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Description

[0001] The administration of drugs through inhalation has been used for many years and is the mainstay of treatment
of diseases which limit airflow, such as asthma and chronic bronchitis.
[0002] Furthermore, a number of inhalatory formulations have been marketed for some years for the administration
of steroidal antiinflammatory, decongestant and antiallergic agents for the topical treatment of rhinitis and/or sinusitis.
[0003] One of the advantages of the inhalatory route over the systemic one is the possibility of delivering the drug
directly at the action site, so avoiding any systemic side-effects. Said way of administration allows to achieve a more
rapid clinical response and a higher therapeutic index.
[0004] Among the different classes of drugs which are usually administered by inhalation for the treatment of respiratory
diseases, glucocorticosteroids such as beclomethasone dipropioriate (BDP), dexamethasone, flunisolide, budesonide,
fluticasone propionate are of great importance. They can be administered in the form of a finely divided, i.e. micronised,
powder, formulated as suspension in an aqueous phase containing any necessary surfactants and/or cosolvents; when
intended to be administered in the form of metered doses of aerosol spray, they should also contain a low-boiling
propellant.
[0005] The effectiveness of the administration form depends on the deposition of an adequate amount of particles at
the action site. One of most critical parameters determining the proportion of inhalable drug which will reach the lower
respiratory tract of a patient is the size of the particles emerging from the device. In order to ensure an effective penetration
into the bronchioli and alveoli and hence ensure a high respirable fraction, the mean aerodynamic diameter (MMAD) of
the particles should be lower than 5-6 microns (mm). For nasal administration, particles with higher MMAD are required.
[0006] Other important characteristics for a correct administration and therefore for the therapeutic efficacy, are the
size distribution and the homogeneous dispersion of the particles in the suspension.
[0007] A poor control of said parameters might favour the formation of loose agglomerates (curds) or, if the curds
become compacted and fuse, cakes of suspended particles which, in turn, may impair the possibility of resuspending
the product easily and providing uniform dosing either during the filling of the containers and during the use.
[0008] The first object of the present invention is to provide a process for the preparation of aqueous particles sus-
pensions comprising beclometasone dipropionate for use in pharmaceutical formulations for the treatment of respiratory
diseases by nasal or pulmonary inhalation, said particles being characterised by optimised particle size and distribution
for obtaining compositions with high therapeutic efficacy.
[0009] In a first embodiment of the invention, the process is carried out by using a turboemulsifier followed by a
treatment with a high pressure homogeniser.
[0010] Accordingly, said process includes a first step wherein an aqueous solution which constitutes the carrier is
dispersed in a turboemulsifier apparatus. A typical turboemulsifier suitable for the treatment comprises a containment
vessel equipped with magnetic stirring and a high potency turbine system which is used for homogenising the suspension.
The apparatus can also be fitted with a heating steam jacket as well as a vacuum system.
[0011] The carrier optionally contains wetting agents, surfactants, viscosity-increasing agents, preservatives, stabil-
ising agents, isotonicity agents and/or buffers and can optionally be sterilised. In a second step, micronised beclometa-
sone dipropionate asactive ingredient, obtained after conventional milling, is added to the aqueous phase and dispersed
in the same turboemulsifier vessel by applying very high speed of 2000-3000 r.p.m., preferably 2500-2600, for 15-20
min. It has been found that said conditions are necessary in order to effectively disperse the micronised particles of the
active ingredient in such a way as to prevent agglomeration during storage. Moreover, it has been more surprisingly
found that the particles during said treatment are subjected to a further mild milling which reduces the sizes of the crystals
of larger diameter so removing the fractions with higher particle size distribution.
[0012] Optionally the process can be carried out under vacuum in order to skim off the suspension.
[0013] The drug, dispersed in the aqueous phase, is subjected to an additional homogenisation treatment under high-
pressure to further reduce the mean size of the suspended particles. A typical apparatus used for this treatment, such
as the Microfluidizer®, includes a high pressure pump which can supply pressures up to 1500 bar and one or more
interaction chambers. During the process, the sample is introduced as a stream, then forced at the operating pressure
through the interaction chambers where the stream is accelerated to extremely high velocities and subjected to three
main forces: i) shear (sliding of particles across one another, tearing); ii) impaction (collisions; crushing); iii) cavitation
(collapsing of cavities or bubbles of the surrounding liquid phase; an increased change in velocity with a decreased
change in pressure).
[0014] The degree of reduction of the solid particles size and the resulting distribution particle curve can be optimised
by controlling the following variables i) the type and size of the interaction chamber; ii) the operating pressure; iii) the
time of processing and the number of cycle the material is going through.
[0015] The effect of the process is also dependent on physico-chemical characteristics of the ingredient subjected to
the treatment. According to the hardness of its crystalline lattice, different pressure and processing times can be requested
to achieve the desired results.



