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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 pulmonary delivery, for 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.

[6003] 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
[0604] Drug delivery systems for the treatment of disease which introduce active
ingredients into the circulation are numerous and include oral, transdermal, inhalation,
subcutanecous and intravenous administration. Drugs delivered by inhalation are typically
delivered using positive pressure relative to atmospheric pressure in air with propellants. Such
drug delivery systems deliver drugs as acrosols, 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.



ingredients into the circulation are numerous and include oral, transdermal, inhalation, subcutaneous

and intravee‘%%ﬁ% %ﬂ@iﬁtraﬂon. Drugs delivered by inhalation are typicallyégﬁgs%%glm%%g%g positive

pressure relative to atmospheric pressure in air with propellants. Such drug delivery systems deliver
drugs as aerosols, nebulized or vaporized. More recently, drug delivery to lung tissue has been
achieved with dry powder inhalers. Dry powder inhalers can be breath-activated to deliver drugs by
converting drug particles in a carrier. into a fine dry powder which is entrained into an airflow and
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inspiratory maneuver by deagglomerating the powder formulation within a capsule. The amount of fine
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discomfort, improved ruggedness, and discrete geometries which would allow for better patient
Complié?fi:é*.xgwﬁ’l thadyy powder dispenser. The benefits of delivering drugs via the pulmonary

circulation are numerous and include, rapid absorption into the arterial circulation, avoidance of

drug degradation by liver metabolism, ease of use, i.e., lack of discomfort of administration by

other routes of administration.

[0607] 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, case of use without



[0008]Dry powder inhaler systems for pulmonary delivery of pharmaceuticals are disclosed. The dry
powder inhalation systems comprise a dry powder inhalation device or inhaler and at least one
cartridge containing a pharmaceutical formulation comprising at least one active ingredient for delivery
to thepuimenan fsvlalion. L Aresant {nbalation SYatems Rigvide fidogrd.deviceswhichiare
reusable, use pre-metered unit dose cartridges and can be separated into their principal component
parts FERBREOf cleaning. The devices also provide high resistance inhalation systems which enable
deagglomeration of dry powder particles, hagermasiRtent airflow and are simple and easy to use.
Oosuarer o pandseet alite pLeseryNeIiOn- R et AR nbion Yel
comprising: a dry po%yd%r inhaler com rising aﬁ’ousmg%n a rémovable mout piece assembly, said
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the mouthpiece assembly is removable from said housing at a predetermined cartridge
loadirf NSl RE OE B S[BRRTE 1 SRE SO TERR SAAF B3R inhaler comprises a housing, and
a moytiopiate, whereitotiimhousing gemprise prasmotithpidce, érgadingoseietionm sthattusalbycanfigured
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configiresinbde movrakie withithexhausinginian engagedpositiomand celgasabledreondbrshousing
at a predetermined position..The dry pawder inhaler.mouthpiece is structurally configured tq receive,
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having a conduit permitting airflow between an air iniet and an air exit port, and comprising a chamber

and an oral placement section; the mouthpiece further being structurally configured to be moveable within

the housing in an engaged position and releasable from the housing at a predetermined position. The dry

powder inhaler 'mouthpiece is stracturally configured to receive, hold and/or release a medicament

containing cartridge in the chamber.



WO 2009/121020PCT1US20091038668 substantially prevents ambient air from entering the conduit
except at the one or more first openings in the housing for air intake. In one embodiment, the housing
also comprises a mouthpiece storage section. [00012]In yet another embodiment, the dry powder

inhalemgpithpieceassembly.£R0 MRS ralaiyesiothehrrsing andihe rgz%mgt&aﬁg%aomhpiece

within the housing can reconfigure a cartridge seated in the inhaler from a closed configuration to an
open BRfidRIrREoROBFREH 4K JRErPIS cBYECRBHAGLATIGHO VB RTET tHE HSUBHBIEEE Fithin the
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the housﬁg to provide registration of"positions of the mout piece in use. In one ‘embodiment, for
exam PRETHES ISRy T thdina CUERRE cAaE SRRl PR Y ORI BREHERd the nidiRTE ceosiAT Gt From the
storage,pasitigndo a cartridge loading/unloading position to an inhalation position. In another
emboﬁﬁﬁﬁt, the n‘n}?futh lece further comprises a m%léthplece orbql_ placement section.and a

. n st ther embo nt, the. mo iece assem engaces the mouthpiege at the .
medi t contal ngl aai}fﬁgge receiving section; cartriage receiving section cBr?ﬁgure(}j’ 1o permlt

and diresthaieftomghrogghctine erderitibiecalindyesj@0 caBimarisrtire riembbdirerion taeiairaponduit of
the aigintake seclion ol the hRUSIRAS (RLaaRMyRicAHCmILh the alr.exiLpers abibsimpuipiese when
the cartridge is in an open configuration. The airflow conduit is established between one or more first
openiAgETHHE UG IBRTAIP 555 SRE B SEH!th e Aifftotl TEhEROWitHTR e PoBisiFy 4HBSits a
seconshopeningeidne magihpiecaentagingsectonfandentdrserto the mouthpiece 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.
WO 2009/121020PCT1US20091038668 [00014]In another embodiment, a dry powder inhaler is
provided comprising a housing, and a mouthpiece assembly, the 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; 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 41(Pa/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.

3a



[00016]In still a further embodiment, the dry powder inhalation system comprises a breath-activated
dry powdegighaler;-ageartridge containing medicament, wherein the medigaimesiosanssgsyprise 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
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one em ment, ry powder inhalation system can comprise a cartridge including a formulation
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system 8%dgg¥§{0§}%§r%%§§gg with consistency and in a linear manner. In this embodiment, for
example, multiple carttidges of a single dose to be administered to a subject can be interchangeably
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cartrid e sum of the dosage strength of the multgle cartridges, wherein the system can deliver a

bioequivalerelitise witthe e anddge. BRYEECDESCRPTRYNRRECT EBRO W06 8]FIG. 1
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position. [00019]FIG. 2 illustrates the back side view of the dry powder inhaler of FIG. 1 showing the
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movement about the housing is rotational, and can be restricted at predetermined locations

relative to the housing to provide registration of positions of the mouthpiece in use. In one
embodiment, for example, movement of the mouthpiece assembly is rotational and the
mouthpiece can rotate from the storage position to a cartridge 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.

[66013] 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 openings in the
housing; then air pésses through the airflow conduit within the housing and exits a second
opening of the mouthpiece engaging section and enteré into the mouthpiece 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 a2 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.



'[OOOZO]FIG. 3 illustrates the back side view of the dry powder inhaler of FIG. 1 showing the

mouthpiecgysiasseshly has been moved to the inhalation position for uge}@R8Rd)ess? 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. [00022]FIG. 5 illustrates the dry powder inhaler of FIG.
1, showing the housing subassembly and the mouthpiece subassembly disengaged from one another.
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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, & 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 geomefries 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 kPa/liters per minute. In certain
embodiments, flow balance distribution can range from about 10% fo about 30% through the

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

[00016] 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), parathyfoid hormone, parathyroid hormone
‘related protein (PTHrP), and the like.

[0B017] In one embodiment, the dry powder inhalation system can comprise a cartridge
including a formulation for pulmonary delivery which can be provided for use with different
dosage strengths, wherein the system can deliver the dosage with consistency and in a linear
manner, In this embodiment, for example, multiple cartridges of a single dose to be administered

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



subassembly removed from the housing component. [00027]FIG. 10 illustrates the dry powder inhaler
of FIG. 1, shoyvng, s exploded view of the mouthpiece subassembly. [00928}54Gnd48kgtrates an
alternate embodiment of the dry powder inhaler system showing the inhaler in a cad'idge loading
position. FIG. 11 also depicts a cartridge embodiment for use with a dry powder inhaler according to
the present description. WO 2009/121020PCT/US2009/038668 [00029]FIG. 12 illustrates the

embodiment of FIG. 11 wit cailiidge loaded into the dry.ppwder inhaler with.the ca en.
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positiodeliver a bioequivalent dose with a single 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.

166019] FIG. 2 illustrates the back side view of the dry powder inbaler of FIG. 1 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.

