A DRY POWDER INHALATION SYSTEM CROSS REFERENCE TO RELATED APPLICATIONS
[0001]This application claims the benefit under 35 U.S.C. 119(e) of United States Provisional
Application numbers 61/040,112 filed March 27, 2008 and 61/143,370 filed January 8, 2009; the
contents of each of these applications are incorporated by reference herein in their entirety.
TECHNICAL FIELD [0002]A pulmonary drug delivery system is disclosed. The system includes a dry
powder inhaler; and a unit dose cartridge for using with the inhaler The cartridge can contain a drug

delivery formulation for pumoﬂ%ﬂ%ﬁﬁ%ﬁﬁ %ﬁfg]]Q;MWompnsmg a diketopiperazine

and an active ingredient including peptides an emns su s’insufin and glucagon-like peptide 1.
The dry powder inhaler is compact and comprises a housing, and a mouthpiece having a chamber to

install the unit dose cartﬁ%sgoﬁtﬁg%?&m%q&c?@ ﬁg@lﬁﬁn tﬁsﬁ rﬂgﬂ.&om its housing for ease
ed In this specific t

of cleaning. [0003]All references cited ation, and their references, are incorporated by
referend@diein inliHeiepmitetgwikbigapbropdacdforeachinds SCadiifoml of dinitadtivetdetails,

featuress,a0riariealpisal RAGKSERAC BAGK SRAYUNRIO0941Drg sielivery.sysiems.for b feaiment

of disease which introduce active ingredients into the circulation are numerous and include oral,
transdeﬁn39%%!%1%?1‘?%@5&&%}388@ﬁﬁ’daﬁ’ﬁhﬁ?@ﬁ%? adrsmingraigd b Drigsersibersd nythsitalation
are typicallyeglelivered 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 withismCpavweEriimhalers. Dry powder inhalers can be
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~ inhaler cawda lohger; bedntandethio dre@idgulfoonsing dishake mhhlehuThésaspdgificadrtigsaban be used

to treat H}QQ Ya& nr}]e(:jri)tfi%isrmi; gtl%%i%rdiia% Eltoelf'araynge?ggrsyi{yfor example, a formulation comprising a
diketopiperazine and an active ingredient including peptides and proteins such as insulin and
glucagon-like peptide 1. The dry powder inhaler is compact and comprises a housing, and a

mouthpiece having a chamber to install the unit dose cartridge containing medicament and can

be separated from its housing for ease of cleaning.

[0063] All references cited in this specification, and their references, are incorporated by
reference herein in their entirety where appropriate for teachings of additional or alternative

details, features, and/or technical background.

BACKGROUND _
[0004] Drug delivery systems for the treatment of disease which introduce active
ingredients into the circulation are numerous and include oral, transdermal, inhalation,
subcutaneous and intravenous administration. Drugs delivered by inhalation are typically
delivered using positive pressure relative to aimospheric 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.



100051Dry powder inhalers, used to deliver medicaments to the lungs, contain a dose system of a -
powder formulation usually either in bulk supply or quantified into individual doses stored in unit dose
compartments, like hard gelatin capsules or blister packs. Bulk containers are equipped with a
measuring system operated by the patient in order to isolate a single dose from the powder
immediately before inhalation. Dosing reproducibility requires that the drug formulation is uniform and
that the dose can be delivered to the patient with consistent and reproducible results. Therefore, the
dosing must operate to completely discharge all of the formulation effectively during an
nopiat et Ehnecverhas 1eF plaHTS [ G oA a0 a6 LS Y
formulatipsieanef lopowtéenfphydainand: sgchimical by thigyespéed, inre mbredortidaddor bulk

containggs, (33 Hgy;aLe égﬁ?ﬁﬂ@feﬁ%@jtlﬁ@%%@é@ﬁﬁﬁ%%%ﬁes%?%%%3:9#?&9@. BEQiRClia. GAR he.achieved

more easlly for unit dose compartments such as blisters, however, foils used to seal the blisters and
subseqertrirdgHfilic: isEBH IS BYiaBiRBCTeT (bn dhstortigel. T0OOBIDE e ér fEkldlesedichinas those

describeyn Lh@dBatahdiR. 3080 andiklion PatsitAPRUsan a1 AeeR A58 AN 12Q040182387),

the disclosures of which are incorporated herein by reference in their entirety for all they disclose
regardif§T 8N HRRdEr tHaTBr da i gethsrdfsphtiary rby Pttt opeifftore hikaribiitAes
during aRpRsRIENRIYeRM e TUs-R daagalemneralinenhe Rewsas ot uiatiorMithina sapsulesThe
amount of fine drug discharged from the inhaler's mouthpiece during jnhalation is largely dependent on
the interP&rtRAIHERR LCRTHRE SHNBE b ARRERIGH (BRRITEET drigratid Bf’lﬁ‘ﬁ’ﬁaﬂﬁiag@%ﬁ%%li\ﬁeen drug
and excioient patticlespopadithe efficigreydef thenaitfiow asridasyreshhppresalradropandifiaw rate
entering and.exiting the dry powder dispenser, The benefits of delivering drugs via the pulmonary
Cioulat S A Lo At HEIES LR n R R TIETAS A RS B RSt 851 arug
degradatiampbytiigstsmetabolismpsase girusetioe., dacklaf disiiemibriafradmiistrétioniy aitxer routes
of administration. [0007]Dr; wder inhaler products developed for pulmonary inhalation have met
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prior artfimhalktsyridchedeshiljyestiesmegfstievice, inconsistency in dosing, inconvenience of the
equipment, and/or lack of patient compliance. Therefore, the inventors have designed and
manufad®dP2d a dry pBWdE’r“fﬁ?FalFé‘??\}\ﬁ‘i‘ﬁS%h%f@?ﬁeo‘?%%i%}if%rgﬁt@%&'ga&g&gﬁfél@v‘{h%ut
discomfpgtcimpppviedtisigiednesssand discosigigesnpeliiasadiichnesdalawiardipiierpatient
compliapce. SUMMARY 100081Dry powder inpaler systems for lmonaary deliver}/ f
pharmaBEHRAR AL HRoBe SIS hNGRT TR LoSS e RS b ae 505 BHRier APatation
device grirhalepandgtdeaspatielcadtridge!donthiainga ghawn deanfcal tophutatiomacmpniding at
least ong.acts. grediant for delivery o, ing bulmenary, cliculation, The mesentinhajation systems
provide rug%gedm devices which are reusab €, use pre-metered unit dose cartridges d'can be
separatéehimtththeihgrrcipaiudargee ndningarhibtrteass diugdaniegedratdevitks alsupsrovideeigh
resistangg anglaiieg valeRNEhpaliedcadoamaralon oL dy P RudRLRAtElas: bapcansistent

airflow and are simple and easy to use. [0009]In 6ne embodiment, a dry powder inhaler comprises a

housingp&tigles hiadtHisistEcignarefiitnandesing BeaipItsely P rasUR slete @ Ayt setionng
structurajly contiguigd tgﬁ?,e%%rwkb%@emwﬂ@is&?@fﬂy%f%maﬂﬂgpm§§§199H@rpam§rﬁt

predetermined positions relative to the housnggq,grgnd having a conduit permitting airflow between an air
inlet andERHEKA B HHMSHPI E SRISIHEcatenidhsBetraHRRaR S ke EedshsHEEBEBN ATRi et fpiece

further bpingdiHetieiscanfig wed e ke Maveableswithin e beusibshifbaneraagadRasitien and
releasable from the housing at a predetermined position. The dry powder inhaler mouthpiece is

structurSIRPEEMHIGHPE QI HIEEEA hold and/or release a medicament containing cartridge in the

Chambefﬁﬂﬂ?’] 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



[000101In another embodiment, the housing comprises a container structurally configured to adapt to
the mouthpiece and has one or more openings for allowing air intake into the mouthpiece chamber. In
such an embodiment, the housing has securing mechanisms to hold the mouthpiece chamber and
permit the mouthpiece assembly to be moveable within the housing to a storage position, to a
cartridge loading/unloading position, mouthpiece separable position, to an inhalation position and in
reversed order. 1000111In still another embodiment, the mouthpiece assembly engages the
mouthpiece at the mouthpiece engaging section of the housing.. The hqysing can comprise. an air
intake sg%:sﬁgrr? 0§7iﬁap§?1v§?{relﬁ:u§ﬁaﬁ%‘[e%h oancgsgfertﬁﬁgofﬁ%%gﬁenlﬁcg}ls%g E ozév]ga‘?fn 0|1eq'r@1 Wi #ARE and a
second opepirgde. 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
substantially prevents ambient air from enterig¥hd adhiduit except at the one or more first openings in
the hougtegdpr air intake. povade dmbandimenHhadoysingalse aemprises apRguthpitealstarage
section.glo Ol%llnl%et gmotherdemtl)]%df’rrtmnt, thte dgy%)owder inhaler mo#th l}glc? asse(inb.l can move
relative 6" %S?'ldusmg amd B ROveRient or e Wdu H%lﬂ%%seevﬁt i BEH6l gaggﬁnre&% gﬂrre a
cartridgenbelzteghih thécishater fromdacloseddopfigphatioadadmbfiemcbrifiguratipn sogfrorean open to
2 dlosed, onfigurafion,Mavement.at e meulipisse vitnin o noysing can be ol yarious fypes. such
as transtational or rotational. In one such embo |meﬁ¥, movement abobit the housing Is tational, and
can be ngswidteti agptalivierminkidicvatisnsahitativse wehvermedingitolpyoviadridgistratormmibgositions
of the MOUIRIEES Wase [HABR A BARMITENT {0k RATRIE A t%&“&@i%&%@é_@% gembly is

rotational and the mouthpiece can rotate from the storage position t6 a cartridge loading/unloading
positiontghferitiansd dphslséito sy e othihamiddifsestl aneismiopidoerfortr noheis e ve
mouthpiggg;oialiRiaasmen srcliahrndemedicatpent containing cartridge receiving section; the
cartridge receiving section configured to permit and direct air flow through and around the cartridge.
100013 4oomfurther ambedimeptitheai eansiuildef theadir titakesectimahheousiogipitte,
communication with the air exit port of the mouthpiece when the cartridge is in an open configuration.
The airfi®y 1@6‘?1%9\%“8&%8%?%%%&\%’ BIFE Or TR SirSPBRR AT IR S PRIRIHG: hEREAR passes
through wh dieflowcehrided! withinethedrbpisiigbaid exiis-aisSiecontedpenitigedf ghdtnautbpieeetengaging
section g %%8@&91{5 Lr}lt(?l;th‘%nm%ugglﬂgﬁe eChaH[]b%vfl er int%gercentag& gf intake .air v%)Iurrrt]e goes
through the cartr ge and a percen agg Of INtare air volume 8%3‘% Hrouna e Tat 1Fi(czl)‘(fqlep(fur’ir%g an
inhalaticemyerseyyerchanthis endoadime mpiatee entfkeatipathlthemetigs ¢Herthautikpigcerettamiber and
enters i ' [ ral.placement section. In a further diment, with a
cartidg R B B R T R T
housinghutiepett is Rikeetssdhpestivercehtaydof tavdirflonhelsiumewapschroughugteradytridge

and a percentagg Af e el iR AW ES H08S ArouRCLRG:CarHisos AOR AL SRR, exiting the

cartridge with a medicament and airflow around the cartridge, converge prior to entering and exiting

the air epggprf of thermaidinpiesenoliiheRr aldiReeme B Seskien, I0RAIH!BraRatherambodiaent, a dry

powder inhaler is provided comprising a housing, and a mouthpiece assembly, the housing having a
top wall % HEROAP v, BRIERISHE; 2 BRIHEIER dRGRRTUEERORT £IMBTRsHMEdLBFagiosEition, and
an air intekemseeatiochhabisg theaokull witbodifitsioprnbgsiaalaamignhathiniake asbaiseeond
opening in communjcation with the mouthpiece .engaging, section which allows air flow therethrough;
the o OELEEE BT T MR TP S BRI o SHAVFILCF SRR L0 Hgred 1o
house aacawtriggpeainoio tengageidgitHdibnpantbpiegepesgagingsdotioc: ctthe:bleysingpanonal

placemel[ﬁ'% §ection exttendin(g.from the chgmber and having an air inlet which communicates with the
inhidlation posttion and’in reversed order.

chamber and an air outlet in communication with ambient air.

