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(57) Abréegée/Abstract:

It Is Intended to provide a novel dry powder Inhalation system for transpulmonary administration which Is suitable for
transpulmonary administration. This novel dry powder inhalation system for transpulmonary administration comprises : (1) a
container having a freeze-dried composition for transpulmonary administration which Is prepared by freeze-drying a liquid
composition containing a component in an undissolved state and has the following properties (i) to (iii): (1) being in the form of a non-
powdery cake; (il) having a disintegration index of 0.05 or more; and (iil) upon an air impact of an air speed of at least 1 m/sec and
an air flow rate of at least 1/ ml/sec, being disintegrated into fine particles having an average particle diameter (an aerodynamic
particle diameter) of 10 um or less or an effective particle rate of 10% or more; combined with (2) a means of applying the above-
described air impact to the freeze-dried composition in the above-described container, and a means of discharging the powdery
freeze-dried composition having been disintegrated into fine particles.
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(57) Abstract: It is intended to provide

5 a novel dry powder inhalation system for
transpulmonary administration which is suitable

A / for transpulmonary administration. This novel
dry powder inhalation system for transpulmonary

\ administration comprises : (1) a container having
T~ 7 a freeze-dried composition for transpulmonary

/1 O administration which is prepared by freeze-drying

a liquid composition containing a component
in an undissolved state and has the following
properties (i) to (iii): (i) being in the form of a
non-powdery cake; (ii) having a disintegration
g i \ / index of 0.05 or more; and (iii) upon an air impact
. of an air speed of at least 1 m/sec and an air flow

rate of at least 17 ml/sec, being disintegrated into

fine particles having an average particle diameter

(an aerodynamic particle diameter) of 10 U m

or less or an effective particle rate of 10% or
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DESCRIPTION

NOVEL DRY POWDER INHALATION SYSTEM FOR TRANSPULMONARY
ADMINISTRATION

TECHNICAL FIELD

The present invention relates to a novel dry powder
inhalation system suitable for transpulmonary administration.
More specifically, the present inventionrelates to a dry powder
inhalation system for transpulmonary administration according
to which a freeze-dried composition provided housed in a vessel
can be prepared into a form suitable for transpulmonary
administration by being made into fine particles at the time
of use, and administered by inhalation as 1is.

Furthermore, the present invention encompasses the
followinginventionsrelated tothedrypowder inhalationsystem
for transpulmonary administration. Specificexamplesof these
inventions include a freeze-dried composition which can be made
into fine particle powder suitable for transpulmonary
administration (dry powdered preparation for transpulmonary
administration) at the time of use, a method for producing the
dry powdered preparation for transpulmonary administration,
a method for transpulmonary administration by inhalation using
the freeze-dried composition and use of a freeze-dried
composition for preparing a dry powdered preparation for
transpulmonary administration at the time of use.

Hereinafter, in this specification, the term “fine
particles” includes substances having a fine structure
regardless of a form such as a powder (particle powder) form,

a needle-like form, a plate-like form and a fibrous form.
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BACKGROUND ART

In general, with regard to transpulmonary administration,
it is known that the active ingredient contained in a medicine
can be delivered into the lungs efficiently by making the mean
particle diameter of the active ingredient be 10 microns or
less, preferably 5 microns or less. The current situationwith
conventional inhalations for transpulmonary administration is
thus that, tomake themedicine have aparticle diameter suitable
for transpulmonary administration in advance, fine particles
are prepared by a spray drying method, a jet milling method
or the like, and possibly further processing is carried out,
and then the fine particles are provided filled into a dry powder
inhaler.

