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PROCESS FOR FORM NG THE SAME 5 Field
of the Invention : The present invention relates to a

medi canent carrier, and nore particularly 1 to a carrier containing a

dry powder nedi canment thereon and which is adapted to be 10 positioned
within a dry powder inhal ator.

Rel ated Art Asthma and oPSSEORURD r atory di seases are
typically treated by the inhalation 15 of an appropriate nedi canent for
deposition in the lungs to ease patient breathing and i ncrease air

ave been (1) tne i MEPIEAVENT CARRIREORBRY SO INBILETER"

suspension in a rrete C?S’ | at or and (2)
the inhalation of a povvder Cﬁﬁs u%??gerﬁgmﬁmm xé@n\% th an

excipiegt) froma dry powder inhalator. However, in 20 .view of recent
evi dence of the lIink between chl orqf‘élucgfqﬁé\rl RN SSI ons and the
deterioration of the earth's atno , use of drugs in
pressuri zed i nhal ators is Iess de5|rable and |nterest in dry powder

i nhal ation syst efg, éﬁﬁé
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of undesir oro on prope Iants I rst met

- utilizeg hggsititied withiped ap} géwder inhafdtéh contain both a dose of the active
material and, in addition, pot ential adjuvants.

Related Art

Asthma and other respiratory diseases are -tybicany treated by the inhalation

15 of an appropriate medicament for deposition in. the lungs to ease pafient 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, pressurized inhalator and (2) the inhalation of a powdered

drug (generally admixed with an excipient) from a dry powder inhalator. However, in

20 view of recent evidence of the link between chloroflucrocarbon emissions and the

deterioration of the earth's atmospheric ozone layer, use of drugs in pressurized

inhalators is less desirable and interest in dry powder inhalation systems has
substantially'increased.

Applicant is presently aware of several different basic methods in use to

25 provide fine particle powders to the respiratory tract without the use of undesirable

chlorofluorocarbon propellants. The first method utilizes hard gelatin capsules

which contain both a dose of the active material and, in addition, potential adjuvants.

The inhalator used by the asthmatic patient for this method comprises a device for

perforating or opening the capsule which is then inserted into the inhalator when



The inhal ator used by the asthmatic patient for this nmethod conprises a
device for perforating or opening the capsule which is then inserted
into the_inhal ator when _ WD 96/ 12515
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needed. An air stream generated by the patient on a nout hpiece of the

I nhal at or serves to renove the pogder contained within the opened
capsul e. The enpty capsule is theft expelled fromthe inhal ator, which
is then ready to receive the next ~ capsule. The air stream which .
passes thudiid) ApCair Addnt ﬁéhéi'étéd B e bhfientéh B hibutiRpiebs B Ael iQﬁalator
powder ed nmedi canent fromthe broken capsule, but i1t has been foun :
that t heseriés IbrreAdVe s pdwdler t dontainedewithins thid) dpened! s4lssulé. i'Fhé'éﬁi?fy i's
general |y not sufficient in duration to renove all of the contents

f rom t hecapsopialissthedr gxpelieddrom the inhakdtor, avhichuds thieri readyt toclotgivgtheanext

di scl osed in a nunber of prior art references : I ncl uding U S. Patent
Nos. 3, ampsobD: The@@isstogam whhich passes thretigh, the capsule daring inhalatiom attseto

" type _of inhalator device is |oaded with a package having a nunber of.

bl i sber Semaventher powderashmegicamentdromathe broken capsule, hutdt bas haarafounda

ed nedicanent for adm ni,stration to the

fixed uantit ofgpowd(ﬂ) . . ) '
pat i ent .thakthe,3if siean; gieated bythe patient using thistypa&f dnhalatad is @enerally, not; | s
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type of plighasavhicth ERYispact@ 4Pt 'fiome bddh otheHTOEachf biéteP'contdins a fixed
pat ent publications including EPO Patent Application Publications Nos. EPO

211595; duantitip bft powderet higdicdinéntfokl administration to fHetpatieritheAs egaple biisterr v
powder inhal ator contains a quantity of mnedi cament therein which is
suf fi ci éatmoéved intbta predetegained/positior,sitris Hroken by-ansuitable meanstsgpas1d of
device is the Draco TURBUHALER  err] which is disclosed in U'S. Patent Nos.
4, 668, 2Teleasedbe, poedenwhich Bowm wirn inhaled by e patient. nHawrseraitchas beenor
wi t hdrawi ng powder ed medi canment from the contai ner and for prepari n? a dose
for 15  found that moisture ingress into the blister pack can cause agglomeration of the
prepared medicament therein. Consequently, when the prepared medicament is
inhaled by the user, the preferred particle size for greatest efficacy in respiratory
disease treatment may not necessarily be achieved. Moreover, the operation of the
device requires the use of excipients (e.g., lactose) in order to meter and administer
20 the medicament. This type of inhalation device is disclosed in a number of prior art
patent publications including EPO Patent Application Publications Nos. EPO
211595; EPO 455463; and EPO 467172 A1.
~ Yet another type of dry powder inhalator contains a quantity of medicament
therein which is sufficient for multiple doses. A representative example of this type
25 of device is the Draco TURBUHALER® which is disclosed in U.S. Patent Nos.
4,668,218, 4,667,668, and 4,805811. The inhalator includes a device for
withdrawing powdered medicament from the container and for preparing a dose for

inhalation. The withdrawal and dose preparation includes a plate having a

K



inhal ation. The withdrawal and dose preparation includes a plate having a
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predet er mi TR MMk ness and a number of cup-shaped hol es t herREHPWSIRISThe
pl ate can be noved by nechani cal neans froma position where a proportion

of the holes are filled wth powder nmedi canent taken fromthe
cont ai ner to anot her position in whi*th the holes filled with the
medi canent are located within a channel. 5 Air flows into the channel as

a result OPrédé‘tH ﬁe@rﬁﬂ"ﬁ%sf’ﬂn& he rimiBernbf %Dp%#apedmggl%ggﬂ@réﬁoﬁﬁh.f | ¥hé

comuni catfon wt the channel so as to renpbve the po

medi canent pfgteahtise Fved. by-Meehanical mdzi PeRm b@yiﬂént\/méreV@EPoﬁdmth thé
applied to entrain the nedicament fromone or nore holes in the plate, not
all of theholes arerdilledawitht powdersd meticament taken froht dhe ddntaimeerto ahether
TURBUHALER[ err] device is 10 designed to adm nister |arge doses and is
prone to spgsitibndarwhichthetolessfilled withgthe medibamendrare located within a Ah&nnek h
dry powder inhal ator device is disclosed in Gernman Patent No. 4020571
Al wher®i nAir flewsuintertheechannel tgp @ waswit iefl suctione providad poywtbe patient on a

i ntroduced into a jet streamof air. The airstreamacts to lift the powder

from the 1moulapisge in fid rameiynicationwith tbrishannel fe aHikiEemare the powsered
ahor t com riesicamipal 5RL e holfs: aHowetn Behpd tark Tound thit Wbens syction is
SRS s phd Al e i B o e R A W et e

