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TASTE MASKED PHARMACEUTICAL COMPOSITION

FIELD OF THE INVENTION

The present invention relates to the manufacture of pharmaceutical compositions, especially to
the preparation of formulation intermediates of active ingredients to be incorporated into

pharmaceutical compositions.

BACKGROUND OF THE INVENTION

The manufacture of pharmaceutical compositions comprises several aspects, one of them being
the task of providing active ingredients in an appropriate form. Such active ingredients, esp.
those that are accompanied with an unpleasant taste are desired to be prepared in such a way
that the patient taking the pharmaceutical composition does not refrain from using it because of

the perception of such an unpleasant taste.

Such a taste masking is especially necessary in the field of veterinary medicine because
animals are mostly more sensitive to taste than humans are and can simply not be “persuaded”
to swallow the respective composition despite their unpleasant perception. In most cases
pharmaceutical compositions for animals comprise specific flavors, e.g. meat flavor for
predominantly carnivorous animals. Such flavors, however, simply add to the taste of the
medicine itself and serve to cover the taste percoption, but this is in many cases not sufficient if
the taste of the compound is still perceivable by the animal patient. On the contrary: bitter or
otherwise unpleasant compounds intended for oral application in veterinary medicine should be
hidden away especially from the animal’s perception. This is a severe restriction for the use of

pharmaceutical compositions in veterinary medicine.

On the other hand, the release of the active ingredient of a pharmaceutical composition to the
patient’s body needs to be optimized with respect to the envisaged activity of the compound.
This applies especially to oral compositions which are desired to dissolve e.g. in the stomach,

shortly after administration.

The problem of an adequate formulation of an active ingredient has to be solved for every
pharmaceutical composition. It occurs for all active compounds used for all sorts of medical
treatments. Especially oral dosage forms are confronted with the need of masking a taste when

the addition of flavoring agents alone is not sufficient to mask the unpleasant taste of the active
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compound.

In pharmaceutics while developing a solid dosage form, a taste is usually masked by applying a
film coat consisting of a taste neutral polymer onto a whole tablet. But this does regularly not
solve the problem discussed here, especially not for the treatment of predominantly carnivorous
animals for the following reasons: a film coated tablet is usually of neutral smell which is not
attractive for the animal and therefore not ingested voluntarily; and such animals, esp. cats have
the habit to break down their food by biting on it several times thereby destroying the masking
film and releasing the unpleasant tasting drug. For the same reasons such a film tablet cannot
be divided in parts to allow an optimization of the dosage pattern individually. In some cases, a
tablet is not even the appropriate dosage form, especially when there is a necessity for precise
dose adjustment which is easier by employing a liquid dosage form. Accordingly this problem
needs also to be solved with respect to overall liquid pharmaceutical formulations as well in
order to be able to provide a well-accepted and convenient dosage form with appropriate

performance that ensures patient compliance.

In summary, the invention aims at the improvement of the convenience of orally given

pharmaceutical compositions.

Metabolic disorders like diabetes can in principle be treated by the oral application of respective
pharmaceutical compositions, e.g. those that comprise DPP IV-inhibitors. Inhibitors of DPP |V
belonging to the structural class of xanthine derivatives are disclosed generically by

WO 02/068420 A1.

The compound 1-[(3-cyano-pyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-[3-(R)-amino-
piperidin-1-yl]-xanthine is described explicitly in WO 2005/085246 A1, example 1(52). Its mono-
and di-hydrochloride as well as polymorphs of the free base and the hydrochlorides are
described in WO 2007/014886 A1. These applications disclose methods for the chemical

synthesis of this compound along with its salts, hydrates and other forms.

Not previously published international patent application PCT/EP2011/054440 pertains to
pharmaceutical compositions comprising the compound 1-[(3-cyano-pyridin-2-yl)methyl]-3-
methyl-7-(2-butyn-1-ylI)-8-[3-(R)-amino-piperidin-1-yl]-xanthine in the form of the free base as
well as every other chemical form, including solvates, prodrug esters, sterecisomers, and salts
(especially the monohydrochloride) for the treatment of a metabolic disorder or metabolic
disease of a predominantly carnivorous non-human animal like dog (canine) or cat (feline). Such

disorders are selected from ketoacidosis, pre-diabetes, diabetes mellitus type 1 or type 2,
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insulin resistance, obesity, hyperglycemia, hyperinsulinemia, elevated blood levels of fatty acids,
hyperlipidemia and/or elevated blood levels of glycerol, Syndrome X (metabolic syndrome),
atherosclerosis, inflammation of the pancreas and/or inflammation of adipose tissue, preferably
ketoacidosis, pre-diabetes and/or diabetes mellitus type 1 or type 2, more preferred diabetes

mellitus type 2.