Specifically, previously employed preparations include
three types of dry powder inhalation, namely (1) a preparation
comprising a powder-formcomposition comprisingonlymedicinal
fine particles filled into a suitable vessel, (2) a preparation
comprising a powder-form composition in which medicinal fine
particles have been granulated gently toformarelatively large
particle diameter filled into a suitable vessel, and (3) a
preparation comprising a powder-form composition comprising
mixed particles in which medicinal fine particles and vehicle
particles (lactose etc.) having aparticle diameter larger than
themedicinal fineparticles aremixed togetheruniformly filled
into a suitable vessel (refer to, for example, Japanese
Unexamined Patent Publication No. 1999-171760). Moreover, it
isdisclosed that if these powdered inhalations areadministered
into the respiratory tract, then the behavior shown is that

with (1) the medicinal fine particles in the composition reach
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the lower respiratory tract, for example the trachea and the
bronchi, and are deposited here, with (2) the granulated
medicine separates into fine particles in flight in the
respiratory tract, and the medicinal fine particles produced
reach the lower respiratory tract, for example the trachea and
the bronchi, and are deposited here, and with (3) the vehicle
is deposited in the oral cavity, on the pharynx or on the larynx,
and the medicinal fine particles only reach the lower
respiratory tract, for example the trachea and the bronchi,
and are deposited here.

In this way, with a conventional powdered inhalation for
transpulmonary administration, the ingredient to be inhaled
ismade into desirable fine particles in advance, and then these
fine particles, or else these fine particles further processed
by some methods, are filled into a dry powder inhaler, and
transpulmonary administration is carried out using this.

To make a low-molecular-weight drug into fine particles,
a spray drying method (for example, disclosed in Japanese
Unexamined Patent Publication No. 1999-171760), a jet milling
method (for example, disclosed in Japanese Unexamined Patent
Publication No. 2001-151673) or the like is usually used. The
jet milling method comprises applying an air impact having an
air flow rate of at least 1000 L/min and an air speed not less
than the sonic speed to a low-molecular-weight drug to make
the drug into fine particles. No method is known which makes
the drug into fine particles by a low air impact.

For a high-molecular-weight drug such as a peptide or
protein, on the other hand, for example a method in which a
spray solution of amedicinal stock liquid containing additives

is subjected to spray drying, thus making the stock liquid into
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fine particles having a mean particle diameter of 5 microns
or less in one step, and then these fine particles are filled
into a dry powder inhaler (spray drying method: WO 95/31479),
and a method in which a peptide or protein is freeze-dried along
with additives, and then the freeze-dried composition is made
into fine particles by jet milling or the like, and these fine
particles are filled into a dry powder inhaler (freeze
drying-jet milling method: WO 91/16038) are known.

However, conventional powdered inhalations for
transpulmonary administration prepared by the above-mentioned
spray drying method or freeze drying-jet milling method are
not necessarily ideal preparations for high-molecular-weight
drugs such as peptides and proteins in particular. For example,
as shown by the disclosure in WO 95/31479 that about 25%
deactivation of interferon occurs during the spray drying
process, it is anticipated that if the spray drying method 1is
used, then proteins and the like will be deactivated in the
manufacturing process and the activity of the drug will thus
decrease. No method is known which makes a
high-molecular-weight drug into fine particles by a low air
impact, the same as a low-molecular-weight drug.

Moreover, withboth the spray dryingmethod and the freeze
drying-jet milling method, an operation is required in which
the fine powder prepared is collected from the spray drying
apparatus or jet milling apparatus and is subdivided and filled
into vessels. It is thus inevitable that, accompanying this
operation, problems will arise such as the yield of the
preparation decreasing due to collection or filling loss and
the cost rising correspondingly, and the preparation being

contaminated with impurities. Moreover, in general 1t 1is
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difficult to subdivide and f£ill the powder in small amounts
with good accuracy. If the spray drying method or the freeze
drying-jet milling method, for which such subdividing and

filling of small amounts in powder form is essential, is used,
then it is thus necessary to establish a method of £illing with
small amounts and good accurancy of powder. In actual fact,
details of a system, apparatus and method for filing with a

fine powder are disclosed inUnited States Patent No. 5,826,633.

DISCLOSURE OF THE PRESENT INVENTION

It is an object of the present invention to solve the
various problems of the above-mentioned conventional powdered
inhalations for transpulmonary administration. Specifically,
it is an object of the present invention to provide a novel
preparation system and administration system that enables a
freeze-dried composition that has been housed in vessels to
be made into fine particles down to a particle diameter suitable
for transpulmonary administration in the vessel, and then be
used for transpulmonary administration by inhalation as 1is.

