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The charge induced on the plastic inhaler device by the patient has not been extensively

studied. It is speculated that a reduced bioavailability might result from a higher proportion of
drug being retained in the inhaler from the more highly charged device and adhered to the
20 carrier particles in the drug formulation.

It has been suggested that a pressure reduction induced discharge can be used as a
surface charge elimination method (J. Electrostatic 49 (2000), 15-22), but nothing is said or
implied of any influence of such treatment on improving the performance of a drug delivery
device for inhalation. The performance of such a drug delivery device is depending on the

25 complex interactions between the device and the drug formulation per se.

Dry powders tend to become electrostatically charged. Triboelectrification in
pharmaceutical powders is a very complicated and ill-defined process although it has been
shown to be influenced by many factors, such as particle size and shape, physicochemical
properties of the contacting surface, contact area and frequency, surface purity and

30 atmospheric conditions (Powder Technology, 37 (1), 71-85 (1984).
Electrostatic charging occurs during nearly every powder-handling process such as

milling, micronisation, flow, fluidisation, tabletting and capsule filling.



30 atnospheric conditions (Powder Technol ogy, 37 (1), 71-85 (1984).
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The process of the iInvention can be used during the conplete nanufacture of
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We have now found that low pressure treatment of the part(s) of the dry powder
inhaler, the empty dry powder inhaler, the inhaler filled with the powder formulation or the
formulation per se will reduce the charges from the plastic details or the powder and give high

20 performance characteristics of the inhaler i.e. dose uniformity.

In a first aspect the invention therefore provides a process for the preparation of a dry
powder inhaler which comprises, during manufacture, exposing a dry powder inhaler optionally
filled with a powder formulation, or one or more components thereof, to a gas at low pressure.

The process of the invention can be used during the complete manufacture of an inhaler

25 or during the partial manufacture of an inhaler.

The gas is preferably air at a pressure of less than 200 mbar, preferably less than 100
mbar, more preferably less than 50 mbar and most preferably less than 1 mbar.

According to the present invention, there is also provided an apparatus for removing an
electrostatic charge from a dry powder inhaler optionally filled with a powder formulation, or.

30 one or more components thereof, the apparatus comprising:
1) a chamber for containing one or more inhaler components, or a complete inhaler,

optionally filled with a powder formulation,



25 or during the partial manufacture of an inhaler. The gas is preferably
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Accor di ng WO 20058398sent i nvention, there is al so proviPgaEGRNIANMIAT at us for
renoving an electrostatic charge frbma dry powder inhaler optionally
filled wth a powder formulation, or 30 one or nore conponents thereof, the

appar at us CONg h 3V fot Jedfeifid B BREsukO6f f20 R thé BalifbeONe or nore inhal er
conponents, or a conplete inhaler, optionally filled with a powder

fornul ati on, ViDazoosslEsdods focs) raBrdgshopassae of gas inithe chanberiapd bf ben r educi ng
the pressure qf gas  jn the chapber.iii) a controller/device for a) reducing
the pressure 5?“@%%p?ﬁgectﬁgﬁoesph%’ﬁ&}%?m?hen returning the pressure to
at mospheri ¢ prins soxt 1A vice Tor dp! iy suflgbld 26ude® thePrédBurt td ) vaLE duffifieatly educes
the pressure to a value sufficiently 5 low that ions of the ?a whi ch

S
accel eratlew dray ons pfihe igag, Mhichaecelsrate iedes thednflugacefithe gleceostatis figldhef the a gr v
powder i d . fef Jicl Yo en
Bol 11 5i ortl? B ntRPRORFRRe RERDS wabdh BBLiedleh ithilah okl AERARCD,
mol ecul e saffidicht ¢ngp@! updn callisba ichise anbthepmbleculd@id teiggre @h atdkamchervent i on
provi des a prqcess for reducing electrostatic fhar es froma, %g‘_ govvder
i nhal er opt i of&pfurther pspectiig Rventipn prgeides HPTREFSE 9T SrAuCEHR lFRIEOSALIcFBRrEes, o
conponent : dhsd Rk ded hi3Gd pwder inhal er
opt i onal lf?/()[%?? vcxllie{ ﬂﬁg&;@&gg@y or rrul%h?#?%r??f %Fﬁone I:{c?)rgr@nrfcg(gﬂe{n‘:f:}orrponent S
t her eofio i compoudnesntbereof, ihie)proceshrompgisingie pressure of gas in the chanber, iii)

returning the pressure to npspheric pressyr 15 iv). optionally repeating
Steps 113 and il PISORA dcRRARERBEAEoRRAY By oA Preos B G G868 can b
acconpl i Shed calnpéiithisShreof it APIRNAENT €. According to the present invention,