EP 1 832 279 B1

3

5

10

15

20

25

30

35

40

45

50

55

[0016] It has now been found that, in case of steroids, it is possible to tighten the distribution particle curve in such a
way as that the mean diameter of at least 90% of the particles is lower than or equal to 5 mm by keeping the operating
pressures between 500 and 1000 bar. In particular, particles optimised for pulmonary delivery are obtained using an
interaction chamber with sharp edges and maintaining the operating pressure between 600 and 800 bar. Overprocessing
at higher pressure should be avoided as it may result in particle-size growth and curds formation. Said surprising results
were achieved by submitting the suspension to only one cycle of treatment and therefore for a very short period, making
the process very convenient and attractive from an industrial point of view.
[0017] The process of the invention is efficiently carried out at room temperature which constitutes a considerable
advantage in case of potentially thermolabile molecules such as steroids. On the other hand, the temperature does hot
significantly increase during the treatment. Furthermore, said specific range of pressures turned out to be suitable for
reducing the particle size of the suspended active ingredient without requiring a significant increment in the amount of
surfactants. It is general knowledge indeed that the total surface area of the active ingredient increases upon micronisation
making sometimes necessary to change the formula of the suspension. Therefore, the breaking of the particles has to
be controlled to the degree allowed by the chosen composition.
[0018] At the end of the treatment of the invention, particles of particle size distribution within well-defined parameters
as well as a good dispersion of the suspended particles are obtained. The resulting formulation is physically stable and
it can be easily re-suspended after at least one year of storage.
[0019] In order to prevent an increment in the viscosity of the suspension and the formation of even loose aggregates
during storage which may puzzle the patient before the use, the process can be preferably carried out by operating at
600-700 bar and by employing an additional interaction chamber arranged in series with respect to the former.
[0020] The most widely experienced applications of high-pressure homogenisation regard solid-in-liquid dispersion of
paint, pigments, ink-jet printing ink and ceramic powders.
[0021] WO 96/14925 deals with dispersion of hard, non-compliant particles used in magnetic recording media such
as audio tapes, video tapes or computer diskettes.
[0022] Examples of applications to pharmaceutical compositions can be yet found in the prior art.
[0023] Document EP 0416950 discloses a process for preparation of beclomethasone propionate suspension for
metered dose inhalers. Micronised drug is dispersed in a liquefied gas using a high shear blender, or ultrasound emitting
device or a microfluidizer (page 4). Detailed process parameters are not disclosed.
[0024] Mueller et al. describe preparation of prednisolone aqueous suspension for intravenous injection. The drug is
dispersed in an aqueous medium using Ultra-Turrax® stirrer; this pre-dispersion is further homogenized at 500 or 1500
bar. The suspension contains nanoparticles mainly (INT J PHARM, vol. 160, no. 2, 26 January 1998, p. 229-237). This
document does not disclose beclomethasone dipropionate, formulations for inhalation and detailed parameters of dis-
persion using the Ultra-Turrax®.
[0025] EP 768114 claims the use of said apparatus for treating aerosol formulation containing low-boiling components
such as hydrofluoro-carbon alkanes (HFA’s) at ambient temperatures. Homogenisation is achieved at 550-620 bar but
after repeated cycles of treatment. Micronisation of the active ingredients exemplified i.e. ipratropium bromide and
salbuterol sulfate is achieved only at very high pressures (about 1400 bar).
[0026] Also EP 726088 claims a process, consisting of re-circulation under high-pressure through multiple tiny openings
in order to obtain homogeneously dispersed formulation containing liquefied propellants to be used in pressurised aerosol
inhalers.
[0027] Illig et al. (Pharm Tech October 1996) in a study aiming at describing the advantages of Microfluidizer® process-
ing over conventional milling treatments, applied such technology to produce suspensions of iodinated radiopaque
materials with reduced particle size.
[0028] Calvor et al. (Pharm Dev Technol 3, 297-305, 1998) discloses the use of high-pressure homogenisation to
produce nanoparticle formulation of polymers (less than 1 mm and preferably 5-7 nm).
[0029] The suspensions prepared according to the process of the invention can be partitioned in suitable containers
such as multi-dose or, preferably, single-dose systems for nebulisation, preformed or prepared with the "blow, fill and
seal" technology, or pumps or systems for the rhinologic administration.
