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(57) ABSTRACT

The present invention provides, for the first time, a process
that meets the needs of the drug industry for measuring the
particle size of nebulised aecrosols simultancously or one
after another by the laser diffraction method and the cascade
impactor method which 1s known 1n the art. In this way it 1s
possible to bring the reliability of the results of the laser
diffraction process according to the invention into confor-

mity with that of the cascade impactor, and thereby obtain a
process which combines the advantages of the rapid laser

(22) Filed: Jul. 24, 2002
diffraction process with the accuracy of the otherwise time-
(30) Foreign Application Priority Data consuming cascade impactor method. In addition to the
process, apparatus for carrying out the process are also
Jul. 27, 2001 (DE).cceeiiieieieieeee 101 36 554 disclosed.
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PROCESS FOR DETERMINING THE PARTICLE
SIZE DISTRIBUTION OF AN AEROSOL AND
APPARATUS FOR CARRYING OUT SUCH A

PROCLESS

BACKGROUND OF THE INVENTION

[0001] The invention relates to a process for determining
the size distribution of the particles contained in an aerosol,
especially the particles of a pharmaceutical formulation.

[0002] The invention also relates to an apparatus for
carrying out such a process.

[0003] Within the scope of the invention the term “phar-
maceutical substance” refers to the active ingredient of a
medicament which 1s usually also known as a drug or active
substance.

[0004] The term “pharmaceutical formulation™ is to be
interpreted broadly, to cover formulations in the form of
solutions, suspensions and powders, 1n particular. In a solu-
tion formulation the pharmaceutical substance 1s dissolved
in a solvent, whereas 1n a suspension or powder formulation
the pharmaceutical substance 1s present 1n solid form.
Whereas 1 a suspension formulation 1t 1s mixed with a
suspension agent and the pharmaceutical substance 1s con-
tained 1n this suspension agent in the form of suspended
particles, a powder formulation does not have any solvent or
suspension agent 1n this sense but 1s present to some extent
in pure form, as a pure powder.

[0005] A solution formulation is prepared and metered
using an atomiser or nebuliser, preferably a nebuliser, in
which a quantity of less than 100 ml, preferably less than 50
ml, preferably less than 20 ml of the formulation 1s prepared.

[0006] A formulation of this kind for propellant-free nebu-
lising of a metered amount of the abovementioned pharma-
ceutical formulations 1s described 1n detail, for example, 1n
International Patent Application WO 91/14468 “Atomizing
Device and Method” and also in WO 97/12687, FIGS. 6a
and 6b. In a nebuliser of this kind a pharmaceutical formu-
lation 1s converted into an aerosol by the use of high
pressure, up to 500 bar, the particles mtroduced having a
diameter of less than 100 um, preferably less than 20 um.

[0007] Apart from this device, other inhalers known from
the prior art may also be used 1n the process according to the
invention, such as the MDI (metered dose inhaler) or powder
inhalers such as the one known by the trademark Handi-
Haler®, for example.

[0008] In nebulisers of this kind the formulations are
stored 1n a reservolr and for this reason the formulations

used must be sufficiently stable when stored.

[0009] It is essential in the pharmaceutical industry to
measure the particle size distributions of aerosols 1n order to
assess the characteristics of deposition 1n the lungs and
bronchial region, as will be shown hereinafter.

[0010] In a number of applications, particularly in the case
of diseases of the lungs and bronchial region, the pharma-
ceutical substance 1s provided in the form of an inhalable
medicament. The pharmaceutical formulation 1s atomised to
form an aerosol.

[0011] The aerosol thus produced can then be transported
in a carrier medium, e.g. air. For example, when an asthma
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spray 1s used, a pharmaceutical formulation stored 1n an
atomiser 1s finely atomised through a nozzle, by brief
actuation, and mntroduced into the ambient air breathed 1n by
the patient, this ambient air acting as the carrier medium.
The air enriched with the pharmaceutical formulation forms
an aerosol, which 1s inhaled.

[0012] To ensure that the pharmaceutical substance is
capable of being 1nhaled, stringent demands are made of the
particle size, particle size distribution, morphology, stability
and flow characteristics.

[0013] As a rule, not all the inhaled dose of the pharma-
ceutical substance reaches the lungs but only part of this
dose. The amount of the composition which actually enters
the lungs 1s critically influenced by the particle size. For this
reason, particles with a diameter of less than 20 um, prel-
erably less than 5 um and greater than 0.3 um are preferred.

[0014] The diameter of the particle should fall within the

range specified and should additionally have the narrowest
possible size distribution. Larger particles are deposited too

carly, 1n the upper respiratory tract, when breathed in,
whereas smaller particles are not deposited 1n the lungs and

are breathed out again.

[0015] By the particle diameter within the scope of the
present mvention 1s meant the acrodynamic particle diam-
cter, which 1s defined as the equivalent diameter of a sphere
with a density of 1 g/cm” which has the same sedimentation
speed 1n air as the particle under 1nvestigation.

[0016] Against this background it is easily understandable
that the pharmaceutical mndustry has a need for a process
which can be used to determine the particle size distribution
of aerosols.

[0017] However, the legislators, and particularly the
health authorities, also demand accurate knowledge of the
dose that 1s actually administered, 1.e. the proportion of the
total dose inhaled which 1s deposited 1n the lungs and
bronchial region.

|0018] Moreover, apart from the absolute quantity admin-
istered, the size distribution affects the bioavailability of the
pharmaceutical substance in that, although the absolute
amounts are the same, a large number of small particles have
a different bioavailability from a small number of large
particles.

[0019] According to the prior art, three conventional
methods are used to determine the particle size distribution.

[10020] A first, widely used method of determining particle
size distribution 1s the so-called impaction method using the
Andersen cascade impactor. The cascade impactor 1s a
standardised apparatus for carrying out a standardised mea-
suring process, the so-called impaction method; both the
process and the apparatus are described in detail in drugs
manuals (cf. also European Pharmacopoeia, 3" Edition,
Supplement 2001, 2.9.18 Preparation for inhalation).

