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A Dry Powder Formulation

Technical Field
The present invention generally relates to a dry
powder formulation. The present invention also relates to

a method of preparing the dry powder formulation.

Background
Pharmaceutical compositions may be administered by
inhalation to or through the lung of a patient.
Typical pharmaceutical compositions combine

pharmacologic activity with pharmaceutical properties, and

may be delivered by means of a delivery device (such as a

dry powder inhaler) to the targeted pulmonary system of a
subject of treétment.

A combination of intrinsic physicochemical properties
and other particle characteristics (e.g. shape.and surface
area) affects the interactive forces and aerodynamic
properties of thése particles within such formulations.
These important properties in turn affect fluidization,
dispersion, delivery, and ultimately deposition in the
peripheral airways and lungs.

Commonly, in dry powder formulationé, a dose of the
pharmaceutical composition is positioned within an
aerosolization chamber, where it is to be aerosolized.
Such compositions are therefore required to be easily and
highly aerosolizable in order to clear the composition
from the inhaler device. Subsequently, the aerosolized
particles are dispersed into a respirable form by means of
an airflow provided by a pressurized source of gas, or by
the patient's own respiratory' effort. Estimates of
aerosolizibility and dispefsiblity may be made Dby
measuring the emitted dose and fine partitle fraction of

the composition, respectively.
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To enable aerosolized particles to settle in the-
targeted regions of the lung associated with local and/or
systemic drug delivery, the particle size must be
carefully considered. In general, one of the main factors
which determihes the average particle size of a powdered
composition is the selection of a suitable process from
existing powder technologies. In addition, if the cohesive
forces (which are dependent on the size of particles)
acting on the powder are pronounced, the designed shear of
a provided airflow may not be sufficient to separate an
included drug from the carrier particles, and will
subsequently result in low deposition efficiencies within
the targeted areas of the pulmonary system. '

In general, particles which are of an aerodynamic
diameter greater than 5 um generally tend to be deposited
within the mouth or throat, and therefore offer 1little
therapéutic benefit to a patient. In contrast, particles
having an aerodynamic diameter smaller than 0.5 um
generally do not settle out of a provided air flow to stay
deposited in the lungs, and may undesirably be exhaled by
a patient administered such a formulation.

There 1is therefore a need to provide formulations
which are better designed for inhalation that overcome, or
at least ameliorate, one or more of the disadvantages of

existing inhaled-formulations as described above.

Summary
According to a first aspect, there is provided a dry

powder formulation comprising a combination of at least a

first pharmaceutically active quinolone and a second

pharmaceutically active quinolone.
Advantageously, the combination of the first and
second pharmaceutically active quinolories may be a

synergistic combination. Hence, the dry powder formulation
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may be more effective against an infection as compared to
just the mere sum of the anti-infective effects of the two
quinolones when used separately. Having a synergistic
combination of the two quinolones may broaden the
antimicrobial spectrum and may aid in preventing the
emergence/re-emergence of resistant microbes such as
bacteria. The synergistic combination of the two
quinolones may lower the dose of the individual
quinolones, leading to a reduction in the side effects and
the treatment costs.

The dry powder formulation may be administered via a
dry power inhaler. The dry powder formulation may not-
require administration via a nebulizer and hence may not
be present in an aerosol form from a solution or
suspension. Due to the use of an inhaler as compared to a
nebulizer, a higher fine particle fraction of the powdered
quinolones may be administered as compared to that
achievable by a nebulizer (which is about 10% or less). In
addition, the dry powder inhaler can be used to administer
the drug combination without any substahtial clogging of
the inhaler, unlike when using a nebulizer to co-nebulize
two drugs as there is a risk that the gquinolones may
precipitate in solution and clog the nebulizer. Further,
the dry powder formulation may be more stable as compared
to a quinolone solution or suspension since the quinolones
are present as powdered particles. Due to the greater
stability of the dry powder formulation, the formulation
can be stored for a longer period of time.

The dry powder formulation may be a combination of
only the first and second pharmaceutically active
quinolones and may not fequire the addition of a third
fluoroquinolone. However, the dry powder formulation may
éontain additional active ingredients ° that - are not

quinolones and which may have a beneficial medical effect
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on a patient. The additional active ingredient may be a
mucolytic and/or anti-inflammatory agent(s).

According to a second aspect, there is provided a
method for preparing a dry powder formulation comprising
the step of forming particles of at least a first
pharmaceutically active ‘quinoloné “and a second
pharmaceutically active quinolone. '

According to a third aspect, there is provided a dry

‘'powder inhaler comprising a dry powder formulation having

a combination of at least a first pharmaceutically active
quinolone and a second pharmaceutically active gquinolone.

The dry powder inhaler may be portable and easy to
use. Hence, the use of the dry powder inhaler to
administer the dry powder formulation may enhance patient
compliance.

According to a fourth aspect, there is provided a dry
powder formulation as defined above for use in therapy.

According to a fifth aspect, there is provided a dry
powder formulation as defined above for use in treating a
bacterial infection in a patient.

According to a sixth aspect, there is provided use of
the dry powder formulation as defined above in the
manufacture of a medicament for the treatment of a

bacterial infection in a patient.