[0030] Both steps, involving respectively the turboemulsifier and the high-pressure homogeniser, can be carried out
without any contact with atmosphere and are therefore compatible with working in sterile environment.
[0031] All the steps of the process can be carried out on an industrial scale. The types of dispersion which can preferably
benefit of such treatment are: i) sterile suspensions obtained as from a micronised sterile active ingredient; ii) suspensions
obtained as from a micronised non-sterile active ingredient.
[0032] Said treatment might also be effective in restoring the desired particle size distribution after that unfavourable
changes in their profile have occurred as a result of heat-sterilising processes. The latter methods may indeed lead to
the formation of aggregates which will hardly de-aggregate into fine particles upon administration.
[0033] The drug which can advantageously be used for preparing the suspensions according to the process of the
invention is beclometasone dipropionate which is usually administered by inhalation for the treatment of respiratory
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diseases. The corresponding formulations can be prepared by dispersing the active ingredient in an aqueous solution.
According to the particle size and particle distribution obtained, they can be used either for pulmonary or nasal delivery.
[0034] Moreover, the particles obtained with the process of the invention, suitably dried, can optionally be conditioned
in pressurised dosed areosol inhalers. Suspensions in organic solvents can be directly distributed in containers for
pressurised aerosols.
[0035] As reported above, the process of the invention is compatible with working under sterile conditions. Since
sterility is a requirement more and more demanded for pharmaceutical formulations intended for nebulisation, it would
be highly advantageous to provide aqueous suspensions of steroids to be delivered as sterile single-dose preparations.
Said formulations allow to avoid the use of antimicrobials or preservatives which are extensively reported to be responsible
of allergies and irritations of airways which, in turn, manifest by cough or bronchospasm.
[0036] It is therefore a second object of the invention to provide a process for the preparation of particles to be used
as aqueous suspensions intended for aerosol inhalation, said particles being constituted of a sterile micronised active
ingredient and characterised by an optimal size distribution for obtaining high therapeutic efficacy starting from.
[0037] Said process comprises the following steps: i) to prepare an aqueous solution, which constitutes the carrier
and optionally containing wetting agents, surfactants, viscosity-increasing agents, stabilising agents, isotonicity agents
and/or buffers, in a suitable turboemulsifier vessel; ii) to sterilise the aqueous base inside the same container; iii) to add,
in a sterile environment, one or more active sterile micronised ingredients; iv) to disperse all the ingredients by using
the same turboemulsifier.
[0038] The resulting suspension can be directly partitioned under sterile conditions, in plastic single-dose containers,
pre-formed and sterilised by suitable treatments or produced in sterile by employing the "blow, fill and seal" technology.
[0039] Before packaging, the suspension can optionally be submitted to a further high-pressure homogenisation treat-
ment, still carried out under sterile conditions.
[0040] The corresponding formulation for inhalation can be advantageously used in the treatment of any allergic
condition and/or inflammatory condition of the nose or lungs, such as asthma as well as of bronchopulmonary dysplasia
either in hospital and domicilary setting.
[0041] The invention is further illustrated by the following examples.

EXAMPLE 1: Sterilization of micronized BDP by gamma-irradiation

[0042] About 600 g of inicronised BDP was stored in a 20 1 polythene container after having replaced air by nitrogen,
the container was in turn sealed in two Polikem bag. The product was subjected to gamma-irradiation at 2 to 9 KGy.
After the exposure, the BDP purity and the amount of related substances were determined by HPLC. On the batch
subjected to 2 kGy dose, the particle size as well as the loss of weight were also determined by Malvern) analysis and
TGA respectively, in comparison to the non-irradiated product.
[0043] All batches were submitted to the sterility test according to direct inoculation method reported in Ph.Eur. Samples
of 0.5 g of irradiated powders were inoculated with the following viable ATCC micro-organism: 360 UFC of Staphylococcus
aureus, 400 UFC of Bacillus subtilis, 350 UFC of Clostridium sporogens, 330 UFC of Candida Albicans. After addition
of 1% polysorbate 80, the culture media were incubated for 14 days. The micro-organism population were measured in
comparison to the non-irradiated product.
[0044] The results are reported in Table 1.

