DRUG PRODUCTS AND DRY POADER | NHALERS W TH MULTI PLE RESERVO RS FI ELD OF
THE | NVENTI ON [0001] This invention relates to dry powder inhalers and nore
parti cul avbypivosomsy powder inhalers with nmultiple resePewiusso10B2SKEEROUND

[ 0002] Vari ous devi ces have been used in order to dispense an inhal ed

met ered dose of active pharnaceutical agents such as, including pressurized
aerosol devices, nebulizers, punp inhalators and the |ike. There is grow ng
dermand for powder di spensing devices which can di spense netered doses of
powder ed nedi cament. Wth such devices, the powder is w thdrawn by

I nhal ation so there is less need to be concerned with synchronizing rel ease
of nmedication with the exact start of inspiration to insure quality of the
product delivery. ANHUG PRO INHADERSSt abl e t han the

| i qui d conpositions that : 1 nhal er device forms.
[ 0003] The particles contai gt Re A #e- t he DPl are desirably
within

FIELD OF THE INVENTION

[0001}] This invention relates to dry powder inhalers and more particularly, to

dry powder inhalers with multiple reservoirs.

BACKGROUND

[0002] Various devices have been used in order to dispense an inhaled metered

dose of active pharmaceutical agents such as, including pressurized aerosol devices,
nebulizers, pump inhalators and the like. There is growing demand for powder
dispensing devices which can dispense metered doses of powdered medicament. With
such devices, the powder is withdrawn by inhalation so there is less need to be
concerned with synchronizing release of medication with the exact start of inspiration
to insure quality of the product delivery. Additionally, dry powders may be more stable
than the liquid compositions that may be found in other inhaler device forms.

[0003] The particles containing the APA that leave the DPI are desirably within
a particular size range that target a specific area of the lung. If the particles containing
the APA are too large, they may not enter the respiratory tract, but instead, will be
deposited in the mouth or pharynx and possibly enter the digestive tract.

{0004} Current dispensers may have one reservoir that holds the powder in the
form of agglomerates that contain an active pharmaceutical agent. As the device is
actuated, the reservoir will release a dose of agglomerates that contains the appropriate
dose of the APA. After the device is actuated, the consumer inhales to force the
agglomerates to be carried through inhaler flow channels and break up into a
micronized powder. This micronized powder will desirably deliver a consistent dose of
the APA to the targeted lung area of the consumer.

[0605] Current designs for dry powder inhalers are described in US6240918,
US5829434, US5394868, US5687710. Desirably, the DPI will be a device that is easy
to operate for consumer which means that it should not too big or cumbersome so that

the DPI is easy for the consumer to use. Thus, DPIs are desirably small and easy to



a particular size range that target a specific area of the lung. If the
particles containing the APA are too |arge, they nay not enter the
respirat owg 2011z659968but i nstead, will be deposited in thecEuskéoossophar ynx
and possibly enter the digestive tract. [0004] Current dispensers nmay have
one reservoir that holds the powder in the form of aggl onerates that
contain an active pharnaceutical agent. As the device is actuated, the
reservoir will release a dose of agglonerates that contains the appropriate
dose of the APA. After the device is actuated, the consumer inhales to
force the agglonerates to be carried through inhaler flow channels and
break up into a mcroni zed powder. This mcroni zed powder will desirably
deliver a mg;ggxhls&mtth@@ﬁ?n@a‘r m&} %ﬂ@e&@%&@f@@ﬁ&fﬂch@@gD@tﬁﬁapf L (hg _
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devi ce tha&lspe‘ﬁs&@ﬁh‘nﬂx@cmmcfu@&o&‘é@ﬁﬁﬂé@iel\éﬁm&ﬂleﬂﬁ@ﬂﬂqem Altso shoul d not
too big or cunbersone so that the DPI is easy or the consuner to use.

Thus, DPI sthafepagissehibppapdehearyingrgamstiray ot brahle acseBmpdite e consuner .
The total dghliuprer. gggﬁeﬁte 1&%\@%@%@%& tmh@ué@épmy kd ddifv@chndue to the
fact that only a'cerfain total anount of dry powder may be di spensed from
t he curren@eﬁﬁ¢§mﬁﬂéﬂﬁ®oﬂé§rrabIe size requirenents of the DPIs. Also, the
capaci ty 0{ 06@9 pOV‘?&ﬁe KBRS Mxh?ﬂotcb@%ﬂla% rrﬂﬁ)fad?ﬁ%d Ql%n@%@oﬂl&aécﬁ&mmdat e and
sufficient e-aggl onerate large dosing | oads due to limted capacity to
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manuf act ur [ & ar anet ers of
iy ponday B P BtpBASepHEtY fom Elindr AR APAS pty BERESIDRIAE 3
separ at eI nyth @mhantmt leeg: thaRi s mayoaysPAlseniren) d@ﬂdmgmmufﬂﬂ @zewi t h each
ot her, i.cl e size
c hanges t oC%ﬁ Eg%oﬂﬁi i Eyrh%§“{1§ grd&gk%%%% co%?%@t%%%%@?x S ﬁ Bmﬁ (%)fnt ent
uni f or m t ydat, fbsmgsémodﬁhmnglemﬂ?mbom atshigle [flenadRéquireomdiddsil ngl e DPl  may
require |nd|Y|du qglongratgﬁ:to be |ocated in different reservoirs.
golomerates t located in diferent réservoirs.
[0007] Thus, it would be desirable to be able to increase the dose capacity of
DPIs and also to accommodate powders that contain two or more APAs that may not be

compatible with each other or are manufactured as separate agglomerates.



[ 0007] Thus, it would be desirable to be able to increase the dose capacity
of DPIs and al so to accommbdat e powders that contain two or nore APAs that
may not bwocompapiesl e wit h each ot her or are manuf act ur @dTAS2610/05398% €

aggl onerates. SUVMARY 1100081A powder di spenser is provided herein which
includes a first powder reservoir having at |east one first opening, and a
second powder reservoir having at |east one second outlet opening, the
second outl et opening being spaced fromthe first outlet opening. In
addition, the dispenser includes a netering dose plate having a first

met ered dose hole and a second netered dose hole, the netered dose hol es
being configured to each hold a predeterm ned anount of powder. The
nmetering RIgMMARYe i s disposed adjacent to the first and second outl et

openi ngs the tering, dose Iat elatlv 1 he .outl et openi ngs,
o g sevabill o oy Bispeamer ke PR atnhcTuded S 47 eBa hos ¢ on.
Wth the r&egewdnmvmg%e1eaﬂtaﬁ@fn@m@eﬂﬁg An@Mskddad powdek rdvasolk hoving 4 t he second
position relative tg the outlet openings, the first netEred dose hol e

passes bel 6% PHescFIHoLIg apenine Ji5ertang okl opeinaeing Rt frerdhe BB6e hol e

passes bel Qe diRnBECRNERWA, |tﬁé d19[52:%§8r RiudEdA ;ne@fmg dhe pfatermbmgatf@gted dose
hol e defines a first fixed pat he neteruvg dose 5 ate noves reversibly
(o3

bet ween t heetpied §psedrly a@ééé??@“‘ﬂ)éﬁeﬁd&%e haly, ghepederegdesidolsubeieg  openings, and
the second.JiRLGEEE &%%I@Qbﬁdg%lm&uﬁﬁg%gdéﬂ %68 nRatile ase biig et ering

dose plate noves reversibly between the first and second positions relative
to the outdignosesirsificeryso th fiest pd speorid; ouder qperingsi withcthemewring desepiee. second

fixed pat eﬁg%‘tottﬁl?éuu%%g%@é i Fe%%ﬁ) fﬁé&bgodeawqﬁswgs%@su Cnh%p the

second pat uring noverrent -0 ose plate that the
second netsrad eisien. hdlith ﬂwoa@emdowelaﬂeawﬂﬂgérm the firg geditiadue itheg rmverrent of

th tering , . ‘
oasttvo Ar PRSP Ridie MNEAIERIBIL utpinbNB SURERLAYBALL O L
powder s bemn@rsdedrtiempeadlgiand thecemind oleteadl! draniee pasEaurbf:hgf tba: @pamht ion of the

d t [ t th f he d hol
oses in Lglgp(g{eg{glg? urﬂi %Eep tgat Setered 8?S§an\‘%%iﬁeac€ | e% a(% le%(Y ath gs mb e dose hol es

are kept s@ Fossscon on “t'h ween. [ 00091Furt her
enmbodi nent seprinydae platednaigs mvadmlyc bea,\mvprth@[ﬁrslgma setoyd poiides relativater and at

ponaer T e BRI baine e PEa et FRELTBARIS SR RPERp R o0 " oy
one .dose." Eﬁbme&trmgea@tpmtmwamremﬁmy BetWBsh heRt @idabaona pogiridms eelativel er ent

active phar.naceuti cal 0 iffer t|ve arna eutical agents
. be | BB Seineh Dt Pt s sgiceq Juait e ag i § on or

particle Sthéﬁhé?ﬂ@ﬂﬁ@t%red\&b@fholehﬁ)eg fidt oPEYMpeKe second path during movement of
the metermg dose plate and such that the second metered dose hole does not overlap the
first ]ﬁath during movement of the metering dose ﬁlate. Advantageously, with the
Subject invention, at least two different pow&ers may be accommodated by a dispenser
with the powders being delivered ina controlled manner. During preparation of the
doses in the metering dose plate, the two paths of travel of the dose holes are kept
separated to limit cross-contamination therebetween.
[0009] Further embodiments provide a drug product comprising a dry powder
inhaler and at least one dose of at least one active pharmaceutical agent; wherein the
dry powder inhaler comprises at least two reservoirs comprising the at least one dose.
The at least two reservoirs may separately comprise different active pharmaceutical
agents. Those different active pharmaceutical agents may be incompatible with each

other, e.g. cause chemical degradation or particle size changes. When the dry powder



inhaler is actuated, the at |east one dose is emtted sinultaneously from
the at least two reservoirs. [0010] O her enbodi nents of the present

i nvent i orwprou/desa drug product conprising a dry powdePCirmisadiensHnsl at

| east one dose of at |east one active pharnaceutical agent; wherein the dry
powder inhaler conprises at |east two reservoirs separately conprising
different active pharmaceutical agents and the at |east two reservoirs
conprises the at |east one dose that are emtted sinultaneously fromthe at
| east two reservoirs when the dry powder inhaler is actuated. The different
active pharmaceutical agents may be inconpatible with each other, e.g.
cause chem cal degradation or particle size changes. [OMStill further
enbodi nent shi&cy hdeatal, pewdiehst dhsisa semitangnalsneagisy ffdn gt aplbwsdero r eser voi r
having at | east. one first outlet opening; a second powder reservoir having
at | east off&¥8%ond outlet opening, the second outlet opening being spaced

fromthe fjgpss] out | @theOfEitidRGentd dTCHeArddagSavention pbhiae a iRatpusdst of the
invention will, 6 be better ug@erstood t hr ough of the follow ng

a,stud
det ai | ed de¥HIrIsEEIAdHY BRTECR MORIRLANY 1785 AP Sﬁgge_u:tieas one active

pharmaceutical agent; wherein the dry powder inhaler comprises at least two reservoirs
separately comprising different active pharmaceutical agents and the at least two
reservoirs comprises the at least one dose that are emitted simultaneously from the at
least two reservoirs when the dry powder inhaler is actuated. The different active
pharmaceutical agents may be incompatible with each other, e.g. cause chemical
degradation or particle size changes.

[0011] ~ Still further embodiments provide a p'owder dispenser comprising a first
powder reservoir having at least one first outlet opening; a second powder reservoir
having at least one second outlet opening, the second outlet opening being spaced from
the first outlet 6pening. | |
[0012] These and other featélres of the invention wili be better understood

~ through a study of the following detailed description and accompanying drawings.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0013] Figures 1-2 are perspective views
of a netered powder dose dispenser forned in accordance with the subject

I nvent i orwO[200104996Bi gure 3 is an expl oded view of a net ecewspanisivsiose

di spenser fornmed in accordance with the subject invention; [0015] Figure 4
IS a cross-sectional view taken along line 4-4 of Figure 1; [0016] Figures
5-7 show a reservoir body useable with the subject invention; [0017]
Figures 8a and 8b are cross-sectional views taken along |lines 8a-8a and
8b-8b, respectively, of Figure 7; [0018] Figure 9 shows a reservoir plug
useable wth the subject invention; [0019] Figures 10-12 show a driving
body useable with the subject invention; [0020] Figure 13 is a

Cr 0Ss- sect BRIEF DESERIPTIGN O THE DRAWINGSL3 of - Figure 12; [0021] Figure 14
IS a cross t vi.ew t aken, al on Ine 14-14 of, Figure 1 022]
I 1 A R A a9 s ?H’?BSOB%HV’L" nd 2

reservoir @Ia@@r&@w{ghgﬂwmﬁ]e&meﬁm ect invention; [0023] Figures 16-19
show a netering dose plate useable with the subject invention; [0024]

Fi gure 20 0814 siiperitis o shdédgenol e mefredgowdbadododiepehsdr égmefl im et er i ng
dose pl at e, QY8hnd whHANRE ugjfectrigl;,eing(r)\n,i n accordance wth the subject invention;

[0015] Figure 4 is a cross-sectional view taken along line 4-4 of Figure 1;
[0016] Figures 5-7 show a reservoir body useable with the subject invention;

[0017] Figures 3a and 8b are cross-sectional views taken afong lines 8a-8a and 8b-8b,

respectively, of Figure 7;

[0018] Figure 9 shows a reservoir plug useable with the subject invention;
[0019] Figures 10-12 show a driving body useable with the subject invention;
[0920] | Figure 13 is a cross-sectional view taken along line 1\3-»13 of Figurg 12;
-[0021] Figuré 14isa cross~se_ct'10nal view taken aibng line 14~14 of Figure 11;
[0022] Figuré '1.5 shoﬁ/s an assembly of .a reservoir body, a driving body and a

TeServoir plug useabie with the sub_]ect invention;
[0023] -Figures 16-19 show a metering dose plate useable with the subject invention;

[6024] Figure 20 is'a schematic showing movement of the dose holes of a metering

dose plate over a range of motion in accordance with the subject invention;

[0025] Figure 21 shows a metering dose plate having powder retainers extending

over dose holes of a metering dose plate useable with the subject invention;

[0026] Figures 22-25 show a base useable with the subject invention;

[0027] Figure 26 is a cross-sectional view taken along line 26-26 of Figure 22;
[0028] Figures 27-31 show a lower spring retainer useable with the subject invention;
[0029] Figures 32-33 show a support plate useable with the subject invention;

[0030] Figure 34 shows an alternative arrangement of a powder retainer useable with

the subject invention;
{0031] Figures 35-36 show an adapter useable with the subject invention;

[0032] Figures 37-39 show a swirl nozzle useable with the subject invention;



[ 0025] Figure 21 shows a netering dose plate having powder retainers

ext endi ng over dose holes of a netering dose plate useable with the subject
i nvent i orvwvO[20026996Bi gur es 22-25 show a base useabl e w t RCThES2610/05390%

i nvention; [0027] Figure 26 is a cross-sectional view taken along |line
26-26 of Figure 22; [0028] Figures 27-31 show a | ower spring retainer
useable with the subject invention; [0029] Figures 32-33 show a support

pl ate useable with the subject invention; [0030] Figure 34 shows an
alternative arrangenent of a powder retainer useable with the subject

i nvention; [0031] Figures 35-36 show an adapter useable with the subject

i nvention; [0032] Figures 37-39 show a swirl nozzle useable wth the

subj ect i NMeB3]i OFigurk A0 SRlwshin@ssemby (o 4 mnshpéute asbevit hyzd usaabi®withpi ece and
swirl nozzle yseable with the subject invention; [0034] Figures 41 and 44
show a rrou‘t*lﬁﬁ‘iﬂ)é‘&?émﬁ%’é?& e with the subject invention; [0035] Figures 42 and

43 are cr 0@3@3?@%&@&1 éﬂg%%hé\gﬁmuﬂ{pﬁgguéekﬂg wiR uk2uB0d ibdeRfort3- 43,

respecti ve I gure
[0035] Figures 42 and 43 are cross-sectional views taken along line 42-42 and line

43-43, respectively, of Figure 41;
[6036] Figures 45-47 show a closure cap useable with the subject invention;

100371 Figures 48A-48B and Figures 49A-49B show the operation of a metered

powder dose dispenser in accordance with the subject invention;

[0038] Figures 50-53 show a continuous counter ring useable with the subject
invention;

[0039] Figures 54-57 show an intermittent counter ring uséable with the subject
invention;

[0040] Figures 58-62 show a spring-biased pawl assembly useable with the subject
invention; .

[0041] i Figures 63-66 show an alternate spring-biased pawl aésembiy useable with the
subject invention; aﬁd,

10042} Figures 67-71 show a further alternate of a spring-biased pawl assembly

useable with the subject invention.



[ 0036] Figures 45-47 show a closure cap useable with the subject invention;
[ 0037] Figures 48A-48B and Fi gures 49A-49B show the operation of a netered
powder dose 2digpersser in accordance with the subject i nPemitisenp/0f¥938]

Fi gures 50-53 show a continuous counter ring useable with the subject

I nvention; [0039] Figures 54-57 show an intermttent counter ring useable
with the subject invention; [0040] Figures 58-62 show a spring-biased paw
assenbly useable with the subject invention; [0041] Figures 63-66 show an
al ternate spring-biased pawm assenbly useable with the subject invention;
and, [0042] Figures 67-71 show a further alternate of a spring-biased paw
assenbly useable with the subject invention. DETAILED DESCRI PTI ON OF
SPECI FI C ENBOAINENTESCRIPTION OF SPECIFIC EMBODIMENTS

[0043] Various embodiments of the present invention are useable in connection
with dispensing large doses of powder and with doses of different powders, for
example, in combination therapy where at least two active pharmaceutical agents are
used. This is especially useful for at least two active pharmaceutical agents that may
not be compatible with each other, ¢.g. APAs that may cause one or more of the APAs
to degrade when in the presence of each other. Doses of 25 to 1600 ug of APAs are
possible. The doses may include one or more additional substances beyond the at least
one APA, such as carrier(s) and/or secondary agent(s). For example, a 400 mg dose
may contain 3 mg of active agent; a 200 mg dose may contain 1.5 mg of active agent;
and, a 100 mg dose may contain .75 mg of active agent. U.S. Patent No. 6,240,918
&escribes various features of a powder dispenser which may be utilized in conjunction
with the subject invention. U.S. Patent No. 6,240,918 is incorporated by reference in
its entirety herein. In addition, U.S. Patent Nos. 5,829,434; 5,687,710; and, 5,394,868
describe various features of powder dispensers useable with the subject invention. U.S.
Patent Nos. 5,829,434; 5,687,710; and, 5,394,868 are each incorporated by reference
herein in their respective entireties.

[6044] Referring to the drawings in detail, and initially to FIGS. 1-4 thereof, a
metered powder dose dispenser 10 according to the present invention includes a powder
housing 20 for holding a supply of powdered material to be dispensed, and for
supplying metered doses of the powder to a user.

[0045] Powder housing 20 is comprised of a reservoir body 22, a reservoir plug
90 and a driving body 120, each preferably being formed as a single molded plastic
piece.

[0046] Referring to FIGS. 3-8b, reservoir body 22 includes a circular top wall 24
having an annular skirt 26 extending downwardly from the periphery of circular top
wall 24. Annular skirt 26 includes an upper annular skirt section 28 with its upper end
extending downwardly from the periphery of circular top wall 24, and a lower annular
skirt section 30 extending downwardly from the lower end of upper annular skirt
section 28. Lower annular skirt section 30 has an inner and outer diameter greater than

the inner and outer diameters, respectively, of upper annular skirt section 28.



[ 0043] Vari ous enbodi nents of the present invention are useable in

connection with dispensing | arge doses of powder and with doses of

di f f er entwpaoderss9esf or exanpl e, in conbination therapy ROBUS2&0/05®a5t two

active pharmaceutical agents are used. This is especially useful for at

| east two active pharmaceutical agents that may not be conpatible with each

other, e.g. APAs that may cause one or nore of the APAs to degrade when in

the presence of each other. Doses of 25 to 1600 jig of APAs are possible.

The doses may include one or nore additional substances beyond the at | east

one APA, such as carrier(s) and/or secondary agent(s). For exanple, a 400

ng dose may contain 3 ng of active agent; a 200 ng dose may contain 1.5 ny

of active agentinglyndcuar &Abalanghodkise3 i yorged highdwuppébendpf Mdweaahnre agent .

u. S. Paten%. - 40, 918 descri bes various features of a powder dispenser

whi ch may BEHEHTPed in conjunction with the subject invention. U.S.
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by reference herein in their respective entireties. [0044]Referring to the
dr awi ngs i FFO3edarther. i ispretiired ta%tﬁge qriyepsiog2o, which is pepllyligned Wish ®eed powder

dose di spepsgki cbRnaEear sl H?&cﬁ&dtb@%wpﬁﬁéear&hoﬁe?\éﬁaﬁﬁf&@nﬁﬂTén@@'ﬁ[%arﬁh@o"\der
housi ng 20 for holding a supply of pomdered material to be dispensed, and

for suppl ydrig sieist s &Y Qbrausseghe piegenpension isnoa ligdfed to thigoaspBainder housi ng
20 is conpgy,f Ebr{x@%ﬁﬁ VeI 85 t@? ré:gnaﬂhélﬁ%%é’ dE3§|3@94 0 and a driving

body 120, eac prenferab l'y el ng as a single nolded plastic piece.
[ 0046] Ref etespienigvelyo am wndypwmdlww@iwmqugbmr amuiay gkitipetfion 30iandul ar t op

vl 24 nalgh oA R il S} S50HRY FOugURTdl ¥ be gt he peri phery

of circula cl udes "an’ upper annul ar skirt
section 28clweﬁhppetrsndjpﬁa¢h®ﬁde mtlmwd:lgnsgﬁlzjéwmar dly fromthe periphery of
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downwar dl y ower upper “annu SKi ion Z28. Lower
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| ower an nud:;afrndﬁiglcirbursiémhtlﬂfy f3ban arcuate length about a peripheral portion of circular
top wall 24 and which is defined by a surrounding chamber wall 48, 48'. Specifically,
each chamber wall 48, 48’ is formed by a lower chamber wall portion 50, 50’ extending
upwardly from circular top wall 24 and an upper chamber wall portion 52, 52
extending upwardly from the upper end of lower chamber wall portion 50, 50". The
shapes of wall portions 50, 50’ and 52, 52" are substantially identical, but with the inner
dimensions of upper wall portion 52, 52’ being less than the inner dimensions of lower
wall portion 50, 50", As a result, a shoulder 54, 54" is formed at the lower end of each
upper chamber wall portion 52, 52",
[0049] Circular top wall 24 includes openings 55, 55’ of the same shape and
dimensions as lower chamber wall portions 50, 50’ of manifolds 46, 46’ and in
alignment respectively with the lower end of each lower chamber wall portion 50, 50",
The upper end of each manifold 46, 46" and particularly each upper chamber wall
portion 52, 52 is closed by a manifold top wall 56, 56" which is angled downwardiy

from the center thereof and which has an opening 58, 58’ at the center thereof.



