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Description

Technical Field

[0001] The present invention relates to methods of pro-
ducing microparticles, in particular chitin microparticles
(CMP).

Introduction

[0002] Canadian Patent No: 2375992 describes the
use of homogenisation to reduce the particle size of drug
formulations under conditions in which the presence of
liquid water is excluded to avoid heating the formulation.
[0003] Studies by Shibata et al (1-4) have shown that
oral delivery of 1-10mm phagocytosable chitin particles
results in an elevation of Th1 cytokines in mouse spleen
cell cultures. The effect was specific to the particulates
as no elevation was produced by soluble chitin. It could
also be reproduced in 1mm polystyrene microspheres
coated with N-Acetyl-D-Glucosamine, which is the main
component of chitin. It was also demonstrated that oral
administration of chitin down-regulates serum IgE and
lung eosinophilia in a murine model of ragweed allergy
(1).
[0004] Shibata et al have also developed a mouse
model of allergic airway inflammation and orally admin-
istered chitin preparations to the mice (Shibata 2000).
Ragweed-specific IgE levels were significantly reduced
after daily oral administration of chitin to ragweed-sensi-
tised mice, before and during immunisation.
[0005] When chitin was administered prophylactically
to mice who were subsequently administered ragweed,
IL-4, IL-5 and IL-10 production was significantly reduced
and low but significant levels of IFN-γ were detected.
[0006] Chitin also has a prophylactic effect when ad-
ministered to C57BL6 mice, which are higher responders
for cell-mediated immunity/Th1 responses, but lower re-
sponders for allergic responses compared with BALB/c
mice. When ragweed-sensitised mice were treated si-
multaneously with ragweed and chitin, .the levels of IL-
4, IL-5 and IL-10 produced were significantly reduced
compared to those stimulated by ragweed alone.
[0007] In our earlier application, WO 03/015744, we
described experiments in mice which demonstrated that
a suspension of CMP in saline administered-intranasally
has beneficial immune modulating properties, which can
be applied for the treatment of allergic disease and can
enhance protection by up-regulation of mechanisms of
innate immunity against viral and bacterial infections of
the respiratory tract. The beneficial immune regulating
properties can also be applied for the treatment of con-
ditions that would benefit from an up-regulation of natural
killer (NK) cell activity and/or the secretion of interferon-
γ (IFN-γ), such as the treatment of cancer.
[0008] In our earlier US Patent No: 6,598,221 (US
60/815074), we described the
use of CMP as an adjuvant in vaccine compositions. In

particular, CMP compositions were found to be capable
of synergistically enhancing the protection raised against
an antigen from an infectious agent when the CMP com-
positions were combined with a further adjuvant, such
as the cholera toxin B subunit (CTB).
[0009] The evidence to date supports the concept that
for CMP to be optimally effective the particles should be
micronized and fall in the range of 1 to 20mm. The primary
mode of action of CMP depends on phagocytosis by mac-
rophages and other phagocytes and consequently the
CMP need to be of a phagocytosable size, which is gen-
erally considered to be in the range of 1 to 20mm.
[0010] US 5,218,020 describes a method of incorpo-
rating chitosan reinforcement into an elastomer and elas-
tomeric articles. US 2002/071870 describes a process
of microfluidization or wet-micronization of hydrophobic
drugs in combination with dextrins such as beta-cyclo-
dextrin. DE 19932157 describes a low temperature, an-
hydrous process for producing ultrafine particles of
drugs. Chitin is manufactured from shrimp shell waste,
which is a by-product of the shrimp processing industry.
The shells are treated with acid and alkali to remove min-
erals and protein contaminants. The purified chitin flakes
are then milled by standard milling methods to produce
a powder with a particle size approximately between 100
to 200mm. This is the starting material for the production
of CMP.
[0011] In the methods described by Shibata and Strong
(3, 5) chitin powder was micronized by sonication in the
laboratory. However, this method has the disadvantage
of not being amenable for scale-up to industrial manu-
facturing needs and there are no suitable Good Manu-
facturing Practice (GMP) protocols established for the
micronization of insoluble polysaccharides such as chi-
tin. There is also the further problem that the usual use
of sonication is for disruption of agglomerates and cell
shearing and sonication does not produce uniform sized
particles of CMP.

Summary of the Invention

[0012] In view of the above drawbacks we have inves-
tigated other methods that are capable of reducing par-
ticle size, such as air-jet milling and dry powder ball mill-
ing, that would be more suitable for industrial scale-up.
Air-jet milling is the method of choice in the pharmaceu-
tical industry for producing uniform powders of drugs for
formulation into tablets. However, when we investigated
air-jet milling as a method for the production of CMP we
found that after three passes the average particle size
was still greater than 100mm, indicating that this method
is completely ineffective for producing CMP. We also
found that dry powder ball milling is an unsatisfactory
method for producing CMP because the time required to
produce particles approaching a phagocytable size was
excessive, i.e. of the order of days, and even then the
average particle size was around 50mm rather than the
more desirable 10mm. In addition, the excessive milling
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time is likely to produce metal contamination from wear
to the metal balls.
[0013] Microfluidising instruments (microfluidisers),
have previously been used in the manufacture of paints
and inks. However, we have now surprisingly found that
microfluidising instruments may also be used to produce
CMP of a phagocytosable size, and thus CMP produced
using a microfluidising instrument are appropriate for use
as a pharmaceutical and for formulation in pharmaceu-
tical compositions. In particular, we have found that ad-
vantages of using a microfluidising instrument to produce
CMP include the ability to handle large volumes and the
ease of scale up for industrial manufacturing needs; GMP
protocols have been developed; it produces a homoge-
nous product with greater control over particle size than
other methods; and it gives a greater yield of CMP than
other methods.
[0014] Thus, the present invention broadly relates to
methods of producing microparticles, for example CMP,
by reducing the size of (larger) particles using a (high
shear) microfluidising instrument.
[0015] Essentially, microfluidising instruments suitable
for use in the invention reduce particle size by propelling
a product (e.g. a suspension) through geometrically fixed
microchannels at high pressure, e.g. 20,000 to 30,000
psi (1400 to 2100 bar), and high velocity, e.g. in excess
of 500ms-1. This provides an extremely focused interac-
tion zone. As the product passes through the microchan-
nels, forces produced by the high pressure act upon the
product to reduce the size of particles in the product,
including shear forces, through deformation of the prod-
uct stream occurring from contact with the walls of the
microchannels; impact forces, through collisions occur-
ring when the high velocity product stream impinges upon
itself; and cavitation forces, through formation and col-
lapse of vapour cavities within the product stream.
[0016] Examples of microfluidising instruments suita-
ble for use in the invention include the Microjet Laboratory
Processor Model 100 from Microjet Technology and Mi-
crofluidizer® Processors from Microfluidics™.
[0017] We have also realised that the advantages of
using microfluidising instruments to produce CMP are
also applicable to the production of any other insoluble
polysaccharide microparticles. In particular, microfluidis-
ing instruments may be advantageously used to produce
insoluble polysaccharide particles that are of phagocy-
tosable size and/or are useful in methods of medical treat-
ment and/or which may be provided in pharmaceutical
compositions.
[0018] For example, chitosan is a deacylated deriva-
tive of chitin and is an insoluble polysaccharide. Danbi-
osyst have filed patent applications in which chitosan is
used as a drug delivery system, in particular for targeting
the mucosa of patients, see for example US 5,690,954
which describes a drug delivery system in which chitosan
microspheres may be 10 to 100mm.
[0019] Accordingly, in a first aspect, the present inven-
tion provides a method of producing a chitin microparticle

composition which comprises chitin microparticles hav-
ing a desired average diameter between 1 and 20 mm in
an aqueous suspension, wherein the method comprises:

a) making an aqueous suspension of chitin micro-
particles; and
b) passing the aqueous suspension through a mi-
crofluidising instrument to reduce the average diam-
eter of the chitin microparticles to the desired aver-
age diameter by forcing the aqueous suspension of
chitin microparticles through microchannels at an
operating pressure of at least 15,000 psi (1000 bar)
so that the resulting diameter of at least 90% of the
microparticles in the chitin microparticle composition
is within the range of 1 to 20 mm.