[0045] The results demonstrate the BDP is stable after exposure to gamma-irradiation. Only a slight increase in
chemical degradation was observed after exposure to 9.08 KGy. However, the corresponding batch complies to the
purity specifications.
[0046] The particle size of the batch exposed to 2 KGy was not affected. No water uptake was observed. All batches

TABLE 1
Determinations Non-irr. BDP Irr. BDP Irr. BDP Irr. BDP

2 KGy 3.17 KGy 9.08 KGy

Loss of weight (%, TGA) 0.12 0.13 - -
Purity (%) 99.7 99.6 99.6 99.3

Related substances (%) 0.3 0.4 0.4 0.7
Particle size distribution (mm, Malvern)

d (0.1) 0.49 0.48
d (0.5) 1.91 1.81
d (0.9) 5.98 5.73
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comply with the sterility requirements of Ph.Eur.

EXAMPLE 2: Preparation of a sterile suspension by means of the turboemulsifier starting from micronised BDP sterilised 
by gamma-radiation at the dose of 2 Kgy (example 1).

[0047]

[0048] The preparation of the sterile suspension comprises a first step wherein the aqueous base is prepared inside
a turbo emulsifier Techinox 100 L placed under a laminar flow hood, in a controlled-contamination environment. After
loading the apparatus with sterile water for injection, sodium chloride and surfactants are added, and the preparation is
mixed under magnetic and high-potency turbine stirring to homogeneously disperse the surfactants.
[0049] The preparation is then sterilised inside the turboemulsifier, fitted with a heating steam jacket, at 121°C for
about 20 minutes.
[0050] After cooling the preparation down to a temperature of 35°C, the sterile active ingredient is added to the sterile
aqueous base, still under a laminar flow hood: the active ingredient is dispersed under first only magnetic stirring, then
with the aid of the turbine system at 2600 r.p.m for 15-20 minutes.
[0051] Afterwards the turboemulsifier is connected through a sterile tube to the reservoir of the distributing apparatus
and placed under a laminar flow hood in controlled-contamination environment; finally 2.15 ml of the suspension are
distributed in each single-dose polypropylene dispenser pre-sterilised by beta-irradiation.

EXAMPLE 3: Particle size analysis of the preparation obtained according to Example 2.

[0052] The size distribution of the suspended particles obtained by the process described in example 2 were evaluated
by Malvern light-scattering analysis. The parameter monitored is the volume mean diameter (mm) of 10%, 50% and 90%
of the particles, expressed as d(0.1), d(0.5) and d(0.9), respectively, and it is determined assuming that the particles
themselves have a geometrical shape equivalent to a sphere.
[0053] Samples were analysed after 6 months of storage under accelerated conditions (40°C; 75% relative humidity)
and after 6 and 12 months of storage under long-term conditions (25°C, 60% relative humidity). The results are reported
in Table 2.

Components Composition
Total Per pharmaceutical unit

Sterile micronised BDP 40.0 g (0.8 mg)
Polysorbate (Tween) 20 100.0 g (2.0 mg)
Sorbitan monolaurate 20.0 g (0.4 mg)
Sodium chloride 900.0 g (18.0 mg)
Sterile water for injection q. s. to 100.01 (2.0 ml)

TABLE 2:

Storage Time (months) Malvern Data BDP susp. (mm)

0 d(0.1) 0.76
d(0.5) 3.01
d(0.9) 9.42

6 d(0.1) 0.78

(40°C, 75% R.H.) d(0.5) 3.05
d(0.9) 8.03

6 d(0.1) 0.79
(25°C, 60% R.H.) d(0.5) 3.17

d(0.9) 9.62
12 d(0.1) 0.78

(25° C, 60% R.H.) d(0.5) 3.5
d(0.9) 9.78

R.H. = relative humidity
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[0054] The results confirm that suspended BDP micronised particles subjected to gamma-ray radiation, in suspension,
keep unchanged their particle size after storage.

