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Description

Related Applications

[0001] Thisapplication claims the benefit of and priority
to U.S. Provisional Application Serial No. 61/100,482,
filed September 26, 2008, and U.S. Provisional Applica-
tion Serial No. 61/148,520, filed January 30. 2009.

Field of the Invention

[0002] The present invention relates to inhalers, and
may be particularly suitable for dry powder inhalers.

Background of the Invention

[0003] Generally described, known single and multiple
dose Dry Powder Inhalers (DPIs) are an established al-
ternative to pressurized metered dose inhalers (pMDIs).
DPIs can use: (a) individual pre-measured doses in blis-
ters containing the drug, which can be inserted into the
device prior to dispensing; or (b) bulk powder reservoirs
which are configured to administer successive quantities
of the drug to the patient via a dispensing chamber which
dispenses the proper dose. See generally Prime et al.,
Review of Dry Powder Inhalers, 26 Adv. Drug Delivery
Rev., pp. 51-58 (1997); and Hickey et al., A new millen-
nium for inhaler technology, 21 Pharm. Tech., n. 6, pp.
116-125(1997). Examples using dose container disks
are disclosed in WO 02/053215, US 2007/235029 and
WO 0134234.

[0004] In operation, DPI devices strive to administer a
uniform aerosol dispersion amount in a desired physical
formofthe dry powder (such as a particulate size or sizes)
into a patient’'s airway and direct it to desired internal
deposit site(s).

[0005] Unfortunately, some dry powder inhalers can
retain some amount of the drug within the device that
may be delivered with another dose of the drug. This may
be particularly prone to happen when a user actuates the
inhaler but does not inhale the indexed dose of medica-
ment.

[0006] There remains a need for alternative inhalers
and/or dose containment devices that can be used to
deliver medicaments.

Summary of Embodiments of the Invention

[0007] Embodiments of the invention provide dose
container assemblies that can define individual airway
channels for one or more dose containers that align with
an inhalation port and capture dry powder from a respec-
tive dose container(s) to define apart of the inhalation
path to the inhalation port for dispensing the dry powder
to a user of the inhaler.

[0008] Some embodiments are directed to dry powder
dose container assemblies that include: (a) a dose con-
tainer disk having opposing upper and lower primary sur-
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faces and a plurality of circumferentially spaced apart
dose containers; and (b) at least one airway disk residing
above or below the dose container disk. The at least one
airway disk includes a plurality of circumferentially
spaced apart airway channels. The dose containers can
have dry powder sealed therein.

[0009] Embodiments of the invention are directed to
dry powder dose container assemblies. The assemblies
include: (a) a dose container disk having a plurality of
circumferentially spaced apart dose containers, the dose
containers having dry powder therein (typically a defined
or metered amount); (b) an upper airway disk residing
above the dose container disk; and (c) a lower airway
disk residing below the dose container disk. The upper
and the lower airway disks each include a plurality of
circumferentially spaced apart channels and pairs of the
lower airway disk channels and the upper airway disk
channels are aligned with at least one corresponding
dose container therebetween.

[0010] The dose container can be used in combination
with an inhaler. The inhaler can include an inhaler body
with an inhalation port and a piercing mechanism. In op-
eration, a dose container is indexed to an inhalation po-
sition and the piercing mechanism is configured to travel
through an airway disk aperture, pierce first and second
sealant layers, enter, then stay or retract from the dose
disk aperture while occluding the airway disk aperture,
thereby allowing dry powder which falls from the dose
container to reside captured in the airway channel.
[0011] In some embodiments, the dose container as-
sembly includes both an upper and lower airway disks
and each includes a respective plurality of short airway
channels and a respective plurality of long airway chan-
nels, the short airway channels associated with the first
row of dose container apertures and the long airway
channels associated with the second row of dose con-
tainer apertures. The short and long airway channels can
be arranged to reside adjacent to each other and alter-
nate circumferentially about the disk.

[0012] Insome embodiments, pairs of upper and lower
airway disk channels cooperate to define a curvilinear
airflow path to inhibit undesired spillage of the dry powder
from the inhaler (e.g., provide a sink trap configuration).
[0013] Other embodiments are directed to dry powder
inhalers. The inhalers includes an inhaler body with an
inhalation port, a dose container assembly held in the
inhaler body, a dose container openinig mechanism con-
figured to open a dose container in a dispensing position
in the inhaler, and an indexing mechanism configured to
rotate the dose container assembly into the dispensing
position.

[0014] The dose container assembly includes a dose
container disk having a plurality of circumferentially
spaced apart apertures with dry powder therein. The
dose container assembly also includes a lower airway
disk having a plurality of airway channels with upwardly
extending sidewall residing under the dose container
disk, each of the lower airway channels being in commu-
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nication with at least one dose container aperture, where-
by the lower airway disk channels define a plurality of
spaced apart single-use or multi-use inhalation delivery
paths that serially communicate with the inhalation port
to thereby provide protection from inadvertent overdose.
[0015] The dose container assembly includes: (a) a
dose container disk haying opposing upper and lower
primary surfaces and a plurality of circumferentially
spaced apart apertures with first and second sealant lay-
ers attached to the upper and lower primary surfaces of
the dose container disk and defining respective floors
and ceilings of the dose container apertures to form dose
containers holding dry powder therein; (b) an upper air-
way disk residing above the dose container disk, the up-
per airway disk comprising a plurality of circumferentially
spaced apart channels with downwardly extending side-
walls; and (c) a lower airway disk residing under the dose
container disk, the lower airway disk comprising a plu-
rality of circumferentially spaced apart channels with up-
wardly extending sidewalls. Pairs of the lower airway disk
channels and the upper airway disk channels are aligned
with at least one corresponding dose container therebe-
tween.

[0016] Yetotherembodiments are directed to methods
of operating an inhaler. The methods include: (a) provid-
ing a dose container ring having staggered concentric
dose container apertures sealed by upper and lower seal-
ant layers residing over and under the apertures respec-
tively to define sealed dose containers, the dose contain-
er ring attached to an airway channel disk having a plu-
rality of circumferentially spaced apart airway channels,
atleast one for each dose container; (b) rotating the dose
container ring and disk together to present a respective
dose container and a corresponding airway channel to a
dispensing position in the inhaler; (c) advancing a pierc-
ing mechanism to open both sealant layers and release
dry powder from the dose container to the corresponding
airway channel; (d) leaving the piercing mechanism in
an extended position or at least partially retracting the
piercing mechanism; (e) fully retracting the piercing
mechanism from the airway disk aperture after the step
ofleaving; and (f) isolating the airway channel associated
with the released dry powder from an inhalation flow path
so that the channel is reused only once or is not used for
any subsequent inhalation delivery.

[0017] Additional embodiments are directed to meth-
ods of fabricating a dose container assembly. The meth-
ods include: (a) providing a dose container disk having
upper and lower primary surfaces with a plurality of cir-
cumferentially spaced apart apertures; (b) attaching a
sealant layer to one of the upper or lower primary sur-
faces of the dose container disk; (c) filling the dose con-
tainer disk apertures with dry powder; (d) attaching a
sealant layer to the other primary surface of the dose
container to provide sealed dose containers; (e) placing
the dose container disk between upper and lower airway
disks; (f) aligning the dose containers with circumferen-
tially spaced apart airway channels on upper and lower
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airway disks so that each dose container is in communi-
cation with one of the airway channels in both the upper
and lower disks; and (g) attaching the upper and lower
airway disks to sandwich the dose container disk there-
between.

[0018] In some embodiments, the dose container as-
semblies can be configured to allow for operation irre-
spective of orientation and to capture the dose from a
respective dose container whether the inhaler device is
held right side-up or down so that the dry powder is re-
tained in the respective airway path and the inhaler is
thereby resistant to overdosing. In some embodiments;
the inhalers can also provide overdose protection to in-
hibit dispensing accumulated doses released from differ-
ent dose containers.

[0019] It is noted that aspects of the invention de-
scribed with respect to one embodiment, may be incor-
porated in a different embodiment although not specifi-
cally described relative thereto. That is, all embodiments
and/of features of any embodiment can be combined in
any way and/or combination. Applicant reserves the right
to change any originally filed claim or file any new claim
accordingly, including the right to be able to amend any
originally filed claim to depend from-and/or incorporate-
any feature of any other claim although not originally
claimed in that manner. These and other objects and/or
aspects of the present invention are explained in detail
in the specification set forth below.

Brief Description of the Figures

[0020]

Figure 1A is a front perspective view of an inhaler
With a cover according to some embodiments of the
present invention.

Figure 1B is a front perspective of the inhaler shown
in Figure 1A with the cover in an open position ac-
cording to some embodiments of the present inven-
tion.

Figure 2A is a top perspective view of an exemplary
dose container assembly according to some embod-
iments of the present invention.

Figure 2B is an exploded view of the assembly
shown in Figure 2A.

Figure 2C is a partial cutaway view of airway chan-
nels aligned with two dose containers according to
some embodiments, of the present invention.
Figure 2D is a top perspective view of another ex-
emplary dose container assembly according to some
embodiments of the present invention.

Figure 2E is an exploded view of the dose container
assembly shown in Figure 2D according to embod-
iments of the present invention.

Figure 2F is an exploded view of a dose container
assembly with stacked dose disks according to em-
bodiments of the present invention.

Figure 2G is a partial cutaway view of airway chan-
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nels aligned with two concentric rows of staggered
dose containers according to some embodiments of
the present invention.

Figure 3A is a top perspective view of a dose con-
tainer ring according to some embodiments of the
present invention.

Figure 3B is a top perspective view of a dose con-
tainer ring according to some other embodiments of
the present invention.

Figure 3C is a partial cutaway view of a single dose
container according to some embodiments of the
present invention.

Figure 3D is a partial cutaway view of single dose
container according to some embodiments of the
present invention.

Figure 4A is a greatly enlarged top perspective view
of a lower airway disk according to some embodi-
ments of the present invention.

Figure 4B is a top view of lower airway disk accord-
ing to some embodiments of the present invention.
Figure 4C is a bottom view of an exemplary lower
airway disk.

Figure 5A is a greatly enlarged top perspective view
of an upper airway disk according to some embodi-
ments of the present invention.

Figure 5B is a greatly enlarged perspective view of
an upper airway disk according to other embodi-
ments of the present invention.

Figure 6 is a greatly enlarged partial view of the dose
container assembly shown in Figure 2A according
to embodiments of the present invention.

Figures 7A-7C are partial cutaway views of a dose
container assembly in an inhaler cooperating with a
piercing mechanism having a three-stage operation
sequence according to some embodiments of the
present invention.

Figure 8A is a bottom perspective partial cutaway
view of an inhaler with a dose container assembly
configured so that the outer ring of dose containers
are aligned with airway channels in disks that have
"sink traps to inhibit spillage according to some em-
bodiments of the present invention.

Figure 8B is a side perspective view of the device
shown in Figure 8A illustrating the inner row of dose
containers are aligned with airway channels in disks
that define "sink traps" to inhibit spillage according
to some embodiments of the present invention.
Figure 9A is a top perspective view of a dose con-
tainer assembly and piercing mechanism according
to some embodiments of the present invention.
Figure 9B is atop view of the device shown in Figure
9A.

Figure 9C is a side view of the device shown in Fig-
ure 9A.

Figure 10 is a partial exploded view of the device
shown in Figure 9A according to some embodi-
ments of the present invention.

Figure 11 is a top assembled view of the portion of
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the device shown in Figure 10.

Figure 12 is a side section view taken along lines
12-12 of Figure 11, illustrating an outer ring actua-
tion according to some embodiments of the present
invention.

Figure 13 is a top assembled view of the portion of
the device shown in Figure 10.

Figure 14 is a side section view taken along lines
14-14 of Figure 13, illustrating aninner ring actuation
according to embodiments of the present invention.
Figure 15A is a top view of a dose container ring
according to some embodiments of the present in-
vention.

Figure 15B is a partial enlarged fragmentary view
of the ring shown in Figure 15A.

Figure 16 is a side view of the ring shown in Figure
15A.

Figure 17A is a greatly enlarged partial cutaway
view of an inhaler with discrete airway channels for
each dose container and along airway path accord-
ing to some embodiments of the present invention.
Figures 17B-17D are greatly enlarged partial cuta-
way side perspective views of an inhaler with a bi-
asing mechanism according to embodiments of the
present invention.

Figure 17E is a greatly enlarged cutaway view of an
airflow path in an inhaler and secure airpath joint
provided by a biasing mechanism such as that
shown, for example, in Figures 17B-17D or 17F and
17G according to Embodiments of the present in-
vention.

Figure 17F is a perspective partial cutaway view of
an inhaler with an alternate biasing mechanism
(shown inverted from normal orientation) according
to embodiments of the present invention.

Figure 17G is an additional perspective view of the
biasing mechanism shown in Figure 17F.

Figure 18A is a greatly enlarged partial cutaway
view of an inhaler with discrete airway channels and
a short airway path according to some embodiments
of the present invention.

Figure 18B is a greatly enlarged partial cutaway
view of the inhaler shown in Figure 18A illustrating
an indexing mechanism according to some embod-
iments of the present invention.

Figure 18C is a greatly enlarged partial cutaway
view of an inhaler with discrete airway charnels and
a short airway path according to some embodiments
of the present invention.

Figure 18D is a greatly enlarged partial cutaway
view of the inhaler shown in Figure 18C illustrating
an indexing mechanism according to some embod-
iments of the present invention.

Figure 18E is an exploded side perspective view of
components of the indexing mechanism shown in
Figures 18C and 18D.

Figure 18F is an enlarged side perspective view of
some assembled components of the inhaler devices
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shown in Figure 18E.

Figure 19A is an enlarged partial section view of an
alternate piercing mechanism for the dose contain-
ers according to some embodiments of the present
invention.

Figure 19B is an enlarged partial section view of a
piercing mechanism similar to that shown in Figure
19A according to some embodiments of the present
invention.

Figure 19C is a partial front schematic view of a
piercing mechanism with a fluted piercer according
to some embodiments of the present invention.
Figure 19D is an end view of the device shown in
Figure 19C.

Figure 19E is a partial front schematic view of an-
other fluted piercer configuration according to some
embodiments of the present invention.

Figure 19F is an end view of an exemplary four lobe
fluted piercer according to some embodiments of the
present invention.

Figure 19G is a partial cutaway schematic illustra-
tion of an inhaler with a piercing configuration ac-
cording to some embodiments of the present inven-
tion.

Figure 20 is an enlarged partial section view of an
inhaler.having generally "U" shaped inhalation flow
paths according to embodiments of the present in-
vention.

Figure 21 is a flow chair of exemplary operations
that can be used to operate an inhaler according to
some embodiments of the present invention.
Figure 22 is a flow chart of operations that can be
used to fabricate or assemble a dose container as-
sembly according to some embodiments of the
present invention.

Description of Embodiments of the Invention

[0021] The present invention will now be described
more fully hereinafter with reference to the accompany-
ing figures, in which embodiments of the invention are
shown. This invention may, however, be embodied in
many different forms and should not be construed as
limited to the embodiments setforth herein. Like numbers
refer to like elements throughout. In the figures, certain
layers, components for features may be exaggerated for
clarity, and broken lines illustrate optional features or op-
erations unless specified otherwise. In addition, the se-
quence of operations (or steps) is not limited to the order
presented in the figures and/or claims unless specifically
indicated otherwise. In the drawings, the thickness of
lines, layers, features, components and/or regions may
be exaggerated for clarity and broken lines illustrate op-
tional features or operations, unless specified otherwise.
Features described with respect to one figure or embod-
iment can be associated with another embodiment of fig-
ure although not specifically described or shown as such.
[0022] It will be understood that when a feature, such
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as a layer, region or substrate, is referred to as being
"on" another feature or element, it can be directly on the
other feature or element or intervening features and/or
elements may also be present. In contrast, when an el-
ementis referred to as being "directly on" another feature
or element, there are no intervening elements present.
It will also be understood that, when a feature or element
is referred to as being "connected", "attached" or "cou-
pled" to another feature or element, it can be directly
connected, attached or coupled to the other element or
intervening elements may be present. In contrast, when
a feature or element is referred to as being "directly.con-
nected", "directly attached" or "directly coupled" to an-
other element, there are no intervening elements
present. Although described or shown with respect to
one embodiment, the features so, described or shown
can apply to other embodiments.

[0023] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the invention. As used herein, the
singular forms "a", "an" and "the" are intended to include
the plural forms as well, unless the context clearly indi-
cates otherwise. If will be further understood that the
terms "comprises" and/or "comprising," when used in this
specification, specify the presence of stated features,
steps, operations, elements, and/or components, but do
not preclude the presence or addition of one or more
other features, steps, operations, elements, compo-
nents, and/or groups thereof. As used herein, the term
"and/or" includes any and all combinations of one or more
of the associated listed items.

[0024] Spatially relative terms, such as "under", "be-
low", "lower", "oyer", "upper" and the like, may be used
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass dif-
ferent orientations of the device in use or operation in
addition to the orientation depicted in the figures. For
example, if a device in the figures is inverted, elements
described as "under" or "beneath" other elements or fea-
tures would then be oriented "over" the other elements
or features. Thus, the exemplary term "under" can en-
compass both an orientation of over and under. The de-
vice may be otherwise oriented (rotated 90 degrees or
at other orientations) and the spatially relative descriptors
used herein interpreted accordingly. Similarly, the terms
"upwardly", "downwardly", "vertical", "horizontal" and the
like are used herein for the purpose of explanation only
unless specifically indicated otherwise.