Definitions

The following words and terms used herein shall have
the meaning indicated: _

The term "dry powder formulation" refers to a
formulation that contains finely dispersed solid particles
having a certain particle size distribution that are
capable of (i) being readily dispersed in or by means of
an inhaler and (ii) be administered to’ a subject via

inhalation so that a portion of the particles reach the
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lﬁngs. Due to the size of the particles which is defined
by their aerodynamic diameters, these particles can be
suitable for pulmonary administration. A dry powder
formulation typically contains 1less than about 15%
moisture, 1less than 11% moisture, 1less than about 8%
moisture, less than 5% moisture, less than 3% moisture or
less than 1% moisture. The particles may be in micron-
sized or nano-sized. The particles may have a narrow
particle size distribution.

The term "micro-sized" is to be interpreted broadly

to refer to an average particle size of between about 1 um

to about 10 um. The particle size may refer to the
diémeter of the particles where they are substantially
spherical. The particles may be non-spherical and the
particle size range may refer to the equivalent diameter
of the particles relative to spherical particles.

The term "nano-sized" is to be interpreted broadly to
refer to an averagé particle size of less than about
1000nm, particularly between about 50 nm to about 1000 nm,
more particularly less than about 500 nm. The particle
size may refer to the diameter of the particles where they
are substantially spherical. The particles may be non-
spherical and the particle size range may refer to the
equivalent diameter of the particles relative to spherical
particles.

The Y“narrow particle size distribution” ié t5  be

interpreted broadly to refer to a span value of the solid

particles as being less than about 2. The span value is
defined as Span = ([particle diameter at 90% cumulative
size] - [particle diameter at 10% cumulative size]) /

[particle diameter at 50% cumulative size]l, or defined

arithmetically as (Dgo-Dio) /Dso-
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The term “combiﬁation” is to be interpreted broadly
to refer to a mixture of two discrete pharmaceutically
active quinolones.

The term "synergistic combination" - is to be
interpreted broadly to refer to a mixture of two discrete
pharmaceutically active quinolones that have a greater
antimicrobial activity than the sum of the antimicrobial
activity of the pharmaceutically active quinolones taken
individually. '

The word “substantially” does not exclude
“completely” e.g. a composition which is . “substantially
free” from Y may be completely free from Y. Where
necessary, the word “substantially” -may be omitted from
the definition of the invention.

.Unless specified otherwise, the terms "comprising"
and "comprise", and grammatical variants‘ thereof, are
intended to represent "open" or "inclusive" language such
that they include recited elements but also ' permit
inclusion of additional, unrecited elements.

As used herein, the term "about", in the context of
concentrations bf components of thei formulations,
typically means +/- 5% of the stated value, more typically
+/- 4% of the statéd value, more typically +/- 3% of the
stated value, more typically, +/; 2% of the stated wvalue,
even more typically +/- 1% of the stated value, and even
more typically +/- 0.5% of the stated value. ,

Throughout this disclosure, certain embodiments may
be disclosed in a range format. It should be understood
that the description in range format is merely for
convenience and brevity and should not be construed as an
inflexible limitation on the scope of the disclosed
ranges. Accordingly, the description of a range should be
considered to have specifically disclosed a1l the possible

sub-ranges as well as individual numerical values within
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that range. For example; description of a range such as
from 1 to 6 should be considered to have specifically
disclosed sub-ranges such as from 1 to 3, from 1 to 4,
from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc.,
as well as individual numbers within that range, for
example, 1, 2, 3, 4, 5, and 6. This appiies regardless of
the breadth of the range.

Certain embodiments may also be described broadly and
generically herein. ‘Each of the narrower species and
subgeﬁeric groupings falling within the generic disclosure
also form part  of the disclosure. This includes the
generic description of the embodiments with a proviso or
negative limitation removing any.subject matter from the
genus, regardless of whether or not the excised material

is specifically recited herein.

Detailed Disclosure of Embodiments

Exemplary, non-limiting embodiments of a dry powder
formulation will now be disclosed. The dry powder
formulation comprises a combination of at least a first
pharmaceutically active quinolone and a second
pharmaceutically active quinolone.’

In the dry powder formulation, the ratio of the first
pharmaceutically active‘ quinolone and the second
pharmaceutically active gquinolone may be selected in a
range thatvprovides a synergistic effect on a microbial
infection.

The ratio of the first pharmaceutically active
quinolone to the second pharmaceutically active quinolone
may be at least 1:2 (such as from 1:2 to 1:100, 1:3,
1:2.5, 1:10 or 1:100). By having the quinolones in this
ratio, this ensures that not only do the quinolones exert
an antimicrobial effect, but that the antimicrobial effect

is a synergistic one. Hence, the quinolones in this ratio
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may work in a synergistic manﬁer to prevent, treat or at
least alleviate some of the symptoms associated with a
microbial infection, such as a bacterial infection.

This ratio may be obtained by determining the minimum
inhibitory  concentration (MIC) of each individual
quinolone against a target microorganism. By knowing the

MIC of each individual quinolone, the ratio of the MICs

" can be used as a guideline to arrive at the final workable

proportion. The MIC values are important as they provide
preliminary guidance on the required therapeutic dose of
each quinolone in the combination powder formulation.