051 025, oo et BoshBahgiH he At Arw. Metho (8 the SURBURLERE Havice is
| Tpr egppt edeg néaagegdﬂnﬂﬁ i'qal?eéjﬁoses %n%ofst bfdle % %iﬁ&éﬂt‘:béﬁéﬁgﬂ ' dfug
wi th a dose off powdered nedi carment, such as sal erol

hydr oxynapgémadrg, which can be useful in the treatnment of asthma. Since
t he powdered nedi canent is inpregnated into the interstices of the screen

portions, Ahfourth .drﬂmdmminl'mlo? hfevied 4sdisclobednin Sfmiane PatarteNed
medi canent during 2 i nhal ation wi'll cause the nedicament to break up so

as to aer 04020571 aAbnwhereimea velounwti velvet: typeumhdterial tibadedtwitist powdér is
deposit of the nedi canent on the screen portions allows turbulent air
t o surrounimtreduceddota arjeth stréaseobair. efheairstieam @cts to liftstvespowdepfrene the
! SPETE "Velour-fike material and to nirain the powdsr within The airstrearm which is then in
turn inhaled by the pa_tient. One shortcoming of this type of inhalator device is that

thereis a t_endency for the carrier fibers to intermix with the medicament.
| A new type of carrier disc for a dry powder inhalator .which has recently been
proposed is disclosed in U.S.. Pat_ent.Application Serial No. 08/025,964 filed 3/3/93
20 which teaches a screen mesh disc which is impregnated at spaced locations or
portions along its circumference with a dose of powdered medicament, such as
salfneterol hydroxynapthoate, which can be useful in the treatment of asthma. Since
the po_wde.red medicament is impregnated i'nto the inters_tices of the screen portions,
thé_ air impinging dpon the screen portions' and the powdered medicament during
2. inhalation will cause the medicément to break up so as to aerosol or atomize the
medicament. Further, the _inter_;ﬁtial deposit of the medicament on the screen
portions aIIoWs turbulent air to surround each medicament dose and entrain it to

assist complete dispensing of the medicament dose from the screen portions into
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air-streawosémmseser, the use of the screen disc in the dry peavesnseibal ator
device al so suffers certain shortcom ngs including inprecise netering of

t he powder ed nedi canment since the screen portion interstices are used
to nmeter the medi canent. O her shbrtcomings of the interstitial '
deposit of the powdered 5 medicanment (or irrpregnatlon of the medi canment)

1 tations rstitial

vol une. 1R STArGABe B@fa{eg the-48e Sdhe g8 disc Ih the g cpawser iimelohe
SCE.S;T ﬁ‘"°§f S b ﬁ%"'%elsébPﬁF%@'%% INE0GING noReB56 > Figteriniy o, RS
or edet er poWEErdl Hodieaert SRS 4P HyR 9%@%@?@%“%@#@33&%%%*@%6? the
suppl i ed{nedloarﬁgﬁtowb’(ﬁ&e sHOPRbA Aﬁgs d@f‘"tﬁ@ Hi?@ﬂ%trﬂﬂ*g(élpgs’twﬁf el?r\éer dered

appl i can Invention = provi much greater JERRent

dose § angRdiédrie $6€mbrégricdion ©f the medidaRént)Oihtd CtﬁeSSér%e‘ﬁ' Bﬁﬁldri%e are
medi cament dose is not dependent on the interstitial voi d vol une

the car rlnmltaﬂomsoﬂdpse sizento ihterstitial volume, and the necessity to deaggregt ¢ of
the I nvention " I'n accordance with the present invention there

i's provi dludtetsroﬁmedioament presenhin interstitial voi@s.i n a dry powder inhal at or
device conprising a carrier having at |east 20 one carrier screen portion
defining a pl Applicant'sopresent rigventinn aveidsi many of| thedprbblemss assocraiedlwlﬂs;t

one dose of a powdered nedi canent, wherein the powdered nmedi canent
| oaded oPfi@r am&iry gewder inhalators bymreviding amevel megicament career whogrtailm
t hergof are

redi neﬁtpregetermmecl 3,ar§%%telc?pso%e€{?w2q%23m{véﬁr%si’%shen§mt. 1pc5e sumalivmn
nnal ot oo o8 el Sevigh (lpor” Feinkng; glecyBr Alicafs daveRin
det i nos BROARAEIREY dRE7ARRpITIA fﬁﬁ'@?ﬁﬁnﬁ’ﬁ@% Brge it gpBCHE Carrier d
ccroens. Sagel portign S s wiREdGielt GO le" gt Gbbo iR off ?r"é%?’i*s#‘eﬁrfa'
wher ei n y&ig veRiHe ot thé'eairiet Seréen portion.
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Summary of the Invention

In accordance wrth the present invention there is provided e medicament
carrier for use in a dry powder inhalator device comprising a carrier having at least
20 one carrier screen portion defi ining a plurallty of mterstlces therein and loaded with
at least one dose of a powdered medrcament wherem the powdered medicament is
loaded onto the carrier screen portion surface such that the interstices thereof are at
least partially open and free of the powdered medicament. |
Also, in accordanoe with an alternative embodiment of the present invention,
25 medlcament carrier for use in a dry powder inhalator device is provrded which
comprises at least one carrier portion comprising two spaced-apart screens wherein
each screen defines a plurality of interstices therem, and a plurahty of substantially
spherical substrate'elements poeitioned between the said screens and loaded with

at least one dose of a powdered medicament wherein the powdered medicament is



WD 96/ 12515 .

PCT/ US95/ 13915 _ 5

removed frowoidsazsysheri cal substrate el ements and entrai ned | PCHUSE/IB391S| ow
i ntroduced through the two spaced apart screens The present

i nvention al so provides a process for form ng a nmedi canent carrier
to use in a dry powder inhal ator device cdnprising the steps of: 5 (a)
providing a carrier having a plurality of carrier surfaces defining a

i EQ%L? %ﬁf@@oaﬁguﬁbﬂiﬁﬁét %@S%@?@ffﬁ’%%??mﬂ:fat :682@9_%@'5@ 39 5:n e ﬁﬂcm/
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(c) evaporati ”ﬁl\-fg Egé ertZiﬁ%ﬁeﬁtgk?ﬂC %@Qﬁﬁ%d@%%‘ eﬁd%‘éegé‘rfbi ?6nﬁigg‘;‘é‘tclﬁédégn%%t

to | eave anent deposit primari-ly u e carrier

surfaces ofcatdig to yse in%REF FowaEEinhlatdt Bé&i&e%ﬁwdrﬂ%‘iﬁq fHe stepsioper eof .