[ 0047] Spaced apart axially extending drive slots 34, 35 and 36 are forned
in annul ar skirt 26. Preferably, the drive slots 34, 35, 36 have centers
equal | y sweced/sbwat the circunference of the annul ar sPCTUS2@0083995 ,
spaced apart at approximately 120). Further, it is preferred that the drive
slot 36, which is axially aligned with the venturi conduits 64, 64

descri bed bel ow, have a shorter circunferential length than the drive slots
34, 35. O course, the present inventionis not limted to this particular
configuration. Drive slots 34, 35, 36 are open at their | ower ends 38, 39,
40, respectively, and extend upwardly entirely through | ower annular skirt
portion 30 and partially through upper annular skirt portion 28. Thus,
drive sl ot @036, 35, TikGnivafollsaboseehct dpiine apucsiendupplp coafuitr®®, @Bat i ng edges

42, 43, 44 0048] Po r..housi ng 20 |nclydes arcuate ni folds 46, 46
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ci rcunf er ef? ﬁlf bi\{‘?‘}o%ﬂbli’ia"ﬁ{ﬁ&ggtﬁg feeingtipfony Avised ’Eéfi“?*ﬁlFFetF’é‘?S portion of
circul ar t gRwiBlel médicanéhtything hpdv&leﬂ@ﬁéiﬁ&qnib%n_ﬁe&?ﬂvﬁ&ﬁﬂgﬁdﬁ&li&lﬂamer wal | 48,
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I a shoul der 54, 54 S

portion 50, 50'." As a result, ., ormed at the |ower end
of each upperchighedriderddition, wibihg powdse 62562 beipgtha 9jrs; pavdenra relovelal | 24

i ncludes o i : ' : d di nensions as | ower chanber
wal | porti g'? ‘%ge,%f\é(&fmggefspor@fﬁf #%Fiﬁ@e%geréggﬁeuasglg in alignment respectively
with the |l ower end of each | ower chanber wall portion 50, 50'. The upper
end of eac ifold 46, 46'.. parti Il a pRer. ch er wal
portion 52&‘)5;” i's gﬁu%tg"é: m%?/l @Qﬂagﬁﬁf %ﬁtl?fy{oglgm\}llsva r&‘gé‘% %ﬂg"foﬁﬁﬁ%ﬁ IS Iangl ed
dommmardLycﬁm?mnﬁheggﬁh?gggghgémn?kgggMWMgmmgggsmamuﬁﬂé@bhg?&?mH526 aZGthe
center thergof . | NOMI mani f ol ds : '
cach def  nB S RIS U ARY CLOROUF PRt Ko 1 oPHECE 0 BOUBRY ol der - The
ggper Eenﬂ odnv?gm.shammfedntaumbtyveggﬁm&ﬁmm heﬁﬁlam?_lamiemgatceﬁt&el op;a.n: Ingz 58,
. Eac Q r supply condui , S respecti.ve nor ma ille
Wi th podet a3t fsicegtet ohicieylaron Xl o 3 2HRrheprsitoned o LhetiPhebuder ed
medi canment gortiamel ciRaMERp wallnng) ukewisk chofinke dxip ofierder SPPRIcORdAIEIY powder ,
m cr o- encapsul at ed powder, powder, | onerates and the |i ke, and are used
i nt erchangé‘&g‘#‘?c [ fxip Hg‘é“é’“’cf ‘“h@‘ggF R & giget 4"#11%65185?%&%1%&%81% t hose

skil'l ed i nufeh@ntdd df cirbiD HOWHIEDS s63s tofbé poslBdheBar LpdipBErfortRvder s or the
sanme powders. By usuﬂgkdlfferent powders 62, 62', conbination therapy with

di fferent @¥FGHET ifplerahlyy thy gendgr arennl gow sy surpdy ¢qngwits &fk 6% abhe powder s

62, 62' beiffud Mds B, BOVESH theRahB LAl NSkNE d RhGE.HRI&PhitR tRIcBgLEe powder
may be delivered to a user.
of circular top wall 24.

[0052] It 1s preferred that supply conduits 60, 60’ and venturi conduits 64, 64’ be |
equally spaced about the center of circular top wall 24 (e.g., the conduits 60, 60’ and
64, 64’ are approximately 90° spaced apart). It is further preferred that supply conduits

60, 60" and venturi conduits 64, 64' be arranged in alternating fashion.

[0053] Specifically, venturi conduits 64, 64' are each formed by a lower venturi

conduit section 66, 66" and an upper venturi conduit section 68, 68’ axially aligned



[ 0051] Frust o-coni cal inhalation venturi conduits 64, 64' are also fornmed on
circular top wall 24 substantially parallel to powder supply conduits 60,
60" and awoDabiwyosedeBset fromthe central axis of circul aPCras2ewioss92s. The
center axis of powder supply conduit 60 and the center axis of ventur
conduit 64 lie on a circle having a center coincident with the center of
circular top wall 24, so as to be positioned at a peripheral portion of
circular top wall 24. Likew se, the center axis of powder supply conduit

60" and the center axis of venturi conduit 64" lie on a circle having a
center coincident wwth the center of circular top wall 24, so as to be
positioned at a peripheral portion of circular top wall 24. Preferably, the
cent er axeseeivithaacteredsumpinynmeo didmetes {60 a2 160 ead thexsohtowniupparddi t s 64, 64

lie on the_ sa ircle having a center. coincident . Wmth the center of

i rodl ar ¢ B b Aesipe e Chrg fbii Pl RE S BRI 60, 60
and vent ur ippeoRsitlirl Snht sebidon d3e 6 Gud naikpaieeecicahauthe thecspadigy of circul ar
top wall 24 (e.qg.,,the condui 0, .,60' and 64, 64' ar roxi mptely 90
spaced apa‘ﬁf’éﬂ? g} OnAF R <}t§f 6 o fabon e ag%ﬁﬁ{)%@%ﬁﬁ?@?*ﬁ%@ﬁﬂ*%?o- and
venturi copdmd foSreBdige 6fippBeveRturidiog@dt detrichl dsesNaCirfgarf 8 Whd 4 includes

[ 00531Specifically, venturi conduits 64, 64" are each forned by a | ower

venturi colatiFtore@ags on /66T thesame sapsnd imensiaps At e ForEes RS 1988t i on 68,

68' axial l yn@dfiz(gﬁ@%mw@émt%&ﬁoﬁa@,%re@ﬁm%ﬂeﬂt théreRfin.di aneter froma
| ower end thereof to an upper end thereof. e upper end of each upper

venturi conduit section 68, 68 is open, and each upper venturi conduit

section 68jgg8 haSAqa_eﬁﬁ?elrdl lcufh S WRH 74 e LdIR ol REGABERIRAEH AN Loyer
verituri conduit sectioh 66, 66" so that an innef annul ar shoulder 70, 70
is formed periphtvel pasiigeyofeiigidargop wplhet. in emrounding windion to lower ¢hombegrallss: .

Gr Cu! ar t P&tig\@sl §O, ?Cﬁ ah O IRS ohﬁ'tﬂ{ seBiSnY 68 %56, 7(3?6: o nor® gzﬁ;s hg ardMe S hape
and di nrensfons as e correspondi ng | ower end of [ower vénturi conduit
section 66prog@ed ardcurimg atallgimba positarbetieth corfdoRsal) avdSét ifphberat securi ng
wai |74 eX{‘a%%i? e%@l?ﬂ%fz!dn&ia@fﬁ? kkS rng}f gitérﬁgu%arﬁgr FroBlth& uppef end of securing

wall 74.

[0055] As will be understood from the description hereinafter, it is necessary
that the surface for engaging with the metering dose plate, as described below, be as
smooth as possible, that is, with very few undulations therein. The lower surface of the
circular top wall 24 could be utilized. However, this is difficult to achieve when
molding reservoir body 22 as a single piece. Therefore, to overcome this problem, a

reservoir plug 90 is provided, as shown in FIG. 9.

[0056] Specifically, reservoir plug 90 includes a thin circular plate 92 which can
be molded, because of the thinness of plate 92, to have a very smooth lower surface
with no undulations. The outer diameter of circalar plate 92 is substantially equal to the
inner diameter of upper annular skirt portion 28 so that reservoir plug 90 can be fit
therein, as shown in FIG. 4. In such condition, the lower surface of circular plate 92
effectively is flush with seating edges 42, 43, 44 of drive slots 34, 35, 36.
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peri pheral portion of circular top wall 24, in surrounding relation to

| ower chanber wall portions 50, 50' and |ower venturi conduit sections 66,
66' . One WO 20wESIwaps 76 are provided in securing wal |l PETAIS2@0/06%9% i on
bet ween conduits 60 and 64'. Further, a radially extending annular |lip 80
may extend outwardly fromthe upper end of securing wall 74. [0055]As wll
be understood fromthe description hereinafter, it is necessary that the
surface for engaging with the netering dose plate, as described bel ow, be
as snooth as possible, that is, with very few undul ati ons therein. The

| ower surface of the circular top wall 24 could be utilized. However, this
is difficult to achi eve when nol ding reservoir body 22 as a single piece.
Ther ef or e, [6D87]ov er cOinmldr plag: Prleb kengircalar bsley %40 P4 apdl tgp Qbstagiafly ovalded, as

shown in Fl .04, 0056].Speci fi.cal | reservoir plug 90 includes a thin
ciroul ar deSto et S s R loe By YRR RIS e e of plate o2,
to have a sffeyddeicknibieratesdp. f ace wi th no undul ati ons. The outer dianeter
of circular plate 92 is substantially equal to the inner dianeter of upper
annul ar skirt portion 28 so that reservoir plug 90 can be fit therein, as

shown in HoGss14. | nCisdigd ph@nrehdudi®noo, e fhewe on Sherdppeeuiicetifcietlar pl ate 92
effectively is flush with seating edqes 42, 43 of drive slots 34, 35,

36. WO 2084 G3EspeTyndsBoesliosssgsildes Phi Yo 6‘?458?0%?1&'( Eorhity 440, o

circul ar hgjeege 94bh oPén araRdppetAnd 1et el bl have aY BhtsiOliBMe@Bandd8’ . al |
preferably having centers extend[n%_along an imaginary circle centered at
t he cent erheaght pybstagtialy equal to the inside diameter and height, respectively, of

corresponding lower venturi conduit sections 66, 66’ and an inside diameter equal to the
inside diameter of corresponding upper venturi conduit sections 68, 68". Thus, when
reservoir plug 90 is inserted within upper annular skirt section 28, plug conduits 100,
100" fitsnugly within lower venturi conduit sections 66, 66’ and the inner surfaces of
plug conduits 100, 100" each forms a smooth continuation of the corresponding inner
surface of upper venturi conduit section 68, 68’. In such condition, the upper edge of

~each plug conduit IOG,‘ 100" abuts agaihst corresponding annular shoulder 70, 70' so
that no gap is formed between plug conduit 100, 100" and corresponding upper venturi
conduit section_ 68, 68, |

- [0059] Arcuate plug conduits 102, 102’ are formed on the upper surface of
circular plate 92 in surrounding relation to corresponding substantially oval holes 98,
98'. Each plug conduit 102, 102’ has the same shape as corresponding lower chamber
wall portion 50, 50’ of manifolds 46, 46'. Each plug conduit 102, 102’ is open at its
upper and lower ends and has an outside shape and dimensions substantially equal to
the inside shape, height and dimensions, respectively, of corresponding lower chamber
wall portion 50, 50/ inside shape and dimensions equal to the inside shape and
dimensions of corresponding upper chamber wall portion 52, 52'. Thus, as shown in
FIG. 15, when reservoir plug 90 is inserted within upper annular skirt section 28, plug
conduits 102, 102’ fit snugly within lower chamber wall portions 50, 50" and the inner
surfaces of plug conduits 102, 102’ each forms a smooth continuation of the
corresponding inner surface of upper chamber wall portion 52, 52'. In such condition,

the upper edge of each plug conduit 102, 102" abuts against corresponding shoulder 54,

11



[0058] Circul ar plug conduits 100, 100" forned on the upper surface of
circular plate 92 have surrounding relation to circular holes 94, 94",
respecti weDp011@soei t s 100, 100° are each open at its upperusand/obier ends
and have an outside dianeter and a height substantially equal to the inside
di aneter and height, respectively, of corresponding |ower venturi conduit
sections 66, 66' and an inside dianeter equal to the inside dianmeter of
correspondi ng upper venturi conduit sections 68, 68 . Thus, when reservoir
plug 90 is inserted within upper annular skirt section 28, plug conduits
100, 100" firsnugly wthin | ower venturi conduit sections 66, 66' and the

i nner surfaces of plug conduits 100, 100" each fornms a snooth continuation
of the cor 54 sphadiongpinioenedshetiaaplgfconhier02y it andicooespdoditg egpet | on 68,

68" . In sugh condifion ,upper edge of each plug conduit 100, 100" abuts
agai nst co&?ﬁ@ﬁﬁ%ﬂf%ﬁﬁ%hiﬂsar shoul der 70, 70' so that no gap is formed

bet ween plug conduit 100, 100" and correspondi ng upper venturi conduit

section 68 ‘. [0059 uat e pl conduits, 10 ' are formed on the
upper surf @gg(%of Ci ‘?‘E‘EA‘@[‘ 31&0&{%?@%%?%0%@8%&8%‘?ﬁaﬁ’a]lg&&f*&&ﬁ%tl@ﬁ @Bt r espondi ng
subst ant i akikdGsdaborak 86indnodlB’ it wiidehippletitie€ MAtkch od@2surfAédd cali@s t he same
shape as correspondi ng | ower chanber wall portion 50, 50" of manifolds 46,

46' . Each Pwoed whebst 102, 102' is open at its upper and | ower ends and
has an outsi de shape and di nensi ons substantially equal to the inside
shape, height and di nensions, respectively, of corresponding |ower chanber
wal | porti@86H0, 50As phaliematisherplodiment af wemsdioMes 8¢ aassereinie 0nsi de shape
and di mensipas iofhe CRIE-GIAONE FIRS AU RRSTiCIEOARBRY cofRbdonBiAl td @BseRf, 52' . Thus,
as shown in Flé. fS,Smﬁén reservoir Bfu? 90 %%)iﬁ%gpt%d mﬁ?h{n upper

annul ar skieserveeplng 8haeddenpiielbyctbn same referamoe nupg2als,iwith asdaubleyriiet(hi n | ower
chanber wa I 50, 50' and the inner surfaces of plug conduits 102,
102" each %%%ﬁghgkgﬁgoth continuation of the corresponding inner surface of
upper chanber wall portion 52, 52'. In such condition, the upper edge of

each plug uit 1 2! i . Lyes I lder 54, 54' so
that no gagﬁ?glfornggﬁgé%mgéﬁgéﬁﬁéﬁ%%ﬁgﬁ%ﬁﬁ@ogguggﬁgrg%géggggggponding
upper chanfesto-walital porfiguationbhat BRrs fr0@6 Qppdk tinbiogHowdrend tterof,sur f aces of

o 3, 00nuL gl Q00278 e RPop Bt LR BROYSHRRE, 19 oo™
[0061] As atordhit ed2ahdyie geino dianel inadr disaser vDuppepthagb&Oyalbparéeei2yoi r pl ug
20 oS NS, bkl KR5Sl 08 Gk s byt sl Rl gugor L esPona o
nuner al s, vé'tdf eectopobbidRiim®s el iappatdadhd heetivdiace of reservoir plug

90". In such case, plate 92" has openings 101" of the same dimensions as arcuate plug

conduits 102", while oval holes 98" are provided in metal plate 93". Of course, metal

plate 93" has further circular openings 95" coincident with circular holes 94" of circular

plate 92", Preferably, metal plate 93" is insert molded onto a plastic base material. The

metal portion contacts dosing plate 180 in the assembled device, providing a very flat,

smooth and rigid surface to prevent powder leakage from the reservoir. In addition, the

metal dissipates any static electricity charges generated by friction between surfaces

during dose loading operations, which charges can adversely affect powder flow into

and out of the dosing station.
[6063] As shown in FIGS. 10-14, driving body 120 includes a circular top wall

122 having an annular skirt 124 extending downwardly from the periphery of circular

top wall 122,

12



[ 0062] As shown, at |east one plug conduit 100" has an inner dianmeter with a
frusto-conical configuration that tapers froman upper end to a | ower end

t her eof , WO 2priospe a venturi effect. In addition, the iPomars2dioas®ver of at
| east one arcuate plug conduit 102" may be greater than the inner dianeter
of upper chanber wall portion 52, 52'. Further, to better ensure a snooth

| ower surface, a thin flat, circular netal plate 93" of el ectropolished
stainless steel is secured to the | ower surface of reservoir plug 90". In
such case, plate 92" has openings 101" of the sane di mensions as arcuate

pl ug conduits 102", while oval holes 98" are provided in netal plate 93".
O course, netal plate 93" has further circular openi ngs 95" coi nci dent
with circular holes 94" of circular plate 92". Preferably, netal plate 93"

is insert ed on{o pl. e material h artion contacts
bosi no ol TSSO P g R Fash RS RS ot e O B " Soorh and
rlh gid sulr flgﬁ)erérﬂ cRIcB¥AE Hovpovdiely fﬂoﬁﬂhl aga@é@mfﬁimme@ﬁwmm a%cmbad?h tion,

the neta i sSsip ic electricity char e e y friction
bet ween su‘lof”&’&fé’éla]&m%ﬁ”ﬁ Cﬂ%gﬁq Siading dBB%‘?’%%W g‘wi‘?“gﬁﬁ ‘i\‘?ﬂﬁ’@%‘” can

adversel y afiliRetkiRouwess 15d. QWvienhmufo iR ddctioh 1246 s4a SinBBarfitoatek on. [ 0063] As
shown in FIGS. 10-14, drjving body 120 includes a_ circular top wall 122

havi ng an diAmelFsgrealsi than tholpnenand REETReFiRIaIRar Y B IPRANSRAT Sier v of
circular tQp;meids. Jﬁ%@ordMQy Qﬁ%ﬁ&@%ﬂﬁﬁpﬁﬂﬂi&éﬂ@d@f%@%t&Wkdﬁ%@' ar skirt

124 incl udes an u§¥er annul ar skirt section its upper end
ext endi ng WPRNAEEET Skt pesHipr b, plong B dpsidesf amu#aé@kiari%oﬁom{ep tho2 and a

| ower annuwr sa{giaetof 8RHahQRonla 8 &AL g%nmé}%&ﬁnn@@awwepw end of

upper annular skirt section 126. Lower t section 128 has an
i nner and owpker skiit sgptioe | 2%y éarmed as hlpste-heni¢ahpistaca hd?- out er di aneters,
respectively, of upper annular skirt section 126. Accordingly, an inner
annul ar shoul der 130 is fornmed at the | ower edge of upper annul ar skirt
section 128963l ong Further, tisi ideer dfaneten of lawesdonnlar sk sectiowklBas , t he out er

surface of g, (ORI Lol AL SRPRLNEEN ARRSTnARRYL A Bl gecti on 126 and

| ower annu section . ornmed as a 0-coni cal surface 132.
[0065]FurthmmyombudeQmedﬂﬂumnmﬂhﬂwmfoﬂummmanmﬂmu&ﬂrM$&nn126390t|on 128 is

substantial |y th he out.er di r_of upper r skirt section
38 of - res el PErh B So% e Bt et GPEElt SeshRBEfal Mshlen i
section 12body2s Waosdrdinglyadekarvdihiends 20 gitsiatotdreingody 121) wittei elbsedit. peri pher al
securing wall 74 of reservoir body 22. Accordingly, reservoir body 22 fits
into driving body 120 with a close fit.

[0066] In order to lock reservoir body 22 and driving body 120 together in such

position, an annular holding area 138, such as in the form of a channel, is defined on
the inner surface of appef skirt section 126 formed paralilel to and spaced above annular
shoulder 130. Thus, when reservoir body 22 is inserted within driving body 120 in the
manner described above, lip 80 at the upper end of peripheral securing wall 74, due to
the resilience of the plastic pieces, rides along the inner surface of upper skirt portion
126 and is held within annular holding area 138, as shown in FIG. 15. Ribs or other
protrusions may be defined adjacent to the holding area 138 to enhance the holding

effect thereof.

[0067] Circular top wall 122 is formed with two circular openings 142, 142
which are aligned with to receive venturi conduits 64, 64’ so that the upper edges of
venturi conduits 64, 64’ are substantially flush with the upper surface of circular top
wall 122 (FIG. 15).
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[0066] 1 n order to |ock reservoir body 22 and driving body 120 together in
such position, an annular holding area 138, such as in the formof a
channel , We 2dgfiseesd on the i nner surface of upper skirt psgatsean/03326s f or ned
parallel to and spaced above annul ar shoul der 130. Thus, when reservoir
body 22 is inserted within driving body 120 in the manner descri bed above,
lip 80 at the upper end of peripheral securing wall 74, due to the
resilience of the plastic pieces, rides along the inner surface of upper
skirt portion 126 and is held wthin annular holding area 138, as shown in
FIG 15. Ribs or other protrusions nmay be defined adjacent to the hol ding
area 138 to enhance the holding effect thereof. [0067]C rcular top wall 122
is formed W08 t wo Two ciduddr phpenihduds 144244 W@ ndwbhivewa@hverah ilgiederwi th t o
receive venturi conduits 64, ,.64'. so t.h t he, upper edges. of ventur
Condut s eoriagsol SPUR 6B sell o7 Hpic) Sriin Shenmen ERE U EPPLERER of i rcul ar
Ej op wal L” 16’(f2 6()'Ffe§i?]ecﬁ{li=)ly. cti@&iﬁe&];moﬁc%m@uh@,nfwlhu@ @emd;ubatirzdzia’kﬂv\ﬁér ﬂepend_
ownwardly fromthe | ower rface of circular top wa ich are in
al i gnment Wbﬁtﬁ“‘&g‘m&aﬁ)%ﬁﬁ&‘{i&ﬁ%ﬁrt‘@“é’&1 %e f“aFéEebe}c‘%‘F GAFSFPONENecyl ar pl ug
condui ts 1ddwdet ddpplyANGuiLEE BO'ATh HRIPLH ARG 45 URStRRE iRl upyerpbal to or
slightly greater Fhan the, inside dianmeter of the corresponding powder
suppl y congfifs of povdegrpplymenduitsGRed hen eesmendi Rogy 24 28 assempledyiise t he upper

open ends Qﬁiviﬁgﬂﬂﬁn_z@.u’@l%ré'fo&og&lme} 82,891 cafl Qnly Wh&Pe B Eh Winfrola0dy, 22 is
assenbled with driving body 120. Therefore, powder 62, 62' can only escape

t hr ough naf®Feedisgy 63, 396 and ghsantingy ovaholesss,98and substantially oval hol es
98, 98'. [00693Further, curved retaining walls 148, 148" extend downwardly
fromthe | ower surface of circular top wall 122 in partial surrounding

rel ation t 069k cul aFudse whivgd reidming watks 148y Bpexderidvievpwandly feeméhee furt her

separati on pﬁg ‘ QUQH' 00! . - coni cal

vent uri coH%%? S gigﬂ%%ﬁﬁﬂ%gﬁapéggr OIFﬁ%g@%n%@@gﬁﬁﬂﬁg{@#ﬁ%?body 120 are
assenbl ed. opd0go 44 142’ despetiovefy;, ovindae fiothesepunidar betwden pbivdwsupdy wi | | be
descri bed conduits 60, 60" and frusto-conical venturi conduits 64, 64" when reservoir body 22 and

driving body 120 are assembled.

[6070]l In order to provide for secondary air flow, as will be described
hereinafter, the wall defining upper annular skirt section 126 extends inwardly in the
radial direction to form a first outer air passage 150 adjacent to circular opening 142" in
the circumferential direction of driving body 120 and a second outer air passage 152

adjacent to circular opening 142.

[0071] Short, axially extending upper guide walls 154 and 156 are formed along
a common circular arc spaced slightly inwardly from the periphery on the upper surface
of circular top wall 122 in order to secure a nozzle to driving body 120, as will be
described in greater detail hereinafter. Specifically, upper guide wall 154 is formed
circumferentially along the larger arc between air passages 150 and 152; and upper
guide wall 156 is formed circumferentially along the smaller arc between air passages
150 and 152. The common circular arc along which upper guide walls 154 and 156
extend is spaced slightly from the peripheral edge of circular top wall 122 so as to
define an annular retaining ledge 159 on circular top wall 122, positioned outwardly of

upper guide walls 154 and 156 in the radial direction.
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hereinafter, the wall defining upper annular skirt section 126 extends
inwardly in the radial direction to forma first outer air passage 150

adj acent WO 20iwosedear openi ng 142" in the circunferenti alPCaiuseeiiossyIdf
driving body 120 and a second outer air passage 152 adjacent to circular
openi ng 142. [00711Short, axially extendi ng upper guide walls 154 and 156
are fornmed al ong a common circular arc spaced slightly inwardly fromthe
peri phery on the upper surface of circular top wall 122 in order to secure
a nozzle to driving body 120, as will be described in greater detai

herei nafter. Specifically, upper guide wall 154 is formed circunferentially
along the larger arc between air passages 150 and 152; and upper gui de wall
156 is formed circunferentially along the smaller arc between air passages

150 and 15 he c n.circular .arc,al on i ch upper quide walls 154 and
To0 ot endoEns S SRRy RhR el SO e B S i br 1o
122 so as mad.gM nefca:ﬁne?.ﬁmwftaaﬁing Rgd m%@elpelﬁblg& fbb@hion wall b@aﬁp&i’em%] op wgl I |
122, positjon out war .of upper i_de s 154 and_ 156 in the radia
direction. #r%%’fdiisf}‘%’@ F%@%@%?gsgég@gﬁ[‘fé@?%ﬂ@&% g@{?&%‘fﬁt‘? ally

equi f’in_gm ac!i!;th{nca&%ﬂ@@d}ple@k@él@@tlgﬂa,élsgbl@{delse@ﬁl@ sasndlfoBacddaddsiages f or med on
retaining | edge 159, the purpose for which wl be apparent fromthe

di scussi onffiferdepises pesrecasy exiond forsp greadle dittineh Yr§ d88F%er ent arcuate
di stances. For exanple, recesses 158a, 158b and 158c may extend for arcuate
di stances of 45 degrees; and recess 158d may extend for an arcuate distance
of 28 degr@8%3] [oo%‘sirﬂaemq‘r@r annugpRskirtsemign 498 sieit awayat tnaewl-apR8 i s cut away

at spaced- L ] r kA6 alef:3 166, 169
ont &t i ng e b e L I g B e el
and sl i ght 163, beit wapgtiyely resiending downvesgls end slighp prfeerdioiiem e at t he

sect! on 125 Ehy BARCABINY 38 hdrostitinBRer sy B SUED BBRM o the | over
edge of | olweer zmnlat shirt sickion 128 ipriog fingss 1615168, 165, beshvenceittnddelosr ei naf t er ,
driving opgni 4 d el e | XRVIE ody 120. As
shown, eacﬁegggiﬁ& f?%éggaTé%?S%égéggggggsA%gﬁ{ﬁﬁgﬁﬁgg%%%ﬁﬁ%?%’a concave
shape so adriting dprumgal e pited69 an edghted boeoteicnrivinglbsdiatli alslsioemnt ral | y

| ocated with, respect t tﬂ@mhﬁp hwi se direction thereof. [0074]1n order to
provi de. mersp siange’ B (B, ENTbIoBBred 4 SphEftpRbe w BBACs
depression 171 therein, substantially centrally located with respect to the lengthwise

direction thereof.

