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VEDI CAMENT PARTI CLES AND RELATED METHOD OF MANUFACTURE THEREOF

The present invention relates, in general, to a nedicanent carrier

cont ai ning 10 particul ate dry powder nedi canent and which is adapted to
be positioned within a dry powder inhalator. Mre particularly, the
present invention relates to a medi canent carrier containing

aggl oneraged dry powder nedi cament particles having a particle size of
about 0.05 mllineter or greater 1 5 Asthrra and ot her respr ratory

] breathr ng and

B&MIT at ory

di seases have been (1) the |nhalat|on of a nedrcanent fronra drug
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pressurized Zhe préseh@wénueﬁu@mtés gﬁ\s%@ﬁ&arltba@tm@area&%}\t fcaﬁ.ér%&{taﬁr@ of

a powdered drug (general ly adm xe an excipient) froma dry
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substanti al | bakﬁtﬁé@ﬁéﬁﬁ? a partrcle P bf 8BS0, QS%IWBFI& gredté e of several
different dry powder hods and 30 devi ces for providing fine

particul ate powders to the respiratory tract of a patient. The dose of
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breathing and increase air capacity. The most widely used treatments for
respiratory diseases have been (1) the inhalation of a medicament from a drug
solution or suspension in a metered dose aerosol container (i.e., a pressurized
20 inhalator) using a gas propellant and (2) the inhalation of a powdered drug

(generally admixed with an excipient) from a dry powder inhalator.

However, in view of recent evidence of the link between chiorofluorocarbon gas
emissions and the deterioration of the earth's protective ozone layer, use of
25 drugs in pressurized aerosol inhalators using chlorofluorocarbons as the gas
propellant is less desirable and interest in dry powder inhalation systems has

substantially increased.

Applicants are presently aware of several different dry powder methods and
30 - devices for providing fine particulate powders to the respiratory tract of a
patient. The dose of a powder type of medicament employed with such dry
powder inhalator devices is, in most instances, significantly less than 50 mg,
typically less than 5 mg, and usually about 50 to about 500 micrograms. The
powdered particles contained in the inhalator are micronized, typically having a
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size of < 10 mcroneters, nore partlculé"rly < 6 mcroneters, even nore
particularly <5 mcroneters, which is an appropriate size so that the
particles can be drawn deep into the | ungs. One such i nhal at or
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with a package having a nunber of spaced-apart blisters, each
cont ai ni ng RASIGAEr isd grnEralhhenet rsufficient mswr@thpanand velosity hd0 prameve.. As

the pati entq;opyGRqSe° nd detdsdlizk Yot SORASH FbA the®S3idui€  Dry powder
inhalators using this technology are disclosed in a number of patents including
20 U.S. Patent Nos. 3,906,950; 4,013,075; 3,807,400; and 3,991,761, all to

Cocozza.

Also related to the above-mentioned capsule technology are the disclosures of
U.S. Patent No. 4,161,516 to Bell and U.S. Patent No. 4,395,421 to Taylor et
25 al. These patents show, respectively, an agglomerator-pelietizer apparatus
and a wet granulator apparatus for preparing pellets or granules of the asthma
medicament, disodium cromoglycate, which may then be placed inside of a

capsule.

30 Another type of inhalator device is loaded with a package having a number of
spaced-apart blisters, each containing powdered medicament for administration
to the patient. As the patient moves each blister into a predetermined position,
the patient breaks the blister by a mechanism in the device so as to release the

powder and inhale it. However, moisture ingress into the blister package can
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aggregation into | arge aggl onerates of t he prepared nedi canment

t herein. Consequently, when the prepared nedi canent is inhaled by the
patient, the preferred particle size for greatest efficacy in respiratory
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Yet another type of dry powder inhalator contains a quantity of powdered
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hol es are f A2 tedNewell ehal raKbRAE7Od! 70 dakanozzaltal.f rom t he container to

anot her_ position in 25 which the holes filled with the nedi canent are

| ocat ed1 ithin a channel. Air flows into the channel as a result of
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has been found that when suction is applied_to 30 entprain the nedicanment
from one or eXBrWIePfethis rFYPﬁeogld&B’@,e rotthg) TURBYHALER™ inhalaten which; is
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container therein and for preparing a dose for inhalation, including a plate

having a number of cup-shaped holes therethrough. The plate can be moved

by mechanical means from a position where a proportion of the holes are filled

with powdered medicament taken from the container to another position in

25 which the holes filled with the medicament are located within a channel. Air

flows into the channel as a result of suction provided by the patient on a

mouthpiece in communication with the channel so as to remove the powdered

medicament from the holes. Several undesirable consequences are

_associated with this system. It has been found that when suction is applied to

30 entrain the medicament from one or more holes in the plate, not all of the
medicament is entrained in the air flow. Further, particle size distribution is

strongly dependent on the inhalation profile of the patient, which is a

disadvantage with patients suffering from acute respiratory problems.

Moreover, the TURBUHALER® device is designed to administer large doses
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prone to significant variations in nedi canent delivery. Lastly, the
powder nust travel a lengthy path resulting in significant | osses due to
wal | deposi ts. A fourth dry powder inhalator device is
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turn into téaedpstraped’ withuagblade to [Bess tthenpogsdeof betiveennthe Jibers adnd
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of "the medi disaablomeralearge clips At meswwa@'} Akernatively, the powder may be

20 loaded between the fibers from droplets of a suspension of the powder and a

suspending agent (such as dichloromethane) dispersed from a metering

device.

A new type of carrier disc for use with a dry powder inhalator is described in
25 PCT Published Application No. WO 94/20164, published September 15, 1994,
to Mulhauser et al. The carrier disc is a screen mesh which is impregnated in
spaced locations or interstices along its circumference with a dose of powdered
asthma medicament, such as saimeterol hydroxynapthoate. During inhalation,
air impinging on the powdered medicament impregnated into the interstices of
30 the screen surrounds each medicament dose and entrains it to dispense it from
the screen interstices into the air-stream and in tum into the patient's lungs.
Shortcomings of the interstitial deposit of the powdered medicament into the

screen (i.e., impregnation of the medicament in the screen interstices) are
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limtations of dose size to interstitial volunme, and the necessity to

di saggregat e | arge clusters of nedigcanment present in interstitial

voi ds. An i nprovenent over the carrier screen disclosed in the
above- nenti oned PCT Publ i shed Application No. WO 94/20164 is
described in U S. Patent Application, 10 Serial Nos. 08/328,577 and
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20 dose is not impregnated into the interstices and thus is not dependent on the
interstitial void volume of the carrier screen. For loading the dose of powder
onto the screen for the dosing thereof via an inhalator, a selected amount of the
powder (such as 50 micrograms) is admixed with a suspending agent (such as
perfluoropentane) and then the resultant suspension is dropped onto the
25  screen after which the suspending agent evaporates and leaves micronized dry

powder particles on the screen surfaces.

In accordance with the present invention, there is provided a medicament
carrier for use in an inhalator device, the medicament carrier comprising a first
30 screen having a surface defining a plurality of interstices therein, wherein the
first screen is loaded with one or more doses of dry powdered agglomerated
medicament particles wherein the agglomerated medicament particles are
loaded onto the surface of the first screen such that the interstices thereof are

at least partially open and free of the agglomerated medicament particles and
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medi cament particles; and a second screen spaced apart fromthe first
screen, and the second screen having a surface defining a plurality of

i nterstiges such thatahei first sciden Sbeveksi asta vamt@nscreencfor aheaagglomeeatedcr een
for a powdered nmedi canent and the second screen serves as an imnpaction

and shear i ngnedicament particies; gpdrseeond screﬁmp@eadrapamféomvtbesfmstemﬁeen
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i nt erstlces tﬂé t“pe second screen. Upon t he surface of the first
screen, eas?t one dose of a powdered medi cament is | oaded, whereby
t he |nterst|ces of the first screen are at | east partially open and

free of the powdered nedicanent. The powdered 20 nedi canent | oaded upon
the surl@ce fist sereenisesvesan a aasiigh saseen for a pawgertad-medicamentiand tee,
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f.
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air flow therethrough, then (i) the first screen serves to present
t he powdered nedi canent to air streamor air flow path and w ||
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Upon the surface of the first screen, at least one dose of a powdered
medicament is loaded, whereby the interstices of the first screen are at least
partially open and free of the powdered medicament. The powdered
20 medicament loaded upon the surface of the first screen comprises
agglomerated particles, typically having a particle size from about 0.05
millimeters to about 3.0 millimeters.

When the powdered agglomerated medicament particles are removed by an air
25 flow entering through the interstices of the first screen and are dislodged,
entrained, and/or disaggregated by the air flow therethrough, then, (i) the first
screen serves to present the powdered medicament to the air stream or air flow
path and will act as a source of multiple air jets on the powdered agglomerated
medicament particles and (ii) the second screen will shear the powdered
30 agglomerated medicament particles and further disaggregate them due to
impaction and high shear forces resulting from contact of the powdered
agglomerated medicament particles with the surface of the second screen as
they pass through the interstices of the second screen and are dispersed into

smaller particles within a desirable respirable particle size range.
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Furthernore, the present invention provides a process for dispersing the
aggl oner at ed medi canent particles fromthe carrier as described in the two
paragrapmhs above. The process conprises providing an air strean1or air flow
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screen
particularly, the particles of the desirable respirable particle size range should

20 have more than 50% thereof, more particularly more than 70% thereof, and
even more particularly close to 100% thereof with a mass median aerodynamic
diameter < 10 micrometers, more particularly < 6 micrometers, and even more

preferably < § micrometers.