[06611] 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



100015]In embodiments described herewith, a breath-powered inhaler is provided comprising, an
inhaler with resistance values that can be tunable or changed as required by the patient being an adult
or a child. In one embodiment, the resistance values of the inhaler can be altered by changing the
geometries or configuration of the air conduits so that airflow distribution through the cartridge and
around the cartridge can vary. In one embodiment, inhaler resistance values can range between 0.08
and 0.15 APa/liters per minute. In certain embodiments, flow balance distribution can range from about

10% to ahout 304 throuah.the cartidae and from about 703,19 9096 goipg around the caridae.
100016211 siil a% rther embonc]hment, he dry powggr inhatation systém comprises a bréath-activated

dry powdesmimigaler, thedwaritlge tont@iningkwedioamentmivhérmimth émbdisarpenscanmpmpsise a

diketopi&%@ﬁ#’;%ggg&% t&ﬁglggent. In some embodiments, the active agent comprises peptides and

proteins. In another embodiment, the inhalation system comprises a cartridge containing medicament

wherein|fg pgptide gr, prgteinaan begwusRdeckne mr?m@eﬂnﬁiﬁ@épgn&%a&gieeegl&g%%ﬂ}k@aﬁeptide
- (GLP-1), parathyroid hormone, parathyroid hormone related protein (PTHrP), and the like. [00017]In

one emBYignEittiffe s pyenm rafhikh BeseRsHanl o preEhpCsrrEgEtntie diagsigofatulation

for pulmepain delivarycwhidhcarhedpraviged faruse wik diffenepddasagrsiepoths, wheiglp the
system can _deliver the dosage with consistency and in g linear manner. In this embaqdiment, for
Hi?fﬂgeably

examplé HLAHEARCARFHHES Bt SPShifle FOSE TS B SRR e rdQ s YU 4R EaaT Btk
replacedhemhsubsiituiadbypravidingibe systemmwiiilaisiaple oatiidge of he siwh ehtdideaage

strength of the multiple cartridges, wherein. the, system can deliver a biopequivalent dose with a single
cardg I DR N B TR SN CRTIB0 BTN 4 P BT B HEnsional
side viewelofian o dimant ab gpclryigowdestrititalerfipassionagd dasiontjieod AR, 2Iilusirates the
back side view of the.dry powder inhaler of FIG. | showing, the mouthpiece subassembl ved from
the o T R B B i
is also thewbsiton anwhicls thennfbethpiege maiiibe separatddge loading/unloading position to an

inhalation position. In another embodiment, the mouthpiece further comprises a mouthpiece
oral placement section and a medicament containing cartridge receiving section; the cartridge

receiving section configured to permit and direct air flow through and around the cartridge.

[606013] In a further embodiment, the air conduit of the air intake section of the housing is
in communication with the air exit port of the mouthpiece when the cartridge is in an open
configuration. The airflow conduit is established between one or more first openmgs in the
housing; then air passes through the airflow conduit within the housing and exits a second
opening of the mouthpiece engaging section and enters into the mouthpie'ce chamber wherein a
percentage of intake air volume goes through the cartridge and a percentage of intake air volume
goes around the cartridge during an inhalation maneuver. In this embodiment, the airflow path
then enters the mouthpiece chamber and enters and exits the conduit of the mouthpiece oral
placement section. In a further embodiment, with a cartridge containing medicament placed in
the chamber, airflow entering the chamber from the housing outlet port is diverted so that a
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.



[00020]FIG. 3 illustrates the back side view of the dry powder inhaler of FIG. 1 showing the
mouthpiece subassembly has been moved to the inhalation position for use. 1000211FIG. 4 illustrates
the back side view of the dry powder inhaler of FIG. 1 showing the mouthpiece subassembly has been
moved to an unloading position after inhalation. 1000221FIG. 5 illustrates the dry powder inhaler of
FIG. I, showing the housing subassembly and the mouthpiece subassembly disengaged from one
another. [00023]FIG. 6 illustrates a top view section of a housing subassembly of a dry powder inhaler.

[00024]5 E?. 7 illustrates th dry er inhaler show 1G. 3in Crosss sectlon 00025[FIG. 8
illustrat d ry pov%der n%ﬁalergof) f&ni d n Sa{%]réxi % }f%%o &?é%ﬁg su(bass%mbl

100026a#1Ga m&uhmmammwypawémhaehmﬁg@ t@h@mﬂhgatlbetmmum@bcmbubaﬁsembly
removegng;ﬂﬁfnt&% Igggéglﬂ% (‘S%g‘gi%gpg%outhpiece 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; the mouthpiece
subassembly being removable and comprising a chamber structurally configured to house a
cartridge and to engage with the mouthpiece engaging section of the housing; an oral placement
section extending from the chamber and having an air inlet which communicates with the

chamber and an air outlet in communication with ambient air.

[00015] In embodiments described herewith, a breath-powered inhaler is provided
comprising, an inhaler with resistance values that can be tunable or changed as required by the
patient being an adult or a child. In one embodiment, the resistance values of the inhaler can be
altered by changing the geometries or configuration of the air conduits so that airflow
distribution through the cartridge and around the cartridge can vary. In one embodiment, inhaler
resistance values can range between 0.08 and 0.15 vkPa/liters per minute. In certain
embodiments, flow balance distribution can range from about 10% to about 30% through the

cartridge and from about 70% to 90% going around the cartridge.

[60016] In still a further embodiment, the dry powder inhalation system comprises a
breath-activated dry powder inhaler, a cartridge containing medicament, wherein the medicament
can comprise a diketopiperazine and an active agent. In some embodiments, the active agent
comprises peptides and proteins. In another embodiment, the inhalation system comprises a
cartridge containing medicament wherein the peptide or protein can be an endocrine hormone:
including, insulin, glucose-like peptide (GLP-1), parathyroid hormone, parathyroid hormone
related protein (PTHrP), and the like.

(60617} 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

o a subject can be interchangeably replaced or substituted by providing the system with a single



[00027]FIG. 10 illustrates the dry powder inhaler of FIG. 1, showing an exploded view of the
mouthpiece subassembly. 1000281FIG. 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. [00029]FIG. 12
illustrates the embodiment of FIG. 11 with a cartridge loaded into the dry powder inhaler with the cap
open. [00030]FIG. 13 illustrates the embodiment of FIG. 11 showing the dry powder inhaler in an

rhalien eso) ROIG A enace e Ppbede el Lo R e chypeur

inhaler iff INhtation position as a cross-section
illustrateslaveradscsgotichcof dmsemitodismah wanerddn. the dry powder inhaler is shown in the dosing

position and containing a cartridge.
BRIEF DESCRIPTION OF THE DRAWINGS

[06018] FIG. 1 illustrates a three dimensional side view of an embodiment of a dry

powder inhaler in a storage position.

100019] FIG. 2 illustrates the back side view of the dry powder inhaler of FIG. | showing
the mouthpiece subassembly moved from the storage position to a cartridge loading position
wherein the cap is opened. In this embodiment, this is also the position at which the mouthpiece

can be separated.

[60620] FIG. 3 illustrates the back side view of the dry powder inhaler of FIG. | showing-

the mouthpiece subassembly has been moved to the inhalation position for use.

100021} FIG. 4 illustrates the back side view of the dry powder inhaler of FIG. 1 showing

the mouthpiece subassembly has been moved to an unloading position after inhalation.

[00622] FIG. 5 illustrates the dry powder inhaler of FIG. 1, showing the housing

subassembly and the mouthpiece subassembly disengaged from one another.

{00023] FIG. 6 illustrates a top view section of a housing subassembly of a dry powder
inhaler.

[60024] FIG. 7 illustrates the dry powder inhaler shown in FIG. 3 in cross-section.

00025} FIG. 8 illustrates the dry powder inhaler of FIG. 1, showing an exploded view of

the housing subassembly.

100026} FIG. 9 illustrates the dry powder inhaler of FIG. 1, showing the mouthpiece

subassembly removed from the housing component.

[00027] FIG. 10 llustrates 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.



[00033]FIG. 16 illustrates an embodiment of a three dimensional side view of a cartridge for use with
the dry powder inhalation system. [00034]FIG. 17 illustrates an embodiment of a three dimensional
back side view cartridge for use with the dry powder inhalation system. 1000351FIG. 18-illustrates an
embodiment of an exploded three dimensional view of the cartridge for use with the dry powder
inhalation system. [00036]FIG. 19 illustrates a mean baseline-corrected GIR (glucose infusion rate) for
two 15 U cartridges and one 30 U cartridge of an inhalation powder comprising insulin and fumaryl

diketop| e, an of R 00 37 FIG, 2 (g cts schem tlc re sen of a
cartridg:g d mtodg ai éﬁj eStrrlagt":iﬁtc:roesnsl soéic ontf%r gur‘“@ﬁr%@% fg fﬁg’(% ﬁra'ge FIG.

20B illusmsatés anbhibgraith ofackpsigkance circuit illustrating the various reS|stors associated with the
cartridge rig illustrated in FIG. 20A. [00038]FIG. 21A illustrates a schematic representation of a portion
of the inWARYh crosd:ISedfiolletwavinthesmpuie paFk: FI G sk iibibe sospavdisy tahalof i
resistange;circuit of aniahaler embodiment of FIG. 21A used for measuring the resistance and
pressure of the device. 1000391FIG. 22 depicts a linear regression plot illustrating the resistance

measuregho3ij FIG. 14 illustrates the embodiment of FIG. 13 showing the dry powder inhaler in

inhalation position as a cross-section through the mid-longitudinal axis.

[00032] FIG. 15 illustrates a cross-section of an embodiment wherein the dry powder

mhaler is shown in the dosing position and containing a cartridge.

[06033] FIG. 16 illustrates an embodiment of a three dimensional side view of a cartridge

for use with the dry powder inhalation system.

