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[0004] Drug delivery systems for the treatment of discase which introduce active
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ingredients into the circulation are numerous and include oral, transdermal, inhalation,
subcutancous and intravenous administration. Drugs delivered by inhalation are typically
delivered using positive pressure relative to atmospheric pressure in air with propellants. Such
drug delivery systems deliver drugs as aerosols, nebulized or vaporized. More recently, drug
delivery to lung tissue has been achieved with dry powder inhalers. Dry powder inhalers can be
breath-activated to deliver drugs by converting drug particles in a carrier into a fine dry powder
which is entrained into an airflow and inhaled by the patient. Drugs delivered with the use of a
dry powder inhaler can no longer be intended to treat pulmonary disease only, but also specific

drugs can be used to treat many conditions, including diabetes and obesity.
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[0007] Dry powder inhaler products developed for pulmonary inhalation have met with
limited success to date, due to lack of practicality. Some of the persistent problems observed
with prior art inhalers, include ruggedness of device, inconsistency in dosing, inconvenience of
the equipment, and/or lack of patient compliance. Therefore, the inventors have designed and

manufactured a dry powder inhaler with consistent drug delivery properties, ease of use without
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[00011] In still another embodiment, the mouthpiece assembly engages the mouthpiece at
the mouthpiece engaging section of the housing. The housing can comprise an air intake section
having an air conduit with one or more first openings to allow ambient air intake and a second
opening in communication with the mouthpiece engaging section which allows airflow through

the air conduit and out into the housing engaging section, the engagement of the mouthpiece
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percentage of the airflow volume goes through the cartridge and a percentage of the airflow
volume goes around the cartridge. Both air flow volumes, exiting the cartridge with a
medicament and airflow around the cartridge, converge prior to entering and exiting the air exit

port of the mouthpiece of the oral placement section.
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[00017] In one embodiment, the dry powder inhalation system can comprise a cartridge
including a formulation for pulmonary delivery which can be provided for use with different
dosage strengths, wherein the system can deliver the dosage with consistency and in a linear
manner. In this embodiment, for example, multiple cartridges of a single dose to be administered

to a subject can be interchangeably replaced or substituted by providing the system with a single
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[00026] FIG. 9 illustrates the dry powder inhaler of FIG. 1, showing the mouthpiece

inhaler.

subassembly removed from the housing component.

[00027] FIG. 10 illustrates the dry powder inhaler of FIG. 1, showing an exploded view of

the mouthpiece subassembly.

[00028] FIG. 11 illustrates an alternate embodiment of the dry powder inhaler system
showing the inhaler in a cartridge loading position. FIG. 11 also depicts a cartridge embodiment

for use with a dry powder inhaler according to the present description.



[00023] FIG 6 illustrates a top view section of a
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inhaler wwth the cap open. [00030] FIG 13 illustrates
[00032) he elHodlrglhustrgfes Al Gosstsccsinpwifrag embodimgnpwhdisin the dry powder

. inhal er. i.n an. i nhal.af i ition, [.00031] FIG 14
inhater |\ i 13, R PO PG aori8BER Ol gt ne iy

powdey,. | er. in inhalation position as.a , . . .
100033F7 o0 P A st bt 4 i Bmidhel sidp giew of a carridge
for use VARARLAryfloededMhhlalibisbystineS a cross-section of an

enbodi ment wherein the dry powder inhaler is shown in

s 0 SO0 BT O SN ALHRTL O QR o ot

for use dithensdynaivdsi tbaliiewsysfena cartri dge for use with the

dry powder inhalation system [00034] FIG 17
[00035] | | usFIGt Esillastraspadembdodineht af dhegaodhidnirsi dimahsidiat kiew of the

.. side view cartridge for use with the dry powder

Caﬂrldgieﬁ%ralrsstw@ﬁ%gg@t mwfqre}@@@pnﬁmmls illustrates an

enbodi nent of an expl oded three di nensional view of
[00036k he cHHKe.ri%idlestraes umsanbaselinpreodesieholitiégluresganfsiopmate) for two
15 U R Ind 880 FEU, GliferBr bt HERLESH BPuBei¥huiine ipgyin gag fumary!
diketopiperazine, and for 10 IU of RAA.

[00037] FIG. 20A depicts a schematic representation of a cartridge loaded into a cartridge
rig in cross-section for measuring pressure across the cartridge. FIG. 20B illustrates a diagram
of a resistance circuit illustrating the various resistors associated with the cartridge rig illustrated

in FIG. 20A.

[00038] FIG. 21A illustrates a schematic representation of a portion of the inhaler in cross-
section showing components parts. FIG. 21B illustrates a diagram of a resistance circuit of an

inhaler embodiment of FIG. 21A used for measuring the resistance and pressure of the device.

[00039] FIG. 22 depicts a linear regression plot illustrating the resistance measured

through an exemplary cartridge rig tested or R3, at flow rates between 2 and 9 liters/min.



15 U cartridges and one 30 U cartridge of an
i nhal ati on powder conprising insulin and fumaryl
walzdenapeper azi ne, and for 10 | U of RAA. [ 0003FQT/B51809/038668
20A depicts a schematic representation of a cartridge
| oaded into a cartridge rig in cross-section for
measuring pressure across the cartridge. FIG 20B
illustrates a diagr f ' circuit
illustrating the g’ﬂ%ﬁ@ﬁéﬁ@ﬁ%oci ated w t h t he
cartr e.ri |II a in FILG 20A.. [000
10004053 || 85epifhsts, SR BiReleh efFins B Hisk Bt g povider inhalation

systemdRF HelBRriak phﬁ@neﬂc&i’[fﬂaﬁﬁlehlﬁalﬁélﬁ§ 55566 puonaRP¥didation. The inhalation
conponents parts. FIG 2 IB illustrates a diagramof a

systemg geingrism@ebiepthangivierest oarbreaih zdcevatedvbddi newderofnhgle, one or more

cartrldgt%% go@é@?%grpflgﬁﬁ%g?tl(%? é@gt‘f% gorﬁéyfs n%agge RE FRotH" eflar(%naceutlcally

active sUB@ARSS bIodTtipt (iﬁgré:diém&tah&hiplh@rrﬁd&euti@ﬁy at:caapfafblmaﬁw ed
through an exenplary cartridge rig tested or R3, at
[00041] | OW DAk @sBRAMER Nof2a Ang p%vvldblt eihelom 9. sV ihBAG. 1. Therein, dry
DESCRI PTI ON [ 00040] In enbodi nents di scl osed herein,
powdertipalies 19 sompsistsdiuping A2 m@rpovarb&ﬁamauﬁhpwcg gssemhly gronbassembly
104. lgl(é | f’efll n%te%h%,"ﬁ iljiltl i lelrrTEl%'()C lgsedo hf:“orap %l ]gr)%)snt{f‘ony wherein
circul'ation 4l ation SYys leits” CO &

rnouthpEH’ce 41 -Ppaspicedscetioh n eailusedtéd at BIG. iy stb(%d @fvay under cover 108.
aler, one or nore cartridges contajnin

FIG. 1 ﬁlﬁ%ﬂ#&gé‘@ﬁ Feur of didnt0veh Aoy F shagbemd %daﬂ%saf@d in FIG. 2). In
one em SUHEE ql 113 s | 0465 %chctﬁﬁﬂg%?nf? urBf id lyegfelatlvely rectangular in

|ngre ients, and a pharnaceutic ccepta
shape andihas wp Wa[110[1@411(}ttcﬁ311 evat il 6 dbavk WtalloﬂSaﬁd;t yidp ®wlile120 second side wall
aler is shown in FIG . 1. Therein,
(not ilfTRGHE MAPBPIEIIZAERE SRS h@m%th%ﬁ% el atiton 124, and an aiv

intake s@&iﬂn%'p%ﬁ%fﬁ%ﬁﬁﬁ@iw or subassenbly 104. FIG 1
| ustrates dry powder |nhaler 100 in a closed or

[00042]5t o P, %gh}(s‘fr?t{éa éi%lgrgt f4dt i %Jg’(i(gf&m%@ 1Pl a&g;lhe inhaler in a

sect i i's St owe
Cartrldglﬂ nomhnmeAeztdiﬂg)ﬁosiﬂi‘drﬁwitﬁ lid! 190 dpkh ts bli@t eSnaIm‘gejartﬁdgd fobe inserted
qver pi ece cha er 12(£|IIus rated in q
into the?)antrqlﬁaglltpéo t&p]ﬁéﬁ:] ?h el Stygies lie§10Vab ¢ mouthpiece

subasseﬁibﬁ}“ §b415 koY a0 Hdnd 'tﬁeegmta%e %%Slhgh a4 'tlYeehéhsﬁfgC{oaﬂﬂ)ﬂ{ @00 relative to

I n 'shape and has top wal bottomwal I 7116, back
longitudiadll x-2:418 202 iof Sousing dﬂm/abtlateﬂzﬂ)outsyf@@mollﬁél dbl waafain ¢mbediments, the

corridgel g B g PRGUPB et PORTEDR: PG A sy predetemined

angle a§ gedite@n @§11R1§trr§te@ﬁn Paus?, Ndodkgiccd 80R47k s%’:t@n £22 of housing 102 is
lustrates dry powder |nhaler 100 from FIG 1,

relatlvegih@w;q},g nhghape jea| the sids wall and is shorter in height cornpared to the rest of

housing 102 to accommodate mouthpiece chamber 112 and can form one end of inhaler 100.

Housing 102 can also comprise an air conduit with one or more first openings to allow ambient

air intake and a second opening in communication with mouthpiece engaging section 122 which

allows air flow from the intake section through the conduit into mouthpiece chamber 112 in the

inhalation position.

[00043] FIG. 3 depicts dry powder inhaler 100 illustrated in FIG 1, showing removable

mouthpiece assembly 104 in an extended or inhalation position. In this embodiment, removable



cartridge | oadi ng/ unl oading position with [id 110 open

to allow a nmating cartridge to be inserted into the
wa@emwvnaloecavi ty of nout hpi ece chanber 112. FI @CRUS1089038668

illustrates renovabl e nout hpi ece subassenbly 104 is

novabl e fromthe storage position in the housing to

about 90 relative to longitudinal x-axis 202 of

housi n 02 r.otated abqut, y-axis, 204. | ert.ain :
mouth g iR oL Heblcaut 13 BB 6riP ol REE BERIA pofis 202 of
housing@fl 0Pt Rd a6sutap-aeRDRos. 104 AR RenRBMndt L ARt ehmIRgsh position of
angle as desired. As illustrated in FIG 2, nouthpiece

mouthpeaegaggbenmblset@4 emn 1r2vafedndeindge102 the strektardl vasingiguration of the

i U B B Sl P rB 550G b may v
rotated &5 pRFB0Ealigh ptubRI thaalloRadbey entdrandnatitGhd cArdiidPe@Afying a plume
end of inhal er 100, Housi hg 102 can al so conprise an

of medigapent arg ipquikipiess Heos30%pre first openings to all ow
anbient air intake and a second opening in '
[00044jc ormurilGat4 cHustiatds duplpidec enteigadPhgofs €6Gi dn sh@ging removable
mout s Do ind SIS T BE PG SR AR MR s
should ibdhadtad ithit ROSI 10 SdnaihdQRAASN durfeg Mod@Rbmt 6f dérioR®W efouthpiece
inhaler 100 illustrated in FIG 1, show ng renovabl e

asscmblypl MrihoatkousingcHi3) yF 164 alse ipstexisenetpisse pighalagamets scction 106
e BB o 1 RS AR SRR S o e