The first and second quinolones may independently be
selected from fluoroquinolones. The fluoroquinolone may be

selected from the group consisting of ciprofloxacin,

gatifloxacin, enoxacin, fleroxacin, lomefloxacin,
nadifloxacin, norfloxacin, ofloxacin, pefloxacin,
rufloxacin, balofloxacin, grepafloxacin, 1evofloxacin,
pazufloxacin, sparfloxacin, temafloxacin, tosufloxacin,

clinafloxacin, gemif}oxacin, moxifloxacin, sitafloxacin,
trovafloxacin, prulifloxacin and pharmaceutically
acceptable salts thereof. In one embodiment, the first
pharmaceutically active dguinolone is ciprofloxacin (1-
cyclopropyl-6-fluoro-4-oxo-7- (piperazin-1-yl)-quinoline-3-
carboxylic acid) and the second pharmaceutically active
quinolone is gatifloxacin (-cyclopropyl-6-£fluoro- 8-

methoxy—?—(3—methy1piperazin—1—y1)— ~ 4-oxo-quinoline-3-

| carboxylic acid), or more specifically,” the first

pharmaceﬁtically active guinolone is ciprofloxacin
hydrochloride and the second pharmaceutically active
quinolone is gatifloxacin hydrochloride. Hence, the ratio
of the ciprofloxacin hydrochloride to the gatifloxacin
hydrochloride may be at least 1:2. In one embodiment, the
ratio of the ciprofloxacin hydrochloride to the

gatifloxacin hydrochloride may be about 1:2.5. By having
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the ciprofloxacin hydrochloride and the gatifloxacin
hydrochloride in this ratio, these drugs work 1in a
synergistic manner against a bacterial infection.

The first and secohd quinolones may be present in the
formulation in powder form. The powder may be comprised of
nanoparticles or microparticles. The particles may be
respirablé—sized particles that may be administered via
the pulmonary route.

The first and second quinolones may be present in the
formulation in the form of particles having a narrow
particle size distribution.

The particles may have a particle size in the range
of about 500 nm to about 4 um, about 800 nm to about 3 um,
about 900 nm to about 2 um, about 1 um to about 5 um,
about 1 um to about 3 um, about 1 um to about 2 um or
about 1 um to about 1.1 um.

The particles'may have a mono-modal size distribution
with a span (Dgo-Dig) /Dsy of about 0.5 to about 2, about 1
to about 2 or about 1 to about 1.5. In one embodiment, the
span may be about 1 or may be less than 1.

The first quinolone may have the same particle size

as the second quinolone or the first gquinolone may have a

different ©particle size as compared to the second

quinolone.

The particles may have a fine particle fraction in
the range of about 1% to about 99%, about 10% to about
90%, about 20% to about 80%, about 30% to about 70%, about
40% to about 60%, about 40% to about 50% or about 40% to
about 55%. The particles may have a fine particle fraction
of about 40%. The particles may have a fine particle
fraction of about 50%.

The dry powder formulation of the present invention
can comprise further components which are ¢ommonly used in

the preparation of a dry powder formulation that is to be
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administered using a dry powder inhaler. Thus, the dry
powder formulation may further comprise at least one

excipient. In general, excipients are used to enhance the

physical or chemical stability of the active

pharmaceutical ingredient, its mechanical ©properties,

and/or its pharmaceutical properties, such as dissolution
and permeation. In dry powder. formulations, excipients’
function as carrier particles. Usually, no more than a few
milligrams of drug need to be delivered, and ekcipients
provide bulk, which improves handling, dispensing, and
metering of the drug. Excipients also reduce drug
cohesiveness by occupying the high-energy sites of the

drug particles. An example of such an excipient comprises

a sugar, such as lactose or mannitol or glucose. Other
excipients can be phospholipids, such as

phosphatidylcholine and cholesterol. Excipients can make

up oVer 99% of the dry powder inhaler formulation by
weight. Despite the vapparent lack of choices, the

excipient must be carefully selected; physicochemical

properties such as size and morphology profoundly affect

the performance of the formulation. The adhesive forces
must - be carefully considered; inadequate separation of
drug and carrier is the main reason for deposition
problems. The dry powder inhaler formulator mayv also
choose to modify the excipient before combining it with
the antibiotics. It should also be noted that excipients

are not always required.

The dry powder inhaler formulation may further
comprise a mucolytic agent or an anti-inflammatory agent.
A mucolytic agent can include, but is not limited to any
one of the following, a lysozyme, ambroxol hydrochloride,
sodium chloride, N-acetylcysteine, or mannitol. An anti-
inflammatory agent can include, but is not limited to any

one of the following, a steroid or a non-steroidal anti-

10



10

15

20

25

30

WO 2013/176622 PCT/SG2013/000207

inflammatory drug (such as aspirin, ibuprofen, naproxen).
It is also possible to use more than one mucolytic agent
or anti-inflammatory agent in the dry powder inhaier
formulation of the present invention.

The dry powder inhaler formulation may further
comprise . a sugar or sugar alcohol. A sugar or sugar
alcohol can be, but is not limited to any one of the
following, trehalose, sorbitol, raffinose or dextrose. It
is also possible to use more than one sugar or sugar
alcohol in the dry powder inhaler formulation of the
present invention. |

The dry powder inhaler formulation may further
comprise a lubricant. A lubricant can be, but is not
limited to. ahy one of the following, leucine, magnesium
stearate, sodium stearate or polyethylene vglycol. It is
also possiblé to use more than one lubricant in the dry
powder inhaler formulation of the present invention.

