WO 03/ 086516 PCT/ SE03/00540 1 Therapeutic dry powder preparation

TECHNI CAL FI ELD The present invention relates to the use of inhal ed drugs
i n treat reoto3osesihuman di sorders and presents a therapeut PCTSEY3/pswder
preparation and a 5 nethod and a syitemfor de- aggregati on and di spersal
into air of the preparation formng medi cinal formulation in connection
wi t h dherapeutic drytpowdes prepaeatiarhal i ng t hrough a dry powder inhal er

device, th wd i si | ogi cal | ti
substance in the formor a TECNEALARERE vonder 10 BAKGROD The
dosi f i ' ' nber. of_ dif,f t, in th

rodi caPCo BRI PReaRingRdeh oD sBe i B Bnatled, R fO¥Ertebliohne o
| ung #ieeas edisordégisaatdepreseints i ehétapeuthedapypdides PreparittbPngh] 20f

action, 15 there is a large interest in admnistering drugs to the |ungs of
a pat megthoda arglinesysiemyi forederaggregntion ok disparshdvéhpedri of dhder to

del i h i zed aer.osol MDI s) . .nebul i

O abeniiiid © foldifnd 180, BfkinB] SRR LA foR IR0 ot Lwiflf oty °Te

vwel | egheblistshaenf & ol 0eat iﬁh@ﬁhgﬁmmatgh hug PoSRRYEHHIEN deiRsStiheR, nuch
e

research is going on to utilize lung as a feasible entry into the body
of syPowides afopPAIINgRElerRss. omerphavaprtylogicallshgotivegsiibstaanqsr it dheed
deposit.i f.th Jg_kn,.the lung depends on the |ocalization of the
partigﬁhggﬁgﬁ%%?g%gﬁéﬁﬁagggdﬁ?Yﬁ%ﬁs in the upper as well as 25 the | ower
aiijpways are of interest. For systemi c delivery of the nedication, a deep

| ung deposition of the drug is preferred and usually necessary for nmaxi num
efficiency. Wth deep | ung sh@@ACKE&EROIENIDood t he peripheral |ung and

alveoli, where direct transport of active substance to the blood can take
pl aceThgodesiang eflrugsans faysld wyitsin @ mrmbest ehidifferaritywaysoin dhegs as

It of {elfcd LaRdEe today. For a number of reasons, such as local treatment of

lung diseases, replacement of injection therapy and for rapid onset of action,

15 there is a large interest in administering drugs to the lungs of a patient. A

number of different devices have been developed in order to deliver drugs to

the lung, e.g. pressurized aerosols (pMDIs), nebulisers and dry powder
inhalers (DPIs).

20 While inhalation of drugs already is well established for local treatment of
lung diseases such as asthma, much research is going on to utilize the lung
as a feasible entry into the body of systemically acting drugs. For locally
acting drugs, the preferred deposition of the drug in the lung depends on the
localization of the particular disorder and depositions in the upper as well as

25 the lower airways are of interest. For systemic delivery of the medication, a
deep lung deposition of the drug is preferred and usually necessary for
maximum efficiency. With deep lung should be understood the peripheral
lung and alveoli, where direct transport of active substance to the blood can
take place.

30
The lung is an appealing site for systemic delivery of drugs as it offers a large
surface area (about 100 m?2) for the absorption of the molecules across a thin

epithelium thereby giving potential for rapid drug absorption. Pulmonary



surface area (about 100 nR) for the absorption of the nolecules across a
thin epitheliumthereby giving potential for rapid drug absorption.
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particle size should typically be less than 3 pm, and for a local lung
deposition, typically about 5 um. Larger particle sizes will easily stick in the
mouth and throat. Thus, regardless of whether the objective is a local or
systemic delivery of a drug, it is important to keep the aerodynamic particle
20 size distribution of the dose within tight limits to ensure that a high

percentage of the dose is actually deposited where it will be most effective.

De-aggregation

Powders with a particle size suitable for inhalation therapy have a tendency
25  of aggregating, in other words to form smaller or larger aggregates, which
then have to be de-aggregated before the particles enter into the airways of
the user. De-aggregation is defined as breaking up aggregated powder by
introducing energy e.g. electrical, mechanical, pneumatic or aerodynamic
energy. Some dry powder inhalers rely on external sources of de-aggregating
30 power e.g. mechanical, electrical or pneumatic, yet some rely only on the

power provided by the user's inspiration.
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caused by an inefficient de-aggregation of powder with a primary particle
size in the range 2-3 pm. Thus, the inhaled dose largely consists of
aggregates of particles. This has several disadvantages, the most important
being:

20 » The uniformity of aerodynamic particle size distribution between
different doses may vary considerably, because the de-aggregation is
sensitive to slight differences in inspiration conditions from one
inhalation to the next.

> Particle size distribution of the delivered dose may have a tail of large

25 aggregates, which will deposit in the mouth and upper airways.

A better, more robust situation is obtained with a high degree of de-
aggregation of the medication powder in the inhaled air as a good de-
aggregation gives a better repeatability and efficiency of drug deposition in
30 the lung. Preferably, the de-aggregating system should be as insensitive as
possible to the inhalation effort produced by the user, such that the
delivered aerodynamic particle size distribution: in the inhaled air is

independent of the inhalation effort.



i ndependent of the inhalation effort. WO 03/086516 PCT/ SE03/ 00540 4 Hence,
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reasonable limts. This is obvious for systemcally acting drugs where a
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15 A very high degree of de-aggregation presumes the following necessary steps:
» a suitable formulation of the powder (particle size distribution, particle
shape, adhesive forces, density, etc)
» a suitably formed dose of the powder adapted to the capabilities of a
selected inhaler device
20 > an inhaler device providing shear forces of sufficient strength in the

dose to de-aggregate the powder (e.g. turbulence, impaction)

Turning to the drug formulation, there are a number of well-known
techniques to obtain a suitable primary particle size distribution to ensure
25  the potential for a correct lung deposition for a high percentage of the dose.
Such techniques include jet-milling, spray-drying and super-critical

crystallization.

There are also a number of well-known techniques to modify the forces
30 between the particles and in such way obtaining a powder with suitable
adhesive forces. Such methods include modification of the particles shape

and surface properties of the particles, e.g. porous particles and controlled



5 formng of powder pellets, as well as addition of inert carrier with a
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hor mones, LHRH agonist and | GF-1. 20 Protein and peptide drugs (PPDs) have

characteristics that present si gnl ficant fornulation challenges. In
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patient. Further, many patients are reluctant to inject for 30
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parathyroid hormone, genotropin, colony stimulating factors, erythropoietin,
interferons, calcitonin, factor VIII, alpha-l-antitrypsin, follicle stimulating
hormones, LHRH agonist and IGF-1.

20 Protein and peptide drugs (PPDs) have characteristics that present
significant formulation challenges. In particular their chemical and
enzymatic lability practically prevents traditional dosage forms such as oral
tablets. Therefore PPDs are currently mainly administered parenterally as
intravenous, intramuscular or subcutaneous injections. While these routes

25 are normally satisfactory for a limited number of administrations, there are
problems with a long-term therapy. Frequent injections, necessary for the
management of a disease, is of course not an ideal method of drug delivery
and often leads to a low patient compliance as they infringe on the freedom
of the patient. Further, many patients are reluctant to inject for

30 psychological reasons and therefore inject with larger time intervals than

what is medically desirable.



| ar ge percentage, perhaps 5 % of the human popul ation suffers from
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The most common method of insulin administration is subcutaneous
injection by the patient based on close monitoring of the glucose level. As
mentioned above, frequent injections are not an ideal method of drug
20 delivery. Further, there are pharmacokinetical limitations when using the
subcutaneous route. Absorption of insulin after a subcutaneous injection is
rather slow. It sometimes takes up to an hour before the glucose level in the
blood begins to be significantly reduced. This inherent problem with
subcutaneous insulin delivery cannot be solved with a more frequent
25 administration. To obtain plasma insulin concentrations that are
physiologically correct it is necessary to choose another route of

administration.

Delivery of protein and peptide drugs (PPDs) through nasal passage generally
30 gives a rather low and variable bioavailability. Factors affecting the
bioavailability from the nasal cavity include the limited surface area
(approximately 150 cm?), the large molecular size of the PPDs, mucocilliary

clearance and enzymatic degradation. With the help of absorption enhancing



I nproved. A rather |arge nunber of enhancers have been tested and
suggest ed nechani sns are that they open the tight junctions, disrupt
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denonstrated that "system c delivery of dry insulin powder can
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technologies have been lacking for on one hand producing insulin powders
with suitable properties and on the other hand suitable apparatuses for
delivering the powder to the user in a way that ensures an effective systemic
20 delivery. This has prevented the main-stream research from using insulin in
dry powder formulations. However, in the early 1990’s Backstrém, Dahlbéck,
Edman and Johansson (Therapeutic preparation for inhalation WO
95/00127) showed that inhalation of a therapeutic preparation comprising
insulin and an absorption enhancer quickly and efficiently leads to insulin
25  being absorbed in the lower respiratory tract. It is evident that the enhancer
was necessary probably because of insufficient de-aggregation of the powder
and the use of an inferior dry powder inhaler. During the last decade a
number of reports describing the pharmacokinetics and pharmacodynamics
of insulin delivered to the lung of humans have been published. In most
30 reported cases, the insulin has been nebulised from an aqueous preparation.
However, in the early 1990’s some research into the effect of pulmonary
administration of insulin in dry powder form was performed. It has been

demonstrated that systemic delivery of dry insulin powder can be



acconpl i shed by oral inhalation and that the powder can be rapidly
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storeg under dry condltlons is normally the best choice. In the solid

a

st at enaviesa tokilareighs frem adowast V@lluee¢fa@45/mg/u9t1@bll@-151mglefmdme of

noi st Fatre Pr ins.a peptides of der

nol ecu#grtﬁmﬁﬁ@ ggéo rteggg? lIJ]i ﬁ"t%‘@a&%arth‘g 31% r?ﬂ]eoﬁg’ %) %nd

di ssobyg, bﬁw&émmem%ﬂ a{aarag%osﬁ%whétffaqheléweﬁowqbtm 'Ung Turn' ng to
the presentation of the dose, two main Classes of dry powder systens are

av@i | abl e on the market, the reservoir type where the powder is present in
the inhal er, as bul k, an ng e type where the powder 25 is

or e- et BPEHPST n?gf%(fl{%f; 5&“{ ‘#gpg f)rssfo éggelur’c&éls dO5k PO dREBARd of f
by thgradiveny t&'&h”%ﬁ’ﬂj@ dei §8sc %618 k& éé\ﬁeraﬁ Qﬂlscqaﬁed%g dla56n has
been netered off and encl osed 1 nt or exanple g at| n caps es or

Al - bl 1rmthe¢11rtg/deanadm:m ahydlrcdysm&md\ ayidetiahsc d&%ereforpl anmateepihtdeses i s
t he eI e tros hll or el ec ro- . dynam caIIy @Enuf actured doses, see our
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conditions is normally the best choice. In the solid state, these molecules are
normally relatively stable in the absence of moisture or elevated
temperatures. Proteins and peptides of moderate molecular weights are
soluble in the fluid layer in the deep lung and dissolve therefore ensuring

20 rapid absorption from the lung.

