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The dosing of drugs is carried out in a number of different ways in the
medical service 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 ung depends on the
Jocalization 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
nﬁaximum 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 m2) for the absorption of the molecules across a thin

epithelium thereby giving potential for rapid drug absorption. Pulmonary
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ener% Sonme dry powder inhalers rely on externa es of regati ng
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particle size should typically be less than 3 pm, and for a local Iung
deposition, typically about 5 pm. 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 he most effective,

De-agsregation

Powders with a particle size suitable for inhalation therapy have a tendency
25 of aggregating, in other words to form smaliler 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 c.g. mechanical, electrical or pneumatic, yet some rely only on the

power provided by the user's inspiration.
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25 aggregates, which will deposit in the nmouth and upper airways. A better,

nore robust situation is obtained wth a high degree of de- aggregation of
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normally deliver the aerosolized drug in an aerodynamic siz¢ range suitable

15 for local lung deposition. This aerodynamic particle size distribution is oftg:n

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, morer 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.
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15 Avery high degree of de-aggregation presumes the iollowing 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
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parathyroid hormone, genotropin, colony stimulating factors, erythropoietin,
interferons, calcitonin, factor VIII, alpha-1-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.
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15 systemic concentrations too low for therapeutic effect.

The most common method of insulin administration is subcutaneous
njection 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
lsubcutaneous route. Absorption of insulin after a subcutaneous injection, is
rather slow. It sometimes takes up to an hour before the glucose level in the S
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 alfecting the
bicavailability from the nasal cavity include the limited surface area
{approximately 150 cm?), the large molecular size of the PPDs, mucoéilliary

clearance and enzymatic degradation. With the help of absorption enhancing
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20 delivery. This has prevented the main-stream research from using insulin in
dry powder formulations. However, in the early 1990’s Backstrdm, Dahlbéack,
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
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powder cani;bg rapi$§loy abg%ﬁ%leag@hr%ﬂ(&htﬁﬁg é?‘?/eBP‘é’FieFeg@@nbeofaphﬁyl ung.
For i Abpemhes throwgs. theatleablaNorediof ToB4Bel tyrd S fEPORSLLALed hat,
systepﬁ&nqmvsr@/ ’Pf gflt‘l-n ulin powder is achlti‘.;\ve by "0 [ ation and
that the Powder: can S | FRRon st od fhatidysouglc detivedvepiay inadions of

t he | pogder Hovevg kon still, see to be low. According to

t he d?scl osur e, tﬁ‘ée‘igﬁéyﬁ|“{r%§3§§t§‘5%@°%rae“ér%’ﬁ%n CAPOBIET g dist rapicly a

| ohestbgarbed Girovgh apvdodai Gedid | RS insuljn.is
pr esegttmisr%e%lge i n[_ic)ii iﬂgd’El:Jaf pa?t_i C e?@g%pd’fk}réom o'?ﬁ'gi%@/’o@g%ll’{z%%g&% Y ght
with an averaydCsrs doBr AfOTsHREtel Hee shibolstbe mhd GnduliunBesa@is hact ors

make We¥ihge! yoiefl W dr ers an _attractive option.

PPDs are gus_coept i bllgﬁtt gﬂes%\r}%rl%‘?g%a §% f@%%%ﬁ‘?i@nmﬂrﬁ:ﬁwﬁ)ﬁgwuhn

deani ¥ itbﬂ,1nﬁmmiwwesamimmhdawc@ﬁauﬂ@éﬁ{ é@tatafgoglcgg I abl g@ Eot a?gl ity
ask 1nh manycases:

of t armaceuti cal product can be a difficult

Fr om@f"[@hﬁ@%’z B’&&h[ﬁno@"@ﬂagﬂ/ﬁl@ ebthe peotinidsabélow $09red under dry
copnditions is normally the best choice. In the solid state, these nol ecul es
are normally relatively stable in the absence of noisture or elevated

t enpek arumbst d¥r falcebits nedlde REMvE d lecul ar wei ghts are
soluble in the fluid layer in thgf?ﬁpﬁjﬁn??%% 1@?‘%8? t RRWEEE? éensur i noy

20 r &5HACHESopptiosh PPbs tawe |susgeplibleai g deverhie RItBSeBE 334 Bliphe doser
two nREMEGh Sc§<§avs.rmn?c§ag{;ﬁ 0%@ .Systens_ are avail able on the market, the
reservoir tgpe ere e%é’ ey @%P&%@Oﬂﬁ- Thereione) en ascepthblk, and
the staiglity dashelypermhese hEpRISE 27 Heoq Bl 8 Mo ngLe doses.

I.n ttl}emfirst case, the dose is netere

15 m a stability point of view, a solid formulation stored under dry

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 hung and dissolve therefore ensuring
20  rapid absorption from the lung.