[0074] In order to provide metered doses of powder 62, 62’ from respective
powder supply conduits 60, 60’ to venturi conduits 64, 64', a metering dose plate 180 is
positioned within upper annular skirt section 28 of reservoir body 22, immediately
below reservoir plug 90. As shown in FIGS. 16-19, metering dose plate 180 includes a
thin disc 182 having two dose holes 184, 184’ near the periphery thereof which function
as powder receptacles, that is, for holding metered doses of powder 62, 62'. It is
preferred that the dose holes 184, 184’ be at diametrically opposite locations. In order
to prevent the metered dose of powder from falling through dose holes 184, 184/,
powder retainers 186, 186’ are formed in covering relation to the lower surface of disc
182, extending at least over dose holes 184, 184'. Preferably, powder retainers 186,
186" are formed by a mesh screen, filter, porous material or the like which has a
minimal restrictive effect on gas flow therethrough, while preventing appreciable loss

of powdered medicament below the lower surface of disc 182, Powder retainers 186,
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powder supply conduits 60, 60" to venturi conduits 64, 64', a netering dose
plate 180 is positioned within upper annular skirt section 28 of reservoir
body 22, wormediebeBy bel ow reservoir plug 90. As shown POTRIS@B0/03¥919,
netering dose plate 180 includes a thin disc 182 having two dose hol es 184,
184" near the periphery thereof which function as powder receptacles, that
is, for holding netered doses of powder 62, 62'. It is preferred that the
dose holes 184, 184' be at dianetrically opposite locations. In order to
prevent the netered dose of powder fromfalling through dose hol es 184,
184', powder retainers 186, 186' are forned in covering relation to the

| ower surface of disc 182, extending at |east over dose holes 184, 184'.

Pr ef er abl yjsgemderfatrRbed fiemsand SGirabkSbdtertnl, endiatingpeedlibipsios, peishetal een, filter,
porous material or the |like which has a,mnimal restrictive effect on gas
f1ow ther eF‘ﬁﬁaguﬁ?ﬁ%m%ﬂlaésebP‘éQP&?PF‘F?Q* Fioh &&TaBRTY UPULMYFLIREETIBY medi canent
bel ow t he {igwRE porbinf piaficopotbus GoldMer mElaWERs, K-@lrall P efifheliBRovdiB6’ can be
fabricated fromany suitable material, including cellulosics, polynerics,
metal s, cefiififscBonvyvaR@inels fPHmBditediket Moreteciiigallynpieli ynatsgiabul “ mat eri al s
i ncl udi ng flRECHAFRE ARAHSIRIGRT WERn mRH, GHE pROhMIBALIRTBE ?Jl?@ef_iﬂ%,at ural or
synthetic woven fabrics, nonwoven synthetic fabrics and the Iike. Mre
speci f i cal Pglycaghoantas, pakittetraflapepeihilend gelypiayideae dichlgride. ped piedesterswoven nesh,
and porous ?gngﬁﬁges of pol yol efins, polycarbonates,

pon-tetra? uor oet hyl ene, pol yvinylidene dichloride, and m xed esters of

cel lul ose. [0075] Powder retainers 186, 186' nmay be configured and affi xed
to nmeterin e pl 1 ; -l imting
exanpl e, pgﬁggf retgﬁﬁ%%ggﬁgg?ﬁ%%égﬁgégbge a%@?ggﬁjﬁﬁxgg%g%%gggforned in
met eri ng ddese ppkcal&® in 80y kwvwdaswneb & way dn@-lilgingrekaiye, w240, 918. [ 0076] I n
accor dance_\: g b t] i CGULr f orm powder
retainers Tﬁ%&gﬁggflﬁ§ﬁ%?ﬁég%?%ggﬁéﬁg?%59W§g§§%%%%%%%§@§%ﬁggg%%e pl ate 180
i s preferalidsyrifedrin®ls. ByteniiNo. 0240,081801 di ng operation. The insert nol ding

operation ibed, in U.S Patent No. .6,240 918 for form a _metering
Gose bl at ST be- ull feaaiee Wb Htart Ry s Wi bhind FReEE Gmb T

descri bes powdd tedinat i 3 1 96 nithin frepondibgrecdsag, madriad ddsx plag 130vder
retainers 186, .186' to netering .dose plate ich also may he utilized.

[ 007 7] an 2R Rt b BSTeIagE spPahis THOUNHARSIS SR The | ower

surf acef of d@%ﬁlﬁedﬁﬁﬁ&ﬁ’dtehﬁﬁ@@%ﬂ,&ﬁ for If&ﬁnaigexldnét&erllgalm@ piﬁﬁﬂlbﬁy&iz m)un]'E i ng IO]?St
188 is fornmgd w . bar. 190 extend] xjally along the inner, surface o
mount i ng paglfze_%e%l% QR %-%- g%‘?%&“o&%@ﬁéf’ﬁ‘%é HGUEAR SRl 184 Bar
190 ext endsorfigannd £ JrPURS pSitlef ReEneef 18d] 536’ 18 Zncie?in@ dBRSI4tk QRichhisght |y
spaced fromthe | ower edge of nounting post 188, and preferably has a
square cr o8y $ebtiizsal configuration. As will be understood fromthe
description hereinafter, bar 190 ensures that netering dose plate 180 will
remain stationary with respect to powder housing 20 when powder housi ng 20,
whi ch i ncl U84l r esepgnrulggaguntine pese Kiraxisngs dwngvagtly fae teiy ioWehg body 120,

i's rotatedgyface of disc 182 and is centrally located thereon. Annular mounting post 188 is

formed with a bar 190 extending axially along the inner surface of mounting post 188
in axial relation to metered dose holes 184, 184’. Bar 190 extends from the lower
surface of disc 182 to a position slightly spaced from the lower edge of mounting post
188, and preferably has a square cross-sectional configuration, As will be understood
from the description hereinafter, bar 190 ensures that metering dose plate 180 will
remain stationary with respect to powder housing 20 when powder housing 20, which

includes reservoir body 22, reservoir plug 90 and driving body 120, is rotated.
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WO 2011/ 059968PCT/ US2010/ 055995 [0078] I n operation, netered dose hole 184
isinitially in alignment with frusta- conical venturi conduit 64 and

met ered cweeohals#96884' is initially in alignnent wth fPOTUS2@0/05398F
venturi conduit 64'. As will be explained hereinafter, powder housing 20 is
only preferably permtted to rotate an angle of 120 degrees relative to
nmetering dose plate 180. As will be appreciated by those skilled in the
art, other working angul ar ranges are useabl e consistent with the subject
invention. During initial primng rotation, netered dose holes 184, 184
pass under mani folds 46, 46' and substantially oval holes 98, 98 . As a
result, powder 62, 62' falls respectively within and is scraped into

nmet er ed do®e@78jol es m&@cratl@t} meteSpiatisd hcdalstbyxs itifix@lydn dlégnweht witld@éstei ng

substanti al | 8 n SCr, e powder 62, 62' into
net er ed do"soél}/ Pe@ “fgﬂgm %zflndnfetwr h‘g é%f)r‘ség ugﬁ a{ﬂﬁ‘?nfﬁe“tyl ce oval hol es
98, 98' arpRusspantdl lamsi ddndiit sHeAs aflpe: edplaimet helinafiert fevdeouslemgtousi ng 20
relative to neterlngg%ose (ggée 180 fro %lrcu ar holes 94 nmet er ed

. 94'
dose hol e B8APrE{Ea pige g apele 0?48?8@3%13%%0‘0%“1“6%“46 whi | e
met er ed dogigiehgb.eAd & bd 4 fgiéeia&dibi?lﬁios@mﬂedhm}@ 288oaadvdiRing hRduthr46°  during an
actuation of the deyice Then, during the return rotation back to the

initial po€NEssar, uspabiesonsisigysuthiby wibegtinyenticn sDwinadnifalRIIMIAG NI f ol d 46 and

subst ant i ajokafioR MAdierB@H&S hSBs mmmf@hésgﬂa@manimabm/aeta&mlsu&%%lt 64, while
net ered dose hole 184" passes back under nanifold 46' and substantlally

oval hol e 98! holesP8aP8 giamesulki Rowdoiehss 67 |fall§c§?ﬁﬂa‘itt‘/e’84’”“?hifmﬂdl1%@331'%11s return

travel, th fikni i I again
Fnot ] on 1o o I S R e B ity "I

thus ensur pvighalereds, AEtercson @@g@pm@gw@g@z R8igto metered daysiholes|L§4.and
accurat el y dar | 68l ve d@?f"o a&é&%eﬁ%’ixﬁ:@b% 16l btﬁ@s‘aﬁe gyageVd 1g£ghaq%e Aot h

count er cl ockwi se an W se rotation, uring e rotatlng
| oadi ng st afgeotmf thegowdurdiossngfrstnsing totrocterfre doshelhtatl Bo fromtcargdar V\hen

met er ed . d Oﬁ(ﬁe 9’?‘ 11]I$4red gigs% hoﬁri%»@ %Jajve%jc%%p%tél? HXS? Bl H)lf, 68 Qgc%:ﬁ%rﬁfo?cﬁr oug h

respective necess 0in
venturi c o%:l Lwhﬁie m;ere@i4d05e hxam $$4’1 gawaalschamvalrid)ksi&mﬁmntfhlldefégiurmrg tered dose

hol d
o oot wwistiion SERE S fed 18 1HES Sl A8 3T HraB NS 103l o RG] At

be under stmeﬂreh;dotﬁm@sei@lpaksbedaekmndldnmaaif«bld 46@hcﬂ$ubvtentimyemﬂrhbleb98 ween t he
supply conduit,s 60, 6 in for

SoPPLY 1 ool o BB e TR e R Sk e b Rk S e

rel ative nouMgifeOic iad sesentidiedyandieIisan aﬂ@nﬁhﬁht wgh Faitad banguipevenent . It is
to be understood, that |inear rela nnvege TB% Pe au%P tilized with

t he conpon HEae s refm Bl |SW6I“S9‘ fring sppstantially ¢val holes &t ation is
set to infjudttioh zé@&hﬁethé }wtslz’ mef BEeie Bodeofel B4, 184’ tiBleRugidg dose hol es
184, 184', are shown sane size. Thus, the netered dose bol es

184, 184" Hpkmelsisd ﬁ@ﬁ&ﬁ@&s t1%4 d?‘é)\?rf‘d“é’mfpﬁféel% anerceyrately fieds Thyssthehown i n FI GS.
17 and 21, sctrtﬂﬁng'@ﬁ&{ ROrolasa dhﬁﬁ@l&)tﬂ-%nte?@&kw%)én@@lo&@%é@?taﬁgn Gk f er ent

di mensi ons. his manner, the netered dose holes 184
acconmmodat & Qﬁﬂf ﬁlgpgﬁbe faiag ingdiag stage and the reverse movement to the mhalatlon

stage. When metered dose holes 184, 184" are aligned with venturi conduits 64, 64/,
respectively, it is then only necessary for the user to inhale through venturi conduit 64,
64/, causing a draw and suction through metered dose holes 184, 184" wherein the
metered doses of powder 62, 62’ are drawn up through venturi conduits 64, 64’ and

delivered to the user.

[6079] As will be understood by those skilled in the art, relative movement

between the supply conduits 60, 60’ and the metering dose plate is required for
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[ 0081] Regardl ess of the size of the netered dose holes 184, 184', the
powders 62, 62' nmay be of different types. The powders 62, 62' may be of

di f f er entwonogs¢®sg., di fferent conposition; same conp@sirtuser/osiss er ent
strength) and/or may be provided with different physical properties or
characteristics (e.g., have different aerodynam c particle size
distribution (APSD) so as to reach different target areas in a patient's
respiratory system). In addition, the powders 62, 62' can be introduced
into the discharge streamat different points thereby allow ng the powders
62, 62' to be subjected to different discharge conditions (e.g., greater or
| ess di scharge velocity; subjected to nore or |ess deaggl oneration). One
type of poadetiomafthddisgeasdr i stosh miining agtt disgepsingdoest Thhadativhe ot her powder
in form ng a co ati.on. As. such, ff.erent S|zed powders 62,
62 | my bemgsAApBgeH P AR e B Lo B A IR eAB8 B3 be
initially qadinesgtedaiive rhdﬂ\&rrﬁﬁmd@rbe&l@pitl‘j&z@bmduﬁlé sorbfhne®®be respectively.

Wth this arrangenent of dif nt . dr ugs onduct ed over

di fferent WHEERY gg gly fné—‘é‘?ﬁgzwa § gdivg g rof lo?i‘?esetptg\}\’lfg?a% ggo)ﬁray be provided for
a seven-day admi nistration, while the other of the powders 62' may be
provided for a |onger duratlon adm nistr t|o da By way of
non- i m ti W§8Uxanpl ¥ithgserspge BEFEs 10 Wﬁ‘?m q@&ﬁsdgﬂi 118% arSS]?"é‘%/“a{%) PGl y

short -t er my(iRe Gime S%V?Husdﬁﬁéfiﬁeté%d(ﬂbs@b&éﬁrgll %@ﬁh@%@u@d‘t@@ﬂwﬂ&ﬁ{e a | onger
term(e.g., twenty-one da ys).. th this arrangenen he_di spenser 10 woul d

di spense bHHI§ SHEGGES S 6#31!%‘61 1f1|FF(§§ 1¢ apr? hilee @ﬁ%‘ﬁdéﬁ’ﬁey}m’ﬁﬁég"r HY&YY  duration

drug. The gl SRENSEifkdeuinfiBiohd) GRMRSMbRIeR tfmBered A0RMoR184/ 1CONPat i bl e)
drugs to be sinultaneously stored and deli'vered. [0082] Suitable at |east

one acti vemphascrmgwdate diferaagtip dosefiseabl e with the subject invention include
but are not limted to an anticholinergic, a corticosteroid, a long acting
beta agoni st, short acting beta agonist, a phosphodi esterase |V inhibitor.
Sui t abl e né@8tlanment Begmdleshef s efzeipf thometered gﬁ%lvéa@tlﬁ&rwértherp@mi%nt of a

f h
gf’:ggggtsolrﬁ élsggﬁ gﬂg@%ﬂf%&?ﬁ?%&‘b@ 3%496@'65% 3@ fEren tﬁ?ﬁééé% g3 of sue

8 of CRroni ¢ ructive m)nary
[ 0083] Sui té;lﬁieemmp@mbm,mangcmpqsmh uhﬁerérﬁ)str@mm} hyﬁcmw@ 2o\idhdt hi en- 2-

yDacet oxy] FV;,_P ﬁ fgegeg]pg]% S%Qi pro tles or %ﬁ?ac e%p C%Xg # Ofiavg %if%}%ng G amic

gl ycopyrro i pratropi‘u Or om OXI at’ropi ne net hyl
nitrate, apartyie piee émdrd)am@,(APﬁDamnpo ungh dhﬁbﬂeadangn@ar&mn apztt},enm:opol am ne,

scopol am ne hobr m.d t hs , t ro hobr om de,
hyoscyani néeSplfaé%rﬁrSYS ?S'Paﬁl? ﬁfgﬁl%ﬁ‘s% & éi,]%%e E‘gﬁ %]FI de, tiotropium
brom de, GHsHaZ4Qbeanant diffietemipding thérsionelowafe tM\pbv@ferstGIe@abcobee or a

or a

D R B2 Rl b BB S PR S O o

i ncl udes NEIRRCRAQHN tofelir Ok BeaghRalcRIBH)D @@ MEe of powder may be administered
in greater amount than the other powder in forming a combination. As such, different
sized doses of the powders 62, 62' may be combined. Also, different amounts of the
powders 62, 62" may be initially provided in the powder supply conduits 60, 60',
respectively. With this arrangement, dosing of different drugs may be conducted over
different durations. For example, one of the powders 62 may be provided for a seven-
day administration, while the other of the powders 62’ may be provided for a longer
duration administration {(e.g., 7-30 days). By way of non-limiting example, an
antibiotic may be provided for a relatively short-term (e.g., seven days) with a steroid
being provided over a longer term (e.g., twenty-one days). With this arrangement, the

dispenser 10 would dispense both drugs for the first term and then only the longer-

18



di propi onate; budesoni de; fluticasone; dexanethasone; flunisolide;
trianti nol one;

(22R) - 6. aWpha1y/@B9mBpha. - di fl uoro- 11. bet a. , 21- di hydr oxy- PETAlISpha/053095 al pha.
- propyl net hyl enedi oxy- 4- pregnen- 3, 20- di one, tipredane, GSK685698,
GSK799943 or a pharmaceutically acceptable salt or hydrate of any of the
above, or a conbination of two or nore of the above. [0085] Suitable |ong
acting beta agonist include carnoterol, indacaterol, TA- 2005, sal neterol,
fornmoterol, or a pharnaceutically acceptable salt or hydrate of any of the
above, or a conbination of two or nore of the above. Suitable short acting
beta agoni st include al buterol, terbutaline sulfate, bitolterol nesylate,

| eval but er drationetragp r' Hicelispaser Hhaiifoawséqcompatﬁm erglchacietlyt iecampatible)
pharnaceutlcall ac tabl e salt rate of any of the above, or a

P onbi et | offat oo T ahGRYY sERa BHRYE 0 2015 b5006BRCT) USH010 055995

[ 0086] Sui t abl e phosphodlesterase |V |nh|b|tors i nclude cilomlast,
roflurnllaf teto

LT on (e gz ot OhiiBBlet fegst one pesiys Pharmasentical a5eBREEHPIS YL BRI nol i nyl | - 4-

oxazol yl i campenihémtidh Rctlde yCORsORIEE &5 BOMUEIIMARK; A cRfi@sieRfd, act hyl ester
or a pharmaceutical |y acceptabl e salt or hydrate of any of the above, or a

conbi nat i o]?“éﬁ"tf’\ﬁ(?e@ragﬂ‘ﬂ?te“"hﬂl't aciing beRGpenisy @@m’h%leéféWﬁ%ﬂ‘ﬁmE%%l ments of

the pr esenSulkdméerﬂédl&%ehﬁ%@tbe hFSItFoONE pRG&IHYE oPIGENBE 8P4 te§Rtatgdgent i ncl udes
a corticosteroid, such as rmrret asone furoate. Mnetasone furoate is an

anti-infl amﬂammay)rwmhs%"élt\fé pisY &y dispapen gremeles plire diseasgriactude asthma

9, 21- DCh| t 1 disease.
17- d|hydroxy 1&%é§@%g%“ﬁgunwnm'e5ﬁ5?1,4-diene-3,20-dione 17-(2 furoate). It
is practically insoluble in water; slightly soluble i n nmet hanol , ethanol,

and isopropﬁggLi Sobﬁe&ﬁ%hﬂdﬂ&ﬁ&§£FF£C|e iﬁ n Oét§m$eﬁ§ly soluble in

tetrahydrofura Its partition c and water is
greater thahacs®agl-1- mnﬁphqefanféyl&dmzmalmycm& %awm fywppardee. crystal line

and enant | il found Blo de 8X1g%[?1ulﬁ%r(§1glﬁgqg‘g}¥19é Ak kPR RLINGe fhiralecast one APA

may be in ormo
ipratropium, bclladonna exfract, scopolamine, scopolamine methobromide,

methscopolamine, homatropine methobromide, hyoscyamine, isopriopramide,

- orphenadrine, benzalkonium chloride, tiotropium bromide, GSK202403, an individual
isomer of any of the above or a pharmaceutically acceptable salt or hydrate of any of
the above, or a combination of two or more of the above.

[0084] Suitable corticosteroids includes mometasone furoate; beclomethasone
dipropionate; budesonide; fluticasone; 'dexamethasone; flunisolide; triamcinolone;
(22R)-6.alpha.,9.alpha.~difluoro-11.beta.,21-dihydroxy-16.alpha.,1 7.alpha. -
propylmethylenedioxy-4-pregnen-3,20-dione, tipredane, GSK685698, GSK799943 or a
pharmaceutically acceptable salt or hydrate of any of the above, or a combination of

two or more of the above.

[0085] Suitable long acting beta agonist include carmoterol, indacaterol, TA-
2005, salmeterol, formoterol, or a pharmaceutically acceptable salt or hydrate of any of
the above, or a combination of two or more of the above. Suitable short acting beta
agonist include albuterol, terbutaline sulfate, bitolterol mesylate, levalbuterol,
metaproterenol sulfate, pirbuterol acetate or a pharmaceutically acceptable salt or

hydrate of any of the above, or a combination of two or more of the above.
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Aggl onerates of drug alone or with another substance may be utilized, such
as those aggl onerates described i nUS6503537, which is incorporated herein.
Any net hosloahtiaggiedner ati ng the solid bi nder and the phacrasediognszoas |y
active agent may be used. Useful agglonerating nethods include those which
can be acconplished wi thout converting the anorphous content of the solid
bi nder to a crystalline form prematurely, and which does not require the
use of additional binder, can be practiced in accordance with the present

i nvention. [0089] Useful agglonerates include aggl onerates ranging in size
from between about 100 to about 1500 um The aggl onerates may have an

aver age size of between about 300 and about 1,000 um Useful aggl onerates
may have a bul k density whi ch ranges from between about 0.2 to about 0.4

g/cm 3 or 0,29 t 8 ] seful to
have a ti q@ﬁ%rt. 2? ta X B"S@P%‘?? :’%FP“SEPW(‘J%‘H%P%‘;@ Cd‘E?F@QtQ “’%‘ét?'ﬁts le size
refers to ﬂehﬁnﬁktZE— sf(msbtema@gihgnar atrmhoxﬁ?me(tlﬁt@hbmethylmmﬁﬁhﬁyﬂﬂam about 10%
of the agglo 0% s | er 0% ger, t ha the mean or target
aggl oner at%?‘aé‘? aﬁl@(‘}?ﬁ gﬁlg)n%‘fyéﬂ’%?"mlc 8‘”& Bt?i REINgT CBYESERY Mo nore t han
about 10% Qfanhil:@ut@e@ﬂtﬁd@ﬁt@ﬁl@ﬁai%ﬂh?d@@dﬁ éf&ﬁe i0aa¢) orR edthbidanloam or | ar ger
t han about 450 p.m_[0091] A useful nethod of preparing the agglonerates in

accor dance™H T Mahef the3RMNei on which neets all of the foregoing criteria

i nvol ves m xi ng presel ected anounts of one or nore pharnacol ogically active
agent (s) and t he m croni zed, anorphous content containing, dry solid binder
inaratio 8$’71bet wekdrterHB ambadments affie Bist inYersiop thepé legetone asat 100: 1 and

about 1: 30}91 dgndl @%ﬁ{ 1}1@:111&@5%%30@&9@ sugﬁ)aslm&ge b‘%ur%ﬁtgo or aratio of

about 1:3 out : relative to the anmount of id binder.
[ 0092] Usef Mom@gcmffematﬁ dssanrpati- m@nﬁowwﬁ@n%ﬁowlnﬂ@ng thashasicsimemebet ween

9,21-Dichloro-11(beta), 17-dihydroxy-16(alpha)-methylpregna-1,4-diene-3,20-dione
17-(2 furoate). It is practically insoluble in water; slightly soluble in methanol, ethanol,
and isopropanol; soluble in acetone and chloroform; and freely soluble in
tetrahydrofuran. Its partition coefficient between octanol and water is greater than
5000. Mometasone can exist in various hydrated, crystalline and enantiomeric forms,
e.g., as a monohydrate.

