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[0003] 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 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 or breath-powered and can deliver drugs by converting drug particles in a
carrier into a fine dry powder which is entrained into an air flow 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.



many condi tions, including diabetes and obesity.[0005] Dry powder inhalers,
used to deliver nedicanents to the lungs, contain a dose system of a powder
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architecture resultlng from puncturing films or peeling films of the blisters.

[0006] Dry powder inhalers such as those described in U.S. Patents No.
7,305,986 and 7,464,706, which disclosure is incorporated herein by reference in
their entirety, can generate primary drug particles or suitable inhalation plumes
during an inspiratory maneuver by deagglomerating the powder formulation within a
capsule. The amount of fine powder discharged from the inhaler's mouthpiece
during inhalation is largely dependent on, for example, the interparticulate forces in
the powder formulation and the efficiency of the inhaler to separate those particles
so that they are suitable for inhalation. The benefits of delivering drugs via the
pulmonary circulation are numerous and include rapid entry 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.

[0007] Dry powder inhaler products developed for pulmonary delivery have

met with limited success to date, due to lack of practicality and/or cost of
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inhaler, as opposed systems in which a cartridge is installed for use by, for example,
the user. In another embodiment, the inhaler can be a multidose inhaler, disposable
or reusable that can be used with single unit dose cartridges installed in the inhaler

or cartridge-like structures built-in or structurally configured as part of the inhaler.

[0009] The dry powder inhalation system comprises a dry powder inhalation
device or inhaler with or without a cartridge, and a pharmaceutical formulation
comprising an active ingredient for pulmonary delivery. In some embodiments
delivery is to the deep lung (that is, to the alveolar region) and in some of these
embodiments the active agents is absorbed into the pulmonary circulation for
systemic delivery. The system can also comprise a dry powder inhaler with or
without a unit dose cartridge, and a drug delivery formulation comprising, for
example, diketopiperazine and an active ingredient such as peptides and proteins,
including insulin and glucagon-like peptide 1.

[00010] In one embodiment, the dry powder inhaler comprises a housing, a

moveable member, and a mouthpiece, wherein the moveable member is operably



I ncluding insulin and glucagon-1ike peptide 1. [00010] In one enbodi nent,
the dry powder inhaler conprises a housing, a noveable nenber, and a
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an open configuration. In one embodiment, the mechanism for reconfiguring a
cartridge comprises a slide tray or sled attached to the mouthpiece and movably
attached to the housing. In another embodiment, the mechanism is mounted or
adapted to the inhaler and comprises a geared mechanism integrally mounted
within, for example, a hinge of the inhaler device. In yet another embodiment, the
mechanism operably configured to receive and reconfigure the cartridge from a
containment position to a dosing position comprises a cam that can reconfigure the
cartridge upon rotation of, for example, the housing or the mouthpiece.
[00012] In an alternate embodiment, the dry powder inhaler can be made as a
single use, unit dose disposable inhaler, which can be provided with a powder
container configured to hold a powder medicament, wherein the inhaler can have a
first and a second configuration in which the first configuration is a containment
configuration and the second configuration is a dosing of dispnesing configuration.
In this embodiment, the inhaler can be provided with or without a mechanism for
reconfiguring the powder container. According to aspects of the latter embodiment
the container can be reconfigured directly by the user.



first and a second configuration in which the first configurationis a
contai nnment configuration and the second configuration is a dosing of

di spnesi nyocoowisgarrati on. I n this enbodi ment, the inhal ecTaseode4pspvi ded
with or without a nmechanismfor reconfiguring the powder container.
According to aspects of the latter enbodi nrent the container can be
reconfi 8ured directl 3{ by the user.[00013] In yet another enbodi nent, an

i nhal er[008%3k i si f V&t apather eerbashment. @) inhalgr EoMPriginged codtanes sNQenting
cont ai ' 109 At S Y apner.t

| east o%ﬁéae(%rhﬁ 99&%%@&%8@“%&@%@ ?An %t ﬁ]g%gﬁ)tl%([fgeﬁgylﬁghéet lgé gﬁsté’gdslﬂ] lgt[v\o

i nl et egpertwesandsati Ivasi one exitnapertural wbereintdndg Imdetcapdraireasf theest, leastd one
of the at |east two inlet agertures, IS i | ui d conmuni catiog with_ the at

east oMo Bt aPgbra Pon I SOrTBANGEIaN BER 8 G0BE Y BiPa 880 SbMeai ner
area. |0RAd] ko AR SIRIEESEtin NE pORAAGHcAIRR AARORIIG dBss SHELAS 2

pr oxi for contacting a user's |1 ps or nout nd a distal end, and
conpr i ssErarevia & foeceatanonfigunedi todypass tuncantaaer aneeer ei n t he nout hpi ece

cndor sappaal 1o e EnBaufento e Bl RS airutt Soas et i Piesihek
cont ai nafg ifdr RoRRRKAG 8T uSATY FpSTBNImAAR! beyr Aldion) ARl ans caEiRiLd

adj acent to the first area which is raised relative to the first area. In
thi s erbodinpiace, anthe medicament dogtaipebyhereinothet mouduneces eamprises a top

cont i g e de BGuERT a8 AES" R AR oblAER N EE BBy P adistng
t he cordrahn&infigored eclatiedly Miatan miaintainl g@tcarasipagenay staledl bovoatdnmeit ai r
to enter the internal volunme of the container or expose the interior of the

cont ai @nfiggradiepi and aasecondnareacadiagrititading f 'rﬁtr?éeﬁmh'%ise@és%'??'&wﬂetoa

F' ural iy ?:Fé%f." ﬂ%nisfe%bcﬁ‘qﬁf’ﬁ‘w‘él’r\'t,ethearEbrité?i'nglL i M dvabfd 78Kt cBRfHinAask at
east one por or comruni catl ng w th a nedl canent container ITn a

di spensiomfigaratidos itogtheo dsirgn, comfigurationb @ndomvideg weesa,t @ndavre thet egsalg y
attached panels e %endi ng fromthe bot%o surface sides of the in a&ger and
havi ng QOMMAHERO, dF LRRARIICt GRISE R ceRe Ok dRe SMOBIAFRE (URISTSHTaReL BRAI (ee,

hat " FANIEREE (GEROKOMNE SV 8poHle sk BnB T RS pAiGCarRYHctR 20
to a diistesnalivioiuroe oddsé ngnipowrtor @xpase tamtketar afdhe aonteemer tofardleisnt aid. | n
o, e PO ko I e S AhpRRD AR 8 SERGLPSF BFeithbl, BrShite
an inlet port, an outlet port and at least one port for communicating with a
medicament container in a dispensing or dosing position, and can be configured to
have integrally attached panels extending from the bottom surface sides of the
inhaler and having flanges protruding towards the center of the inhaler mouthpiece,
which serve as tracks and support for the container on the mouthpiece so that the
container can move along the tracks from the containment position to a dispensing
or dosing position and back to containment if desired. In one embodiment, the
medicament container is configured with wing-like projections or winglets extending
from its top border to adapt to the flanges on the mouthpiece panels. In one
embodiment, the medicament container can be moved manually by a user from
containment position to a dosing position and back to the containment position after
dosing, or by way of a sled, a slide tray, or a carriage.
[00015] In another embodiment, a single use, unit dose, disposable inhaler can
be constructed to have a sled incorporated and operably configured to the

mouthpiece. In this embodiment, a bridge on the sled can abut or rest on an area of



fromits top border to adapt to the flanges on the nout hpi ece panels. In
one enbodi nent, the nedi canent contai ner can be noved manual ly by a user
from contwoOno®nts24yesi ti on to a dosing position and backPpco/ush@oerzsai nnment
position after dosing, or by way of aé6sled, a slide tray, or a carriage.
[ 00015] In another enbodinment, a single use, unit dose, disposable inhaler
can be constructed to have a sled incorporated and operably configured to
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interior of the container about an axis relatively perpendicular to the axis of the
dispensing ports, and thereby, the flow can lift, tumble and effectively fluidize a
powder medicament contained in the cartridge. In this and other embodiments,
fluidized powder in the air conduit can be further deagglomerated into finer powder
particles by a change in direction or velocity, i.e., acceleration or deceleration of the
particles in the flow pathway. In certain embodiments, the change in acceleration or
deceleration can be accomplished by changing the angle and geometries of, for
example, the dispensing port or ports, the mouthpiece conduit and/or its interfaces.
In the inhalers described herewith, the mechanism of fluidization and acceleration of
particles as they travel through the inhaler are methods by which deagglomeration
and delivery of a dry powder formulation is effectuated.
[00017] In particular embodiments, a method for deagglomerating and
dispersing a dry powder formulation comprises one or more steps such as tumbling
within a primary container region started and enhanced by flow entering the

container; a rapid acceleration of powder in the flow through the dispensing ports



decel erati on can be acconplished by changing the angle and geonetries of,
for exanple, the dispensing port or ports, the nouthpiece conduit and/or
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deaggl da@Yiagi e Qﬁﬂtad?%’péhdréhﬁrg agcaefatniRe AYART BUSAd coyrp ich@agenid or

Tor & Stoﬁ:%%tuBH%} 9&0{:5}“&%‘ JvBét“ e%t?rthémduy%ecr%g@ g%ﬁr srh%glhfc?)g &50&1@% a”f'

enhanc flow en cont ai ner r efer
the fl qmrtud:leslmghghhmtmnsaélow ocadpent} wheaam nige tflbw oo thelitoe of tﬁejpahrere is
acceleratin mduged by a c (? in direction or velocjty fas t he

powder é%‘iefg ham ° PRy Op 48 paétf%%r ‘?ﬁat'%Mé(lOV‘bQPﬁltel%@aé‘él‘?@h?
Wi thin cﬁ‘ §4. Q%‘?tﬂfr%‘ﬂ'eﬁ" b w}t‘ﬁlﬁr?ie“md‘lﬁhﬁ b&’é" af c&ﬂ@uftogx ndiGs d?fa?P'tFé

f aster t Oow on ottomo partlce ece eralono
ex pansnmthlofa partbise dieg to threnpadickamaiving fromha rmg)“tﬁrrmeeswea'egmom lawer

expansion of air. Wthin a particle d to th cermw from
= b ohetSsruedapion BbRafsbh® Befuder Bahistesof faleandtisiils £ Suorenbd: veen
particligs ﬂ@wdpgg QferRpguUi t wal s at any point in the flow passageways.

[00018] | n another enbodi ment, a dry powder inhaler conprises a nouthpiece;
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cont ai e used withi doorexammele, iikee einhatehehadm anaehaiam Wit alons for a
translational movement or for rotational movement. In one embodiment, the
cartridge can be configured with a securing mechanism, for example, having a
beveled edge on the cartridge top corresponding to a matching beveled edge in an
inhaler so that the cartridge is secured in use. In one embodiment, the cartridge
comprises a container and a lid or cover, wherein the container can be adapted to a
surface of the lid and can be movable relative to the lid or the lid can be movable on
the container and can attain various configurations depending on its position, for
example, a containment configuration, a dosing configuration or after use
configuration. Alternatively the lid can be removable. An exemplary embodiment can
comprise an enclosure to hold medicament configured having at least one inlet
aperture to allow flow into the enclosure; at least one dispensing aperture to allow
flow out of the enclosure; the inlet aperture configured to direct at least a portion of
the flow at the dispensing aperture or at the particles approaching the dispensing
aperture within the enclosure in response to a pressure gradient. The dispensing
aperture or apertures and the intake gas aperture each independently can have a

shape such as oblong, rectangular, circular, triangular, square and oval-shaped and



surface of the lid and can be novable relative to the lid or the lid can be
novabl e on the container and can attain various configurations dependi ng on
its positwornpo¥ise47exanpl e, a contai nment confi gurati on, PATASI000047281
configuration or after use configuratBon. Alternatively the Iid can be
renpvabl e. An exenplary embodi ment can conprise an enclosure to hold
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encl oswafigeRddtotiold a medicament; at least one inlet port to allow flow into the
enclosure, and at least one dispensing port to allow flow out of the enclosure; said at
least one inlet port is configured to direct at least a portion of the flow entering the at
least one inlet port at the at least one dispensing port within the enclosure in
response to a pressure differential.
[00021] A unit dose cartridge for an inhaler comprising: a substantially flat
cartridge top, arrow-like in configuration, having one or more inlet apertures, one or
more dispensing apertures, and two side panels extending downwardly and each of
the two side panels having a track; and a container moveably engaged to the track of
the side panels of the cartridge top, and comprising a chamber configured to have a
relatively cup-like shape with two relatively flat and parallel sides and a relatively
rounded bottom, and interior surface defining an internal volume; said container
configurable to attain a containment position and a dosing position with the cartridge
top; wherein in use with a dry powder inhaler during an inhalation a flow entering the

internal volume diverges as it enters the internal volume with a portion of the flow



| east one inlet port is configured to direct at |east a portion of the flow
entering the at | east one inlet port at the at |east one dispensing port
wi t hi n t hwoenalids4mre in response to a pressure differentcalus2g0002&] A unit
dose cartridge for an inhaler conprisbng: a substantially flat cartridge
top, arrowlike in configuration, having one or nore inlet apertures, one
or nore dispensing apertures, and two side panels extendi ng downwardly and
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housi ngoawreranhaet ﬁpd@@@tmamgr@ dan pDWId@t icameniufor énhatatian; verergin theondui t

recor veritgerehes.s EorfihiChraallo TRy RREBhARr P iEcots P B =

cartri dgerecaisbegs:mgct)drcs hiee affapiovtieranhaler @wteﬁowd@eelhdsaégj redétdrfiidai ni ng
a dry powder nedicanent for inhalation; wherein the cartridge corrprl ses a

cont ai rrdfflodh Bakance AigEoHHen dhreugh said €aridee r@&ﬁtt@ for todrleflyy dedvered
di spens[h%g)laﬂgms the dry powder inhaler systemin use has a predeterm ned
w a

airflo nce distribution through said cartridge relative to total flow
del i ver[60023] t he Ipagmeotimériid 0dis¢losed evdredithpeitites diy spiwded inhatewsysient he

dr owder i nhal er stemc ris redet er m ned, s flow bal ance
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30% t o i9Yhiespajent isadeldvered iydha elispansing pertsafortplaesemitfabagh the cartridge,
whereas approximately 30% to 90% is generated from other conduits of the inhaler.
Moreover, bypass flow or flow not entering and exiting the cartridge can recombine
with the flow exiting the dispensing port of the cartridge within the inhaler to dilute,
accelerate and ultimately deagglomerate the fluidized powder prior to exiting the
mouthpiece.
[00024] In the embodiments described herein, the dry powder inhaler is
provided with relatively rigid air conduits or plumbing system and high flow
resistance levels to maximize deagglomeration of powder medicament and facilitate
delivery.  Accordingly, effectiveness and consistency of powder medicament
discharge is obtained from the inhaler after repeated use since the inhaler are
provided with air conduit geometries which remain the same and cannot be altered.
In some embodiments, the dry powder medicament is dispensed with consistency
from the inhaler in less than about 3 seconds, or generally less than one second. In
some embodiments, the inhaler system can have a high resistance value of, for
example, approximately 0.065 to about 0.200 (VkPa)/liter per minute. Therefore, in

the system, peak inhalation pressure drops of between 2 and 20 kPa produce



Mor eover, bypass flow or flow not entering and exiting the cartridge can
reconbine with the flow exiting the dispensing port of the cartridge within
t he i nhalwo 20@/de47at e, accel erate and ulti matel y deaggl ecenst@oninesi
fluidized powder prior to exiting thelonout hpi ece. [00024] In the

enbodi ments descri bed herein, the dry powder inhaler is provided with
relatively rigid air conduits or plunbi Oﬁ@system and high fl ow resi stance
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so as to yield a fluidized formulation; accelerating metered amounts of fluidized
formulation through the dispensing ports and in the air conduit, and decelerating the
airflow containing fluidized formulation in the mouthpiece air conduit of the inhaler
prior to reaching the subject.

[00026] In another embodiment, a method for deagglomerating and
dispersing a dry powder formulation for inhalation is provided, comprising the steps
of: generating an airflow in a dry powder inhaler comprising a mouthpiece and a
container having at least one inlet port and at least one dispensing port and
containing a dry powder formulation; said container forming an air passage between
at least one inlet port and at least one dispensing port and the inlet port directs a
portion of the airflow entering the container to at least one dispensing port; allowing
airflow to tumble powder within the container in a substantially perpendicular axis to
the at least one dispensing port so as to lift and mix the dry powder medicament in
the container to form an airflow medicament mixture; and accelerating the airflow
exiting the container through at least one dispensing port. In one embodiment, the

inhaler mouthpiece is configured to have a gradual expanding cross-section to



formulation in an axis perpendicular to the dispensing ports to fluidize
the fornmulation so as to yield a fluidized formul ation; accel erating
nmet er ed awountssisef77f | ui di zed formul ati on through the di gperzseovg/opnst s and
in the air conduit, and decel erating tthe airfl ow containing fluidized
formulation in the nouthpiece air conduit of the inhaler prior to reaching
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the particles are deagglomerated, by at least one mode of deagglomeration as
described above to separate the particles, and the particles along with a portion of
intake gas are dispensed through the dispensing aperture; concurrently forcing a gas
through a delivery conduit in communication with the dispensing aperture thereby
causing the intake gas to enter the intake gas aperture, de-agglomerate the
particles, and dispense the particles along with a portion of intake gas through the
dispensing aperture; and, delivering the particles through a delivery conduit of the
device, for example, in an inhaler mouthpiece. In embodiment described herein, to
effectuate powder deagglomeration, the dry powder inhaler can be structurally
configured and provided with one or more zones of powder deagglomeration,
wherein the zones of deagglomeration during an inhalation maneuver can facilitate
tumbling of a powder by air flow entering the inhaler, acceleration of the air flow
containing a powder, deceleration of the flow containing a powder, shearing of a
powder particles, expansion of air trapped in the powder particles, and/or
combinations thereof.



conprising an enclosure enclosing the particles, a dispensing aperture and
an i ntake gas aperture; wherein the enclosure, the dispensing aperture, and
t he i nt akwoga®/Epegrt ure are oriented such that when an ipatralseoogasrzent er s
the intake gas aperture, the particleg are deaggl onerated, by at |east one
node of deaggl onerati on as descri bed above to separate the particles, and
the particles along with a portion of intake gas are dispensed through the
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showing the dry powder inhaler in a partially opened position.
[00032] FIG. 3 depicts a perspective view of the dry powder inhaler of FIG. 1
showing the inhaler in a fully opened, cartridge loading/unloading position and
depicting the interior compartment of the inhaler.
[00033] FIG. 4A depicts a perspective view of the inhaler in FIG. 1 showing the
inhaler in a fully opened, cartridge loading/unloading position, depicting its internal
surface including the interior surface of the inhaler mouthpiece. FIG. 4B depicts a
perspective view of the dry powder inhaler of FIG. 4A showing the inhaler in the fully
opened, cartridge loading/unloading position and the cartridge configured for
placement into the inhaler. FIG. 4C is the inhaler shown in FIG 4A and 4B showing
a cartridge loaded into the cartridge holder.
[00034] FIG. 5 depicts the dry powder inhaler of FIG. 1 with a cartridge and in a
fully opened position, shown in mid-longitudinal section and containing a cartridge in
the holder, wherein the cartridge container is in the containment position.



[00030] FIG 1 depicts a perspective view of an enbodi nent of a dry powder
inhaler in a closed position. [00031] FIG 2 depicts a perspective view of
the dry pwodess/isedtal er of FIG 1 showi ng the dry powder PCmhsbkew/ouT28R
partially opened position. [00032] FI®B 3 depicts a perspective view of the
dry powder i nhal er of FIG 1 showing the inhaler in a fully opened,
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m d- | orl@0038) nal He&ct9 dﬁp@tﬂjac@ersaeﬁﬁwgvu@mcaf ani altprnaie emboRinerlr of fager ei n

the cargri i . t 0036] FIG 7 depicts the dry
powder CH%% e qH%@nﬁ@g\ﬁﬁ% cgﬁﬁé‘%gggﬂégi n a closed position, shown
in m d-[000g9x udi rAIG. 51©Cde[:ﬂditsétﬁd deppbaidet irthatercsRIG. doie amopaeedlpbsiaon
wherein the cartridge is in a dosing position. [00037] FIG deplctsatop

vi ew ofShonéngi@y gatddee iinHalled 'rb’th:P@It”CiQQ Rolderuwhgredpdne $acHAge gaifad on
and sh conpartnent conponents of the inhaler. [00038] FIG 9
depi ct ?@g?%g%n%@é???@énw ew of an alternate enbodi nent of the dry powder
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i nhal er
posmon and dosing position, respectively.

[00041] FIG. 12 depicts a perspective view of an alternate embodiment of the
dry powder inhaler in the closed position.

[00042] FIG. 13 depicts a perspective view of the dry powder inhaler
embodiment of FIG. 12 in an open position showing the interior compartment of the
inhaler.

[00043] FIG. 14 depicts the embodiment of FIG. 12 in an opened,
loading/unloading position having a cartridge installed in the holder in the
containment position.

[00044] FIG. 15A depicts the embodiment of FIG. 12 showing the dry powder
inhaler in the closed position as a cross-section through the longitudinal axis. The
geared mechanism for opening and closing a cartridge and opening and closing the
inhaler can be seen. FIG. 15B depicts the embodiment of FIG. 12 showing the dry
powder inhaler in the closed position as a cross-section through the mid-longitudinal
axis.

[00045] FIG. 15C depicts an alternate embodiment of the inhaler of FIG. 12

showing an isometric view of the inhaler in a closed position. FIGs. 15D, 15E, 15F,



FIG 9 in an opened (FIG 11A) and closed (FIG 11B) position, shown in a
m dl ongi tudi nal section with the cartridge in the cartridge holder in the
cont ai nmew0 2p@gise476n and dosi ng position, respectively. PCOAG4dp/oF2& 12
depicts a perspective view of an al tednate enbodi nent of the dry powder
inhaler in the closed position. [00042] FIG 13 depicts a perspective view
of the g’irél powder inhal er enbodiment of FIG 12 in an open position show ng
t he int AN balg lapit ipide ftop k@ttque\ﬂ)r@?('m?'W@PtQtNGWSMe%%?ﬁtW@@/ phine

nmbodi

ooty qaiePb FIG5¢, FIGERo0RaNEs a bORRebiie Pbfrok e iRfAL hRCRETR °r o

1|5A dgmmtqoerha:omrgo:htmntshofmr@ Ca d(ﬁrrsé;pmdm@g tcltmtrdigye ramddlezr mohﬂtipm;]cel n the
ti t t ' Xis. T
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Chowi neonGudtoR ifin SEarRRuceRialB i e OF fo. 15 BEBRE Mty of &

thr oungIGhé5|65 md:rosg1seoti®mzbrhroagh ghe [noiddangitudit| adsCwibe cadridge alstaladat e
enbodi man[h |ﬁ%al er af. FIS\ 12 show n .an is tr k’r? \d/| ewfof tthe

i nhal er eacaér@%d &7 ANBAN FAESIN9 8P Gpiegt 107} 531 g% §9 15 G si de,
top, batizoreyproxi mal and distal views, respectlvely of the inhaler of
FIG 15C. FIG 15 | depicts a perspective view of the inhaler in FIG 15C
in an d96ﬂ4§bnf|g'ﬂﬁat1ﬁdﬂu%l’&ieﬁ APesseettivesivM el Ay allernaterebedimeat abitehpi ece

coverl ric view of the inhaler of FIG 151 in
an open Ig#m%&ﬂ'rﬁfql%'eﬂmﬁ%%logggach%qfo ge installed in the holder. FIG 15K
depi ct [0004dphal FIRT 17 Glludbbiesn theossmbedihicmn cheougla tihe an opened,

m d- Iongltu nal axis with a cartridge installed in the cartridge hol der
and i n lga¢ipgiunipacing pgsitian ingNingdam gaftidoe inssaligdda ine garEdgeRokdes. 15J.
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of the wder e cl osed position
| || ust rpdsitiont heviegriaadirimelge ifdtélled b the cwrrtrmjgermﬂhlerimmzldass;ﬁgmbnﬁagijragorposu tion

havi ng [308%]t " dq'ﬁGl r]I%t |ﬂb|st(ra§lte!sna E)Qresp%% |\Eer Iv% eO]b an a‘?ternate embodiment of a
dry powder inhaler for single use, showing the container in a containment
configuration.

[00050] FIG. 20 illustrates a perspective view of the inhaler shown in FIG. 19
wherein the inhaler is in the dosing configuration, which allows air to flow through the
interior of the powder containment cup.

[00051] FIG. 21 illustrates a perspective view of the inhaler shown in FIG. 19 in
mid-longitudinal section wherein the inhaler is in a containment configuration.
[00052] FIG. 22 illustrates a perspective view of the inhaler shown in FIG. 20 in
longitudinal section wherein the inhaler is the dosing configuration.

[00053] FIG. 23 depicts a bottom view of the embodiment of FIG. 19, showing
the undersurface of the dry powder inhaler components.

[00054] FIG. 24 illustrates a perspective view of yet another embodiment of a
dry powder inhaler for single use, showing the containment configuration.