Turning to the presentation of the dose, two main classes of dry powder
systems are available on the market, the reservoir type where the powder is
present in the inhaler as a bulk, and the single dose type where the powder
25 is pre-metered into single doses. In the first case, the dose is metered off by
the patient using the device, while in the second case the dose has been
metered off and enclosed into for example gelatin capsules or Al-blister by

the manufacturer.

30 A special case of pre-metered doses is the electrostatically or electro-
dynamically manufactured doses, see our U.S. Patent No. 6,089,227 and our
Swedish Patents SE 9802648-7, SE 9802649-5 and SE 0003082-5. See also
U.S. Patent Nos. US 6,063,194, US 5,714,007, US 6,007,630 and the



9 International Application WO 00/22722. The contour of a dose

manuf actured in this way can be tailored to suit a particular application.
In addi tworn3/osdses e are al so | arge opportunities to tail oPCTIs€o3/onser nal
powder structure, such as porosity,,which will influence the adhesion

forces between 5 the particles. A lIlarge nunber of different concepts to
de- aggrteqttéondle dmppjicasicder WO DOOY 22724 bdbe deestwaped.ofOne edesml e is

t he use_ of spacer,, which is base upon haying the aerosaglized rticles
even! SoaPea iERRaR HHEIES i PESoEtiy 20 SHIF ahPeheSR R A G Cn ake

pl aceaddifioRs, | tHeirk! BrémhlsONRIrBE bFpSAURIREs 1) Rail6PTMR! REferRaYip8vder
relatively large volunme and i'nto which a powder aerosol is injected. Upon
i nhal striiohure; sichhaes ppaesity + whicte mol dhflusacpdhdaadhgsibn fefdaschetvedan r each
the al,veol .. 1Thi s nmethod in principle has two drawbacks, firstly

diY¥ fi AN RPHES control the amount of medicine enitted to the lung as an 15
uncontrol |l ed amount of powder sticks to the walls of the spacer and

secondly difficulties in handling the relatively space demandi ng appar at us.
Ext er hdargsonvnseerodf differgnt congepls foydetaggregatiesticodrag oydesrioviPBes] by t he

S et e e e, PO BRI R T RoAPebarRiHY edhadd " S
manuf gediNefenbtthe 28rdotichdi sattiYedebyER &f&ﬂﬁ)'dt@ﬂgln RiRHat ¥ RbAL S

and/or’ mechanrcal vibrationto de-aggregate the agglonerates. The addition
ofo ewh@inihe $nheatationfcaandalyy dlecisin primmiplecanpindalends eppeted e d nhal ers

th besi d [ [ the d t th in .25
o nt SRR WaviP G darEel TIPSy S8 MURaRBIFoR RTSEF e ahbiSpeut
PrepagaldieAs UhofBdhhaldi9tn SRSt B eSpAtt AhRELROGsEISES ?ﬁov?ﬂéw Iging a

highly effective de-aggregation and dispersal into air of a medication
powdeefféativetn reach othenailveol30Thihrionétitodatin gprinoiple uses twhalrawlacksough a
WO 03/ 08

new t of..Lnhal er device 516 PCT/ SE03/.00540 .10, SUMMARY A
Fhor iy QbR i Fonh SRS ARaRRR Of FRCTIGMH B o Pei PR A on
15 uncontrolled amount of powder sticks to the walls of the spacer and

secondly difficulties in handling the relatively space demanding apparatus.

External sources of energy to amplify the inhalation energy provided by the
user during the act of inhalation are common methods in prior art inhalers
20 for improving the performance in terms of de-aggregation. Some
manufacturers utilize electrically driven propellers, piezo-vibrators and/or
mechanical vibration to de-aggregate the agglomerates. The addition of
external sources of energy leads to more complex and expensive inhalers
than necessary, besides increasing the demands put on the user in

25 maintaining the inhaler.

Hence, there is a demand for suitable therapeutic preparations of medication
substances and a method and for providing a highly effective de-aggregation
and dispersal into air of a medication powder in connection with

30 administration to a user inhaling through a new type of inhaler device.



dose intended for inhalation into the airways of a user to provide |ocal or
system c treatnent, depending on the disorder, and a nethod for effectively
5 de- aggrwgaiosifi@nd di spersing into air a dose of nedi caPCorsEpsvder and
nore specifically a method and a sggten1of adm ni stering the dose of

medi cati on powder to a user are disclosed. In contrast to prior art, the
present invention does not requSilgMIVIRERYsources 10 of energy besides the
power of the inhalation effort by the user to produce a very high degree
of deAdfgrapgetiiordanposiddrcprenardtiopeis 4hej orm gifra gneterddymegdin@iéon dose.

o 88 ettt bt iRl dnfdhe diveds: 804 AURL SR e OB R MO
i nhal pgeftic @t meént) ed‘éﬁdrﬂﬁn‘gfroﬂl thal @kord &€ e mdthodhfordeectitsy

present a suitable porosity. The powder preparation used in the dose
f of ni derageegatingrand dispsssingintdain asdvsabf medicatipnapawdpaanidnersi ze

distribution. for t i nt ended di ci nal .appli.catj.on., The powder. .

or of eVRUTHER & mietBer A FstHnd, PhmiBRehER U coPBphaniiiatdn o
et hogswakr #o GONBENAtd Aiscl®sdd.ot her nethods of dose forming are equally
possible. Preferably, an extended dose w Il be obtained in the dose

formng process offering a tailored size and contour as well as

appropriate porosity and jinter-part.icul ar adhesion forces., . 2

e g eRafeBh tBrrid 856 LA BicRtanieafopaivies nbh rERLSELER S BRSSP aed by
a1 Po¥HER ey hESdes the! poRet BPBREBALAM AN IR AMY tHP@set tbih@deicedgVi ce.
Uilizing an effort by a user of sucking air thrdough the inhaler, the air
f i r st venyahighglegreo ufhde-ageregation engafficisndsdispersel pundeir dbgedrymde
avail abl e t the nozzl e, are gradually de-aggregated and dispersed into

t he SP?WEH%PSQI' r 30 entering the nozzle. The gradual de-aggregation and
di spersal will be produced by a relative notion introduced between the

nozzle and the extended dose. In a preferred enbodi ment, the powder is
deposlit eddemtmobtaisubstarytlsgheddanes afrde-aggregdtine ansodismeradl e aixt ended

doe gepetably 0 03 scolp PCILSE0300240. 01 .0CE R 10 Byl aifen ghea har
prefegably, BAsd tdronedary! shde pbhiRicPOlahea®Re BAlist present a suitable
porosity. The powder preparation used in the dose forming process must
also provide a suitable aerodynamic particle size distribution for the
intended medicinal application. The powder is preferably metered off using
20 electrostatic or electrodynamic field methods or a combination, but other
methods of dose forming are equally possible. Preferably, an extended dose
will be obtained in the dose forming process offering a tailored size and

contour as well as appropriate porosity and inter-particular adhesion forces.

25 De-aggregation and dispersal into air of powder in the dose is provided by a
powder Air-razor method implemented in the new type of inhaler device.
Utilizing an effort by a user of sucking air through the inhaler, the air first
passing through a nozzle, the particles in the powder dose, made available to
the nozzle, are gradually de-aggregated and dispersed into the stream of air