-

Turning to the presentation of the dose, two main classes of dry powder M
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.8S, 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




the patient using the device, while in the second case the dose has been
metered off and enclosed into for exanple gelatin capsules or Al -blisger iy
t he manufacturer. 30 A special case of pre-netered doses is the

el ect r ostcadinsadiby or el ectro- dynamical ly manufactured dSS¥IEGEEH our U S
Patent No. 6,089,227 and our Swedjsh 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, 00TteBRAtiand] t MpBLGIEM 2006 @ (22088516 TrCT/osmarp0s520 &  FREEr nat i onal

Applicatjon 00/, 22722. The .copt.our -0 0 edybR YR S way
can TRANRCTEreCh 1 $1EE, MEY; CaH Y E&?%trreda%% Fé&g%&)c?r{% Plﬁélaghﬁglt% ?gkr?ﬂ Fﬁere are

al S%dldﬁﬁ&?’ QRRAL t443i hiRs 1heod @iﬁt}@rt@ﬁmésﬂtterfﬁlorpd\wldmteﬂnadupbmd@x such as
porosity, which wll influence the adhesion forces petwen .5 the

par tstnictare fotic gs pomiséty, ovhichfwill arlueser Bt adbeswal RYGEefREFRe drug
powder in DPlIs have been devel oped. One exanple is the use of a spacer,
vihi dheiperbg upon having the aerosolized particles evenly distributed in
a container fromlo which the inhalation can take place. In principle an

inhaler is coupled to a container having a relatively |ar ge,v%lﬁ}ge and
i nt Q\ Whipe mambendédifferasotoneepts ipatt-ageregrdn tharh gt POWAEF dth spacer

th lized powder will effectiyel h thod i
br | eI Bos AR R v Sxale o Y B Pefodts Ehlh if e ount | o
”Edigréédhe m&%’%ﬁ%?ﬂetferbeﬂi&é@gjﬁﬁbﬁ% 45 MRCaRLBLted arDoniahepdnder sticks

to t the spacer and secondly difficulties in handling the
1@l avhiedl thes pahalatiorrdinn talap plact. Us prdaiplenal sdaleess 6PUPRG &9 @ o

amplify the inhalation energy proyided by the_ .user durij of
i nhatoatthsrerah aviagramsel g%fgﬁﬁméPbef agi, IR PR 3o WA %&ng’rs’gﬁsng t he
~performance \;n te . 518- egad i SOMBe RAYEEIGIr efSwats | Witk

el ecwefné?%ﬁ% yﬁHP%lvéﬁE%%)%%ﬁ gir%gfE %?%z 7v(i:brat gr§ and/ or ?%chani cal
Vi br giceRretp ré8cRygIE adtenll. Mehagghetiexhinsprifihpladuns itge dravdacksnal
sources of energy leads to nore conpl ex and.expensi ve inhaler t han
necessalyelifbosl st sentsad the STHETHLRLABCOSINE BTG (ofe g as'dif
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.




25 mai ntaining the inhaler. Hence, there is a demand for suitable

t herapeutic preparations of nedication substances and a nethod and 58“ 2008
provi di ngway §y«@kd,y effective de-aggregation and dispersal into air of a
medi cati on powder in connection with 30 adm nistration t&Ca/sg8¥mssnhal i ng

t hrough a new type of inhaler deviceg5 OCT 2006 WO 03/086516

PCT/ SE03/ 00340 10 SUMVARY A t@gmm@dry powder preparation in the
formof a netered nedication d d for inhalation into the airways -

of a AsitlerhBetiavi m.c .treatment, depending on the

di sor der ,e?agg a rrefgﬁ(glé %orr é??%%%ﬁ/o ;llngijﬁefogﬁfbroég%tmﬁ'@rﬁ‘ﬁdnéii?ﬁém ng into
ai r adewssénisindeetfontinhalatingd dnt@ tbe i &aysPEC bl 168! hy Fold P8k ANG, @

syst e Sf a}dﬁi ni sterj ng t he_dose of nedication powder ‘to a uSer afe

di scl OSed™Y Areyhrabt derending  onrthe diserdensend & methbiofor ddRstively r equir e

otherdso i f . pesides th ower of. the inhalation effort by
t he user gtg g&f)artg%ggl da8 g? §1r%e%8c?j Iélae(go% gﬁﬁl RN RN MReTE ent
di spetresificaily aaimetbbdaaddya spewiarofiadminldteAndaihd PRI R AKELY N 9N
degref; of, dg-aqg%ggati on and di spersal into air™ 15 o? t he dose hitis
made BVRIFRER & 26 gh%?i‘bs% a user inhaling through a new type of

i nhal er, the powder in the dose nust present a suitable porosity. The
povvdg{r preig.grati on used in the dose form ng process nust also provide a
sui t abl eoignstiymariar pet, tthelsreskae idret#ibR U [ nedi ci nal
a%%pli ation. .The gg er is plfﬁ‘ef erably met e;&edggg?épﬁ%ciﬁge?gq%ﬁeggﬁg%e& atic or
elect SR SH Resid FeRQBeIs obthe ibedsitivat ieffort bytthet iesr torpibwdse of dose

tended dose wll be

form anegual. ossi_hle. Preferapl .an e
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as wgldwdrs dpgr.opriate porosity and inter-particul ar adhesion forces. 25 *
De- aggregati on and dispersal into air of powder in the dose is provided by
a powder Air-razor method inplenented in the new type of inhaler device.