[60034] FIG. 17 illustrates an embodiment of a three dimensional back side view cartridge

for use with the dry powder inhalation system.

[06035] FIG. 18 illustrates an embodiment of an exploded three dimensional view of the
cartridge for use with the dry powder inhalation system.

[00036] FIG. 19 illustrates a mean baseline~-corrected GIR (glucose infusion rate) for two
15 U cartridges and one 30 U cartridge of an inhalation powder comprising insulin and fumaryl

diketopiperazine, and for 10 IU of RAA.

[60037] -~ 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 iHustrated

in F1G. 20A.

[60038] FIG. 21A 1illustrates 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. 21 A used for measuring the resistance and pressure of the device.

[00639] 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.



through an exemplary cartridge rig tested or R3, at flow rates between 2 and 9 liters/min. DETAILED
DESCRIPTION [00040]In embodiments disclosed herein, there are disclosed dry powder inhalation
systems for delivering pharmaceutical medicaments to the pulmonary circulation. The inhalation
systems comprise a breath-powered or breath activated, dry powder inhaler, one or more cartridges
containing a pharmaceutical formulation comprising one or more pharmaceutically active substances
or active ingredients, and a pharmaceutically acceptable carrier. [00041]One embodiment of a dry

powder inhaler is shown in FIG. 1. T in, | 00 comprises housing 102, and
removable mouthpiece assembly or rsig%egsgslg‘ngg% \%Ag? %?gﬂﬁh%ustrates dry powder inhaler 100 in a
closed qpgdarage pO%Hi%%Hﬁﬁ@fﬂs”lﬁ&@f&@é%c%&%{,plﬁ%@_t &%Ef&gdlgﬁy(iﬂklméieﬂﬂ%gti@u 2) is
stowed away under cover 108. FIG. | also illustrates cover or lid 110 over mouthpiece chamber 112
(illustratSEtHNE " S5 iTRBrerbATBaEiHISA BrefiesEnRoashiP TR HERH AN ohlig iferetiPbe

relativelyysegtanesiairiseshaneangd Ras dopowalichiid Rettass wal, 136x hackwal:1 bBefisst sige wall 120,
second side wall (not illustrated), mouthpiecg%%q‘%gging section 122, mouthpiece storage section 124,

and an SFEERE SUUABI Ss pRIFTRHEHERY B SETE iU Sha s BN pBRIHEPTANATEY 1 00 from -
FIG. 1, showiagbtinmdahatelctivaieariditges eadinghinioading gositiespabhe id:11%0 open to allow a mating
cartridge to be inserted into the central cavity of mouthpiece chamber 112. FIG. 2 also illustrates
removabléhbuthpieé&msubraissémbly 204 ismovaler fiomltheistdrage podifion In tAddéreusidgito about
900 relat] itud -aXi f in r V-axi cental
emboci e e ety
predeteldned Hagle d5sieaipediraoiudantabiak 80 2nnroginpié cerefigagingestition WRarah housing

102 is fﬁl@ﬁ%ﬁ‘di&@é@%ﬁ%ﬂ&éﬁl@ﬁ@s%ﬂhﬁﬁ@ inalaed 5 SRerey 1o fsiall £mPaIed Qe fgst of

housing 102 to accommodate mouthpiece chamber 112 and can fool, one end of inhaler 100. Housing

102 canfiisol ciprpHegareanovsheiultdid) siverdrerbiisre chpabkdd 2 ivstatahbieiiGaid Intlike and a
second gpening icamerysationwiknertiRieca S RgAeIg saeHan b 2unhiddhallewaaisflaw from
the intake section through the conduit into mouthpiece chamber 112 in the inhalation position.

[00043] e AR PolidePiinmeradbbl iarkialin Hicst sitsaial féthovemnd tbutitbiece
assembiyol Ghisiran &xigpdegdiecdhalation estion2 i) thisepbadinent Lomevable, mduthpiece
assembly 1504 is at about 18ﬁ%aé)%e r%Iative to the longitudinal x-axis 202 of housing 102 rotated
about y-18§a S5A9R SHRAE _niSSSh ew ', the inhalation position of mouthpiece assembly 104 can be

e el ol 4 e S B O Y BRI LE o emter

and exitctntridaetindm gangnding plemtionfrite did di{eepdnty sibuthpieadng diapode80e be inserted
nto the central cavity of mouthpiece chamber 112. FIG. 2 also illustrates removable mouthpiece
subassembly 104 is movable from the storage position in the housing to about 90° relative to
longitudinal x-axis 202 of housing 102 rotated about y-axis 204. In certain embodiments, the
cartridge loading/unloading position of mouthpiece assembly 104 can be any predetermined
angle as desired. As ilustrated in FIG. 2, mouthpiece engaging section 122 of housing 102 is
relatively circular in shape on the side wall and is shorter in height compared to the rest of
housing 102 to accommodate mouthpiece chamber 112 and can form one end of inhaler 166.
Housing 102 can also comprise an air conduit with one or more first opemnings 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 I, showing removable

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



[00044]FIG. 4 illustrates dry powder inhaler 100 of FIG. 1 showing removable mouthpiece assembly
104 being moveable about the loading/unloading position after use. It should be noted that lid 110
remains closed during movement of removable mouthpiece assembly 104 about housing 102. FIG. 4
also illustrates mouthpiece oral placement section 106 can be configured with tongue depressor 402
which acts to properly depress the tongue of a user. [00045]FIG. 5 illustrates dry powder inhaler 100 of
FIG. 1 comprising the component parts, removable mouthpiece assembly 104 and housing 102.
Removable mauthpiece ass ly 104 comprising mouthpiece chamber 112 structurally configured
with carPEBEEGH SRR B0 i B HOPh Lils SOEFaRANG 6f M PTGRESCE 1 218 At ar
inlet porh@Bdhwhith cotmmunisateswith tBé&dholsingsecondapering ttengaglatwiihpmauthpiece
engaging section 122 o%;u using 102;, mouthpiece oral placement section, 106 extending fro
e PR T R St S e
112 anc-anoidgpidaségexic pored@zediich ibinishrivm aniddhiomotatiomahbientcain DnivalkeyBye

;};‘i‘g&ﬁ%ﬁﬁﬁﬂ%ﬁ#&%&? Q?gé?a';!?&% Aoyt anRy %%‘Qlﬁ?exj %{H%ﬁbﬁ%ec%ﬁ&%%@%% O'IRHeer

: ge in dry powder inhaler 100 is also shown in FIG. 2 a per
alignmenf Brdiexpegelsrmpeinivareiidiedd@2he correct relative rotational orientation and
determines successful cartridge seating, insertion and emptying in use. In such an embodiment, a

cartridgd%88Ahbt be prderls B GhI 85X AVl ofldqd iGle 1608 orine 1emaRive key

510 aligmwithoone aniiply [000461hid thd ih ROSHINNARLONREMOUHNPIERR: ChanabaT 2 and i$
- mechani aIIY c%nnected 0 rega\ova(t})le mouthpiece assembly 104 by hinge 514. Lid 110 has an outer
surface SN AR Shrige d s EmdERr IR Eh g AR A YIRS iRt MR- Riffce and
relativelyseanteyeriavishonttheuops L0 1 F@an Osdyiiheepenacvidactesma semeatitbpiieass aesembly
104 is in the loadipng/unjoading position. When remoyable mouthpiece assembly 104 is engaged into
ousing 189G TEHSA L EEHRATE Bro d0Ae Bt B e o A e o a
storage pasitign whenrJid 110 o[ rai interloeki € ism.C Ise, for
example@%ﬁn&egjor morg itt)%lg% glr{%tgﬁg{;ﬁfgdlggﬁgﬁ%%v%gigEEgieglf;nlﬂgg?prgrg%m%@%%&w%%@%#@r%%o uthpiece

chambeparts? rany et e snausbiicsprashimepiidddamid rhcesinl B2G Fenrhelimeroskingemenshatism allows
removagie, moh gﬁgmﬁm%%&pﬁﬁmmﬁﬁméﬁglﬂ%@ gﬁ@&w&gg%&géﬁm§ ygaen dry

powder inhaler 100 is in use. Lid 110 can be maintained in a ¢losed position by a locking mg—:-c’hanlsm,

for exanipfe O& BitiRIHECY HIss Qirchag arfodlarsss piftforlidHith apd evgald RvecENinghidtent
within heyisingkOded wah BltarHae eRRaImeMNDR I9cki DY MHECRBRNERCORNYISES AELHOWEYS
extension of the housing wall, The locking mechanism 602 can alsg serve to secure the mouthpiece
subasséthBRFipaiHE: HEP RS A6 PPSEHGR! Regitratthestouting/om mitiRisecehasdembly 104
allows thadnhalgidoe prlepaitytuses avisreyenisuriovemnantof emayrkie mauthgiecezassembly
104 to the dosing position withqut lid 110 being depressed. 1000471F|G. 5 also jllustrates sing 102
epara PRI S ATE A RS S A SRR o LTHEE g g St o
having amapeniingcontguityd 34 Gavithindipawealb 11 Apeetiaty ididachéinbamesdbaadapdrspdoivergrd hold
removable mouthpiece assembly, 104 and structurally configured to. a 0 h uthpiece.
Fouaing e e e BN B I S PG 10 ABing e
top outeriportient off mouthpigeare fgagihg sectitratt? 2lenchagetotelssion ooaifigaled-astatidrivanéey in its
bottom ' i ' re of itrid h I] a

wal sonlouied oA %B?téfi‘ﬂg}l%e‘éﬁ}(hgqn%g}éﬁﬁ‘f ity ﬁé@%%y%eugz 9:PLRRCELA W&H{eﬁ

cartridge within dry powder inhaler 100 is dependent on 10 having an indicator 512 and one

or moredSEENLEOHIRG UF ISOIRY N feaisdvaibtssriron tipreteld sucriid 40468f d Idfvd Keand 10iend of

housing&?%ﬁ%ﬂ%ﬁp&gqgolcg);'comprises mouthpiece engaging section 122 having an outer wall,
an inner wall and a bottom wall contiguous with the side and bottom walls respective of housing 102,

and configeuss] to adapt tg fhe Mixingisasion.wef reevaieemaitipieceiassembly hQ4nkGalb
illustrates a parallel cross-section through the mid-longitudinal plane_of hqusing 102 containing a

portion SPRRSEIFHIRISTERSRBPIERE 265l Yiiled Bebihae nbtuifdint L& IaRIgA8EE tBERES504 in
FIG. 5); sliambenénnerfiall006:definngatiacafirunalising ancartiidgeitCineulansteuctive mkplug 608

s the wall of e al congult oL hausing 102 Y6115 S9NUnuoNs. YIh Beck el 118 o hoysing 102