0004}, 220 ERS o5 Thonki@idds Snoth AL 100iod Hichd) Bbiiis et component

parts, r@R&tablcOo@hpieBeIhipmBRE1 SERINMYUYind 042 C FenkEavidth@dhpiece assembly
dependi ng on the structural confirguration of the
104 corapyiiting Bgethpmpst gharnberdd 2 strapredlyonfigeeeé withheartaidge hplder arca 502,

one or tnhoqre rb%ﬁtgtéﬂg.nﬁld g&q rof Sord ff%r {;{ lsﬁe,eliﬁnﬂﬂ b%dr 91% qltll%fj Brg 508 which
properTy align apertures Nat> Al Tow air 0 enter &n

commugihies ith thahdusinggecarl dpehing t@ civgags®yitf mombpiean@iphgingtsection 122
mout hpi ece exit port 302. [00044] FIG 4 illustrates

of housyie\1 02 NQEtIDPIcfH AT Plageemsegtion 100 cxstagingdrane movsmese chamber 112

t hpi e 4 ' : e e - L.h
and halBg ?ﬁgﬁﬁﬁl i %ﬁgﬁ é%%%  SrhiRAC 3 pf e ol Cpamber 112 and
mouthprot eckit patt 302 wihich nemai cusnrotmsadndwithngmbewement fve key 510
renovabl e t hpi.ece as |y 104 about housing 102.
sructure SO oA Bt oo o Ll B B SthcirigRer (rop for proper
placem&R & la QArth & E’lafﬁ?' beweenfnhgldr €60 W A8 {BRAUR FIEPD 8@R§PIG. 5. Proper
402 which acts to properly depress the tongue of a

alignmans of a §ap00lgs]in HGinhgler indisatesathescotiregt prdatiterrotatinadlegrientation and

100 of F .conprising the c onent .part .
cerermigh e iRt B8R SATHTATAL Rfes Ty sy an embodiment,
a cartridgRMMARIR pIepHiyRaee uaRSERR dtop 1602 of cartridge 1600 (FIG. 11) and drive

key 510 align with one another.

[00046] Lid 110 is positioned over mouthpiece chamber 112 and is mechanically
connected to removable mouthpiece assembly 104 by hinge 514. Lid 110 has an outer surface
and an inner surface and it is structurally configured with an anvil in its inner top surface and
relatively centered within the top. Lid 110 can only be opened when removable mouthpiece

assembly 104 is in the loading/unloading position. When removable mouthpiece assembly 104



104 conpri sing nout hpi ece chanber 112 structurally
configured with cartridge hol der area 502, one or nore
wheiwa2H and one or nore flanges 506, |id 11BCHOS2089/038668

inlet port 508 which communi cates with the housing
second opening to engage w th nout hpi ece engagi ng
section 122 of housi ng 102; nnuthpiece or al placenent

secti.o ext ing fro ut h ce.chanmber 112 and
is cngREgh 1iBton s Rbe 000 R daTghGh iPE AP L { povement to a

dosmg/fﬁ‘ﬁh‘ltaﬂ@ﬁ YoSiti6R RN a ]silo%ag%n Hodiost RcRCRd XD tis %ﬁecﬁ gz ralsed The

is in comunication with anbient air. lve
mterlocsm rsccmntsm edn gommﬂe; @Jr@dmpb: loa e ©r inrate cbatts) pr @@@blef mdlal arms,

which %F égpoﬁ%?{fdeg flng t@g r\){/eﬁ% mowﬁtthglece 6% V{ﬁ%ﬁ‘rroflr% ?'thécf‘ f;egf-synchlng

mechan@n$ 603 HOMIG. ien ﬁieGnteaoalﬂﬂg Eiealatﬁsm Browps fenadvam&rmmth@%c@assembly
cartridge in the inhaler indicates the correct

104 to gtdpigrirener regitation &f ther Yasietappvonsivhdedry mewdesinhaler 100 is in use.
Lid 110S Ha(ﬁcl?es B 11'1 alﬁ&f {?ré gl%?e %ﬁtﬁ&gl%y hnoc'c% I% &Eﬁg%n? it %Qa%gale, a spring

an e a ca canno
loaded bdm p;&cﬁ ¥s Sdac&tikecdlt Watters svhi chadancingpe clH @&eﬁfﬁngcwéﬂtlvdgﬁ'n housing 102.
fi 00 (FI%. 11) and drive kex 510 align with one
In an altseratie FMOPRSAL] the j lacking Meshppamy GO P8 rUITTE iff@gien of the

housmgcxli}ﬁﬂb?ﬁe bLRin g%iec'h%lﬁﬁﬁ%é b ﬁisb %eivR RO SCLRANE A dif ﬁgﬂ?é’c%téluﬁassembly
hpi ece a 'y 104 by hinge 514. Lid 110 h

against (ﬁmt@t retatidracBosaih @pisirater ofSiembsgde anaitliicdesissembly 104 allows the

) tructurall on ur ed th nvi | n t nner to
inhaler 3¢, be' RisPei e RN pORFYS ativemelho Cittavad o fipeit sserably 104 1o
the dosihg PoSieibn Mth¥utIRl PRERES: Yhe&séenmovabl e nout hpi ece

assenbly 104 is in the | oadi ng/unl oadi ng position.

[00047)Nen EREO%Ab]E ﬁﬁ%zﬁﬁo gl%ﬁsﬁg Sﬁfﬂ) |¥pak A4 Srr&RIRGES b Shouthpicce

housi ng 102 an iInter ki ng” mechani sm prevents
assemblyolEnshotvitpmauthpsico ghgagiad siction lﬁbshatzung rn@pehiagdr cavity 516 with

a osition when |jd 110.is d or i sed, .The
top wal] AL PR A HERHAN SrieBin e nagod brghfgnathpfg sssembly
104 and®§trBRUrEIP8brifRzusd bl a%éd)rﬁhl%dﬁt@%@hloﬁ g[%ce WhiofingN92 is configured to
i ncorporated 1nto the wal nout hpi ece chanber 112

have aranplwarcit pragcton @fﬁh@wﬂmrr@cm Aardesl Bamund thy @p euter portion of
nterl ocki nqz cha sn1a y@i enovabl, e ut

rnouthplescg ol n%eigyngjbeftl{) a perfj egl gg{erdaefsl Oﬁnv G K I PiE6Sttom wall

configu¥dl foOustc RAIEH & ikefia %\@hﬁauﬂa"(vf pomeelgel Ml @op&Qightchtof a cartridge
use. Lid 110 can be maintained in a closed position by

within <H'Y|p@mdpwglhﬁlér: h@hﬁséiﬁperfdéﬁt @xdiyst ey H 0divingqn| indigetar Bb%@nd one or
mor SUEHP L 06K P 40 DL SO GIAARS By S5 L0 s o

housing 2. | ocklng nechanlsn1conpr|ses an upward extension of
t he housing wall. The I ocking nmechani sm 602 can al so

[00048[S€Tr VEHLOsiBE T0T Eorhht@schBidultpiRenSAURASSRABA ¥22 having an outer wall, an
inner wall and a bottom wall contiguous with the side and bottom walls respective of housing
102, and configured to adapt to the mixing section of removable mouthpiece assembly 104. FIG.
6 illustrates a parallel cross-section through the mid-longitudinal plane of housing 102 containing
a portion of mouthpiece chamber 112. FIG. 6 also illustrates interlocking mechanism 604 (belts
504 in FIG. 5); chamber inner wall 606 defining a space for housing a cartridge. Circular
structure or plug 608 is the wall of the air conduit of housing 102 which is continuous with back

wall 118 of housing 102.
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agai nst further rotation. Position registration of
renovabl e nout hpi ece assenbly 104 all ows the inhaler

wo eooba2ye®per |y used and prevents novenent of PERDS2009/@38668
nout hpi ece assenbly 104 to the dosing position wthout
lid 110 being depressed. [00047] FIG 5 also
illustrates housing 102 separated fromremovabl e

nmout h C ssenbly 104 th e .engagj .
1000498 0t Bl TEARREG e e sisdHg o OC A PSP TAT TG e g @ dosing or
inhalati¥®!posilibt. PAS tse@ iy F@GS GOMbLAKE Ll%ZtKhsaéj@%sf[atﬁlﬁﬁﬁrgﬁa@gﬂ@ar shape,

hol'd renovabl e nout hpi ece assenbly 104

howeveg pthee shapak ke demsiitpbice dHowsinge tPheayderises ph@ orrnmmml@tq:@rts or first

nf . ure tH have an :
opening5PHiRy B el 7€ BN PRin osy uP e mRE R Bl Bk opening
into moRpidceRn@fgifDdchiph eZTPaNagis MgthSBE inlepokle megthpicce chamber 112.
protrusion configured as a drive key in its bottom

Air conwallt 704 basrqng 9F E19T¢ BPGHERES thhatallwwrﬂg\vstpreat@f ure of a
cartridge. The proper alignnment of a cartridge within
[00050dr y pMm@plftqarmnlg@glng@@ctiosl maqo@nmmlbonord"rguv@ lkethesshape of a cup
and on

havi T :
further (b ERecNaF} By 80E oS NPl 8IRE Lol b opisured to
receive dﬁdi u8ldkecdddmai dosthinipusiritid gd. OﬁIG [mwﬁiov&}ﬁ(m@ é@gé{ﬁ@ﬂt between

npri ses nout hpi ece engagi ng section 122 having

flange iﬂﬁ@rmwﬁhpleceaehambﬁéﬂl%\m housing B2 binesrhldalid 146 ﬁthl g@@ﬁ@lece oral
placem%‘ht &ch&? 1%'6d 1tﬁn1%ng1?e{ tdggll %% ;f()zr ?ﬁcp ed‘fttﬂlo\;ve c&fldlpto L’}ﬂ ncg” removable
2, 0 Bdapt 1o

and configure e mXing Sectio
mouthpicesasahibey et hpi ece assenbly 104. FI G 6 |IIustrates
a parallel cross-section through the m d-1ongitudina

[00051]P| aneFmd. hagsHéts dn ERBloaeNY RO Mighuding ORI iflfstRking integral components
nout hpi ece chanber 112. FIG 6 also illustrates

of dry paytder |1@@ﬂ@rdgﬂn@@hlémgswg6ﬁ8 (epr J0§adisprizg @8 mich assemble into

air con&ﬁ?‘?@ﬁ C}ilohﬂH%rlp%\% ter @%& rtulg éuor %p‘t?a%ﬁg%d]si)ﬁ IQ?(%%%\%% F?O, top wall

114, andfbdtﬂom aiall 6N ehouthpddcehadigsging s&ﬁﬂ)nmthlttheﬁcmdt drineokisy 802, and
th back wall 118 of housing 10Q2. [00049] FIG 7
slide dopf PSP RihR 8 doNarTgR EMRERE s ypn RIFSE Palriagement section 106.