[0088] The at least one APA may be in the form of an agglomerate.
Agglomerates of drug alone or with another substance may be utilized, such as those
agglomerates described in US6503537, which is incorporated herein. Any method of
agglomerating the solid binder and the pharmacologically active agent may be used.
Useful agglomerating methods include those which can be accomplished without
converting the amorphous content of the solid binder to a crystalline form, prematurely,
and which does not require the use of additional binder, can be practiced in accordance
with the present invention.

[0089] Useful agglomerales include agglomerates ranging in size from between
about 100 to about 1500 pm. The agglomerates may have an average size of between
about 300 and about 1,000 um. Useful agglomerates may have a bulk density which
ranges from between about 0.2 to about 0.4 g/cm ° or between about 0.29 to about 0.38
glem >,

[0090] It is useful to have a tight particle size distribution. In this context,

particle size refers to the size of the agglomerates. Preferably, no more than about 10%
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about 50 ng and about 5,000 ng and nost preferably between about 200 ng and
about 1,500 ng. The crush strength was tested on a Sei ko TMA/SS 120C

Ther nronecwanotiAls9%nal yzer avail abl e from Sei ko | nst r ume®C3/USke10/055Pp0Ky 0,
Japan, using procedures available fromthe nmanufacturer. It should be noted
that strength neasured in this manner is influenced by the quality and
extent of the interparticulate crystalline bonding described herein.
However, the size of the agglonerates also plays a role in the neasured
crush strength. Generally, |arger agglonerates require nore force to crush
than do the smaller particles. [0093]In order to provide for relative
rotation, netering dose plate 180 is non- rotatably nounted on, and powder
housi ng 20ofi the #gylatcakibyarerdQih sadllonr 5@k hage tl%@he m&san\m target bpgBonerdte 4 and
22-26. Base 200 inc rcul ar wal nnul ar skirt
304" ext endliFo USRATAIEHES °F P Eae BBy moiFab Boute BeRF pheral *odge of
ci rciJI ar t@gglanﬁrdtesa?ﬁ Uef‘sglgliérﬂtﬁafmjéo&tgfidﬂfni oR @ar gt tlmﬂtaeéut];aﬂﬂuina; Iedgfa 206i<' An
annul ar su ing Lip s, formed o outer, surface o nul ar skirt
204 at the%%@er end ”ts?ler od %fé’r%"ﬁ%ﬁéﬁﬂ BCTEEE WeiCehr “P?\@(thawom in the
radi al di r Beéiton whichasew arof s folegdiRgheritéiia MOGIVEshixalphesei@Gedaibungs

di aneter less than that of_ supporting lip 208 is forned at_ the upper end of

suppor t i ng®} 976 °2B8Te PRaTRABIREICHIY aefivs ag&nt(saﬁﬂdﬂhafm%amwdze@or@awsr]ave a

plurality @Hnt@&(bcﬁﬂtﬂlﬁ&né H%F%d%%&t in a@ﬁlfﬂﬂf%tv&e@ﬁﬁﬁbu@il@ P&hdtaIB@uthgO@r surface
thereof. In addition, an annular retaining rim210 is formed on the upper,

out er sur f BRiweesrabaurGPd and Rpqut 1:30Qi(drygshiaderis betigersahopoid: § legbputd:2908 and
annul ar Wa%ﬂ I%Qé?of@oegt 5P guﬂbmfﬁxaawltﬁé%ﬂ% ofc?}ﬂeqsollﬁ%nﬁér to extend

outwardly tromannular skirt 204 in the radia Irection thereof.
Ret ai ni ng HWOARI210 hHseful agiigmeratas nyawmgmas}renetbsvmmmgeh&ombam@r of annul ar

500 ana 7 ehais0 B8 aATRACS of EhELI Ak ARl pirfe PLBRGBMRERGRT AT el
ext endi ng ULpWamgl Thefaresmsaenzth was tewdd on20Bikool MAKES @@C"ﬁbnwmcbmmahl ng rim
210, but bﬁk&lﬁ& ggaé!\ﬁﬁll lfrg%%lko un%?‘i% ﬂ?sfd)%&? 9{# Ié s(ia'n rgcnﬁﬁr%r equal to that

of annul ar SO TS connéc ng rim210 and
ext ends wi a\ranlmblgameHQmarﬁtmﬁﬁﬁhAlt(slydulmbb notal thho&mgﬁﬂ.ﬁeassreﬂmmd centrally

d iall th t th
o i oo tefls Dol RRET by Y UAGE, b eCleh Y IRTnb Rl Buie HRGNREL L 1 AT DPB
t her eof al Bmldmgtdem;zd hedein OAxv@akr, kf&ts&lemlfﬂ@ apglsinerd {8 aiBd plagss@le iditi@ret er t han
cylindrical bos g s f or,ned er end aof cgllndrlcal boss 216.

L cord not e sl el ARt Bl iets g BaEn e o e Kok fg s atsn edge of

cyl i ndri cathabhas she2ikllerfRaitidieni Nng post 218 has an outer diameter slightly
| ess than 0gg%fanner di rreter of _annul ar mpunti ng post?%atS of metering dose

pl at e 180. i ni nB“H o prpgide forpativeqotgfien, m&teéllnﬁfiosf &l &Hy™he | engt h

t her eof . Aﬁﬁzﬁﬁlﬂ* R@hited 64@And PovRRE hdBRz 206k Btibly2Aduntd@iaNh bilg 2p@st 188 of
metering dose plate 180 is retained on retaining post 218 in a

non- r ot at aBo¥ R FHES: 3 Harh&nte BasatOhimeludsssgirggadopmal é0Ayingian) r emai n
stati onar yasﬁaumsma@meiteﬁ&ng%w%rdwﬂ@mm p%ggmw&e%wﬁ{e ApsiAg 20, which

i ncludes reservoir body 22, reservoir and drivi ng2 body 120, is
rotated. edge of circular top wall 202 is cut-away to efme an outer annular ledge 206. An

annular supporting lip 208 is formed on the outer surface of annular skirt 204 at the

lower end thereof, so as to extend outwardly therefrom in the radial direction of annular

skirt 204. An annular wall 209 having a diameter less than that of supporting lip 208 is

formed at the upper end of supporting lip 208. As shown in FIG. 4, annular wall 209

can have a plurality of axially spaced apart, annular teeth 211 on the outer surface

thereof. In addition, an annular retaining rim 210 is formed on the upper, outer surface

of annular skirt 204, parallel to supporting lip 208 and annular wall 209, and spaced

above annular wall 209, so as to extend outwardly from annular skirt 204 in the radial
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[ 0096] Two short stub walls 221 and 223 are fornmed on the upper surface of
top wall 202, immediately on opposite sides of cylindrical boss 216. Stub
wal | s 22Iwenrd112@®6ar e angl ed with respect to each ot her patr/usnolangioes of
approximately 30 degrees. [0097] As part of a counter mechani smwhich wll
be described in greater detail hereinafter, a first rotation prevention
spring detent 224 is nounted in a cantilever manner on circular top wall
202. Specifically, a curved vertical detent supporting wall 226 extends
upwardly fromcircular top wall 202 at a position substantially m dway

bet ween annul ar | edge 206 and cylindrical boss 216, and first rotation
prevention spring detent 224 extends from one edge 228 of detent supporting
wal | 226, deeddnl tedredfo Ranthisgda @do AaMmBamdteraliblaly lenphanahd did@&er dfur t her, the

free end of first tation preyventi.on spri ete 224 is provjded with an
outvar o r gt Sateh st B RS G s RiBe 88 2 ShEd ibeorsmed tibosos 055000
[ 0098] Al sogogs,n@ﬁﬁaﬁniﬁgrimmopount er nechani smwhich will be described in

greater detail hereinafter, a second rotation_preventign spring detent 232
i s mount edla carftdries &smpapribel4oh fEmed SrIGRAIPG RPRRATIY Eogpanngisici fi cal |y,

second 1 otgf)i WY 15k BYSMLAbEVE SRIHINGIH 1@ Bt BRdv Rptvand®2f paim ergR 1828 of
detent supporting wall 226, parallel to and sFaced above circular top wall

202 and patusideadiamgergqupl shiatedf apmiyrevalli 208 and 3isg iy AngstedVER PEHIDr i ng

detent 224, Ph@.{d &Rn@Odith cg@sENd rotation prevention spring detent 232 is
provi ded with an outward ragi ally directed tab 234. [00991A tri angul ar

shaped sedf8?dd r echsyingealibgssi2dp pefairmas centradlylaad axishy welhe uPGL i n

correspon i : i i jte to post
214, Spaci T1ia (o tiabr Qg e il ol ol BTN Gl penBRCRL
subst ant i advway anéa kddird segintent 2 19¢hareninbe cuidiward Asaxieltretining3@st 24Rdf a second

boundary 242 L5106 héh dyflndthdaBSHTER1 Medihhed NEnd S519H b ey lakESitb@n Of detent

216. Accordingly, an outer annular ledge 220 is formed at the upper edge of cylindrical
boss 216. Retaining post 218 has an outer diameter slightly less than the inner diameter
of annular mounting post 188 of metering dose plate 180. Retaining post 218 is formed
with a slot 222 along the length thereof. Accordingly, due to bar 190 and slot 222,
mounting post 188 of metering dose plate 180 is retained on retaining post 218 in a
non-rotatable manner to ensure that metering dose plate 180 will remain stationary with
respect to powder housing 20 when powder housing 20, which includes reservoir body
22, reservoir phug 90 and driving body 120, is rotated.

[0096] Two short stub walls 221 and 223 are formed on the upper surface of top
wall 202, immediately on opposite sides of cylindrical boss 216. Stub walls 221 and
223 are angled with respect to each other at an angle of approximately 30 degrees.
[0097] As part of a counter mechanism which will be described in greater detail
hereinafter, a first rotation prevention spring detent 224 is mounted in a cantilever
manner on circular top wall 202. Specifically, a curved vertical detent supporting wall
226 extends upwardly from circular top wall 202 at a position substantially midway
between annular ledge 206 and cylindrical boss 216, and first rotation prevention spring
detent 224 extends from one edge 228 of detent supporting wall 226, paralle! to and
spaced above circular top wall 202. Further, the free end of first rotation prevention

spring detent 224 is provided with an outward radially directed tab 230 thereat.
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[ 00100] Further, a shallow recess 243 is provided at the outer radial edge
of annul ar | edge 206, in alignment with sectored recess 236, and

di anet ri cabI2g110ppw8i t e post 214. [00101] I n order to sprPOl/USR@ES/ORPESri Ng
dose plate 180 into engagenent with the | ower surface of thin circular
plate 92 of reservoir plug 90 and to ensure that powder 62, 62' can only be
i nhal ed when netered dose holes 184, 184' are in alignnment with venturi
conduits 64, 64', a biasing assenbly is provided. [00102] The bi asi ng
assenbly includes a | ower spring retainer 260 nmounted on annul ar | edge 220,
over retaining post 218, as shown in FIGS. 3,4 and 27-31. Specifically,

| ower spring retainer 260 includes a disc 262 having a central opening 264
sized to r@éeslve re&hbndpngtqu]sﬁcoﬂﬂiﬁr mévhasinn which vt ds d2GHibedihgrder f rom t he

| ower surf ce of surroun rel ati 0 central opening 264.
Whon © ot i S RIEES p5Snd Bt BT el et B8 mBReAfe oty al

openi Fg 26<éh,nulem Iﬂldmﬂ&l’one:ﬂgﬁaﬂf)p wmaﬁzarSpmlzi%gnec@ea@tswmmmdl I ?r I edﬁe
220. [00103]An .u ann re n exte I romt he
peripheraliéﬁégegf%aggﬁwﬁ% “Pﬁ@?h&%iqb P?“%&W@ﬂgiﬁﬁg ‘?ﬁﬁ%mears 270,
271 and 27%a@id%bf)ﬂfdi@dlaﬁdo@%iﬂ2b@axﬂﬁgﬁdrdﬂéﬁtro&hd gsgal MovefRtlodiiohi p 268. Ear
270 has a width substantially equal to the width of drive slot 36 of

reservoir DBRAUODSERS detepig2f th% res il of sncendretadpn DENenine SRR, deAY ears 271,

272 have \Amtm?mm% W kh aﬁzbvxrd%&iaahy &;&cﬁeb@ab\mdt hs of drive slots 34, 35,
respectlvel reservoir body so as to fit therein and be driven
t her eby. A triangular shaped Sectored recess 236 is formed in circular top wall

202 in correspondence with detents 224 and 232, and diametrically opposite to post
214. Specifically, recess 236 includes a first radial boundary 240 substantially in line
with the connected end of detent 232, and a second boundary 242 extending in

alignment with the lengthwise direction of detent 232.

[00108] Further, a shallow recess 243 is provided at the outer radial edge of
annular Jedge 206, in alignment with sectored recess 236, and diametrically opposite
post 214.

[00101] In order to spring bias metering dose plate 180 into engagement with the

lower surface of thin circular plate 92 of reservoir plug 90 and to ensure that powder
62, 62" can only be inhaled when metered dose holes 184, 184" are in alignment with
venturi conduits 64, 64/, a biasing assembly is provided.

[00102] The biasing assembly includes a lower spring retainer 260 mounted on
annular ledge 220, over retaining post 218, as shown in FIGS. 3, 4 and 27-31.
Specifically, lower spring retainer 260 includes a disc 262 having a central opening 264
sized to receive retaining post 218. An annular boss 266 extends from the lower
surface of disc 262 in surrounding relation to central opening 264. When retaining post
218 extends through annular boss 266 and ceniral opening 264, the lower edge of

annular boss 266 seats upon annular ledge 220.
[00103] An upper annular retaining lip 268 extends upwardly from the peripheral

edge of disc 262. Further, radially extending driven ears 270, 271 and 272 are formed
along the peripheral edge of annular lip 268. Ear 270 has a width substantially equal to
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[ 00104] Further, an arcuate pawl driving wall 274 extends fromthe | ower
surface of disc 262 between annul ar boss 266 and the periphery of disc 262.
Pawl dri wogowzlsh96874 i ncl udes opposite pawl driving en@#sTARB01a06592Y8, as
will be described in greater detail hereinafter with reference to the
counter nechanism [00105] The bi asing assenbly further includes a coi
spring 290 having one end seated on the upper surface of disc 262 of |ower
spring retainer 260, and restrained thereon by annular retaining lip 268.
[ 00106] As shown in FIGS. 3, 4 and 32-33, the biasing assenbly further

I ncl udes a support plate 300 which supports netering dose plate 180,
functions as an upper spring retainer, biases netering dose plate 180

agai nst t hihe wadtke bf drivefshie 86 of resenvair tmidy G2 kaas tplfia theredPandfbe rdeisar thereby, pl ug 90,

o P 800 B T e S P b BBy, T e
[ 00107] Speeigechwaiy of resetipirtiotly pt & 8 1300thesinf odibe dritn therebysc 302 having an
s a0z, BMET B duiai e red e RERGT AV bern BB BolesBeas are
fornmed on §fhBsc 262 between annular boss 266 and the periphery of disc 262. Pawl driving wall

274 includes opposite pawl driving ends 276 and 278, as will be described in greater

detail hereinafter with reference to the counter mechanism.

[00105] The biasing assembly further includes a coil spring 290 having one end

seated on the upper surface of disc 262 of lower spring retainer 260, and restrained

thereon by annular retaining lip 268.

[00106] As shown in FIGS. 3, 4 and 32-33, the biasing assembly further includes

a support plate 300 which supports metering dose plate 180, functions as an upper

spring retainer, biases metering dose plate 180 against the lower surface of thin circular

plate 92 of reservoir plug 90, and permits suction through metered dose holes 184, 184

only when metered dose holes 184, 184’ are in alignment with venturi conduits 64, 64'.

[00107] Specifically, support plate 300 is formed by a disc 302 having an annular
retaining lip 304 extending downwardly from the peripheral edge of disc 302.

[00108] Three radially extending driven ears 306, 307, 308 are formed on the
peripheral edge of annular lip 304. Ear 306 has a width substantially equal to the width
of drive slot 36 of reservoir body 22 so as to fit therein and be driven thereby, and ears
307 and 308 have widths substantially equal to the widths of drive slots 34 and 35 of
reservoir body 22 so as to fit therein and be driven thereby. The heights of ears 306,
307, 308 are less than the height of annular lip 304, and lower surfaces of ears 306,
307, 308 are substantially flush with the lower edge of annular lip 304, although the
invention is not so limited.

[00109] In addition, a central circular hole 310 is formed in disc 302 and is sized
to rotatably receive annular mounting post 188 of metering dose plate 180 therein. A
radially extending slot 312 extends from and is in communication with circular hole
310. Slot 312 extends outwardly in the radial direction by a distance such that the

radially outer part of slot 312 overlaps metered dose holes 184, 184’ when metered dose
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peri pheral edge of annular |ip 304. Ear 306 has a width substantially equal
to the wwdth of drive slot 36 of reservoir body 22 so as to fit therein and
be dri verwOhernalsyyssand ears 307 and 308 have wi dt hs subgCanise@bloyssetjual to
the widths of drive slots 34 and 35 of reservoir body 22 so as to fit
therein and be driven thereby. The heights of ears 306, 307, 308 are |ess
than the height of annular lip 304, and | ower surfaces of ears 306, 307,
308 are substantially flush with the | ower edge of annular lip 304,

al t hough the invention is not so limted. [00109]In addition, a central
circular hole 310 is fornmed in disc 302 and is sized to rotatably receive
annul ar nounting post 188 of netering dose plate 180 therein. Aradially
ext endi ng Isdlet183.1B4Eact mﬂgnrhmﬁrmﬁ:mdnﬁm cbmﬂuﬁeﬁemﬁm adtid @n oflighmentr cul ar hol e

310. Slot 3 t h i.al Ctl by.a di stance such
Shai the raant BT g bVl ol b B OB, 160 [T Bt boros” 154
184' when mlﬂl}ed d@§&sﬂﬁijed$bdx&4p0“&ﬁﬂretaﬁ{e&s 180, &16’ gemmedmbmement url
conduits 64,

4 [ al ignment with, anpd does
ovorlap. witehdihgom R Rt e NGOl b R DT RES OB £Tb] Ac
descri bed abovRretiRovde HowWRl@l WRdrSa th&B scré&bor (B Bkefiot¥RANEY ivn MESh screen,
filter, porqous material or the |ike which has a mninmal restrictive effect

on gas fl W?%P&W%&hand%%ve?f any pHeHOmbY 8 Hsesf @aporimatehie’ 1% ke i s used,

there is asb@pURS QR aliBnBBR chibOWmeAN sk hBRH BI04, AW dSUekineN sy the user,
of approximately 35% According to an alternative enbodi nent, as _shown in

FI G 34, ptnesised eftanesd scre@eor disnieicar be wlocalediosthe wéeﬁfaewft% 30Zke can be

rel ocated %eubﬁfﬁ ;}19[@@00 %H&efree@mf kR Ford ARn &Y hmeﬁfscreé@&%é% under sl ot
312. Theretore t hou the nesh screen or the ke reduces the gas flow

t hrough r axgluges {heezy ﬁ%ﬂ i*ﬁ@ug‘ﬁlf&ialb’l"fzteﬂélﬁg siOH%ﬂ@sthﬁoiﬂeewte&mtveIWy restrict the
as flowt t han sl ot
A N

the cross-sectional w dth of
met eri ng 4o Thuatpeirbgoair fow tshedependontrod tesrese-sentiotal podthl of meteting ner 186 at

met er ed do&cfsgg%h 868%11 g, ]IE% istd n[ne%ﬂ g@g%e? {étaztlerq\% tahg&&%ﬁ DRLSL %4dose hol es

184, 184 preci romthe above escrl p I on that
met eri ng doxsléﬁtpbaut@cea18ﬂow§1rmhdn$¢radd®naolysb% b¥se 200, due to bar 190 and
sl ot 222. Further, powder housing 20, conprised of reservoir body 22,
reservoir plug 100 and driving body 120, is rotatably nmounted with respect
to base 2000anyd net Bwikhge etqe@zqndd&rc&n ﬁﬁ@bo%@@ckzptiadﬁhﬁrhﬂmng&hmapim pl ate 300

is biased int.o agenent W t sur.fa teri dose plate 180
so a5 o sUBHSREIFRESERNn st R, B e ool PEGS el ety g o1 bt 312 15
in al i gnmendusirgth, dmtpﬁﬁﬁibfd@ﬁﬁohl@b@&ﬂBe%erv&ﬁﬂlugeﬂd) yndMiBimgRiden®s dose hol es
184, 184' are | w th vent conduits 64, 64'. Thus, any powder
5. 63 wi BpA AR B oL et s 400 AP e Rowatar 480 dose hol o3 134
184" are opnied} al i grymEiion MupbriRate B00 is GRR&LnoenBsbemBrt willl e BRREW ched in
net ered dose_holes 184, 184’ é%nesh powder, retainers 186, 186 and the

upper sur f SEEBcHe Meterngslyse plate JEP RS SEPRPE thegamey I the onesatiop. radially and by t he

| ower surf gaendifg ddii3m Giik GlndlenPh Al Be@RdAbs IRERMN YD 184 RINHOWRA at its upper
end. As will be discussed in greater detail herei nafter in the stored or

i nactive pBSieradsiesoioleheeridd %emneegeleuvem sepduiteo4, §8% dhiss atbse hol es
184, 184" Bh@adp EQ @dw1ﬂﬁﬂ%e?é%§i c&@éh&iésol%ﬂdisg%héhfmé&b%&% 'ﬁBler g 1gadially
extending slot 312. In such position, f , 2, hi'n metered dose
hol es 184, are@at ofj aﬂ,;xgmlm with venturl conduits 64, 64 are sandwmhed in metered dose holes

184, 184’ by mesh powder retainers 186, 186" and the upper surface of disc 302 of

support plate 300 at its lower end, and by the lower surface of thin circular plate 92 of

reservoir plug 90 at its upper end. As will be discussed in greater detail hereinafter, in

the stored or inactive position of metered powder dose dispenser 10, metered dose holes

184, 184" are primed, and are positioned out of alignment with radially extending slot

312. In such position, powder 62, 62’ within metered dose holes 184, 184" is held
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bet ween the upper surface of disc 302 of support plate 300 and the | ower
surface of thin circular plate 92 of reservoir plug 90, and therefore
cannot esweapelvstesed dose hol es 184, 184'. | n order toPpodisteressspohol d al |
of the above el enents together, netered powder dose di spenser 10 further

i ncludes an adapter 320, as shown in FIGS. 3, 4 and 35-36. As shown
therein, adapter 320 includes a | ower annular wall 322 having an inner

di aneter | arger than the outer dianeter of |ower annular skirt section 30
of reservoir body 22 so as to easily fit thereover. The inner dianeter of

| ower annular wall 322 is also slightly larger than the outer dianeter of
annul ar skirt 204 of base 200 so as to fit thereover, but slightly |ess

t han t he obﬁtwcendheawbewrﬁaqie clriing 1382 of&upafprnjﬂnlg 309 andh@logfer baifee @0BIN [ 001131An

annul ar _gr Oovﬁlrglzatd'ed of eser ?ﬁ |9E)C\aglrdlthne? orec n%m?éﬁcg&%ﬁére&g% ol%pnm ar wal |

322, sllgh?lfcu ace bove 0 edt Rered cord ng due to the
resillencel&ﬁl&he plastlc pi eces, when adapter 320 is |nserted over base

200 and pu own.th aining rim naps i nto
annul ar g r gerg ﬂosftbve deélaoefglf eal*bo e%??t%tggeghefﬂagerﬁ? pg‘ﬁ%l’i %??erre annul ar
teeth 211 gigfensigagaiichRcinnnen aﬂ&ﬁtér&@& ®khdvaviFIGSIB K and 9Bbé. 822, as shown

in FIG 4. [001 In order. . to. optajn and correct aljgnment between
adapter 37BoRRA LGSO 20 Sl Rl yoh SRl e et of 326

Wi thin gropy®: 8R4 theQuk ddrBtehaSlomeinaliiir kubsbadH 3(Pdf|r6éeﬁ1@u®bd)tm johat of
smal | post 214 in base 200 so, as to receive the sane therein, course, it

will be apprieerdydy ﬂ{eF?&t’erp(%‘? inpgrdigmeiend 19y orvd Wal 3%3;&1@@13@@ and sl ot

326 can bejpfpiad et duftr BRARRRHnnkiBAkirt 204 Hibh{E W0 L6 YEHIRkheRlovEakitS. Thus,
rotation of adapter 320 causes base 200 to rotate therewth. [00115]The

out er sur f gightipfess Gagthe s fiameigpofjanngiar rpidingieaog £ Hhohbaps B0 ded with a
gri ppi ng SWOflfﬁe 324, af?x‘itﬁﬁ%r&\(/e Y e Sirie@2Bthe KR, dwRS e ofliMGerlahiifar t O

enhance the ping and rotation of netered pomder dose di spenser 10.
wall 322, slightly spaced above the lower edge thereof. Accordingly, due to the

resilience of the plastic pieces, when adapter 320 is inserted over base 200 and pushed
down thereon, retaining rim 210 of base 200 snaps into annular groove 324 to hold
adapter 320 on base 200. At such time, annular teeth 211 can engage the inner surface
of lower annular wall 322, as shown in FIG. 4.