[0025] It will be understood that although the terms
"first" and "second" are used herein to describe various
components, regions, layers and/or sections, these re-
gions, layers and/or sections should not be limited by
these terms. These terms are only used to distinguish
one component region, layer or section from another
component, region, layer or section. Thus, a first com-
ponent, region, layer or section discussed below could
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be termed a second component, region, layer or section,
and vice versa, without departing from the teachings of
the presentinvention. Like numbers refer to like elements
throughout.

[0026] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which this invention belongs. It will be
further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as
having a meaning that is consistent with their meaning
in the context of the specification and relevant art and
should not be interpreted in an idealized or overly format
sense unless expressly so defined-herein. Well-known
functions or constructions may not be described in detail
for brevity and/or clarity.

[0027] In the description of the present invention that
follows, certain terms are employed to refer to the posi-
tional relationship of certain structures relative to other
structures. As used herein, the term "front" or "forward"
and derivatives thereof refer to the general or primary
direction that the dry powder travels to be dispensed to
a patient from a dry powder inhaler; this term is intended
to be synonymous with the term "downstream," which is
often used in manufacturing or material flow environ-
ments to indicate that certain material traveling or being
acted upon is farther along in that process than other
material. Conversely, the terms "rearward" and "up-
stream" and derivatives thereof refer to the direction op-
posite, respectively, the forward or downstream direc-
tion.

[0028] The term "deagglomeration" and its derivatives
refer to flowing or processing dry powder in the inhaler
airflow path to inhibit the dry powder from remaining or
becoming agglomerated or cohesive during inspiration.
[0029] The inhalers and methods of the presentinven-
tion may be particularly suitable for holding a partial or
bolus dose or doses of one or more types of particulate
dry powder substances that are formulated for in vivo
inhalant dispersion (using an inhaler) to subjects, includ-
ing, but not limited to, animal and, typically, human sub-
jects. The inhalers can be used for nasal and/or oral
(mouth) respiratory inhalation delivery, but are typically
oral inhalers.

[0030] The terms "sealant", "sealant layer" and/or
"sealant material" includes configurations that have at
least one layer of at least one material and can be pro-
vided as a continuous layer that covers the entire upper
surface and/or lower surface or may be provided as strips
or pieces to cover portions of the device, e.g., to reside
over at least a target one or more of the dose container
apertures. Thus, terms "sealant" and "sealant layer" in-
cludes single and multiple layer materials, typically com-
prising at least one foil layer. The sealant or sealant layer
can be a thin multi-layer laminated sealant material with
elastomeric and foil materials. The sealant layer can be
selected to provide drug stability as they may contact the
dry powder in the respective dose containers.
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[0031] The sealed dose containers can be configured
to inhibit oxygen and moisture penetration to provide a
sufficient shelf life.

[0032] The term "primary surface" refers to a surface
that has a greater area than another surface and the pri-
mary surface can be substantially planar or may be oth-
erwise configured. For example, a primary surface can
include protrusions or recessions, such as where some
blister configurations are used. Thus, a disk can have
upper and lower primary surfaces and a minor surface
(e.g., a wall with a thickness) that extends between and
connects the two.

[0033] The dry powder substance may include one or
more active pharmaceutical constituents as well as bio-
compatible additives that form the desired formulation or
blend. As used herein, the term "dry powder" is used
interchangeable with "dry powder formulation" and
means that the dry powder can comprise one or a plurality
of constituents, agents or ingredients with one or a plu-
rality of (average) particulate size ranges. The term "low-
density" dry powder means dry powders having a density
of about 0.8 g/cm3 or less. In particular embodiments,
the low-density powder may have a density of about 0.5
g/cm3 or less. The dry powder may be a dry powder with
cohesive or agglomeration tendencies.

[0034] The term "filling" means providing a bolus or
sub-bolus metered amount of dry powder. Thus, the re-
spective dose container is not required to be volumetri-
cally full.

[0035] In any event, individual dispensable quantities
of dry powder formulations can comprise a single ingre-
dient or a plurality of ingredients, whether active or inac-
tive. The inactive ingredients can include additives added
to enhance flowability or to facilitate aerosolization deliv-
ery to the desired target. The dry powder drug formula-
tions can include active particulate sizes that vary. The
device may be particularly suitable for dry powder formu-
lations having particulates which are in the range of be-
tween about 0.5-50um, typically in the range of between
about 0.5um - 20.0um, and more typically in the range
of between about 0.5um -8.0nm. The dry powder formu-
lation can also include flow-enhancing ingredients, which
typically have particulate sizes that may be larger than
the active ingredient particulate sizes. In certain embod-
iments, the flow-enhancing ingredients can include, ex-
cipients having particulate sizes on the order of about
50-100 pwm. Examples of excipients include lactose and
trehalose. Other types of excipients can also be em-
ployed, such as, but not limited to, sugars which are ap-
proved by the United States Food and Drug Administra-
tion ("FDA") as cryoprotectants (e.g., mannitol) or as sol-
ubility enhancers (e.g., cyclodextrine) or other generally
recognized as safe ("GRAS") excipients.

[0036] "Active agent" or "active ingredient" as de-
scribed herein includes an ingredient, agent, drug, com-
pound, or composition of matter or mixture, which pro-
vides some pharmacologic, often beneficial, effect. This
includes foods, food supplements, nutrients, drugs, vac-
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cines, vitamins, and other beneficial agents. As used
herein, the terms further include any physiologically or
pharmacologically active substance that produces a lo-
calized and/or systemic effect in a patient.

[0037] The active ingredient or agent that can be de-
liveredincludes antibiotics, antiviral agents, anepileptics,
analgesics, anti-inflammatory agents and bronchodila-
tors, and may be inorganic and/or organic compounds,
including, without limitation, drugs which act on the pe-
ripheral nerves, adrenergic receptors, cholinergic recep-
tors, the skeletal muscles, the cardiovascular system,
smooth muscles, the blood circulatory system, synoptic
sites, neuroeffector junctional sites, endocrine and hor-
mone systems, the immunological system, the reproduc-
tive system, the skeletal system, autacoid systems, the
alimentary and excretory systems, the histamine system,
and the central nervous system. Suitable agents may be
selected from, for example and without limitation,
polysaccharides, steroids, hypnotics and sedatives, psy-
chic energizers, tranquilizers, anticonvulsants, muscle
relaxants, anti-Parkinson agents, analgesics, anti-in-
flammatories, muscle contractants, antimicrobials, anti-
malarials, hormonal agents including contraceptives,
sympathomimetics, polypeptides and/or proteins (capa-
ble of eliciting physiological effects), diuretics, lipid reg-
ulating agents, antiandrogenic agents, antiparasitics, ne-
oplastics, antineoplastics, hypoglycemics, nutritional
agents and supplements, growth supplements, fats, an-
tienteritis agents, electrolytes, vaccines and diagnostic
agents.

[0038] The active agents may be naturally occurring
molecules or they may be recombinantly produced, or
they may be analogs of the naturally occurring or recom-
binantly produced active agents with one or more amino
acids added or deleted. Further, the active agent may
comprise live attenuated or killed viruses suitable for use
as vaccines. Where the active agent is insulin, the term
"insulin" includes natural extracted human insulin, re-
combinantly produced human insulin, insulin extracted
from bovine and/or porcine and/or other sources, recom-
binantly produced porcine, bovine or other suitable do-
nor/extraction insulin and mixtures of any of the above.
The insulin may be neat (that is, in its substantially puri-
fied form), but may also include excipients as commer-
cially formulated. Also included in the term "insulin" are
insulin analogs where one or more of the amino acids of
the naturally occurring or recombinantly produced insulin
has been deleted or added.

[0039] Itis to be understood that more than one active
ingredient or agent may be incorporated into the aero-
solized active agent formulation and that the use of the
term "agent" or "ingredient" in no way excludes the use
of two or more such agents. Indeed, some embodiments
of the present invention contemplate administering com-
bination drugs that may be mixed in situ.

[0040] Examples of diseases, conditions or disorders
that may be treated according to embodiments of the
invention include, but are not limited to, asthma, COPD
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(chronic obstructive pulmonary disease), viral or bacte-
rialinfections, influenza, allergies, cystic fibrosis, and oth-
er respiratory ailments as well as diabetes and other in-
sulin resistance disorders. The dry powder inhalation
may be used to deliver locally-acting agents such as an-
timicrobials, protease inhibitors, and nucleic acids/oligio-
nucleotides as well as systemic agents such as peptides
like leuprolide and proteins such as insulin. For example,
inhaler-based delivery of antimicrobial agents such as
antitubercular compounds, proteins such as insulin for
diabetes therapy or other insulin-resistance related dis-
orders, peptides such as leuprolide acetate for treatment
of prostate cancer and/or endometriosis and nucleic ac-
ids or ogligonucleotides for cystic fibrosis gene therapy
may be performed: See e.g. Wolff et al., Generation of
Aerosolized Drugs, J. Aerosol. Med. pp. 89-106 (1994).
See also U.S. Patent Application Publication No.
20010063761, entitled Method for Administering
ASPB28-Human-Insulin and U.S. Patent Application
Publication No. 20010007853, entitled Method for Ad-
ministering Monomeric Insulin Analogs.

[0041] Typical dose amounts of the unitized dry pow-
der mixture dispersed in the inhalers may vary depending
on the patient size, the systemic target, and the particular
drug(s). The dose.amounts and type of drug held by a
dose container system may vary per dose container-or
may be the same. In some embodiments, the dry powder
dose amounts can be about 100 mg or less, typically less
than 50 mg, and more typically between about 0.1 mg to
about 30 mg.

[0042] In some embodiments, such as for pulmonary
conditions (i.e., asthma or COPD), the dry powder can
be provided as about 5 mg total weight (the dose amount
may be blended to provide this weight). A conventional
exemplary dry powder dose amount for an average adult
is less than about 50 mg, typically between about 10-30
mg and for an average adolescent pediatric subject is
typically from about 5-10 mg. A typical dose concentra-
tion may be between about 1-5%. Exemplary dry powder
drugs include, but are not limited to, albuterol, flutica-
sone, beclamethasone, cromolyn, terbutaline, fenoterol,
B-agonists (including long-acting B-agonists), salmeterol,
formoterol, cortico-steroids and glucocorticoids.

[0043] Incertain embodiments, the administered bolus
or dose can be formulated with an increase in concen-
tration (an increased percentage of active constituents)
over conventional blends. Further, the dry powder for-
mulations may be configured as a smaller administrable
dose compared to the conventional 10-25 mg doses. For
example, each administrable dry powder dose may be
on the order of less than about 60-70% of that of con-
ventional doses. In certain particular embodiments, using
the dispersal systems provided by certain embodiments
ofthe DPI configurations of the instantinvention, the adult
dose may be reduced to under about 15 mg, such as
between about 10ug-10mg, and more typically between
about 50.g-10mg. The active constituent(s) concentra-
tion may be between about 5-10%. In other embodi-
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ments, active constituent concentrations can be in the
range of between about 10-20%, 20-25%, or even larger.
In particular embodiments, such as for nasal inhalation,
target dose amounts may be between about 12-100.g.
[0044] In certain particular embodiments, during inha-
lation, the dry powder in a particular drug compartment
or blister may be formulated in high concentrations of an
active pharmaceutical constituent(s) substantially with-
out additives (such as excipients). As used herein, "sub-
stantially without additives" means that the dry powder
is in a substantially pure active formulation with only min-
imal amounts of other non-biopharmacological active in-
gredients. The term "minimal amounts" means that the
non-active ingredients may be present, but are present
in greatly reduced amounts, relative to the active ingre-
dient(s), such that they comprise less than about 10%,
and preferably less than about 5%, of the dispensed dry
powder formulation, and, in certain embodiments, the
non-active ingredients are presentin only trace amounts.
[0045] In some embodiments, the unit dose amount of
dry powder held in a respective drug compartment or
dose container is less than about 10 mg, typically about
5 mg of blended drug and lactose or other additive (e.g.,
5 mg LAC), for treating pulmonary conditions such as
asthma. Insulin may be provided in quantities of about 4
mg or less, typically about 3.6 mg of pure insulin. The
dry powder may be inserted into a dose container/drug
compartment in a "compressed" or partially compressed
manner or may be provided as free flowing particulates.
[0046] Some embodiments of the invention are direct-
ed to inhalers that can deliver multiple different drugs for
combination delivery. Thus, for example, in some em-
bodiments, some or all of the dose containers may in-
clude two different drugs or different dose containers may
contain different drugs configured for dispensing sub-
stantially concurrently.

[0047] The inhalers can be configured to provide any
suitable number of doses, typically between about 30 -
120 doses, and more typically between about 30-60 dos-
es. The inhalers can deliver one drug or a combination
of drugs. In some embodiments, the inhalers can provide
between about 30-60 doses of two different drugs (in the
same or different unit amounts), for a total of between
about 60-120 individual unit doses, respectively. The in-
haler can provide between a 30 day to a 60 day (or even
greater) supply of medicine. In some embodiments, the
inhalers can be configured to hold about 60 doses of the
same drug or drug combination, in the same or different
unit amounts, which can be a 30 day supply (for a twice
per day dosing) or a 60 day supply for single daily treat-
ments.

[0048] Certain embodiments may be particularly suit-
able for dispensing medication to respiratory patients,
diabetic patients, cystic fibrosis patients, or for treating
pain. The inhalers may also be used to dispense narcot-
ics, hormones and/or infertility treatments.

[0049] The dose container assembly and inhaler may
be particularly suitable for dispensing medicament for
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the treatment of respiratory disorders. Appropriate med-
icaments may be selected from, for example, analgesic,
e.g., codeine, dihydromorphine, ergotamine, fentanyl or
morphine; anginal preparations, e.g., diltiazem; antialler-
gics, e.g., cromoglycate, ketotifen or nedocromil; antiin-
fectives e.g., cephalosporins, penicillins, streptomycin,
sulphonamides, tetracyclines and pentamidine; antihis-
tamines, e.g., methapyrilene; anti-inflammatories, e.g.,
beclomethasone dipropionate, fluticasone propionate,
flunisolide, budesonide; rofleponide, mometasone furo-
ate or triamcinolone acetonide; antitussives, e.g.,
noscapine; bronchodilators, e.g., albuterol, salmeterol,
ephedrine, adrenaline, fenoterol, formoterol, isoprena-
line, metaproterenol, phenylephrine, phenylpropa-
nolamine, pirbuterol, reproterol, rimiterol, terbutaline, iso-
etharine, tulobuterol, or (-)-4-amino-3, 5-dichloro-
o-[[6-[2-(2-pyridinyl) ethoxy] hexyl] methyl] benzen-
emethanol; diuretics, e.g., amiloride; anticholinergics,
e.g., ipratropium, tiotropium, atropine or oxitropium; hor-
mones, e.g., cortisone, hydrocortisone or prednisolone;
xanthines, e.g., aminophylline, choline theophyllinate;
lysine theophyllinate or theophylline; therapeutic proteins
and peptides, e.g., insulin or glucagon. It will be clear to
a person of skill in the art that, where appropriate, the
medicaments may be used in the form of salts, (e.g., as
alkali metal or amine salts or as acid addition salts) or as
esters (e.g., lower alkyl esters) of as solvates (e.g., hy-
drates) to optimize the activity and/or stability of the med-
icament.

[0050] Some particular embodiments of the dose con-
tainer assembly and/or inhaler include medicaments
that.are selected from the group consisting of: albuterol,
salmeterol, fluticasone propionate and beclometasone
dipropionate and salts or solvates thereof, e.g., the sul-
phate of albuterol and the xinafoate of salmeterol. Med-
icaments can also be delivered in combinations. Exam-
ples of particular formulations containing combinations
of active ingredients include those that contain salbuta-
mol (e.g., as the free base or the sulphate salt) or salm-
eterol (e.g., as the xinafoate salt) in combination with an
anti-inflammatory steroid such as a beclomethasone es-
ter (e.g., the dipropionate) or a fluticasone ester (e.g.,
the propionate).

[0051] Turning now to the figures, Figures 1A and 1B
illustrate an example of a multi-dose inhaler 10 with a
cover 11 and inhalation port 10p. The cover 11 may ex-
tend over a top surface of the inhaler to extend down
over an inhalation port 10p of the mouthpiece 10m, then
extend rearward away from the mouthpiece 10m over a
bottom surface of the inhaler. However, this inhaler con-
figuration is shown merely for completeness and embod-
iments of the invention are not limited to this inhaler con-
figuration as other form factors, covers and inhalation
port configurations may be used.

[0052] Figure 2A illustrates a dose container assem-
bly 20 with a dose ring or disk 30 having a plurality of
dose containers 30c. As shown in Figures 2B and 2E,
in some embodiments, the dose ring or disk 30 can in-
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clude a plurality of circumferentially spaced apart through
apertures 30a that form a portion of the dose containers
30c. As shown in Figure 2E, the dose containers 30c
can be defined by dose container apertures 30a and up-
per and lower sealants 36, 37.