10021] FIG. 1 shows the Andersen cascade impactor in

diagrammatic side view and partially in section (loc. cit.
page 122). The cascade impactor (1) is acted upon by the
acrosol which 1s under 1nvestigation through the inlet open-

ing (3) of a right-angled inlet tube (2).

[0022] The inlet (2) is a standardised component (loc. cit.
page 120) which 1s also known as a USP throat and simulates
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the oropharyngeal-cervical cavity 1n humans. To illustrate
the USP throat, FIG. 2.9.17-7 (induction port) is reproduced

in FIGS. 2a to 2d.

10023] FIG. 2d shows the USP throat in perspective view,
while FIGS. 2a to 2c¢ serve to illustrate the dimensions
envisaged. FIGS. 2a to 2d are intended to give an overall
impression of the USP throat and show that 1t 1s a component
with an extremely detailed specification, leaving no leeway
for the manufacturer or user.

10024] As with the pharmaceutical formulation adminis-
tered to the patient with the ambient air breathed 1n, with
which 1t forms an aerosol, 1s passed through the oral and
pharyngeal cavities mto the windpipe and from there 1s
passed mnto the lungs to the bronchi, in the Andersen cascade
impactor (1) as well the aerosol is conveyed along a curved
flow path through the non-linear USP throat (2) to the actual
sample collector (§).

[0025] In accordance with human anatomy, the aerosol
flow through the entry opening 1s conveyed into a first
section (2a) of the USP throat (2) and then into a second
section (2b) which 1s connected to the first section (2a) and
arranged substantially perpendicular thereto.

[0026] The particles of the aerosol are subjected to radially
outwardly directed centrifugal forces on account of the
non-linear direction of flow and the resulting curved tlow
path. If the mass of the aerosol particles exceeds a certain

size, these particles can no longer follow the deflected tlow
but are deposited on the walls of the USP throat (2).

[0027] FIG. 1 shows the flight path (12) of a particle

which cannot follow the direction of How and hits or 1s

deposited on the inner wall of the second section (2b) of the
USP throat (2).

[0028] This is in principle the first stage of the Andersen
cascade 1mpactor which simulates the deflection of the
acrosol breathed in by the patient 1in the pharyngeal cavity
and the resulting deposition of pharmaceutical formulation
in the pharyngeal cavity.

[0029] The USP throat (2) is connected to the actual
sample collector (§) via a connecting member (4), which is
also standardised (loc. cit., page 123). The aerosol flow
expands in the connecting member (4) and 1s guided towards
the first stage or cascade (6,) of the cascade impactor (1).

0030] The cascade impactor (1) 1s a substantially cylin-
drical container of modular construction through which the
acrosol fed 1n travels from top to bottom, passing through a
number of stages, the so-called cascades, while the aerosol
particles contained in the carrier medium are deposited 1n a
sequence from coarse to fine or from heavy to light.

[0031] Each stage or cascade (6., 6., 65, 6,, 65, 6., 6, 6.,
6,) comprises a plurality of impactor nozzles (7., 7., 74, 7.,
75, 76, 75). An 1mpactor nozzle (7) of this kind is shown
diagrammatically 1n side view and in section 1n FIG. 3.

[0032] The aerosol which acts on the nozzle (7) is delib-
erately accelerated in the inlet aperture (8) of the nozzle (7)
by a defined constriction of the cross section of the nozzle
entrance and then deflected by means of an impactor plate
(11). As in the deflection of flow in the USP throat (2), here
too the curved path of movement and the centrifugal forces
acting on the particles as a result cause particles of a certain
mass to be deposited.
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[0033] FIG. 3 shows the flow lines (10,, 10,) of the
acrosol tlow, which the lighter particles essentially follow
without colliding with the impactor plate (11). FIG. 3 also
shows the flight path (12) of a particle striking the impactor
plate (11) because of its excessively great mass.

[0034] The nozzle (7) acts to some extent as a filter for
filtering out particles exceeding a given mass from the
acrosol flow and depositing them on the impactor plate (11).
Because of the fact that it 1s a standardised apparatus and a
standardised process, accurate information 1s available as to
the conditions 1n the region of the nozzle. For each cascade
the precise mass of the particles deposited on the impactor
plate (11) here is known.

[0035] After passing through the first stage or cascade (6,)
and after the first depositing of heavy particles, the aerosol
passes through eight more cascades (6, to 6,) as shown in
FIG. 1, while the geometry of the impactor nozzles (7)
varies or becomes finer from stage to stage and allows finer
and finer, 1.e. lighter, particles to be filtered out.

[0036] The acrosol particles deposited in a certain stage
thus have a specific mass which 1s within a very narrow

window bounded by an upper and lower limuat.

[0037] As the last stage (not shown in FIG. 1) a filter may

be provided which collects all the particles that have not
previously been deposited and thus, together with the impac-
tor plates (11), makes it possible to determine the absolute
total mass of the pharmaceutical formulation fed into the
impactor.

[0038] After the acrosol has passed through the impactor,
the impactor plates (11) of each cascade are removed and
subjected to extensive analysis. The main priority 1s to
determine the particle size distribution, and for this purpose
first of all the total mass of pharmaceutical formulation
impacted or deposited on each impactor plate 1s determined
and by knowing the mass of the particles deposited 1n each
stage the number of particles deposited 1n each cascade can
be calculated.

[0039] Moreover, the pharmaceutical formulation depos-
ited on the impactor plates (11) can be analysed for its
composition, ¢.g. by the HLPC method.

[0040] The analysis, i.e. the evaluation of the measure-
ments made with the cascade impactor, 1s extraordinarily
time-consuming and labour-intensive. The entire apparatus
1s taken to pieces 1n order to gain access to the multiplicity
of impactor plates (11). Each impactor plate is weighed and
analysed. Thus, as a rule, only a few measurements can be
done per day and there 1s a considerable time span between
the actual measuring and the results of the measurements
becoming available.