[0020] Preferably the microfluidising instrument (mi-
crofluidiser) is a high shear microfluidising instrument
(high shear microfluidiser), such as a high pressure mi-
crofluidising instrument (high pressure microfluidiser) or
high shear particle disintegration device. For example,
the microfluidising instrument is preferably capable of op-
erating at a pressure of at least 10,000psi (700 bar), more
preferably at least 15,000psi (1000 bar), even more pref-
erably at least 20,000psi (1400 bar). In particular, the
microfluidising instrument is preferably capable of oper-
ating in the range of 10,000 to 30,000psi (700 to 2000
bar), more preferably 15,000 to 30,000psi (1000 to 2000
bar), even more preferably 20,000 to 30,000psi (1400 to
2000 bar), and most preferably 20,000 to 23,000psi
(1400 to 1600 bar).
[0021] Chitin is a polymer of N-acetyl-D-glucosamine
and has a similar structure to cellulose. It is an abundant
polysaccharide in nature, comprising the horny sub-
stance in the exoskeltons of crab, shrimp, lobster, cuttle-
fish, or insects. It is also found in fungi.
[0022] It will be recognised by those skilled in the art
that as chitin is derived from a natural material, there is
a variation in its composition and there may be low levels
of deacetylated units that naturally occur in the chitin pol-
ymer. However, it is preferred that when the method is
for producing CMP, the deactylated units in the collection
of chitin particles comprise less than 20% of the total
units, more preferably less than 15% of the total units,
even more preferably less than 10% of the total units and
most preferably less than 5% of the total units.
[0023] Additionally, the method may be for producing
synthetic CMP, in which case, the insoluble polysaccha-
ride particles to be reduced in size are synthetic chitin
particles. Synthetic chitin particles may be carrier parti-
cles e.g. formed form a biocompatible material such as
polystyrene or latex, coated with N-acetyl-D-glu-
cosamine, chitin or chitin fragments. Alternatively, syn-
thetic chitin may be synthesised by chemical or enzymat-
ic techniques. For example, chitin particles may be pro-
duced by polymerisation of actylglucosamine, for exam-
ple N-acetyl-D-glucosamine.
[0024] As the pharmaceutical effects caused by CMP
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have been found to be size dependent, it is preferable
that the microparticles produced by the method have a
diameter such that they are capable of producing a phar-
maceutical effect. Thus the collection of microparticles
produced by the method includes microparticles having
a diameter of phagocytosable size,
within the range of 1 to 20mm. For example, the desired
average diameter of the microparticles in the collection
of microparticles may be
20mm or less, 15mm or less, 10mm or less, or even 5mm
or less. Preferably the desired average diameter is a
phagocytosable size, e.g. within the range of 1 to 20mm,
1 to 15mm, or 1 to 10mm. For example, the desired av-
erage diameter may be within the range of 5 to 15mm, 6
to 14mm, 7 to 13mm, 8 to 12mm, 9 to 11mm or even 9 to
10mm. Preferably the microparticles are at least 1mm in
diameter. Preferably the standard deviation of the micro-
particles in the collection of microparticles is 10mm or
less, 8mm or less, 5mm or less, or 3mm or less. Most
preferably the average diameter of the microparticles in
the collection of microparticles is within the range of 1 to
15mm and the standard deviation of the particles in the
collection is 5mm or less.
[0025] The term "microparticle" refers to a particle hav-
ing a diameter of 100mm or less. Thus, a "collection of
microparticles" refers to a collection of particles in which
all or substantially all, e.g. at least 90%, preferably at
least 95%, more preferably at least 99%, of the particles
in the collection have a diameter of 100mm or less. A
"particle" may be a microparticle, and a "collection of par-
ticles" may include microparticles, and/or may consist
substantially of, or entirely of, microparticles.
[0026] The term "average diameter" refers to the mean
average diameter, and for the avoidance of doubt, the
term "particle diameter" is interchangeable with the term
"particle size", and vice versa.
[0027] It is believed that microparticles having a diam-
eter within the range of 1 to 20mm will be optimally phar-
maceutically effective. Thus, the particle size distribution
of the microparticles in the collection of microparticles is
such that the diameter of at least
90%, 95%, or 99%, or substantially all of the microparti-
cles is preferably less than 20mm, and/or within the range
of 1 to 20mm. For example, the diameter of at
least 90% of the microparticles in the collection of mi-
croparoticles is less than 20mm, and/or within the range
of 1 to 20mm, 5 to 20mm, 5 to 15mm, 6 to 14mm, 7 to
13mm, 8 to 12mm, 9 to 11mm, or 9 to 10mm.
[0028] For the avoidance of doubt the term "within the
range of" includes the specified range limits. For exam-
ple, a collection of particles having diameters within the
range of 1 to 20mm includes particles having diameters
of 1mm and 20mm.
[0029] Particle size and particle size distribution may
be determined by the method of Single-Particle Optical
Sensing (SPOS), also known as Optical Particle Count-
ing (OPC). This is well known in the art. Particle size is
determined by passing particles one at a time between