there is provided a nethod of renobving an electrostatic charge froma dry

powder i nhal eni) ogstu¢ing tielpyessure bEghsvii tha chambsnder f or mul ati on, or
iii) returning the pressure to atmospheric pressure
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An advantage of the invention is that the process can be accomplished at ambient
temperature.
According to the present invention, there is provided a method of removing an
electrostatic charge from a dry powder inhaler optionally filled with a powder formulation, or
20 one or more components thereof, the method comprising the step of exposing one or more
inhaler components, or a complete inhaler, optionally filled with a powder formulation one or
more times to a gas, preferably air, at a pressure of no more than 200 mbar, preferably less
than 50 mbar and most preferably less than 1 mbar. In the case of powder present, the charges
will be removed from the powder as well. Preferably the process of discharge is repeated a
25 number of times. Optionally the powder could be treated alone.
The present invention will be more clearly understood from the following description,
given by way of example only, with reference to the accompanying drawings.
Figure 1 illustrates schematically an apparatus embodying the present invention.
One or more assembled, or at least partly assembled inhalation devices are placed ito a
30 chamber 2 which, after being closed has its internal pressure reduced by a pump 4. A
measuring device 6 is provided to control the pump 4 so as to reduce the air pressure in the

chamber 2 to a desired perssure. The measuring device 6 is preferably configurated
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Il lustrates conponent parts of an i1nhalation device which is for storing and
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The effect of electrostatic discharge at low pressures for the performance of an

20 inhalation device has not previously been recognised. The method of using low perssure has
many technical and economical advantages compared to other possible methods of reducing
charges e.g. ethanol treatment of plastic details (needs drying processes etc).

Medicaments suitable for administration by using the present invention are any which
may be delivered by inhalation. Suitable inhalable medicaments include for example p2-

25 adrenoceptor agonists for example salbutamol, terbutaline, rimiterol, fenoterol, reproterol,
bitolterol, salmeterol, formoterol, clenbuterol, procaterol, broxaterol, picumeterol, TA-20035
(chemically identified as 2(1H)-Quinolone, 8-hydroxy-5-[1-hydroxy-2-[[2-(4-methoxyphenyl)-
1-methylethyl]amino]ethyl]-monohydrochloride, [R-R* R*] also identified by Chemical
Abstract Service Registry Number 137888-11-0 and disclosed in U.S. Patent No 4.-579.854),

30 mabuterol, formanilide derivatives like 3-(4-{[6-({(2R)-2-[3-formylamino)-4-hydroxyphenyl]-
2-hydroxyethyl jamino)hexylJoxy }butyl)benzensulfonamide as disclosed in WQ 2002/76933 or
as in US 6,576,793, aryl aniline derivatives as in WQ 2003/42164, benzensulfonamide
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, antiparasitic and anticancer medicaments, sedatives and analgesic medicaments, antibiotics,

20 antirheumatic medicaments, immunotherapies, antifungal and antihypotension medicarments,
vaccines, antiviral medicaments, proteins, polypeptides and peptides for exemple peptide
hormones and growth factors, polypeptides vaccines, enzymes, endorphines, lipoproteins and
polypeptides involved in the blood coagulation cascade, vitamines and others, for example cell
surface receptor blockers, antioxidants and free radical scavengers.

25 Several of these compounds could be administered in the form of pharmacologically
acceptable esters, acetals, salts, solvates, such as hydrates, or solvates of such esters or salts, if
any. Both racemic mixtures as well as one or more optical isomers of the above compounds are
within the scope of the invention.

Suitable physiologically acceptable salts include acid addition salts derived from

30 inorganic and organic acids, for example the chloride, bromide, sulphate, phosphate, maleate,

fumarate, citrate, tartrate, benzoate, 4-methoxybenzoate, 2- or 4-hydroxybenzoate, 4-

chlorobenzoate, p-toluenesulphonate, methanesulphonate, ascorbate, acetate, succinate,
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compoundSH PRI PG GG PR G T OB ARCErE SUNAET ol or
si mul t angQa@soNAforMbRib]1 AdHrtk Ahgd8E, fluticasone propionate/formoterol fumarate

dihydrate and tiotropium bromide/formoterol fumarate dihydrate. The most preferred