[0041] Another process for determining the particle size
distribution of an aerosol, which 1s far less time-consuming
and labour-intensive than the impactor method, 1s the
socalled laser diffraction method. Unlike the 1mpactor
method the laser diffraction method does not require any
complex analysis and therefore makes it possible to work
considerably faster and to obtain the results of the measure-
ments much more quickly.

[0042] DIN-ISO 13320-1 (First Edition 1999-11-01)
describes laser diffraction processes. In them, parallel light
1s transmitted perpendicular to an aerosol flow using a laser.
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The particles contained 1n the aerosol flow obstruct the laser
beams, with the result that the light beams are diffracted on
the particles. The scattered light emerging at the opposite
side of the mncident laser beam, which 1s generated by the
diffraction of the laser beams on the particles, produces a
circular interference pattern with concentric rings and 1s fed
to a detector, usually a semiconductor detector. The usual
methods of evaluating this interference pattern are Mie
scattering and the Fraunhofer method.

[0043] However, a disadvantage of the laser diffraction
method 1s the fact that, unlike the impactor method, this
process 1s carried out in an unconditioned atmosphere,
particularly in an unsaturated atmosphere.

10044] Precisely in the case of aerosols in which the
particles are 1n the form of drops of liquid there 1s conse-
quently a danger of at least partial evaporation of the liquid
acrosol particles.

[0045] The carrier medium, i.e. air or possibly a gas which
surrounds the delivered aerosol during the measuring pro-
cess, can absorb additional liquid in the conventional laser
diffraction process because of 1ts saturated state, and there-
fore liquid may be, and generally 1s, given off from the
particles to the carrier medium by evaporation.

[0046] The evaporation of the particle droplets leads to a
change 1n the particle mass of each individual particle and
hence to a reduction 1 the particle diameter and conse-
quently to a measurement which 1s falsified by evaporation.

[0047] The fact that the effects of evaporation may be
significant 1s demonstrated in FIG. 4, which shows the
lifespan of a drop of water depending on the 1nitial droplet
diameter for various relative humidities (0%, 50%, 100%) at
20° C. (William C. Hinds “Aerosol Technology—Properties,
Behavior, and Measurement of airborne Pariticles”, page
270, ISBN 0-471-08726-2).

[0048] The functional correlation shown in FIG. 4 and the

need to take 1t 1into account were verifled experimentally.
Experiments with the cascade impactor at various relative
humidities have shown that measurements of the particle
size distribution of an aerosol should most sensibly be
carried out at high relative humidities, as the evaporation
eifect crucially influences the measurements if the humidity
of the air 1s too low and finally high humidity levels also
correspond to the actual conditions 1n the human oropha-
ryngeal-cervical cavity. It should be taken 1nto consideration
that the processes described are to be used to determine the
characteristics of deposition 1n the lungs and bronchial
region, and for this reason every attempt should be made to
simulate the conditions prevailing therein, 1.e. pressure,
temperature and humaidity.

[0049] Whereas the aerosol flow to be investigated is
continuously supplied to the cascade impactor through a
USP throat, the particle size distribution of an aerosol is
determined by the laser diffraction method according to the
prior art on the free-flowing aerosol, 1.. usually on a one-off,
conical, mmhomogeneous and therefore non-reproducible
metered stream.

[0050] The measurement of aerosol droplets by the laser
diffraction method 1 a defined flow which corresponds to
the tflow that occurs 1in the human oropharyngeal-cervical
cavity 1s not known from the prior art.
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[0051] A third method of measuring aerosols is the scat-
tered light method. Such a method 1s described by Dr.-Ing.
H. Umbhauer in VDI Berichte 232 (1975), pages 101ff.
“Ermittlung von Partikelgropenverteilung in Aerosolstro-
mungen hoher Konzentration mit Hilfe der Streulichimeth-
ode”.

[0052] This method is suitable for measuring very fine
particles with a detection limit which may be well within the
submicroscopic range. The measuring process 1s set up as a
counting process which detects the particle size and counts
the mdividual particles so that 1t 1s possible to make pro-
nouncements as to both the quality and quantity of the
particles.

[0053] A disadvantage of the scattered light method is that
a small measuring volume has to be defined, e.g. with sides
100 :m long, because only one particle may ever stop 1n the
measuring volume 1f clear scattered signals are to be
obtained. The apparatus and the calibration thereof are
correspondingly complex. In practice the scattered light
method has proved to be inferior to the laser diffraction
method as 1ts results are less reliable.

[0054] Moreover, the scattered light method, like the laser
diffraction method, 1s carried out 1n an unconditioned atmo-
sphere with the disadvantages mentioned above.

|0055] Asin the conventional laser diffraction process, the
scattered light method 1s also carried out on a free flow of
acrosol, 1.e. the flow of aerosol 1s not supplied to the
measuring apparatus via a specific inlet device simulating
the flow through the human oropharyngeal-cervical cavity.

[0056] 'To sum up, it can be said of the prior art that the
cascade 1mpactor 1s highly time-consuming and costly
because of i1ts complicated analysis, whereas the scattered
light method and also the laser diffraction process, while
offering comparatlvely fast processes, sufler from the evapo-
ration effect owing to the fact that the measurement is
carried out 1n an unconditioned atmosphere. These last two
processes are, moreover, carried out on an undefined free
flow and thus yield results which are only reliable up to a
point.

[0057] Another advantage of the laser diffraction process
1s that the aerosol 1s passed through the measuring cells in
a defined flow of air or gas.

[0058] Against this background the problem of the present

invention 1s to provide a process for determining the particle
size distribution of an aerosol which counteracts the disad-
vantages of the prior art described, and which does not
require any complicated analysis, 1n particular, and does not
yield any measurements influenced by partial evaporation of
the aerosol particles, in the case of liquid particles.

[0059] The invention also sets out to provide an apparatus
for carrying out such a process.