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



[00049]FIG. 7 illustrates a cross sectional view of dry powder inhaler 100 in a dosing or inhalation
position. As seen in FIG. 7, housing 102 has a substantially rectangular shape, however other shapes
are also suitable. Housing 102 comprises one or more inlet ports or first openings 702, air conduit 704
housing piston 706 and spring 708, and outlet port 710 opening into mouthpiece engaging section 122
and aligns with the inlet port of mouthpiece chamber 112. Air conduit 704 has one or more openings
712 that allow airflow to enter. [00050]Mouthpiece engaging section 122 is partially configured in the
shape of & gup, her comprising Sggong drive ke 892 s seen.in FIG. 8 from Botigm wall 136
configured {05&cEive ahd hold & medicament con alnl%g car rléllge. FIC 7 afso Shows the engagement
betweenridamge:b6etohnroattypicce thambesds] pamtousihgnl 02; hifigs Shénsd &1 Gased. mdbthpiece
oral plasemeni arclisnddtihiongus derssssordie and airfioncpndul. AARhSmoYARls.

sembly 1 ode

mouthpiece as 4. 1000511FIG. 8 depicts an exp view of housing 102 illustrating

integral €bitiperrescapeafadondetimidbs eOoamBintiery Plugeod, 13isksh ROEaACGSHHECETE which
assembie.inio, Ak, GRAUIET846 NaYsinE AR SIGILEE SRMPHSING AACkWaR I E. §§9&W§“ 120,

top wall 114, and bottom wall 116; mouthpiece engaging section 122 with second drive key 802, and
slide dobPBEUORIHEEGRELS BHE EiSPaRfettd PR MR IO TBRRR Placerdidd pridrhd AP 428 8FE106. Air
conduit 7 Qdiggconfigbiradi i hRYE AR ABRKHIUSEHE RPN NG ALid VAL AllawStanekdirpEs Alflay entering

housing 102 into mouthpiece engaging section 122 during an inspiratory maneuver. Mouthpiece

engagingSECHST1 35 ah AI96 B BHEE R EuE 1Y FRSERRAISTHEWHISH ELR! IR SE 1Be dSons or
projectionssfl aicinetinBabvdhebihechamber wbithmialesowihdange §BGandmakng strugitire 902
as seen,in FIG. 9 ﬁf rilo%ihgii?ce chamber ;@g In this embodiment, %ﬁston 7%6?,and c%n%gre% ion spring
708 act KRS atdPFISERARIBRBHURBALA iR CoraR 7 05 hBGNG TOF St AT Snfigured
to indicateinsfinstonyrefidrn PRickiofOE dncagpring Mt casidapldgectateihabpoRidotikinstihe airflow
pathway of dr wder inhaler 100. During an inspiratory.maneuyer, airflow entering the air conduit
Sl i S R A S e S L
airflow cbattotinzeamsy dorindgidhl dtorg idehiczses.inspiratory effort through a tactile sensation. In -
one embodiment, the mechanism indicates inspiratory effort through an audible click. In another

emboditf8hthe meéhanismalidlicHtss atespikansipe i theoagd thete samsaibh amydpracaudible
click. Mouihnigea @PgRANG:SESaR 2 GiRensing 182 P85 PRE-rMBIRAIRIMSIQNRy IHehag mating

structures 902 that mates with mouthpiece chamber 112 to secure mouthpiece when dry powder
inhaler i@b‘?@"ﬁhl&éeﬁ?T@@@Sﬂ%ﬁ%%ﬁ{oré‘?ﬁ%éﬁ?@ﬁ‘f% B@éé%%%‘é’?h‘ﬁlﬁ?@ﬁ%%éﬁéﬁfﬂ’% a
storage pasifiantaagantyidesieading/ uoleading pesitionwagirin lidibidds epgnedand a@agridge
containing medicament is placed into mouthpiece chamber 112 and securely seated. Lid 110 contains
an anvill 1B SRR &t ?ﬁ%}ﬁfé‘%fg‘l{hﬁ ae rﬂﬁdﬁ&%ﬂﬁ%‘%ﬁédﬁ‘rﬁtﬁ@%‘hé‘& SORIORNGT PR il
farther ingurdghecaitigdye achieveRa piopesroaiticah abgnment. A dawmwerd push eftidhldaicloses

the cover apd re(rintovable m uthEiece a%sembly 04 can yotat éo the _dosiré% x%ositiofné wherein a
registrafion SECUrEmMABRE holuS TeMOVADIE MOt pieca assetnbly 1B R placd P the ot SpEr Vettical
alignmenitismadtaeinaeleednlicidl 000andepde dully:ctbbadian § HubsequentindmavaSi melithpiece
assembly 104 rotation ceur. This pravides an interlock mechanism..1000531E]G. 9 illustrates
romovatle R 8 s P B R B
mouthplessiagddhbly 104 comprises mouthpiece chamber 112, lid 110 articulated to removable
mouthpiece assembly 104 so that in a closed position lid 110 covers mouthpiece chamber 112, and
mouthpi®845thal placEiviesins bl sAMUBG: tamivky it P essds IRt A2na itk rdceuiskitisBres02.

Mouthpigge-chamagl é%t&gmwiﬁ%ﬁ«@'fgmg RAh 208 sRRERE MAUSI3NIRS 2PEHVIRY wm%nd
mating structure 902 for mating with an _securin% removable mouthpiece assembly 104 with housing

102. Flatfe 386 pREMBILE 2FARE B ROMIERE WCHBLAAFEY dHamprtpiess §niElis
structurgliyeapfigiuediolengagesyitbousing #H2n N campriseplmulipivsasmBsdamimgaps in
between the segments; the gaps section contains mating structure 902 for mating with housjng 102.
The mufiBIE LTS BP AR LB o ghbe Holidl I HE 5 gPHaE ‘B%Cb?}gﬁ?&rg%a (el
predetestMnid Fiositignsiehmbeuthpieceathatebaefirinda ejjectufte jprepes secameident ofifameovable
mouthpigee aosombly, 104 1 iousing 102 1000RAIEIS: AR45 21 S RlRtsd s riol e E
mouthpiece assemb yg : out}x{plece

wall 118 of housing 102.
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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. 1000551In embodiments described herein, dry powder inhaler 100 is structurally
configured to effectuate a tunable airflow resistance, which is modular. The resistance of dry powder
inhaler 100 can be modified, by varying the cross-sectional area at any section of air conduit 704 of
the inhaler. In one embodiment, dry powder inhaler 100 can have a airflow resistance value of from

about 0. bout ire root of kPa/liters per.minute. [00056]In an. alterpate embodiment
stratd O Ge. 111, B e AU B B Ren O 35 e o be
compacinrhnbitcomprisesna séslaresshadd Gorfidunation WHichasrmuggbythitsislizh reemaogabteshepathpiece
assemb%&v@éer%?ﬁéw@%% MQUARISEEARSE lé’i%%ﬂif §$%§?éé@ Shucure, I B‘i’éti%gﬂg%?'ﬁ%ome
embodiments, to the embodiment described with réspect to FIGs. 1-10. FIG. 11 depicts alternate dry
powder ¢itbaiegs1 10 wr thenduiitT8d dtvanrinisn FOsiton witntid48.capent moathgiktensng

placement SE6HAR 8. 9%@@&%%&99&3&%“@%%%%1@%B%%&Bﬁf&%%&%&rﬂz.

interlocking mechanism 60 IG. 6). Cartridge 1600 has tear drop 1602 indicator for aligning to the
indicatof 812w dlithie caccormibe PRI Drd Pt MistHIoNt & §8te housing 1104 in this
embodiment, has an air inlet located in one of the side walls; howeyer, in alternate embodiments the

air inlet B3 one oMBYRP AT SIS %ﬂ%ﬂ%?%&iﬁﬂ%{%ﬁ B9adigpied i S rPRARC YUY bottom
wall 11Garhdesonieishspevserdibalesyldf0 candaierite DERareapanings inghadrousiaoef

variable size or s and Iacations. [000571Cartridge ch as cartridge 1600 can be adapted to the
iy POV LG RHE FAR) FORET AR ok 1 HRION A ST B e aelver a
single ufiingos®6bé medipine nhatnbonéieénb bdisiept] &artricdge k600 cantbemdtnuattnadyecontigured to
contain a dose of, for example, 0.5 mqg to apout 30 f dry powder for inhalatjon..1000581FIG. 12
st A s Sy e s SR ot . B S A SRR v of
110. Asmanissseansdinbll 80 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 $8%8dh and rEHdySeemtarisrPioBos0i | ayagitld Allwsedie e of WirepABtatary

powder jphales k&9 afiflG- 18, shaving hedwenalisatuses:.nl T%E%H@%@r@m&paﬁ%% sygtem. Lid
e

110 securely holds cartridge 1600 by way of anvil 1102, which is then securely installed in mouthpiece
chambe#it conduit 764; housing 102 outer structure comprising back wall 118, side wall 120, top wall

114, and bottom wall 116; mouthpiece engaging section 122 with second drive key 802, and
slide door 804 which covers the storage compartment for mouthpiece oral placement section 106.
Air conduit 704 is configured to have an aperture or opening 712 which allows and directs
airflow entering housing 102 into mouthpiece engaging section 122 during an inspiratory
maneuver. Mouthpiece engaging section 122 can also comprise a securing mechanism which
can comprise protrusions or projections from the inner wall of the chamber which mates with
flange 506 and mating structure 962 as seen in FIG. 9 of mouthpiece chamber 112. In this
embodiment, piston 706 and compression spring 768 act as an indicator mechanism positioned in
atr 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 166.
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



112. The airflow conduit 714 of mouthpiece oral placement section 106 with mouthpiece inlet port
1402 and mouthpiece exit port 302. [00060]In some embodiments, as shown in FIG. 15, dry powder
inhaler 100 comprises a removable mouthpiece assembly 104 comprising lid 110 over cartridge holder
area 502 movable from a closed to an open position, having anvil 1102 which engages with cartridge
1600 in a closed position, wherein the housing further comprises an air flow control mechanism
comprising check valve 1502. 1000611In embodiments described herein, the dry powder inhaler
system in yse has a predetermi &2 %itrﬂow distribution around and through a cartridge operably
configurB et TR ARIEC WAl TOHeR it B PSR oPEAdely 16 M pANeHP Sthmonary
system. Wradéte powizal miifiizw idigtkbrniien through the cartridge can range from about 10 to about 30%
of total airflow volume entering the dry powder inhaler during inhalation. Predetermined airflow
distributl8f8&2und thie ceptrigiirecaenravapdefrmontipitse 7 @ssorabloul 8% obteted diflow: vehunge.
Predeten e cAUTEAR AP ASRAIRM AN LHUBAARMIN O {Da.CaRkiRac. LA Clga g durther

shear and deagglomerate the powder medicament prior to exiting the modthpiece outlet po

[00062] kP eiaE s brdisrerintie phegitante mueshpitatmeleareddd 5ob wsurowsaedG4d 208 can

