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Dry powder inhalers (DPIs) have become accepted in the medical service,

because they deliver an effective dose in a single inhalation, they are reliable,
often quite small in size and easy to operate for a user. Two types are
common, multi-dose dry powder inhalers and single dose dry powder
inhalers. Multi-dose devices have the advantage that a quantity of
medicament powder, enough for a large number of doses, is stored inside the
inhaler and a dose is metered from the store shortly before it is supposed to
be inhaled. Single dose inhalers use pre-metered doses and such inhalers
are deposited with a limited number of individually packaged pre-metered
doses, where each dose package or container is opened shortly before

inhalation of the enclosed dose is supposed to take place.

Dry powder medicaments may be in a pure formulation consisting of an
active pharmaceutical ingredient (API) only, or the formulation may comprise

other substances for different purposes, e.g. enhancing agents for increasing
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other. Another problem afflicting fine medication powders is electro-static

charging of particles, which leads to difficulties in handling the powder

during dose forming and packaging.

Methods of dose forming of powder formulations in prior art include
conventional mass, gravimetric or volumetric metering and devices and
machine equipment well known to the pharmaceutical industry for filling
blister packs and gelatin capsules, for example. See WO 03/66437 Al, WO
03/66436 Al, WO 03/26965 A1, WO 02/44669 Al, DE 100 46 127 Al and
WO 97/41031 for examples of prior art in volumetric and/or mass methods

and devices for producing metered doses of medicaments in powder form.
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SUMMARY

The present invention relates to a method for improving the powder output,
i.e. the emitted medication dose, from a dry powder inhaler device by
minimizing the powder retention inside the device. The therapeutic efficacy
of the metered medication dose is hereby also improved. Surprisingly, we
have found that adding a smaller amount of excipient than would be
necessary in an ordered mixture, to a metered dose of an API formulation

raises the emitted APl dose when the dose is inhaled together with the

excipient.
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not influenced by intentional or unintentional mixing of the doses of API and
excipient after filling into the dose container, as long as the two doses are
aerosolized together during inhalation. In fact, a somewhat random disorder
of API and excipient particles is an advantage in raising the emitted API dose
figure. Any dry powder formulation for inhalation may benefit from the
invention, such as pure APl formulations or formulations comprising
particles consisting of API and other ingredients and formulations of porous
particles e.g. Technospheres® and microspheres. The method is particularly
useful where the dry powder formulation in the medication dose is sticky
and where particles of the formulation tend to attach themselves to surfaces
with which they come in contact, such that they are difficult to set free. The

present method may advantageously be applied to naturally sticky
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embodiment and by means of the attached drawings, wherein like reference

numbers indicate like or corresponding elements and wherein:

FIG. 1 illustrates in perspective (Fig. la), top (Fig. 1b) and side (Fig. 1c)
views a particular embodiment of a sealed dose container filled with

a dose of a medicament and a dose of an excipient;.

FIG. 2 illustrates a sealed dose container filled with a dose of a
medicament consisting of two deposits and a dose of an excipient

consisting of three deposits.

FIG. 3 illustrates a sealed dose container after agitation filled with a dose

of a medicament consisting of two deposits and a dose of an
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efficacy of the inhaler adversely. Further, built-up medicament may come

loose during an inhalation, which may result in an overdose to the user.

Surprisingly, we have found that the present invention can advantageously
be applied to many types of dry powder medicament formulations. Examples
of medical dry powders particularly suitable for the present method are
formulations comprising proteins, including peptides, lipids, water-soluble
excipients or APIs, powders of porous particles, e.g. Technospheres® and
microspheres. An inhalable API formulation, which otherwise would be pre-
mixed with an excipient into an ordered mixture with the object of attaining
a high degree of efficacy when delivered by inhalation, may reach the same
or even better efficacy and low retention by applying the teachings of the
present invention instead. The addition of the excipient dose acts as a

cleaning agent and helps to release the medication dose and entrain it into
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the marketplace, e.g. medicaments directed towards treatment of systemic
disorders. In recent years, the pharma industry, having interests in
inhalable medicaments, has directed most development resources to the
formulation side of product development and the delivery systems, i.e. dose
packaging and the inhaler devices, have been less in focus. Thus, the
teachings herein concern improvements in drug delivery performance by

inhalation.

A successful formulation of an API for inhalation needs to be inter alia
chemically and biologically stable under storage and in-use conditions, it
needs to have a high bio- availability and bio-activity, a suitability for a
filling process and a narrow particle size distribution. There are a number of

well-known techniques for obtaining a suitable primary particle size
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e Solubility of the API
e Particle size distribution
o Dilution of API potency
¢ Elimination of unpleasant taste

e Powder flowability

When a working formulation of an API has been developed and regulatorily
approved together with a chosen packaging and dose delivery system, the
threshold of improving the formulation chemically or biologically is very
high, because the whole regulatory process must be repeated. Besides the
time and cost involved in developing a new formulation, most time and
money will be spent on regulatory work. From this aspect, the present
invention may provide a fast road to higher medical efficacy by making a
switch to a different technical platform possible. Technically, it is very

straightforward to implement the present invention and to switch the
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and de-aggregate the powder (e.g. turbul ence)

e a suitably formed dose of the powder adapted to the capabilities of a
selected inhaler device
e an inhaler device providing shear forces of sufficient strength in the
dose to release and de-aggregate the powder (e.g. turbulence)
A method and a device for de-aggregating a powder is disclosed in our US

patent No. 6,513,663 B1, the teachings of which are included in this

document by reference.

