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DRY POWDER INHALER SYSTEM

BACKGROUND

[0001] Capsules, and essentially hard gelatin capsules are
very widely used in the pharmaceutical industry to allow oral
administration of drugs.

[0002] Hard gelatin capsules were developed as an edible
container to mask the taste and odour of medicines. As aresult
of the introduction of mass-production techniques and high-
speed capsule filling machines, capsules have become one of
the most popular dosage forms for pharmaceuticals. Capsules
have traditionally been used for powder or granule formula-
tions, but later have been adapted to contain oily liquids,
tablets and even powders for inhalation. Capsules enjoy wide-
spread popularity because of their relative ease of manufac-
ture (compared with other dosage forms such as tablets) and
flexibility of size to accommodate a range of fill weights.
They are readily able to achieve bioequivalence between dif-
ferent strengths of the same formulation.

[0003] Hard gelatin capsules do have some drawbacks. In
capsule shells made from gelatin, the main material used for
this purpose generally contains 13-15% water and therefore
may not be suitable for use with water sensitive drugs or drug
composition. Some drugs may react with the amino groups of
gelatin, causing discolouration or formation of crosslinks
between gelatin molecules which retard capsule dissolution.
Gelatin products are sometimes shunned as a result of reli-
gious or vegetarian dietary restrictions.

[0004] Hard gelatin capsules have also been used since
about 25 years to administer powder for inhalation. In this
case, the capsule is pierced using an adequate inhalation
device and the powder is inhaled via the mouth or sometimes
via the nose.

[0005] As said, the main disadvantages of hard gelatin cap-
sules are their relatively high water content (13-16%), their
animal origin, their brittleness characteristics and the fact that
they may chemically or physically interact with some active
or inactive ingredients.

[0006] Therefore, more recently, other kinds of pharmaceu-
tical hard capsules have been developed as an alternative to
hard gelatin capsules. Among those new hard capsule types,
hydroxypropylmethylcellulose  (HPMC) also  called
hypromellose capsules appear to be the most promising. For
the clarity of the present text, “HPMC capsules” will be
defined as pharmaceutically acceptable capsules containing
at least 70% by weight of hydroxyppropylmethylcellulose.
[0007] An example of HPMC capsules useful for pharma-
ceutical applications are described in U.S. Pat. No. 5,756,123.
Those HPMC capsules are of vegetal origin and contain 79.6-
98.7% by weight of hydroxypropylmethylcellulose, 0.03-0.
5% by weight of carrageenan and 0.14-3.19% by weight of a
potassium and/or calcium ion.

[0008] U.S. Pat. No. 5,715,810 describes a device for oral
or nasal inhalation of finely divided materials such as medici-
nal agents and drugs placed in a hermetically sealed con-
tainer.

[0009] No reference at all is made in said document to the
use of HPMC capsules, nor to the advantages to use such
capsules, as among others, for the man skilled in the art
“hermetically sealed container” does not encompass HPMC
capsules.

[0010] EP606486 describes a pharmaceutical preparation
for inhalation comprising a powdered preparation for intra-
tracheal administration contained in a container made for a
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material mainly comprising at least one compound of the
group consisting of hydroxypropylmethylcellulose, methyl-
cellulose, hydroxypropylcellulose, starch, hydroxypropy-
lated starch and sodium alginate. According to said docu-
ment, less adhesion or absorption of the drug will be achieved
in said container, with respect to receptacles made of gelatin,
polypropylene, aluminum foil or glass.

[0011] Tests made by applicant have shown that when
using conventional dry inhalation system with conventional
piercing system, after inhalation, the amount of drug still
present in the HPMC capsule (about 20% of the drug initially
present in the capsule) was substantially equal to the amount
of drug still present in the gelatine capsule (about 18% of'the
drug initially present in the capsule). Tests made by Applicant
have also shown that when using a conventional inhaler sys-
tem, the lung deposition was better when using a gelatin
capsule, instead of a HPMC capsule.

[0012] It has now been found that by using a HPMC con-
tainer or capsule with a specific dry powder inhaler, it was
possible to increase the lung deposition of the drug, said
increased lung deposition being greater than the lung depo-
sition obtained when using a gelatin capsule with a conven-
tional dry powder inhaler, as well as with the specific dry
powder inhaler of the invention.

Physical Characteristics of HPMC Capsules

[0013] HPMC capsules are odorless and flexible, and
exhibit similar dissolution behaviour to the gelatin capsule.
Their appearance is similar, except that it lacks the lustre of
gelatin. The physical properties of both HPMC and gelatin
capsule shells that may affect stability and dissolution, and
therefore their suitability for use with various formulations
and intended use, are listed in Table 1.