COMPrisg,:sHkGH %Mti‘l@ﬂ@fﬁ@.dl ?ﬁ‘ﬂ%ﬁi@%‘i@@ii’@ﬂéﬁmg‘% UL iﬂrﬁﬁéﬁﬁ%&%é@%g secqnd
aperture 1702 and third aperture 1802, tear drop 1602, grasping feature 1606, and first inhaler keying

mechani8fn i vah dEBES B it kREPHEHRSOIEHSTS/ IERE. TRl GE BB had adaysagrd

configuratighonavesfledosan gprescontiguration ferdasing s RewdanBBdippMment Aitfrom aresopen to a
closed position after use. Cartridge 1600 further comprises an outer surface and an inper surface
definingdgﬁlﬂ%&@ﬂﬁﬂﬂ%IWH?é?‘%ﬁéFéiﬁ“iﬂéGBIB%‘&%%g&fﬁ%&%@%@%' RSO A8 B air
transit tpiacdhrafighetheoinde matival uhgnaad theroperitcenity tidatian femnsabeafiPassage thadugh the
internal vcglume tct) allow abE)owder medicamenggfor}t&\‘jined tperein to l%e aerosol%ﬁd and.delivered to a
patient it a1 AW SHEAM CrBSEEIPE th At TS b Sk Lo gl & estapisHEd By raviding
one or nuee @aperteresi{eny. 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

emboditééfitdartridgel@660! bxiraies donfigabiarodubhoiete asamblyalld forelkaasdiecnwersergedents
(e.g. fir%&ﬁﬂ%ﬂl%}ﬁ&ﬁ %@&ﬁﬁ&%@ﬁ&%}ﬁé@é&gﬁm_{ﬂ%%%Bﬁ?ﬁ%@q@_%%ﬂ%ﬂ&éhéiﬁwélsﬁﬁt can

align with one another in the open configuration and in opposing positions where the apertures at not
in alignri8 it fresielaiemb virpraAT 2Rie exaipiece arisateyLBbD Caltes g udnsedipassitiglifebilis two
separatgglemanisiNgeh ermiidnta one.anatherAbd kedngurableakeulenerRNpibel; eashbaving

openings which can align with one another, similarly as the capsules described in U.S, Patent No.
7,305,988 cH 4s iy Moedpisrsted hersin 8% rdfeririassshasaheiof 1fis SprtiiteAib IR MR
embodimes)oioweners fanFidgnd 600:is dasigneditaiintiegtrtiy-function withkhe . pRovedenighaler
and can be mqved within the inhaler tq predetermined pgositions 1000631In one embodiment, a
ot SR AR, AT Q0 Al PR o G i PBB GRS ATOF E5aing, o
housingeaddoéi mauttipipecehttrebarolih fie pevcaimprigiing dschamheslbpntaifinged cartridge: wittha dry
powder formulation comprising a diketopiperazine and.the active agent: the inhaler having a flow
et D G A Y LT A e 1 P pon he At (CkBast
active imype'@ieno_m@'am mdiizigmmeéwbﬂzreaﬁmmﬂlimmﬁmg dezp 'ﬁhcj maﬁitj:ly: ferzatsots dfto 6
secondsg;gf) %k?%gy é%%;%fﬂ%%ﬁ%@-s@%%%'@a%”g%og'(m%? descined-neigIn, 5og; Gty ppwder

inhaler can'deliver a do
mouthpiece chamber 112 to effectuate proper securement of removable mouthpiece assembly

104 in housing 102.

[06054) 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 1962, a radial spring 1004, one or more belts 504 and

tnterlock detents 1006.

12



dry powder formulation to a patient at pressure differentials between 2 and 20 kPa. 1000651In still yet
a further embodiment, the method of treating hyperglycemia and/or diabetes comprises the
administration of an inhalable dry powder composition comprising a diketopiperazine having the
formula 2,5-diketo-3,6-di(4-X-aminobutyl)piperazine, wherein X is selected from the group consisting
of succinyl, glutaryl, maleyl, and fumaryl. In this embodiment, the dry powder composition can
comprise a diketopiperazine salt. In still yet another embodiment of the present invention, there is
provide powder co ition, wherein the diketopiperazine is . .

ik R (o O R e e, FokARD 7 S BB e
embodimeifigiiel irhefftonsystemmbmprioss @dieath; achivhted rdogdyhenwdEhéntasiernpeccali tligge
containipg Redigamenio 0SS0 e medisamentanconprise adieoriperagne and anagiive
agent. I Some embo iments, the active agent comprises peptides and proteins. In another
embodirveduithéhhadgomialste Mrconwprivkedineetridge reovdaimineplerc didameravhereiniiene peptide

or protejp.can,be. AN ePERGHNSDAIIBRS, IREIMAING. dgsilin, G LR b SAGIINRRKathyroid hormone,
parathyroid hormone related protein (PTHrP), and analogs thereof and the like. [00067]In another

embodifepteine dry Rowdsrmadicanentniay SRIERASE @ diketopinemzipe ancia-nhasmAseptically
active ingredient.In this embodiment, the pharmaceutically active ingredient can be any type. In certain

embodifERESE ALETRAL idhend Lo tn prrileurd dBube, SOPRIRiing KOrmBises ansibge for
combinatigfgtheeofwwberein Hae agtyesngredientisdnauinhparathyseiddiermane kadogluragon-like
peptide-1 (GLP-1), oxyntomodulin, peptide YY, interleukin 2-inducible tyrosine kinase, Brutgn's

D BB R Aty P g SO S P SR UBR T a bl foular
embodimsiditenhiasmtedutical reemapositidtrcdr prisasiunm aiyidiketeperazine movalbrsulinler
100068 .particular.embodiment, the dry po 1@ lation system can ¢ rise a_cartridge
e ket e i e st S
insulin drlG Lifedthpibichesdpde Pidbvaded fdb L sedntititercritaddsadé Sashgeriokisigglecbamsuitiple

in 906 apee difors whigtriocopgiecbaniiple
imear mr e e o R B e B rerea

to a subjattbaisisechaebehddddab yreepldnedtmsubBatnseaiopsingrdiithng the spdredimgith kesingle
cartridgg naying.the sk af dhe dospasstiengthob e multiple cartidessmniBiiier e rpqdiment, the

system can deliver a proportional, bioequivalent dose with a single cartridge. In an exemplar

embodiffeftti St tke ky/stepinfsr teollint Rusibenss RitsiAmalsoIe iAo, RAdosy ek can use

two 15 Yeartridgesakaninhalationewdan 6oreaiising inaulis and S BKRiALITE sXsigsandsse one
30 U single cartridge containing an inhalation powder comprising FDKP and deliver bioequivalent

doses of HERIF BT AP HRRETS RAAHS the system can be used to deliver higher doses, for example,
three 1 ridges,of an inhalation powder comprising insulin and FDKP can be used, pr.one 15 U
cartridgséﬁLéP(l}iftne 30%“5@%?893&‘3%%J)s(f%ﬁéc{%% [li?;%%r idgec crswl’t ﬁ%gnbotﬁ%eir%ﬁ‘élgwéd? stiShd FDKP
formulationaorfgur &y PosattridgekcefrentifisulihaadorDi¢R formaoldigonedan belivierchapigeatie with
one 60 U cartridge of.insulin and EDKP formulation. Alternatively, two 30 U cartridges. containing an
nalabiE b et PR o b T R e SRR P
FDKP fommaiatiotnse of, for example, 0.5 mg to about 30 mg of dry powder for inhalation.

[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 aliernate housing 31104 with alternate air mlet 1202. FIG. 13
depicts the dry powder inhaler system of FIG. 12 in the dosing position and ready for inhalation.

[06059] 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 118 securely holds

cartridge 1600 by way of anvil 1102, which is then securely installed in mouthpiece chamber
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[00069]In the embodiments described herein, the dry powder inhalation system accomplishes insulin
exposure proportional to a dosage so that the dosages are interchangeable. In an embodiment, the
dosage can be provided as filled dose. EXAMPLES 1000701The following examples are included to
demonstrate certain embodiments of the invention. It should be appreciated by those of skill in the art
that the techniques disclosed in the examples elucidate representative techniques that function well in
the practice of the present invention However those of skill in the art should, in light of the present
dISC|OSUf a rec: e that ap;f g?n be miade in the syeecn‘lc boﬂlmen that ar {jlsclosed

THIOW COngiul Cce Ora
and still'o faln 5 fike OF simifar resul cfepartl rometﬁe splrl scope o‘fI e mven?on

EXAMPREL 1402 and mouthplecmgagmgﬁéngth Interchangeability [00071]The study was conducted in
subjects with type 1 diabetes mellitus. This study was conducted to determine if a formulation for

pulmond®Mdivery chriormsirmgiaslimeninoea ket pifdfazine dtheeaninbtien199 eoulerises delivered
consisteply, UngCifara Rl d0SR98 1St ﬂf@n iif ineasity REARINIOHEIHA he apnigyRduth
llity o

proportional doses, given that interchan eab dosage strengths can be important for patient
safety. APHd Qﬂ%&é@é@ﬁﬁﬁ&%ﬁﬂ% AVEE ABTIAdARA &V hicd shasss v Hbmpikidasntoffbra o

nonequiyaient |eadiog, tavBerein the housing further comprises an air flow control mechanism

comprising check valve 1502,

[00061] In embodiments described herein, the dry powder inhaler system in use has a
predetermined airflow distribution around and through a cartridge operably configured to mix a
medicament with air forming a powder plume for delivery to a patient’s pulmonary system.
Predetermined airflow distribution through the cartridge can range from about 10 to about 30%
of total airflow volume entering the dry powder inhaler during inhalation. Predetermined airflow
distribution around the cartridge can range from about 70 to about 90% of total airflow volume.
Predetermined cartridge bypass airflow and exiting airflow through the cartridge converge to
further shear and deagglomerate the powder medicament prior to exiting the mouthpiece outlet

port.

[00662] In one embodiment, the medicament containing cartridge 1600 as showﬁ in FIGs.
16—18 can comprise a structure with a defined shape having a wall with one or more first
apertures 1604, second aperture 1702 and third aperture 1802, tear drop 1602, grasping feature
1606, and first inhaler keying mechanism 1608 and second inhaler keying mechanism 1610.
Cartridge 16080 has a closed configuration moveable to an open configuration for dosing a
powder medicament or from an open to a closed position after use. Cartridge 1600 further
comprises an outer surface and an inner surface defining an internal volume; wherein the closed
configuration restricts communication, such as air transit to or through the intemal volume, and
the open configuration forms an air passage through the internal volume to allow a powder
medicament contained therein to be aerosolized 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 1762 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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potential risk of incorrect dosing. Therefore, an important goal in the development of the pulmonary
delivery system with a formulation comprising insulin and FDKP (insulin-FDKP) was to achieve dose
linearity across the therapeutic dose range. [000721In the study, comparisons of insulin exposure
following inhalation of two 15 U cartridges of an insulin inhalation powder to one 30 U cartridge of
insulin inhalation powder were made. In addition, insulin bioavailability from a 30 U cartridge of
insulin-FDKP inhalation powder was calculated, compared to a 10-1U subcutaneous (sc) injection of

insulin lispro (rapigd acting analpgue [R 073]A phase | en-lahel.. single-dose, repeat
iR E Rl F ST AARE S M ol S 0SBy AR R 6P RIS Rl
pharmawotinegcprdfieiotiRiopiBeoulighinsotirnkDK Prdosey assitisingeh8® theapeigesandi@ompared

to two 13 Lj; %@%%%ﬂ@‘éﬁiﬁ%ﬁ%ﬂj%ﬂ%ﬁ?& %l%@%gﬁ%@ﬂ?ﬁ% b HIFHRGHANRQUS Injection

of the rapid dcting insulin analogue (RAA, HUMALOG I Lilly and Company, Indianapolis, IN)) was

also tested. Spispie el qagets 198 hypah Weisleapiforriiaer nd be ceEepidncbsurartenalipjeetsireceived
insulin-FERKE, o RAMy&:RiBH e Afles iR LRyRRHINGHINEIIG:aHE Y AmIS GRiRy Randorization

determined the order of insulin-FDKP dosing:(first 2 treatment (tx) visits), and the location of the RAA

injectiort it ofifen’ afh Bttt ditx (i) Iagterdssth i BIedd Rakiisenre restdkerrdnef aflyzed for
insulin, ipsuiintiseno andifiurapddiketepierazinethRiR (psolinfRER L anhikMhemsttiehing

insulin-FDKP, the basal insulin infusion was performed with HUMALOG(r), and when studying