30 entering the nozzle. The gradual de-aggregation and dispersal will be
produced by a relative motion introduced between the nozzle and the
extended dose. In a preferred embodiment, the powder is deposited onto a

substrate member, the accumulated powder of the extended dose generally



accessing the powder by the relative notion until the air streaminto the
nozzl e, created by the suction, has passed a threshold flow velocity. 5
Coi nci derwalo3msdsine t he application of the suction by the u®emr/SEes/omskort|y
afterwards the relative notion wl| tfegi n such that the nozzle traverses
the powder dose area gradually. The1 hi gh velocity air going into the
nozzl| ecqupiyeng aalsagenagepribandds premvf the msizely inlgt speewe. Thebudziee and

inertia engrgy, as__the flow air hits the fi.rst |eadin oi nt of the
bor dei® B o' RSPEHIE BESErab anedinted auRiag; thesPowdeh catiy t Pete
aggr emgirﬁg] thBepeRWder bR AhRC AtV mictr RlAll BRETdiHr&r&hm! hetoTeNENg
nozzle are thus rel eased,” de-aggregated to a very high degree as well as
di spenezaie.artestast ebuethty suntion; nbdsi pasked er dhreshalidr fiow eaalagdiyng

t hrough. the nozzl e.and further into.the airways .of .the user. 1

et F PElF R MOR A ARERERG. 31 rith GHIGIR dg6 st HEr AbeBBPETEry
powdesft&RfaidsStie relativasho@s Wilhek¥irflisvichethatPiae TRERIOG R s aREI Ve
medi cation substance to_a user inhaling through the new type of inhaler
depenpewder sloiseaareaggradingllpolde highrvelpaity arir godwg dhie the snoazihirlep0

dynani ticle si i stribution. f tir Its in th
el | v tfe PREVIdES ORNES ol ety shigssoh el B e St el ©
ext endedfeant OWir 13t HROBSPUREhEpARE AN BorE bt HEs ek@indRPHbsat i on in

an inhaler inplementing an Air-razor arrangenent. Then, the result will be
alo detanteny. dihet partiokss i thikepariciet ageregntesodf dbei powdar tathiae¢ninvggs of
the uger. 25 characterized by .a continuous,dose .deliye W th ery high
degr oesir1oh APEFEIE O i qreyae SAATAGE dby S TCaRT AT e etiel dorBnposed
of a vdrgl RidH Ydedt¥e MRS SweRfad idISpPRek aheS subsbAEABGUELEraGhYd PipVERE
preparation, suitable for inhalation, conprising 30 finely divided,

phar nereaked)ical Isyreeati geingutiwomgbe theomogpgls aodt funthen iatméhe aippaysfofi nhal er
device is set forth by the independent clains 1 and 23 and the dependent

cl ai n"8*QY8912 and 24 to 31, and a nmethod of adnministration to the airways
of< a user of such a therapeutic powder preparation dose by WO 03/ 086516

PCT/ SE03/ 00540 12
A preferred method of administering a medication dose of therapeutic dry

powder comprising at least one finely divided, pharmacologically active
medication substance to a user inhaling through the new type of inhaler
depends on selecting a dry powder formulation providing a suitable
20 aerodynamic particle size distribution. Also, for optimum results in the
delivery to the user the dose is preferably formed such that it has an
extended contour, suitable porosity and dosing qualities for application in an
inhaler implementing an Air-razor arrangement. Then, the result will be a
delivery of the dose to the targeted site of action in the airways of the user
25 characterized by a continuous dose delivery with a very high degree of
particle de-aggregation, whereby the delivered dose is composed of a

majority, by mass, of fine particles.

A therapeutic dry powder preparation, suitable for inhalation, comprising
30 finely divided, pharmacologially active substance for application in a new
type of inhaler device is set forth by the independent claims 1 and 23 and
the dependent claims 2 to 12 and 24 to 31, and a method of administration

to the airways of a user of such a therapeutic powder preparation dose by



this new type of inhaler device is set forth by the independent claim13 as
wel |l as the dependent clainms 14 to 22. 5 SHORT DESCRI PTI ON OF THE DRAW NGS
The i nverwDon/0s¢soget her with further objects and advant ag@sTiSEes/@si) nay
best be understood by referring to \r;\l‘lie foll owi ng detail ed description taken
together with 'the acconpanying drawings, in which: 10 FIG 1 illustrates
i n t dhiamevsitipe vifeimhalensteyiceadisiest fohnby the ndapeansiendnclaimal eds ar ea of

a non-perforated subst e _Ie A5 FIG 2 illustrates in top and side
vi ensVShEeHEe &r@?%l? Wé%@o%ﬂ%‘é a strip on a target area of a

non- perforated substrate nmenber; FIG 3 illustrates in top and side views a
netered dose fornmed as a strip on a target area of a perforated substrate
menber; 20 FIG 4 illustrates in top and side views another netered dose
formed as a string of dots onto a target area of a perforated substrate
nber; FIG 5 illustrates in top and side views another netered dose
formed as a 25 SHORPDESCRIPTISNOY THIEE WEN bstrate nenber;
FIG 6 illustrates in top and side views a netered dose forned as two
par t -Tes daventiont alogethér &vith OReteer eAbcisi dadohdeantidey ah&tkofsuhayrat e
menber; 30 FIG 7 illustrates a dosing nenber in the shape of a cylinder

wi t h be¢sinbe twederatpod aby dictpsaingte i thiee fellpyange detilask flescripbiops ta/ee5 16
PCT/ SE03/,00540,, .13 FIG 8 il l.ust e 0S} menmber in the shape of a
oyl | ngEty oty e Bechripariit shBWAted; B MHet Dod of enents. Bl G o
ildustrates a dosing nenber in the shape of a disc with radially 5

arranged nul tiple dose bed elenents; FIG 10 illustrates a dosing nenber in
t he shape of a sheet with circular

FIG. 1 illustrates in top and side views a metered dose formed as a strip

on a target area of a non-perforated substrate member;

15 FIG. 2 illustrates in top and side views another metered dose formed as a

strip on a target area of a non-perforated substrate member;

FIG. 3 illustrates in top and side views a metered dose formed as a strip
on a target area of a perforated substrate member;
20
FIG. 4 illustrates in top and side views another metered dose formed as a

string of dots onto a target area of a perforated substrate member;

FIG. 5 illustrates in top and side views another metered dose formed as a

25 strip on a target area of a perforated substrate member;

FIG. 6 illustrates in top and side views a metered dose formed as two
part-doses on a target area, one on each side of a perforated
substrate member;

30
FIG. 7 illustrates a dosing member in the shape of a cylinder with

longitudinally arranged multiple dose bed elements;



mul ti pl e dose bed elenents; 10 FIG 1la illustrates in a sectional view an
exanpl e of a dose on the surface of a non-perforated substrate nenber and
adj acent WO 0Blgsss@ne side as the dose, a nozzle in the sPamtSEN3003¢6i ti on
before the dose is released; 15 Fl (}3 11 b illustrates in a sectional view
an exanple of a dose on the surface "“of a non-perforated substrate nenber
and aﬁﬁcgnt tidlusheatesma doistieg amenhleridse tha sbapegohaoz zddirsderkiwighup t he

powder particles ispersed into.th ir stream 20 FIG 12a illustrates in
a sectional vi%?%%rg%%régeﬁ?méﬂh@?%a%e%’&ége CIYHSd as two part - doses,
one on each side of a perforated substrate nmenber and a nozzl e adjacent to
a first side of the substrate nenber in a starting position before the

dose FIG. Pel eddlawirassm coging memiser in dhei shaps etta alist withwaatiabByanpl e
of,a nmetered d f arned,.as two part-dose one on each side of a

pet f or at ed su%ir%lgg Iﬁ%ﬁggfe éﬂﬁe ﬁeﬂn‘?}?]ﬁ’fnﬁﬁ’zzl e adjacent to a first side
of the substrate nenber sucking up the powder particles off both 30 sides

di spersed into _the air stream WO 03/086516 PCT/SE03/00540 14 FIG 13
i |1 ustiGat &9 a iHowipdiesus dostng peembeatindthsubbeapatef anshiset wiith reieculpowder

dose onto it and ozzle. wi.th an elliptical inlet aperture adjacent to
t he sane si de%nglﬁRge éﬂﬁ%tblggt%eﬁ?r{ecﬁe dose; 5 FIG 14 illustrates a side
vi ew of a non-porous, non-perforated substrate nenber with a powder dose

onto it and a nozzle in a line of notion sucking up the powder particles
altdl dFEpet sangllusératiestio a shetianal sieveam exampiaof 25193d ot that ssrfane

enbodi nent of owder AiLr-razor t hod _show n ozzl e and a dosing
nenber in rel a(?fi gen%meg‘lfpr e‘ia?&)rpr%{%t& n}%ngﬁﬁg&“g’r 3@&%“&1 1q he 88M§ t he
powder dose; side as the dose, a nozzle in the starting position before the dose

is released;

15 FIG. 11b illustrates in a sectional view an example of a dose on the surface
of a non-perforated substrate member and adjacent to the same
side as the dose, a moving nozzle sucking up the powder particles

dispersed into the air stream,

20 FIG. 12a illustrates in a sectional view an example of a metered dose
formed as two part-doses, one on each side of a perforated
substrate member and a nozzle adjacent to a first side of the
substrate member in a starting position before the dose is
released,;

25

FIG. 12b illustrates in a sectional view an example of a metered dose
formed as two part-doses, one on each side of a perforated
substrate member and a moving nozzle adjacent to a first side of
the substrate member sucking up the powder particles off both

30 sides dispersed into the air stream;



FIG 16 illustrates an enbodi nent of an inhaler designed to apply a powder
15 air-razor nethod; FIG 17 illustrates the different forces acting on a
st ati onaryopajsdised e situated in a streamof air; and 20 PCESELB00540
illustrates in a flow chart diagram.g¢the nmain steps of the method according
to the present invention. DETAI LED IISIé—_LSCRI PTI ON The present invention

di scl sld ddlzlels@fatgsweoapmmtts mqnmﬂnateésmumca:nembqswah a

medi cati on povvder repared i ance f i..nhal at orres
i ahl v de- agoregRiel ERE G A ¥ FoerRaral an P e iniG RPra T o o
powder Air-r azad atehbed thE sden@giiccapind GubRek4t sREf Adsd;he  powder
particles into alr 30 The nedicati on powder conprises one or nore

pharnacologlcally actlve substances such as proteins or peptides, and

op i one i pt ent e _docunent t terms er" or
e 11 b p oSS o SELHITE T, o i Bora0S, POPsREHOr s BUPSRAE! dry
powder , whi ch i siibh 5 pWRIB/ AR5 16 PGV $EA360RBAe D Pline of
de-aggregation and dispersal” into air by the disclosed invention and
i nt ended for deption: seaking upsélepowder pagéicles sad dispessing dieradniton, of a
user's ai rwaytz1 tltonal excipients may or may not de-aggregate in a
simlar way G HE 2TV phar macol ogi cal substance, depending on the
design of the 5 powder. For exanple, an ordered mxture conprises an
excipient characterized by particles considerably larger than those of the

pHar fBés! by dlslulstrraet@slareegm:shmm”et Oﬁ:@rpdvedereAmm@er mfetbhdrsmhggacal ly
active substanc owder faqrmnul ations ch .are nterest for an
adni ni strati Jdi° z@e iaﬁ‘r‘ng 6ﬂg§f’8m[ ) %ﬁ%@"ﬁéﬂoﬁ‘(}nr&&t?ﬁwﬁa%} I%% fit anyl ,
Buprenorfin, egg@ff@[basg@ﬂ%wr dége&ni setron, Tropisetron,

Scopol am n, ratriptan, Zolmtriptan, Al notriptan, Dihydroergotanin,
Somatropin, Calcitonin, Erythopoietin, Follicle stimulating hornone (FSH),

Llnfs gl i rly WQSEI(Q%{—F &xﬁg{)eer}tac}fan aheaﬂteryc{emgne t0 ar}])eply a powder

air-razor method,;

FIG. 17 illustrates the different forces acting on a stationary particle

situated in a stream of air; and

20 FIG. 18 1illustrates in a flow chart diagram the main steps of the method

according to the present invention.