[00055] FIG. 25 illustrates a perspective view of the inhaler of FIG. 23 wherein
the dosing configuration, which allows air to flow through the interior of the

medicament container is shown.



[00048] FIG 18 illustrates the enbodinent FIG 16 in a closed, inhalation
position having a cartridge installed in the cartridge holder in a dosing

confi gur avoanoy/580049] FIG 19 illustrates a perspecti veCTiuseno4ral
alternate enbodi rent of a dry powder #5nhal er for single use, show ng the
container in a containment configuration. [00050] FIG 20 illustrates a

perspective view of the inhaler shown in FIG 19 wherein the inhaler is in

the dodPAGSEbnf i U PO/SITAiPE A RATFRREIVE Yiew T NeMNARTGUIIN eHGZ o of
the, POwIRhoRGRGRATSBEIsH Rund BGPRI FhGamehs| LHSNER S TRARRRRI 4o VT oW

of the I nha l"ongi tu sect ereln
i nhal erclosed positiooig ¢gispiaped. conf i gurat ion. [00052] FIG 22 illustrates a

perspec view of the inhaler shown in FIG 20 in |ongitudin section
Bher o TOPRETY hhal - 7 HHr e Arice SO MGur B S Ae [ NaMTEn BB cbiers

bottom IoeIWnﬁL ﬁﬁﬁﬁl SERRM %@Feuﬁ{tggorﬁi?%é Cg?ﬂ‘&?n’t‘zflpé#‘ﬁm %n&@g.ﬁg' &‘Ftﬁ)no the

dry po er conponents. ustrates erspectlve
vi ew ofdigglayemhot her enbodi ment of a dry powder inhaler for single use,

per apod0PUEBET eu OB T i AnapaPesrverac BRtGRcrBrol P Hiigor FIG 24

confi gtﬁh@v\h@@thé"ﬁh&é?séﬂ'fb@é‘@oﬁﬂpbnéﬁts%f%étir’ﬁHéPé'rgh the interior of the
medi canent container is shown.[O FIG 26 illustrates a perspective

vi ew of[00089] nhal 6. QﬁdUwstraiewa;zersmeotwerwew|ocﬁrygt an @itauate embasimenteki n

[ 0005713 EEohé el Shok o B TRIL Bl B 0 S nhal o <hown' i 1 Fi
24 in rfode6ongi t LKIG1a30/5 enti PIG V\BE@B dillusttdie gardhectiventieagndfaitee inhaferaotdosi ng
position is displayed. [00058] FIG 28 is a perspective and bottom vi ew of

t he i nHdGer2%n EF] gogqed SRBIHPA ENchehQming ras GaRtEdae tehglleeleinta coptairiaent®ral er .
IR A oL o P e e et sont o at on
[ 00060][06061] 30A FGd A ilGustHDBs ial parspective iewsyieciod infalen shwavrofn ElG: 3Mimal er
g];n![: !,iﬁméglphnp&dr}nglpseec?lonr)lr? rlmé Io%gnac:%%flanpa\ft\foﬂ ﬁer%%r tthrI d%‘alclarr]r']setn%lcon a|r|1enr a
in a containment position is displayed.
[00062] FIG. 32 illustrates a perspective view of the inhaler shown in FIG. 31 in
mid-longitudinal section wherein the medicament container in a containment position
is displayed and the mouthpiece section has been secured with the housing.
[00063] FIG. 33 illustrates a perspective view of the inhaler shown in FIG. 29
showing the inhaler in a dosing position.
[00064] FIG. 34 illustrates a perspective view of the inhaler shown in FIG. 33 in
mid-longitudinal section wherein the medicament container in a dosing position is
displayed.
[00065] FIG. 35 illustrates a perspective view of a cartridge embodiment for use
with the inhaler of FIG. 1 as also shown in FIG. 4B depicting the cartridge in a
containment configuration.
[00066] FIG. 36 illustrates a top view of the cartridge embodiment of FIG. 35,
showing the component structures of the cartridge top surface.
[00067] FIG. 37 illustrates a bottom view of the cartridge embodiment of FIG.
35, showing the component structures of the cartridge undersurface.
[00068] FIG. 38A illustrates a perspective view of a cartridge embodiment of

FIG. 35 in mid-longitudinal cross-section and in a containment configuration. FIG.



cl osed position. [00061] FIG 3 1 illustrates a perspective view of the

I nhaler shown in FIG 30 in md-longitudinal section in the open

conf i gur avpoanowvises7ei n t he medi canent contai ner in a contarnseem/opnsition is
di spl ayed. [00062] FIG 32 illustrates a perspective view of the inhaler
shown in FIG 3 1 in md-Ilongitudinal section wherein the nedi canent
container_ in a containnment position is displayed and the_nout hpi ece section
has beelPbsdlisiratesnatRerspectiveusipwgof powrkisigerembodisnent| @fsk it &2 iy a mid-

per spegti \: | ) ] wR A e . 29 showing the inhaler in a
dosi ngq%'lc]) 'ﬁo:{%ﬁ%?%ﬁ)%%%dn% %%apgms(ltomgggt'gaper spective view of the

i nhal er[00069 i 3 AGG.393depicts d-ﬂagmatiwéi \rigw cfean iaﬁfrhﬂierafhbbdirl[entremacanent
container in a dosing position is disp ed. [00065]. F 35 illustrates a
per sped@Vidogi iB\7 6@”tg'%$rﬂtr¢%8@%%ﬁ?6‘di '%T@yht@%&hr%@hﬁgﬂgh&%%t ﬁhﬁh%ﬁrEfJQ& FI G
1 as al [ ; O G | t b | MHi ki

conti Uy a0 Tanent DO FRO TR i L DRl phafol, igoF BT b
enbodi meapediveRl. GFIg5, 3%B ovepicist hepareppciivenyiest ofidharestraiget Bmbodimentdge

t f - FIG 37 illustrat t ' f th trid
enbod ROGTbT e JoAs 1 Sianine cotB Bl BES T e s Beblarge
under suhfcie. tHORPHRLdINCax386f tHd @éftﬁég?@?erﬁb&ﬁfn%ﬁ?@fiMGsVi%\A ahd 339G,
cartridge enbodinent of FIG 35 in md-Tongitudinal cross-section and in a

cont ai Meepectyehf.i guration. FIG 38B illustrates a perspective view of a

Gosi ng BRTTL T ot on 40 iooess B Rl b BB eiBed b RS, " °

al t er nayieh gvedinHaNreof FOG. 20 showingdhe dantridge ambadomt@ninep@ sdnfiguratioon. Fl G
39B through 39F depict the cartridge enbodi ment shown in FIG 39A in a top,

bot t om[08P8%l nal FIG: Aaillugifates ae exRieged vieyp&dithe gaftridgecembodingei et s a
per spectvgaVvi i 'Eg-ﬁJﬂJi- own in FIG 39A in a dosing
confi gﬁflgt' ?'8h$ﬁ%@§.th%&qﬁﬁl%ﬁegg%sggg?gﬁoss- sdeqzé?i ons through the

| ongi t J0DOZ2] axi FIG. 4Lhkusteatés bggespadivdivien of afcdriridge e8odinEnBdGFIG.

respectjvely, [00070. |G 40 jllustrates a perspective view of a cartridge
enbgdi r#é’n'@ r%tg,-l[ogg8u8|LaIFcross-sec{|onPnacontaslnmerﬁ)t co |gure|1t}/on.vI W ' 69

[00073] FIG. 43 illustrates a perspective view of a cartridge embodiment of FIG.
40 in a dosing configuration.

[00074] FIG. 44 illustrates a perspective view of a cartridge embodiment of FIG.
38 in a mid-longitudinal cross-section and in a dosing configuration.

[00075] FIG. 45 illustrates a perspective view of an alternate cartridge
embodiment for use with a dry powder inhaler showing the cartridge in a
containment configuration.

[00076] FIG. 46A illustrates a perspective view of the cartridge embodiment of
FIG. 45 for use with a dry powder inhaler showing the cartridge in a dosing
configuration.

[00077] FIG. 46B illustrates a perspective view of a cartridge embodiment of
FIG. 45 in a mid-longitudinal cross-section and in a dosing configuration.

[00078] FIG. 47A Iillustrates a perspective view of an alternate cartridge
embodiment for use with a dry powder inhaler showing the cartridge in a
containment configuration.

[00079] FIG. 47B illustrates a perspective view of the cartridge embodiment of
FIG. 47A for use with a dry powder inhaler showing the cartridge in a dosing

configuration.



with the inhaler of FIG 29 showing the cartridge in a contai nnent
configuration. [00071] FIG 4 1 illustrates an expl oded view of the

cartri dgewertbedisent of FI G 40, show ng the conponent parTtzs2@b/oit281
cartridge. [00072] FIG 42 illustratey a perspective view of a cartridge
enbodi mrent of FIG 40 in md-longitudinal cross-section in a contai nnment
configuration. [00073] FIG 43 illustrates a perspective view of a

cartri d§@080bodi rfft llpstegtea@ parspegbss Migveshen qltestaterembodioent ofec. 44
illustr ' ' : enbodi nent of FIG 38 in a
m d- | onﬁ%?&&@rﬁﬁ@%ﬁ%@@cﬁ %ﬁ\vog%%l@? {rliglrla]Ji cggﬁ% configuration. [00075] FIG
45 i |1 Je0081ks a & sytetiustvatesiaavexilodad aidve oh#tie intwatdrr erdgediemdm df Gt f or
use wt ahdr% powder inhal er showing the cartridge in a containnent

conf i gurae T OH! g[tbﬁﬁ‘ﬂlerlﬁqg‘pqwtiﬂqrﬁstrat es a perspective view of the
cartri odi i 55 f W\ i (9 |4 i Wi ng
t he caﬁ???s e i nr@%osg ngls(ﬂ:-;%tne i%uﬁ?ﬁlyw[%%\g%fﬁhél IHGH génlﬁ]pﬁsdf?r Izgtsttb(sé a

per speaipenecarifiguratfonaandhshowingehe ripoe ane mricofatih@f at6aritndge toi e instajiedudi nal
Cross-se rt}i on ag%%ldn a dosing configuration. [00078] FIG 47A illustrates a
per spedtitve M %n alternate cartridge enbodi ment for use with a dry
powder 1opb8sEr _Shay. i NStraRst & idashddlivd GRS tRBEIRhaRP I IFIE! HO Pthe
[00079] FIG™ 47B illustrates a perspective view of the cartridge enbodi nent
of FI Gopenscdndiguiation@nchshowing hoaidiedge nstalled is vsvinhiglarhe cartridge in a

al t e nAPBORAECGT IGE 5 MSlne S SnidTonanidhle) YekBaf T hERTELy ey A 2
conf i gurig. i N .shDAAP the FaAridge Edntamier ah eheatostapinasiadcanfRiuratiort @di mhal er
enbodi ment of FI G 48 showi ng the inhaler conponent parts. [00082] FIG 50

i |1 ust renéactyvigeineded pod e epromechanisphial eantact vettghessledn t he open
y ; . t ok AU . 1P
"ot ar I10Q0BST', OB Pishates! ¥ REGANNE A 8, fhaly JETIC J0 BT e

vi ew ofcléder corfgueatiomantd @ithSDcantriddeein the holder.
[00086] FIG. 54 illustrates a mid-longitudinal section of the inhaler depicted in

FIG. 53 showing the cartridge container in the dosing configuration and the air flow
pathway established through the container.

[00087] FIG. 55 is a schematic representation of the movement of flow within
the powder containment area of a dry powder inhaler as indicated by the arrows.
[00088] FIG. 56 is a schematic representation of an embodiment of a dry
powder inhaler showing the flow pathways and direction of flow through the inhaler
as indicated by the arrows.

[00089] FIG. 57 illustrates a perspective view of a multidose embodiment of a
dry powder inhaler.

[00090] FIG. 58 illustrates an exploded view of the inhaler embodiment of FIG.
57 showing the inhaler component parts.

[00091] FIG. 59 illustrates a perspective bottom view of component part 958 of
the inhaler depicted in FIG. 58.

[00092] FIG. 60 Iillustrates a perspective top view of component parts
assembled of the inhaler depicted in FIG. 58.

[00093] FIG. 61 illustrates a perspective top view of component part 958 of the
inhaler depicted in FIG. 58.



open configuration and showing a cartridge installed in the inhaler.
[00084] FIG 52 illustrates a md-1ongitudi nal section of the inhaler

depi ct ed wWo 2B09@528571 showi ng the cartridge container i npCmaScanai2anent
configuration and in contact with thel8sl ed and the gear mechanismin
contact with the sled. [00085] FIG 53 illustrates a perspective view of
the inhaler in FIG 50 in the closed configuration and with a cartridge in
t he holl@@094] 000ddf Fﬁ?G'”U§H’anSI asF?Q@P@@'V& %pdyl%\hgf cQmReaEns Gftsoef B t he

i nhal errcg{%m(?ﬁéand B the ﬁ]fﬁra e& ri}?FR?.a%Ef.! dge container in the dosing

configura He' ai't vvay es i shed through the container.
[ 00087][06095] 55 iRGa68dhestettes arpmms;eaﬂiv’eaﬂéwrmf e timtridge/eisk zlystein bf the
Wi t hin the owder comé ngent area of a dry powder inhaler as indicated by
the ar r'BD\%e fepigias] in 6 is a schematic representation of an enbodi nent

of a dr er i I j t f ow
througr{nt ﬂgafnhalpe@aagl ﬁgﬁ@%%j E);é & é?ﬂg??\ggswaﬁfolg%gcﬁﬁr{g‘l@% H%@ %ﬁ%@t rates
a per splbestiated \n BlIGs.d33 @ crobs-isdoten. errbodl ment of a dry powder inhaler.

[ 00090] 58 idlu tes an ex ode Vi ew o i nhal.er enbodi t of
H G SHoDNST g (HE! 0P85 A BBk 18" Riosb e Presife STERRSRTRR o
perspqufltN@,rp%qé,cagdé:tgw,mq@gnppgﬁ@t%part 958 of the inhaler depicted in
FI G 58. 60 illustrates a Perspectl ve top view of conponent

parts a[QQ&%] ed cﬁth He iilhsiiaées @epetapedtive Fogs-segiona00®s] ofFcanpenent
illustrat So Q ew,of conponent part 958 of the inhaler

depi ct eo(a]ar% ép%‘?ﬁ@SF%%%g%F EF\(LG élé illustrates a perspective top view of
componqo0099Y t s ¢FIG. 67 ihestedteg aassrepbttiveofienss thehahater depicioeid FIG.[B7G  58.
[00095] FIG 63 illustrates a perspective view of the cartridge di sk system

of the 'Pﬁﬁ%ﬂ%@%@ﬁr cted in FIG 58. [00096] FIG 64 illustrates a

oeSDeTunNTol) ' o, SRR B ol ST LR E LB 4
housi ngnsltl:lbasselrgbbtywder inhaler.
[000101] FIG. 69 illustrates a perspective bottom view of the inhaler depicted in
FIG. 68.
[000102] FIG. 70 illustrates a top view of the inhaler embodiment of FIG. 68
showing the inhaler body and the mouthpiece.
[000103] FIG. 71 illustrates a front view of the inhaler depicted in FIG. 68.
[000104] FIG. 72 illustrates a side view of the inhaler depicted in FIG. 68.
[000105] FIG. 73 illustrates a perspective explode view showing the bottom
cartridge tray removed with not all component parts depicted.
[000106] FIG. 74 illustrates an exploded view of the inhaler depicted in FIG. 68
showing the gear drive system.
[000107] FIG. 75 illustrates a perspective view of cartridge disk system of the
inhaler depicted in FIG. 68.
[000108] FIG. 76 illustrates a back view of cartridge disk system of the inhaler
depicted in FIG. 68.
[000109] FIG. 77 illustrates a front view of cartridge disk system of the inhaler
depicted in FIG. 68.
[000110] FIG. 78 illustrates a bottom view of cartridge disk system of the inhaler
depicted in FIG. 68.



of the inhaler depicted in FIGs. 57 and 58. [00098] FIG 66 illustrates a
perspective cross-sectional view of conponent parts of the inhaler depicted
in FIG 5802p@06987 FIG 67 illustrates a perspective vipewuskomloer2snhal er
depicted in FIG 57 in cross-section.19000100] FIG 68 illustrates a
perspective view of an alternate enbodi nent of a nultidose dry powder

I nhal er.. &000101] FIG 69 illustrates a perspective bottom view of the

i nhal er[088}1thk ed FilF- FRGIlugntes adorogw of eealrdisk of tha inheates derided in Elbof t he

i nhal er 8en‘nodi ment of FIG 68 show ng the inhaler body and the nout hpiece.
[000103] " FIG 7 1 illustrates a front view of the inhaler depicted in FIG
68. [0(JO00#2JFI GFIE2 80 lilstrasdesa graplleofvineasofenidretsi ohfloer ade ppressarel n

FIG 68. [000105] FIG 73 illustrates a perspective explode view show ng
t he botr?t?rL%‘Pl@ﬁfﬁ‘Pr R PF‘an"'er é%\‘i’é‘él' R’ 'E‘Wpﬁofora 0 ee@m%%n%mgsmr@er&e#f @teed.
[ 000106LsiEtfRcetd flow 854K freferan expl oded view of the inhaler depicted in

FIG 68 show ng the gear drive system [000107] FIG 75 illustrates a
per sped000#13] ew . c&t tdepigie ithes kagditks emepfdigthibutiothalbdainde pwith eal laserFl G

68. [Ooﬁﬁﬂ,%ﬂ. FIl G 76ti | | ust r at es. Iback I ew, 0 cartFi.dige di sk system of

t he i nHaI"&@CUQRPRRYF S YIRS 96”8.'”66861%‘{ FHTEI09R; GONfRaNgafedry FOUIE vi ew
of car tprAgatidh S iRbiakash ebnigiBingiRalify afeRimbRA diktdpiferiAiSe phRRMs 10] FI G
78 illustrates a bottom view of cartridge di sk ’systemof the inhaler
depicted in FIG 68.[0001 1&) FIG 79 illustrates a top view of seal disk
of the inhaler depicted i n FPETABEDRBSERIPTIGNG 80 illustrates a graph

of nmeasurenents of flow and pressure relationship based on the Bernoul i
pri nci dpeoﬂfﬂ an |Bx@W§P§We@ﬁb@'§P|9§ﬁ@ Rereimethees iist Ginclesed 3 IBw RAWERr

Lm.”{]ﬁl gripgélggoal caihid§d Bor 8 oty Pt Sntd1gr BAG - hRaflibh JistdmhiBHEERLMY &1 ned
pharmaceutical medicaments to a patient via inhalation. In one embodiment, the
inhalation system comprises a breath-powered dry powder inhaler, and a cartridge
containing a pharmaceutical formulation comprising a pharmaceutically active
substance or active ingredient and a pharmaceutically acceptable carrier. The dry
powder inhaler is provided in various shapes and sizes, and can be reusable or for
single use, easy to use, is inexpensive to manufacture and can be produced in high
volumes in simple steps using plastics or other acceptable materials. In addition to
complete systems, inhalers, filled cartridges and empty cartridges constitute further
embodiments disclosed herein. The present inhalation system can be designed to
be used with any type of dry powder. In one embodiment, the dry powder is a
relatively cohesive powder which requires optimal deagglomeration condition. In one
embodiment, the inhalation system provides a re-useable, miniature breath-powered
inhaler in combination with single-use cartridges containing pre-metered doses of a
dry powder formulation.

[000115] As used herein the term “a unit dose inhaler” refers to an inhaler that is
adapted to receive a single container a dry powder formulation and delivers a single
dose of a dry powder formulation by inhalation from container to a user. It should be
understood that in some instance multiple unit doses will be required to provide a
user with a specified dosage.

[000116] As used herein the term “a multiple dose inhaler” refers to an inhaler
having a plurality of containers, each container comprising a pre-metered dose of a



diffraction apparatus using an inhaler and cartridge containing a dry
powder fornulation for inhalation conprising insulin and fumaryl

di ket opi pebzoeversparti cl es. DETAI LED DESCRI PTI ON [ 0001 12(Tius2@wibentsnent s

di scl osed herein, there is disclosed 2 dry powder inhaler, a cartridge for
a dry powder inhaler and an inhalation systemfor delivering pharmaceutical
nmedi canents to a patient via inhalation. In one enbodi nent, the inhalation

syst em @Y AWERIs Medinasae- prshdhe dniarler sielivens ﬁrﬁi'éﬂi'@rdo%@fe@ adigaget
cont ai r ation conprising a pharnaceutically
acti Ve%ﬁv&{?abﬁ}\ﬁﬁ%@ﬁgﬁﬁtégyl H%rtLH&'%’ent and a pharnmaceutically acceptable
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i nhal ers, F cartridges and enpty cartridges constitute further
enbodi rtﬁﬂt)ﬂ&m sclAs egetieharem aThpowstesseass’ ishedfatred iosys tagglaraeradviendelsi gned

to be used with any type of dr n eerrbodlrrent t he dry. powder
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condi tifametet, 8RE IGHIRdi ment, the inhal ation system provides a re-useable,
m ni ature breat h- powered i nhal er in combination with si ngl e-use cartridges
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user. It should be understood that in_sone instance nmultiple unit doses
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used h a nultiple dose inhaler"” refers to an inhal er having
a pl urz‘?'gtmn ¢‘8 hﬁg}: ners, each container conprising a pre- rretered dose of
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formul ati on, a powder contai ning enclosure, and can be a structure with or

wi t houtMmyltipfegdoses of formulation tha%J can be delivered by inhalation as metered single
amounts. A unit dose cartridge/container contains a single dose. Alternatively it can
comprise multiple individually accessible compartments, each containing a unit dose.
[000121] As used herein, the term "about" is used to indicate that a value
includes the standard deviation of error for the device or method being employed to
determine the value.
[000122] The present devices can be manufactured by several methods,
however, in one embodiment, the inhalers and cartridges are made, for example, by
injection molding techniques, thermoforming, using various types of plastic materials,
including, polypropylene, cyclicolephin co-polymer, nylon, and other compatible
polymers and the like. In certain embodiments, the dry powder inhaler can be
assembled using top-down assembly of individual component parts. In some
embodiments, the inhalers are provided in compact sizes, such as from about 1 inch
to about 5 inches in dimension, and generally, the width and height are less than the
length of the device. In certain embodiments the inhaler is provided in various
shapes including, relatively rectangular bodies, cylindrical, oval, tubular, squares,

oblongs, and circular forms.



[ 0001 18] As used herein a "powder nmass" is referred to an aggl onerati on of
powder particles or agglonerate having irregular geonetries such as w dth,
di anet er ,wendodsagrh. [ 0001 19] As used herein, the termCTnisecoooparicl e”
refers to a particle with a dianeter f about 0.5 to about 1000 mm

i rrespective of the precise exterior or interior structure. However four
pulnnnarxgdellvery m croparticles that are less than 10 nm are generally
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whereln the mouthplece 130 comprises a body 112 and has one or more air inlets

110 (see also FIGs. 5 and 7) and an oral placement section having an outlet 135.
An air conduit runs the length of the inhaler mouthpiece 130 from air inlet 110 to
outlet 135. Mouthpiece 130 can be configured having a narrowing in the shape of an
hourglass at approximately its mid to distal section to accelerate airflow, and then it
is configured of a wider diameter at its proximal end, or oral placement section to
decelerate airflow towards outlet or opening 135 (see FIG. 7). Air conduit 140 (FIG.
4A) has an opening 155 for adapting an area or boss 126 of cartridge top 156 (FIG.
4B) and is in communication with a mounted cartridge 150 in the inhaler in the
closed position (FIGs. 6 and 7). When the inhaler is in a closed or inhalation position
as shown in FIG. 1, body 112 encloses a portion of the housing 120 of the inhaler
100. FIG. 1 also depicts a cartridge holder 115 extending downwardly from the
inhaler body. In the embodiment of FIG. 1, the housing 120 is structurally
configured to be relatively rectangular in shape and has a bottom wall 123, side walls
124 with riblet projections 125 which facilitate a stable grip for opening and closing
the inhaler 100.



entering and exiting a cartridge containing the dry powder, and a second
air pathway which can nerge with the first air flow pathway exiting the
cartri dgevobh@/fskarv conduits, for exanple, can have varipouaisstvapemsand

si zes depending on the inhaler configaration. [000124] An enbodi ment of the
dry powder inhaler is exenplified in FIG. 1 - 8 . In this enbodinent, the
dry powder inhaler has three configurations, i.e a closed confi uratlon
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cl osed position (FIGs. 6 and_7). Wien the inhaler is in a closed or

i nhal atY @ntOpamrIZQﬁtaésplm%L rA%fﬁ@Uﬂlp'eB@d‘)?’olfPZa@ﬁcer@ethaORﬁﬂqd onther t he
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out var dsle%UrilnS r%gci:hsanism to secure the inhaler in the closed position, such as snap 121,
and an air inlet aperture 118 which communicates with the mouthpiece air conduit
140 at opening 155 in the mouthpiece floor without a cartridge in the holder 115 in
the closed position of the inhaler. With a cartridge installed in the inhaler and in the
closed position, inlet aperture 118 communicates with the cartridge inlet port 119
when the cartridge 150 is in the dosing configuration (see FIG. 7). In the closed
position of the inhaler, the sled 117 is configured at its proximal end to correspond in
shape to air inlet aperture 118 of housing 120 so that the air inlet is not obstructed in
the closed position of the inhaler. In this embodiment, movement of mouthpiece 130
from a partially opened to a closed position is accomplished through a sliding motion
in the X-Z plane, and movement of mouthpiece 130 from a partially open to a fully
open configuration is angular rotating about the Z axis. To achieve full closure of the
inhaler, mouthpiece 130 is moveable in the horizontal axis X and moves or slides
distally relative to housing 120. In this manner, the translational movement of slide
tray or sled 117 against the cartridge top 156 of cartridge 150 being held in the

cartridge container 115 (see FIG. 4) moves and places the boss 126 over the



posi tion, nouthpiece 130 can pivot by angular rotation to an opened
configuration for loading a cartridge, or can be closed to a dosing
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the fully open position with a cartridge above the cartridge holder contalner 115 yet
to be installed in the inhaler; housing 120 comprising an air aperture or inlet 118,
slide tray or sled 117, which is engaged to mouthpiece 130 having aperture 155 and
air inlet 110. Cartridge 150 comprises a medicament container 151 and a top 156
comprising a boss 126 with dispensing ports 127. The cartridge top 156 comprises a
first area 154 which is recessed such that its bottom wall is in contact with container
151 top border and seals the container 151 in a containment position. While in this
embodiment, first area 154 is recessed for ease of manufacturing, the first area 154
can have alternate designs as long as it forms an acceptable seal for containing a
dry powder. A second area of cartridge top 156 contains boss 126 and this portion
of the cartridge top is slightly raised and hollow in its undersurface so that when the
cartridge container 151 is moved to a dispensing position, the top border of container
151 forms an opening or air inlet with cartridge top 156 to create a passageway
through the cartridge inlet and the dispensing ports. FIG. 4B shows cartridge 150 in

a containment position, which is the position in which the cartridge is closed and



and in alignnment over nouthpi ece opening 155. This translational novenent
al so configures the cartridge 150 to forman opening or an air inlet 119
into the wormmamset77151 . A flow pathway is then establ i shedSesmwiszsr
conduit 140 and inlet 118 through di sPensing ports 127. Cartridge boss 126
is structurally configured to correspond and fit the opening 155 (FIG 4A)
in the waist section of the air conduit 140 of nouthpiece 130 so that it is
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position. In the closed or dispensing position, the securing mechanism illustrated by
snaps 121 (FIG. 3) maintain housing 120 and mouthpiece 130 securely engaged. In
this embodiment, housing 120 can be disengaged from mouthpiece 130 by releasing
the snaps and moving mouthpiece 130 over housing 120 in the opposite direction to
attain a partially opened configuration which causes cartridge 150 to be reconfigured
from the dosing position to the containment configuration.