25 Additionally, the present invention provides a process for forming a medicament
carrier to use in a dry powder inhalator device. The process comprises
providing a powdered medicament such that the powdered medicament
comprises agglomerated particles, typically having a size from about 0.05
millimeters to about 3.0 millimeters. Further, the process comprises providing a

30 medicament carrier which includes at least a first screen and a second screen
spaced therefrom, each screen having a respective surface defining a plurality
of interstices therebetween. Particularly, the interstices of the first screen may
be sma:l:ier than or equal to the interstices of the second screen, but could also

be larger. The first screen serves as a carrier screen for the agglomerated



spaced thengbled/§yzogach screen having a respective surface defjni
plurality of interstices therebetween. Particularly, thgcfi'lrl#gwgﬁzges

of the first screen may be smaller than or equal to the interstices of
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screen such that aggl oner at ed powder ed nedi canent particles are
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| ungs are fornmed in a desirable particle size for nmaxi mum benefi ci al

ef fi ci ency, whesebylithg intersticas thereobfare catcleast pantiallyaopemtand free of ithei s an
advantage of th resept invention that, unlike with prior art devices, the
25 me %anﬂm"’ﬁé&&r‘?ﬁﬁ"?m?@t be admixed with a Iiquid suspendi ng agent for
application to the carrier. It is a further advantage of the present
i nvention, unlike prior art devices which result in the patient

i nhal i ng medt zaterefararthecoisjiectbt the resémtoinvention té hsrbvide a medicament

carrier for use in a dry powder inhalator which provides for administration of a

S

dosage of powdered medicament wherein the particle size of the particles that
20 leave the inhalator and are inhaled into the patient's lungs are formed in a
desirable particle size for maximum beneficial efficiency, providing maximum

efficacy to the patient.

It is an advantage of the present invention that, unlike with prior art devices, the
25 medicament need not first be admixed with a liquid suspending agent for
application to the carrier.

It is a further advantage of the present invention, unlike prior art devices which
result in the patient inhaling medicament particles which are too large, that
30 instead medicament particles are in an appropriate respirable particle size

range to be inhaled by the patient.

Some of the objects and advantages of the invention being stated, other

objects will become evident as the description proceeds, when taken in
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descri bed herei nbel ow. Figure 1 is a perspective view of a first

repr esent at ihanEBEhE SHRAT ! éd:&fmpan%ng Carslinks TaPd Usoratory dEXafmpise’
I nhal at or deV| ce I n accordance with the 10 present invention;

Fi gure 2 is despdbagdberéinbkelowew of a second representative medi cament
carrier cassette for use in a dry povvder i nhal at or device in
accordance with the present invention; Figure 3 is a

per spective ﬂé}@? Qf .saagﬂérfsgecaglér iR té s rééé‘ﬁﬂﬁvé?%égﬁément cgrrier.

cassette fo I'n a at or device in accordance Wt

present inveagkeHe for Zi%e lrFlaguh,e p’vadéi' inhafdiendleviceV i \Wcebradhcendititi theal

medi cament carrier wth screens and contai ni ng aggl oner at ed

medi canemt ;pmwbrltupmntlwl; es whi ch may be utilized in the
representative cassettes shown in Figures 1-3, and Figure 4B Is the
carrier of Figure 4A but with an optional third screen; 25 Figure 5is

a schemati ¢ pyh oW Piis GNSerspeitietial &5 ise’BRA reprisehtitiveinéBicathent carrier
cassette for use in a dry powder inhalator device in accordance with the
present invention,;

15
Figure 3 is a perspective view of a third representative medicament carrier

cassette for use in a dry powder inhalator device in accordance with the

present invention,

20 Figure 4A is a schematic view of an individual medicament carrier with two
screens and containing agglomerated medicament powder particles which may
be utilized in the representative cassettes shown in Figures 1-3, and Figure 4B

is the carrier of Figure 4A but with an optional third screen;

25 Figure 5 is a schematic view of the individuat medicament carrier shown in
Figure 4 and illustrating the effect upon the particles in the medicament carrier

when subjected to an air pulse;

Figure 6 is a schematic view of a tumbler/ agglomeration device useful in
30 forming agglomerated medicament powder particles in accordance with the

present invention;

Figure 7 is a photomicrograph of tumble-agglomerated medicament powder

particles of the medicament, beclomethasone dipropionate; and



Figure 4 aQeédidsasst rating the effect upon the particles in therBpiogaaent

carrier when subjected to an air pul se; Fi gure IS a schematic
view of a tunbler/ agglonmeration device useful in 30 form ng aggl onerated
nedi cament powder particles in accordand® with the present invention;
Figure 7 is a photom crograph of tunbl e-aggl onerated nedi canent powder
particles of the nedi canent, becl onet hasone di propionate; and WO
98/0430§ PCT/ EP97/ 04128
10 Figure 8 is a photom crograph of tunbl e-aggl onerated nedi canent
powder Figerd Bcisea miotbhﬁcragrhpta_asemmmbmgﬁbmemebymeamnmrpm@er and
al so of m croni zed powder particles in the sanme field of viewto

denonst r at gpartides of ther froedicament, saimeterel diydeoxyngpthoate, Randr |lsey @fow t o

Figures 1-5 of t.he draw, ngs rei.n Jike nuneral s indjcate |k

el enents t HPSRMiEEE R%"%’gvawﬁeﬁn'%\kb? %argﬁbn@&r@nw?wo?gnﬁmﬁﬁ@? 08 i er

cassettes q4; S pafftlé izdstrated in Figures 1-3, each of which includes
a nuntc;de‘frfafgpegﬁlzgem%pairzt medi cament carriers 10 therein which formthe
subj ecttgl5 of the instant invention. A plurality of medicanment carriers 10
are shown positioned on the perineter of a medicanent carrier cassette
such as t heRefering now todtiguresi inS of g deawings,wherein ke symeralsyndigatedikeng t he
| engt h of a_ nedi

apent carrier, cassette t such, as that showa in
Figore 3. ARG IEPUphoyt 5 TaveRal ViERSZ: enctieRticel Akuialierd SRl of an
i nhal at or (QfseRBE W holdBFRS SAETRIUStrated irC Rigurés 3-3,0cdéH bF WHIBH! itdideY a
carrier cassettes such as shown in Figures 1-3 are selectively
i ndexed, bynumberbf spavedkapart aiedicimentrcamierns=A0 thefreinovhich Ferm the subjectns, to
resent a new dose of’ owder e di canent to the air flow.or ai
BUl se af t ¥ m%insgg@,tr ?qu@\ﬁgg._ i gﬁjralftyngf medicament_carriers’ 10 are  shown
positioned on the perimeter of a medicament carrier cassette such as the rings
shown in Figures 1 and 2, respectively, or along the length of a medicament
carrier cassette tape such as that shown in Figure 3. After inhalation by the
patient through the mouthpiece of an inhalator (not shown), medicament
20 carriers 10 within medicament carrier cassettes such as shown in Figures 1-3
are seiectively indexed, by suitable mechanical, electromechanical, or other
means, to present a new dose of a powdered medicament to the air flow or air

pulse of the inhalator device.

.25 It should be appreciated that medicament carrier cassettes of Figures 1-3 are
configured so as to be insertable into any suitable breath-activated dry powder
inhalator (not shown) such as are well known in the art. Moreover, novel
medicament carriers 10 of the present invention could be incomorated into
many other types of sheets, plates, cylinders, discs and the like in addition to

30 the 3 depicted representative cassettes, which could have an air assist or

various other means of activation, including breath-activation.

Referring more specifically to the drawings, medicament carrier 10 is shown in

Figures 4A and 5. Medicament carrier 10, a plurality of which are included in



25 It should be appreciated that nedi canent carrier cassettes of Figures
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breat h-activated dry powder i nhal at or (not shown) such as are We‘ﬁ2
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sheets, plates, cylinders, discs and the like in addition to 30 the 3
depicted representative cassettes, which could have an air assist or

vari ous 9t hegcReaN sepesaptativet medicanentudarmiar rApbdinfstts Vit Fifires 1-3, is
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i ncl uded i WO, 98/ 043 - , ,
ng/ lépgw |02§§gured to second screen % As shown in Figure 4B, optiong|{ medicament.;.n

of represen ke ' aﬂ%gg ki [ f 50 13,44
formed from Hés?t1§§|?‘lggn ﬁgﬁk'%g{e@ﬁ?tsa y’?i@ g@&c@&%gé?% %drﬁcjnqngnd
secured to gafacd 168, afthd $amisnitenidls iamdrsiges as descapéd BBRw Visdhi-0iaRst
carrier 15 may have an optional third screen 16 with interstices 16A and

sur f aceLa 6Bscrgen He aadesecanst isereemritd.si Mose sparticulerlybscraest 36 may bevi s
ey be” TR ol 35HR sbab S hel ol P i il b
12 0 i r r | Sar
be. placed ot R Lydn gingWORRN uié titd sBichil R T piace g S8 AT

second scregcrebh 12 qppasite, ofdthemsidé Ivehere secohiddscreén sbt isnplagedeen ohdthe
opposite of the side where first screen 12 is placed, 15 to facilitate as

descri bed beldgwpigragandssegenragppesie af te sidewheredfirs\seraen 12 is plageg |

e opacdh 1 [ iadatas destihed AW kBl Bt Bgalommereted o3RI Ml
0. 05 Smaftiheared gam‘dlég' SBPCHY hir I Amapa&ﬁuiaﬂy! ﬁrs@?,ewen%@ammeh
(about .51 mMm. I rst screen 12 serves as a cafrler screen, ereas
second scr ebe spacedfrons s@tond asreenshEhy iabgus Q02cto, abaaut Out2 imeh (dbsct 0.08d

bel . Varij qu mierials are suitable for u S screens 12, 14.
Pﬁyg}/vco_ chelfl @Qg{:{ 30 mnl?ﬁmeters), more particularly about 0.62%ch (about .51 mm).

First screen 12 serves as a carrier screen, whereas second screen 14 serves

20 as a shearing screen, as further described below.