DETAILED DESCRIPTION

The present invention discloses a dose of a therapeutic dry powder
25 preparation as a medication powder, prepared in advance for inhalation,
which becomes highly de-aggregated and entrained in inhalation air when
applied to a powder Air-razor method of de-aggregating and dispersing the

powder particles into air.

30 The medication powder comprises one or more pharmacologically active
substances, such as proteins or peptides, and optionally one or more
excipients. In the document the terms "powder" or "medication powder" are

used to signify the substance in the form of dry powder, which is the subject



15 Referring to Figures 1 - 18 of the draw ngs wherein |ike nunerals

i ndicate |ike elenents throughout the several views. Six different
enbodi merwe 00/08658®ses onto a substrate nmenber are il ustr &CESELIOBILGUres 1
- 6 here offered as exanples. Each @f Figures 1 and 2 illustrates a

non- porous, non 20 perforated subst rlAte member 141 with a sel ected dose
t ar geol slceaggi®@ationo arwhidisparseds intoeatie e dthpowscloded eirt@Mtion samdp f orm

h b ited, .th ' bi t .t it t
app! { CAERORE 15t HEPRSIOT of & SIGIE] HEE AT AL HIOA AEdo ) 4 REE B
Fi gur girdrayBU0 NEx&iRehisOhhLer B4 Sﬁé@ﬁ%-ﬁg‘%ﬁégételﬁ’ d REheaY Whya
non- perfofated substraté nmenber "1,41. 25 The characteristic difference

bet weah thepective aplearmacpmgice substarates deperdingl 40 tne tdesigneohdnd and a

- - f ted 141 .th th is that the.f. | et
it CRPGHGR tRET SSOGKPEIG (4ol (ARG ndtitbee (HMBSEP e h 66 R HNERE the

| at t egh H9R%eALEd | eby al pattit1OVIoni8e £y CelRber t VPROT tBURST rGt € tEMDEr

depends on the application and on the selected 30 inhal er device. The
i | | uspharmdcdiogicallaeetiveosghsedoeo Futhsr iaxagnples 6o plmarmanmpogicalyr e 4,

which illustrates an.extended dose fornmed as series qf. consecutive spots
of RIS PUPRISRGSE (st Do TP O B RiCTY TS Oy intEeF T (A ded |
necess@iintthtibA 1 BalhBoRUratHAidRwiese area into a small WD 03/086516

PCT/ SE03/ 00540 16~allotted space of the dosing nmenber. Different types of
dusi Nigetohdmeidont), RadhnyhpabBupoénedin,yi nfydromiotrfande @hddosetroar, e

disclgsed.in Figurgs 7.- 10. The Aifr-razor thod js ill rated in
i gur SEniseRrony TraRisHERe di PrePeriTonhoATEHIEID ex ol Tis%es 180
are oamhbAskl{ M dRIERHES! F SbmatriBRCr CalinindL EfhSopaNNOS

illustrate how'the relative notion v t\Wweén the dose’ and’the nozzle 1
| et s Foldickhestimiidatiag dforttmneai (FSHw Imsudin hdnterdeons i(alfat aadeetalp

de- aggregate and di sperse.the powder, particles 101 gradually into the air
20. A4 y{gl%‘nhp{glp%ﬁ é‘ifaéﬂ‘ H@fpﬁggta]‘%kﬂaﬁg%‘r& razor method inpl enent ed
ipa new type of inhaler, further illustrated in 1o Figure 16. In a

preferred enbodi nent, exenplified in Figure 1la and 11b, the powder
Referring to Figures 1 — 18 of the drawings wherein like numerals indicate

like elements throughout the several views. Six different embodiments of
doses onto a substrate member are illustrated in Figures 1 ~ 6 here offered
as examples. Each of Figures 1 and 2 illustrates a non-porous, non-
20 perforated substrate member 141 with a selected dose target area 160 onto
which a basic extended powder dose 180 in strip form has been deposited,
the dose given an arbitrary contour to suit the application. Figures 3 - 6
illustrate similar embodiments to that in Figure 1, but showing a perforated
substrate member 140 instead of a non-perforated substrate member 141.
25 The characteristic difference between a perforated or porous substrate
member 140 on the one hand and a non-porous or non-perforated one 141
on the other, is that the former lets air through the substrate including the
dose target area 160, while the latter does not let air through. The choice of
type of substrate member depends on the application and on the selected
30 inhaler device. The illustrated doses have elongated contours in strip form
except Figure 4, which illustrates an extended dose formed as a series of
consecutive spots of equal or varying sizes. The dose bed element 140, 141

may be folded if necessary e.g. in order to put a large dose area into a small



Air-razor nethod involves the introduction of a controlled relative notion
bet ween an extended dose of powder 180, such as insulin, deposited onto a
15 subst reDesnsisiver 141, used as a carrier elenent for thecasEes/ersd a
suitably arranged nozzle 1, which Cll%l | ects and directs a | ocal high
velocity streamof air 20. By pointing the nozzle inlet towards the | oad
of posllieitedrspave of tis doaing ehembetr, Differquiwegpesfoft desimigr metmbers 10gsul ti ng

fr th ti ffort, de- d di dnto air _th
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powder of the dose, primary particles particle aggregates are
gr adueinbpdanesss ed exignsiel] dosex] 180 tire chehinaty with rdiffsesntandbstrartei a

ower of the aj t m,going into tk ozzle. Thus, the . powd Air-
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substrate element, the power of the air stream, resulting from the suction
effort, de-aggregates and disperses into air the particles 101 of the accessed
20 powder on the substrate member. As the nozzle moves in the direction of the
extended contour of the deposited powder of the dose, primary particles and
particle aggregates are gradually accessed and subjected to the shearing
stresses and inertia power of the air stream going into the nozzle. Thus, the
powder Air-razor method sequentially de-aggregates, releases, disperses and
25 entrains individual particles into the air flowing into the nozzle. However, the
final medicinal effect depends largely on powder formulation and the
characteristics of the primary particles. For optimal  medicinal effect the
primary particles should be of a certain median size and having a certain
size distribution besides being completely de-aggregated when delivered.
30 Only then will a large proportion of the delivered dose settle in the targeted
area of the airways of the user, i.e. the site of medicinal action. Delivery may
be attained by nasal or oral administration, depending on what type of

inhaler device is used.



substances, which optionally may include pharnmacol ogically acceptable

exci pients, used e.g. to dilute the active substance or, indeed, to inprove
one or MwWEM3QsEIéties of the active substance, such as bipcassabd/eisid ity or
el ectrostatic properties. 15 In cont%@st to prior art, where the powder in
t he dose, intended for inhalation, 1A normal ly in the form of hi ghly
aggregat ed bul k powder, the dose of the present invention is characterized

by a s structure. . The interactions, for instance adhe ive
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In contrast to prior art, where the powder in the dose, intended for
inhalation, is normally in the form of highly aggregated bulk powder, the
dose of the present invention is characterized by a highly porous structure.
The interactions, for instance adhesive forces, between different particles are

20 thus much weaker than in prior art. Further, in a preferred embodiment, the
dose is also characterized by an extended macroscopic form where the
spatial size in at least one dimension is several magnitudes larger than in
the other dimensions. These qualities will result in a dose of powder, which
is much easier to disperse.

25
An example of a preferred method of forming a metered dose comprising e.g.
PPD's, utilizes an electrostatic or electro-dynamic field depesition process or
combinations thereof for depositing electrically charged particles of a
medication powder onto a substrate member, such as an electrostatic chuck

30 or a dosing member. The so formed dose presents suitable properties in
terms of occupied area, powder contour, particle size, mass, porosity,
adhesion etc for easy de-aggregation and dispersal into air by the powder

Air-razor method. However, in prior art, other methods of forming a powder



razor application. to An exanple of a suitable powder for an inhaler
application is an electro- powder. Electro-powder is defined as a prepared
dry powdeworme@sasad i on substance with or wi thout one or nPC&/SERZQSHENL S
nmeeting a set of electrical specifigations for optinmum el ectrostatic dose
formng properties. For further detalls, we refer to our Swedi sh Patent
No. SE0®®028sR- 6,2 whisdtharscakr phyunidti¢c neorgiwmaicad metbbdspywhistersaarce. An
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An example of a suitable dose of medication powder, formed onto a substrate
member to be used in an inhaler application, is an electro-dose. The term
electro-dose, presented in our Swedish Patent No. SE 0003082-5, which is
20 hereby incorporated herein by reference, refers to a dose of pre-metered
medicament powder intended for use in a dry powder inhaler. The electro-
dose is formed from an electro-powder comprising an active powder
substance or a dry powder medicament formulation with or without one or
more excipients, the electro-dose being formed onto a substrate member,

25  which is part of a dosing member.