[000130] Cartridge 150 can be movably configured from a containment position
to a dosing position within the inhaler upon reconfiguration of the inhaler unit to a
closed position as shown in FIG. 7. In the dosing position, cartridge container 151 is
in alignment with boss 126, and air inlet port 119 is formed by cartridge container
151 and cartridge top 156, which is in communication with dispensing ports 127
establishing an air conduit through cartridge 150.

[000131] FIG. 7 further depicts a mid-longitudinal section of the dry powder
inhaler of FIG. 1 in a closed position and ready for inhalation and containing

cartridge 150 in holder 115, wherein the cartridge container 151 is in a dosing



through the cartridge inlet and the dispensing ports. FIG 4B shows
cartridge 150 in a contai nnent position, which is the position in which the
cartri dgewp2033ed anddoes not allow a flow path to beprestmbiooshrdl t hr ough
its interior conmpartnent. As seen in %he FIG 4C, cartridge 150 is
installed in inhaler 100 and the inhaler is in the opened configuration.
[000128] FIG 5 also depicts the dry powder inhaler of FIG 4Cin a fully
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protrusions or flanges 133 extending from the side walls of the housing into its
interior space.
[000133] In another embodiment, a dry powder inhaler is provided with a
relatively cylindrical shape. FIG. 9 through FIG. 11B illustrate this embodiment,
wherein the inhaler comprises a housing 220 integrally attached to mouthpiece 230,
and a sled or slide tray 217. In FIGs. 9 and 10, sled 217 is depicted comprising
outer shell 257 which is in telescopic arrangement and concentrically positioned and
partially covering housing 220. Sled 217 further comprises a gripping mechanism
such as ribs 225 on the outer surface of shell 257 for securely gripping inhaler sled
217 while sliding over housing 220 to open and close the device. Sled 217 further
comprises groove 221 in its inner surface at its end facing the mouthpiece for
engageably attaching with snap ring 224 segments of mouthpiece 230 for securing
the inhaler in a closed configuration.
[000134] As seen in FIG. 11A, sled 217 also comprises cartridge holder 215

configured to receive cartridge 250. Cartridge holder 215 is integrally structured with



establishing an air conduit through cartridge 150. [000131] FIG 7 further
depicts a md-1longitudinal section of the dry powder inhaler of FIG 1 in a
cl osed posoptzonsard ready for inhalation and contai ni ngpcarniseéodge72860 i n
hol der 115, wherein the cartridge comai ner 151 is in a dosingposition. As
seen in FIG 7, cartridge boss 126 is structurally configured to fit in

I nhal er aperture 155 so that air flow exiting the cartrid_ge t hr ough
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sled 217 fully retracted from mouthpiece 230 to allow access to the internal
compartment to load or unload a cartridge. FIG. 10 also illustrates cartridge 250
installed in cartridge holder 215 of sled 217 and the mechanism such as outer shell
257 for actuating and opening the cartridge to the airflow path upon engagement of
the sled outer shell 257 in snap ring 224 of the mouthpiece so that the device is in
the closed, or inhalation position. Closing of the device is effectuated by
translational movement of sled 217 over the housing 220 and engagement of sled
217 with mouthpiece 230 along horizontal axis X. As can be seen in FIG. 11B, the
closing action of the sled 217 moves the cartridge 250 until the cartridge top 256
abuts mouthpiece recess surface 223, after which time continuous movement of sled
217 to a closed position causes the container 251 portion of cartridge 250 to be
moved from a containment position to the opposite side of cartridge cover 256 so
that dispensing ports 227 are aligned relatively over container or cup 251. An air
inlet passage is then created between container 251 and the cartridge top 256 which
air inlet is in communication with the interior of container 251 and exit or dispensing
ports 227 of boss 226.



217 while sliding over housing 220 to open and cl ose the device. Sled 217
further conprises groove 221 in its inner surface at its end facing the
nout hpi ecwof2009/8myageabl y attaching with snap ring 224 gegrusaam/0af281

nmout hpi ece 230 for securing the inhal®r in a closed configuration. [000134]
As seen in FIG 11A, sled 217 also conprises cartridge hol der 215
configured to receive cartridge 250. Cartridge holder 215 is integrally
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As seen in FIG Y, the inhal er "conprises nouthpiece portion 230 and housi ng
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accessed. FIG 10 shows inhaler 200 in an opened, cartrid
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be Seenorgpplglc:gme%%géct}orﬁe312; air inlet 310; air conduit 340 which extends from air inlet

310 to air outlet 335. FIG. 12 illustrates the inhaler in the closed position showing

the various features of the outside of inhaler 300 including, air channel 311 which

can direct air into inlet port 375. An area 325 for holding the inhaler is configured

into inhaler body 305 for ease of use, and also serves as a surface to push or
squeeze to release latches 380.

[000138] FIG. 13 illustrates a perspective view of the embodiment of FIG. 12 in

an open configuration, or cartridge loading and unloading position. As illustrated in

FIG. 13, mouthpiece 330 is engageably attached to housing 320 by a hinge attached

to gear mechanism 360, 363. Mouthpiece 330 has an aperture 355 which is in fluid
communication with air conduit 340; an air outlet 335 and flange 358 define a
rectangular structure surrounding aperture 355. FIG. 13 also depicts housing 320

as comprising a cartridge holder 315; with a section of sled 317 showing through the
cartridge container placement area, projections 353 for holding cartridge top 356 in

place and snaps 380 for closing the body portion of the inhaler mouthpiece.



closing action of the sled 217 noves the cartridge 250 until the cartridge
top 256 abuts nout hpi ece recess surface 223, after which tine continuous
novenent wo 2809324717 to a cl osed position causes the comCaiuses0s®HR8porti on
of cartridge 250 to be noved froma c8ntai nnent position to the opposite
side of cartridge cover 256 so that dispensing ports 227 are aligned
relativeléhover container or cup 251 . An air inlet passage is then created
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position. FIG 11B shows inhaler 20 e dosing configuration having
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with air conduit 340 and air inlet 310 and air outlet 335.

[000140] FIG. 15A and FIG. 15B depicts the embodiment of FIG. 12 showing the

dry powder inhaler in the closed/inhalation position as cross-sections through the

longitudinal axis with a cartridge 350 in the dosing position inside the cartridge holder

315 of housing 320. FIG. 15A illustrates gear mechanism 362, 363 engageably

connected to sled 317 for opening and closing the inhaler and which simultaneously

will move a cartridge container to the dosing or dispensing position upon closing the

device.

[000141] FIG. 15B depicts the embodiment of FIG. 12 and FIG. 14 showing the

dry powder inhaler in the closed/inhalation position as a cross-section through the

mid-longitudinal axis. As can be seen, cartridge 350 is in the dosing position,

wherein boss 326 fits or engages with aperture 355 of air conduit 340 to allow flow

from dispensing ports 327 to exit cartridge 350 and merge into the flow path in

conduit 340. FIG. 14 also shows cartridge top 359 securely held in position by

projections 353 in the cartridge placement area. FIGs. 15A and 15B show cartridge



[000138] FIG 13 illustrates a perspective view of the enbodi nent of FIG
12 in an open configuration, or cartridge | oading and unl oadi ng position.
As i || ustwetzea/iseu77l G 13, nout hpi ece 330 i s engageabl y patrtusedem41281 housi ng
320 by a hinge attached to gear necha® sm 360, 363. Mut hpi ece 330 has an
aperture 355 which is in fluid communication with air conduit 340; an air
outlet 335 and flange 358 define a rectangul ar structure surroundi ng
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[000142] FIGs. 15C — 15K depict an alternate embodiment 302 of inhaler 300
depicted in FIGs. 12- 15B. The inhaler comprises housing 320, mouthpiece 330, a
gear mechanism, and a sled and can be manufactured using, for example, four parts
in a top down assembly manner. Mouthpiece 330 further comprises air conduit 340
configured to run along the longitudinal axis of the inhaler and having an oral
placement portion 312, air inlet 310 and air outlet 335 configured to have its surface
angular or beveled relative to the longitudinal axis of the air conduit, and cartridge
port opening 355 which is in fluid communication with housing 320 and/or a cartridge
installed in housing 320 for allowing airflow to enter air conduit 340 from the housing
or from a cartridge installed in the inhaler in use. FIG. 15C illustrates inhaler 302 in
isometric view in a closed position having a more slender body 305 than inhaler 300
formed by housing 320 and cover portion 308 of mouthpiece 330, which extends
over and engages housing 320 by a locking mechanism 312, for example, a
protrusion. FIGs. 15D, 15E, 15F, 15G, and 15H depict side, top, bottom, proximal

and distal views, respectively, of the inhaler of FIG. 15C. As shown in the figures,



315 of housing 320. FIG 15A illustrates gear mechani sm 362, 363 engageably
connected to sled 317 for opening and closing the inhaler and which

si mul t anewo2by/Me477 nmove a cartridge contai ner to the desrng2aw/odi28pensi ng
position upon closing the device. [00®141] FIG 15B depicts the enbodi nent
of FIG 12 and FIG 14 show ng the dry powder inhaler in the

cl osed/inhal ati on position as a cross-section through the m d-1ongitudi nal
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by projections 353 in the cartridge placenent area, FlIGs, 15A and 15B show
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ports 327. abuts the cartridge container to maintain it in place
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configuration after a subject has effectuated dosing of a dry powder formulation. In
the embodiment illustrated herein, the hinge and gear mechanism are provided at
the distal end of the inhaler, however, other configurations can be provided so that
the inhaler opens and closes to load or unload a cartridge as a clam.
[000143] In one embodiment, housing 320 comprises one or more component
parts, for example, a top portion 316 and a bottom portion 318. The top and bottom
portions are configured to adapt to one another in a tight seal, forming an enclosure
which houses sled 317 and the hinge and/or gear mechanisms 363. Housing 320 is
also configured to have one or more openings 309 to allow air flow into the interior of
the housing, a locking mechanism 313, such as protrusions or snap rings to engage
and secure mouthpiece cover portion 308 in the closed position of inhaler 302.
Housing 320 is also configured to have a cartridge holder or cartridge mounting area
315 which is configured to correspond to the type of cartridge to be used with the
inhaler. In this embodiment, the cartridge placement area or holder is an opening in

the top portion of housing 320 which opening also allows the cartridge bottom portion



gear nechanism and a sled and can be nmanufactured using, for exanple, four
parts in a top down assenbly manner. Mout hpi ece 330 further conprises air
conduit 30 w0oniSegared to run al ong the | ongitudi nal axipsTafs2edem4izahal er
and having an oral placenent portion 3812, air inlet 310 and air outlet 335
configured to have its surface angul ar or beveled relative to the

longi tudinal axis of the air_conduit, and cartridge port opening 355 which
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configured in the inhaler housing, for example, the inhaler mounting area, or holder
can comprise a beveled edge 301 which would correspond to a beveled edge 180 on
the cartridge of, for example, cartridge 170 to be installed in the inhaler. In this
embodiment, the beveled edges form the locking mechanism which prevents the
cartridge from popping out of holder 315 during movement of sled 317. In one
particular embodiment illustrated in FIGs. 15J and 15K, the cartridge lid is configured
with the beveled edge so that it remains secure in the housing in use. FIGs. 15J and
15K also show rack mechanism 319 configured with sled 317 to effectuate
movement of a cartridge container 175 of cartridge 170 slideably under the cartridge
top to align the container under the cartridge top undersurface configured to have
dispensing port in a closed dosing position or configuration of the inhaler when
inhaler 302 is ready for dosing a user. In the dosing configuration, an air inlet port
forms by the border of the cartridge top and the rim of the container, since the
undersurface of the cartridge top is raised relative to the containment undersurface.

In this configuration, an air conduit is defined through the cartridge by the air inlet,



configuration after a subject has effectuated dosing of a dry powder
formulation. In the enbodinent illustrated herein, the hinge and gear
mechani srwanreoypisedrirded at the distal end of the inhal er pPChasesens728t her
configurations can be provided so tha the inhaler opens and closes to | oad
or unload a cartridge as a clam [000143] In one enbodi ment, housing 320
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also comprises oral placement section 412 having air outlet port 435.
[000148] FIG. 17 illustrates the embodiment of FIG. 16 in an opened,
loading/unloading configuration showing cartridge 450 seated in cartridge holder
415, showing top 456 of cartridge 450. In this embodiment, the mechanism for
actuating movement of cartridge 450 from a containment position to an open
configuration is, for example, a cam. Handle or lever 480 containing cartridge 450
can be moved by rotation of lever 480 to the closed position. In the closed position,
cartridge 450 within the lever 480 is moved under oral placement portion 412 of
mouthpiece 430.
[000149] FIG. 18 illustrates a mid-longitudinal section of the embodiment
depicted in FIG. 16 in a closed, inhalation position having cartridge 450 installed in
cartridge holder 415 in an open configuration. As seen in FIG. 18, in the cartridge
dosing configuration, air inlet 459 is formed or defined by a gap between cartridge
top 456 and container 451, which is in communication with dispensing ports 427 on

boss 426. Dispensing ports 427 are in fluid communication with air conduit 440,



installed in only one manner or orientation. For exanple, cartridge 170 can
be configured with | ocking mechani sm 301 that matches a | ocking nechani sm
conf i gur edoiznow13e477nhal er housi ng, for exanpl e, the inhaCemusoegnti2ag ar ea,
or hol der can conprise a bevel ed edge33301 which would correspond to a
bevel ed edge 180 on the cartridge of, for exanple, cartridge 170 to be
installed in the inhaler. In this enbodi nent, the bevel ed edges formthe
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500 during inhalation.

[000152] FIG. 20 illustrates a perspective view of the inhaler embodiment shown

in FIG. 19, wherein the inhaler is in the dose configuration establishing a flow

pathway through the interior of the cartridge and the dispensing ports wherein the

inhaler is ready for use. FIG. 20 depicts mouthpiece 530 having an increasingly

wider cross-sectional area of air conduit 540 from air inlet port 510 to air outlet port

535, being narrower at the inlet port end 510. Mouthpiece 530 also is structurally

configured to have side extension or panels 532 integrally extending from the walls

of mouthpiece conduit 540 which support sled 590. A space between the

mouthpiece air conduit wall 540 and the panel is provided which allows the sled 590

to slide over mouthpiece 530. Sled 590 has a first bridge 567 spanning mouthpiece

530 on the top side, and has wings or flanges 565 which allow manual gripping or

grasping of the sled 590 to configure the device from the containment to the dose

position, and vice versa.

[000153] FIG. 21 illustrates a perspective view of the inhaler shown in FIG. 19 in

mid-longitudinal section in a containment position. In FIG. 21, cartridge container



and housing 420 as illustrated in FIGs. 16-1 8. FIG 16 illustrates a
perspective view of an alternate enbodi nent of the dry powder inhaler in
t he cl osewlopo®itse4arn, wherei n nout hpi ece 430 conpri ses t ReTUSPOOPOU28DN Of
t he body of the inhaler and housing 480 conprises the bottom portion of the
i nhal er in the dosing position. Muthpiece 430 al so conprises oral
pl acenment section 412 having air outlet port 435. [000148] FIG 17
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is swept in the direction of air outlet 435. £00015,0] FIG 19 through FIG
28 i || Enfigueatiofoan| ingtne@itvie detingd dynthe coniaieerd i Fkkéhe i rAARBINeiEce n
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single use as a uni ose I nhal'er and carfridge assenbl ed together Into a
di sposaandigurationrasts dbfiresian air coneluitifehiveers thanindti pore i ditereat valuene of
manuf a;bured t.o con%ﬁbg %,he desired pre-
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FIG 1%ostrf]1%m%o§ehepc;sﬂ%%1l %rntili rﬂwea sﬁ:e0 tc%inrr]1o r}rtlove further in panel 532. FIG. 22
illustrates a perspective view of the inhaler shown in FIG. 20 in longitudinal section
wherein the cartridge is in the open or dosing position. In this configuration, a
primary air passage is established through the container as represented by inlet 556
and dispensing port 527 with the container’'s internal volume. A secondary flow
passage is provided by mouthpiece conduit 540 from air inlet 510 to outlet 535 which
is configured to provide a flow that impinges a flow exiting the dispensing ports to
prove shear force and promote deagglomeration of powder particles as they exit the
dispensing ports in use.
[000154] FIGs. 24-28 illustrate perspective views of yet another embodiment of a
dry powder inhaler for single use. In this embodiment, the inhaler 600 has top
surface 665 and bottom or undersurface 652 and comprises mouthpiece 630 and
container 651. FIG. 24 shows the container 651 component in a containment
configuration. In this embodiment, inhaler 600 comprises mouthpiece 630 and
mounted container 651 attached and moveable relative to mouthpiece 630.

Mouthpiece 630 has an elongated shape and it is structurally configured with air inlet



configuration. In this enbodi ment, inhaler 500 conprises a top surface 563
and a bottom or undersurface 562; a nouthpiece 530 and a nounted cartridge
assenbl y wo 2009132690. Mout hpi ece 530 has an el ongat ed siraparsasvd/oun128i s
structurally configured with an air i3l et 510 and an air outlet port 535.
An air conduit extends fromair inlet 510 to air outlet 535 which creates a
secondary pathway for airflow entering inhaler 500 during inhalation.
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For all, ﬁﬁalngpghownqn FIG. 24 in mid-longitudinal section wherein container 651 is in the
containment position. FIG. 27 illustrates a perspective view of the inhaler shown in
FIG. 25 in mid-longitudinal section wherein the cartridge is in the open or dosing
position. In a dosing configuration, container inlet port 656 forms an air conduit with
dispensing port 627 which is in communication with mouthpiece air conduit 640.
Container 651 is supported by container wings 666 through parallel tracks und the
undersurface of the device.
[000156] Perspective views of an alternate embodiment of the dry powder
inhaler are illustrated in FIGs. 29-34. In this embodiment, the inhaler can be in a
closed-containment configuration and in a closed-dosing configuration. The figures
depict the inhaler with or without a cartridge, and depicting its relatively circular, disk-
like body formed by a portion of mouthpiece 730 and housing 720, and having top
and bottom surfaces. Mouthpiece 730 has an inlet port 710 and outlet port 735, and
opening 755 in its undersurface. Mouthpiece 730 is configured to define the top
portion 731 of the inhaler body and is movably attached by a hinge 760, which allows

the inhaler to be opened from a containment position in an angular motion to load



di spensing ports 527 located in the floor of nouthpiece conduit 540. In the
dosing configuration an inlet port is defined by the container rimand the
nout hpi ecwounaersg4rf ace to all ow the internal vol une toPohe/UsSzEosertst o
anbient air. The dosing configuratioméal so defines an air conduit between
the inlet port, the internal volune of the container and the dispensing
ports to allow a flowto transit the container and deliver a powder dose
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ports 727 over container 751 and holder 715. An inlet port 719 is defined by the
cartridge top 756 over container 751 to allow air entry into the cartridge 780 and
through the dispensing ports 727 in a dosing configuration. FIGs. 33 and 34
illustrate the inhaler in a closed-dosing configuration wherein rotation of the inhaler
over cartridge container 751 also defines an air flow communication between an
inhaler inlet port 710 of the inhaler body located over hinge 760 and the interior of
the inhaler body with the cartridge inlet 719 which places the inhaler in a closed-
dosing configuration. A portion of air flow entering the inhaler body through inlet port
710 enters the cartridge inlet 719 and exits through dispensing ports 727 into
mouthpiece aperture 755 which then meets bypass air that enters the mouthpiece
conduit 740 before reaching outlet port 735 and into a user. In this embodiment, the
inhaler is configured to have a registration structure at predetermined sites to
indicate the dosing position and the containment position once they are reached
during rotational movement of the mouthpiece. As with other embodiments herein, a

portion of the flow in use diverges and remains circulating in the internal volume of



container in a sealed or containnent position, and in this area,
undersurface 652 is flushed against the top of cartridge container 651 .
Mout hpi ecwounaersg4rrf ace 615 is configured to have a coneavasker@4mst hol | ow
formso that when the container 651 i¥ noved to the inhalation or dosing
position, air inlet 656 is created by the container wall and the nout hpi ece
undersurface. An air flow pathway is then established between inlet 656 and
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powder inhaler are illustrated in . In this enbodi nent,
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substantially perpendicular to the air outlet flow direction, mix and fluidize a powder
in the internal volume prior to exiting through dispensing apertures.
[000158] FIG. 35-38B further illustrate cartridge 150 comprising top or lid 156
and container 151 defining an interior space or volume. FIG. 36 exemplifies the
cartridge top 156 having opposing ends and comprising recess area 154 and boss
126 at opposing ends of a longitudinal axis X, and relatively rectangular set of panels
152 along the sides and in the longitudinal axis X, which are integrally configured
and attached to top 156 at their ends. The border 158 of cartridge top 156 extends
downwardly and is continuous with panels 152. Panels 152 extend downwardly from
either side of top 156 in the longitudinal axis X and are separated from the area of
boss 126 and recess area 154 by a longitudinal space or slit 157. FIGs. 35-37 also
show each panel 152 further comprising a flange 153 structurally configured to
engage with projections or wings 166 of container 151, support container 151 and
allow container 151 to be movable from a containment position under recess area

154 to a dosing position under area of boss 126. Panels 152 are structurally



define the bottom portion of the inhaler body. FIG 30A 30B and 3 1 show
the inhaler in a contai nnent configuration wherein nouthpiece 730 and the
housi ng ARO 2a09%15¢4im al | ow a cartridge to be | oaded. WiemrCa/useawoarzsnt

cartridge is installed in holder 715 3s illustrated in FIGs. 30B, 3 1, 32
and 34 nout hpi ece 730 has an engagenent nechanismw th the housing such as
a snap ring and can rotate relative to housing 720. FIG 30A additionally
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container 151 and panel 158 under the area of boss 126 form an inlet port 119 which
allows flow entry into the interior of cartridge 151.
[000160] In another embodiment, a translational cartridge 170 is illustrated in
FIGs. 39A- 391, which is an alternate embodiment of cartridge 150 and can be used
with, for example, inhaler 302 depicted in FIGs. 15C-15L. FIG. 39A depicts cartridge
170 comprising an enclosure comprising a top or lid 172 and a container 175
defining an interior space, wherein the cartridge is shown in a containment
configuration. In this cartridge configuration, the cartridge top 172 is configured to
form a seal with container 175 and container or lid is movable relative to one
another. Cartridge 170 can be configured from a containment position (FIGs. 39A
and 39H) to a dosing position (FIGs. 39C - 39G and 39I) and to a disposable position
(not shown), for example, in the middle of the cartridge, to indicate that the cartridge
has been used. FIG. 39A also illustrates the various features of cartridge 170,
wherein top 172 comprises side panels 171 configured to partially cover the exterior

of the container. Each side panel 172 comprises a flange 177 at its lower edge



such as cartridges 150, 170, 780, and 800 illustrated, respectively, in
FIGs. 4B and 35; FIGs. 15 land 39A; FIG 40 and FIG 45. The present
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to correlate a particular medicament or dosage provided by the cartridge with a
particular inhaler. In such manner, a cartridge intended for an inhaler associated
with a first medicament or dosage can be prevented from being placed into or
operated with a similar inhaler associated with a second medicament or dosage.
[000161] FIG. 39B is a top view of exemplifying the general shape of a cartridge
top 172 with boss 174, dispensing port 173, recess area 178 and tabs 176 and 179.
FIG. 39C is a bottom view of cartridge 170 showing container 175 in a containment
position being supported by its wing-like projections 182 by each flange 177 from top
172. FIG. 39D depicts cartridge 170 in a dosing configuration further comprising an
air inlet 181 formed by a notch on the cartridge top 172 and the container 175 upper
border. In this configuration, air inlet 181 is in communication with the interior of the
cartridge and forms and air conduit with dispensing port 173. In use, the cartridge air
inlet 181 is configured to direct airflow entering the cartridge interior at the
dispensing port 173.



or lid 156 can be novable, for exanple, by translational novenent upon top
156, or top 156 can be novable relative to the container 151 . In one
enbodi mrenwp 20onisai7ner 151 can be novabl e by sliding on PcangeaonhsRs8on |id
156 when |lid or top 156 is stationary4 or |id 156 can be novabl e by sliding
on a stationary container 151 depending on the inhaler configuration.
Border 158 near the boss 126 has a recess area which forns part of the
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and the interior of tcontainer 175. In this embodiment, the cartridge top undersurface
wherein the dosing position is attained is relatively flat and container 175 interior
surface is configured to have somewhat of a U-shape. The boss 174 is configured to
slightly protrude above the top surface of cartridge top 172.
[000163] In another embodiment of the cartridge, cartridge 780 is described
above with reference to FIG. 30A and herewith illustrated in FIGs. 40-44. Cartridge
780 can be adapted to the dry powder inhalers disclosed herewith and is particularly
suitable for use with an inhaler with a rotatable mechanism for moving the inhaler
from a containment configuration to a dosing position, wherein the cartridge top is
movable relative to the container, or for moving the container relative to the top in
achieving alignment of the dispensing ports with the container to a dosing position,
or moving either the container or the top to the containment configuration.
[000164] As described above, FIG. 40-44 further illustrate perspective views of
cartridge 780 embodiment for use with, for example, the inhaler of FIG. 29, and show
a cartridge in a containment configuration comprising a cartridge top or lid 756 and

container 751 integrally attached to one another. Container 751 and top 756 are



of the container. Each side panel 172 conprises a flange 177 at its |ower
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in a containment configuration as illustrated in FIG. 42.