a laser beam and a detector. As a particle passes be-
tween the laser beam and the detector it causes a change
in the amount of light from the laser beam incident on the
detector. The size of the particle is determined by com-
paring the change in the amount of incident light caused
by a particle of interest with the change in the amount of
incident light caused by a reference particle, e.g. a sub-
stantially uniform particles of known size, e.g. of known
diameter. This may involve reference to a calibration
curve generated using such particles of known size.
[0030] Typically, the change in the amount of light in-
cident on the detector caused by the passage of a particle
between the laser beam and the detector generates an
electronic signal. The size of the particle is then deter-
mined by comparing the magnitude of the signal gener-
ated by the particle of interest with the magnitude of the
signals generated by reference particles, e.g. substan-
tially uniform particles of known size, e.g. known diame-
ter. Thus, the term "particle diameter" refers to the diam-
eter of a reference particle , e.g. a substantially uniform
particle of known size, that generates the same signal
as the particle of interest as measured by a method of
Single-Particle Optical Sensing.
[0031] Thus, the particle size distribution, e.g. the per
cent value of particles, e.g. microparticles, in a collection
having a diameter within a particular range, e.g. 1 to
20mm, may be determined by measuring diameters of
particles in the collection using a Single-Particle Optical
Sensing method. This may involve measuring the diam-
eters of the particles in a sample taken from a collection
and extrapolating the data obtained, such that the particle
size distribution in the sample is considered to be repre-
sentative of the particle size distribution in the collection.
Alternatively, the diameter of all or substantially all the
particles in a collection may be measured to determine
the particle size distribution of the collection.
[0032] We have found that the diameter of microparti-
cles produced using a microfluidising instrument is de-
termined, at least in part, by the number of times the
suspension of the collection of particles is passed
through, i.e. iteratively passed through, the microfluidis-
ing instrument. Thus, the method preferably comprises
passing the suspension through the microfluidising in-
strument a sufficient number of times to reduce the av-
erage diameter of the particles in the collection to the
desired average diameter. Preferably the method com-
prises passing the suspension through the microfluidis-
ing instrument at least 7 times or more, more preferably
at least 9 times or more. Increasing the operating pres-
sure of the microfluidising instrument, i.e. the pressure
at which the suspension is passed through the microflu-
idising instrument, and/or adjusting the size e.g. diame-
ter, and/or geometry of the microchannels may affect,
e.g. reduce, the number of times the suspension must
be passed through the microfluidising instrument to re-
duce the average diameter of the particles in the collec-
tion to the desired average diameter. We have found that
the use of an operating pressure and a size and geometry
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of microchannels such that the suspension is passed
through the microfluidising instrument at least 7 times or
more, more preferably at least 9 times or more, is optimal
for minimising overheating and/or blockage of the micro-
fluidising instrument. The person skilled in the art is able
to select such an appropriate operating pressure and size
and geometry of the microchannels.
[0033] The operating pressure is preferably at least
at least 15,000psi (1000 bar) or more, even more pref-
erably at least 20,000psi (1400 bar) or more. Preferably
the operating pressure is within the range of 20,000 to
30,000psi 1400 to 2000 bar), more preferably within the
range of 20,000 to 23,000psi (1400 to 1600 bar) .
[0034] The method may also comprise sieving the col-
lection of particles prior to passing the particles through
the microfluidising instrument. A collection of particles
may include particles that are large enough to block the
microchannels, e.g. particles having a diameter of 50mm
or larger, and thus sieving the collection of particles prior
to passing the particles though the microfluidising instru-
ment would reduce the possibility of particles blocking
the microchannels. Sieving also allows the starting size
of the particles to be reduced. This can be advantageous,
as we have found that the yield of microparticles increas-
es as the size of the starting particles decreases. Thus,
preferably the method comprises sieving the collection
of particles prior to making the suspension and/or pass-
ing the collection of particles through the microfluidising
instrument. Preferably the sieve has a pore size of 200mm
or less, 150mm or less, or 100mm or less. Most preferably
the sieve has a pore size of 126mm.
[0035] Methods of sieving particles are well known in
the art. The collection of particles may be sieved prior to
making the suspension of step (a), for example by using
an electronic shaker sieve, or after making the suspen-
sion of step (a) but prior to passing the suspension
through a microfluidising instrument, for example by
passing the suspension though a filter, e.g. filter paper.
[0036] Preferably the average diameter of the collec-
tion of particles prior to making the suspension of step
(a) and/or prior to sieving the collection of particles is
greater than 100mm, more preferably within the range of
100 to 200mm. Preferably the collection of particles prior
to making the suspension of step (a) and/or prior to siev-
ing the collection particles have diameters less than
about 300mm. Preferably the insoluble polysaccharide
particles have been milled prior to making the suspension
of step (a). Such milling may be performed using any
suitable standard milling procedure. The term "chitin
powder" refers to chitin raw material, e.g. the particles
have an average diameter greater than 100mm, prefer-
ably within the range of 100 to 200mm, and preferably
less than about 300mm.
[0037] In a further aspect, the present invention pro-
vides the use of a microfluidising instrument to reduce
the average diameter of a chitin microparticle composi-
tion in an aqueous suspension to a desired average di-
ameter between 1 and 20 mm, wherein the reduction in

the desired average diameter is carried out by forcing
the aqueous suspension of chitin microparticles through
microchannels of the microfluidising instrument at an op-
erating pressure of at least 15,000 psi (1000 bar) so that
the resulting diameter of at least 90% of the microparti-
cles in the chitin microparticle composition is within the
range of 1 to 20 mm.
[0038] In some embodiments, the methods of the
present invention comprise
the step of formulating the microparticles with one or
more of a pharmaceutically acceptable excipient, a car-
rier, a propellant, a buffer, a stabiliser, an isotonicizing
agent, a preservative, an antioxidant, or other materials
well known to those skilled in the art. Such materials
should be non-toxic and should not interfere with the ef-
ficacy of the active ingredient.
[0039] In US Patent No: 8,124,053 (US60/815074) we
have shown that CMP have a synergistic effect when
administered with other adjuvants in the same vaccine
formulation.
[0040] The CMP compositions produced by the meth-
ods of the present invention may be loaded into a delivery
device.
[0041] The microparticles may be drawn into the nose
to the sinuses and upper respiratory tract or through the
mouth to the alveolar macrophages by inhalation and/or
by a propellant. The delivery device may comprise (a) a
reservoir for the microparticles (b) a delivery orifice
adapted to locate in a patient’s mouth or nose; and (c) a
valve between the reservoir and the delivery orifice such
that the valve can be operated to control the delivery of
the microparticles. A particularly preferred form of device
is a nasal spray bottle containing a CMP preparation and
optionally a carrier, the spray bottle having a neck adapt-
ed for nasal delivery.
[0042] As discussed above, although therapeutic uses
of CMP have previously been disclosed, known methods
of producing CMP, such as sonication, are not amenable
for industrial scale-up. One method of producing CMP
that we considered might be suitable for industrial scale-
up was dry powder ball milling. We found this method to
be more effective at producing CMP than air-jet milling,
which is the method of choice in the pharmaceutical in-
dustry for producing uniform powders of drugs for formu-
lation into tablets.
[0043] We also compared the therapeutic efficacy of
CMP produced by dry powder ball milling with CMP pro-
duced using a microfluidising instrument. However, we
found that the CMP produced using a microfluidising in-
strument was more effective than CMP produced by dry
powder ball milling in treating asthma in mice. In partic-
ular, we found that the CMP produced using a microflu-
idising instrument resulted in greater reduction in alveolar
eosinophils, indicating that treatment reduced the level
of asthma, and in a greater reduction of cellular inflam-
mation in the lungs. In addition, we have also shown that
CMP produced using a microfluidising instrument pro-
vides protection against viral infection.
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[0044] These results indicate that CMP produced in
accordance with the present invention is therapeutically
efficacious and has greater efficacy than CMP produced
by other methods of producing CMP that may be suitable
for industrial scale-up. Thus, the method of the present
invention is capable of producing a collection of CMP
having a therapeutically efficacious particle size distribu-
tion.
[0045] Embodiments of the present invention will now
be further described by way of example and not limitation
with reference to the accompanying figures.