BRIEF SUMMARY OF THE INVENTION

[0060] The present invention provides a process for deter-
mining the particle size distribution in an aerosol. In par-
ticular, the present invention provides a process that 1s less
time-consuming and costly (unlike the cascade impactor
method), and does not present the problems associated with
cither the scattered light method or the laser diffraction
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process. In summary, the process of the present invention
comprises the following steps:

[0061] preparing a carrier medium which is saturated
with a conditioning agent according to a given
degree of saturation,

[0062] mixing the conditioned carrier medium with
the pharmaceutical formulation to produce a condi-
tioned aerosol, and

[0063] introducing the conditioned aerosol into at
least one measuring cell and carrying out a measure-
ment of the particle size distribution of the acrosol 1n
a defined flow using the laser diffraction method
and/or the scattered light method.

BRIEF DESCRIPTION OF THE DRAWINGS

10064] FIG. 1 is a diagrammatic, side view of an Ander-
son cascade 1mpactor.

0065] FIG. 2a-2d are views of a USP throat.

0066] FIG. 3 is a cross-sectional view of an impactor
nozzle for an Anderson cascade 1mpactor.

10067] FIG. 4 is a chart showing life span of variously
sized water droplets 1n varying humidaity.

[0068] FKIG. 5 is a chart showing effects on a conventional
cascade impactor fitted with a USP throat modified accord-
ing to the present ivention.

[0069] FIGS. 6a and 6b show differing, side views of an

angled measuring cell.

[0070] FIG. 7 shows an apparatus for measuring particle
size distribution in an aerosol

DETAILED DESCRIPTION OF THE
INVENTION

[0071] Using the process according to the invention, the
carrier medium 1nto which the aerosol 1s introduced 1is
enriched with a conditioning agent according to a given
degree of saturation. On the one hand, this measure coun-
teracts any evaporation of the particles of a formulation in
the form of a solution or suspension, whereas evaporation 1S
of limited significance 1n the case of powder formulations.

[0072] On the other hand, the enrichment of the carrier
medium with a conditioning agent mimics the actual con-
ditions—particularly the high level of humidity—in the
human oropharyngeal-cervical cavity, thereby creating mea-
suring conditions which are as realistic as possible.

[0073] The conditioning agent thus has two functions,
while the establishment of a relative humidity, for basically
all pharmaceutical formulations, which corresponds to the
actual conditions ensures that the particle size distribution
determined for the aerosol 1s as realistic as possible, thereby
increasing the reliability of the measurement for evaluating
the deposition characteristics 1n the lungs and bronchial
region.

|0074] The carrier medium conditioned in this way 1is
mixed with the pharmaceutical formulation under investi-
gation 1n accordance with the process according to the
invention to produce a conditioned aerosol. Atomisers or
nebulisers as described 1n the introduction to the specifica-
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fion may be used for this purpose in the case of pharma-
ceutical solutions, for example.

[0075] Advantageously, once again an attempt is made to
simulate reality as accurately as possible, for which reason
the atomiser 1s preferably arranged 1n a mixing chamber 1n
which the aerosol produced by the atomiser 1s mixed with
the carrier material (air or some other gas) in order to direct
the mixture 1n a defined flow from there through the mea-
suring device. One advantage of the aerosol being guided in
this way 1s that this approximates very closely to the
conditions that prevail when an aerosol 1s being breathed in
by a patient.

[0076] On the other hand, the carrier flow avoids any
impact on the window of the measuring cell(s) in the case of
liquid aerosols, which 1s an advantage particularly in the
laser diffraction method. To produce this effect 1t 1s not
necessary for the carrier material to be conditioned, 1.e.
saturated with water.

[0077] The carrier material may, for example, flow
through slots in the mouthpiece of the inhaler into the
interior of the mouthpiece, where it 1s mixed with the cloud
of aerosol produced by the mhaler and mtroduced therein.

[0078] The conditioned aerosol thus generated is then fed
into at least one measuring cell. In the process according to
the 1nvention, the particle size distribution of the aerosol
may be measured either by the laser diffraction process or by
the scattered light method or by both processes, 1.¢. the laser
diffraction process and the scattered light method. If both
methods are used they are carried out together in a measur-
ing cell or a separate measuring cell 1s provided for each
process, so that both processes have their own measuring
cell to suit their own particular requirements.

[0079] The conditioning of the carrier medium within the
scope of the process according to the 1nvention opens up the
possibility of determining the particle size distribution of the
acrosol by the laser diffraction process and/or the scattered
light method 1n a conditioned environment, thereby prevent-
ing the measurements being falsified by the evaporation
cffect and making 1t possible for the aerosol which 1s to be
measured being brought into a state corresponding to the
state which 1s crucial for evaluating the deposition charac-
teristics. In this way the conventional laser diffraction pro-
cess and the conventional scattered light method can be
improved.

[0080] Experimental investigations have shown that when
conditioning 1s provided the process according to the inven-
tion, particularly the laser diffraction process, conforms very
closely to the measurements obtained with the Andersen
cascade impactor.

[0081] In an advantageous embodiment of the process in
which a solution formulation, 1.e. a solution of pharmaceu-
tical substance, 1s used, the solvent in which the pharma-
ceutical substance 1s dissolved 1s used as the conditioning
agent. In order to prevent evaporation of the solvent con-
tained 1n the aerosol particles, the solvent whose evaporation
1s to be inhibited 1s advantageously added to the carrier
medium as a conditioning agent. The addition of the solvent
as a conditioning agent lowers the vapour pressure of the
solvent 1n the carrier medium, thereby making it more
difficult for the lhiquid aerosol particles to evaporate, or
reducing the amount of evaporation.
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[0082] In preferred variants of the process in which a
suspension formulation, 1.€. a suspension of pharmaceutical
substance, 1s used, the suspension agent containing the
pharmaceutical substance in the form of suspended particles
1s used as the conditioning agent. The reasons for this are
similar to those mentioned for the solution formulation. In
order to prevent or reduce the evaporation of the suspension
agent contained 1n the aerosol particles, the suspension agent
1s preferably added as the conditioning agent to the carrier
medium, as a result of which the vapour pressure of the
suspension agent in the carrier medium 1s lowered and hence
the tendency to evaporation 1s counteracted. In the case of
formulations containing a propellant gas, water 1s preferably
used as the conditioning agent.