Wi | i iceiet toS@ih PYofly HISH d¥hrdl/ S A% Sl atlhough, Lhe nhal er, the air
15 of the dose when it is made available and released to a user inhaling through
a new type of inhaler, the powder in the dose must present a suitable
porosity. The powder preparation used in the dose forming process must
also provide a suitable aerodynamic particle size djstribui;.ion 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

/ N
o
o

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




passi ng through a nozzle, the particles in the powler dose, nade avail abl e
to the nozzle, are gradually de-aggregated and di spersed into the JSi{ledlin
of air 30 entering the nozzle. The gradual de-aggregati o?rl, ?Sﬁgygldﬁ(persal

will bew(pi3édéided by a relative notion introduced bet wedf T nozzl e and
the extended dose. In a preferredienbodi nent, the powder is deposited onto

a substrate nenber, the accunul ate owder . of .the extend d enerally
5 OOCCUPYIDEE !AMEu 368 65Ea! ﬁ(@l’f‘é@g? éﬁ%ﬂiﬂﬂe nje @ﬁﬁ%eae[%grlgggﬂgr ea than

the area . pf {he | & ] ThetGieezhBe pswdlert Beedegiotni ng
pr efer® ltféep%ggrﬁgﬁédﬁgﬁ{%ﬁglf estl%%l\e)\%%r ar ea, no? _paccessi ng the powder by
t he arebsiih¥ et powtlednty | tHeheelakivestaodiom imnl the ainozireem épkattBg by the

suction, has passed a threshold flow velocity., 5 i nei enrtal B t he
appltiogalei oprasitedh&ys dhei @hl%l)?%h@aﬁsé?%ssgﬁ s%oﬁrleﬁcgogftﬂ?%rvc% 'Ne relative

noti.on w4 | j £ such Z f S AW dlaselvar ea
gfr a&%&??&eqﬁg%ﬁ%hﬁ%l%@@%% ng*o.‘erﬁ‘g %‘Fl]?%@itihgﬁs,nggfl% i nl et apery'?ur e
Pr oviresaphsrhny fdlaiheanotionsiviledegin usimh éhak thadnozrde tiravamebdiicas  t he

flowing air hits the first |eadin poﬂ nt_of. the border,.of th elxietnded dose
lo qurwdsirdosherparadiallyi fhenbishareloshy afoRdigs wiodha HBZ%S ¥ adj acent

to the inlet aperture of i 0 ; setb
de- ST EYS BEPE e%p'f% ym%lgkg%ﬂg}e% rsgge %é zt\;i\/léﬁl%rgj%%%e@gggéand rsgﬁbassequent ly
ent riieNEslvidy hhenhitsteat Rektaehdiig paimigof tige thurdeglfithe axdzriedathesd urt her

into the airways of the user. 15 A preferred t hod o(andai ni stering a
nedi cattbun. dbseparticlheriaptie inerdcle agsierates & PRYTAET PR finel y

di vi ded, .pharmgcol ogi,cally active ' ' t anc { nhal i ng
thr st FeaHEN Ty o8 t6E TiNdTe PO E T RIRRY e aureArn i 4

for ”&Hr?thigh RIcQ¥éd 20 whelB st abiRrdéd ash@dynbseupaiy i alteaiiae idi she i buti on.
Al so, for optimMumresults in the delivery to the user the dose is

pr ef @rabld afioshedns going tarongh ke apzzlexaed dedthentgor the aiF%arS %bor osi t y
and dosing qualities for application in an inhaler inplenmenting an
Al r - ¥H¥788€Tar rangenent. Then, the result will be a -

15
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 particlé size distribution. Also, for optimum results in the
delivery to the user the dose is preferably formed sych that it has an
extended contour, suitable porosity and dosing qualities for application 1 an
inhaler implementing an Air-razor arrangement. Then, the result will be a
delivery of the dose to the targeted site of action n the airways of the user

