WO 2011/ 073002PCT/ EP2010/ 068109 ANTI BI OTI C M CROPARTI CLES FOR | NHALATI ON
FI ELD OF THE | NVENTI ON The present invention relates to a fomul ation
for i nhalwbi2en/weowpri sing mcroparticles consisting of aoTarvéliosdine and
magnesi um stearate. The invention also relates to a process for preparing
said mcroparticles 5and to their use in the treatnent of bacterial

endobronchial infections associated to certain_ pul m)naﬁ/ di seases.
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in the airways allows bacterial colonization, with consequent infection of the
respiratory tract, contributing to ongoing tissue damage.
Haemophilus influenzae and Staphylococcus aureus are the first
20 pathogens, which colonize the airway in chidhood. As the lung disease
progresses, colonization by the pathogen Pseudomonas aeruginosa will
follow.
After a period of intermittent colonization with Pseudomonas
aeruginosa, the colonization becomes chronic in most CF patients, and
25 virtually impossible to be eradicated.

Among others, antibiotics belonging to the family of aminoglycosides,



However, nebulisation does not conpletely satisfy the patient's conpliace
as patients need hospital or honme setting delivery devices. Moreover, nany
reports hwoeosinosevzbact eri al contam nati on of 20 nebul i PrerErPesOdscdayy CF
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phar macol ogi cal | y- inert carrier.
Powder formulations to be administered by suitable devices, known as
Dry Powder Inhalers (DPIs) may be considered a suitable alternative to
tobramycin formulations for nebulisation, as these systems could provide
25 easier and more rapid drug administration.
In particular, due to its high therapeutic dose, capsule-based Dry

Powder Inhalers should be considered suitable devices.

Some of the problems to be solved for providing an efficacious



Preferably the antibiotic is tobranycin. I n anot her aspect, the
invention relates to nmechano-fused mcroparticles. The i nvention
al so prowvodesii@7smpsul e for use with a dry powder i nhal ectEp24iolobsdo wi t h
the dry powder formulation of the invention. In a further aspect, the
i nvention provides a nethod for preparing the mcroparticles of the

i nvention by nechano-fusi on. In a further aspect, .the invention
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concerns regarding their physico-chemical stability.
More recently Parlati et a/ (Pharm Res 2009, 26(5), 1084-1092)
20 presented data about a powder of tobramycin containing sodium stearate
prepared by spray-drying.
However, there is still a need for a powder comprising antibiotics
belonging to the family of aminoglycosides, such as tobramycin, suitable for
DPI administration.
25 In particular, it would also be highly advantagoeus to provide a
formulation easy to be manufactured without the use of solvents, and in

particular without the use of aqueous solvents as residual water could affect

chemical stability and/or flowability of the powder.



The particle size can also be quantified by neasuring the mass di aneter by
means of suitable instrunents well known to the skilled person. 5The vol une
di amet er Ww@p1ig3soel ated to the mass dianeter (MD) by t lpeTdPp®iotoys10d t he
particles (assunmng a size independent gensity for the particles). The
term "nechano-fused" refers to mcroparticles constituted of two different
materials wherein a first material is nmechapically fused ontpo a secaond by a
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| mpact or or Mul ti age qui d_ | mp1 nger according to p res
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St age Apparatus or SprayTlec Instru as reported in the Exanples, may be

Souant ageou YL SEler st e A S RO SAREL ISR o
about 5 mhefie@nf iNGndBibNERIoh St iR Hhe dRREly of aminoglycosides in an
20 amount equal to or higher than 90% w/w and magnesium stearate in an
amount equal to or lower than 10% w/w, wherein magnesium stearate coats
the whole surface of the drug particles for at least 50%, obtainable by
mechano-fusion.
The invention is also directed to the mechano-fused microparticles of
25 the invention for use for the treatment of an endobronchial bacterial infection
associated to a pulmonary disease.

The invention is further directed to the use of the mechano-fused

microparticles of the invention in the manufacture of a medicament for the



20A respirable fraction (FPF) significantly higher than 30%is an index of
good aerosol performances. The term "therapeutically effective anmount”
means t hewermount73@mb t he antibiotic belonging to the fampcy/Erko10/068109

am nogl ycosi des, that, when delivered tg the lungs via a dry powder
formul ati on as descri bed herein, provides the 25desired biol ogical effect.
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t obramycin sul fate.in the 2. st.ol chi.onet.r i .at h0.. ALt ernatjvel yv. ot her
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pr esent i@};\ﬁ&lﬁ%ﬂgt conprised fromO0.1 to 10% nore advantageously from
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0.5 to 5% I n one enbodi nent, the anount nay al so be conprised
bet 0.5 % : di 1At t b
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ranges fromO0.5 to
doses of the active compound; each single dose is usually filled in a

capsule;

1) multidose dry powder inhalers, pre-loaded with quantities of

active principles sufficient for longer treatment cycles.

20 The term “coat” means that the lubricant magnesium stearate forms a
film around the active particles.

The coating is only partial when the amount of magnesum stearate is
not sufficient for forming a film around the whole surface of all the particles
of the active ingredient.

25 The term “substantially pure” means an active ingredient having a
chemical purity higher than 90% w/w, preferably equal to or higher than 93%
w/w.