Various materials are suitable for use as screens 12, 14. Physico-chemical
properties of the screen material which are important include moisture content,
abrasion/heat/chemical resistance, dimensional stability, physical size

25 properties of the screen (such as percent open area for air permeability and
such as thread diameter thickness), and weave type.

Regardless of the material used for screens 12, 14, each is always in the form
of a mesh (i.e., net-like or grid-like) so as to provide, respectively, a plurality of

30 interstices 12A, 14A and surfaces 12B, 14B (see Figure 4). Thus, the screen
material specifically does not include the velour-type or velvet-type material as
is disciosed in the above-mentioned PCT Published Application No. WO
92/00115, published January 9, 1992, to Gupte et al.
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ot her suitable fashion. As a resul't, provided are a plurality o
interstices apiyraliy/ofiintesstites t2A A roand sudaces 42BedAB afxcraens 18, 14,
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dry
20 screen material and non-hygroscopic polymers as the polymeric screen

material are particularly useful because moisture is a problem with many dry

powder medicament formulations.

Since a polymeric screen material should be relatively non-hygroscopic and
25 hydrophobic, nylon and polyester are less useful than other polymeric screen
materials. Polypropylene,  ethylene-tetrafluoroethylene  copolymer,
polytetrafiuoroethylene, and polyethylene are all non-hygroscopic and have
excelient hydrophobicities and thus are most particularly useful as polymeric
screen materials for forming carrier screens 12, 14 of medicament carriers 10

30 of the invention.

First screen 12 is most suitably formed so as to be about 0.06 to 0.250 inch
(about 1.52 to 6.35 mm), more particularly about 0.06 to 0.125 inch (about 1.52

to 3.18 mm), in diameter in size (colioquially referred to as the "dot" size) and to



Since a polyneric screen material should be relatively non-hygroscopic and
25  hydropQppigiosasty! on and polyester are less useful than otp@f-,ﬁ JO4IEy 1 C

screen mat eri al s. Pol ypr opyl ene, ethyl ene-tetrafl uoroet ene
copol yrer, pol ytetrafl uoroet hyl ene, and pol yet hyl ene are al

non- hygroscopi ¢ and have excel | ent h§drophobicities and thus are nost
particul arly useful as polyneric screen materials for formng carrier

screens 12, 14 of nedicanent carriers 10 3 0O of the invention.
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that the ablolle 121M & bb@e1 02 fHibronetets) e Mhltdrhstivieipl dteend enaesh
si ze nunber OI%OA HHch: Surfaces 12B shoul d have gé)t hread t hickness froain;1E
about 01 ®00beiglipticaldnaoafiguration. 0. 004 inch (about 12.7 to about 102

m cronmeters). Alternatively, screens may 10 be eliptical in
configuration. Li ke first screen 12, second screen 14 is nost

SULL Y, [OLRR0A ek IF sopang ek W it AReblERPEER s o 5L

1.52 to 3. 13pBM 0.08 téllmzstnﬁéhes% ol B6d 100685 miilivmetdrs), ansie pasticliay
t herei n neasuring approxi nat el O mcrometers or nore in width, which

is a mesh sabeubﬂ Q0. 132£5mcbr(ab9§k1 52t 8016 ave), dodiameteringsize and to
nmeasurin om about nch to _about 0.004 about 12.7 to_about
Toa t" 19 BaukIreraices FAR et meaRigas abbroxmaliiybiaRramAfrd s hadgon | |
Fi gures 4A 4 n | t han
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measuring from about 0.0005 inch to about 0.004 inch (about 12.7 to about 102

micrometers) in thread thickness.

20 Particularly, as shown in Figures 4A, 4B, and 5, interstices 12A should be
smaller in width than interstices 14A; however, interstices 12A may be the of
the same size or larger in width than interstices 14A. Interstices 12A, 14A may
suitably be of a generally square shape, but also may be round, oval,
hexagonal, octagonal, diamond, rhomboid, et cetera. Particularly, first screen

25 12 should be of 400 mesh when SS and of 169 mesh when ETFE, which is a
width for each interstice 12A of approximately 38 micrometers and 70
micrometers, respectively, whereas second screen 14 is of 250 mesh SS,

which is a width for each interstice 14A of approximately 63 micrometers.

30 The present invention provides for depositing a prescribed dose of dry
powdered agglomerated medicament particles SM (which typically are
generally sphere-shaped and thus below are colloquially referred to as
"spheronized medicament’ particles), substantially on surface 12B of first

screen 12 (see Figure 4) and not primarily within the interstices 12A thereof.
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(typically 4@Aing a particle size of < 0.01 nm nore typically < 0.005
mm) used with prior art devices, and thus, the size of particles SM hel ps
them 15 to remmin on carrier surface 12B and not becone i npregnated

for | nhal at 115 EROTaRly BPWEpEtE medicaeryd 3¢ ifHinfol BRIES, ol StaHR) ©
tract to traorpGEmiViditARY redpiratsty’ Fadli¢d tAsat respiratdr)BisoRJet8 ColidH s

chronic obstructive pul ryonarg di seases and chest infection may be
sel ect ed frasthmayt branchitisyi chrbnio, obsksugiiveu puthonasy | digeases and cbesinpl e,

e e il 25 o et o e Sl B S o
cromogbycat Sarkfle? Bhhfeskis, B IE648 k! dirdBtdmBigHitd, EdotariineC féHtghpsaior | ns,
morphine; anginal preparations, e.g. diltiazem; antiallergics, e.g.
cromoglycate, ketotifen or neodocromil; antiinfectives e.g. cephalosporins,
penicillins, stretomycin, sulphonamides, tetracyclines and pentamidine;
antihistamines, e.g. methapyrilene; anti-inflammatories, e.g. fluticasone
25 propionate, beclomethasone dipropionate, flunisolide, budesonide or
triamcinolone acetonide; antitussives, e.g. noscapine; bronchodilators, e.g.
salmeterol, salmbutamol, ephedrine, adrenaline, fenoterol, formoterol,
isoprenaline,  metaproterenol,  phenylephrine,  phenyipropanolamine,
pirbuterol, reproterol, rimiterol, isoetharine, terbutaline, tulobuterol,
30 orciprenaline, or (-)-4-amino-3,5-dichloro-a-[[[6-[2-(2-
pyridinyl)ethoxy]hexyllaminolmethyl] benzenemethanol; diuretics, e.g.
amiloride; anticholinergics, e.g. ipratropium, atropine, oxitropium; hormones,
e.g., cortisone, hydrocortisone or prednisolone; xanthines e.g. aminophylline,

choline theophyllinate, lysine theophyllinate or theophylline and therapeutic
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medi canents may be used in the formof 10 salts (e.g. as alkali nmetal or
am ne sal t s satbutsmad, sRimeterol,ifiticaaone propioaste, beclorsethasongddigropianase,

al kyl ester or as solvates (e.qg. hydrates .optimse the, . agtivity
and or st an breialie. eMRaNcathe Bude¥ahBee Anch Bt bdtia abStanide aritfor

sal but a{rgl . stk TReRop! -+ fluticasone propionate, beclonethasone

di pr opi Ohat €, terbutaline, cronoglycate, budesonide, and

tri anci nol one acetoni de and/or 15 salts thereof. ) The

medi cament may, wiehmesicaraenidnay: wheodeemed lagyantagegusalisiciude a suitable

exci pi ent acceptable for inhalation into the human body, which may be
sel ected fr &¥cipieptnpscentapla dat dnhalgtian Jiate dhes Aumal itedy, (whieh, nayy e,

cel | ul ose, anF thg }i ke), |actose, eQH ucose, mannitol, am.no acids,, 6 an
selected from ‘organic excipients, such as polysaccharides (i.e., starch,

cellulose, and the like), lactose, glucose, mannitol, amino acids, and
20 maltodextrins, or may be inorganic excipients, such as calcium carbonate and
sodium chloride. The excipient may be included with the medicament via well

known methods, such as by admixing, co-precipitating, and the like.

The size of the dose of particles SM depends upon the drug used. For
25 instance, SH, which is a common drug used for treatment of asthma, is
nomally dispensed in single doses of about 50 micrograms. Thus, each 50
microgram medicament dose of such a drug is deposited on surface 12B of first

screen 12.

30 As can be seen in Figure 5, interstices 12A of first screen 12 permit access of
an external air flow, air jet, or air pulses or a combination thereof through the
exposed area of medicament carrier 10 when carrier 10 is positioned within a

suitable dry powder inhalator (not shown) so that particles SM can be entrained
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wll act as a’'source of nultiple air jets on powder ed aggl oner at ed
medi canent ¢ewces| EE'LEMIQ,I tbut s nabtlimitedh ato, apnetimatic, ARcoustic, rm;ecltrestatlcyl ded
to carrier f&?tlent ﬂr ﬁé assi st devi ces gch assi devi ces
i ncl udidy, BCAABICH tEymeshapical, Vikriion. £ & cambing Patic, 15
mechani cal , el ectro-mechanical, vibration, or a conbination thereof.
More parti cul arl y, powdered spheroni zed medi cament particles SM are

More particularly, powdered spheronized medicament particies SM are

primarily deposited on surface 12B of first screen 12 and span a significant
number of interstices 12A of first screen 12 (see Figure 4). The number of
20 agglomerated particles SM in physical contact with the screen is significantly
reduced. Therefore, the amount of energy required to disaggregate the
particles further into the respirable particle size range is minimized (as
opposed, for example, to strictly interstitial deposit of the powdered
medicament). Also, the agglomerate minimizes the number of particies in
25 physical contact with the screen, and therefore, reduces the probability of

having an incompatability between the medicament and the screen.

