute 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

¢ To investigate foil aluminium overwrap.

Example 4
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Pharmacopoeia 2002. Delivered dose (DD), fine particle dose (FPD) and fine
- particle fraction (FPF) were measured. The FPF was defined here as the mass
20  fraction smaller than Spum 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.

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

25 months. The results of the tests are summatrised 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+ 37 [2149 %77 203.5 + 2.8 192.7 £ 6.6
FPD (ug) 106.1 £ 2.6 [116.8 £6.3 100.5 + 2.3 98.8 +49
FPF (%) 42.4 + 1.0 46.7 £ 2.5 40.2 £ 0.9 39.5 +20
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572027 8.4 FPD (g) 75.2 7211105 1.6 66.0
2.6 100.4 3.7 PF (% 30.1 2.9 44.4 0.6 26.4 1.1
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0_4 18.2 01317 3 0518 2 0.3 17/Re-Com2 FPD (Qq)
10. PB. 3 9. §1810t 043 182 D03 @7P + 052 B8Z +0.34 [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 [43.9+15 [405+0.9 [423+1.9
DUSA N/A 16.5+ 0.6 116.2 £ 0.9 N/A 16.8 * 0.7
t=1 HPMC Gelatin Gelatin Gelatin Gelatin
30/65 25/60 130/65 30/65 30/60
DD 17.6 £ 0.2 183308 [|17.6 +0.1 15.2 + 0.1 16.9 + 0.5
FPD (ug) [9.4 £0.2 8.6 +05 7.7 £ 0.1 6.5+ 02 7.1 £ 0.3
FPF (%) [46.8%1.0 429+25 [387205 [323+09 [355+ 1.4
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FPF (%) 458+ 03 39.6+13 [37.3+0.7 30.7 £ 0.8 28.8 £ 0.5
iPUSA 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 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.
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400, 0.15% magnesium stearate and the micronised glycopyrronium bromide. The

20 powdets 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 muld stage liquid
25 impinger, 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

particle fraction was defined here as the mass fraction smaller than 5um relative to

the delivered dose in each case.

30 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/hour.

This material was then conditioned on a tray at 25°C/60% RH, with or without
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I ne particl rac
dose in 25mg powder with 0. 15% magncsmm 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
25 the European Pharmacopoeia 4* Edition 2002. The fine particle fraction was

defined here as the mass fraction smaller than 5yum 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
30  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 mult stage

liquid impinger, using the method defined in the European Pharmacopoeia 4*
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defined here as the mass fraction snmaller than 5m
relative to the nom nal dose. The results fromeach

of the tests on batches A to E are sumari sed bel ow.
Batches 15 Al, C and EIl were not conditioned. Batches
A2, C2 and E2 were conditioned at 25C/ 60% RH and

bat ches A3, C3 and E3 were conditioned at 25C/ 60% RH
with turning. GP Feed D90 D50 D10 T=0 T=2 wks (bar)
rate mmm % MMAD %PD MMAD (¥g/h) FPD (m) (nm) Al

9.8 0.2 3.68 1.95 0.81 34.7 2.8 30.5 3.2 A2 10.02

3.89 1.22 ND ND ND ND A3 9.78 4.03 1.24 34.5 2.8 31.5
3. 1 MicgpogagonTual Results 14 0. 85 ND ND ND ND C1 9.8 0.4
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It is suggested that the Malvern disperser has not been strong enough to destroy
these solid bridges down to primary 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 primaty size, at least transiently.

Example 8

25  Mechanofused Glycopyrrolate with Magnesium Stearate
Blend 1: Micronised Glycopytrolate 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

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

stearate for 60 minutes at approximately 4000 rpm.



particle equivalents. This is consistent with

formation of solid bridges, as is anticipated fromthe
anor phous to crystalline transition. However, it is
interesting to note that the MVADs produced from

di spersion testing the formulations do not 15 mrror
such growth when conparing the fornmulations. It is
suggested that the Malvern di sperser has not been

strong enough to destroy these solid bridges down to
primary particles. However, the mlling action
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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 innet wall and the curved element together form a gap ot nip in

25  which the particles are pressed together. As a result, the patticles 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 particles 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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magnesium stearate and the remaining lactose. The speed was slowly increased to

tun at 2000:pm 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 wete layered in a glass vessel. The vessel was sealed and the powders