In general terms, the particle size of particles is quantified by measuring



The remaining part of the antibiotic can be cal cul ated accordingly. 5 For
the mcroparticles of the invention, it is required that magnesium stearate
coat s t hewoholim7smef ace of the drug particles for at | east/EPO640/068109

advant ageously for at |east 60% pref erTﬁny for at |east 75% nore
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Sai d p@0l $o@eedianever iR skddth&d person in the art and the operative
procedures for using themare within his general know edge. Contrary

to mcroparti cOgstiRER tRAY, HhOREPF IR dAbftraRdSRIGYpIFtiass” refers to
m croparticles that will have a spherical shape, fromFigure, it can also
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and frictional forces) within the powder, thus giving rise to better

di sper si oangeréprodroise ddelivgringe of the therapeutically effective dose. The
expression “accurate therapeutically active dose of the active ingredient”

refers to a formulation wherein, upon actuation, the mean emitted dose is



5aerosol i zation. The mechano-fused mcroparticles of the invention may
be crystalline or anorphous. However, the percentage of anorphicity,
expressedve0mmi7ghe % with respect to the total weight eUTHP010/068109

m croparticles, my greatly vary and it,my be equal to or higher than 50%
preferably of at |east 70% even nore 16 preferably of at |east 90%

Sai d percentage of anorphicity may be deternlned usuwgix-ra powder
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The term “therapeutically effective amount” means the amount of the
antibiotic belonging to the family of aminoglycosides, that, when delivered to
the lungs via a dry powder formulation as described herein, provides the

25 desired biological effect.
DESCRIPTION OF THE FIGURE
The Figure shows pictures taken by SEM of the mechano-fused

microparticles of invention consisting of: (a) 99% tobramycin and 1%
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of the active agent (e.g., flowability and consistency) to facilitate

manuf act wongiarsoopowder filling. The carrier may be corstrigpeéedesaho any
anor phous or crystalline WD 2011/ 07300§PCT/ EP2010/ 068109 13

physi ol ogically acceptable inert material of animal or vegetal source or
conbi nation thereof. Preferred materials are ¢rystalljne sugars and for
exanpl e nBHEIEEERA SEGERCs (RhI 2% (bIRBYEIHANG PahiHES IR st aechar i des such
as mal tose, saccharose dexérose or lactose. Polyalcohols such as mannitol,
5sorbitol, mal HEBAJLIFdEtDE CWyTEPEIoOWeT&%JN TN preferred materi al
is a-lactose ohydrat.e. . The fornmul ati on al so conpri.se one or
more active iﬂ@%@dﬂl@ﬁlﬁl@nﬁ epgshigt pagn%”ﬁé@ %lélﬁﬂm%ti%ymat&%ther@a%m by
i nhal ation of .a bacterial.infection or ofher suitable excipients such as

f1 avour i ng2HHdCT 84130 ARURIONG Q9/988HIS [ the Famtye of GrpAbICGRIBE K8 25
invention consisting of the mcroparticles of the invention gives rise,
upon adr olSNABIGR VIR gndgficshist] STEHAIG BY RPANO-THSIER TRrreatRmamegaasa) y

hi gher than 30% nore.advant ously higher than 35% preferably higher
than 40% pﬁ%éémﬁpg?%f’gﬁ?@ Hﬂrgﬁgﬁs'than 50% 15The enitted dose may be

d t I i th 60% f bl y high t 70% I
i carar o BT Mot v PR b Heonn RS SIHEE o2 & Ty PUBEE  sed
bet ween 0.5 and

.1.0(V% to further in@rove b(%th the emt.ted doﬁﬁ ang trHs
respi r abl SOFPWRALIOEN 19t e PHIBPBARY ¢ AOPULTSSFUGe CRUBHISBR ZoCRRgIgduse
subj ected _t.0 | 0ose, aggl oreration to abtain | oose-aggl onerat ed .
i or opar t PUFEPATBF ISP GBIy, olibardereR o Ttk B REIT BetBuie e faudy o
120 o 4P B Mewtyper bl BHEARGoPARR el BF ARLST RBRTEEY RS ™t o
25Mechano- i i i npl e r hani_c [ Bat 1 s designed to
apply thi rﬂ%@fg?ugngp%lr%tg%c ﬂn%lglo (r)lpgﬁléﬁgtgr@i 8{%%6%§§§$altge/§w/w‘ The fine
active particl ang.: . nes|. ear.a rti-c LN t.he
mechano- Fusi on ' dF i \ggtﬁgl\})gécgg%}g@%lgge% h%f/’ g%gﬂ ulg)j!feélﬁrt@élgcégﬂte% #étjnga WO
2011/ 0730 / f.ar.c d i Nt el
i nner wal g.aeﬁt/gggégmﬂgrsgﬁ%]t%@%oﬁgs@g 8@? V\(/:eogd;]s?%tﬂ{ege ? ?Egbdl% %?%d;kﬁalﬁégﬁg&gﬁe
drum wal | Aa ved iinner al with high relative speed between drum
and el enmen %??é@%ﬁ%ﬂlwﬁ%ﬁﬁ%%m ved el enent together forma gap or
ni p ipswhich the; i p 3 :
parti 5 es. oxpershamipBeetiR hERE T AIhR ey S ATSHIdn 0By e e
stresses ' r t.he i r
el enent (\?\lﬁ?(?: Egﬁa@sg %ﬁ%@@?a@ﬁ%@fau{bﬂgﬂfﬁgn%ﬁb&gisﬁwetg&@gé}oﬁﬁ vvgl ef§) ?dlﬁﬂg’ The
particl es yi.ol.e : GOl L Lnst each other with enough energy to
| ocal |y hggif%ghgmsogﬁ\eér?bagrﬁga ,ab'di stort, flatten and wap the particles of
10 hydrophobi ¢yt éf@ilr?&rﬁﬁﬂqoﬁbeiscﬂﬂﬁ'a fih GhichOis! gféfb%]tﬂ?aﬁée@gas-rehe_
energy is generally sufficient to break up aggl onerates, ife the particle
size of tRgsAching hogr 8dheiit MBS dbldmi bR $@Mte in the 25 ther
t he outer vsessel oruthe irellner el g?ent may rotate to provide tehlé1 reel ative
movenmegt . sfiehioaretPetaagn these surfaces is relatively small, and is 15
typically less than 10 nmand is preferably less than 5 mm nore preferably
lless than 3 mmA|hhsti@aR, icthéd XsHtanAiih GANsaaleBd MséEaskht 8s ahdsfitrafe
control of the conpressive energy than is provided in some other forns of
mll suchggs ball mlls. Also, preferably, no inpaction of mlling nedia
surfaces is present so that wear and consequently contam nation are
81' _n: 31 zed. 20AMNSEFRRAIM AYarats on fige PRieseHrtitRsbéRdle HiveafonCRkedsomt B i al
ui | di ng