The thickness of the layer of dry powdered medicament particles SM on
surface 12B of first screen 12 can be selected so as to minimize the degree of
30 particle-particle contact. The air pulse, air jet, or air flow AF or combination
thereof directed at particles SM will serve to provide initial shear to the dose of
powdered medicament and sweep it off of first screen 12, to suck or to biow the
dose off of first screen 12 by virtue of the Bernoulli effect, and/or to burst
through the dose-bridging interstices 12A. The high shear forces and



primarily deposited on surface 12B of first screen 12 and span a
si gni fi cant wo98/04808ber of interstices 12A of first screen 12pCIEpsFoguase
4) . The nunber of 20 aggl onerated particles SMin physical contact with

the screen is significantly reducedq4<Therefore, the anmpbunt of energy
required to disaggregate the particles further into the respirable
particle size range is mnimzed (as opposed, for exanple, to strictly
interstitial deposit of the powdered medi cament). Al so, the

aggl oner gt e toibulencessexperiencederbyof thear deposited rdrys powstered c aigglemeeated wi t h
the screen, and therefore, reduces the probability of . vi ng an
i nconpat abi Imegicaaent particles ngﬁ\ willnsasulh iy removal o farticles Eﬁ ?H’l%et RRERness

i st sor oornErstie) 1 B8 SRS oL A2 WAool & bef® IRC T ce of 30

particle-particle contact. The air pulse, air jet, or air flow AF or
conbi nation thereof directed at particles SMw || serve to provide
initial sheafterppawderedgpedicament ppaialirs SM ateireraaved by te aitdlow fromyfirst of
first screen 12, tg suck or .to, hlow the do off of first screen.l12 by
ViTiue 8¢ reTeRn %A eRfaibed o oAt dow dhefetirclioh, Resah “taresh 4 is
dose- bri dgi ngyl o4 esros55qsssﬂe%?"anB‘ﬁJﬁHeqhkoS&E%giféHa?@%r@gﬁ“ﬂ)arﬁ%%ﬁ_lslgggd)y%)ﬁo
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17 5 turigipaeies andehighnshdar iyraekse reyitirg tfesind cpntaetwisl eggigobmrted at ed
medi cament particles SMw Il result in renoval of particles SM since each
i nterstice Xowdgredimedicamestpatticles SM udth secandgsreen 14 apgfesulting from

After powdered_ nedi canent ri . r A ' .o f&am
firer o scHeaiwNeTay wrBRas Exbsientedl By PORREI MisdcipEhipanile it
screen [ idrl in@S i [ gm;@!,drug
particl ég Swgﬁepta gtl&ulérly?%??gggg i %ﬁ%&ﬁgﬁﬁiégﬁhghgd;?h?grc‘?; eﬁggﬁfll?fén'g from
contact of dggjecpewdéred medicamemiiartdes8M andendvasathienc from fillst actelenstZ ond
screen 14 and resultin air flow vel OCil%)%/ radi.ents experienced

by powder ed tREMIDIRETE rcf;&:&”)& oéseapnd sereemis whese rATtigles areANgAMRA an
o sonear” B, B R RN S P it S8 SoP e 36habic
respirable particle size range.
20
As particles SM impact surface 14B. of screen 14, become sheared, and pass
through interstices 14A, particles SM become small sheared particles SSP and
typically acquire a mass median aerodynamic diameter particularly from about
0.5 micrometers to about 6.0 micrometers, more particularly from about 1
25 micrometers to about 4.5 micrometers, with > 50% of the mass of particles
SSP, more particularly > 70% of the mass of particles SSP, preferably having a
mass median aerodynamic diameter < 6 micrometers, more preferably < 5
micrometers, and then particles SSP pass into the patient's lungs. As noted
above vis-a-vis prior art dry powder inhalators, it is particularly useful that
30 particles of respirable particle size range have more than 50% thereof with a
mass median aerodynamic diameter < 6 micrometers, more patrticularly < 5

micrometers, which is achieved with the present invention.



through i ntveossoges 14A of second screen 14 whereby the partp

shear ed by screen 14 into relatively small sheared partlc es S
t he desirable respirable particle size range. 20 As partlcles SM
i npact surface 14B of screen 14, becone %heared, and pass t hr ough

Interstices 14A, particles SM becone small sheared particles SSP and
typically acquire a nass nedi an aerodynam c di aneter particularly from
about 5 (afioll eeitRESnY MmethidR WretkriowH f‘dr%etuﬁraaa}dmmg%ﬁhe@drméy from
about 1 25 m croneters to about 4.5 mcroneters % of the mass
of particl einto largesSparticlese his inotedithat ag@h%erﬁtwmdypmalw oésyksr in thes

SSP, preferably having a mass nedi an aerwnamc di aneter <. 6

ni cr onet er spam ba\énauaaaﬁqeraﬂ%sphenca bapswanst Rence, agolemerption isceften ssp

powder |1 nhaPlRIY reelo e, TorteyStizaton BRY, Fosres il acBlrfeied
respirabl e Eﬁ&fdé:s] Rfetréd td 88 9shHENSRizE8 h‘i’edr&'}ﬂeﬁp fapart | Cm Wfﬁébé‘d%wces mass

medi an aerodynam c dianmeter <'6 mcroneters, arly <

m cr onegcer sinchide; but areanbt limited to, vibratoes uumm (eryv.gntlined drums or diski),
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fine partic I tion
typi caily 80T ath rhkRR): A8 ed BBy, sphayels. )ik brbrire ARG, o0
and hence, ggdlsiHtBfetsi on i s often colloquially referred to as
"spheroni zation" and the resul tant aggl onerated particles referred to

as "spheroni zed nedi canment” particles SM These devices 10 include, but
are not_ lim,ted to, .vibrators,

extrudérs (& FHveyaf eammefeial %ﬂ%&%@%@ﬁwm)avaﬂgﬁsﬂé%eé d@?ﬁs)’

mxers and smallegPsédle cfb?ﬁr‘ﬁegalé‘lfyr é\)allafoié‘HQV@%%%@QHIeafd?rs?pe?&hféﬁ%ﬁo hi gh
pressure conpactors, si'nterers survey conner0|a

aggl oner at i 200 gpquantities ofvmidremsizedepatitled. tHiowevdreas can taeéém stons tw e
commercially avail able device is suitable for spheronlzatlon of 200 g

quantities Bxampieshelow Ewamdesitadle spherenize quastitiagpfiabostel Mg.om t he

Exanpl es below, it was desired to spheronize quantities of about 20 ng.

20 Thus, as depicted schematically in Figure 6, a laboratory scale
tumbler/agglomeration apparatus 20, useful in forming spheronized
medicament powder particles SM in accordance with the present invention was
assembled. A 20 milliliter glass scintillation vial SV was secured to a
ROTAVAP™ brand rotator R, and fine particulate medicament M was placed in

25 vial SV for tumbling thereof to form powdered spheronized medicament

particles SM as are illustrated in the photographs of Figures 7 and 8.

More particularly, Figure 7 is a photomicrograph of tumble-agglomerated
spheronized medicament particles SM of the medicament, beclomethasone
30 dipropionate. Figure 8 is a photomicrograph of tumble agglomerated
spheronized medicament particles SM of the medicament, salmeterol, and also
in the same field of view to demonstrate the difference in particle size, of

micronized powder particles M.



20 Thus, as depicted schematically in Figure 6, a |aboratory scale
t unbl er/ aggiweysg/@boson apparat us 20, useful in form ng spheronpgfgpsrneias
medi canment powder particles SMin accordance with the present invention was
assenbled. A 20 mlliliter glass scintillation vial SV was secured to a
ROTAVAP[ err] brand rotator R and fine p&?ti cul ate nmedi canent M was pl aced
in 25 Vial SV for tunbling thereof to form powdered spheroni zed

medi canment particles SMas are illustrated in the photographs of
Figures g amfeStensile strerh@theopahélgpﬂéré‘slelvaﬁw @lepeh8ing Bhofhéﬂp@rmﬁﬂé’tph of
t unbl e- aggl oner at ed spheroni zed nedi canment particles SM of

nedi canent , madicamenhhsing aygbomarq:tedpltbaapartrculargagglomera,tnm dewce and

Pt ol QTN A e Satiest iapactBRydunad the abaomBIRBoRafe- | ol d
of viewto g@ﬁ@%ﬂoﬁ) tthrndl Bé%m GE d&%g@%{én?'lﬁtos bpferoflzed medBathaRY Zed

powder parti
PCT/ EP97/ 04p3#icles SM from about 0.05 mm to about 3.0 mm in size. In thelévent that thée
tensile strength of the spheres will vary depending on the particul ar

nedi carkgnt agghgwqggedmﬁhane@dhavma wgaku enpugh tengilenstrengtiyisodthat e large

o109 (e e ST, Al T A R P e

h dg f
-pheron) 2o dfefeR e g t'%?’p?%%"’%% Tt RRRIRRblioh 10 NeRBor o dhe™ ©

enough t ensipieeresromgt darder straenal2 atr@n spheron&raﬁong;hqub@l asvonyilishedm
such as a kilogram quantity, would result in up spheres crushi ng

| owner spher islinerse kratdapfermes spheres cap hpemamedrdtzﬂcﬂy n&er spheroamt;pes

n- i nd ko ONR: SEREr FEraetl T2 B HIRAbH et Gt A GB s Soreens

spheroni zat 42anlx4). onto carrier screen 12 or acconplished in-situ in
carrier 10 (between screens 12 and 14). Hence, with the
present invention, nedicanent particles SM may be applied

Hence, with the present invention, medicament particles SM may be applied
directly onto carrier screen 12, without the use of any suspending agent. Such
20 suspending agents are unnecessary, although they may be used. In contrast,
in the prior art, dry powdered medicament is admixed with a suspending agent,

such as dichloromethane, and the resultant suspension applied to the carrier.



directly onypogRkdoker screen 12, without the use of any suspgpdi t.
Such 20 suspendi ng agents are unnecessary, although they m?@g{aﬂgg@ﬁ?@l n

contrast, in the prior art, dry powdered nedicanent is adm xed with a
suspendi ng agent, such as dichl orom@hane, and the resultant
suspension applied to the carrier. WO 98/ 04308

PCT/ EP97/ 04128 20 5

Labor at oLy Exanpl es Exanmple 1
Spher oniSed, mcrofine, spray-dri]é%b%mm%%Mer of each of the two 10
medi cament s, sal butanol sulfate and am | oride HCl (abbreviated herein as

Al b S and Ami|l HClI, respectively), are enployed in this exanple.