[000166] FIG. 43 illustrates a perspective view of a cartridge embodiment of FIG.
40 in a dosing configuration, wherein the chamber 757 of container 751 is directly
under the boss 726 and the cartridge is configured to have an inlet port 719 in
communication with dispensing ports 727. FIG. 44 illustrates a perspective view of
this embodiment in cross-section and in a dosing configuration to show the air inlet
719 and the position of the container and boss 726 with dispensing ports 727. In this
embodiment, recess area 754 of lid 756 and area 747 of container form a tight
abutment or seal on each other.

[000167] The air inlet port of a cartridge for use with the present inhalers can be
configured at any point on the cartridge so that a powder medicament within the
container can remain in a containment position prior to inhalation. For example,
FIGs. 45, 46A, 46B, 47A and 47B illustrate two alternate embodiments of a cartridge
for use with the dry powders inhaler, comprising a lid or top 856, a container 851

structurally configured as in FIG. 35-39 above. In this embodiment, however, air



inlet 181 is configured to direct airflow entering the cartridge interior

at the dispensing port 173.[000162] FIG 39F illustrates a side view of
cartri dgew02009/sbaydi Ng t he rel ati onship of the structur@esTius2@90eR8Ng
configuration, such as contai ner 175,42boss 174, side panels 172, and tab
176. FIG 39G illustrates a cartridge 170 in a dosing configuration for use
and conprising a container 175 and a top 172 having a rel atively
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which the cartridge top 856 is relatively semicircular and flat in shape having an air
inlet port rectangular in shape. In this embodiment, the container and cartridge top
can be manufactured from a thermoform material, for example, polyethylene
pterephthalate, stock to facilitate production.
[000168] In embodiments described herein, cartridges can be configured to
deliver a single unit, pre-metered dose of a dry powder medicament. Cartridges
such as cartridge 150, 170, 780 and 800 can be structurally configured to contain a
dose of, for example, from 0.1 mg to about 50 mg of a dry powder formulation. Thus
the size and shape of the container can vary depending on the size of the inhaler
and the amount or mass of powder medicament to be delivered. For example, the
container can have a relatively cylindrical shape with two opposing sides relatively
flat and having an approximate distance between of from about 0.4 cm to about 2.0
cm. To optimize the inhaler performance, the height of the inside of the cartridge
along the Y axis may vary depending on the amount of powder that is intended to be



[ 000164] As described above, FIG 40-44 further illustrate perspective
views of cartridge 780 enbodi nent for use with, for exanple, the inhaler of
FI G 29, wodo®niswm7a cartridge in a contai nnent confi gur @CTras2@00pr286i ng a
cartridge top or lid 756 and containet3 751 integrally attached to one

anot her. Container 751 and top 756 arenovable relative to one another in a
rotating notion froma containnent position to a dosing or inhalation
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tunable or modular airflow resistance, as it can be effectuated by varying the cross-
sectional area at any section of the airflow conduits of the system. In one
embodiment, the dry powder inhaler system can have an airflow resistance value of
from about 0.065 to about 0.200 (VkPa)/liter per minute. In other embodiments, a
check valve may be employed to prevent air flow through the inhaler until a desired
pressure drop, such as 4 kPa has been achieved, at which point the desired
resistance reaches a value within the range given herewith.
[000171] FIGs. 48-54 illustrate yet another embodiment of the dry powder
inhaler. FIG. 48 depicts an inhaler 900 in an open configuration which is structurally
configured similarly as inhaler 300 shown in FIGs. 12-15B. Inhaler 900 comprises
mouthpiece 930 and housing subassembly 920 which are attached to one another
by a hinge so that mouthpiece 930 pivots relative to the housing subassembly 920.
Mouthpiece 930 further comprises integrally formed side panels 932 wider than
housing 920, which engage with housing protrusions 905 to attain the closed

configuration of inhaler 900. Mouthpiece 930 further comprises air inlet 910, air



[ 000167] The air inlet port of a cartridge for use with the present

I nhal ers can be configured at any point on the cartridge so that a powder
medi canrerwownednissd7rhe contai ner can remain in a contai nremtuSp@9iodi2zen pri or
to inhalation. For exanple, FIGs. 454446A, 46B, 47A and 47B illustrate two
alternate enbodi nents of a cartridge for use with the dry powders inhaler,
conprising a lid or top 856, a container 851 structurally configured as in
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cartridge in FIG conprising a container 851 which can be adapted to a
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[ 000168] I'n enbodi nents erein, cartridges can be confi gur
del i veralﬂnosnghgees Wi moreppartaetasr be uhkesk |rm¢ludmgra treyn822, amdiacaoeern 925.

Eim |r|gu au @éclg&%gﬁﬁfégr\k/q}g%o}c%%’s 9117 Configgurecrll near clscdas%l %thtlj%t uél?slel
bar, cylinder or tube 911 in forming a hinge with mouthpiece 930. Tray 922 also
houses sled 917. Sled 917 is configured to be movable within tray 922 and has a
cartridge receiving area 921 and an arm-like structure having openings 915 for
engaging the teeth or gear 913 of mouthpiece 930 so that in closing the device for
use, movement of mouthpiece 930 relative to housing 920 moves the sled in a
proximal direction, which results in the sled abutting a cartridge container seated on
inhaler holder or mounting area 908 and translocates the container from a
containment position to a dosing position. In this embodiment, a cartridge seated in
the cartridge holder 908 has the air inlet opening in a dosing configuration facing
towards the proximal end of the inhaler or the user. Housing cover 925 is configured
so that it can securely attach to tray 922 by having, for example, protrusions 926
extending from the bottom border as a securing mechanism. FIG. 50 illustrates
inhaler 900 in the open configuration depicting the position and orientation of a
cartridge 150 in a containment configuration for mounting on the inhaler. FIG. 51

further illustrates inhaler 900 in the open configuration with cartridge 150 seated in



dose of, for exanple, fromO0.1 ng to about 50 ng of a dry powder

formul ati on. Thus the size and shape of the container can vary dependi ng on
t he size wb 20¢ve15e47hal er and the anmount or mass of powderCrasc@ame8ito be
delivered. For exanple, the container4scan have a relatively cylindrical
shape with two opposing sides relatively flat and having an approxi mate

di stance between of fromabout 0.4 cmto about 2.0.cm _To optim ze the
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airflow only travels through the cartridge. In other embodiment, to effectuate the
seal, the seal can be provided to the cartridge. The inhalers are also provided with
one or more zones of deagglomeration, which are configured to minimize build-up of
powder or deposition. Deagglomeration zones are provided, for example, in the
cartridge, including, in the container and the dispensing ports, and at one or more
locations in the air conduit of the mouthpiece.

[000174] In the embodiments disclosed herein, the dry powder inhaler system is
configured to have a predetermined flow balance distribution in use, having a first
flow pathway through the cartridge and second flow pathway through, for example,
the mouthpiece air conduit. FIG. 55 and FIG. 56 depict a schematic representation
of air conduits established by the cartridge and inhaler structural configurations
which direct the balance of flow distribution. FIG. 55 depicts the general direction of
flow within a cartridge in the dispensing or dosing position of a dry powder inhaler as
shown by the arrows. FIG. 56 illustrates the movement of flow of an embodiment of



resi stance reaches a value wthin the range given herewith. [000171] FIGs.
48-54 illustrate yet another enbodi nent of the dry powder inhaler. FIG 48
depi ct s awmoi2ndvalse477900 i n an open configuration which i CTtUse@vOsEBl y
configured simlarly as inhaler 300 s#sown in FIGs. 12-15B. |nhaler 900
conpri ses nout hpi ece 930 and housi ng subassenbly 920 which are attached to
one anot her by a hi n&; so that nout hpi ece 930 pivots relative to the
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908 ancﬁ@ﬂﬁnt&t’ﬂom Offhite® ¢6_§‘trt€l9$f celyeact witaeb_m@%a@irﬁow EH?%PQV\H& dhe
| nhal eregdiuit of HeoSAFPRIdI ki Hifte 4hd | diRidGheRBOHR NoWdd s an
encl osure, turther conprising two conmponént parts t0r ease o

manuf achaedicamena ptibotogdxitirg theomontheegrotitetqmnt dred estedingithelpatieny a tray

922, a ver 925. Tr 922 is.confiqured with notches 4 configured
noar | (00RIEEE" dR UG eloBaRedisaeT. G Idlation YD 6 B NeR St @ G o
hi nge w Priot I a¥al . ; 2 i h i I 1L7d

confi g\L,ﬁc;e\lgh to b@la‘rfﬁgggbﬁi%\/\ﬁ% @ﬁ t%r é;ﬁé&éé;’aﬁgﬁﬁiglﬁge%aaﬁ?lggg%& c%iYn | %g area
921 anccomteinenwioukEng Ere tankguradito gecgedianentaingr,famd @ nyadhpigee havinget h or

gear 91a Iggst%%tiﬂ%'t %%grtgg’e% asr?d Faplaetasi Bngle(?(lst'anp%r}u?g; \ﬁ, \e/r'e(fr?o];mgrinlet aperture

of the at least two inlet apertures is in fluid communication with the container area,

and one of the at least two inlet apertures is in fluid communication with the at least
one exit aperture via a flow path configured to bypass the container area to deliver
the dry powder formulation to the patient; wherein the flow conduit configured to
bypass the container area delivers 30% to 90% of the total flow going through the
inhaler during an inhalation.

[000177] In another embodiment, an inhalation system for delivering a dry
powder formulation to a patient is also provided, comprising a dry powder inhaler
comprising a container region and a container; said dry powder inhaler and container
combined are configured to have rigid flow conduits in a dosing configuration and a
plurality of structural regions that provide a mechanism for powder deagglomeration
of the inhalation system in use; wherein at least one of the plurality of mechanisms
for deagglomeration is an agglomerate size exclusion aperture in the container

region having a smallest dimension between 0.5 mm and 3 mm.



use, novenent of nout hpiece 930 relative to housing 920 noves the sled in a
proxi mal direction, which results in the sled abutting a cartridge

cont ai nerweeateid24an i nhal er hol der or nounting area 908pamastecansgi2ecat es
the container froma contai nment posi47ion to a dosing position. In this
enbodi ment, a cartridge seated in the cartridge holder 908 has the air

I nl et opening in a dosing configuration facing towards the proxi ml end of
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pr ovi desbritd ¢dh be immediately next to the air inlet to about within one cartridge width,
although this relationship can vary depending on the flow rate, the physical and
chemical properties of the powder. Because of this proximity, flow from the inlet
crosses the opening to the dispensing ports within the cartridge creating a flow
configuration that inhibits fluidized powder or powder entrained within the airflow,
from exiting the cartridge. In this manner, during an inhalation maneuver, flow
entering the cartridge container can effectuate tumbling of the dry powder
formulation in the cartridge container, and fluidized powder approaching the exit or
dispensing ports of a cartridge can be impeded by flow entering the inlet port of the
cartridge, thereby, flow within the cartridge can be restricted from exiting the
cartridge container. Due to differences in inertia, density, velocity, charge
interaction, position of the flow, only certain particles can navigate the path needed
to exit the dispensing ports. Particles that do not pass through the exit port must
continue to tumble until they possess the proper mass, charge, velocity or position.

This mechanism, in effect, can meter the amount of medicament leaving the



one or nore zones of deaggl oneration, which are configured to mnim ze

bui | d-up of powder or deposition. Deaggl oneration zones are provided, for
exanpl e, wodveiseartri dge, including, in the contai ner a&ou/ush@osimpensi ng
ports, and at one or nore |ocations i48 the air conduit of the nouthpiece.
[000174] In the enbodi nents di sclosed herein, the dry powder inhaler system
Is configured to have a predeterm ned fl ow bal ance distribution in use,
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0.2 cm to about the maximal width of the cartridge. In one embodiment the height is
about 0.15 cm, and width of about 0.40 cm. In alternate embodiments, the container
can have a height of from about 0.05 cm to about 0.40 cm. In particular
embodiments, the container can be from about 0.4 cm to about 1.2 cm in width, and
from about 0.6 cm to about 1.2 cm in height. In an embodiment, the container
comprise one or more dispensing ports having and each of the ports can have a
diameter between 0.012 cm to about 0.25cm.
[000180] In particular inhalation systems, a cartridge for a dry powder inhaler,
comprising a cartridge top and a container is provided, wherein the cartridge top
configured relatively flat and having one or more openings and one or more flanges
having tracks configured to engage the container; said container having an inner
surface defining an internal volume and is moveably attached to the tracks on the
one or more flanges on the cartridge top and configurable to attain a containment
position and a dispensing or dosing position by moving along the tracks of the one or

more flanges.



and one of the at least two inlet apertures is in fluid conmunication with
the at | east one exit aperture via a flow path configured to bypass the
cont ai nerwane®/15e47del i ver the dry powder formul ation toPCmaspavioer?s]
wherein the flow conduit configured t49 bypass the container area delivers
30%to 90% of the total flow going through the inhaler during an

I nhal ati on. ‘{000177] I n anot her enbodi nent, an inhal ation system for
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the container through the at least one dispensing port. In this embodiment, the
powder medicament that passes through the dispensing ports can immediately
accelerate due to reduction in cross-sectional area of the exit ports relative to the
inlet port. This change in velocity may further deagglomerate the fluidized and
aerosolized powder medicament during inhalation. Additionally, because of the
inertia of the particles or groups of particles in the fluidized medicament, the velocity
of the particles leaving the dispensing ports is not the same. The faster moving air
flow in the mouthpiece conduit imparts a drag or shear force on each particle or
group of particles of the slower moving fluidized powder leaving the exit or
dispensing port or ports, which can further deagglomerate the medicament.
[000183] The powder medicament that passes through the dispensing port or
ports immediately accelerates due to reduction in cross-sectional area of the exit or
dispensing ports relative to the container, which are designed to be narrower in
cross-sectional area than the air inlet of the container. This change in velocity may

further deagglomerate the fluidized powder medicament. Additionally, because of



ports can be imrediately next to the air inlet to about within one
cartridge wdth, although this relationship can vary depending on the flow
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proximty, flowfromthe inlet crosse® the opening to the dispensing ports
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wi der ighdih&BBREIEd effectively, for example, into the pulmonary circulation.

[000185] Each of the deagglomeration mechanisms described herein and part of
the inhalation system represent a multi-stage approach which maximizes powder
deagglomeration. Maximal deagglomeration and delivery of powder can be obtained
by optimizing the effect of each individual mechanism, including, one or more
acceleration/deceleration conduits, drag, or expansion of gas trapped within the
agglomerates, interactions of powder properties with those of the inhaler
components material properties, which are integral characteristics of the present
inhaler system. In the embodiments described herein, the inhalers are provided
with relatively rigid air conduits or plumbing system to maximize deagglomeration of
powder medicament so that there is consistency of the powder medicament
discharge from the inhaler during repeated use. Since the present inhalers are
provided with conduits which are rigid or remain the same and cannot be altered,
variations in the air conduit architecture resulting from puncturing films or peeling

films associated with prior art inhalers using blister packs are avoided.



than the width of the dispensing port or ports. In enbodi nents wherein the
I ntake aperture is rectangular, the air inlet aperture conprises a width
rangi ng fwormaebeet770. 2 cmto about the maxi mal wi dt h of pChasSe@wtonizdge. I n
one enbodi nent the height is about 0.5t 5 cm and width of about 0.40 cm 1In
al ternate enbodi nents, the container can have a height of from about 0.05
cmto about 0.40 cm |In particular enbodi nents, the container can be from
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i nhal ati on system conprises an encl osure having one or nore exit ports

conf i gunere dispensingdecHurserg engsisgdhe amaelthpigéader conposition having a
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ports and one or nore di spensing ports, wherein one or nore inlet ports
have a Rresent inhales sysiem Hagla BB eqlstalics wlva ) @rriedmately 0:Qa%to about
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performance characteristics are achieved by end users within a single inhalation
maneuver to produce cartridge dispense percentage of greater than 90%. In
certain embodiments, the inhaler and cartridge system are configured to provide a
single dose by discharging powder from the inhaler as a continuous flow, or as one
or more pulses of powder delivered to a patient. In an embodiment, an inhalation
system for delivering a dry powder formulation to a patient’'s lung is provided,
comprising a dry powder inhaler configured to have flow conduits with a total
resistance to flow in a dosing configuration ranging in value from 0.065 to about
0.200 (vkPa)lliter per minute. In this and other embodiments, the total resistance to
flow of the inhalation system is relatively constant across a pressure differential
range of between 0.5 kPa and 7 kPa.
[000188] The structural configuration of the inhaler allows the
deagglomeration mechanism to produce respirable fractions greater than 50% and
particles of less than 5.8 um. The inhalers can discharge greater than 85% of a
powder medicament contained within a container during an inhalation maneuver.

Generally, the inhalers herein depicted in FIG. 151 can discharge greater that 90% of
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flow device. Additional end-user convenience is provided by an indicator mechanism that
indicates the day and dosing, for example, day 3 (D3), lunchtime (L). An exemplary
embodiment is illustrated in FIGs. 57-68, wherein the inhaler 950 comprises a
relatively circular shape comprising a plurality of dosing units as part of a disk-like
cartridge system. Inhaler 950 comprises a mouthpiece 952 having air inlet 953 and
air outlet 954 and housing subassembly 960. Mouthpiece 952 is configured to have
a relatively hour glass shape and therefore air conduit 980 (FIG. 67) is configured
with a corresponding shape. Mouthpiece 952 also comprises a cover for engaging
with housing subassembly 960 and an air conduit 980 having an opening 985 (FIG.
67) which communicates with the interior of housing subassembly 960.
[000191] FIG. 58 is an exploded view of the inhaler of FIG. 57 showing the
component parts, including mouthpiece 952; housing subassembly 960 comprising
multiple parts, including bottom cover or tray 955, an actuator 956 having a ratchet
957, a cartridge disk system with a bottom tray portion 958 and a lid portion 959 and

a seal disk or plate 961. In one embodiment, a spring can be provided with ratchet



entering the nouthpiece inlet. The fluidized powder in the nouthpiece
conduit expands and decelerates as it enters the oral placenent portion of
t he nout hwoeo®/1352476r t o exiting due to a cross-secti onalPCarisa000/0¢T28ASE | N
the conduit. Gas trapped within aggl di¥erates al so expands and may help to
break apart the individual particles. This is a further deaggl oneration
mechani sm of the enbodi nents descri bed herein. Airflow containing
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aper t urassemidec titazeinng t he nout hpi ece. [000187] I n enbodi nents di scl osed
herei n’[O&O%ﬁl] povﬂgr_ ggd'd(e:&réFmthiescartridge disk system of inhaler 950 in an
assembled configuration showing the plurality of containers 962 and can engageably
attach to one another to provide powder containment. The cartridge system lid
portion 959 comprises a plurality of cartridge-like tops 970 which in alignment
correspond to the containers 962 of the bottom tray of the cartridge disk system to
form a plurality of unit dose cartridge units within the cartridge disk system.
Alignment of the cartridge system lid 959 and bottom tray portion is achieved by the
lid portion 959 having a centrally located aperture 969 configured with two notches
968 which engage securely with the raised area of the bottom tray portion 958. In
this embodiment, the cartridge disk system is also configured to have a plurality of
air inlets 971 and a plurality of dispensing ports 972, wherein each unit dose
cartridge comprises at least one air inlet 971 and one ore more dispensing ports 972.
FIG. 64 shows a cross-section of a cartridge disk system 958, 959 showing air inlet
971 establishing an air conduit pathway in the interior compartment of the container
with the dispensing ports 972 so that an airflow entering the unit compartment enters



di spensed with consistency fromthe inhaler in |less than about 2 seconds.
The present inhaler systemhas a high resistance value of approximtely

0. 065 t o wbaow/B220 (VkPa)/liter per mnute. Therefore, PCO/USh@IBDYyRBEM
conprising a cartridge, peak inhal ati®n pressure drops applied of between 2
and 20 kPa produce resultant peak flow rates of about through the system of
between 7 and 70 liters per mnute. These flow rates result in greater than
75% of thrwgbarif inlelg87 towndes infide & eantaingriand puits Hyough Jee flisPeasina3o ny
of powggi g | n sone enbodi nents, these performance characteristics are

achi ev y end users within a single inhalation nmaneuver to produce

cartri dgeot93jpenddG & dinstgiesothegheaiey sbbassdhbly 960 essemblegntwidiitent s,
the inhal er and cartridge system ar? cﬁg)fig,ur,?d to provide a single dose by
di scharGRPEEhPEF St tinglar g isen disk D&oiEHHYRIGIRD FPBRISHIO 3% aBRVE nor e

pul ses g7 IBgé‘ﬁé%lrto%H Yr?é%r éggt\f}\‘ﬁg@%k WMich & @MWH%@EH@@?#@W?&# on

system for ivering a formul ation to a patient ung is
provi ded unit aigsei cartrgige ofr hepeatielge disklsysteroni itiyededingopdsitien.f IS@al diskdui t s

with a tal _resistance, to flow in a dosin nfi.gur at,ion ngi i n.val ue
rom o 985 SETon St serisisprnsiag Rost el ana it Miewrar fidoafiai
enbod! rﬂ%iéresearﬁr@et@fttﬁb da@ﬁid@bad@l@ s?@cefﬂ @Nc@bt fdf'f%hé @hﬁ'o@sie%hrﬁb@betﬁbi 5

rel atively constant across a _Pressure differenti al range of between 0.5 kPa
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i nhal ati on maneuver. Cenerally, the inhalers herein depicted in FIG 15 1
can di sdtendjag fosathe diskdaneroogrien atherafenenggdo domcentral ais.cuhichifaen a
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provi des%otwcl)né:%r%u o%ir%gh%oﬁhéjl%tigr?, wherein the mouthpiece shows air conduit 980
and mouthpiece aperture 985 aligned with the dispensing ports 972 of a unit dose
cartridge and aperture 977 of the seal disk. The other units in the cartridge are in
containment by seal disk 961.
[000194] In this embodiment, the inhaler device 950 is simple to use and can be
used one cartridge at a time and for dosing. After all dosages are dispensed the
inhaler can be disposed or reloaded with a new cartridge disk system. In this
embodiment, movement from an initial position to an adjacent cartridge is
effectuated by actuator 956 through a complementary ratchet system 957. One
ratchet which is attached to the actuator advances the cartridge disk, while another
holds the cartridge disk in place while the actuator resets to its original position.
[000195] FIGs. 68 through 79 illustrate an alternate embodiment of a multidose
inhaler 990 comprising a mouthpiece 952 and an inhaler body 991. Mouthpiece 952
having an air inlet port 953, an air outlet port 954 and configured to have a relatively
hour glass shape having an aperture for communicating with the body 991 and

attached to inhaler body 991. FIGs. 69-73 disclosed the various component parts of



that the patient can inhale at a confortable pace. [000190] In enbodi ments
descri bed herewith, the inhaler can be provided as a reusable inhaler or as
a singl e weeaoimisad7er. I n alternate enbodi nents, a sim | acTarseeviopi2el of
deaggl onerati on can be adapted to nulisi dose i nhalers, wherein the inhaler
can conprise a plurality of, for exanple, cartridge like structures in a
single tray and a single dose can be dialed as needed. In variations of
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I nner gear |sm 96 at| e poSi'tion around the center axis of
t he cardariridge di$lskyste'mne cartri dge system Is configured to have a centrally

| ocat ed[OBB%é]ure |‘F1°6n§%%§od”r%e"4 the er powder medicament may comprise, for
example, a diketopiperazine and a pharmaceutically active ingredient. In this
embodiment, the pharmaceutically active ingredient or active agent can be any type
depending on the disease or condition to be treated. In another embodiment, the
diketopiperazine can include, for example, symmetrical molecules and asymmetrical
diketopiperazines having utility to form particles, microparticles and the like, which
can be used as carrier systems for the delivery of active agents to a target site in the
body. The term 'active agent' is referred to herein as the therapeutic agent, or
molecule such as protein or peptide or biological molecule, to be encapsulated,
associated, joined, complexed or entrapped within or adsorbed onto the
diketopiperazine formulation. Any form of an active agent can be combined with a
diketopiperazine. The drug delivery system can be used to deliver biologically active
agents having therapeutic, prophylactic or diagnostic activities.
[000197] One class of drug delivery agents that has been used to produce
microparticles that overcome problems in the pharmaceutical arts such as drug

instability and/or poor absorption, are the 2,5-diketopiperazines. 2,5-



actuator. FIG 59 also shows the position of the plurality of unit dose
contai ners 962, each configured of the sane di nension and shape and are
radi al | y wocatsed247o0war ds t he peri phery of the cartri dgeprdraiszeygsiest Fl G
60 illustrates the housing tray showiig t he actuator 956 and the ratchet
system 957, 957" in place without a return spring. FIG 6 1 depicts the
bottom portion 958 of the cartridge di sk system show ng the plurality of
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illustrates housing tray 955 with the cartridge di sk system 958, 959,
actuator 956, and ratchet systgyn assemyl ed tygrein. [000192] FIG 63
depicts the cartridge disk syste i nh 950 in an assenbl ed
configuration showing the plurality of containers 962 and can engageably
attach to one another to provide ppwder c¢ntai nnent. The cartridge system
lid portion 959 conprises a plur of tridge-like tops 970 which in
al i gnnent correspond to the cof@ i ner £062 ofR{he bottomtray of the
cartridge disk systemto forma plurality of unit dose cartridge units
within the cartridge disk system Afpghukpt of the cartridge systemlid 959
and bottomtray portion is achieved by the lid portion 959 having a
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combination of a drug and a diketopiperazine can impart improved drug stability

and/or absorption characteristics. These microparticles can be administered by
various routes of administration. As dry powders these microparticles can be
delivered by inhalation to specific areas of the respiratory system, including the lung.