an amount equal to or lower than 10% w/w. Advantageously, magnesium

25 stearate 1s present in an amount comprised from 0.1 to 10%, more
advantageously from 0.5 to 5% w/w.
In one embodiment, the amount may also be comprised between 0.5 and

2% w/w. In other embodiments instead, the amount may be comprised



up on the vessel surface. This is particularly advantageous when using fine
cohesive starting materials. The | ocal tenperature may be controll ed by use
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may be re-circul ated through the vesselg 25Apparatus such as Nobiltag and
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to be adm nistered to the patient fromonce daily to three tines a day.
peaks characteristic of the electronic structure for atoms at the sample surface.

Typically XPS measurements are taken on an Axis-Ultra instrument

available from Kratos Analytical (Manchester, UK) using monochromated Al

Ko radiation (1486.6 eV) operated at 15 mA emission current and 10 kV

25 anode potential (150 W). A low energy electron flood gun is used to
compensate for insulator charging. Survey scans, from which quantification of

the detected elements are obtained, are acquired with analyser pass energy of

160 eV and a 1 eV step size. High-resolution scans of the C 1s, O 1s, Mg 2s,



Dependi ng on the DPlI device, the single unit dose nmay be adm nistered from
a single container, or, preferably, it may be divided into nultiple

cont ai nerwo 28uah3@3 capsul es for sequential adm ni stratipomEPE10/068109 NMOT €

t han 150ne contai ner, disposed within tjhe DPl device. Therefore,
separately, each capsule is filled with'less than a single unit dose.
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to which magnesium stearate coats the surface of the antibiotic are IR and
Raman spectroscopies coupled to SEM or Time-of-Flight Secondary Ion Mass
20  Spectrometry (TOF-SIMS). Said tools are known to the skilled person in the
art and the operative procedures for using them are within his general
knowledge.
Contrary to microparticles obtained from solutions such as spray dried
microparticles that will have a spherical shape, from Figure, it can also be
25 appreciated that the shape of the mechano-fused microparticles of the
invention is irregular and not spherical.
Scanning electron microscopy (SEM) or optical microscopy may be

used to qualitatively appreciate the characteristics of the microparticles of the



WO 2011/ 073002PCT/ EP2010/ 068109 18 Scanni ng el ectron m croscopy (SEM
- Mor phol ogi cal properties were investigated using a scanning el ectron

m cr oscopwo(2PharsowiM FEI Conpany, Hillsboro, OR), Eachpsampb&owsso9
carefully nounted on a sanple hol der, gg as to ensure representative

i mges, and sputter coated with gol d. M5 m crographs were taken using
in-built inmage capture software. Representative pictures are reported in

Fi gures (#)VERpmyuph as particlan,ghapgrandtheissydacgimorpologype of the

m croparticies_of the invention do no bstantial ly change in conmparison
to tobranycin adCsheHlbug AMoodlaed ﬂ%ﬁmﬁ\%rw@tq%cﬁgfw@ ORBFHt €6 AFEUGH esent
in the powder. 10Densities and flow characteristics - Both densi val ues
were cal cHISf®arBsHlake foreao HF%BH%\?I?@QW( r?utrﬁaéeEfﬂfSB%e?ﬂil%P 9%%1p§$/r§¢s

The poured .density (d s nmeasured b ouring sanples slowy into.a 10 n
Cati brar ot HaAdhF ey A ReVar bt DeRGhAuTbearIon T TRt e b e ¢ he
cylinder. The ga ged density (ds) was determ ned after 1250 taps using an
15 aut omaffOsP 55 PI{ AUTOTAPTM Quantachrone |nstruments, Boynton Beach
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o v b enaSud e Al SRR . TRk !By e
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differential scanning calorimetry (DSC) or microcalorimetry.
The particle size of the microparticles of the invention is lower than 15
15 micron. Advantageously, at least 90% of the particles have a volume diameter
lower than about 10 micron. More aadvantageously no more than 10% of the
microparticles have a volume diameter [d(v,0.1)] lower than 0.1 micron.
Preferably no more than 50% of particles have a volume diameter [d(v,0.5)]
lower than 0.6, and preferably the [d(v,0.5)] is comprised between 0.7 an
20 2.0 micron, more preferably between 0.8 and 1.5 micron.
The particle size method could be measured by laser diffraction
according to known methods.
The mechano-fused microparticles of the invention may be present in
the form of unagglomerated, e.g., individual, or stable agglomerated
25 microparticles, those stable agglomerated microparticles having a particle size
comprised in one of the ranges described above.