The present 1 nvention furt'her provides a process for Torm ng a nedi cament

carriersto (a) providirig'azaftier i i pIORSlitRiof 'cafiter Safacedéfining d plaralitg RF
of: 15 (a) providing a carrier having at |east one carrier screen
portion defnterstices therebetweenal ity of interstices therebetween; (b)

appl ying a predeterm ned anount of a suspension conprising at |east one
dose of a pldempplyingia predaterminedeamountof apsuspansion domprising et lpast ope
so t hat the interstices are at |least partially open and free of the
suspensi ondosadf 2powdarpd\medicament tofthet¢arrien sugaces of dherarrien sot that the
carrier screen portion so as to | eave t he powdered nedi canent
deposi t ed terrtices\are @b leasi pastialy-eren andiree %fatgsi%&spenswn: and not within
the | n‘} 5 ' Stecfes etngchr?acHn'g off the suspending agent from the carrier surfaces so as to leave
the powdered medicament depos'ited primarily upon the carrier surfaces of the
carrier and not within the intersticeé thereof. _
The present invention further provides a process for forming a medicament carrier to
use in a dry powder inhalator device comprising the steps of:
16 (a) providing a carrier having at least one carrier screen portion defining a
plurality of interstices therebetween; |
(b) applying a predetermined amount of a suspénsion comprising at least one
dose of a powdered medicament to the surface of the carrier screen portion so that
the interstices are at least partially open and free of the suspension; and
20 {c)evaporating off the suspending agent from the carrier screen portion so as to
leave the powdered medicament deposited primarily upon the surfaces of the carrier
and not within the interstices thereof.
it is therefore the object of the present invention to provide a medicament
carrier for use in a dry powder inhalator which provides for administration of a
25 predetermined precise dosage of the powdered medicament. |
it is another object of the present invention to provide a medicament carrier
for use in a dry powder inhalator device which provides for the ingested particle size

of the powdered medicament dose to be formed for maximum beneficial efficiency.



It is therefore the object of the present invention to provide a nedi canent
carrier for use in a dry powder inhalator which provides for adm nistration
of a 25_predeterm ned precise dosage of the powdered nedi canment.

It is anNHIZBH ect of the present invention to provide aPFEWSAHIARES

carrier for use in a dry powder inhal ator device which provides for
the ingested particle size . of the powdered nedi canent dose to be
formed for maxi mum beneficial effici enc@. WO 96/ 12515
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Some of t&emabbEthe ebjettscof e Thventidteibeing tstara, ahaerougé&tsow Bekbme,

" becone evident as the description proceeds, when taken in connection
wi t h t hevident ascctblepadeﬁmptndnawromedmswhdvedtdkenelynbedonwgct.oﬁ with the
Brief Description of the Draw ngs Figure 1 is a perspective
vi ew of agcompanyingdwwmings dessriberbbersimbelowcarri er cassette for use
in a dry powder inhal ator device in accordance with the present

i nvention; Figure 2 is a perspectlve view of a second
repr‘ésen tative medi cament Bref Deserip ofthetDrawings use in a dry powder
I nhal at or deV| ce in accordance with the present invention;

Figure 3 is aFigurepbds pvrerspediivsr view Af Adfi rsbmw&santa-tlve/med;uamentenarner
carrier cassette for, use |n a dry powder inhal ator devi.ce in

accor daGagseite for Hﬁeﬂﬂééﬁy powder; iphalatpiodevies in accordaneg wethy the present
perspectl ve view of an individual nedicanment carrier such as utilized.
in the 'YRMOMt ative cassettes shown in Figures 1-3: Figure 5

om0l ORI PP L arihAigLvel A AL Rl b @
Vi eyp of hiferBALSAUERr usd in @l PowddP Rnalktsi BdlRe%in accordance with the

present invention;

Figure 3 is a perspective view of a third representa-tive medicament carrier
cassette for use in a dry powder inhalator device in accordance with-the present
invention;

15 Figure 4 is a perspective view of an mdsvndual medicament carrier such as
utlllzed in the representative cassettes shown in Figures 1-3;

Figure 5 is an exploded perspective view of the medicament carrier shown in
Figure 4; |

Figure 6 is an exploded vertical cross-sectional view of the medicament

20 carrier shown in Figure 4; .

Figure 7 is a schematic view illustrating application of a suspension solution
of a powdered medicament being applied to the medicament carrier screen portion
shown in Figures 5 and 6; .

Figure 8 is an enlarged, perspective View showing loading of the powdered

25 medicament onto the medicament carrier screen portion surface after evaporation of
the suspendihg agent .s_uch that the interstices of the medicament carrier screen

portion are at least partially open and free of the powdered medicament,



Figure 7 is a schematic view illustrating application of a suspension

sol ution of a powdered nedi canent being applied to the nedi canent
carrier sc i on shown in Figures 5 and 6; Figure
8 is an enl arggké%,gigper spective view showi ng | oadi ng of the po&&'@’#’é&s’l%‘p
medi canment onto the nedi canent carrier screen portion surface after :
evapor ati on of the suspendi ng agent guch that the interstices of the
medi canment carrier screen portion are at |least partially open and free
of the powdered nedi canent; - WD 96/ 12515

PCI / US95/ 13915 Figure 9 illustrates the medicament carrier of the present invention and the
Figure 9 illustrates the nedi canent. carrier of the present invention and

t he efféci dhensiupoawhen sukjecteddiosan inihalatiomair putseat i on ai r pul se;

Fi gures 10A and 10B show a plan_vi ew and an enl argenent of a sel ected
portion thereof Figueset@A \and, 10Bfshowradpleanvigw and ancenlargemant of ai selecledh

an 5 accreted powdered nedi.cament. | oaded t hereon; .and . Figure
11 i 11 ust rRATbentheseeh dreshesHiVRlin OTof THRAIGRTISEL FERISL SCTORN RRtionewith 2n
havi ngSa ch%ﬁéfe‘éﬂ“m“@%r%@”mégﬁaﬁ%%&hﬁéda%”&%%%ﬁ%@? sbstrate el ements d
The ef ?git t her SIGUY"E D dustrated B febaplemBagiient, o tnB HESEEMmETT Laf P4 18"
B No i i . . | .

Frgur es. 1-HES TivEntith MtercCinervarie Bpmerizes tup shacelrRi soReRRhiving o

el enent s thnRHBR Bt sthtaﬁﬁ_ﬁfP* agpherfast sﬁﬁgtﬁe(ékn%mgagﬁﬂéﬁe@ft%%gt

15 . carrier cassettes are illustrated in Figures 1-3 ch each
nurber of which arfdeddédawith "pevaersNiméditament il ither effectVihéreupshnwhen

subj ect ‘of the instant i nvention. Powdered nmedi canents which can be
used a0t h cteditc antnhalationiadr pulse. of the present invention for
i nhal ati on therapy of system c absorption via the respiratory tract

include, but are not limited to, salbutanol, terbutaline, 20
i soproterenol, netaprotaranol, pirbuterol, salneterol hydroxynapthoate,
fluticasone pr opi onatBestiMode For MBS IUMeMYoNi pr opi onate, and

triacetoni de. Moreover, . . . . .
Referring now to Figures 1-11 of the drawings wherein like numerals indicate

like elements throughout the several views, three (3) embodiments of medicament

15 carrier cassettes are illustrated in Fighres 1-3 which each include a number of

spaced-apart medicament carriers 10 therein which form the subject of the instant

invention. Powdered medicaments which can be used with the medicament carrier

‘of the present invention for inhalation therapy of systemic absorption via the

respiratory tract include, but are not Iim_ited to, salbutamol, terbutaline,

20 isoproterenol, metaprotaranol, pirbuterol, salméterol hydroxynapthoate, fluticasone

propionate, budesenide, beclomethasone dipropionate, and triacetonide. Moreover,

'it is understood that the powdered medicaments may optionally be admixed with
excipients such as lactose and glucose. |