20 combination is budesonide/formoterol fumarate dihydrate,
The pharmacologically active ingredients may be administered prophylactically as a
preventive treatment or during the course of a medical condition as a treatment of cure.
The composition used in the invention optionally additionally comprises one or more
" pharmaceutically acceptable additives (e.g. pH or tonicity adjustment), diluents and/or carriers.
25 The composition is preferably in the form of a dry powder for inhalation, wherein the particles

of the pharmacologically active ingredients have a mass median diameter of less than 10 pm.
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5 together the conponents can be adm nistered as a single pharnmaceuti cal
conposition such as a fixed conbination. Alternatively the conponents can be
adm ni stered separately i.e. one after the other. The tinme interval for
separ at e wamoms/mso3at i on can be anything from sequenti aPCT/GHIM49M&IZat i on to
adminstration several hours apart. -Fhe preferred pharnacol ogi cally active
active glucocorticosteroid agents for use in 10 accordance wth the present
i nvent i oExamiglestdes nonmet asone (e.g. as furoate), ciclesonide, zoticasone,

fl unoxonir de, fluticasone (e.g. as 17-propionate) and budesoni de, and even

nore pref er r BacaE® b @e0.5 m@%?,@fr@gi?t@rad fradematl SPBALAELRECHIER] ve
e b ‘ DUGE _ _ g ' Cor ol
(s Pas Bt RS hilic) S WO EME bR erudile e B0 AP ke, VKRR B0

di hydr at enoufhiygecp) ehstreacd iadiffepinowayscTig metergd dosel wastmeaabured st niiln br om de.
The preferred_conbi natigns include fluticason r opi onat e/ sal et er ol

xi naf odte, cleq BYHPRY, ?ﬁ'%‘é@gﬁ’mﬂﬂ‘r&@é{? todht (P N8 SXABAEY asone
furoate/fornoterol funmarate di hydrate, budesonide/fornoterol fumarate
di hydrate, fluticasone propionate/fornoterol fumarate dihydrate and
tiotropi liixpéniroeatde/ f or not erol fumarate di hydrate. The nost preferred 20

conbi nati,on i s budesoni de/fornoterol fumgrate dj hydrate, Th

phar rracolll%ﬁ@félﬁl y active ingredients éﬁﬁ%} adM@é@iﬁﬂ?—@yl actically as
a preventive treatnment or during the course of a nedical condition as a
treatnment of cure. The conposition used in the invention optionally

addi t i Un¥obgatesonpri ses one or nore phd%dhmceut i0H?l y accept abl e additives
(e.g. pHpor. tonicity adju nt), dil s and/ carriers. 25 The

conposi t FoH% %geﬁﬁgfvé’r"éq ' %‘lt"ﬂ%frhe f or r#g{ga dryogd&%der for inhal ation,
wherein the particles of the pharnmacologically active ingredients have a
mass nmedi an di ameter of less than 10 m 30 WO 2005/ 035036 PCT/ GB2004/ 004202
. 7. ExanpxperimentiZ-any| (r) Turbuhaler(r), 0.5 ng/dose, a registered tradenark
from AstraZeneca is a reservoir type of inhaler, where the main assenbly

(i ncluding the dosing mechanism w thout nouth piece) was treated in

di ffergntUnwesped The netered dose was @g@3sured a08801/ m n.

Drying agent 0.420 0.083

Experiment 3

20 Untreated 0.451 0.099
Low pressure (40 torr) 0.511 0.079
Experiment 4

25 Mean values of metered dose (mg) and standard deviations (mg) for 46 analyses of Bricanyl®

Turbuhaler® 0.5 mg

Untreated 0.467 0.042

Low pressure 0.534 0.029
30

It can be seen that the dose from treated inhalers under reduced pressure will retain the
nominal dose of the inhaler and the relative standard deviation will decrease improving the



5 The invention will be illustrated but not Iimted to the foll ow ng

exanpl es: Exnerinentl Treatnent Dose Standard deviation (nmx) 10 Untreated
0.384 0.107 Drying agent/| ow pressure (40 ton) 0.545 0.069 Experinment 2 15
Unt r eat ed W0 2@9089888 Dryi ng agent 0.420 0. 083 Exper PGEMGBI4PGI2UNt r eat ed
0.451 0.099 Low pressure (40 ton) 8511 0.079 Experinent 4 25 Mean val ues
of netered dose (ngy) and standard deviations (ng) for 46 anal yses of

Bri canyl (fhhler paH o@h‘)ﬂ@eeﬁlépeﬁaﬁgu%‘/ﬁﬁnﬁdh& $ﬁhtpmgét% piccO@W tRaRka abiwen.0- 534
0.029 30 It can be seen that the dose fromireated inhalers under reduced
pr essur e The r¢sukssfuether indieate totthe atocwwefabd for jal kind lof bempamds/pdveder el at i ve

T capoStiabA e taring Sy PR el e anaPesr R B R when

e.g. thekmgLﬁeho(pbﬂggels treated as well. The results further indicate that
the process is valid for all kind of conpounds/powder fornulations and

t her ebys havi ndny completedehaler sncludipp hedammlatiop or Jsethe frrwiatio At pars of 85t i ng f or
a |ong aiepgiﬁg%]s(; BéTEeatéd A %&g% te inhaler including the fornmulation or
' r‘s o

j ust the ormu ion or pa inhal er may al so be treated in the

same way. Fi g@igarell shaonsa sehehabie faving of tievippagraat einbeyigohe ket ivvahidyi ng t he
present invention where 2 = chamber, 4 = punp and 6 = a device for
measur i ngvhsFd T shambsr. |4 ﬂ@‘mélll’lénd;fr 4 4gyige for measuring and controlling the pressure.