The microparticles of the invention exhibit a very low amount of

residual water, e.g. lower than 5.0% w/w, preferably comprised between 4.8%
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and 4.5% w/w, as determined according to known methods such as
Karl-Fisher method.

It has indeed been found that the amount of residual water in the

microparticles of the invention does not significantly increase in comparison
5  to the antibiotic as such.

It has also been found that magnesium stearate, while coating, at least
partially, the surface of the active ingredient particles, is able of protecting the
microparticles from the humidity of the environment.

As reported above, since, besides affecting chemical stability, humidity

10 could also be detrimental to the flowability, this cound be considered a further
advantage. As for the flowability, the microparticles of the invention also
exhibits the following characteristics:

- a poured density comprised between 0.16 and 0.35 g/ml;

- a tapped density comprised between 0.25 and 0.60 g/ml;

15 - a Carr index lower than 50%, preferably equal to or lower than 46%,

more preferably lower than 40%.

Said technolgical characteristics make the relevant formulations
suitable for pulmonary administration by a capsule-based Dry Powder Inhaler.

Said formulation may consist of only the microparticles of the invention

20  or may comprise a physiologically acceptable pharmacologically- inert carrier.
Such carrier may serve simply as bulking agent when it is desired to reduce
the active agent concentration in the powder which is being delivered to a
patient or may serve to improve the dispersability of the powder within a
powder dispersion device in order to provide more efficient and reproducible

25 delivery of the active agent and to improve the handling characteristics of the
active agent (e.g., flowability and consistency) to facilitate manufacturing and
powder filling.

The carrier may be constituted of any amorphous or crystalline
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physiologically acceptable inert material of animal or vegetal source or
combination thereof. Preferred materials are crystalline sugars and for
example monosaccharides such as glucose or arabinose, or disaccharides such
as maltose, saccharose, dextrose or lactose. Polyalcohols such as mannitol,

S sorbitol, maltitol, lactitol may also be used. The most preferred material is
o-lactose monohydrate.

The formulation may also comprise one or more active ingredients,
preferably another antibiotic for the treatment by inhalation of a bacterial
infection or other suitable excipients such as flavouring and taste masking

10 agents.

The formulation of the invention consisting of the microparticles of the
invention gives rise, upon aerosolization, to an excellent respirable fraction
advantageously higher than 30%, more advantageously higher than 35%,
preferably higher than 40%, more preferably higher than 50%.

15 The emitted dose may be advantageously higher than 60%, preferably
higher than 70%.

In some particular embodiments, when the amount of magnesium
stearate 1s comprised between 0.5 and 1.0%, to further improve both the
emitted dose and the respirable fraction, the microparticles of the invention

20 may be subjected to loose agglomeration to obtain loose-agglomerated
microparticles, preferably by vibrating the powder between two sieves of 180
and 710 pm.

In a further aspect, the invention provides a method for preparing the
microparticles of the invention by mechano-fusion.

25 Mechano-fusion is a simple, dry mechanical process that is designed to
apply thin layers of lubricants to the particle surfaces.

The fine active particles and the magnesium stearate particles are fed

into the mechano-Fusion driven vessel, where they are subject to a centrifugal
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force and are pressed against the vessel inner wall. The powder is compressed

between the fixed clearance of the drum wall and a curved inner element with

high relative speed between drum and element. The inner wall and the curved

element together form a gap or nip in which the particles are pressed together.

S As a result the particles experience very high shear forces and very strong

compressive stresses as they are trapped between the inner drum wall and the
inner element (which has a greater curvature than the inner drum wall).

The particles violently collide against each other with enough energy to

locally heat and soften, break, distort, flatten and wrap the particles of

10 hydrophobic material around the core particle to form a coating. The energy is
generally sufficient to break up agglomerates, while the particle size of the
active ingredient remains substantially the same.

Either the outer vessel or the inner element may rotate to provide the
relative movement. The gap between these surfaces is relatively small, and is

15  typically less than 10 mm and is preferably less than 5 mm, more preferably
less than 3 mm. This gap is fixed, and consequently leads to a better control of
the compressive energy than is provided in some other forms of mill such as
ball mills. Also, preferably, no impaction of milling media surfaces is present
so that wear and consequently contamination are minimized.

20 A scraper may also be present to break up any caked material building
up on the vessel surface. This is particularly advantageous when using fine
cohesive starting materials. The local temperature may be controlled by use of
a heating/cooling jacked built into the drum vessel walls. The powder may be
re-circulated through the vessel.