HUMALSE (e g aF AT i 8 e R R A1 i R A S S S OB en AR e

indeper@ easurement of each insulin tested. 74]Table 1 shows the results from the study.
The el Shim expB T STRDEE50) B Shgle G Ok ARG SF (16 T T e
comparabieidsRKP dnggredposuitel{AUGideas alsosamigannkhsulincaritieDi Rhexpostingett”, |, and
t,12 (FDCKP were th%§91ﬁ%e rega gllle%s oaftcg%rq rréb‘%gtgf é:a({rtrid e54 DU TE% &ﬁ(—g (%ilg&i)ﬁc%fj‘}{ digferent PK
profiles of | SURED anciﬂi?_,&ll ,l%ll‘légmean relative exposure Aljlg) ratio Is élepenajé)nt upon the time
interval $tcritedp T rane eaththel ativecingenin brpokties insotin-EDK PispbMiaL OGHRPRUC Vdiséd
normalized, gepmeliic Meany) WRSASSESRMALUMA IS RIR QLR MBATA AR YRS 24%
to 18%. Table [ Insulin kafparame ers 2 X 15 U°TI

individual in need of treatment by inhaling deep and rapidly for about 4 to 6 seconds and

optionally repeating step b).

[00664] In embodiments described herein, the dry powder inhaler can deliver a dose of a

dry powder formulation to a patient at pressure differentials between 2 and 20 kPa.

[00065] In still yet a further embodiment, the method of treating hyperglycemia and/or
' diabetes comprises the administration of an inhalable dry powder composition comprising a
diketopiperazine having the formula 2,5-diketo-3,6-di(4-X-aminobutyl)piperazine, wherein X is
selected from the group consisting of succinyl, glutaryl, maleyl, and fumaryl. In this
embodiment, the dry powder composition can comprise a diketopiperazine salt. In still yet
another embodiment of the present mvention, 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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cartridges 1 X 30 U Tl cartridge 10 IU Humalog AUCO0-360 (gU*min/mL) 3337 3397 5915 AUCo-i so
(utrinin/mL) 3121
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FOKP

with or without a pharmaceutically acceptable carrier, or excipient.

j00066] In one embodiment, the inhalation system comprises a breath-activated dry
powder inhaler, a cartridge contaiming medicament, wherein the medicament can comprise a
diketopiperazine and an active agent. In some embodiments, the active agent comprises peptides
and proteins. In another embodiment, the inhalation system comprises a cartridge containing
medicament wherein the peptide or protein can be an endocrine hormone, including, insulin,
GLP-1, calcitonin, parathyroid hormone, parathyroid hormone related protein (PTHrP), and

analogs thereof and the like.

[00067] In another embodiment, the dry powder medicament may comprise a
diketopiperazine and a pharmaceutically active ingredient. In this embodiment, the
pharmaceutically active ingredient can be any type. In certain embodiments, the active
ingredient comprises a peptide, a protein, a hormone, analogs thereof or combinations thereof,
wherein the active ingredient i1s insulin, parathyroid hormone 1-34, glucagon-like peptide-1
(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. In a particular

embodiment, the pharmaceutical composition comprises fumaryl diketoperazine and insulin.

[00068] In a particular embodiment, the dry powder inhalation system can comprise a
cartridge including a formulation for pulmonary delivery comprising FDKP and a peptide
including, for example, insulin or GLP-1, which can be provided 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 o 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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3199 4432 C. (ttU/mL) 65.72 69.08 42.60 tioax (min) 10

treating diabetes with inhalable insulin powders, the system can use two 15 U cartridges of an
inhalation powder comprising insulin and FDKP or the system can use one 30 U single cartridge
containing an inhalation powder comprising FDKP and deliver bioequivalent doses of insulin to
a patient. Similarly, the system can be used to deliver higher doses, for example, three 15 U
cartridges of an inhalation powder comprising insulin and FDKP can be used, or one 15 U
cartridge plus one 30 U cartridge, or a single 45 1 cartridge containing the inhalable insulin and
FDKP formulation; or four 15 U cartridges of an insulin and FDKP formuiation can be
interchangeable with one 60 U cartridge of insulin and FDKP formulation. Alternatively, two 30
U cartridges containing an inhalable insulin and FDKP formulation can be interchanged for one

60 U cartridge of the insulin and FDKP formulation.

[60669] In the embodiments described herein, the dry powder mnhalation system
accomplishes insulin exposure proportional to a dosage so that the dosages are interchangeable.

In an embodiment, the dosage can be provided as filled dose.

EXAMPLES

00070} The following examples are included to demonstrate certain embodiments of the
invention. it should be appreciated by those of skill in the art that the techniques disclosed in the
examples elucidate representative techniques that function well in the practice of the present
invention. However, those of skill in the art should, in light of the present disclosure, appreciate
that many changes can be made in the specific embodiments that are disclosed and still obtain a

like or similar result without departing from the spirit and scope of the invention.

EXAMPLE 1

Dosage Strength Interchangeability
{60071} The study was conducted in subjects with type 1 diabetes mellitus. This study

wag 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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10 60 90% CI (Geometric Mean Ratio: AUCO3360) 0.846, 1.141 ND FDKP PK parameters

pulmonary delivery system with a formulation comprising insulin and FDKP (insulin-FDKP)

was to achieve dose linearity across the therapeutic dose range.

{66072 In the study, comparisons of insulin exposure following inhalation of two 15 U
cartridges of an insulin inhalation powder to one 30 U cartridge of insulin inhalation powder
were made. In addition, insulin bioavailability from a 30 U cartridge of insulin-FDKP inhalation
powder was calculated, compared to a 10-IU subcutaneous (sc) injection of insulin lispro (rapid

acting analogue [RAA]).

[60073] A phase I, open-label, single-dose, repeét édministratibn study in subjects' with
type 1 diabetes (T1DM) was conducted to assess the pharmacokinetic profile or PK of 30 U of
insulin-FDKP dosed as a single 30 U cartridge and compared to two 15 U cartridges
administered with the present inhalation system. A 10 U subcutaneous mjection of the rapid
acting insulin analogue (RAA, HUMALOG® (EL Lilly and Company, Indianapolis, IN)) was
also tested. Subjects (age: 19-6lyrs) were randomized to 1 of 6 sequences. Fasted subjects
received insulin-FDKP or RAA 4 to 6 hrs after initiating a hyperinsulinemic-euglycemic clamp.
Randomization determined the order of insulin-FDKP dosing (first 2 treatment (tx) visits), and
the location of the RAA injection (abdomen, arm or leg; 3™ tx visit). After dosing blood samples
were taken and analyzed for insulin, insulin lispro and fumary! diketopiperazine (FDKP (insulin-
FDKP tx only)). When studying insulin-FDKP, the basal insulin infusion was performed with
HUMALOG®, and when studying HUMALOG®, regular human insulin was used. The

analytical methodologies enabled the independent measurement of each insulin tested.

[00674] Table 1 shows the results from the study. The mean insulin exposures (AUCq.360)
of a single 30 U cartridge or two 15 U cartridges were comparable. FDKP mean exposure
{AUCy) was also similar. Insulin and FDKP exposure, tm. and typ (FDKP) were the same
regardless of the number of cartridges. Due to the significantly different PK profiles of insulin-
FDKP and RAA, the miean 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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AUCO0-480 (ng*min/mL) 19552 20159 - AUCo-off (hg*min/mL) 23146 24355 C. (nhg/mL)

Table 1

Insulin PK parameters - 2X15UTI 1 X30UTI 10 1U Humalog
cartridges cartridge .

AUC)360 (WU*min/mL) 3337 3397 5915

AUCq.50 (WU*min/mlL) 3121 3199 4432

Cruax (nU/mL) 65.72 69.08 42.60

tmax (N} 10 10 60

90% Cl1 (Geometric Mean

Ratio: AUCq.+) 0.846, 1.141 ND

FDKP PK parameters

AUCq.480 (ng*min/mL) 19552 20159 -

AUC .5t (ng*min/mL) 23146 24355 -

Copax (ng/mL) 118 131 -

tnax (Min} 6 5 -

90% Cl{Geometric Mean

RaﬁDZAUC{;u;g(j) 0867’ 1.084 )

[60675] This study also evaluated the effects of the dosages administered and the glucose

infusion rate (GIR) requirements of the patients in the study. FIG. 19 illustrates the results of the
GIR evaluation. The data show the mean baseline-corrected glucose infusion rate (GIR) for two
15 U cartridges and one 30 U cartridge of insulin-FDKP inhalation powder and for the 10 IU of
RAA. GIRs after both treatments of insulin-FDKP inhalation powders reached a maximum
level by approximately 30 minutes after administration, whereas GIR peaked approximately
150 minutes after administration of sc RAA. The GIRs for insulin-FDKP inhalation powder
returned toward baseline by approximately 180 minutes versus 300 miutes for RAA. In
conclusion, the glucose-lowering effect of insulin-FDKP inhalation powder of both dosage forms

tested was comparable based on GIR AUC, GIR gy, énd GIR tiax.

EXAMPLE 2

Drv Powder Inhaler Resistance Value Measurements

[60076] 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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118 131 t. (min) 6 5 90% Cl(Geometnc Mean Ratio:AUC0480)

configuration and the circuitry is defined such that R3 represents the resistance to airflow into
the cartridge; R4 represents the resistance to airflow leaving the cartridge; Pa is the pressure
differential across the cartridge and P represents the pressure measured across the inlet and outlet
ports. Secondly, the resistance due to the inhaler system comprising the inhaler and cartridge is
determined as illustrated in FIGs. 21A and 21B, wherein R1 represents the resistance due to the
float or valve: R2 represents the resistance to air flow around the cartridge; R3 represents the
resistance to airflow through the cartridge; R4 represents the resistance to airflow leaving the
cartridge; P represents the measured pressure; Pa represents the pressure across the system and F
represents the total flow measurement. Once values are determined for the resistors and having
pressure drop measurements, the flow balance distribution through and around the cartridge can

be determined.