[0083] Advantageous variants of the process are those
wherein water 1s used as the conditioning agent, in the case
of a powder formulation, 1.e. a pharmaceutical substance 1n
powder form.

|0084] Because the powder formulation, unlike the solu-
tion and suspension formulations, does not have any solvent
or suspension agent, water 1s preferably added as condition-
ing agent to the carrier medium.

|0085] This comes very close to the actual conditions
because the moist air breathed in by the user, which acts as
a carrier medium for the powder, can be satisfactorily
simulated or reproduced experimentally by air saturated
with water as conditioning agent.

|0086] In contrast to the dissolved and suspended formu-
lations, 1n a powder formulation a preferred process 1s one
wherein the carrier medium does not exceed a saturation
level of 75%, as the pharmaceutical substance present 1n the
form of a fine powder tends to form larger particles and
particularly to cake together at higher saturation levels.

[0087] In the case of dissolved and suspended formula-
fions, the saturation level of the carrier medium 1s preferably

more than 80%, more preferably more than 90% and most
preferably more than 95%. Ideally 1t should be 100%.

|0088] Also advantageous are variants of the process in
which air 1s used as the carrier medium. One reason for this
1s that again the use of air as a carrier medium corresponds
to the actual conditions and thus provides a good simulation
in the experiment.

[0089] In another advantageous process, after the particle
size distribution of the aerosol has been measured by the
laser diffraction method and/or the scattered light method
the conditioned aerosol 1s additionally measured by the
impactor method. In this variant of the process the impactor
method additionally used serves primarily to verily the
measurements obtained by the process according to the
invention. Tests have shown that the measurements obtained
with the two processes correspond well.

[0090] Preferred embodiments of the process are those
wherein the measurement of the particle size distribution of
the aerosol by the laser diffraction method and/or the scat-
tered light method 1s carried out 1n at least one measuring
cell integrated in the USP throat. The USP throat 1s a test
device recognised by the FDA (Food and Drug Agency).

[0091] The or each measuring cell may be arranged both
in the first section of the USP throat and also in the second

section of the USP throat. Moreover, when two measuring

Feb. 20, 2003

cells are provided, there 1s the possibility of arranging one
measuring cell 1n the first section and the second measuring
cell 1n the second section of the USP throat, while once again
it 1s also possible to arrange both measuring cells 1n the first
or second section of the USP throat.

[0092] An advantage of this variant of the process 1s that
the USP throat 1s an exactly standardised component which
simulates the oropharyngeal-cervical cavity in humans, and
ensures a precisely defined flow of aerosol.

[0093] According to favourable embodiments of the pro-
cess, the metered aerosol 1s fed 1nto a separator 1n order to
separate off the particles. This 1s done 1n order to determine
the total absolute particle mass of the particles or pharma-
ceutical formulation delivered with the acrosol. A filter may
be used as the separator.

[0094] This 1s particularly favourable in conjunction with
the variant of the process according to the invention in which
the laser diffraction process 1s not carried out together with
the scattered light method but 1s used on 1ts own. In this case,
in fact, there 1s a need for an apparatus which will provide
quantitative information on the particle mass delivered.

[0095] Whereas the scattered light and cascade impactor
methods provide qualitative and quanfitative results, 1.e.
they g1ve imnformation on both the size distribution and on the
particle masses, the laser diffraction process can only pro-
vide mformation as to the size distribution and not on the
quantity of aerosol particles.

[0096] Processes wherein a laser is used as the light source
for the laser diffraction process or the scattered light method
are favourable. An advantage of the use of a laser 1s that it
emits parallel light of high intensity.

[0097] The problem of the equipment required is solved
by an apparatus having:

0098] a conditioning device for saturating a carrier
g g
medium with a conditioning agent according to a
grven saturation level,

[0099] a metering device for metering and preparing,
a pharmaceutical formulation,

[0100] a mixing chamber for mixing the prepared,
conditioned carrier medium and the prepared phar-
maceutical formulation to produce a conditioned
acrosol, and

[0101] at least one measuring cell into which the
conditioned aerosol 1s introduced by carrying out a
measurement of the particle size distribution of the
acrosol by the laser diffraction method and/or the
scattered light method.

[0102] In advantageous embodiments of the apparatus, the
or each measuring cell for carrying out the laser diffraction
process has an least one entry window for the entry of a light
beam from a light source and at least one exit window for the
exit of the scattered light from the light beam, while pret-
erably the or each entry window 1s arranged at a tilted angle
to the incident light beams from the light source and
preferably the or each exit window 1s arranged at a tilted
angle to the incident light beams. Reflections are avoided by
the fact that the light beam does not strike perpendicularly
on the entry or exit window.
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[0103] According to advantageous embodiments of the
apparatus, the or each entry window and the or each exit
window are arranged to be tilted at identical—but oppo-
site—angles relative to the incident light beams. As a result
of the two windows being tilted opposite ways and at the
same angle the offset of the incident and emergent light
beams 1s cancelled out again because of the tilt.

10104] In favourable embodiments of the invention, the or
cach entry window and/or the or each exit window are
constructed to be removable. This makes it possible to clean
not only the measuring cell but also the window itself after
the measurement has been done and to investigate any
deposit of aerosol particles 1n the measuring cell and on the
windows.

[0105] According to advantageous embodiments of the
invention, the or each entry window and the or each exit
window are thin in construction, particularly less than 2 mm
thick. An advantage of this embodiment is that the incident
or emergent light beam which preferably falls diagonally on
the tilted windows and which 1s diffracted as it enters the
olass from the ambient atmosphere undergoes only a small
displacement of the beam if the windows are thin.

[0106] According to advantageous embodiments of the
invention, the or each measuring cell for carrying out the
scattered light method has at least one entry window for the
entry of a light beam from a light source and at least one exit
window for the exit of the scattered light from the light
beam, the two windows preferably being arranged substan-
fially at right angles to each other.