Air coﬂdﬂha'}(ﬁr 151&91ﬁ'gﬂrea {dORvE G %pzelrtﬂﬂabﬁtogﬂg %’(ﬁkt\iflﬁpl;/ affSws and directs

FIG =7, housing 1 as a anti a
airflow r emtd:rargg tbwing ﬂﬁp el,ntdw crmmvlqneaet h@agmlgamsomr@mdsrmg an inspiratory
i ses one or. nore inlet

sui tabl e. co
maneuigh MO ire B aHi: PBLCTnT RO SO & e Spstignism which

can corRpridePotfRloRANet SBJdcRns/B8m B8 Gt Lt oﬂ’ﬁ%tchZHaQetoﬁﬁf&hr}Eates with
i nto nout hpi ece engagi ng section 122 and aligns with

flange $Qfeand Irr@tlngcstmct@fe ABLenhpeeacm EXanbef mmhplmerclrauf@@u |1ﬂ2 In this

ernbodiél%{l Pls%'ono‘m% ahd crorglrp?es(s) Iellgll)l‘q S7(781a2ct ta? gﬁ in 1ca or mecLamsrn posmoned in

air conduit 704 of housing 102 structurally configured to indicate inspiratory effort. Piston 706
and spring 708 can be placed at other positions in the airflow pathway of dry powder inhaler 100.
During an inspiratory maneuver, airflow entering the air conduit 704 within housing 102 goes
around piston 706, and moves piston 706 to compress spring 708. This airflow control
mechanism during inhalation indicates inspiratory effort through a tactile sensation. In one
embodiment, the mechanism indicates inspiratory effort through an audible click. In another
embodiment, the mechanism indicates inspiratory effort through a tactile sensation and/or an

audible click. Mouthpiece engaging section 122 of housing 102 has one or more protrusions

11



[ 00050] Mout hpi ece engagi ng section 122 is partially
configured in the shape of a cup further conprising
waeooneiodri ve key 802 as seen in FIG 8 from bRCT/U8009/038668
wal | 116 configured to receive and hold a nedi canent
containing cartridge. FIG 7 also shows the engagenent
bet ween fl ange 506 of nout hpi ece chanber 112 in
housi nq 102; hinge 514, lid 110 and ut hpi or al :
such asgRiEi e SPD A G5 on pHE ERHgbE e oL Thda S mouthpicee
whmuﬁﬁ?&&&ﬁ%ﬁﬁﬁﬂ@ﬂﬁkﬁﬂ%m@f renovabl e nmout hpi ece assenbly
4. [00051] FIG 8 depicts an expl oded vi ew of

housi Al [ ' I ni.s I
O i A T i Iy
positiors far angrtvidge Wrdoly/ wdeeiniyg positivro whicrei diddUi® is70pkned and a cartridge

comain5 05t 97 001 5 A RO CTRE e M08 i o

contain{BY bHAI $€62 BNEATI NehsRRGIHiOR iF4ZaWhilife RemQRHEdAR tNE cfBt position,
802, and slide door 804 which covers the storage

the anvdowplafurtheninsfisr thematthdge echioveala ptopeementitalsdigninent. 1@6downward

e nduit 704 is confiqured to have an aper e _or

push ol AR ool FROILRREL hPuBPNs AN PBE Al Spffrgare to he

dosing Peyitsdn)&/hfdben b Rdedstimibh Rdue&Ber? MR irfidosedld mBhithpidee assembly 104 in
during an inspiratory maneuver. Mbuthpi ece engag

place. Jec¢he prepepettical aligunesniprios achicket lidi hig ﬁ%@ﬁhﬁ?sfﬁy closed and
sbseqlfl, GRS PLRLOUS, POF S0P e Mg O fBvices a
interlocRmebchradibmg structure 902 as seen in FIG 9 of

nout hpi ece chanber 112. In this enbodi nent, piston 706

[00053)and CPIRreHRis@ites Rinhd@bIEGRo@Rpic@SaBBMbRUI 03 BICh has been separated
mechani sm positioned in air conduit 704 of housing 102

from hegisingck02r aR¢porbis mguihetsce gssertixc 404 compipios arapithpicce chamber 112,

lid 110 %6 Qlidted F feﬁr?&aﬁl%ﬁm@rﬁ}ﬂpi%% Wit 8%@4% {%%; Rl Q%Fo‘ie%osmon lid 110
ot her positions in e alrflow pathway of dry powdler

covers hveipgice IBA@mbEUT 1 2)Gandnmbtithpictatodd] ypl areneuy 8¢ctiodi Tl bwing airflow
entering the air conduit 704 w thin housigg%102 goes

conduitatldwigh masthiricceorit RasH3 Moy Moudiniecsehrmbe; LT sorppiiss air inlet port
50, onP B P 1 10 Rt b e TPRERo B P andscurin
removabl@ohoutbpisensatinbly. 104nwaohéoestbg di02e Mlangeonmshimned mt the bottom

o o AEELS LBRBL A S 1 FLLE Sk U B U L 51K

housingd T®Riahatc8mpridss ﬁﬁ&iﬂ%‘!"&%ﬁ&ﬁts%abﬁ@ ¢dp8 18 BBSRch AR &ls; the gaps
~an audi bl e click. ut hpi ece engagi ng section 12Z of
section jgoufging gnat 2 daistuoh 80D fommeatengwah rheusiogd92c hesmnltiplengggments of

uctures 902 that mates wth. nmout hpi ece chanper 112 ..
fange 346 4B S B Bl TGRS SETRIT A PR DG ed gitons of
mouthp®€.chamber 112 to effectuate proper securement of removable mouthpiece assembly

104 in housing 102.

[00054] FIG. 10 is an exploded view of removable mouthpiece assembly 104. Mouthpiece
chamber 112 comprises drive key 510 with indicator 512, lid 110, mouthpiece oral placement
section 106, cartridge securing mechanism 1002, a radial spring 1004, one or more belts 504 and

interlock detents 1006.
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[ 00052] In operation, renovabl e nout hpi ece assenbly
104 is rotated froma storage position to a cartridge
wo eaditzi2anl oadi ng position wherein |id 110 i SPOPE®A9/038668

and a cartridge containing nedicanment is placed into

nout hpi ece chanber 112 and securely seated. Lid 110

contains an anvil 1102 (FIG 11) inside which, if a

cartr dge | nserted.i he.correct 05|t n, e.
100055001 | Iy ROty dobidirte S CAE MoG” dtiigh d00gis structurally
configuRICORESFtRIatd & AnaBld AMENbesistard@WRNRK ds Rab1a0f "Ifh'eqreéllﬂtgnce of dry

cl oses the cover and renovabl e nout hpi ece assenbly 10
powdercgahalenl @ eant be npalifaksls |bygvapyj9g tthlmgroswﬁ@tlgnqi agca at any sectlon of air

condult;‘é%gs fh;a?t 1'&8% Iglrog%ngpntbpa i %&%V é?l??%r aﬂﬂﬂ &S Chave a airflow

resistandé bzgﬁéTBfliroﬂnSabB@ttO e ved0. I3 dqubiOrceasnicrta/lersipet himute.
cl osed and subsequent renovabl e nout hpi ece assenbly

[00056[104 T B 8h laRBmERNEABoPGEM HIudihitsd Y eYGEes - o dr?tp%wd@p Knhaler 100
mechanism [00053] FIG 9 illustrates renovab

Compl‘lmmlhmaea: éoamgdﬂﬂy cofigwiail cth brasoivpest aelpeomprestsfa oquarc-shape
usin abl . nnuth ece
confieufigigd Mk SR e o B arper IS o e a¥sshbfy J04, o Removable
mouthplc@e ragmja I1@4 rfmhhmr o€ 8tra@eRT Yot iddntRal fnh@md BmBodiments, to the
cl osed position |id 110 covers noutgggece chanmber 112

embodiggat ¢rseribash witle rf@pacrt tpFieereH EKetlilotepiosaltanatagry powder inhaler
1100 1nm;5 f %@r%e%(;é %ﬁﬁlﬂg les k&nhwm? lf]h']ﬁb%% etﬁbt?thf QLd or"ipélggement section

rses
106, m(ﬁmlﬁplwe gxitrperifitanges HOA, ﬂmauuhpgac@ aIﬁBn‘t&mdlll’aﬁd ﬂl@erlocklng mechanism
structure 902 &%% mating wth and se?urlng renovab

604 (FIGp &) h G288 dea d 6UhBrsy teapdro; k682 Hpdisatag for gdignipe 4A gle s@ecator 512 of
mouthpRe 'chérﬁﬁ&dl létfoP Ef‘opgpfnts%ﬁn%lf@}na@p H&Mgefﬁmcﬁatﬁg%bjoaﬁnent has

IS prOVI i's structural conf | gure to engage
an air imet ]mchtﬁdlm nxye df)ﬁl,e saledvdbipowses, lmﬂlitenplteeerﬂbfgimlﬂms the air inlet can

be one S AR HBRR SRy PE IS Pab B SOTE R g GRRR: Rk prom wan
1106. mt%ma?éﬂ By Hb iR iBhASITRIY SarPhaVd GNO6r BI6R: BPEhiB@PH the housing of

bet ween t'he segnents can be position at predetern ned
variablgy¥ed o1 shage afd laenitonpi ece chanber 112 to effectuate
proper securenent of renovabl e nout hpi ece assenbly 104
[00057]i n ho@sﬁﬁ@geﬁO@ch[e&O%ﬂjdgEl 16001&umi be adagreltoded drjrquikr inhaler

contalnlfgza Q\itabl 5 qlagég‘k&% l;%;llt%ntl %3'4 ﬁ]%lb Qljotél 1§]|,1ree 19 deﬁfﬁa a single unit
dose oflél-gnedf@kﬂeﬁp' ﬁ?%n@ kalbo@inRee F@’a%dg@ k0@ '&a&@@’sttﬁé‘t'iﬁfeﬂlydaﬁﬁgured to

securi ng nmechani sm 1002, a radi al sprlng oné or
contain gglose Q%%Ql@xgmleaﬂd mg to about 30 mg of dry powder for 1nhalat10n

[00058] FIG. 12 illustrates an alternate dry powder inhaler 1100 with cartridge 1600
loaded and ready for closure of lid 110. As can be seen, lid 110 is in the open position,
mouthpiece chamber 112 and alternate housing 1104 with alternate air inlet 1202. FIG. 13
depicts the dry powder inhaler system of FIG. 12 in the dosing position and ready for inhalation.

[00059] FIG. 14 depicts a cross-section of alternate dry powder inhaler 1100 of FIG. 13,
showing the internal features of the inhaler and cartridge system. Lid 110 securely holds
cartridge 1600 by way of anvil 1102, which is then securely installed in mouthpiece chamber
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interlock detents 1006.[00055] In enbodi nents

descri bed herein, dry powder inhaler 100 is
wareogaee@l |y configured to effectuate a tunabP@I/US2009/038668

airflow resistance, which is nodular. The resistance

of dry powder inhaler 100 can be nodified, by varying

the cross-sectional area at any section of air conduit

704. of the.i.n er.. In one e di nrent, dr wder ) )
112, Tl e R A REinoubhoSeE orp sisaiet sestit B8 Hafipouthpicce inlet
port 1461%@9&%&@@ 8t bt a¢put 0.13 square root of

kPa/liters per mnute. [00056] In an alternate

[00060f’nb0di ¢ éﬂl‘b&ﬁﬁfeﬁ'ﬁs,e% %hﬁwﬁl iffF1Gl %5,;(#% é)ggv¥812ﬁ’iﬂgl%f 100 comprises a

i nhal er 100 conprises alternate hou
removablemhdghpiect dsserhidly d@dpastprising liddtfraveesaraidgq halder siva362 movable

configuration whi.ch snuggly.fjt i.th renovahl e . .
from a citied, By &GP BN 0L TR HOVMR N IE SEETE s Bateeisidge, 600 in a
closed HB4itib8, SHEiRT the Ph&lsisClrbiiRr EdmpRes | AN GRYw | dnBOMncchanism

_énbodi nents, to the enbodi nent described w th respect
compriging FeCGk valve 1602.F1 G 11 depicts alternate dry powder

i nhal er 1100 in the cartridge |oad/ unl oad position
[00061 Wi t h I dmbddinepsndesombiidhiéreine tier dty pdwadenehdlers ectdnonn use has a