This application discloses an oral application of the active ingredient. However, it does not teach
a specific granulation or manufacturing technique for the active compound. An appropriate taste
masking of the compound is still desirable, especially because of the bitter taste of the

substance.

Other examples of active ingredients intended for an oral application are those for the treatment
of heart diseases. Heart diseases include for example coronary heart diseases,
cardiomyopathies, cardiovascular diseases, heart failure, hypertensive heart diseases or
valvular heart diseases. These different classes of heart diseases are treated with therapies or
combined therapies and hence with different classes of compounds. Therapies include
administering one or more of the following examples ACE inhibitors, beta-blockers, angiotensine
Il receptor antagonist, diuretics, Ca®*-sensitising agents, antiarrthythmic agents, cardioac

glycosides or bradycardic agents such as ir-channel blockers.

In this context, the European patent application EP 224794 A2 discloses a number of cyclic
amine derivatives falling under a general formula including their chemical synthesis, the
molecule 3-[(N-(2-(3,4-dimethoxy-phenyl)-ethyl)-piperidin-3-yl)-methyl]-7,8-dimethoxy-1,3,4,5-
tetrahydro-2H-3-benzazepin-2-on being one of them. They are described to exert a heart
frequence lowering activity in rat. Its enationamer with the chemical name (+)-3-[(N-(2-(3,4-
dimethoxy-phenyl)ethyl)-piperidin-3-(S)-yl)-methyl]-(7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-
benzazepin-2-on carries the international nonproprietary name (INN) cilobradine. The derived
hydrochloride can be named as cilobradine hydrochloride. Cilobradine and its hydrochloride are

highly water-soluble.

WO 01/78699 A2 discloses the use of structurally diverse bradycardiac substances such as a
calcium channel blockers, beta-receptor blockers and i-channel blockers, optionally in
combination with cardio-active substances for treating and even inducing the regression of
myocardial diseases associated with hypertrophy, in particular for treating ideopathic
hypertrophic cardiomyopathies (HCM) in humans and domestic animals. One of the mentioned
i-channel blockers is cilobradine. This application discloses to provide the active ingredient in

the form of a simple mixture with other ingredients assembled in a capsule, in the form of a
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granulate and in the form of dragees based on the same granulate coated with a mixture of
talcum and sugar. Solutions comprising the active ingredient dissolved in a liquid are also

disclosed. However, esp. cilobradine has got the disadvantage of a bitter taste.

Cilobradine is further disclosed to be useful for the treatment or prevention of heart failure, by
EP 1362590 A1. Whereas the examples of this publication disclose the application of the active
ingredient by injection, the total disclosure includes e.g. drinking solutions which are clearly
easier to handle by a patient. Another use of bradycardic substances like i-channel blockers
and especially cilobradine is disclosed by EP 1762179 A1: they can also be used for improving

diagnostic quality in echocardiography.

Further pharmaceutically active compounds which are advantageously applied orally and
confronted with the need and/or desire of masking their taste, are per se known to the skilled

person and described below in more detail.

To address the problem of taste-masking of active ingredient for the incorporation in
pharmaceutical compositions, specific techniques have evolved in the state of the art. These
are mostly coating techniques, based on the principle to coat i.e. to cover the active ingredient
by another substance in which the other substance serves as a physicochemical barrier against
the evaporation, dissolution or diffusion of the active ingredient. The coated particle then is used
as one component of the complete pharmaceutical composition. The barrier function of the
protective coating should last as long as the pharmaceutical composition is stored and/or the
ingredient could otherwise be perceived by the patient. However, it should dissolve or become
permeable as soon as necessary for the ingredient to become active. In fact multiphase
systems are provided while keeping the active ingredient in a separate phase from the

remainder of the composition.

Among these, it is a long established state of the art to prepare particles comprising the active
ingredient by granulation step followed by a coating step. This can be exemplified by

EP 292840 AZ2: according to its example | (page 95) the active ingredient is mixed with starch,
sugar, polyvinylpyrrolidon and magnesium stearate, which mixture is subsequently pressed and
processed into granules. These granules are then mixed with another component and pressed
to tablets. Such a tablet is finally described to be coated by a mixture of sugar and talc, thus

resulting in a so called dragee (example Il, page 96).