Optimized dose delivery

Suitable dose sizes for inhalation are typically in a total mass range from 1
mg to 20 mg. Smaller doses than 1 mg are difficult to meter and fill
consistently and doses having a mass exceeding 20 mg may be difficult to
release and de-aggregate completely in a DPI. Many of the new protein-based

active substances require a metered mass of the API in the order of 1 -~ 5 mg
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knowrhmw trhachi APT idirligdthedcls fillerk eadh pamtel dulpartiasfpachspdct of the
prestelpli(:e invention presents a solution to this problem by using far less
excipient, not in an ordered mixture with the medicament as in prior art, but
separately dosed into the same dose container or aerosolizing chamber as
the medicament dose. Paradoxically, this method is unknown in prior art.
Perhaps the answer to the paradox is that the focus in the pharmaceutical
industry has been on developing and producing stable drug formulations,
not intended for inhalation, which were easy to meter and fill industrially
using standard methods and equipment. It is only recently that
pharmaceutical companies have started to look at inhalation as a new

method of administration, and have come to realize that inhalation of drugs

means completely new and different demands on drug formulations.



present invention presents a solution to this problem

by using far |ess excipient, not in an ordered m xture
wowdok/1tdees nedi canment as in prior art, but separ&t/sE3n05/000795

dosed into the sanme dose container or aerosolizing

chanber as the nedi canent dose. Paradoxically, this

nmet hod is unknown in prior hft. Perhaps the answer to

radox ,is that t in_th phar
The Bttt R G b A oh i RIG P oa T 4 201 & 20/ 1. o
fact, C{'hlégplfé%remhﬁtvbﬁﬁén & dpl'lf‘é@ﬂld@@lofs@ffﬂh@l@ahﬂhh&ﬂy caBk§hbecause
were easy to neter and fill industrially usi

n
the cimapbear pro@tshozfsrnakmmummbé@mmtum of ty\l?le‘g)émulﬁtlon and a

e R RIBRCE LA AFRTTALHER: DBNE LA Ohoab g Bptaiming

the &PIMBs fefc@adli Zed tIRld imftahads®n C@ﬁtééih'ég%ﬂﬁéﬂ%ohzmg chamber
conpl etely new and different denmands on dr

and fosaaoinat Hone ofted Isretent xvieienitdR an@illlr@&i mi@ the same space

Pl.J/ t 1/ 20 2 f
as 7 guShadiehthB SelhiPRifaE? i SRaatar IO S gt B fting the
first Céﬁésth@%&ﬁ tc’(t%eéomlﬁé% O CEHSBrOhcdTHkE NEha igkahtien. In a
m xture of the APl fornulation and a suitable

part@xdalpﬁmhochmmﬁ eAciapédhe Acspectivaldesepmasheomprise more than

Iatlon cont i t tered.,and fil
one | A A GEN ORI 18 Ase) foflh sBERanAPshh 4afE reteased
simf sl glose gethat ubeasin ALK C kRé @Mhitted dbse dfi thleedPI will be
into the sane space as the first dose in the dose

boosgedt gompansd dhanberhaving Bralexcipient| dosy nméent rigt the dose
and the seco oseskg{aﬁ( o.di fference

d f
contAiREIn AT oh P R BiaP i RERO Rt REI doses have

beer! BSREE! 10V 8oHRS 8K tTRY b OBFhioS L iBFR] téﬂgn eltﬁﬁ\ﬂﬂ%’ them or by
deposit. Provided the fi rst and second doses are

givingeltbaseda sphusicahesietly trngtéxeheqonmmeru wigdrattpotinhalegion. An

se of the AP opst ed, aredto
ad"ar?g]?b‘ﬁa ﬁlf {REETRNE fSe h?ad %rﬁ?‘g %{eg‘ﬁlﬁc‘ qgoval may be
const@ttadly eshottBr %&ﬁﬁbk@&' & terhndidedw thenfatBnefhrough the
and the APl doses have been m xed to some extent by

necegsany mﬁulat@af S@@ Byfuitheatadvgrthgm ofr thy @usvlomglre is that

e JREB RS FOCHE bR ERLHE, pREARE gt gompared

to filfad tdn I @YHEAID! iRPRFQV EBotRYtHE eRANIALT @RlcYpient and the
shorter conpared to taki ng a new fornul atron through
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Surprisingly, we have found that even a small amount of a selected, suitable
 excipient powder, which is used to coat the inner surfaces of the container or
aerosolization chamber prior to filling of the API dose, may be sufficient to
raise the emitted dose figure of the API and to reduce the retention of the API
inside an inhaler device. From a filling point of view, however, it is preferred
to fill the container with a first and a second dose of the medicament and the
excipient respectively, where each metered dose consists of at least one
deposit of the respective dry powder formulation. Later, when the dose
container is opened and the doses aerosolized during an inhalation, the

particles of the excipient dose act as cleaning agents for the container and



necessary, regulatory steps. A further advantage of
the disclosure is that netering and filling of the
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explanation for this insensitivity of the invention to
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conditions, especially moisture during storage and in use. Hence, the
demands put on dose protection and inhaler devices in handling sensitive
doses are therefore much higher than for prior art devices as used e.g. for

administering traditional medicaments against respiratory disorders.

In the development of new and improved types of single dose dry powder
inhalers, see our U.S. Patent No’s 6,622,723, 6,422,236, 6,868,853,
6,571,793 and 6,840,239, we have also developed dose filling methods, see
our U.S. Patent No. 6,592,930 and WO 04/110539, all of which are
incorporated in this document in their entirety by reference. In the
development work, particular attention has been devoted to sticky

substances per se. Such dry powders are inclined to leave a high percentage
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The invention teaches that doses of the respective formulations of active

substance, API, and excipient are to be separately metered and filled into the
same dose container, where the doses, intentionally or unintentionally, may
or may not be mixed after filling. However, a nonuniform, random mixture, if
created by shaking for instance, is characterized in that it does not
constitute an ordered mixture, but a nonuniform mixture may be an optional
method of attaining a joint and simultaneous release of the doses when
inhaled. Naturally, the excipient or excipients must be compatible in all
respects with the medication powder. The improvement in emitted API dose,
which follows upon inhalation of both doses together, as a percentage of the

metered API dose is very significant and the improvement corresponds to a
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sandblasting device, i.e. to physically set medicament particles free by sheer
impaction power, but coarse particles also tend to collect small particles and
carry them into the airstream, where the small particles are released by

turbulent forces.