106, ,noyt hpj.ece exit port 2, anvil 1102, ut hpi.ece .
predetep g, éFHTI i aéﬂl%ﬁ%}ﬁfgr%ﬁﬁamf@g% Sherp b SORBRITSd to mix a
medicaa@ht Witdagr BRI aSpIWeRE pHIRP fd:0@diveRAtS 8t Rkicht® pulmonary system.

aligning to the indicator 512 of nouthpiece chanber
Predetetmiped enflpwapssributiaethraugh. th@cargidegataan hangsi fingm 2bout ithto about 30%

t hiys embodi nent as _an air .i,nlet, l.ocated..in qne of . )
of otal pit13y ¥R g B3 308R0 *ds iaE kiR E BBl BRfemiped airflow
distribuéibh atduh@thcCettriige QRE radpe TN atk €6 t®hB&R H0VNoObhe hirflow volume.

positions, for exanple, in alternate housing bot t om
Predeteggined ragedgeabyrash atrdoyr andperidieg airflen through obe carridegeyeonverge to

. . . variabl i ‘
rner 6 2y TRLEIRENLTGE 0L ASEIALD0 Bt BUADIE Hoficceoute
port. cartridge 1600 can be adapted to the dry powder
i nhal er containing a dry powder nedi canent for
[00062] Nhal a1 bRNemiBIMmaktetheanddi i@ céraid Blgl deFidge $60U04sSshown in FIGs.
unit dose of a nmedicanent. |In one enbodi ment,
16-18 caareamdige 4 600-teanwik as defiradushape havwsr ¢ gilewithoone or more first

s GO B9850 1750l P, By LR v

1606, ant|fust mhbes kaingl heshasise U608 paskeond ftall@r kel iddOmeathidhism 1610.
..cartridge 1600 | oaded and ready for closure of lid .
Cartridge) h600hdas, grclpredsepiguratign moveasle o thoPepERNpgERHPHAr dosing a

. . g
povas RULLEASE RIS b2 0 SRS J10VSALE oMo e
comprigesad enter Ninddcerand yastiemar siirfkdeGlefthhg an inkeenad oslumge; wherein the closed

osition and ready for inhalation, .
conﬁguPatlon restricts communication, such as air transit to or through the internal volume, and

the open configuration forms an air passage through the internal volume to allow a powder
medicament contained therein to be acrosolized and delivered to a patient in an airflow stream
created by the user. The open configuration is established by providing one or more apertures
(e.g. first aperture 1604, second aperture 1702 and third aperture 1802), holes, slits or windows
in the cartridge walls that can have beveled edges to direct airflow. In one embodiment,

cartridge 1600 can be configured of two elemental parts, for example, two segments (e.g. first
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[00059] FIG 14 depicts a cross-section of alternate
dry powder inhaler 1100 of FIG 13, show ng the

WO paoeneabo f eat ures of the inhaler and cartri dgeCHYS1009038668
Lid 110 securely holds cartridge 1600 by way of anvil
1102, which is then securely installed in nouthpiece
chanber 112. The airflow conduit 714 of nouthpiece ora

segrnenghg&ﬁgﬁ?}%ﬁsoggtéie&?l%toﬁgﬁ E[lgaéggrllj tng | gé:ﬁ?’tu}r%l 1'21:) 2 rv&alljs'A’cggt can align
with on? gg@m%%%@ op&s e atioR dnll & oéﬁ@siﬂg Yoshed Qﬁheir@g? @Pertures at not

o conprises a renovabl e nout hpi ece assenbly 1
in aligngwnpr Inseneeniiodimdro, fov exansplet sargigge A69Mean by grucgoally configured as

nmovabl e from.a cl osed. to _an en sition,,havi
o ser 7 s Py R ERG byt 8n BT b Rt ok e another cach
having 6p&fHieEl WRiSh tch®Alighethedt dddehdnOdimilady fab thdedpselesmaedcsi®sd in U.S.
an air flow control mechani sm conprising check val ve )
Patent Ngo 37,3056 1yhich isnhdyi meatperaieds derole dynesfeiicace ahef dragt of this
. ek | r [ S d ] -
speciifll el W0 HBoARRL M Qs yRubaR; RobY B ELRLTY I8 ysgrally function
with tho@gpabildyr mbaltt gur @a teandkied vathie dicdam@atto wrddateanined positions
form ng a powder plume for delivery to a patient's
[00063]pul NONAbYe SMBbEMenfremethed HfRUvaidd howetticSingichitht @6mprising: a)
_through the cartridge can range from about 10 to about i
providimpay, @fy pewesr Hihakr FRMpBISiNge 2e Rowingh gnd He mpuihpicegd dlpe mouthpicce
e I [ ! | at. ] Predet ' [ o
compr 3, B e RAIRE! LM P RS BT DS AAl lon coprisin
diketopif@rdzincadnduhe 2OkcabeitpthalinledlsrfHaoigvoflomelistiibieidatogabbuteld % to 30
% of sty iy g e Sl o Ve 8ot to an
e : . i L
i R P R Y B R o poonds and
optionatlhecpretihgcdeebt contai ning cartridge 1600 as shown in
FI Gs. 16-18 can conprise a structure with a defined
[00064]s hapelhambadimantsalchcritict heruivg the dRDp@vder isial@an tdelies a dose of a
1604, second aperture 1702 and third aperture 1802,
dry powdes forgulision é@ o patigns ahprpureditigreatials betwesnd apf 28 iPa.
i nhal er keyi ng mechani sm 1608 and second i nhal er .
[00065keyi nkp pElE e Swithes abodinenti thgematbod of dxating hypresglycemia and/or

. [ LO | e fi ' for .
s SRS D REAR L By TR RSO BRI i
diketopfpeBdzinctiavafet e fordgula CA-diketdBeo-IRIXK -huminddaty Poepdise svherein X is

an, outer surface and an, i nner surface defining an )
selected {fasm BF LOERINEONSiRHRE 9t suasivhl 8REIYl oRpicylr &t dwmaryl.  In this

ernbodifrﬁ?f fthﬁtdt%ﬁ gBWE dsin SHE Borﬂ]gris%i L dikR8sibdradifle Qhlt. Tn still yet

oug I nternal vol une, an
another embodiment of the present invention, there is provided a dry powder composition,

wherein the diketopiperazine is 2,5-diketo-3,6-di-(4-fumaryl-aminobutyl)piperazine (FDKP),

having the structure:
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t he open configuration forns an air passage through

the internal volune to allow a powder nedi canent
w@owarred therein to be aerosolized and del i VRCETUS1009/688668

patient in an airflow streamcreated by the user. The

open configuration is established by providing one or

nore apertures (e.g. first aperture 1604, second

aperture 1702 and thlrd apegpture 1802), holes, slits

or windows in the cartridgelwalls that cap have
bevel ed edges to direct a

firspsegnent
that can have apertures
in their wall$ that can alifn with one another in the
open configuration and in opposing positions where the
apertures at not in alignneptk | n one enbodi nent, for
nple, cartrid 1600 can be structurally conflgured
with or 3B s o Rapapcaug st VBRSO GARERT CAFRFPETE nt & one
anot her and be noveabl e about one anot her; each havi ng
[00066lopen| Hy ongiabpdimenta | they inkglatipno peste omeNIses janpregtht fyctwated dry

poncc A QR ES AR LA Sy EPRERE My o compris

diketopipefairenmd aﬁ&wil‘ﬁe aant. I@fsohi&l@%n‘tﬁ)ﬁ&ﬁd:ﬂts clad acvive afent chinrises peptides
enbodi ment meng ﬁ%}r'd ge 1600 i s desjgned taq
and prqt%lsegﬂ%ﬁmgﬁh?ruﬁem we (e IHaRHPY SKBHRSOMPRKE  catfigge containing
medicafm@ht Qﬁet@ﬁvﬁg dﬁ‘ghﬁé By Geinnhal l?er a %nﬂ’(;&ﬁﬁ%tlﬁﬁ*ﬁbﬂ@ Oﬁncludlng, insulin,
positions | I'n"one enbodi nent, a met
GLP-1,dell¢itoarm, rrglrahyrmﬂ huenaneg rpediltlamndchnrptmsm@tedaproteln (PTHrP), and
dry powder inhaler conprising, a housing
andog%hﬂe%ﬁﬁ@3P$ B¥%ce, the mout hpi ece conprising a chanber
containing a cartridge with dry powder fornulation
[00067]c onpr 15 wt@rd.euép@meﬁér 455 n%Yarmwdﬁ% wedicyaenfgdpry. comprise a

dlketopllﬂéﬁaziﬂ%h ah rt hg‘ﬁhﬁ&c@l,ltwaﬁw dEer '19%’6%195“[ of 1AbaH{ éigbo/d’lrnent the

o0 30 %o airflow going thro t he cartrldge
pharmaegutiichl]y detives éngm@temh eamdtei vy ity edline n¢rtatnm @Mbodll’nents the active

1ngred1¢|fngglpﬁlipglsje?sloar i’%ﬁ@gt a @rqt@ngggltg%%ges gﬁﬂéé‘% g gl‘(rj |%§ 1nat10ns thereof,
whereid ﬁ{éeéétiv%gm%e%libnb)ls 1ﬁﬁﬁg6ﬂbra{®r&mmgﬁ@t153@ e@ﬁédg@ﬁ-@lke peptlde 1
herein, the dry powder i nhal ér can del i ver dose of

(GLP- ldrqziyptwmaéinlm araptiflediYonntedewkip atln@tmblattyrpwe@ gmase, Bruton s tyrosine

kinase @i’]‘él&)gr gl%%ll%(ﬁ lr?qutfre%%m ST tla(ﬁg]riéo kPI‘ICI)ld Bco) D #1glo 5% {h:ere&iC In a particular
embodifi¢pe HY pheaficuadd compoliBhet @eprieiMInh&95dik&8perazine and insulin.
admini stration of an inhal abl e dry powder conposition

[ooo6s]conpr {5 b Nehr@eulirkehRiimesatdNyngrv g ihRRadd Bkdn can comprise a
- di ket o- 3, 6-di (4- X- am nobuf'y pi perazi ne, wherein X

Cartrldglesmslelldmgt edfofmuletior oty pnimppwanﬁp qumgcoaifprr@mchHJﬂP and a peptide
1nc1udn%, % Xanﬁple 1ln(se1¥11ﬂ or E"ﬁLPf Pmifn)éil can nbe prov1ded for use in different dosage

strength in a single or multiple cartridges. In one embodiment, the system can deliver the dosage

efficiently, with consistency and in a linear manner. In this embodiment, for example, multiple
cartridges of a single dose to be administered to a subject can be interchangeably replaced or
substituted by a providing the system with a single cartridge having the sum of the dosage
strength of the multiple cartridges. In further embodiment, the system can deliver a proportional,

bioequivalent dose with a single cartridge. In an exemplary embodiment using the system for
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enbodi nent, the dry powder conposition can conprise a

di ket opi perazine salt. In still yet another enbodi nent
W@Boovbhz10pr esent invention, there i s provi ded aPdr/ys2009/038668

powder conposition, wherein the diketopiperazine is

2, 5-di ket o- 3, 6-di - (4-fumaryl - am nobut yl ) pi per azi ne

(FDKP), having the structure:with or w thout a

teating e T Rl ST b AP B ki 496 o5 FBUSTY cartridges of an
inhalati6® FOWH &R rRMGahfd RGhid Wasell ol sPQWH&aN WBOBAE30 Uingle cartridge
cartridge containing nedi canent, Wwherein the

containymgcindaha ationcpawdsy npmpssna F@H&b@mbdquﬁabloﬂeulaﬂdntawses of insulin to

a patiergcf‘%ﬁlelg@getgltgbsy%,tg%l:c%g A Oe %sr gq&%’% VGI‘I lHtglge‘% K oﬁgésl &t e}gamptle three 15 U
cartridg@§d® dnMaR4latidh foivafat @b privins L EM60 THDKB&Anbe used, or one 15 U
cartridge containing nedi canent wherein the eptlde or
cartridgg phiseing Wald caeridge. ehd Bl Hd:,aﬁﬁﬁge cori@nipgithgnhalable insulin and
P a t

FDKP ?%Mﬁ{l)}nbﬁ‘a o(l)lrr r%gn{ejc rc% : (%% 8 lg%ﬁlﬁpw g')iﬁ@‘ %%rmulatlon can be

1nterchallgai‘tﬂxgsflth foae €0fU aarﬁldgh f hnshbn alﬁCDBDK'P] fohﬁulaﬁ]@t h&lternatively, two 30
enbodi nment , the powder di capent nay rise a

U cartrlég%sec‘tq%a[uhl@g élglnhtéa lenéulrgh %ﬁggﬁ Elgphag}o%&:lu} ggmterchanged for one

60 U cahrt?ﬂﬁ@gfﬁEHnsuhH ahD FOKPRAALARRL., the pharmaceutical ly

actrve ingredient can be any type. In certain
nbodj S I ept [ . .