The dry powder inhaler formulation may further
comprise a polymer coating. A polymer coating can include,
but is not limited to any one of the following, chitosan,
polyvinyl alcohol, polylactic-co-glycolic acid, or sugar
polymers (e.g. dextran, dextrin). It is also possible to
use more than one kind of polymer coating in the dry
powder inhaler formulation of the present invention.

In addition tovthe two quinolones described herein,
the dry pdwder formulation may also‘ comprise further
pharmaceutically active ingredients which are not
quinolones. For example, the formulation may comprise a
pharmaceutical composition used for treating lung cancer,
steroids (e.g. budesonide), 'beta-z-agonists (e.g.
salbutamol sulphate), anticholinergics (e.g. ipratropium
bromide), mucolytic agents (e.qg. lysozyme, ambroxol
hydrochloride), substances added to improve wound healing

(e.g. heparin), anti-histimine (allergy, cough) (e.qg.

11
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cetrizine hydrochloride) or decongestants (e.qg.
pseudoephedrine) .

The dry powder formulation ‘may be formulated for
administration via a dry powder ihhaler, including a
metered dose inhaler.

It is to be noted that the dry powder formulatlon is

not one that is administered via a nebullzer and is hence

different from a solution formulation.

There is also provided a method for preparing a dry
powder formulation comprising the step of forming
particles: of at least a first pharmaceutically active
quinolone and a second pharmaceutically active quinolone.

The step of forming the particles may comprise the
step of co-spray drying a binary system of aqueous
solutions of the first pharmaceutically active quinolone
and the second pharmaceutically active gquinolone. The
agqueous solutions may be provided at a weight ratio in the
range of 1:2 to 1:100 or 1:2 to 1:8. In an embodiment
where a formulation of oiprofloxacin hydrochloride and
gatifloxacin hydrochloride is prepared, the - aqdeous
solutions are aqueous solutions of ciprofloxacin
hydrochloride and gatifloxacin hydrochloride that are
provided at a w@ight ratio of about 1:2.5, about 0.5:4,
about 1:4, about 1.5:4, about 0.5:3( about b.5:3.5, about
1:2 or about 1:2.5. Due to the step of spray drying, the
first pharmaceutically active quinolone and the second
pharmaceutically active gquinolone may be conibined in the
same spray-dried particle.

Alternatively or additionally, the step of forming
the particles may comprise forming co-crystals via co-
grinding or co—précipitation, co-freeze drying or co-spray
freeze drying.

The co-spray drying may be undertaken in a suitable

spray dryer. For example, a spray dryer wusing rotary

12
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atomization such as the Mobile Minor™ spray drier by Niro
A/Ss of Segborg, Denmark, a spray dryer using nozzle
atomizers such as the Bichi™ 290 laboratory scale spray
dryer or a spray drying based on ultrasonic atomization
such as the( Buchi™ B-90 Nano Spray Dryer from BUCHI
Labortechnik AG of Flawil, Switzerland can be used.

| Generally, during.spray—drying, heat from a hot gas
such as heated air or nitrogen  is used to evaporate the
solutions in which'the quinolones are present in; The
aqueous solutions are atomized by an atomizer in the spray
dryer to form an atomized droplet wherein the liquid of‘
the atomized droplet is rapidly evaporated by application
of heat. Due to the small nature of the atomized droplet,
and the application of heat, the liquid medium is rapidly
evaporated, leaving dry particles of the quinolones.

The physical properties of the spray-dried quinolone
particles depend on a number of parameters such as
direction of flow of the drying gas in the drying chamber;
the degree and uniformity of atomization due to the type
of atomizer used; the temperature of the aqueous solutions
and efficiency of the collection mechanism.

The flow of the drying gas in the drying chamber may
be substantially opposite to the flow of the atomized
solution (that is, countercurrent flow) or the flow of the
drying gas in the drying chamber may be in the same
direction as the flow of the atomized solution (that 1is,
cocurrent flow). Some spray dryers may combine both
countercurrent and cocurrent flow in the dryingbchamber.
The type of flow pattern in the drying chamber may aid in
the generation of turbulence in the drying chamber and
hence, may lead to an. increased rate of interaction
between the drying gas and the atomized droplets in order
to increase the rate of heat transfer from the drying gas

to the atomized droplets.

13
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The inlet temperature of the drying gas into the
spray dryer may be in a ‘range selected from the group.
consisting of about 50°C to about 150°C; about 50°C to
about 70°C; about 50°C to about 90°C; about 50°C to about
110°C; about 50°C to about 130°C; about 70°C to about
150°C; abdut 90°C to about 150°C; about 110°C to about
150°C and about 130°C to about iSO?C. The outlet
temperéture may be dependent on the inlet temperature
selected and is typically in the range of about 20°C to
about 90°C. In one embodiment, the outlet temperature may
be kept below 50°C in order to ensure that the biological
activity of the quinolone is retained.