The excipient may comprise fine particles having sizes <10 um, particles 210
um or the excipient may comprise fine particles <10 um and coarse particles
210 pm. The excipient particles having an aerodynamic diameter (AD) of 10
pm or more are deposited by impaction in the mouth, throat and upper
airways upon inhalation, because the mass of these excipient particles is
generally too big to follow the inspiration air into the lung. Therefore,

excipients are selected inter alia with consideration for using substances
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The moisture properties of any proposed excipient must be checked before it
is chosen to be used as a cleaning agent. If an excipient gives off water, after
dose forming, it may negatively affect the API in the medicament dose, such
that the fine particle dose, FPD, deteriorates rapidly after sealing of the dose
container. Therefore, excipients to be in contact with or mixed with the
medicament are to be selected among acceptable excipients, which have
good moisture properties in the sense that the excipient will not adversely
affect the FPD of the API(s) for the shelf life of the product, regardless of
normal changes in ambient conditions during transportation and storage.
Suitable "dry" excipients are to be found in the above-mentioned groups. In a

particular embodiment of the present invention, lactose is selected as the



sinple. The mass ratio between small particles and big

ones is in arange 0.01 - 0.1 and typically 0.02 -
w@2@5/12304 best operati on. The exci pi ents used PEISEI005/000795

may not be of the sanme substance. Suitable excipients

for inclusion in a dose container or chanber are to be

found anong the groups of nmbRosaccari des,

di saccari des,. l yl actides,, .ol jgoand pol ysagcari des
prefiggRgfBoiorBeh) s BrOEHRIY IS P BV RERG resteason for
sele@i9¥R8ctoBedas EgSieat, & Y NUGrentastRRety |AChAFRE a low and

nmonohydrate, |actose anhydrous [i.e., no crystalline

consfianerwatars sarptian| asetbsemmoEscipiehts shevingr ésesimilar or lower

sornib, RRSe B AATEroaSBE i RO Tok R bl ARk Wi
quallt®ed 8semdtact ose in a dry powder form so called

Respitose (r) from DW International having 95 % of
particles larger than 32 mm has been successfully

ed as,a cl.eani n xcipient .in many i.nhal atio .
The GSiofi dntiRl sHRRAS T G AR sBIY Bl Blvarsy influence
thatPé.@POReshi®XE1 il €Ak ASindie heReckgdiRefniee dartickesC MPS@RE dose.
. to be used as a cleaning agent. If an excipient ?I ves
Minipiigingatlee dosttesspapye foothd agmospheny meyarieleiaply be done by

. affect the APlL.in_the. nedi canent dose, ,spuch that th

implFrcitting & Bica g atish Tedi oPhr BEPIEhTAIpPeRRg Ol the dose

cont&RfAlr 7Y tHE ihRRISOSBUE ARtabRREent TAOERTIBhEMBX BePh@MStageously
to be in contact with or mxed with the nedi cament are

used 0 Jwosél pefermameagirant @ tdapiroveder phlkales, dericeh Bxareples of
00d .noi st ure. properties.i he .sense fhat the .
probfJBP drehtohi Uidt banger said AEEESEnhaRins Bfeprige effects on
the ARItt&] dbee drke shelf |ife of the product, regardless
of normal changes i n anbient conditions during

o t Mlahepor desigorpravides toadey Suiewiuebulryte elosepioetese during
are . to be found in the above-nentioned groups. In a
pdPPRIAHARY enbodi ment of the present invention,

o BHOSRdI HosE! 8§ﬁ€£n@§oiﬁ;§gag(%gefﬂ§ﬁ HEde g}lﬁé@pé g%‘ﬂges too

preferably | actose non A reason tin
| antiobenasrred wpifact arés fart powdbertestickrmperty of
having a | qw and constant water sorption isqgfherm
* planaianeRd RIS §ORtAINGT IRFESERt hagle Sticking tects hehwean dose

?3%5?4?2%‘ BEAGARSHR RIS Y580sPEN IR Arltfinhaler;
e User interface of the inhaler gives ambient humid air access to the
dose for a long time before an inhalation actually takes place;
Such failings in prior art DPI devices may be rendered less detrimental and
the emitted dose inﬁproved by the adoption of the present invention. Most
preferably the present invention is applied in an inhaler incorporating an
Air-razor device for a gradual dose release in a prolonged dose delivery
period, as described in our U.S. Patent No. 6,840,239.