[00069]eep {i g{mtﬂé emf)&ﬁm%ﬁtts M%schﬁ%{n glgergﬁaltgg S hérggzg% 61r1halat10n system
accompd:l@hiﬁsnﬂaﬂmwipostdﬂ@ pepbrtionhketoed dosape s@idtat e dasggsdireititercBangeable.

i nsulin, parathyroid hornmone 1-34, glucagon-Iike
In an erglasimgel. the dopgae’cay be giayigedras 3@0%ept i de YY,

|nterleuk|n 2-induci bl e tyrosi ne ki nase, Bruton's

tyrosi ne kinase (BTK), inositol-requiring kinase 1

(IREI) heparin, or anab¥¢MPhESeof. In a particul ar

[00070]f umd ?ngrfgﬁit)wg{gge o rsﬂ%g gﬁ%ﬂugq@stﬂc S?H{Bgr?s@g@g%jrt%?qqggboglments of the

inventid21t st @be %ﬂy?&qétg@ BY thdsO8f S M P Ftr étn[g@ge%flﬁlﬂﬁes disclosed in the

system can nprise a Cartrl ge 1 nc
examplésoelomidatei I@pl‘eﬁﬂltatp/l@| teohmaques dhiltl foactyorc erprinstho grdabik® odinble present

| cl r le,.in in or
1nvent1%p[§ t%vgrﬁ Fﬂ%&lﬂq@lg& 0 e i 1ﬁ ’h@h (?ﬁtthg me%ar&}g;i%osure appreciate
that maﬁ§ e&a@wcwb@nﬁa@g{ e %ecmrﬂé Eﬁl@bcﬁnféﬁ{sttﬁét%@ 8isclbSedPdH still obtain a
mbodi'ment, the system can deliver the dosage

like or Semﬂalcneetrit w;thouwl departiog Siost baspiriaaet soepaof ihaeaventramner .

In this enbodi ment, for exanple, nultiple cartridges

of a single dose to be adnministered to a subject can

be interchangeably repl BXAMBEESuUbstituted by a

providing the systemwith a single cartridge having

the sum of the Dosaggdtrength Interchangeability

[00071] The study was conducted in subjects with type 1 diabetes mellitus. This study

was conducted to determine if a formulation for pulmonary delivery comprising insulin and a
diketopiperazine in the formulation, 1) could be delivered consistently using different dosage
strengths and 2) if linearity of dosing could be achieved with proportional doses, given that
interchangeability of dosage strengths can be important for patient safety. A prior art marketed
inhaled insulin did not achieve this and dose combinations were nonequivalent leading to a

potential risk of incorrect dosing. Therefore, an important goal in the development of the
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strength of the nmultiple cartridges. In further

enbodi nent, the system can deliver a proportional,
wher@eqeioe@l ent dose with a single cartridge. |PCEEOS2009/038668

exenpl ary enbodi nent using the systemfortreating

di abetes with inhal able insulin powlers, the system

can use two 15 U cartridges of an inhalation powder

A T TG R L T T

was to &AMRE 8 ehERKP R0 tilethbMBEutRi RREIHInal ent doses of
insulinto a patlent SSmlarly, the system can be

[00072]“360' hPth%eétﬁ S&Pnha s 30$83in fe os%@f@io%fln%ﬂ{h%fatﬂaﬁ Ftwo 15 U

cartridges o tlon po r conprising I nsu
cartridgan @f Eﬁ)l(ﬁ’suimmnbdahmedowdﬂ toneel¥) U catridge ad enspllhusmhztiaetlon powder

were mighe T iAditiat BoiinapRANALERRD o W OrshtiTep TR AgRY dnhatation

powder Wv&xadal dul AL SoRbaRA tb ASIOLIs ARG REIER QTR ANn&ah IRPro (rapid
i nter changeabl e wth one 60 U cartri dge of insulin an

acting appikBu¢ dkAdyl)ati on. Alternatively, two 30 U cartridges
contai ning an inhal able insulin and FDKP formnul ati on
[00073can bA phsedchamglabelf singlerd®sé0reheat adhrinistyeionf stadyein subjects with

oo 1 S50 R ST B SEA 008 ok ot or P ot 30 U of

insulin-FDRE gfoban a§y§ts%@1@0ﬂp'iplda§tﬁ€% aﬂaubd1gp§¥@Q§ufv§o 15 U cartridges
proportional to a dosage so that the dosages are

administeree w&athaﬂngemtﬂegt inhalagion epsiendi ndnit0, Ut fubcatesmge igjaetidneof the rapid

acting i iEfotE Rad GRURPRCO G BE R, D e s ndiagsnolisg ™) wes

also teREBlbTRA fagef 10 yIsNWRME ir@iionlikedS iUl 6F bacqPesiFAtRE subjects
by those of skill in the art that the techniques

receivediinsalinEEKR or RAS ekafpreaftesiniskdeg  hypgmeslbrmmieicyglycemic clamp.
Randontn%??t[brﬁ g*ﬁmti&]?tthe o%] %tdfq{fsu\{\ﬁlﬂ dtol:s] ggt?ﬁ?bl t?eedtr?%nt (&5 visits), and

I nven V\EVGI' OSG o

the loca$1bﬁ la)E the RAAI 1hﬁbt1010(abtid$lﬁelp raememﬂeg;lBg‘ctk QEHD %ﬂ@m@smglbaﬁcel samples
f hat rmngr changes can bhe made in_ the s ({)
were ta]é‘f?o%’d‘u apalyeed tos dpsubipeingyluclisps andyfygnagyl; lFet%IBP%‘F‘ﬁn% (FPKR (insulin-

FDKP & o Jﬁpg]ow?fen S 1{ Wsﬁlﬂpljf)l@e% Bésgglgsﬁlmﬁfﬁﬁoﬁ Wars I{Jterforrned with

pe of e | nventi on. 1 Dosage Stre
HUMALﬁl(E@,c laadh g\&hﬂm IstuidyinfeO BIIUM]ALS tregiyarvvhsmam ndsidine dvals nused. The

analytlcegﬁljaﬁﬂefiglagkea gﬁ%ﬁfﬁ% PR BT 141 X 1%%*5?@@

ivery conprising insulin and a di ket opi perazine in
[00074]t he f drbigIl b wp therPssfram He gy vEeancadnsye amrpsuyes (AUCo:60)

of a snigflé ng i cfaf'tﬁﬁgé%r 95 ageU cartridges were comparable. FDKP mean exposure
(AUC,p) was also similar. Insulin and FDKP exposure, ty.x and t;, (FDKP) were the same
regardless of the number of cartridges. Due to the significantly different PK profiles of insulin-
FDKP and RAA, the mean relative exposure (AUC) ratio is dependent upon the time interval
studied. The mean relative insulin exposure (insulin-FDKP: HUMALOG® AUC, dose
normalized geometric means) when assessed at time intervals of 0-180 min and 0-360 min was

24% to 18%.
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strengths and 2) if linearity of dosing could be
achi eved wth proportional doses, given that
WO paoenzteangeabi | ity of dosage strengths can bePCT/US2009/038668

i mportant for patient safety. A prior art marketed

i nhal ed insulin did not achieve this and dose

conbi nati ons were nonequivalent |leading to a potentia

risk of incorrect dosing. Therefore, an inportant goa

in the devel opnent of thepul nonary delivery system
Table Wi th a fornmul ati on conprising insulin and FDKP

(i nsulin-FDKP) was to achi eve dose linearity across

Insulin PK ardie&i@Reul! ¢ 29S8 (rgnge.| [ UPRAgIum tNe & H¥Mumalog
arisons of i Qg%@sexpcsu_recatﬂd W ng [ n_hal at on

1 | | [|

AUCoseo,(ummmz/ﬁlﬁi OURIRE A M TS ARG o pond e

AUCO IWF(HU*FWJWmL)I n addi $f?rln, insulin ﬁi?}gaval [ abili t\44$2= om a

Cunax (UBBMU) cartri dde of 61Ul i n- FDKP i 688 ati on powdé?.60as

timax (rnhﬂl cul at ed, onpar edto a JO I U sibcut angous (360

0 1 1 Cb I IIIDUIIII IIDIJIU |ap|u dbllll dlldl uguc
191%)0-CA ) %F%?BO ’3] A phasé) 846 d){déih Iabel SI ngl e- dsbe,

FDKPEK@@I@U@S@MTI DM was conductled to assess tlhe B

AUC,. &t@gm@gﬂﬁet i c prigksre or |PK of203@9U of |i nsul i n- FDKP

AUCO J08ethiamm@y singl e 3944 cartridgeard conpgared ta two

@1 cartrlo es aoqugl tered mntngne present
max

. |||d.| d.l | UlT SY bt Tl 15\ 1 U :UUL,UL alﬁcuub T11] Cbl | U||- U|
tmax(ml' o rantd Aactly N oAl Al oo~ RAA LHI “&{ysl (lx r_')
ACTYT ||u T TT T T \Juuc \I\I—v—\, 1
y,0.867lii@8apolis, IN)) was al so

0 oU
90% Cl Pl?letE?Méﬁna d Compan
ae: 19 6 \lrc\ were rat r~|nm 2ad tn 1

Ratio:Al @4@@,4 Subj-ects—{a
ect ] u/ T 2o T O )

1
of 6 sequences. Fast ed subj ects received insulin-FDKP
or RAA 4 to 6 hrs after initiating a o
[00075]hyper ?Fhlis@mdbfeﬂﬁoceV@h@t%ﬂdbmeﬁfe@B ahthe dRargds ailmaniptored and the glucose

1nfu5101% i {C%ﬁ?ga(uﬁrgﬁlegtrsd tlge)patlgﬁtg lilr% Jﬁg F @?at | @hi%?lU%‘%!%tres results of the

GIR evhlht@st | THe da@bsdWethe nddai takelln@ Lorrdétdd gmc&sgesmﬁ)smn%tee((}m) for two
dosi ng bl ood sanpl es were taken and anal yzed f