Brief Description of the Figures

[0046]

Figure 1 shows the typical particle size distribution
of chitin powder produced by a chitin manufacturer
(i.e. the raw material for the production of CMP).

Figure 2 shows the particle size distribution of chitin
particles produced by ball milling chitin powder.

Figure 3 shows the effect of sieving on the particle
size distribution of chitin powder, produced by a chi-
tin manufacturer. The circles indicate sieved chitin
powder and the squares indicate unsieved chitin
powder.

Figure 4 -shows the particle size distribution of CMP
after passing a chitin powder suspension through a
microfluidising instrument; (a) particle size distribu-
tion after three passes; (b) particle size distribution
after nine passes; (c) particle size distribution after
twelve passes. Measurement of particle size distri-
bution was repeated four times.

Figure 5 shows the CMP produced to optimum spec-
ifications by pre-sieving the chitin powder and nine
passes in the microfluidising instrument.

Figure 6 shows the eosinophil count in bronchopul-
monary lavage in mice treated prophylactically with
CMP and challenged with ovalbumin. CMP000 re-
fers to CMP produced by ball-milling and CMP001
refers to CMP produced using a microfluidising in-
strument.

Figure 7 shows the reduction in lung inflammation in
mice treated prophylactically with CMP and chal-
lenged with ovalbumin relative to non treated asthma
group. PBI=Peribronchial inflammation,
PVI=Perivascular inflammation, AI=Alveolar inflam-
mation. CMP000 refers to CMP produced by ball-
milling and CMP001 refers to CMP produced using
a microfluidising instrument.

Figure 8 shows the survival of mice treated prophy-

lactically with CMP (produced using a microfluidising
instrument) and infected with the H5N1 virus (day
0). Diamonds indicate treatment with CMP, squares
indicate no treatment.

Detailed Description

Pharmaceutical compositions

[0047] Pharmaceutical compositions and therapeutic
uses of CMP are described in our earlier applications
WO 03/015744 and US 60/815074, which are incorpo-
rated herein by reference.
[0048] Pharmaceutical compositions and medica-
ments comprising microparticles, such as CMP, may be
used in a method of treating a patent suffering from al-
lergy. Examples of allergies that are amenable to treat-
ment with the pharmaceutical compositions include sea-
sonal respiratory allergies, commonly referred to as hay
fever; allergy to aeroallergens including house mite dust,
fungal spores, grass pollens, tree pollens and animal
danders; allergy treatable by reducing serum IgE and
eosinophilia; asthma; eczema and food allergies; derma-
titis such as atopic dermatitis.
[0049] One further specific embodiment involving the
treatment of allergy is in the treatment of horses, and
particularly thoroughbred horses, which have a tendency
to suffer from allergic conditions such as asthma or re-
current lung infections.
[0050] Pharmaceutical compositions and medica-
ments comprising microparticles, such as CMP, may also
be used in a method of treating a patient suffering from
a condition that would benefit from the up-regulation of
the cell-mediated immune system. Thus the microparti-
cles may be used to strengthen the immune system of
an individual. Conditions that benefit from the up-regu-
lation of the cell-mediated immune system include the
treatment of microbial infections, including bacterial in-
fections, fungal infections and viral infections, particularly
among vulnerable patient groups such as the elderly, pre-
mature babies, infants, transplantation patients, immu-
nosuppressed patients such as chemotherapy patients,
hospital patients at risk of opportunistic infection, patients
on ventilators, cystic fibrosis patients and patients with
AIDS. The microparticles and pharmaceutical composi-
tions comprising microparticles are particularly applica-
ble to the treatment of ear, nose, throat and lung infec-
tions.
[0051] Specific examples of bacterial infection include
infection by microorganisms such as Pseudomonas aer-
uginosa, Streptococcus species such as Streptococcus
pneumoniae, Streptococcus pyrogenes, Streptococcus
agalactiae, Haemophilus influenza, Klebsiella pneumo-
niae, Yersinia enteocolitica, Salmonella, Listeria, Myco-
bacterial infections including Mycobacterium tuberculo-
sis, Mycobacterium leprae, parasitic infections including
Leishmania species and Schistosoma species.
[0052] One condition caused by microbial infection,
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typically by Streptococcus pneumoniae, is recurrent ear
infections such as Otitis media. These conditions occur
in children and adults and are currently treated using an-
tibiotics. It would be advantageous to use the chitin mi-
croparticle compositions and medicaments of the inven-
tion to treat these conditions and reduce the need for
antibiotics.
[0053] The preparations of the invention can be used
in the treatment of tuberculosis either to treat an existing
infection or to protect vulnerable patient groups from in-
fection. Other examples of microbial infections include
bacterial pneumonias, such as ventilator-associated
pneumonia, and cystic fibrosis associated infections. Ex-
amples of fungal infections include fungal infections such
as invasive pulmonary aspergillosis and invasive pulmo-
nary candidiasis, Pneumocystis carinii pneumonia, Coc-
cidioides and Crytococcus infections, e.g. in immunosup-
pressed patients.
[0054] Examples of viral conditions include pulmonary
viral infections such as respiratory syncytial virus bron-
chiolitis, especially in infants and the elderly, or influenza
virus, including H5N1, or rhino virus. Numerous studies
have shown that during the progression of AIDS, mono-
nuclear cells lose their ability to secrete IL-2, IL-12 and
IFN-γ and produce increased levels of IL-4, which allows
the HIV virus to proliferate. Therefore treatment with the
pharmaceutical compositions of the invention will be use-
ful in reducing the progression of HIV infection by restor-
ing IL-12 and IFN-γ levels.
[0055] Pharmaceutical composition and medicaments
comprising microparticles, such as CMP, may also be
used in the treatment of conditions treatable by up-reg-
ulation of the activity of NK cells and/or secretion of IFN-
γ by cells of the immune system. An example of such a
condition is cancer, and especially lung cancer, lung car-
cinoma or nasal-pharyngeal carcinoma.

Pharmaceutical compositions and kits comprising micro-
particles and an allergen

[0056] Pharmaceutical compositions comprising mi-
croparticles, such as CMP, and an allergen, or kits com-
prising microparticles, such as CMP, and an allergen,
can be employed in the treatment of allergies and allergic
symptoms, such as anaphylactic shock, which are asso-
ciated with conventional desensitisation therapy. Aller-
gens can be readily extracted from food and are com-
mercially available as they are used in the diagnosis and
treatment of allergy. In particular, the pharmaceutical
composition and kits may be used in the treatment of
food allergy. Examples of common food allergens include
milk, wheat, gluten, eggs, nuts or shellfish. Such phar-
maceutical composition and kits may be also be used in
the treatment of horses.