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

30 10 capsules were filled with 25mg + 5mg of this powder in order to target a dose of
approximately 120ug 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



magnesi um st earate. The Cycl om x (Hosokawa M cron Ltd,
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slowy increased to run at 2000rpm for 10 m nutes.
Bl end 3: Mechanofused Large Carrier |actose + 0.12%
Magnesi um St earate 20 Batchesv%e prepared by
conmbi ning 199. 76g Respitose | act ose pl us
0. 24g magnesi um stearate. The Cycl om X (Hosokawa
Mcron Ltd set running at
00r e iay 3 a0t A Db Ot Farcmat oyt geutaed for
mag nes| hlendswea diedraatich vheakelawd ai 1gt leatthas§um The
speed was slowy increased to run at 2000rpm for 10
m nutes. 25 A conbination of Blends 1, 2 and 3
conpFhisfempnstratad tdt de deng powder s dxlﬁb:&rdsacﬂnﬁtrétﬁﬁhty over 4
| act Qs WS kP W% Blend, 3 + 9. 5%
Bl eng 2 + gSEA) Bl e%gleilwp LRkt V\%V\gerse P\%/reurcg oudeorn eaams?ihsémm
gl as€opagibpler. The vessel vvas seal ed and the povvders
bl 'ended in a Turbula tunmbling blender at 37rpmfor 10
capsul es were filled with 25ng 5ng of
MEREYEE a dose of

appribei aﬁateedxymﬂﬁ ﬁ]gns@:ftesgio)bclﬁQYJnﬁs@h Ak paftidies :lapa)y (Bg Qéﬁ&:&oﬁned in

re.fired froma  MnoHaler (M
Xﬁmorgeir% revaﬁc&rtgf sur %@%CIX“% matgrgl present @édorﬁi}mwg

- 37-owniRres expysiog the ghtcoP2iite toArunad esiiitods iofl 80-N00 RHChRferably
fracfleg f %ry'as
the fr ag}f? c? r?zb\%as ca ?OCC%HI %ﬂeg’iégl y{ﬁ%ﬁm{ Hasp OW%ﬁ lﬁpgﬁﬁﬁ%ﬁm’gce‘i
denmsASt tFgferthisistee 2ok thechowdepio prtéeratipsgivsediopiniteet to ensure that
excalloee pﬂtﬁnk Lﬂete){ua@y 15 o%ecﬁto%ﬁ@ﬁutﬁld (‘.:?5 %ggr'e g tur\l\nalgg or

C

bIetogro uce a flne particle
Her GEHrE A9 Bips ‘Pﬁ&?ﬁ* 3ﬁrqdﬁmgépmeeaﬁe| iof thepariigles fluting the
M Clequlig@tingrtiges{ elHel cGhdifion! Ké%rmcg over 6 period of at

illys howmcrom ed particles ma e
Con'(iijra%tl agcr)]lét 0 mmu €8 Ot 1815&%} uf ?’g’d‘tﬁf attltﬁlét %’GF‘f inutes, at least
nonakgup 4 a11¢theatriatstearb|oad 50pnigses)tat leZftabendidut, @Riehd about 2,

i nval yes ly.cQpyrrolate to huni d
condi t'i o%?xg(fp%qqlgéqgﬁaé °I%) er T 3bl y 40-95 RH, 45-95

$H or 50-90 RH. The gl ycopyrrol ate powder is
pr eteﬁ.ﬁbwngﬂn@fﬁsd) beQhidvediRY vy LHhd %L‘%Owa”dsémh?ftﬁrgfr

ovvderak preferably gltat ed or’ turne dRstte
al | 8Gf* ﬁe"ﬁ’él"ts “6?%““& &elefual |y exposed to the hunid

at nosphere. The turning or
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 such a
system, preferably the particles are all exposed to the humidity for sufficient time
for the watet absotption and for the re-crystallisation process to occur. 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 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.



15 agitating also helps to avoid or reduce

aggl oneration of the particles during the

condi tioning process. The conditioning preferably
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par theclagied, atidpafdrat@yiROia ekt hge € t8Y0PCiskdte hFerably 10°C to
sufficient time for the water absorption and for the
r%-c%&gtallisation process to occur. Preferably al

the powder remains in the vessel fromstart to finish

of this process., 30 If the m cronisation process

i t seﬂ\‘ \ng \ g‘?fofﬁbfxé‘ﬂ‘l’lfgi thy Yficbagt IbﬂhevlétﬁSaw [Seitablj exposure of
t hi sheppodusefatd de bdidnas SpRias Yrohdthe QﬁﬁJs@hete.%é powder may
powder, %gﬁigjggacog%iaggped L, n. Hhe col l ectjon system
powder 8adaed At FRE S AtEE PO R IHPATELL AT 1 raplgspread
74 meevedlpinaoadiivdlorhia lagen opowetetrayadded at the start. i