15 U cariiglgpy #nd enesifl Virartridgs of mmelin-GREPyinhyptiast ppyv s raaé ifofethe 10 IU of

RaA. OREY et Pt ol e MFREBIRNER it grovimum
level byVI dpproiivitIPEB 0 Jnimaed afibre E]drﬁinwﬂlyitlﬁlg WIMR) peaked) ubproximately

human_ i nsulin was used. The ana t hodol ogj es
150 mingyiesnp ey AdREnsE#Pe At sh R A as eﬁ%vé*rﬁ Oéfmgﬁ@hﬂ?lﬁgup glation powder

returne& %é&zﬁq be[sg]%)e%ﬂ)% -E%p(;x?m;te?; RG Iﬁl{ﬂﬁte% e\%ﬁu"s%(fo)r ﬁﬁﬂlﬁt&e for RAA. In

. The nea sulin posur es
conclusmnn gie@l&@)stﬂwmmm afipet @rinsukm-ABKEP udaiﬂettmmdng»asiemeﬂmth dosage forms

ested R APRFL et o T Aok Bapo i S e and © 2

(FDKP) were the sane
EXAMPLE 2

Dryv Powder Inhaler Resistance Value Measurements

[00076] The total inhaler and cartridge resistance can be measured due to inlet and outlet
ports of a cartridge acting as resistors in series. First, the resistance due to the inlet port is
measured in the cartridge rig. The representation of a circuit diagram form for the cartridge rig is

illustrated in FIGs. 20A and 20B, wherein the cartridge sits in the holder in an open
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regardl ess of the nunber of cartridges. Due to the

significantly different PK profiles of insulin- FDKP
WQrWIREA20 t he nean rel ative exposure (AUC) r atPOI/US2009/038668

dependent upon the tine interval studied. The nmean

relative insulin exposure (insulin-FDKP: HUVALOZ r)

AUC, dose nornalized geonetric nmeans) mhen assessed at

time interval s of. Q- 0- 360
conﬁgu_rlaé@n-lagg Ee flr[né%—}% sugF alg%;qg geareég%t[s & @alsfaﬂge t[0 airflow into
the car’@fd%@clkﬁ r&fredng ﬂﬁ@%@ﬁ@cﬁnc@dﬁ" D189 iR tRREEYUGRSE the pressure
usion rate (G R) requirenents of the patients in
dlfferemlhba@o&sdbre caFir@dge 2ad Plrbprs&emmtbs pressire gasured afrogsiibe @R and outlet
pores. G RAIZ: b R hte g O PR R R B TGk Bariae i
determigédlaPMi@sBledirCRIGS! Qﬂg%n@QIBn stkicir RDKEprestnal tBé |r<§2;ﬂstance due to the
powder and for the 10 11U of RAA. G Rs after both
float orwaé%ﬁ, Renteprasenty deqrasistanpi e pikHivagiogad peswerstrideee B Hepresents the
[
resmtan@e %a)léilrs k Eh tg\% (Cer A ({Sg%GquI glleéengg t}{@ %gllt)sﬁtrﬁrge?];eq & Eq%\% leaving the
cartrldgm P ll:lé[ﬁéseﬁn‘sttb&‘ maakiired [gtgsatd; @a rqfremtsm@é\preihﬁe Qr% thosystem and F
nsulln EDKP i nhal ati on. powder returned towa
represelﬁéé%q fofd floy mEgEMGHAt Snge ml@ewrﬁtﬁe&%mwﬁsf%thﬁdeﬂswrs and having
{ fiSasiRncBAAhe! b BRIGhHSHiQRibutiBe b HOSA drONRS thGartrid
pressur ct SP I nsuf | r? FDKP i nﬁ’sihat [ gr11 pom%g?l of kI;o ariidee can
beddmmmsage fornms tested was conparabl e based on GJR AUC
G Rmac, and G Rimac. EXAMPLE 2 Dry Powder | nhal er
[00077Resi Smaﬁeﬂi&hwm%aﬁwee@fem%&ah&ﬁgg @hd Bhﬂrlﬁgﬁ/ﬁahaler system dosing
i nhal er, and cartridge resistance can neasur ed due
Conﬁgufaéloprﬁnéttﬁ%ﬁ%ﬁl%wp 0 afppstherugh tg%rcﬂliﬂil Rctin etslgmned from the
formuld- €Si stors in series. First, the resistance due to the
Inlet port is nmeasured in the cartridge rig. The
representation of a ‘|rc§E£ di agram form for the
cartridge rigis ill g« d in FIGs. 20A and 20B
wherein the cartridge sit& | n the holder in an
openconfiguration and the circuitry is defined such

that R3 represents the resistance to airflowinto the

[00078lcar t r Bagpd, orRdhie meqrsesesnts e afselélugtaéfrdc@ K 163523 0%~ IZva the resistance
due to lghse?}éllsleg[gat ; he aer trpfpllr’tlagvger%ndg? 1nesran Pf eSS %eg 1%:5:(? tS" % icu a?e the flow

balancel'fﬁaﬁl@rs@@teﬁﬁﬁpﬁﬁhhﬁl@r thel ﬂéwafwan@élttm@hgm@l{d Sartrﬁ%@%ﬁﬂgythe formula
the resistance due‘&o the i nhal er ;ﬁsten1co npri sing

above, whishjin Hefeeninghas et digigled by Ribt Ehrflawdatagce msumlatl dlarough the
cartrid ere]fglf EI%GPI élr@ f?‘rna?erz%rﬁ a\ﬁ}lﬁigg g?tg%la g@&ﬁ@@tﬁeé 6{) Iébgelﬁ the range from

about 10%eto mbsut0&heeh o aatragd bftapparxomadiyt 1e92%ar tri dge; R3
represents the

[00079] The resistance for the inhaler cartridge system tested herewith can be determined

experimentally from the values obtained in the same manner. The resistance for the present
inhalers when calculated from the measurements resulted in airflow resistance values of between
0.08 and 0.15 VkPa/liters per minute. FIG. 22 depicts a linear regression plot illustrating the
resistance measured through an exemplary cartridge rig tested or R3, at flow rates between 2 and
9 liters/min. As shown in FIG.22, the resistance through the cartridge (R?) tested was

determined as equaling to 0.999 VkPa/liters per minute.
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resistance to airflow through the cartridge; R4
represents the resistance to airflow | eaving the
w@20wnewee; P represents the neasured pressur ePCRES2009/038668
represents the pressure across the systemand F
represents the total flow neasurenent. Once val ues are
determ ned for the resistors and havi ng pressure dr op

o000 SRR, i fLou Bl ance Lt bls Lop AHSUIR i it

resistanbE B8P YAISTRIThS cMRE-ScdiBAA 0&a dthRy Gaiohi#aR AMbw pathway of the inhaler
cartridge/inhal er systemdosing configuration and the

and carpriglgt syssenge to airflow through the cartridge, R3 was
determned fromthe fornmula: [00078] Based on the
[00081]rre as uﬂ“hffpfﬁcsdingd@ch)suﬂek hresillnsttagicie iembbti@senB0 At 2UdRy1d bhappreciated

e due to the.inle n utl e rts were .
by thos§EEHELAEE *EhifetiRe 0 ies Grchios Bt cufeits pfSerintiyp techniques
that furRBbRANES @ftht ff)%ao‘%i)ééto% Ahd PreRé&t thieWsafe. t ABWEVQWMHRRE BNGEIL in the art
t hrough the cartridge using the fornmula above, which

should,iig lgzht @xf thevgdesant disdofrei anpdendatdthaR3nargh ehinigewciyabarmoede in the

|but| nthr h the cartrijdge orth
specific Gt b, B ¥ 1 Heh 354 S8R bl B Lk b URBaPESIEitnqur departing
from th¢ Birif @D@opé oMhaorhtidd% t o about 30% with an average
of approxi mately 15.92% [00079] The resistance for

[00082]t he i pRARLEOtERHE] AERRYS bR MtBHL S ExPREGUE tc{l}aﬁﬁt{bsbe ingredients,
det erm ned experinental |y fromthe val ues tained in

propertich @u@ammmmer weighg ncagiogtandidiohsrantilve fprtksised in the specification

wh I d f ) « ’
and oIS e 4R TSRS oF oS WG i Gl B GHER. By dh ter “about

Accordﬁh@@r Ounlt&ss Vindaatddt & Shd@onfiiutiBe ruhfericd2 paiQRicedr$ 8t forth in the
linear regression plot illustrating the resistance

specificaes girdattached clginapre éii@élf%llfmt}pné dhat Maygeary idgpendangepogrthe desired

e sl W 55 B U RpP O R S iy 09, s

attemptttesltrﬁml tvespdetsmohed dstrégust éqillgvalldhtsﬂtogﬂhg s\/klféaéﬂ theedl&ims, each
m nut e. [ 00080] Therefore, .the inhalers can

numeﬂ%aﬂ par@wfeéwhwlé&ﬁfl?a@h% gorsguechirelightrpihe nampen %weported significant
digits afégg%r %%1%9&1% JP% ind rrx#u?&ﬂ V\é Eég%uﬁ&aiss g?&%th&?ﬁkn felfr?@g% udit¥ical ranges

and paremeters sgegsipsthehe bl[O@ﬂ)@@dﬂe ofitke prvectali ag aqbpmxllm&wne,sthe numerical

values %‘E{,%?I Y u%@gspgf(l 1|c|exlalir}p eﬁgl?eglt:eg)opﬁ @ss hﬁ%&sg]gg%np%g]égem ny nurnerlcal

value, Hb\%@Je@S athchekigi &Iﬁélﬁpceﬁaﬁ ESHYs eﬁé%'é&sﬁhlw ScduRRIBNEGHEShe standard
t hat functlonvve in the practlceo the present

deviatiagj fouhdmutheir rdﬂpwévertestm@mswemswl | in the art

[00083] The terms “a,” “an,” “the” and similar referents used in the context of describing
the invention (especially in the context of the following claims) are to be construed to cover both
the singular and the plural, unless otherwise indicated herein or clearly contradicted by context.
Recitation of ranges of values herein is merely intended to serve as a shorthand method of
referring individually to each separate value falling within the range. Unless otherwise indicated
herein, each individual value is incorporated into the specification as if it were individually
recited herein. All methods described herein can be performed in any suitable order unless

otherwise indicated herein or otherwise clearly contradicted by context. The use of any and all
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should, in light of the present disclosure, appreciate

t hat many changes can be made in the specific
wepisodrwent s t hat are di sclosed and still obt aP@I/ES100%€38668

or simlar result without departing fromthe spirit

and scope of the invention. [00082] Unless otherw se

i ndi cated, all nunbers expressing guantities of

cxamplg-C e P PR PBRA Kanth S PN G 4 FEghdcd merely o beter

illumin&P e fnlveRdnOthdadds %apa@% @ﬁﬁuﬁ@mbsn %d@bgé 8P theanvaRiod Btherwise
nmodified in all instances by the term "about." '
claimedacNo rldlllg’l@g? in thel spssificatinc sitoatl bo colérued s riadigatingtray non-claimed
set forth in the specification
clemen{ TR PR NERETE Ffe PEMI oxi mmt i ons Lhat rmy vary

depen .upon.the desired pro ert soug to._be
100084550 o1 Rt g pi e udER CiEoB e ormboiments ety pddgion disclosed
herein &R0hd1ab BS c@Mitrdbd @ERImitRiohs. mEachrﬁoﬁ’fP%én%tf'rﬁé} 8t (ERfred to and
doctrine of equivalents to the scope of the clains,
cbnnabmdwuhuﬂﬁmnc@wnpaomhﬁmémnsh@uﬁmﬂanmh@aspfﬁez@Dngprgé@rebnwnw
nificant dig

found hgﬁedn bgp isp%rrtw%gedo%n?ﬂ%? 9r lnboa ﬁxgad N ﬂﬁl%%lgas may be 1ncPuded in, or

deleted Neinwiat it istire@oh et conkeniBrtERINd G patcaABREy. aWhen any such inclusion
paraneters setting forth the broad scope of th