[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.

[00021] FIG. 4 iltustrates 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.

[00422] 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,

[00624] 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.

[00026) FIG. 9 illustrates the dry powder inhaler of FIG, 1, showing the mouthpiece

subassembly removed from the housing component.

[60627] FIG. 10 illustrates the dry powder inhaler of FIG. 1, showing an exploded view of

the mouthpiece subassembly.

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

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



[0O0031]FIG. 14 illustrates the embodiment of FIG. 13 showing the dry powder inhaler in inhalation
position as@Lhoee; %%on through the mid-longitudinal axis. [00032]FIG.Q&Mﬁ%@}%ﬁ&&ross-section

of an embodiment wherein the dry powder inhaler is shown in the dosing position and containing a
cartridge [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

dimengj ack side view.cartridge for use with the aowder inhalatign system. [00Q35]FIG. 18
iIIustrat@l@h emboogf%riy&lﬁﬁﬁt@;% 8%%‘%??%%&&%9%& bighdt fﬁ%ﬁ%ﬁ&%ﬁ‘%gﬁ/%ﬁ'the thy
powdegdnidatatinal aystiemhi0RRIGHNG. 19 illustrates a mean baseline-corrected Gilt (glucose infusion

rate) for two 15 U cartridges and one 30 U cartridge of an inhalation powder comprising insulin and
fumaryidiidippiperdziGe 1 anthioraids heamibddiment of FIG. 11 showing the dry powder inhaler in

an inhalation position.

{00031} F1G. 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

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

[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.

[{00035] FI1G. 18 illustrates an embodiment of an exploded three dimensional view of the
cartridge for use with the dry powder inhalation system.

[006036] 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.

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

[09038] FIG. 21A illustrates a schematic representation of a portion of the inhaler in cross-
section showing components parts. FIG. 21B illustrates a diagram of a resistance circuit of an

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

[06639] 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.



[00037]FIG. 20A depicts a schematic representation of a cartridge loaded into a cartridge rig in

Cross- sect Mrlng pressure across the cartridge.-FIG. 20B illus % L of a
resistance CII’CUIt ustrating the various resistors associated with the cartridge rig illustrated in FIG.
20A. [00038]FIG. 21A illustrates a schematic representation of a portion of the inhaler in cross- section
showing components parts. FIG. 21B illustrates a diagram of a resistance circuit of an inhaler

embodiment of FIG. 21A used for m i resi pressure of the device. [00039]FIG.
22 depicts a linear regression plot |Ilﬁﬁﬁg§§§)§§§m§ ﬁﬁxsured through an exemplary cartridge
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DETAI CRIPTION [00040]In embodiments disclosed herein, theré are disclosed dry powder
inhalaﬁﬁﬁ@%@ﬁ@hﬁﬁ@ﬁ@ﬁﬁg%ﬁ%@é@@ﬁwmgmmm Yemetingy Eheinkatpionhe

inhalation systems,soMRrisR ARIRAIB-RPWEBE Ak Disathag iR d POt nbAler;0ns,qr more

cartridges containing a pharmaceutical formulation comprising dne or more pharmaceutic allﬁ active

substaﬁ%@@%@ﬁ@@w@gea@h@gnaﬁ%cghéwadémaqmm SarAsre[obargcvdieihodiment
of a dry RQWERLIRRALCEIS SRNRIR &ik#ts lantNEpRIINE M utically acceptable carrier.

[60041] One embodiment of a dry powder inhaler is shown in FIG. 1. Therein, dry

powder inhaler 180 comprises housing 102, and removable mouthpiece assembly or subassembly

164. FIG. 1 illustrates dry powder inhaler 160 in a closed or storage position, wherein
mouthpiece oral placement section 166 (illustrated in FIG. 2) is stowed away under cover 108.
FIG. 1 also illustrates cover or lid 110 over mouthpiece chamber 112 (illustrated in FIG. 2}. In
one embodiment of FIG. 1, housing 102 is structurally configured to be relatively rectangular in
shape and has top wall 114, bottom wall 116, back wall 118, first side wall 128, second side wall
{not iltustrated), mouthpicce engaging section 122, mouthpiece storage section 124, and an air

 intake section as part of housing 162.

[006842] FIG. 2 illustrates dry powder inhaler 160 from FIG. 1, showing the inhaler in a
cartridge loading/unloading position with lid 110 open to allow a mating cartridge to be inserted
into the central cavity of mouthpiece chamber 112. FIG. 2 also illustrates removable mouthpiece
subassembly 184 is movable from the storage position in the housing to about 90° relative to
longitudinal x-axis 262 of housing 102 rotated about y-axis 284. In certain embodiments, the
cartridge loading/unloading position of mouthpiece assembly 104 can be any predetermined
angle as desired. As illustrated in FIG. 2, mouthpicce engaging section 122 of housing 162 is
relatively circular in shape on the side wall and is shorter in height compared to the rest of
housing 102 to accommodate mouthpicce chamber 112 and can form one end of inhaler 100.
Housing 102 can also comprise an air conduit with one or more first openings to allow ambient
air intake and a second opening in communication with mouthpiece engaging section 122 which
allows air flow from the intake section through the conduit into mouthpiece chamber 112 in the

inhalation position.

[00043] FIG. 3 depicts dry powder inhaler 166 illustrated in FIG 1, showing removable

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



powder inhaler 100 comprises housing 102, and removable mouthpiece assembly or subassembly
104. FIG. 1 MJ powder inhaler 100 in a closed or storage positi i thpiece oral
placement sect%ﬁgf%égq %I/Iustrated in FIG. 2) is stowed away under cover lfgg)%%@@ ﬁé(goyillustrates
cover or lid 110 over mouthpiece chamber 112 (illustrated in FIG. 2). In one embodiment of FIG. 1,
housing 102 is structurally configured to be relatively rectangular in shape and has top wall 114,
bottom wall 116, back wall , first side w 0, second side wall (pot illustrated), mouthpiece
engag MG SHEh 15BN ARt LA B Y o P RE LB Y Fbusing
102. [OR94A{E | @2 fhustditaboty paxiseltdhalkr 100 drembodiminshansnmiakiivhalersificncaftridge
loading/unloading position with lid 110 open llow a mating,cartridge tq be inserted intq.the central
cavity DO CHEMh A £9° Fts T TERHAtBs Pk e AR GRS EE IS iRy 204 1
movabtertridpetiiessaragecpaditonl iwtthetho usialptoaalalit Y0tetiathledtptoagit wdinad xeamisy 202 of
housin 2. rotated about y-axis 204. In certain embodiments, the cartri loading/unloading position
of ol RSET A B R R T T SR R R T
mouth pitnedegagingsectathpR2eof:0opindfL02 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 fori®08Ad end of MGaldr 1bmstrateasitny 10Dsen anbeleoniffisefadi cbnehaiwiigh wmowsbisore first

openings, (G pllow SRR dsdniRe R RAREANAPERNAR SOTMUBIE R MER rew siese

engaging section 122 which allows air flow from the intake section through'the conduit into mouthpiece
chamb@mkiz hﬁ:tﬁ@tﬁ%anatidmpb&&idmwm@mé.@ﬂ@gi@ﬂ@mmﬂm@ﬂgq@qm@@d in FIG
1, showiagnieipeya bisoH ANRIBCRAS MDY Qi an Xt Rl braatiaR RRSIIN ith %
embodiment, removable WO 2009/121020PCT/US2009/038668 mouthpiece assembly 104 is at about
1800 afidsenpfisntsdnativiogauatrarssssid8hyichseisitpyrroperbrdentcsd Si pneus 20uusr some

embodiments, the inﬁf;‘%}atio position of mo‘%ﬁ

thpiece assembly 104 can be varied depending on the
structul¥ ¥ figuratiol? oP RIS GEY o rtd“i‘@ %&%?eﬂ%{vﬁmtﬂeqm@{nﬁn@?h@m%ﬁﬁal

degreesasacicgbnaobtpiiededdanbionddyatidvagesiuids tRaraiavlaindatBpiedcandeaitithe
cartrid arrying .a plume, of medicamenj jpto mouthpiece exit port 302. [00044]FIG. 4 illustrates dry
oo 1 AP IR SR IR T TR S o R, HH 8 ML e About he
loading/tinloadiog: poditoftadftarduses loshnotd Hengotefthiatiid1i#0aemanmpped ddgngidivement