25 Apparatus such as Nobilta® and Nanocular® mechano-fusion
processors from Hosokawa Micron Corporation, Japan, are preferably utilised.
Both systems comprise a cylindrical vessel with a rotating axial shaft. In the

Nobilta® processor, the paddles extend along the length of the axial shaft, and
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extend out to within approximately 1 mm of the vessel wall. Consequently, as
the shaft rotates, the blades continuously sweep close to the vessel wall,
ensuring all the powder is in constant and violent motion. Due to the high
rotational speed of the paddles, the powder is propelled towards the wall, and

S as a result the mixture experiences very high shear forces at the paddle face,
and compressive stresses between wall and paddle.

In the Nanocular® processor, the motion is similar, but with less impact
due to absence of the paddle faces, and a higher degree of compressive
stresses between wall and press head.

10 The time of the process will depend on the specific processor, and it
may be suitably adjusted by the skilled person depending on the size of the
batch. In some embodiments the process may be carried out for a time of at
least 2 minutes, preferably for at least 5 minutes, more preferably for at least
ten minutes. In some embodiments of the invention, the time of process may

15 be comprised between 10 and 20 minutes. Also the speed of rotation shall
depend on the specific mechano-fusion processor and size of batch processed.

Typically, a speed of rotation not higher than 10000 rpm may be
utilised, advantageously not higher than 6000 rpm, preferably comprised
between 1000 and 5000 rpm, more preferably between 2000 and 3000 rpm.

20 Alternatively, the speed of rotation may be defined as speed as tip speed
in m/s rather than in rpm.

The tip speed will depend on the rotor diameter. Given a rotor diameter
of approximately 9.2 cm, the tip speed which may advantageously be used is
higher than 5 m/s, preferably higher than 10 m/s, more preferably higher than

25 25 m/s.

Other similar apparatus such as Cyclomix® (Hosokawa) and Hybridiser
(Nara) may be advantageously utilised.

Upon preparation of the microparticles by the above described method,
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the antibiotic in the microparticles remains substantially chemically pure.

The dosage of the antibiotic in the microparticles of the invention can
vary within wide limits depending on the nature of bacterial infection, type of
disease to be treated and the type of patient.

S A person skilled in the art can determine a therapeutically effective
amount for each patient and thereby define the appropriate dosage. When
tobramycin is used, a typical single unit dose for treating by inhalation
Pseudomonas aeruginosa endobronchial infection associated to cystic fibrosis
might fall within the range of 20 mg to 160 mg (calculated as free base),

10 preferably between 30 and 90 mg, to be administered to the patient from once
daily to three times a day.

Depending on the DPI device, the single unit dose may be administered
from a single container, or, preferably, it may be divided into multiple
containers, such as capsules for sequential administration, or from more than

15 one container, disposed within the DPI device. Therefore, separately, each
capsule is filled with less than a single unit dose.

For example, the single unit dose may be divided into two to six
capsules, preferably form three to five capsules.

When tobramycin is used, typically, each capsule is filled with 12 to

20 40 mg expressed as free base, preferably between 15 and 30 mg.

In one of the preferred embodiments, to improve the respirable fraction,
the powder load of each capsule is 15 mg.

Any capsule for pharmaceutical use may be utilized, for example size 3
HPMC or gelatine capsules.

25 The formulation of the present invention may be of use in treatment of
any endobronchial bacterial infection associated to a pulmonary disease such
as cystic fibrosis (CF), non-CF bronchiectasis, pneumonia chronic pulmonary

obstructive disease, and tuberculosis. Preferably it may be of use in the
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i ncreasing the content of MgSt, indicatj,ng that the tobramycin has been
nore fully surface coated with MgSt at the higher contents. In general,
such changes in density after coating indicate that the cohesion between
the 5 ni c?r@agn@% odsinfRction Bewddirapadiegabine shasdedat sualy ps Bagbynonas
Exanpl e 3 - Aerosol perfornmances characterization of the mcroparticles of
Exanpl e 14€ruginoghe aerosol perfornmances of the microparticles of the
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aerosp#i zaf i on, 3 st ali pl ess steel pin punched each end of the capsule
al | owi hg POGIEYEOrES e t€r'éidbed fromthe capsule by providing two hol es
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cal cul at eccihgr%igalpyers%a qte?qgsso fsu@c%"&%lel ?(; twgtoetrhuptake, gives rise to a high
respirable fraction, ensures an accurate and reproducible delivery of the
10 therapeutically effective dose, and is more easily and economically
manufactured than known formulations.
The invention is illustrated in detail by the following examples.
EXAMPLES
Example 1 - Preparation of microparticles according to the
15 invention
Micronised tobramycin and various amounts of magnesium stearate at
0.5%. 1%, 5%, and 10% w/w are fed into the Nobilta® on Nanocular® driven
vessel.
The process was conducted at a batch size of approximately 40 ml for
20 10 and 20 min processing time at process rotation speed of 5000 rpm.
The obtained mechano-fused microparticles were collected and
subjected to technological and aerosol performances characterisation.
Similarly, microparticles with other antibiotics belonging to the class of
aminoglycosides can be obtained.
25 Example 2 - Technological characterization of the microparticles of
Example 1

The microparticles as obtained in Example 1 were subjected to the

following analysis.
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0.07 0.09 _TNC 10% chanof used nobilta 20 m n Mean
Ncboro °3§> Each samp{e Was cawtjuh‘y mounted on a sample holder, so as

to ensure represeuntative images, and sputter coated with gold. SEM
5 micrographs were taken using in-built image capture software.