25 characterized by a continuous dose delivery with a very high degree of
particle dec-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




delivery of the dose to the targeted site of action in the airways ﬁE Q@E
user 25 characterized by a continuous dose delivery with a very hié; & ee
of partl\gg%/‘jgﬁﬁggregati on, whereby the delivered dose is conposed of a
maj ority, mass, of fine particles. A therapeutic dry p8GHSEO¥WEPar ati on,
sui tabl e for i nhal ation, conprisingi23o finely divided, pharmacol ogially

acti gis$ (o) t pe nhal er devigce is set
2ot | Siowes! e drotaol UEgIEON, L, 8%, R e@@ﬁgﬁ&érﬁaﬁ?al%@sz to 12
and 2%l es3he c&pbmiamidjladneflzad@ngg stration to the airways of a user of
such a therapeutic powder preparation dose by 5 0 CT 2006 WO 03/086, 516
PCT/ SEQ3/ 00540 12 this new type of inhaler device is set forth by the

i ndependent claim 13 as well as the dependent clains 14 to 22. 5 SHORT
DESCRI PTI ON OF THE DRAW NGS The invention, together with further objects
ald advant ages thereof, may best be understood by referring to the

foll ow ng det ai Isﬁ descriﬁl on taken together with the acconpanying

drawi ngs, in whi ) CRIPTION ESTHE{DRAWINGS: views a netered

dose orrred até) %tl‘l ta et area of a non-perforated substrate
o

PEF Sy ‘é’t‘ BpORIRFLSi @I@d vﬁt@mfaggs hidrereef, emag dose
for e f r.f r d substr nmenber ;
n@ésﬁibea urtldrsRBD bfayo ﬂghg?f ' tR003 t et &sGrapiion atége :

FIG 3 illustrates In e VI eéws a gstrlp

on ategather thdh@faa:mnpénymgedr@whﬁgg,ah&VMer; 20 FI G 4 illustrates in
t1§p and side views another netered dose forned as a string of dots onto a

rget area of a perforated substrate nenber; J FIG 5 illustrates in top
and side views another netered dose fornmed as a 25 strip on a target area
of a perforated substrate nenber; FIG 6 illustrates in top and side vi ewsf‘}

a neféGed dosdldisiratss s tbpand 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; j

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 llustrates 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 iltustrates a dosing member in the shape of a cylinder with

longitudinally arranged muitiple dose bed elements;




part-doses on a target area, one on each side of a perforated substragE 2006

menber; 30 FIG 7 illustrates a dosing nenber in the shape of a cylinder
with | ongitudinally arranged nultiple dose bed el enents 93% 'E 2006 WO
03/ 0865W BEFF8E030540 13 FIG 8 illustrates a dosing P he shape

of a cylinder wwth circularly arrgnged nultiple dose bed el enents; FIG 9
il tes dosi ng ne r. in the sh f a,disc th radi,ally. 5

arr g’ﬁé’e nul ﬁ’ﬁtéa&?%éi @?ﬁlﬂge gflb o SHERGs O a?“egyﬁng%l%bthrmnber in
t he shape of Cﬁ.cah&% a4 R @dgﬁﬁitg\glv dggetg)&helé}ﬁgﬁtsbed el enents; to FIG |

la illustrates in a sectl an exanpl e of a dose on the surface of
a non-perforated substrate nenber and adj acent to the same side as the

dos a nozzle in the startin iti.on. before th d el,e ed 15
F G TR, b MF@%%TFQ%:%%% A g R oL ot
%urface f@c’x‘g&?hﬁ ﬁ;ﬁil@‘ﬂio%%bééd aleenopaber and adj acent to the sane

side as the ose, movi ng nozzl e sucking Up the powder particles _
di sper sed |ntothe air stream 20 FIG 12a illustrates |n a sectional view
an exanpl e of _a netered_dose foryed,as t Zggﬁrt doses, on each side of

a petifor ed dglates pcdoBRgcMcERECR N 408 gEén? %t&ﬂ "f”de of the

substrate ne t i pAsd.ti on before the dose is reI eased; 25
FIG 12b ill us rtétélgs@t?sﬁ% %%ggk%floﬁg vi ew an exanple of a netered dose
formed as two part-doses, one on each side of a perforat ed substrate
menber and a_novin nozzle adjacent to a firs de, of the substrate
Hent&G.shibki h%uaga?tﬁ%%@v@@?ﬁ%ﬁhwe%%n@ﬁa% wof a dose on the surtace

- of a non-perforated substrate member and adjacent to the same

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;




30 sides dispersed into the air stream 5 OCT 2006 WO 03/086516 :
PCT/ SE03/ 00540 14 FIG 13 illustrates a non-porous, non-perforat eéin[:T 2006

substr at %%g@%rﬂg/vith a powder dose onto it and a nozzle with an
elliptical "inlef aperture adjacent to the sanme side of tRETSEBNOFK e as
the dose; 5 FIG 14 illustrates a siide view of a non-porous, non-perforated

substyiat ej 3 e i ) dose onto.it and nozzle in a line of

noti on sucki ngt1 ﬁ% t téggg?\gfe}%ﬂsl’ &O&HP%%”&F‘?%@F@?W&W FREADSE gvith 1fe
air-stream 1@dwder dbseldrustitaims AncepRodiERh QfinfRPIHRE a@l& G OT

met hod show n nozzl e and n dosi ng nenber in rel gtlve noti on I‘o each
other in the %ﬁﬁ?)%%‘%fst%fih‘? srEs pisly ehihpevbetratioss thEldasel6 i || ustrates an