of remoyable mothpiste. assembl 104 abouthoveing 102, FIG, 4 slso llustiates mouthpieg oral
placement Section 106 carn be Corfigure \Aﬁt%%o%gue BB7eEsof WRICH aets 1o propeny depress

the tongflimosiag Y, 1O00%KR|GrBpliastnate sattiopdlél exiertditer G0 ofdEiEidccohypaisinglthe
component.pakts, r I [ SS / n usgj e pouthpiece
assemgf/dl&%c%m%?s?r}% ?n {;ﬁﬁ:)giége C ﬁnb%ﬁ%é%%%u% co%%tgﬁgéiégvﬁwgr%idlgz h%Eger area
502, omeouthpriere Isaits B 342 ovtdddr imore flamgumBesotid it ambisitirist pdreoskehicio
Comm%@&&{ﬁéﬂg'ﬁ%‘pi : QU 9E SRRLRREENRIAR vt maniNpigee enaag ﬁg@gﬁ%} 122 of

housing 102; mout e oral placement section 106 extending from mouthpiece cha 2 and

havingRifcamenbefasasivdge Ancem prcatadalaml Aloltalsie skorrainFdE 12 2nthBlolith BredsTexit port
302 Whighis dRCOMMMRIGANO MR ARAIS HRicatdiMBHBY ALY RIMAE RN ReRTIGHSH/ahaus indicator

512, for example, in the shape of a tear drop for proper placement of a cartridge in dry powder inhaler

100 is SRFBINsHSUFFRITiucatrdeRs it BT HIBRE ATBEARG I iSe R fiehimarErtadimghts the
correctyiative d tatien 8k sl alaR ANt A RIRRRCHHECES St ARIHILOR 66 AHING, iNarioniesd

emptying in use, In such an embodiment, a cartridge cannot be properly seated unless tear drop 1602
of cartrfye HbHERiEh PL§ 2ReRGTve key 510 align with one another.

[06246) Lid 11¢ is positioned over mouthpiece chamber 112 and is mechanically

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

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



1000461Lid 110 is positioned over mouthpiece chamber 112 and is mechanically connected to

removable- ' ssembly 104 by hinge 514. Lid 110 has an outer n inner surface
RounplessA BUTRRS ADAA0,

and it is structurally contigured with an anvil in its inner top surface and relatively centered within the
top. Lid 110 can only be opened when removable mouthpiece assembly 104 is in the
loading/unloading position. When removable mouthpiece assembly 104 WO

20091121020PC /U820ﬁ9/03866 i engagedgint .housing 102 an interlocking mechanism prevents
moven®nfiEebsiiiinAgktith pBbitdi ol %ﬁ%‘?ggerﬁ%ﬁ’&‘ﬁ%hgﬁﬁalﬁoni’?m%d 8 réised.

The intéskaekitaneohapisitaarcamprigesdes pusinimienore tidmae helseaedaxibigdatialmagns,
which are incorporated into the walls of. moythpiece chamber 112 and act as a self-sypching
mechaFRIGHIS i PAERSBISPh S &HTORH ARG W EREHRA SMGRS Ferfo Ve DGt R BBl 104 to

obtain pitipkraredisioapierated theovariowaipositionetivbietcdeypaved anihhateediOfl is keMsEnkithg10 can

be maintaiped in Qs ositign by a locking mechanism, for example, a spring.loaded boss such as
et L T e R e R e s e
embodigw it dbailo pkapgrmetitenismotaheprisenis paspiwasdwdicie dsyopoofddrdatinlsingdnalin The locking

mechapia PZ.con As0.280 18 seshle e mawBpieoe subassembly.aoainst uer rolation.
Position reglstraatlon of removable mout%plgce assembly FoAaioWe the Thnaler 10 Be prof)%l?ﬁlﬁused
and présaits osyemb s of lehova bigtoowihpte caenassrgbyricvinghiedosimgipoditosingithidut lid 110
being depres 0 taI illustrate ng 1 rated from removable meuthpiece
assem ﬁygﬁoﬁ%%%vﬁ%ﬁzrﬁgé%g?ébg%ngggﬁ% zlélgc%%%l Zgﬁﬁﬁa% gné%pu vivr%cf)%gelst?%lo Wlt}fh top

wall 11hppsinmwlélis”6bﬁm&kéa$mdmmméﬁaiv@a® ot msovalsishmoetithider asbessinplpo4 and
S”UCt“é@ﬂ%&?ﬂﬁ%ﬁ%&%&@%ﬁﬁ@%@&ﬂ&%ﬁiE’é%ﬁiﬁza!ﬁi%%%\ﬁtég‘?@c@aﬁ?é}ﬂﬂg §H4QAYERD upward

projection of the wall or second flange 518 around the top outer portion of mouthpiece engaging

sectionbehir] ke FHoRedibHses rMGLPERY i BIBPNRIEY M rerKbitoln waltkbisngassentbimnafd Jath a

keying ﬁg%g;ﬁg phafAT s 11 RIORShAleRTRRE of a cartridge within dry powder inhaler 100 is
dependent on drive key 510 having an indicator 512 and one or more indentation 126 (FIG. 2) in

removahéa4mputhpiecrsassemdly ilRdnansd divaisey oD sgshaihpusing 1001004 8ldeisiRe.102
comprises (i#]thﬁ‘éeéfe engaging section 122 having an guter wall, an inner wall and a bottom wall
contiglf’éff’s‘% Hhe ghaw fafREAELR SHRCB HEUSN Y S 62, WO HTRFEH 18 4% to the
mixing gakiall vf4emeomibldisoontihpieseiaadenibiycig. dulbhdd ealigs Araraliet e asseaRLlion
through the mid-longitydinal plane pf housing 1Q2 cgntaining a portion of maq iece champer 112.
0. & WA S S s e B DB A GBS P FRASHER 406
definingazespacgyfoerigprsiegtacartritgev4iron lsrcstrd dango 5 pu aro0aishih eoyalhrd therdisnconduit of
housing 102 which is centinuqus with back wall 118 of housing,102. WO .
2000/ IR B oI L (00D ST e ARLECH 5 S Kt At lucer
inhalercb@fgnraddosingowith a keying structure of a cartridge. The proper alignment of a cartridge
within dry powder inhaler 108 is dependent on drive key 510 having an indicator 512 and one or
more indentation 126 (FIG. 2) in removable mouthpiece assembly 104 and drive key 510 and of
housing 102.

[00048] Housing 162 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 configured to adapt to the mixing section of removable mouthpiece assembly 104. FIG..
6 illustrates a parallel cross-section through the mid-longitudinal plane of housing 102 containing
a portion of mouthpiece chamber 112. FIG. 6 also illustrates interlocking mechanism 604 (belts
504 in FIG. 5); chamber inner wall 606 defining a space for housing a cartridge. Circular
structure or plug 608 is the wall of the air conduit of housing 102 which is continuous with back
wall 118 of housing 102.
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inhalation position. As seen in FIG. 7, housing 102 has a substantially rectangular shape, however

other sha;ﬁ%g ﬁﬁﬁ'ﬁpitable. Housing 102 comprises one or more inletﬂ{of}ﬁsgéﬁgégsgwnings 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 j ﬁﬂa e of a cup further cpmprising second drive ke 2as seenin FIG. 8
o SO el 1160 o TUTRELE Fe BN R AT R e AT 7 aiso
showsiiheigtigagesitent betweeeflanFEh0B, diomdngh pleceashamniiestditilly heuagkOhbpege 514, lid