Example 1: Mixtures of API and Excipient

In the course of developing methods and products according to the present
invention different APIs were mixed with excipients in different ratios. The

objectives were to find inter alia suitable formulations and methods of filling



qualities are net. The disclosed nethod counteracts as
far as possible any adverse influence that e.g.
whovsdeiog4 i n the air may have on the fine partPCI/eB20051000795
the dose. M nimzing the dose exposure to the
at nosphere nmay preferably bgl,done by i nplenmenting a
breat h actuati on nmechani sm dupl ed to opening of the
dos&9S® 08I N8 o E@ingi}% A" tecﬁ%gh’%@ Qgﬁs‘?ﬁferactlon between
I nvention may vant ageousl dto ost
1nhqﬂerf andadose f cantandr.y Taddeei balmzi/ edistindese soBxangtasples of

voliag R Ko gaerq SPEVFEEE LM CHAPIERT Prdl b SESHIAE erhitied dosc

Whelrﬁ&@ﬂ redl g%ﬁﬁnétgefg}qo | ow ai rflow turbul ence

cl ose to dose g I'nhal ation; Selected dose
container is bigger than necessary and provides too

c aich i nternal surface area for powder to stick to;
Q and dose contai ner present high sticking
As ﬁfaveﬁtlﬁ Bt wee %ﬂeﬁﬁee%&hcfa@sm@w hidr6haly AP {i &g%t%ﬁiél) than 5

of dose contai’ner and inhaler; User interface
% wiembalsed gi Vless&abdmtenﬂ‘hhwbjdcave vseax:esﬁmdosnitabth)sxcﬂpd)ents and

fore an inhal natuall p ;.
to SBg ROV o gat MRoAPBoratin. Asr by e camitigdnaose nIBF cipixtures
i 0
e e T R A PRl M A B R fgmatined
quapr-esdie mmdfenth@mwrsoﬁpmtsed‘henemmttedhéxbﬁr as percentage of total

i nco oratln an r- r device for a gradual  do
reCo b BSFIVAS FReR DM GBI T i v ertass Taghe development
of t}gieegﬁffelgﬁan,@nggh.u S. Patent No. 6,840,239. Exanple 1:

M xtures of APl and Excipient In the course of

devel opi ng net hods and products according to the

resent invention different APIs were m xed wth

Tab ipients in different ratios. The objectives were to
find inter alia suitable formilati ons_and nmet hods of

Aprfillingteses ‘p‘% a optimze t echgpi .
and inter actP%Jn et iéeé'ntti(lgnhal er ar (P&Igse cont a ﬁg‘#gﬁimn n
Tabl e 1| bel ow di scl andH/Emﬁpimam IDesein % of | % of
recovered recovered
dose dose
Micronized
. . Mannitole 50/50 83 17
msulin
Micronized _
) . Respitose® 20/80 93 7
insulin
Respitose® +
) 10 %
Fluticasone _ _ 1/44 88 12
micronized
lactose
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volunetrically dosed m xtures API/excipient and the

resulting emtted dose when delivered by a proprietary
wO®R05/120€| usi ons As shown in Table 1, m xtur eBCHREIN05/000795

far nmore mcronized APl (insulin) than 5 % were used

in these tests. The objective was to find suitable

exci pients and to see how di¥t erent mixi ng ratios

Exa%fxél%cé :eI I%rgﬂ%gffmﬁ Eﬁ%%%.ssecabﬁitg @s§ ures were produced
| quantities and :

Thi$ eset Wwed rasasiinséralel eoulidé loutieow Wengltive spatrdpiim bromide is
emtted dose as percentage of total recovered dgose was . .
to nEQEIEE. afPFECTCEalY t AkgeladlestroReRe depsépheontaining

. . X i ent i. T e :
oA HSHERl, ARISRL B0y TF0keobn 1o BAETEL 0Pl pharmacy

and ihtesdieced thitd ik RiorAew-seERthey SrittpEaé M Aeshtee powder
is to noisture. Conmerci al I{haval | abl e Atrovent(r)

inhglgpsdedse cdcaipevist prest ropidravor onpde thadodgigosst capsules

re bought i.n from qur |ocal -pharnma d._i ntroduced .
and'§bf Pt i o (P RES AeRER AR EREYs SRt IR (§i0dynamic
finedpYriROBdghactidha(EPrOdey i 4R chlietclOWdsE B WhEhHE@MIHaler® was

fromthe originator's capsules and transferred to the
megapsedl esingpAndeas¢rimpdatarse astardige. toTReirapeadyifaairoacopoeia

fin rijcle fractio Fl,,in the emtted dose. from
(&P} pgd, B PhérBacpppeilURBhoAl cth el Fing! Miidy WERS thehBerformed
accbf@ﬁ%t@rﬁaﬁ@(é?ﬂ@e@gﬂe@hgé§ QREAR PhRfERTIRee R HER) P&ABrmance
US Phar macopoei a (USP). AU analytical work were then
Liquielr €brome tagephd (MBLECY systardar di zed net hods using a
state of the art Hi gh Performance Liquid Chronatograph
(HPLC) system Test SI Aerodynamic fine particle
Tesi gaction of nmetered and delivered dose out of
~ Handi haler (r) using Atrovent(r) fornul ati on powder
Aerodygnaimat yized. partacist nractiornp@idmetérasimamd] deltleredt dose out of

.1 ginator, I formed i | ati
Har?c{lhgier}@ ng%aﬁiyov%%t@a or&eﬂla%grrxepoxlw e[‘ewgslalr?alyzed. Transfer of
powder from and back into originator capsules was performed in relative
humidity below 10 %. The test was performed with 4 kPa pressure drop over

the HandiHaler® at room temperature and laboratory ambient conditions.