Pharmaceutical compositions and kits comprising micro-
particles and an antigen

[0057] Pharmaceutical compositions comprising mi-
croparticles, such as CMP, and an antigen, or kits com-
prising microparticles, such as CMP, and an antigen may
be employed for use in the prophylaxis and treatment of
infections and associated symptoms, and conditions
caused by an infectious agent. The antigen may be an
antigen from an infectious agent. The antigen may be
natural, synthetic or derived by recombinant DNA tech-
nology. The pharmaceutical compositions may be vac-
cine compositions. They may therefore contain an anti-
gen, consisting of whole organisms, either killed or weak-
ened, or parts of such organisms, which are used to con-
fer immunity against the condition that the organism
causes. By way of example, the infectious agent may
cause and/or mediate a bacterial infection, a fungal in-
fection, a viral infection or a parasitic infection.
[0058] Thus, in a further aspect, the present invention
provides a method for vaccinating a patient against a
condition medicated by an infectious agent, the method
comprising administering to a patient in need thereof a
composition comprising CMP, as defined herein, and an
antigen, wherein the CMP and antigen are present in the
composition in a therapeutically or prophylactically effec-
tive amount.
[0059] In US 60/815074 we found that an administra-
tion pattern in which compositions comprising CMP and
an antigen were administered at least two times per
week, and more preferably at least three times per week,
enhanced the protective response raised against the in-
fectious agent when compared to a more usual pattern
of administration in which an initial immunisation is fol-
lowed by a secondary booster after a gap of several
weeks.
[0060] The pharmaceutical compositions comprising
microparticles, such as CMP, and an antigen, or kits com-
prising microparticles, such as CMP, and an antigen may
be employed for the treatment or prevention of malaria,
influenza or HIV. Examples of antigens that can be em-
ployed in accordance with the present invention include
influenza hemagglutinin (HA) vaccines prepared from in-
activated virus such as H5N1, H1N1, H3N2, HIV vac-
cines containing HIV-DNA or HIV antigens, anthrax vac-
cines such as those containing recombinant Protective
Antigen (PA), haemophilus influenza antigens and hu-
man papilloma virus antigens such as E7 protein. In com-
mon with many infectious agents, antigens suitable for
inclusion in pharmaceutical compositions for vaccinating
against malaria are known in the art.
[0061] The pharmaceutical compositions and kits,
comprising microparticles, such as CMP, and an antigen
may also comprise a further adjuvant. Examples of other
adjuvants that might be employed in the pharmaceuticals
compositions and kits include adjuvants based on chol-
era toxins such as cholera holotoxin (CT) or cholera toxin
B subunit (CTB), synthetic CpG DNA and adjuvants
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based on bacterial cell wall products. The use of adju-
vants is reviewed F. Vogel, M. Powell and C. Irving, "A
Compendium of Vaccine Adjuvants and Excipients (2nd
Edition)", available on the NIH website at: http://www.ni-
aid.nih.gov/daids/vaccine/pdf/compendium.pdf
[0062] Cholera toxin subunit B (CTB) is a potent mu-
cosal adjuvant, although it can produce unwanted side
effects. These can be reduced by adding small amounts
(0.1-2%) of the cholera holotoxin. CTB stimulates the lo-
cal mucosal cellular immune response as well as the sys-
temic IgG response and is commonly used in experimen-
tal nasal vaccines (Vadolas et al. 1995. European journal
of Immunology 25, 969).
[0063] Bacteria-derived adjuvants include peptidogly-
can or lipopolysaccharide derivatives such as muramyl-
L-alanyl-D-isoglutamine (MDP), monophosphoryl lipid A
(MPL), trehalose dimycolate (TDM), cholera toxin B sub-
unit (CTB), CpG DNA, immunostimulatory cytokines in-
cluding IL-12 and IFN and GM-CSF.

Delivery routes

[0064] A range of delivery routes may be used for de-
livering the microparticles, e.g. CMP, and pharmaceuti-
cal compositions and medicaments comprising micro-
particles, such as CMP, to individuals in need thereof.
Preferably, these include delivery by the sub-lingual or
oral routes, delivery by injection, for example by subcu-
taneous injection and intramuscular injection, as well as
delivering the microparticles intranasally (e.g. to the si-
nuses and upper respiratory tract using an intranasal
spray), or by inhalation, e.g. targeting alveolar macro-
phages in the lungs. The microparticles, pharmaceutical
compositions and medicaments may be administered to
a patient via a mucosal or a non-mucosal delivery route.
Mucosal delivery route includes intranasal delivery, sub-
lingual delivery, oral delivery, delivery in eye drops and
delivery by inhalation. Mucosal delivery routes may com-
prise sublingual delivery to, for example, buccal mucosa;
oral delivery to, for example, gut mucosa; delivery in eye
drops to, for example, eye mucosa; intranasal delivery
to, for example nose mucosa and mucosa of the upper
respiratory tract; and delivery by inhalation to, for exam-
ple, mucosa of the upper and lower respiratory tract such
as lung mucosa. In some aspects of the present invention
mucosal delivery routes are preferred as they may pro-
vide one or more of the following advantages compared
to non-mucosal routes, namely safety, ease of adminis-
tration as they do generally require a clinician to admin-
ister the vaccination as is usually the case for injection,
ease of distribution, reduced production cost and im-
proved immunological response as mucosal delivery
may activate both the cellular and humoral immune re-
sponses.
[0065] Non-mucosal delivery route comprises delivery
by injection, for example, delivery by subcutaneous in-
jection or intramuscular injection.

Administration

[0066] Preferably, the microparticles, e.g. CMP, and
pharmaceutical compositions and medicaments com-
prising microparticles, such as CMP, are given to an in-
dividual in a "prophylactically effective amount" or a "ther-
apeutically effective amount" (as the case may be, al-
though prophylaxis may be considered therapy), this be-
ing sufficient to show benefit to the individual, e.g. pro-
viding alleviation of allergy or another condition or proph-
ylaxis for an acceptable period. Typically, this will be to
cause a therapeutically useful activity providing benefit
to the individual. The actual amount of the compounds
administered, and rate and time-course of administra-
tion, will depend on the nature and severity of the condi-
tion being treated. Prescription of treatment, e.g. deci-
sions on dosage etc, is within the responsibility of general
practitioners and other medical doctors, and typically
takes account of the disorder to be treated, the condition
of the individual patient, the site of delivery, the method
of administration and other factors known to practitioners.
Examples of the techniques and protocols mentioned
above can be found in Remington’s Pharmaceutical Sci-
ences, 16th edition, Osol, A. (ed), 1980 and Remington’s
Pharmaceutical Sciences, 19th edition, Mack Publishing
Company, 1995. The compositions are preferably admin-
istered in dosages of between about 0.01 and 100mg of
active compound per kg of body weight, and more pref-
erably between about 0.5 and 10mg/kg of body weight.
By way of example, this could be achieved using a nasal
delivery bottle to deliver 4-8 doses of approximately
0.25ml of a 5 mg/ml solution of microparticles.
[0067] Preferably, the medicaments and compositions
set out above are for administration to humans. Preferred
patient groups for intranasal treatment with CMP would
include those suffering from seasonal allergic rhinitis and
sinusitis, or chronic respiratory allergies such as house
dust mite allergy and who are currently taking steroids
or antihistamines. Other groups include hospitalised pa-
tients being treated for chronic lung disorders including
infections and lung carcinomas. The pharmaceutical
compositions and medicaments may also include one or
more of a pharmaceutically acceptable excipient, a car-
rier, a propellant, a buffer, a stabiliser, an isotonicizing
agent, a preservative, an antioxidant, or other materials
well known to those skilled in the art. Such materials
should be non-toxic and should not interfere with the ef-
ficacy of the active ingredient.
[0068] Preservatives are generally included in phar-
maceutical compositions to retard microbial growth, ex-
tending the shelf life of the composition and allowing mul-
tiple use packaging. Examples of preservatives include
phenol, meta-cresol, benzyl alcohol, para-hydroxyben-
zoic acid and its esters, methyl paraben, propyl paraben,
benzalconium chloride and benzethonium chloride. Pre-
servatives are typically employed in the range of about
0.1% to 1.0% (w/v).
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Examples

1. Evaluation of methods for the production of CMP

[0069] Various methods of producing particles were
evaluated as methods for producing CMP.
[0070] Particle size and particle size distribution was
determined using an AccuSizer 780 Optical Particle Siz-
er, which is manufactured by Particle Sizing Systems.
[0071] The typical size distribution of standard milled
chitin powder obtained from the manufacturer is shown
in Figure 1.