: Refening more specif_lcally to the drawings, medicament carriers 10 are shown in

25 Figures 4-6. Medicament carriers 10, a plurality of which are included in each of

representative medicament carrier cassettes of Figures 1-3, are formed from carrier

screen portions 12 which most suitably are secured or sandwiched between

enclosure screens 14 and 16, although screens 14 and 16 would not be required in



It is understood that the powdered nedi canments may optionally be adm xed
"W th exci pients such as | actose and gl ucose. _ Referring nore
speci fi caWQI¢/BRSt%e draw ngs, nedi canent carriers 10 are sheerTnsos/2ivis
Figures 4-6. Medicament carriers 10, a plurality of which are included in
each of representative nedi canent carrier cassettes of Figures 1-3,
are formed fromcarrier "~ screen portifons 12 which nost suitably are
secured or sandw ched between encl osure screens 14 and 16, although

Isggweﬁg; . }é’g%ﬂeﬂ'l@o%ﬂs 8 mMSdiESMERt e&r}igrs_ 10 in accord_é/x)ceg%émz%g presgpt, er.
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i nvention could be incorporated into nmany other types o eets,

pl ate$, dearciersal0 dfitbel priesenhinvedtion @ould behincorporatedeipts heshy 6t IRPdsbf Ve
cassettes. The carrier screen portion 12 can be a non-woven or .
woven scrshaetsoplates, discs fanshthenlike dh additigm td dhe cthréd aepicted sepresehtitivem a

met al bl ank or photoacid etched 10 from stainless steel or ceram c or

formed i ncagspttesher suitable fashion, so as to provide a plurality of
interstices 12A (see Figure 8) therein. licant's invention
provi des for déﬁ'&?@ﬁ%%ﬁﬁ’b?@ﬂ!%&&%@\ggfa BORRWOVER Bl WeNeRwereemfarmed

b Rl SRR BEn FaFinel 88l 0hll Bkt phoutany st 8
ot nitd: | o HBled St or CAFAnE it o 3R Ginef siREBRG AN, 3 Bseied
dose of RIEERES R lof Hlerstioes1 243468 Fighed by tlcithn. ASlicAREL iVitlon
Cbout * 0B OMRBSPIG | débdeitiy’ & présciibed. sk Y of WIS Powdered OnfBbicatne}
20  meas Wiibtaritiiyogh tAe cdutfadt) 0F daihée Scilen"PbRion 121 (Ne Ffﬁhr&oﬁ)e@ndygot

herei nbefore, -~ -~ carrier screen portion 12 may be forned inh many wa
i ncl udi ngprimaciy-withiartherinterstices 12A thereof. The size of the dose depends upon the
15 drug used. For example, a common drug used for asthmatics is salmeterol
hydroxynapthoate whtch .is normally dispensed in single doses of about 50
micrograms (_g). Thus, each medicament dose of such a dnig could be deposited
on the surface of a selected carrier screen portion 12 which is most suitably formed
so as to be about .06 - .25 inches in diameter in size and to have interstié:es therein
20 measuring abproximately .0005 inches or more in width. As noted hé_reinb_efore,
carrier screen portion 12 may _b_e formed in many ways including a non-woven or
woven screen formed from natural or syn_thetic fibers or stamped from a metal blank
or photoacid etched from stainless steél or cer'am_ic, rhaterial. _
Carrier screen portion 12 is _forrr_i'ed with interstices 1'2A of approximately
25 .0005 inches or more in width and (optionally) is secured or sandwiched between
| enclosure screens 14 and 16 so as to form medicament carrier 10. It is to be

understood that medicament carrier 10 could be formed exclusively from carrier

screen portion 12 as a matter of design choice in forming medicament carrier 10. A



woven screen formed fromnatural or synthetic fibers or stanped froma

nmet al bl ank or photoacid etched from stainless steel or ceramc
material . WO96/12515 Carrier screen portion 12 is formed w tPCT/usewSpisces
12A of approximately 25 .0005 inches or nore in width and (optionally) is

. secured or sandw ched between encl osure screens 14 and 16 so as to
. form nedi canent carrier 10. It is to be 9 under st ood t hat medj canent
carrier 10 could be forned exclusively fromcarrier . screen portion 12
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medi cament Iengﬂ‘?”cff' 8" miedRcidrit ééﬁﬂéraée]és'é?er ié%;ls%ﬂ"‘ﬁs'ghd\:krglﬁeﬁl ré‘”fii

2, respectlvely, al ong t he 1 engt cament carrier ssett

tape such agp mﬂbﬁdlb{cnrewceeans 14 and f@bb@ﬁ@ier@ﬂ%db%%&%f%i‘féﬁ@ﬁ\éﬁ‘blﬂﬂéﬂj&
each permt access of an external air flowor 5 air pulses through the

exposed5ar efir plisesdintoughnthe @xposed Bieavof médieam@nt icarriers10 when thi® satriegried
within a swtabl e dry powder inhal ator device (not shown) so that the
powder ed ngbisitioreed wathin (ze suitablei drydpowdehénfzalator sdeviéé (nok sBpwnhisohthiat the
t hen i nhal ed by the patient through the inhal ator nouthpi ece (not
shown) whi qowdered medinamentt ¢an et Bntrained in the air see FHiguie 8) whithris cdthien
or el ectronechanical 10 nmeans, nedicanment carriers 10 within nedi canent

carrier cadabaleds byudhe apatienfuthrough the nma@aipésmpumme@e siot cshewn), which
i ndexed to present a new dose of v\%(y r;r.:l-i1 cament 50 the air .

f1 ow or a| opinyaicates yith R af J?o"gev e Suitable me an'caél Pfc electomestanica|
por t 1 ok 12 et sERlcathen BafierS e WitheEmeticafignt Rarrier casibiles Jucky &8 ghown
contact i oh Figbfed 368 Beefediven) Mottib 1o Meshil el ddlel Bf 53 Pwrered

amount  of %‘551@ n{eﬁ%fl@aﬁ%w or anﬁﬁﬁ&%@ﬁé?nﬁé\ﬁto‘?%etvié‘d es into the

respirabl e par e slzera O0sed, for exanple,
to strictly int eSlflEetth@ PH\%Q id dlé%]'ﬁeﬁpw 8) on the sJﬁSce of
t hi ckness of th ayer of powdere carren on urtace of

el enents  carrier screen portion 12 and spans a sngnl_ﬁcan_t number of mterstlces of carrier
16  screen portion 12 (see Figure 8), the number of particles in physical contact with
each other is significantly reduced and therefore the amount of energy required to
de_aggregate the particles into the respirable particle size range is minimized (as
opposed, for example, to strictly interstitial deposit of the powdered medicament).
The thickness_ of the layer of powdered medicament on the surface of the elements
20 forming carrier screen portion 12 can be selected so as to minimize the degree of
~ particle-particle contact and/or the size of particle microclusters. The air pulse
directed at the dry powdered medicament will serve to sweep the dose of powdered
medicament off of carrier screen portion 12, to suck the dose off of carrier screen
portion 12 by virtue of the Bernoulli effeet and/or to burst through the dose bridging