-38- The Relative Hum dity nmay be in the range 30 to
100% nore preferably 40 to 95% nore preferably 45

to INAPIHEFORTS: the Tusenisesi Rewdler mey BOTEustenesd te apmteat which

By crda@s ¥ Waidedd bad sk the B @6ARM HoRRer. Budhl\GstbADHE kﬁ%ﬂl the art.
90C, y De

mor.e pref er abl Cto s 50C The vessel may be
for &% é’ﬁfffr"g‘“f R%W%‘, & &lj-‘gaﬂtb‘a&mdl‘if alans and cqpsegupnely fmidisagon
&X pasdirarodfdvadtiygopdypviided, Stihf -8 @eetdl Oplishie, gh3k 81 &biLnic beads,
applaednd LML t.nospher Th owder may be
agi tt}apt e]é;%r naglgté%i ‘?gl%"gfa‘.‘geﬁ%"’*f%% S’Sf/\'ider i s placed on a
tray, it is preferably spread 10 evenly in a
rel at i@l tellabrol AY¥&hai - : an ;
alternative, the n1cqoﬂ¥§%ahgﬁﬂﬁé§%ﬁ§9%€5°FF§H%?%#FS&Y
to Mogtparebph (uieeasol Sofenes, Aol 36, Neid.p398 dnbederedces thetcin).
M croni sed powder. Such systens are known in the art.
The m croni sed powder is difficult to fluidise al one,
and consequently fl uidisation



15 nedi a are advant ageously added, such as netal,

pl astic, glass or ceramc beads, typically with

di aneters in the range 100mto 5mm A fluidised bed

aerosol technique for this purpose could be one as

described by Mrton et al (T. Aerosol Science, Vol.

26, No.3, p353 and references therein). 20 -39-

Claims 1. A dry powder forrmulatjon conprising

gl ycopyrrol ate, wherein the fofthulation is stable

over a period of at least 1 year under nornal

condi !f:lons 5 2. Adry powder formulation as cl ai ned

in cF&M 1, wherein the formulation is stable over a

period of at |east 2 years. 3. A dry powder

formul ati,o inclaiml, wherein the

f or nil at i%%ylpgwgfgjog? Hio8 cgRRRFSAE HErIPdoste Xperpinghy 3

year ®rmdlatich iflstablp oweterpetiod BldtdéasONyas usded nBBEL] coaddibhs.

oEe of the preceding clains, wherein instability of
e fornmulation is indicated by the formati on of hard

agg| ZJmer dt drg poﬂz&cr&oxnﬂﬂﬁo}d apeluiiied id claitll,atle@din 8% formulation is

cl ai yR( VQI an%( efag receding clains, wherein

st ab|1L PEHE ornu yleorn i s indicated by

consi stent good fine particle fract| on or fine

partj.cle Ad&§ %o‘V@J.t Lf@ﬁnula%gn Qs afinfliYn B H{THJI 3L QM ion is

as claimed in claimb V\/nerelnte |nepart

fF actibbrevst 2 PHPRSREksrst Pgeatonsi stent |y at | east about

30% 7. A dry powder formulation as clainmed in claim

6, erei,n, t he e rticl racti on of the powder

i s \(/:%cq)n5| S EnP ?chieé? II‘%Z?P“ %gﬂpeﬁgh/qnygleg f the Rippdiss alaises,

f or nHeadin dustabiityod fahefodmilatdany icirated by thefopmeEadd Mgrd

cl ai rein stability of the fornmulation is
agglte)xge%gzg

achi preventing or reducing the uptake of
Woi sture by the fornulation. 30 9. A dry powder

f OI‘ Ul at Koy péwdek &briRM b 2 AMAmENE: 2 ohb e erc(:f:‘f&galﬂg claims,

wr[x%rem stability of the formulation is indicated by consistent good fine particle

fraction or fine particle dose values.

20 6. A dry powder formulation as claimed in claim 5, wherein the fine particle

fraction of the powder is consistently at least about 30%.

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

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

25
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.

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

wherein the glycopyrrolate is micronised.



wherein the glycopyrrolate is mcronised. -40- 10. A
dry powder formulation as clainmed in claim9, wherein
the glycopyrrolate is conditioned during or follow ng
m croni sation to reduce the tendency of the,

formul ation to absorb noisture. 5 11. A dry powder
formulation as clainmed in claim10, wherein the

condi tioning involves controllgd exposure of the

gl ycopyrrolate to noisture. 12. A dry powder
formulation as clained in claim10 or 11, wherein the
condigp.i onj ' i:srupti.on, of ,any splid bridges
Formel dus P S KR ol MR R0 B i . home daghikpmone
dry poradtotesidernapi filowing ahieioniationrto asdpcone tafdehfeof the

pr ecedinAsh & Borb AAIGLKI N the fornulation further
conprises a force control agent which is capabl e of

reduci ng cohesi on between the fine particles in the

for mul.at i OBry pb2dddrordtion RAWEELs if hgthQn,a itioni
cl ai med, | naéylp;ai m 13, wherein the %Eag}élg’o% TB1 %’ezfﬁé?ﬂ‘m‘“g
al so'3elres cgatrglled, sxposurefithe glcopprrelaty to viheure.

formulation as clained in claim13 or 14, wherein the
forc 20, contrql ent . prevents the ingress of

noi sfor e’ %‘t"émf"ﬁ‘é‘ faf’%’? R Giimeggn Ck‘ﬂéﬁlg%b\;ﬂéﬂciﬂ the

f or mesiodiriooing & obleailismltibdo Ldofis alidl&idpah R RN ad b J:FbRSving
qpnt&gkxm%gg@t I's magnesi um stearate, one or nore

amino acids or their derivatives, lecithin or
phospholipids 25 16. A dry powder fornulation as

claiyged i j rein the.anino acid is . .