110 and mouthpjece.oral placement.section. 106 with,tonque depressor 402 and airflow conduit 714 of
romo TR LA BE ) TUBoCEI TN T BRI G2p S G S ARE g Tbo
illustratjrgimnge §id, compaden t30df dryspayvsetomn e add Bpimg) \RESgaptl g 68 ppistdHl /&Eming spring
708 which assemible 1 aif condidt 194,,004sind. 107 wter s uctire comprising hagkudl} 18, side
wall 120, top W&Rﬁff A Botrom wa ?[% m piece engaang section 125t second drive key
802, ahd stideéuitotiM384 ovisioh moveepthmst Fkltuailpai airflrw foremteuthpiece oral placement section
106. Air conduit 704 is configured to have an aperture or opening 712 which allows and directs airflow
enterit®0860king 10%9utbpicetiwnsitwias aepligind g8 diarriizty genGeaeihdpithcoshaprané gverp

Mouthpiefe:-REANIRASELIAR Ifie RY, 89 GOTURNSE PIBE ARG, SR W%ﬁﬁ%gé’d’%”se

protrusions or projections from the inner wall of the chamber which mates with flange 506 and mating

structdité®ozaad Bakdhaimedicamest pestmmecedridashdileh 7 akankoemBisdinsaaeaidsroetand

C0mIOrﬁﬁlﬁr’sﬁﬁFM%EQ&@&E&%%M‘_‘i‘i@fd"h%ﬁ@ﬁ@gﬁﬁpﬁfdg@ @@ﬁg'fi&!}@ﬁfﬁ%&gﬁrﬁé&%@ng 102
structurally configured to indicate inspiratory effort. Piston 706 and spring 708 can be placed at other
positigHacFee aﬁ?ﬂBW‘p&?ﬁmfﬁ?‘bf@?ﬁ‘ﬁoﬂ%ﬁ?ﬁ%l@%@é}.dD*E}FﬂFgWaﬁ‘i’Hé%}Fa?éﬂ/ RiaFEOEDSirflow
enteripghiRBradc&agduibikOdoyvithin housing 102 goes around piston 706, and moves piston 706 to
compress spring 708. This airflow control mechanism during inhalation indicates inspiratory effort

througiegsagtile semsatianidpianereaxpadisderitwhst mashanH? iNdicaiésyineRiraioomeiaitirough an
A IO Bl B SR SR S BRI o
protrusiorsniivd 7D Wik P SRONNO3 866Hrisinghbasknvadlh @ Bruidareal DA2&hapmales with
operatit: EgOLRE S e o SR S RS B K o e
loadingiidnldeti8f4ebitib cavhsrthie didrigOdergpetechbfid moatititye cohiErioyanedidamadleis placed
D A SRR S A2 DA LIP e

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 566 and mating structure 902 as seen in FIG. 9 of mouthpiece chamber 112. In this

embodiment, piston 706 and compression spring 708 act as an indicator mechanism positioned in

air conduit 704 of housing 162 structurally configured to indicate inspiratory effort. Piston 706

and spring 768 can be placed at other positions in the airflow pathway of dry powder inhaler 160.

During an inspiratory maneuver, airflow entering the air conduit 704 within housing 102 goes

around piston 766, and moves piston 766 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



the anvil will further insure the call'idge achieves a proper vertical alignment. A downward push of lid

110 closes&‘@ 2%%’&51%9(9 removable mouthpiece assembly 104 can rotat%%wgza)(%%&% esition,
' y

wherein a registration securement holds removable mouthpiece assembl In place. It the proper
vertical alignment is not achieved lid 110 cannot be fully closed and subsequent removable
mouthpiece assembly 104 rotation cannot occur. This provides an interlock mechanism. [00053]FIG. 9
illustrates,removable mouthpiece assembly 104 which has been separated from housing 102.
RemoVAETE A LB LE SUEH N TEH BRI ROCHHDRSE PR 1%, P YE A NEd (o
removalilenndeuiopdecisingentioly it 04 w@ that in a closed position lid 110 covers mouthpiece chamber
112, and mouthpiece oral placement section 106 having airflow conduit 714 with mouthpiece exit port
302. Méétridiece chambperddéhcormosssdaiminidiiert S@8crably ok oke iange o6 hastimgggaps and

mating _structure 902 for. mating.with and securing remoyvable iece assembly 104 with housing
oz, FPONGIL R 4 e A aRE PRSI T8 K R B RRs d Siahes
structureritzizondi gurdidap e gagdavathihusingthp2c@nbacarep fi$2 snduléplecp gratnts havibbpgaps in
betwe : ' opkal ti ctyre 902 for mating with housing 102.
The e e e e I St paRSly
predettherined politfortbesfinsotattbiecereidgniochittss to pfigotusntetionbpdigsercute ndedovfvembyable

mouthgigge Askgppl J94indousing 13- J&RQ%@%&%@@S%%%@ VIR0 E%@gevap'&

mouthpiece assembly 104. Mouthpiece chamber 112 com y 510 with indicator %12, Iid
110, nfinsingipesitinnl wheseime ieastabprBeueT dolds semayahie cnowtipicanapcmbhtidspring

1004, gneor MofRLRitp R0 ARSINiapaskcderents: LR P99 12 AR0PC AN 20031038668

[00055]In embodiments described herein, dry powder inhaler 100 is structurally configured to
effectuBieseaiirnhRmevably rosishniess ireRymbiurmtatipe (BSROAMRE S drflﬁ@mvima@r 100 can
be modifiathdpmvamangdhe 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 0.08 to about

0.13 sgeenssioot of iliteifpefabindieclA0R-mPoaR a@licinriaMDRHinest tiisbaliedohmies. 11-14,
dry powder inhaler cgmprises alternate housing 1104 configured to be compact and comprises a
squarﬁgﬁé%“@g}%igggati%ﬁrgﬂ%@ﬁesm&%%m ovabl@ %F@SB%E’%%%I&W. Hémovable
mouthfite ddasdenlabyd 6 iensimitde imsithpiete afsambigerticabithad me aobadlipositsn 1aithes
embodiment described with res o FIGs. 1-10. FIG. 11 depicts alternate owder inhaler 1100 in
o oafRE T TS AR 1 TERERe el HAEEBl A I B oA e
mouthpiadaiéxit HovitBodowthpibdd 62it pattBfite chiohtupiber tidvired Itk donkirigemsehaisispor604 (FIG.
6). Callad indicat ligning,to the jndicator 512. of mouthpiece

cham b@r@%%%%ﬁ?%ﬂ%ﬁ%%ﬂggﬁ1&%&%%%%5%%?%%%@@% 0 w# éﬁbﬁ"ﬁlg?é aélr‘? & {lgrﬂlelglocated
in onetgfpeabldanguthnicaswasvembly Aifdrneith b hhtshheghriMepesitidsedras trerboteroles

blacedjylhehARRHIens RRE PRkl hAlAHA'S ARUSRGRRaYAbA40G A 16 DRlE Ay RRwder

inhaler 1100 can have one or more openings in the housing of variable sizé or shape a%d ocations.
housing 102, and comprises multiple segments baving gaps in between the segments; the gaps
section contains mating structure 902 for mating with housing 102. The multiple segments of
flange 506 and gaps between the segments can be position at predetermined positions of
mouthpiece chamber 112 to cffectuate proper securement of removable mouthpiece assembly

104 in housing 102.