Test S2

An in-use stability test was carried out of the aerodynamic fine particle
fraction of metered and delivered dose out of Handihaler®. From the blister
holding the Atrovent® capsules the powder was transferred to a medium
moisture barrier container and sealed. The containers were put for 1 month
in 25 °C and 60 % Rh. The container holding the powder was then put in an
exicator for 2 h before tests were performed. The inhaler test was performed
with 4 kPa pressure drop over the HandiHaler® at room temperature and

laboratory ambient conditions.
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hum dity below 10 % The test was performed with 4 kPa
pressure drop over the Handi Haler (r) at room
wo eoppaeabur e and | aboratory anbi ent condi ti onsPCTeB1008®0795
An in-use stability test was carried out of the
aerodynam c fine particle fragection of nmetered and
del i vered dose out of Handi hater (r). Fromthe blister
Tesh@ldi ng the Atrovent (r) capsul es the powder was
— transferred to a nedium noi sture barrier container and
ThessanedtesThe o aivaer samerde opiitexfcept thabrihk ¢ont2ind®@E were put
and 60 % Rh, The cont ai ner hol di ng the powder was then
for hgnopgh dn Kkt "Pore Bhh before tests were
performed. The inhaler test was performed with 4 kPa
pressure drop over the Handi Haler (r) at room
Corcdopiemat ure and | aboratory anbi ent conditions. r-MQ@n
.n n nTest. S3 The sa test as in S2 was carrjed out, )
It igehwppus HEemy Hee &SAPS Heldgwes ¢ ﬁgpwag theg%PR ith fing particle
dos&, Fpﬁ,%ﬁa 4 trgﬁ U‘éﬂo‘?ﬂﬁit I é%e%bﬂcﬂgﬁﬁer Qéﬁ%i.@i% substance,
graph’in Figure 4 show ng “he Grép in Tine par ele
dose, FPD, that ipratropiumbromde is a very noisture
sensitive substance. Exanple 3 In order to illustrate
Ex legdsitive effect on emtted dose, i.e. the mass of

In drd€r %Cﬁﬁlﬁ%'ﬁ%t%c%%“%g]%%tﬁz{%théeﬁ%&leﬁnié?ni RRPYORE! P8 BhE mass of the

eaving a typi 0 ovmngttests nere
medigatieett potvden entralradabriat vrspirakiquuredr leavin@niazegehical DPI, the
reconbi nant, human jnsulin in dry powder form was
follagingctesds AETEIATRIEG @AM e3POKBEYance. Lactose in
a dry powder form so called Respitose(r) from DW
International having 95 % of particles larger than 32
A pwrg, wmakrerized! edcambinaintabigaexmqilantin Boyrpsloder form was

containers, alumnumblisters constituting so called
Sele,%%é ?Sv@geemreﬁwaela?nﬁ tgsigpybelanast Lagiest Hoa Rl Pgwales form, so
callPd ROSHSLE® T6nf DS 15RhALHRAES having 95 % of particles larger

than 32 pm, was selected as a cleaning excipient.

Four dose containers, aluminum blisters constituting so called pods, were
filled in a dry climate with nominally 2.5 mg insulin. The filled containers

were designated ‘A’.

Four further containers, identical to the first four, were filled in the same,
dry climate with nominally 2.5 mg insulin and 2.5 mg Respitose®, in
separate filling steps, making a total dose of 5 mg and a mass ratio of 50/50

between insulin and Respitose®. The filled containers were designated ‘B’.

The containers were adapted for insertion into a proprietary, single dose DPI,
called E-flex.

Two containers of type ‘A’ and two containers of type ‘B’ were put for an hour

before testing in a climate cabinet set at room temperature and
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wer e desi
i denti cal

gnhated 'A'.
to the first

f our,

Four further containers,
were filled in the sang,

walegosabionmt e with nonminally 2.5 ng insulin andP@I/SEI005/000795

Respi tose(r),
dose of 5 ng and a nas
insulin and Respitose (r).

y ‘B
L N

t ot al

propri

réﬁﬁ‘?w%oﬂh eh e

in separate filling steps,
rati o of 50/50 between
filled contai ners were

g%glég%ﬂ’{’gr conﬁanaers were

etary;

affd fné

single

maki ng a

storedfinethe [Bvraostyatinges mfrniaipanbientatshditonsont ai ner s

of type 'B

climate c

abi net set at

were put for an hour

roomtenperature and P

before testing in a

The%‘ﬁ@@cﬁ‘ %%%E%éf@%éé’s&%d%%&ﬁ% tX?alhifnfcﬁirt 2) dtv[np%er type of

I ning contal ners were abor at’ory

f11111’01g1d@f’ etmi rfBl) @ﬂmlairhaC@nEmmmSdoéh&v&mméaéuﬁmeﬁsmg a HPLC
were nmeasured usin a total  of four DPls, two per type
anafyzeri | REtRPHEON 1Bndhep qordainesi mitd. IEnithe e dUgsion wazbe and
I r [
o LD Raf P GRS IS p JEVEIL MR L BPLC analyzer
Restule amrehptssestogin Tallse vbakw.ed using the HPLC ‘
anal yzer. Results are presented in Table 2 bel ow
Tabl e 2 Concl usi ons The tests show concl usively that

abi%g cl eani ng exci pi ent Respites boosts the emtted
e (ED) leaving the inhaler. This is especially

retiecable—under—anbi-ent—conditions—where the ED
Typenéef eases Enrittéd Dosd3 Ret¥ntiba il Entidtéd@sdost)d Retention,

retentior is reduced by alnmost 50 from13 to 7 (% In
fillinge huni d Wa%eofhe i nprdecafemetesediugificant by (38

percent U t i Oy S, reduced by approxi matlel y

15 % frc%%jefég 6| FOr conparijison, an order¢gd
AmbEndtare dontaingng 2.5 nmg ofygnsulijn APIopggl d hgve azog

total mags of at |east [50 ng and thus not be suitlable
Ambfert ‘Bihallati on.93t is also imerestfng te206te that 185

the—effigacy of the test DPl systemis very high leven
Humidddtr ext|renel y76 24 1982 610
Humid ‘B’ 79 21 1992 543
Conclusions