enbodi ment of an inhaler designed to apply a powder 15 air-razor method;
FIG 17 illustrates the different forces acting on a stationary particle

sPt udlled I aibuseateofs gide viand 2% Hoa-paBoid) Héﬁfﬁﬁérdtgdasﬁﬁéﬂ”afehart
0 the

diagramthe main steps.of the nethod according t present 1 nvention.
DETAI LED DESCRIMPRIRSN T 5 ¥8vder slnsat poto di stidsesiaatosa af lige of

t herapeutic digyoROWAS! cki ration as di catj.on powder, prepared in
advance for inhalati on?klagh%ﬁage%%‘ﬁégr ﬁﬁaﬁﬁfz&%@(iéiﬁﬁﬁ%ﬁ’éﬁ theE HMEO ai ned
i n inhal ati onthe mimséreamppl ied to a powder Air-razor nethod of

de- aggregati ng and di spersing the powder particles into air. 30 The
medi cati on powder conprises one or nore pharnacol ogically active

sybskanc t ei i des nd, optionally ope or nore
e oS MR b PSR R e Bl AR gar thed Shopin@er ar e
used Lo si gniibyzisheng ubdbengenioinbbe if 96 1Hefe HARPHIRECh LD ihirde

subject 5 OC T 2006, WD 03/086516 PCT/ SE03/ OOS4 }
process of releasing the powder dose;

FIG. 16 iflustrates an embodiment of an inhaler designed to apply a powder

15 air-razor method;

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

situated in a stream of air; and

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

according to the present invention.

o,

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
substancejs, 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 of de-aggregation and dispersal into air by the disclosed invention and
i ntended for deposition at a selected target area, the site of acti dB{T@ljfa
user's airways. Optional excipients may or nay not de-g g}ﬁ&ﬂ%&wjn a

si m | arw@dy/086@%6 t he active pharmacol ogi cal substance, d g 5 “0Onh the
design of the 5 powder. For exanplig, an ordered m xture conprises an

exci pient characterized by particles consjiderably Igrﬁ{ar t.han thgse of the
pha# aggicgation sutd vESEEERaHe® Fhrthelh% g85%o ‘b%%caorﬁ gically
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Bupsagfelyki DptiyasbertipimtsOntgnsetmay, noGdenhgstegets iTra pigekaronay
Scopol amin, Naratriptar; Zolmtriptan, Al notriptan, Di(g%/droergtr)t am n,
Sonas ridwsi Activel phewmasologisalhepbenee. deBepdinige o8 he dFF8G R ne (FSH),
[nsulin, |nterfer | fa a ) s miRat I Rar e, excipient -
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140 j nstead of a ., non-perforat substr-ate . .2 cteristic
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The HArpHIYTOME SWPTHIES ‘;@g‘é'@f‘ %ﬁ’é‘gm%ﬁ%&}lﬁgstri p form except Figure
1%, which illustrates an extended dose forned as a series of

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. Tigures 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 arca 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




consecutive spots of equal or varying sizes. The dose bed el enent %iﬁ @4611
may be folded if necessary e.g. in order to put a |large dose area 62
smal | 5 Qgd 0288s WO 03/ 086516 PCT/ SE03/ 00540 16 allotted s/pace of the
dosing menber. Different types of dosing nembers 10, eacRCEapBWE0Of
carrying a multitude of doses are diigcl osed in Figures 7 - 10. The
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tipe mashiches 101 of the accessed 20 powder on the substrate menber. As the
nozzl e " noves in the direction of the extended contour of the deposited
powder of the dose, primary particles and particle aggregates are

grad aII\r/{rageces ed and. subJFect ed to the shearing stresses and inertia }
poverl it PIRETEG embedimgalbngremplificdeimFighee 1Thuandt heb, poyvGeky i - r azor

met hagl- . ' de- rggate el eases, disperses and 25 entrains
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BY | nﬁF%’SHért? ireeEbeshbil dused ofs a coericaiclemesi dor the doss byl fgtsbiger t ai n
arranged nozzle 1, which collects and directs a local high velocity stream of

air 20. By pointing the nozzle inlet towards the load of powder on the

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 ddse, 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- médicinal effect the

primary particles should be of a certain median size and having a certaiﬁ

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.
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dependi ng on what type of inhalerygdevice is used. 5 OCT 2006 WD 03/086516
PCT/ SE03/ 00540 17 The degree of particle aggregation and dose porosity
play an inportant role in achieving the best possible fine particle
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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 deposition 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 propertics 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
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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
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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 pm.

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
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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 B
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 'm‘.co two parts, drag force 305
acting parallel to the airflow, and lifi: force 304 acting perpendicuiar 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

sutficient to let a force act on the particles with enough strength for release
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15 s Use of furbulent 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 Jvelocity of the flow
increases to a point where the f{low 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 dqse
area onto a substrate member, especially if the dose comprises finely divided
. 36 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
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di spersed into air without affecting the spee I on, see
B gupartly contacts the powder 180. 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 motign are:

» During an initial acceleration phase inertia builds up giving a high

velocity air flow

¢ "
S

» 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 energv.