The present inventors carried out assiduous studies to
attain the above object, and as a result discovered that if
a pharmacologically active substance as active ingredients is
filled as a liquid into vessels and then freeze-dried, then
the non-powder-form freeze-dried composition thus prepared can
unexpectedly be made into fine particles by a relatively low
air impact while still housed in the vessel. Based on this
knowledge, the present inventors carried out further studies,
and as a result discovered that by using a freeze-dried
composition, which has been housed in a non-powder form in a

vessel, combinedwithadevice comprisingmember for introducing
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air at a prescribed speed and flow rate into the vessel so as
to be capable of applying a prescribed air impact to the
composition, and member for discharging from the vessel the
powdered composition that has been made into fine particles,
then the freeze-dried preparation can be prepared into a fine
particle powder form suitable for transpulmonary
administrationeasilybyauser at the time of use (specifically,
at the time of inhalation),and thus, transpulmonary
administration can be carried out by administering the fine
particle powder as is by inhalation. Moreover, the present
inventors discovered that a composition liquid containing
pharmacologically active substances to be filled as a 1iquid
into vessels can be prepared as a freeze-dried composition
capable of being made into fine particles suitable for
transpulmonary administration through a predetermined air
impact, and further discovered that this is not 1imited to the
case where the ingredients in particular to be the
pharmacologically active substance as an active ingredient are
clearly dissolved or mixed in a solvent, and moreover, the
ingredients may be not dissolved or only partially dissolved
(which state is called as "the non-dissolved form”) in the
solvent.

It was verified that, according to this transpulmonary
administration system, all of the previouslymentionedproblems
of conventional powdered inhalations for transpulmonary
administration can be solved.

That is, the above-mentioned transpulmonary
administration system of the present invention can be used for
transpulmonary administration without the problem of

contamination, since it is not necessary to subdivide and fill
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the powder form freeze-dried composition which was made into
fine particles in another device, into vessels.

Moreover, according to the above-mentioned
administration system, active ingredients such as protelins or
peptides are not exposed to high temperature in the
manufacturingprocess as is the casewith the spraydryingmethod
and the 1ike, andhence there is noproblemof the pharmacological
activity dropping due to exposure to high temperature. This
member that the administration system of the present invention
is an extremely useful system in particular with
pharmacologically active substances such as peptides and
proteins that are expensive drugs, since the manufacturing cost
can be reduced. More specifically, the administration system
of the present invention is economically useful. Moreover,
according to the dry powder inhalation system of the present
invention, an extremely high fine particle fraction (the amount
of the drug reaching the lungs: fine particle fraction,
respirable fraction) is obtained, and hence the drug can be
delivered into the lungs efficiently.

The dry powder inhalation system of the present invention
is characterized by using a freeze-dried composition in a
non-powder cake-like form prepared by subjecting active
ingredients-containing composition liquid in the
non-dissolved form to freeze-dry as a preparation for
transpulmonary administration. The dry powder inhalation
system of the present invention in which the freeze-dried
composition in a cake-like form thus prepared is applied to
a dry powder inhaler is capable of achieving a significantly
higher fine particle fraction compared to the case where a

preparation made into fine particle powder having a size
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suitable for transpulmonary administration using a method
employed for powder inhalants heretofore known, such as a jet
milling method or a spray drying method, 1s applied to a dry
powder inhaler of the present invention. For such reasons,
the dry powder inhalation system of the present invention can
be ranked as a high-performance transpulmonary administration
system.