Non- spher oni sed spray dried ne i s enpl oyed for conparison.
Spheroni sation is acconplished through the foll ow ng procedure. A nass of
20 15 mlligranms of Alb S mcrofine powder is placed in a 20 mlliliter

gl ass scinti ' ; hal ' : | f of B sey).
The vial is éadtﬁgﬁiggd’t g '%m“hé' sé%@&%r&dﬁi (a'g(tl Egﬁua%'tggﬁ%ﬁﬁ F?gur ei\g’,

whi ch cep r ehedicainents) Salbuiasiol suifaté rama amiloridedHOD (@tbreviated hereimas Atbnut e
(rpm. 20 The vial is rotated for approximately 10 m nutes at

appr oxi mat elS and Amil HCl; peapectively), are espleyediin this exampleaNarcspharoniged

illilit i al i: ' t . that if
glniffIerIenters?élfza%gﬁé‘éjinﬁ@%é%%%ﬁﬂ%efﬁé%éﬂm%aﬁd need toabeI adjaust ed
accordingly to maintain the sanme linear velocity at the inner wall surface

of the vial. 25 The principal axis of the vial downward from
t he verti calSpherenisation issagjmplished through thelfolidwing pracegure( Asndspofted i n

Figure 6), which is | qyed so that the powder .was evenly . .

distri bh% ed @*'B@“ﬁr&ﬂhg@@rgﬁﬁ pewdst is; écQﬁfe fa 39@&“@% &i@ﬁﬁ ﬂéﬂﬂ"atm
vial (available from Kimble Glass of New Jersey). The vial is attached to a
ROTAVAP™ (as depicted in Figure 6), which can rotate the attached vial from

0 to 20 rotations per minute (rpm).

20 The vial is rotated for approximately 10 minutes at approximately 40 to 50 rpm.
It is noted that the particular 20 milliliter vial has an inner diameter of 24 mm, sc
that if a different size container is employed, the rpm would need to be adjusted
accordingly to maintain the same linear velocity at the inner wall surface of the
vial.

25
The principal axis of the vial downward from the vertical direction is 90° or
slightly larger (as depicted in Figure 6), which is employed so that the powder
was evenly distributed along the inside surface of the vial during tumbling.
However, it is noted that angles smaller than 90° will also work. No solvent or

30 binders are employed with the medicament during the tumbling. The tumbling
is conducted at ambient conditions (25°C and about 50% RH) and results in
spheres of Alb S.



However, it is noted that angles snmaller than 90[err] w | also wor K.

sol vent or Jydogspgiers are enployed with the nmedi cament durig 0412
tunbling. The tunbling i s conducted at ambi ent conditi ons err

and about 50% RH) and results in sgheres of Alb S.
98/ 04308 1 PCT/ EP97/ 04128

21 5 The tunbling is repeated with Am| HCO in the sanme manner as
descri bed above for Alb S, except that the vial is rotated at

appr OX' teI E,&F ﬁ)ﬁ% %V}QREated witﬁsﬁll('jrfilSHU? iAPINRY 88maf mArnkr s descnbed

Next , I SKHAL di canment spersing device commercially

avai I.abl e f rabovel fox AIMS, lexaept that the ivial dspbtaged at Approkimbtedy QOOGpnpaandTent
i's renoved fromthe holder portion of the DI SKHALER err], and each
dosage of t iesults in spheres etAmtl %@Eh Alb S and Anil HCO is |oaded onto the
bott om of the hol der portion of the DI SKHALER[ err], the.bottom
serving as a carrier surface. The DI SKHALER] err] has a screen, which

serves as am!}&arén@lsr(ﬁALWI@n hetRameRt dislerdifg %@b%e%ommermally For
t he conparisons, each dosage of the spray dried m crofine medi canents “of

each ofié\ b availaibleArom Gi@ko Wellcoauehooris employédt Thendeblistérecdmparmepbis i on
of the DI SKHALER[ err], the bottom serv as a carrier surface. Then,
the screen #emoved frama t helder prrtionefibe Q@lwngR"f randgach) desage,pfthe

hel ping to enfrain artl I r he een does in
t he corrrrercﬁ&f"?gﬁsaéiﬁfiﬁrﬂ)lpéb dl:!li'iﬁl-ﬂég E)ﬂd%d ohts thewﬂm 0335 Ei'ﬂl HALER
devi ce w th ri%?ﬁﬁét[bl?ﬁ%ﬂ‘ﬁﬂ‘r@m'ﬁb b&‘ﬁémaé fgeds %P cafrierdurface, The
AUTOBREATHER] err (aval e from APl of Had ey, Massac usetts) for

di spersi on DISKHAULER™ ha®atscosarn, ivetich $baved A BRAAAHRIRaNd lmpae’uonscreen

whi ch sinmulates inspiration by a human t hrough the nouth at 60

|i t er s/¥8 nufes,the sphef@s.h an acceleration of 19 liters/second[err] and a
total volune of 1 liter.

For the comparisons, each dosage of the spray dried microfine medicaments of
each of Alb S and Amil HCl is loaded onto the bottom of the holder portion of
the DISKHALER™, the bottom serving as a carrier surface. Then, the screen

20 of the DISKHALER™, serves to direct the air jet, thus helping to entrain the
particles in the air jet, as the screen does in the commercially available
DISKHALER™,

Next, each DISKHALER™ device with its respective medicament, was attached
25 to an AUTOBREATHER™, (available from API of Hadley, Massachusetts) for
dispersion of the medicament carrier. The AUTOBREATHER™ is a device
which simulates inspiration by a human through the mouth at 60 liters/minute,

with an acceleration of 19 liters/second? and a total volume of 1 liter.

30 The inspired powder (which was approximately 1 milligram) is then drawn into
an AEROSIZER™ (available from API of Hadley, Massachusetts) unit for
aerodynamic particle size analysis. The extent to which the powder is
dispersed is measured by the mass median aerodynamic diameter (MMAD) in

micrometers, and the percentage that is less than 6 micrometers, preferably



30 The i ngypiogpgsggowder (which was approximately 1 mlli gra?jé:gﬁg.},glﬁgs

drawn into an AERCSI ZER[err] (avail able from APl of Had

Massachusetts) unit for aerodynam c_particle size analysis. The extent
to which the powder is di sper sed iszﬁeasured by the nmass nedi an
aerodynam c dianeter (MVAD) in m cronmeters, and the percentage that is
| ess than 6 mcroneters, preferably WO 98/ 04308

PCT/ EP97d 04§ than 5 micrometers, is indicative of desirable particle sizefZ?or inh aﬁidr?fn?o than
5 mcrorreters, I's indicative o desira e partlc e S| ze or nhal ation Into

the lungs. ¥hee lurigs. orfiet phofoemultiplize stubés tdfethaERERICHIRER™] areaoperated ated at
1100 volts, and the data are anal yzed in an auto-conbi ne nbde wth software

versi on 5. 04180 voltsi asttke datsamranalyzedin ap autesombing made with software
results for the dispersed ray dri rtjcl of .nedicanents

(conpar i son¥?rsé9fbbfc}eéﬁ?‘é@%ﬁom&ﬁjgggag‘%n&%ﬁ@g‘%r es of

nmedi canents are summari zed in Table 1 bel ow.

TABLE 1 Dr ug MVAD % Mass < 5 Sanpl e
Type 10 The resuits for the dispersedeispray) dried cpartiled sof medicameitd S

6. 64 . 34 conpari son-
spray dried{comparisons) and the dispersed tumble-agglomerated spheres of

?pﬁ;?fe!s ne medicameﬁisbaré summarized in Table below. 83 (spray
dri ed) Am | HC 6.3 TABLE 1 39
compari son-
fnp(r:?gf ?L'eed Drug MMAD % Mass <5 Sample Type
(micrometers) micrometers
Alb S 6.64 34 comparison-
spray dried,
microfine
Ab S 3.5 83 spheres
(spray dried)
Amil HCI 6.3 39 comparison-
spray dried,
microfine
Amil HCI 3.9 60 spheres
(spray-dried)
15

As can be seen from Table 1, for the medicament spheres dispersed from the

carrier, the resultant small sheared particles have a smaller size and a greater



Am | HCl 3.9 60 spheres

(spray-dri eg)o 98/04308 As can be seen from Table 1, for theciggbgeient
spheres dispersed fromthe carrier, the resultant small sheared

particles have a snaller size and a gr ea&gr WO 98/ 04308
PCT/ EP97/ 04128 23 5
percentage of them are under the desirable inhalation size of <5

m croneters, as conpared to the mcrofine nmedi canent di spersed from

the carrg er percentage of them are under the desirable inhalation Sizef < 52micrometérs,
tunbl e- aggl onerati on procedure with the 20 mlliliter glass vial attached

to 10 the Betvwparedds the mictafine medicamept dispersssl/fomshesaiared for the
medi canent s becl onet hasone di propi onate and sal nmet erol hydroxynapt hoat e.