[00677] Measurements were made of the cartridge and cartridge/inhaler system dosing

configuration and the resistance to airflow through the cartridge, R3 was determined from the

formula:
R3 == ﬁ
F
[00078] Based on the measurements made as illustrated in FIGs 20A-21B, the resistance

due to the inlet and outlet ports were determined and the values used to calculate the flow
balance of the system in particular the flow balance through the cartridge using the formula
above, which is determined as the VP divided by R3. The flow balance distribution through the
cartridge for the present inhaler and cartridge system was calculated to be in the range from

about 10% to about 30% with an average of approximately 15.92%.

100079] 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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0.867,1.084 [00075]This study also evaluated the effects of the dosages administered and the
glucose infusion rate (GIR) requirements of the patients in the study. FIG. 19 illustrates the results of
the GIR evaluation. The data show the mean baseline-corrected glucose infusion rate (GIR) for two 15
U cartridges and one 30 U cartridge of insulin-FDKP inhalation powder and for the 10 IU of RAA. GIRs
after both treatments of insulin-FDKP inhalation powders reached a maximum level by approximately
30 minutes after administration, whereas GIR peaked approximately 150 minutes after administration

of sc RA@] GIngg%i uIin-FDKEa]lnhalati pawder returned toward baseline by approximately
750 mint 0L oo OB e P e o0 SR D o s T i
inhalatioesptande b Bothgibsagesferens destectavd suco repavabltthaset on BIRVAY E, il Rihaod GIRt..
EXAMPLE garmd e systenyY Powder Inhaler Resistance Value Measurements 1000761The total

. ystem, . . .
inhaler and cartn&ge resistance can be measured due to inlet and outlet ports of a cartridge acting as

resistorggpogefies. Firsle hRdSaIIARCEANR QD AINELPA LIREIEARMERT 1 6. £AHEIdGG digkdhe

representation of a circuit diagram form for the cartridge rig is illustrated in FIGs. 20A and 20B,

Whereinbtﬁ@%%ﬁ%glsiﬂs{hﬁ Qﬁéi%@é,t@ﬁl@iﬂgﬁ%ﬁsclosed herein elucidate representative techniques

that function well in the practice of the present disclosure. However, those of skill in the art
should, in light of the present disclosure, appreciate that many changes can be made in the
specific embodiments that are disclosed and still obtain a like or similar result without departing

from the spirit and scope of the invention.

[00082] Unless otherwise indicated, all numbers expressing quantities of ingredients,
properties such as molecular weight, reaction conditions, and so forth used in the specification
and claims are to be understood as being modified in all instances by the term “about.”
Accordingly, unless indicated to the contrary, the numerical parameters set forth in the
specification and attached claims are approximations that may vary depending upon the desired
properties sought to be obtained by the present invention. At the very least, and not as an
attempt to limit the application of the doctrine of equivalents to the scope of the claims, each
numerical parameter should at least be construed in light of the number of reported significant
digits and by applying ordinary rounding techniques. Notwithstanding that the numerical ranges
and parameters setting forth the broad scope of the invention are approximations, the numerical
values set forth in the specific examples are reported as precisely as possible. Any numerical
value, however, inherently contains certain errors necessarily resulting from the standard

deviation found in their respective testing measurements.

[00083] The terms “a,” “an,” “the” and similar referents used in the context of describing
the invention (espectally 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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configuration and the circuitry is defined such that R3 represents the resistance to airflow into the
cartridge; R4 represents the resistance to airflow leaving the cartridge; Pa is the pressure differential
across the cartridge and P represents the pressure measured across the inlet and outlet ports. -
Secondly, the resistance due to the inhaler system comprising the inhaler and cartridge is determined
as illustrated in FIGs. 21A and 21B, wherein RI represents the resistance due to the float or valve; R2
represents the resistance to air flow around the cartridge; R3 represents the resistance to airflow

through the cartridge; R4 represents the resjstance to airflo aving .the cartridge; P represents the
il o B o e e R G e R
measuréinanta®ribe makdionarad dtesminecbfor dheniedistors aindshapéingf phessueetdnoptineaserements,
the flow balangce distribution through ]% round t rtridge can be.determined. .

100077 TR S B e SO B pomeclaimet. o
and the dissistassecndiaiidw thirotighothidcarnteaigen. R3 was determined from the formula: R3=

[000781Based on the measurements made as illustrated in FIGs 20A-21B, the resistance due to the

inlet and®90#iat ports (vEre there rhinbermiy e srasnts Usembedmeniatel the fiowepasnésdeted system

in particpladithe-flawbalancedhvauah dheicakiidge Using the dermelanrPons, whictris-detgrmined as
the -VP divided by R3. The flow balance distribution through the cartridge for the present inhaler and
cartridgél%?eﬁp{\;a@%%li&ﬂaw SERP AL PR E IR LB TROEBY A T SNSLBOER G With Hfifiitage of

approxifaielyhd=i92%: [PQa#Sbihe meistancs lavthennhbles eanrigoesysiomdestadibergwith can be
determined experimentally from the values obtained in the same manner, The resistance for the
present IR e BRIt RYEBIGTFS REHES PRLTIER! 0 ai AT ERISAF TG AR of

betweer:0doBEnO0chEs AlldRabitfispern midusiecFiGcdRaepietgradinsanceifies sion fulldilithisthating the
resistance. measured. thro B xemplary cartridge rig tested,or R3, at flow rates between 2 and 9
liters/min. i&gnﬁec?\?vn fﬁoﬁfé%. fP ?ﬁ?é“?glé%s‘%%%‘ésﬁ?ré‘%g’ﬁ %ﬁ’gegagﬁ?i igaém(lé-QZ) tested was determined as

equalingy @499 ol Ralligrs.pgrminuie: JOGRSQIThRSIoLe. e infalers.can e sl Rl onfigured

to have tunable airflow resistance by varying the cross-sectional area at any section of the airflow
pathway"OfthEIAREIE Akt ieapmeeley SRR CBB I Fha yiaing U rstlssurey ighonsusir dikse
embodimqgpis,cl Shavld:heaprigaiaten Oy ihasa:abskibkindheaf dRatithe teahnigues.disciaagd herein

elucidate r%prese.ntative techniques that function well in the practice of the present disclosure.
HowevehHBSe P aIdrseipiionr SHEURY T NgRiRsTinspHedeHtiase Sy P yprethateiAbeh &y

changeggabdrmade iRethe sReslicembodinranieinah e disalared andsillobiainRdikemrsimilar
result Wi(}glscc):lfli g %aeir"gglg fl&%?o;gglgsigf!ntﬁl?sngvse%?%% ?xl;f;[lrl]l%ég \éielnrg'i}ggi'ﬂcations and equivalents of the
subject matter recited in the claims appended hereto as permitted by applicable law. Moreover,
any combination of the above-described elements in all possible variations thereof is
encompassed by the invention unless otherwise indicated herein or otherwise clearly

contradicted by context.

[00086] - Furthermore, numerous references have been made to patents and printed
publications throughout this specification. Each of the above-cited references and printed

publications are individually incorporated herein by reference in their entirety.

[60087] 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 “conststing 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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[00082]Unless otherwise indicated, all numbers expressing quantities of ingredients, properties such
as molecular weight, reaction conditions, and so forth used in the specification and claims are to be
understood as being modified in all instances by the term "about.” Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the specification and attached claims are
approximations that may vary depending upon the desired properties sought to be obtained by the
present invention. At the very least, and not as an attempt to limit the application of the doctrine of
equivalents to the scope of trtle claims, a%h #umetricafl Blaramet%r shoultfl at least b.%hcons&rued in light
of the nuRiBePbt FESGHEY SigRificant di§?§ and by applyiiig ordinary Younding téchiiques. > '
Notwithstamelisig thatrthednuchesiitatdarges. and parameters setting forth the broad scope of the
invention are approximations, the numerical values set forth in the specific examples are reported as

precisel{08888bssi bIellAﬁySﬁmgn'_éri_&m ‘balueé@m&?ﬁmmad@mﬁmé deriaieeticordipdessssarily
resulting, {rom the plandard dexiahon [pred i DG L6RRE LS. SHRGEMASRHEMGN St GRRBR1 The

terms "a,"” "an,” "the" and similar referents used In the context of describing the invention (especially in

the cont&RPepiears iy lsairaBY afdhe BECBEABrJdYTobYoVRY BOEFmeSingURe A ditREBRal,
unless ofhenying indigatednisreiproneleaslgonitadicdg dby contextiRecitalion ehRrBIRFIivalues

herein is merely intended to serve as a shorthand method of referring individually to each separate
value falffigHRahISIFE: rargerdinaks 6 mIsPinE TS R A O ARG X AR 9 it porated
into the gpealigation 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 examples, or exemplary language (e.g., "such as") provided herein is
intended merely to better illuminate the invention and does not pose a limitation on the scope of the
invention otherwise claimed. No language in the specification should be construed as indicating any
non-claimed element essential to the practice of the invention. 1000841Groupings of alternative
elements or embodiments of the invention disclosed herein are not to be construed as limitations.
Each group member may be referred to and claimed individually or in any combination with other
members of the group or other elements found herein. It is anticipated that one or more members of a
group may be included in, or deleted from, a group for reasons of convenience and/or patentability.
When any such inclusion or deletion occurs, the specification is deemed to contain the group as
modified thus fulfilling the written description of all Marlcush groups used in the appended claims.
[00085]Certain embodiments of this invention are described herein, including the best mode known to
the inventors for carrying out the invention. Of course, variations on these described embodiments will
become apparent to those of ordinary skill in the art upon reading the foregoing description. The
inventor expects skilled artisans to employ such variations as appropriate, and the inventors intend for
the invention to be practiced otherwise than specifically described herein. Accordingly, this invention
includes all modifications and equivalents of the subject matter recited in the claims appended hereto
as permitted by applicable law. Moreover, any combination of the above-described elements in all
possible variations thereof is encompassed by the invention unless otherwise indicated herein or
otherwise clearly contradicted by context. [00086]Furthermore, numerous references have been made
to patents and printed publications throughout this specification. Each of the above-cited references
and printed publications are individually incorporated herein by reference in their entirety.
[00087]Specific embodiments disclosed herein may be further limited in the claims using
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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 basic and novel
characteristic(s). Embodiments of the invention so claimed are inherently or expressly described and
enabled herein. 1000881In closing, it is to be understood that the embodiments of the invention
disclosed herein are illustrative of the principles of the present invention. Other modifications that may
be emp o;?élalsare within the scope of the invention. Thus, by way of example, but not of limitation,
alternative ?pg%%ration&% ]mrﬁ[ gresent invention may be utilized in accordance with the teachings

herein. Accordi g@’,ptﬁ‘g presen invention 1S not limited to that precisely as shown and described.

Claims: 1. A dry powdéwimtedearsbmprising: a housing, and a mouthpiece,  wherein said housing
comprises a mouthpigg&gﬂg ing section structurally configured to engage with said mouthpiece, and
said mouthpiece being separable from said housing and having a conduit permitting airflow between
an air inlet and an airédtgioreazthdeeTngrisiara whamveswhil ens crdasince srehes ettivhiusdiv

mouthpiece fugiafheingstchl ALcanfigiigttedie mpveable within said housing in an engaged
position from a storage position to a inhalation position and releasable from said housing at a

predetermined cartridg¥! IdBeR iSRRG psriable Xrahe @i JWRHEE RIS ain Prf#ikrein said
mouthpiece is sirughiralhieRAfIBLeSIRRG IR RAlD-ANd/ Rk FgleASend MagisamentrantRining
cartridge in said chamber. . . ) )
an oral placement section; said mouthpiece further being structurally configured to be
moveable within said housing in an engaged position from a storage position to a
inhalation position and releasable from said housing at a predetermined cartridge

loading/unloading position.