Representative pictures are reported in Figures (a) and 1{b).

The particle size and the shape of the microparticles of the wnvention do
not substantially change in comparison to tobramycin as such but a lesser
number of loose agglomerates are present in the powder.

10 Densities and flow characteristics - Both density values were
calculated by the method reported in the European Pharmacopeia.

The poured density (dv) was measured by pouring samples slowly into a
10 ml calibrated measuring cylinder through a funnel at a fixed height above
the cylinder. The tapped density (ds) was determined after 1250 taps using an

15 automatic tapper (AUTOTAP™, Quantachrome Instruments, Boynton Beach,
FL, USA). The tapper operated with a 3.18 mm vertical travel at a tapping
speed of 260 tap/min. The Carr index (CI) was calculated from poured density
and tapped density using the following equation:

ds — dv

20 Cl (%)= ds x 100

Particle size via laser diffraction - Particle size distributions were
measured by laser diffraction (I\/lastersi{zer® S, Malvern Instruments,
Worcestershire, UK) using the 300 RF lens equipped with a small volume
sample presentation unit (capacity 150 ml). The powders were dispersed in

25  0.065% of Dioctyl Sulfosuccinate Sodium salt in n-hexane. The sample was
sonicated n the dispersant for 5 min prior to measurement.

The results in terms of density, Carr Index and particle size (mean +

relative standard deviation) are reported in Table 1.
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TMC is for tobramycin and MgSt for magnesium stearate.

Table 1 - Densities, Carr Index and particle size

poured | tapped

Batch density | density iggéi (Dlll?) (Di?) (Di?)
(g/ml) | (g/ml) a R

T™C 10% MgSt
mechanofused
nobilta 10 min Mean | 0.30 0.53 043 | 0.13 0.89 9.47

RSD | 0.02 0.02 | 0.03 | 0.04 0.08 0.02

T™C 10% MgSt
mechanofused
nobilta 20 min Mean | 0.31 0.58 046 | 0.14 0.90 9.32

RSD | 0.01 0.02 | 0.02 | 0.04 0.11 0.03

™C 5% MgSt
mechanofused
nobilta 10 min Mean | 0.28 0.51 046 | 0.14 0.96 9.03

RSD | 0.01 0.01 0.01 | 0.04 0.09 | 0.03

™C 5% MgSt
mechanofused
nobilta 20 min Mean | 0.28 0.52 046 | 0.14 0.80 8.65

RSD | 0.01 0.01 0.02 | 0.07 0.06 | 0.03

™C 1% MgSt
mechanofused
nobilta 10 min Mean | 0.17 0.31 0.45 | 0.15 1.53 7.81

RSD | 0.01 0.03 | 0.03 | 0.08 0.11 0.02

™C 1% MgSt
mechanofused
nobilta 20 min Mean | 0.18 0.33 0.45 | 0.19 1.23 8.30

RSD | 0.01 0.03 | 0.03 | 0.07 0.07 | 0.04

T™™C 10% MgSt
mechanofused
nanocular 10 min Mean 0.18 0.29 0.39 | 0.14 1.76 7.69

RSD | 0.02 0.03 | 0.03 | 0.04 0.10 | 0.63

™C 5% MgSt
mechanofused
nanocular 10 min | Mean | 0.19 0.34 045 | 0.17 1.40 10.06

RSD | 0.02 0.04 | 0.05 | 0.08 0.15 0.05

™C 1% MgSt
mechanofused
nanocular 10 min | Mean | 0.16 0.27 043 | 0.13 1.54 7.85

RSD | 0.01 0.01 0.02 | 0.06 0.08 0.02
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04 0.02 TMC 10% MgSt nechanof used nanocular 20 min Mean 79.72 41.22 RSD
05 0.13 TMC 5% MgSt nechanof used nanocular 10 mn Mean 72.33 39.96 RSD
07 0. O6woMm1lPBdSt nechanof used nanocul ar 10 nmin MearcéZpra@oAdssidd RSD
05 0.01 The results dem)nstrat% that the untreated drug powder had
rel atively poor aerosol performance with a FPF (% <5.4 p.n) around 30%

Table 1 showed that both poured and tapped densities increased at
increasing the content of MgSt, indicating that the tobramycin has been more
fully surface coated with MgSt at the higher contents. In general, such
changes in density after coating indicate that the cohesion between the

5 microparticles in the powder has been substantially reduced.

Example 3 - Aerosol performances characterization of the
microparticles of Example 1

The aerosol performances of the microparticles of the invention were
evaluated by laser diffraction (Spraytec, Malvern Instruments, Worcestershire,

10  UK) equipped with an inhalation cell attachment. Approximate 30 mg (or
15 mg in later tests) of each powder was loaded into size 3 HPMC capsules
{Capsugel, Peapack, NI, USA). Before the aerosolization, a stainless steel pin
punched each end of the capsule allowing powders to be released from the
capsule by providing two holes with diameter about 1 mm. Each capsule was

15 aerosolized using a Monodose inhaler device (Miat S.p.A., Milan, Italy) at
flow rate of 60 and 90 L/min. All measurements were made on four replicates
at room temperature (20°C, 50% RH). Each measurement was performed over
4s.