25 the interstices.
Applicant hae discovered that the high shear forces and turbulence
.experienced by the deposited powdered. medicament will result in removal and/or

deaggregation of the particles or microclusters of the particles. Thus, each



20 fornming carrier screen portion 12 can be selected so as to ‘mninize the
degree of particle-particle contact andlor the size of particle

m crocl u e air pul se directed at the dry powdered nedi canent
will ser \s/‘sevq%’%%\i}éep t he dose of powdered medi cament of PFCHPSEH8ISer
screen portion 12, to suck the dose off of carrier screen portion 12 .
by virtue of the Bernoulli effect and/ 03 to burst through the dose bridging
25 the interstices. Applic Rt has di scovered that the high
shear forces and turbul ence experienced by the deposited powdered

medi caneiriterstice 124 of carrier soreen portion 42 will actdRRa HeeR bPetaf ahPParticle
particles or mcroclusters of the particles. Thus, each , V\%
96/ 12515are not directly adhered to the surface of the elements defining P&artidPXrdé9 15
10 interstice 12A of carrier screen portion 12 will act as a nozzle
or jet iPodign habut aregcereted theseto (see, furrexample Bigaresi10A ande16B). f ace of
the el enents ggfi ni ng carrier screen - portion 12 but are.accreted
thereto (see, SFRend Wﬁ@h' esqrewsuslynetad, isgaptional and not a requiredrelement
(whigh, as _previausly poted . is optional and not a required el ement 5
of t% @ﬁf@%%@%@%ﬂpgﬁff&#f ?ﬁ&hé) fantion))is; ulilized| so @s to furtheroaicduin the
aidint NI ation.of the dru articles due to_inpaction and
i gh shedreguregatiof 2 e B paRicios Hig b irsHaBlion B ial sBeaciasabs e line
(renove £ Ak Ief ) =) G T pertion, 12 and . .
i ai neio, eafedt of thB bolddeet feditamens (reniileBhy S’ af diow oM carrier
upst r eand&BBEABbriGn 1Y H5d eh | {r ol {re ' iy
turbul ence angjb 10n€1?I:|ear tgra. acl fr?lttﬁéés@r gg{;gﬂregé\‘g?ﬁuoqﬁo\&ﬁ? %F%%ﬂf\ég‘r é%lso,
medi camegpstream screen 16 serves to modify the air flow so as to maximize turbulence and .
10  shear to facilitate deaggregation of the powdered medicament.

An alternative embodiment of applicant's invention contemplates providing
medicament carrier.20 (see Figure 11). which does not require deposition of dry
powder medicament directly onto the surface of the elements ‘defining carrier screen
portions 12. Alternative embodiment medic’:ament'carﬁér 20 comprises substantially

15  spherical substrate elements 22 formed from materials such as organic or inorganic'
materials 'suéh_as metals, polymers or polysacchérides and upon the surfaces of
which the dry powdered medicament is deposited. 'Sphericé! substrate elér’neht_s 22
are carried between two screen elements 24 and 26 so as to bositibn spherical
substrate elements 22 in the air flow or air pulse through the exposed area of

20 medicament carrier 20 within the air flow channel of an inhalator so that the dry
powder medicament can be entrained in the air or aerosolized for inhalation by a
patient. Medicament carrier 20 is positioned with an inhalator device (not shown) so
that the interstices of screen elements 24 and 26 serve functionally as air jets in
order to facilitate deaggr"egation and removal of t'h'e: dry powdered medicament from

25 the surfaces of spherical substrate elements 22.

Manufacturing Process



An al ternative enbodi nent of applicant’'s invention contenpl ates providing
medi canent carrier 20 (see Figure 11). which does not require deposition of

vy wovieisigedi canent directly onto the surface of thecqhwsBAids
defining carrier screen portions 12. Alternative enbodi nent

medi cament carrier 20 conprises substantially 15 spherical substrate
elements 22 fornmed frommaterials such astforgani c or inorganic
materials such as netals, polymers or pol ysaccharides and upon the surfaces

Cubst rate ol enchPRIGARCS ovel Madicarient GHTISER 13 o 26 Miash Suiehbioemed b
or arr pul BRI HORI ETLER S peloeiad ghedicMens T R omd 2 4 sbseripn o
e o Gl sk oot 7 S Al S Bolte sorBREZ2 gnefren
ol o o SRR e el e T9RaMhot FRRBA RIS BRAR
e 542, o 6 o Rammiep S postekay Sy RS S e
E lrjg(s:te ; gt e ,gbmge?év\%-egg} clag%c-zlrE)tO' be suitable for a production settin@@mﬁﬂfééﬂiﬁﬁ
PCT/ US95/ 388 that perfluoropentane, perfluorohexane, perfluoromethyicyélb-hexane and
perfiuorocyclohexane serve as good suspending media, although other suspending
media are contemplated as being within the scope of the present invention
10  (including fluorinated hydrocarbons and/or hydrocarbons).

The disc, ring or strip or the like that will become a drug cassette (such as
shown in Figures 1-3) will be passed into a drug filling zone in the manufacturing
process. The manufacturing drug filling zone will consist of an arrangement of spray
nozzles or needles N (see Figure 7) that will meter out a predetermined amount of a

1.5 drug as a suspension or-solution S of the drug onto carrier screen pbrtions 12 or
onto spherical substrate elerhents 22. Since it is desirable to remove the
suspending medium described hereinabove, a sufficient time will be permitted to
pass to allow the suspending medium to evaporate. Optionally, heat and/or a small
positive or negative air pressure may be applied to carrier screen portions 12 or

20 substantially spherical substrate elements 22 to facilitate evaporation. Thus, the
essence of applicant's manufacturing process is the application of the drug onto the
surface elements of carrier screen portions 12 and spherical substrate elements 22

so as to leave the interstices therebetween substantially open and free of all drug.

25 * Experimental Testing
Applicant utilized an extensive survey to select an appropriate suspending

medium for dry powder medicament to be applied to the carrier screen portions of

the drug carriers of a medicament carrier cassette (e.g., sheet, plate, disc, tape or



Applicant's novel nedicanent carriers 10 and 20 are nost suitably formed by

- metering small quantities of selected nedicanents in the formof a
sSuspensi o 96112515 carrier screen portions 12 or carrier wggﬁfgm
substrate elenents 22 and then evaporating off the suspending nedia.
The suspending nedia should be relatively 5 non-toxic, |ow or

non-fl ammabl e, and possess a boiling potdht near or slightly above
roomtenperature in order to be suitable for a production setting.