. The nozzle size of the spray dryer may be 4 um, 5.5
pm or 7 um,

The evaporating capacity of the spray dryer may be
about 0.2 1/h H,O or less.

The concentration of the first and/or second

‘quinolone may be selected from about 1 mg/ ml to about 10

mg/ml. The flow-rate of the first and/or second quinolone
may be selected from about 1 mL/h to about 25 mL/h.

There is also provided a dry powder inhaler
comprising a dry powder formulation having a combination
of at least a first pharmaceutically active quinolone and
a second pharmaceutically active quinolone. The dry powder
inhaler may include a metered dose inhaler. The dry powder
inhaler may be portable and easy to use. The dry powder
inhaler may be a non-portable inhalator. ThHe dry powder
inhaler may be designed for single use or multiple use or
in other words as a re-usable or disposable inhaler.

. The dry powder inhaler may disperse the dry powder
formulation at a rate between about 30 to about 100 L/min,
30 to about 80 L/min, 30 to about 70 L/min, 40 to about 90
L/min, 30 to about 60 L/min, 40 to about 70 L/min, 50 to
about 70 L/min, 30 L/min, 40 L/min, 50 L/min, 60 L/min or

14
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70 L/min. Administration at these rates can achieve a
substantially uniform deposition profile across all
impaction stages.

The dry powder formulation may be for use in therapy.
The dry powder formulation may be for use in treating a

bacterial infection in a patient. The bacterial infection

‘'may be a pulmonary infection. The bacterial infection may

be caused by a bacteria selected from the group consisting
of Gram-negative bacilli such as the génera of
Pseudomonas, Escherichia, Haemophilus, - Klebsiella,
Legionella, MOrakella, Proteus, Acinetobacter, or Gram-
positive bacilli of the genera Staphylococcus,
Streptococcus, Enterococcus, Mycobacterium,
Corynebacterium and Mycoplasma.

The bacterial infection may be caused by a bacteria
selected from the group consisting of Escherichia coli,
Haemophilus influenzae, Klebsiella pneumoniae, Legionella

pneumophila, Moraxella catarrhalis, Proteus mirabilis,

Pseudomonas aeruginosa, Acinetobacter baumannii,
Staphylococcus aureus, Streptococcus pneumoniae,
Staphylococcus epidermis, Enterococcus - faecalis,

Streptococcus pyogenes, Mycobacterium tuberculosis, non-
tuberculous mycobacteria, 'Corynebacterium diphtheria and
Mycoplasma pneumoniae.

The patient may be an animal, such as a human. The
patient may be one suffering from cystic fibrosis. The
bacteria may be of the genus Pseudomonas which 1is
pathogenic to the patient. The bacteria may be
Pseudomonas aeruginosa.

There 1s also provided the use of the dry powder
formulation in the manufacture of a medicament for the
treatment of a bacterial infection in a patient.

Pulmonary infection ~may be due ° to bacterial

infections. Upper respiratory tract infections may include

15
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pharyngitis, eiglottitis, laryngitis tracheitis and lower
respiratoryv tract infections @ may include Dbronchitis,
bronchiolitis and pneumonia. The bacterial pulmonary
infection may also result from tuberculosis. Patients
5 suffering £from chronic obstructive pulmonary disease
(CopPD), cystic fibrosis and asthma may\also be prone td
pulmonary infections. |
The medicament may be administered via the pulmonary
route into the respiratory tract.
10 »
Brief Description Of Drawings
The accompanying draWings illustrate a disclosed
embodiment and serves to explain the principles of the
disclosed embodiment. It 1is to be understood, however,
15 that the drawings are designed for purposes of
illustration only, and not as a definition of the limits

of the invention.

Fig. 1 is a scanning electron microscopy image at
3,000 times magnification of the spray-dried particles of
20 ciprofloxacin hydrochloride and gatifloxacin hydrochloride

(SD-CIP/GAT) .

Fig. 2 1s a X-ray diffraction pattern of the spray
dried SD-CIP/GAT powder.

Fig. 3 1is a deposition profile of the dry powder

25 formulation when dispersed at 60 L/min.

Examples
Non-limiting examples of the invention will be
further described in greater detail by reference to
30 specific Examples, which should not be construed as in any

way limiting the scope of the invention.

16
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} Example 1

A dry powder formulation made wup of a binary
combination powder (SD-CIP/GAT) of ciprofloxacin
hydrochloride (CIP) and gatifloxacin hYdrochloride (GAT)
was obtained by co-spray drying an aqueous solution of the
above drugs using ab Buchi Nano Spray Dryer B-90 (from
BUCHI @ Labortechnik AG of Flawil, Switzerland) with
operating parameters as detailed in Table 1.