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
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energy s supplie he tinme interval for an Air-razor delivery may e.g.
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in trﬁ@zz@@@ﬁﬁgéts%vﬁ]fost heutiotetens quaksivlet Thehmridbes eaterisgriheceozzihe second
should then be transported entrained in air to the airways of a user.by
15 means of a suitably arranged fluid channel. To fulfill the objectives a source
of energy is required. Surprisingly, it has been found that the available drive
power from 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.
o 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.
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déch a preferred enbodi nent, the power and shearing stress of

By comparison, many prior art inhaler devices begin 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

£ %
Y

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




the powder Air-razor nethod is established before it approaches tqg gfgﬂ§r
10 of the extended dose contour and begins to attack particle aggr B of
the powder. A further inprovenent of the powder Air-razor nethod is tl--
i nt roduwebiososesfc a suction related triggering of the floRFTRESYRY nozzl e,
such that the resulting air speed s sufficiently high to generate the
necessary powder Air-razor effect.” 15 By conparison, many prior_art
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pressurized air. Al of the powder is subjected to this treatnent at the
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accel eration phase when the shearing stress of the airflowis not strong

wnouwgte less dbas®.dfguegand Y& hygnegatess tpanabSdriitngl y they are delivered
as intact aggregates. Wthin published specification limts, the present
invention of a powder Air-razor application with an in advance prepared

~dose of therapeut FrfdEdscRT bf the powder, which is
‘accessed by 5 OCT ROg@fpac P5 the nmoving nozzle,
i's i ndeed subjecteg os5 to be de-aggregated.
TEST EXAMPLES 5
induction port
+ 22.20 100.0
Preimpactor 7
Step O 7.66 0.00 97.5
Step 1 £.90 0.00 97.5
Step 2 4.44 93.50 97.5
Step 3 3.60) 390.20 87.0
Step 4 2.53 311.20 431
Siep b 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 pg 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
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B. Test result for insulin. from the group of polypeptides

In order to further study the Air-razor method applied to a dose of insulin
the following in vitro experiment was performed, using powder from the
same batch of micronized, finely divided powder of human insulin as in

15 experiment A. The insuiin comprised 50 % by mass of particles with a

primary particle size less than 2.16 vm and 90 % by mass less than 3.81
um.

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 iri’lpactor. 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




26 powder of the dose settled in the steps of the inpactor. The f5PgT 2006
particle distribution of the delivered nass in the various steps o
impactor is shown in Table 1. Retention on the substrate nmenber and in the
r el evan®O 03884586 of t he inhal er connected to the inpact oP UEEVYEFE ni ned to
145.4 g. 5 The delivered dose was termned to 888.9 g. Al masses were
determned by a HPLC nethod. The tine particle fraction, smal er than 5 m
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“iinpactor. The dose Wers; ] Syet 5?9'61 m g 9T SUT going into the inpactor
‘and delivered in 30 a*‘“{?p Hratety ucusgtgnd. mes owder of the dose

settled in the steps—ef-Rhe rpgEirot—Tgig—fine ticle distribution of
t he delivered nass |n5.'t‘FPeé‘v': S 9 t hs

ot oS St epsY‘ F—the +1u14actor is shown in Table
2. Retention on thesu€fatle. - : :
Fiiter <0.32 0.0 0.0
5 Table 2

The fine particle fraction, smaller than 5 um, 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 procured containing 50 mg Bricanyl®
15 (terbutalin sulphate) medicament to be used against asthma as a

bronchodilating substance by stimulating (2 receptors.

The followihg in vitro experiment was performed, at a different point in time
from A and B, using the micronized powder of terbutalin medicament from
20 {he 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
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S Ra 0 Q.0 Ste .90 2.6 84.8 Step 1 7.11 25.0 84.4
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Step fembér 9as BoSitioBicrDa8jfbedt 18- ndsSle TPt iﬂ} Sat/ gﬁe %arée pc%'jlé;t r <o.
0.0 0,,0 5 Table 2 The fine particle fraction, smaller a s
det er Hh8UPEE8e menglogr astidiaidpsncThe dimsscmncbbhe Mok spirdhedpher m ned

.t far terbutalin, an exanple of an organic nolecule
Imrisg-r 3%@e%a§%§éfﬁ%ah rt?lF a?’(l)(? HE Fi eﬁ“i ar ﬁap@ﬂrﬁbﬁ Itqﬁ?ékaml@t: c .
subst aperture avimitoalisidetdHihadBanes thghephed, REC riéﬁofﬁsﬁ% fee)ﬂﬁnéédg% ocal l'y

' ,canent. and is readily available 1 n po 1
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(ter bl LppRllRRAke) JBdicampnt Lo ?ﬁe Evid %oavg]%ire{]ss gllgxsn}egn% Satsab?ﬁze at
an air velocity of 45.2 liters per minute, before the substrate member was
moved past the nozzle parallel to the dose strip, such that the dose was
10 gradually sucked up by the flowing air going into the nozzle and delivered
into the impactor. The dose was delivered in approximately one second. The T}
powder of the dose settled in the steps of the impactor. The particle
distribution of the delivefed mass in the various steps of the impactor is
shown in Table 3. Retention on the substrate member and in the relevant
15 parts of the inhaler connected to the impactor was determined to 151.2 pe.
The delivered dose was determined to 2088 pg. All masses were determined
by a HPLC method.