A phot om crograph of the resultant spheres of becl onmet hasone di propi onate

I S shown in Figure 7. Fromthe%ﬂi@ted on the photom crograph, it
can be 15 seen that the spheres havé an average particle dianeter size of

about 0. 033 The tumblecyglsherstion.dcedgre with the 20 Anililiter giass vigl aftéched tche
resul tant spheres of sal meterol hydroxynapthoate is . shown in Figure
8. Froma he the aROTAVAB™ rag eserbedninc Exampla, 1i abeve iscrenpatedciort g t he

iSRS CA N A "

A photomicrograph of the resuitant spheres of beclomethasone dipropionate is
shown in Figure 7. From the scale noted on the photomicrograph, it can be

15 seen that the spheres have an average particle diameter size of about 0.033
inch (about 0.84 mm).

A photomicrograph of the resultant spheres of salmeterol hydroxynapthoate is
shown in Figure 8. From the scale noted on the photomicrograph, it can be

20 seen that the spheres have an average particle diameter size of about 0.031
inch (about 0.78 mm). Additionally, for comparison, micronized powder
particles are shown in the same field of view in the photomicrograph in Figure 8
to demonstrate the difference in particle size between spheronized medicament
and micronized medicament.

25

Example 3

The procedure of Example 1 for tumble-agglomeration of a medicament into
spheres and then evaluation of the MMAD of the resultant small sheared
30 particles after dispersion of the spheres is repeated with the medicament,
fluticasone propionate (abbreviated herein as FP), but with the following

changes.



particles agg o8k in the sane field of viewin the photom (i,rgg?‘_r\églﬁuizg

Figure 8 to denonstrate the difference in particle size

spheroni zed nedi canent and m croni zed nedi canent. 25 .
Exanpl e 3 The procedure of Exanpl2d4 1 for tunbl e-aggl oneration of a
medi canent into spheres and then eval uation of the MVAD of the

resultant small sheared 30 particles after dispersion of the spheres is

t : . . S on ot !
opern s, " Hlbtedi of il RERUBREATHER™ 4b¥ig i BirafbR 't SRRl By oA o
PCT/ EP97/ 04Agdfhan, employed is a device consisting of the following compa#énts: 2.5 litepst ead

of the AEROBREATHER[ ertr] device for si rru?at lon of insSpiration by a
human, enpl stainless sieeleaircreseorait {available fram WGHITEX) n pressupe reansducer 5

i‘rzﬁéﬁucer (Model ﬁ%%eﬁta%%'sesie;géﬁ%«vééb s a&&s&r@e@rw@%ﬁézwe
Mb DP205- i o Ql | ' P
o T 35 Beiable fodh RECRAY [Higrle et Balyel B} B3 NG, N B06 | 7
gas va|1\besR5¢a°nab|e gmwﬁgrﬁ@ & BROMAIELDY A2 imiNatureRtiensld Gfasavaivégapiz from

COLE PARMER, del 9-567-90, Series 9 available from GENERAL
VALVE), 2 meolts DC, 100 gisig:sModebNpalRO§306Wavailabie feomi COLE PARMER,

pos E on. 2{:%@%@4@8ééé%ébhﬁb%ﬂ,%saﬂoe\élﬁg%‘\p% SERERA SBNDer reter
| nohes. | ong R GUOLIEE Trdn PRIAER) TRy GASTIGHTE Syiee tavalidih oy

VALVE) . from HAMRAIGN), atlamp ttEheld afidVigdsitiort Screemnholded dssembi oandt ed
air pressure source 20 open to allow air_to pass into the liter

2.5
chamberl® o Relytettafiuorrethylenecld4 inch-28maaleuf-sinian ysed as nogzlepdtagt Nond3f i r st

Sol anoi d vare o2 2ol ks BhES ' BeasCinendmgna amets” SYFRRIR Py 1 ne

dead vol umregENERAL WADYER. The tinmer opens the second

In operation, a metering valve is connected to a regulated air pressure source
20 open to allow air to pass into the 2.5 liter chamber to achieve the desired
pressure, typically 84 psig. The first solenoid valve is opened to pressurize the
chamber between the 2 solenoid valves, and the volume was controlled by the
syringe and the dead volume of the T-union. The timer opens the second
solenoid vaive for a defined period (which was 100 milliseconds) resulting in a

25  controlled pressure pulse of air through the nozzie.

The first carrier surface is the surface of a first screen instead of the bottom of
the holder portion of the DISKHALER™, and thus, the impaction screen is the
second screen. The agglomerated FP is loaded in respective 2-screen carriers
30 as depicted in Figure 4A by transferring approximately 50 micrograms dosage
of the spheronized powder with a spatula from the vial into the first screen of

the carrier and then placing the second screen thereover.



sol enoid valve for a defined period (which was 100 m | liseconds) resulting
in a 25 conwooslossbspr essure pul se of air through the nozzle. pcrEper0dies
first carrier surface is the surface of a first screen instead of the

bot t om of t he hol der portion of the SKHALER[ err], and thus, the

| npaction screen is the second screen. The. aggl onerated FP is | oaded
I n respective 2-screen carriers 3 0 as depicted in Figure 4A by
transferring approximtely 50 micrograns dosage . of the spheronized

powder wist h Fomsglitcdraers; @achscreenlis ioftsdainiessf stest  Jhectinst streen is 6H400

carrier and then placing the second, SC{SES thereovder. WO 98/ Q4308
PCT/ EP97/ 041meesh and the second screen is 0 mesh, and the 2 screggns arg spaggf ;| |

carriers, eagh r h S t-ad nJ..o eelm T ' |

mesh and’ t heaBel ohh gy dofh €7 MEBRerEhr” The) Minledbah, B65E Webhes or A8
apart by 0. Oghhdiehized FP iGatibd TAtdoh cahier Tapbedram dodemigroghiras @b 541¢
spheroni zed FP |l oaded in each carrier range from44.4 mcrograns to 54.1

m crograns. Miicrogeams.eSix camers aontgining thepspheronized P ate plasedon@ seregn
screen 10 hol der ass I o that, e of the carri,ers coul e i cted
o ihCind0  holdgtrassertie sh S8at Pach Ao thescaiars; poc he GuAGed qutt ey

o e 00 ogontrolil 3968AR PRREC-of air from MAEE UG 'ddiRlibia I AnaCHEE"

hol der asser’r%?y consi'sts o um num cover ates I nches x
i nches), 2 sp@;iarglrgpﬁs sbewd. masks (3 inches x 1 inch), and 1
pol yt etrafl uoroet hyl ene spacer (3 inches x 7/8 inch). The stainless steel
mask and the spacer contains 6 matching holes for holding the 6
carriers with the 2-. screen . 20 The r.esul re.as fol| ows
for the snal p‘%%é&ﬁ@tﬁcﬁy't‘#‘a %csrepggaoﬁ&?rnasmﬂlyt ﬁ%nsxsets °¢2ﬁ8%‘ﬂ? Difer es
wer e di spers ' d - 12ineh e er s
to 3.3 Mbar ofiptest CThs 7 irches) 2 B Sel Riacks 3T inches 2 +inbh,
di saggr egat i potytetrdfladgsetsyloee epazed(Pimches xe?/8 inth). sThklstainiessesteplamask | es,
t he '

and the spacer contains 6 matching holes for holding the 6 carriers with the 2-

screen mode.

20 The results are as follows for the small sheared particles resulting when the
medicament spheres were dispersed from the carrier. The MMAD ranges frdm P
3.2 micrometers to 3.3 micrometers, with an average of 3.2 micrometers. From"
disaggregation of large spheronized particles into small sheared patticles, the
percentage of the mass of the particles under 5.8 micrometers is 73.9%.

25
It will be understood that various details of the invention may be changed
without departing from the scope of the invention. Furthermore, the foregoing
description is for the purpose of illustration only, and not for the purpose of

limitation — the invention being defined by the claims.



per cent age wb oglogaogess of the particles under 5.8 mcrorreterq, poFofiFR 25
It will be understood that various details of the invention e changed

wi t hout departi of the invention. Further m)re t he.

f or egoi ng SHSET d1ASi BERND| the p®fose of illustration only, and not
for the purpos¢ of REPLACERitatipn - the invention being defined by the

cl ai ns. 5 CLAI M5

1. A rgdi cament carrier for use in Mal ator device, said

medi canent carrier conpri sing: (a) a first screen having a
surface definingfa pl & anedicanieritncamieri foesuse in an inhalator devicey esaid
wherein the first screen is | oaded with one or nore doses 10

of powder efhesticarmant carder ARMPHSIABNt particl es wherein the

aggl oner at ed rred arrent rticle o) f

P9 et ey Tor R W AR ktearT Bafing » DBEe Wi 8 AHER B interstices
partially open and fr‘%ﬁ‘et‘@g n, tﬂ%@ﬁ@h@%@é&%ﬁ@bﬁéé&ﬁn%é bﬁhﬁﬁe doses
and such that the first screen serves as a carrier screen for the

aggl onexat ed nedi canerdf doypowdeteed aggidmerated medicamen} partmlasowihewndhe

spaced apart fromthe first s and the second havi a
surface defining a pl lﬂQQI‘?’P?ai?‘?Wﬂ@?%mPE'eEa iglescang. load ‘onto the synace The

medi cament carrier accgr 0 d
nmedi cament particles Eégvtgbnﬁ%%rg?'%leﬁ Chlgh#ngéﬁhgéé%ﬁ&& g}?rﬁﬁgg}emgf %ﬁzt er
to about 3.0 mllinet qigtially open and freef the BagldimetatastiRRidicénteiari@iesr di ng
to claiml1l or 2, wherein the first screen is spaced fromthe second

screen from about 0. 0OBndosugiothat3he first screen isenaseas a carrler screen for the The
nmedi canent carrier acco 0.,a recedi nqg .cl a| wher ei n each
screen 3 forned fromagggﬂmg tt%q@ arrg roup consi sting of
woven materials agf SO @ RediFaded §part from the f rst screen, and the second

screen having a surface defining a plurality of interstices therein.

2. The medicament carrier according to claim 1, wherein the

agglomerated medicament particles have a particle size from about 0.05
20 millimeter to about 3.0 millimeters.