A preferred embodiment of methods of dose forming involves the transfer of
charged particles of a medicinal powder emitted from a particle generator to
a defined target area of a substrate member. A particle transfer electrode is
30 arranged for forming an electric iris diaphragm and shutter with an
associated electric field for the transfer of the electrically charged powder
particles from the particle generator to the defined target area of a substrate

member to carry a pre-metered powder dose, thereby to control the direction



transfer in the dose form ng process. Furthernore by the adjustnent of
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adhesive forces wll play roles In the tota

possible to tailor not only the porosity of the dose but also the dimensions of

the dose area, such that the extended dose fits into the selected inhaler and

meets the intended medicinal requirements.

20 The accumulated mass of active medication particles in a dose that are
dispersed into inhalation air by the Air-razor method, may be de-aggregated
to at least 40 % fine particle fraction (FPF) by mass based on the available
active medication particles in the powder dose. Preferably, the Air-razor
method may be capable of de-aggregating said powder mass to at least 50 %

25 FPF and more preferably to at least 60 % FPF. The definition of FPF in this
context is the fraction of delivered active medication particles by mass with a

maximum aerodynamic particle size of 5 um.

A dosing member 10 may be executed in many different ways (Figures 7 -
30 10)to suit different types of inhalers. A dosing member may carry one or
more doses on substrate members 140, 141 as described in our Swedish
Patent No. SE 504 458 C2, which is hereby included by way of reference. In

all cases, suitable substrate members may be selected from electrically



adhesive force between a particle and the environnent, whether another
particle, an aggregate of particles, a substrate nenber or a conbination to
t her eof . Wbasggses of adhesive forces acting on a particl eCesEobe@s¥an der
Waal forces, capillary forces, ele ical forces, electrostatic forces,
etc. The relative strengths and ra%{es of these forces vary with e.g.
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of particles, suc at nore or less the sane force acts on all particles,
t he aggeegut shapklofibe patticden€leisatn aftadl thedd onces vlobing oe-aapgriegat i ng.

The conditi.on.for de- regati na hus be stated as: The difference in
ext er Fa e]feé??il%ré{@fqrﬁ%‘?gg@ﬁ qw%sp?’ecfoggemst over come the adhesi on and

fi§ ction forces hol di ng

De-aggregation and entrainment of particles

The main objective of the Air-razor method is to de-aggregate and entrain the
deposited particles into the air stream. The particles may be loaded onto a
substrate member in many layers in such a way that some particles are in

20 contact with the substrate member whilst others are in contact only with
other particles. A complete de-aggregation is to separate all the particles
from each other. To separate a particle from its environment involves
overcoming the adhesive force as well as the friction force, acting on the
particle.

25
Figure 17 illustrates forces acting on a particle. The force caused by airflow
303 acting on a particle 101 can be divided info two parts, drag force 305
acting parallel to the airflow, and lift force 304 acting perpendicular to the
airflow. The condition for freeing the particle is in the static case that lift and

30 drag forces exceed adhesion 301 and friction 302 forces.

In order to completely, or almost completely, de-aggregate particles, it is not

sufficient to let a force act on the particles with enough strength for release



themtogether. Attaining a difference in force fromairflow may be done
efficiently by creating shear forces, and hence the Air-razor nethod nmakes
use of hiwb oslemsne forces in the area of the powder deposi Ped/SE03/0G5HEt ance
onto a substrate nenber. 10 To deve)r}gp hi gh shear stress and thereby high
shear forces on the particles, the in principles used by the Air-razor
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t taverse over the area occupi ed by the dose. Depending on the actual
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e Use of flow streamlines close to a wall

15 e Use of turbulent flow (side effect from high velocity)

Inertia build-up
The low-pressure created by the suction through the nozzle drives air to flow

in the direction of the low-pressure. Building up inertia means accelerating
20 the mass in a system, i.e. the mass of the air itself, hence giving the desired
high velocity air- flow after the acceleration period. The velocity of the flow
increases to a point where the flow resistance makes further increase
impossible, unless the level of low-pressure is decreased, i.e. the pressure
drop is increased, or the flow resistance is decreased.
25

Shear force spreading

The area for de-aggregation with high shear forces is concentrated close to
the wall of the nozzle. This concentrated area is small compared to the dose
area onto a substrate member, especially if the dose comprises finely divided
30 powder of high porosity. Introducing a relative motion between the nozzle
and the dose will let the small and concentrated area of high shear stress
traverse over the area occupied by the dose. Depending on the actual spatial

distribution of the powder in the extended dose and the distance



detrinmentally affected. Further, the velocity of the airflow w |l not be
affected 5 by the notion of the nozzle in relation to the powder dose,
because tWe osps@dé of the relative notion is very nuch | owen/SEbsonsshe
velocity of the air-flow going intq.the nozzle inlet. The notion of the

nozzle forcibly shifts the positio 2of the drivi ng | ow pressure relative
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25 - Efficjent .use of Thus, the gradual, a a nd di spersal
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O V. pdftiy JTBRAStst B JddL4B0. Preferably, the path begins just outside a
point of contact between the high shear force area of flowing air and the
border of the powder dose contour and follows the contour outline from the
beginning until the end. The relative motion introduced between the nozzle
and the dose of powder is instrumental in attaining and maintaining the
20 desired conditions stated for de-aggregating all of a powder dose and not just
part of it. The main advantages given by the relative motion are:
» During an initial acceleration phase inertia builds up giving a high
velocity air flow
» Shear forces close to a wall are spread over a large area over time
25 » Efficient use of energy
Thus, the gradual de-aggregation and dispersal of a medication powder is an
inherent essential characteristic of a dose delivery using an Air-razor

method.

30 Efficient use of energy;

The dosing time interval for de-aggregation and dispersal of powder by an
Air-razor method may be selected, depending on the application, within a

time frame of an inhalation. Most prior art inhalers will use the inhalation



energy used for de-aggregation is correspondingly low in these inhalers,

unl ess external de-aggregation energy is supplied. The time interval for an
Ai r-razorwoaBiosesiey nay e.g. be set to 1 second, which neam€TiSEay/o0sine 5

i nhal ati on power during this full second is used for de-aggregating
particle aggregates. The first obj ive for the Air-razor nethod is to
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engrgﬁgfgl%ga@géj_i red. Surprisingly, it has been found that the avail able

drive "power fromthe suction effort by the inhalation of a user provides
anple energy for the powder Air-razor nethod. A normal inspiration effort

by an,. adul t, user .can be sho to produ | ow pressure, approxinately in a
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peopl Experi nents have shown that t Imted’| ow pressure, or
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Howev apzzleheithed saféw éostopaciiclebetsrpessipteriie padtiolezszdeterirtartss avyzleo nake
nmet hod is preferably not powered by the inhalation
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PCT/ Sgg%/e?of?gr% the suction effort by the inhalation of a user provides ample
energy for the powder Air-razor method. A normal inspiration effort by an
adult user can be shown to produce a low-pressure approximately in a range
20 1 - 8 kPa. While a low-pressure in this range is usable, the preferred
embodiment uses a range 1 — 4 kPa for ease of use by most people.
Experiments have shown that the limited low-pressure, or drive pressure,
thus produced may be used very efficiently, rendering external sources of
power unnecessary in the inhalation process. Although the powder Air-razor
25 method works equally well with an external power source, which partially or
completely supplies suction power, an external power source does not offer
any benefits and is therefore superfluous. However, the relative motion
between powder and nozzle, necessary to make use of an Air-razor method,
is preferably not powered by the inhalation effort, although this would be
30 entirely possible. Instead, the relative motion may be arranged in many
different ways, including e.g. mechanisms comprising spring elements with a
capacity for storing potential energy given by the user in handling the

inhaler device.



24 Rel atively speaking, in a preferred enbodi nent the nozzle describes a
notion froma start position to an end position, traversing across all of

t he occupweds/nssse@ of the dose in one stroke. Advant ageou®ICY/SEbsienssd ar t
position of the 5 nozzle is outside %?e occupi ed area by a distance "s" (s
> 0 + size of nozzle aperture) to | ow the suction-initiated air flowto
build up through the nozzle to a point before the relative notion brings
the n |.e adj acent to. the owder. Jn_such referred enbodi nent, the
power REIRITIE PRI e iTsa RAETOR il SRnRRaRs ThEPorlndrua ihes asnarpnshod
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powdepreg rofr trmdaset hodone stheke.i Advadtiagéorslypf thessietrt gpositioat efl the
triggeri of the flowinto the nozzle, such that the resulting air speed
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t he fiwatlentous pmiint dedore thue relativEehmopivadbrings tHusosyler adjadedt by thevol unme

of statiopary air. This consjderable volunme of air is then accel erated by
t he 2B°§V6@F i o Sty A Pf?ﬁ%ﬁ?ﬂi enbedimed thy ROWsERnd sheering stesstadd by

added @o‘%& N b ' b i r i Vi ng
it anthi tra&%uéﬁno% prggeggpgzéeédggtféﬂoigklgg %%E{%ggggjmra&hggsu j%égr{de to
thos of ¢he remi¢nded dose caneuroandtbagissltbidigadlo parsield abaed@itys of the

de- ag%e%@tion tof ﬁlhe total powder nmss entrained in the air. In short,
this RERNSTpdorither pypproeement ek thet pamdest Aifrsagomdaethed sishjitbet ed t o
the n i e - ' to I | y._happen.
Fur  narORaEHoR IR b SRtk ety IR RO RO AT b, Slfen e
rel eatleafpthe eesubdginair spoed ok stfficigetly iltich 89Wagahes the hbecsrauster will
be torn | oose during_the acceleration phase when the shearing stress of
the aPPPIdsRMETAZET §ffE6hg enough to de 30 aggregate the aggregates and
aggordingly they are delivered as intact aggregates. Wthin published
specification limts, the present invention of a powder Air-razor