[00054] FIG. 10 is an exploded view of removable mouthpiece assembly 104. Mouthpiece
chamber 112 comprises drive key 510 with indicator 512, lid 110, mouthpiece oral placement
section 106, cartridge securing mechanism 1062, a radial spring 1804, one or mote belts 504 and
interlock detents 10066.
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[00057]Cartridges such as caitiidge 1600 can be adapted to the dry powder inhaler containing a dry

powder m ig%ﬂggﬂgoinhalation, and are configured to deliver-a single HE%HQE&%%% 6r&edicament. In
o )

one embodiment, cartridge 1600 can be structurally configured to contain a dose o Pc?r example, 0.5
mg to about 30 mg of dry powder for inhalation. 1000581FIG. 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 op ition, mouthpiece chamher 112 and alternate housjng 1104 with alternate air inlet 1202.
FIG. 1@%‘5%?&5 then%fry?&’/? ?ﬂﬁalg?sﬁé%‘ﬁ%‘?rﬁ%. lé'inpﬂ%(!&’bsﬁé“&si&‘i ARSIty
inhalatienigaeab 8] iechheepnimbl crifose etisistoica) temateis inqier Thb ateistae of [, 13,
showing the internal features, of the iphaler and cartridge system, Lid 110 securely holds qath.idge
2600 B0 GHIRICH OB AA FREEh B TR o A TR B2 P AFRS o i
2009/ 816210 FE4AMS 206 20 386 681l bde Eshaditosuicaind ptwiliérohhadiit gk camiakplaceiiryw section
106 with.mouthpiece inlet port 1 nd mouthpiece exit port . [000601In some embodiments, as
R e e R g e B B R e e e bl 104

shown T .15, dry powder’in COMpIrises a remova 1 .
R e S R R R T T
comprisewptisediritomate resisig chifHiseordtgnpdsiieg ohsokmabteat 8 0TPOBEY |in sersodhments
descripgeHaeibn NG HEK RAEARY IS By SIGTL A MIEe N85 bicce assembly 104. Removable
mouthpiece assembly 104 is similar in structure, if not identical in some embodiments, to the
embodiment described with respect to FIGs. 1-106. FIG. 11 depicts alternate dry powder inhaler
1100 in the cartridge load/unload position with lid 118 open, mouthpiece oral placement section
106, mouthpiece exit port 302, anvil 1102, mouthpiece chamber 112 and interlocking mechanism
604 (FIG. 6). Cartridge 1600 has tear drop 1662 indicator for aligning to the indicator 512 of
mouthpiece chamber 112 for proper insertion. Alternate housing 1104 in this embodiment, has
an air inlet located in one of the side walls; however, in alternate embodiments the air inlet can
be one or more holes placed in other positions, for example, in alternate housing bottom wall

1106. Alternate dry powder inhaler 1100 can have one or more openings in the housing of

variable size or shape and locations.

[00057] Cartridges such as cartridge 1600 can be adapted to the dry powder inhaler
containing a dry powder medicament for inhalation, and are configured to deliver a single unit
dose of a medicament. In one embodiment, cartridge 1600 can be structurally configured to

contain a dose of, for example, 0.5 mg to about 30 mg of dry powder for inhalation.

{0(}058} FIG. 12 illustrates an alternate dry powder inhaler 1100 with cartridge 1600
loaded and ready for closure of lid 118. As can be seen, lid 110 is in the open position,
mouthpiece chamber 112 and alternate housing 1104 with alternate air inlet 1262. FIG. 13
depicts the dry powder inhaler system of FIG. 12 in the dosing position and ready for inhalation.

100659; 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 116 securely holds
cartridge 1600 by way of anvil 1162, which is then securely installed in mouthpiece chamber
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predetermined airflow distribution around and through a cartridge operably configured to mix a
medicame ith al ing a powder-plume for delivery to a patient's pu

Predeterm_'i%ri&éydht Ql)r%%zv&v%%q;tribution through the cartridge can range from agggﬁ%}é@%ﬁé&%% 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 a@?dd exjting airflowy through the cartridge converge to further shear, and

deagohAer AR A AR b AR RBIFES SiRbALF eI GEN RSt LB Mt JBR RSB T one
embodiprentothend edictipiest eantaifisgacartridge 1600 as shown 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 ditdabiid apertiareoh@02ntedidents, :60dograspiRifebiydeyl fo6danidHilst indhlemkeyinga
mechanism, 1906 and secend.nhales eving mechanisRelo10 Caukidae 4000 has @ closed,
configuration movea 0 an open-configuration for dosing a’powdermedicament or from an open to a
closedfpositioricfid riose. GrrtrisgsidtOiafunthenvdrhpbibechanh cutsgss fate andidgeina0® sudace
definin& in 0 I Xol S yxh%girh -ﬁ%) gﬂg&nf' ur i re; tricts gommunication, such as air
transit té)%o%dth%%ugaﬁ the%ﬁte?nal volur%%‘g,‘la d%%]e ope}% c@rﬁ%gura%o%ogr%\g a%ogﬁ%ag}s%gg ﬁrr%ugh the
internatorojuisiegcheidyalysoldliér 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 orl A& hperturbs @bpdirenipelesrabedoersibdhe dpemarelsr bhaler shiraraparise B80R), holes,

slits ogp%a&%ﬁﬁ@é%ﬁ@wﬂﬁm% hatranhevedipreled.rdags 5@&&@9@@%&@ BRix a
|

embodiment, cartrid%e 1600 can be configured of two elemental parts, for example, two segments

(e.g. fireedisy onouih i pripg & H3aEwS SepARieTodY AnedatshRUEGREKISYSE) that can
have apedsteemifdd airfival ditabeamatisnpitienaanaiberinthecrem evoligutatippandimppposing

positions where the apertures at not in alignment. In one embodiment, for example, cartridge 1600 can
be strfRahEBARGYR RIS SHIFE LR s @ﬁ%ﬁ{@%ﬁ whlbiome A rdtEr &R B TABeable
3bo ut amgi@aatgear@am' lﬁ@vﬂﬂ%igguzégﬂg&ﬂghihﬁh%&f?@lmwlamﬂg Eﬂ%tbﬁ;oﬁjmﬂﬂlbhaﬁoﬁhﬁfx@.apsuljeﬁ
escribed.in U.S. Patent,No. 7,305, which,is fully incorporated herein by reference as if part of this
pociRASETTIT, SHBGBHPAREH UGB ik PRI BEELBEUY LIRSt FASGHER RUTETEh Bith the
dry poYviiticindiriar arddeagehemaanethyviibindthariotiztendat preciete rerineg pesiionsiRReGBtone
embodimrgznt, a method of delivering an active ingredient comprising: a) providing a dry powder inhaler
compr%‘i’ng, a housing and a mouthpiece, the mouthpiece comprising a chamber containing a cartridge

h dor 1 . 1 oton: Y . e oy

fow di g B D B e A g e

active ifgt8dient coraprisrlividumatiTnedthot tlefimmeé rhbyeinimating o cep lamdthapidlyofomalro ditret to 6

seconds and QnfipallyisReaing.iep e PG4 %mﬁ%dim%ﬁ%gbf@ﬂ%ﬂwgfg&mowder
ssure’ differentials

inhaler can deliver a dose of a dry powder formulation to a patient at pr between 2

and 201f8a apb bS] imlaginry ke wing pechaninn dl #fh end et dahsier deaireghisehghisandiaidnd/or
diabetes¢anYisea0NAAAMiREAL Alidhalaiiea8ly ROWHSRAMBAANAMU R RISHGiR: a

diketopiperazine having the formula 2,5-dilceto-3,6-di(4-X-aminobutyDpiperazine, wherein X is
selectdWéih MRABUNEORSMPBIGSECHRY?, glataiypasitrsy e idwsmrrtidesid eétoBathsent, the
dry PORHRFEQRRRSHRR K260 IAENisEifneikaiapiRalaming: Saltivi:akll velaroWese MR iRRRL of the
present inyention, there is provided a dry powder composition, wherein the diketopiperazine is

2, 5- ik B RIISH COTMBRLA AR SR AR STRBRSI ORI ARG YRR s jatgreal volume, and

the open configuration forms an air passage through the interna! 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 1684, second aperture 1702 and third aperture 1802), holes, slits or windows
in the cartridge walls that can have beveled edges to direct airflow. In one embodiment,

cartridge 1600 can be configured of two elemental parts, for example, two segments (e.g. first
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WO 2009/121020PCT/US2009/038668 00 OHN.71Hz.),,r)L. OH HO,IHLNHO 00 FDKP with or without

a pharmac%ig%%/ﬁg table carrier, or excipient. [00066]In one embodi %&i@g@:&tion system
comprises a brea f‘(m-ac ivated 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 m dicar}_rthetnt wherei}:éégfo%ea tide or protein can be an endocrine hormgne,

L

includiffBsetIit & PRd1SeC ARGk SHER S GFPhBR%S ARFEESFOTD ST RES dated ™ aten
(PTHrR)ithod enalogs thehedprndsnadiketiiROaaT iinoppether poshRakra:dhie:dRyenavder not

medicament may cqomprise . .
?11 zﬁygnme t. In gne ergbodment, for example, cartridge 1600 can be structurally configured as

two separate elements which can fit into one another and be moveable about one another; each
having openings which can align with one another, similarly as the capsules described in U.S.
Patent No. 7,305,986, which is fully incorporated herein by reference as if part of this
specification. In this embodiment, however, cartridge 1600 is designed to integrally function

with the dry powder inhaler and can be moved within the inhaler to predetermined positions

[00063] In one embodiment, a method of delivering an active ingredient comprising: a)
providing a dry powder inhaler comprising, a housing and a mouthpiece, the mouthpiece
comprising a chamber containing a cartridge with a dry powder formulation comprising a
diketopiperazine and the active agenti the inhaler having a flow distribution of about 10 % to 30
% of the airflow going through the cartridge, and b) delivering the active ingredient to an
individual in need of treatment by inhaling deep and rapidly for about 4 to 6 seconds and
optionally repeating step b).