10107] The problem according to the invention is also
solved by a process of the kind according to the preamble
which comprises the following steps:

[0108] preparing a carrier medium,

[0109] mixing the carrier medium with the pharma-
ceutical formulation to form an aerosol,

[0110] introducing the aerosol into at least one mea-
suring cell and measuring the particle size distribu-
tion of the aerosol by the laser diffraction process
and/or the scattered light method, the or each mea-
suring cell being integrated 1n the USP throat.

[0111] According to the process of the invention, the
carrier medium does not necessarily have to be conditioned.
In fact, 1t also guarantees a defined flow which directs the
acrosol through the measuring apparatus. The special nature
of this process 1s the provision of the or each measuring cell
for measuring the particle size distribution of the aerosol.

[0112] This or each measuring cell 1s in fact shown in
FIGS. 2a to 2d and integrated in the USP throat described
in detail hereinbefore.

[0113] It is thus possible to carry out the laser diffraction
process and/or the scattered light method on a defined, well
known aerosol flow. The measurement of the particle size
distribution on a free, inhomogeneous and non-reproducible
acrosol cloud, which 1s regarded as disadvantageous, 1s thus
replaced by a defined process using standardised equipment.

™

[0114] Surprisingly, tests have shown that by suitably
modifying the USP throat in order to integrate at least one
measuring cell the advantages of the laser diffraction process
and/or the scattered light method can be combined with the
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advantages of the impactor method using the USP throat,
while the experts will be astounded to discover that the
modification, 1.e. the structural alteration of the USP throat,
has no effect on the measurements obtained for the particle
size distribution.

[0115] This has been verified in numerous experiments, in
which a conventional cascade 1mpactor was fitted with the
modified USP throat and comparative measurements were
taken which were compared with the measurements using
the conventional USP throat. The results of the comparative
measurements are shown 1n FI1G. 5, 1n which the distribution
sum (Q, 1s shown as a function of the particle diameter. The
measurements marked with a small square represent the
results of a cascade impactor fitted with an original throat,
whereas the measurements marked with a small circle are
the measurements obtained with a cascade impactor fitted
with the modified USP throat according to the invention.
Very good correspondence 1s obtained, so that it may rea-
sonably be concluded that the modification of the USP throat
does not substantially alter the data obtained with the
original throat.

[0116] Thus, the process according to the invention which
provides for the arrangement of at least one measuring cell
in the USP throat 1s suitable for replacing the conventional
process using cascade 1mpactors, which do not produce
rapid measurements on account of the complicated analysis
required.

[0117] Advantageously, in this process too, according to a
preferred feature, the carrier medium 1s saturated with a
conditioning agent to a given saturation level and the carrier
medium thus conditioned 1s mixed with the pharmaceutical
formulation to produce a conditioned aerosol before 1t 1s fed
into the or each measuring cell.

|0118] The advantages of this variant of the process have
already been explained within the scope of the first process
according to the mvention.

[0119] According to favourable variants, if a propellant-
free dissolved or suspended formulation is used, the solvent
or suspension agent 1s used as the conditioning agent. Water,
water/alcohol mixtures or alcohol are preferred. The pre-
ferred alcohol 1s ethanol. Water 1s most preferred.

[0120] If a powder formulation is used, variants of the
process 1n which water 1s used as the conditioning agent are
preferred.

[0121] In advantageous variants of the process, air i1s used
as the carrier medium.

[0122] According to favourable variants, after the mea-
surement of the particle size distribution has been carried out
by the laser diffraction process and/or the scattered light
method, the conditioned aerosol 1s additionally measured by
the 1mpactor method.

[0123] In advantageous variants of the process, the aerosol
being measured 1s introduced into a separator 1n order to
separate ofl the particles; this 1s particularly advantageous
when the laser diffraction process 1s used on 1ts own, as it
does not provide any quantitative information as to the
particle mass.

|0124] In advantageous variants of the process, a laser is
used as the light source for the laser diffraction process or
the scattered light method.




US 2003/0034032 Al

[0125] The advantages of the preferred embodiments of
the second process according to the invention are the same
as those mentioned in the discussion of the first process
according to the mvention.

[0126] The problem of the equipment according to the
invention 1s solved by an apparatus, particularly an appara-
tus for carrying out the second process according to the
invention, which specifically has the following components:

[0127] a metering device for metering and preparing
a pharmaceutical formulation,

[0128] a mixing chamber for mixing a prepared car-
rier medium and the prepared pharmaceutical for-
mulation to produce an aerosol, and

[0129] at least one measuring cell into which the
acrosol 1s mtroduced 1n order to measure the particle
size distribution of the aerosol by the laser diffraction
process and/or the scattered light method, the or each
measuring cell being integrated in the USP throat and
forming, together with this throat, an angled mea-
suring cell.

[0130] The invention also claims protection for an angled
measuring cell, particularly as a component or replacement
part for an apparatus for carrying out the process according,
to the mnvention, which comprises the USP throat and at least
one measuring cell integrated 1n the USP throat.

[0131] According to advantageous embodiments of the
measuring cell, the or each measuring cell for carrying out
the laser diffraction process has at least one entry window
for the entry of a light beam from a light source and at least
one exit window for the exit of the scattered light from the
light beam.

[0132] According to favourable embodiments of the
angled measuring cell, the or each entry window 1s arranged
at a tilted angle to the incident light beams from the light
source and preferably the or each exit window 1s arranged at
a tilted angle to the incident light beams, while the or each
entry window and the or each exit window are arranged to
be tilted at 1dentical—but opposite—angles relative to the
incident light beams.

10133] In favourable embodiments of the angle measuring
cell, the or each entry window and/or the or each exat
window are constructed to be removable.

[0134] According to advantageous embodiments of the
angled measuring cell, the or each entry window and the or
cach exit window are thin in construction, particularly less
than 2 mm thick, the or each entry window and the or each
exit window being arranged opposite each other.