EXAMPLE 4: Multi Stage Liquid Impinger analysis.

[0055] The nebulisation performances of the sterile suspensions obtained with the process described in example 2
were evaluated by multi-stage liquid impinger (M.S.L.I.) analysis according to the apparatus and the procedure described
in USP/NF. Nebulisation was carried out using a commercial nebuliser (Micron - Medel) for 5 minutes. Said test allows
to evaluate the respirable dose of the formulation which corresponds to the sum of the fine particle dose (amount of
particles having a size lower than 6.8 mm) and the extra fine particle dose (amount of particles having a size lower than
3 mm).
[0056] The results are reported in Table 3 as a mean of two determinations. Two different preparations obtained
according the example 2 were compared to a marketed formulation.

[0057] The results show a dramatic improvement of the fine and extra fine doses for the preparations obtained according
to Example 2, confirming that the treatment with the turboemulsifier improves the size distribution and dispersibility
characteristics of the particles. Furthermore, the results prove that gamma-irradiation does not negatively affect the
nebulisation performances.

EXAMPLE 5: Chemical stability of the sterile suspensions prepared from gamma-ray irradiated micronised BDP.

[0058] The formulations obtained by using the process described in example 2 were distributed in polypropylene
single-dose containers previously sterilised by beta-irradiation and tested after storage under accelerated and long-term
conditions according to the ICH guide-lines. The results in terms of chemical stability of the active ingredient are reported
in Tables 4 and 5. The assay of BDP and its main degradation products (beclomethasone-17-propionate, beclometha-
sone-21-propionate and beclomethasone) was carried out by HPLC.

TABLE 3:

Dose (mg) Ref. Prepar. 1 Prepar.2

Fine dose 30.5 104.0 128.5
Extra fine dose 12.0 78.0 83.0

TABLE 4:

Chemical stability of the formulation stored under accelerated conditions (40°C, 75% R.H.).

Time (months) BDP assay (g/100ml) Degradation products* (% w/w) pH

0 0.0388 1) 0.16
(100%) 2) 0.18 4.7

3) <LOD
3 0.0395 1) 0.13

(101.8%) 2) 0.16 3.7

3) <LOD
6 0.0396 1) 0.12

(102.1%) 2) 0.15 3.7
3) <LOD

(*) degraded: 1) Beclomethasone-17-propionate; 2) Beclomethasone.-21-propionate; 3) Beclomethasone
LOD: limit of detection; n.d.: not detected.

TABLE 5:

Chemical stability of the preparation stored under long-term conditions (25°C, 60% R.H.).

Time (months) BDP assay (g/100ml) Degradation products* (% w/w) pH

0 0.0388 1) 0.16 4.7
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[0059] The results of Tables 4 and 5 confirm that the characteristics of the formulations prepared with the process of
the invention are maintained unchanged after storage under both conditions. Neither a decrease in the content nor an
increase in degradation products was observed. The slight decrease in the pH values can be attributed to the lack of
buffers in the formulation.
[0060] The formulation turned also be sterile according to Ph. Eur.

EXAMPLE 6: Characterisation of the suspensions obtained starting from non-sterile micronised BDP and further sub-
jected to high-pressure homogenisation.

[0061] A BDP suspension of the formula reported in example 2 was prepared in a turboemulsifier starting from non-
sterile micronised active ingredient. The resulting product was then transferred to the main interaction chamber of the
high-pressure homogeniser and submitted to one cycle of treatment at increasing pressures. Particle size and nebulisation
performances were determined by Malvern light-scattering and multi-stage liquid impinger analysis, respectively. The
results are reported in Tables 6 and 7 in comparison to a suspension not subjected to high-pressure homogenisation.

[0062] The analysis of the data shows a reduction of the particle size parameters as well as of the particle distribution
range starting from an operating pressure of 500 bar.

(continued)

Chemical stability of the preparation stored under long-term conditions (25°C, 60% R.H.).