[60064] 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.

[06065] In siill 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 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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diketopiperazine and a pharmaceutically active ingredient.In this embodiment, the pharmaceutically

active ingr%gff%gﬁglgg?any type. In certain embodiments, the active ingrgmgﬁ%wg&s.a peptide, a

protein, a holinone, analogs thereof or combinations thereof, wherein the active ingredient is insulin,
parathyroid hormone 1-34, glucagon-like peptide-1 (GLP-1), oxyntomodulin, peptide YY, interleulcin
2-inducible tyrosine kinase, Bruton's tyrosine kinase (BTK), inositol-requiring kinase 1 (IRE 1), heparin,
or analogs thereof In a particular embodiment, the, pharmaceutical composition gomprises fumaryl
diketoperazine and insulin. [00068]In a particular gmbodiment, the dgy powder infalation system can
comprise a cartridge includiBg a formulation f r 51 Hand a peptide
including, for example, insuljn or GLP-1, which{can be provided for uselin different dosage strength in
a single or muft d irteqt, thE system can deliter the dosage efficiently, with
consistency and injja linear mamner. In this embodjment, for example, multiple cartridges of a single
dose to be administered to a subject can be interéhangeably replaced or substituted by a providing the
system with a single cartridge having the sum of:h@ dosage strength of the multiple cartridges. In
further embodiment, the system can deliver a proportional, bioequivalent dose with a single cartridge.
In an SXBRRYAFihoHToRRAaRCEicgHn acssRiaNe A MSIOPP GRYPEPRD 20P C T/US2009/038668 treating
diabetes with inhalable insulin powders, the system can use two 15 U cartridgei(of an inhalation

powdetl88f%brising Msaf SePpdiectl (i SARIAN SPYREB RPBFTFEIng R 2Eht4Ring an

inhalatem pavwerilegrapsiatid geDdoh: sinthg etivgichinady valasindare sefinaubin tead RatigmissSimilarly,
the system can be used to deliver higher doses, for,example, three 15 U cartridges of an inhalation
powdel KO RETAE TR R PR AGLE B RS o PR e TS (R A A GRe T COBTRE 505 BRbige, or a
single 4l proaeiticlgercandsiningribedinhaig ble indidintiandsi~& Réarpriskatioacritine dntdigiagridges of
an insuligdl%gd FHQI%P élgrlrtw aetion %?Q ble ir]':lt é&h%&?%%baluel Wzizt one %Jmc%rtrig&? % insuliréland FDKP
formulation. Attema |veefy, two B0 kat tt?d%es containing an MhalspleThelin Bhd FBk P 8ifiulation
can beGhieicheaigiéohior paeiBPrbiddnngecoftbrtingulih hodneid GRldarnplation. (F0BE69] |arthe
embodimiants escr'%gg ttﬂgr in, the dry powder inhalation system accomplishes insulin exposure

t : ) :
propor%%an%ﬁo a %sage So that the dosages are interchangeable. In an embodiment, the dosage can

be proyifgs filed fose EXAMRLERION0T QLT e folgwing e ale inalydedidemgnstrate

certain embodiments of the invention. [t shduld be appreciated by those of skill in the art that the

technidestoniaerssey irttise exdpraacsiiisabive pspresanedEntchnigudbithambadimaniyeltin the
practice, of the.Breafpt RYSRUR ERMe vV Besengf %ﬁ@.i” the asholidpiuiightef e RigspNt

disclosure, appreciate that many changes can be made in the specific embodiments that are disclosed

and stinSHARMoMREPEseS Ai REDRIS I WTOTBIR ddpurieReramlase trmoiny seabdnations hesrfion.

wherein the active ingredient is insulin, parathyroid hormone 1-34, glucagon-like peptide-1

(GLP-1), oxyntomodulin, peptide YV, interleukin 2-inducible tyrosine kinase, Bruton’s tyrosing
kinase (BTK), inositol-requiring kinase 1 (IRE1), heparin, or analogs thereof. In a particular

embodiment, the pharmaceutical composition comprises fumaryl diketoperazine and insulin.

{06063] 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 dosc to be administered to a subject can be interchangeably replaced or
substituted by a providing the system with a single cartridge having the sum of the dosage
strength of the multiple cartridges. In further embodiment, the system can deliver a proportional,

bioequivalent dose with a single cartridge. In an exemplary embodiment using the system for
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EXAMPLE 1 Dosage Strength Interchangeability [000711The study was conducted in
subjects W%&B&&qu%)etes mellitus. This study was conducted to deter g% th%lé tion for
e iatlon, coul

pulmonary delivery comprising insulin and a diketopiperazine in the formu e 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(fé&market%d i %ﬁd jnsylin did not achieve this and dose Cfﬂﬁinaﬁq s were
moneu B CELEIFR N0 5 BORLAIS M B B o LT HaTetSFh i bFRHIGRIh the
develQ}ﬁMﬁi@f pbwd&@@g@&ihg Iﬁﬁﬁﬁ@ﬁ&l@@@%&&S G atloan ﬂgé}/ode Ibnetylﬁugtg panvidza
formulation comerising insuin e FDICE NsiBEPIR e pasiniaderaaeapiyano e
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 U cartridge containing the inhalable insulin and
FDKP formulation; or four 15 U cartridges of an insulin and FDKP formulation 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.

[60069] 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

[600670] 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

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

was conducted to determine if a formulation for pulmonary delivery compriging 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 msulin 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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[00072]In the study, comparisons of insulin exposure following inhalation of two 15 U cartridges of an

insulin inh%i DOPAEr to one 30 U cartridge of insulin inhalation powd%r Wﬁfﬁwﬁgﬁfs%@ addition,
insulin bioavai%bl ity from a 30 U cartridge of insulin-FDKP inhalation powger was calculated,

compared to a 10-IU subcutaneous (sc) injection of insulin lispro (rapid acting analogue [RAA]).
[000731A phase |, open-label, single-dose, repeat administration study in subjects with type | diabetes

(T1DM ted t 1 kinetic profile or PK of insulin-F dosed
8 sing R T CAEA AR AR COT et 15 BB L) COFTHRES A IBIcEih (RSB hataton

systenwah tbhuthisubdutanizrustinectioniod thasepitcatiirgdngelin analogue (RAA, HUMALOGC) (Eli
Lilly and Company, Indianapolis, IN)) was also tested. Subjects (age: 19-61yrs) were randomized to 1
of 6 sdf0@fzles. FadtethsshjdegisopysivschinafinsER ERbosuRAR Ubtoitzhrshalftdoindfatng B U
hyperinsulinemic-euglycemic glamp. Randomization determi the prder, of insuin-FDICP .dosing
(2 R S S R A A SR BSOS, [mdice Yoy

After destagrbiisodsaddisios, wesditakisa anldtalinlied iar0iSalintridgulif ifisphio-ERKR mbajdtion
dilcetoni : S SR Linsuli
RO ER R S AR Lt R U R B

was useting hrakogay/ idalAdethodologies enabled the independent measurement of each insulin tested.
[0007(4%Tqable 1 shows the results from the study. The mean insulin exposures (AUCo0-aso) of a single