TABLE 1

Comparative characteristics of HPMC capsules and hard
gelatin capsules

HPMC Gelatin
capsules capsules
Moisture content 2-5% 13-15%
Water vapour permeability Low Low
Substrate for protease No Yes
Maillard reaction with drug fill No Yes
Deformation by heat Above ~80° C. Above ~60° C.
(degradation)
Water dissolution at room Soluble Soluble
temperature
Static Low High
Light degradation No Possible

[0014] There are two components of capsule shell hard-
ness—brittleness and tolerance to deformation—which
determine suitability for use with automated encapsulating
machines, as well as end use. When the moisture content of
the capsule shell is decreased, as may occur when a desiccant
is added to a package of capsules containing moisture-labile
drugs, gelatin capsules tend to become brittle and are subject
to breakage during transport and storage. The relationship
between brittleness and moisture content can be determined
using a hardness tester. The results of the testing show that the
percentage of broken gelatin capsules sharply increases as the
moisture content of the hard gelatin shell drops below 10%,
although the degree of brittleness can be modified somewhat
by addition of polyethylene glycol (PEG) during manufac-
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ture. In contrast, this problem is not observed in HPMC
capsule shells even at moisture levels close to 0%.

[0015] Dry Powder Inhalers (DPIs) formulations are more
and more used in therapeutics since the Metered Dose Inhal-
ers (MDIs) containing chlorofluorocarbon (CFCs) gases have
been shown to provoke a greenhouse effect by destroying the
ozone layer.

[0016] DPI devices may be either single dose or multidose.
Inthe single dose DPI formulations, the drug is pre-packaged
in capsules or blisters. The multidose DPI formulations
involve a device containing at least a reservoir and a metering
chamber to administer an accurate dose of the drug. A large
number of patent applications are submitted each year about
new monodose or multidose DPI devices. Monodose and
multidose devices each present their own advantages and the
final choice for administering the drug via one or the other
kind of device is influenced by a large number of parameters
as listed hereinbelow:

TABLE 2

Characteristics of the ideal DPI device

—

. High lung deposition of the drug (with low deposition in the oro-
pharynx and low losses in the device itself)

. lung deposition as lowly as possible dependent to the airflow

. high inter-doses, inter-patients and inter-devices reproducibility

. chemical, physical and microbiological stability of the drug

. simplicity of use

. portability

. acceptability by the patients

. low cost of manufacturing

. inhalation chamber transparent in order that the patient can check if
he has inhaled the whole drug dose (compliance)

O 00 =1y W

[0017] The present invention only relates to monodose DPI
devices working with capsules. The single dose DPI devices
working with capsules, usually possess a system to pierce the
capsule. After the piercing, the patient inhales the powder
contained in the capsule through the device without swallow-
ing the capsule. The capsule remains in the device (and is
consequently not swallowed by the patient).

[0018] It is of the uttermost importance that as much as
possible of the medication contained in the capsules is
inhaled. Ideally, the capsule should be entirely empty after
inhalation. It is the object of the present invention to improve
the emptying of the HPMC capsules by the use of a device
equipped with piercing pins having a diameter of at least 0.8
mm, said pins being preferably bevel-edged.

BRIEF DESCRIPTION OF THE INVENTION

[0019] The present invention relates to an improved inha-
lation pharmaceutical composition consisting of (A) a dry
powder formulation containing a micronized active ingredi-
ent, alone or mixed with an inactive ingredient, said powder
being filled in a hydroxypropylmethylcellulose (HPMC) con-
tainer or capsule, said container having an outer surface
extending between two end portions intended to be pierced or
perfored, and (B) a dry powder inhaler device, advanta-
geously a single dose dry powder inhaler device adapted to
said capsule and equipped with at least one piercing pin
having an equivalent diameter of not less than 0.8 mm.

[0020] Advantageously, the piercing pin(s) has an equiva-
lent diameter lower than 3 mm, preferably lower than 2 mm.
[0021] The equivalent diameter of the pin is determined at
the section of the pin causing the larger hole in the envelope.
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The equivalent diameter of said section corresponds to 4
times the cross section area of said section divided by the
outer perimeter of said cross section area, wherein the cross
section area is determined in a plane perpendicular to the
direction of movement of the pin. In case the pin is a rod
provided with a shaped cutting or piercing end, the equivalent
diameter corresponds to the diameter of the rod.

[0022] The cross section area of said section is advanta-
geously circular or substantially circular, but can also be
square, rectangular, elliptic, hexagonal, octahedral, pentago-
nal, etc.

[0023] Advantageously, the cross section area of said sec-
tion is of at least 1.5 mm?, preferably at least about 1.9 mm?,
such as about 2 mm?, 2.5 mm?, 3 mm?, etc.

[0024] According to a preferred embodiment, the piercing
systems are bevel-edged needles or pins. This enables an
easier piercing of the envelope, even if the diameter of the
piercing pin is larger.