appl i Byt compsiridorgnmanpdyAoe earftr Bitedlel divseedbegin the powder release

cycle by introducing the powder in the channel connecting the air inlet and
the final mouthpiece air outlet. The powder is thus surrounded by a volume
of stationary air. This considerable volume of air is then accelerated by the
20 suction effort, normally provided by a user, sometimes boosted by added
external energy, e.g. by vibrating the medicament powder or giving it an
extra puff of pressurized air. All of the powder is subjected to this treatment
at the same moment resulting in unsatisfactory de-aggregation of the total
powder mass entrained in the air. In short, this means poor efficacy,
25 because not all of the powder is subjected to the necessary shearing stress
level for de-aggregation to really happen. Further, because the speed of air
surrounding the powder is zero when the release process begins, some of the
particle aggregates in the powder will be torn loose during the acceleration
phase when the shearing stress of the airflow is not strong enough to de-
30 aggregate the aggregates and accordingly they are delivered as intact
aggregates. Within published specification limits, the present invention of a
powder Air-razor application with an in advance prepared dose of

therapeutic dry powder discloses that all of the powder, which is accessed by



t herapeutic dry powder discloses that all of the powder, which is accessed
by WD 03/086516 PCT/ SE03/ 00540 25 the noving nozzle, is indeed subjected
to the newelgmsspicheari ng stress to be de-aggregated. TEBTTEEMMRISES 5 A
Test result for insulin, fromthe gL%Jp of pol ypeptides In order to study
the Air-razor nmethod applied to ins n the following in vitro experinent
was péhesnpEag nezlg i mdaedhsubitctdd beltle diededsarpshearingf strsyres bensul i n
conpri i—%@gﬁggat% y mass of particles with a primary particle 10 size |ess
than 2.1 Ad 990 % by mass |l ess than 3.81 p.m Anderson Flow. Measured
Cunul ative Inpactor | corrected mass by distribution particle HPLCpg in
| npactor cut-off % size PmInduction port + 22.20 100.0 Preinpactor Step
0 7.66 0.00 97.5 Step 1 6. 9\BNSIOERAMPERS 2 4.44 93.50 97.5 Step 3
3.80 390.20 87.0 Step 4 2.53 311.20 43.1 Step 5 1.61 63.10 8.1 Step 6
0. 84 &.7esi résulBtfen insAlib4fdm0Qhe.doubi dftslysepBdel. 00 0.0 Table 1 15 A
dose ulin, inthe formof a strip approxi matelé 3 mmwi de by 15 mm
B

-
| ong, E)%pclbr i {0 PRIy ihes Adr-razer weethod: appliedt to ansulist the doltewhes in

vitro experiment was performed, using a micronized, finely divided powder of

human insulin comprising 50 % by mass of particles with a primary particle

10 size less than 2.16 pm and 90 % by mass less than 3.81 um.

“Anderson’ | Flow- | Measured | Cumulative |
*Impactor - | corrected | mass by. |distribution
| particle | HPLG pg | in impactor
ceutoff | Y
, sizeum | NP
Induction port
+ 22.20 100.0,
Preimpactor
Step 0 7.66 0.00 97.5
Step 1 6.90 0.00 97.5
Step 2 4.44 93.50 97.5
Step 3 3.60 390.20 87.0
Step 4 2.53 311.20 43.1
Step 5 1.61 63.10 8.1
Step 6 0.84 8.70 1.0
Step 7 0.54 0.00 0.0
Filter <0.31 0.00 0.0
Table 1

15 A dose of insulin, in the form of a strip approximately 3 mm wide by 15 mm
long, approximately 1034 ug mass was formed onto a substrate member
using an electro-dynamic field forming method. The substrate member was
then inserted into a new type of inhaler comprising an Air-razor device for
de-aggregation and dispersal of a powder dose. The mouthpiece of the

20 inhaler was connected to an Anderson impactor. Suction was then applied to
the mouthpiece resulting in an air velocity of 48.2 liters per minute through
the inhaler and into the impactor. The dose was dispersed in the air stream

going into the impactor and delivered in approximately one second. The



using an el ectro-dynamc field form ng nethod. The substrate menber was
then inserted into a new type of inhaler conprising an Air-razor device for
de- aggr egwDioons@me di spersal of a powder dose. The nout hpiP€ESERS/OSHE 20

i nhal er was connected to an Anderson,j npactor. Suction was then applied to
t he nout hpiece resulting in an air ocity of 48.2 liters per mnute
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air st Qi ng J,nt o, the inppactor. and delivered in appyoximtely one
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mass in the various steps of the inpactor is shown i1n Table 1. Retention
on t hpasishef thet mhmleb eonaedtéd to libe imipacant wasadéterofinttetol MABMeig.connect ed

to_the inpactor was determned to 145.4 g. 5 The delivered dose was
defernined to 888.9 g. All masses were determned by a HPLC nethod. The
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finel y,gliyvi ded powder of human insulin as in 15 experinment A The insulin
conprised 50 % by nmass of particles with a primary particle size |less than
2146 gm and 90 % by mass less than 3.81 gm This tinme, a dose of insulin,
in the form of 1a strip applrcoxi r%ately 3 m"nvxlﬁ'de 20 by 15 mm | ong, of
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then inserted into a new type_ of inhaler conprisi nlgl
same batch of micronized, finely divided powder of human insulin as in

15 experiment A. The insulin comprised 50 % by mass of particles with a
primary particle size less than 2.16 um and 90 % by mass less than 3.81

pm.

This time, a dose of insulin, in the form of a strip approximately 3 mm wide
20 by 15 mm long, of approximately 1220 ug mass was formed onto a substrate
member using a mechanical forming method. The dose was weighed and
then deposited onto the substrate member, which was vibrated to distribute
the dose evenly on the substrate and to introduce some porosity. The
substrate member was then inserted into a new type of inhaler comprising
25 an Air-razor device for de-aggregation and dispersal of a powder dose. The
mouthpiece of the inhaler was connected to an Anderson impactor. Suction
was then applied to the mouthpiece resulting in an air velocity of 45.4 liters
per minute through the inhaler and into the impactor. The dose was
dispersed in the air stream going into the impactor and delivered in
30 approximately one second. The powder of the dose settled in the steps of the
impactor. The fine particle distribution of the delivered mass in the various
steps of the impactor is shown in Table 2. Retention on the substrate

member and in the relevant parts of the inhaler connected to the impactor



25 an Air-razor device for de-aggregation and di spersal of a powder dose.
The nout hpi ece of the inhaler was connected to an Anderson inpactor.
Suction wea30seme applied to the nouthpiece resulting in ZOTHE3/MSkoCi ty of
45.4 liters per mnute through the 21r7nhal er and into the inpactor. The dose
was dispersed in the air streamgoi1ig into the inpactor and delivered in
30 apprexdeersliyedrte 325dngg. The drelivdeed aosehwad akaepriihé@doioVa.Baugt eps of

t he birlpactor. The fine particle distribution of the delivered nass in the
var i ol Mapaes wererdrtermpaed &y a HRlowpethiodrapl e 2. Retention on the
substrate nenber and in the relevant parts of the inhaler connected to the

| mpact or WO 03/086516 PCT/ SE03/ 00540 27 was determned to 195.1 g. The

del i vered dose was de
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100.0
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smaller than 5 gm was

Step 0
Step 1
Step 2
Step 3
Step 4
Siep 5
Step 6
Step 7
Filter

7.90
7.11
4.58
3.71
2.61
1.66
0.87
0.55
<0.32

2.6
25.0
108.9
237.0
146.2)
37.3
9.5
7.3
0.0

84.8
84.4
80.7
64.6
29.6
8.0
2.5
1.1
0.0

Table 2

The fine particle fraction, smaller than 5 ym, was determined to 81.5 % of

the delivered mass and 63.2 % of total determined mass.

10 C. Test result for terbutalin, an example of an organic molecule

In order to study the Air-razor method applied to a common therapeutic
substance, terbutalin sulphate was selected because it represents a locally
acting medicament and is readily available in powder form for use in
inhalers. A Turbohaler® was pro‘cured containing 50 mg Bricanyl®
15 (terbutalin sulphate) medicament to be used against asthma as a

bronchodilating substance by stimulating B2 receptors.

The following in vitro experiment was performed, at a different point in time
from A and B, using the micronized powder of terbutalin medicament from
20  the Turbohaler®. Doses of the powder were formed onto substrate members
using an electro-dynamic field forming method. The doses were made in the

form of strips approximately 3 mm wide by 15 mm long. In the present



the delivered mass and 63.2 % of total determ ned nmass. to C. Test result
for terbutalin, an exanple of an organic nolecule In order to study the
Al r-razorwoeshedi@ppl ied to a common therapeuti c substan®eel/SEes/wisal i n
sul phate was sel ected because it rep iﬁesents a locally acting nedi canent
and is readily available in powder fdtrmfor use in inhalers. A
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The delivered dose was determined to 2088 pg. All masses were determined
by a HPLC method.

ieaAnderson - Flow-..} Measured | Cumulative.
‘|corrected| mass by |distribution
13artwle HPLC ﬁgff-*m rmpactw'

Induction

port +

Preimpactor| g 516.2 100.0)
Step 0 7.12 55.6 75.3
Step 1 4.59 121.3 72.6
Step 2 3.72 182.1 66.9
Step 3 261 4831 58.1
Step 4 166]  366.6 35.0
Step 5 0.87 2776 17.4
Step 6 0.51 494 41
Step 7 0.34 9.1 1.7
Filter <0.3 27.2 1.3

<

20 Table 3



Ander son Fl ow Measured Cunul ative Inpactor corrected mass by distribution
particle HPLC lag in inpactor cut-off % size pmlnduction port +

Pr ei npactwo 0388d31616. 2 100.0 Step 0 7.12 55.6 75.3 StepPCTAEBH0G2L. 3 72. 6
Step 2 3.72 182.1 66.8 Step 3 2.612 83.1 58.1 Step 4 1.66 366.6 35.0
Step 5 0.87 277.6 17.4 Step 6 0.51“49.4 4.1 Step 7 0.34 9.1 1.7 Filter
<0. 3 Phe 2 fine3 parttidlebl fractivm 08nedES16hR@T/ SEQBN)0544s A8tchneinkidnebyparti cl e
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5 adapted and prepared dose of nedi canent powder forned onto a substrate
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lo dispersal, even if the preferred method of electrostatic an

el ect highdyiedehiaf fime gladtitds érefasion by aotiber._As eshdyen tiar exmaniinestiB it és s of
dose 8RB 9Tt Yoy o r3BTHS Hrot S ifthlly' Sdapied B5se’ in 3 cfge "0
insulin - when applied to the Air-razor method of de-aggregation and
10 dispersal, even if the preferred method of electrostatic and electro-dynamic
field dose forming offer even better results in terms of dose de-aggregation

and dispersal when applied to the Air-razor method.