or deletjgivashutisoic sPeCiHIPBX dREMCA S contia thrugrerp é&mosiﬁiedé@u%f@tﬁlhng the
written fd&rchptld)rpof QFM%H&%M }‘ocupg ﬁnﬁe'lip h%ﬁe p%n e%pc?{l}lﬁd as
y as possi nunerrca however,

|nher ntlx taln rtaln errors gece

100085} oo £ Pl oINS OF i B SLOR s ARSFBRERora. cnglpging the best

mode kﬁl@ﬁ/ﬁet@tthé’ Qn\te@@drs mgr CRAGHE S fHeSinvERHAB 3D ToBrsk eVdfRutions on these
""an," "the" and simlar referents used in the

descrlb%mlb&ctm@ﬁts craislchacping g‘lppfﬁfénﬁ favibeici Arerdiagpetilhin $he 1t ppen reading
the for %ﬂlt ezféscﬁ tlt he;rh@ lnln%WLOrl] %x gl?%l (?raﬁ staﬁ)s Fo eﬁﬁﬁgt Jugf’?qrarlatlons as
o Cover Both e sing uIa Re

approprﬁdth&thdﬂtﬁ@lnlvﬁdbl@ahtedd [’tﬁ'rtbd: ﬁlv@lﬁtlcﬁi te&fe|pfacﬁﬂﬁd oehdiveikethabgpecifically
text. Recitation of ranges of values_ herein js

descrlb?éeh%w i Mecordingyt thiswvertionsingludemnrlf madifi %9%%{1%$quwalents of the
subject V'ia?c{ttﬁxf %écﬁ {Q g *3% enld®d § {B RERAMAL Cﬁé)a'i ‘ﬁcg‘tﬁé dv&‘gMoreover

e range. Ss ot erw se in herei n
any cmmhﬂmﬁondDﬁnﬁaaan@kmsxﬂ$d|nbnmpmraiedlumsmbkheanmunm thereof is

icatiaon as if it were indivi recited
encomiREieg by Rt SThethigts velese MBS e b kb pi  Shirudbe cleary
ConUmﬂ&héﬂy@éﬂ&&ab|e order unl ess othermnse I ndi cat ed
herei'n or otherMAse clearly contradi cted by context.

[00086] e Uﬁﬁrt Bl KR €§ haQf %R TRhAL %o ﬁi}%?g&d printed

(e.q. prOV| ereln IS 1 ntended
publicatiMSbEhrm@‘hout Ithlsn spa;tlﬁcettimﬁ i Baentaf othe aabdvelopsd mafbreposeamd printed
i.nvent.i on .ot herw se

lLimtation on the sco of t he
publicafigrs; g tndrWily fRchperaleq hefsin glb%%?ff’?“&dflu R SWBEd be
construed_as jndicating, any non-cl aj ned
[00087] Specific embodiments disclosed herein may be further limited in the claims using
consisting of or and consisting essentially of language. When used in the claims, whether as
filed or added per amendment, the transition term “consisting of” excludes any element, step, or
ingredient not specified in the claims. The transition term “consisting essentially of” limits the

scope of a claim to the specified materials or steps and those that do not materially affect the
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el enent essential to the practice of the invention.
[ 00084] G oupings of alternative elenents or
wepisodrwent s of the invention disclosed herei nPEr/ES1909/038668
to be construed as limtations. Each group nenber may
be referred to and clained individually or in any
conbi nation wth other nenbers of the group or other

. elenments found.herein. |t i i ci pat.ed that. one or
basic aff AR Engicts). oPOlpdisyRHE o {RLED s, Gmedarsilgrenty or
expressfyl @RritedHn@eRatlod h&rg@sons of conveni ence and/or
patentability. Wien any such inclusion or deletion

ccur pect,fi ' ' t @ : :
o8t o PR Sy RTE DI i i
herein ate dbusirptiveoof thé pahdiplkapkihs ipregenuipsenimed Qthertrhedifipgiens @tht may be

cl ai ms.., .[] 00085 rtain enbodjnments of this jnyention. . .
cmployd e g HtroRe Poits MYCHEP b R OHa" RSN ABRLE. Rilgieh of gmitation
alternathR€cdMEBRRIBRS off Othe GRESNE M cBHEN 1S, bBVANE®Nn 4&ordance with the

course, variations on these descri'bed enbodi ments wl |
teachingsdpoere. Aspendealy, tthe prasswe inyentéondis mar miged to thatrpredigelnag shown and
dmwﬁb%ﬁon readi ng the foregoi ng description. The inventor

¥ pects skilled artisans to enploy such variations as

appropriate, and the inventors intend for the

invention to be practiced otherwi se than specifically

descri bed herein. Accordingly, this invention includes

all nodifications and equival ents of the subject

matter recited in the clains appended hereto as

permtted by applicable | aw. Mreover, any conbi nation

of the above-described elenments in all possible

vari ations thereof is enconpassed by the invention

unl ess otherw se indicated herein or otherwi se clearly

contradi cted by context. [00086] Furthernore, numnerous

ref erences have been made to patents and printed

publ i cations throughout this specification. Each of

t he above-cited references and printed publications

are individually incorporated herein by reference in

their entirety. [00087] Specific enbodi nents discl osed

herein may be further limted in the clainms using

consi sting of or and consisting essentially of

| anguage. \Wen used in the clains, whether as filed or

added per anmendnent, the transition term "consisting

of excludes any el enent, step, or ingredient not

specified in the clains. The transition term

"consisting essentially of limts the scope of a claim

to the specified naterials or steps and those that do

not materially affect thebasic and novel

characteristic”). Enbodi ments of the invention so

clainmed are inherently or
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expressly descri bed and enabl ed herein. [00088] In
closing, it is to be understood that the enbodi nents
w@Roovhzioemvent i on di scl osed herein are ill ustre€T/us2009/038668
the principles of the present invention. O her
nodi fications that may be enployed are within the
scope of the invention. Thus, by way of exanple, but
not of limtation, alternative configurations of the
We claigf-esent invention may be utilized in accordance with
1. hhey heRall iRBsch®ndiingAccor dingly, the present
invention is not limted to that precisely as shown
ahdusdes end bed. We claim 1. A dry powder inhal er
COSE&J%&PQ: a housing, and a nout hpi ece, wherein said
Aot |§§ gbnprises a nout hpi ece engagi ng section
Shedeat $4iBhdsinpaidhipglELambathpRga gt aMidghesi@drdstructurally configured to
nmout hpi ece, and sai d nout hpi ece bei ng separable from
engage gaihgangneithgicemantavi ng a conduit permitting airflow
50 R Befng B 8 n i Bhys ) dnaBling ¥y pormitine
airflow baivwetenran titpnlecendfanrdihedit foei, agd sdrmpriding akchameoahd guoed placement
. to, pe veable within said housing in an engaged . . .
Sectwn;ﬁaﬁj IPPHDS R PR BB MBI Bl SRS, ﬁgmgteg‘ge within said
s SHH RSB e IR KRS ARG BB
configured to receive, hold and/or rel ease a

di,canent contai pi.n artridge.in said chapber. 3
2 PR gl AR g ot herRidno dRePe s SPRguall configured to
receive RAd §RIBINYel B AlelicRg et @bhlalifec FRMeBliMNSaid@ chamber.
phar maceuti cal conposition conprising a

di ket opi perazi ne and an active ingredient. 4. The dry
er inhaler. of .claim3, wherein.the - . .
o BRCERhEBTLS2r SR P RS A sopaining copidec contans
a pharnfeyutiRaVElRipdsitidalcempeiting laadikotehiptahehmd iheectias ingr&dient.
ingredient is one or nore than one active agents
sel ected fromthe group consisting of a peptide, a

4, 2{3}% ?zﬁ) RPhd1cPOF BRRE3 %}rh&@iﬂﬁé‘hwﬁbﬁﬁ%%%gg gﬁlg/aryl

IC origin, or anal ogs thereo
diketopjpevadere. i nhal er of claim 3, wherein the active
ingredient is insulin, parathyroid
5. The dry powder inhaler of claim 3, wherein the active ingredient is one or more than one

active agents selected from the group consisting of a peptide, a protein, and a hormone of

naturally-occurring or synthetic origin, or analogs thereof.
6. The dry powder inhaler of claim 3, wherein the active ingredient is insulin, parathyroid
hormone 1-34, GLP-1, oxyntomodulin, peptide Y'Y, interleukin 2-inducible tyrosine kinase,

Bruton’s tyrosine kinase (BTK), inositol-requiring kinase 1 (IRE1), heparin, or analogs thereof.

7. The dry powder inhaler of claim 3, wherein the pharmaceutical composition comprises

fumaryl diketopiperazine and insulin.
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hor none 1-34, G.P-1, oxyntonodulin, peptide YY,
interl eukin 2-inducible tyrosine kinase, Bruton's
W@ 2000821020 ki nase (BTK), inositol-requiring ki NnBGEUS2009/038668
(IREl'), heparin, or analogs thereof. 7. The dry powder
i nhal er of claim3, wherein the pharnmaceutica
conposition conprises fumaryl diketopi perazi ne and
insylin.8 The dr owjer. inhal er of claim2?2, .wherei
S ORE e e oE O e P BRI BphPE L cordee
comprish BUGhLR Wit B dé‘ﬁr%fsh@ﬁéjha'irh@%oﬁwmwwhgm% oW&ore ¥pdriirQMving a
or nore apertures having a closed configuration or
closed eopEgurtof pyepeatdopfiguranon un entes suiface@nd au inner purfese defining an
internalsvuifn?ec'ea ge{lii niong annfj nta%r nal tVQ[I LO%s Ia}%dtisagod a{:(f iofc'eeda volume
CORTGGPALTE T PR EPI LB AR TRY S SO T BN A Yo HP B
and said/ @@ nApEratidh brRN afiPabdagel fixbughsaldinfsén A RoRinie.
passage through said internal volunme. 9. The dry
powder inhaler of claim1, wherein said housing _
o TRERRASRCP Ao of BRAST SEGEE{IBIAR Bt i Hlske soction
having ambiakendaitovish scandom@@astiopgnings atisumnimlsitntcemr intakb ahde second
. nmout hpi ece engagi ng section with allows airfl ow .
opening RPBIHIBEHGRN Sihone MPUthEcaicP EAERRIRACH OBt el oW pirflow
therethﬂoﬁ%lﬁ Kﬁle&qﬁ ey Indhfi S PRUS iRQKL Sectidn ©PTHIHM GRS 1OH c_%fnhmication
t alr exit port of the nouthpliece when the Cartridge
with thd &r exit pére oDihe manthnfi¢aguriemitbacargaigd isinrthé openemwnépsratibig said
: one or nore first openings in,the housing, SSes. :
sirlow GREEIER T BPRrHra TR aa M ROFEE Rdwer g S e conduit
in the hbiken S/EONGs REREHEH dpdnindan HRUSIURB At tHehHBoTRMERINGEEing scction
~engagi ng section and into the nouthpi ece chanber
and intaythe meduthpacqsenhemheraylcrein & nereskingaiof injakeuteyqoes godsrtbioysh the
canride 44 S 3 b ST P e PG IR RS b G B gifind Winhatation
manecuv@@neuver. 10. The dry powder inhaler of claima1l,
wherei n the chanber of the nout hpi ece chanber
conprises a flange structurally configured to engage
. . . 1T ' . | ol
to. Yhé B3t RO et 1 e M b PRl o BT
comprieahtflanggernsaaully ognfigacdlanicsgagebdth shitkhalrsingpowder
i nhaler of claim1, wherein the dry powder inhaler is
structurally configured to have a tunable airflow
11.  TRSUSHARGRr inhdter OPclhith @l RELER (BY RoGMN{RE cRHHER R BMYrises a
drug "del 1 very, conprising: a dry powder inhaler
cartridgesapringinmgghanibousi ng and a nout hpi ece, sai d housing
i ncl udi ng an

12.  The dry powder inhaler of claim 1, wherein the dry powder inhaler is structurally

configured to have a tunable airflow resistance.