Ciprofloxacin hydrochloride and gatifloxacin
hydrochloride were supplied by Junda Pharmaceutical Co.
Ltd (of Guangzhou of China). The aqueous solution of
ciprofloxacin hydrochloride and gatifloxacin hydrochloride
(at a weight ratio of 1:2.5) was obtained.by dissolving
both drugs together in water. The weight ratio of the
individual gquinolone in the solution (as well as in the
resultant spray-dried ©particle) was based on the
gquinolone’ s minimum inhibitory concentration (MIC). The
MIC was experimentally determined and a ratio of the
quinolones was obtainéd as a guideline in developing the
final workable proportion. The quinolones’ MIC values were
important as they provided preliminary guidance on the
required therapeutic dose of each quinolone in the binary
(SD-CIP/GAT) powder formulation (i.e. combination ratios).
The MICs of the wvarious quinoiones for the bacteria
Pseudomonas aeruginosa different bacteria were determined
via the microdilution method and used to determine the
desired binary drug proportions. For the bacteria
Pseudomonas aeruginosa, since MICerp:MICgar is 1:2 (actual
values are 0.25 ug/ml:0.5 ug/ml), the binary formulation
was composed of CIP:GAT in the ratio of 1:2. To further
enhance the therapeutic. efficiency of the quinolone
antibiotic powders (that is, to exceed the minimum 1:2
(CIP:GAT) ratio required for Pseudomonas deruginosa), the

ratios were adjusted to 1:2.5 (CIP:GAT) for the binary
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formulation. By wusing the MIC approach, compatible
combinations at suitable proportions can be obtained
quickly and is a departure from the tedious trial-and-
error screening approach.

All solutions were filtered through a 0.45um syfinge
filter (Millipore of Bedford, Massachusetts, United States
of America) prior to spray-drying to minimize blockage due
to any undissolved particles at the spray mesh. The spray-
dried powders were stored in a desiccator at room
temperature for further. characterization. The following

operating parameters were used for the Nano Spray Dryer:

Table 1: Spray drying parameters

Parameters
Spray mesh size (um) 5.5
Feed concentration (w/v%) 0.75

Nitrogen flow rate (L/min) 120

Relative spray rate (%) 4
Inlet Temperature (°C) 120

~ Outlet Temperature (°C) 40-45
Yield (%) | 70-80

Drug content quantification

Drug contents in the spray-dried powders were
analyzed via High Performance Liquid Chromatography (HPLC,
1100 series, Agilent Technologies, California, United
States of America) . For assays of ciprofloxacin
hydrochloride and gatifloxacin hydrochloride, - a 100 uL
aliquot sample was injected into the HPLC system equipped
with a Zorbax Extend C-18 column (4.6 mm x 150 mm, 3.5 um)
(Agilent Technologies, California, United States of
America) as the stationary phase (colﬁmn‘temperature 25°C),

and a mixture of 0.025M disodium hydrogen phosphate buffer
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(adjusted to pH 3.0 with phosphdric acid) and acetonitrile
(80:20, v/v) as the mobile phase. A flow rate of 0.5
mL/min and an UV absorbance wavelength of 293 nm were
employed for the simultaneous detection of ciprofloxacin
hydrochloride and gatifloxacin hydrochloride at retention
times of 4.2 and 5.7 minutes respectively.

The composition of the spray-dried particle is shown
in Table 2 Dbelow. Drug contents  (mean + ~ standard

deviation, n =3) measured by HPLC.

Table 2: Composition of Spray-Dried Particles

Formulation Drug Content (w/w%) % of Ideal

Feed solution Actual (Powder) (Relative to feed)

SD-CIP/GAT 28.6 71.4 27.8+0.6 72.0+0.7 97.2+1.9 100.8+1.0

Morphology

The morphology of the powder particles was examined
by a field emission scanning électron microscopy (FESEM,
JEOL JSM-6700). Prior to imaging, the samples were
dispersed onto carbon sticky tabs and coated with gold for
80  seconds using a sputter coater (Cressingtdn 208HR,

Watford, United Kingdom) .

Particle size distributibn

The particle size distribution was obtainéd by image
analysis of SEM images. To ensure the size distributions
were representative of the powder, random samples were
taken. Briefly, random sampling of the particles was
carried out as follows: particle positioning was
determined via the use of a 100-mesh transmission electron
microscopy (TEM) grid (GCul00, ProSciTech, Australia) as
the reference background (88 segments).. A_random list of
the segments was generated by a random number generator

(Minitab Inc., release 13, for Windows). At least 100

19



10

15

20

25

- 30

WO 2013/176622 PCT/SG2013/000207

particles were measured for each sample from the random
fields of wview. All the experiments and measurements were
performed in triplicate. The particle size distribution is

shown in Table 3 below.

Table 3: Particle Size of Spray-dfied Powder

SD-CIP/GAT (um)
Dio 1.24‘ + 0.11
Dsg 1.91 + 0.14
Dgg 2.96 +.0.19
Span 0.91 + 0.22

Dyp — volume diameter under which 10% of the sample resides
D5y — volume median diameter '
Dgy - volume diameter under which 90% of the sample resides
Span = (Dgg-D1g) /Dso

Crystallinity

Powder crystallinity of the samples were assessed by
powder X-ray diffraction (pXRD) at room temperature using
an X-ray diffractometer (D8 Advance; Bruker AXS GmbH,
Karlsruhe, Germany). Samples were scanned from 2-50° (20)
at with an angular increment of 0.04° and at 1 s per step
using Cu X, radiation generated at 35 kV and 40 mA. Fig. 2
shows the XRD pattern of the spray dried particle,

- indicating that the spray dried particle is amorphous.