30 U A&k or twd rhasechriidgdabne ittt iRpeDIGPIREEIK S5 a AUISHD Wik also

similarrﬂsbwlm@eéf@ﬁﬁm?wsnaa'@m%@&m&aﬁuﬁﬁﬁmm%x@ﬂ@rﬁu@qs of Sretngmber of
cartridges, Due to the significantly different PK profiles of insulinFDICP and RAA, the mean relative

expost RSN BidaeHepttieMifortthe (kAN GoRRRh M EXA ritateStriife&xposure

(insulindni#ssRrdd UMb LG AGnEs8on0sRalae A 20ME b AIRABSIMARR @GS RTI0E aifimne
intervals of 0-18Q min and 0-360 mﬁm@éﬁgo %.. WO 56(1)699/12102 PCT/U%ZO 9/038668 Table
| [000 PSPARISIHT, HidEA e Ry R GRS r A AP RE Sy TR Hs ¥ Hfusion

rate (GIsY) tesioiemenistoftpe: padienisdn hestudiomized] Bhillusif ades:theresulRatiheuGiots
evaluation. The data the.me aseline-corrected glucose infusion rate (GIR) for two 15 U
S SRS b AU oo B WBRS ARG THECTOE ST BEn, GiRs
after bRindrenirmemisdefcnsined- Bia| GidanbAiatiokngtDKIR rdodag {icsariecdtmiem (evelBitappsdximately
30 minutes after administration, wher HR peaked.appraximat 0 minutes after administration
e ooVt ek e pas s Rt A J el ey
180 mimertesikersus 30dynid feshoriRAAsthcbswlosiehfuteylubsswiowermg SRBE D imsllin-FDICP
'(;‘PSJ;W%@g%ﬂ&oﬁ%ﬁ%’%&ﬁﬂ?ﬂﬂﬁ%ﬁ@ DRAARIGRAREL L GIR A ForRUR Wit and
H’[.JMALOG@, and when studying HUMALOG®, regular human insulin was used. The

analytical methodologies enabled the independent measurement of each insulin tested.

[00074] 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
(AUC¢) was also similar. Insulin and FDKP exposure, tn.x and t1» (FDKP) were the same
regardless of the number of cartridges. Due to the significantly different PK profiles of insulin-
FDKP and RAA, the mean relative exposure (AUC) ratio 15 dependent upon the time interval
studied. The mean relative insulin exposure (insulin-FDKP: HUMALOG® AUC, dose
normalized geomeiric means) when assessed at time intervals of 0-180 min and 0-360 min was
24% to 18%.
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Dry Powder Inhaler Resistance Value Measurements [00076]The total inhaler and calLi idge

resistance Wﬁ%ﬁ%@ﬁwed due to inlet and outlet ports of a cartridge acfipg,as.kesisilssin series.
nce

First,

the resista

ue to the inlet port is measured in the cartridge rig. The representation of a circuit

diagram form for the calbidge rig is illustrated in FIGs. 20A and 20B, wherein the cartridge sits in the
holder in an open WO 2009n21020PCT/US2009/038668 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
pressulaedsured across the inlet and outlet ports. Secondly, the resistance due to the inhaler

ted in FIGs. 21A and 21B, wherein

system comprising the inhaler and cartridge is determined as.illustra

Rl re
the cg

phesdin$ nparesisizmce
artridge; R3 represents t

due 20%Hé flodi or V
e resigsiisgesto air

alvel B36ddrekent
low tieeatrideehe ca

idae: R4 represen

resist

ALEO @i fflalreniidg tf

e cartriglsig’ P repr

bsents i easure

d pressSiys Pa rep

press

ur st as it aissten) a

nd F repigdents the

total fldWPtheasurd

ment. @432 values

deter

TihedfoUtnd yesistors a

nd haviff). ftessure

drop niée&iremen

5 tHE IesRemaderto air flow around

s the

resents the

are

ts, the #dvébalance distribution

ned. [000B7]Measurementséere made of the

throu 2hn§nqha'ﬁ)und the cartriglge can € determi

cartri g e U LG eT SyStenT uosig configuraton and e Tesistance o airffow through the
calli ijggt;)gg%%sgptermined from the fornﬁ;ﬁé‘ﬁi@%@?SlBased on the meastirements nade as
ilustr A%K'% '?Ii&’ga?e'i'z'r"fé t‘é%ss’ thefeststatce

AUCq.450 (ng*min/mL) 19552 20159 -

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

| tmax (010) 6 5 -

90% CI(Geometric Mean )

Ratio:AUCo.z0) 0.867, 1.084

[06075] 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, whereaé GIR peaked approximately
150 minutes afier administration of sc RAA. The GIRs for insulin-FDKP mhalation powder
returned toward baseline by approximately 180 minutes versus 300 minutes 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 pax, and GIRtmax.

EXAMPLE 2

Dry 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 cariridge 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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due to the inlet and outlet ports were determined and the values used to calculate the flow balance of
the systemj [cUlar the flow balance through the cartridge using the f mu!@ ich is
determineg as%%%%%% &/ided by R3. The flow balance distribution throug% e ﬁﬁ%‘g@% 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%. [00079]The resistance for the inhaler cartridge system tested
herewith can be determined, experimentally from the values obtained in the same manner. The
resista%&%?’?ﬂ@‘b?é‘é‘e iRy %@?ﬁ@ﬁéﬁ%&%ﬁ%ﬁ%’%%ﬁ%ﬁﬁﬁ%%aliﬁl%‘i'fﬂBW
resistagheecuatidgepRaetymen OthanesOihhcd/ tPaitilews pavmintie. dihdge depisttha ngstre

regressi lot iJlustrating the resista measured, through an exempJary cartridge rig tested or R3, at
o roC L BT3RS A A SR R BT A SR B AHGl (22)
tested yuas. dSteimdindiasredstaling doc® 98 gidRARnilgiscpetaniptittng\Wi© inhaler and cariridge is
2009/121020PCT1US2009103 [Q0Q801 Therefore, the jnhalers can be structurally configured to
nave (REEESHEWTLISEACE blCoam g LA e b e At B ORISR 0 Ak
pathwdlpatf ¢hhevahing ®2argreastric tee systeamc G0 8it] Tlher preceditige disdiidpemeR hrephusiratite
embodiments. It.should be.appreciated by. those of skill in the, art that the techniques disclosed herein
el R B e R SR i T R R S B T ST
Howe\ritidgsefofegkitbéntiibomasisouid piredight; dfaheppesenthdi poiesune s appy dotass thatamb Ry

chang i ifi og hat are di gjd %:I obtain aJike ar similar
sl L A e e
all nurpiesstiexfress shegsytemaitiestor fepcbidane; greponimn dhishigls andlesuled theigirtridgzction
conditigng.Rndisgforth 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
paramgjggg et forthhnihe-shealicatienangd %Ifaﬂiféeéjaﬁmébs e Wﬁﬂﬁ@ﬁ §9ﬁ%ﬁ?%¥ﬁ@’
depending upon the desired properties sought to be obtained by the present invention. At the very
least, &ﬁﬁ%%?ﬁéoanaaﬁéhﬁmrﬁﬂﬂetm dpiatisAushthe d@éﬁg%eoﬁgq%ﬁaf@tﬁ@%@ﬁ‘?ef%ﬂﬁ@%f the
claimsfgaahaaumerical 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 k{&rga}_d@c pe of the invention are approximations, the
numerical values set forth in the specificiexampies 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
refererfiE&id in théBessia ted@sasibtigents 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%.