[0025] The dry powder inhaler is advantageously equipped
with at least two advantageously substantially identical pierc-
ing systems, adapted to pierce or perfore said container at said
two end portions, said piercing systems having' an equivalent
diameter of not less than 0.8 millimeter (mm), preferably not
less than 1 mm, whereby the piercing systems are adapted so
that the equivalent diameter of the hole or holes pierced by
each piercing system (after removal of the piercing system
from the holes) is from 10 to 31%, and preferably from 15%
to 26% of the equivalent diameter (advantageously the
equivalent inner diameter) of the cross section of the portion
of the outer surface of the container (of the hollow or room
defined by said outer surface) to be pierced located between
the two pierced end portions, said cross section being located
in a plane perpendicular to an axis extending between the end
portions, advantageously a symmetrical axis extending
between the end portions. Preferably, the improved dry pow-
der inhalation system of the invention comprises:

[0026] at least one micronized active ingredient, option-
ally in association with excipients, contained in an elon-
gated container which is an hydroxypropylmethylcellu-
lose container, advantageously an elongated capsule,
said container having an elongated outer surface with a
longitudinal axis of symmetry, said outer surface
extending between two curved end portions intended to
be pierced or perfored, and

[0027] an dry powder inhaler device equipped with at
least two advantageously substantially identical pierc-
ing systems, able to pierce or perfore said container at
said two end portions, said piercing systems having an
equivalent diameter of not less than 0.8 millimeter
(mm), preferably not less than 1 mm, whereby the pierc-
ing system are adapted so that the equivalent diameter of
the holes pierced by each piercing system (after removal
of the piercing system of the hole) is from 9 to 30%, and
preferably from 14% to 25% of the average equivalent
diameter (advantageously the equivalent inner diameter)
of the cross section of the portion of the outer surface of
the container perpendicular to the longitudinal axis of
symmetry.

[0028] Advantageously, the number of said piercing sys-
tems per device is less than 8, preferably less than 5, more
preferably less than 3. Most preferably, the number of pierc-
ing systems is 1 or 2, 2 being the most preferred number.

[0029] The active ingredient is advantageously mixed with
pharmaceutical acceptable carrier before being filled in said
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container. Said pharmaceutical acceptable carrier is advanta-
geously a mono- or dissacharide derivative and/or a lactose.
[0030] The weight mean size of the micronized active(s)
ingredient(s) is advantageously below 10 pm, preferably
below 8 um and most preferably below 6 um. Most preferably,
the weight average particle size of the active ingredient is
comprised between 0.5 um and 5 um. According to an
embodiment, the capsule contains substantially no particles
with a particle size of less than 0.4 um.

[0031] According to an embodiment, the micronized active
ingredient is from the class of mucolytics, bronchodilators,
corticosteroids, xanthine derivatives, leukotriene antagonists,
proteins or peptides, and mixtures thereof.

[0032] According to a specific embodiment, the active
ingredient is [.-lysine N-acetylcysteinate.

[0033] It is obvious that the dry powder composition can
contain two or more active ingredients.

[0034] The invention relates also to the use of a hydrox-
ypropylmethylcellulose capsule for the preparation of a dos-
age form containing a dry powder of at least one therapeutic
active agent to be administered by inhalation after having
pierced holes, each hole having an open passage of at least 1.5
mm?, preferably at least 2 mm?, most preferably at least 2.5
mm? in said hydroxypropylmethylcellulose capsule.

[0035] According to aspecific embodiment, the dry powder
inhalation system comprises at least one bucal or nasal piece
and one basal piece adapted for containing the capsule, said
basal piece being equipped with two pins and at least a means
for actuating or moving said pins towards the envelope to be
pierced. The means for moving the two pins is advanta-
geously pressing buttons operating the pins.

[0036] The invention further relates to:

[0037] amethod for treating respiratory diseases or pre-
venting respiratory troubles, using the dry powder inha-
lation system of the invention;

[0038] a method for administering one or more active
ingredients in the lungs using the dry powder inhalation
system of the invention;

[0039] a method for administering one or more active
ingredients in the systemic circulation using the dry
powder inhalation system of the invention.

[0040] said method comprises advantageously at least
the following successive steps:—breaking at least partly
an HPMC capsule containing an effective amount of at
least a therapeutic active agent, and—administering by
inhalation an effective amount of said therapeutic active
agent(s).

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] FIG. 1is a schematic view (with cross section) of a
four pin device,
[0042] FIG. 2 is a schematic view with cross section of a

“single pin device” of the invention,

[0043] FIGS. 3 and 4 are longitudinal side views of a pin of
the device of FI1G. 2,

[0044] FIG. 5 is an upper view of the basal element of the
device of FIG. 2,

[0045] FIG. 61is a cross section view of the basal element of
the FIG. 5 along the line VI-VI,

[0046] FIG. 7 is a view similar to the FIG. 6 showing the
movement of the two pins,

[0047] FIG. 8 is a schematic view of a pierced envelope,
[0048] FIG.9isacrosssection view ofthe pierced envelope
of FIG. 8, and
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[0049] FIG. 10 shows a comparison of various FPD,
namely the FPD of budesonide/salmeterol 200/25 pug DPI
combinations+single pin device versus the FPD obtained Ser-
event® Diskus® 50 pg and Pulmicort® Turbohaler 200 ng
(MLD).