The present invention was developed based on this
knowledge, and includes the following items.
Item 1. A freeze-dried composition for transpulmonary
administration prepared by freeze-drying a composition liquid
containing ingredients in a non-dissolved form which has the
following properties (i) to (iii):
(i) a non-powder cake-like form,
(ii) a disintegration index of 0.05 or more, and
(iii) becoming fine particles having a mean particle diameter
(mass median aerodynamic diameter) of 10 microns or less or
a fine particle fraction of 10% or more upon receipt of an air
impact having an air speed of at least 1lm/sec and an air flow
rate of at least 1l7ml/sec.
Item 2. The freeze-dried composition according to Item 1,
wherein a high-molecular-weight drug is contained as an active
ingredient.
Item 3. A method of manufacturing a dry powdered
preparation for transpulmonary administration, comprising:

introducing air into a vessel to apply to a freeze-dried
composition an air impact having an air speed of at least lm/sec
and an air flow rate of at least 17ml/sec using a device capable
of applying said air impact to the freeze-dried composition

in the vessel,
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thereby making said freeze-dried composition into fine
particles having a mean particle diameter (mass median
aerodynamic diameter) of 10 microns or less or a fine particle
fraction of 10% or more;

the freeze-dried composition prepared by freeze-drying
a composition liquid containing ingredients in a non-dissolved
form and having the following properties:

(i) a non-powder cake-like form,

(ii) a disintegration index of 0.05 or more, and

(iii) becoming fine particles having a mean

particle diameter of 10 microns or less or a fine particle
fraction of 10% or more upon receipt of the air impact.
Item 4. The method of manufacturing a dry powdered
preparation for transpulmonary administration according

to Item 3, wherein the freeze-dried composition contains a
high-molecular-weight drug as an active ingredient.

Item 5. The method of manufacturing a dry powdered
preparation for transpulmonary administration according

to Item 3 comprising pulverizing a freeze-dried composition
into fine particles using a dry powder inhaler described under
item (A) or (B) as a device:

(A) a dry powder inhaler for transpulmonary
administration, being a device used for making a freeze-dried
composition that has been housed in non-powder form in a vessel
into fine particles, and administering the resulting fine
particles to a user by inhalation,

comprising a needle part having an air jet flow path,
aneedle part having a discharge flowpath, air pressure-feeding
member for feeding air into the air jet flow path of said needle

part, and an inhalation port that communicates with the
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discharge flow path of said needle part,

and characterizedbybeingconstituted such that astopper
that seals up said vessel is pierced by said needle parts, thus
communicating the air jet flow path and the discharge flow path
with the inside of said vessel, and air is jetted into said
vessel through said air jet flow path using sald ailr
pressure-feeding member, thus pulverizing said freeze-dried
composition into fine particles by the impact of the jetted
air, and discharging the fine particles obtained from the
inhalation port via said discharge flow path, or

(B) a dry powder inhaler for transpulmonary
administration, being a device used for making a freeze-dried
composition that has been housed in non-powder form in a vessel
into fine particles, and administering the resulting fine
particles to a user by inhalation,

comprising a needle part having a suction flow path, a
needle part having an air introduction flow path, and an
inhalation port that communicates with said suction flow path,

and characterized by being constituted such that, in a
state in which a stopper sealing up said vessel has been pierced
by said needle parts, through the inhalation pressure of the
user, air in said vessel is inhaled from said inhalation port,
and at the same time outside air flows into said vessel, at
a negative pressure, through said air introduction flow path,
and as a result said freeze-dried composition is pulverized
into fine particles by the impact of the air flowing in, and
the fine particles obtained are discharged from the inhalation
port through said suction flow path.
Item 6. A dry powder inhalation system for transpulmonary

administration, using a combination of:
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(1) avessel housing a freeze-dried composition prepared
by freeze-drying a composition liquid containing ingredients
in a non-dissolved form, and has:

(i) a non-powder cake-like form,

(ii) a disintegration index of 0.05 or more, and

(iii) a property of becoming fine particles having a mean
particle diameter (mass median aerodynamic diameter) of 10
microns or less or a fine particle fraction of 10% or more upon
receiving an air impact having an air speed of at least 1 m/sec
and an air flow rate of at least 17 ml/sec; and

(2) a device comprising a member capable of applying said
alr impact to the freeze-dried composition in said vessel, and
a member for discharging the powder-form freeze-dried
composition that has been made into fine particles.