[0001]The  fumaryl diketopiperazine  (bis—3,6-(N-fumaryl-4-aminobutyl)-2,5-
diketopiperazine; FDKP) is one preferred diketopiperazine for pulmonary
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a unit dose cartridge of the cartridge disk systemin the dosing position.
Seal disk 961 is also configured to seal dispensing ports 972 and air

i nl ets 9MOi2n9015247¢ unit dose cartridge of the cartri dgecuiuskompst2em
except for the unit dose cartridge th&t is in alignment with aperture 977.
In this manner, powder containnent in a filled cartridge systemis

mai nt ai ned. Seal disk 961 al so has a central opening 975 and a plurality of
spri ng-[0PRE9QY: r LK Psovidee | benedigiah smigrepdréicien ghaiiis npegasiseoft g@%'°§9’73
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di spensed when_jn use. FIG 66 is cross-sectjon of the housin
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950 i n nicosartides leadeshwitlh ag adige dgenhgudoas irgutiat i on, wherein the

nout hpi ece shows air conduit 980 and nout hpi ece aperture 985 aligned with

the di 4000200jg0 PDKPsis9d Zhirhl enclédule daséng frahs iathglecigrisormpey ithereSpéctofo t he
seal disk. The other units in the cartridge are in containnent hy seal disk
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are di spensed the inhal er can di spose el oaded wirthra mnew cartridge
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the actuator resets to its original position. " [000195] FIGs. 68 through 79
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parts wit ELbd: ' ) ; | body
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second igeless98Gluble disad the kit adamers and control of temperature and solvent
composition during recrystallization can be used to promote or reduce enrichment for

the trans isomer in this step.

[000201] Microparticles having a diameter of between about 0.5 and about 10
microns can reach the lungs, successfully passing most of the natural barriers. A
diameter of less than about 10 microns is required to navigate the turn of the throat
and a diameter of about 0.5 microns or greater is required to avoid being exhaled.
DKP microparticles with a specific surface area (SSA) of between about 35 and
about 67 m2/g exhibit characteristics beneficial to delivery of drugs to the lungs such
as improved aerodynamic performance and improved drug adsorption.

[000202] As described in US Provisional Patent Application No _ /
entited DIKETOPIPERAZINE MICROPARTICLES WITH DEFINED SPECIFIC
SURFACE AREAS filed on date even with the present disclosure, the size
distribution and shape of FDKP crystals are affected by the balance between the
nucleation of new crystals and the growth of existing crystals. Both phenomena



a unit dose cartridge to alignment wth the nout hpi ece aperture for

di spensi ng. An al phanuneric indicator systemcan be applied to the
cartridgewoanwsiseer to i ndicate the dose unit being di spemasdoossGst 75
shows the cartridge unit system conprissing bottomtray portion 958
conprising a plurality of wells or unit dose containers 962 radially

| ocated and a plurality of air inlet ports, and a lid or top portion 959
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al i gn whelerydtelsds tpgesi ng ports of a unit dose cartridge of the cartridge
di sk system [000196] In one enbodi nent, the dry powder nedi canent nay
conprise, fd000203ipCeystallidaticet dppeedsaztroaglgnoh aupbmsattradan ivezith yinatirn ve
ingredient. In this enbodi nent, the I'Ehar maceut i cal Igseact I ve ingredient or
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encapsul at ed, associ ated, joined, conplexed or entrapped within or adsorbed
ont o t eolubilityt and pdecieases ftoe nsuparsathratiany anst d)ocegasing itbe aegiiet acign be
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di agnosyhéreatiel ghtiliesum|[ £810818%] isOtvet! aBecrfasiligithél@oheeryatkgenbs tiidsat has
been used to produce mcroparticles that overcone problens in the

phar mac@mpengntaindsicen e apresiteiessabi ity and/ or poor absorption, are

the 2, 5-di ket opi perazi nes. 2,5-di ket opi perazines are represented by the
conmpound of [0ﬂ@2843]n§empemtum|aﬁeqtsa{:§3KP microparticle formation through its effect

on FDKP solubility and the kinetics of FDKP crystal nucleation and growth. At low
temperatures, small crystals are formed with high SSA. Suspensions of these
particles exhibit high viscosity indicating strong inter-particle attractions. A
temperature range of about 12 to about 26°C produced particles with acceptable (or
better) aerodynamic performance with various inhaler systems including inhaler

systems disclosed herein.

[000205] These present devices and systems are useful in the pulmonary delivery
or powders with a wide range of characteristics. Embodiments of the invention
include systems comprising an inhaler, an integral or installable unit dose cartridge,
and powder of defined characteristic(s) providing an improved or optimal range of
performance. For example, the devices constitute an efficient deagglomeration
engine and thus can effectively deliver cohesive powders. This is distinct from the
course pursued by many others who have sought to develop dry powder inhalation
systems based on free flowing or flow optimized particles (see for example US
Patent Nos. 5,997,848 and 7,399,528, US Patent Application No. 2006/0260777;



shown bel ow where E=N. One or both of the nitrogens can be replaced with
oxygen to create the substitution anal ogs di ket onor phol i ne and
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[000207] Angle of repose is determined as the angle assumed by a cone-like pile

of the material relative to a horizontal base upon which it has been poured. Hausner
ratio is the unsettled volume divided by the tapped volume (that is the volume after
tapping produces no further change in volume), or alternatively the tapped density
divided by the bulk density. The compressibility index (Cl) can be calculated from the
Hausner ratio (HR) as

Cl =100 x (1-(1/HR)).
[000208] Despite some variation in experimental methods generally accepted

scales of flow properties have been published for angle of repose, compressibility
index and Hausner ratio (Carr, RL, Chem. Eng. 1965, 72:163-168).

Flow Angle of Hausner Compressibility Index
Character Repose Ratio (%)
Excellent 25-30° 1.00-1.11 <10
Good 31-35° 1.12-1.18 11-15
Fair 36-40° 1.19-1.25 16-20
Passable 41-45° 1.26-1.34 21-25




the i somer content to about 45-65%trans. |Isonmer ratio can be controlled in
the synthesis and recrystallization of the nolecule. Exposure to base

pr onot es WOnrgosese4rer i zati on | eading to racem zati on, foPCeEABa@b@4TI8Ti Ng t he
renmoval of protecting groups fromthesot erm nal carboxyl ate groups. However

i ncreasi ng nethanol content of the solvent in this step | eads to increased

trans i soner_content [he trans isoner is less soluble than the cis isoners

and contrql of Fl@dper ature Aglesd| vent diaxsnart i on damprgssikilitysinglexi zjat i on
can be us¢d Chavactest e |or rRepese enrijchneRatidor tlhe trans (%dner in this
step. [000ZQbf M croparticl és-3%8vi ng |a digsetder df bet weerpga®pput 0.5 and

about 10 mM@rpPeofan reach Epggeungs,| sycpesHoul Tly passingoopst of the
natural bakyd; r\?ery’:“ dirametersgfe 1 €ss [Tharggggut 40 m cronsshg required to

navigate thg furnof the throat and a di aneter of| about 0.5 nicrons or
great er i s—regured—to—avoraberng—exharet—bBKPriecropartiectes—wth—a—
specific surface area (SSA) of between about 35 and about 67 nR/g exhibit
characteristics_beneficial to delivery of drugs to the |lungs such as

i mpr ovd@08209dy haerCENarasienmivislesrrl SPrmsve\ré dTiarapt eRryacisrization pbeogs2] As
descr quﬁg j S Provisional Patent Application No _ / entitled

DI KET ‘NE M CROPARTI CLES W TH DEFI NED SPECI FI C SURFACE AREAS fi |l ed
on date even with the present—gisctostre—the—size—di stribution and shape
of FDKP crystals are af{ é&gé%log)r;e;?ﬂ%e bal EIRWARIY.eoh' {he nucl eation of new
crystals and the growt h[0oT exifgel N9 C'Y/%‘rﬁrf%e NG phenonenadepend strongly
on concentrations and supersaturation|in solution.” The characteristic size
of the FDKP crystal is an i nd0-@8Ci on of Frtee ffeliagi ve rates of nucl eation
and grow h. Wen nucl eat-en—gdominates;—maRy—-erystals are formed but they
are relatively small be:ausegqﬁgy al | con‘éé’teéa r the FDKP in sol ution.
When growth dom nates, ffere g fewe cogﬂﬁdi crystals and the
characteristic size of the crystals i$ larg .Q?OOOZOS] Crystallization
depends strongly on supersaturation which, in turn, depends strongly on the
concentration of the conponents in the feed streans. H gher supersaturation
I's assqooees] WoldeRe Wit EREb@AN cRArdtistY a8bdding ity Sthal &blé Caive that is
supersaturation produces fewer, larger crystals. In terns of

super s&X¢elientoRr g9od manedei charasterRrp it dareat ehicobasivanesss asheon- or

super sah ALY Ron&dive "ShEARE Wbl diEs with less flowability as cohesive and further

dividing them between moderately cohesive (corresponding to fair or passable flow

character) and highly cohesive (corresponding to any degree of poor flow character).
In assessing angle of repose by the CEMA scale powders with an angle of repose
=230° can be considered cohesive and those 240° highly cohesive. Powders in each
of these ranges, or combinations thereof, constitute aspects of distinct embodiments

of the invention.

[000211] Cohesiveness can also be correlated with rugosity, a measure of the
irregularity of the particle surface. The rugosity is the ratio of the actual specific
surface area of the particle to that for an equivalent sphere:

(SSA) particle
(SSA)

sphere

Rugosity =

[000212] Methods for direct measurement of rugosity, such as air permeametry,
are also known in the art. Rugosity of 2 or greater has been associated with
increased cohesiveness. It should be kept in mind that particle size also affects



concentration of anmonia shifts the systemto higher pH raises the
equilibriumsolubility and decreases the supersaturation; and 3) increasing
t he acetiwoaeédiseamcentrati on i ncreases the supersat ur afcorusbyoosinizBt i ng t he
endpoint to | ower pH where the equilidriumsolubility is |ower. Decreasing
the concentrations of these conponents induces the opposite effects.
[000204wer_rperat ure affects FDKP m croparticle formation through its
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devi ces_constjtute an efficient _deaggl onerati on engi ne and thus can

ef f ect iNRKY)-dHIG GRMPOHRES MIFOpBTIHESSareTRels apgepled; agaregpiam Pheverllinge
purs uﬁﬁ;@t\éﬂﬁ%&ﬁ%ﬁ%&d@@@@@%tﬁ B&RYREOR AcesPAUIRRoNANS! RdyeOn

syste ased on free w optimzed particles (see for exanple
US Pat egeneially. p©o9 oifoweddlitgndhdt 39911588 aré/dvedsive.  Wolekedc amooth Ngpherical

2006/ 0260777: d F i t | . PS .Ph i Tech. .2004; 4) Art.cl 60).
oy, otiiats Hebeliv Te foestdiowanitiau BTG Do rely Heghgh g e, >
cohesi \’tﬁepgﬁﬁﬁﬂ’es [Mﬁ’%]otﬁ@ﬁ@ﬁi W@S%h@f’p asmwebegé\"ﬂeb@ugﬁ%ﬁﬁﬁwj two

according to its flowability or correlated assessnments of shape and
i rr eguldimiengiosat angs iregidserly yshageddi Baves seragular t interloskipgashapepeioa &SP 29,

o assdbon bl e et it BETRERET Bethot 360Nl e IR euffa s ' ©
i ndex angt tiisnetallind iphates | sTWhehFOK@hnAcropaiticlese camnateslegas el Intemsdrods.
For the latter two no general scal es have been devel oped due to diversity

of net HMHIBYNG 1P olbe: HobegveaRsSDr (the caveeme K fewabiiy)nbhstile PPWHEat e or
al ter naldhaing thelfRbtdtichay rhakib e BERKEF MdtalaiftLR Y dbhgforfiste nent
than less cohesive powders. Moreover factors affecting the structure of the particles
can have effects on aerodynamic performance. It has been observed that as specific
surface area of the particles increases past a threshold value their aerodynamic
performance, measured as respirable fraction, tends to decrease. Additionally FDKP
has two chiral carbon atoms in the piperazine ring, so that the N-fumaryl-4-
aminobutyl arms can be in cis or trans configurations with respect to the plane of the
ring. It has been observed that as the trans-cis ratio of the FDKP used in making the
microparticles departs from an optimal range including the racemic mixture
respirable fraction is decreased and at greater departures from the preferred range
the morphology of the particles in SEM becomes visibly different. Thus embodiments
of the invention include systems of the device plus DKP powders with specific
surface areas within preferred ranges, and the device plus FDKP powders with

trans-cis isomer ratios within preferred ranges.

[000214] FDKP microparticles either unmodified or loaded with a drug, for
example insulin, constitute highly cohesive powders. FDKP microparticles have been



are the shape and di ameter of the orifice, the dianeter and hei ght of the
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as mentioned elsewhere in this disclosure.

[000216] Microparticles having a diameter of between about 0.5 and about 10
microns can reach the lungs, successfully passing most of the natural barriers. A
diameter of less than about 10 microns is required to navigate the turn of the throat
and a diameter of about 0.5 microns or greater is required to avoid being exhaled.
Embodiments disclosed herein show that microparticles with a specific surface area
(SSA) of between about 35 and about 67 m?g exhibit characteristics beneficial to
delivery of drugs to the lungs such as improved aerodynamic performance and
improved drug adsorption.

[000217] Disclosed herein are also fumaryl diketopiperazine (FDKP)
microparticles having a specific trans isomer ratio of about 45 to about 65%. In this
embodiment, the microparticles provide improved flyability.

[000218] In one embodiment, there is also provided a system for the delivery of
an inhalable dry powder comprising: a) a cohesive powder comprising a
medicament, and b) an inhaler comprising an enclosure defining an internal volume
for containing a powder, the enclosure comprising a gas inlet and a gas outlet
wherein the inlet and the outlet are positioned so that gas flowing into the internal

volume through the inlet is directed at the gas flowing toward the outlet. In an



ppaarrttiicchle Rugosity = (SSA) sphere [000212] Methods for direct
measur enent of rugosity, such as air perneanetry, are also known in the
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preferr %%rrﬁt%ienrgcomprlsmg a gas inlet and a gas outlet; and a housing in which to mount
said chamber and defining two flow pathways, a first flow pathway allowing gas to
enter the gas inlet of the chamber, a second flow pathway allowing gas to bypass the
chamber gas inlet; wherein flow bypassing the enclosure gas inlet is directed to
impinge upon the flow exiting the enclosure substantially perpendicular to the gas
outlet flow direction.
[000221] In certain embodiments, a system for the delivery of an inhalable dry
powder is provided, comprising: a) a dry powder comprising particles composed of
FDKP crystals wherein the microparticles have a specific surface area (SSA) of
between about 35 and about 67 m?g which exhibit characteristics beneficial to
delivery of drugs to the lungs such as improved aerodynamic performance and
improved drug adsorption per milligram, and a medicament; and b) an inhaler
comprising a powder containing enclosure, wherein the enclosure comprises a gas
inlet and a gas outlet; and a housing in which to mount said chamber and defining
two flow pathways, a first flow pathway allowing gas to enter the gas inlet of the

chamber, a second flow pathway allowing gas to bypass the chamber gas inlet;



t he norphol ogy of the particles in SEM becones visibly different. Thus
enbodi nents of the invention include systens of the device plus DKP powders
Wi t h specwbi2eosised7ace areas within preferred ranges, anecrhs2aewinel pl us
FDKP powders with trans-cis isomer raii os within preferred ranges. [000214]
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(FDKP) inorganic compound, and nucleic acid sequences, having therapeutic, prophylactic,
or diagnostic activities. Peptides, proteins, and polypeptides are all chains of amino

acids linked by peptide bonds.

[000224] Examples of active agents that can be delivered to a target or site in the
body using the diketopiperazine formulations, include hormones, anticoagulants,
immunomodulating agents, vaccines, cytotoxic agents, antibiotics, vasoactive
agents, neuroactive agents, anaesthetics or sedatives, steroids, decongestants,
antivirals, antisense, antigens, and antibodies. More particularly, these compounds
include insulin, heparin (including low molecular weight heparin), calcitonin,
felbamate, sumatriptan, parathyroid hormone and active fragments thereof, growth
hormone, erythropoietin, AZT, DDI, granulocyte macrophage colony stimulating
factor (GM-CSF), lamotrigine, chorionic gonadotropin releasing factor, luteinizing
releasing hormone, beta-galactosidase, exendin, vasoactive intestinal peptide, and
argatroban. Antibodies and fragments thereof can include, in a non-limiting manner,
anti-SSX-241.49 (synovial sarcoma, X breakpoint 2), anti-NY-ESO-1 (esophageal

tumor associated antigen), anti-PRAME (preferentially expressed antigen of



m croparticles having a specific trans isoner ratio of about 45 to about
65% In this enbodinent, the mcroparticles provide inproved flyability.

[ 000218] Wo 200ve15e47h0di nent, there is al so provided a sy®gcerustaw/ostrel
delivery of an inhalable dry powder o@nprising: a) a cohesive powder
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parathyroid hormone 1 34, GLP-1, oxyntomodulln, peptide YY, heparin and analogs
thereof.

[000226] In one embodiment, a method of self-administering a dry powder
formulation to one’s lung with a dry powder inhalation system is also provided,
comprising: obtaining a dry powder inhaler in a closed position and having a
mouthpiece; obtaining a cartridge comprising a premetered dose of a dry powder
formulation in a containment configuration; opening the dry powder inhaler to install
the cartridge; closing the inhaler to effectuate movement of the cartridge to a dose
position; placing the mouthpiece in one’s mouth, and inhaling once deeply to deliver
the dry powder formulation.

[000227] In one embodiment, a method of delivering an active ingredient
comprising: a) providing dry powder inhaler containing a cartridge with a dry powder
formulation comprising a diketopiperazine and the active agent; and b) delivering the
active ingredient or agent to an individual in need of treatment. The dry powder
inhaler system can deliver a dry powder formulation such as insulin FDKP having a
respirable fraction greater than 50% and particles sizes less than 5.8 um.



[ 000221] In certain enbodinents, a systemfor the delivery of an inhalable
dry powder is provided, conprising: a) a dry powler conprising particles
conposed WO 260KR24ryst al s wherein the microparticl es haveTtass@enif28c
surface area (SSA) of between about 3% and about 67 n2/g which exhibit
characteristics beneficial to delivery of drugs to the |ungs such as
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EXAMPLE 1
[000231] Measuring the resistance and flow distribution of a dry powder
inhaler — cartridge system: Several dry powder inhaler designs were tested to
measure their resistance to flow — an important characteristic of inhalers. Inhalers
exhibiting high resistance require a greater pressure drop to yield the same flow rate
as lower resistance inhalers. Briefly, to measure the resistance of each inhaler and
cartridge system, various flow rates are applied to the inhaler and the resulting
pressures across the inhaler are measured. These measurements can be achieved
by utilizing a vacuum pump attached to the mouthpiece of the inhaler, to supply the
pressure drop, and a flow controller and pressure meter to change the flow and
record the resulting pressure. According to the Bernoulli principle, when the square
root of the pressure drop is plotted versus the flow rate, the resistance of the inhaler
is the slope of the linear portion of the curve.  In these experiments, the resistance
of the inhalation system, comprising a dry powder inhaler and cartridge as described

herein, were measured in the dosing configuration using a resistance measuring



i mmunonodul ati ng agents, vaccines, cytotoxic agents, antibiotics,
vasoactive agents, neuroactive agents, anaesthetics or sedatives, steroids,
decongestwote(9/de477vi ral s, anti sense, antigens, and ant iPbodiSe&9/o2Be
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powder ornmul ation to o s lung w a dry powder irthal ation system’is
al so priokaldton systems exhibiting lower resistance, the change in flow for a given change

in pressure is greater. Accordingly, higher resistance inhalation systems would
exhibit less variability in flow rates for given changes in pressure provided by the
patient with a breath powered system.

[000233] The data in Tables 1 show the results of a set of experiments using the
inhalers described in FIG. 50 (DPI 1), and FIGs. 15C-15K (DPI 2). For the dry
powder inhaler 1 (DPI 1), the cartridge illustrated in design 150, FIGs. 35-38, was
used, and the cartridge illustrated in design 170, FIG. 39A-1 was used with DPI 2.
Accordingly, DPI 1 used Cartridge 1 and DPI 2 used Cartridge 2.

Table 1
Device Total Device Cartridge Resistance | % of Total Flow
Tested Resistance Through
Cartridge
MedTone® 0.1099 0.368 15.28
DPI 1 0.0874 0.296 29.50
DPI 2 0.0894 0.234 35.56




conprising: obtaining a dry powder inhaler in a closed position and having
a nout hpi ece; obtaining a cartridge conprising a prenetered dose of a dry
powder fowvoub@iset77i n a cont ai nnment configuration; openipng/usk@onuizspowder
inhaler to install the cartridge; closing the inhaler to effectuate
novenent of the cartridge to a dose position; placing the nouthpiece in
one's mouth, and inhaling once deeply to deliver the dry powder
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measures the plume exﬂihg the inhaler device automatlcally based on predetermined

measurement conditions. The laser diffraction system is operated by software

integrated with the apparatus and controlled by computer program. Measurements

were made of samples containing different amounts of powder and different powder

lots. The measurement conditions are as follows:

Laser measurement start trigger conditions: when >0.6% laser intensity is detected

on a particular detector channel,

Laser measurement end trigger conditions: when <0.4% laser intensity is detected

on a particular detector channel,

Distance between vacuum source and inhaler chamber is approximately 9.525 cm.

[000236] Multiple tests were carried out using different amounts of powders or

fill mass in the cartridges. Cartridges were only used once. Cartridge weights were

determined before and after powder discharge from the inhaler to determine

discharged powder weights. Measurements in the apparatus were determined at

various pressure drops and repeated multiple times as indicated in Table 2 below.