DETAILED DESCRIPTION OF THE INVENTION

[0050] It is known that reach the lungs, only particles
inhaled have a diameter less than 6.0 um and for reaching the
alveoli the diameter should be less than 2.0 pm. Very small
particles, having a diameter less than 0.5 pm, are re-exhaled
after inhalation. Consequently, the ideal size range for
inhaled particles is between 0.5 and 6.0 um. According to an
embodiment, the average partide size (average in weight) is
less than 10 um, advantageously less than 8 pum, preferably
less than 6 pm. According to a specific embodiment, the
weight average particle size is comprised between 0.5 pum and
6 um, preferably lower than 5 um, most preferably lower than
4 pm, such as about 2 um, about 3 um. Advantageously, the
average (average in weight) particle size of the active agent
containing powder is about 3 um, with at least 50% by weight
of'the particles have a size comprised between about 2 um and
about 4 pum.

[0051] The importance of obtaining a high and reproduc-
ible dose of the active substance in the lungs are multiple.
First of all, if the lung deposition is high, it may allow to
reduce the nominal dose of the drug substance and decreasing
the amount of drug absorbed in the systemic circulation and
also potentially decrease the side-effects of the drug. This is
especially true for corticosteroids and long acting [3-2 mimet-
ics which present potentially serious side-effects. On the
other hand, the fact to dispose of a DPI system reliable i.e.
able to deliver a reproducible dose to the lung is of primary
importance for the efficacy of the product in the long term and
for the patients to feel reassured about their treatment.

[0052] DPI formulations may contain only the micronized
active ingredient or the micronized active ingredient mixed
with one or more inactive ingredients. The main role of the
inactive ingredient is to improve the flowability and the deliv-
ery of the dry powder.

[0053] The idea of using the HPMC capsules for inhalation
is not novel since it has been mentioned by the suppliers of
HPMC capsules in several symposia. A European patent
application (EP 0606486) has been submitted claiming their
possible use in inhaled formulation because of their lower
adherence than hard gelatin capsules. Tests made by applicant
have shown that when using conventional dry inhalation sys-
tem with conventional piercing system, after inhalation, the
amount of drug still present in the HPMC capsule (about 20%
of the drug initially present in the capsule) was substantially
equal to the amount of drug still present in the gelatine cap-
sule (about 18% of the drug initially present in the capsule).
Tests made by Applicant have also shown that when using a
conventional inhaler system, the lung deposition was better
when using a gelatin capsule, instead of a HPMC capsule

[0054] In the present invention, it has been discovered that
the use of HPMC capsules is not a sufficient condition to
obtain better performances than hard gelatin capsules with
DPI formulations. On the contrary, as described later; the
performances in term of lung deposition of the drug may
lower with HPMC capsules than with hard gelatin capsules if
the device used for administering the drug is not adapted at
the same time.
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[0055] The invention relates principally to the improved
lung deposition as quantified by the Fine Particle Dose (FPD)
with a combination of (A) a micronized active ingredient
mixed or not with excipients, and contained in HPMC cap-
sules and (B) a single dose dry powder inhaler device
equipped with at least one piercing pin having a diameter of at
least 0.8 mm.

[0056] Briefly, the new adapted single dose DPI device is
derived from a previous patented device (U.S. Pat. No. 3,991,
761). The DPI device described in U.S. Pat. No. 3,991,761
contains (A) a mouthpiece, (B) a capsules chamber where the
capsule is inserted before inhalation and (C) a perforating
system constituted of four pins (or needles) at each end of the
capsule chamber in order to perforate 8 holes in the capsules
(4 holes at each end of the capsule). Those pins are operated
or moved by pressing buttons 1 located at the exterior part of
the capsules chamber. The diameter of the 8 piercing pins of
this device is of 0.6x0.1 mm. A Figure representing this
device is given schematically in FIG. 1 with the cap (D)
removed or in open position. In the present specification, this
device will be called the “four pins device”. This device is not
a device suitable for the combination of the invention.
[0057] The single dose device of the present invention is
derived from the four pin device. The four pins of diameter of
0.6£0.1 mm at both ends of the capsule chamber were
replaced by a single pin at each end of the capsule chamber (2
pins in total) but with a larger diameter 1.2+0.1 mm Those
bigger pins are bevel-edged in order to allow an easier pen-
etration of the pins in the capsules while the pins of the “four
pins device” are “nail-shaped”. The single dose device of the
present invention with two opposite pins (one for piercing a
first end of the capsule and another for piercing the opposite
end of the capsule) will be called the “single pin device” in the
present specification. The single pin device is schematically
represented in FIG. 2, said device corresponding to the device
of FIG. 1, except that each button 1 is provided with a single
larger piercing pin 2, instead of four smaller piercing pins.
[0058] It should also be noted that the diameter of the hole
made by the piercing pin in hard gelatin or HPMC material is
always smaller than the diameter of the pin itself because of
the elastic properties of the capsules material, which is
responsible for some retraction of the holes after piercing. For
instance with the single pin device equipped with pins of
diameter of about 1.2 mm, the diameter of the hole observed
in the HPMC capsule after piercing is of approximately 1
mm.

[0059] Another difference between both kinds of devices is
the length L of the mouthpiece A which is shorter on the
“single pin device” (33+2 mm) than in the “four pins device”
(48+2 mm). It should be noted that the present invention does
not relate to a specific kind of device as such, but to the
advantageous combination of a specific device and a specific
powder container resulting in an optimal inhalation system.