Induction : ' ;\3

port +
Preimpactor) ¢ 516.2 100.0
Step 0 7.12 55 6 75.3
Step 1 459 121.3 72.6
Step 2 3.72 182.1 66.8
Step 3 2.61 483 1 58.1
Step 4 1.66 366.6 35.0
Step 5 0.87 277.8 17.4
Step 6 0.51 494 4.1
Step 7 0.34 9.1 1.7
Filter <0.3 272 1.3

20 : - Table 3
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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.

Controlling "v" implicates that a most suitable dosing tigne 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 TFrom 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
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The fine particle fraction, smaller3ghan 5 pm was determ ned by
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user.-As shown in experinment Bit is possible to get very good results

froma sinply adapted dose - in this case insulin - when applied to the
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optim zing the powder area, by optimzing the nozzle geonetry and by
optim zing the speed of the relative nption between nozzle and powder,

de- aggregati on and thereby fine particle




fraction mass of particles smaller than or equal to 5 pm is pushed very
close to 100 % of the mass of the avail abl e medication powder. 20 5G(T 2006
Controlling "v" inplicates that a nost suitable dosing tilie interval may
be defined during which delivery of a spatially extended dose shoul d take
place. The dosing time interval depends on several factors, e.g. targeted
area of the airways, nom nal powgler |oad mass and type of user for the
medi cation. 25 Froma starting ngﬂt %o an ending point the relative notion

of dose versus nozzle nust e e defined time interval, which
normally is in
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erefore inportant to optimze the delivery of the dose of
pr eparkgdabRedl sadiicenopeesubytrasanserobern amely inypedod fonhepplicatest. ce, which
takes full  advantage of the powder Air-razqr nmethod. An enbodi nent of such
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in anpewdsypeaebniinatien tesreof, characterized in that -
the metered dose ils extended spatially onto the substrate member
suitable for a continuous delivery during a pre-defined interval within a time
frame of a user's inhalation;
porosity of the extehded, 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
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.

2. The therapeutic dry powader preparation according to claim 1,

characterized in that an included pharmacologically active substance is

insulin.

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

characterized in that an included pharmacologically active substance is a

protein.




the therapeutic dry powder preparation provides a suitable aerodynamc
particle distribution for an intended nedicinal application and sitFUgfzwﬁ
action;, a metered dose of the therapeutic dry powder preparation is forne
onto the substrate nenber by applying electrostatic or electrodynamc field
fret hods or a conbination thereof; the netered dose is extended spatially
onto the substrate nenber suitabég for a continuous delivery during a

pre-defined interval within a tine™ frame of a user's i nhalatai on;1 porosity
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for | ease, de-aggregation and dispersal into air by applying a powder
Air razor nethod for delivering the dose to a user inhaling through the

new type of _inhal er device, whereby a delivered dosg _is.co ed of a
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pharmacol ogical'l'y active substance is insulin. 3. The therapeutic dry
powWaT a@ﬁbﬁﬂwp&bteﬁﬂaa@cmmmr@rt oircealemiin Icharaetleyiadd hermbat, ad i ncl uded
phar macol ogi cal |y active substance is .ein. C12006 .32 4. The
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t hatg@ahrdipgl uded pharmacol ogical |y active substance is any of
al phal -proteinase inhibitor, interleukin 1, parathyroid hornone, a

6. Tﬁe therapeutic dry powder preparation according to claim 1,

characterized in that an included pharmacologically active substance is

systemically acting.

7. The therapeutic dry powder preparation according to claim 1,
characterized in that an included pharmacclogically active substance is

locally acting in the lung of a user.

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

electro-dose.