2. The dry powder inhaler of claim 1, wherein said mouthpiece is structurally configured to

receive, hold and/or release a medicament-containing cartridge in said chamber.

3. The dry powder inhaler of claim 2, wherein the medicament-containing cartridge contains a

pharmaceutical composition comprising a diketopiperazine and an active ingredient.

4, The dry powder inhaler of claim 3, wherein the diketopiperazine is fumaryl diketopiperazine.
5. The dry powder inhaler of claim 3, wherem 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 YY, 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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3. The dry powder inhaler of claim 2, wherein the medicament-containing cartridge contains a
pharmaceutical composition comprising a diketopiperazine and an active ingredient. 4. The dry
powder inhaler of claim 3, wherein the diketopiperaz ne is fumaryl diketopiperazine. 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 hoimone 1-34, GLP-1, oxyntomodulin, peptide YY, interleukin 2-inducible tyrosine kinase,
Bruton's tyrosine kinase (BTK), inositol-requiring kinase 1 (IRE1), heparin, or analogs thereof 7. The
dry pow8leFhahidepof dtammh3lcwbbckint Be whanmnabe utisht emmpasitiamogneprisdgcfunmasyikses a

diketopi zine and in 8.The dr owder haler of claim 2, wherei o
medmar%ﬁ%ntaﬁng%ﬁﬁg R m%%%ég% a g%?ugtur% with a defir r?gd gh%‘ﬁléesha\a}lvn% aa\l/vgllfv%h one or
more aperiiessaharing @%S@@f@m@mmnw(ﬁyeﬁ@om@ arationr aw uted dinfegeamdeaminner
surface (31aing. A \gteiglo e ARk clased spniuation eall IR cOMMNAICAIRN g said
internal volumé and said open configuration forms an air passage through said intern lume. 9.
The dry péeetishsarbiemmmainprsrers Sarrabs3ihg EanthreEan 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 with allows airflow therethrough, wherein the air

conduit Of T8 SFimaRdeEdalislropfhdaigu S g s cHtn RS G MRSt RIRB XI5 e STt

mouthpiegenyhanitheosatiicaeisio ferepemeoniauratian. SRid aiflowentarm.dheane aepade first
openings in the housing, passes thro h the alrflgP\g conduit in the housing and exits the second

openlngoﬁFWféghb%sﬁ?ﬂnﬁfUI‘i’fgaﬁﬁ%t% céhgné%odﬁ SR tiBPRARA SN P tHE M SR p Y EnAHIBRY wherein

a percelﬁia@mﬁfugﬁakélamidQHémﬁ mﬂﬂﬂghm@m&tgw@@nﬂmp@m&gmm&ﬁmtﬁi@@ﬁwlume
goes arounq he cartridge dugrﬁg an inhalation uver, JdO The d%’ powder inhaler.of clai
€ air ex1t3 Iyl en t ¢ cartri s 11 gtﬁpc%raﬂ %Fﬁﬁﬁ)&l’ S&l engage

whereln‘% amber of the mou?hpleuctepc?lcaem%er comprisesa angé
with saldxﬁhusmgerst theTdre @nquawﬁmstmhaiergsf nlmmuw@rpmmamm@h piecerthambeadidomprises

acartrldge[hseﬁgnn mg& cpg ry owder inhaler o{ laim 1,.wherein the dry powder
th ¥
inhaler is structﬁlrsé con gure e S c%e tun§oe%h|rf o(\)/\tllsrlélgstance T’é B}%’e en&\%%e?m gﬁ'ar

Compnsmg_1athéhg|n@uémaembmﬁme@élqggempbygentage of intake air Volume goes through the

cartridge and a percentage of intake air volume goes around the cartridge during an inhalation

nancuver.

10. The dry powder inhaler of claim 1, wherein the chamber of the mouthpiece chamber

comprises a flange structurally configured to engage with said  housing,

11. The dry powder inhaler of claim 1, wherein the mouthpiece chamber comprises a cartridge

securing mechanism.

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

to have a tunable airflow resistance.
13. A dry powder inhaler comprising:

a housing, and

a mouthpiece assembly,
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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 structurally configured to be
moveable within said housing in an engaged position from a storage position to a inhalation position
and separable from said housing at a predetermined cartridge loading/unloading position and
comprising a chamber struetirally onfigpred tg housg e caridae and to sndage with saigmouthpiece
engaging section o SHiahStSTiRg? art ora P acement section ex enéﬁng rom Said chamber dnd having
an air intetwticiecemgagimicate®with saidhphamberardaniai, eutletinicontkesicationbaithgaabient
air. 14. The dry powder inhaler of claim 13, wherein sai thpi agin on. of said housing
s an SO e et e APHEL S0 10 TRLEHE SR S a econc
side walvéhdhbororhmediscrespotives witsaieidhor sing, sdndoco Hftgeifedughadapt to said mouthpiece
chamber of saigl;QLINRIREE.ASTEMAIy LoontG. Al ROwdeninhaler ofplaim d3. Whslen sald,
mouthpiece engaging section further comprises a protrusion from said bottom wall configured to
receive g asslaosi HedicaneHerestemsiHancarfriabalativg. Prssianaposiparabi dTeroTaanisiBg wherein
the mouhpisre EAYRAIANSREUAR THEHRE CRIDRIIRESESREUARD md%@nﬂgrg framsaiddnagrayal
structurally configured to engage said mouthpiece chamber of said mouthpiece assembly. 17. The dry
powder §ARH ot Qahrreea RGBS MBS ERSHBEP ATHAT CofRMas ARERBE h&Rithg gaps
which malesgaid.pretiusiapshpreierionsdiamdininneiiwalabthemouiipicse gnaagingsaction. 18.
The dry powder, inhaler of c,ﬁ: 13, wherein said mouthpiece assembly c%%%rises,a mixing chamber

h
configursd Yy HERat s wEhita A TR PR SIS SR BB ARG Hhith aligns with the

second opening of the intake section in said inhalation position. 19. The dry powder inhaler of claim

13, Whgﬁ{nllge é}]OUthﬁ?g% lﬁih?mbd(tarcgorrgp{gses an air mlgt and is confl(%ured to secure (§ medicament

containing cartri ePanGthas @ indicafor to dllg\}l\]/ef)?lélp%arlcair ﬂ%%glﬁ?gcéﬁ%?% e Tinalet"20. The

dry powhblarsinpdier af olaim &3] wiereinr thelmoudthpeterssainbiyicormprises aheapudvirsthedehamber,

movable from a.closed to.an open ition, having an.anvilwhi a ith rtyi ina
Maih 98%2 <PQ1:f1 w N AWvilphich sngage d"’{gmu%ﬁ@tég { .
closed PSSO 3TUFhe oy B AT o1 a1 Wheran T HBL TR i ss an air
flow coritrebishguhvdnsive chmpbising aidheoktyzires. asemhlyinhalation system for pulmonary drug
delivery, comprising:
15. The dry powder inhaler of claim 13, wherein said mouthpiece engaging section further
comprises a protrusion from said bottom wall configured to receive and hold a medicament-

containing cartridge.

16. The dry powder inhaler of claim 13, wherein the mouthpiece engaging section further
comprises a securing mechanism from said inner wall structurally configured to engage said

mouthpiece chamber of said mouthpiece assembly.

17. The dry powder inhaler of claim 13, wherein the mouthpiece chamber further comprises a
flange having gaps which mate said protrusions or projections from the inner wall of the

mouthpiece engaging section.
18. The dry powder inhaler of claim 13, wherein said mouthpiece assembly comprises a mixing

chamber configured to hold a medicament containing cartridge and to have an opening which

aligns with the second opening of the intake section in said inhalation position.
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a) a dry powder inhaler comprising a housing, and a mouthpiece assembly, said housing having
a top wall, a bottom wall, side walls; 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 structurally configured to be moveable within said housing in an engaged position
from a storage position to an inhalation position and separable from said housing at a predetermined
cartridge loading/unloading position 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 &xtdididg fromdsaidhehambelaand havimgcantbérimethpsichcbemmiaunivapeserith saitilchamber
and an ajj,ontletip comrunication With;ambiant Ait.and, Rh.a.caltridge Rdapteddp saiddrygguder
inhaler and contaln%ng a dry powder medicament for inhalation; said dry powder inhaler system in use
has a piaceeeptinddeataencaistiBigtiohatbund and through said cartridge of air flow volume entering
said chamber. 23. The inhalation system of claim 22, 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. 24. The inhalation system of claim 22, wherein the predetermined air flow distribution around

said cariidged aRgssfrRMBheut-fQ%iiR BHaUtIAM0HRE theuainllow Malupr eptesinghe sanihipiece
chamber. 25. A method of deliverin%an active ingredient comprising: Pg%)}ﬁéoviding the dr% powder

inhaler HACHRATASEIREAFH™L B riage AP LBF) BOWHE ferHIE &G CompiBifEagaetbpierazine
and the aetiva:égredientd padtion. b) delivering the active ingredient to an individual in need of
treatment;

21. The dry powder inhaler of claim 13, wherein the housing further comprises an air flow

control mechanism comprising a check valve.

22. An inhalation system for pulmonary drug delivery, comprising:
a) a dry powder inhaler comprising a housing, and
a mouthpiece assembly, |
said housing having a top wall, a bottom wall, side walls; 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 structurally configured to be moveable within said housing in an
engaged position from a storage position to an inhalation position and separable from said
housing at a predetermined cartridge loading/unloading position 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;
and
b) a cartridge adapted to said dry powder inhaler and containing a dry powder
medicament for inhalation;
said dry powder inhaler system in use has a predetermined air flow distribution around

and through said cartridge of air flow volume entering said chamber.
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wherein the air conduit of the inhaler and cartridge provide a combined resistance of between 0.08 and
0.15 4kPal/liters per minute. 26. The method of claim 25, wherein the active ingredient is a peptide, a
protein, a hormone, analogs or fragments thereof 27. The method of claim 26, wherein the
diketopiperazine is fumaryl diketopiperazine and the active ingredient is insulin.

23. The inhalation system of claim 22, 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,

24. The inhalation system of claim 22, wherein the predetermined air flow distribution arcund
said cartridge ranges from about 70% to about 90% of the air flow volume entering the

mouthpiece chamber.

25. 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 comprisimg a diketopiperazine and the active ingredient; and

b) delivering the active ingredient to an individual in 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.

26. The method of claim 25, wherein the active ingredient is a peptide, a protein, a hormone,

analogs or fragments thereof.

27. The method of claim 26, wherein the diketopiperazine is fumaryl diketopiperazine and the

active ingredient is insulin.
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