Once the powder plume is measured, the data is analyzed and graphed. Table 2

depicts data obtained from the experiments, wherein CE denotes cartridge emptying
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tests |so T hat thé appropridate setBinhgs| codl d he oFsed| Wi 9vdt her giad ches of
t he sanme g nhjal ergdesijgn. An exeénpkary pragh Tor ogas 1 hhalzo can e geen in
FIG 80 fPr @an rghalr griongsystem gepi cfed 7| n g7 351 318wy g aprpigpi ¢t ed
t ngfgld AT IEE 52 il :—a‘zjlb

in FIG 8 ndi Cgtes that—the eSSt ance of
1 ad n Il — 1C 1 nﬂn4 a +h ~n~ AT v Nl ~F yau’a
depl Ct \wv | LILJ LI ) L oUaAalr T 11 aASUuUrT TuU CTT uUUu cuUTT T At UT1 U U1T1TCT

B | L i nGi phe f.l i ng. 1 5 L/mn..Th
or aph dPRBEEHI e P ftenin Aol el BR8P e BRAER Y O ISl G A v
det er mmask WwashemitdiP ok iied iftMdlatidrGsystenm. | |adrliticraR§, tHeabiafd paicnd tRaessur e

are related. Therefore, as the slope of the line in sc%a(tre root of pressure
ver sus epaWlessaphtheetit s2asss 50% of the paHices smited froms the nhalatiangsysaey

resi st aNees JelfctR@BfmeRr bf R¥s'Rin % PLKFEs HEfed at the various times and

pressure drops tested. Moreover, between 60% and 70% of the particles emitted

h nmacriran ’bi

had a geometric diameter of less than 5.8 um.

[000238] FIG. 81 depicts data obtained from another experiment in which 10 mg
of powder fill mass was used. The graph shows the particle size distribution of the
sample containing particles of a formulation comprising insulin and fumaryl
diketopiperazine resulted in 78.35% of the measured particles had a particle size of
< 5.8 ym. The laser detected 37.67% optical concentration during the measurement
duration of 0.484 seconds at the above measurement conditions. The data show
that the inhalation system effectively deagglomerates the insulin-FDKP formulation
to small sizes over a relevant and lower range of user inhalation capacities, i.e.,
pressure drops. These small geometric sizes for this cohesive (Carr’s index = 36%)
formulation are believed to be respirable.



In pressure is greater. Accordingly, higher resistance inhalation systens
woul d exhibit less variability in flowrates for given changes in pressure
provi ded W9 2béve1spai ent with a breath powered system [ @00a33j09/hestdata in
Tables 1 show the results of a set of70experinents using the inhalers
described in FIG 50 (DPI 1) , and FIGs. 15C- 1 5K (DPI 2). For the dry
powder inhaler 1 (DPI 1) , the cartridge illustrated in design 150, FIGs.
35-38, was used, and the cartri dggmmgbﬁr%t ed in design 170, FIG 39A-1

was us ' DPI ' : ri d sed
Cart ;49085391 TZiEaguiiight bF Bbkad disprifferdh of cdtéfiage ¥ s aguidi?

i nhal atofdnhajationsysiehepehformaride.i s 0. 0874 and 0. 0894 VkPa/ LPM

respecti 2 . The data show that the resistance of the

i nhal at[péﬁéé f? rerﬂ[?lpel) %1‘&%](7%5@% Vel Q%ldé*rCFﬁqieHS'W the Jadmieioy %YSt?'Pi‘_e air
condui .tcfeswrigea Fhe?é\ﬁitr?ﬁéh@hﬂgﬁiﬁg{?ﬁﬁ%@r8t %ﬁé@éicﬂ&%#l@@%@j 5Pt cl e

si ze distribution using er system an i nsulin formulation:
Measur eqaginidgeot7Q peotplypes asestwivere ird FEGS.i 30A-38h Multiple daaksidgediwdreactedon

B B 5raiE CEnBh coEAok R Yo AT Bl e SRR GIRY o7
(m) ofTrNcamsdddswardfifddithla PrddrtariiRgd atdgdcoMasider! gg?nﬁrF\floggﬂea drid a

cartridge-inhaler _soést em as described herewith (inhaler o . 15C-1 5K
wi t h ceagaohi fillgd garidgeowas ipladedas. arsagy|gnd testeditori efticiercyaot aamédna@ one

end to [ ich | f . [ | , 4043)
ond a v Bl ) 8, SEEhEahiet P bRl ettt o hnce
t he | asesulkymigepowdercdpproxiathtayd1 041169 asauinbaanm) ippwdeadiattitesreadultiplea

pl une, a pneumatic valve is actuated to allow the powder to be discharged

f r om t HECPFIHEI HPPS THRFe| Upee toscharagienza die eonsirtensy ferasiarmanget heaklaral er
devi _ ol _ - {100 h
aser T g e o e e e PR oS

appar atlnsherdata amtTrablé 8d abhytestsnperteecampiedgrwnisind dsaisamenbastchesfea iwhidiealof
sanpl es cqgnt.ai nj

| n | fferent unts of powder, and different powder |ots.
The. modaREriBR TEOREFt PONGEE & NEsTasy oW HhaleiIeHaat serdhes e dops; gger
condi t i\ gR§ingSA 2>Rr&IGH 5XPa ddthERsttdt¥disShigRlyasi&Ent emptying of the powder

from the cartridge.

Table 3
Test Prgfzgre Discharge | Fill Mass | Sample Mean %CE
No. (kPa) Time (s) (mg) Size %CE SD
1 5.00 3.00 3.08 35 99.42 0.75
2 5.00 3.00 3.00 35 98.11 1.11
3 5.00 3.00 6.49 35 99.49 0.81
4 5.00 3.00 6.55 35 99.05 0.55
5 5.00 2.00 6.57 35 98.69 0.94
6 5.00 2.00 6.57 35 99.33 1.03
7 4.00 3.00 6.47 35 98.15 1.15
8 4.00 3.00 6.50 35 99.37 0.46
9 4.00 3.00 3.28 35 98.63 0.93
10 4.00 3.00 3.18 35 98.63 1.48
11 4.00 2.00 6.61 35 92.30 3.75
12 4.00 2.00 6.58 35 98.42 1.71
13 3.00 3.00 6.55 35 92.91 5.04
14 3.00 3.00 6.56 35 98.88 0.63
15 3.00 2.00 6.56 35 96.47 3.19
16 3.00 2.00 6.59 35 99.49 0.54
17 3.00 1.00 6.93 35 98.06 2.37




on a particular detector channel; Laser measurenment end trigger conditions:
when <0.4% | aser intensity is detected on a particul ar detector channel;

D st ance wetzamers2dazacuum source and i nhal er chanber is apprascevateizgl 9. 525
cm [000236] Multiple tests were carriled out using different amounts of

powders or fill mass in the cartridges. Cartridges were only used once.
Cartri dge Wej ghts were determ ned before and after nn\/\dpr di thargp from

t he inhal ¢ Reessure inth
apgalr gt 33‘ \F/Ii-i:f{e) dddeopri Engrg%ﬁ% J%g;ﬂ&g\gﬁ;ur ghﬁiops ayl Errega?) Irrﬂl ti SI e

times as |ndi‘cat giPah Tabl £ t he ‘powde | s measured, the
data is apallgzed 3amd grlaphedo Tabl e ®98epi|ct s3plat a 09862|4nec foan the
experi ment sq{gWwher gigp dengjoes ¢ar iz ygdge lenpiyi ng(powdry di s¢fygr ged) and
@ (50% széhv gg(br(ﬁetrl T QIO’yYE[ =T cgﬂéne 5Ut§5percegggﬁe f b'ryg cunul ati ve
powder pa tzrl 2@@ DLILI om uas anpai cIIUQ?m ||1]|; denot es t he
per cent age Hre Fele—ttze—di-st stHen—SatHer—tHRan—5-8-h 9\ometric
di anet er. TZ?\I =) 921'();9009'271 1'@ e dat a G%ng Le %th\/\pggf%;\f 092%4_() 08. 4%
of the total powder fill mss was enitted fromthe inhal ation system
Additionally, the data indicate that regardless of the fill mass, 50% of
the particles enmitted fromthe i nENAMPLE 4ystem had a geonetric di aneter

Cest oa 1OPBPENG ., WIBRSeIiORG e FRbolsdfisy Torie bl B0 RapisBl; s d ™

geonet r|mpafbtwmter of less than 5.8 mm [000238] FIG 8 1 depicts data
obt ai ned from anot_her experinent in which 10 ng of powder fill nmass was
used. TMAB0ZA2ph shidies PMEripants cwere Q@%%@ql%ﬂﬂgoﬁnoﬁﬂdﬁ@%rﬁa@ade

i ket op R o o rade AT IGRRRS LD o SthupheRl dobe Hilitery
parti clusisg lewafates of 38.3nLPNheThisskiw detbaeteiteBih & fresqire chbp cunestheat i on
during .t he measurene t the_above rreasurerrent

uration 0. 484 seconds
condi t ilphat '%éyam?éﬁ’gw'%a@ﬂ&%e). ?Th%%[??(@ﬂ? 8lysb dfnder Peppsiligng on t
deagg' &g?ﬂ'eaétg ed Derd RpilyBak M&Fué&! aﬁtﬁ fﬁt@rssé'ﬁéj blettofit Béﬂﬁgcé‘s r ﬁ'nrevant

range of user |nha tion ca pressure drops. These
smal I geeighbtsrofca sozesivé oowldlerm t0meg, 6/.6 m(jaarnd &1 |mglé|k maSiﬁ%are evaluated

for inhalation system performance. Each impaction test was conducted with five

h

[din]

cartridges. The cumulative powder mass collected on stages 2-F was measured in
accordance with aerodynamic particle sizes less than 5.8 ym. The ratio of the
collected powder mass to the cartridge fill content was determined and is provided
as percent respirable fraction (RF) over the fill weight. The data is presented in
Table 4.

[000243] The data show that a respirable fraction ranging from 50% to 70% was
achieved with multiple powder batches. This range represents a normalized
performance characteristic of the inhalation system.

[000244] The inhaler system performance measurements were repeated 35
times with a different cartridge. Fill mass (mg) and discharge time (seconds) were
measured for each inhaler cartridge system used. Additionally, the percent of
respirable fraction, i.e., particles suitable for pulmonary delivery, in the powder was
also measured. The results are presented in Table 4 below. In the table, the %
RF/ill equals the percent of particles having a size (< 5.8 ym) that would travel to the
lungs in the powder; CE indicates cartridge emptying or powder delivered; RF

indicates respirable fraction. In Table 4, Test Nos. 1-10 were conducted using a



formul ation are believed to be respirabl e. EXAMPLE 3 [ 000239] Measurenent of

powder discharge froma cartridge as a neasure of

I nhal ation system

per f or mtarwe.2009032240] The experinments were conduct ed usipag/ush@viomtzal ati on
system descri bed herewith using nultijl e inhal er prototypes depicted in
15C-1 5K with cartridge 170 prototypes as shown in FIGs. 39A-39l.
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[000245]

dry powder

The data above show that the present inhalation system comprising a

inhal

er

and a cartridge containing a cohesive powder,

i.e.,

TECHNOSPHERE ® Insulin (FDKP particles comprising insulin) can discharge
effectively almost all of the powder content, since greater than 85% and in most

cases greater than 95% of the total powder content of a cartridge at variable fill

masses and pressure drops were obtained with consistency and significant degree

of emptying.

The Andersen cascade impaction measurements indicated that

greater than 50% of the particles are in the respirable range wherein the particles are

less than 5.8 um and ranging from 53.5% to 73% of the total emitted powder.
EXAMPLE 5
Rugosity of TECHNOSPHERE® Insulin (TI).

[000246]

The rugosity is the ratio of the actual specific surface area of the

particle to that for an equivalent sphere. The specific surface area of a sphere is:



as percent respirable fraction (RF) over the fill weight. The data is
presented in Table 4 . [000243] The data show that a respirable fraction
rangi ng fworm®oe470 70% was achi eved with nul ti pl e powdecThst@ams728Thi s
range represents a normalized performdnce characteristic of the inhalation
system [000244] The inhal er system performance neasurenents were repeated
35 tines with a different cartridge. Fill mass (ng) and di scharge tine
(seconds) were neasured for each inhalgF cartrd dge system used.

Addi tional |y, the percent ofSS&gpin abteFraction, i.e., particles suitable
for pulmonary delivery, in the powderp Iivaé al %efﬁeasured The results are
presented in Table 4 below. In the tab@e the % RF/fill equals the percent
of particles having a size (< 5.8 nm that would travel to the lungs in the
powder ;wligrei dagiFchR @8n dsathler suttpeecenpightetidiametenveofeT| meticlesfreey RF i ndi cat es

respi r abraphtedRODOS lazel alfirgctibn heatuldpsentd- 10 were conducted using
asecond batch of a clinical grade of the insulin-FDKP powder, but the test

powder 0 nhesedithne &’éﬁ? et ﬁ R l‘r'¢4t nf esent ed

in TabI %\t/‘or E;én@ e%?ﬂ?ﬁ]@ oveEb o(\?vét gtﬂ q esgﬁ?@a

i nhal at| on system corrprl 5| ng a dry povvder i nhal er and a cart ridge

contai ning a cohesive powder, i.e., TECHNOSPH (r) | nsulin (FDKP

particles conpr ng insubin) can dis6harge ef(f eat’ vel y st all of the
$h Ly

powder content, wb@egr ter nan Y% and |n 8t ¢ &ter than 95%
of the total powder cont 12 dg@ %n ) vdr Fib e fill masses and
pressure drops were obtai ned ttcm:30 Si stency and significant degree of
enptyi ng. The Andersen cascade inpaction neasurenents indicated that

gr eat erTH s W%ﬂfoléshﬂltrﬁ’égéblﬁb 86rfaEE aldh ISBAY 3d’réféit’rﬁat!él?rlﬂ)cv‘m‘?‘ﬁ@;er ein the

particles are Iess than nm and ranglngfro 5%to 73% of "the total
emtted powder. EXAMPLE 5 Rugosm CHNO§PHERE(r) Insulin (Tl),

[ 000246] The rugosity |th )ut he ~$pecific surface area of
the particle to that for an eqw v&%agte,esphémé/gThe specific surface area of
a sphere is:pd SSA eff sphere

[000247] For similarly sized particles with specific surface area of 50 or 60 m2/g

the rugosity would be roughly 14 and 16 respectively.

EXAMPLE 6

Geometric Particle Size Analysis of Emitted Formulations by Volumetric
Median Geometric Diameter (VMGD) Characterization

[000248] Laser diffraction of dry powder formulations emitted from dry powder
inhalers is a common methodology employed to characterize the level of de-
agglomeration subjected to a powder. The methodology indicates a measure of
geometric size rather than aerodynamic size as occurring in industry standard
impaction methodologies.  Typically, the geometric size of the emitted powder
includes a volumetric distribution characterized by the median particle size, VMGD.
Importantly, geometric sizes of the emitted particles are discerned with heightened
resolution as compared to the aerodynamic sizes provided by impaction methods.
Smaller sizes are preferred and result in greater likelihood of individual particles
being delivered to the pulmonary tract. Thus, differences in inhaler de-
agglomeration and ultimate performance can be easier to resolve with diffraction. In
these experiments, an inhaler as specified in Example 3 and a predicate inhaler are



P eff P-d ,e3f-f where deff

particles from Synpatec/ RODCS | aser diffraction nmeasurenents.
sphere wiwb 2dve153ame density as the TI

An

aver age

1.2 mmis the surface-weighted dianeter of TI

particle matrix @cI/usdoogfoerz8) woul d

therefore have an SSA of Thus for Tl Particles with specific surface area

(SSA) of approximately 40 n2/g Rugosity =- -

3.6m 2 | g [000247] For simlarly

EXAMPL
Vol une

( SSA)

sphere

. ) . sized particles with specific surface
ar ea oftesi@dowitholager fiffiastion @isPiepsiRa @npJoYEgiY potual atiens insrifdeni vel vy .

oSBT o TR LGB 88 k0

S8

arac

%

FemhAbrad.4

errzati on

%glgﬁ%igﬁé Laser

di f f r agiovederof farmulgpomder f oBpetifitallyns thei t ferehulationsdr yngodeter donesivers i s

a comon met hodol o enpl oyed to characterize the | evel of deaggl gneration
subj ect betpe'psr%m%ovvgwéywhhaao%w inRHlPaieaded jhofediest o@”cgg'ﬁﬁ&l#t-i c
sizer AG i
ipact | Hicse, PORCR MRHIBRII paLTRo8, i aEIcHE SDribBEETERY, B eog
powder antciQaies iadices.unBepodediist Talllat b arechavidéilerande dnbgfficieacysafi the
article si.ze, VMED. | pmortant . ge ic sizes of the emtted particles
bre. of <ontsiBn’ s hai GRnanEs syt PRF péwdahohntn dnseRexmeESAtA ¢
Si zes PR@¥ LS50 BYid I TIRAWdeP MaB®] oxieb 8§ iifs gr4p.preferred and result
in greater |ikelihood of individual particles being delivered to the
pul monary tract. Thus, differences iTablenhal er deaggl oneration and ultimate
per frorance—can—be—easter—tp resohvewthdiffracton—tpthese
experiimhaler, an inhal er as spedi fileq EJ%‘“. Yes sardplke prg}j' atle VMGD ef
ar et|esgyasteid th | aPOWERT f r actigiy gt %#/gssur Rinall oges 1o &ééuaﬂ niiefroR)N
inspiratory capacities to determne the of f(8PA) velness of | the | nhaﬁ ation
systlemBRI Ye- aggl oFB¥HR e polnde® f qr mBbat i ons4 Spelci f1%al | y.92he | 6.800
formMedTare® i ncl uBBKKR ohes| veébadi Ket 6pi per azdne powddr s W t89.an [acdt1i.2@0
i nsdl i iDPloaded FD@Pediaetive and 5@ t hHouys These4powder J®r nul H§.@ns| poHPOssed
charlacippi st ¢ ppKPefQcavEas, §6s0rfer 45at i os, gand [Cargg s | ndcgs. | Repoont ed
N 1a0bipP are DK Rie A1 S ' 4! €lsy PF TIhe 20 98.4 3.935
DPI 2 FDKP + active 56 45 4 20 97.8 4.400
MedTone® | FDKP + active 56 45 4 10 86.1 9.280
MedTone® | FDKP + active 56 45 4 10 92.3 10.676
DPI 2 FDKP + active 56 45 2 7 92.9 4.364
DPI 2 FDKP + active 56 45 2 7 95.1 4.680
DPI 2 FDKP + active 56 45 4 7 97.0 3.973
DPI 2 FDKP + active 56 45 4 7 95.5 4.250
DPI 2 FDKP + active 56 56 4 10 99.6 6.254
DPI 2 FDKP + active 56 14 4 10 85.5 4.037
MedTone® | FDKP + active 56 56 4 20 89.7 12.045
MedTone® | FDKP + active 56 14 4 20 37.9 10.776
DPI 2 FDKP + active 54 50 4 10 97.1 4417
DPI 2 FDKP + active 54 44 4 10 96.0 4.189
DPI 2 FDKP + active 56 35 4 10 92.0 3.235
DPI 2 FDKP + active 50 34 4 10 93.2 5.611
DPI 2 FDKP + active 66 33 4 10 79.0 4.678
DPI 2 FDKP + active 45 42 4 10 93.2 5.610
DPI 2 FDKP + active 56 9 4 10 78.9 5.860
[000249] These data in Table 5 show an improvement in powder de-

agglomeration over a predicate inhaler system as compared to the inhaler system

described herein. Diketopiperazine formulations with surface areas ranging from 14

— 56 m?g demonstrated emptying efficiencies in excess of 85% and VMGD less than

7 microns. Similarly, formulations possessing an isomer ratio ranging from 45 — 66



contai ner enptying during the testing. FDKP powders have an approxi mate
Carr's index of 50 and Tl powder has an approximate Carr's index of 40.
Tabl e 5 [WOQBMs24These data in Table 5 show an i npr oveneatr/usRoopOWeT
deaggl onerati on over a predicate inhdlser systemas conpared to the inhaler
system descri bed herein. D ketopi perazine forrrul ations with surface areas
ranging from 14 - 56 nR/g denonstrated enptying efficiencies in excess of

85% an vbkué%@orﬂma{eq* RIPYEE . p@fqmaéncwowrommmed@ﬁ? seyises sileastan
| somer hnj'eah‘dr QQJf‘P%e Hh%i@r%gfsetrﬁ%@t@ﬁﬂﬁla%ﬂg%ﬁ%{%&éﬁﬁﬁg’({@ﬁﬁ’&%ﬁ’r ?Fr{dfuéés”ance

over t epre ate Vi ce rrornmance o er systemwth

f or mul agfi4@’s0 Wme@hbeml toazk imnpriovEdaves thendreticate ided@eSds well e Iislabwases, be
|rrproved over t(gw\&[j ate device as well. In all cases, the reported VM3
val ues Brerys V@ W WereprRIowo] mﬂf@”ﬁr ecedi ng di scl osures are

illustr nb | f n the
art thét%oﬁgolgev??eégﬁg%ghr# 8§|e&giégﬁed§ ?ﬁgﬁ%t I scl ose ﬁ]%@rﬁsgl‘ri]’c erﬁh‘“éj gte

repr eseaﬂmeclatedebbdbosmmfslmlhin tHeuact thah theldevices, Heclprigees @@dormethmds

d h f skill j. haul d, | j,ght of
Phe”pr cenSed HerSin, PR rebree ative ey Bl dtc thepth el nnthe °
speci figragtiteosi hePrésémadis@bsurel HdWweest, tHudesdfisklil iRRhaIaR shduldkan Bghsbm | ar

result w thout departing fromthe spiri t and scope of the invention.
[ 000251he Writesy dselopuies @ppreliaie: dal naany nhame%cwmeemdﬁgmdharﬂpqqlfés of

ot or 9ioaggrRe hat Ele HFHeSBy Gl St 9hke 14 SENER ERUH MIRR: L2
nodi f i efbgantigd fromnigicaspiitsaraysddpe éfeheninamtioh. © Accordi ngly, unl ess
indicated to the contrary, the nunerical paraneters set forth in the

fol | ow [HBO%§HC Uniessi @fﬁh%ﬁ’“i\ﬂs%t insligaded.clall nRuraPersapprIRssiag i GHaNtitRR Ay
vary dﬁH§r’é ' s,gpﬁ@%&['t'ﬂﬁgﬁéd %%Bfe%ﬁ?dr%%‘@h?%%ﬁoﬁ %oﬁ@ugﬁﬁ%,a?ﬂ&%opfbrfhhe

presen nven e very | east nét as an a mt the
app! i catsedninothet tqmcﬂifmatlonrmwd)blaaqslareltenbs undetdteod @spieeing rmobeifieddnral, each
nuneri cal ararret hou Ieasté(ge cons rued in Ilght of the nuF‘oer of

opor ¢ dactahges Avcilis: AT 4boting ARFORIRRY: ME esearWisaied 3688 epienn

br oad Qﬁ}mﬁ%‘?‘%‘%ak%ﬁ?tné&ﬁﬁff‘m’r”?%géﬁ%‘ﬁﬁﬁm R RBGTER At s e

fort h iappromsieos fthat meynydrgsdepending 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.

[000252] The terms "a" and "an" and "the" and similar referents used in the context
of describing the invention (especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless otherwise indicated herein
or clearly contradicted by context. Recitation of ranges of values herein is merely
intended to serve as a shorthand method of referring individually to each separate
value falling within the range. Unless otherwise indicated herein, each individual

value is incorporated into the specification as if it were individually recited herein. All



reported as precisely as possible. Any nunmerical value, however, inherently
contains certain errors necessarily resulting fromthe standard devi ati on
found i n wbeney/1sespecti ve testing neasurenents. [000252pCThis2¢e0mrRs8t 2" and
"an" and "the" and simlar referents 1¢sed in the context of describing the
i nvention (especially in the context of the following clains) are to be
construed to cover both the singular and the plural, unless otherw se

i ndi cateatheepdascibed inesginycarvbe Pamosmed 'B@rb/o?’w@bﬂe OI%QfllﬂrH%S)ﬁtf@ferS&nges

Of - V2l YRS CHRE el P Ehisk P foREEH Al R OTdA08 oF B ool

referring In to eac ara range.
Unl ess exaneples, ser exedmpia!cyeldnglea@e (e ge'atichiast) priogticed habmﬂsmstendedmwetyt ed

into the specification as if it were indi vi dual I recited herein
Al | met HBE! @ééIHW'B@EP K BivRNiierh apd RIRFE A 'ﬁﬂ&?t@ﬂlqrhmeeSQRR?ePf the ess

ot her""‘lﬁ\‘??rﬂtﬂ)‘#ﬂ &mb%ﬁ.ﬁ%&%&m%ﬂ%;;%i w?'tf?é‘% %mﬁé’éﬂdna &JISCBebb,‘o
The use of any and exanpl es enplary ['anguage suc

pr ovi dea$ ihdioating iagyinonecidisnedreleaignttessertialdo the pradtinetod th&lmventl@mt i on and
does not pose a limtation on the scope of the invention otherw se clained.
No | and0eg253]n The uspeoi fhecttrmotors hotiel clzdmecisisedetd aeanntindzdr’ nalessy

non-cl ai ned_el enent essential to the practice of the invention. nﬁ&00253]

The usePrCillieindicatrd dp- rafer ipeallaraiives Onhs & 16 Atamatiya Je" Mutvalys
expl i C'é)JcYué\{E“a@tﬂBG&h}tﬁ&%éﬁfsyhé;s@S S8 UeRRfoRMhat Rferb i ofly Sfdbaktwes are

mut ual I'y excl usive osure supports a tron t

refers and '‘@midyord] t er nati ves and "and/or." [000254] G oupings of alternative
el ements or enbodi nents of the invention disclosed herein are not to be
constr L[edoas4]l imalmirhgmsof Biteimative uplemriier omasmibedimaines rafdtied iavehtidnai nmed
I ndi vi dyal | I n any conbi nation wth other nmenbers of the group or other
el enentdS¢lg hﬁ'@r'ré? npt to ke ganstEygshae imitelendnEash %%”T%ﬂ%%"r@abj 083

group IyerRey id‘?r'\dl’@%‘ﬂnb& m@(ndﬁ% fb@@e%ﬁggbn@g%%%ftﬁbtﬁeﬁ"arﬁQ&QGfgeof the

conveni ence and at ent I ncl'usion or tion
occur s,grohp oss;mdarmerfelemtentmfaumdﬁmremn il eseamtitipated dhataome bhengge oogmasrswoli f i ed

thus ful fill i Lien d t f _all kush dinth
appondduOtUR Y PRJBBBHFS phcPe Ptee 105t Aaibus o (S0 e robreT Ghiend |

descri bagdepSeRiabiiig] Yhdr achy SUBR HcITRES of RYRliohD s, [tRY¥ ’pkefigafiéH is
carrying out the i1nvention. course, variations on those preferred

enbodi mEten dgamed de covtaip e graup as mmhfeecbfhusrf@llfﬂimgythe written description
of all Markush groups used in the appended claims.