Time (months) BDP assay (g/100ml) Degradation products* (% w/w) pH

(100%) 2) 0.18
3) <LOD

3 0.0396 1) 0.15 4.0
(102.1%) 2) 0.17

3) <LOD
6 0.0390 1) 0.15 4.0

(100.5%) 2) 0.16
3) <LOD

9 0.0375 1) 0.12 3.8
(96.6%) 2) 0.16

3) <LOD
12 0.0413 1) 0.13 4.0

(106.4%) 2)0.17
3) <LOD

(*) degraded: 1) Beclomethasone-17-propionate; 2) Beclomethasone.-21-propionate; 3) Beclomethasone
LOD: limit of detection; n.d.: not detected.

TABLE 6:

Malvern analysis of a BDP suspension prepared in a 100 1 turboemulsifier.

Pressure d(0.1) mm d(0.5) mm d(0.9) mm

500 Bar 0.84 3.53 8.73
800 Bar 0.85 2.48 5.42
1000 Bar 0.82 2.43 5.07
Ref. 0.92 2.77 7.63

TABLE 7:
Malvern and M.S.L.I. analysis of a BDP suspension prepared in a 10 l turboemulsifier.

Pressure d(0.1) mm d(0.5) mm d(0.9) mm Fine dose mg Extra-fine dose mg

590-610 Bar 0.58 1.37 2.88 - -
700-720 Bar 0.59 1.37 2.80 - -
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[0063] The suspensions treated with the homogeniser evidence a significant reduction of the particles size and of the
size distribution range.
[0064] Furthermore, the suspensions treated with the high-pressure homogeniser are characterised by remarkably
improved nebulisation performances as demonstrated by the fine and extra fine doses.
[0065] EXAMPLE 7: Stability of the suspensions obtained starting from non-sterile micronised BDP and subjected to
high-pressure homogenisation treatment at 600 bar.
[0066] A BDP suspension of the following formula was prepared as reported in the example 2 starting from non-sterile
micronised active ingredient.

[0067] The suspension was transferred to the main interaction chamber of the high-pressure homogeniser and sub-
mitted to one cycle of treatment at 600 bar. The homogeneiser was also fitted with an additional interaction chamber
arranged in series with respect to the former. The resulting product was distributed in polypropylene single-dose con-
tainers pre-sterilised by beta-irradiation and stored under long-term conditions (25°C, 60 R.H.). The particle size of the
suspended particles after 1 year of storage was determined by Malvern light-scattering analysis. The results are reported
in Table 8.

[0068] The particle size do not change during storage confirming the physical stability of the formulation. Furthermore
the suspension is easily re-suspended after manual shaking and no formation of even loose aggregates is observed.
[0069] EXAMPLE 8: Particle size characterisation of the suspensions obtained starting from non-sterile non-micronised
BDP and subjected to high-pressure homogenisation.
[0070] A BDP suspension of the formula reported in example 2 was prepared in a turboemulsifier starting from non-
sterile non-micronised active ingredient and subject to the same treatment reported in the example 6. Particle size and
nebulisation performances were determined as previously reported.
[0071] The results are reported in Table 9.

(continued)

Malvern and M.S.L.I. analysis of a BDP suspension prepared in a 10 l turboemulsifier.

Pressure d(0.1) mm d(0.5) mm d(0.9) mm Fine dose mg Extra-fine dose mg

800-820 Bar 0.59 1.36 2.80 160.7 112.3
890-910 Bar 0.58 1.36 2.76 - -
1000-1020Bar 0.57 1.34 2.72 - -
Ref. 0.58 2.11 6.95 89 57

Components Composition
Total Per pharmaceutical unit

Micronised BDP 40.0 g (0.8 mg)
Polysorbate (Tween) 20 100.0 g (3.0 mg)
Sorbitan monolaurate 20.0 g (0.4 mg)
Sodium chloride 900.0 g (18.0 mg)
Sterile water for injection q. s. to 100.0 l (2.0 ml)

TABLE 8

Storage Time (months) Malvern Data BDP susp. (mm)

0 d(0.1) 0.71
d(0.5) 1.96
d(0.9) 4.05

12 d(0.1) 0.78
d(0.5) 2.02
d(0.9) 4.06
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[0072] The results reported in Table 8 also prove that the high-pressure homogenisation treatment of the suspension
prepared by using the non-micronised product remarkably reduces the particle size and tightens the particle distribution
range.