Production of CMP by dry ball milling

[0072] Dry powder ball milling was evaluated as a
method for producing CMP. Milling was performed by
Heppe GmbH using a bench top ball mill. The final particle
size distribution is shown in Figure 2. However, this meth-
od was found to be unsatisfactory for several reasons:

1. The time required for ball milling was excessive
and in the order of days of continuous milling. This
is not practical for industrial scale-up.
2. The extended milling times is likely to produce
heavy metal contamination from ware to the metal
balls used in the mill.
3. The ball milling produced an average particle size
of around 50mm instead of the preferred average of
around 10mm.
4. The ball milling produced a heterogeneous pop-
ulation of particles with an excessively large propor-
tion of large particles in the 50mm+ range. These
large particles are not desired as they would result
in blocking of the nasal delivery device used to apply
CMP clinically and are likely to be too large to be
phagocytosed and would therefore be unlikely to be
pharmaceutically active.

Production of CMP by air jet milling

[0073] The standard industrial method for reducing
particle size is air jet milling, and this is the method of
choice in the pharmaceutical industry for producing uni-
form powders of drugs for formulation into tablets etc..
The method relies on shattering caused by high velocity
impact between particles in a high pressure air jet. Air jet
milling (air jet micronization) was performed by Micron
Technologies Ltd. Air jet micronization is described on
the Micron Technologies Ltd. website as "a well proven
technique that consistently produces particles in the 1-30
micron range". Table 1 shows the results of air jet milling
using 100g of the chitin -powder as shown in Figure 1.

Table 1

Average particle diameter

Feed 276.119mm

[0074] Evaluation of this method for production of CMP
showed that even after the third pass the average particle
diameter was still 116.129mm. This method was there-
fore considered to be completely ineffective for producing
CMP. This is because chitin is composed of laminated
fibres similar to wood, which have considerable resilience
and elasticity and therefore resist impact shattering. The
nature of chitin is fundamentally different from drug for-
mulation particles, which consist of salt crystals with a
glass like structure that readily shatters on impact.

Production of CMP using a microfluidising instrument

[0075] The microfluidising instrument used in these ex-
periments was the Microjet Laboratory Processor Model
100. This instrument produces pressure by the use of an
air motor. Air pressure pushes a large piston, which in
turn pushes a smaller piston plunger in an intensifier
pump. The plunger transfers pressure to the product
stream, which is forced through diamond microchannels.
A stainless steel isolator prevents any possibility of prod-
uct contamination from the air supply.or carryover of
product into the air motor.
[0076] The starting material was chitin powder having
a particle size distribution as shown in Figure 1.
[0077] The chitin powder was first sieved through a
126mm sieve using the Endecotts Sieve Shaker. Figure
3 shows the effect of sieving on particle size distribution.
Sieving the chitin powder prior to passing it through a
microfluidising instrument was found to provide a number
of advantages. It was found that the smaller the starting
size, the greater the yield of CMP. Sieving the chitin pow-
der also prevents blockage of the microfluidising instru-
ment, thereby allowing milling of the preferred concen-
tration of final product, which is 5mg/ml.
[0078] A few grams of Purified Water were added to
approximately 2.00g of Chitin to form a paste. This was
then gradually added to the Product Inlet Reservoir of a
Microjet Laboratory Processor Model 100, which con-
tained approximately 500g of Purified Water. This solu-
tion was passed though the fluidiser 3, 6, 9 and 12 times,
at each of the time points samples were taken for particle
size analysis. The operating pressure of the microfluid-
ising instrument was 20,000 to 23,000psi.
[0079] The experiments showed that 9 passes through
the microfluidising instrument produced the optimum
CMP product. The optimum characteristics for CMP are:

The average diameter of the CMP is around 10mm

(continued)

Average particle diameter

First pass 222.093mm

Second pass 109.386mm

third pass 116.129mm
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+/- 5mm and 80% of the CMP have a diameter of
20mm or less;
1% or less of the CMP have a diameter of greater
than 50mm.

[0080] Table 2 shows the numerical mean, mode and
median particle size after 3, 9 and 12 passes through the
microfluidising instrument.

[0081] Figure 4 shows the particle size distribution after
3, 9, and 12 passes through the microfluidising instru-
ment respectively. Particle size reduced progressively
after 3, 6, and 9 passes. 3 passes (Figure 4a) was not
optimum for the production of CMP (average = 30.11mm).
The optimum number of passes was determined to be 9
(Figure 4b), which gave an average particle size of
10.49mm. An increase to 12 passes (Figure 4c, average
= 12.11mm) did not produce any significant improvement
over this. Figure 5 shows the CMP produced to optimum
specifications by pre-sieving the chitin powder and nine
passes in the microfluidising instrument.

2. Evaluation of chitin microparticles made by different 
methods in a mouse model of acute asthma

Method

[0082] Mice were treated intranasally with a series of
100mg doses of chitin microparticles (CMP) given pro-
phylactically before being made allergic to ovalbumin
(OVA) by intraperitoneal injections of OVA. The mice
were subsequently given 100mg intranasal doses of chi-
tin microparticles on the same day as an intratracheal
challenge with OVA. The day following the final OVA chal-
lenge and treatment mice were sacrificed and lung his-
topathology examined by microscopic analysis of lung
sections. Eosinophil counts were also performed in lung
lavage washings. Comparison was made with mice sen-
sitized and challenged in the same way but treated only
with PBS (phosphate buffered saline).
[0083] The mice were treated with either chitin micro-
particles made by ball milling as described in Example 1
(CMP000) or chitin microparticles made using a micro-
fluidising instrument as described in Example 1
(CMP001).

Table 2

No. passes mean (mm) mode (mm) median (mm)

3 30.11 25.38 26.84

9 10.49 11.01 8.81

12 12.11 9.85 9.56

Results

CMP001 resulted in greater reduction in eosinophils in 
the lungs.

[0084] In the asthma model, mice treated with either
CMP000 or CMP001 showed a much greater reduction
in alveolar eosinophils obtained in the lavage indicating
that treatment reduced the level of asthma. However, the
CMP made by microfluidization (CMP001) had a greater
beneficial effect than CMP produced by ball milling
(CMP000) (Figure 6). Therefore treatment with high-
shear microfluidized CMP (CMP001) was superior to
CMP produced by ball milling (CMP000) in reducing eosi-
nophil levels in the lungs of asthmatic mice.