The tests show conclusively that the cleaning excipient Respitos boosts the
emitted dose (ED) leaving the inhaler. This is especially noticable under
ambient conditions where the ED increases from 87 to 93 % of the metered
dose and retention is reduced by almost 50 % from 13 to 7 %. In the humid
case the improvement is significant by 3 percent units, retention is reduced
by approximately 15 %, from 24 to 21 %. For comparison, an ordered
mixture containing 2.5 mg of insulin API would have a total mass of at least
50 mg and thus not be suitable for inhalation. It is also interesting to note
that the efficacy of the test DPI system is very high even under extremely

humid conditions.
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hum d conditions. The di scl osed net hod nust be adapted

to the particular type of dose contai ner, which has
whe@s/1s®bect ed for insertion into a particul arPCHEE®OEE0795

dry powder inhaler. As already pointed out, different

types of dose containers are_advantageously used in

the present invention. Exanﬁ%gs of containers are

al 4y 0 ti ' e bl.is S . [

nel YRR SRR ) 1 S8R ESBE R UEIF o of dose

con€&inled] @gtichr hak asddre Selddtédriofrihsbttich dhtPacpagesular, adapted
dry powder nedi canents, intended for inhaler use )

dry gravedehimbealar £ As alxeadyi poissed watt ifferant typee pf clasemontainers
easi] V. r] r..QuNC the dose | -

oce EBldskabRUEE, RerLRE DB RSRAP LA AGHAS APRREIZ: of contaners

arepgah@ibhenf@ blagted sIri‘%ﬂé ddwe blissdrerofl ameegadzopel design and
prior to inhalation of the encl osed dose. Yet another

alsq gppsviesppf @elafin, gelulassneairiasties Prier cagshlister packages for

dryé@cﬁég%ne ‘T‘n@cﬁi%caf?%i{lﬁt'e%r qﬁgﬁql(%fd 961 %lllgl’elrbéfge pgggﬁeﬂévggd%airly thin

osSé an erials are also use A" comro
polyhebicesadl okvHithosardide &AdiBt eippedner prEfiHesopeRthdfore the dose
~dry powder_ doses for inhalation is that the primary
is spaplesgd t@oke inbelgsk ohvethayepmmer ssabis anpeelaple fil such that
P r L _.en ring. stor nde i.p _use. 4N
ene BSIH: B, uher 048, BT ShORASALK: (Be"BBoid B Yose. e
anopReditfge .ofasridr Rattdssd asneithediigtile ohpsukealgsdieseare often
container, is to be preferred in an application where
madpofpglating, Puyamlyaierssand erilwase tandsethes pwgerials are also
0 i de _as_.a_high r.e e [
usel P RSB 5B B 0 Bl SO SR, or
powderi dobdsdof iflhplatioR.isi thaloeise NRImME@Nt paAtkadd @loesSABt protect
Figure 1 illustrating a pod carrying a seal ed _
sengibiitcas Wlestanecs fpersprdsiuze weldwnegehrigting steragowsndain use.
seal ed dose container 33 (seal 31) put into a
protective casing 4 1 adapted for insertion into a dry
Usipgvélefiewnhigdeeiof Bligerephbk sBovs-caulledp podepafenithpending), as a
carrier/ container _and indicates a dose of a dry

pargewisr ermkfidigsH: ob2 aeried deose containgry ipdades preferred in an

appﬁégtiehe&hegg qgire]Zéllreggn?finw\@t}_gﬁ Eg FolBe I%&I"tl 1% nﬁl‘g}?? é: Egd container

cpn al ner seal I gure a
magpile Mael efs heighr baefier codtlacogtaingr Foferiagl B. high level of
Figure 2 illustrates a

moisture protection and which is in itself dry, i.e. it does not contain water.
See Figure 1 illustrating a pod carrying a sealed container in a perspective
drawing. Figure la shows a sealed dose container 33 (seal 31) put into a
protective casing 41 adapted for insertion into a dry powder inhaler. Figure
1b shows a top view of the éarrier/ container and indicates a dose of a dry
powder medicament 22 and a dose of a dry powder excipient consisting of
two deposits 21 inside the container 33 under a seal 31. Figure lc illustrates
a side view of the carrier/container in Figure 1b. Figure 2 illustrates a
similar container to Figure 1, but the medicament dose consists of two
deposits 22 and the excipient dose consists of three deposits 21. Figure 3
illustrates the dose container in Figure 2 after agitation of the container,

whereby the deposits 21 and 22 have become partly mixed in a deposit 23.



simlar container to Figure 1, but the nedi canent dose
consists of two deposits 22 and the excipient dose
w@osiisios4 of three deposits 21. Figure 3 ill usPCEHBE®05/000795
the dose container in Figure 2 after agitation of the
cont ai ner, whereby the deposits 2 1 and 22 have becone
partly m xed in a deposit 2324 n a further aspect of
he i.nvention a owder nedi cangnt dos conprisin
i b Ry B8 ot B I R B o i, SBGBieamettt dose,
con‘gﬁfﬁiﬁg%{tﬂ]@a@t oh%agp_l,oaﬁdeaxauaIpwcleﬁ@ycipﬁer{fea@é@,dccﬁﬁgrismg at
eposited together into a comon aerosolization
leasg ivarfb excipicnat, DRRYT bormstarad aard steposiiedc tegatbes ioto a common
freom arate .recepta inside the DRl in
aergseBRaRERT RSN S P BT P Rhaisrororree  chamiess, or from
sepdeas heseptiatled hesidddiHd DPIGh GRpR¥atiBhelr dsRry byRinhalation.
medi cation dose at the inhalation stage inproves the
Therigrentiencdieaches Abatdhet addivisdi ebanoexgppistyr ddes & asudication

h 1.tted APl .dose ingcreases and.ihe retention .. .
dosg ATk MBRABF SRS HOBR GRS RERRE BR eh ol o Hissfedtication
powdef fdoae, Ghamnehst deecersas APPMRAeethdrBasds BAR the retention in

exci pi ent dose was not present. The therapeutic
the eagrosaligadent sharpber edndedn c sh¢ ododos estreameraipflow channels
|_nprove It IS not .negessary. to arrange_a m xing of
decz{e%geg,osg%r,npggéﬁoﬁa ég e eXcPhi't tCE s_ewélénel?oatl |prgsgnt. The
theraﬁegsml éffiedcpioTihicaneossy nWdiba tibe JRE BahéRbyRRBroved. It is
The exci pi ent dose mass is not critical to achieve an
not NEpEIASTIElf ainRNFed Guiaing of the dasesenistlpag aPtheleseipient dose