Claims

1. A process for the preparation of an aqueous suspension for the treatment of respiratory diseases by pulmonary or
nasal inhalation comprising beclometasone diproprionate as active ingredient in the form of particles of a size suitable
for inhalation, said process comprising the steps of:

a) dispersing an aqueous solution in a turboemulsifier apparatus ;
b) adding the micronized active ingredient to the aqueous phase;
c) dispersing the micronized particles of the active ingredient in said aqueous phase by applying a speed
comprised between 2000 and 3000 rpm for a time of 15-20 minutes; and
d) further subjecting the obtained aqueous suspension to an homogenisation treatment under high-pressure
with an homogenizer apparatus including a high pressure pump supplying a pressure up to 1500 bar.

2. The process as claimed in claim 1, wherein the aqueous suspension of step d) is subjected to one cycle of homog-
enisation treatment at a pressure comprised between 500 and 1000 bar, wherein at least 90% of the particles at
the end of the treatment have a mean diameter of lower than or equal to 5 micron.

3. The process as claimed in claim 1 or 2, characterized in that the speed is comprised between 2500 and 2600 rpm.

4. The process as claimed in any one of claims 1 to 3, characterized in that the turboemulsifier is fitted with a heating
stem jacket and a vacuum system.

5. The process as claimed in any one of the preceding claims, characterized in that the aqueous solution comprises
an excipient selected form the group consisting of wetting agents, viscosity-increasing agents, preservatives, sta-
bilizing agents, isotonicity agents and buffers.

6. The process as claimed in claim 2, characterized in that the homogenization treatment occurs at a pressure
comprised between 600 and 800 bar.

7. The process as claimed in claim 1, characterized in that the aqueous suspension is partitioned in single-dose
containers.

8. The process as claimed in claim 7, characterized in that the containers are pre-formed or produced by employing
the "blow, fill and seal" technology.

9. The process as claimed in claim 1, wherein the respiratory diseases are selected from the group consisting of allergic
conditions and/or inflammatory conditions of the nose or lungs.

10. The process as claimed in claim 9, wherein the respiratory diseases are asthma or bronchopulmonary dysplasia.

Patentansprüche

1. Verfahren zur Herstellung einer wässrigen Suspension zur Behandlung von Atemwegserkrankungen durch pulmo-

TABLE 9

Pressure d(0.1) mm d(0.5) mm d(0.9) mm

150 Bar 0.81 3.16 9.93
300 Bar 0.72 2.67 8.50

500 Bar 0.70 2.09 5.49
Ref. 1.40 16.84 108.05
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nale oder nasale Inhalation, umfassend Beclomethasondipropionat als aktiven Bestandteil in der Form von Partikeln
einer Größe, die zur Inhalation geeignet ist, wobei das Verfahren die folgenden Schritte umfasst:

a) Dispergieren einer wässrigen Lösung in einer Turboemulgiervorrichtung,
b) Hinzufügen des mikronisierten aktiven Bestandteils zur wässrigen Phase,
c) Dispergieren der mikronisierten Partikel des aktiven Bestandteils in der wässrigen Phase durch Anwenden
einer Geschwindigkeit, welche zwischen 2000 und 3000 UpM liegt, für eine Zeit von 15 bis 20 Minuten und
d) ferner Unterwerfen der erhaltenen wässrigen Suspension einer Homogenisierungsbehandlung unter Hoch-
druck mit einer Homogenisiervorrichtung, welche eine Hochdruckpumpe beinhaltet, welche einen Druck von
bis zu 1500 bar liefert.

2. Verfahren wie in Anspruch 1 beansprucht, wobei die wässrige Suspension von Schritt d) einem Zyklus der Homo-
genisierungsbehandlung bei einem Druck unterworfen wird, der zwischen 500 und 1000 bar liegt, wobei am Ende
der Behandlung mindestens 90% der Partikel einen mittleren Durchmesser von weniger als oder gleich 5 Mikrometer
aufweisen.

3. Verfahren wie in Anspruch 1 oder 2 beansprucht, dadurch gekennzeichnet, dass die Geschwindigkeit zwischen
2500 und 2600 UpM liegt.

4. Verfahren wie in einem der Ansprüche 1 bis 3 beansprucht, dadurch gekennzeichnet, dass der Turboemulgierer
mit einem Spindelheizmantel und einem Vakuumsystem ausgestattet ist.