Appl i cant has . fwd 1 ha%i 'Re.r,fl uor opent ane, perfl ugrohexane, :
per f | uor®@etikg 1having -3 PuiRlity: fF medicament reardes spreeih Lostiens dheeink Jthel

EEZﬁSnSU Felplian, Sritadiz, 858 MheiRe TareARRTARI, r'eﬂ-'t@ﬁﬁgﬁﬁ: & O, BOIY (RSN o
the. f)-icﬁlr 180NPePaEs il Aok UgPor, prassure andt JoW<ertray inblf i Femvel el
the i . Cas: . A

o otess. S FERE fote dHMcREl ImpactABRIEert 1ol JBIMARIDERRY 0 b9 o
of sgr ay%?ondeauﬁﬁdlﬁ g}j&d&ﬂﬁi\gﬁiﬁﬁ Has( ﬁgﬁgﬁhﬂt’é&gﬁtaggébvéf Hiril”ﬁgéntﬁgr g?'ﬁigﬁ,e

pr edet er _ n ~drug a suspension or solu
drug ontgithough Bthercs@sseriting IMadiuk? méy be usatin Hpradtie oflitRé 'BreSent
el enents 22. ~ Since it is desirable to renove the suspendi ng medi um

descri begvénmtion. nMicronizet salivigterot ary powelenmddiCament i tmlehﬁicly susperftis 1o
al l ow the suspending nediumto evaporate. Optionally, heat and/or a small -

posi ti vanorperiigeropeatarie, @ands satr eefrigeratedatpimperatures athe epedfluorspentand- ons
12 or 20 substantially spherical substrate elenments 22 to facilitate
evapor atSaimeternLsyspensions appeardtode stabisfarisexaraldaysnuf act uri ng process i
the application of the drug onto the = surface elenments of carrier
scrd8n por t | HRpligantsiydiagha murmbersol seregndnatesialsfor use as thescarrer sereesayve
the interstices %hereb t ween subst ant i a{sl y ope'Fhand free of all drug, 25
it etgt | Physier to

Exper i mePRrHPNg of the, gredicament carrieg sasseta; € chRmicalrepedies of e
2ol oCt 20,200 SRIL AL PR, Whopriart B et fe) oRANEE, o shisaRlY,

medi caneilonfighl FuistaAts Shinferisiodar stabfify, physital prdbafties' 8P thescreen (such

as pefcent open area, air permeability), thread diameter and weave type. Screen

15 samples for use as carrier screen portions were studied including nylon, polyester,

polypropylene and stainless steel, and applicant presently believes stainless steel

and non-hygroscopic polymers are preferred screen materials since moisture is a

- problem with many dry powder medicament formulations. Thus, the screen material

should be relatively non-hygroscopic and hydrophobic, and this fact decreases the

20 likelihood of nylon and polyester being suitable screen materials. Polypropylene,

ethylene tetraﬂuoroethylene (ETFE) and E-CTFE are non-hygroscopic and have

excellent hydropho'bici;ties and thus should be suitable screen materials for forming

the carrier screen portions of the medicament carriers of the invention. |

| Although other types of screens may be used as discussed in sqmé detail

25 hereinabove, stainless steel-type screens were used in the testing to be described -

in more de_tail below.

Testing Results -



WO 96/ 12515
PCT/ US95/ 13915 t he

li ke having a urallty of nedi cament carrier screen portion The
sel ection gf 13 can’incl ude non-flanmmbility, non-toxici t?cfr}gﬁgﬁ isng

point close to roomtenperature (for high vapor pressure and | ow
energy input to renove the | i quid) P nd | ow environnental inpact.
Applicant found perfluoropentane to be a good suspensi on nedi um which
has significant advantages over many other |iquids, al t hough ot her

suspendi ng ”Ed'AﬁbF‘@ht'QeF#éli%inaw stetisticaly idRigiied bﬁpéf At utilized stainless
I nvention. Mcronized sal neterol dry powder nedi canent may be easily

suspended steel cafrier soréén® angdnvestigated dhe folimwing factars:dmeshmmount (188, 238,
per fl uor opent ane- sal net erol suspensi ons appear to be stable for

several da325; sdine wire dmametecadtﬁemcpeecemagamn area) cdrignioading (50 so famd
use as the carrier screen tions of the nedi canent carrier cassette,

etc. Physi26@hghidatisize (Bds 0ilds 0@2 inghes), air Pylﬁeeﬁfﬁsﬁﬁf%(z Q1 3\fhard 54 atmos-

i mportant include noisture content b t/ h
resi st BncepharRbrail BHise aluma (0.9, 0£§é§ 3.8 Wilfrs) og ssroen sodtigwatiopsain

%irlﬁ?gci?fmﬁlge” aci e, deleciREA0F, e & Heée@%gr?i ngnﬁéffﬁ'”g?r&&?%?ﬂpem
I nCl ual ng nylon

app | cant PR LLHPRYSiER] i be the st SRR URRRER" D7 0 200 2 i &
pol ymers are prﬂwgré%d g:%@&ﬁéloﬁ%?rﬂ&fc;a[slﬁgﬁg%r%bﬁéw Gn' PeffluoropeftafiB! Was

WlhthI gagy dry powder nme anen ormu t he reen ter

shou e e n hy&l qf&o [ t C

decr eases é'%é%%% Iahdkgﬁb] hoogO ny@%%ré?/%p;@gg?e?n e?ﬁg gdt:ﬁétegg telsg‘cgr eagn
mat er 4@ S EPPENDORF Bithd electrd?iid) pigeit. t theaPhhtwlé’%‘lile&@s (etomplished by

E- CTFE ar e non- hygroscopi ¢ and have excel | ent hydrophobici-ties and

t hus shoul glabingsthe pridteescrashantaltise ftest indratatign dispersimg apparatus and
screen portlons of t medi canment carriers of the invention.

Al t hough diirirgg tHeydese uﬁo aov ARhisramalyABROS{ZE Ratimeiof dligist-particlessize analyzer. 25
her ei nabove, stainless steel-type screens were used in the testing to be
descri bed Summarily, the dest resulls. reveal that the best results were ogtained by
Testing Re:;;gl;ﬁ\g the dry powdered medicament to the medicament carrier of the invention
15 using a single screen (no enclosure screens 14 and 16) with high air volume, high
air pressure, low drug loading and a small dot size. However, on average the
highest particle couﬁts were obtained with a small dot, high drug loading and twin
screen configuration. | _ |
When the three screen configurations were analyzed separately, applicant
20 discovered that a coarse mesh carrier screen portion worked better for single screen
(no enclosure screens 14 and 16) configurations, while a fine mesh performed better
for the twin screen (including enclosure screen 14) configuration.
Applicant's analysis performed on only the high air volume/high air pressure
measurements confirm the fact that a single screen configuration, low drug loading
25 and a small dot size provided the most favorable particle size distributions, while a
twin screen with a high drug loading produced the highest particle counts.

Additionally, the fine screen mesh tended to provide higher particle counts on the

average.



WD 96/ 12515

PCT/ US95/ 13915 13

Appl i cant relimnary statistically designed experinents utilized

st ai nl ess%vas'g’lzséf eel carrier, screens and investigated the fREUIGHSAZPNLS
factors: nmesh count (180, 230, - 325; sane wire dianeter, different
percent age open area), drug |oading (50 49 and 250 g), dot size (0.1,
0.15, 0.2 inches), air pul se pressure (k.o, 3.5 and 5.0 atnbos- 5 pheres),

air pulse volune (0.1, 0.2 and 0.3 mlliliters) and screen configuration
(air pul Aggliam@ tedthrestits Ofrdin” WhichP the tatererhestidhdd 'observations2Wré Wi N
screens -TS). t size is understood to be the carrier screen

di amet er obtained are set fofthdnFabie 4 rendsTable® bélow.i casone propi onate in

per fl uor opent ane was prepared, and the drug was di spensed or filled
onto the screens using an 10 EPPENDORF brand el ectronic pipette. The
particle sizing was acconplished by pl aci ng the appropriate screen
into the test inhalation dispersing apparatus and firing the dose into
an APl brand AEROSI ZER tine-of-flight particle size analyzer.