[00114] In order to obtain and maintain correct alignment between adapter 320
and base 200, adapter 320 is provided with a small slot 326 within groove 324, Slot 326
has a width substantially equal to that of small post 214 in base 200 so as to receive the
same therein. Of course, it will be appreciated that post 214 can be provided in adapter
320 and slot 326 can be provided in base 200, that is, with a reversal of parts. Thus,
rotation of adapter 320 causes base 200 to rotate therewith.

[00115] The outer surface of lower annular wall 322 is preferably provided with a |
gripping surface 328 formed by undulations, knurling or the like, to enhance the
gripping and rotation of metered powder dose dispenser 10,

[00116] A rectangular opening 329 is formed in lower annular wall 322,
substantially diametrically opposite to slot 326, and substantially centrally along the
height of lower annular wall 322. A rectangular transparent plastic window 330 is
fixed in opening 329 by an adhesive, welding or the like. Window 330 is used with the

counter mechanism which will be described in greater detail hereinafter.
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[ 00116] A rectangul ar opening 329 is fornmed in | ower annular wall 322,
substantially dianetrically opposite to slot 326, and substantially

cent ral | ywal2ongspdse hei ght of | ower annular wall 322. APCeaiSanguszes
transparent plastic window 330 is fixed in opening 329 by an adhesi ve,
wel ding or the |ike. Wndow 330 is used with the counter nechani sm which
W Il be described in greater detail hereinafter. WO

2011/ 059968PCT/ US2010/ 055995 [ 00117] Adapt er 320 further includes an upper
annul ar wall 332 of a | esser dianeter than | ower annular wall 322, and
connected to the upper end of |ower annular wall 322 by an outer annul ar
shoul der 334. [00118}An annular biasing lip 338 is fornmed on the inner
surface of[00py¥@r anﬂﬁm&w3m®ﬁtm®ﬁﬂﬂwﬂhemugﬁamﬁmﬁraﬁﬂSBgebmkhed down so as to

| ock adapter 320.o0nto bas descri bove nn ing lip 338
seats on’ ofitRHCLHLI R EREF Yl 22 i Etenlo PP By 85 o RFr et eby b aces
reservoir bﬂdyzm&mm@maasmould&e%jmrce of coil spri ng 290. Accordingly,
coil sprin r I .a b|a5|n forc s forces support
ot e 500 DAY o KERE BRSE Fep il e O el S5 Tach AR s f or con
netering damalaplvall 8321 89héddap@d3sonepishad ddvnl 096 tvIetl adabieg3 Mbntdlovnever, such
bi asing action still permts rotatjon of reservoir body 22 relative to

adapt er 32epsaA: ﬁ%‘fl"é?“ﬂl??ﬂ ahyecr st Rasiuplip i@@fi@]"%@“?‘ﬁé‘%‘%"? A%e’2 this

CONPr €SSi OfF IBRHHADAY b@tan@%%Qbﬁ%siesgmlr%ﬂ @.ﬁ&)vwal indd el | ocat ed
Wi thin drive slot 36 and driven ears 2 and 307, 308 will always be

| ocat ed wi ¢33 Sring 730 Agceidielyg ceihypring 29% Ctnﬁaqessleéﬁati%aqblwn&fe@ér voir body 22

will Causeai%%%%@% 6@51%'3@61;% aﬂu%é{t ﬁtﬂrrﬁéﬁl g%é@ gt 18$9ngnd suppor
pl ate 300. Because Ferl ng dose plate 180 1s stationary on base 200,

due to baralvow fards Bplgtingdoe ?b@v@&@ intp sy val reseomepmlugtd. dlowessier voi r body
22, reservglp b% 89 a&ﬁn%ﬁﬁ d}&m‘ﬁ%‘ﬂ ¥esé3{/}m1} %)%clyoéﬁer[elaﬁper th '&gﬁﬁ@rtﬁg ner 260 and

support plate are ro ata nmount e respect to basé 200, netering
dose pl at eantig@etening deskaplaterl 8320.

[00119] At the same time, this compression ensures that driven ears 270 and 306
will always be located within drive slot 36 and driv&n ears 271, 272 and 307, 308 will

’ élways be located within drive slots 34 and 35, so that rotation of reservoir body 22 will
cause consequent rotation of lower spring retainer 260 and support plate 300. Because
metering dose plate 180 is held stationary on base 200, due to bar 190 and slot 222,
powder housing 20 (comprised of reservoir body 22, reservoir plug 90 and driving body
120}, lower spring retainer 260 and support plate 300, are rotatably mounted with
respect to base 200, metering dose plate 180 and adapter 320.
[06120] In the assembled condition discussed above, the lower edge of lower
annular skirt section 128 of driving body 120 rests and rotates on the upper edge of
upper annular wall 332 of adapter 320. In order to provide air flow through metered
dose holes 184, 184’ of metering dose plate 180, spaced-apart recesses 340, 341, 342
are formed in upper annular wall 332, extending from the upper edge of upper annular
wall to annular biasing lip 338. Recess 340 has a width identical to the width of drive
slot 36, while recesses 341, 342 have widths identical to the widths of drive slots 34,
35. When metered dose holes 184, 184’ are aligned with venturi conduits 64, 64' of
reservoir body 22 and with radially extending slot 312 of support plate 300, recess 340

is in alignment with drive slot 36 and recesses 341, 342 are in alignment with drive
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[00120] In the assenbl ed condition discussed above, the | ower edge of | ower
annul ar skirt section 128 of driving body 120 rests and rotates on the
upper edgeoabrwuppes annul ar wal | 332 of adapter 320. | nPoTdSzoWO53PDVI de
air flow through netered dose holes 184, 184" of netering dose plate 180,
spaced-apart recesses 340, 341, 342 are forned in upper annular wall 332,
extending fromthe upper edge of upper annular wall to annular biasing lip
338. Recess 340 has a width identical to the width of drive slot 36, while
recesses 341, 342 have widths identical to the widths of drive slots 34,
35. When netered dose holes 184, 184' are aligned with venturi conduits 64,
64' of reservoir body 22 and with radially extending slot 312 of support

pl at e 300, slotedésis. 0oridimglynsuatiorgrmeenturiwionduitd 6i @’ sdusts a88o nd r ecesses 341,

342 are in,alignnen i [ 0 . i.ngl j on on
venturi condui géeggsﬁ%@nﬁé{{]%rgﬁs? }é)g?’é%mrét c())%é]T Ibe\?vg? ﬁﬁ%ﬁ,%ﬁrag%g%%e sgojgg%s’md drive
sl ot 36 angh, it hegthreueh esidly e3kidingddt Hidmelried doslhotes 1841,188%pd and t hen

t hrough radi all X dj ot 312 t.ered. dos lL.es 184, 184' and
venturi coftr <ot Tl b defi GrhueiE ofet o e8RS mbinaPoe. "6 1 1
met er ed dos@ediBheEs4184, usdOf dishénsér 10ser of di spenser 10. [00121] I n addition,
the recess 0, 341, .342 are ori so.as to receive spring.fingers
161, 65, Ao | olilan BLErie S0 HoaRe Rt BrelsS e ekl ifineboan
renoved, agnghsSEIs A 1650 oWk thORAMH VR pPligvMaftdd el @ShasiResfemovesesses 340,
341, 342, each have one side thereof with a bevel 345 toward the inside

surface t haydgpssed RdoWur pose for which will become apparent hereinafter.

[00123] A dﬁmbizq hel k¢ HownaNFIGR K 3808cds§es 39t mRY, 0, dabiehAdlbaE siguir f ace of
upper annular wall 332 he purpose for which will becone %pﬁarent fromthe
&

t S€e [
descri pt i ofiewat whh ¢ Bevebdds towarditie inpigmueface theref, thaprgogser whisk %ilbr m doubl e

helical traek,33gpdAaY ferBingipSt anti al ly square cross-section, the purpose
for which wll becone apparent fromthe discussion hereinafter with respect

to the cap. Further, the entry 351 to each camtrack 352 is forned as a

verti cal dFdh@ﬁaéone Rﬁo%l@h&l%ﬁ%k{%ﬁagggg@ R§GfLa oh*&&é%u?é?%ﬁi’i’eic@gﬁg@‘éw ate

registry of t cl osure cap a accurate operation di spenser
10. annular wall 332, the purpose for which will become apparent from the description

which follows. As is apparent, the walls 353 that form double helical track 352 have a
substantially square cross-section, the purpose for which will become apparent from the
discussion hereinafter with respect to the cap. Further, the entry 351 to each cam track
352 is formed as a vertical drop zone before rotation can begin, thus ensuring accurate
registry of the closure cap and thereby, accurate operation of dispenser 10.

[60124] In order to ensure that the powder is de-agglomerated and properly mixed
with the suction air from the open upper end of upper venturi conduit section 68 of
venturi conduit 64, a swirl nozzle 380, as shown in FIGS. 37-39, is mounted to the
upper end of reservoir body 22. Air which contains agglomerated powder particles
flows from upper venturi conduit section 68 into the swirl nozzle. Mechanical de-
agglomeration is an important function of the swirl nozzle. In addition, swirl nozzle
380 acts as a mixing chamber or mixing the powders 62, 62’ together. The powders 62,
62" may be delivered separately by venturi conduits 64, 64", but then mixed in the swirl
nozzle 380 for delivery as a single dose.

[00125] As will be appreciated by those skilled in the art, various swirl nozzle
configurations are usable with the subject invention. By way of non-limiting example,

swirl nozzle 380 includes a circular top wall 382 and an annular side wall 384
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[00124]In order to ensure that the powder is de-aggl onerated and properly
m xed with the suction air fromthe open upper end of upper venturi conduit
section 68oabivespde8ri conduit 64, a swirl nozzle 380, a®CThusanoionsps GS.
37-39, is nounted to the upper end of reservoir body 22. Air which contains
aggl oner at ed powder particles flows fromupper venturi conduit section 68
into the swirl nozzle. Mechanical de-aggloneration is an inportant function
of the swirl nozzle. In addition, swirl nozzle 380 acts as a m xi ng chanber
or mxing the powders 62, 62' together. The powders 62, 62' nay be
delivered separately by venturi conduits 64, 64', but then mxed in the
swrl nozzle 380 for delivery as a single dose. [00125]As w il be

appr eci at esktdoging dosswaklyl fromd the petipheryaodfttop walt 3&ius¢\rmu]ar $idnwalk Bt has
configuration S [ n.
non-1imit |aﬁlg°uee§alarqe%r Sy “ﬂlﬁn’ %fgo %gghtlgrn‘%?me %rs() é}p e cuL?{zg\rA@%top wal | 382 and
an annul arsesmdﬁelsz HnﬁﬁglbcmytleﬁdPuz@edcnm“mrdbgneﬁtﬁngrrbg1hle3$ﬁelﬁdt\pémry of top

wal | 382. Annul ar s out er di aneter subst antlally equal
o e ot Ay Bl B e e ReE o b e Lo BTk BB R 1 by
120. Furt hérebdtR€eni and Eercd9 RNROLIIA @ sie@h 0w P3G BSIOMRIBNGT; i62'C Bh ahert Op Wal | 382
and annul ar SI de wall 384 |s curved to E%gw de sm)otH %ran Jti on

§ha Pet 62, 62.

t her ebet we¥ds e ippRE AEsp elingd by syrer tap W Si95 3

I'n other wWambSting REidn386 hadd Rmedahd farl Ryoiddl conflgafatibRPTMEduker 382, annU' ar
side wall 384 and inner connecting region 386 has a saonewhat  parti al

toroi dal CcORPSHOR EBEIWHI0 teeebsiviear B’ﬁ%&w byl sgehieAgs dbet ween,

hovwever, fﬁﬁﬁﬁteéldﬁ%@%@ﬁ'&kﬁuﬂoﬁ WQWSZ%Qhﬁmw siﬁé Qagagection between
circular to 2 and annul ar side 84. [00126]1n order to secure

swirl nozzﬂegui@o onilborﬂ?féo sgspEerswath goggle iﬁplovﬁor%e W“ﬂ?@dm&ﬁﬂbwnl cularly,
onto annul F‘i(? Sl h%ﬁﬁaltﬁﬁgﬁn&épre%ml k&g@ﬁs%@ﬁbfﬁi& Qod l%rfo g ribs 392,

393, 394 an are ui angul ar | med extendi n romt e | ower
edge of anliilllr’l3&2 3§H3d%94\mﬁl39@$4 qumgvé’éwf‘i)rb@dsg?ﬂdl WIB@QIH&WC]O\%G ext end

ar cuate di shaneas, LGN Ssdll SHRREAL 387 953 838 IOl ARd L Ch cor r espond

identically "Wt arcuate stances of “drcuate recesses 8a- 158d,
respecti vedhytﬁnom wilichwieriiffgyontfrorpick gthcrrmi véwhrdorrpgpend WedBally withdwenbl ed at

a predeter %‘tl:lﬁ?e dif@ ceg %Pz‘?cu chegsreg Yk%ﬁglig %gtgfei g%ﬁﬁ%rgr%gg’&é &' ked ribs

392 and 394 Can ex an arcua nce Spiked rib
393 for anthairmnanezzm Foanweenafle8 a@egle@emne@puﬂlt@pmmcﬂrwmg b8&61400r an

arcuat e distance .of 40 e i ked ribs 392 d 396 extend
o ong & cortanatpip el 6PIGG PR af "o Ml B Rl o “hr ol
whi ch recegsled rfb%afdz‘fa&drcﬁxthelmhncérdsm ,degpeds eall spilded riB326 f3AB arc884 and 396

20 ot mont GePieS A0 Besssor Srknt s BEoR e Yoq e afgd8onT “2ng 306 has

a t?per ed anrgk Nuvtnlog fgtl;ﬁhdbé‘r_te@ﬁmltcﬁﬂhbyoﬁlﬁhb@ﬁ@ﬂé abummar&e@tseisqsad 15|8d 280 and
con |gurat|on [ | a n SW T nozzl e an

t he mout hp?’%@@ Erg‘il%éﬂga%bsggg% gqg gé%g?’%%déﬁf’ “}ﬁeijﬁfesdé?"’a df r om dri vi ng
body 120 apgpdafvedy) dh(hvﬁfddeé%@ﬁ @hént ckﬁtaﬁi’ed@fefér%l?le&&gé PYkeS@BWO, SW T |

nozzl e 380 _onto r|V|n body an ultrasoni ¢ wel ding operation is
per f or ned. %‘pé%‘} ?fidégﬁlll?a@?‘tf?cb%r@ﬁ’i’@ %@%twiallgtrapslé@t%%sm% spi ked ribs
392, 393, 8Rfos96. I n such case, the spiked or sharp ends of ribs 392,

393, 394 and §96 function as energy directors which absorb greater anounts
of energy. [0842F r esDising anHshahties prosessatvai ingrzlot80apil ednquthipiecg92, 393, 394

and (discussed later) secured thereto might detach from driving body 120 and be

swallowed. Therefore, in order to fixedly secure swirl nozzle 380 onto driving body
120, an ultrasonic welding operation is performed. Specifically, ultrasonic energy is
directed toward spiked ribs 392, 393, 394 and 396. In such case, the spiked or sharp

ends of ribs 392, 393, 394 and 396 function as energy directors which absorb greater
amounts of energy. As a result, the plastic material of spiked ribs 392, 393, 394 and
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396 is fused into the plastic material of recesses 158a-158d to secure
swirl nozzle 380 on driving body 120. Wth this arrangenent, there is a
uni form emergu/asha8 i s applied for securing swirl nozzl @C388201a06859%H
automati c operation can be used to perform such securing operation,
achieving a consistency at all times. [00128]It will be appreciated that,
in such position, first and second outer air passages 150 and 152 extend

i nwardly of annular side wall 384 to supply secondary air flow thereto
which m xes with the air/powder m xture fromventuri conduits 64, 64' which
is also supplied to the interior of annular side wall 384. [00129]C rcul ar
top wall 382 has a central opening 402, and a supply chimey 404 is forned
on the uppegs isfusédine thé plasticondiaial bipcaases [1588158id o smune(swirtlimgler3éﬂ ation to

b or o abpT e o el SHAE cbhp BB tpry ~ayriRmb SR et g o o
spiral -1i k&,}rmhhngdﬁﬁrla&imm grahumwmtogHayic f)lﬁ@atiomcmo:bd mdtmrfaah kucB82 and is

connected at one end Q_annul ar r?g l¥va 384. Specifically, curved
wal | 406 e%@ﬁlfs"pf”i"im%n@ ‘?/V*?g%%oé'?w%‘ﬁ’ PLEDSH end 408, and partial | y about

central opmoimy 4021 4Qll BhafpRRe%d tRat SR duchlfdsitidh Uisst add gapndidifieriar provi ded
bet ween end 410 and the renni.nder. of curved wa 406. e hei ght, of curved

e 1506 Bl S0 RArXOR NG B SG1RE S AL 354 RyPP Sroor i Founr - edge

of curved gl kneftR§ which iR vaihtRddidpokRP MRt fbdveRfuribohdliR@4mady 120 when
swirl nozzle 380 is assenbled with drivin bodé 120, as descri bed above.

Cur ved wal Mhighés glso supglicd o the irjerios phamulapsifiewyali é¥d i ons, nanely, a first
section st g9 fr@ff&zﬁﬁ%;ﬂ@&l@{fﬁaﬁéfc@rﬁﬁ!%&nﬁ%%ﬁ%ﬁi{sw hi@R&t ral  opening

402, for exanple, for -227 degrees Second section extending from

the end of 4@411@fffrmeépnQ@wp@sﬁunf@e@ﬁ@mbsww@% D gpRpdipB Ao fhan t he

first sect 9152 bAs w Il be appreciated, curved wall 406 defines a
swirl caw% 1%@9&% %u ‘that the powder fromventuri conduits 64, 64' enters

swirl cavi {@131!12 anth aderttd hugelus Yre poiudry egslomereies. ipoiar wsuprlyinpeeases in
| ocity, |
velocity Qarrﬁ %roh?%%?@rchﬂﬁlegﬂap aycum Fay hﬂ?évall I&W&Tewh?g%v@gwa%nul ar side

aggl oner at €s con t agai ns |rcu ar to
wal | 384 afidmeircyiectopaall 33Dendvik tdrinactedtohe eahA0yo miar Fide WhPS4.t he

aggl orer at E%ectl lcghy, \?\% %Qu tﬁﬁé extendh fila Y xﬁ#eaf %?Hl{eh ?rof.nQ:nﬁl 4?@‘,‘ tah'@l grinding or

shattering en Orfer at e sane ti'ne, secondary air
fl ow from bparislly :modt cseanairmdemgéémtaau ommsm&r&gléglﬂ.S’UuamjgabBlm eyrevidedswi r |

cavity 412 betwear s en(c:l ggl the re?na%%fér 0 crura\;[e will 4 Sgre'?he helght of curved wall 406
is equal to that of annular side wall 384 so that the lower edge of curved wall 406 sits
on circular top wall 122 of driving body 120 when swirl nozzle 380 is assembled with
driving body 120, as described above. Curved wall 406 is effectively formed in two
seétions, namely, a first section starting from end 410 and extending partially about
central opening 402, for example, for 165-227 degrees, and a second section extending
from the end of the first section to end 408 along a larger radius than the first section.
[00131] As will be appreciated, curved wall 406 defines a swirl cavity 412, such
that the powder from venturi conduits 64, 64' enters swirl cavity 412 and continuously
changes direction as it increases in velocity, prior to entering supply chimney 404,
Thus, the powder agglomerates constantly impact against circular top wall 382, annular
side wall 384 and curved wall 406 within swirl cavity 412. Further, the agglomerates
collide with each other which results in a mutual grinding or shattering action between
the agglomerates. At the same time, secondary air flow from first and second outer air

passages 150 and 152 enters swirl cavity 412, respectively, to accelerate movement of
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t he powder agglonerates in swirl cavity 412. The constant inpacts of the
powder aggl onerates on the walls defining swirl cavity 412 cause the

aggl oner avexotistre8ak up into m croni zed powder upon i mpatiuS2Ba®s®ad |y, as
| ong as the powder agglonerates travel with sufficient velocity, there wll
be sufficient kinetic energy to break up the aggl onerates. [00132] Furt her,
curved wall 406 and, particularly, swrl cavity 412, first changes the
direction of powder 62 froman axial direction of venturi conduits 64, 64
to a transverse direction substantially perpendicular to the axial
direction. In this transverse direction, powder 62, 62' is then forced to
continuously change direction in the transverse direction of swirl cavity
412. Upon tax pbwdey agsidmeraeaini stwrl ddvty 41 heTlth coestbntampats gfdwdewde2, 62’ i s

agai n changed to an ial.,djrection thro suppl hi nme 04, while

ot e ot ng. ety baih Rl ebRnk RO oY kPR degfe MG SR i ra 1y
t hr ough chinfneigrohddd pSivdee apdriienpatitc Bagitallgfaspomta theagodvdanipgloamgdtesi Ng

aggl oner at es j_nta%'.n the swirl imparted thereto fromswrl cavity 412, the
svirling O Kbt adens ElortY, Metrgstl b SHOEIeRTR SRS SPRreY B Piicer and
remai ni ng gg@hemRéat es, creating additional inmpacts in supply chimey 404
00133 MosOBRl: he BBF Al B Eaeddprinbay LA re T dea T ohoaRer |

[ 00133] Mbs t he ¢ I h r, in

zwi rl cavi &%Qﬂé@i}gn&‘ﬁ‘ov&tﬁt‘ 8L irbM atﬁ_faiiﬁli c]tgl%tﬁitri]cbﬁ/of@@rll@iﬁl%ﬁ?ﬁgM,%ﬁ'@?ﬁenlds otnht hfe

r r n for ner r n n

svm'a?I C)c a\s; F%:WJSSFI? d?{@gfgfin Siugs,?anlttiﬁlgf ?G;TI?F@?"'{CH@T g’rtgf’gg‘ﬁ%ci ggﬁﬂat@g% @é@ﬁ t‘taﬁg’e%‘igglgprre?at e.
o conver (o e R o B i th the
present | nszg;am;ﬂiregmﬁf;firhw% 413 r@m@émiilaﬁzm Gty wgmgireé;oggfed gr ooves
or ut es . provi de
nore surfates eggdi%gs%g%ﬁl c}ﬁﬂ%ﬁe g%%’?%%r@%@es cg@*‘ﬁ'ﬁgﬁ&‘ aggi&%s’,t. Fl utes 405
are shown abildxefaigng pswid ¢obyonshiofles figve dhat sowbdeevidaiglspisadlyttiiongh 411 of a

first radi ety e i ' 4 |
sections 4@‘“3&%(&[ g?}%g Fﬂep%ggogg?&'g&%\g%@yag? Ir%n%%gé %g%(}née%gtrg&g%ﬁ%a}%ur ation,
that is, ittiswirtiepeset heretoimmesvarl cadtydi8t the swisking faw sppliey aemgeifesat can be
provi ded. refer abé e J&g\z{\ﬁdv 1\3@}

flutes 405%0%(%el tgﬁﬂ;?? OEREr ehnt gur arg %E%iﬁ]}n%%%g ve?{ale\é’gﬁ&?ay{}%?%%ﬁ%q%gf Ia?\dp{ ﬁ\élr 233’
provi de animpacegusupply\chintieg a4 yo oo entieoh fauhdr boakingup dhibe renasnishown, fl utes
405 prefer g%}lqlmeeé%se'nd fromthe upper edge of chimey 404 to the upper edge
of curved AH8> al t hough the present invention is not so linited.
[ 00135] Fl ufge333105 aMibsi of thehgglomeake tigakalp shggtl take pht € hotveradk, in @il r e gr eat er
de- cavity 412. The velocity attained by an agglomerate depends on the drag or suction

force, the inertia of the agglomerate, and the length of swirl cavity 412, that is, the time

the drag force acts on the agglomerate, Because of ifs inertia, the agglomerate impacts

a wall in swirl cavity 412 to convert the same to micronized powder.