Item 7. The dry powder inhalation system for
transpulmonary administration according to Item 6, wherein the
vessel and the device are used in combination at the time of
inhalation.

Item 8. The dry powder inhalation system for
transpulmonary administration according to Item 6, wherein the
freeze-dried composition contains a high-molecular-weight
drug as an active ingredient.

Item 9. The dry powder inhalation system for
transpulmonary administration according to Item 6, wherein the
device 1is:

A) adrypowder inhaler for transpulmonary administration,
being a device used for making a freeze-dried composition that
has beenhoused innon-powder forminavessel intofineparticles,
and administering the resulting fine particles to a user by

inhalation,
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comprising a needle part having an air jet flow path,
aneedle part havingadischarge flowpath, air pressure-feeding
member for feeding air into the air jet flow path of said needle
part, and an inhalation port that communicates with the
discharge flow path of said needle part,

and characterizedbybeingconstituted such that astopper
that seals up said vessel is pierced by said needle parts, thus
communicating the air jet flow path and the discharge flow path
with the inside of said vessel, and air is jetted into said
vessel through said air jet flow path using said air
pressure-feeding member, thus pulverizing said freeze-dried
composition into fine particles by the impact of the jetted
alr, and discharging the fine particles obtained from the
inhalation port via said discharge flow path, or

B) adrypowder inhaler for transpulmonary administration,
being a device used for making a freeze-dried composition that
has been housed innon-powder forminavessel intofineparticles,
and administering the resulting fine particles to a user by
inhalation,

comprising a needle part having a suction flow path, a
needle part having an air introduction flow path, and an
inhalation port that communicates with said suction flow path,

and characterized by being constituted such that, in a
state in which a stopper sealing up said vessel has been pierced
by said needle parts, through the inhalation pressure of the
user, air in said vessel is inhaled from said inhalation port,
and at the same time outside air flows into said vessel, at
a negative pressure, through said air introduction flow path,
and as a result said freeze-dried composition is pulverized

into fine particles by the impact of the air flowing in, and
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the fine particles obtained are discharged from the inhalation
port through said suction flow path.
Item 10. A transpulmonary administration method
comprising:

making a freeze-dried composition into fine particles
having a mean particle diameter of 10 microns or less or a fine
particle fraction of 10% or more by applying an air impact having
an air speed of at least 1 m/sec and an air flow rate of at
least 17 ml/sec to the freeze-dried composition at the time
of use, and

administering the resulting fine particle powder to a
user by linhalation;

the freeze-dried composition being prepared by
freeze-drying a composition liquid containing ingredients in
a non-dissolved form and having the following properties:
(i) a non-powder cake-like form,
(ii) a disintegration index of 0.05 or more, and
(iii) becoming fine particles having a mean particle diameter
of 10 microns or less or a fine particle fraction of 10% or
more upon recelipt of the air impact.
Item 11. The transpulmonary administration method
according to Item 10, wherein the freeze-dried composition is
housed in a vessel, and the fine particle powder are prepared
using a device comprising a member capable of applying the air
impact to the freeze-dried compositionin the vessel and a member
for discharging the resulting fine particle powder-form
freeze-dried composition out of the vessel.
Item 12. The transpulmonary administration method
according to Item 10, wherein the freeze-dried composition

contains a high-molecular-weight drug as an active ingredient.
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Item 13. The transpulmonary administration method
according to Item1ll, using a dry powder inhaler described under
item (A) or (B) as the device:

(A) a dry powder inhaler for transpulmonary
administration, being a device used for making a freeze-dried
composition that has been housed in non-powder form in a vessel
into fine particles, and administering the resulting fine
particles to a user by inhalation,

comprising a needle part having an air jet flow path,
aneedle part havingadischarge flowpath, air pressure-feeding
member for feeding air into the air jet flow path of said needle
part, and an inhalation port that communicates with the
discharge flow path of said needle part,

and characterizedbybeingconstitutedsuchthat a stopper
that seals up said vessel is pierced by said needle parts, thus
communicating the air jet flow path and the discharge flow path
with the inside of said vessel, and air is jetted into said
vessel through said air jet flow path using said air
pressure-feeding member, thus pulverizing said freeze-dried
composition into fine particles by the impact of the jetted
air, and discharging the fine particles obtained from the
inhalation port via said discharge flow path, or