In vitro aerosol performance

The aerosol performance was assessed using a Next

‘Generation Impactor (NGI, Copley Scientific, Nottingham,

UK) coupled with a United State Pharmacopoeia (USP)

stainless steel throat. The method followed the procedure
specified for DPIs in the British Pharmacopoeia. Prior to
tesﬁing, all the eight impactor stages were sprayed with
MOLYKOTE® 316 silicone grease release spray (Dow Corning
Corp., Midland, MI) to minimize pafticle bounce.

Approximately 20 + 2 mg of spray-dried powder was filled
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into a hydroxypropyl methylcellulose (HPMC) capsule (Size
3, Capsugel®, NJ, USA), loaded into an Aerolizer®iinha1er
(Novartis Pharmaceuticals, Basel, Switzerland), pierced
and then actuated fof 4 s at 60 L/min. The powder
consisted of respirable-sized particles (Dsg of>1.91 + 0.14
ym) capable of achieving a fine particle‘fraction (FPF) of
approximately 40% (ciprofloxacin hydrochloride: 41.3 +
2.6%; gatofloxacin hydrochloride: 40.9 + 2.7%).

The flow through the NGI was measured using a
calibrated flow meter (TSI Model 4040C, TSI Instrument
Ltd., Buckinghanshire, UK), controlled by a high capacity
vaccum pump (Model HCPS5, Copley Scientific, Nottingham,
UK) and a critical flow controller (TPK 2000, Copley
Scientific, Nottingham, UK). After actuation, the device,
capsule, throat and each part of the NGI were washed
separately and thoroughly using deionized water. The
solutions weré then assayed by HPLC after appropriate
sample dilutions were made. Each dispersion test was
performed in triplicates to obtain mean values.
Temperature and relative humidity (RH) throughout the
testing was maintained at 25°C and 40% respectively.

At a flow rate of 60 L/min, the aerodynamic cut-off
diameters of stages 1, 2, 3, 4, 5, 6 and 7 are 8.06, 4.46,
2.82, 1.66, 0.94, 0.55 and 0.34 um. _Particles with
diameter size less than 0.34 um were captured on a Micro
Orifice Colléctor (MOC) Dbeyond stage 7. As can be seen in
Fig. 3, a concomitant and uniform in vitro deposition
profile could be achieved across all impaction stages when
dispersed at 60 L/min.

In this study, fine particle fraction (FPF)
represents the mass fraction of drug particles smaller
than 5 um in the aerosol cloud relative to the total mass
recovered and was obtained by interpdlation to the

cumulative percent undersize at 5 um. FPF(emitted) was
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obtained when the fine particle dose was expressed

"relative to the emitted dose.

Example 2
The dry powder formulation as prepared above was then
subjected to a time-kill assay against Pseudomonas
aeruginosa (ATCC 90207). Here, overnight culture of the
test Pseudomonas aeruginosa was diluted‘in Mueller-Hinton

broth (MHB) to give a starting bacterial density of

approximately 5 x_le?:Cﬁleﬁ~' Spraytdried powders were
added to the CUltﬁré sudh that bhe fihal_¢oncentfations
were at 1 x MIC. The culture: was then.incubated at ' 37°€C
with shaking. Bacterial cell éouﬂts weré-éétimated at time
0 and 24 hours. Synergy was defined'aszéuézriégm decrease
in colony. count after 24 hours by the combihation compared
to the most active single agent; indifference as a <2 1logig
increase or decrease in colony count at 24 hours by the
combination compared with that by the most active single
agent and antagonism as a 221log,9 increase in colony count
after 24 hours by the combination compared with that by
the most active single agent.

The results are shown in Table 4 below. As can be
seen 1in Table 4, the spray-dried powder exerted a

synergistic effect on the Pseudomonas aeruginosa.
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Table 4: Time kill test results?®

Spray dried "Remaining count “Time-kill assay Interaction
sample (24 hours) log,, change '

(log,p CFU/ml)
SD-CIP 9.9 - : -
SD-GAT 6.9 - _
SD-CIP/GAT 4.1 -2.8" synergy

¢: Performed in triplicate

®. after 24 hours incubation with spray-dried powder at. 1xMIC

¢: values represent the log;, change in CFU/ml in the time-kill assay after 24 hours
exposuré to the most active drug alone

CIP: ciprofloxacin hydrochloride

1”3“GAT:'gétifloXacin hydrochloride . -
| SD: spray dried o

Apblications'

The dry powder formulation can be used to treat a
bacterial infection. The dry powder formulation can have a
synergistic effect on the bacteria and hence may lead to
lower dosages of the individual active ingredients, which
in turn lead to lower side effects and increased patient
compliance.

The dry powder formulation may not require the use of
a nebulizer. Due to the dry form of the formulation,
clogging of the inhaler during administration of the dry
powder formulation may not occur.

It will be apparent that wvarious other modifications
and adaptations of the invention will be apparent to the
person skilled in the art after reading the foreééing
disclosure without departing from the spirit.and scope of
the invention and it is intended that all such
modifications and adaptations come within the scope of the

appended claims.
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Claims

1. A dry powder formulation comprising a
combination of at least a first pharmaceutically active

quinolone and a second pharmaceutically active quinolone.