CMP001 resulted in greater reduction in histopathology 
in the lungs.

[0085] Cellular inflammation is a marker of the asth-
matic lung and is measured by counting the number of
inflammatory cells that accumulate in the walls of the
airways (Peribronchial inflammation) or around the blood
capillaries (Perivascular inflammation) or in the alveolar
sacs (Alveolar inflammation). The results (Figure 7) show
that CMP001 was superior in all three parameters in re-
ducing the inflammation.

3. CMP prophylaxis against H5N1 viral infection in a 
mouse challenge model

Method

[0086] Mice were given 100mg chitin microparticles in-
tranasally at -48h, -24h and 6 hours prior to intranasal
infection with 1000pfu of H5N1 virus. The CMP were
made using a microfluidising instrument as described in
Example 1 (CMP001). Survival was monitored for 20
days.

Results

[0087] The prophylactic application of intranasal
CMP001 increased the number of survivors (Figure 8).
This is believed to be due to the increase in innate im-
mune protection such as increase in NK cell activity and
increase in Th1 cytokines such as IFNg produced by the
action of CMP on the macrophages and other immune
cells in the respiratory mucosa.
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Claims

1. A method of producing a chitin microparticle compo-
sition which comprises chitin microparticles having
a desired average diameter between 1 and 20 mm
in an aqueous suspension, wherein the method com-
prises:

a) making an aqueous suspension of chitin mi-
croparticles; and
b) passing the aqueous suspension through a
microfluidising instrument to reduce the average
diameter of the chitin microparticles to the de-
sired average diameter by forcing the aqueous
suspension of chitin microparticles through mi-
crochannels at an operating pressure of at least
15,000 psi (1400 bar) so that the resulting diam-
eter of at least 90% of the microparticles in the
chitin microparticle composition is within the
range of 1 to 20 mm.

2. The method according to claim 1, wherein the de-
sired average diameter is within the range of 1 to 10
mm.

3. The method according to claim 1 or claim 2, wherein
the desired average diameter is a phagocytosable
size.

4. The method according to any one of the preceding
claims, wherein the method comprises passing the
aqueous suspension through the microfluidising in-
strument at least 7 times.

5. The method according to any one of the preceding
claims, wherein the method comprises sieving the
particles prior to passing the aqueous suspension
through the microfluidising instrument.

6. The method according to any one of the preceding
claims, wherein the method comprises the step of

formulating the chitin microparticles with an allergen
or an antigen.

7. The method according to claim 6, wherein the meth-
od comprises formulating the chitin microparticles
with one or more of a pharmaceutically acceptable
excipient, a carrier, a propellant, a buffer, a stabiliser,
an isotonicizing agent, a preservative or an antioxi-
dant

8. The method according to claim 6, wherein the aller-
gen is a food allergen.

9. The method according to claim 8, wherein the food
allergen is found in milk, wheat, gluten or eggs.

10. Use of a microfluidising instrument to reduce the av-
erage diameter of a chitin microparticle composition
in an aqueous suspension to a desired average di-
ameter between 1 and 20 mm, wherein the reduction
in the desired average diameter is carried out by forc-
ing the aqueous suspension of chitin microparticles
through microchannels of the microfluidising instru-
ment at an operating pressure of at least 15,000 psi
so that the resulting diameter of at least 90% of the
microparticles in the chitin microparticle composition
is within the range of 1 to 20 mm

11. The use according to claim 10, wherein the desired
average diameter is within the range of 1 to 10 mm.

12. The use according to claim 10 or claim 11, wherein
the desired average diameter is a phagocytosable
size.

13. The use according to any one of claims 10 to 12,
wherein the method comprises passing the aqueous
suspension through the microfluidising instrument at
least 7 times.

14. The use according to any one claims 10 to 13, where-
in the method comprises sieving the particles prior
to passing the aqueous suspension through the mi-
crofluidising instrument.

15. The use according to any one claims 10 to 14, where-
in the method comprises the step of formulating the
chitin microparticles with an allergen or an antigen.

16. The use according to claim 15, wherein the method
comprises formulating the chitin microparticles with
one or more of a pharmaceutically acceptable excip-
ient, a carrier, a propellant, a buffer, a stabiliser, an
isotonicizing agent, a preservative or an antioxidant

17. The use according to claim 15, wherein the allergen
is a food allergen.
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18. The use according to claim 17, wherein the food al-
lergen is found in milk, wheat, gluten or eggs.

Patentansprüche

1. Verfahren zum Herstellen einer Chitin-Mikropartikel-
Zusammensetzung, die Chitin-Mikropartikel mit ei-
nem gewünschten mittleren Durchmesser zwischen
1 und 20 mm in einer wässrigen Suspension umfasst,
wobei das Verfahren Folgendes umfasst:

a) das Herstellen einer wässrigen Suspension
von Chitin-Mikropartikeln; und
b) das Hindurchleiten der wässrigen Suspensi-
on durch eine Mikrofluidisierungsvorrichtung,
um den mittleren Durchmesser der Chitin-Mikro-
partikel auf den gewünschten mittleren Durch-
messer zu verringern, indem die wässrige Sus-
pension von Chitin-Mikropartikeln bei einem Be-
triebsdruck von zumindest 15.000 psi (1.400
bar) durch Mikrokanäle gepresst wird, so dass
der resultierende Durchmesser von zumindest
90 % der Mikropartikel in der Chitin-Mikroparti-
kel-Zusammensetzung im Bereich von 1 bis 20
mm liegt.

2. Verfahren nach Anspruch 1, wobei der gewünschte
mittlere Durchmesser im Bereich von 1 bis 10 mm
liegt.

3. Verfahren nach Anspruch 1 oder 2, wobei der ge-
wünschte mittlere Durchmesser eine phagozytierba-
re Größe ist.

4. Verfahren nach einem der vorangegangenen An-
sprüche, wobei das Verfahren das zumindest 7-ma-
lige Hindurchleiten der wässrigen Suspension durch
die Mikrofluidisierungsvorrichtung umfasst.

5. Verfahren nach einem der vorangegangenen An-
sprüche, wobei das Verfahren das Sieben der Par-
tikel vor dem Hindurchleiten der wässrigen Suspen-
sion durch die Mikrofluidisierungsvorrichtung um-
fasst.

6. Verfahren nach einem der vorangegangenen An-
sprüche, wobei das Verfahren den Schritt des For-
mulierens der Chitin-Mikropartikel mit einem Aller-
gen oder einem Antigen umfasst.

7. Verfahren nach Anspruch 6, wobei das Verfahren
das Formulieren der Chitin-Mikropartikel mit einem
oder mehreren aus einem pharmazeutisch annehm-
baren Exzipienten, einem Träger, einem Treibmittel,
einem Puffer, einem Stabilisator, einem Isotonisie-
rungsmittel, einem Konservierungsstoff und einem
Antioxidans umfasst.