T I ci pient, parti.cles w.ll i.ppact and stick in
eend D8, BESHRNERR, DO RERSZ A sl Bhe SRR Bose, The
excipii dusdgidssnBnied cAtitatto @Bhidie & ihfieYeRerdtN® the quantity
emtted dose. It will be understood by those skilled

of the, enmistegr AP Kiasey o big wadidiestpestislesnwilt iampey aag stick in

‘ de t he .pr nt _inventi.on wthout departin .
the Bl Ra b T RED Bt I T T i R i RBRE 50 detrimental
effe@ppeide @ifidaiynst AbMittkd dogwet hod of inproving

emtted dose of a netered dry powder medi canent dose,

conprising at | east one active pharmaceuti cal

e B SR ol B BPLE Tt 09351 a6t B ftions ana
changes may be made to the present invention without departing from the

scope thereof, which is defined by the appended claims.



providing a netered dose of at |east one biologically
acceptabl e excipient formulation for inclusion with

wo b@smetoes ed nedi cament dose in a conmmon spacePOlf/SE2005/000795
dose container or internal aerosolization chanber,
sai d exci pi ent dose havi ngnéx pre-cal cul ated rati o of
mass relative the netered di canent dose; arrangi ng
t he dose of the nedi Camﬁ%ﬁﬁg{éhe dose of the
excipient in the dose co such that said doses
beconme aerosolized together by the inhal er device

1. during %?xe.dlg&]&“@ft i row}g %li%t sk egf o rﬁgﬁrgd dry powder

eXC|p|e se se art es 0 he "medi canen ose

medfoagrehntiose, sorgaisiol anlalsatorenaative phanedyeutdcali imgredient,
an emtted éil canment dose_mass and yeduci ng retention
whenf spidli Bgtert pépt"?cﬂ%suﬁﬁ@l Jdth na idipalRgwaeR wdaler device,

cha%@gﬁ% gtl‘l'eeétg ft he nedi canent dose |ncreases due
to e ence of “the exci pi ent dose in the dose

cont aim@mdﬁg A mﬂthm?d:l afosenpf avilagst bect beslagrialliycacceptable
efficacy of a netered dry powder nedi canent dose

e‘“@@ﬁérfpﬁnh’daﬁ?nl xmaHBIo: it thRapgkRIsa: meglicament dose in a
combtl SELERIpr 0P S 6 REmCo ARl E Y, diSutlr, s

exm}sﬁeﬁpsd@ée ihzstitigi @ gprercalcedatsen ratiacef ehass sel@itedhe metered
dose container the netered nedi canent dose together
medigappet #es®r ed dose of at | east one biol ogically

acceptaﬁpgggﬁgs ra'Hos gfdtﬁé(ch%cﬁggtmt%%eca{ﬁﬂvgﬂg ARECof the

determné tiorelative

excipiesne, inante ado o8 aldrraigert l&elchiethaeckalmdd@@a@rﬁecdm aerosohzed
together with the netered excipient dose in the

t0°eB6«‘mlaf thaHaheleydoyics duringpn 1§hﬁbﬁt@n,n‘1"{’éllea@bﬁb@ar¥1€1€s of the
excqiséﬂaﬁEpar eIOEFE S;?alr?ﬁlé)g c}fhﬁqea%m%cﬁ@al'n ed8§8'f9é8%t€°a°'estream of

nedi canen ree I a strea

inhallatéen r atri, otheteby traésialy ahalesnmmcarnmdtcte&deﬁeddoe@emass and
dose mass and i ncreasi ng the therapeuti c ef fi Col\f’é?
reducHeg nettepé®edl cayeeitarest. Partiqiss ARsKSd glgr device,

Whelte%yc‘:l‘?é %é‘ld%f fe HHAERGHELAZ 8EsOYnt i1 358 ue to the presence of

the excipient dose in the dose container.

2. A method of improving the therapeutic efficacy of a metered dry
powder medicament dose comprising at least one active pharmaceutical
ingredient when said metered dose is inhaled by use of a dry powder inhaler
device, characterized by the steps of

including in a common space of a selected dose container the
metered medicament dose together with a metered dose of at least one
biologically acceptable excipient, said excipient dose having a pre-
determined mass-ratio relative the metered medicament dose, and

aerosolizing the metered medicament dose together with the
metered excipient dose in the dry powder inhaler device during a single
inhalation, whereby particles of the at least one excipient dose set particles

of medicament free into a stream of inspiration air, thereby raising an



of agitating the dose container enclosing the netered
doses using electrical or nechanical energy such that

wo b@sdewes | nsi de the contai ner beconme at | easPCP8E10D5000795
m xed. 4. The nethod according to claim1 or 2,
characterized by the step of defining the mass ratio
bet ween the nedication dose %hd the exci pi ent dose to

em1Et|eg mie 1Cgaglnlgnt éﬁég ?ég Ia%’léd dlrbCre%El%ggﬁ‘f %ﬂ?@:&é& é‘i%lcﬁey of the

metepsduh@titameeft dése.dry powder nedi carrent consi sting of
i nhal abl e powder particles having a nass nedi an

aerodynam c diameter within a range from about 0.5 nm
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of one excipient froma group consisting of