2. The dry powder formulation of claim 1, wherein
the ratio of said first pharmaceutically active quinolone
and said second pharmaceutically active quinolone 1is
selected in a range that provides a synergistic effect on

a microbial infection.

3. The dry powder formulation of claim 2, wherein

said ratio is at least 1:2.

4. The .dry pdwder formulation of any one of the
preceding claims, wherein said first pharmaceutically

active quinolone and said second pharmaceutically active

quinolone is independently selected from a
fluorogquinolone.

5. The dry powder formulation of any one of the
preceding claims, - wherein said fluoroquinolone is

selected from the group consisting of ciprofloxacin,
gatifloxacin, enoxacin, fleroxacin; lomefloxacin,
nadifloxacin, norfloxacin, ofloxacin, pefloxacin,
rufloxacin, balofloxacin, grepafloxacin, levofloxacin,
pazufloxacin, sparfloxacin, temafloxacin, tosufloxacin,
clinafloxacin, gemifloxacin, moxifloxacin, sitafloxacin,
trovafloxacin, prulifloxacin and pharmaceutically

acceptable salts thereof.

6. The dry powder formulation of claim 5, wherein

said first pharmaceutically active quinolone is
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ciprofloxacin and said second pharmaceutically active

quinolone is gatifloxacin.

7. The dry powder formulation of claim 6, wherein
said first pharmaceutically active quinolone is
ciprofloxacin hydrochloride and said second
pharmaceutically active quinolone is gatifloxacin
hydrochloride.

8. The dry powder formulation of any one of the

preceding  claims, wherein said first pharmaceutically

' active quinolone and said second'pharmaceutically active

quinolone are present'in said formulation in the. form of

particles having a narrow particle size distribﬁtion;

9. The dry powder formulation of claim 8, wherein

said particles have a particle size between 500 nm to 4

pm.

10. The dry powder formulation of c¢laim 8 or 9
wherein said particles have a mono-modal size

distribution with a span (Dgo-Dig) /Dsp of 0.5 to 2.

11. The dry powder formulation of any one of claims
8 to 10, wherein said particles have a fine particle

fraction in the range of 1% to 99%.

12. The dry powder formulation of any one of the
preceding claims, further comprising at least one
excipient. '

13. The dry powder formulation of any one of the
preceding claims, further comprising at least one

mucolytic agent.

25



10

15

20

25

30

35

WO 2013/176622 PCT/SG2013/000207

14. The dry powder formulation of any one of the
preceding claims, wherein said dry powder formulation is

for administration via a dry powder inhaler.

15. A method for preparing a dry powder formulation
comprising the step of forming particles 'of at least a
first pharmaceutically active quinolone and a second

pharmaceutically active quinolone.

16. The method of c¢laim 15, wherein said forming

step comprises the step of co-spray. drying a binary

"system. - of . agueous solutions of said first

pharmaceutically active guinolone and Saidy second

pharmaceutically active guinolone.

17. The method of claim 16, wherein said aqueous

solutions are provided at a weight ratio of at least 1:2.

18. The method of claim 17, wherein said aqueous
solutions are agueous solutions of ciprofloxacin
hydrochloride and gatifloxacin hydrochloride that are

provided at a weight ratio of 1:2.5.

19. A dry powder inhaler comprising a dry powder
formulation having a combination of at 1least a first
pharmaceutically active quinolone and a - second

pharmaceutically active quinolone.

20. The dry powder inhaler of claim 19, wherein
said dry powder inhaler disperses said dry powder

formulation at a rate between 30 to 100 L/min.

21. The dry powder formulation of any one of claims

1 to 14 for use in therapy.
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22. ‘The dry powder formulation of any one of claims
1 to 14 for use in treating a bacterial infection in a

patient.

23. The dry powder formulation of claim 22, wherein
said infection is caused by a bacteria having a genera

selected from the group consisting of Pseudomonas,

Escherichia, “Haemophilus, Klebsiella, Legionella ,
" Moraxella, Pfoteus;~> Acinetobacter, Staphylococcus,
StreptoCocCus, - 'Ehterococcus, N Mycobacterium[

'Corynebacterium and_MYcoplasma.-

24, The dry powder formulation of claim 23, wherein

‘said infection is caused by a bacteria selected from the

group consisting of = Escherichia coli, Haemophilus
influenzae, Klebsiella pneumoniae, Legionella

pneumophila, Moraxella catarrhalis, Proteus mirabilis,

Acinetobacter = baumannii, Pseudomonas aeruginosa,
Staphyloccus aureus, Streptococcus pneumoniae,
Staphylococcus  epidermis, Eterococcus  faecalis, and

Streptococcus pyogenes, Mycobacterium tuberculosis, non-
tuberculous mycobacteria, Corynebacterium diphtheria and

Mycoplasma pneumoniae.

25. Use of the dry powder formulation of any one of
claims 1 to 14 in the manufacture of a medicament for the

treatment of a bacterial infection in a patient.

26. Use of claim 25, wherein said Dbacterial
infection 1is selected from the group consisting of
pharyngitis, epiglottitis, laryngitis tracheitis,

bronchitis, bronshiolitis, pneumonia and tuberculosis.
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27. Use of claim 25 or 26, wherein said patient is
suffering from chronic obstructive pulmonary disease,

cystic fibrosis or asthma.
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