[0053] As shown, the dose container assembly 20 in-
cludes a lower airway disk 40 and an upper airway disk
50. In other embodiments, the dose container assembly
20 can include the dose container disk 30 and only one
of the lower airway disk 40 or the upper airway disk 50.
In such a configuration, another type of airway can be
used for the other side of the disk 30, such as, but not
limited to, a fixed or "global" upper or lower airway can
be used with the individual airways provided by either an
upper or lower airway disk 50, 40. Also, itis contemplated
that the upper and lower airway disks 50, 40 described
herein can be reversed for normal operation (or inadvert-
ently for atypical operation) so that the lower airway disk
is the upper airway disk and the upper airway disk is the
lower airway disk.

[0054] As shownin Figures 2A and 2B, the lower and
upper airway disks 40, 50, respectively, include a plurality
of circumferentially spaced apart airway channels 41, 51,
respectively. Typically, the disks 40, 50 include one chan-
nel 41, 51 for one dose container 30c. However, in other
embodiments, as shown, for example, in Figure 2C, a
respective airway channel 51, 41 from one or both of the
disks 50’, 40’ can be in communication with two or more
different dose containers 30c. This configuration will al-
low for (simultaneous) combination delivery of two or
more different dry powders from two or more dose con-
tainers 30c in communication with the associated one
airway channel 51 or 41 and/or a respective airway chan-
nel pair. Thus, while embodiments of the invention are
illustrated as releasing only a dose from a single dose
container 30c during one delivery, other embodiments
allow the inhalers to dispense a combination drug so that
two or more dose containers 30c may use a respective
airway channel 41, 51 for delivery.

[0055] Itisalsonoted thatthe disk 30 can have a single
dose container 30c circumferentially spaced apart be-
tween aligned dual containers 30c,, 30c,. However, itis
contemplated that in some embodiments, the dose disk
30 can be configured so that the dose disk 30 has radially
spaced apart dual (or more) containers 30c4, 30c, with
a corresponding airway channel 41/51 (typically a chan-
nel pair) and does notrequire either the shorter channels
41, 51 or a single dose container 30c. The dose contain-
ers can be arranged in concentric rows of aligned pairs
(or more) of dose containers. In some embodiments, the
combination delivery configuration can employ dose con-
tainers 30c4, 30c, which can be configured to reside un-
der or over a respective airway channel 41/51, but the
airway channel 41/51 can angularly extend from a dose
container proximate the inner perimeter to a staggered
dose container proximate the outer perimeter of the disk
as shown in Figure 2G. However, the airway channel(s)
can extend over or under two or more dose channels with
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non-staggered centerlines.

[0056] In other embodiments, as shown in Figure 2F,
two or more dose disks 30 can be stacked and reside
either sandwiched between the airway channel disks 40,
50 or can be used with a single airway disk 40/50 and
the piercer can be configured to open two or more
stacked dose disk containers torelease the medicaments
from two or more stacked dose containers and allow in-
halation using one or both channels 41, 51.

[0057] In other embodiments, the different dose con-
tainers in communication with the respective airway
channel 51, 41 can allow one dose container 30c4 to
release dry powder to the airway channel 41 and/or 51,
then be used again later for another dose container 30c,.
Thus, embodiments of the invention allow for some or all
airway channels 41, 51 to be used once or twice (although
other configurations may allow for greater number of us-
es).

[0058] Insome embodiments, the airway channels 41,
51 can define airways that are not able to release dry
powder residing in a respective airway channel to a user
once the inhaler is indexed again to another position so
that the outer ring of dose containers are aligned with
airway disks. The channels can be configured to have
"sink traps" to inhibit spillage according to some embod-
iments of the present invention to provide overdose pro-
tection (unless the dual use configuration is used where-
by only a single other dose may be released using that
airway channel(s) as noted above).

[0059] Where two airway disks are used, e.g., both the
lower and upper disks 40, 50, the inhaler device 10 can
be configured to operate even when inverted and have
the same overdose protection feature. Spillage of dry
powder from the inhaler 10 as the dose container 30c is
opened can be influenced by gravity. For example, for a
conventional obround or elliptical mouthpiece shape,
there are two primary device orientations (right-side-up
and upside-down), embodiments of the invention allow
for operation of the inhaler device in both orientations. In
the embodiment shown, for example, in Figure 2A, this
can be accomplished by having an individual airway sec-
tion for a respective dose container 30c (or dose con-
tainers where combination drug delivery is desired) both
above and below the target corresponding dose contain-
er(s) 30c.

[0060] Figures 2A, 2D and 3A illustrate that the dose
container disk 30 can include 60 dose containers 30c
while Figure 3B illustrates that the dose container disk
30 can include 30 dose containers 30c. Greater or lesser
numbers of dose containers may be used.

[0061] Figure 2E illustrates that sealant layers 36, 37
may be configured as annular flat rings as shown can be
used to seal the top and bottom surfaces of the dose disk
30. The sealant layers 36, 37 can have the same or dif-
ferent material(s) and may include foil, polymer(s) and/or
elastomer(s), or other suitable material or combinations
of materials, including laminates. Typically, the sealant
layers 36, 37 are thin flexible sealant layers comprising
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foil.

[0062] The sealantlayers 36, 37 (where used) may be
provided as a substantially continuous ring as shown in
Figure 2E or may be attached to the dose container disk
30 as individual strips or spots of sealant that can be
placed over and under the apertures 30a. In other em-
bodiments, sealant layers may be provided on only one
primary surface of the dose disk 30, and the apertures
30a may be closed on one side rather than have through
apertures (not shown). In yet other embodiments, the
dose disk 30 can have a blister configuration 130 (Figure
17A).

[0063] Figures 2A, 2D, 3A and 3B also illustrate that
the dose container disk 30 can include at least one in-
dexing notch 34, shown as a plurality of circumferentially
spaced apart indexing notches 34. A mating component
onone of the other disks 40, 50 can be used to help orient
the disks 30, 40, 50 relative to each other. For example,
one of the airway disks 40, 50, typically the lower disk
40, may include an inner wall with an outwardly radially
extending tab 45 (Figures 4A, 6) that aligns with and
engages one of those notches 34 to position the channels
41, 51 in alignment with the dose containers 30c. Other
alignment means may be used, including, for example,
the reverse of the notch and tab configuration described
(e.g., one or both airway disks 40, 50 can have a notch
and the dose container disk 30 can include a tab or other
component).

[0064] As shown in Figures 2B, 2D, 3A and 3B, the
dose containers 30c may be arranged so that they are
circumferentially spaced apart in one or more rows. As
shown in Figure 3A, the dose containers 30c are ar-
ranged in staggered concentric rows, a frontrow 31 ata
first radius from a center of the disk and a back row 32
at a second different radius. The dose containers 30c
can be arranged so that centerlines of the dose contain-
ers 30c of the back row are circumferentially offset from
the centerlines of the dose containers 30c in the front
row by a distance. As shown in Figure 3A dose contain-
ers 30c on each respective row are spaced apart a dis-
tance "D" and the offset of the centerlines of those on
the back row to those on the front row is "D/2". The dose
container disk 30 can be a molded polymer, copolymer
orblends and derivatives thereof, or may comprise metal,
or combinations thereof, or other materials that are ca-
pable of providing sufficient moisture resistance.

[0065] The dose container disk 30 can have an outer
diameter of between about 50-100 mm, typically about
65 mm and a thickness of between about 2-5 mm, typi-
cally about 3 mm. The disk 30 can comprise a cyclic olefin
(COC) copolymer. The apertures 30a can have a diam-
eter of between about 2-5 mm, typically about 3 mm and
the sidewalls 30w of the dose containers 30c may have
an angle or draft of about 1-3 degrees per side, typically
about 1.5 degrees, as shown in Figure 3D, to facilitate
removal from a mold (where a molding process is used
to form the disk 30). The dose container 30 is configured
to be able to protect the powder from moisture ingress,
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while providing a desired number of doses in a compact
overall inhaler size. The individual dose container aper-
tures 30a are spaced apart from each other to allow suf-
ficient seal area and material thickness for moisture pro-
tection of the powder.

[0066] Similar to the embodiment shown in Figure 2E,
Figure 3C illustrates that the dose containers 30c may
be defined by apertures 30a sealed by sealant layers 36,
37 over and under the apertures 30a. As discussed
above, the sealant layers 36, 37 can include foil, a poly-
mer and/or elastomer, or other suitable materials or com-
binations of materials, including laminates. In a dry pow-
der medicament inhaler 10, the drug powder is stored in
a closed, moisture-resistant space provided by the dose
container 30c.

[0067] Embodiments of the invention provide a dose
container assembly 20 that can provide a suitable seal
and facilitate attachment of the airway disks 40, 50 to
hold the dose ring or disk 30 therebetween. As shown in
Figures 2D, 2E, in some embodiments, the dose con-
tainer disk 30 contains sealants 36, 37 which may be a
continuous layer over the upper and lower (primary) sur-
faces of the dose disk 30 and the upper and lower airway
disks 50, 40 can contact the respective sealant and abut
the dose disk 20 to allow for a tight fit. The exemplary
attachment features shown in Figures 2A, 2E and 6 can
reduce air leakage by allowing a close fit of the airway
disks 40, 50 to the dose ring 30. The disks 40, 50 can
sandwich the dose ring 30 and the dose ring can act as
the "stop" to set the depth of engagement of the assembly
features on the airway disks 40, 50. Embodiments of the
invention provide a feature to index and/or orient the air-
way disks 40, 50 relative to the dose ring 30 as discussed
above. In addition or alternatively, as shown in Figures
2E and 4A, in some embodiments, relatively simple fric-
tional engagement members, such as, but not limited to,
"crush ribs" 47r, on one or both of the airway disks 40,
50 may be used to secure their attachment to each other
as will be discussed further below.

[0068] Figure 4A illustrates an example of a lower air-
way disk 40. As shown, the disk 40 defines a plurality of
circumferentially spaced apart channels 41. For the stag-
gered concentric dose container configuration, the disk
40 can include alternating long and short airway channels
42, 43, respectively. Each channel 41 includes opposing
end portions 41a, 41b, one (substantially or entirely)
closed end portion 41a typically positioned adjacent the
dose container 30c and one open end portion 41b. The
open end portion end portion 41b can merge into and/or
is positioned adjacent the exit port 10p and/or mouth-
piece 10m (Figures 7A-7C) and/or a make-up air port
or channel. The intake and flow can be in either direction
and the open end 41b can be configured to face either
the inner or outer perimeter of the disk 40 (e.g., be either
positioned radially innermost or radially outermost on the
disk 40). The channels 41 include upwardly extending
sidewalls 41w with adjacent pairs of the long and short
channels sharing one of the sidewalls 41w. Optionally,
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as shown by feature 48 in Figure 4A aligned with some
charnels, all or some of the channels 41 can include a
small bleed hole 48 that allows air to enter but is sized
to inhibit dry powder from exiting therefrom (the bleed
holes 48 are shown only with a few of the channels 41
for ease of illustration).

[0069] Figures 4A and 4B also illustrate that the disk
40 can include circumferentially spaced apart upwardly
extending walls or tabs 47. One of which can include the
radially (outwardly) extending tab 45 discussed above.
The disk 40 can also or alternatively optionally include
circumferentially extending recesses which align with
tabs on the upper airway disk 50 to sandwich the dose
disk 30 therebetween. The tabs 47 can optionally include
crush ribs 47r that matably engage with tabs 57 on the
upper airway disk 50 to hold the three piece dose disk
assembly 20 together with sufficient force without requir-
ing and additional attachment means.

[0070] Figures 4C, 18D and 20 illustrate that the disk
40 can also include dose indicia 44 so that a user can
visually note what dose is being dispensed or a number
of doses left in the inhaler. The dose indicia 44 can align
with a dose reading aperture in the inhaler housing so
that a user can visually assess the dose indicia/informa-
tion that is visible to a user when a respective dose is
indexed or is next to be indexed, to the dispensing posi-
tion. Dose indicia 44 may also or alternatively be placed
on the upper disk 50 and aligned with a dose reading
aperture (Figure 20), or on both upper and lower airway
disks 50, 40, respectively. Figure 18D illustrates that in-
dicia 44 may be placed along the outer perimeter edge
of the lower surface of the lower disk 40, and numbered
sequentially 1-60. In some embodiments, as shown in
Figure 20, the indicia 44 numbering can serially progress
to alternate between rows of the dose containers 30
where the dose containers are opened in sequence in
alternate rows, e.g., number 1 on the outer row, number
2 on the inner row, number 3 on the outer row (or vice
versa) and so on. However, other dose numbering pat-
terns may be used, depending on the opening sequence
(and the number of doses on the disk). That is, this num-
bering may be appropriate where the inhaler is config-
ured to open a dose container in one row, then open an
adjacent dose container in the other row (e.g., inner to
outer ring or outer to inner ring of dose containers), and
repeating this sequence serially, where two rows of dose
containers are used. However, other embodiments may
open all the inner dose containers or all the outer dose
containers, then open the dose containers in the other
row or use a different alternating pattern of opening the
dose containers on the inner and outer rows, and the
dose numbering indicia on the disk 40 and/or 50 can be
presented accordingly.

[0071] Figure 5A illustrates an example of an upper
airway disk 50. In this embodiment, the upper airway disk
50 is shown inverted from its normal use position (and
inverted relative to the orientation shown in Figure 2A).
As shown, the disk 50 defines a plurality of circumferen-
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tially spaced apart channels 51. For the staggered con-
centric dose container configuration, the disk 50 can in-
clude alternating long and short airway channels 52, 53,
respectively. Each channel 51 includes opposing end
portions 51a, 51b, the closed or substantially closed por-
tion 51a is typically positioned adjacent the dose contain-
er 30c. The intake and flow can be in either direction and
the open end 51b can be configured to face either the
inner or outer perimeter of the disk 50 (e.g., be either
positioned radially innermost or radially outermost). The
other (open) end portion 51b merges into and/or is posi-
tioned adjacent the exit flow path port 10p and/or mouth-
piece 10m and/or make-up air port or channel. The chan-
nels 51 include downwardly expending sidewalls 51w
with adjacent pairs of the long and short channels sharing
one of the sidewalls 51w. Optionally, as shown by the
broken line with respect to feature 48 in Figure 5A, one
or all of the channels 51 can include a small, (air) bleed
hole 48 (shown with only a few channels for ease of il-
lustration) that allows air to enter but is sized to inhibit
dry powder from exiting therefrom.

[0072] As also shown in Figure 5A, each channel 51
can include an aperture 55 that is configured to reside
over (aligned with) a respective dose container 30c with
the upper sealant layer 36 of the dose container 30c re-
siding under the aperture 55. The apertures 55 allow a
piercing (e.g., slicing or puncturing) mechanism to extend
through the aperture and open the sealant layers 36, 37
(Figure 3C). As shown in Figure 5A, the upper disk 50
can also include one or more of indexing ribs 58 and/or
inner perimeter gear teeth 59 or other features that can
index the disk within the inhaler to rotate the disk to pro-
vide the different dose container 30c to a dispensing po-
sition and/or position a piercing mechanism over the tar-
get dose container for dispensing to open the dose con-
tainer 30c. In other embodiments, one or both of these
rotating and positioning mechanisms (or different fea-
tures) can be provided on the lower disk or the dose disk
(not shown).

[0073] Figure5Billustrates thatthe disk 50 caninclude
three tabs 57 instead of four as shown in Figure 5A (the
lower airway disk 40 can also include three tabs instead
of four in this embodiment, see Figures 4B, 4C). One of
the tabs 57 can have a vertically extending orientation
rib 56, shown on an inner perimeter surface of the tab
57. The orientation rib 56 can be on the upper disk 50
and may be configured to cooperate with a piercing frame
associated with the piercing mechanism fixed in the in-
haler housing so that the orientation rib 56 aligns to the
frame to set a correct initial position according to dose
number (e.g., 1) and prevents indexing past the number
of doses in the disk assembly 20. Stated differently, the
orientation rib 56 cooperates with the inhaler housing or
components attached thereto to set an initial position of
the disk assembly 20 and may also be used to stop the
disk assembly from rotating around more than once (e.g.,
more than 360 degrees). In other embodiments, these
functions can be provided by alternate features or com-
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ponents such as the dose counter as described in co-
assigned, co-pending U.S. Application US20100078021.
[0074] The indexing of the disk assembly 20 in the in-
haler 10 can be about 6 degrees for every dose (about
6 degrees for each of 60 doses to arrive at a single rota-
tion of 360 degrees to dispense the 60 doses).

[0075] Figure 5B also illustrates that the apertures 55
can be configured with a geometry that corresponds to
the shape of the piercer 100. The apertures 55 can be
configured to closely surround the piercer 100 (Figure
20). The piercer 100 can be a fluted piercer. As shown,
the aperture 55 has three lobes 551 to snugly matably
receive a correspondingly shaped three lobe (fluted)
piercer 111 (Figures 19C/19D). The fluted piercer can
have other number of lobes, such as, for example four
circumferentially spaced apart lobes 111’ as shown in
Figure 19F and the aperture 55 can have a correspond-
ing four lobe shape. The lobes 551 can be in a different
orientation in the inner row versus the outer row, e.g.,
rotated 180 degrees (see also, Figure 20).

[0076] Figures 2A and 6 illustrate the dose container
assembly 20 integrally attached together. Figures 2B,
4A, and 5A illustrate the exemplary disk components,
30, 40, 50. The tabs 57 of the disk 50 fit into spaces 49
of the disk 40 and the tabs 47 of the disk 40 fitinto spaces
59 of the disk 50 with the crush ribs 47r (where used)
firmly abutting the outer edges of tabs 57 to frictionally
engage the components together with the dose disk 30
sandwiched therebetween with a flush fit via a relatively
easy "press-fit" assembly method. The dose container
disk 30 is aligned with the upper and lower airway disks
via the (radially outward extending) tab 45 that engages
one of the alignment notches 34 of the dose container
ring 30 as discussed above. However, other alignment
features or indicia may be used as well as other attach-
ment configurations.