(B) a dry powder inhaler for transpulmonary
administration, being a device used for making a freeze-dried
composition that has been housed in non-powder form in a vessel
into fine particles, and administering the resulting fine
particles to a user by inhalation,

comprising a needle part having a suction flow path, a
needle part having an air introduction flow path, and an

inhalation port that communicates with said suction flow path,
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and characterized by being constituted such that, in a
state in which a stopper sealing up said vessel has been pierced
by said needle parts, through the inhalation pressure of the
user, air in said vessel is inhaled from said inhalation port,
and at the same time outside air flows into said vessel, at
a negative pressure, through said air introduction flow path,
and as a result said freeze-dried composition is pulverized
into fine particles by the impact of the air flowing in, and
the fine particles obtained are discharged from the inhalation
port through said suction flow path.

Item 14. Use of a freeze-dried composition for
transpulmonary administration by inhalation,

the freeze-dried composition prepared by freeze-drying
a composition liquid containing ingredients in a non-dissolved
form and having the following properties:

(i) a non-powder cake-like form,

(ii) a disintegration index of 0.05 or more, and

(iii) becoming fine particles having a mean particle diameter
of 10 microns or less or a fine particle fraction of 10% or
more upon receipt of an air impact having an air speed of at
least 1 m/sec and an air flow rate of at least 17 ml/sec,
and being used by forming into fine particles having said mean
particle diameter or said fine particle fraction.

Item 15. The use o0of a freeze-dried composition for
transpulmonary administration according to Item 14, wherein
the freeze-dried composition is housed in a vessel, and the
fine particles are prepared using a device comprising a member
capable of applying the air impact to the freeze-dried
composition in the vessel and a member for discharging the

result'ing fine particle powder-form freeze-dried composition
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out of the vessel.

Item 16. The use of a freeze-dried composition for
transpulmonary administration according to Item 14, wherein
the freeze-dried composition contains a high-molecular-weight
drug as an active ingredient.

Item 17. Use of a freeze-dried composition for
manufacture of a dry powdered preparation for transpulmonary
administration by inhalation,

the freeze-dried composition having the following
properties:

(i) being prepared by freeze drying a composition liquid

containing ingredients in the non-dissolved form,

(ii) a non-powder cake-like form,

(iii) a disintegration index of 0.05 or more, and

(iv) becoming fine particles having a mean particle diameter

of 10 microns or less or a fine particle fraction of 10% or

more upon receipt of an air impact having an air speed of at

least 1 m/sec and an air flow rate of at least 17 ml/sec,
and being used by forming into fine particles having said

mean particle diameter or said fine particle fraction at the

time of use.

Item 18. The use o0of a freeze-dried composition for

manufacture of a dry powdered preparation for transpulmonary

administration by inhalation according to Item 17, wherein the

freeze-dried composition contains a high-molecular-weight

drug as an active ingredient.

Item 19. The use of a freeze-dried composition for

manufacture of a dry powdered preparation for transpulmonary

administration according to Item 17, wherein the freeze-dried

composition is housed in a vessel, and the fine particles are
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prepared by using a device comprising a member for applying
a prescribed air impact to the freeze-dried composition housed
in the vessel and a member for discharging the resulting fine
particle powder formfreeze-driedcompositionout of the vessel.
Item 20. Use of a composition liquid containing ingredients
in the non-dissolved form for manufacture of a freeze-dried
composition having the following properties, which is used for

manufacture of dry powdered preparation for transpulmonary

administration:

(i) a non-powder cake-like form,

(ii) a disintegration index of 0.05 or more, and

(iii) becoming fine particles having a mean particle diameter
of 10 microns or less or a fine particle fraction of 10% or
more upon recelpt of an alr impact having an air speed of at
least 1 m/sec and an air flow rate of at least 17 ml/sec,
and being used by forming into fine particles having said mean
particle diameter or sald fine particle fraction at the time
of use.