Summarily, the test results reveal that the best results were obtained by
applyi ng the dry powdered nedi canent to the nedicanent carrier of the
invention 15 wusing a single screen (no enclosure screens 14 and 16) with
hi gh air vol ume, high air pressure, |low drug |oading and a snall dot

si ze. However, on average the hi ghest particle counts were obtained
with a small dot, high drug | oading and twin screen configuration. _
When the three screen configurations were anal yzed separately, applicant. _
20 discovered that a coarse nesh carrier screen portion worked better for‘
singl e screen (no encl osure screens 14 and 16) configurations, while a
fine nmesh perforned better for the twn screen (including enclosure
screen 14) configuration. Applicant's analysis perfornmed on
only the high air volune/ high air pressure nmeasurenments confirmthe
fact that a single screen configuration, |low drug |oading 25 and a snal

dot size provided the nost favorable particle size distributions, while a
twin screen with a high drug | oading produced the highest particle counts.
Additionally, the fine screen nesh tended to provide higher particle counts
on the aver age.
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Applicant's test results fromwhich the aforenenti oned observations were
obt ai ned aM@¥&25¥orth in Table 1 and Table 2 bel ow. PCT/OH§/ 198151 2515
PCT/ US95/ 13915 15 :
TABLE 1 o 15 TESTI NG RESULTS 5
DRUG LO_OADI NG = 40 g : _ Al R PRESSURE = 70psi g
Al R VOLUME = 0. 3nL , i MVAD (_M % 6.3.m
Count s DF ‘F@BLE% 98.5
262734 SF 97. 2
342523 TS é" EISTlNG RESULTS 49.3
752301 10 NOTE: The results were averaged over screen mesh and dot
size § . DRUG LOADING =-40_g
AIR PRESSURE = 70psig
AIR VOLUME = 0.3mL
Config. MMAD (_M) % <6.3_m Counts
DF 2.3 98.5 262734
SF 2.5 97.2 342523
TS 6.7 49.3 752301
10 '
NOTE: The results were averaged over screen mesh and dot size
15
TABLE 2
TESTING RESULTS
20 .
DRUG LOADING =-175_g
AIR PRESSURE = 70psig
AIR VOLUME = 0.3mL
Config. MMAD (m) | %<63.m Counts
DF 4.0 71.2 1090524
SF 3.5 76.2 699456
TS 11.4 226 1704059
25

NOTE: The results were averaged over screen mesh and dot size

It will be understood that various details of the invention may be changed
30 without departing from the scope of the invention. Furthermore, the foregoing
description is for the purpose of illustration only, and the invention extends to

modifications, variations and improvements thereto.



15 TABLE 2

TESTI NG RESULTS 20 DRUG LOADI NG = - 175 _g
Al R PREss%augppsu g Al = 0.3 ,
Confi g. % 6.3.m Count s §‘¥85@/E‘9 ’
4.0 - 71 2 1090524 SF 3 5

76. 2 '699ﬁ156’?‘€_T|1’/—JS16 ' 114 22. 6
1704059 25 e results were averaged over screen nmesh and dot

si ze I mnmgod that various details of the
i nvent i on Glef\IMse Ch m“!m““ t departing fromthe scope of the
i nvention. Furthernore, ¢ he fbrebm’hg description is for the purpose
of illustrati.on only, and the | nvent ion extends to nodi fi cati ons,

variations and i rrerverrent S t et 0. VIO 96/ 12515
PCT/ US95/ %3915 medlcamen carrler for use in a dry powder inhalator device

nhal at oo ER/isiRd @ carrier baloB et 85T e BArlar Sereeh @%Eteorr dsBoingra PRk af
521 8, e phbiiaf A it Bt o BO88 5% pHERR AEllckEAE”
wherein the powdered medicament is loaded onto the barrier screen portion surface
such that the interstices thereof are at least partially open and free of the powdered
medicament. | | | | |
2. -The medicame’ht carrier according to :q:aim 1. wherei'n said screen '
10 portion is formed from a material selected from the grodp corisisting of non-woven or
woven screens, stamped metal blanks, photoacud etched stainless steel and
‘photoacid etched ceramic. ' |
3. The medicament carrier according to claim 1 wherein said caﬁier
comprises a pldrality of carrier screen porﬁons eacﬁ :'Ioaded with one dose of a
‘15 powdered medicament. |
| 4. The medicament'.,c'arrie'r according to c!airri 1 wherein the interstices in
said carrier screen mesh bortion are at least .0005 inches in width.
5. The ‘medicament carrier according to claiin 1 wherein the powdered
medicament loaded on said carrier screen portion ‘is selected from the group
20 consisting of ‘salbutamol, terbutaline, isoprote_reno_l',:_ metaprotaranol; pirbuterol,
salmeterol hydroxynapthoate, fluticasone propiohat_e, bUdesenide, beclomethasone
dipropionate, ‘and triacetonide. .
6. The medicament carrier according to claim 1 wherein at least one
screen is positioned adjacent but: spaced apart -frorh said carrier to facilitate
25 deaggregation of the powdered medicament.
7. The medicament carrier according to. claim 6 wherein a screen is
positioned adjacent but spaced apart from each szde of said carrier to facilitate

deaggregatlon of the powdered medicament.



wherein the powdered nedicament is |oaded onto the carrier screen portion
surface such that the interstices—thereof are at |east partially open

and free o eﬂ,ﬂ"” ' nt . 2. The nedi canent
carrier ac&%égﬁfga\g , ”,”"m E aid screen 10 porti onPFYUSSVHA from
a material selected from fhe groups si sting of non-woven or woven
screens, stanped netal blanks, phot oacid19t ched stainless steel and

phot oaci d etched ceramc. 3. The medi.canent carrier according
to claim1 wherein said carrier conprises a plurality of carrier

screen porg.i ons eachTheafedicaimeht @afristoaccartiry & claimvdewhereii ¢he pvdered
4 The medi canment carrier according to claim1l wherein the

i nt er sti canedicament is doatiedhontoeethescantien scesen portiorosuraee i d saspensiar) and
inches in wdth. 5 The medi canent carrier according to claim
1 wher ei n thasuspendingaagent is guaporatectht | oaded on said carrier screen
portion is selected fromgthe group 20 consisting of sal butanol, )
terbutal i e, isoprotRrByesicaments GREHSL fefolusepiin bat dnbIpowder inhalatare device
hydr oxgnap’t hoate, fluticasone prqgi onat e, budeseni de, becl oanet hasone

di pr opPon£OBPIIHIG & GAEEE HAVRG at least ene carrier portigm compfisinghva spased apart

according to claim11.wherein at |east on? ; creen is,posjtioned .
ad] acen sereemwhsrein sachistrsen defines,A Hiurality,of ilersfices tesin, @Q@pwagtyon
' . T edi . i
o PO R subsiate, glement s PE IR Mbeh Gl Sy AP
from each |5hdi6y WitrPat fbdst'dric®tiobd o pbisBléd medicAMBAE' WiHEHei thé pdvifered
powder ed nedi cament .