[0077] The upperand lower airway disks 50, 40 (where
both are used) can be attached to the dose container
disk 30 or the upper and lower disks 50, 40 can be at-
tached together with the dose container disk 30 therebe-
tween so as to reduce any gaps in the airway path defined
thereby. The disk 30 can be a stop for attachment fea-
tures on the airway disks 40, 50. The disk 30 with the
sealants 36, 37 can have-substantially planar upper and
lower primary surfaces without requiring any attachment
features. The lower portion of the upper airway disk 50
and the upper portion of the lower airway disk 40 can
snugly reside directly against the sealant 36, 37 on the
respective opposing primary surfaces of the dose con-
tainer disk 30 and/or against the primary surfaces of the
dose disk 30 so that the attachment features/components
are only on the upper and/or lower disks 50,40 allowing
for a snug and sufficiently air-tight interface between the
disks 30, 40, 50 without gaps created by tolerances in
other build configurations. The press-fit attachment with-
out use of adhesives while providing for the substantially
air-tight interface can be advantageous and cost-effec-
tive. However, as noted above, other attachment config-
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urations may be used, including, for example, ultrasonic
welding, adhesive, laser weld, other friction fitand/or mat-
able configurations, the use of seals (O-rings, gaskets
and the like) between the connection regions of the walls
of the airway channels facing the dose container 30c and
the sealant layers 36, 37 over and/or under the dose con-
tainers 30c of the disk, including combinations thereof,
and the like.

[0078] As shown in Figures 7A-7C, in operation, pairs
of upper and lower aligned and radially extending chan-
nels 41, 51 can reside one over and one under a respec-
tive dose container 30c and are in fluid communication
via the opened dose container 30c and aperture 30a.
That is, as shown in Figure 7A, a piercing mechanism
100 advances to pierce the upper and lower sealant lay-
ers 36, 37, respectively (Figures 2E, 3C). The piercing
mechanism 100 can be configured to extend and remain
in the lower airway channel or may (partially or fully) re-
tract before the dispensing after opening the lower seal-
ant. Also, although shown as extending down to pierce
the sealant layers, the piercing mechanism 100 can be
configured to extend upward from the bottom. Either way,
in some embodiments, the piercing mechanism 100 can
be configured to occlude part of the aperture 30a and/or
aperture 55 in the upper (or lower disk).

[0079] AsshowninFigure 7B, the piercingmechanism
100 can then partially or fully retract, or stay extended in
the lower (or upper) airway channel, depending on the
configuration of the mechanism, but is typically config-
ured to plug and/or cooperate with a member that can
plug the aperture 55 of the upper disk 50 (or lower disk
40 if piercing from the bottom) or otherwise occlude this
passage 55 so that the piercing mechanism 100 and/or
cooperating member substantially blocks, occludes
(and/or seals) the aperture/opening 55 (Figures 2A, 5A).
In this way, if the inhaler is inserted, powder is prevented
from spilling out of the channel 51 because of the block-
age provided by the piercing mechanism 100. The airflow
path 10f may be any direction from above to below the
dose container 30c or vice versa. The airflow path 10f
that entrains the dry powder can extend from the inner
perimeter to the outer perimeter or vice versa. Figures
7B, 20 illustrate an exemplary aiflow path 10f direction
(shown by the arrow) to allow air to flow through in through
the open end of the bottom channel 41b on the outer
perimeter of the disk assembly 20 up through the aperture
30a and out the open end 51b of the top channel 51 of
the disk assembly 20 to the mouthpiece 10m. It is also
noted. that the exit orinlet open end portions of the chan-
nels 41b, 51b may both face the inner perimeter rather
than the outer perimeter of the disc assembly 20 as
shown in Figures 7A-7C (see, e.g., Figure 17A).
[0080] After dispensing, the piercing mechanism 100
is fully retracted as shown in Figure 7C and the dose
container assembly 20 can be rotated to a dispensing
position and/or the piercing mechanism 100 can be ac-
tivated to open a different dose container 30c. In opera-
tion, the dose container assembly 20 can be radially
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pushed outward to seal or provide a snug exit flow path
for the airway channel 41 and/or 51 against an exit flow-
path member 10fm, e.g., thatis or merges into the mouth-
piece 10m.

[0081] Figure 17A illustrates that a seal 129, such as
an O-ring may be used to provide a sufficiently air-tight
path between the airflow exit path 10/ (or short path 10s
and/or mouthpiece 10m) and the disk assembly 20. Other
disk to exit airpath seals or closure configurations may
be used, examples of which are discussed below:
[0082] In some embodiments, partial retraction of the
piercer 100 can inhibit or prevent powder from falling out
of the airway channel when the inhaler 10 is used in the
inverted position. As shown, forexample, in Figures 17A
and 17E, to facilitate this operation, clearance between
the piercer head 100h and the access aperture 55 in the
upper airway disk 50 can be small and/or snugly receive
the piercer head 100h. The piercer mechanism 100 can
also be configured to operate with a high level of posi-
tional accuracy so that the piercer 100 aligns with and is
able to cleanly enter the access aperture 55 of each dose
container 30c held by the disk 30 (on each row, typically
alternating between rows). In some embodiments, air
leakage at the joint 10j (Figures 17A, 17E) between the
fixed airway associated with the mouthpiece 10m and
the rotating disk subassembly 20 can be reduced or elim-
inated to allow for consistent dose delivery and that leak-
age, where present, is consistent dose to dose. As dis-
cussed with respectto Figure 17A, the use of acompliant
seal (129) may allow this functionality. Also, the disk 20
can be biased toward the mouthpiece 10m as discussed
above (e.g., pushed radially toward the joint 10j/mouth-
piece 10m).

[0083] Figures 17B-17E illustrate an embodiment of
the inhaler 10 that can bias the disk assembly 20 toward
the mouthpiece 10m using a lever assembly 80 that can
facilitate an accurate, repeatable position of the disk as-
sembly 20 for piercing, as well as control air leakage at
the mouthpiece joint 10j. With regard to air leakage, em-
bodiments of the inhaler provide a tight connection that
is temporally synchronized with the time of inhalation,
while at other times, e.g., during indexing of the disk as-
sembly 20, the inhaler can allow a looser fit which facil-
itates rotation of the disk assembly 20 in the inhaler 10.
In this embodiments, the mouthpiece 10m resides on the
outer perimeter of the disk assembly 20 with the exit ports
of the disk assembly 20 also residing on the outer perim-
eter of the disk assembly. In other embodiments, the exit
ports of the airway channels can be on the inner perimeter
of the disk or otherwise configured or located.

[0084] Asshown inFigure 17B, the lever assembly 80
includes a lever arm 81 that communicates with an upper
surface of the upper airway disk 50 and extends down a
distance to reside closely spaced to an outer perimeter
of the disk assembly 20. The lever assembly 80 also in-
cludes a finger 82 that resides above the disk assembly
20 and extends down toward the disk assembly 20. In
the embodiment shown, the lever assembly 80 also in-
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cludes a loading post 84 that resides proximate an outer
perimeter of the disk assembly 20. The lever arm 81 in-
cludes arecess 83 that is configured to receive the finger
82. As the finger 82 resides in the recess 83, the post 84
post pushes the disk 20 radially inward to causes a tight
joint10j atthe time of inhalation (Figure 17E). The recess
83 can have an open perimeter shape and the finger 82
can slidably enter and exit therefrom. The lever arm 81
can define a ramp (inclined in the direction toward the
recess 83) that slidably engages the finger 82 and directs
the finger 82 to move toward the recess 83.

[0085] Theleverassemblyfinger82isattachedtolever
12n (also labeled as 10/ in Figure 1B) and rotates with
respect to the frame 12 in the inhaler housing, typically
upon user actuation of the lever 12n. When the lever 12n
is returned from "actuated" (dosing) position, the finger
82 s pulled out of the recess 83 so that the disk assembly
20 is free to rotate to index to a next dispensing position.
[0086] Typically during inhalation, the loading post 84
resides radially opposite (substantially diametrically op-
posed to) the mouthpiece 10m. The lever arm 81 and
post 84 do not rotate. This componentis affixed to aframe
12 that is attached to the inhaler housing. The finger 82
rotates with respect to the frame 12 (and the lever arm
81).

[0087] As shown in Figure 17B, the finger 82 does not
contact the lever arm 81 during this portion of the stroke
cycle of the lever assembly 80 to allow for free rotation
during indexing. Figure 17C illustrates the finger 82 mov-
ingtowardtherecess 83. Figure 17D illustrates the finger
82 in the recess 83 to bias the disk assembly 20 toward
the exit flow path member 10fm. At the moment of inha-
lation, the finger 82 is advanced to its fullest extent of
travel. Indexing (rotation) of the disk assembly 20 occurs
while the finger 82 is elsewhere in its travel path. There-
fore, as shown by the arrows in Figure 17D, the lever
assembly 80 can bias the disk assembly 20 while the
finger 82 is at the far extent of travel to seal the joint 10j
at the proper time (inhalation), while allowing free move-
ment during indexing (typically also unbiased the rest of
the time).

[0088] It is recognized that, during manufacturing,
there may be atolerance-induced mismatch between the
diameters of the dose disk 30 and the upper airway disk
50 of the disk assembly 20. As shown in Figure 17E,
inner or outer sidewall surfaces (shown as outer sidewall
surfaces) of both of these disks, 30, 50 contact the mouth-
piece 10m when the disk assembly 20 is biased against
it. Thus, as shown in Figure 17E a small relief 10r can
be cut or otherwise formed into the proximate or abutting
surface of the an exit flowpath member 10fm (which may
be the mouthpiece 10m) at a location that coincides with
the dose disk 30 to assure that the upper airway disk 50,
which has the greater amount of contact surface, is al-
ways the part to contact the mouthpiece or exit flowpath
member 10fm in communication with the mouthpiece
10m.

[0089] Figures17F and17G illustrate an alternate em-
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bodiment of a biasing mechanism 180 that can bias the
disk assembly 20 toward the mouthpiece 10m during in-
halation then releasing or disengaging to allow rotation
ofthe diskassembly 20 forindexing. As discussed above,
in some embodiments, the inhaler 10 can be configured
to rotate the disk assembly 20 a defined angular rotation,
such as about 6 degrees, to serially dispense or access
dose containers alternately on inner and outer rows. This
biasing mechanism 180 can be configured to operate
with the lever 10/ similar to that discussed above with
respect to the lever assembly 80 but may also be acti-
vated using other components or features.

[0090] As shown in Figure 17F, the biasing mecha-
nism 180 can include a post 182 that resides proximate
an inner perimeter of the dose container disk assembly
20. The post 182 canreside in a circumferentially extend-
ing slot 182s having an end portion that merges into a
slot portion 183 that extends radially outward toward the
inner perimeter of the dose disk assembly 20. During
and/or just prior to release of the medicament to a user
for inhalation (e.g., "dosing"), the post 182 travels in slot
182s until it reaches slot portion 183 whereby the post
pushes (typically indirectly) against the inner perimeter
of the disk assembly 20 to bias the disk assembly 20
toward the mouthpiece 10m (as shown by the arrow).
The inhaler is shown upside down from normal orienta-
tion in Figure 17F.

[0091] Figure 17G illustrates that the post 182 can
communicate with a stationary post 182b on an indexing
plate orframe 184. In the embodiment shown, the biasing
post 182 is configured to contact and push against post
182b causing post 182b to flex radially outward against
the dose container assembly 20. The two posts 182, 182b
can be configured to project toward each other, one up-
wardly and one downwardly, with the post 182b typically
residing closer to an inner perimeter of the dose disk
assembly 20.

[0092] The post 182 is typically attached to or in com-
munication with the lever 10/ which is accessible by a
user. However, the post 182 can be in communication
with other mechanisms that cause the post 182 to move
in the slot 182s and bias the disk assembly 20 toward
the mouthpiece 10m.

[0093] AsshowninFigure17G, the indexing plate 184
can reside under gears 109g that are associated with the
indexer 109. The rotatable gears 109g can be held on
mounts 110 on a frame member 109f as shown in 18E.
Generally stated, the gears 109g communicate with teeth
109t on indexing post 109p (that can be part of a ramp
disk 209, Figure 18F) and gear teeth 59a on the disk
assembly 20 (e.g., as shown, on the lower disk 40). Turn-
ing the indexing post 109p turns gears 109g which, in
turn, indexes the disk assembly 20. The other gear teeth
59b (residing closer to the bottom of the inhaler housing)
can communicate with indexing control arms 109r as
shown in Figure 18D which can help more precisely turn
the dose container assembly a desired rotationalamount.
Note that Figures 18D and 18E illustrate the inhaler in
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an inverted orientation from that of normal use. Figure
18F shows the inhaler in a "normal" use orientation with
the dose disk assembly 20 below the piercer mechanism
100 as also shown, for example, in Figure 18C. The
piercer 100 can be in communication with a ramp disk
209 with fin-like ramps 211 as shown in Figure 18F. In
the embodiment shown, the ramp disk 209 cooperates
with the piercers 100a, 100b to push the respective pierc-
er 100a or 100b into the respective dose containers 30c.
The post 182 is typically attached to the lever 10/ such
as shown in Figure 17F, 18E and 18F whichis accessible
by a user. However, the post 182 can be in communica-
tion with other mechanisms that cause the post to move
in the slot 182s and bias the disk assembly 20 toward
the mouthpiece 10m.

[0094] Theindexing mechanism 109 shown in Figures
17F and 17G is discussed further below with respect to
Figures 18C-18F. However, other indexing configura-
tions can be used.

[0095] Figure 19A illustrates one embodiment of a
piercing mechanism 100 with a corkscrew piercer 110.
In operation the corkscrew moves up and down vertically
straight, typically without rotation, to create a desired
opening shape (e..g., circular) through the sealant layers
36, 37. In other embodiments, the corkscrew may rotate
during extension and/or dispensing. In the embodiment
shown, the corkscrew piercer 110 can remainin the lower
channel 41 while the dry powder is dispensed in the air-
flow path and the blockage of the aperture 30a can be
provided by a resilient member 120 that is mounted on
the corkscrew 110 and moves up and down therewith.
The piercing mechanism 100 can have a two stage op-
eration, fully up (for indexing) and fully down. The most
forward portion of the corkscrew can have a point with a
configuration that creates a desired cutting configuration
into the sealant (e.g., foil). In some embodiments, the
corkscrew piercer 110 can cut a shape with a tab into the
sealant 36, 37, then fold the tab down to release the dry
powder. Positioning the corkscrew piercer 110 in the
channel 41 during dispensing may provide improved aer-
odynamics or shear or impaction flow turbulence for the
dry powder. The resilient member 120 can comprise a
foam block or other resilient member 120 (such as a hard
or rigid member biased by a spring) that can be used to
seal or plug the aperture 30a. Figure 19B illustrates a
similar corkscrew piercer 110 that is used with a disk
assembly 20 having both upper and lower airway disks
50, 40. A resilient and/or flexible member 100p such as
a polymeric and/or elastomeric or foam plug can be used
to occlude or seal the disk aperture 55.

[0096] Figures 19C and 19D illustrate a piercing
mechanism 100 with a fluted solid piercer 111. The flute
may have a straight flute configuration or the flute can
have a twist or partial twist along it length, e.g., for a twist
configuration, the maxima and minima of the lobes can
change axially along the length of the flute. The flute can
have a cross section with a plurality of lobes, typically
three or four lobes, shown as three lobes in Figure 19C.
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The fluted configuration may extend only a partial forward
length and merge into a constant diameter segment that
resides in and helps occlude or seal the aperture 55 as
shown in Figure 19E. In other embodiments, the solid or
fluted piercer configuration can merge into a cap or plug
100p that resides over and/or in the aperture 55 (see,
e.g., Figure 19C). In some embodiments, the twisted
flute 111 can remain in the dose container aperture 30
and/or lower disk 40 during dispensing which may facil-
itate turbulence and/or compaction in the airway.
[0097] Figure 19D illustrates thatthe fluted piercer 111
can rotate as it pierces the foil or other sealant material
to form a round hole or may be extended straight without
rotation. In other embodiments, the fluted piercer 111
can be extended or advanced without rotation to pierce
the sealant layer(s) 36, 37. Figure 19E illustrates that
the fluted piercer 111’ caninclude a fluted forward portion
111f with a length "L " that merges into a solid portion
112 that can have a substantially circular cross-section
with a length "L,". L is typically longer than L,. L4 can
have a length sufficient to allow the forward fluted portion
111f to reside in the dose container aperture 30a (typi-
cally just below the lower sealant line or in-line with or
slightly above or below the lower surface of the disk 30)
and in or through the lower sealant 37 at the same time,
with the solid portion engaging the airway disk aperture
55.

[0098] Figure 19G illustrates a piercing mechanism
100 that can include a plug 100p (similar to that shown
in Figure 19B for the corkscrew configuration) that can
occlude the passage 55. The plug 100p can be used with
any piercer, including the corkscrew 110 (Figure 19A)
or the solid fluted piercer 111 (Figure 19B) or other pierc-
er configuration. The piercing head can remain in the
lower channel 41 during dispensing as shown in Figure
19E, or the piercer may retract partially through a pas-
sage in the plug (not shown) while leaving the plug 100p
in position against and/or over the aperture or passage
55.