[00134] In addition, with the present invention, chimney 404 is provided with

vertically oriented grooves or flutes 405 extending along the inner wall thereof. Flutes

405 provide more surfaces against which the agglomerates can impact against. Flutes

405 are shown as being formed by six vertical concave wall sections 411 of a first

radius, which are interconnected by six vertical concave wall sections 413 of a larger

radius, or even of a flat, planar configuration, that is, infinite radius. However, any

other suitable arrangement can be provided. It is preferable, however, that whatever

arrangement is provided, flutes 405 or any other configuration are vertically oriented,

and thereby provide an irregular vertically oriented surface. Further, as shown, flutes
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aggl oneration forces to disperse. [00136] Experi nents have shown that fluted
swrl nozzle 380 increases the respirable fraction over a simlar swrl
nozzl e whwohoiwspws fl uted. Specifically, for hard aggl ecenst@s/05®aEh as
those having a bulk density in the range of 0.29-0.36 g/nm, the sanme swrl
nozzl e wi thout flutes provided approximtely a 10% respirable fraction,
while a fluted swirl nozzle provided approximately a 35% respirable
fraction. "Respirable fraction" for purposes of these experinments is the
percentage of total particles delivered fromthe nozzle that are |less than
or equal to 6.8 mcroneters in dianeter, as determned using a nmulti-stage
liquid inpinger. In the experinents, the formulati on was nonetasone and

| act ose agglisomeferablgsxiend fomompgperddgaed divbnayaiit o G uper edge.d cufv@D137] | n

addition tg i,hg .up agal oner at es wir.l .nozzl e 380 nust neet additional
const r ai nt‘gglpéﬁﬁkyg%&g}’%?ﬂg”B’Fatlsoéld%’é&é?grﬁn?‘ﬁr ough the powder inhal er
shoul d desjioords]y berFlheyds dithanhabenit-uy26f dgplohemtafiha ra@iregrested deAn (5 Kpa)
for ease of use b%/ erso?r;ﬁ with inpaired respiratory function, yet
suf fi ci ent 18P MGHOP OB M PLni fi cant primary air flow through netered
dﬁse hgl gsmaﬁm_ 184E);]peﬂi-fiﬁnt|§)hﬁ%5sﬂdﬁﬁn mamdtéﬂeflvgﬂgbzm\zsolimmasj tBe 380 can Ee
changed by varyjng the angle between end 410 and the, positjo re the
first and SE&RIGRY &edn LS HIEL ) O Vg "ﬁ%@'ﬂt‘?gt%’f‘ﬁf’@{,y’ Bl e
second secCideidrARY Qfh G thobclavRRADuHANR- in R rangeof 82910136 ganetier r ed
enbodi ment, this angle is about 165, although this val ue may change
dependi ng $#F8rvithaozZisqithosd Brsguavided aprpimadng 3eP repirie raditn-annul ar
mout hpi ecey,8RCaihiB@sWiRldozAd FrolRed AIpFBEn ARy RS RRBhbI Watdse of circular top
wal | 382, spaced sli ght"léy inwardly from t_f\{e peri pheral edge thereof. As a
resul t, an"Respitable fracBerjdonpupases ¢fdhese exRsHmERS suppryrcenipge actetabf circul ar top
wal | 382, gﬁgeggsr&hyerea r Y Rz Ui} RPIESBiar® BAUHAING 6 WahibroftbRrs sUr t her, an

y In

annular lip extends out war . the radial direction fromthe upper
end of anndikmetenpuddipivercd usiog amiuligstage liquidiigipingey. In the experiments, the

2011/ 05996RE6{Hal A0 ARAEBRe AAAASH 2S04 &P Fefthrall 81 ded on

t he upper edge of annu
1to5.8.
[00137] In addition to breaking up agglomerates, swirl nozzle 380 must meet

additional constraints. For example, the pressure drop through the powder inhaler
should desirably be lower than about 20 inches of a water column (5 Kpa) for ease of
use by persons with impaired respiratory function, yet sufficiently high to permit
significant primary air flow through metered dose holes 184, 184’. The pressure drop
through swirl nozzle 380 can be changed by varying the angle between end 410 and the
position where the first and second sections of curved wall 406 meet, that is, where the
second section leaves central opening 402. In a presently preferred embodiment, this
angle is about 165°, although this value may change depending upon the required
pressure drop.

[00138] Further, an annular mouthpiece securing wall 418 is formed on the upper
surface of circular top wall 382, spaced slightly inwardly from the peripheral edge
thereof. As a result, an annular ledge 420 is formed on the upper surface of circular top
“wall 382, outwardly of annular mouthpiece securing wall 418. Further, an annular lip
422 extends outwardly in the radial direction from the upper end of annular mouthpiece

securing wall 418.
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nout hpi ece securing wall 418. Al though forty gear teeth are shown, the
present invention is not so limted. [00140]Finally, a |ocator tab 426 is
provi ded wo 2bhe@segsper surface of circular top wall 382, pararsgomwissdaner
surface of gear teeth 424. [00141] A nout hpi ece 440, as shown in FIGS. 3, 4
and 40, is secured to the upper end of swirl nozzle 380. As shown in FIGS.
40- 44, nout hpi ece 440 includes a generally rectangular top wall 442 with an
annul ar side wall 444 depending downwardly fromthe periphery of top wall
442. Because top wall 442 has a generally rectangul ar configuration and
because of the annular configuration of side wall 444, upper portions at
opposite sides 446 and 448 of side wall 444 corresponding to the |engthw se
sides of t@0i¥gl | 4ABosdeapecth pdard pyovided an denppergdpgefmamder t oward each
other. The_l|ips. of a user of .t device ar | aced on sides 446 and 448

# e i B

duri ng i nhEPUEPEH SCOFESTHSES: R G IGSIPH & BTSled over

nmout hpi ecejnvéli®nvardt evEmieljes t hereof are rounded. [00142] A central opening
450 is cenfr y fo into . 442 . and an annul ar connecti ng tube 452
10t or e LTS | oFB BB bR s B R A PRGERT 2t  on o
openi ng 45Qail YEAloAB tehpice 6@ 1284 6f desr @&RAURE on swirl nozzl e 380, connecting

tube 452 receives the upper end of supply.chi mey 404 of swrl nozzle 380
therein. [B8145]1n érra%h&ws‘«eéé%aﬁéh%flﬁ}vﬁ%ée“m%‘*%Sgwr? o 4P 380, the

lower end ofd ¢tisd1 ezl 444 AD fovd i FIGS!1481440MoR B0 ARLs a At t he i nner
surface of this lower end of side wall 444, there is fornmed an annul ar

V- shaped pegicedlyrestangular wavaH 462 with ag annwlos pide yall 444 deperdies al  directi on.
downwardly from the periphery of top wall 442. Because top wall 442 has a generally

rectangular configuration and because of the annular configuration of side wall 444,
upper portions at opposite sides 446 and 448 of side wall 444 corresponding to the
lengthwise sides of top wall 442 slope upwardly in a converging manner toward each
other. The lips of a user of the device are placed on sides 446 and 448 during
inhalation. Of course, since the user's mouth is placed over mouthpiece, the various
edges thereof are rounded.

[00142] A central opening 450 is centrally formed in top wall 442, and an annular
connecting tube 452 is formed at the lower surface of top wall 442 in surrounding
relation to opening 450. When mouthpiece 440 is seated on swirl nozzle 380,
connecting tube 452 receives the upper end of supply chimney 404 of swirl nozzle 380
therein.

[00143] In order to secure mouthpiece 440 to swirl nozzle 380, the lower end of
side wall 444 has a circular or annular shape. At the inner surface of this lower end of
side wall 444, there is formed an annular V-shaped projection 454 which extends
inwardly in the radial direction.

[00144} When mouthpiece 440 is positioned on swirl nozzle 380 and pressed
down thereon, annular lip 422 of swirl nozzle 380, due to resilience of the plastic
pieces, rides over V-shaped projection 454, so that V-shaped projection 454 retains
annular lip 422, and thereby mouthpiece 440, on swirl nozzle 380. In such position, the
lower edge of side wall 444 sits on annular ledge 420 of swirl nozzle 380.

[60145] Further, two sets of three gear teeth 460 are formed on the inner surface

of diametrically opposite sides of annular side wall 444, immediately above annular V-
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L0O0144) When nout hpi ece 440 is positioned on swirl nozzle 380 and pressed
down thereon, annular lip 422 of swirl nozzle 380, due to resilience of the
pl asti c pwvecesyospiesdes over V-shaped projection 454, so rhatuSwislapesl
projection 454 retains annular |ip 422, and thereby nout hpi ece 440, on
swirl nozzle 380. In such position, the | ower edge of side wall 444 sits on
annul ar | edge 420 of swirl nozzle 380. [00145] Further, two sets of three
gear teeth 460 are formed on the inner surface of diametrically opposite

si des of annular side wall 444, imedi ately above annul ar V- shaped

proj ection 454 and positioned centrally of opposite sides 446 and 448 of
side wall 444. When nout hpi ece 440 is assenbled with swirl nozzle 380, gear
teeth 460 shagpaEigeojedtion 4G¢and postivhedd@dtrally gf opnosite sides|dd6 andd48atfaideon bet ween

nout hpi ece a swi.rl. nozzle. 380. 146] Referri n GS. 45-47, a
closur e caB s ot Sl dne ML B SRR AR T 2
cl osur e f ogngngeutiipgeaceedi4i04 toprevent relatiee sanien beteen fhowmbpie@Otod pri me
nmet ered powder dose di spenser 10 for use. Specifically, closure cap 520
Biﬁ? iqoo

i ncl udes af"'UpP&r® &%ongat ed annul ar covering wal | 522 which is closed at
its upper @o4d)y a REBLIMARLY (CFIGUHRAT taaffoswrl dap S20of rfetérodvBswdrn iosear

securing skirt 526 of g larger dianeter tha nnul af covering wall 522, is

secured to‘f‘fﬂ?@sqria&pr‘éﬂﬁedcﬁsgéiﬂ%f? ‘ol %%@@?Cﬁg‘*%ﬂ‘?a E?Saf‘}?rtwgh an annul ar

f r ust o- confug@ions AIBAS MEteRd BowddtQotetiipen®N D RF ua) rstcaﬁcaw,Cd;@su&g:a kirt 526

is open. Further, the inner di aneter of Iomﬁr annul ar securjng skirt 526 is
W

slightly | 249jasiudesan uppss elgngasd apnulaetodsringrwalloPerv s Flared,ahits UppSD of

adapter 320,438 azg%nér\%sf ditculab@pepiend. WABL&BhhiatkafngsRirtS26 Of £1agdepSur e cap
520 onto netered powder dose di spenser 10, and particularly, in covering

relation t@eneier hpn svelaageripg ko Parsesnel toghedpupraipf emude spaced- apart,
ar e f or Medy ik Gall SRAhrRE LGl frh QNS AR BRSBTS lehl b 526. Thus,

when closure cap 520 is inserted over powder housi n? 20, swirl nozzle 380
and nout hpireglar 4ringsirs SBEE opn. dushair e papr daoetenvif dovear pyowlasr t i cal |y drop
in entries engR | | track 352
of adapterseg g&%ﬁ%?ﬁ@%}g\;ﬁggggﬁae of %?gvx}%/e%eaégn gfa@glg}uﬁa% skirt 526
seat s on t mdapenpdf] seras fo ishereesni cal connecting section 334 of adapter 320.

{00147} In order to secure closure cap 520 onto metered powder dose dispenser
10, and particularly, in covering relation to mouthpiece 440, helix cams 530, preferably
three spaced-apart, are formed on the inner surface of lower annular securing skirt 526.
Thus, when closure cap 520 is inserted over powder housing 20, swirl nozzle 380 and
mouthpiece 440, cams 330 of closure cap 520 initially vertically drop in entries 351 and
then threadedly engage with double helical cam track 352 of adapter 320, until the
lower edge of lower annular securing skirt 526 seats on the annular frusto-conical
connecting section 334 of adapter 320.

[60148] It is noted that cams 530 and cam track 352 are provided in place of
conventional screw threads. This is because, with conventional screw threads, cap 520
may be prematurely pulled off due to the tolerance of the threads. As a result, metered
powder dose dispenser 10 may not be operated correctly, that is, not turned a full
rotation (preferably about 120 degrees) during priming and delivery thereof. However,
with cams 530 and cam frack 352 having walls 353 of a square cross-section, numerous
advantages are achieved, including preventing premature opening of cap 520, ease of
use, ensuring proper location at all times of the rotational positions of the paris of

. dispenser 10, and ensuring that the counter (described hereinafter) is always correctly
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[00148] 1t is noted that cans 530 and camtrack 352 are provided in place of
conventional screw threads. This is because, with conventional screw

t hreads, wepobaBssay be prematurely pulled of f due to treTius@oas®es of the
threads. As a result, netered powder dose dispenser 10 may not be operated
correctly, that is, not turned a full rotation (preferably about 120
degrees) during primng and delivery thereof. However, with cans 530 and
camtrack 352 having walls 353 of a square cross-section, nunerous

advant ages are achi eved, including preventing premature opening of cap 520,
ease of use, ensuring proper location at all tinmes of the rotational
positions of the parts of dispenser 10, and ensuring that the counter
(descr i bedadtiested wedl W& coirstlgicivangs thealoseemuihty Thos, icopb2ccat potangapgs correctly
change the_dps 0 hus a n en wi th adapter 320 until
canms 530 ang %W%Egﬂ}mﬁlcﬁnﬁ%%@%ﬁ?ﬁy é%g§g Cmp@%%gﬁj t wi |l be appreciated
t hat the opo49]di arrett\enn befapprovised datid autersﬁmmmg lcskerr ainube? Secusing

subst anti al ent. neter Iome r.wall 322
of aaant o o324 E SnsEliat it S by Riie o River St AR SR 0 1
ord ?r to faizdlipieﬂ?aldte ph:;azﬁm\aabzaamwoﬁs b(ﬁl@mgcﬁzué@bmmee qgm&ﬂﬁ; ,aid i@hoO Ut er
surrace o ower ar ecurin 1 rt |1 S rne t a I PPI Ng
surface 538MoyH r?@g @W&H PRLS ‘E?Hg ‘§kﬁlﬁﬂ‘ﬁt‘?fﬁbff%9F 0{ ey ?’R‘\é\iaf f%“’é‘?qﬁmance t he
gri ppi ng aggrt 524 Birbited WithGl @PPmE s&die 52 DforhEOHDEIAGLEHsS RiisInRbr akove,

cl osure cap 520 al so serves to prine netered powder dose dispenser 10 for
use. Speci %éﬂ¢mePﬁﬁé§m§ﬁ§@@HK§ﬁQBPfﬁ8$¥%“6§28araIIeI axi al | y extending,

spaced apafgorsy)i M Ngs bisORsca3bory. BlobPE FBE20RIsh Qevésn@sﬁméweie%ae of closure
cap 520, extending a small distance down from frusto-coni cal connector 528

ont o | ower Perisn Hese dispenser Hufoswser Spasifipally.ithipe spaest apart @airg dfgprallele pri ni ng
ribs 534 bﬁlﬁwkénﬁméfkgﬁeacﬁ:ﬁ@g miaP 1ib1534 LORSmSY 5L ﬁ@%n@if aﬁjg&sdfre cap 520.

The primng ri'b are spaced apart tance slightly
| ess t han @lh@:rwmﬁ%oﬁxmﬂingﬁﬁglalcbg@wnqrﬁg@w@mm frago- cqrs@i ccrretg%@tf@i%vel y, of

driving bogy, alr ahflfi Qéc%ﬁbé‘%u&@% Wis #&&%ﬁh%%pr @gg ioRaipawar dl y, and

al so, for engaging si Gés"o riving openi ngs to rotate driving
body 120. eguanemncdastt ontheHnGr suGice ebdbsuat caplde0.pTheniringng iibs5B34 has a

I t
 nt or medi af e A spitag A B MRRE LA 851 R Atk b BREnel T
away from ﬂxﬁﬁbjlé@tiﬁﬁgewttvelynoﬂiﬂ@mg[lﬁaﬁm Wémsmgelsmrgefmgap 16R06Bs renoved

from meter enser tered .dos 4, 184' are in

L Dnens " 53 RV ahe A, S RedtE iRy SRAH o R Ra BT rdile s, The ooer

Thus, di spensieg bo’k@ 126. fukhowrpesiie F1Gd, eaehdytht primingfrivs 884 bas aliywer per son. At
ioned in recesses 340,

h t 161, 163, 16
SH0 Sun or et s B350 Bt el et HP SR e oot Lo,

projecting portion 539 and reduce in thickness as they move away from projecting

portion 539.

[00151] When closure cap 520 is removed from metered powder dose dispenser
10, metered dose holes 184, 184’ are in alignment with venturi conduits 64, 64’ ready
for inhalation by the user. Thus, dispenser 10 is fully primed and ready for inhalation
by a person. At such time, spring fingers 161, 163, 165 are positioned in recesses 340,
341, 342 of adapter 320. Thus, dispenser 10 is locked in this position.

. 100152] The operation of inserting closure cap 520 is shown in FIGS. 48A-48E
and FIGS. 49A and 49B. After the inhalation operation, closure cap 520 is positioned
on the assembly, as shown in FIG. 48A. At this time, cams 530 are not engaged within
cam tracks 352. Upon turning of closure cap 520, cams 530 fall within the beginning

portions of cam tracks 352 and can be pushed down therein, as shown in FIG. 48B and
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[ 00152] The operation of inserting closure cap 520 is shown in FIGS. 48A-48E
and FIGS. 49A and 49B. After the inhalation operation, closure cap 520 is
posi ti onewtoanittdsggeassenbl y, as shown in FIG 48A. At thiPeTiliSe®p/0639% 530
are not engaged within camtracks 352. Upon turning of closure cap 520,
cans 530 fall within the beginning portions of camtracks 352 and can be
pushed down therein, as showmn in FIG 48B and 48C. At this tine, primng
ri bs 534 engage and push in spring fingers 161, 163, 165, and al so engage
sides of driving openings 164, 169. In other words, during the initial

cl osure operation, lower ranp portions 535 of primng ribs 534 engage upper
portions of spring fingers 161, 163, 165 and bias the sanme inwardly of
recesses 34, f§4lli,s tigw 2priring sbs Bdshgage and peshrie sprgdingers A6FILG, 189A. As a

lt, d 0 f: ter. h I d
S R R AR JBLAR Ty ARG BB il DSl ooed
wth drivi MquWrailﬁﬁl lowe ramlaporaomtﬁiiﬁué;tlmmgmnbmg3®énga@mp5aq:ort&maI ts in
t i f 0 I t da t at ed,
s pul | AP i o biak el E SRR heie s 3 oBueHa S he o
](c:_orrpl eti ig&lﬁi ’fgg@“ﬁ gatéﬂdre dﬂaarll aridGbeﬁfmuAe? ekult, hﬁvmghédyg:;mahn mwatef spring ]

i ngers e c enen (o10) [ imng ribs
534g spri n’ﬁlaf“’%ﬁ’eaflgpt‘i%a%a %‘%Ck’i ‘f)'f"i'l ﬁ@%&%n? E’%%ﬁ aB@E%ﬁng%’% ti gn into

math I Ing engﬁﬁ&ﬁiﬁnEaM?DféﬁgHgbmvi’ﬂigdxﬁ\hﬁ)@b(ﬁﬁllzo Jsfafaha@l e@mﬁf@m‘i}%ﬁ cfi% gm t he |
I nhal at1 on pasition, that , rrng . r1ingers pOSItIOI’le
in recesseS B uEHAE Ofﬁlzmgé’@iiff h@fﬁ}agé‘btﬁﬁg@t@%%%és FPech?ngs Wit fton of

spring fingeusedldn bl@3ms 36Pricthd i ickBspi bs 534, primng ribs 534 are
also, at this time, positiaoned 1n recesses 340, 341, 342. In other words,

i nt er medi a0815M oj echt tecoppietions Usgotaden, gad ‘Pﬁcﬁ‘&ef)f Y& copdiguration plocei ved

Wi thin cor 10@6‘[43%@ QR & ntRPEARQulaiROS Rindifdribslf3d, 165, as
shown bestgplgiﬁgglH rpgﬁ { %4 It ({/?1\/:{lﬁe t?e gpprgglae{te H?l alt@éﬂh%n cap 520 is

in the ful wymg fl@gfésjl(ﬁ@é@ |16$18;t§mg bpak, intp@pockigr Hopigon inty@pEng1 61, 163, 165 are
returned t@n dnlcBwik gﬁﬁmf%@%:sdh%zo @esﬁée@toﬁsét ﬁg}é‘ﬂhélﬂﬂéﬁﬁ{ obifioR PRt r €SS on

spring flng 161, IS | rovid so that o er ti'me, spring
fingers 16, witlegpring 68gete L6lod 63, éﬁ%p@tw@cdrmmseséfﬁ ofl.dé2.ofurtei.on in a

bi ased st aBe%aus@?fﬁ%%tz%%ﬁatﬂb%ﬁ%ﬁéﬁﬁﬁﬁ & Al o3, 184 %xt}(“g{j}nﬂl %s@?# rimental to

the operation o ein i cul’ar ‘shapes S r|n ‘ingers 161,
163, 165 apmtnqnglrm A3 are blso, B8thisdmee, posmtwndédlrﬁ:mssesﬁﬂ& Bﬁur%ashlot{l@m%] Thus,

closing r Ohe rdg bly %}ed?ate n?rﬁ{e@tm%ﬁ)% Gt?o%? ?%ﬂﬁé‘ o rﬁ&%&e r@%n%d vﬁlﬁﬁ ving body

120, and t 0 et ered dose hol es
184, 184", cdrzspdndingiconcage pmsmtsloﬁsprmﬂiﬂ:gdegﬁbé% dﬁﬁ a@fshoaﬁn ganm FIG. Duri ng
this travel powder 62, 62 is scraped into netered dose holes 184, 184, so
t hat mater%oB ‘powder dose di spenser 10 is prined.

[00154] It will be appreciated that when cap 520 is in the fully closed position of

FIG. 48E, spring fingers 161, 163, 165 are returned to a free state, that is, a state in
which there is no stress on spring fingers 161, 163, 165. This is provided so that over
time, spring fingers 161, 163, 165 do not take a permanent set or deformation in a
biased state, as with most plastic materials. This would be detrimental to the operation
of the inhaler. The particular shapes of spring fingers 161, 163, 165 and priming ribs
534 are provided for this purpose.