[0060] A short description of the “single pin device” will
now be given.
[0061] Thedevice of FIG. 2 comprises a mouth piece 4 with

a substantially oval end attached to a base element 3, acap D
being provided for covering the mouth piece when the device
is not used for inhalation.

[0062] The base element 3 comprises a central chamber B
adapted for receiving a HPLC capsule, said chamber having a
form and a volume greater than the capsule, so as to enable a
movement of the capsule during the inhalation. The base
element is provided with two opposite recesses 4, each recess
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communicating with the chamber B by, a channel 5. Each
recess is associated to a button 1 bearing a pin 2, the free end
is partly engaged in the channel 5 when the button is not
operated. The buttons are each operated against the action of
a return mechanism, such as a spring 6. When the buttons are
pressed the one towards the other, the free end of each pin 2
enters the chamber B so0 as to contact a capsule placed in said
chamber and so as to pierce said capsule. After piercing, the
return mechanism enables the movement of the free end of the
pin 2 outside of the pierced capsule.

[0063] The base element is also provided with means for
entering inhalation air in the device. Said air enters the base
through the openings 7 and is guided in and/or above the
chamber B so as to put into movement (such as rotation) the
capsule and so as to aspire the particle and to move them
towards the mouth piece A.

[0064] Bothkind of devices (“four pins device” and “single
pin device”) work in the same way.

[0065] Basically, the DPI device works as follows: the
patient opens the device, inserts a capsule in the capsule
chamber, closes the device, pushes the buttons in order to
pierce the capsule and finally the patient puts the mouthpiece
of'the device in its mouth and inhales deeply. When the patient
inhales, the capsules begins to rotate on itself, so allowing the
powder to go outside the capsule via the eight holes pierced
by the device of FIG. 1 or two holes in the case of the single
pin device of FIG. 2 and, via the mouthpiece, to reach the
patient’s respiratory tract.

[0066] FIGS. 3 and 4 are enlarged longitudinal views of a
pin 2 used in the device of FIG. 1. The views are a vertical
longitudinal view and a horizontal longitudinal view.

[0067] The pin 2 is provided with a shaped cutting free end
2A. Said end 2A is provided with an inclined or beveled
surface 2B extending between two opposite longitudinal por-
tions (upper and lower portions) 2C,2D of the pin, the angle
formed by said surface with respect to the portion 2C,2D
being for example comprised between 15 and 75°. The
inclined surface is provided with cutting edges 2E,2F con-
nected in the prolongation of the portion 2D by a sharp
pointed edge 2G.

[0068] FIG. 8 shows on an enlarged scale the piercing or
perforation of an envelope HPMC 10. After piercing, the
envelope 10 is provided with two opposite openings 11,12
extending substantially along a longitudinal axis 13 of the
envelope. The piercing has been made by using two pin as
disclosed in FIGS. 3 and 4.

[0069] When a pin 2 is entering the envelope 10, the cutting
edges 2E,2F form a cutting, while the beveled or inclined
surface 2B pushes the cut area of the capsule into the inner
space of the capsule, so as to form a small inner guiding
surface 14,15 associated to each opening 11,12.

[0070] The diameter DH of the substantially circular open-
ing 11 and 12 (diameter of the open section perpendicular to
the axis 13, diameter measured after removal of the pin)
corresponds to about 20to 25% of the inner diameter DI of the
longitudinal portion (cylindrical) 10A of the capsule located
between the curved ends 10B,10C, or to about 19 to 24% of
the outer diameter DE of the central portion 10A of the
capsule 10. Examples of possible capsules are with asize 1,2
and 3 (for example Vcaps™), size 2 and 3 being more pre-
ferred. The total length of the capsule is for example com-
prised between 15 mm and 20 mm, while the outer diameter
of'the central portion 10A is comprised between 5.5 mm and
7 mm, the thickness of the wall being about 100 um. The inner
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volume of the capsule is advantageously lower than 0.5 ml,
such as 0.3 ml. A volume of about 0.3 ml seems to be quite
appropriate. The weight of the capsule without active ingre-
dient (i.e. the weight of the capsule as such is advantageously
lower than 80 mg, preferably lower than 50 mg. According to
a preferred embodiment, the total weight of the capsule with
the powder to be inhaled is lower than 100 mg, most specifi-
cally lower than 75 mg.

[0071] When using pins 2 of FIG. 3 placed so that the
inclined or beveled surfaces are directed towards opposite
direction (as shown if FIG. 8), the inner guiding surface 14 of
the hole 12 is directed downwardly, while the inner guiding
surface 15 of the hole 11 is directed upwardly, i.e. are directed
in opposite directions.

[0072] The invention relates thus also to the use of pins as
disclosed in FIGS. 3 and 4 for piercing a capsule (HPMC or
not), as well as the use of two pins as shown in FIG. 8 for
piercing a capsule (HPMC, gelatin, etc.), and finally also a
pierced capsule as shown if FIGS. 8 and 9.