[0099] In some embodiments, the fluted piercer 111
can be configured with lobes that twist along its length
(Figure 19D). For example, the fluted piercer 111 can
have about 60 degrees of twist along its length such that
the lobes of the fluted piercer turn about its circumfer-
ence. During a straight piercing stroke (straight into and
through the sealant), the twisted fluted piercer 111 can
make a fully round hole in the sealant 36 and/or 37.
[0100] Figure 20illustrates substantially U-shaped air-
paths that may be created by the disk assembly 20. The
"U" shape is created by the upper disk channel 51 and
the lower disk channel 41 defining the long sides of the
"U" which extend in a radial direction across the disk
body. As shown, in this embodiment, the outer perimeter
of the disk assembly 20 holds both the outlet and an inlet
for the airflow path 10f. The "U" shaped flow path (or, in
some embodiment, a" partial "U" where only a one of the
airflow disks 40, 50 is used) can function as a powder
deagglomerator. The particles impact the opposing wall
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of the airway disk channel 51 as they exit the dose con-
tainer 30c with sufficient force to deagglomerate the drug
powder.

[0101] Figure 20 also illustrates an example of dry
powder particle trajectories 10d entrained in air flow as-
sociated with the inspiratory airflow path 10f. After the
dry powder exits the dose container 30c in the airflow
path 10f, the air flow and smaller, powder particles (10f)
in the air are able to make the about 90 degree turn while
heavier dry powder particles (10d) bounce off the inner
wall 51w of the upper airway disk channel 51 with in-
creasingly shallow angles eventually going more or less
straight out of the mouthpiece 10m. The impact of the
heavier dry powder against the walls 51w helps deag-
glomerate the dry powder. Referring again to Figure 5A,
in the dual row dose container 30 embodiments, the
channels, 51 vary inlength depending on if the dose con-
tainer 30 is on the inner or outer row.

[0102] In some particular embodiments, the airway
channels 41, 51 can include alternating short and long
channels (see, e.g., Figure 5A). The length of the long
channel (the channels with the dose container on the
inner perimeter where the outer perimeter is the exit lo-
cation and vice versa if the inner perimeter is the exit
location) can between about 5 mm to about 15 mm, typ-
ically about 10 mm, the length of the short channel can
be between about 3-10 mm, typically about 5 mm, e.g.,
about 40-70% the length of the long channel. The depth
(vertical height) of each channel 41, 51 can be the same
or can, in some embodiments vary. Exemplary depths of
the channels 41, 51 are between about 1 mm to about 3
mm, typically about 2 mm, but other depths can be used.
[0103] The inhaler 10 can include a user-accessible
actuatorsuch as alever, knob, switch, slider, crank, push-
button or other mechanical and/or electromechanical de-
vice that can index the dose ring or disk 30 to rotate the
assembly 20 to place one or more dose containers 30c
(Figure 2B) in a dispensing position in an inhalation
chamber in fluid communication with the inhalation port
10p (Figure 1B) and/or cause a piercing mechanism 100
(Figures 7A-7C) to open a dose container 30c in the
front row, then the back row (or vice versa) to release
medicament to an inhalation air flow path for inhalation
by a user (as will be discussed further below). To release
the powder for inhalation, the sealed dose container 30c
is opened and connected to an airway 41 and/or 51 which
is in turn connected to an exit flowpath member 10fm
which can be the inhaler mouthpiece 10m (see, e.g., Fig-
ures 7A-7C,17A,17E, 18A) or canmerge into the inhaler
mouthpiece 10m After the drug falls into the channel 41
or 51 (depending on which orientation the inhaler is in),
this is a "used" channel and the drug therein is either
delivered (if the user inhales properly and timely) or iso-
lated (if the user does not inhale and closes the mouth-
piece or otherwise causes the indexing of the disk as-
sembly 20), and the "used" channel is indexed with the
opened dose container 30c so that it cannot be used
again or so that it is used again for only the other dose
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container in the shared channel (as discussed with re-
spectto Figure 2C). Any powder remaining in the opened
dose container is separated from the airway when the
next dose container is indexed into position.

[0104] Insome embodiments, the portion of the airway
provided by the airway channel 41 or 51 adjacent to each
dose container 30c is unique to that individual dose con-
tainer 30c. In this way, any spillage of powder into the
airway will only be available to the mouthpiece and user
as long as that dose container is indexed into connection
with the primary (mouthpiece) airway. Indexing to the
next dose container will also index the adjacent airway
section out of connection with the active inhalation airway
path, taking any spilled and/or accumulated powder with
it.

[0105] Figures 8A and 8B illustrate another embodi-
ment of an inhaler 10. In this embodiment, the upper air-
way channel 51 can be configured as a "sink trap" 51t
path that has a portion of the airflow path that rises and
then turns down or vice versa. That is, as shown, the
path 51t can rise above the aperture 30a, then turn to
extend downwardly for a distance to provide additional
spill resistance of the dry powder from the airway/inhaler.
Similarly, the lower airway channel 41 can be configured
to rise upward a distance downstream of the dose con-
tainer aperture 30ato form a "sink trap" 41t path. In some
embodiments, only one of the airway disks (e.g, the upper
or the lower 50, 40) have a sink trap path while in others,
both disks 40, 50 have airway configurations with sink
traps 41t, 51t at shown. The dose container assembly
20 has an aligned channel pair 41, 51 that are in fluid
communication once the respective dose container is
opened 30c that reside under and over the respective
dose container 30c and have the sink trap configurations
41t, 51t to that cooperate to form a curvilinear airflow
path (e.g., a generally "S" shape, with the "S" layed on
its side). The airflow path 10f can extend either from the
outer perimeter toward the inner perimeter or from the
inner perimeter toward the outer perimeter.

[0106] As also shown in Figures 8A and 8B, in this
embodiment, the piercing mechanism 100 can include
two piercing members 100a, 100b, one dedicated to
opening the first row of dose containers 30c and another
for the second row of dose containers 30c.

[0107] Figures 9A-9C and 10-14 illustrate an exem-
plary inhaler configuration with upper and lower airways
forming a sink trap 51t, 41t airflow path according to em-
bodiments of the present invention. As shown, the pierc-
ing mechanism 100 can include the two piercing mem-
bers 100a, 100b mounted on a housing that slides over
the dose container assembly 20°. The dose container
assembly 20°. can rotate under the piercing mechanism
100 as a respective dose container(s) 30c is indexed to
a dispensing position. Similarly, the dose container as-
sembly 20’ can rotate above the piercing mechanism if
the piercing mechanism is below the dose container as-
sembly 20, 20°.

[0108] Figures 10, 12 and 14 illustrate that the lower
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airway disk 40 can include two components, an upper
member 40u and alower member 40/ that attach to define
the curvilinear sink trap paths 41t. Similarly, the upper
airway disk 50 can include two components, an upper
member 50u and alower member 50ithat attach to define
the curvilinear sink trap paths 51t. In particular embodi-
ments, the dry powder can be provided as a pre-meas-
ured amount of dry powder 200 and sealed in the aperture
30a between the sealant layers 36, 37. As shown in Fig-
ure 10, the upper member 50u can include a tab 150t
that engages a slot 150s in the lower member 501/ of the
airway disk 50 for alignment and/or attachment.

[0109] Figure 12 illustrates a dose container 30c on
the outer row 31 being opened with the piercing member
100b and the associated curvilinear airflow path 41t, 51t.
Figure 14 illustrates the piercing member 100a in posi-
tion to open a dose container 30c on the inner row 32
with the associated airflow path 41t, 51t.

[0110] Figures 15A, 15B and 16 illustrate an example
of a dose container disk or ring 30 with two rows of ap-
ertures 30a used for dose containers 30c. The dose con-
tainer disk 30 can be relatively thin, such as about 2-4
mm thick. The dose container apertures 30a can be con-
figured so that the inner row 32 is at least about 2 mm
from the outer row 31 and so that the inner and outer
rows of dose containers are spaced inward from the re-
spective perimeters by about 2 mm. This spacing can
provide sufficient moisture permeability resistance
and/or oxygen resistance.

[0111] Figure 17A illustrates on embodiment of an in-
haler 10 with a long exit air path 10/ compared to the
shorter flow path in Figure 18A. In this embodiment, the
airway disks can orient the channels 41, 51 so that the
open ends 41b, 51b face and open to the inside of the
disk rather than the outside. Figure 17A also illustrates
that the dose container disk 30 can be configured with
blisters 130.

[0112] Figure 17A also illustrates that the piercing
mechanism 100 can comprise a rotating piercer head
102 configured to pierce a dose container 30c on the
inner row, then rotate to pierce the adjacent one 30c on
the outer row.

[0113] Figure 18A illustrates that the inhaler 10 can
be configured with a piercing mechanism 100 that moves
radially to open a dose container 30c in one row then
move radially inward or radially outward to open a dose
container 30c in the other row. The dose container as-
sembly 20 and/or one or more of the airway disks 40, 50
and dose container disk 30 can also be configured to
axially or otherwise bias (together or individually) with a
wall or walls of an exit airflow path to provide a sufficiently
tight seal, such as discussed above. Figures 18A, 18B
also illustrate that the inhaler 10 can include an indexing
mechanism 109 that cooperates with the gear teeth 59
on the inner perimeter of the upper disk 50. Other index-
ing mechanism may be used to rotate the assembly 20
to place the different dose containers 30c in the dispens-
ing position.
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[0114] Figure 18C illustrates that the inhaler 10 can
be configured with a piercing mechanism 100 that has
two piercers 100a, 100b, one that pierces dose contain-
ers on the inner row and the other that pierces/opens
dose containers on the outer row. Typically, the piercing
mechanism 100 is configured so that a dose container
on the outer or inner row is pierced, then a dose container
on the opposite row is pierced. The piercers 100a, 100b
can reciprocate up and down to open the respective dose
container. The dose container assembly 20 and/or one
or more of the airway disks 40, 50 and dose container
disk 30 can also be configured to axially or otherwise
bias (together or individually) with a wall or walls of an
exit airflow path to provide a sufficiently tight seal.

[0115] Figures 18C-18E also illustrate that the inhaler
10 can include an indexing mechanism 109 with gears
1099 that cooperate with an indexing post 109p and the
disk assembly 20 gear teeth 59a can reside on the inner
perimeter of the lower disk 40. Figure 18D is shown in-
verted from the normal use orientation shown in Figure
18C. Figure 18C-18E also show that the lower airway
disk 40 can include two proximately stacked layers of
gear teeth 59a, 59b, one of which 59a cooperates with
the post 109p and associated indexing gears 109g and
the other of which 59b can provide more precise posi-
tioning using arms 109r as shown in Figure 18D. Other
indexing mechanisms may be used to rotate the assem-
bly 20 to place the different dose containers 30c in the
dispensing position. The dual piercers 100a, 100b can
cooperate with ramp surfaces on ramp disk 209. The
ramp disk 209 can have circumferentially offset fins 211
on two concentric rows that force the respective piercers
down in response to contact with the fins. Additional de-
scription of the indexer and dual piercer are provided in

co-pending, co-assigned U.S. Patent Application
US20100078021.
[0116] Insome embodiments,the mouthpiece port10p

and an air inlet port (not shown) may be spaced apart
about a distance of between about 12-127 mm (about
0.5-5inches). The inhaler 10 may have a relatively short
air intake airpath (measured from where an air intake is
disposed to the inhalation port 10p), such as between
about 12-25.4 mm such as shown in Figures 7A-7C,
18A and 18C, or a longer air path such as shown in Fig-
ure 17A, typically between about 50-127 mm (about 2-5
inches). The shorter air path can be defined to include a
short tubular air path extending between the dry powder
release location and the inhalation mouthpiece with a
turbulence promoter segment that inhibits agglomeration
that merges into the inhaler mouthpiece (not shown). The
longer air path may extend across a major portion or sub-
stantially all of a width or length of the inhaler body. The
inner surfaces/shape of the flow path can be polygonal
to facilitate a cyclonic air stream to bounce off the inner
surfaces which act as impact surfaces. For additional dis-
cussion of suitable turbulence promoter configurations,
see PCT/US2005/032492, entitled, Dry Powder Inhalers
That Inhibit Agglomeration, Related Devices and Meth-
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ods.

[0117] The inhaler 10 can have a body that is a porta-
ble, relatively compact "pocket-sized" configuration. In
some embodiments, the inhaler body can have a
width/length that is less than about 115 mm (about 4.5
inches), typically less than about 89 mm (about 3.5 inch-
es), and a thickness/depth of less than about 51 mm
(about 2 inches), typically less than about 38 mm (about
1.5 inches). The inhaler body can also be configured to
be generally planar on opposing primary surfaces to fa-
cilitate pocket storage.

[0118] Theinhaler caninclude a circuit that can control
certain operations of the inhaler 10. The inhaler 10 can
include a computer port (not shown). The port may be,
for example, an RS 232 port, an infrared data association
(IrDA) or universal serial bus (USB), which may be used
to download or upload selected data from/to the inhaler
to a computer application or remote computer, such as
a clinician or other site. The inhaler 10 can be configured
to via a wired or wireless communication link (one-way
or two-way) to be able to communicate with a clinician
or pharmacy for reorders of medicines and/or patient
compliance. The inhaler 10 may also include a second-
peripheral device communication port (not shown). The
inhaler 10 may be able to communicate via the Internet,
telephone, cell phone or other electronic communication
protocol.

[0119] In some embodiments, the circuit can include
computer program code and/or computer applications
that communicate additional data to a user (optionally to
the display) as noted above and/or communicate with
another remote device (the term "remote" including com-
municating with devices that are local but typically not
connected during normal inhalant use).

[0120] Insomeembodiments, the circuitcanbein com-
munication with a vibrator device (not shown). The vibra-
tor device can be any suitable vibrator mechanism. The
vibrator device can be configured to vibrate the dry pow-
derinthe airflow path. In some embodiments, the vibrator
device can comprise a transducer that is configured to
vibrate the opened cartridge(s) holding the dry powder.
Examples of vibrator devices include, but are not limited
to, one or more of: (a) ultrasound or other acoustic or
sound-based sources (above, below or at audible wave-
length) that can be used to instantaneously apply non-
linear pressure signals onto the dry powder; (b) electrical
or mechanical vibration of the walls (sidewalls, ceiling
and/or floor) of the inhalation flow channel, which can
include magnetically induced vibrations and/or deflec-
tions (which can use electromagnets or permanent field
magnets); (c) solenoids, piezoelectrically active portions
andthe like; and (d) oscillating or pulsed gas (airstreams),
which can introduce changes in one or more of volume
flow, linear velocity, and/or pressure. Examples of me-
chanical and/or electro-mechanical vibratory devices are
described in U.S. Patent Nos. 5,727,607, 5,909,829 and
5,947,169. Combinations of different vibrating mecha-
nisms can also be used.
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[0121] In some embodiments, the vibrator device can
include a commercially available miniature transducer
from Star Micronics (Shizuoka, Japan), having part
number QMB-105PX. The transducer can have resonant
frequencies in the range of between about 400-600 Hz.
[0122] In certain embodiments, the inhaler 10 can in-
clude visible indicia (flashing light or display "error" or
alert) and/or can be configured to provide audible alerts
to warn a user that a dose was properly (and/or improp-
erly) inhaled or released from the inhaler. For example,
certain dry powder dose sizes are formulated so that it
can be difficult for a user to know whether they have
inhaled the medicament (typically the dose is aerosolized
and enters the body with little or no taste and/or tactile
feel for conformation). Thus, a sensor (not shown) can
be positioned in communication with the flow path in an
inhaler and configured to be in communication with a
digital signal processor or microcontroller, each held in
or on the inhaler. In operation, the sensor can be config-
ured to detect a selected parameter, such as a difference
in weight, a density in the exiting aerosol formulation, and
the like, to confirm that the dose was released.

[0123] The sealed dose containers 30c can be config-
ured so that the water vapor transmission rate can be
less than about 1.0g/100in2/24hours, typically less than
about 0.6 g/100in2/24hours and an oxygen transmission
rate that is suitable for the dry powder held therein. The
dose container assemblies 20,20’ can be configured with
a stable shelf life of between about 1-5 years, typically
about 4 years.

[0124] The dose containers 30c can have a volume
(prior to filling and sealing) that is less than about 24
mm?3, typically between 5-15 mm3. The powder bulk den-
sity can be about 1 g/cm3 while the power nominal density
when filled (for reference) can be about 0.5 g/cm3. The
maximum compression of a drug by filling and sealing in
the dose container 30c can be less than about 5 %, typ-
ically less than about 2 %. The maximum heating of drug
during the filling and sealing can be maintained to a de-
sirable level so as not to affect the efficacy of the drug or
the formulation.