[00155] Thus, closing rotation of closure cap 520 causes the rotation of driving
body 120, and thereby of venturi conduits 64, 64’ relative to metered dose holes 184,
184', to the stored position, 120 degrees out of alignment. During this travel, powder
62, 62 is scraped into metered dose holes 184, 184/, so that metered powder dose

dispenser 10 is primed.
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WO 2011/ 059968PCT/ US2010/ 055995 [ 00156] When the user is ready to use

net ered powder dose di spenser 10, closure cap 520 is unscrewed from adapt er
320. Duriwg2euaisoss8venent, spring fingers 161, 163, 165pcmiuscabloyssehgage

wi th bevel s 345 on recesses 340, 341, 342 which cause spring fingers 161,
163, 165 to nove inwardly in order not to hinder rotation. Thereafter, as
cap 520 begins to rise, spring fingers 161, 163, 165 again are engaged by
primng ribs 534 which push in spring fingers 161, 163, 165. In other
words, during the initial opening operation, upper ranp portions 537 of
primng ribs 534 engage upper portions of spring fingers 161, 163, 165 and
bi as the sane inwardly of recesses 340, 341, 342. Accordingly, driving body
120 can r o0fts$]r el aWiheretht gseadapadyrto 8R0neiered hewdsp deseplpenseol), clp@dd 57] Thi s

ool 0 R L Pl G5 R B0 RO RADIGRT vt U

TatTve 0 a’'position in
al i gnnent . 16Bh UGS, mamllﬁengageamtie:bmlsrﬁiés oA EcE&Res 346, 34§nib42exm1cm&maar@dnglose hol es

184, 184 ed with wder .62, . 6 ect vel are in
attgnmont TR \oanfiar 10°08 et ivaBSy rebpact nesS Bingal BREFS] TiEietien 8L There i s
t hus no neeg 5t20b@g‘1ﬁs\/tbd1®e aptyngaquasnénam,plréﬁmgﬂgamnﬂg@eﬂbjupramp@rrﬂaki on after
closure ca 0 i s [enoved 00 8 ref erence, t i
preferred %ﬁ' gt RS Shﬁﬁpgﬁééz %gﬁg% ﬁﬁfwgﬂ é@ﬁp%g%lmﬂécordlngly, it
i s preferrggninBaperafih, ﬂﬁieﬁfaﬂq; piiﬂ&ﬁs kot @Eprfnﬂﬂg riBs37B4 edl@fst DEpdripyidngat hs, F1,
F2 during rel atiye e nmeterin | at e (1380, bakandforth

to prinme a‘i’fcfp’élﬁﬁﬁ“i‘ﬁegsto ]&ﬁn&%ébéieand bfas the SB?‘%f’g’faF‘g f‘%&?ssqsﬁég’f%@éﬁ paths F1, F2

sweep aCfOﬁ@co?d]ng’i?Qirﬁn% %lmahmwrélﬁtWt@mg&r%&%&ﬁs@ﬂ%@ﬁﬁ degrees
degr ees rmrgﬁ_f) er abl out 120 degrees. .In addition is preferred

that the fi0EF]pat hEhipresulfsn B@’%‘é@a@@&%%‘#f“@d’@ﬁégo pachihereby i due | ef t

al ong the {dxgteopaliRsalés rél—'egw@l/o ﬁa@reefdogehﬁle@ﬁw@@ e@l@gsslmllﬁs 184, 184’ not
cone into contact with the other netered dose 184" . Accordingly,

it is prefdignegnt Haps @heoopjax elgsypaeaps 2 és fﬁ@eaﬁdaﬁlé@rqgéipﬁ@é&*ﬁséﬁﬂsl By an angl e

13 in the f mi?@ t erably about 60
degr ees. &ﬂﬁﬂ@h e il ?Jggevgégirzr%nq%@g&lvg@ ?{aﬁ%grgfn?]w;i& ol fal provi ded
bet ween t heonflitissel, é‘étah@reﬁﬂy fOFQﬁlallall@ TEIEWGS @ngnfemdﬂ@p@qﬂaaﬂmn bot h si des of

the fi Xeda%giititihﬁ%@ar}miﬁé%ndsgp&lg’(%};eﬁﬁiﬁ}{“ﬁftér cﬁ)%t.n%'%% ?%drlgge%vpé' those skilled in

the art, ered d ee netered dose holes, may
be utilizei@OilFBlaccoPdtrelercniet th Fﬁfﬁéosmbq mﬁbrrcd\bhmha prwdeistid, fidihbkept of

cor T eSPONdl g BALE: afecRinggy 31t Wl RIMNIE e SUPBLYnGRNM T oJFRY Tedui e

corresponding sca netere ose I's preferred
t hat spaci figedymtipr By iF@I ddmtm‘elmmnanyneht ofabk peitiisg ddvaplaari80, dmf:lt meid. For

el e, kil RS bt 8% RSt Rt e b

equal spachdgsshetngen i the emgé inmadbpabdhso smyt 170 daglaesdegrbes, more
preferably about 120 degrees. In addition, it is preferred that the fixed paths F1, F2 be
spaced apart so that powder residue left along the fixed paths F1, F2 by one of the
metered dose holes 184, 184" not come into contact with the other metered dose hole
184, 184'. Accordingly, it is preferred that the fixed paths be separated between ends
by an angle B in the range from about 30 to about 90 degrees, more preferably about 60
degrees. With the preferred arrangement equal spacing may be provided between the
fixed paths F1, F2; i.e., the angle [ is equal on both sides of the fixed paths F1, F2.
[00159] As will be appreciated by those skilled in the art, additional metered dose
holes, e.g., three metered dose holes, may be utilized in accordance with the subject
invention. The number of corresponding parts, e.g., venturi conduits, supply conduits,

may require corresponding scaling up. With multiple metered dose holes, it is
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[ 00160] Furt her, closure cap 520 includes six equiangularly spaced
protrusions 538 forned at the inner surface of covering wall 522, spaced a
smal | di swerroa/dSewm t op wal | 524. [00161] A desi ccant camChaSesiedsians h

di spenser 10. A desiccant hol der such as that disclosed in U S. Patent No.
6, 240,918 may be utilized. [00162] A counter mechanism 580 is provided for
counting the nunber of doses that have been di spensed or indicating the
nunber of doses that remain to be dispensed, so as to warn the user of

i mpendi ng powder depletion. Many types of nechanical and el ectrical
counters are useful. A digital electronic counter can be disposed wthin
the base or other areas of the device, and will require electrically
conduct i veprefsredithasspating be provigedhesweenehny Bued paghts tead e doBadk Fon t he dose

| oadi hSt Il be a

fact or i n Sefialsr i el AR O fld it phoaBol M et LA BIO0 M P s

count er neddgees smdfﬁsaugleaﬁ ey bededdsrasy Weihhkin mcaigementnggenl spéwaitg | ndi cat es t he

nunber of ggégﬁ{&%gy %%_% a&hé% nsed. [00163] Counter mechani sm 580 is
or I'F

conprised O and second rotation prevention spring
detent s 2208603 232Flﬁﬂ1ebak)eur2 Gﬁp 520haclafen pie rpuitnguiveld spacad ppandots pl asti c

wi ndow 330 f ad apt er I nuous ..count er n 90, an intermttent
count er ri?@ ahﬁwém?mr ﬁq REETE N ﬁgs?§%|a¢ﬂgﬂgm%[“%{f‘gﬁf% shown in
FI GS. 3, 4w@na350 53, contlnuous counter ring 590 is forned

[00161] A desiccant can be used with dispenser 10. A desiccant holder such as
that disclosed in U.S. Patent No. 6,240,918 may be utilized.
[00162] A counter mechanism 580 is provided for counting the number of doses

that have been dispensed or indicating the number of doses that remain to be dispensed,
50 as to warn the user of impending powder depletion. Many types of mechanical and
electrical counters are useful. A digital electronic counter can be disposed within the
base or other areas of the device, and will require electrically conductive contacts
which complete a circuit at some point in the dose loading operation; the characteristics
of the required battery will be a factor in establishing a shelf life for the device.
Presently preferred is counter mechanism 580, a decrementing mechanical counter that
indicates the number of doses remaining to be dispensed.

[601063] Counter mechanism 580 is comprised of the aforementioned first and
second rotation prevention spring detents 224 and 232 on base 200, the aforementioned
transparent plastic window 330 of adapter 320, a continuous counter ring 590, an
intermittent counter ring 620 and a spring-biased paw! assembly 640,

[00164] As shown in FIGS. 3, 4 and 50-53, continuous counter ring 590 is formed
by a disc 592 having a wall with a substantially rectangular cross-section. An outer
annular ledge 594 is formed on the outer, upper edge of disc 592 by cutting away disc
592 thereat. Further, a lower annular lip 596 axially extends from the lower, outer edge
of disc 592, as a smooth extension of disc 5392, but of a lesser cross-sectional width. As
a result, an inner annular ledge 598 is formed at the lower edge of disc 592. In this
regard, continuous counter ring 590 can be seated on base 200, and in particular, inner

annular ledge 598 seats upon circular top wall 202 of base 200 and lower annular lip
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by a disc 592 having a wall wth a substantially rectangul ar cross-section.
An outer annular |edge 594 is fornmed on the outer, upper edge of disc 592
by cutti nyoaemysdiesc 592 thereat. Further, a | ower annulpam/use@o®S®9mxi al |y
extends fromthe | ower, outer edge of disc 592, as a snooth extension of

di sc 592, but of a |lesser cross-sectional wdth. As a result, an inner
annul ar |l edge 598 is forned at the | ower edge of disc 592. In this regard,
continuous counter ring 590 can be seated on base 200, and in particular,

i nner annul ar | edge 598 seats upon circular top wall 202 of base 200 and

| ower annular lip 596 seats on annul ar | edge 206 of base 200 in surrounding
relation to circular top wall 202. [00165] A plurality of nunerical indicia
600 are pri%6tsedls emannylar 206 of badsi2Re dn supourdingrefagior togfircdiasiop 598 and | ower
annul ar |ipy596. Specifically, two successive sets of numbers "0" through
"9" are printed equiangularly thereabout. Nunerical indicia 600 are printed
in a vertil®8165anne plurig of nundiricil andd@ 0 6¢bare pentedanlthahinbeth cernkinetl powder
dose dISp , i t er that it should be
used. [001 %‘?%%{e of d}ég?é?%tgti%&%%%‘dé%eh %Sl g ecg& gfrf)( tw? Ored ‘on t he i nner
surface ofofchusibes92" ﬂlmugbi‘sr"asqoprirnla&rﬂ:;alangdlm)tmereahmntr‘yumnnmﬂen&cmf numer i cal

i ndicia 60 t he radi al

i rect on, S PRRERD B PR R g i PR iRt B8 feet n 604
and 606 Ofpcg’&ﬁi‘ ddse disperB&210 xmprr@smndl inghd Maineethapipgshiddentsber s 5" of
nunerical Jjndicia 6Q0, are p than th gear t eth 602, that
is, gear t@§?¢ﬁ604 W@%W%ﬁ@éﬁé%&%}é?ﬁ%f{ "’Fe%émg]é\ed‘l"a?rs f6cfion to a
greater exis$o2tinanrdspende/iFaiiti (RYv@as nubdelsbf 6@dericiiadica@ob.] ANgEs count er
ring 590 is tgﬁgéled on base 200, first rotatiaon greventl on spring detent 224

of base 206° gee thg Staﬁleélﬁ%thgé@? radgd firectien Wik e excRRIOntRt pr event cl ockwi se

rotation Ocﬂlalﬁ@tﬁbéiw&ll@%%tt&fh 604n8d 380 00k aDRER 66@Qoné39&9e§f7g] te@nes hown in
FIGS. 3, 4 and 54-5 termttent counter ring 620 is formed by a disc 622

havi ng a weRPPSIE RUbsTss ahefmamerieal iRiciae0a pg dpemer Ben e Igaaibipp gear A | over

annul ar |1 Ref262 qmc?é lgé/ar?e’éﬁlm%mfl BRRxkdAE oh&)’é@(ﬂy ifHE BltiaPEigRHO todd sc 622, as
a snmoot h extension of ~disc 622, but of a | esser cross-sectional width. As a

resul t, angFHpcrctcahmhan e rereaipag 626 it 603 Nihen sentinveus|courier egg80dF di sc 622.
In this regafdonbMe2H0] ﬂrgt‘?%ti&ﬁgweﬁﬁoﬂ %p'?iﬂ% g?t {920 oPEsE %Oa&g?% wygated on
ar, nu I'e

conti nuous counter rin I nner an ge 626 is

spaced abowe ggmwpth@a&stactgumtt@prevqnh@o@@ese ratipeof] conruonnenuntgr ring p 624 seats

on outer app gsge 594 of continuous counter ring 590. [00168] A

plurality of rllla;r?rssérl cal indicia 628 are printed on the snooth conbi ned
[06167] As shown in FIGS. 3, 4 and 54-57, intermittent counter ring 620 is

formed by a disc 622 having a wall with a substantially rectangular cross-section. A
lower annular lip 624 axially extends from the lower, outer edge of disc 622, as a
smooth extension of disc 622, but of a lesser cross-sectional width. As a result, an
inner annular ledge 626 is formed at the lower edge of disc 622. In this regard,
intermittent counter ring 620 can be rotatably seated on continuous counter ring 590,
and in particular, inner annular ledge 626 is spaced above continuous counter ring 590,
while lower annular lip 624 seats on outer annular ledge 594 of continuous counter ring
590.

[00168] A plurality of numerical indicia 628 are printed on the smooth combined
outer surface of disc 622 and lower annular lip 624. Specifically, numbers "0" through
"19" are printed equiangularly thereabout. Numerical indicia 628 are printed in a
vertical manner. Thus, indicia 628 can be read while metered powder dose dispenser

10 is upright, that is, in the manner that it should be used.
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outer surface of disc 622 and |lower annular lip 624. Specifically, nunbers
"0" through "19" are printed equi angul arly thereabout. Nunerical indicia
628 are pwvorbadshwesa vertical manner. Thus, indicia 628pcarusb@ons®ds whil e
nmet ered powder dose dispenser 10 is upright, that is, in the manner that it
shoul d be used. WD 2011/ 059968PCT/ US2010/ 055995 [001691Twenty gear teeth
630 are equiangularly fornmed on the inner surface of disc 622 in
correspondence with the twenty nunmbers of nunerical indicia 628. Al gear
teeth 630 have the sane depth in the radial direction. Wien intermttent
counter ring 620 is seated on continuous counter ring 590, second rotation
prevention spring detent 232 of base 200 engages with one gear tooth 630 at
a tine, toﬁﬁl@ﬂent Evok gpas teethdi3arequishgyl Bébﬁﬁwi%wmﬂhm@ﬁméﬁwﬁﬁng 620 on

base 200. As, wid dl‘ {g,g 85"%5 |\ Atrfle {4 mﬁ)eguo%ﬁ a-;]%nwaia%agfgg ﬁgggg,z gear

teeth 630 exte arger dianeter circ ear tee
t hat gear teebtth0b83¢ thy errmuiewa rimgl{hg r:dilfs plrartled When hﬁermamactouduer reng ion from

gear teeth Eur tah 632 exte s upwar dl y
fromthe uﬁﬁ)os Sq’saue(raf acgllt(i) 8 c%uhtg% cot reggn%ﬁﬁg nprte 5a} %351: ﬁn et ween

nunbers " 9232arfcbasemo engagepwitly et gemaeotam@ At al‘im&frm preeaht plomlx&se dose di spenser

10 after a res . hav, en ense exanpl e,
wher e met e? 0585\3’ W&%E'gg)ﬁfltgrpré% Of(?a?esﬁp %ﬁwélgb? %Pa“ﬂf‘gé‘rf LE€200 doses,
dose |ini tdl@@lsilﬁbwﬁﬁﬁf(ﬁﬁlﬁlsﬁé&ﬂltteﬁ@ﬁﬁm@ﬁerﬁ a(liﬁ@agﬁgérldﬁrﬂ@ér ciralb (i33Geqf adapter
320 after di c§@gsm of thﬁ%% hundr 2@?9 %f gre ent further relative
Fotation off e iU oy e et st o4 BBt o 180, as
Wil be desgsktebboni t h respect to t he operatlon her ei nafter.

[00171] Initially, nunber " indicia 628 is aligned with nunber "9" of
i ndi ci a 600 Y or nf ek ﬁ&ﬁffe‘#m‘ﬂ%tab\%? EHeRds VBYGLEEP HESHBH Stiiahs par ent

plastic w poaw @ro&rfes;ﬂﬂéiﬂ Qfa Qion DbtREn hlibeld 08 bndlODE, th Bretdgpensed, only
conti nuous counter rlng ates so that the nunbers "19" and "8",

respect i vePREr2tignof gis Wfﬂ%t qﬂé‘*r dipReREer Ag ﬁ%@'ra prepoighedygmber 9f doses paged t hr ough
Wi ndow 330pechidisEnsbd eFd?‘%ﬁmﬁlé %e@qﬁéﬁ?{ed EE‘Jvd/er 995'3%5{@91%\3‘151(?19 Whid ¢ i Ng 590

rotates one increment at a each dose er the nunmber "190" is
exposed t hﬁf@nﬁgwnaﬂ%wgg@se ltrmn&fé& p3Zrssabutagainitg dosagp smiteionBIMefous

count er rlg&pé%)gz@ﬂf&hﬂg b G0 twS AR d @g%@% n@ﬁ@&hgggw formthe

nunber " 189" IS oper conti nues unti I s exposed
t hr ough w mﬂaﬁwﬂ@ﬁmwm houwns 20iwith, regpactde metetioptlose olate RO, asiwil b620 has been

[ Triter t bRl b W pp e ARO, T ey ol at i ve rotation of
powder houBiAglj20 vvlmlhailtyemmém " 190 ofrmtiieia 62§ ivdigeedowiit Bundi®0 '9"[0172] I n or der
to cause s un%l}la{ ébto% %&rﬂx tﬁg nun?b%t IISI)BJ Vieh G éjxrfaE)seel::i thro@g% trSa%Qpa?engplastic

window 330 of adapter 320. After the first dose is dispensed, only continuous counter

ring 590 rotates so that the numbers "19" and "8", respectively, are exposed to form the

number "198" which is exposed through window 330. After the next nine doses, only

continuous counter ring 590 rotates one increment at a time for each dose. After the

number "190" is exposed through window 330, the next dose results in both continuous

counter ring 590 and intermittent counter ring 620 rotating to form the number "189",

This operation continues until the number "00" is exposed through window 330. At

this time, intermittent counter ring 620 has been rotated to a position so that dose

limiting tab 632 abuts against dosage limiter tab 336 of adapter 320, to prevent further

relative rotation of powder housing 20 with respect to metering dose plate 180.

[00172]} In order to cause such rotation of continuous counter ring 590 and

intermittent counter ring 620, spring-biased pawl assembly 640 includes a pawl driver
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intermttent counter ring 620, spring-biased pawl assenbly 640 includes a
paw driver 642, as shown in FIGS. 3, 4 and 58-62. Pawl driver 642 incl udes
an arcuatwoauotigrs9wal | 644 havi ng a hei ght greater than trhe/usesbios®ds hei ght
of continuous counter ring 590 and intermttent counter ring 620. A
U-shaped retainer 650 is connected to the free ends of arcuate wall 644.
U-shaped retainer 650 has a height | ess than that of arcuate wall 644.
Accordingly, a |loop defining an open area 652, is fornmed by arcuate wall
644 and U-shaped retainer 650. A flange 648 of a substantially triangular
cross-sectional configuration, forns an extension at one side of arcuate
wall 644 at the intersection thereof with U shaped retainer 650, but being

of a hei ght*Zsatsdipanin BIGSy3.elund|58163. Pawt drver ¢42sihelpded an arcadteevc68dl [ 00173] A
paw 654 i arcuat e wal |
a4, Thus, Clinanms AnHenl LR AT iRl of RO L BE ot 02" o1
base 200 |wdsumm3¢Mpﬂg1tﬂreing162QmAt[bsmy¢d meitecaio ibowwe@ddto thwaﬁMe 654 can be

i nserted 0 cal e 30 extend
along a Ig%kpbpalane &l&&iﬁpﬂgg%% rg%ggﬁgW%gtﬁgiéim%lgﬁFﬁ gﬂc%’n only
engage w twhalgéfalr AcgetdingB02 lmpdefithg w @ﬂengmarﬁﬂ eefohnﬁﬂl@ ardlae wiil y exception

becavse Gaar PAL ARG R 0k sPE% Bt A bRl Srbaldiney gear cooth

602, paw :&Bﬂomm‘bnﬁgmdibﬁ, firms amekt@BPRGE oM sﬁda: ogeﬁnate eal b4Ha0he Si nce gear
teeth 604 and 606 S apart .b n gear teeth w 654 engages
wi thin one™§fsetip fgﬁ?f “ﬁg’eclﬁ'gh"’@g‘img?ﬂ“%ééﬁé’ggt?e@“gt(gﬁfhﬁlghb‘g‘ sthtiePensi ng, and

t her eby en(glalgletmwbmmh@ﬁ@r@gfm@@m teeth 630 at such tinme to rotatably
drive inte en oun 20 with continuous counter ring 590.
[00174] I n @Wéﬁ .Pa‘g al? ﬁ?frsedé?fgaae%ﬂr QIR SybsE of @edd® 602, a

bent, subsmnémlrh% wn&elsmanher%h@mﬂseﬁm bﬁ\@ire@faﬁtdﬁ%nom o€ bsle hOG €gr ally
f oi med centrally, in regard to the w dthw se_and hei ghtw se directions, at

the inner %I&W%@%freiaﬁlwamémﬂﬁpal besp A 16y faph 63 heantbe dpseiifgviiier 69  hangi ng
down to pughhaga H@%@ylae@g@ég@}ze@g%%oek@nﬁio:%aﬁgrgépcﬂamm 1|ﬁkg4| al segnent

219, thereby biasing pawl asséenbly 640 outwar I'n the ra rection.
Thi s cause&ap&aih 685patvho¥hgap onlyengnge fgdigemreeath 692 andgehwith gasr teed02.

00175] 1t I |

[ 11t g, Th@%ngremegab@fs%eagm ss%ngr?gw@qgwéﬁg nﬁré bppgorally in a

single nmoldin ation.wth asse r of parts is
reduced, abG6i El@h case, because gear teeth 604 and 606 are deepcr than the remaining gear

teeth 602, pawl 654 can reach into and engage with gear teeth 630. Since gear teeth
004 and 606 are spaced apart by ten gear teeth, pawl 654 engages within one of the gear
teeth 604 or 606 every tenth dose dispensing, and thereby engages within one of gear
teeth 630 at such time to rotatably drive intermittent counter ring 620 with continuous
counter ring 590.

[00174] In order to bias pawl 654 into engagement with gear teeth 602, a bent,
substantially inverted L-shaped spring 658 has one end integrally formed centrally, in
regard to the widthwise and heightwise directions, at the inner surface of arcuate wall
644, with the free end thereof hanging down to push against cylindrical boss 216 of
base 200 within radial segment 219, thereby biasing pawl assembly 640 outwardly in
the radial direction. This causes pawl 654 to enter into engagement with gear teeth
602.

[00175] It will be appreciated that, by forming spring 658 integrally in a single

molding operation with pawl assembly 640, the number of parts is reduced, a single
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nmol di ng operation is utilized, assenbly of the parts is easier, and the
spring can be made nore flexible and reliable. [00176]1t w il be

appr eci atwo 2hais9seshen pawl assenbly 640 is positioned eoTh®s3@0A8DIS
opposite sides of U shaped retainer 650 are positioned within angled stub
wal I's 221 and 223, so that there is just sufficient roomfor paw assenbly
640 to rotate by a small angle, in order to function as a ratchet assenbly
with respect to the gear teeth of counter rings 590 and 620.

[00177] Referring to FIGS. 63-66, there is shown a spring-biased paw
assenbly 640" according to another enbodi nent of the present invention, in
whi ch el enents corresponding to those of pawl assenbly 640 of FIGS. 58-62
are i dent i mplséngmperatien isaiiizededsseneny ef the partsas easieniand thg spritgmanpe) added

thereto. [ 7 I | rence between pawl assenbly 640" and paw
assenbly 6 g&‘?lgl)%%?ﬁt&h%d?érlgéﬁénd of spring 658 of paw assenbly 640" has

a slight convex curvature away fromthe fixed end thereof. [00179] Referring

to FIGS. 64y t hey.e . r.ing-hi ased naw,.assenbl v 640" accordi ng
to stiti olftel ' onliSab BeBRReh R BR ALV RESRAP B0 R TR0 o Beiceront s
cor r espond2®y opmsithoide of1U-shapdd rersisendiD\areGARitiofied it alpBedGRibaralsi denti fi ed

by the s amy aenfd%?,”s‘é Shat Hike i€ JI R su#tcrier}:t %ognoféib g)z?wlggsierqx%ly(é;i}) tc(;i 1%?:&(9 b}g ED ereto.
small angle, in order to function as a ratchet assembly with respect to the gear teeth of
counter rings 590 and 620.
[00177] Referring to FIGS. 63-66, there is shown a spring-biased pawl assembly
640" according to another embodiment of the present invention, in which elements
corresponding to those of pawl assembly 640 of FIGS. 58-62 are identified by the same

reference numerals, with a prime (") added thereto.

[00178] The only difference between pawl assembly 640" and pawl assembly 640
is that the free end of spring 658" of pawl assembly 640" has a slight convex curvature

away from the fixed end thereof.

[60179] Referring to FIGS. 67-71, there is shown a spring-biased pawl assembly
640" according to still another embodiment of the present invention, in which elements
corresponding to those of pawl assembly 640 of FIGS. 58-62 are identified by the same
reference numerals, with a double prime (") added thereto.

[00180] One difference between pawl assembly 640" and pawl assembly 640 is
that spring 658" of pawl assembly 640", rather than being formed as a substantially L-
shaped member, is formed is a generally linear member with tapered sides, extending at
an angle from the upper end of the inner surface of arcuate wall 644". Another
difference is that flange 648 is eliminated entirely.

[00181} In the operation of counter mechanism 580, lower spring retainer 260
rotates 120 degrees with reservoir body 22 relative to metering dose plate 180 between
the stored position when closure cap 520 is threaded onto adapter 320 and the
inhalation position when closure cap 520 is removed from adapter 320. When metered

powder dose dispenser 10 is in the stored position, pawl 654 is engaged within a

42



[ 00180] One difference between paw assenbly 640" and pawl assenbly 640 is
that spring 658 of paw assenbly 640", rather than being forned as a
subst ant ivabI2g11ossdsaped nenber, is formed is a general | yPCrnsasiomesvher with
tapered sides, extending at an angle fromthe upper end of the inner
surface of arcuate wall 644". Another difference is that flange 648 is
elimnated entirely. [00181]In the operation of counter nechani sm 580,

| ower spring retainer 260 rotates 120 degrees with reservoir body 22
relative to netering dose plate 180 between the stored position when
closure cap 520 is threaded onto adapter 320 and the inhal ation position
when closure cap 520 is renoved from adapter 320. \Wen netered powder dose
di spenser shallqvs ggap tooHE00St0h pedinpeysiconmer ringRP, 458 hereorarfipayeet eARazhi n a

shal | ow gegtiy 4 ok o0 FufR i BUARSRANRAG] ariflthrd3%6 PR BRAT or e, does

not engage W th a gear toott I n such position, paw driving
end 276 ofdrivinguwaleldangagds with n@”lwa!’feknbb’?éﬂoengages with paw assenbly 640.