3. The medicament carrier according to claim 1 or 2, wherein the
first screen is spaced from the second screen from about 0.05 to about 3.0
millimeter.

4. The medicament carrier according to any preceding claim,

25 wherein each screen is formed from a material selected from the group
consisting of woven materials and non-woven materials.

5. The medicament carrier according to claim 4, wherein the woven
materials are selected from the group consisting of natural fibers, polymeric
synthetic fibers, metal fibers, and ceramic fibers.

30 6. The medicament carrier according to claim 5, wherein the fibers
are surface plasma-treated or metal coatéd.

7. The medicament carrier according to claim 4, wherein the non-
woven materials are selected from the group consisting of punched bianks,

stamped blanks, and photoacid etched materials.

This Sheet Has Been Replac
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5. The nedi canent carrier according to claim4, wherein the woven
mat eri al s arwooslogiwsed from the group consisting of natural fideeepe7/04128

pol ymeric synthetic fibers, nmetal fibers, and ceramc fibers. 30

6. The nedi canent carrier according to,glaimb5, wherein the fibers

are surface plasma-treated or netal coaté&d. 7. The nedi canent
carrier according to claim4, wherein the non- woven nmaterials are
selected fromthe group consisting of punched bl anks, st anped bl anks,
and photvaci d et dhed nbhemedisament carrier accom@iriBicddliang 7, wherein the blanks
PCT/ EP97/ 04128 27 5

8. The nedresnetd ot the phgtoagid stehedmaterials ame metdher ei n the bl anks

oL reLal o BOLOTRL B " BoRh B precscng B e

interstices e r?ﬁ?tﬁé irtbrstie S P tREGiretl sdrBEn AP of! tiSE 'SBEOnA'Rrékn @re of a

shape sel ected fromthe group consisting of square, round, oval, hexagonal,
10  oct agorshaper $edetteddironii theogubupacehsisting obsguare, trbendz,obval hexagonal

10. The nedi canent rier ccor to an di n claim wherein
the i nt&@st iectageial vt'ﬁ’@"?t?‘?'@vt 1308 na‘gﬂ °B%'¥?f% E screen are at | east
about 10 m crometgy

according to any prece ng Cplcamerlt cam\ﬁrgeraé%onrd{ﬁ te> ces o¢ Ffﬁgﬁfl rst

screen are Qfheteie intersiiced éfitas firStescreen andrdfahs tseeefid @Erééiﬁaﬁ.eépl@dst
screen, the interstices of the first screen are of a |arger si ze than

t he interst iabesit 40 micometess ih widtlken, or the interstices of the first
screen are of the sa si ze gs the . interstices of the secondqsﬁﬁ
ngoclalm

12.  The nedi cameht cal?s emegdicagiatn GaMET c REFPRAING,  tO\30Y e PREG
i nterstjges mﬂ%}eﬁw’tﬁé‘%%é?étbéégeof 'tﬁétﬁr%frs%?ébrﬁré?e%f 3 %hﬁaﬁie'ﬁ%ib thah {fHee
first screen 400 mesh or of 169 mesh, and e Interstices and

surface of uﬂiterstmeerm the secomtscﬂeenaﬁhe infersticeiszof the fitst sbrgert dre ofex fanger
screen i s of 250 nesh The nedi canent_ carrier according to

any precedi §ige thamthe interstices é?fnthﬁhﬁe%gjﬁi SetEeR & thedintelrticrs phrthe cﬁ@%

sai but anol . SERALPIEY PE SRRk &7 asth8 MBITERSPEMS R B4R, oo anol |~
pi rbuterol, sal nefzer olThd |HEdRaARIAE d%rﬁéf %bﬂimg to cRHfEIAN Wherein the
becl onet hasone di propi onate, disodium cronoglycate,

20 interstices and surface of the first screen are of a size such that the first screen

is of 400 mesh or of 169 mesh, and the interstices and surface of the second
screen are of a size such that the second screen is of 250 mesh.
13. The medicament carrier according to any preceding claim,
wherein the agglomerated medicament particles loaded onto the first screen
25 are selected from the group consisting of salbutamol, amiloride, terbutaline,
isoproterenol, metaprotaranol, pirbuterol, salmeterol, fluticasone propionate,
budesonide, beclomethasone dipropionate, disodium cromoglycate,
bambuterol, mometasone, insulin and triacetonide, and pharmaceutically
acceptable salts thereof.
30 14. The medicament carrier according to any preceding claim,
further including a third screen, spaced apart from one of the first screen or the
second screen, and the third screen having a surface defining a plurality of

interstices therein.
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banmbut er ol ,wo&BgRszagoNe, insulin and triacetoni de, and pharm |
acceptabl e salts_thereof. 30 14. The nedi ca(rir)e%# P%Z’Hllx%r

according to any TSEHEENHAT BEM | further including a third screen,
spaced apart frqgm oneﬁgf, 8 firs{ scre@d® or the second screen, and
the third screern | defining a plurality of I nterstices

t her ei n.

2 4 JUL 21998 ; . ; i 30 15,
The rrediscarrent cgf)'ri e;r hgcgnoerdc'ﬁa r%e?toc%W§ rparcggé%fpﬁgtoclagygéefﬁdﬁg claim, in

comnbi nat i oncginblinationi witrmaatrhalater device. 16. A nedi canent carrier
adapted for use in a dry powder inhalator devi ce, said nedi canent
carrier conprisii§: A medicament egrrier adaplesk fos disecn & &y pgwdet intalator
defining a glurality of .interstices 10 .. therein and the first
screen is | B8¥ES: Said megicarpgut cayRer sgmarising: powder ed

aggl oner at ed nedipanent A ¢ ; ' ; :

t he aggl oner at edkér?edi c%aﬁ'e%ﬁts%)ée\lérrflﬁ% lgg aars grf 8% ee(? n!?r?t g"é]ﬁfeaﬁwof interstices

surfacemf the first sheretmand the filstscreen is datied witle at Idast oné dese ofidni5
| east partially open and free of the aggl onerated nedi canent .
particles and such th®owdesed jagslomes madicargent particlesr having @ paricle

for the aggl onerated i L Cl.es. - ond
screen spaced apart f%ﬁﬁ@s&h@iﬂégﬁé@%‘ﬁ%g’ FB%UI(S%'QOW&"'“&@S';\@%%W
having a surface defi mddagyiineraibd! hedicanérit’ phitieRS &ReTiBEGEdCEMo b
wher eby when an air streamls provided to the carrier and enters through
t he first screensurface of theefirst screenrstich thatl tbalsterstices ithéreof are at

di saggregation of the aggl oner at ed, powder ed nedi cament  particl es and
remove %%hem from the ﬁqqgtparﬂgl‘y opeaANd ?’I?@ pf the aggloraerated \yaadicamentsent

the powdered aggl omer ?J%ﬁ%(?s and 'SR E@ﬁ?ﬁé ff?%t;] §4r§éﬁ§e gﬁ ega ?:EFrfe?téc? and

acts as a source of mi e ar |e € po agglonerated

medi canment particles, fortdetdygloraeaited frydiiment particlés:ed 0 shear and
further di saggre?rgte t he aggl oner at ed powder ed medi cament particles
when t hey i npact (Ina sgcend setaasusnacedrpast fremdbe dirstiseseen, and the second

screen having a surface defining a plurality of interstices therebetween,

20 whereby when an air stream is provided to the carrier and enters through the
first screen interstices to entrain and cause initial disaggregation of the
aggiomerated powdered medicament particles and remove them from the first
screen, the first screen serves to present the powdered agglomerated
medicament particles to the air stream and acts as a source of multiple air jets

25 on the powdered agglomerated medicament particles, and the second screen
serves to shear and further disaggregate the agglomerated powdered
medicament particles when they impact and are sheared by the surface of the
second screen whereby they are sheared into smalier particles of respirable
particle size range that pass through the interstices of the second screen.

30 17. A process for forming a medicament carrier for use in a dry
powder inhalator device comprising the steps of:

(@) providing a dry powdered medicament such that the powdered

medicament comprises agglomerated particles;
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second screen whereby they are sheared into smaller particles of respirable
particle si a% 5@}%\8 that pass through the interstices of the screen.
30 i process for form ng a nmedi cament carrier f%’fﬁggg”q‘ﬁ;sa

dry powder i nhal at or device conprising the steps of: (a)
provi ding a powder ed nedi canent such t2fht the powdered medi canment
conpri ses aggl onerated particles; WO 98/ 04308

PCT/ EP97/ 04128 29 5

(b) proyding a @db?é\namg afﬁ{erdiﬁméﬁti th%ﬁﬁh%%cl%e&%i‘%asi‘ d firs5cregheen

and a second screen space erefrom each screen having a

respective surface defandi agetoptuscreen \spacednthereftomgeeathesceeen havihg a
the first screen serving as a carrier and initial di s_alg;gregat ion
screen and the second respestive suiriacegdefining nplirality cfrioterstices therein, and
Lmpact 1 on screen; andyne fist soreen SShing MR 4 St angf gl Gisd9gtagmtion

aggl oner at ed powder ed

surface of the first ger® 4HéhéN8kcond screen serving as fah%t@aghgﬂshat ed
medi canent particles are | oaded onto the surtaCe of the
first sgreen whereby tmpactidressreeneand her eof are at 15

| east partially open and free of the aggl onerated nedi canent

particles. () appigng 2helepstb Qe dRSe %l e t aggicmerated Rovedared t he

aggl oner at ed med| irle V. articl i fr oyt
09LOMerAted o TEHEAGEREP BRI BB/ b i fiot Sefely AL
process according o ehel dgldmBfatdd. miiRizthent> pAHRIBY b Nbaded ontd the
acconplished with a device selected fromthe group consisting of a

vi brator, t unbl eurface of the dicstrscreemiwletreby tiié intdrstieds dheneof arerat a
sprayer, a high pressure ., conpact or,. and sinterer. . 20.
The prdess accor di nglrlqabc‘té?ﬂm%'fy eggﬂrﬁ"iff%%é,e\ﬂ@?@r‘ﬁfﬁtﬁ% megdicament
screen i s spaced froggtam\c@sqcond screen fromabout 0.05 mllineters to

about 3.0 mllimters. 21. The process according to any
of clains 17 to 28, wTeeeprocess haccordingavesiaim s17, avngint tieenaygierherdted
sel ected fromthe group consisting of woven mat eri al s and non-woven

mat eri al s. Medicament particles have a particle size from about 0.05 millimeter to about
3.0 millimeters.