I eucfigﬁe ) Aln(yl/tg :"Q{é’?&’g&é’?%ﬁ’é ,aL glfugfelﬁd? Ay oY °g§l§et RIEGeding slaims,
der i VReE4iy s formeylatioh fugher cAmgrises p Guwde corfeoil Bgdnatvhi2A iSGpable of
cl ai BB idgR 0B HREr 2 tﬁmewa.%\t?egg&gmc‘fln% Rion, S0

erein the fornmulation is stored 1 n packagl ng nmade
roma material which has a noisture content of |ess
t hari410%4 dry Adwdet SormAllagibly a PR id QXA 325h&BinaBe force control

cl 2l o8 o & fHiecalther e 1 the packagi ng

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

20 control agent prevents the ingress of moisture into the formulation.

16. A dry powder formulation as claimed in claim 13, wherein the force control
agent is magnesium stearate, one or more amino acids or their derivatives, lecithin
or phospholipids

25
16. A dry powder formulation as claimed in claim 15, wherein the amino acid is

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

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

moisture content of less than 10%.



material has a noisture content of less than 5% 19. A
dry powder fornulation as clainmed in claim17, wherein
the packaging” 5 nmaterial has a npisture content of

| ess than 3% 20 A dry powder fornulation as clained
inclains 17, 18 or 19, wherein the packaging is an
HPMC capsule. 10 21. A dry powder fornul ation as
claimed in any one of the pregeding clains, wherein
the fornulation is stored in'%gékaging which is

capabl e of preventing the ingress of noisture form
extegrnal ,sources. _22. A dry powder forpul ation as i

cl aﬁ%r‘ed R 03’|d|5"ﬁ %’i’?%%“r”éic}?ﬁf‘%/@nﬁm&giu%‘?‘% the paghgging
f 0 Imaseial iod 2 laddissire kont2@.of Aeselthyn pMder fornul ati on as
claimed in any one of clains 17 to 20, wherein the
packaging is itself protected fromthe ingress of

moi 49.ur eA frygrowelxt formalkticousichésed in2Bir2 47, vheehiy tHe@atlaging
sl 6. AGY L 68 QUL 2N\, dhy spowder Tormulation as
clained 1n any one of the preceding clains. 25. A

nmet hod of preparing a dry powder formulation as

cl abgred 4 .l ai - i .

ol yeopyrs PRl i 4l Ball 1 E L phiiin he
25 Pidtadests p- HPMG eapilel under conditions which reduce
the formati on of anorphous material and/ or wherein
the_glyc rrolate is condifioned to reduce the, )
Biro?hous S REPER Grlifina Elaise o ATk RRaRS db et ing i,
i N ohekintRGformhletei in stokbe ifi @idkagih®Whidl isi AP MY/ EprewdBring the
cont.r ol | exposure af the glycopyrrolate to noisture.
-42§@§i?§%P%% eggnﬁgangfﬁ% e%n ciaim26 or 27,

wherein the conditioning involves disruption of any
sol 4 bry reB iy i i af el ol | owi. n .
m c%igni s‘%?lig %EWE% 29. %%ﬁé’l? %%gﬂegsnﬁ“gﬁ% ?r%&v hlxrﬁinaérkff/ P?)cr]f %g’?ﬁ 8
¢| afoffsediesi hlisgtepg  wherein a force control agent which

i s capabl e of reduci ng cohesi on between the fine
S?;gog;req,sﬁt{y gptgggffezn:?gla%t}%g Iclglnmeldsl’n ?n%rdoenci otf gla}rxl;]se17 to 20, wherein

the packaging is itself protected from the ingress of moisture from external sources.

20 24. A dry powder inhaler device compsising 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 .

25 process is performed under conditions which reduce the formation of amorphous
material and/ or wherein the glycopyrrolate is conditioned to reduce the amorphous

material content.

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

30  controlled exposure of the glycopyrrolate to moisture.



»

10

- 42

28. A method as claimed in claim 26 or 27, wherein the conditioning involves
disruption of any solid bridges formed during or immediately following

micronisation.

29. A method as claimed in any one of claims 25 to 28, whetein a force control
agent which is capable of reducing cohesion between the fine particles in the

formulation is added to the glycopyrrolate.