The device retention was calculated as a percentage of powder left both

20  in the capsules and in the inhalers to the total load. The fine particle fraction
(FPF) was defined as the amount of drug particle smaller than 5.4 pm as a
percentage of the powder emitted from inhaler device.

It should be noted that all powders were tested after removing large
agglomerates by gently passing the powders through a 250 um sieve. The

25  results in terms of mean + RSD are listed in Table 2 (90 L/Min air flow).



5 After nechanofusion, all the batches of the mcroparticles of the

I nvention achi eved better performances than the untreated drug powder.
Sormewhat worprigsegl y, it was found that the mechanof usedthzbaloessivst h t he
| ower MgSt content of 1% coul d achi eve Zai gnificantly inproved di spersion
behavi ours, in sone cases better than t e high content MgSt batches. WO
2011/ 073002PCT/ EP2010/ 068109 22 nPI e 4 - Effect of |oose

aggl omer ati on dabled adesewl Hf‘é”f?’()‘ﬂﬁﬂﬁ@%§ 90 L/mify fuyrther inprove both the

emtted dose and FPE of the nmechano-fused n1rrnnart|rlp< with | ower

contents pBathSt, e.g. between 0. 5% and :L%miltmdabsé(%ggl enAaimeho)was

appl i ed by yrArating powders bDetWee[l WO (ST eVES of ,zl(gz and 710 u;s {é’ or to
this siev Eéigﬂaﬁess, powders were led to encou Vg formatio oose
aggl oner at es. The results (neand- R“RBU ol | oosely aggbhonerated powdey s are
33— Theaerosot—performances at—90L/ m n

listed in Tabl
for |oose @W@ % Mget a}eélaa%qf@ae(gawders Batch 90L/nmin Enmitted dose (%
i .

<5. 4 um ( Yot Vean 70.77 32. 6¥learsp 0. 02 0. 138 FRE1%VH St 1032
(unsi eved) Mean 75.09 69.19 RSD O R%D 0.07 0.09

TMC 10% MgSt mechanofused
nobilta 20 min Mean 64.72 49.57
RSD 0.01 0.05

TMC 5% MgSt mechanofused
nobilta 10 min Mean 67.13 63.19
RSD 0.04 0.05

TMC 5% MgSt mechanofused
nobilta 20 min Mean 64.70 50.13
RSD 0.06 0.03

TMC 1% MgSt mechanofused
nobilta 10 min Mean 81.52 65.90
RSD 0.04 0.02

TMC 10% MgSt mechanofused
nanocular 20 min Mean 79.72 41.22
RSD 0.05 0.13

TMC 5% MgSt mechanofused
nanocular 10 min Mean 72.33 39.96
RSD 0.07 0.06

TMC 1% MgSt mechanofused
nanocular 10 min Mean 62.99 42.11
RSD 0.05 0.01

The results demonstrated that the untreated drug powder had a
relatively poor aerosol performance with a FPF (% <5.4 pm) around 30%.

S After mechanofusion, all the batches of the microparticles of the
invention achieved better performances than the untreated drug powder.
Somewhat surprisingly, it was found that the mechanofused batches with the
lower MgSt content of 1% could achieve significantly improved dispersion

behaviours, in some cases better than the high content MgSt batches.
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Example 4 - Effect of loose agglomeration on the aerosol
performances
To further improve both the emitted dose and FPF of the mechano-fused
microparticles with lower contents of MgSt, e.g. between 0.5% and 1%, loose
S agglomeration was applied by vibrating powders between two sieves of
180 and 710 um. Prior to this sieving process, powders were tumbled to
encourage formation of loose agglomerates. The results (mean+RSD) for
loosely agglomerated powders are listed in Table 3.
Table 3 - The aerosol performances at 90L/min for loosely

10 agglomerated drug powders

Batch 90L/min | Emitted dose (%) | < 5.4 um (%)

TMC-raw Mean 70.77 32.58
RSD 0.02 0.13

™C 1% MgSt 10 min

(unsieved) Mean 75.09 69.19
RSD 0.02 0.03

TMC 1% MgSt 10 min (sieved

180-720 um) Mean 65.65 68.15
RSD 0.06 0.10

T™C 0.5% MgSt 10 min

(unsieved) Mean 59.35 54.43
RSD 0.06 0.02

T™C 0.5% MgSt 10 min

(sieved 180-710 um) Mean 81.17 66.90
RSD 0.04 0.03

The results showed that after this loose agglomeration, the emitted dose
for the mechano-fused microparticles with low content of MgSt could be

slightly improved and the FPF achieved a much improved level.



The results showed that after this | oose aggloneration, the emtted dose
for the nechano-fused mcropartilLles with |ow content of MySt coul d be
slightly wopoovwesooand t he FPF achi eved a nmuch i nproved IperaiP2010/068109
W02011/ 073002PCT/ EP2010/ 068109 23 CLAI 1. Dry powder formulation for
pul nonary adm ni stration conprising nechano-fused m croparticles consisting
of particles of an antibiotic 5 belonging to the famly of am nogl ycosi des
in an amﬁé&ﬂ.&l to or higher than 90% w w and nagnesi um stearate in an
anount equal to or |lower than 10% w w, wherein nagnesi um stearate coats the
whol e surface of the drug particles for at |east 50% 2. The fornulation
according.to cbz}i m 1, erein the antibiotic is selected 10 fromthe group
consi sti ng- of Br é’r’?)@%} fRERYIAION TR ARBBRARIYN AdIESH RO neOTHPHSKYE i n.