{06079} 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 VkPalliters per minute. FIG. 22 depicts a lincar 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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the invention (especially in the context of the following claims) are to be construed to cover both the

singular ar&%g&]%@}{%%ﬁjnless otherwise indicated herein or clearly contrq;ggﬁgfwg%g%gg(t. Recitation
of values r

of ranges erein 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 otheywise indicated herein or otherwise clearly
contrafi&&Pby contEhgrefe, &%&V%ﬁﬁ%ﬁ’%@lﬁ@@ghzﬁf@f@%/E?S%Y?Q}B%%%Bagﬁgﬁﬁples, or
exemplanyaRe b3oR{Eg thsuebsasc neavidech hermin dscivandebere iy toatiniter dfuhrindteldhe

invention and dé)es not pose a limitation on the scope of the invention otherwise claimed. No language
in the &P EATEHEBHSREMd be construed as indicating any non-claimed element essential to the

practic invenion. [00084]Groupings of alfernative elements or embodi s, 0f the invention
disclo@éﬁrﬁiin arenP#Stptlg §e %énﬁé ?Eesél %% ﬁiéﬁ&%‘?ﬁﬁ%ﬁgﬁgﬁ%m Sé?#gr%r[ggég Eg{g?lr%%ﬁto and
claimeblyitichwéchfalilbinithamyt doanhthio aiohnigits dibdesothebersabiditetgopresmbthive tsiehmisps found
herein |t is.anticipated that one or.mo e IS Of r@ﬁXQ 'q}ﬁjgﬁg Pgandeleted from, a
group o?tfguanscglr?sg &%%ﬁ%aéﬁeﬁg%{%@ﬁ&{/gﬁ%aﬁg% ﬁly&%%lﬁ%ﬁ any su%#llnc usidgr? sOr deletion occurs, the
specifigiatidd, isndbghted the pneaénttdesgjrsuteasnpsdifitsdtiat srientilishmiseswrinebedeadapiothof all

Marlcu u ' c laims. ria ' this. inyentian,are
s L e e o
coursefoarthicniio angheewe oS thib@aa@itibdiments will become apparent to those of ordinary skill in

the art upon reading the foregoing description. The inventor expects skilled artisans, to employ such

variatiéh082lapprofraiess .pidarnass Erisre thield TERRRES RERERINES Beephitical Biwsdiietthan

SDecifig%ye&%%cgmdab@ﬁsieelﬂﬁcwamlyealaﬁomsﬁmxi@puﬂaeﬁ}aﬁbmpaéﬁaaﬂqm@ apsbERuivaents of
the subject matter recited in the claims appended heretq as permitted by applicable law. Morgover,
any co?ﬁgiﬁé?ﬁﬁ&rﬁéoabﬁvgl%@?geﬁse%w&@‘? 1 ﬂ‘bd@s’i‘g U ARERSn Xhé’%&?@er@@ﬁpassed by

the invapligiaBlossiatharisecineicase ehbeteiiuargthesWiseelealyreatradistagtbyoetntexthe
[00086]Furthermore, numeyouys references have been made to patents and.printed publications
hrou AR R R AR AP B AT QH e AN SPRRSp JETELE RS
individgalpeitieorpnrgtiedohbseibthinséleserioe phcteelr @ntineion. [0008KISpeasificasmbadiments aisclosed

herein may be further limited in the claims yusing consisting of or and consisti ssentially of
nguaHE S UL ARSI QLA et g aeonsisino cesental !

ficd SHada&a per an%esﬁgl?ﬁe%t, eTransﬁtlon erm
"consistingeat @ xeitdesanhelbine itastép, ansigretientgiotdpbeifieciretod otarmsd Bigifeasttion term
"consisfing essentially,of' limits the sco faelaim tot ified. I se that
RHRNLL R IRAGISHMARIAR ALRIERSRM 0P

do not SR, L ehipg el oA SRR ik oS
' 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,

[00683] The terms “a,” “an,” “the” and similar referents used in the context of describing
the invention (especially in the context of the following claims) are to be construed to cover both
the singular and the plural, unless otherwise indicated herein or clearly contradicted by context.
Recitation of ranges of values herein is merely intended to serve as a shorthand method of
referring individually to each separate value falling within the range. Unless otherwise indicated
herein, each individual value is incorporated imto 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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WO 2009/121020PCt/1JS2009/038668 basic and novel characteristic(s) Embodiments of the invention

SO claime(?},gée EE?Q%\/ or expressly described and enabled herein. mo%?}{%ﬂ&g’?ﬂ%ﬂ“ﬁ Is to be
t o] 0

understood that the 'embodiments of the invention disclosed herein are illustrative of the principles of
the present invention. Other modifications that may be employed are within the scope of the invention.
Thus, by way of example, but not of limitation, alternative configurations of the present invention may

be utilized in accordance with the teachings heyein, Accordingly, the present invention is not limited to
that prECIGENFACEIBTPLY (RSHBEAC Ao Tich A PR RRAAGGT & SEREHTER GO b0 cry

powdeil linhalefeabaprsiiiha Ralsing andpade mindbitomouthipiecerssembivnveaitbh eusipgisacluding
an inlet and an gutlet port; . a cartridge adapted aid dry powder inhaler and contajning a dry

o e BN B RGP AR SPECISR I AEE AL RO PG 2 EOFTE LB sured to
have aRiaceiessintd itfloprsistduftibe ianeutidrand through said cartridge operably configured to mix

the medicament with air forming a powder plume for delivery to a patient's pulmonary system; wherein
said pl@désdimined Gidlgngistribaitiomativo uglbrsaith carteichedimmgds fidtheaboentiotod3@¥sed total
airflow, volume entering,said d W efwﬁk uriél ﬁn% ion; %r%@ gpg Moyl iece
- . [} . . { "

assem%e@e%l raerr%(l)l\?%bp?g Fogog“gé‘él‘hpefaoééslng at ag{ﬁ‘?edet%rm e car?r%ggggé fgaaglr%g/unﬁ)aéllné? position.

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 Markush 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.

[06086] Furthermore, numerous references have been made fo patenis 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 uvsing
consisting of or and consisting essentially of language. When used in the claims, whether as
filed or added per amendment, the transition term “consisting of” excludes any element, step, or
ingredient not specified in the claims. The transition term “consisting essentially of” limits the

scope of a claim to the specified materials or steps and those that do not materially affect the
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2. The inhalation system of claim 1, wherein the predetermined airflow distribution around said

cartridge r%pg%ﬂgﬂgéﬁgout 70 to 90% of total airflow volume. 3. The inhgﬁ{.@g&;ﬁg&ﬁ claim 1,
wherein the dry powder medicament comprises a diketopiperazine and a pharmaceutically active

ingredient selected from a peptide, a protein, a hormone, analogs thereof or combinations thereof. 4.
The inhalation system of claim 1, wherein the inhaler and cartridge are configured to provide an airflow

resistance ranging from 0.08 and 0.15 kPal/liters per mipute. 5. The inhalation system of claim 1,
where PR @Waamas%)asﬁ@ﬁ%i%#ﬁ)ﬁ?é@ealﬂgﬁ&@%tssn ARG Th PRGERIY Pt
engagexpitistpitbhnltrigndenbbR dhatation system of claim 5, wherein said flange comprises multiple

segments including gaps between said segments that effectuate proper securement of said removable
mouthpié88sssembily thosaig, livissim@e understood that the embodiments of the invention disclosed

herein are illustrative of the principles of the present invention, Other modifications that may be
employed are within the scope of the invention. Thus, by way of example, but not of limitation,
alternative configurations of the present invention may be utilized in accordance with the
teachings herein. Accordingly, the present invention is not limited to that precisely as shown and

described.
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We claim:
1. An inhalation system comprising:

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

a cartridge adapted to said dry powder inhaler and containing a dry powder
medicament for inhalation; .

said dry powder inhaler comprising air conduits configured to have a predetermined
airflow distribution around and through said cartridge operably configured to mix the
medicament with air forming a powder plume for delivery to a patient’s pulmonary system; |
wherein said predetermined airflow distribution through said cartridge ranges from about 10
to 30% of total airflow volume entering said dry powder inhaler during inhalation; and

wherein the mouthpiece assembly is removable from said housing at a predetermined

cartridge loading/unloading position.

2. The inhalation system of claim 1, wherein the predetermined airflow distribution

around said éartridge ranges from about 70 to 90% of total airflow volume.

3. The inhalation system of claim 1, wherein the dry powder medicament comprises a
diketopiperazine and a pharmaceutically active ingrcdient selected from a peptide, a protein,

a hormone, analogs thereof or combinations thereof.

4. The inhalation system of claim 1, wherein the inhaler and cartridge are configured to

provide an airflow resistance ranging from 0.08 and 0.15 VkPa/liters per minute.

5. The inhalation system of claim 1, wherein the removable mouthpiece assembly

comprises a flange at one end of the assembly to engage with said housing.
6. The inhalation system of claim 5, wherein said flange comprises multiple segments

including gaps between said segments that effectuate proper securement of said removable

mouthpiece assembly in said housing.
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