Example 1

Formoterol DPI formulation

[0073] Formoterol fumarate is a well known long acting
bronchodilator used in the treatment of asthma. Formoterol
has been formulated in DPI with the formula given herebelow
(Table 2) and then the powder was filled into either hard
gelatin capsules or HPMC capsules. The FPD of formoterol
obtained from each type of capsule is given in Table 3. (The
definition of the FPD is given in the European Pharmaco-
poeia, 3 edition, chapter 2.9.18. Briefly, the FPD is the dose
(expressed in unity of mass) of the drug presenting a diameter
below 5.0 um when a formulation is tested on an Impactor)

[0074] The average (average in weight) particle size of the
formoterol containing powder was about 3 um (median Gauss
range: about 2 to 4 um, i.e. 50% by weight of the particles
have a size comprised between about 2 um and about 4 pm).

TABLE 2

DPI formulation of formoterol fumarate DPI

mg/capsule
micronized formoterol fumarate 0.012
lactose 23.988
TOTAL 24.000
[0075] The in-vitro deposition tests have been realized in

the following conditions:

[0076] Impactor: Multistage Liquid Impinger (Eur. Ph.
3%ed., 2.9.18).

[0077] airflow: 100 I/min

[0078] volume of air: 4 liters

[0079] DPI device: four pins device

[0080] 10 capsules/test

[0081] size 3 capsules: Hard gelatin capsules (Capsugel,

Belgium) HPMC capsules (Shionogi Qualicaps, Japan)

[0082] The tests and the calculations have been performed
in accordance with Eur. Ph. 3'“ ed., 2.9.18.
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TABLE 3

FPD obtained with formoterol fumarate DPI formulations with
hard gelatin capsules or HPMC capsules + four pins device

FPD (ug)
(mean = SD)
hard gelatin capsules 2.63 £0.16
capsules
HPMC capsules 2.24£0.12

[0083] Surprisingly, when a given DPI formulation fuma-
rate of formoterol was filled in respectively hard gelatin cap-
sules or HPMC capsules and administered with the “four pin
device”, the Fine Particle Dose (FPD) which is representative
of the in vitro lung deposition (see definition hereinbelow)
measured on a Multistage Liquid Impinger (EP 47 edition,
chapter 2.9.18.—apparatus C) was higher for the powder
filled into hard gelatin capsules than in HPMC capsules.
[0084] Those results are contrary to the teachings of the EP
patent 606486 is because, as described in Table 1, the HPMC
capsules have some potential advantages over hard gelatin
capsules (low water content, lower adherence, . . . ) which
make them theoretically more performant than the hard gela-
tin capsules for administering DPI formulations. But the
results show the superiority to hard gelatin capsules.

[0085] A more detailed look to the holes perforated in the
capsules by the device’s pins allow to observe that the holes
made in hard gelatin capsules were significantly larger than
the holes made in HPMC capsules. This observation can
explain the higher FPD value obtained with hard gelatin cap-
sules.

[0086] On the other hand, it has also been observed that the
shape of the holes perforated in HPMC capsules was more
regular than the shape of the holes perforated in hard gelatin
capsules.

[0087] The conclusion of this experiment, was that with the
four pin device equipped with pins of a diameter of 0.6+0.1
mm, the holes were smaller but presenting a more regular
shape with HPMC capsules than with hard gelatin capsules,
resulting in a lower FPD value for HPMC capsules.

[0088] The same hard gelatin and HPMC capsules contain-
ing the same formoterol fumarate formulation have again
been tested on a MLI apparatus (in the same conditions as
previously) but this time, they were administered using the
“single pin device”. Table four summarizes the results of FPD
obtained.

TABLE 4

FPD values obtained with formoterol fumarate formulation in
HPMC capsules + single pin device or hard gelatin capsule + single

pin device
FPD (ug)
(mean = SD)
hard gelatin capsules 2.67 £0.12
capsules
HPMC capsules 3.25£0.20

[0089] Itshould first be noted that the results obtained with
the single pin device are different than those obtained with the
four pins device, especially for HPMC capsules. Surprisingly
enough, this time the FPD obtained from HPMC capsules+
single pin device are higher than those obtained with hard
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gelatin capsules+single pin device. The results obtained with
the combination HPMC capsules+single pin device were sig-
nificantly higher than the results obtained with HPMC cap-
sules+four pin device.

[0090] The conclusion of this experiment is that the com-
bination described in the present invention i.e. HPMC cap-
sules+single pin DPI devices allows to obtain an higher FPD
value and hence the highest in vitro lung deposition. Neither
the HPMC capsules alone, nor the single pin device alone was
sufficient to provide this high lung deposition. Only the com-
bination of both parameters to form an integrated inhalation
system allowed to improve the lung deposition of the drug.

Example 2

Budesonide

[0091] Budesonide is a corticosteroid derivative very
widely used in the treatment of asthma. A comparison
between a DPI formulation of budesonide (see table 5) filled
into HPMC capsules and hard gelatin capsules, and adminis-
tered respectively with the four pins devices and the single pin
device, has been made.