Especially addressing the dissolution aspect of such granules, EP 409254 A1 discloses

particles comprising a core and a film layer coating the core. The disclosed cores comprise the
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active substance and a water-swelling agent; and the film layer contains at least ethylcellulose
and a substance selected from ethylcellulose, HPMC (hydroxypropylmethylcellulose), MC
(methylcellulose), L-HPC (low substituted hydroxypropylcellulose) and PVP (polyvinyl
pyrrolidone). The authors describe that it was desired to reach a masking time of at least 20 s,
based on the taste perception by humans. The disclosed coatings in fact allowed a masking

time of 1 to at 57 s.

The state of the art also describes coatings comprised of two or more coating layers, especially
double layers. For example, the patent US 4874613 teaches to coat an inert inner core
containing the active substance, a first layer surrounding the core comprising a biologically inert
excipient or filler (clay like kaolin or water-soluble polymer), and a second layer surrounding the
first layer comprising a mixture of a cationic copolymeric acrylate resin and a basic compound
(like calcium carbonate, aluminium hydroxide or magnesium carbonate). Additionally, it teaches
that the active ingredient can be fixed to the core by a binder material like polyvinylpyrolidone,
methycellulose or pharmaceutically suitable gums and that the acrylate resin for the second
coating layer can be chosen from methacrylate and neutral methacrylic acid ester copolymers.
This patent exemplifies a mixture of kaolin clay and povidone (polyvinyl pyrrolidone) as first
layer and a mixture of calcium carbonate and Eudragit E-100 copolymeric methacrylate resin,
as a second layer. In both cases isopropanol and aceton are used as solvents for the
preparation of the respective coating layer and allowed to evaporate after the addition of the

respective material.

WO 03/075895 A1, for example, discloses taste masked veterinary solid compositions
consisting of a substrate in pellet or tablet form in which fine-grained particles of a neutral-
tasting, physiologically compatible, solid carrier material are embedded. These fine-grained
particles of carrier material have an average diameter of 0.09 to 0.8 mm and are coated with an
active substance, and said active substance layer is covered with a protective layer of a
physiologically compatible polymer matrix. Thus, the active ingredient is not present in the core
but in a first layer that is protected by a second layer. In such particles, the outer layer fulfills the
same task and exerts the same disadvantages as in the documents cited above where the
active substance is located in the core. The essence of this teaching only resides in the fact that
the production process is started with an inert core and that the active ingredient is applied to

that core by a coating step.

The mentioned same disadvantage consists in the effect that a highly soluble compound tends
to dissolve at least partially in the coating solution during the coating step, so that after drying

small amounts of the substance are then distributed also in the coating layer. In some cases
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this might not be critical. However, very unpleasant substances are then still perceivable by the

animal which further refrains from taking the preparation.

The technique of multiple layering can be used for the manufacture of particles with more than
one active ingredient. EP 2127643 A1 discloses granules, consisting of an inert core, coated
with the (first) active ingredient, further coated with a release-regulating polymer, finally coated
with a so called functional ingredient. Such functional ingredient can be for example an inhibitor
of the first active ingredient thus allowing a timely regulated activity profile of this compound.
However, especially the release-regulating polymer is not a polymer that completely inhibits the
release of the active compound but is used as a diffusion barrier leading only to time-delayed

release. Such particles are therefore no solution of the problem discussed here.

European patent application EP 551820 A1 addresses the same problem especially with
respect to overall liquid medical formulations. It teaches the preparation of particles comprising
the active ingredient by fluid bed granulation processes. In a second step such granules are
coated by a lacquer, which step is also called a microencapsulation process. A large number of
theoretically possible coating substances, esp. of polymers is disclosed. Exemplified substances
are combinations of Eudragit ® NE 30 D with HPMC, with MC and with triethyl citrate. However,
the essence of this development resides in the fact that the active ingredient is not used as it is,
esp. not as a water soluble salt but in its least water soluble form like the free acid or the free
base. Accordingly, this teaching does not extend to the respective salts or other water soluble

forms of the pharmaceutically active ingredient.