By optimizing the adhesion force between particles and between particles
15 and substrate in the deposited powder, by optimizing the powder area, by
optimizing the nozzle geometry and by optimizing the speed of the relative
motion between nozzle and powder, de-aggregation and thereby fine particle
fraction mass of particles smaller than or equal to 5 um, is pushed very close
to 100 % of the mass of the available medication powder.
20
Controlling "v" implicates that a most suitable dosing time interval may be
defined during which delivery of a spatially extended dose should take place.
The dosing time interval depends on several factors, e.g. targeted area of the
airways, nominal powder load mass and type of user for the medication.
25 From a starting point to an ending point the relative motion of dose versus
nozzle must embrace the defined time interval, which normally is in a range
of 0.01 to 5 seconds. The timing should be suitably selected for the
application i.e. the points in time where the motion begins and ends within a
time frame of a suction of air that is taking place.
30
It is therefore important to optimize the delivery of the dose of prepared
medication powder by means of a new type of inhaler device, which takes full

advantage of the powder Air-razor method. An embodiment of such a new



By optim zing the adhesion force between particles and between particles

15 and substrate in the deposited powder, by optim zing the powder area, by
opti m zi ryotobesasozzl e geonetry and by optim zi ng the spee®CofSEbhi@suel ati ve
noti on between nozzl e and powder, ewaggr egation and thereby fine particle
fraction mass of particles smaller tftan or equal to 5 gm is pushed very
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ot | nde Hefrey ok B8P e la2be hibatrating eliin deadibed hab o diane >
pl aceAir-# A9t REd tHpBlid N h\ R sedsPamdsh 12633@2%@' mfea‘fée&; Ly Bwiliert ar get ed

area of the airways, 'nom nal powder | oad d type o er for the
medi cat i on 25 From a startl ng point to an ending point the relative notion
of doe sus zl defiped time interyval, whic

not ma V |“?P%ert5§‘?fbcg B%ﬁ%gsngﬁe 4 ShafaTous MQ I HaNEyi t abl y
sel eCEBQn% nﬁ&f’ b@@ﬁéﬂé %‘ e 'pr@seﬂthﬁ'nﬂéﬂtﬂiﬁ \ﬂﬂ'@hél‘l?‘ﬁ y& tﬁ%rﬁmc lon
begins and ends wthin a tine frame of suction of afr is taking

pl acesc@ee theresf, twibickf isr defimgsbby dhe appemqniedmlaﬂnshe del i very of the dose of
prepared nedication powder by neans of a new type of inhaler device, which
takes full advantage of the powder Air-razor nmethod. An enbodi nent of such
a new WO 03/086516 PCT/ SE03/00540 30 inhaler device is disclosed in Figure
16. Thus, the present nethod optimzes the delivery of the dose by taking
full advantage of the descri bed new powder Air-razor nethod applied to a
dose of suitably prepared nedication powder. 5 It will be understood by
those skilled in the art that various nodifications and changes nay be
made to the present invention w thout departure fromthe scope thereof,
which is defined by the appended clains. WO 03/086516 PCT/ SE03/ 00540 31
CLAIM5S 1. A therapeutic dry powder preparation, suitable for inhalation,



conprising at |east one finely divided, pharmacol ogically active substance
rel easably deposited onto a substrate nenber and, intended for application
5 in a newotogpsssoé | nhal er device, characterized in that Phe/SEb&eEpeuUtic
dry powder preparation provides a syjtable aerodynamc particle
distribution for an intended nmedicinal application and site of action; a
met ered dose of the therapeutic deAdRder preparation is formed 10 onto

th bstrat by, .appl yi | ect t af.i elect r.od 1.6 field
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sui tably prepare or 20 release, de-aggregation_and dispersal into air by
app| viengdynamidepardidle rdigibutien Hod s intidedemerdjcinad applicatiom agckr

i nhal i_ng, . through the new type of inhaler device, whereby a delivered dose
is c Ma mpjority, by mass, of fine particles. 25 2. The

therapeul i€ o B9 R APRI f;lgfla@ea@fcoa@y Sowaef lptephiation ar fehsd zed in

that an inc d phar macol ogi active substance 1s insulin. 3. The

t her apgotite supstewdaneprisrabptdpplyng etatitrastaticcomelactrodyammitafigld er i zed
in that an_ included pharnmacol ogically active substance is a protein. WO
03/ 0gBstBd=CITr smrl@@%abonst%e ‘.goéz'he t herapeutic dry powder preparation

according 4@ flakmd doshasackeniead shuhi! offo! i udestpnar manbegi cal | y
pepti de. -
suitable for a continuous delivery during a pre-defined interval within a time
frame of a user's inhalation;

15 porosity of the extended, metered dose is controlled by selecting a dose
contour such that the extended dose is optimally conditioned for
administration to a user when made available for inhalation in the new type
of inhaler device;

the dose of therapeutic dry powder preparation is suitably prepared for

20 release, de-aggregation and dispersal into air by applying a powder Air razor

method for delivering the dose to a user inhaling through the new type of

inhaler device, whereby a delivered dose is composed of a majority, by mass,

of fine particles.

25 2. The therapeutic dry powder preparation according to claim 1,

characterized in that an included pharmacologically active substance is

insulin.

3. The therapeutic dry powder preparatiori according to claim 1,
30 characterized in that an included pharmacologically active substance is a

protein.



5 5. The therapeutic dry powder preparation according to claima1,
characterized in that an included pharnmacol ogically active substance is any
of al pha wWopBosasicase i nhibitor, interleukin 1, parathyroiPdTis@nsranse) a
genotropin, colony stinulating fact ogz, erythropoietin, interferons,
calcitonin, factor VIII, alpha- 1 -antitrypsin, follicle stinulating

hor noffes, LHRHT&gokhsrapestiandryl gowders preperatien aperdridingrip otaider1,

prepar gt di to claiml, .characterized.in that an |ncluded
har meragrdieRl tbt & Shfled PRABARIOAEENY ot g Doteior Sore
t her apeptide. dry powder preparation according to claim1l, characterized in

that an included pharmacol ogically active substance is locally acting in
the lung of a user. 20 8. The therapeutic dry powder preparation according

to.claiml, characierized.in,that the dr owder is an.electro-powder. 9.
Tha dgposi ted ther a%gﬂ%?éégt&ﬁ; ydlap\ﬁﬁ’&l&] @5%?5’5%?%%%%@% tlooC?eéBhi% 8,

char acharaceekizedtimathd hen d8ERRIEHhEF N ROWSIBEaLP BRtivE Wi ASst8Ace 29 an .

el ectro-dose. 10. The therapeutic dry powder preparation according tyo claim

1, cRhr althal-preteinaspatinhieiteharinterd¢ekircall ) ypatathyeoslibbbamoaehas an

el ect LG S ific.charge bility.of at least 0.1 C/ g and a,

di schgrgééalo?gn’r @g’né’a%?%}ua%ﬁn&tcfggﬁ%& SEY PTOPRIFH e fBE‘P%&%@%B?%n. The
t her apgttbl- o/Idr, )alpﬁadjﬂarﬂﬁﬁp?éﬁi,l foNice GiduMaihS Wdrdhdhds, LARY %gbﬁiétz ed in
that the dry powder is adapted for oral admniStration. WO 03/086516

P&/ SEOG) 40 33 12. The therapeutic dry powder preparation according to
claiml1, <characterized in that the dry powder is adapted for nasal

adm nistration. 5 13. A nethod of adm nistering a nedication dose of

therapeutic dr Thep@MERIpditic di§ehowrti pREpAR MY Mchahd tBe cRfinfiry, powder
inhaler, the therapeutic dry powder conprising at |east one finely
di vi deharpetenigedcin odiafahhyingduided phostmoodogichBnsadiive defmstanee isnto a
carrier. el e.maﬂt e
systemically’acting.
15
7. The therapeutic dry powder preparation according to claim 1,
characterized in that an included pharmacologically active substance is

locally acting in the lung of a user.

20 8. The therapeutic dry powder preparation according to claim 1,

characterized in that the dry powder is an electro-powder.

9. The deposited therapeutic dry powder preparation according to
claim 8, characterized in that the deposited dry powder constitutes an

25 electro-dose.

10. The therapeutic dry powder preparation according to claim 1,

characterized in that the pharmacologically active substance has an

electrostatic specific charge capability of at least 0.1 uC/g and a discharge
30 rate factor of at least 0.1 s half-life period (Qso).