[0092] The in-vitro deposition tests have been realized as
follows:
[0093] Impactor: Multistage Liquid Impinger
[0094] Airflow: 100 L/min
[0095] Volume of air. 4 liters
[0096] DPI device: four pins device or single pin device
[0097] 3 capsules/test
[0098] The tests and calculations have been performed in

accordance with Eur. Ph., 3% ed., 2.9.18.

[0099] The formulations of budesonide tested are described
in Table 4. The average (average in weight) particle size of the
micronized budesonide powder was about 3 pm (median
Gauss range: about 2 to 4 um, i.e. 50% by weight of the
particles have a size comprised between about 2 um and about
4 um).

TABLE §

formulation of budesonide DPI

mg/capsule
micronized budesonide 0.200
lactose 23.800
TOTAL: 24.00
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TABLE 6

comparative in vitro deposition of budesonide DPI
formulations in either hard gelatin capsules capsules + single pin
device or HPMC capsules + single pin device

FPD (ug) MMAD GSD
mean + SD mean = SD mean = SD
single pin device
hard gelatin capsules 66364 2.71+0.34 1.93 = 0.08
HPMC 804 6.1 2.02 £0.24 1.82 £ 0.06
four pins device
hard gelatin capsules 65354 2.85+0.56 1.96 = 0.10
HPMC 594 7.1 2.98 £0.16 2.02 £ 0.06
[0106] Itis clearly demonstrated that the lung deposition of

the drug is optimal (high FPD and lower MMAD) when the
DPI formulations are filled into HPMC capsules and admin-
istered with the single pin device. Another consequence of the
single pin device is the lower inter-test variability (lower SD),
probably due to the fact that the hole pierced in the capsule
with the single pin device is bigger, so allowing a more
regular output of the powder from one capsule to the other

Example 3

Salmeterol

[0107] A DPI formulation containing 50 pg of salmeterol
base (under the form of salmeterol xinafoate and 24.950 mg
oflactose, has been filed into HPMC capsules. A Mil test has
been performed on those capsules administered with the
single pin device and the results were compared to the results
obtained with a marketed salmeterol DPI formulation of sal-
meterol (Serevent®, Diskus®, Glaxo Smithkline). Each
device was used at the airflow recommended by the European
Pharmacopoeia 4” edition i.e 100 L/min for the single pin
device and 80 L/min for the Serevent® Diskus®. The results
obtained with

TABLE 7

comparative in vitro deposition of salmeterol DPI
formulations + single pin device versus Serevent ® Diskus ® (MLI,

n=3)
FPD (ug) MMAD GSD
mean = SD mean = SD mean = SD
Salmeterol DPI + 17.87 = 0.68 2.69 =0.05 1.37 £ 0.02
single pin device
Serevent Diskus 7.89 £0.53 2.98 =0.04 1.38 £ 0.01

[0100] Table 6 gives the result of FPD, MMAD and GSD
obtained with budesonide DPI formulations with:

[0101] hard gelatin capsules capsules+single pin device
[0102] HPMC capsules+single pin device
[0103] hard gelatin capsules capsules+four pins device
[0104] HPMC capsules+four pins device

[0105] The MMAD is the Mass Media Aerodynamic diam-

eter. MMAD is the diameter corresponding to 50% of the
cumulative deposition obtained on the Multistage Liquid
Impinger. The GSD is the geometric standard deviation of the
drug. All the calculations of those parameters have been real-
ized in accordance with Eur. Ph., 3’9, 2.9.18.

[0108] The results clearly demonstrate that the FPD is
much higher (more than twice as high) for the salmeterol DPI
formulation+single pin than for the marketed formulation and
device of salmeterol xinafoate.

Example 4

DPI Combination of Salmeterol/Budesonide

[0109] A new combination containing 2 active ingredients
i.e. budesonide and salmeterol xinafoate in the same DPI
capsule has also been tested and compared to the existing DPI
formulations of each active ingredient i.e. Pulmicort® Tur-
buhaler 200 ug (Astra Zeneca) for budesonide and Serevent®
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Diskus 50 ng for salmeterol xinafoate. Each HPMC capsule
of'the formulation tested in the object of the present invention
contains 200 pg of micronized budesonide, 36.3 ng of
micronized salmeterol xinafoate (=25 pg of salmeterol base)
and 23.775 mg of lactose. The HPMC capsule filled with this
powder blend was tested on the MLI apparatus using the
single dose device of the present invention.
[0110] The in-vitro deposition tests have been realized in
the following conditions:

[0111] Impactor: Multistage Liquid Impinger (Eur. Ph.

