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Nanoparticle Compositions and Methods for Synthesis Thereof

Field of the Invention

The present invention relates to improved therapeutically active nanocomposite
microstructure compositions, including nanoparticle compositions comprising
nanoparticles of a therapeutically active agent dispersed in a carrier matrix and
other nanoparticle preparations. The invention also relates o a method for
preparing said compositions and preparations using solid-state mechanochemical
synthesis.  Further, it relates to therapeutic products produced using said

compositions and to methods of treatment using the compositions.
Background

Poor bioavailability is a significant problem encountered in the development of
therapeutic compositions, particularly those compounds containing an active
agent that is poorly soluble in water. An active agent's bioavailability is the
degree to which the active agent becomes available to the target tissue in the
body after systemic administration through, for example, oral or intravenous
means. Many factors may affect bioavailability, including the form of dosage and

the solubility and dissolution rate of the active agent.

Poorly and slowly water soluble active agents tend to be eliminated from the
gastrointestinal tract before being absorbed into the circulation. In addition, poorly
soluble active agents tend to be disfavored or even unsafe for intravenous
administration due to the risk of particles of agent blocking blood flow through
capillaries.

It is known that the rate of dissolution of a particulate drug can increase with
increasing surface area, that is, decreasing particle size. Consequently, methods
of making finely divided or sized drugs have been studied and efforts have been
made to control the size and size range of drug particles in pharmaceutical
compositions. For example, dry milling techniques have been used to reduce
particle size and hence influence drug absorption. However, in conventional dry

milling the limit of fineness is reached generally in the region of about 100 microns
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(100,000 nm), at which point material cakes on the milling chamber and prevents
any further diminution of particle size. Alternatively, wet grinding may be
employed to reduce particle size, but flocculation restricts the lower particle size
limit to approximately 10 microns (10,000 nm). The wet milling process, however,
is prone to contamination, thereby leading to a bias in the pharmaceutical art
against wet milling. Another alternative milling technique, commercial airjet
milling, has provided particles ranging in average size from as low as about 1 to
about 50 microns (1,000-50,000 nm).

There are several approaches currently used to formulate poorly soluble active
agents. One approach is to prepare the active agent as a soluble salt. Where
this approach cannot be employed, alternate (usually physical) approaches are
employed to improve the solubility of the active agent. Alternate approaches
generally subject the active agent to physical conditions which change the agent’s
physical and or chemical properties to improve its solubility. These include
process technologies such as micro-ionisation, modification of crystal or
polymorphic structure, development of oil based solutions, use of co-solvents,
surface stabilizers or complexing agents, micro-emulsions, super critical fluid and
production of solid dispersions or solutions. More than one of these processes
may be used in combination to improve formulation of a particular therapeutic

compound.

These techniques for preparing such pharmaceutical compositions tend to be
complex. By way of example, a principal technical difficulty encountered with
emulsion polymerization is the removal of contaminants, such as unreacted
monomers or initiators (which may have undesirable levels of toxicity), at the end

of the manufacturing process.

Another method of providing reduced particle size is the formation of
pharmaceutical drug microencapsules, which techniques include micronizing,
polymerisation and co-dispersion. However, these techniques suffer from a
number of disadvantages including at least the inability to produce sufficiently
small particles such as those obtained by milling, and the presence of co-solvents
and/or contaminants such as toxic monomers which are difficult to remove,

leading to expensive manufacturing processes.
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Over the last decade intense scientific investigation has been carried out to
improving the solubility of active agents by converting the agents to ultra fine
powders by methods such as milling and grinding. These techniques may be
used to increase the dissolution rate of a particulate solid by increasing the overall

surface area and decreasing the average particle size.

Some investigation of the applicability of mechanochemical synthesis (“MCS”)
techniques to active agents has been undertaken. However, these investigations
have focused on providing an alternative manufacturing process that reduces the
need for solvents and improves yields, rather than improving solubility by reducing

particle size.

It is important to note the clear distinction between the MCS method, described
more fully below in the Detailed Description of the Invention, which is one of
building nanoparticles from chemical precursors, as compared to a particle size
reduction methods.

Methods of making nanoparticulate compositions have been described as early as
US Pat. No. 5,145,684. Methods of making nanoparticulate compositions are also
described in U.S. Pat. Nos. 5,534,270; 5,510,118; 5,470,583; 5,591,456;
6,428,814; 6,811,767; and 6,908,626, all of which are specifically incorporated
herein by reference. However, these patents do not teach MCS methods of
forming nanoparticulate compositions. Rather, the techniques described therein
are size reduction techniques. Additionally, these techniques do not result in
nanoparticulate compositions with average particle sizes in the range of the
present invention’s particles, nor do they teach the matrix carrier feature of some

embodiments of the present invention.

Accordingly the present invention seeks to provide improved therapeutically active
nanocomposite microstructure compositions and nanoparticle preparations as well
as methods for their preparation, which at least ameliorate some of the problems

attendant with prior technologies.
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Summary of the Invention

The present invention is directed to the surprising and unexpected discovery that
improved nanocomposite microstructure compositions can be produced by
mechanochemically synthesising therapeutically active nanoparticles in a carrier
matrix using a solid-state chemical reaction. By mechanochemically synthesising
the therapeutically active nanoparticles in a carrier matrix using mechanochemical
procedures, applicant is able to control the size of the resultant nano particles in
the composition. As a result, the improved nanocomposite microstructure
compositions are expected to have several advantages, including improved drug

bioavailability compared to unprocessed or conventional active agents.

Accordingly, the present invention relates to an improved nanocomposite
microstructure composition comprising therapeutically active nanoparticles
dispersed in a carrier matrix, wherein said composition is mechanochemically
prepared using a solid-state chemical reaction. Preferably, the preparation is a

solid solution or solid dispersion suitable for delivery to an animal.

The present invention also resides in a method for preparing an improved
nanocomposite microstructure composition, said method comprising the step of:
contacting a precursor compound with a co-reactant under mechanochemical
synthesis conditions to generate a solid-state chemical reaction between the
precursor compound and the co-reactant to produce therapeutically active
nanoparticles dispersed in a carrier matrix. The carrier matrix produced by this
method will preferably be non-toxic or alternatively should be separable from the

therapeutically active nanoparticles.

The present invention also relates to the use of the compossition of the invention in
the manufacture of a medicament. Such a medicament may include the
composition alone or more preferably the composition may be combined with one
or more pharmaceutically acceptable carriers, as well as any desired excipients or
other like agents commonly used in the preparation of pharmaceutically

acceptable compositions.
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