10. The therapeutic dry powder preparation according to claim 1,
characlerized ia that the pharmacologically active substance has an
electrostatic specific charge capability of at least 0.1 uC/g and a discharge
rate factor of at least 0.1 s half-life period (Qso).




genotropin, colony stinmulating factors, erythropoietin, interferons,ﬁgclzmﬁ
calcitonin, factor VIII, alpha-l-antitrypsin, follicle stinulating

hor mones, LHRH agonist and IG-1. 6. The therapeutic dry powder
preparation according to claiml, characterized in that an included

phar macol ogi cal ly active substance is systemcally acting. 7. The
therapeutic dry powder preparatioBgaccording to claim1l, characterized in
that an included pharnacol ogi cally active substance j.s | ocall cting in

t he llung of Ehﬁsﬂﬁﬁagﬁumﬁedﬁﬁé9%$@9¥iE“HFVaEBRd@?C%Wtﬁgr5?i%ﬁ”écgording to
claim1l char act eri it POWEEr o, : ro-powder. 9. The
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characterized in that the deposited dry powder constitutes an

el ectro-dose. 10. The therapeutic dry powder preparation according to claim
1, 1&har act effhzethémapehsic ting powdescprenrfiredipny 2geeTa g% (Bse@dde has an

el ectrostati,c gpecific. charge capability. o t ) s -and a
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33 11. The therapeutic dry powder preparation according to claima1,
characterized in that the dry powder is adapted for oral adm nistration

12. {the t her @pentitoddny powderegriengrandodispecong o qicl ai @pge of
characterized in that the dry _powder is adapted fOE Fasaldggninigfration.
13. Tmelpt doaded, ¢y 3Fﬁgyaﬁ8bﬁﬁsﬁﬁ?g? O NP d5EE2 8t Y i nel y

di vi ded, phar pacol ogj.cal ' i ' u o Lyer retained
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t herapeutic dry powder in which the pharma%c | ogi cal Ii/lac i ve substance or
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‘suitable aerodynamic particle size distribution;
depositing powder particles up to a predefined dose mass in a
dose forming process thereby forming a spatially extended dose onto the
carrier element for a continuous delivery during 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
spatially extended dose, 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
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.

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

step of using a protein as included pharmacologically active substance;




dose form ng process thereby form ng a spatially extended dose ont g 7008
carrier elenment for a continuous delivery during a defined interval™ during
an inhal ation sequence; inplenenting a powder air-razor nmethod in the dry
powder inhaler for releasing, de-aggregating, dispersing into air and
delivering the spatially extended dose, whereby a delivered dose is
conposed of a majority, by mass,q0f fine particles. 14. The net hod

according to claim 13, characterized in_that the ,(do is.fo onto the
substT.at e meRkBermeiheheCoPTHngl Wctieast AP egéracwé%?ag‘awéﬁ fsff?ﬁ‘éﬁ d met hods
or a,conbination f eof ; | t | 3,
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-phar macol ogi cal |y active substance. 16. The method according to claim 13,

characterized by the further step of using a protein as incl udgd

pharificol ogi Thel ymctleed veceudisgaticalaim 8T chogscterized by EIHE8T accor di ng
to claim13,. characterized by the furth . | j as
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st epa%q gi hg a systemcally acting substance as a pharnacol ogi cally active

substance. 20. The nethod according to claim 13, characterized by the

further step of using a locally acting substance ,asdfil ph rrrgcol ogically
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substance.

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

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.

23. 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
aerodynamic particle size distribution for an intended medicinal application;
2 metered dose of the therapeutic dry powder preparation is-formed

onto the carrier element by applying a suitable forming method;




22. The nmethod according to claim 13, characterized by the further ﬁgfmmPf
using a therapeutic dry powder adapted for nasal adm nistration. é

t herapeutic dry powder preparation, suitable for inhalation, conprising at
- l.east one finely divided, pharmacol ogically active substance releasably
deposited onto a carrier elenent and intended for application in a new
type of inhaler device characteriged in that the therapeutic dry powder

preparatl a suitable aero size dj.stribution for
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extelmdleeﬂahonm suitable for a continuous deli very durl ng a pre- defl ned
interval within frame of a user |nh oro t he
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characterized in that an included pharmacol ogically active substance is
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char agl-gricged in that an included pharmacol ogi cal I y active substance is a

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

msulin.

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

characterized in that an included pharmacologically active substance is a

protein.
26. The therapeutic dry powder preparation according to claim 23,
characterized in that an included pharmacologically active substance is a
peptide.
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,
calcitonin, factor VII, alpha-l-antitrypsin, follicle stimulating' hormones,
LHRH agonist and IGF-I.




peptide. 27. The therapeutic dry powder preparation according to cl 80012806
characterized in that an included pharnmacol ogically active substance is
anyone of a alpha 1 -proteinase inhibitor, interleukin 1, parathyroid
hormone, a genotropin, colony stinulating factors, erythropoietin,
interferons, calcitonin, factor VIII, alpha- 1l-antitrypsin, follicle
stinmulating hornones, LHRH agonis3gand IG-1. 5 OC T 2006 36 28. The

t her gpeuti c e i ' | .ai erized in
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characterized in _that an included pharmacol ogically active substance is
IocaﬁY§£5@@ﬂh©a¢%ﬁghe | ung of a user. 30. The therapeutic dry powder
preparation according to claim?23, characterized in that the dry powder is
adapted for oral admnistration. 31. The therapeutic dry powder preparation

accondi ng t o THaitArdpheutthArgchewtize dhichat fiddn t L cddinPordelais 2alapt ed for
nasal adm ni stration.
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.