Figure 2 shows Turbuhaler® and its components.
10



Figure 2 shows Turbuhaler(r) and its conponents. 10 -9- CLAIMS | . A process
for reducing electrostatic charges fromone or nore inhaler conponents, or a
conplete inhaler, optionally file-with a powder fornulation, the process
COWDQfﬂﬁﬁg i) placing one or nore inhaler conponents, or a conplete

i nhaler5—optionally filed wwth a powder fornulation in a chanber, ii)
reduci ng the pressure of gas in the chanber, 1iii) returning the pressure to
at nogpher iALppéssiufeducihydlecdPttht@vhbigys i@ 6@ dr MhrSiBN& compor@At, driaicdmplete A

proce s]acconahgg 50 | ai m | mhege tqe gas is air. 3. A process according to
cl ai MPePPYO lgd pyih appwder fpranuiation. e PTOgRSHFOBBE Whar . 4. A process
according to any one of clains | to 3 where the pressure is less than 100

nbar. 5. Ay PARAGEHS oPMERIFHARY cdRpABMs, 8P cMpI&Gé Rha¥Er, bptoRalfy MEBEKEh & P&vdephal er
is for storing and dispensing predeterm ned doses of dry powder for

i nhalfgmuison @ a chaigpBcess according to any one of clains | to 5 where the
powder fornulation conprises one or nore drugs and one or nore

pharnaceuqbgghéﬁ%@gégg&ggh%maﬁg%%ﬁ%ﬁbgy exci pients. 7. A process according

to any one e drug is nonetasone (e.g. as furoate),
cicl esoni de, zoticasone, flunoxonide, fluticasone (e.g. as |7-propionate)
budesoni deij) re@mitted ress(@ t@atmaspherid pradsoat e) and fornoterol (e.g. as funarate
di hydrate) or ttiotropium brom de. 8. A process according to any one of
clainms | to 5 where the drugs are _conbi nations of fluticasone prop

i onat e/ sal'Wepaenglly reppaiing stspell) a8d B esoni de/ f or not er ol funar at e dehydr at e,
nonmet asone furoate/fornoterol funmarate di hydrate, budesoni de/f ornoter ol

fumarate dj Xgersﬁﬁc%mdﬁlléﬁ j:lgigjs?@ﬁerP[hgggsqg%E_e/form)terol fumarate dihydrate

and tiotropi umbrom ornotero marat'e di hydrate. 9. A process according
to any one of clainms | to 5 where the drugs are conbinations of, budesoni de
and f3or not/eprotest abdaidig@o clhify dorelt wherdlBe pssilfeys Rawvilar200mital.er pr epar ed
according to the process of any one of clains 1 to 9.

4. A process according to any one of claims | to 3 where the pressure is less than 100 mbar.

5. A process according to any one of claims | to 4 where the inhaler is for storing and dispensing

predetermined doses of dry powder for inhalation.

6. A process according to any one of claims | to 5 where the powder formulation comprises one or

more drugs and one or more pharmaceutically acceptable carriers or excipients.

7. A process according to any one of claims 1 to 5 where the drug is mometasone (&.g. as furoate),
ciclesonide, zoticasone, flumoxonide, fluticasone (¢.g. as 1 7-propionate) budesonide, salmeterol (e.g. as

xinafoate) and formoterol (e.g. as fumarate dihydrate) or ttiotropium bromide.

8. A process according to any one of claims 1 to 5 where the drugs are combinations of fluticasone
propionate/salmeterol xinafoate, ciclesonide/formoterol tumarate dihydrate, mometasone furoate/formoterol
fumarate dihydrate, budesonide/formoterol fumarate dihydrate. fluticasone propionate/formoterol fumarate

dihydrate and tiotropium bromide/formoterol fumarate dihydrate.

9. A process according to any one of claims | to 5 where the drugs are combinations of, budesonide

and formoterol fumarate dihydrate.

10. A dry powder inhaler prepared according to the process of any one of claims 1 to 9.