5. Verfahren wie in einem der vorangehenden Ansprüche beansprucht, dadurch gekennzeichnet, dass die wässrige
Lösung ein Exzipiens umfasst, ausgewählt aus der Gruppe, bestehend aus Feuchthaltemitteln, viskositätserhöhen-
den Stoffen, Konservierungsstoffen, Stabilisatoren, Isotonizitätsstoffen und Puffersubstanzen.

6. Verfahren wie in Anspruch 2 beansprucht, dadurch gekennzeichnet, dass die Homogenisierungsbehandlung bei
einem Druck zwischen 600 und 800 bar stattfindet.

7. Verfahren wie in Anspruch 1-beansprucht, dadurch gekennzeichnet, dass die wässrige Suspension auf Einzel-
dosenbehälter aufgeteilt wird.

8. Verfahren wie in Anspruch 7 beansprucht, dadurch gekennzeichnet, dass die Behälter durch Einsatz der "Blasen-
Füllen-Verschließen"-Technologie vorgeformt oder produziert werden.

9. Verfahren wie in Anspruch 1 beansprucht, wobei die Atemwegserkrankungen ausgewählt sind aus der Gruppe
bestehend aus allergischen Zuständen und/oder entzündlichen Zuständen der Nase oder Lunge.

10. Verfahren wie in Anspruch 9 beansprucht, wobei die Atemwegserkrankungen Asthma oder bronchopulmonale
Dysplasie sind.

Revendications

1. Procédé pour la préparation d’une suspension aqueuse pour le traitement de maladies respiratoires par inhalation
pulmonaire ou nasale, comprenant du dipropionate de béclométasone comme ingrédient actif sous la forme de
particules d’une taille appropriée pour l’inhalation, ledit procédé comprenant les étapes de :

a) dispersion d’une solution aqueuse dans un appareil turbo-émulseur ;
b) ajout de l’ingédient actif micronisé à la phase aqueuse ;
c) dispersion des particules micronisées de l’ingrédient actif dans ladite phase aqueuse par application d’une
vitesse comprise entre 2 000 et 3 000 tours par minute pendant une durée de 15 à 20 minutes ; et
d) soumission, en outre, de la suspension aqueuse obtenue à un traitement d’homogénéisation sous haute
pression à l’aide d’un appareil d’homogénéisation incluant une pompe à haute pression fournissant une pression
allant jusqu’à 1 500 bars.

2. Procédé selon la revendication 1, dans lequel la suspension aqueuse de l’étape d) est soumise à un cycle de
traitement d’homogénéisation à une pression comprise entre 500 et 1 000 bars, dans lequel au moins 90 % des
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particules à l’issue du traitement ont un diamètre moyen inférieur ou égal à 5 microns.

3. Procédé selon la revendication 1 ou 2, caractérisé en ce que la vitesse est comprise entre 2 500 et 2 600 tours
par minute.

4. Procédé selon l’une quelconque des revendications 1 à 3, caractérisé en ce que le turbo-émulseur est muni d’une
enveloppe de chauffage à la vapeur et d’un système de vide.

5. Procédé selon l’une quelconque des revendications précédentes, caractérisé en ce que la solution aqueuse com-
prend un excipient choisi dans le groupe constitué par les agents mouillants, les agents augmentant la viscosité,
les conservateurs, les agents stabilisants, les agents d’isotonicité et les tampons.

6. Procédé selon la revendication 2, caractérisé en ce que le traitement d’homogénéisation s’effectue à une pression
comprise entre 600 et 800 bars.

7. Procédé selon la revendication 1, caractérisé en ce que la suspension aqueuse est fractionnée dans des récipients
unidoses.

8. Procédé selon la revendication 7, caractérisé en ce que les récipients sont préformés ou produits en employant
la technologie de « soufflage, remplissage et scellage ».

9. Procédé selon la revendication 1, dans lequel les maladies respiratoires sont choisies dans le groupe constitué par
les états allergique et/ou les états inflammatoires du nez ou des poumons.

10. Procédé selon la revendication 9, dans lequel les maladies des voies respiratoires sont l’asthme ou la dysplasie
broncho-pulmonaire.
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