[0135] According to advantageous embodiments of the
angled measuring cell, the or each entry window and the or
cach exit window of the or each measuring cell for carrying
out the scattered light method are arranged substantially at
right angles to each other.

[0136] The present invention i1s hereinafter described by
reference to an embodiment by way of example 1llustrated 1n
FIGS. 6a, 6b and 7. Specifically, as already noted previ-
ously,

10137] FIG. 1: shows an Andersen cascade impactor with
the USP throat 1n side view, partly 1n section,
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[0138] FIGS. 2a to 2d: shows the USP throat with its

standardised geometric measurements,

[10139] FIG. 3: shows an impactor nozzle shown diagram-
matically and 1n section in side view,

10140] FIG. 4: shows a diagram relating to the depen-
dency of the droplet size on the life of the droplet, for three
different degrees of saturation with water,

10141] FIG. 5: shows a diagram comparing the properties
of a conventional USP throat with those of the angled
measuring cell,

10142] FIGS. 6a to 6b: shows an embodiment of an angled

measuring cell 1in different side views, partly in section, and

10143] FIG. 7: shows an embodiment of the apparatus for
measuring the particle size distribution of the aerosol.

10144] The following numbers used in FIGS. 1, 2a-2d, 3,
6a-6b and 7 correspond to the following parts:

[0145]
0146] 2 throat

0147] 2a first section
0148] 2b second section

1 Andersen cascade impactor

0149] 3 entry opening,

0150] 4 connecting member
0151] 5 sample collector
0152] 6, cascade

0153] 6, cascade

0154] 6, cascade

0155] 6, cascade

0156] 6, cascade

0157] 6, cascade

0158] 6 cascade

0159] 6, cascade

0160] 6, cascade

0161] 7, impactor nozzles

0162] 7, impactor nozzles

0163] 7, impactor nozzles
0164] 7, impactor nozzles

0165] 7. impactor nozzles

0166] 7. impactor nozzles
0167] 7, impactor nozzles

0168] 7. impactor nozzles

0169] 8 entry opening
0170] 9, exit opening
0171] 9, exit opening
0172] 10, flow lines
0173] 10, flow lines
0174] 11 impactor plate




US 2003/0034032 Al

[0175] 12 flight path of a striking particle
[0176] 20 angled measuring cell
[0177] 21 entry window
[0178] 22 exit window
[0179] 23 measuring cell
[0180] 24 conditioning device
[0181] 235 mixing chamber
[0182] 26 metering device, nebuliser
[0183] 27 laser
[0184] 28 lens
[0185] 29 semiconductor detector
[0186] FIG. 6a shows a first embodiment of an angled

measuring cell 20 which comprises a USP throat 2 and a
measuring cell 23 for carrying out the laser diffraction
process. The measuring cell 1s arranged 1n the first section 2a
of the USP throat, so that the current of aerosol 1s measured
even before the first particle fraction has been deposited in
the angled section at the transition from the first section 2a
to the second section 2b.

[0187] The measuring cell 23, shown in section, has an
entry window 21 and an exit window 22. The two windows
21, 22 are constructed to be removable so that after the
measurement has been done the measuring cell 23 can be
cleaned and examined. Both the entry window 21 and the
exit window 22 are tilted slightly, relative to the incident
light beam, thus preventing reflection of the incident light
beam. The two windows 21, 22 are tilted at the same angle,
but opposite one another, 1n order to compensate for the
oifset of the beam of the incident laser light as a result of the
flt.

|0188] It is clearly apparent that the entry window 21 is
relatively small compared with the exit window 22. The
reason for this 1s that the incident light coming through the
entry window 21 1s an undisturbed beam of light which is
propagated in linear manner, whereas the light leaving
through the exit window 22 1s the scattered light from the
incident light beam diffracted on the aerosol particles, for
which reason the exit window 22 should also be constructed
so that scattered light from a large enough angular area can
be accommodated, 1.€. 1s able to leave the measuring cell 23
and be picked up by a detector.

10189] FIG. 6b shows the angled measuring cell 20 shown

in FIG. 6a, in a view turned through 90° relative to the
position shown in FIG. 64, partly in section.

10190] It clearly shows the USP throat 2 consisting of the
first section 2a and the second section 2b, and the measuring
cell 23 integrated therein in the first section 2a. In this way
the aerosol flow entering through the inlet opening 3 is
measured before it 1s deflected through the angled section
into the second section 2b. The Figure also shows the flight
path of a particle striking the inner wall of the second section
2b which with the other particles arriving at this point forms
the first deposited fraction of the aerosol flow.

10191] FIG. 7 shows an embodiment of an apparatus for
measuring the particle size distribution of an aerosol, shown
diagrammatically.
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[0192] The apparatus comprises a conditioning device 24
for saturating a carrier medium with a conditioning agent to
a given degree of saturation. The carrier medium thus
conditioned 1s fed into a mixing chamber 25 which contains
a nebuliser to be examined, which atomises a solution of
pharmaceutical substance stored therein. The nebuliser 26
acts as a metering device 26 for metering and preparing a
pharmaceutical solution. The pharmaceutical solution pre-
paring using the metering device 1s mixed with the condi-
tioned carrier medium 1n the mixing chamber 25 to form a
conditioned aerosol.

[0193] The aerosol conditioned in this way is introduced
into a measuring cell 23.

10194] This measuring cell 23 is arranged in a first section
2a of the USP throat 2 and together with the throat forms an

angled measuring cell 20, which 1s surrounded by a dotted
line in FIG. 7.