PCT/ US95/ }édi€ament is removed from the spherical substrate elernents an&éngained irPan
The nedicanent carrier according to claim1 wherein the powdere

medi cHOENtair flow aRtesdlicad WIréligh Y tWespacaidegparetideps. surface in a
suspensi on and t he suspendi ng agent.is evaporated. 9.
A medi cang@ car r i erTHeo medieamentcarrier raoubedingnioatiaimro dvharein the surface of

conprising a carrier having at | east one carrier portion conprising two
spaced ap&aid pluralitysefr sphericsh substrateagiements és) labdeidhwithone dosé iof ypowdered
‘interstices therein, and a plurality of substantially spheri cal
subst r at e medieamest.posi ti oned bet ween said screens and | oaded with at
| east one dose_of a powdered nedicanent, wherein the powdered
: 11. The medicament carrier according to claim 9 wherein the powdered
16 medicament loaded onto said spherical substrate elements is selected from the
group consisting of salbutamol, terbutaline, isoproterenol, metaprotaranol,
pirbuterol, salmeterol hydroxynapthoate, fluticasone propionate, budesenide,
beclomethasone dipropionate, and triacetonide.
12. A process for forming a medicament carrier to use in a dry powdér
20 inhalator device comprising the steps of: |
(a) providing a carrier having a plurality of carrier surfaces defining a
plurality of interstices therebetween,
(b) applying a predetermined amount of a suspension comprising at least
one dose of a powdered medicament to the carrier surfaces of the carrier so that the
25 interstices are at least partially open and free of the suspension; and
(c) evaporating off the suspehding agent from the carrier surfaces so as to
Iea_vé the powdered medicament deposited primarily upon the carrier surfaces of the

carrier and not within the interstices thereof.



R
medi cament is renoved fromthe spherical substrate el enents and entrai ned

inan 10 air flowii ﬂlﬂ“mm the two spaced apart screens.
10. wo dansrsedi $ﬂ mlﬁ #Ecording to claim9 whepeifyshdifyoss!r f ace
of said plurality 6f Sphtri®cal” substrate elenents is |oaded wth one

dose of powdered medi canent . 11. The nedicanment carrier
according to claim 9 wherein the powder® 15 nedi canent | oaded onto said
spherical substrate elenents is selected fromthe group consi sting of

sal butanol, terbutaline, isoproterenol, netaprotaranol, pi rbuterol,
sal net er dB- hydr oxyrH}R [586@ss 1acgerdingofre GHIBDi#h aherel saic rarger surfaces

becl th di j t : tri acetonide. . 12. A

Por Por meARPISes A CAEr oS BOION, aee 1n o dry -powder 20 inhalarore o
devi i Si t f: . . i di i havi

2 bl ural 180 of car i WAPFe doogrsin; ) claim 12 fHeRéin spt carfoe Sitaces
ther ebet Wagirises a ?I(J'Pélityolf gglg?rié&@%s%té‘ef&ﬁ&?@r m ned amount of a

suspensi on conprising a one dose of a powdered nedi canent to

the cgrriqgr surf ac%é)ﬁlﬁicgﬁs%%& n‘cﬁ’ﬁ%chdﬁﬁHé Wﬁe?én cf'a’xﬁ gﬁié%?é_?&n Eompiises

| east pa_rtl'ally open an ree of the suspension; ar
evapor at gnpowderel® nsetieanent Osglested o the §Up’ TonSistingC T $8IkkAam

| eave the powdered medi cament deposited primarTly upon the carrler'surches
of the terbutaline, ésoproterentl, métaprotarandlnpirbaterck salmetersll hydro napthoatei\S’\D

96/ 12515 : CT/ US95/ 139
18 flutiGasone propioridte, pudesenide,doesioinethdsonel dipropidnatecand triacetdnide.
carrier surfaces conprises a carrier screen portion. 14. ‘ '

The procd6s accor difig peocessiascopdingctioeriain a2 whereinethes suspareding agent is
comprises a plurality of spherical substrate el enents. 5 15. The
proctls §€@§$Qﬂ nifom,” dheyi Grayp weensistingai of spefliesorentane:r pediiorohexane,
Fer but al PRGIUCT SRR ISIIFTIeXane St AT CReBOBer of - cal met erol
& pr opy oflt o, THEProERSs APEHAT 16 U B WK ne' Sl agSat Somanags 1 o
o LR o R e elg,  soLoct o0 1o the aroue
per f1 uor eget hyA pr6békss for Fkning h RiYidit4MERCYATRR %S ¥38-in a dry powder inhalator
16 device_comprising the steps of:
(a) providing a carrier having at least one carrier screen portion defining a
plurality of interstices therebetween;
(b) applying a predetermined amount of a suspension comprising at least one
dose of a powdered medicament to the surface of the carrier screen portion so that
20 the interstices are at least partially open and free of the suspension; and
(c) evaporating off the suspending agent from the carrier'screeri portion so as to
leave the powdered medicament deposited primarily upon.'the surfaces of the carrier
and not within the interstices thereof. |
19; The process according to claim 18 wherein said suspension compriées- a
25 powdered medicameni selected from the group .consisting of salbutamol,
terbutaline, isoproterenol, metaprotaranol, pirbuterol, éa_lr_neterol hydroxynapthoate,

fluticasone propionate, budesenide, beclomethasone dipropionate, and triacetonide.



17. The process accordi ng to cl aim32-wherein the suspendi ng agent
conpri ses fl uor| W ns and/ or hydrocarbons.
0
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15 device corrprl SI ng the stLeps

at | east one carrier screen portion defining a plurality of
i nterstices therebetween; (b) appjging a predeternm ned amount of a
suspensi on conprising at | east one dose of a powdered nedi canent to

the surface of the carrier screen portion so that 20 the interstices are
at | east 2@rti Theypropess accbrdingetoodiain d 8swisgreirs thewsuspehding agefitjs selected
evaporating off the suspending agent fromthe carrier screen portion so as
to fremve the pgweped nmsis@ngant afepopetfupropentane) y pesflucriohexane,
surfaces of the carrier and not_within the interstices thereof.

19. The perdisiesemathylcyglarhexaneand WW%@Y@OM&Q{IQJ suspensi on conprises a
25 powdered di canent selected from thehgroup consi sti ns of sal but anol ,

terbutal i 4k, i $BBRIPEITHBFCOrFing lo cfap Jfwherin the sugpendingragent fomprises
hydr o yn t hoat.e ut | caai%r%ygé)éoargnate budeseni de, becl onet hasone

di pro rinatgg WFF%Q%*’B’?& gac Ol 96/ 12515

PCT/ U895/ 13915 19 20. The
process according to claim 18 wherein the suspending agent is selected
from the group consi sting of perfluoropentane, per f |l uor ohexane,
per fl uoronet hyl cycl o- hexane and perfl uorocycl ohexane. 21. The process

according to claim 18 wherein the suspending agent conprises 5
fluori nated hydrocarbons and/ or hydrocarbons.