Item 21. The use of a composition 1liquid containing
ingredients in the non-dissolved form according to Item 20,
wherein the freeze-dried composition contains a
high-molecular-weight drug as an active ingredient

Item 22. The use of a composition 1liquid containing
ingredients in the non-dissolved form according to Item 20,
wherein the freeze-dried composition is housed 1n a vessel,
and the fine particles are prepared by using a device comprising
amember for applyingaprescribedair impact tothe freeze-dried
composition housed in the vessel and a member for discharging
the resulting fine particle powder form freeze-dried

composition out of the vessel.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1s a cross section showing a dry powder inhaler
(jet type 1) of the present invention disclosed as Embodiment
1. Note that, in the drawing, the arrows indicate the flow
of external air (likewise in Figs. 2 and 3 below).

Moreover, the meanings of the various reference numerals
are as follows: 1. vessel, la. stopper, 2. freeze-dried
composition, 3. air jet flow path, 4. discharge flow path, 5.
needle part, 6. inhalationport, 7. air intakemember, 8. tubular
safety cover, 9. air pressure-feedingmember, 10. bellows body,
11. intake valve, 12. intake port, 13. discharge valve, 14.
discharge port, 15. connecting port (likewise in Figs. 2 to
11 below).

Fig. 2 1s a cross section showing a dry powder inhaler
(self-inhaling type 1) of the present invention disclosed as
Embodiment 2. Moreover, the meanings of the various reference
numerals are as follows: 16. suction flow path, 17. air
introduction flow path, 18. inhalation port, 19. air intake
member (likewise in Fig. 3 below).

Fig. 3 is a cross section showing a dry powder inhaler
(self-inhaling type 2) of the present invention disclosed as
Embodiment 3.

Fig. 4 is a perspective view showing a dry powder inhaler
(self-inhaling type 3) of the present invention disclosed as
Embodiment 4. Moreover, themeanings of the reference numerals
areas follows: 21. housing, 22. holderpart, 27. 1id, 28. window,
32. mouthpiece, 32a. mouthpiece cap, 39. connector (likewise

in Figs. 5 to 13 below).

Fig. 5isacross sectionof the above-mentioned dry powder
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inhaler (self-inhaling type 3). Moreover, the meanings of the
reference numerals are as follows: 20. housing chamber, 21A.
hinge, 23. guide part, 24. holder operating part, 26. housing
malin body, 29. introduction port, 30. check valve, 31. suction
5 port, 33. partition part, 35. remover, 36. lever, 37. mechanism
part, 39. connector, 40. hinge, 41. hinge (likewise in Figs.
6 to 13 below).
Fig. 6(a) isacross sectionof part of the above-mentioned
dry powder inhaler (self-inhaling type 3). Fig. 6 (b) is a
10 sideviewof theneedlepartof thisdrypowder inhaler. Moreover,
the meanings of the reference numerals are as follows: lé6a.
tip opening of suction flow path 16, l1l7a. tip opening of air
introduction flowpath 17, 34. peripheral wall part, 42. second
introduction path, 42a. introduction groove in partition part
15 33, 42b. introduction groove in peripheral wall part 34, 43.
gap, 44. one end of second introduction path 42, 45. other end
of second introductionpath 42, 46. vent hole, 47. wall (1likewise
in Figs. 7 to 13 below).
Figs. 7 to 10 are sectional view for explaining the
20 operation of the above-mentioned dry powder inhaler
(self-inhaling type 3). Reference numeral 25 indicates a
removal/insertion port.
Fig. 11 is a perspective view of a dry powder inhaler
(self-inhaling type 4), which is another embodiment of the
25 present invention. Referencenumeral 48 indicatesanoperator.
Fig. 12 is a perspective view of a dry powder inhaler
(self-inhaling type 5) of another embodiment of the present
invention. Reference numeral 49 indicates an operator.
Fig. 13 is a perspective view of a dry powder inhaler

30 (self-inhaling type 5) of another embodiment of the present
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invention. Reference numeral 49 indicates an operator.