[0125] Figure 21 illustrates exemplary operations that
can be used to operate an inhaler according to embodi-
ments of the present invention. The device can be con-
figured to have an automated three-stage operation at
actuation to inhibit overdose delivery, e.g., it can serially:
(a) pierce the sealant layers, (b) release the drug (typi-
cally followed close in time by delivery to a user), and (c)
index to the next (unopened) dose container (thus iso-
lating or closing any exit route for the released dry powder
if not inhaled); or (a) index to a target dose container
(thus isolating an earlier opened airway channel), (b)
pierce the sealant layers and (c) release drug or dry pow-
der from the opened dose container. A dose container
ring having a staggered concentric arrangement of dose
container apertures sealed by upper and lower sealant
layers defining dose containers and attached to an un-
derlying disk with a plurality of circumferentially spaced
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apart airway channels, one for each dose container, is
provided (block 300). The dose container with the under-
lying disk is rotated to a dispensing position in the inhaler
(block 310). The indexing can rotate the dose disk as-
sembly about 6 degrees, repeated about 60 times to ac-
cess 30 dose containers on the inner row and 30 dose
containers on the outer row while rotating only about 360
degrees. The airway channel associated with the re-
leased dry powder is isolated from the inhalation path so
that the used airflow channel is not used for any subse-
quent inhalation delivery or is used only one more time
(block 325).

[0126] In some embodiments, a piercing mechanism
is advanced to open both sealant layers and release dry
powder from the dose container in the dispensing posi-
tion to the underlying airway channel (block 320). The
piercing mechanism can either remain extended or can
be partially or fully retracted with the piercing mechanism
or cooperating member thereof occluding the opening to
the upper airway channel. In some embodiments, the
piercing mechanism can be partially retracted, leaving at
least a forward portion in the respective dose container
aperture to occlude and/or plug the aperture. The isolat-
ing step can be in response to and/or after either the step
of fully retracting the piercing mechanism from the dose
container aperture (block 350) or the rotating step (block
310) or both.

[0127] The method can also optionally include flowably
directing the released dry powder to a user via the airway
channel.

[0128] Figure 22 illustrates exemplary fabrication op-
erations that can be used to assemble a dose container
assembly according to embodiments of the present in-
vention. As shown, a dose container disk (block 400) with
circumferentially spaced apart through apertures is pro-
vided. At least one sealant layer is attached to the upper
or lower primary surface of the disk over or under the
dose container apertures (block 410) (e.g., a continuous
layer or strips or small pieces of sealant layers can be
positioned over the apertures). The dose container ap-
ertures are filled with dry powder (noting "filled" does not
require volumetrically full) (block 420). Typically, the pow-
der is filled to between about 30-75% volume. The seal-
ant layer can be attached to the other primary surface of
the dose disk to provide sealed dose containers (block
430). The dose container disk can be placed between
upper and lower airway disks (block 440). The dose con-
tainers can be aligned with circumferentially spaced apart
airway channels on the airway disks so that each dose
container is in communication with a different one of the
airway channels in both the upper and lower disks (block
450). The upper and lower disks can be attached to hold
the dose container disk therebetween to provide a dose
container assembly (block 460).

[0129] The following exemplary claims are presented
in the specification to support one or more devices, fea-
tures, and methods of embodiments, of the present in-
vention. While not particularly listed below, Applicant pre-
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serves the right to claim other features shown or de-
scribed in the application including, by way of example,
one or more of the following in any combination with any
features or depending from or in lieu of any of the original
claims.

[0130] The dose container assembly can include two
or more stacked disks. The stacked disks can reside un-
der or over one airway disk or between a pair of airway
disks.

[0131] A dry powder dose container assembly, where-
in there are 30 dose container apertures in the first row
and 30 dose container apertures in the second row, and
wherein the first airway disk airway channels include al-
ternating channels of different radial lengths, one length
corresponding to channels extending from an inner or
outer perimeter of the airway disk to dose containers in
the first row and the other length corresponding to chan-
nels extending from an inner or outer perimeter of the
airway disk to dose container apertures on the second
row.

[0132] A dry powder dose container assembly, where-
in the first airway disk is attached to the dose container
disk to be able to rotate therewith, and wherein the airway
channels extend radially across the first airway disk and
are positioned relative to the dose container disk so that
at least one airway channel is aligned with at least one
dose container.

[0133] A dry powder dose container assembly in com-
bination with an inhaler, wherein the inhaler comprises
an inhaler body with an inhalation port and a piercing
mechanism, wherein in operation, the piercing mecha-
nism is configured to travel through the airway disk ap-
erture in the first airway disk, pierce the first and second
sealant layers, enter, then remain in or retract from at
least the second disk airway channel, while occluding
the first airway disk aperture.

[0134] Theinhaleris configured to index/pierce/deliver
or pierce/deliver/index to isolate the upper and lower air-
way channels corresponding to an opened dose contain-
er from an inhalation path.

[0135] The dose container disk includes a first row of
circumferentially spaced apart apertures at a first radius
and a second row of circumferentially spaced apart ap-
ertures at a second radius so that the first and second
rows are concentric with respect to a center of the disk,
and wherein the piercing mechanism includes first and
second piercers, the first piercer configured to pierce the
sealant over and under the respective dose container
apertures in the first row, and the second piercer config-
ured to pierce the sealant over and under the respective
dose container apertures in the second row.

[0136] The piercer mechanism is configured to serially
alternate between rows to pierce the sealants over and
under a dose container in a first row of dose container
apertures, then pierce the sealants overand under adose
container in a second row of dose container apertures.
[0137] The piercing mechanism comprises a fluted
piercer configured to pierce the sealants.
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[0138] The fluted piercer comprises three orfourlobes,
and wherein the first airway disk apertures have a cor-
responding three or four lobe perimeter shape.

[0139] Aninhalerwith a piercing mechanism that com-
prises a solid piercer.

[0140] Aninhaler having a circular dose container disk
having a plurality of circumferentially spaced apart dry
powder chambers; and a first airway disk residing above
or below the dose container disk, the airway disk com-
prising a plurality of circumferentially spaced apart radi-
ally oriented airway channels, wherein one airway chan-
nel is aligned with one of the dose containers and defines
an airflow path in which airflow passes through one or
more 90 degree turns with dry powder entrained therein
after exiting a respective dose container to thereby inhibit
agglomeration.

[0141] A dry powder inhaler, comprising:

an inhaler body with an inhalation port;
a dose container assembly held in the inhaler body,
the dose container assembly comprising a dose con-
tainer disk having a plurality of circumferentially
spaced apart apertures, and a lower airway disk hav-
ing a plurality of airway channels with upwardly ex-
tending sidewalls residing under the dose container
disk, each of the lower airway channels being in com-
munication with atleast one dose container aperture,
whereby the lower airway disk channels define a plu-
rality of spaced apart inhalation delivery paths that
individually communicate with the inhalation port;
a dose container opening mechanism in the inhaler
body configured to open a dose container in a dis-
pensing position in the inhaler; and
an indexing mechanism in the inhaler body config-
ured to rotate the dose container assembly into the
dispensing position.

[0142] A dry powder inhaler, comprising:

an inhaler body with an inhalation port;

a dose container assembly held in the inhaler body,

the dose container assembly comprising:

a dose container disk having opposing upper
and lower primary surfaces and a plurality of cir-
cumferentially spaced apart apertures with first
and second sealant layers attached to the upper
and lower primary surfaces of the dose container
disk to define a respective floor and ceiling of
the dose container apertures to form sealed
dose containers holding dry powder therein;
an upper airway disk residing over the dose con-
tainer disk, the upper airway disk comprising a
plurality of circumferentially spaced apart airway
channels with downwardly extending sidewalls;
and

a lower airway disk residing under the dose con-
tainer disk, the lower airway disk comprising a
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plurality of circumferentially spaced apart airway
channels with upwardly extending sidewalls,
wherein pairs of the lower airway disk channels
and the upper airway disk channels are aligned
with at least one corresponding dose container
therebetween;

a dose container opening mechanism configured to
open a dose container in a dispensing position in the
inhaler; and

anindexing mechanism configured to rotate the dose
container assembly into the dispensing position.

[0143] The upper airway disk optionally includes cir-
cumferentially spaced apart apertures, one residing over
a corresponding dose container, wherein the opening
mechanism comprises a piercing head that is configured
to pierce the first and second sealant layers. The dose
container apertures are optionally arranged in a stag-
gered concentric configuration of inner and outer rows.
[0144] The piercing head is configured to occlude or
seal a respective upper airway disk aperture during in-
halation.

[0145] The opening mechanism comprises a member
that is configured to substantially seal the upper airway
disk aperture during an inhalation.

[0146] A method of operating an inhaler, comprising:

providing a dose container ring having staggered
concentric dose container apertures sealed by upper
and lower sealant layers over and under the aper-
tures to define sealed dose containers attached to
at least one of an underlying or overlying airway disk
having a plurality of circumferentially spaced apart
airway channels, atleast one dose container for each
airway channel;

rotating the dose container ring and at least one air-
way disk together to present a respective dose con-
tainer and a corresponding airway channel to a dis-
pensing position in the inhaler;

advancing a piercing mechanism to open both seal-
ant layers and release dry powder from the dose
container to the corresponding airway channel;
delivering the released dose of the dry powder to a
user via inhalation; and

isolating the airway channel associated with the re-
leased dry powder from an inhalation flow path so
that the channel is reused only once or is not used
for any subsequent inhalation delivery.

[0147] The method can optionally also include partially
or fully retracting the piercing mechanism, while leaving
at least a forward portion of the piercing mechanism in
an airway disk aperture associated with the airway disk
during the delivering step.

[0148] The method can include fully retracting the
piercing mechanism from the airway disk aperture after
the delivering step.
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[0149] The isolating step can be carried out in re-
sponse to the fully retracting step by automatically index-
ing the dose container ring when the piercing mechanism
is fully retracted.

[0150] The isolating step can be carried out in re-
sponse to opening or closing a cover associated with the
inhaler by automatically indexing the dose container ring
upon opening or closing the cover.

[0151] The method can include flowably directing the
released dry powder to a user via inhalation out of a
mouthpiece from the airway channel associated with the
released dry powder before the fully retracting step.
[0152] The sealed dose containers can be arranged in
staggered concentric front and back rows, and wherein
the indexing and advancing steps are carried out to se-
rially open one dose container on the front row then one
dose container on the back row.

[0153] A dry powder inhaler, comprising:

acircular dose container disk assembly having a plu-
rality of circumferentially spaced apart radially ori-
ented airway channels aligned with a plurality of cir-
cumferentially spaced apart sealed drug chambers
with dry powder therein held in first and second con-
centric rows of different radius, wherein prior to ac-
tive dispensing, the airway channels are drug free,
and wherein one end of the airway channels define
exit flow paths that are in communication with a
mouthpiece;

a mouthpiece configured to rotatably engage an out-
er perimeter of the dose container disk to serially
communicate with the airway channels to entrain dry
powder from an opened drug chamber to deliver dry
powder to a user;

a piercing mechanism configured to open the dose
container chambers to release the dry powder there-
in; and

an indexing mechanism in communication with the
circular dose disk.

[0154] A dry powderinhaler comprising a circular dose
container disk with a plurality of circumferentially spaced
apart dosing chambers and a plurality of circumferentially
spaced apart radially oriented airway channels, one
aligned with one or more dosing chambers, wherein dur-
ing inhalation air exits the inhaler with the dry powder
entrained therein along a radius associated with a re-
spective airway channel.

[0155] The foregoing is illustrative of the present in-
vention and is not to be construed as limiting thereof.
Although a few exemplary embodiments of this invention
have been described, those skilled in the art will readily
appreciate that many modifications are possible in the
exemplary embodiments without materially departing
from the novel teachings and advantages of this inven-
tion. In the claims, means-plus-function clauses, where
used, are intended to cover the structures described
herein as performing the recited function. Therefore, it is
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to be understood that the foregoing is illustrative of the
present invention and is not to be construed as limited
to the specific embodiments disclosed. The invention is
defined by the following claims.

Claims

1. A dry powder dose container assembly (20), com-
prising:

a dose container disk (30) having opposing up-
per and lower primary surfaces and a plurality
of circumferentially spaced apart dose contain-
ers sized and shaped to accommodate a dry
powder therein, wherein dose container aper-
tures extend through the dose container disk,
characterized in that the dose containers are
sealed with respective upper and lower sealants
(36, 37); and

a first airway disk (40) residing above or below
the dose container disk (30), the first airway disk
comprising a plurality of circumferentially
spaced apart airway channels (41);

wherein the airway channels are elongate and
extend in a radial direction across the respective
airway disk, wherein the elongate channels
have opposing first and second end portions
(41a, 41b), with the first end portion (41b) being
substantially open and the second end portion
(41a) being substantially closed, and wherein
the first end portion resides proximate an inner
orouter perimeter of the dose container disk and
the second end portion resides above or below
a respective dose container.

2. Adry powder dose container assembly according to
Claim 1, further comprising dry powder in the dose
containers, wherein the dry powder dose container
assembly further comprises a second airway disk
that resides aligned with the first airway disk with the
dose container disk therebetween, the second air-
way disk comprising a plurality of circumferentially
spaced apart radially extending airway channels,
and wherein at least one of the channels of the first
airway disk is aligned with a corresponding at least
one of the channels of the second airway disk with
at least one dose container therebetween to define
cooperating channels.

3. A dry powder dose container according to Claim 2,
wherein the first airway disk abuts the upper or lower
primary surface of the dose container disk and/or the
sealant thereon, and the second airway disk abuts
the other one of the upper or lower primary surface
or the sealant thereon.

4. Adry powder dose container assembly according to
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Claim 1, wherein the upper sealant resides over the
dose container apertures and the lower sealant re-
sides under the dose container apertures, wherein
the first airway disk comprises a plurality of circum-
ferentially spaced apart apertures, at least one as-
sociated with each airflow channel, a respective one
first airway disk aperture residing over or under a
respective dose container with the upper or lower
sealant therebetween.

A dry powder dose container according to any of
Claims 2-3, wherein the cooperating airway disk
channels define a single-use or dual-use airway path
in an inhaler for delivering dry powder from the at
least one dose container held therebetween.

A dry powder dose container assembly according to
any of Claims 2-3 and 5, wherein the first airway disk
has a floor with a closed surface under the first airway
disk channels, wherein the first airway disk channels
each include a pair of upwardly extending sidewalls,
and wherein the second airway disk has a ceiling
with circumferentially spaced apart apertures, with
at least one aperture residing over each dose con-
tainer aperture with the upper sealant therebetween,
wherein the second airway disk channels each in-
clude a pair of downwardly extending sidewalls that
face the sidewalls of the first airway disk channels.

A dry powder dose container assembly according to
any of Claims 1-6, wherein the dose container disk
includes a first row of circumferentially spaced apart
apertures at a first radius and a second row of cir-
cumferentially spaced apart apertures at a second
radius wherein the first row of dose container aper-
tures have radially extending centerlines that are cir-
cumferentially spaced apart from radially extending
centerlines of the second row of dose container ap-
ertures, so that the first and second rows are con-
centric with respect to a center of the disk, wherein
the first airway disk airway channels include alter-
nating channels of different radial lengths, onelength
corresponding to channels extending from an inner
or outer perimeter of the airway disk to dose contain-
ersinthe firstrow and the other length corresponding
to channels extending from an inner or outer perim-
eter of the airway disk to dose container apertures
on the second row.

A dry powder dose container assembly according to
any of Claims 1-7, wherein the first airway disk in-
cludes a plurality of short airway channels and a plu-
rality of long airway channels, the short airway chan-
nels associated with the first row of dose container
apertures and the long airway channels associated
with the second row of dose container apertures, and
wherein short and long airway channels are ar-
ranged to reside adjacentto each other and alternate
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circumferentially about the first airway disk.

A dry powder dose container assembly according to
any of Claims 1-8, wherein the first airway disk chan-
nels are configured with a portion that rises a first
distance above a respective dose container, then
turns toward an inner or outer perimeter of the dose
disk for a second distance, then travels down a third
distance, wherein the third distance is at least the
same as the first distance, to form a curvilinear air-
flow path portion to inhibit undesired spillage of the
dry powder from the inhaler.

A dry powder dose container assembly according to
any of Claims 2-3, and 5-6, wherein the dose con-
tainer disk, and the first and second airway disks
have a circular inner perimeter and each disk has
substantially the same diameter, wherein the dose
container disk includes a recess on the inner perim-
eter thereof, wherein the first airway disk includes
downwardly extending circumferentially spaced
apart tabs on the inner perimeter thereof and the
second airway disk includes upwardly extending cir-
cumferentially spaced apart tabs on the inner perim-
eter thereof, wherein one of the tabs has a radially
extending portion that engages the recess of the
dose container disk to orient the dose container disk
with respect to the first and second airway disks,
wherein the tabs of at least one of the lower or upper
airway disks include crush ribs, and wherein the up-
per and lower airway disks are press-fit together with
the dose container disk sandwiched tightly therebe-
tween to form an integral securely attached assem-
bly.

A dry powder dose container assembly according to
any of Claims 2-3, 5-6 and 10, wherein the cooper-
ating channels are cooperating pairs of airway disk
channels that are in fluid communication during dis-
pensing of a respective dose container held there-
between, and together with the respective dose con-
tainer define a generally U shape airflow path with
long sides of the U corresponding to each channel
oriented to extend in aradial direction across at least
a portion of the disk.

A dry powder dose container assembly according to
any of the preceding claims, wherein each airway
channel of the first airway disk defines a correspond-
ing dry powder exit aperture, and wherein the dry
powder exit apertures are circumferentially spaced
apart and reside on an outer perimeter of the first
airway disk.

A dry powder dose container assembly according to
any of Claims 1-12 in combination with an inhaler,
wherein the inhaler comprises an inhaler body with
an inhalation port, wherein the dose container disk
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15.

16.