[0195] The light emitted by the laser 27 falls through the
entry window 21 1nto the interior of the measuring cell 23
and from there strikes the aerosol flow guided by the first
section 2a of the USP throat 2. The incident laser light is
diffracted on the particles of the aerosol, which constitutes
an obstacle to the light. The scattered light which 1s gener-
ated by the diffraction of the incident laser light on the
particles of the aerosol leaves the measuring cell 23 through
the exit window 22, 1s then focussed through a lens 28 and
fed 1into a semiconductor detector 29 for evaluation. After
being measured 1n the measuring cell the aerosol flow 1s
diverted into the second section 2b of the USP throat 2. After
passing through the throat 2 or the angled measuring cell 20
the aerosol flow measured by the laser diffraction process
can be fed mnto a particle separator 1n order to obtain
quantitative information on the particle mass; the particle
separator may take the form of a filter.

[0196] An additional measuring cell for obtaining a mea-
surement by the scattered light method could be provided, in
which case this measuring cell would be arranged both 1n the
first section 2a and 1n the second section 2b of the USP
throat 2. This would also make it possible to obtain quan-
fitative information on the particle mass.

[0197] The apparatus shown in FIG. 7 could also have an
Andersen cascade impactor adjacent to 1t, which could be
used 1nter alia to verily the particle size distribution of the
acrosol determined by the laser diffraction method.

0198]

1o sum up:

0199] The present invention provides for the first time a
process that meets the needs of the pharmaceutical industry
for measuring the particle size of nebulised aerosols simul-
taneously or one after another by the laser diffraction method
and the cascade impactor method known in the art. The
measurements are preferably taken at room temperature. By
this type of measurement, the differences in the results that
occur with the two processes can be determined and cor-
rected for the laser diffraction process.

[0200] In this way it is possible to align the reliability of
the results of the laser diffraction process according to the
invention with that of the cascade impactor, and thereby
obtain a process which combines the advantages of the rapid
laser diffraction process with the accuracy of the otherwise
time-consuming cascade impactor method.
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0201] For the process according to the invention the USP
throat was modified. In the process according to the inven-
tion, the effect of the relative humidity on the accuracy of
measurement 1s advantageously taken into account. Prefer-
ably, therefore, the aerosol produced using the inhaler 1s
mixed with air which 1s preferably saturated with water.

10202] Similarly, the process can be used to determine and
take account of the effects of the air flow and the active
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substances and the accuracy of measurement of the aerosol
particles nebulised with the inhaler.

[0203] The process is preferably used to measure the spray
pattern of a propellant-free “soft mist inhaler”, preferably
known under the trademark Respimat®, disclosed {for
example 1n WO 97/12687. Preferred formulations are
described m WO 97/01329 and WO 98/27959.
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[0204] Accumulated mass distribution Q3 ,; (measured
using the Andersen cascade impactor) as a function of the
accumulated mass distribution Q3; (measured by laser
diffraction). The measuring points relate to the cut-off diam-
eters of the Andersen cascade 1impactor at a flow rate of28.3
1 /min., 1.e. the Q3 values for 0.4, 0.7, 1.1, 2.1, 3.3, 4.7, 5.8,
9.0 and 10.0 :m are given. Ideally, Q3 ,=Q3; , which 1s
virtually achieved 1rrespective of the formulation.

What 1s claimed 1s

1. In a process for determining the size distribution of
particles 1n an aerosol used to administer pharmaceutical
formulations to the lung—which process uses either the
laser diffraction or the scattered light method, the 1improve-
ment which comprises adding a conditioning agent to the
carrier medium of the aerosol to a given degree of saturation,
mixing the conditioned carrier medium with a pharmaceu-
fical formulation for administration, introducing the condi-
tioned carrier medium with pharmaceutical formulation into
at least one measuring cell in order, and determining the size
distribution of the particles in such cell or cells.

2. The process as recited 1n claim 1, wherein the phar-
maceutical formulation 1s a solution, with active pharma-
ceutical substance or substances dissolved 1n a solvent.

3. The process as recited 1n claim 2, wherein the solvent
1s used as the conditioning agent.

4. The process as recited 1n claim 1, wherein the phar-
maceuftical formulation 1s a suspension with active pharma-
ceutical substance or substances 1n the form of particles 1n
a liquid or gaseous medium.

5. The process as recited in claim 4, wherein the liquid or
gaseous medium 1s used as the conditioning agent.

6. The process as recited in claim 1, wherein the phar-
maceutical formulation 1s a powder comprising one or more
active pharmaceutical substance.

7. The process as recited in claim 6, wherein water 1s used
as the conditioning agent.

8. The process as recited in claim 1, wherein the carrier
medium 1s air.

9. An apparatus for determining the size distribution of
particles contained 1n an aerosol comprising:

a conditioning device (24) for saturating a carrier medium
with a conditioning agent according to a given satura-
tion level,
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a metering device (26) for the aerosol,

a mixing chamber (25) for mixing the conditioned carrier
medium and the metered aerosol to produce a condi-
tioned aerosol, and

at least one measuring cell (23) into which the condi-
tioned aerosol 1s introduced in order to carry out a
measurement of the particle size distribution of the
acrosol by a laser diffraction process or a scattered light
method.

10. The apparatus as recited in claam 9, characterised in
that each measuring cell has at least one entry window (21)
for the entry of a light beam from a light source and at least
one exit window (22) for the exit of the scattered light from
the light beam.

11. The apparatus as recited in claim 10, characterised in
that each entry window (21) 1s tilted relative to the incident
light beams from the light source.

12. The apparatus as recited 1n claim 10, characterised in
that each exit window (22) is tilted relative to the emergent
light beams.

13. The apparatus as recited 1n claim 10, characterised 1n
that each entry window (21) and each exit window (22) are
filted at identical—but opposite—angles relative to the
incident light beams.

14. The apparatus as recited in claim 10, characterised 1n
that each entry window (21) and each exit window (22) are
constructed to be removable.

15. The apparatus as recited 1n claim 10, characterised in
that each entry window (21) and each exit window (22) are
less than about 2 mm thick.

16. The apparatus as recited 1n claim 10, characterised 1n
that each entry window (21) and each exit window (22) are
arranged opposite one another.

17. The apparatus as recited in claim 10, characterised 1n
that each exit window (22) and each entry window (21) of
cach measuring cell (23) are arranged substantially at right
angles to one another.
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