[ 00182] Wh erv v i j es toward the
i nhal at i oﬁﬂg{)ﬁjtl o%glpl\%u ri vdidiéﬁgstn Eaga(;léﬁ%tﬁrsgfrlgadtg%réé%g&ﬁgéﬁl ving wall 274
is rotat ednhaiatwn@ngagamwtdrmﬁngkenﬂﬁ& oﬁuqmcxslketlaw&dﬂennga];baw 1sa®3€edrbl y 640. As
a result, QW gear

.t hat | ri S t, of
oot b 602, PRI R MehSHEPhE b R palh ok dlfiF A A pelIE pRTS B
di spensed, rotgdtso e o rlﬁest(atbbﬂhe Slalibgedrubdth Q1) tdedyeempessiipepripgwl 654 to
rotate a s u all..into,the. ne r to 04, which is a
deep gear CdotRenEl Ry b dsaisrs caried bRty GEBLPIdE Baw 654 ©nto
gear toot f‘caﬁ?ﬁ pzrl]\a 6hdao gRAE a Eﬁl@ggt Im&od azhcﬁfaﬂ ide e ;ﬁﬁégéaﬁt@@th Bo4, mﬁdh 654 al so
enters one t he ar. teet t.thi's i nt, (0] er ose
di spenser A%PEH rﬁg £or X paps ?%lf@agx ISPTHH;) o8 DTSR ﬁé?eﬁﬂ@&earotg hol es 184,
184" are igp4alsi@s lgeemtodm (30 1\{@6& rgeaicteﬁtﬂtpaw 6§alschdhters bRQE R Bht er the user
i nhal es the dose of wde 2', closure cap 520 is_ threaded back onto

g
adapt er 326280 aAfrtéssmnt %%%Wf#er 58 fispenserolds wdhgighylation popidion nj ¢ j al

posi tion, whiredh AlisRd a@s%%bk§1sm18@ta@tlhgﬁ%rmen @%be;&afédmm&%as@er 260.
During this rotation back 120 degrees i's rivi ng end 276 of

arcuat e paifiPI&Mi vi ngyfteidthe USQTMh@%d%@ve O 55%16%? $pe40 st the end of
i ts movenefleatd Yabl 846 a@ﬁ)’t@r S%Sz%”eplle)!ulﬁﬁgeﬁgir '05 22%&6@'!3&10‘1@5 b inﬁﬂtl Duri ng

such novenent, since pawl 654 is enga ged with 8 gear tooth 604 and one
of the gea]?OStt?@é{‘hhlﬁfB@,SO 15O iveiationg l@gvet:wnigemamﬂrﬁé sOoringibisi ntermitt ent

counter 1! iR 90 LohakSflaliOGRLN b6 N6 LEERe gl alilifi Gage wher e pawl

654 is not engage one of ear paw does
not engageificnpagss yéth paviossambbBO0 a Ghetehd bf Whgvertset tooetete pawlus counter ring

590 woul d zggenrlb% @ﬁ(?tgits initial position. During such movement, since pawl 654 is engaged
within deep gear tooth 604 and one of the gear teeth 630, both continuous counter ring
590 and intermittent counter ring 620 are rotated together one increment. In the case
where pawl 654 is not engaged with one of the deep gear teeth 604 or 606, pawl does
not engage with a gear tooth 630, so that only the continuous counter ring 590 would be

rotated.

[00184] It will be appreciated that continuous counter ring 590 and intermittent
counter ring 620 cannot rotate in the opposite direction because of first and second
rotation prevention spring detents 224 and 232 which engage with gear teeth 602 and
630, respectively.
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[00184] It w Il be appreciated that continuous counter ring 590 and
intermttent counter ring 620 cannot rotate in the opposite direction
because oWVofrigsemad second rotation prevention spring e#eTarst&0d299mnd 232
whi ch engage with gear teeth 602 and 630, respectively. WO

2011/ 059968PCT/ US2010/ 055995 [00185]It w Il be appreciated that various
changes can be nmade to the scope of the present invention. For exanple,
rotation of nmetering dose plate 180 need not be 120 degree, but could be
for a |l esser or greater arcuate distance. In such case, the | ength of
arcuate paw driving wall 274 would be changed to increnentally drive paw
assenbly 640. é00186] Accordingly, with the present invention, a netered
powder doskt0d$ pensBrWﬂi@eB@fwmxitl'i@d'anthatchmwmtbeli’t}adnﬁawsc&)pe vhe doses of

powder ed b r le Iy, di spenser
10 is gregﬁéy sinp e ?Oéld?ﬂoﬁg’légl ;&f foﬂag{oﬁg%ﬁgtﬁgﬁ% Ose%%alte 0\}}8?& pr| or art.
[ 00187] Al | IZﬁddgrm labwédbémmssm ongredtert dn@iagextispice.om soéhcrm& ale pl ate 93' and

length of arcuate pawl driving wall 274 would be changed to incrementally drive pawl
assembly 640.

[00186] Accordingly, with the present invention, a metered powder dose
dispenser 10 is provided that accurately measures the doses of powdered medicament to
be delivered to the patient. Specifically, dispenser 10 is greatly simplified in

construction and assembly over the prior art.

[00187] All of the above elements, with the exception of metal plate 93° and
spring 290, are preferably fabricated from readily available plastics, while the former
parts are preferably fabricated from suitable metals. Typically, the various components
which do not require porosity or other special properties will be molded from one or
more thermoplastic substances having the desired rigidity and strength, In some
embodiments, the component containing the powder receptacle is relatively thin and, to
maintain a required degree of surface flatness, will be constructed from a less easily
deformed substance such as a reinforced plastic, ceramic or metal. Of course, materials
selected must be chemically compatible with the medication to be dispensed. For
reasons of cost, a maximum utilization of plastics will be preferred where the device is
intended to be disposable with no, or only a limited number of, medicament refills after
the initial charge has been dispensed. Other "composite” components can be used

elsewhere in the device where special properties are required.

[00188] In order to assemble metered powder dose dispenser 10, powder housing
20 is first assembled. Specifically, reservoir plug 90 is inserted within reservoir body
22, swirl nozzle 380 is assembled with driving body 120 and mouthpiece 440 is
assembled with swirl nozzle 380. Next, continuous counter ring 590 is fit onto base
200 and intermittent counter ring 620 is fit onto continuous counter ring 590. Both

counter rings 590 and 620 are rotated until the number "19", of intermittent counter
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spring 290, are preferably fabricated fromreadily avail able plastics,
while the fornmer parts are preferably fabricated from suitable netals.

Typi cal | ywotzha/osg9680us conponents whi ch do not require pOTaS2E1Y/ 083990t her
special properties will be nolded fromone or nore thernoplastic substances
having the desired rigidity and strength. In sone enbodi nents, the
conponent containing the powder receptacle is relatively thin and, to

mai ntain a required degree of surface flatness, will be constructed froma
| ess easily deformed substance such as a reinforced plastic, ceramc or
metal. OF course, materials selected nust be chemcally conpatible with the
nmedi cation to be di spensed. For reasons of cost, a maximumutilization of

pl astics wiitg 620eang thefnamberd 1Rhefreentinmeuseyntsering S90remcdidnmentifes di sposabl e

with o, Okigfhl dirdbeh WilldoGA3NUARAr Qbras T GARBANGs i€t hinfipdh iy the Tnitial

char ge has pensed. conposite onponents can be used
el sewhere in the device where special properties are required. [00188]In

order 10 aRRRh! © TBLALSARRNSI], 955 ABFNNEE Al RANTSS JPoS! no 20 s

first asse reser nséerted wt hi

reservoir HSdy sﬂﬁqunémgrdlatmzt«zbﬁmﬂﬁ@l bessa%ardﬁeeehemsmh vGhils mlnagxdbody 120 and
nout hpi ece,.440 swrl nozz 80, t, ,conti nuous counter
ring 590 |%2% fthg?i‘fds&%ra{’b @g%%c Ht(? Eﬁnﬁ?gg?lﬁ?ttvf'lk’rﬁemctégﬁtﬁg%mrﬁhﬁa M0 is fit onto
cont i nuouswilbthatn@mber "5y axﬁﬂtﬁe gd3otdottcER0rih eligniiengsitio®e namber62Q tak 8, ot at ed
until the unber er ent coun 620 and the nunmber "19"
of conti nu h‘?ﬁ‘%ibﬁhé Pﬁ"ﬁ%ﬁr g EWéfl?er?pBﬁeF@'ﬁh@Hf {;“fsb%dcf'le%oﬁgé‘gfatfoﬁr ough w ndow
330. In ot ﬂe%n‘ﬁ@ﬁ Slingldbiefits ODF msawrafks:;wgmﬂm Wit toolidi6. [ 00189] Pawl
assenbly 640 is then 05|t| o"neg f’o% Cl r%ulér wal | 202 of base 200 in

sur r oundi n@r’feéf?oé'ﬁnﬁﬁo ey 97 Wc’:'ﬁlﬂ" a5100WH30 Aorrasaeniig o Bie Mgl | s 221 and
223, with pam 654 being b| ased into engagenent with gear tooth 604 in
alignnment with the nunber "5" and the gear tooth 630 in alignment with the
nunber "5", that is, in alignment with the nunmber "5". It will be

appr eci at eghoyRt f'Tﬁé"ea@t@ﬂlo%@e‘ﬁ%}gxgrr%ﬁkﬂﬁ@1%(%&%9&1{9%0%@216’]9 detents 224
and 232 are in alignment with gear_tooth 606 corresponding to nunber "O0"

and wi th t #HEroyedpg FbEen osRineg RossPSnyithgartay drhen AuAIRin Alippoent _
[ 00190] Theg a8 HGumbbOMBE b 9od Slda20€tn 2BP cdss, ARShLiRNGH BB boss 216 in

thereof is in abutment with flange 648 of pawl assembly 640. Coil spring 290 is then
seated on disc 262 of lower spring retainer 260, and support plate 300 is placed on top
of coil spring 290, with narrow driven ear 306 thereof in alignment with narrow driven
ear 270 of lower spring retainer 260. Then, annular mounting post 188 of metering
dose plate 180 is positioned through central circular hole 310 of support plate 300 and
over retaining post 218 of base 200, with bar 190 and slot 222 in alignment. In such
case, metered dose holes 184, 184" is in alignment with radially extending slot 312 of

support plate 300.

[00191] Then, reservoir body 22, having reservoir plug 90 assembled therewith, is
inserted over metering dose plate 180, support plate 300, coil spring 290 and lower
support plate 260, such that narrow driven ears 270 and 306 fit within narrow drive
slots 36, and wider driven ears 271, 272 and 307, 308 fit within wider drive slots 34, 35
of reservoir body 22. In such case, venturi conduits 64, 64’ are in alignment with
metered dose hole 184. In order to assemble the above parts together, adapter 320 is

then placed over the above assembly such that slot 326 thereof is in alignment with post
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surrounding relation to retaining post 218, with narrow driven ear 270 in
alignnment with the nunber "199" on rings 590 and 620. In such case, paw
driving ewd2Bidsbdeer eof is in abutnent with flange 648 eCTasesioasdenbl y
640. Coil spring 290 is then seated on disc 262 of |ower spring retainer
260, and support plate 300 is placed on top of coil spring 290, with narrow
driven ear 306 thereof in alignment with narrow driven ear 270 of | ower
spring retainer 260. Then, annul ar nounting post 188 of netering dose plate
180 is positioned through central circular hole 310 of support plate 300
and over retaining post 218 of base 200, with bar 190 and slot 222 in
alignnment. In such case, netered dose holes 184, 184' is in alignnent with

radi al ly e3< re§08 & aper 320 fs t ehsed f!ﬂ“atléltleUlaE BAge20TH dase 2PBser voi r
e Rrseg081 Ad Remip
body 22, %ﬂgoa‘ﬁﬁlﬂi 8@&5 e@wgf%q fﬂﬁ%g}ﬂ s BRETCBH rhhrg zggéonsefted over

neterlng dos support col’l and | ower
support pl mr@m tksmcmbtrhéi99"map¢am/vhﬂhUglvwmde‘ar3§0 Qﬁ@iaatndﬂmﬁldf it within

narrow dri , 308 fit
wtnin w decesdrud Rp@ahlEhdhy DR BRI case, ventur
condui t s Geéspebvelyaptresarvat baglpi@Bnt wi t h net er ed dose hole 184. In order to
assenbl e t ove Jpart her . . adapt placed over the
above asse @ﬁ}(‘gﬁsuch eﬁftersp‘%?'éeﬁ?gjpyhcé)flg%%q %ﬂﬁég‘f ﬁlpp%upfzp post 214 of
base 200. &dapdredf. 3&@Luﬁwh@smwaaessmdmﬂ@mmsuamimommmukamou&&gﬁ;210 of base
200 snaps Lnto annu r,oov 24 .of adapter 3 this ti coil spring
290 is conéﬁ%@%%ﬁ”“?ﬁ%ﬁg&ﬁﬁﬁg‘%TT@@“M%QB£§F§“¥ﬁg%ﬂS%WMFAHS%}ggo of adapter
320, and rgla@shesppddthen3dds, of%é@d&%uﬂdﬁ@irﬁﬁﬁs&ﬁ@ﬁ@%@d $d@h@ﬁal‘ e with drive
slots 34, 35, %g res ectl g % rvoi r body 22 %% ereafter,
powder supfRe) e PRI gonalty 84 62 aien g\a‘g}w f’ﬁ@ﬂ%{ﬁﬁ@?mgﬁ&é‘% dt her eof .
Then, dri vimgndesdy 12@05 mb&uﬁ&zaﬂe%»{’@@d@t@ ISR RRILAGRIrAd&idhhes epn, is fit

over reservoir body 22, such that circular_plug conduit 144 of driving body
120 pl ugs TREERAGEN2Q5RsIEMRES l@me@ewéfbo%ﬁp@ve&%@f prpegemupowallind such
that the uppey.@pRhemds of venturi conduits 64, 64" extend through
circul ar openings 142, 142' in driving body 120. In this position, the

| ower edge of |ower annular skirt section 128 of driving body 120 is

posi ti onedrgppgdi at Eﬁﬂﬁ? a&ggg 332 of
adapt er 32% ﬂﬁ%o193@%¥g§%§gﬁgghﬁgg%&%§ct Emyﬁgpghont ad%pter 320,

wher eby poMﬂ@WgﬁﬁugpﬁGGZQQﬁgﬂﬁﬁmﬁﬂé@tqzﬁmdag¢®éghﬁdwéﬁoV%mwwnweter|ng dose
plate 180 r r S0 as
o scrape Dasaaro Ryt FEREr F6 s N a0 RiulodRiRTY qpfio hifled' 00,20 Paw
654 to thedamekeoleybik 18460Ts B80%s r@0GBUD Wearextgeasterth®d2i res to i nhale a
dosage of the powder 62, 62', closure cap

[00194] When a user desires to inhale a dosage of the powder 62, 62/, closure cap
520 is unthreaded and removed, thereby rotating powder housing 20 back 120 degrees
s0 as to align venturi conduits 64, 64" with metered dose holes 184, 184/, ready for
inhalation. At this time, pawl 654 is rotated one increment, whereby the next number
"198" is displayed through window 330. When all 200 doses have been used, dose
Himiting tab 632 of intermittent counter ring 620 abuts against dosage limiter tab 336 of
adapter 320 to prevent further rotation for dispensing. Accordingly, the numbers will
not continue from "00" to "199",

{00195} Having described specific preferred embodiments of the invention with
reference to the accompanying drawings, it will be appreciated that the present
invention is not limited to those precise embodiments and that various changes and

modifications can be effected therein by one of ordinary skill in the art without
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520 is unthreaded and renoved, thereby rotating powder housing 20 back 120
degrees so as to align venturi conduits 64, 64" wth netered dose hol es
184, 184'wonrendpdesr i nhalation. At this tinme, paw 654PC3/usetiatssdsdbne

i ncrenent, whereby the next nunber "198" is displayed through w ndow 330.
When all 200 doses have been used, dose limting tab 632 of intermttent
counter ring 620 abuts against dosage limter tab 336 of adapter 320 to
prevent further rotation for dispensing. Accordingly, the nunbers will not
continue from"00" to "199". [00195] Havi ng descri bed specific preferred
enbodi ments of the invention with reference to the acconpanyi ng draw ngs,

it will be appreciated that the present invention is not limted to those
preci se entpditimgdion e scopher sPrEof Bgdnventigigesleirnd brdien dppended elancan be
effected t I < ) i pa; ' ' st Wi thout departing from
t he scope Egggg?f?¥m§?ﬁ%ﬂ£d€%€%ﬁff%ﬁﬁggh%%?@ﬁ%ﬂég?;ihe appended cl ains. The
term'conprising' is defined as 'including but not limted to'. WHAT IS
CLAIMED I S: 1. A powder dispenser conprising: a first powder reservoir
having at |east one first outl et opening; a second powder reservoir
havi ng at | east one second outl et opening, the second outlet opening being
spaced fromthe first outlet opening;
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a netering dose plate having a first netered dose hole and a second netered
dose hole, the first and second netered dose hol es being configured to each
hol d a prwdevareshgsed anount of powder, wher ei n t heCmaiserivngsdddbse
plate is disposed adjacent to the first and second outl et openings,

wherein, relative novenent between the netering dose plate and the first
and second outl et openings causes the netering dose plate to be selectively
| ocated at first and second positions relative to the first and second
out | et openi ngs, wherein, with the netering dose plate noving
relative to the first and second outl et openings fromthe first position to
the second position, the first nmetered dose hol e passes bel ow the first
out | et opeWHyl ISREAIMEDRBsond netered dose hol e passes bel ow t he second
out| et openi ng, and, wherein, the first nmetered dose hole defining a
fixed first path as the netering dose plate noves between the first and
second posi-t Baesvderdispepseecanprising: fi rst and second outl et openi ngs, the
second netered Wl .fi X at.h as the netering dose
pl at e noves beﬁ%géﬁogﬁ%%?gﬁép%gﬁ'g%%%%ﬁ gg%fFﬁgﬁge?%&aiive to the first
and second out lastcong @nwargsesetvhiz hiving it 1Edsked spahl otobdt npenspatededondm t he
second fixeugle a%h sgch thg&wiheﬁiir%t tered dose hol e does not overl ap

t he second)pa‘ﬁ)ﬁﬂglﬂagﬂ§Ve Tt 8#“ 8 P%FW%Q dose plate and such that

t he second net ermderthigsiesdyghte hakigsa fint meredldage Holeantiiarssdonfl meegedpat h duri ng
novenment of t terjng dos | ate . A dispenser as in. claim1l, wherein,
rel ative tO°% H‘gle’gg%fﬁré}a”gfsectoﬁ‘g"ﬁ@feé]rqoﬁ%h%sbémﬁlca? igurqda e"?‘ihrhé’lda\‘ i xed path

ext ends acgredgerimeadagibentof pamjer,oxi mately 120 degrees. 3. A dispenser as in
claim2, wherein the second fixed path extends across an angle of

appr oxi nat el y refbF Btering dosg p t‘gﬁgﬁg%ﬁedé@a‘?eﬁtfélthaq fiptand wg@pdi n the first

fixed pat hoitist §RRiAEA Whekenl RIBELE B10SQRAN PethvbeiBile RRfeNnPYosthlateAdtnean angl e of
at | east 60 d%grees as neasured relative to the center of the netering dose

pl ate. 5. ASANEseqpadputlesopenings gausesiths meferiag dase rigl te pagplestively kacaedhal at i on
condui t, Wigi@hd sebbrdpokibEnsTBlafid BIheASCnBL&LRI BRiePGhehihel, e first position,
the first metered dose hole is axially aligned wth the tirst inhalation
conduit. 6. A di$pihgdn tesmetering desepiiemgvingareladumip thestitigng sepeadnd
et post i penonihgs BIRGR i Oy o Sl oot MR B RIS L1 e
second i nhiiapdsess belewdhg first outlet opening, and the second metered dose hole passes

below the second outlet opening, and,

wherein, the first metered dose hole defining a fixed first path as the metering

dose plate moves between the first and second positions relative to the first and second

outlet openings, the second metered dose hole defining a second fixed path as the

metering dose plate moves between the first and second positions relative to the first

and second outlet openings, the first fixed path being spaced from the second fixed path

such that the first metered dose hole does not overlap the second path during movement

of the metering dose plate and such that the second metered dose hole does not overlap

the first fixed path during movement of the metering dose plate.

2. A dispenser as in claim 1, wherein, relative to the center of the metering dose plate,

the first fixed path extends across an angle of approximately 120 degrees.
3. A dispenser as in claim 2, wherein the second fixed path extends across an angle of

approximately 120 degrees.
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7. A dispenser as in claim1l1, wherein the first nmetered dose hole is
configured to hold substantially the sane anount of powder as the second
nmet ered dweeohals#688. A di spenser as in claiml, wherei RCThis2610/053995ret €r ed
dose hole is configured to hold a different amount of powder fromthe
second nmetered dose hole. 9. A dispenser as in claim1, wherein the
netering dose plate is held stationary. 10. A drug product conprising a dry
powder inhaler and at | east one dose of at |east one active pharnaceuti cal
agent; wherein the dry powder inhaler conprises at |east two reservoirs
conprising the at | east one dose. 11. The drug product of claim 10, wherein
the at |l east two reservoirs seﬁaratel conprise different active

phar maceut #c 4} dispgaser 8s inphaimfhw Qi?lﬁéh@pf{rétcfﬁ@@ path icsepgrated Gomithgeseapnsr ei n when
the dry powdgred BRbLE: 1St AipR0EHhlekDB) MardofdheARRa HARRGHSmEM ! C €0

si mul taneously fromthe at st two reservolrs. 13. The drug product of
cl ai m 10, wheépmenef theenderingpiossidatei nhal er can acconmodate at | east one dose

of at least t ' ' ﬁmﬁ' Pﬂﬁ{ : ' S A drug

pr oduct co%bfwgfﬁg&gggﬁ§k§%q ere#ﬁﬁg eré%ng gbkﬁﬁgggggﬂ%’ﬁgéénbf at | east
onelactiv$ pNd%nhtmdtﬁmakmagbhﬂmh@h@ﬁ@MWﬁpq@mﬂgy?EmMMEfﬂﬁth¢b@eénnprises
at least two . i . rising different active
pharnaceuticgﬁﬁggéﬁﬁgi%ﬁgﬁgﬁ%ﬁg@%%gégggpgg reservoirs conprises the at

| east one 6@odedisfeater as i chaim 5tferhes conprismpeowsdnd ifiltataon bendatt, Wieadh, t wo

reservoirs Vmwel& t ehl%etgrriJYg c%cs)t\:,\gl%{e bieir}lgaﬂll e fljrs% pgsclttlol'}:?hl% Csiécond metered dose
hole is axially aligned with the second inhalation conduit,

7. A dispcﬁser as in claim 1, wherein the first metered dose hole is configured to hold
substantially the same amount of powder as the second metered dose hole.

8. A dispenser as in claim 1, wherein the first metered dose hole is configured to hold
a different amount of powder from the second metered dose hole.

9. A dispenser as in claim 1, wherein the metering dose plate is held stationary.

10. A érug product comprising a dry powder inhaler and at least one dose of at least
one active pharmaceutical agent; wherein the dry powder inhaler compriseé at least
two reservoirs comprising the at least one dose.

11. The drug product of claim 10, wherein the at least two reservoirs separately
comprise different active pharmaceutical agents.

12. The drug product of claim 10, the wherein when the dry powder inhaler is actuated,
the at least one dose is emitted simultaneously from the at least two reservoirs.

13. The drug product of claim 10, wherein the dry powder inhaler can accommodate at
least one dose of at least two incompatible active pharmaceutical agents.

14. A drug product comprising a dry powder inhaler and at least one dose of at least
one active pharmaceutical agent; wherein the dry powder inhaler comprises at least
two reservoirs separately comprising different active pharmaceutical agents and the
at least two reservoirs comprises the at least one dose that are emitted
simultaneously from the at least two reservoirs when the dry powder inhaler is
actuated.

15. The drug product of claim 14, wherein the dry powder inhaler can accommodate at

least one dose of at least two incompatible active pharmaceutical agents.
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15. The drug product of claim 14, wherein the dry powder inhaler can
accommodate at | east one dose of at |east two inconpatible active

phar mmcewocall/ageat s. 16. A powder di spenser conpri si RgT/iS2610/0s399powder
reservoir having at |east one first outlet opening; a second powder
reservoir having at |east one second outl et opening, the second outl et
openi ng being spaced fromthe first outlet opening.

16. A powder dispenser comprising:
a first powder reservoir having at least one first outlet opening;
a second powder reservoir having at least one second outlet opening, the second

outlet opening being spaced from the first outlet opening.

50