20 19.  The process according to claim 17 or 18, wherein agglomerating
is accomplished with a device selected from the group consisting of a vibrator,
tumbler, an extruder, a mixer, a fluid bed granulator, a sprayer, a high pressure
compactor, and a sinterer.

20. The process according to any of claims 17 to 19, wherein the first

25 screen is spaced from the second screen from about 0.05 millimeters to about
3.0 millimeters.

21.  The process according to any of claims 17 to 20, wherein each
screen is formed from a material selected from the group consisting of woven
materials and non-woven materials.

30 22.  The process according to claim 21, wherein the woven materials
are selected from the group consisting of natural fibers, polymeric synthetic
fibers, metal fibers, and ceramic fibers.

23.  The process according to claim 22, wherein the fibers are surface
plasma-treated or metal coated.

A



30 wGdsnn43dd'€ process according to claim2l, wherein g gﬁF&}
materi al s are selected fromthe group conS|st| ng of natu ers

pol ymeric synthetic fibers, netal fibers, and ceramc fibers.

23. The process according to claim 22, 3Qherein the fibers are surface
pl asma-treated or netal coated. WO 98/ 04308

PCT/ EP97/ 04128 5

24. processgé‘ctcg’f‘dﬁ#rom §'£dc6}d’1&g éé!“%iﬁn‘n“ zﬁh%ﬁaﬁcq‘q‘igéb?on -woven

mat erl a S are seléc e group consisting bf pu anks, st amped
bl anks, andnatetiafate] selecteeldiromt el %vlo&p consisting of punthed blasks)rstagped
accordl ng to claim?24, wherein the bl anks are netal or the photoacid
etched rmt dilapks; andephotoacid etched materials.26.  The process according to any
of claims 17 to erelnthe interstices of 1he first screen and of
t he second scree%gare ?péoc:ﬁ?&;?é’cgﬂ%li%&[a' fff"\"lﬁf?'(’h eRians ahaeldl ng of
square, ro Pﬁgﬁ\gkqamé%ga%ateﬁg%qﬁ% r honboi d, di anond and

conbi nati ons € process accor di ng to any of

clains147 to 26,26herFhe prbesedactdrtiinigsta apy off claies fi7r &t 26 Cvbereiantieof t he
second screen are at | east about 10 m crometers in w dth.

28. The printessticesafdheifins} mmgn@fof&m%smoqdzsw@ea?aremgrshapetmected
en ae of a small.er s nt er tlces

interstice of Hlﬁe]flrst S 52 thaél,at]he
of the Hrolp eRERtNG o sduar, JoUne. qval ¢ fiexadahil.e Station
| ar ger si Ze?hb?ﬂit%ri%ft??ﬁgnd'dﬁﬂ%&ﬁblﬁﬁﬁoﬁthb%fsecond screen, or the

interstices o rst screen are of sane size as the
interstices of t2% se'fnmbrscesseaccordmg to any of2€laimsTlZ for 26 cahereinchei ng to
claim 28, wherein the interstices and surface of the first screen are

of a siBe dotenstioest ok ihe first screenr and, of thesegond semen are abjeast aboyt ABsh
and the |nt,ﬁ§é®§§é{azﬂp% Hrface of the second screen are of a 25 Si ze

such that t BEn is of 250 mesh. 30. The process

according to any2®f cTre o&asst ace&dmfghw ahp défhelaims 172@0PPRhersid the
medi cament particles | oaded onto the rst screen are sel ected from

the group dotesstinesnof the &rét isgteamnpare afral maller, sizethan dhe mierst@eprqfttbeenol
nmet apr ot ar anol_, .pi rbut er ol uti casone pr?%onat e, soni de

: LS R s,
3 0 becl orfiRRdSREEEN o ﬁr'mﬁrﬁ §i irshipcreen e RR 13rast s'ze fﬂg Ber ol ,
nonet aggne, infepstites bf tﬁ@%e&:bha(‘sﬁééﬂ & thé RleRIREERE Y st stiechCarersrbke

salts same size as the interstices of the second screen.

29. The process according to claim 28, wherein the interstices and
surface of the first screen are of a size such that the first screen is of 400 mesh
or of 168 mesh, and the interstices and surface of the second screen are of a

25  size such that the second screen is of 250 mesh.

30. The process according to any of claims 17 to 29, wherein the
agglomerated medicament particles loaded onto the first screen are selected
from the group consisting of salbutamol, amiloride, terbutaline, isoproterenol,
metaprotaranol, pirbuterol, saimeterol, fluticasone propionate, budesonide,

30 Dbeclomethasone dipropionate, disodium cromoglycate, bambutero!,
mometasone, insulin, and triacetonide, and pharmaceutically acceptable salts

thereof.

N



t her eof . 31 5

31. The pro&asﬁ ording to any of clainms 17 to 30, wherein |

t he aggl onera el %@V\dered medi canment particles to the surfacé’%%guﬁi rst

screen is acconplished free of a suspendi ng agent. 32. The

process accordi ng tofan f—cteatme—174-t 8B1, further including athird
 Tohh SHEET EKi

screen, spaced part oflA% 1B rst screen or the second screen, 10
and the third screen_havi M§PEAGEDr f ace |[defining a plurality of interstices

t herei n. r f \SHedisil e | t
from a° rredlséarr-gﬁ% pg%cr@rs ?eéré%ggg%? e{)i 3?18 r usléwy?\‘]y?@\r%' B‘@%&%‘?‘%Wgt or
devi ce, saighe agglofstatsiTpbivdersd msdicarabndpanicils {octid sarfacessbf tive diest and

a second screen spaced therefrom each screen having a respective
surface def screeg is agcomplished free of afsuspendingiagent.t her ebet ween, and t he

fi [ l.s | oaded with at | t . f . d
001 omer at ed. medPgamelegPPRts Bealdi toraty efaims 7o Tcfirther indlidhe. oo
as 8 Car 11 ef 6k Sened 0TadRBadiat RMISNS dr S AILAL S o the seBBHGE

articles in ed aggl oner ate anent particl'es
p

are | oaged and thé tiardsdreen aaofngtdweurfféwdeﬁmngerp}emﬁty offinterstivesithemgint i ces
20 thereof are at |east partially open and free of the aggl onerated

medi cament 3Bar t iAciprecessndon gisparsipgd dee rwd@edvmcﬁ@me@hém ng
screen for the. owder e l.oner at.ed di cament .particles, said

ot ocess confabtlisaent Baer adapiet 15 HE8RaR YaROARR IMTRIAEE daHie% aditer 1o
entrain andmlediéé‘?'n"l'éﬁ cah%!rtihélhding at least a first screéh SHI'LIBELAR Krebh®
powder ed aggl oner at ed nmedi canent ~25 particles and to renove
them from t$paded tersitorae each Iserdern saving memspective surface defining a plralitpg to

present the _powdered agg| onerated di canent ) ) rticles
to thel&ir ¢f bierstees therebgtween, aé‘égt%@ irg} cafrier jseraenyis lppded with at feast

Pouet o OB R BB A, o B et o

aggl oner at efsp QuRRSF SePRA 63 "R Warfis Eél@leﬂsfo?rmesbgab@(*dé% agglomerated
further disaggregated by the surface of the second Sscreen into

medicament particles in that the dry powdered agglomerated medicament

particles are loaded onto the surface of the first screen such that the interstices
20 thereof are at least partially open and free of the agglomerated medicament
particles, and the second screen serves as a shearing screen for the dry

powdered agglomerated medicament particles, said process comprising:
(a) providing an air flow to the carrier to entrain and cause initial
disaggregation of the dry powdered agglomerated medicament
25 particles and to remove them from the first screen, the first screen
serving to present the dry powdered agglomerated medicament
~ particles to the air flow and serving as a source of air jets on the
dry powdered agglomerated medicament particles, and to impact
them on the surface of the second screen, whereby the
30 agglomerated powdered medicament particles are sheared and
further disaggregated by the surface of the second screen into
smaller particles of respirable particle size range that move

through the interstices of the second screen.
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smal | er parwobsessod respirable particle size range that nov

through the interstices of the second screen. WO 98/ 8121%”7,04128
PCT/ EP97/ 04128 , 32 5

34. The process of claim 33, wherein th@zaggl oner ated medi canent
particles have a particle size fromabout 0.05 mllineter to about 3.0
millimeters 35. The process of claim 33 or 34, wherein the

particleg of respgaabl Fhe procésy bf Ghfn 32 WHeAGRAhE Figéi{';
aer odynam c di aneter frompabout 0.5 m cr omet e?@g?gﬁgﬁ . Cament

m cr onet er s. panticles have aparticlersize fromeaboutf0.65 mitintifer totaboeit 6.0 millimetdrscl es

of respirable particle si zeﬂé’gn%a ave nore than 50%thereof wth a
mass nedi an 381 odJ RERTeceAsPfsiaIM 3301 A4, wheseip the particles of respirable

particle size range have a mass median aerodynamic diameter from about 0.5
micrometers to about 6.0 micrometers.
10 36. The process of claim 35, wherein the particles of respirable

particle size range have more than 50% thereof with a mass median

aerodynamic diameter < 6 micrometers.
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