8. Verfahren nach Anspruch 6, wobei das Allergen ein
Nahrungsmittelallergen ist.

9. Verfahren nach Anspruch 8, wobei das Nahrungs-
mittelallergen in Milch, Weizen, Gluten oder Eiern
vorkommt.

10. Verwendung einer Mikrofluidisierungsvorrichtung
zum Verringern des mittleren Durchmessers einer
Chitin-Mikropartikel-Zusammensetzung in einer
wässrigen Suspension auf einen gewünschten mitt-
leren Durchmesser zwischen 1 und 20 mm, wobei
die Verringerung des gewünschten mittleren Durch-
messers durch Pressen der wässrigen Suspension
von Chitin-Mikropartikeln durch Mikrokanäle der Mi-
krofluidierungsvorrichtung bei einem Betriebsdruck
von zumindest 15.000 psi durchgeführt wird, so dass
der resultierende Durchmesser von zumindest 90 %
der Mikropartikel in der Chitin-Mikropartikel-Zusam-
mensetzung im Bereich von 1 bis 20 mm liegt.

11. Verwendung nach Anspruch 10, wobei der ge-
wünschte mittlere Durchmesser im Bereich von 1 bis
10 mm liegt.

12. Verwendung nach Anspruch 10 oder Anspruch 11,
wobei der gewünschte mittlere Durchmesser eine
phagozytierbare Größe ist.

13. Verfahren nach einem der Ansprüche 10 bis 12, wo-
bei das Verfahren das zumindest 7-malige Hindurch-
leiten der wässrigen Suspension durch die Mikroflu-
idisierungsvorrichtung umfasst.

14. Verwendung nach einem der Ansprüche 10 bis 13,
wobei das Verfahren das Sieben der Partikel vordem
Hindurchleiten der wässrigen Suspension durch die
Mikrofluidisierungsvorrichtung umfasst.

15. Verwendung nach einem der Ansprüche 10 bis 14,
wobei das Verfahren den Schritt des Formulierens
der Chitin-Mikropartikel mit einem Allergen oder ei-
nem Antigen umfasst.

16. Verwendung nach Anspruch 15, wobei das Verfah-
ren das Formulieren der Chitin-Mikropartikel mit ei-
nem oder mehren aus einem pharmazeutisch an-
nehmbaren Exzipienten, einem Träger, einem Treib-
mittel, einem Puffer, einem Stabilisator, einem Iso-
tonisierungsmittel, einem Konservierungsstoff und
einem Antioxidans umfasst.

17. Verwendung nach Anspruch 15, wobei das Allergen
ein Nahrungsmittelallergen ist.

18. Verwendung nach Anspruch 17, wobei das Nah-
rungsmittelallergen in Milch, Weizen, Gluten oder Ei-
ern vorkommt.
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Revendications

1. Procédé de production d’une composition de micro-
particules de chitine qui comprend des microparti-
cules de chitine ayant un diamètre moyen souhaité
compris entre 1 et 20 mm dans une suspension
aqueuse, le procédé comprenant :

a) la préparation d’une suspension aqueuse de
microparticules de chitine ; et
b) le passage de la suspension aqueuse à tra-
vers un instrument de microfluidisation pour ré-
duire le diamètre moyen des microparticules de
chitine au diamètre moyen souhaité en forçant
la suspension aqueuse de microparticules de
chitine à travers des microcanaux à une pres-
sion de fonctionnement d’au moins 15 000 psi
(1 400 bars) de sorte que le diamètre résultant
d’au moins 90 % des microparticules dans la
composition de microparticules de chitine est
compris dans la plage allant de 1 à 20 mm.

2. Procédé selon la revendication 1, dans lequel le dia-
mètre moyen souhaité est compris dans la plage al-
lant de 1 à 10 mm.

3. Procédé selon la revendication 1 ou la revendication
2, dans lequel le diamètre moyen souhaité est une
taille phagocytosable.

4. Procédé selon l’une quelconque des revendications
précédentes, le procédé comprenant le passage de
la suspension aqueuse à travers l’instrument de mi-
crofluidisation au moins 7 fois.

5. Procédé selon l’une quelconque des revendications
précédentes, le procédé comprenant le tamisage
des particules avant le passage de la suspension
aqueuse à travers l’instrument de microfluidisation.

6. Procédé selon l’une quelconque des revendications
précédentes, le procédé comprenant l’étape de for-
mulation des microparticules de chitine avec un al-
lergène ou un antigène.

7. Procédé selon la revendication 6, le procédé com-
prenant la formulation des microparticules de chitine
avec un ou plusieurs d’un excipient pharmaceutique-
ment acceptable, d’un véhicule, d’un agent propul-
seur, d’un tampon, d’un stabilisant, d’un agent d’iso-
tonisation, d’un conservateur ou d’un antioxydant.

8. Procédé selon la revendication 6, dans lequel l’al-
lergène est un allergène alimentaire.

9. Procédé selon la revendication 8, dans lequel l’al-
lergène alimentaire est présent dans le lait, le blé, le
gluten ou les oeufs.

10. Utilisation d’un instrument de microfluidisation pour
réduire le diamètre moyen d’une composition de mi-
croparticules de chitine dans une suspension aqueu-
se à un diamètre moyen souhaité compris entre 1 et
20 mm, dans laquelle la réduction au diamètre moyen
souhaité est réalisée en forçant la suspension
aqueuse de microparticules de chitine à travers les
microcanaux de l’instrument de microfluidisation à
une pression de fonctionnement d’au moins 15 000
psi de sorte que le diamètre résultant d’au moins 90
% des microparticules dans la composition de mi-
croparticules de chitine est compris dans la plage
allant de 1 à 20 mm.

11. Utilisation selon la revendication 10, dans laquelle
le diamètre moyen souhaité est compris dans la pla-
ge allant de 1 à 10 mm.

12. Utilisation selon la revendication 10 ou la revendica-
tion 11, dans laquelle le diamètre moyen souhaité
est une taille phagocytosable.

13. Utilisation selon l’une quelconque des revendica-
tions 10 à 12, dans laquelle le procédé comprend le
passage de la suspension aqueuse à travers l’ins-
trument de microfluidisation au moins 7 fois.

14. Utilisation selon l’une quelconque des revendica-
tions 10 à 13, dans laquelle le procédé comprend le
tamisage des particules avant le passage de la sus-
pension aqueuse à travers l’instrument de microflui-
disation.

15. Utilisation selon l’une quelconque des revendica-
tions 10 à 14, dans laquelle le procédé comprend
l’étape de formulation des microparticules de chitine
avec un allergène ou un antigène.

16. Utilisation selon la revendication 15, dans laquelle
le procédé comprend la formulation des microparti-
cules de chitine avec un ou plusieurs d’un excipient
pharmaceutiquement acceptable, d’un véhicule,
d’un agent propulseur, d’un tampon, d’un stabilisant,
d’un agent d’isotonisation, d’un conservateur ou d’un
antioxydant.

17. Utilisation selon la revendication 15, dans laquelle
l’allergène est un allergène alimentaire.

18. Utilisation selon la revendication 17, dans laquelle
l’allergène alimentaire est présent dans le lait, le blé,
le gluten ou les oeufs.
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