[000255] Preferred embodiments of this invention are described herein, including
the best mode known to the inventors for carrying out the invention. Of course,
variations on those preferred embodiments will become apparent to those of ordinary
skill in the art upon reading the foregoing description. The inventor expects those of
ordinary skill in the art 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.

[000256] Specific embodiments disclosed herein may be further limited in the
claims using consisting of or consisting essentially of language. When used in the
claims, whether as filed or added per amendment, the transition term “consisting of”



skill in the art upon reading the foregoing description. The inventor
expects those of ordinary skill in the art to enploy such variations as
appropri ave,2oed247ne i nventors intend for the inventi onPCo/useoonansi ced

ot herwi se than specifically described7herein. Accordingly, this invention

i ncludes all nodifications and equival ents of the subject matter recited in
the cl ai ns appended hereto as permtted by apPIipabIe | aw. Moreover, any
conbi naXchilestamheleamniesiges F ingsedientrghsrediiedin theodainks. e Toariansitions

t her eof .}, § « i I 1 Ld] herein

or ot naelis EORHERRT SECerenl o [AKEIhe SEobE cF 2 e BB 38 8 SpkbMe At SEraR Tom <

di scl oswdstbes end thoge btlﬂltfdmrr?dstfmaldrimly eﬂ%htﬁeﬁeasid: ahdmr?wel lnlgartacte:issit(sz.g of

or consisting essential 0 anguage en used in the clains, whether as

filed aémﬁeagaerﬁ%p?mﬁaé@ﬁp,n n at“?%ﬂ% ITBIereRinPr %W?ﬁ%‘b’ﬂﬁjcﬁpégcﬁr@des

any el edfftied Rb@h. Or ingredient not specified in the clainms. The

transition term "consisting essentially of limts the scope of a claimto

t he spaahhi teri or a teriall ct

t he baﬁlﬁgbgn g%%@ﬁé@%re acr{@‘?@tﬁ Fc@?'tetﬁgégoﬁlg\?%n@ng% ?41% t?nb%ﬂr?tn?/soggiog

cl ai mecprinted pobkratiohk th@ugbspt hdsspedicationb dchchinef the abloed dited eeferehdd30257]

Furt her nore, nunerous references have been made to gatents and printed

public r Il / itfle
ANoRENtES BUBIAONE rAre Bpfedn Aneyiduglly neRrROtsieq Y EHBIRICE Netheir

refer ergﬁﬁeﬁnd printed publications are herein individually incorporated by

reference in their entirety. [000258] Further, it is to be understood that

the e } ts I | i i e | t.] f. the

pr nei JPRZ58Y TrEner 3 I 5 e SeBlsi6od it B Enibdilifiehls BFihé el

enpl oy alisclosedvhiehein areeillsistrativeotof tthe principles wf. thehpiesehy imantioh. exdangd e,

but not of limtation, alternative confjgurations of the &éesent i nvention
may be MPHificakQNs haheray besswrQrehatewithBalosi srepererBednvertion: d it \PY t he
pr esent,, i\ nvent] i t ~hi et & h i :

Gesori Biay 3 el ETple” B, Gl B fliitor Materofls SRnfolfaiBRarSr #08 presept,
conpr i shventicanmay deostilizedciarddopmiattet withdhel teachengsc hemeit.; Asticordiagly, thee
inlet port ta allow.flow.intqg.the enclosure, and at |east one di spensing
bor ¢ TR eURTGa el ol GEEFEh < siftin Pad SRS N et “hort |8

configured to direct at |east a portion of the flow



entering the at least one inlet port at the at |east one dispensing port
within the enclosure in response to a pressure differential. 2 . The
cartridgewof2o@iER4mrl, wherein the enclosure conprises aPpcaruseéodme’28pp and a
cartridge bottom which are noveable r®l ative to one another. 3 . The
cartridge of claim2, wherein the cartridge top and the cartridge bottom
are noveable relative to one another by a translational notion. 4 . The
cartri M€ @AMl ai m 2, wherein the cartridge top or the cartridge bottomare

bl | At , N I i .5 . Th trid
oF " crai tn 1 X Gy HGnddt REGicARRNt Shridod drohPhhaRs odfibuda: 2 - T part Tt 4o
materi al . 6 an éhdoswetagonfigarenf tochcld m rhedichatesitn the pol yner material is a

t her nof or mabl | asti.c selected fromthe group consisting of a
pol ypr opyl er?é,efe%ta/n@unkeépeaﬁpﬁﬂew flowy Wi%#?ge ﬁnﬁWWﬁ’ 8R9 a pol yet hyl ene. 7 .

The cartrid I } i I i.s formed froma
hi gh densi tgﬁpl)o Si}?tn%y eﬁeén po gﬁnﬂ?o%QSW f%gblgt;?ftﬁ{a%ﬂéﬂ%?r%l aim2, wherein

the cartri dgaithet least g irdet port & caalfigsicad Wodirekt fait leasg agrortion of thel floml ume
and conprising a bgttom and side walls .contiguous w.th one another, and
havi ng one. diMAGIE TSLENPAgeon et st SRR At Ut one I SHASH0 RHAMANIN ¢ ho
cartridge bahg@mcltadraitieBpbh&@ tehPiedsire difdehig. one opening with a rim
10 . The cartridge of claim2, wherein the cartridge top and the cartridge

bot t omar e Thergargigoefelaio havkergiether enmhesure woaprisestascartitlgsmiopantdr e

M R T R S o oA A
di spens3.ng Thle ctpBidye diakditd 2rwhérdin thEheartritiger tog @dathe Wagtrialgé bottehesss n t he

cartridge top and the cartridge bottomare further configurable to have a
di scar dNAYegie relplye tgone pRethesdyra tigesigtioral eloM . wherei n the cont ai nnent

posi tion r%%rc%]a‘ifrﬁiﬁfe'&icﬁiaimﬂér‘éﬂ% ih%”cérﬂidd%tt‘éé'lﬁ'thé( 2 HHE%@Bgﬁéljﬁeare
di spensi'ng or dosing position forns an alr “passSage entering thé oné or nore
i nl et ponotveatdléreative tdhene ahethealby\eofatatioriah nidtncont ai ner and exiting the

wher 61 bt ndTBHESURG S EBGh HES =5 TerEnBler CATtHgas (prmed from 3 poiyiier
material.
6. The cartridge of claim 5, wherein the polymer material is a thermoformable
plastic selected from the group consisting of a polypropylene, a cyclicolephin co-
polymer, a nylon and a polyethylene.
7. The cartridge of claim 5, wherein the inhaler cartridge is formed from a high
density polyethylene polymer.
8. The cartridge of claim 2, wherein the cartridge bottom has an internal surface
defining an internal volume and comprising a bottom and side walls contiguous with
one another, and having one or more openings.
9.  The cartridge of claim 8, wherein the cartridge bottom has a cup-like structure
and has one opening with a rim.
10. The cartridge of claim 2, wherein the cartridge top and the cartridge bottom are
configurable to have one or more inlet ports and one or more dispensing ports.
11. The cartridge of claim 2, wherein the cartridge top and cartridge bottom are
configurable to a containment position, a dispensing or dosing position.
12. The cartridge of claim 11, wherein the cartridge top and the cartridge bottom
are further configurable to have a discarding position.



formrigid conduits and formthe one or nore dispensing ports of the

I nhal er cartridge. 15 . The cartridge of claim9, wherein a portion of the
rimfornswa 20evides77f or one of the one or nore inlet porPET/UBB009/0TT281
cartridge of claim1, wherein the pre®sure differential is generated by an
I nhal ation by a user. 17 . A dry powder nedi canent cartridge for a dry
powder inhaler, conprising: a cartridge top and a cartridge bottom defi ni ng

. . a g ,
an i nt ekhalThegaitrislgegi&iaim? t.Hehergin ihedpntaipmen poaijongelfists fuide t hat
ext end ' | g rf %gg t gage
sai d CZcrot(ﬁ‘r(rﬁgaggﬁgrﬁ%Hté@%gvﬁgﬁeggﬁ%ﬁ?éa@gg&ﬁ%ﬁéggld?)% ﬁg mt'i%?ﬂ\% u@n@ and
an ar egpdssags posaringihel oriecommbrey il etrmortsothesdy Fetie internalMdluméhie thenhal er
cartri \(}g}g} of claim 17, wherein the cartridge top a,ad the cartridge bottom

are no F@”%@%ﬁ' ?6@”_96“%9@9%&‘?{&9991@793 _ HBeGRAAECPEE @R t ri dge of cl ai m
18, whef£i A& frRiger dfdes P(E’,\M'i?ﬁehﬁth‘éaéﬁé grdﬂm%rfebéﬁiﬁgﬁro?tﬁ@ﬁm fo? ative
ona 0. T ge of

to one another by transr{atl mot | on. e Inhdler cartri

cl ai m I@rm wiged edmduitseanchioamethe cenet ori igee dispénsing ¢hoftisantiae irttaterof or mabl e
pol yner_sel ected fromthe group consisting of a polypropylene, a

cycl i cHEPKHOR: co- pol ymer, a nylon and a pol yethyl ene. 2 1. The inhal er

cartridge qheCdatirifighlof MAIRT € Whéreth b PRI ofklrrh d@end & bopddredr brewra hi gh
density pol yethyl ene polymer. 22. The inhaler cartridge of claim17,
wher ei rthe gaeqimaiengtetip@stsan i nner surface defining the internal volune and

ror e optthi 42 CasBBoBH duifits She it R HBLSHR b hrfaris RERRE B ot P dige
top undersutibaeg d gseronfigured to close the cartridge bottomat a section

and forman air passage into the internal volune at another section. 24.
The i nhkl-eA RrRQWARjeMBdicaM@ntcartridegmiara arytPRVARHDRaIgHCoNY i@ a he

oo RS 0B Rl SN et RG] W WiomIfon o moce
nor e i rdeetridgertop hlasanaunderalrfacothst eetEndsrmler tieaanidgehbottornasgdr t han a
total Curno e?’éus aCc:tei c?onn?ﬁjgu?erde ?o gﬁgatgheesgid %%?trrllaéqg%o tant, Séfnd having an area to seal

the internal volume and an area to expose the internal volume to ambient air.

18. The inhaler cartridge of claim 17, wherein the cartridge top and the cartridge

bottom are movable relative to one another.

19. The inhaler cartridge of claim 18, wherein the cartridge top or the cartridge

bottom are moveable relative to one another by a translational motion.

20. The inhaler cartridge of claim 17, wherein the inhaler cartridge is formed from a

thermoformable polymer selected from the group consisting of a polypropylene, a

cyclicolephin co-polymer, a nylon and a polyethylene.

21. The inhaler cartridge of claim 17, wherein the inhaler cartridge is formed from a

high density polyethylene polymer.

22. The inhaler cartridge of claim 17, wherein the container has an inner surface

defining the internal volume and comprises a bottom and side walls contiguous with

one another, and one or more openings.

23. The inhaler cartridge of claim 17, wherein the cartridge top undersurface is

configured to close the cartridge bottom at a section and form an air passage into the

internal volume at another section.

24. The inhaler cartridge of claim 17, wherein the cartridge top and the container

are configurable to have one or more inlet ports and one or more dispensing ports.



26. The inhaler cartridge of claim24, wherein the cross-sectional area of
the one or nore dispensing ports ranges fromO0.05 cn2 to about 0.25 cnR.

27. The iwbabeviseqartri dge of claim 17, wherein the cart prags2a0p4280
cartridge bottomare configurable to 8 contai nment position, a dispensing
or dosing position. 28. The inhaler cartridge of claim27, wherein the
cartridge top and cartridge bottomare further confi gurabl e to a discarding
posi ti . dde inhaler gaarege ehelaim ddewberein dnerppe or Wedniet PRES baataioftent

posi ti qnoLestd P AU 8108 160 (L RgBloNA HoP oRiL e

di spensi ng or dosi 0osIt an arr e onhe or nore
inl et phspending pugﬂ the | nt ernal volune wt h the one or nore openings in
the cartri %nhal rtridge of claim 17, wherein the one

(0}
o ror BebpderBGHaF COEIGR Pt ARRD 2% Beran e S SEHRURL AroA M theenBrE o
Tore diABREABEIAG berigTrahdies 1rBRRY 85 i AR 0.5 dmeThe 1 nhal er cartri dge

of claim erei e on nore inlet ports Is configured to direct at
| east p%?ft Tle |ahalleoma|rtmdgxa Dﬁelau:aﬂt?r mthgeein dhe bertoge top amet eadiidge heitoy
ports. i canent .cartri.dge er inhaler,

f. dr
P ommr | iR oTiglanhs HE ol RN sifd. i R Eatif6 of PRbolRyga o

confi gurged Tid #fHa‘Y&'dérfridgb GIthiReY7 Neh&em Pt dRHrRIgeRepiahdcamdgene or side
panel s having tracks configured to engage the cartridge bottom sai d

cartri d@tmaf®fnﬂw|0ﬁgflwabm@ra discaktieg gesitiahng an i nternal volume and is

car tridpe U108 Mok Sakiar BEFER 87, PR < EaMi e R SRl 08

di Spen&idmgmgmcdﬂ@m Q) iMesial Volanyyamd tedispesigg oheobi ng%@sltﬁlfn foh@isaimeaipr nor e
side panels. 33. The nedicanent cartridge of claim wherein the

cartri difsSeE8 frond then@ne ar mqrgg@eb@@rtt%thrpﬁgfﬂ e tﬂ‘it%rﬁéh‘#?'H@edN'ﬂ?dHﬁ Qe Pbsi ti on
f | uid h th hanb f th
orm arf‘nbl‘@ &5 rﬁﬁ% rﬁ%roﬂh&%ﬂ uid conmuni cati on V\4 t t_ e chanber of t he

cont ai ner an the one or nore openings in the cartridge
t op. 34. 30['hé'hmadhalerrearttr|@g>e of cldge 13f whieeeimti3e onetoe medre opertigs ofi thpensi ng
dosing positiqn, the c

opent a2 HIEHED KT FB DS 2 AR TEPTE GEDERHS0 PR ARG pTGTgs. |
cartridge.
31. The inhaler cartridge of claim 1, wherein the one or more inlet ports is
configured to direct at least part of a flow into the cartridge to the one or more
dispensing ports.
32. A dry powder medicament cartridge for a dry powder inhaler, comprising a
cartridge top and a cartridge bottom; the cartridge top configured relatively flat and
having one or more openings and one or side panels having tracks configured to
engage the cartridge bottom; said cartridge bottom having an inner surface defining
an internal volume and is moveably attached to the tracks on the one or more side
panels on the cartridge top and configurable to attain a containment position and a
dispensing or dosing position by moving along the tracks of the one or more side
panels.
33. The medicament cartridge of claim 32, wherein the cartridge top and the
cartridge bottom in the dispensing or dosing position form an inlet port that allows
fluid communication with the chamber of the container and therethrough with the one

or more openings in the cartridge top.



35. The nedi canent cartridge of claim32, wherein in the dispensing or
dosing position, the inlet port is configured to direct part of a flowinto
t he i nt erweal2omolseure to circul ate the fl ow about the intecmalS2aolourzel  36.
The medi canent cartridge of claim 32,8wherein in the dispensing or dosing
position, the one or nore openings in the cartridge top are the dispensing
ports of the cartridge and provide resistance to flow 37. The nedi canent
cartri dife Jﬁ"edpéﬂﬁﬁ!;@nt\%gﬂég@lof fleire &2 Wr@@%nt'%ﬁ“%éﬁﬁﬁﬂ%@g desdor nor e

keyi ng &gjééﬁt[&c‘?ﬁe cﬁgmgigl ve &Efﬁ c?eftﬂ)ﬁ'\ﬁlﬂﬁtk%f eﬁe 8t FHQ‘?‘@DR\Q’H E'lﬂtﬁ@e

cartri opisrel recessed
ar ea orcartrislgefppranguarhibieat allndt tedsOaSthapagng‘ae one or nore openings. 39.

The nedj canent cartridge of claim 32, wh e|n t artrld e top, further
corrprl Eﬁ‘&s‘ﬁ? Gaglﬁ“?%@@ dge g clana 3@9&4 ot ﬂ&éepﬁaa@ S dosiigm 32,

wher ei %{s‘}ﬁﬂc #d dtdort @gb%ﬁ%gr p tgrtﬂﬁ‘e’c?g%nﬁf&ﬁ% W/ﬁ dtS‘t‘r’i@ﬁwtér‘i’]aﬁ‘ Binfe to

relati sur face ure of e Internal volune at one
end anctiltoulafoetﬁwe tlewaboub theciobetoat valumehe opposi ng end. 4 1. The nedi canent

cartri q.f cl ai,m 32, ,wh hecrtrldelnth ition has an
Col o o8, ThetbBueian (OiGedal BRif 2 whersin f i GisBeRH Bl o eREee {han
0.2 Cm ioh, e 8RéE 08 HRste Ipehiiys iR tﬂéc‘éﬁhd%@toﬁ&% ﬂﬁ%dd@@é‘ﬂ%rﬁf paFts bfdge of

claim wherein the contai ner has a w d ranging fromO cmto 1.2 cm
and a Hee@ﬁftrldgﬁ@undgorowdmresn@tamette flow2 cm 43. The nedi cament cartri dge of

por 1 oo e euiceef Babfobess Helf ZourtiREthe rafithe bifoBhSssind

i nt er nadr m@deumuﬁg)sbﬁééesand entrain a powder nedi canent and a portion of
the flow exits through the di spensing aperture. 44. The nedi canent
cartri d’g‘% fid edﬂﬁﬂﬁﬁl?@”"\%@ﬂ@@@lof glaing bmhﬁ&'nﬁﬁ‘?éértﬂﬁg@ EPFhﬁcf@{at'ZQan of a

pover (EETRAL Bl o InP B BELCAETEINS GRPAIARRR! Bty gRobENaLer
smal | esl*taMgmfmmmo# ewse bpaningsnm t o excl ude rel ease of |arger powder
28%{332 q OH’he m-er %arr%eent caﬂegée 8?E:I%frlr1%%?w fere:lna%he caﬁrldge ?ope urt!thterr]e powder
comprises grasping surfaces.
40. The medicament cartridge of claim 32, wherein the cartridge top has an
undersurface configured to have a relatively flat surface and provide closure of the
internal volume at one end and to provide a flow conduit at the opposing end.
41. The medicament cartridge of claim 32, wherein the cartridge in the dosing
position has an inlet port substantially rectangular and comprising a width greater
than 0.2 cm and a height greater than 0.05 cm.
42. The medicament cartridge of claim 32, wherein the container has a width
ranging from 0.4 cm to 1.2 cm and a height ranging from 0.6 cm to 1.2 cm.
43. The medicament cartridge of claim 33, wherein in use in the dispensing position
with an inhaler a portion of a flow entering the inlet aperture circulates within the
internal volume to lift and entrain a powder medicament and a portion of the flow
exits through the dispensing aperture.
44. The medicament cartridge of claim 32, wherein the container holds up to about
20 mg of a powder composition.
45. A dry powder medicament cartridge for an inhaler, comprising an enclosure
having one or more exit ports configured to have a smallest dimension less than 3

mm to exclude release of larger powder aggregates.



conprises an active ingredient. 47. The cartridge of claim46 wherein the
active ingredient is a peptide, polypeptide, or protein. 48. The cartridge
of clai mwWo éversei’n t he active ingredient is insulin. 42CTlseomapdi2geanent
cartridge of claimd44, wherein the ps&der conposition conprises a

di ket opi perazi ne. 50. The nedi canent cartridge of claim49, wherein the

di ket opi perazine is 2,5- diketo-3, 6-difumaryl-(am nobutyl)pi perazine. 5 1.
The nedt@&arfédetmedicemedysagfidas af aheim 44WwWECESiR the eomeen cPMPOsIENi ses up to 9

units ﬂ%ﬂé!i : powder. 52. The nedi canent cartridge of claim
44, V\/nceqogi]n CAr r?@éveen'gg%rl%és one or nore colors or markings to identify

t he powtder Thengariidgeat.cldimh 4@ wieyeipdhe activee thgeedient iscapéptidlg @ofypeptide,
i nhal er co%si ng: a substantially flat cartridge top, arrowlike in
confi gl d&'PEH)- havi ng one or nore di spensing apertures, and two side panels

ext endify) %Wfr%ﬁé ﬁbflfll"aiﬁf'ﬂ‘&f‘mﬁﬁferéimhé%ti\t?ér g@&é@?ﬁﬂ § ifginng a track; and a

cartridge bottom ndbveably engaged to the of the side panels of the
cartri dife fltnve, madidaoemp cagridge af claimiddr whengindioe pdwday campasitiohat i vel y
cup-1like shape w ‘I]](httwo relatively flat and parallel sides and a relatively
roundeocox%qrf%ﬂag §'REPFOF- surface defining an internal vol une, which

pronot &5p 1 grrgl rh@élic@?n@t%bﬂ%?’@b%liaﬂﬁ HN R HeRSiBtHE ikeedsIPBrazhl i ceNt ai ner
configurable to attain a contai nment position and a dosing position with
sai d caliketodye-difoprargla(antrebutabpietren®f cl ai m 53, wherein the cartridge

| nhal or® 1 e ME0icRREE sBRHER P I AR Vne P thrsh i o et 8 Gor ¢ ur o
to m x pMitshoftigulimgstreagenpowaef.l ui di ze the medi cament. 55. The cartridge of
claimb54, wherein fluidized nedi canent noves within the enclosure such that
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53. A dry powder medicament cartridge for an inhaler comprising:

a substantially flat cartridge top, arrow-like in configuration, having one or
more dispensing apertures, and two side panels extending downwardly and each of
the two side panels having a track; and

a cartridge bottom moveably engaged to the track of the side panels of the
cartridge top, and comprising a chamber configured having a relatively cup-like
shape with two relatively flat and parallel sides and a relatively rounded bottom, and
interior surface defining an internal volume, which promotes tumbling of a flow
entering the internal volume; said container configurable to attain a containment
position and a dosing position with said cartridge top.

54. The cartridge of claim 53, wherein the cartridge further comprises a dry powder
medicament and in use with a dry powder inhaler in the dosing position promotes air
flow entering an inlet aperture to mix with the medicament to fluidize the
medicament.

55. The cartridge of claim 54, wherein fluidized medicament moves within the
enclosure such that the fluidized medicament is metered through the one or more
dispensing apertures.