The problem of finding an appropriate taste-masking is also addressed by WO 2006/074185 A2.
It is solved by dissolving or dispersing a pH dependant polymer and a so called “non-plasticizing
active pharmaceutical ingredient” in a solvent which is granulated by itself (and thus forming an
active ingredient containing core) or used as material for forming layers over a solid support.
Both approaches are then optionally followed by applying a taste masking overcoating layer.
The essence of this development resides in the effect that the pH dependent polymer itself
serves as taste masking agent, meaning that the active compound and the protective agent are
not separated in two phases but form one phase. Due to the physicochemical interaction
between the compound and the polymer this one phase does not dissolve but keeps intact as
long as the taste perception might occur. The specification explains that useful active
pharmaceutical ingredients for this technique are characterized by the fact that they are
relatively non-tacky and generally will remain relatively non-tacky so as to render coated solid
supports workable when combined with the first taste masking material whether or not up to

about 25% by weight of a conventional anti-tack agent, such as talc or magnesium stearate is
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added. On the contrary, a “plasticizing” active pharmaceutical ingredient cannot meet this
requirement. Accordingly this teaching cannot be generally applied to all sorts of active

ingredients.

The granules (or pellets) provided by all of these technigues are usually not used per se as
pharmaceutical substances but represent formulation intermediates to be integrated into more
complex pharmaceutical compositions. Such a composition can be e.g. in solid form (for
example a tablet), or in liquid form (for example a suspension), which is another burden for the

stability and/or disintegration properties of the incorporated substance containing particles.

The scientific publication of Wagner et al. (2000), entitled “Development of disintegrating
multiple-unit tablets on a high-speed rotary tablet press”, in European Journal of Pharmaceutics
and Biopharmaceutics, volume 50, pages 285 to 291, describes the complex interplay between
the substance parameters like those of the used coating polymers, of the pellet size and pellet
properties, of the proportion of pellets in the mixture and of the type of filler-binders, on the one
hand, and of the machine parameters, such as production rate and type of feeder, on the other.
It discloses Avicel PH 101 to be the most suitable filler-binder for the overall tablet and Eudragit
FS 30 D as an advantageous coating for the granules with respect to coating elasticity and
thickness. Pellets coated with Eudragit FS 30 D are taught to withstand the stress of tableting.

However, they show disadvantages with respect to the disintegration process of the tablet.

A more specific aspect of taste masking is not sufficiently solved by the state of the art. This
aspect pertains to the taste masking of pharmaceutically active ingredients which are water-
soluble, especially highly water-soluble and at the same time comprise either at least one basic

group and/or a bitter taste.

Due to the basic group and/or the bitter taste such compounds have to be masked away from
the smell and/or taste perception of the patient. On the other hand the water soluble nature of
the compound regularly leads to the phenomenon that at least traces of the compound diffuse
within the particle and/or the coatings layers already during the coating process itself, i.e. before
the respective coating layer has dried, just because the compound is solved at least partially by
the solvent of the respective coating layer material during the coating process. Accordingly,
whereas the main portion of the compound might be hidden away by the established coating
techniques, traces of it might still be perceivable by the patient which is not acceptable for a
pharmaceutical composition for the treatment of animals which consequently refrain form taking
it.



10

15

20

25

30

35

WO 2013/024023 PCT/EP2012/065680
8

The most prominent examples of such still not sufficient coating techniques are dicussed in the

following.

US 2005/287211 A1 discloses particles comprising a core of microcristalline cellulose spheres
coated by the three layers of a substance layer, a middle layer and an outer coating layer.
Middle layers of the disclosed examples comprise povidone or hydroxypropylmethylcellulose
(HPMC) as sole polymers. The disclosed outer coating layers comprise e.g. a mixture of HPMC
and ethylcellulose or a poly(meth)acrylate. However, all exemplified middle layers additionally
comprise a strongly water soluble ionic compound, in most cases NaH,PO,4,Na,HPO,, Na,CO;
or citrate. This influences the physicochemical properties of the coatings not only during the
dissolution of the particle (as addressed by the respective publication) but already during the
process of the production of the particle which leads to results not acceptable for the need

described above.

WO 2009/011967 A1 discloses particles comprising a core of sucrose coated by the layers of a
substance layer (a non-steroidal anti-inflammatory drug), a first protective layer comprising
HPMC or a mixture of HPMC and polyethlenglycol (PEG), an optional enteric coating layer or
intermediate coating layer (a methacrylate/acrylate-polymer with triethylcitrate) and an optional
second protective layer comprising HPMC again (e.g. a mixture of HPMC and PEG). Also in this
case one of the coating layers comprises a strongly water soluble ionic compound. As explained
before, this assembly is not optimal with respect to the production of the particle. Further, the
definition of the enteric coating layer refers to the dissolution process under specific
physiological conditions which aspect is not primarily addressed by the invention discussed

here.