13.  An inhalation system for pulmonary drug delivery, comprising:

a dry powder inhaler comprising a housing and a mouthpiece, said housing including an
inlet and an outlet port;

a cartridge adapted to said dry powder inhaler and containing a dry powder medicament

for inhalation,;
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inlet and an outlet port; a cartridge adapted to said
dry powder inhaler and containing a dry powder
woredpg2znoent for inhal ation;said dry powder i nhB¢BDS2009/038668
system conprising air conduits configured to have a
predeterm ned airflow distribution around and through
said cartridge operably configured to m x the
nmedi.canmenf wiith air form ng a powder. plu f
Fa AOERM s Ml By e Mg A R G s Roniurinharesa; o
predeteRhiGE@hBAG R iRtohlafWndiafll thBLEEH Qi &et}frfl%@ Rp&@bN configured to mix
cartridge ranges from about 10 to 30% of total "airflow
the medjeiment wathtagsyformging ai e wley plpowder délivisl tera mdtientigpulmonary system;

.inhal ation.. 14.. The .inhal.ati.on stemof claim 13
whereir PR EhindFulPE e HIRBL BPH YU Sl Rl Mg 10 0
30% of $@hIchi RS Val0@E chRAPE Saill dBTpAL@HinhaleridarilP Hhhafationt al

airflow volune. 15. The inhalation system of claim 13,
wherein the dry powder nedi canment conprises a
1. Ph R BF AL A T AR R LAt p REHI digriburion around
said careit®yeehmpes fi@npitauni eud0% af totaladdowevdlinge.edi ent is a
peptide, a protein, a hornone, anal ogs thereof or
conbi nations thereof. 17. The inhal ati on system of
L3 D L e R b eg Bt comprises
diketopfpeman@. 408 aghdrmdacebtidsklPactivd mgsedpat. mi nute. 18. A dry
powder inhaler conprising : a housing, and a
nmout hpi ece assenbly, said housing having a top wall, a
16. PR idmavBh kystén bf Elaim $3.denhdiethth SptthrRa&REeNH &tideid@ddisnt is a
_a nout hpi ece engagi ng section, a nouthpiece storage
peptidesaprotayhn,a hamigons aailpgs ek osembingtionationepfa condui t
wth a first opening to allow anbient air intake and a
second opening in comunication with the nouthpiece
17. EhgadhRgos estdrd bf Whing M3 alhawa tid ihhilomd hefidbd hrudhfigured to
.. said nout hpi ece assenbly being separable fromsaid
providerpg pdiifleyy 1gpigtaBeRLiaR ﬁl@nho@ﬁaﬁ‘%@rws@i)%l{t% Bgrryinute.
configured to house a cartridge and to engage with
sai d nmout hpi ece engagi ng section of said housing; an
18. oY dty ivalze mhater s@apiiong:ext endi ng from sai d chanber and
having an_ air inlet which communicates wth said
gRAkHEP 28hd an air outlet in communication with
arRiueMicRiabschibly, The dry powder inhal er of claim 18,
wherei'n said nout hpi ece engagi ng section of said
said housing having a top wall, a bottom wall, a first side wall and a second side wall; a

mouthpiece engaging section, a mouthpiece storage section, and an air intake section having a
conduit with a first opening to allow ambient air intake and a second opening in communication
with the mouthpiece engaging section which allows air flow therethrough;

said mouthpiece assembly being separable from said housing and comprising a chamber
structurally configured to house a cartridge and to engage with said mouthpiece engaging section
of said housing; an oral placement section extending from said chamber and having an air inlet

which communicates with said chamber and an air outlet in communication with ambient air.
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housi ng has an outer wall, an inner wall and a bottom

wal | contiguous with the said first side wall, said
wG@ewonziogzd de wall and bottom wal | s respecti ve BPET/E81009/038668

housi ng, and configured to adapt to said nout hpi ece

chanber of said nouthpi ece assenbly. 20. The dry

powder inhaler of claim 18, wherein said nouthpiece

in ection rth conprises a pr.otrusian from .
19, SROR B ERTIRT obhT SRS 57 Ecaftui i man b aCcHon of sid
housinddiaf JWRD tyafORM Rl WAL &2 4 boteEe wal LontI DR U KNhRRVELE first side
i nhal er of ciaim18, wherein the nouthpi ece engagi ng

wall, sagbsecomhsiflewehend boftqm vads respestivaoff pyd reehegiagdredniegwred to adapt

..said inner |l ~structyrally configured to engage said
to said AR RISPE Sleri R b Y BRUER RSB Sce assambl v 22,
The dry powder inhaler of claim 18, wherein the

nout hpi ece chanber further conprises a flange having
20.  Fhodrimavedsr ibaker obelaing | Htwhpseis paid groyshnripeecangagiag pechian further

‘ . . . ol .
comr 08 BT <Gy T APRES S0RIBLRI B e
containimguhitpigee assenbly is noveable froma storage

position to a cartridge | oading position and to an

i nhal ati on position, and conprises a m xi ng chanber
21 TREGHANELr hihale boidin Pl CRIERUNEABLADRE S BBIELAY furth

and t havé aﬁ ope%ihg whi ch al i gns mkth tﬁ%ggggon e
comprisgp e seqgingfmdchanismtfoke s& é aticowall strectinclly whafi@tredto engage said

osition. 24.. The dry powder inhaler of claim18,
mouthp\'rz)ﬁ‘fgrcﬁafrﬂbecrl‘? S%ﬁ‘f%lﬁtfpé%cg aB¥. r conprises an air inlet

and is configured to secure a medi canent contai ni ng

cartridge, and has an indicator to allow proper '
22, Ehe dwi pigelep indelsrrehelainy 18, hehdreih dheemouthpiceaplmnhoy figthwed epmprises a

i.nhal er of.claiml wherein the ut hpi ece. assenbl
flange G2 iy Rhich B T protHE B oo R A AT iR S o e
mouthpedc@8Rholiy RBti®PeN posi tion, having an anvil which

engages with the cartridge in a closed position. 26.

The dry powder inhaler of claim 18, wherein the

' ' air.f -ont :

2. PR bieler SPORIL P8 R g gy RO bty iy movcable from
a storage\pekieon fwa cyptidppeieadingipasgiotedndve by inhatanipn ipssitign, addl camprises a
mixing ary lp%g;/c\‘gg‘ég%n %ﬁ?g%&%{&%@&g Co%tarlll%ll{g Icgrgﬁdgaena%d%o have an opening

which aligns with the second opening of the intake section in said inhalation position.

24.  The dry powder inhaler of claim 18, wherein the mouthpiece chamber comprises an air
inlet and is configured to secure a medicament containing cartridge, and has an indicator to allow

proper cartridge placement in the inhaler.
25.  The dry powder inhaler of claim 18, wherein the mouthpiece assembly comprises a cap

over the chamber, movable from a closed to an open position, having an anvil which engages

with the cartridge in a closed position.
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said housing having a top wall, a bottomwall, side

wal | s; a nout hpi ece engagi ng section, a nouthpi ece
wat@pagweeecti on, and an air intake section haRCTYSAW09/038668

conduit with a first opening to allow anbient air

i ntake and a second opening in conmunication with the

nout hpi ece engagi ng section which allows air flow

26. &Feg frjﬁ%'tspg"\'ffl E Hﬁlgfeﬁ 89 (él igﬁz}sl?qgglp o5 nbﬁérﬁ%wr%o gersaakr)ll air flow

control SlcChatidth dbhpriGRnh cBskad M0 house a cartridge and to
engage Wi th said nout hpi ece engagi ng section of said

housi ng; an oral placenent secti on ext endi ng from said
avi ng .an air communi cat es

7. G e PR D o S PR R cat t on

??t \t;\lg}@Wde@hﬂhal@@dmbﬁlslﬁg@&bhsﬁh@lgﬁdadapt ed to said

ry i nhal er and containing a dry powder

nedi c&ﬁ‘@ﬁf Pﬂ?ﬂe apseH®at i on; said dry powder inhaler

syste f - -

di str IEQleijF | on ar our%1 %hggat%\?gd% gﬁ'ﬁa?fdglgfg&%ﬁs rélogtglpgf? cngaging
section,fd mvntitpleterount e¢dtiog, @l at acmhafnke sectidB8 having alcbhdﬂla‘tvlth)la first

.S em of claim erein the predeterm ned air flow
opening b AIPRRYIGH aFHP@é@ AeaToRd poF FogHHLcHop t Hp g mouthpicce
engagi Q% ReH L1130 ﬁlﬂlomﬁet@ihﬁrm{ hOW volune entering the

Xl ng section. . The inhal?tion systemof claim 27,
wher esad trtomtl}p)n@d e‘ssenlﬁlmbdngsepafdbd:ﬁ/\froin$alldl housing andr@upuking a
sai d tri esfro out 70%to ab ut. .90% of.
chambef Rigiciially doan by e Hed fRoREY SO0 SdRBRDiccs

engagmé%ectﬁ)ﬂmtsaﬂ%%ngeiﬂ MBI pIRG Rt FkibY 8xte RS WoBTMaid chamber and
onprising: a) providing the dry powder inhaler of

having @n air inlat weloeh edmintgicates wiithrshidgdamberang agrajr guolabliercommunication

with arnbl nrtnd{ratl on conprising a di ketopi perazine and the
20T Ve Hdent ; and b) delivering the active ingredient

bp ana lcéilﬁhdgedlldaﬂ)tedi needdef dpotwrdeatﬂmem and/\&‘tﬁll’ceﬁhlﬂg taliey pbwder
condui t of the inhaler and cartridge provide a
medicapgpfpredaladeiist ance of between 0.08 and 0. 15

%@i rﬁ'éj %&Vﬁﬁ 1 ; {/er g%srt] o Ps’%]has Z&t Id@%&%d%r f‘fAv@‘Hmrﬁ)Qltlon around

or mul on conprises
and thralighstidpiapedge ofegr o vohencaattéritgy daitigehadibent i s a
peptide, a protein, a hornone, analogs or fragnents
t her eof .

28.  The inhalation system of claim 27, wherein the predetermined air flow distribution
through said cartridge ranges from about 10% to about 30% of the air flow volume entering the

mixing section.

29.  The inhalation system of claim 27, wherein the predetermined air flow distribution
around said cartridge ranges from about 70% to about 90% of the air flow volume entering the

mouthpiece chamber.
30. A method of delivering an active ingredient comprising: a) providing the dry powder

inhaler of claim 1 containing a cartridge with a dry powder formulation comprising a

diketopiperazine and the active agent; and b) delivering the active ingredient to an individual in
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32. The nethod of claim 31, wherein the
di ket opi perazine is fumaryl diketopiperazine and the
wa@edpazioengr edi ent is insulin. PCT/US2009/038668

need of treatment; wherein the air conduit of the inhaler and cartridge provide a combined

resistance of between 0.08 and 0.15 VkPa/liters per minute.

31.  The method of claim 30, wherein the dry powder formulation comprises a
diketopiperazine and the active ingredient is a peptide, a protein, a hormone, analogs or

fragments thereof..

32.  The method of claim 31, wherein the diketopiperazine is fumaryl diketopiperazine and

the active ingredient is insulin.
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