17.
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and/or first airway disk is configured with a bias to
travel in a predefined direction to sealably engage
an interface or wall associated with an exit airflow
path in the inhaler body, wherein the inhaler com-
prises a lever in communication with a loading post
residing proximate an outer or inner perimeter of the
dose container disk, whereby movement of the lever
causes the loading post to push the dose container
disk assembly against either a mouthpiece or an exit
airflow path member in fluid communication with the
mouthpiece.

A dry powder dose container assembly according to
any of Claims 1-12 in combination with an inhaler,
wherein the inhaler comprises an inhaler body with
an inhalation port, wherein the inhaler comprises at
least one seal residing between an outer or inner
perimeter of the first airway disk and a wall associ-
ated with an exit airflow path in the inhaler.

A dry powder dose container assembly according to
any of Claims 1-12 in combination with an inhaler
that has a piercer mechanism, wherein the piercer
mechanism comprises at least one of the following:

(a) a corkscrew piercer configured to pierce the
upper and lower sealants with a straight vertical
non-rotational movement;

(b) afluted piercer configured to pierce the upper
and lower sealants, wherein the fluted piercer
comprises three or four lobes, and wherein the
first airway disk has a flat surface with circum-
ferentially spaced apart apertures having a pe-
rimeter shape with three or four lobes corre-
sponding to the three or four lobes of the fluted
piercer; or

(c) a solid piercer.

A dry powder inhaler configured to hold the dose
container assembly of either of Claims 2 or 3, where-
in the cooperating channels are cooperating pairs of
airway channels that extend radially with the dose
container held therebetween to define an airflow path
in which airflow passes through one or more 90 de-
gree turns with dry powder entrained therein after
exiting a respective dose container to thereby inhibit
agglomeration.

A dry powder dose assembly according to any of the
preceding claims, wherein the dose container disk
is provided as two or more stacked dose container
disks that hold different dry powders to allow for com-
bination drug delivery.

The combination of Claim 15, wherein the piercer
mechanism is configured to serially alternate be-
tween rows to pierce the upper and lower sealants
over and under a dose container in a first row of dose
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container apertures, then pierce the upper and lower
sealants over and under a dose containerin a second
row of dose container apertures.

A method of fabricating a dose container assembily,
comprising:

providing a dose container disk having upper
and lower primary surfaces with a plurality of
circumferentially spaced apart dose container
apertures;

attaching a sealant layer to one of the upper or
lower primary surfaces of the dose container
disk;

filling the dose container disk apertures with dry
powder;

attaching a sealant layer to the other primary
surface of the dose container to provide sealed
dose containers;

providing at least one airway disk;

aligning the dose container disk with circumfer-
entially spaced apart airway channels on the at
least one airway disk so that each dose contain-
er aperture is in communication with one of the
airway channels in the at least one airway disk;
and

assembling the at least one airway disk to the
dose container disk.

A method according to Claim 19, wherein the step
of providing at least one airway disk is carried by
providing two airway disks, an upper and lower air-
way disk, and wherein the aligning step is carried
out so that the dose container apertures are aligned
with circumferentially spaced apart airway channels
on both the upper and lower airway disks so that
each dose container aperture is in communication
with one of the airway channels in both the upper
and lower disks; and

wherein the step of assembly is carried out by press-
fitting the upper and lower airway disks together and
sandwiching the dose container disk snugly there-
between.

Patentanspriiche

1.

Trockenpulverdosisbehaltnisanordnung (20), Fol-
gendes umfassend:

eine Dosisbehaltnisscheibe (30), versehen mit
gegenuberliegenden oberen und unteren pri-
maren Oberflachen und einer Vielzahl von um-
laufend beabstandeten Dosisbehéltnissen, wel-
che zum Aufbewahren von Trockenpulver darin
abgemessen und geformt sind, wobei sich Do-
sisbehaltniséffnungen durch die Dosisbehalt-
nisscheibe erstrecken, dadurch gekennzeich-
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net, dass die Dosisbehaltnisse mit jeweiligen
unteren und oberen Versiegelungen (36, 37)
versiegelt sind; und

eine Uber oder unter der Dosisbehaltnisscheibe
(30) angeordnete erste Luftwegscheibe (40),
wobei die erste Luftwegscheibe eine Vielzahl
von umlaufend beabstandeten Luftwegkanalen
(41) umfasst;

wobei die Luftwegkanale langlich sind und sich
in einerradialen Richtung tiber die jeweilige Luft-
wegscheibe erstrecken, wobei die langlichen
Kanale entgegengesetzte erste und zweite En-
dabschnitte (41a, 41b) umfassen, wobeiderers-
te Endabschnitt (41b) im Wesentlichen offen ist
und der zweite Endabschnitt (41a) im Wesent-
lichen geschlossen ist, und wobei der erste En-
dabschnitt nahe einem Innen- oder Auflenrand
der Dosisbehéltnisscheibe angeordnet ist, und
der zweite Endabschnitt Gber oder unter einem
jeweiligen Dosisbehaltnis angeordnet ist.

Trockenpulverdosisbehaltnisanordnung nach An-
spruch 1, ferner Trockenpulver in den Dosisbehélt-
nissen umfassend, wobei die Trockenpulverdosis-
behéltnisanordnung ferner eine zweite Luftweg-
scheibe umfasst, welche mit der ersten Luftweg-
scheibe ausgerichtet mit der Dosisbehéltnisscheibe
dazwischen angeordnet ist, wobei die zweite Luft-
wegscheibe eine Vielzahl von umlaufend beabstan-
deten, sich radial erstreckenden Luftwegkanalen
umfasst, und wobei zumindest einer der Kanale der
ersten Luftwegscheibe auf einen entsprechenden
zumindest einen der Kandle der zweiten Luftweg-
scheibe mit zumindest einem Dosisbehaltnis dazwi-
schen ausgerichtet ist, um zusammenwirkende Ka-
nale zu definieren.

Trockenpulverdosisbehéltnis nach Anspruch 2, wo-
bei die erste Luftwegscheibe auf der oberen oder
unteren primaren Oberflache der Dosisbehéltnis-
scheibe und/oder der Versiegelung darauf aufliegt,
und die zweite Luftwegscheibe auf der anderen der
oberen oder unteren primaren Oberflache oder der
Versiegelung darauf aufliegt.

Trockenpulverdosisbehaltnisanordnung nach An-
spruch 1, wobei die obere Versiegelung tber den
Dosisbehaltnisé6ffnungen angeordnetist, und die un-
tere Versiegelung unter den Dosisbehaltniséffnun-
gen angeordnet ist, wobei die erste Luftwegscheibe
eine Vielzahl von umlaufend beabstandeten Offnun-
gen umfasst, zumindest eine mit jedem Luftstrom-
kanal verbunden, wobei eine entsprechende erste
Luftwegscheibendffnung tiber oder unter einem ent-
sprechenden Dosisbehaltnis mit der oberen oderun-
teren Versiegelung dazwischen angeordnet ist.

Trockenpulverdosisbehéltnis nach einem der An-
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spriiche 2-3, wobei die zusammenwirkenden Luft-
wegscheibenkanale einen Luftwegpfad zur Einmal-
verwendung oder Zweimalverwendung in einem In-
halator zur Abgabe von Trockenpulver aus dem zu-
mindest einen, darin eingefassten Dosisbehaltnis
umfassen.

Trockenpulverdosisbehaltnisanordnung nach ei-
nem der Anspriiche 2-3 und 5, wobei die erste Luft-
wegscheibe mit einem Boden mit einer geschlosse-
nen Oberflache unter den ersten Luftwegschei-
benkanalen versehen ist, wobei die ersten Luftweg-
scheibenkanale jeweils ein Paar sich aufwarts er-
streckender Seitenwédnde umfassen, und wobei die
zweite Luftwegscheibe mit einer Decke mit umlau-
fend beabstandeten (")ffnungen versehen ist, wobei
zumindest eine Offnung lber jeder Dosisbehaltnis-
6ffnung mit der oberen Versiegelung dazwischen
angeordnet ist, wobei die zweiten Luftwegschei-
benkanale jeweils ein Paar sich abwarts erstrecken-
der Seitenwande umfassen, welche den Seitenwan-
den der ersten Luftwegscheibenkanéle gegeniiber
liegen.

Trockenpulverdosisbehaltnisanordnung nach ei-
nem der Anspriiche 1-6, wobei die Dosisbehéltnis-
scheibe eine erste Reihe umlaufend beabstandeter
Offnungen an einem ersten Radius und eine zweite
Reihe umlaufend beabstandeter Offnungen an ei-
nem zweiten Radius umfasst, wobei die erste Reihe
Dosisbehaltniséffnungen sich radial erstreckende
Mittellinien umfasst, welche umlaufend von sich ra-
dial erstreckenden Mittellinien der zweiten Reihe Do-
sisbehaltnis6ffnungen beabstandet sind, sodass die
erste und zweite Reihe in Bezug auf eine Mitte der
Scheibe konzentrisch sind, wobei die ersten Luft-
wegscheibenluftwegkanale alternierende Kanale
verschiedener radialer LAngen umfassen, wobei ei-
ne Lange Kanalen entspricht, welche sich von einem
Innen- oder AufRenrand der Luftwegscheibe zu Do-
sisbehaltnissen in der ersten Reihe erstrecken, und
die andere Lange Kanalen entspricht, die sich von
einem Innen- oder AuRenrand der Luftwegscheibe
zu Dosisbehaltnis6ffnungen in der zweiten Reihe er-
strecken.

Trockenpulverdosisbehaltnisanordnung nach ei-
nem der Anspriiche 1-7, wobei die erste Luftweg-
scheibe eine Vielzahl von kurzen Luftwegkanalen
und eine Vielzahl von langen Luftwegkanalen um-
fasst, wobei die kurzen Luftwegkanale mit der ersten
Reihe Dosisbehéltniséffnungen verbunden sind,
und die langen Luftwegkanale mit der zweiten Reihe
Dosisbehaltniséffnungen verbunden sind, und wo-
bei kurze und lange Luftwegkandle derart positio-
niert sind, dass sie nebeneinander angeordnet sind
und umlaufend um die erste Luftwegscheibe alter-
nieren.
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Trockenpulverdosisbehaltnisanordnung nach ei-
nem der Anspriche 1-8, wobei die ersten Luftweg-
scheibenkanale mit einem Abschnitt ausgelegt sind,
welcher um einen ersten Abstand tber ein jeweiliges
Dosisbehaltnis gehoben wird, sich danach um einen
zweiten Abstand zu einem Innen- oder Aufienrand
der Dosisscheibe dreht, sich anschlieRend um einen
dritten Abstand nach unten bewegt, wobei der dritte
Abstand zumindest gleich dem ersten Abstand ist,
um einen kurvenférmigen Luftstrompfadabschnitt
auszubilden, um ein ungewtinschtes Ausrieseln des
Trockenpulvers aus dem Inhalator zu verhindern.

Trockenpulverdosisbehaltnisanordnung nach ei-
nem der Anspriiche 2-3 und 5-6, wobei die Dosis-
behaltnisscheibe und die erste und zweite Luftweg-
scheibe einen kreisférmigen Innenrand umfassen,
und jede Scheibe im Wesentlichen den gleichen
Durchmesser aufweist, wobei die Dosisbehéltnis-
scheibe eine Vertiefung an dem Innenrand davon
umfasst, wobei die erste Luftwegscheibe sich ab-
warts erstreckende, umlaufend beabstandete Na-
sen an dem Innenrand davon umfasst, und die zwei-
te Luftwegscheibe sich aufwarts erstreckende, um-
laufend beabstandete Nasen an dem Innenrand da-
von umfasst, wobei eine der Nasen einen sich radial
erstreckenden Abschnitt umfasst, welcher die Ver-
tiefung der Dosisbehaltnisscheibe in Eingriff nimmt,
um die Dosisbehéltnisscheibe in Bezug auf die erste
und zweite Luftwegscheibe auszurichten, wobei die
Nasen von zumindest einer der unteren oder oberen
Luftwegscheibe Stauchsteifen umfassen, und wobei
die obere und untere Luftwegscheibe mit der fest
dazwischen angeordneten Dosisbehéltnisscheibe
per Pressanschluss verbunden sind, um eine inte-
grale, sicher befestigte Anordnung auszubilden.

Trockenpulverdosisbehaltnisanordnung nach ei-
nem der Anspriiche 2-3, 5-6 und 10, wobei die zu-
sammenwirkenden Kandle zusammenwirkende
Paare Luftwegscheibenkanéle sind, welche wah-
rend der Abgabe eines jeweiligen, dazwischen ein-
gefassten Dosisbehaltnisses in Fluidkommunikation
sind, und mit dem jeweiligen Dosisbehéltnis zusam-
men einen im Allgemeinen hufeisenformigen Luft-
strompfad definieren, wobei die langen Seiten des
Hufeisens jedem Kanal entsprechen, welcher derart
ausgerichtet ist, dass er sich in einer radialen Rich-
tung Uber zumindest einen Abschnitt der Scheibe
erstreckt.

Trockenpulverdosisbehaltnisanordnung nach ei-
nem der vorhergehenden Anspriiche, wobei jeder
Luftwegkanal der ersten Luftwegscheibe eine ent-
sprechende Trockenpulveraustrittséffnung definiert,
und wobei die Trockenpulveraustritts6ffnungen um-
laufend beabstandet und an einem AuRenrand der
ersten Luftwegscheibe angeordnet sind.
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Trockenpulverdosisbehaltnisanordnung nach ei-
nem der Anspriiche 1-12 in Kombination mit einem
Inhalator, wobei der Inhalator ein Inhalatorgehause
mit einer Inhalator6ffnung umfasst, wobei die Dosis-
behaltnisscheibe und/oder erste Luftwegscheibe mit
einer Neigung ausgelegt ist, damit sie sich in eine
zuvor definierte Richtung bewegt, um eine Trennfla-
che oder Wand, welche mit einem Austrittsluftstrom-
pfad in dem Inhalatorgehduse verbunden ist, versie-
gelndin Eingriff nimmt, wobei der Inhalator miteinem
Hebel versehen ist, welcher mit einem Ladeelement
kommuniziert, das nahe einem Aul3en- oder Innen-
rand der Dosisbehéltnisscheibe angeordnet ist, wo-
bei eine Bewegung des Hebels dazu fiihrt, dass das
Ladeelement die Dosisbehaltnisscheibenanord-
nung entweder gegen ein Mundstiick oder ein Aus-
trittsluftstrompfadteil in Fluidkommunikation mit dem
Mundstiick drangt.

Trockenpulverdosisbehéaltnisanordnung nach ei-
nem der Anspriiche 1-12 in Kombination mit einem
Inhalator, wobei der Inhalator ein Inhalatorgehause
mit einer Inhalatoréffnung umfasst, wobei der Inha-
lator zumindest eine Abdichtung umfasst, welche
zwischen einem Aulien- oder Innenrand der ersten
Luftwegscheibe und einer Wand angeordnet ist, wel-
che mit einem Austrittsluftstrompfad des Inhalators
verbunden ist.

Trockenpulverdosisbehaltnisanordnung nach ei-
nem der Anspriiche 1-12 in Kombination mit einem
Inhalator, welcher miteinem Dornmechanismus ver-
sehen ist, wobei der Dornmechanismus zumindest
eines der Folgenden umfasst:

(a) einen Korkenzieherdorn, dazu ausgelegt,
dass er die obere und untere Versiegelung mit
einer geraden vertikalen drehfreien Bewegung
durchsticht;

(b) einen gerillten Dorn, zum Durchstechen der
oberen und unteren Versiegelung ausgelegt,
wobei der gerillte Dorn drei oder vier Formkan-
ten umfasst, und wobei die erste Luftwegschei-
be eine flache Oberflache mit umlaufend beab-
standeten (")ffnungen umfasst, welche eine
Randform mit drei oder vier Formkanten aufwei-
sen, die den drei oder vier Formkanten des ge-
rilten Doms entsprechen; oder

(c) einen festen Dorn.

Trockenpulverinhalator, zum Einfassen der Dosis-
behaltnisanordnung nach Anspruch 2 oder 3 ausge-
legt, wobei die zusammenwirkenden Kanéle zusam-
menwirkende Paare Luftkanale sind, welche sich ra-
dial mit dem dazwischen eingefassten Dosisbehalt-
nis erstrecken, um einen Luftstrompfad zu definie-
ren, in welchem ein Luftstrom mit darin mitgefihrtem
Trockenpulver nach dem Austritt aus einem jeweili-
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gen Dosisbehéltnis eine oder mehrere 90-Grad-Dre-
hungen passiert, um somit eine Ansammlung zu ver-
hindern.

Trockenpulverdosisanordnung nach einem der vor-
hergehenden Anspriiche, wobei die Dosisbehaltnis-
scheibe als zwei oder mehr tibereinandergestapelte
Dosisbehaltnisscheiben bereitgestellt ist, welche
verschiedene Trockenpulver fassen, um eine kom-
binierte Arzneimittelabgabe zu ermdglichen.

Kombination nach Anspruch 15, wobei der Dornme-
chanismus zum seriellen Alternieren zwischen Rei-
hen ausgelegt ist, um die oberen und unteren Ver-
siegelungen Uber und unter einem Dosisbehaltnis in
einer ersten Reihe von Dosisbehaltnis6ffnungen zu
durchstechen und danach die oberen und unteren
Versiegelungen lber und unter einem Dosisbehalt-
nis in einer zweiten Reihe von Dosisbehaltniséffnun-
gen zu durchstechen.