WO 2010/007515 A2 discloses particles comprising an active substance containing core,
protected by an inner layer (polymers which swell or dissolve in the Gl tract, e.g. a mixture of
HPMC and PEG), an intermediate layer with a specific physiological activity (a protease-inhibitor
and/or absorption enhancer, embedded in PEG as a binding polymer), an outer layer (polymers
which swell or dissolve in the Gl tract like the ones for the inner layer) and optionally a further
outer layer with a gastro-resistant polymer (methacyrl-copolymers or cellulose acetate-
phthalate). This particle is optimized with respect to the dissolution process especially by the
application of the protease-inhibitor and/or absorption enhancer and the selection of polymers
which resist the dissolution in the Gl tract (second outer coating) but others which do not resist
the dissolution in the Gl tract (inner layer). The aspect of influencing the dissolution process
and/or the activity of the drug substance by the addition of specifically acting proteins is not

addressed by the invention discussed here. Also the production of the particle disclosed in this
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application is not optimized with respect to the dissolution of the active ingredient during the

production process.

WO 2008/075372 A1 discloses particles comprising a core of a starch containing sugar sphere,
covered by a seal coat, then a substance layer (drug and HPMC) as a second coat and an outer
layer comprising a mixture of the material Surelease.RTM (ethylcellulose admixed with coconut
oil) mixed in a ratio of 6:1 (w/w) with HPMC. But these particles do not comprise a further
protective layer. It was also found disadvantageous to store the active substance in a middle
layer and not in the lowest possible layer. This affects the dissolution profile as well as the

production process.

Finally, the particles of WO 2008/027993 A2 are composed of an inert core, an amorphous
layer containing the drug (with a crystallization inhibiting polymer, also named solubility-
enhancing polymer, and a solubility enhancing organic acid), a protective seal-coating layer
(povidone) and finally a “lag-time coating” (TPR coating; water-insoluble polymer and an enteric
polymer). All examples disclose outer coatings with the plasticizers diethylphthalate or
triethylcitrate. So, this specific architecture aims at a sustained release following lag-time but is

not optimized with respect to the production of the particle.

Accordingly, there is still a need in the art to optimize the palatability of pharmaceutical
compositions, especially for use in veterinary medicine by masking the taste of a
pharmaceutically active compound which is water-soluble, especially highly water-soluble and at
the same time comprise either at least one basic group and/or a bitter taste. Such compositions
should at the same time allow the release of the ingredient in the patient’s body as soon as

necessary.

This need was especially persistent for the pharmaceutically active ingredients of DPP V-
inhibitors, i-channel blockers, phosphodiesterase Il inhibitors, cyclooxygenase 2 inhibitors, and

benzodiazepine receptor agonist.

Such a masking technique should allow acceptable formulation intermediates to be incorporated
into oral dosage forms for pharmaceutical compositions, especially in the field of veterinary

medicine in the case of an unpleasant taste of the active ingredient.

Such a masking technique should be applicable for substance containing particles that contain
the active ingredient in the inner core as well as for granules that provide the active ingredient in

the form of a coating layer over an inert or already sub-coated core, the layer(s) beneath and/or
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the core optionally comprising other active ingredients.

The desired masking technique should be especially useful for those pharmaceutically active
ingredients that are highly soluble in water and/or in other solvents that are used for coating

layers.

The desired masking technique should advantageously be applicable for solid and for non-solid,
especially for liquid formulations, at least with only minor variations. The dosage form should
also allow subdividing into peaces or volumetric dispensing in order to adapt the dose, without

destroying the taste masing of the pharmaceutically active ingredient.

The desired masking technique should advantageously be highly flexible with respect to the
amount of the pharmaceutically active ingredient to be incorporated into the pharmaceutical
composition.

The desired masking technique should advantageously be cost effective and easy to apply in a
standard apparatus.