3. The fornul ati on according to,claim?2, wherein the antibiotic i.s. .
obr oyt Rethang HefE PERFORaELR SbsTuing Ph Mekfinies dnebi AntiRISiount

of 15 tobramycin i s conpri.sed between 90.and. 99. 9% and t hat, of nesi um
Stearate Pelating 1o hepBIHDE R G ey GEeey 1 AnsAmOHR! £gptk fox0F GHERET
according to imA4, erein t.he anmount .of tobramycin iis conpri sed between
0s ond 6998 G0B T/ aniShaetiiiy SR 4% 2 S Sesthat Jo BN s
ww 20 6. formul ati.on accor.ding.to claim5, wherein the a nt
Cobr oy AOVE Wt MhE LR R ESEY TuD dgfo§olodl g "WRAR Setce AHE fti%ar at e
may al so he ccig?rg(:)rsr:{% gfett n 0.5 and 1.0% w w. 7.The formul ati on accordi ng
o)

to any on@agfC °-wherein the nicroparticles have an anount of
r.th 5% w 25 8, The,fornul.atian

LEZLSS?L?%‘T a #lh%f e e o SHEF 4 SARLaR @ea%ﬁﬁﬂﬁﬁégiiggefe%w@ |

o pard i cregt e ottt BLiaRiENm: ehaiF Ly S ogty R8s 1
an anount Ielﬁg@}}) E%il?.r hi gher WO 2011/073002PCT/ EP2010/ 068109 24 than 90%
w w and r’r‘&g PUH St earate in an amount equal to or |ower than 10% w w,

wher ei n gnesi coat - ol e .surfa -1 hg drug: 1i¢les

for at | errg'st 55@? %E@Hgatt%ncr%ﬁgg{higgl \gﬁ(s} ggaclgffd? ng ]fl%fecl:]{[ alﬁlr% &%ﬁgléi ?\ t he

anti bioti ff(fl%ﬁa%cth?brawc in. 11. A capsule for use with a dry powder
ed-w

inhaler fi W th the dry powder fornulation of claim1l. 12. A nethod for
PP a7, LI B, SPTBHL HMAOFB1g Bhour 41
15 tobramycin is comprised between 90 and 99.9% and that of magnesium
stearate is comprised between 0.1 and 10% w/w.
S. The formulation according to claim 4, wherein the amount of
tobramycin is comprised between 95 and 99% and that of magnesium stearate
1s comprised between 1 and 5% w/w.
20 6. The formulation according to claim 5, wherein the amount tobramycin
1s comprised between 99 and 99.5% and that of magnesium stearate may also
be comprised between 0.5 and 1.0% w/w.
7. The formulation according to any one of claims 1 to 6, wherein the
microparticles have an amount of residual water lower than 5% w/w.
25 8. The formulation according to any preceding claim, further comprsing a
physiologically acceptable pharmacologically- inert carrier.
0. Mechano-fused microparticles consisting of particles of an antibiotic

belonging to the family of aminoglycosides in an amount equal to or higher



vessel of the Mechano-Fusion apparatus; ii) processing the particles for a
time of at least 5 mnutes; and iii) collecting the resulting

m cr opar twol2es/073@®2The net hod according to claim 12, wheceippr2éibecsnd i bi otic
i's tobramycin. 1514. The net hod accordi to claim12 or 13, wherein the
particles are processed for at tinme of at least 5 mnutes. 15. The

m croparticl es accor di ng to claim9 or 10 for use for the treatnent. of an
endobr onc Hial 9Be WM and; HASBESIBM SSIEHE e PHAIP BIHSh APy Qe ghan 16,
The mcro icl]es accarding tao claim15, wherein the disease is 2

sel ect ed ﬁﬁé}w/% ‘d%@(?ﬁnc@ﬁglﬂ%%l}lﬁb SERIGFsEPAS fsrbek pgRce r?énﬁﬂepgrug

br onchi ect asi Sl %e%ﬁgni a coproni c pul nonary obstructive di sease and

t uber cul o8pE1cley yor a3 ABparticl es according to claim16, wherein the

di sease i g cystic fi.brosis. . . . T
T0°Y tIjhe microparticles according to claim 9, wherein the antibiotic is

5 tobramycin.
11. A capsule for use with a dry powder inhaler filled with the dry powder
formulation of claim 1.
12. A method for preparing the microparticles of claim 9 comprising the
steps of:
10 1)  fed the antibiotic and magnesium stearate particles into the driven
vessel of the Mechano-Fusion apparatus;
11) processing the particles for a time of at least 5 minutes; and
111) collecting the resulting microparticles.
13.  The method according to claim 12, wherein the antibiotic is tobramycin.
15 14. The method according to claim 12 or 13, wherein the particles are
processed for at time of at least 5 minutes.
15. The microparticles according to claim 9 or 10 for use for the treatment
of an endobronchial bacterial infection associated to a pulmonary disease.
16. The microparticles according to claim 15, wherein the disease is
20 selected from the group consisting of cystic fibrosis (CF), non-CF
bronchiectasis, pneumonia chronic pulmonary obstructive disease and
tuberculosis.
17.  The microparticles according to claim 16, wherein the disease is cystic

fibrosis.