56. The cartridge of claim 53, wherein the flow entering the internal volume is non-
vortical, with an axis defining a center of rotation being substantially perpendicular to

flow exiting the one or more dispensing apertures.



with an axis defining a center of rotation being substantially

perpendi cular to flow exiting the one or nore dispensing apertures.57. The
cartri dgewof20e 456, wherein the non-vortical flow of pairruseenohesi nt er nal
vol une acts to de-agglonerate the nedi3canent. 58. A dry powder inhal er
conprising: a noveabl e nenber, and a nout hpi ece, wherein the noveabl e
menber i s operably configured to nbve a container froma powder contai nnent
posi ti off -t d g Rskideg Fealm o, Whgreineihe naneverdisakiiave of adn Hie inéersel one
openin [ da: ' t one opening configured as an
out | et q"’@@%%g@’r%@%ﬁ@@&?n tahl%gﬂegﬁsac al'm 58, wherein the nouthpiece is
confi gus&d thdenpagdet inbalenceatgrsingenber. 60. The dry powder inhal er of

claimb58, further conprising a housing. 6 1. A dry inhaler conprising: a
housi ng, a rATOYERRIE &Ml a nout hpi ece engageably attached to the
housi ng, wheJ gidutidiscdrout hpi ece is operably configured to engage the
noveabl e nenber a nmove a container froma powder contai nment position to
a dosi ng poswvhéreimn theanoiéabld myempbeadisropanably @ontfureldaiorm6é: awloataner t he
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mout hpi RGEaATneadRhind 8oy Pl a8 dFeikRe anlyat| @it idrRiopeiing EO8fiingd RewWder
i nhal er of claim58, Wwhereln the nouthpi ece actuates the noveabl e nenber by
t rans| &noutlet65. The dry powder inhaler of claim58, wherein the dry powder
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60. The dry powder inhaler of claim 58, further comprising a housing.
61. Adry inhaler comprising:

a housing,

a moveable member, and

a mouthpiece engageably attached to the housing,

wherein the mouthpiece is operably configured to engage the moveable
member and move a container from a powder containment position to a dosing
position.
62. The dry powder inhaler of claim 58, wherein the mouthpiece is moveable and
movement of the mouthpiece actuates movement of the moveable member.
63. The dry powder inhaler of claim 58, wherein the mouthpiece actuates the
moveable member by rotation.
64. The dry powder inhaler of claim 58, wherein the mouthpiece actuates the
moveable member by translation.
65. The dry powder inhaler of claim 58, wherein the dry powder inhaler is
configured to attain an open or container loading position, and a closed or dosing
position.
66. The dry powder inhaler of claim 65, wherein the mouthpiece actuates the
moveable member during movement between an open position and a closed
position or from the closed position to the open position.
67. The dry powder inhaler of claim 58, wherein the inhaler is further configured to

have rigid flow conduits.



noveabl e nenber during novenent between an open position and a cl osed
position or fromthe cl osed position to the open position. 67. The dry
powder i riWwal2e09/13247¢1 ai m 58, wherein the inhaler is furtrer/useobiogzsed to
have rigid flow conduits. 68. The dry $gowder inhaler of claim58, wherein

t he noveabl e nenber is attached to the nouthpiece by a hinge nechanism 69.
The dry 8E)owder i.nhal er of claim@68, wherein the hinge mechani smconprises a

gear orb ackT%@ryp(PWQﬁf ingelsR Al slaim 58, wheeeig the H&Mﬂf@p'q meakar ivf cl ai m 58,

wher ei ||'f’r'ﬁc51€ de tray, or a carriage. 7 1.
The drynat%’c%ﬂ ?ﬁ%hfo er o & Pg g%%e@@?g@the noveabl e nenber conprises a
cam 739. TheThtb“ Srygeoviedar inhdlalk ef clefm GiBaimmetdin thidn bingiemebieanismmadanpiiises a
proxi mal end and a distal en and the housi ng, nouthpi ece and noveabl e

menber aag%ara‘?rtr%h@(ﬂ‘cdleﬁ'mpﬁén%? N$Mend of the inhaler; and the nout hpiece
t t d
pi vots ) hﬁ@@@d\%ﬂn@élbﬁbf‘c Wn%@eWh%FethIﬁ’@We%qBiéﬂoﬁn'emé?ﬁs%sﬁ]dése or

dosi ng position y po i nhal’er o erein
noveablaasllchirﬂnay, arsaa camiggured within or outside the housing. 74. The dry
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wher ei y £ gear mechani smis configured wth the noveabl e nenber. 76. The
dry powder inhaler of claimb58, wherein the dry povvder inhaler is breath
power ed/2.77. ThEhdrydegweesiidiealer ahelpisn 66 WhiesgimtisginHalgrthas a ouymakend a cover

mout i ARLE RSB, AGB e PByeig, Rt RetE R0 fho et HeMiner aif etbeore
and i s #tané dpteshd of the ittialér; Smdethe Mhourbpicce Pivaty oh theéolekg totttaliPan The
dry powder inhaler of claim 78, wherein the nout hpi ece further has an

i nt er nAAPSRRTUABIIBIRASHIANPT 3 ElSEH O oS RARIAN. port to the exit port
great erz4 hanpdl dry powder inhaler of claim 60, wherein the moveable member is

configured within or outside the housing.

74.  The dry powder inhaler of claim 60, wherein the inhaler comprises a gear
mechanism mounted in said inhaler housing.

75.  The dry powder inhaler of claim 69, wherein the gear mechanism is
configured with the moveable member.

76.  The dry powder inhaler of claim 58, wherein the dry powder inhaler is breath
powered.

77.  The dry powder inhaler of claim 58, further comprising a cover for the
mouthpiece.

78.  The dry powder inhaler of claim 60, wherein the mouthpiece has a first inlet
port, a second inlet port and an exit port, and is configured to be at a superior
position over the housing.

79.  The dry powder inhaler of claim 78, wherein the mouthpiece further has an
internal volume extending from the first inlet port to the exit port greater than 0.2
cubic centimeters.

80. The dry powder inhaler of claim 60, wherein the housing comprises a
mounting area for a container.

81.  The dry powder inhaler of claim 80, wherein the mounting area is configured
to receive and hold a container, wherein the container comprises a cartridge having

keying surfaces to provide proper orientation to install the cartridge.



cubic centinmeters. 80. The dry powder inhaler of claim®60, wherein the
housi ng conprises a nounting area for a container. 8 1. The dry powder

i nhal er oVocha@e€0, wherein the nounting area is confi goras2ee/08a8ei ve and
hol d a container, wherein the contai r conprises a cartridge having keying
surfaces to provide proper orientation to install the cartridge.82. The dry
powder inhaler of claim80, wherein the nounting area has a bevel ed edge
and a & ngl oy RAwdRn iBhalebotepine SPonterein dhe Arauntingeres hes ubeialeth and
directi (o) ' : i [ : - The dry
povder Seear SRV gBr ARk bl PRRsREh 0 Ao PHBE BBl on B L omi he to
al | ow aitgictioh ofinfounting dftascartridgel arto toepauntiegtare84. The dry powder inhal er
of claim 60, _wherein the housi | s substanti al rectangul ar in shape and
has an %perT@ugﬁyané’)’é%ri'G@alﬁépf]&aﬁﬂ@%awi‘@f‘%'ﬁﬁ"ﬂ%\bf\g}’s'ﬂSrhﬁsrﬂj“ea?nr 'BREF osure and
conpri M @ al b &Snty iR Bedr | wardly direction fromthe
upper s rfnace @fa %gwfgu@%g. nf§>r5|f§ Tﬁée ﬁ%f”ﬂ%am% nhal er of claim 84,

wher ei r84.he Huudiygpwaear iohaeoof afame 60pamiengjs the hoosmgns sabsaniially anbi ent

ir. 86. Th wd i.nhal f | aj 60,, wh i he, . h i h
C Ubst oerEBy i i BRASE Pop MAS A uhereultame: Siye WAISA R € RErat ol briiier,
povvder drmeadiesurafark edfbhses Wﬁ@b?ﬁfbré mﬁn?@gﬁi‘d]gctﬁﬂyﬁﬂgdérﬁﬁ%g Aire®88

grasping surfaces to allow handling of the inhaler. ry powder
i nhal erfrasn tie¢ appewcsyrfageedidha howsingoveabl e menber is positioned between the

nmout hpigce e I An_ignh . .S cont ai mount i ng
area contigu d&&&%@%ﬂl@ﬂ&llg?@%ﬁl@ﬁp@gr Wh&ﬁ%ﬁg%h%@g@%g %&n@gfﬁ | east
two i nlagermgy fodzamanitadd withaghbientaiexi t aperture; wherein one inlet
aperture of the at least two inlet apertures is in fluid comunication with

t he co_rﬁfai _neTh%@ré’aQOWﬂ iBhaleppf elpEm £0, W@&E@int’f%hpwi_@g haser sub«antiallyi n f 1 uid
ComTo B Bl S g, besBla@RgBY L Sperine e Tlovpnth
f ur t her87onprhsdrygpavaarinhaleeof caine &0, whatdinthe Hotsinglvemmprisel mnecer.
more grasping surfaces to allow handling of the inhaler.
88.  The dry powder inhaler of claim 60, wherein the moveable member is
positioned between the mouthpiece and the housing.
89.  An inhaler comprising a container mounting area configured to receive a
container, and a mouthpiece having at least two inlet apertures and at least one exit
aperture; wherein one inlet aperture of the at least two inlet apertures is in fluid
communication with the container area, and one of the at least two inlet apertures is
in fluid communication with the at least one exit aperture via a flow path configured
to bypass the container area.
90. The inhaler of claim 89, further comprising a container moveably attached to
the mouthpiece.
91. The inhaler of claim 90, wherein the container and the mouthpiece are
capable of forming a flow conduit through one of the at least two inlet apertures.
92. The inhaler of claim 91, wherein the container is moveable between one or
more positions when attached to the container mounting area of the inhaler; said
positions selected from the group consisting of a containment position, a dosing
position and a discarding position.
93. The inhaler of claim 90, further comprising rigid flow conduits between the at

least two inlet apertures and the at least one exit aperture.



9 1. The inhaler of claim90, wherein the container and the nouthpi ece are
capable of formng a flow conduit through one of the at |east two inlet
apert ur esw02809/ibg7i nhal er of claim9 1, wherein the comCaiusesoiog72apveabl e
bet ween one or nore positions when at%ached to the contai ner nounting area
of the inhaler; said positions selected fromthe group consisting of a
contai nnent position, a dosing position and a discarding position. 93. The
i nhal er9%f cihg iheter of glaime, Wiseinthadnhaler i§ & volvdesadinalel- bet ween t he at
| east t [ : r t i . he
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i nhal ergra$pingaunia88s cahfigured fohleandlimgl the ifihaléhfor usenpri ses one or nore

raspi ng. surfaces confjgured for handling the inhaler for use, 96.. The
oo erh, TR iRier G da et B0t RRerImiie FhOer fTaier commaste ton oo 1 i d.

97. Thegﬁ.nhah?éinﬁbe?'oﬁicmw%%g,ffalrrtr!a&%nq@amﬁ@e L@sv@am@mﬁbérwﬁr&ﬁqfem chis

capabl e of reconfiguring a container to on nore positions selected from
t he gr aapabEnai reconiigwingaa contadiarte mnepwrsnoicopgsitotoselagegddnitiod and a

di scar di nﬁ posi.t'gon. 98. The i nFaI er. of 8' ai m 89 .wheqrgf i 0 tPﬁ? container is
moveabl FOHP CPPHRUNAOF 8£opiaINmegt PRtolg? d9HRI;AARLICL aNst @ QSERRTIB8  wher ei n
the at dg@irdn . one exit aperture is positioned superior to the container

area. 100. A dry powder inhaler, conprising: a nouthpiece; a sled or slide
tray; @housiheginhaleiiohg@imG8 wnajedn theeeonrininemicowvegbledy transatiarceuat e
rmverreg,égagi}‘o the sled or slide tray; wherein the nouthpiece and the housing

are no {/]'attached by the hinge. 10 1. The dry powder inhaler of claim

100, wgg.ei Mg @halkhdf elaimBR whdrtindbset igdwtloak. exltGberiling iglpysitoneter
i nhal er of claim 100, wherein the housing conprises a nounting area for
| oadi nfUREEiBhidingegontainer area.

100. A dry powder inhaler, comprising:

a mouthpiece;

a sled or slide tray;

a housing,

a hinge, and

a gear mechanism configured to effectuate movement of the sled or slide tray;
wherein the mouthpiece and the housing are moveably attached by the hinge.
101. The dry powder inhaler of claim 100, wherein the inhaler is a unit dose
inhaler.
102. The dry powder inhaler of claim 100, wherein the housing comprises a
mounting area for loading a container.
103. The dry powder inhaler of claim 100, wherein the inhaler comprises a
substantially rectangular body having one or more grasping surfaces.
104. The dry powder inhaler of claim 100, wherein the mouthpiece comprises a
flow conduit having a first inlet port in fluid communication with the container
mounting area and a second inlet port in fluid communication with ambient air, and
an exit port.
105. The dry powder inhaler of claim 100, wherein the mouthpiece is configured to
engage the housing and partially covers the housing.
106. The dry powder inhaler of claim 100, wherein movement of the mouthpiece

actuates movement of the sled or slide tray.



103. The dry powder inhaler of claim2100, wherein the inhaler conprises a
substantially rectangul ar body having one or nore grasping surfaces. 104.
The dry pwoadeesy/isedtal er of clai m 100, wherei n the nout hpipetaScanwpriz8ES a
flow conduit having a first inlet por& in fluid conmunication with the
contai ner nounting area and a second inlet port in fluid comunication with
anbient air, _and an exit port. 105. The dry powder inhaler of claim 100,

whor oi Qe TheugpPeueder ishelgnpf @arr@d OpoW@ﬁb%l@éhQ Reusipadias distal gae Pl ly
covers rg%pﬂﬁléﬁbng t?;%%rfag@ea? 'emi‘iaélﬁés hcel%éfﬂ s28% %{gf'd ay. 107.
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The drynpmvﬂiganeah&itfan tiod tap alunﬁadeﬂo wherei n the housing has a distal end,
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of claigp Ié&‘l’onglg‘é stfscecartridge nounting area has at |east one keying
surface. 109 he@g{) er inhaler of claim 100, wherein the sled or

slide t1Q% iBhedwy povmdm*dnlmﬂalehoﬁclahmmﬁuwhagpm theslether dide traywider i nhal er of
claim 100t wher et ; housi ng has one or nore openi ngs and one or nore

f1 angedINIQ¥G WHIUD 1€ BRUSIBE- the top surface. 111. The dry powder inhal er
of cl aimglO0rhe ¥Rt BidEraARAIEP bN@lafn QQV)eWh@Fblh*fﬁ’e ABUSIAG a8 ®NeldrZmof

i nhal ati on systemfor delivering a powder nedi canent to a pul nonary

tract, mmmg%am@oaemrynqr@v&@@ges@hmeedlstai@ndgﬁﬁl@@ltqmswm at |east two
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The i nhal At tem of claim 112, further conprising an enclosure for
cont ai nij 2g the d il powder medi canent for inhalation. 114 . The inhalation
system1o1f clAh mhetesiongystem ot grlivenpg SsdierQuwifirmedisarephfa aipgfeonarys. The
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having a total reS|stance to flow in a dosing configuration ranging in value from 0.065
to about 0.200 (VkPa)/liter per minute.

113. The inhalation system of claim 112, further comprising an enclosure for
containing the dry powder medicament for inhalation.

114. The inhalation system of claim 113, wherein the enclosure comprises a
cartridge.

115. The inhalation system of claim 114, wherein the cartridge comprises a
cartridge top and a cartridge bottom, wherein the cartridge top and the container are
configurable to attain a containment position and a dosing or dispensing position.
116. The inhalation system of claim 112, wherein the dry powder inhaler comprises
a mouthpiece and moveable member.

117. The inhalation system of claim 116, further comprising a housing.

118. The inhalation system of claim 116, wherein the moveable member comprises
a sled, a slide tray, or a carriage.

119. The inhalation system of claim 116, wherein the mouthpiece comprises a flow
conduit having a first inlet port in fluid communication with ambient air, a second inlet
port in fluid communication with the cartridge; and an outlet port.

120. The inhalation system of claim 113, wherein the enclosure has an internal
volume configured to contain the dry powder medicament and having at least one

inlet port to allow flow into the enclosure, and at least one dispensing port to allow



configurable to attain a containnent position and a dosing or dispensing
position. 116. The inhalation systemof claim 112, wherein the dry powder

i nhal er cwopnigEz47a nout hpi ece and noveabl e nenber. 117 PCThis2009/0ad2at i on
system of claim 116, further conprisi88g a housing. 118. The inhal ation
system of claim116, wherein the noveabl e nmenber conprises a sled, a slide
tray, or a carriage. 119. The inhal ation system of claim 116, V\/nerel n the
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portio ow enterin l'east one inlet port at the at |east
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differential. 12 i nhal.ation temof claim112,. rein the total
resi st &RIEPTSNG PB\)\Ph%e %‘P’HPT'?}BW %ﬁé‘f“&ﬁf“%‘r“lﬂgsar%a ﬁPB@%‘UFg tﬂur??eéY"eﬁt i al
range Q,%tn\t‘ﬁﬁ@r @ne K FRudislede KE@lngﬁ?eas?\'ﬂNb hat ﬁéérﬂi‘re&éﬁﬁ%’f‘léé&t diléxiering a

dry povvder di canment to a pati ent, TTEI’ISI ng an inhaler conprising a
cont ai rﬁj:rerw@nuhe@lraoaalrdgtrﬁpeg"we@ftﬂme ableast/vainteirapgirivees isdndluid nout hpi ece
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ner area. 124, The inhalation
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124. The inhalation system of claim 123, wherein 10% to 70% of the flow entering
the inhaler transits through the container prior to merging with the flow path.
125. An inhalation system for delivering a dry powder medicament to a patient,
comprising a dry powder inhaler comprising a container region and a container; said
dry powder inhaler and container combined are configured to have rigid flow
conduits in a dosing configuration and a plurality of structural regions that provide a
mechanisms for powder de-agglomeration of the inhalation system in use; wherein at
least one of the plurality of mechanisms for de-agglomeration is an agglomerate size
exclusion aperture in the container region having a smallest dimension less than 3
mm.
126. An inhalation system for delivering a dry powder medicament to a patient,
comprising a dry powder inhaler comprising a mouthpiece and a container; said dry
powder inhaler and container combined are configured to have rigid flow conduits in
a dosing configuration and a plurality of structural regions that provide a mechanisms
for powder de-agglomeration of the inhalation system in use; wherein at least one of

the plurality of mechanisms for de-agglomeration is an air conduit configured in the



conprising a dry powder inhaler conprising a container region and a
container; said dry powder inhaler and container conbined are configured to
have ri giwof2bevseandui ts in a dosing configuration and a&cpluse@iotszsof
structural regions that provide a nec#®ani sns for powder de-aggl oneration of
the inhalation systemin use; wherein at |east one of the plurality of
mechani sns for de-aggloneration is an aggl onerate size exclusion aperture

i n t he neeWhriaserwhiehidigcisalaw gt an sxiiaresitreliniiidicommirisationmwits then 126, An
i nhal atéo‘?ﬁ‘?aiﬁ?éﬁt emfor delivering a dry powder medi canent to a patient,
conprising a dry powder inhaler conprising a nouthpiece and a contai ner;

sai d dry27povitey inhalzibarsysten of oladn N5 arotis, wkrainethe @ohtainerefdrther have rigi d
flow conduits in a dosing configuration and a plurality of structural
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ith th i 127. The | | at .t f claim125 126, wherei
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container to lift and circulate a powder mnedi canent prior to exiting the
cont ai A9, ¥281ethoe of dewggionoeratingtecpewdercmarisanent imasirngipawdee cup-1i ke

struct radii configured to prevent flow stagnation. 129.
A net hgéﬁ%@ﬁ%gg@gﬁtm‘?ls@a powder nedi canent in a dry powder inhalation
system congirbsidirgs therdryipdiweier inedicdinie pomce comtaitie? daRinlg arminter@a@nt ai ner

having an internal volune to a dry powder inhaler; allowng a flowto enter
sai d coiunade agy aewderddidlegured to direct a flowto lift, entrain and
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or through one or more dispensing apertures into a mouthpiece.
130. The method of claim 129, further comprising the step of accelerating the
powder particles and/or particle aggregates entrained in the flow leaving the one or
more dispensing apertures and entering the mouthpiece.
131. A method of treatment using a dry powder medicament to be delivered to the
pulmonary tract with a dry powder inhalation system, comprising:
obtaining a dry powder inhaler in a closed position and having a mouthpiece;
obtaining a cartridge comprising a pre-metered dose of a dry powder
medicament in a containment configuration;
opening the dry powder inhaler to load the cartridge;
closing the inhaler to effectuate movement of the cartridge to a dosing
position;
placing the mouthpiece in one’s mouth, and
inhaling once through the mouthpiece to deliver the dry powder medicament.
132. The method of claim 131, wherein the system of the dry powder inhaler and
the cartridge have a resistance value ranging from 0.065 to about 0.200 (VkPa)/liter
per minute.

133. An inhalation system, comprising:



nore di spensing apertures and entering the nout hpiece. 13 1. A nmethod of
treatnent using a dry powder nedi canent to be delivered to the pul nonary
tract w twoaodvy24ggewder inhal ati on system conprising: ebtraisaécg4asdry
powder inhaler in a closed position a%d having a nout hpi ece; obtaining a
cartridge conprising a pre-netered dose of a dry powder nedicament in a
contai nnment configuration; opening the dry powder inhaler to | oad the
cartridge; @ O8iPR)VESENNAIREl er to effectuate novement of the cartridge to a

dosi ng posi ti Q. ' 1 t hpj N .ane khhal i ng once
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I nhal er;; h ol h&ii ' ctri ' top and
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t he car1t:{i dgg and ItEe i n%kal er formarigid flowconduit for a gas to flow
t hr ough the £APPFIGHAN SHICTLIC™R I f | ow conduit is substantially

per pendi cul &f dfyOpdwdéramhgierdui t in the nouthpiece. 134. An inhalation

system conprising: a dry powder inhaler; a cartridge conprising a top and
a cont ai ner ;2 oREIGIENCAMPrisiog aalog arntka contadnerewharain dive tarbdrd the ative to one
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| east quitRdn tol b@sing Poksitiod, alithasd iaternantola@ine tb @ohtaliwal dry @dwreri nt er nal
vol une and at | east one air outlet having a flow direction which all ows

ai r f 1 oine@isament AGd Meyindasenastianesair inlefroart naliayy agwierHeain et fimito g une,
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of the czﬁ]rtainin@geedicament to exit or flow out of the internal volume, and
a housing in which to mount said cartridge and defining two flow pathways, a
flow pathway allowing air to enter the at least one air inlet of the cartridge;
wherein an airflow entering the cartridge air inlet is directed across the air
outlet ports within the internal volume to meter the medicament leaving the cartridge;
and wherein airflow bypassing the cartridge air inlet is directed to impinge upon the
airflow exiting the cartridge substantially perpendicular to the air outlet flow direction.
135. A method for de-agglomerating and dispersing a dry powder medicament for
inhalation, comprising the steps of:
generating an airflow in a dry powder inhaler comprising a mouthpiece and a
container having at least one inlet port and at least one dispensing port and
containing a dry powder medicament; said container forming an air conduit between
the at least one inlet port and the at least one dispensing port and said
inlet port directs a portion of the airflow entering said container at the at least one
dispensing port;
allowing airflow to circulate powder within the container so as to lift and mix
the dry powder medicament in the container to form an airflow medicament mixture;
and
accelerating the airflow exiting the container through the at least one

dispensing port.



wherein an airflow entering the cartridge air inlet is directed across the
air outlet ports within the internal volune to neter the nedi canent | eaving
t he cartrwogegs/set7wherei n airfl ow bypassi ng the cartri ege/useooviomi2et i s
directed to inpinge upon the airflow%®xiting the cartridge substantially
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138. The dry powder inhal ation system of claim 136, wherein the
di ket op”i_%r iEh%@r_Yp%QWQ‘Qﬂ inkalgfian gipieas @bciaim ABRPVBeedn Hl%d%ﬁ@pé(?%zﬂ% ratio
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parti cl4stosd®cmdfgposed of FDKP crystals having a specific surface area
rangi nngOr. C)mA4$5ys%eom ?o5r t%remd/e?i'very of an inhalable dry powder comprising:
a) a cohesive powder comprising a medicament, and
b) an inhaler comprising a powder containing cartridge, the cartridge defining
an internal volume and comprising at least one inlet aperture and at least one outlet
aperture wherein the at least one inlet aperture and the at least one outlet aperture
are positioned so that a flow into the internal volume through the at least one inlet

aperture is directed at the at least one outlet aperture.

141. The system of claim 140, wherein the cohesive powder has a Carr’s
index of from 16 to 50.
142. The system of claim 140, wherein the cohesive powder has an angle of

repose from 30° to 55°.

143. The system of claim 140, wherein the cohesive powder is

characterized by a critical orifice dimension of <3.2 feet for funnel flow or <2.4 feet for
mass flow.

144, The system of claim 140, wherein the cohesive powder comprises
particles composed of FDKP crystals wherein the content of FDKP isomers is in the
range of 50% to 65% trans.



140. A systemfor the delivery of an inhal able dry powder conprising: a) a
cohesi ve powder conprising a nedicanent, and b) an inhaler conprising a
powder comoabewisgicartri dge, the cartridge defining an iporarsea@b/o¥ynBune and
conprising at |east one inlet apertur® and at | east one outlet aperture
wherein the at |east one inlet aperture and the at |east one outl et
aperture are positioned so that a flowinto the internal volune through the
at | eastne i nl etheapystenmrdf glaimyi 4@ ovieerel therohesives@wdeyonorisast

aperturege, ; i rei i has a
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cl ai m MAGD'BRED) mitlaRsnedi canment conprises insulin. 147. The system of

cl aim 140, wherein the inhaler conprises a nouthpiece and upon applying a
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fromt nmout hpi ece and wherein 50% of said emtted particles have a VMaD

of <1 crons. 148. The system of claim 140, wherein the cohesive powder
has a rugosity >6.