SUMMARY OF THE INVENTION

This problem is solved by the invention of a taste masked multi-layered particle comprising a

pharmaceutically active ingredient, comprising:

a) an inert core,

b) one or more coating layer(s) comprising the pharmaceutically active ingredient and a
binder,

c) an intermediate coating layer (seal coating) free from a low molecular weight water-

soluble ionic compound, comprising a water-soluble pharmaceutical film-forming
compound, selected from
(i) hydroxypropyl methylcellulose (HPMC) and polyethylene glycol (PEG) or
(i) poly(1-vinylpyrrolidin-2-one) (PVP),
and
d) an outer coating layer (final or taste masking coating) free from a low molecular weight
water-soluble ionic compound, comprising
(i) a poly(meth)acrylate or
(i) a mixture comprising 60-90% (w/w) ethylcellulose (EC) and 10-40% (w/w)
hydroxypropyl methylcellulose (HPMC),
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wherein the pharmaceutically active ingredient is water-soluble and comprises either at least

one basic group and/or a bitter taste.

In other words: The solution of the above mentioned problems consists in well-assembled
coated drug loaded subunits (multi-layered particles or pellets). According to the invention they
can be produced starting from inert particles (or spherical carriers or pellets) that are coated
stepwise by specific layers. For this purpose they are first layered once or more than once with
a layer comprising a specific pharmaceutically active ingredient; the drug layer is then covered
by an intermediate coating layer (seal coating) and then by an outer coating layer (final or taste

masking coating).

A second aspect of the present invention provides methods for the production of such multi-

layered particles.

A further aspect of the present invention provides the use of certain compounds or mixtures of
compounds for the assembly of intermediate coating layers (seal coating) or of outer coating

layers (final or taste masking coating) of such multi-layered particles.

Further aspects of the present invention provide uses of the multi-layered particles according to
the invention as well as pharmaceutical uses and pharmaceutical compositions comprising

them.

These and other aspects of the present invention are described herein by reference to the
following figures and examples. The figures and examples serve for demonstrative purposes

and do not limit the scope of the claims.

As explained below in more detail and demonstrated by the examples of this application, the
multi-layered particles according to the invention are taste masked and at the same time they
show advantageous dissolution profiles. Especially the exemplified material basic butylated
methacrylate copolymer turned out to be an extremely good outer coating layer which is
insoluble in neutral pH environments (meal and mouth of the patient), but dissolves quickly at
acidic pH (stomach), thereby allowing the particle to disintegrate and to release the drug. They

further provide an acceptable mouth-feeling, i.e. no grittiness for the patient.

Accordingly, the multi-layered architecture of the particles of the invention allows the formulation
of palatable pharmaceutical compositions, especially for use in veterinary medicine, even with

pharmaceutically active ingredients that would otherwise be rejected by taste-sensitive patients.
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Thus the acceptance and compliance of respective pharmaceutical composition is ameliorated.

The features, esp. the mechanical stability of the multi-layered particles according to the
invention further allow versatile pharmaceutical compositions with the possibility for accurate

dose adjustment, in solid as well as in overall liquid or pasteous form.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1: Dissolution curves at pH 1 and pH 6.8 from multi-layered particle prototypes coated
with basic butylated methacrylate copolymer, produced according to example 1, at
different coating levels (aqueous process) (mean + SD, n=3)

A dissolution curves at pH 1

w

dissolution curves at pH 6.8

Figure 2: Dissolution curves at pH 1 and pH 6.8 from multi-layered particle prototypes coated
with basic butylated methacrylate copolymer, produced according to example 1, at
different coating levels (organic solvent process) (mean 1 SD, n=3)

A dissolution curves at pH 1

w

dissolution curves at pH 6.8

Figure 3: Dissolution curves at pH 1 and pH 6.8 of active ingredient from multi-layered particles

and from tablets produced according to example 1 (mean £ SD, n=3)

A dissolution curves of the particles with 200% poly(meth)acrylate aqueous coating at
pH 1 and pH 6.8
B dissolution curves of the derived tablets at pH 1 and pH 6.8

Figure 4: Dissolution curves at pH 1 and pH 6.8 from multi-layered particle prototypes coated

with EC / HPMC 70:30 , according to example 2 (mean, n=3)

DETAILED DESCRIPTION OF THE PRESENT INVENTION

The invention provides taste masked multi-layered particles as summarized above.