BEST MODE FOR CARRYING OUT THE INVENTION

(1) Freeze-dried composition

The freeze-dried composition of the present invention
1ls a composition that is prepared in a non-powder dry form by
filling composition liquid containing ingredients in the
non-dissolved form into a vessel and then freeze-drying the
same as 1s. The freeze-dried composition is prepared by
freeze-drying composition liquid in the non-dissolved form
containingpreferablyasingleorapluralityof effective doses
of active ingredients, and in particular, preferably a single
dose of effective dose of active ingredients.

The freeze-dried composition of the present invention
1s prepared by selecting a composition (types and amounts of
active ingredient and carrier used together with the active
ingredient) of the composition liquid such that the
disintegration index of the freeze-dried composition prepared
1s 0.05 or more, and thus the freeze-dried composition can be
made into fine particles down to a particle diameter suitable
for transpulmonary administration in an instant by receiving
an impact of external air (air impact, jet pressure) introduced
into (flowing into) the vessel.

Note that the disintegration index in the present
invention is a value characteristic of the freeze-dried
composition that can be obtained by measuring following the
undermentioned method.

{Disintegration index)
0.2 to 0.5 ml of a mixture containing target components

that will constitute the freeze-dried composition is filled
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into a vessel having a trunk diameter of 18 mm or 23 mm, and
freeze-drying is carried out. Next, 1.0ml of n-hexane is
instilled gently down the wall of the vessel onto the
non-powder-form freeze-dried composition obtained.
Agitation is carried out for about 10 seconds at 3000 rpm, and
then the mixture is put into a UV cell of optical path length
1 mm and optical path width 10 mm, and the turbidity is measured
immediately at a measurement wavelength of 500 nm using a
spectrophotometer. The turbidity obtained is divided by the
total amount (weight) of the components constituting the
freeze-dried composition, and the value obtained is defined
as the disintegration index.

Here, an example of the lower 1limit of the disintegration
index of the freeze-dried composition of the present invention
can be given as the above-mentioned 0.05, preferably 0.08, more
preferably 0.09, yet more preferably 0.1, still more preferably
0.11, still further preferably 0.12, and in particular 0.13
1s preferable.

Moreover, there is no particular limitation on the upper
limit of the disintegration index of the freeze-dried
composition of the present invention, but an example can be
given as 1.5, preferably 1, more preferably 0.9, yvet more
preferably 0.8, and still more preferably 0.7. 1In particular,
0.6 ispreferable, and 0.5 ismore preferable. The freeze-dried
composition of the present invention preferably has a
disintegration index in a range constituted froma lower limit
and an upper limit selected as appropriate from the above, with
the proviso that the disintegration index is at least 0.05.
Specific examples of the range of the disintegration index are

0.05to0o 1.5, 0.08t0 1.5, 0.09t01.0, 0.1 t0 0.9, 0.10 to 0.8,



10

15

20

25

30

CA 02507766 2005-05-26

22

0.1 to 0.7, 0.1 to 0.6 and 0.1 to 0.5.

Moreover, it is preferable to prepare the freeze-dried
composition of the present invention in a non-powder cake-like
form by freeze-drying. In the present invention,
‘non-powder-form freeze-dried composition’ member a dry solid
obtained by freeze-drying a composition liquid containing
active ingredients, and is generally called a 'freeze-dried
cake’' . However, even if cracks appear in the cake, the cake
breaks into a plurality of large lumps, or part of the cake
breaks into a powder during the freeze-drying process or during
subsequent handling, this cake is still included as a
non-powder-form freeze-dried composition that is the subject
of the present invention, more specifically, as a freeze-dried
composition having a non-powder cake like form, provided the
effects of the present invention are not impaired.

As described above, the freeze-dried composition of the
present invention is prepared by freeze-drying a compos<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>