11. The therapeutic dry powder preparation according to claim 1,

characterized in that the dry powder is adapted for oral administration.



characterized by the steps of 10 selecting a dry powder fornulation of the
therapeutic dry powder in which the pharnacologically active substance or
subst ancewOppo8iste a suitable aerodynam c particle size @CTISEIHUSKON for
an i ntended nedicinal application site of action; depositing powder
particles up to a predefined dose mass in a 15 dose form ng process
thereby formng a spatially extended dose onto the <carrier elenent for a
conthgous deIT fined interval an_i.nhal ation

|
sequence; i npl e¥}er ?élgap%‘ﬁ%gl?fn&? WIeL; B e |9r'FCtolrnarl ; pSWd’é”raiu nhal er
for rehapacterizéld-ia0dHA0Hd A8 pHivdlReliS 'a@l&ﬁté’& Qoﬁh’éséf‘gdﬁﬁhhéf?éhﬁﬂ t he

spatially extended dose to the airways of the user during an inhal atlon
wher eby a dellvered dose is conposed of a maj orlty, by mass, of fine

t th t | 13 d that th
D5 G088 1 s 1 or edreilipd PhabBiRitiethe RMstichgon i ab ErEhu deve or
el ect podlyieanicc af 16k# jABLNOYS o RtE enme&attyﬁa 6maf;ecgowéé~ O{H&le?ﬁttﬂed

according to claim 13, characterized by t further = step using 1 nsulin
as i nEhrergee mdmc@oagiqrappmmsmge %umsanolee Boelys. dlﬁmbdmsphadrrmccor di ng

to cl ract r| r.th S. of usin ein as

i ncl ugb%1 g?z:ﬁallryc a2 ﬁ%g Ll ?%%tﬁet\l; §ﬁ}e%s E% P30 &6 %%7@0540

34 17chii‘@ct&‘ib@d b3c el didids 60 cl ai m 13, characterized by the further step
of using a peptide as included pharmacol ogically active substance. 18. The

med hod accor di ﬁ@eﬁbn@ aidry medmfmnaiam dﬁ;thlehiéldrapehmc dfy poepleof usi ng

i bst
or ot Bl B 1Re RS AR ba it ae k" SaPs R o8 ROp G SuPrgERst Ropi n,
col OnyuﬁthBJ|aﬁa§‘bﬂﬁnéﬁﬁbObérucﬁéygﬁéoaﬁtﬁﬁddhoﬂ %?réﬁfﬂﬂé ded! ﬁié&%

factor VIII | pha-| -antitrypsin, follicle stinulating orrmnes
agoni gpphgsm;om @nd site of action;

depositing powder particles up to a predefined dose mass in a

15 dose forming process thereby forming a spatially extended dose onto the
carrier element for a continuous delivery to a user in a defined interval
during an inhalation sequence;

implementing a powder air-razor method in the dry powder
inhaler for releasing, de-aggregating, dispersing into air and delivering the

20  spatially extended dose to the airways of the user during an inhalation,
whereby a delivered dose is composed of a majority, by mass, of fine

particles.

14. The method according to claim 13, characterized in that the
25 dose is formed onto the substrate member by applying electrostatic or

electrodynamic field methods or a combination thereof.

15. The method according to claim 13, characterized by the further
step of using insulin as included pharmacologically active substance.

30
16. The method according to claim 13, characterized by the further

step of using a protein as included pharmacologically active substance;



10 19. The nethod according to claim 13, characterized by the further step
of using a system cally acting substance as a pharnmacol ogically active
subst ancew013/08316 The met hod according to claim13, chara®CeSEazespy t he

further step of using a locally acgéng substance as a pharmacol ogically
active substance. 21. The nethod actording to claim 13, characterized by
the fu¥ther 20hstmpetidd esicogding herchpeutlid; chyrapbetizedbyptiad fhictheer al

adm nistration. 22. The nmethod according to ¢laim 13, characterized by the
furt h¥EP ¢ Bﬁ%a@%&f’eaa% h%?%@@m am@%@a&x@iﬁ%ﬁvwmﬁtaﬂ%m
adm nistration. 25 23. A therapeutic dry powder preparation, suitable for

i nhal ation, conprising at |east one finely divided, pharmacol ogically
act i vé8subst anthe metlrad alvicprdiempti chanorityy chawmcteeizeal byetlic fnrthient ended

for application in a ,new_ type of inhaler device, characterized in that the
t ver ag‘%@t © ‘d?’?gpoﬁﬁemcg}lgﬁér BP?BWa&PgQﬂla%@V PG sHPstanee A A ¢
parti g | Ii L but-repi+bPr j ed {medi i pl i | QN

nmet er eéﬂh%ls_@%gglﬁﬁgét ﬁgllgggletg?’i C?rgtréf%%ﬂ er lbr %%lrag?' I(;%al slhﬁg%ﬂme > onto the
car r i genefrepent cdlpngpmtimiabaring factoab) erytthropoigting tihtetfeAdD ) Fa0d6&din,

PCT/ SE03/ 00240 .35 the netered dose.is given, an extended form suitable for
a cong}czﬁﬁ ﬁ’ @éﬁ’%%@f’?n&nﬁwwna B ’é:-l?iéft’%ﬁ‘égﬁtir?ﬁ boygiongs, yHARE agemistr ame of
a usepng igmhpal ation; porosity of the netered dose is controlled by the

formng nethod alone 5 or in conmbination with the addition of energy, such
that the dose is correctly conditioned for admnistration to a user when

t he dgae i's ava%l&?l e for, | nhakﬁa’,ti Qn in the new t(i/ge of i nhal er
devi ct?: t he dosBednetird f5eardingytq Climids: (f rized bypths rgderor
rel ea fer regalico i r j j i Alr
razor §%€t ROSIS?IZ%% af o?é%gﬁc\%ggi %%tﬁ{?%eﬁ?%%%% agé %s@?{aﬁﬁﬁlﬁ%ﬂl%dﬂ#%ﬁgﬁét he new
t ype shibstamadeer devi ce, whereby a delivered dose is conposed of a mpjority,
by mass, of fine
15 20. The method according to claim 13, characterized by the further

step of using a locally acting substance as a pharmacologically active

substance.

21. The method according to claim 13, characterized by the further

20  step of using a therapeutic dry powder adapted for oral administration.

22. The method according to claim 13, characterized by the further

step of using a therapeutic dry powder adapted for nasal administration.

25 238. A therapeutic dry powder preparation, suitable for inhalation,
comprising at least one finely divided, pharmacologically active substance
releasably deposited onto a carrier element and intended for application in a
new type of inhaler device, characterized in that

the therapeutic dry powder preparation provides a suitable
30 aerodynamic particle size distribution for an intended medicinal application;
a metered dose of the therapeutic dry powder preparation is formed

onto the carrier element by applying a suitable forming method;



particles. 24. The therapeutic dry powder preparation according to claim
23, 15 characterized in that an included pharnacol ogically active

subst ancewD3/0845s@ml i n. 25. The therapeutic dry powder preparsEIZoDSACcor di ng
to claim23, characterized in that ?ﬂ i ncl uded pharmacol ogi cally active
substance is a 20 protein. 26. The therapeutic dry powder preparation
accordi ng theanatened3dose hsginrtre einz estendechfirnarsuitethladed pleantmemiuzgi cal |y
active substance is a_peptide. 25 27..  The, t herapeuti¢ dr wder

pr epan%lg?ﬁv‘aw a@‘&ﬁlf“@i r"f‘gl?r(lo?"‘g?féﬁlﬁ?b@teqﬁ%r‘ﬁ’gbﬁ?i%e me, rﬁé?éla i Y FIeY

phar megphRrg@idgial | y active substance is anyone of a al pha 1-proteinase

I nhibitor, i nt’e.rl eukin 1, parathyroid hornone, a genotropin, colony
sti mul at i ngporesityof thermpeteredoilessé s contrelledrionshe 36rmahg irhettiod afat or
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Pr epacahidioREd 366 hAth s Ghfion £3a usdiMhvaeherHZ8dst s thale %ﬂzgh%gﬂélggﬁg

pharmacol ogi cal Iy active substance is systemcally acting.
t her apebalagiadr in poadww pyepaf dnhaleratasieati ng to claim 23, characterized in

t hat I ngl d | ogi cal | ti bst. ' | | ti [
the 1 ung ofhd Grserol IS flicidyr RaBtier Sraphriuner wrepara tPbheRessr di ng
to cl ety gega@i@ncﬁﬁﬂékﬁ%?éfs?ﬁqmﬁ_éif'g)tryyé%glmygl’égr’ aBﬁW@l%r | Sir399pt edeffiyq or al

adm nistration. 31. The therapeutic eparation according to
cligi mfos delivhringcths idosé ton at nster tindading plovedegh itheadewt epd of inkwddr

adm nistratian. . . . . .
d%vme, Wohereby a delivered dose is composed of a majority, by mass, of fine

particles.

24. The therapeutic dry powder preparation according to claim 23,
15 characterized in that an included pharmacologically active substance is

insulin.

25. The therapeutic dry powder preparation according to claim 23,

characterized in that an included pharmacologically active substance is a

20 protein.

26. The therapeutic dry powder preparation according to claim 23,
characterized in that an included pharmacologically active substance is a
peptide.

25
27. The therapeutic dry powder preparation according to claim 23,

characterized in that an included pharmacologically active substance is
anyone of a alphal-proteinase inhibitor, interleukin 1, parathyroid hormone,
a genotropin, colony stimulating factors, erythropoietin, interferons,

30 calcitonin, factor VIII, alpha-l-antitrypsin, follicle stimulating hormones,
LHRH agonist and IGF-I.
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36
28. The therapeutic dry powder preparation according to claim 23,

characterized in that an included pharmacologically active substance is

systemically acting.

29. The therapeutic dry powder preparation according to claim 23,
characterized in that an included pharmacologically active substance is

locally acting in the lung of a user.

30. The therapeutic dry powder preparation according to claim 23,

characterized in that the dry powder is adapted for oral administration.

31. The therapeutic dry powder preparation according to claim 23,

characterized in that the dry powder is adapted for nasal administration.