Herstellungsverfahren fiir eine Dosisbehaltnisan-
ordnung, Folgendes umfassend:

Bereitstellen einer Dosisbehéltnisscheibe, wel-
che obere und untere primare Oberflachen mit
einer Vielzahl von umlaufend beabstandeten
Dosisbehaltnisé6ffnungen umfasst;

Anbringen einer Versiegelungsschicht auf eine
der oberen oder unteren primaren Oberflachen
der Dosisbehaltnisscheibe;

Fillen der Dosisbehéltnisscheibenéffnungen
mit Trockenpulver;

Anbringen einer Versiegelungsschicht auf die
andere primare Oberflache des Dosisbehaltnis-
ses, um versiegelte Dosisbehéltnisse bereitzu-
stellen;

Bereitstellen zumindest einer Luftwegscheibe;
Ausrichten der Dosisbehéltnisscheibe auf um-
laufend beabstandete Luftwegkanale an der zu-
mindest einen Luftwegscheibe, sodass jede Do-
sisbehaltnis6ffnung in Kommunikation mit ei-
nem der Luftwegkanaéle in der zumindest einen
Luftwegscheibe steht; und

Montieren der zumindest einen Luftwegscheibe
an die Dosisbehaltnisscheibe.

Verfahren nach Anspruch 19, wobei der Schritt des
Bereitstellens zumindest einer Luftwegscheibe
durch Bereitstellen von zwei Luftwegscheiben, einer
oberen und unteren Luftwegscheibe, ausgefihrt
wird, und wobei der Ausrichtungsschritt derart aus-
geflhrt wird, dass die Dosisbehaltnis6ffnungen auf
die umlaufend beabstandeten Luftwegkanéle so-
wohl an der oberen als auch der unteren Luftweg-
scheibe ausgerichtet sind, sodass jede Dosisbehalt-
nis6ffnung in Kommunikation mit einem der Luftweg-
kanéale sowohl in der oberen als auch der unteren
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Scheibe steht; und

wobei der Schritt des Montierens per Pressan-
schluss der unteren und oberen Luftwegscheibe und
Dazwischenanordnen der Dosisbehéltnisscheibe in
satt anliegender Weise ausgefuhrt wird.

Revendications

Ensemble de contenants de doses de poudre séche
(20), comprenant:

un disque de contenants de doses (30) ayant
des surfaces primaires supérieures et inférieu-
res opposées et une pluralité de contenants de
dose espacés de maniére circonférentielle, di-
mensionnés et fagonnés pour y recevoir une
poudre séche, ou les ouvertures de contenant
une dose s’étendent a travers le disque de con-
tenants de doses, caractérisé en ce que les
contenants de dose sont scellés avec des pro-
duits d’étanchéité supérieur et inférieur respec-
tifs (36, 37); et

un premier disque de polissage (40) des voies
respiratoires situé au-dessus ou au-dessous du
disque de contenants de doses (30), le premier
disque de polissage des voies respiratoires
comprenant une pluralité de canaux de polissa-
ge des voies respiratoires espacés de maniére
circonférentielle (41);

ou les canaux de polissage des voies respira-
toires sont allongés et s’étendent dans une di-
rection radiale a travers le disque de polissage
des voies respiratoires respectif, ou les canaux
allongés ont des premiére et seconde parties
d’extrémité opposées (41a, 41b), avec la pre-
miére partie d’extrémité (41b) étant sensible-
ment ouverte et la seconde partie d’extrémité
(41a) étant sensiblement fermée, et dans lequel
la premiére partie d’extrémité réside prés d’un
périmétre intérieur ou extérieur du disque de
contenants de doses et 'autre partie d’extrémité
se trouve au-dessus ou au-dessous d’un conte-
nant une dose respectif.

Ensemble de contenants de doses de poudre séche
selon revendication 1, comprenant en outre de la
poudre seche dans les contenants de dose, ou I'en-
semble de contenants de doses de poudre séche
comprend en outre un second disque de polissage
des voies respiratoires, est aligné avec le premier
disque de polissage des voies respiratoires, tous
deux séparés par le disque de contenants de doses,
le second disque de polissage des voies respiratoi-
res comprenant une pluralité de canaux de polissage
des voies respiratoires espacés de maniéere circon-
férentielle, et ollau moins 'un des canaux du premier
disque de polissage des voies respiratoires est ali-
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gné avec I'un au moins 'un des canaux correspon-
dants du second disque de polissage des voies res-
piratoires, tous deux séparés par au moins un con-
tenant le disque de dose pour définir des canaux
coopérants.

Ensemble de contenants de doses de poudre séche
selon revendication 2, ou le premier disque de po-
lissage des voies respiratoires est contigué a la sur-
face primaire supérieure ou inférieure du disque de
contenants de doses et/ou au produit d’étanchéité
présentsur celle-ci, etle second disque de polissage
des voies respiratoires est contigué a 'autre de la
surface primaire supérieure ou inférieure ou au pro-
duit d’étanchéité présent sur celle-ci.

Ensemble de contenants de doses de poudre séche
selon revendication 1, ou le produit d’étanchéité su-
périeur repose sur les ouvertures de contenant une
dose et le produit d’étanchéité inférieur réside sous
les ouvertures de contenant une dose, ou le premier
disque de polissage des voies respiratoires com-
prend une pluralité d’ouvertures espacées de ma-
niére circonférentielle, au moins une associée a cha-
que canal d’écoulement d’air, une premiére ouver-
ture du disque de polissage des voies respiratoires
respective résidant sur ou sous un conteneur de do-
se respectif, tous deux séparés par un produitd’étan-
chéité supérieur ou inférieur.

Ensemble de contenants de doses de poudre séche
selon I'une quelconque des revendications 2 a 3, ou
les canaux de disque de voies aérienne coopérant
définissent un canal de polissage des voies respira-
toires a usage unique ou double dans un inhalateur
permettant d’administrer de la poudre séche a partir
dudit au moins un contenant une dose maintenu en-
tre ceux-ci.

Ensemble de contenants de doses de poudre séche
selon 'une quelconque des revendications 2 a 3 et
5, ou le premier disque de polissage des voies res-
piratoires comporte un fond avec une surface fermée
sous les canaux du premier du disque de polissage
des voies respiratoires, ou les canaux du premier
disque de polissage des voies respiratoires com-
prennentchacun une paire de parois s’étendant vers
le haut, et ou le second disque de polissage des
voies respiratoires comprend un plafond avec des
ouvertures espacées de maniére circonférentielle,
avec au moins une ouverture située sur chaque
ouverture contenant une dose, toutes deux sépa-
rées par le produit d’étanchéité, ou les canaux du
second disque de polissage des voies respiratoires
comprennent chacune une paire de parois s’éten-
dant vers le bas faisant face aux parois latérales des
canaux du premier disque de polissage des voies
respiratoires.
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Ensemble de contenants de doses de poudre séche
selon 'une quelconque des revendications 1 a 6, ou
le disque de contenants de doses comprend une pre-
miére rangée d’ouvertures espacées de maniere cir-
conférentielle avec un premier rayon et une seconde
rangée d’ouvertures espacées de maniere circonfé-
rentielle avec un second rayon ou la premiére rangée
d’ouvertures de contenant une dose présente des
lignes médianes s’étendantradialement, qui sontes-
pacés de maniére circonférentielle a partir de lignes
médianes s’étendant radialementde laseconde ran-
gée d'ouvertures de contenant une dose, de sorte
que les premiére et seconde rangées sont concen-
triques par rapport a un centre du disque, ou les ca-
naux du premier disque de polissage des voies res-
piratoires comprennent des canaux alternatifs de dif-
férentes longueurs radiales, une longueur corres-
pondant aux canaux s’étendant a partir d’'un périme-
tre intérieur ou extérieur du disque de polissage des
voies respiratoires vers les contenants de dose dans
la premiére rangée etl'autre longueur correspondant
aux canaux s’étendant a partir d’'un périmétre inté-
rieur ou extérieur du disque de polissage des voies
respiratoires vers les ouvertures de contenant une
dose sur la seconde rangée.

Ensemble de contenants de doses de poudre séche
selon 'une quelconque des revendications 1a 7, ou
le premier disque de polissage des voies respiratoi-
res inclut une pluralité de courts canaux de polissage
des voies respiratoires et une pluralité de longs ca-
naux de polissage des voies respiratoires, les courts
canaux de polissage des voies respiratoires asso-
ciés a la premiére rangée d’ouvertures de contenant
une dose et les longs canaux de polissage des voies
respiratoires associés a la seconde rangée d’ouver-
tures de contenant une dose, etou les courts etlongs
canauxde polissage des voies respiratoires sont dis-
posés adjacents les uns aux autres et alternent de
maniere circonférentielle autour du premier disque
de polissage des voies respiratoires.

Ensemble de contenants de doses de poudre séche
selon 'une quelconque des revendications 1 a 8, ou
les canaux du premier disque de polissage des voies
respiratoires sont configurés avec une partie qui
s’éléve d’'une premiére distance au-dessus d’un con-
tenant une dose respectif, puis tourne vers un péri-
meétre intérieur ou extérieur du disque de dose sur
une deuxiéme distance, avant de parcourir une troi-
siéme distance, ou la troisieme distance est au
moins la méme que la premiére distance, pour for-
mer une partie de trajet d’écoulement d’air curviligne
et ainsiinhiber tout déversementindésirable de pou-
dre séche a partir de l'inhalateur.

Ensemble de contenants de doses de poudre séche
selon I'une quelconque des revendications 2 a 3, et
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5 a6, dans lequel le disque de contenants de doses,
et les premier et second disques de polissage des
voies respiratoires ont un périmeétre intérieur circu-
laire et chaque disque a sensiblement le méme dia-
meétre, ou la disque de contenants de doses com-
porte un évidement sur son périmetre intérieur, ou
le premier disque de polissage des voies respiratoi-
res comprend des languettes s’étendant vers le bas
et espacées de maniére circonférentielle sur son pé-
rimétre intérieur et le second disque de polissage
des voies respiratoires comprend des languettes
s’étendant vers le haut et espacées de maniére cir-
conférentielle sur son périmétre intérieur ou l'une
des languettes posséde une partie s’étendant radia-
lement et s’enclenchant dans I'évidement du disque
de contenants de doses pour orienter le disque de
contenants de doses par rapport aux premier et se-
cond disques de polissage des voies respiratoires,
ou les languettes d’au moins I'un des disques infé-
rieur ou supérieur de polissage des voies respiratoi-
res comprend des nervures d’absorption des chocs,
et ou les disques supérieur et inférieur de polissage
des voies respiratoires sont ajustés de maniére for-
cée avec le contenant une dose, serrés en sandwich
pour constituer un ensemble fixé de maniére solidai-
re.

Ensemble de contenants de doses de poudre séche
selon 'une quelconque des revendications 2 a 3, 5
a 6 et 10, dans lequel les canaux coopérants sont
des paires coopérantes canaux de disques de po-
lissage des voies respiratoires qui sont en commu-
nication fluide pendant I'administration d’'un conte-
nant une dose respectif maintenu entre ceux-ci, et
ensemble avec le conteneur de dose respectif défi-
nissent un trajet d’écoulement d’air en forme globale
de U, avec les longs cétés du U correspondant a
chaque canal orienté pour s’étendre dans une direc-
tion radiale de part et d’autre d’au moins une partie
du disque.

Ensemble de contenants de doses de poudre séche
selon l'une quelconque des revendications précé-
dentes, ou chaque canal de polissage des voies res-
piratoires du premier disque de polissage des voies
respiratoires définit une ouverture de sortie de pou-
dre séche correspondante, et ou les ouvertures de
sortie de poudre séche sont espacées de maniére
circonférentielle et se trouvent sur un périmétre ex-
térieur du premier disque de polissage des voies res-
piratoires.

Ensemble de contenants de doses de poudre séche
selon 'une quelconque des revendications 1 a 12
en combinaison avec un inhalateur, ou l'inhalateur
est composé d’'un corps d’inhalateur avec un port
d’inhalation, ou la disque de contenants de doses
et/ou le premier disque de polissage des voies res-
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piratoires est configuré avec un biais pour circuler
dans une direction prédéfinie et s’enclencher de ma-
niere hermétique dans une interface ou une paroi
associée a untrajetd’écoulementd’air de sortie dans
le corps d’inhalateur, ou l'inhalateur comprend un
levier en communication avec un poste de charge-
ment situé a proximité d’'un périmétre extérieur ou
intérieur du disque de contenants de doses, ou le
mouvement du levier conduitle poste de chargement
arepousser ’'ensemble de contenants de doses con-
tre un embout buccal ou une partie du trajet d’écou-
lement d’air de sortie en communication fluide avec
I'embout buccal.

Ensemble de contenants de doses de poudre séche
selon I'une quelconque des revendications 1 a 12
en combinaison avec un inhalateur, ou l'inhalateur
est composé d’un corps d’inhalateur avec un port
d’inhalation, ou l'inhalateur est composé d’au moins
unjoint situé entre un périmétre extérieur ou intérieur
du premier disque de polissage des voies respira-
toire et une paroi associée a un trajet d’écoulement
d’air de sortie dans l'inhalateur.

Ensemble de contenants de doses de poudre séche
selon I'une quelconque des revendications 1 a 12
en combinaison avec un inhalateur présentant un
mécanisme de percement, ou le mécanisme de per-
cement comprend au moins I'un des éléments sui-
vants:

(a) un perceur de type tire-bouchon configuré
pour percer les joints supérieur et inférieur dans
un mouvement droit vertical sans rotation;

(b) un perceur cannelé configuré pour percer les
joints supérieur et inférieur, ou le perceur can-
nelé comporte trois ou quatre lobes, et ou le pre-
mier disque de polissage des voies respiratoire
a une surface plane avec des ouvertures espa-
cées de maniére circonférentielle et présentant
une forme de périmétre avec trois ou quatre lo-
bes correspondant aux trois ou quatre lobes du
perceur cannelé; ou

(c) un perceur solide.

Inhalateur de poudre séche configuré pour contenir
'ensemble de contenants de doses selon I'une ou
'autre des revendications 2 ou 3, ou les canaux coo-
pérants sont des paires coopérantes de canaux de
polissage des voies respiratoires s’étendant radia-
lement avec le contenant de dose maintenu entre
ces derniers pour définir un trajet d’écoulement d’air
dans lequel I'air passe par un ou plusieurs virages
a 90 degrés en entrainant de la poudre séche aprées
étre sorti d’'un contenant de dose respectif pour ainsi
empécher toute agglomération.

Ensemble de contenants de doses de poudre séche
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selon l'une quelconque des revendications précé-
dentes, dans lequel le disque de contenants de do-
ses est sous forme de deux ou plusieurs disques
contenant une dose, renfermant différentes poudres
séches pour une administration combinée de médi-
caments.

Combinaison selon larevendication 15, dans laquel-
le le mécanisme de percement est configuré pour
alterner en série entre des rangées pour percer les
joints supérieurs et inférieurs au-dessus et au-des-
sous d’un contenantde dose dans une premiére ran-
gée d’ouvertures de contenant de dose, puis percer
les joints supérieurs et inférieurs au-dessus et au-
dessous d’'un contenant de dose dans une seconde
rangée d’ouvertures de contenant de dose.

Procédé de fabrication d’'un ensemble de contenants
de doses, comprenant:

lafourniture d’'un disque de contenants de doses
présentant des surfaces primaires supérieure et
inférieure avec une pluralité d’ouvertures de
contenants de doses espacées de maniére cir-
conférentielle;

la fixation d’'une couche de produit d’étanchéité
al'une des surfaces primaires supérieure ou in-
férieure de disque de contenants de doses ;

le remplissage des ouvertures de disques de
contenants de doses avec de la poudre séche;
la fixation d’'une couche de produit d’étanchéité
a l'autre surface primaire du contenant de dose
pour produire des contenants de doses scellés;
la fourniture d’au moins un disque de polissage
des voies respiratoires;

I'alignement du disque de contenants de doses
avec des canaux de polissage des voies respi-
ratoires espacées de maniere circonférentielle
sur ledit au moins un disque de polissage des
voies respiratoires pour que chaque ouvertures
de contenants de doses soit en communication
avec l'un des canaux de polissage des voies
respiratoires dans au moins I'un des disques de
polissage des voies respiratoires; et 'assembla-
ge dudit au moins un disque de polissage des
voies respiratoires avec le disque de contenants
de doses.

Procédé selon la revendication 19, ou I'étape con-
sistant a fournir au moins un disque de polissage
des voies respiratoires revient a fournir deux disques
de polissage des voies respiratoires, un disque su-
périeur de polissage des voies respiratoires et un
disque inférieur de polissage des voies respiratoires,
et dans lequel la phase d’alignement est réalisée de
sorte que les ouvertures de contenants de dose
soient alignées avec les canaux de polissage des
voies respiratoires espacés de maniére circonféren-
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tielle a la fois sur les disques supérieurs de polissage
des voies respiratoires et les disques inférieurs de
polissage des voies respiratoires pour que chaque
ouverture de contenants de doses soit en commu-
nication avec 'un des canaux de polissage des voies
respiratoires dans au moins I'un des disques supé-
rieurs et inférieurs de polissage des voies respira-
toires; et

ou I'étape d’assemblage réalisé par ajustement for-
cé des disques supérieurs et inférieurs de polissage
des voies respiratoires et prise en sandwich du dis-
que de contenants de doses de maniére serrée.
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