37ed., 2.9.18)

[0112] airflow: 100 I/min

[0113] volume of air: 4 liters

[0114] DPI device: four pins device

[0115] 10 capsules/test

[0116] size 3 capsules: HPMC capsules (Shionogi

Qualicaps, Japan)
[0117] The tests and the calculations have been performed
in accordance with Eur. Ph. 377 ed., 2.9.18.
[0118] FIG. 10 shows a comparison of various FPD,
namely the FPD of budesonide/salmeterol 200/25 ng DPI
combinations+single pin device versus Serevent® Diskus®
50 pg and Pulmicort® Turbuhaler 200 png (MLI).
[0119] As seenin the FIG. 10, the FPD obtained for budes-
onide and salmeterol are significantly higher for the combi-
nation filled into HPMC capsules and administered with the
single pin DPI device of the invention than for the respective
marketed form of budesonide and salmeterol.
[0120] The invention also relates to the improvement of the
chemico-physical stability of the DPI powder contained in the
HPMC capsules in comparison with the stability obtained
with DPI contained in hard gelatin capsules.
[0121] This improvement in the chemico-physical stability
of DPI powder in HPMC capsules is partially explained by
the relatively low content in water of HPMC capsules (3-7%)
in comparison with hard gelatin capsules (12-16%). That
means that HPMC capsules may be theoretically advanta-
geous for all active ingredients sensitive to moisture. In par-
ticular, proteins and active peptides may be advantageously
formulated as DPIs using HPMC capsules.
[0122] It should be noted that, even if the active ingredient
is not chemically sensitive to moisture, it may advantageously
be formulated as a DPI in HPMC capsules since the humidity
contained in the capsule may also be responsible for agglom-
eration and/or hygroscopic particles growth, causing a dimi-
nution of the FPD and consequently a diminution of the dose
available in the patient’s lung.
[0123] Furthermore, HPMC capsules may be dried until
they contain less than 0.5% of water without presenting any
apparition of brittleness while hard gelatin capsules capsule
became to break themselves when their content in water is
below 10%.
[0124] The invention relates also to method of treatment a
disease or for preventing troubles, in which a capsule of the
invention is used for the administration of one or more active
agents.
[0125] Themethod ofthe invention is for example a method
for treating respiratory diseases and/or for preventing respi-
ratory troubles.
[0126] In a method of the invention, one or more active
ingredients are administered or deposited in the lung(s).
[0127] Still in a method of the invention, one or more active
ingredients are administered or deposited in the systemic
circulation.
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What is claimed is:

1. An improved dry powder inhalation system comprising:

A) at least one active ingredient contained in an hydrox-

ypropylmethylcellulose capsule having an outer surface
extending between two end portions intended to be
pierced or perforated, and

B) a dry powder inhaler device comprising a chamber in

which the capsule is inserted, means equipped with at
least two substantially identical piercing systems, able
to pierce or perforate the capsule at said two end por-
tions, and a return mechanism so as to remove the pierc-
ing systems outside of the pierced capsule, whereby the
chamber has a form and a volume greater than the cap-
sule so as to enable, after removal of the piercing sys-
tems outside of the capsule, a rotation of the capsule
during inhalation, said piercing systems having a diam-
eter of not less than 0.8 mm being located in a place
perpendicular to an axis extending between the end por-
tions.

2. The dry powder inhalation system of claim 1, in which
the diameter of the piercing system has an equivalent diam-
eter of not less than 0.8 mm, the equivalent diameter being
defined as the diameter of a circle with the same area as a
whole punched.

3. The dry powder inhalation system of claim 2, wherein
said piercing system are selected from the group consisting of
bevel-edged needles and/or pins.

4. The dry powder inhalation system of claim 1, wherein
the active ingredient is mixed with a pharmaceutically-ac-
ceptable-carrier before being filled in said capsule.

5. The dry powder inhalation system of claim 3, wherein
said piercing systems are pins having an equivalent diameter
of less than 3 mm.

6. The dry powder inhalation system of claim 5, wherein
said piercing pins are able to open one or more passages of at
least 1.5 mm'each in the hydroxypropylmethylcellulose cap-
sule.

7. The dry powder inhalation system of claim 1, wherein
the device has less than 8 piercing systems.

8. The dry powder inhalation system of claim 7, wherein
the device has less than 5 piercing systems.

9. The dry powder inhalation system of claim 8, wherein
the device has 2 piercing systems.

10. The dry powder inhalation system of claim 1, wherein
the at least one active ingredient is micronized with a mean
particle size of below 10 um.

11. The dry powder inhalation device of claim 10, wherein
the at least one active ingredient has a mean particle size of
between 0.5 um and 5 pm.

12. The dry powder inhalation device of claim 11, wherein
the at least one active ingredient has at least 50% by weight of
particles thereof having a size between about 2 um and about
4 pm.

13. The dry powder inhalation device of claim 1, wherein
the at least one active ingredient has at least one of a muco-
Iytic, bronchodilator, corticosteroid, xanthine compound,
leukotriene antagonist, protein or peptide or mixture thereof.

14. The dry powder inhalation device of claim 1, wherein
the at least one active ingredient comprises L-lysine N-ace-
tylcysteinate.

15. The dry powder inhalation device of claim 1, wherein
the at least one active ingredient comprises formoterol fuma-
rate.
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16. The dry powder inhalation device of claim 1, wherein
the at least one active ingredient comprises budesonide.

17. The dry powder inhalation system of claim 1, wherein
the at least one active ingredient comprises salmeterol.

18. The dry powder inhalation system of claim 1, wherein
the at least one active ingredient comprises salmeterol and
budesonide.

19. The dry powder inhalation system of claim 1, wherein
the piercing systems comprise four pins.

#* #* #* #* #*
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