nonosaccari des, di saccari des, ponIactldes ollgo- and

pol ysa@gaan@@st he(lgss coRsriser RNGlaBINgG the| metered doses using

r c t [ :

elecéﬁgégc of Ie'zézl ?‘ﬁgalt ﬁ:élesgg s[..{Fc%}poc at ff?é:] Qio%%fsoﬁqé?l gt ff})@ container
bec@fnetgﬂe@tst ngasuy ne=di ol ogi cal |y accept abl e exci pi ent

conprising large particles to at | east 90 % by nass. 8

. The method according to claim7, characterized by

t he st e f n,
4. bi ol o fgg %alé%écep? E)(?le iédg}ﬂ a?ltéln? crgrérptrca% r%%t{aﬁ?%éi B the step
of partlcl es bigger than 20 nmin size to at |east 90 %y

mass. 9. An arrangenent in a dry powder inhaler device

f or defipingi Hee emassedadisseb Sveshaie eaedisptihaepse and the
exc%%?ﬁéggp%% Sl% a5 eglz.?’ﬂg—v\%b {east one active

ut’i I ngre en said netered dose is
del i vered,
5. The method according to claim 1 or 2, characterized by the step

of
selecting a formulation of the dry powder medicament consisting
of inhalable powder particles having a mass median aerodynamic diameter

within a range from about 0.5 um to about 5 pm.

6. The method according to claim 1 or 2, characterized by the step
of

selecting the at least one excipient from a group consisting of
monosaccarides, disaccarides, polylactides, oligo- and polysaccarides,

polyalcohols, polymers, salts or mixtures thereof.
7. The method according to claim 6, characterized by the step of
selecting a formulation of the at least one biologically acceptable

excipient comprising large particles to at least 90 % by mass.

8. The method according to claim 7, characterized by the step of



characterized in that a separately netered dose of at
| east one biologically acceptabl e excipient

wo o004 on is included with the nmetered nedi PEIsR005/000795
dose in a conmmon space of a dose container or interna
aerosol i zati on chanber, saiqnfxcipient dose having a
pre-determned ratio of nass*telative the netered
medi capgnt.,.dose; ' :
dose. of SPREEEToMHAEEE & tid BLdeR BHE N SRHIebF acceptable

exc1?>@éﬁ1§bd5h@1r r&biﬁ% VTS p%ﬁtﬂl@ﬁ%@eb&h@m’?aemmsm iszaedto at least 90
oget her "by the i nhal er devi ce during an inhal ation,
% barsagker eb}' particles of the excipient dose set

particles of the medi canent dose free into a stream of

i nhal ation air, thereby raising an emtted nedi canent

9. dose mass a&?@ng@@h@mnm reetdept powdet irdthleandsitice for improving
particles inside the inhaler device, whereby the yield
emibied: osaraBPcERRCHESE ROTI SaB e igRIaChd date; srsaRrigwe at least

oneg%?ti‘ﬁhe g%%{'rp cgeg%t%cg?cf 1?1g]{9dfe %1 %H‘Be% %%ar n ngge ose-l_tf”e,e delivered,

cha&ﬁétaﬁih@ddﬁsﬂlaﬁ.ont ai ner enclosing the netered doses is
agitated using electrical_ or nechanical energy s
that tBeserr@gelnsIeierethalosenelaphdeatic@BReD! 0316%31’ acceptable

excg)%rtn%ﬁorlﬂqi&z%u%%élsl WHQPH%WHE ]?1%?@{)(3{ ?Ige(ﬁl%aﬁlllé%tnhose in a

arac a mass ra ween t

conffabfr §shae el catibes ddereirgdidot irtedxal Meeﬁéoldza:tm tchHesnber, said
selected to be in a range 1;20 - 20:1, 12. The

excipieah §ess nbanao Ad PRy deseianHIad gatleh%f% Feqsy irgkadiven the metered
hat sel.e t| Qg a formul ati on of the dry powder

me%%%eéﬁe S%onsi st i ng of inhal able powder particles

havi ng the n@Gse Editen raededynaid endi ahet@ssd rdfml’&btmbtblplent are
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whereby particles of the excipient dose set particles of the
medicament dose free into a stream of inhalation air, thereby raising an
emitted medicament dose mass and reducing retention of medicament
particles inside the inhaler device, whereby the yield of the medicament dose

increases due to the presence of the excipient dose in the dose container.

10. The arrangement according to claim 9, characterized in that
the dose container enclosing the metered doses is agitated using
electrical or mechanical energy such that the doses inside the container

become at least partly mixed.
11. The arrangement according to claim 9, characterized in that
a mass ratio between the metered medication dose and the

excipient deposit is selected to be in a range 1:20 - 20:1.

12. The arrangement according to claim 9, characterized in that



pol ysaccari des, polyal cohols, polymers, salts or

m xtures thereof. 14. The arrangenent according to
wa@ba@smeid4 characterized in that a fornul ati onPCESE2005/000795

sel ected of the at |east one biologically acceptable

exci pient conprising large particles to at |east 90 %
by mass. 15. The arrangenen®according to clai m 14,

h terized i ' i . _
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%y nass.
from about 0.5 um to about S pm.

13. The arrangement according to claim 9, characterized in that
the excipient comprises an excipient selected from a group
consisting of monosaccarides, disaccarides, polylactides, oligo- and

polysaccarides, polyalcohols, polymers, salts or mixtures thereof.

14. The arrangement according to claim 13, characterized in that
a formulation is selected of the at least one biologically acceptable

excipient comprising large particles to at least 90 % by mass.

15. The arrangement according to claim 14, characterized in that
a formulation is selected of the at least one biologically acceptable
excipient comprising large particles bigger than 20 pm in size to at least 90

% by mass.