“Particles”, according to the invention, are overall solid pieces produced for example by the

processes described below; the word “Pellet” can be used synonymously for “particle”. They are
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regularly used as formulation intermediates esp. for pharmaceutical compositions, meaning that
they provide the pharmaceutically active ingredient in a form that can be incorporated in finally
composed pharmaceutical compositions. These can be overall solid preparations of material,
e.g. solid pharmaceutical compositions; alternatively, the particles according to the invention
can make up the solid phase of a suspension in an overall non-solid, e.g. pasteous or especially

liquid composition, esp. a pharmaceutical liquid composition.

The particles according to the invention are “multi-layered” which means that they are
characterized by a well-designed architecture in which inert particles (or spherical carriers or
pellets) are coated by one or more layers comprising a specific pharmaceutically active
ingredient, on top of this by an intermediate coating layer (seal coating) and then by an outer
coating layer (final or taste masking coating). Details of this architecture as well as materials

that can be used for it are explained below.

“Taste masked”, in the sense of the invention, means that molecules with an unpleasant taste
are hidden away from the patient’s perception, not only covered with another, more pleasant
taste or flavor. “Taste masked” according to the invention is to be understood as a functional
term, especially with respect to the natural taste perception of a human or an animal. The task
of masking the taste of a pharmaceutically active ingredient is regarded to be solved as soon as
a statistically significant number (more than 60%, preferably more than 70%, even more
preferred more than 80%, most preferred more than 90% or even more than 95%) of the
addressed patient population does not refrain from voluntary ingestion of a pharmaceutical
composition comprising the respective taste masked multi-layered particles in comparison to a
pharmaceutical composition comprising a less efficiently masked or non-masked preparation of
the same pharmaceutically active ingredient in an overall comparable pharmaceutical

composition.

The taste masked multi-layered particles according to the invention can be used for
pharmaceutical compositions for the medical treatment of humans as well as for the medical
treatment of animals. Such medical treatment means all kinds of treatments that can be exerted
by oral administration of a pharmaceutically active compound, including prophylaxis,

immunization and therapy.

The multi-layered particles according to the invention are especially suitable and intended for
use in veterinary medicine. This feature of the invention is not to be understood as a restriction
of the patient population to animals only. It is to be understood as a quality feature. Animals like

e.g. cats are characterized by an extremely good perception of taste in comparison to humans,
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and the examples provided with this application show that the preferred solutions do solve the
problem even with respect to cats as addressed patient population. Multi-layered particles are
especially covered by the invention, when the masking of the taste is so efficient that even taste
sensitive animals like cats or dogs as patient population specifically addressed by the derived,
fully formulated pharmaceutical composition (at the mentioned predefined percentage) do not

refrain from the voluntary ingestion of the derived, fully formulated pharmaceutical composition.

The use of multi-layered particles according to the invention for use in veterinary medicine is
preferred because the need for taste masking of pharmaceutically active ingredients is
especially persistent in this technical area. This is especially true in the context of the compound

groups described in more detail below that are specifically addressed by the invention.

“Pharmaceutically active ingredients”, in the sense of the invention, are per se all kinds of
chemical or biological substances useful for the prophylaxis, immunization or therapy of a
disease of an animal or a human patient. The pharmaceutically active ingredient is regularly
incorporated in its chemical form most appropriate for the medical treatment, e.g. as solvate,

salt or ester. Preferred examples of pharmaceutically active ingredients will be explained below.

Form a chemical point of view, the pharmaceutically active ingredients relevant for the invention

are “water-soluble and comprise either at least one basic group and/or a bitter taste”.

As explained above, the invention had to be made with respect to such compounds that have a
high tendency to (i) be perceived by the patients and (ii) to dissolve in the coating material
during the storage of the particles and/or the derived formulation and/or in the solution of the
coating material during the production of the particles. As exemplified, the coatings according to

the invention allow such a highly sophisticated taste masking.

Water-solubility is in most cases due to polar groups as part of the compound allowing water
molecules to assemble respectively and to build up a hydration shell. Most preferred are ionic
compounds which quantitatively dissolve in at least one anion and at least one cation during the

solvation in water.
Preferred are compounds with a bitter taste because especially this taste has to be masked and
can be masked by the teaching of the invention. For example several N-containing groups are

polar or even cationic and at the same time responsible for a bitter taste.

The essence of the invention resides in the unique architecture of the multi-layered particles,
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comprising an inert core and the coating layers described in the following.

The “inert core” according to the invention is a particle (or spherical carrier or pellet). It has
been found adavatageous to use particles with a diameter of about 50 to 300 um, preferably

with a small degree of variation. Preferred sub-ranges are defined below.

The material used for the inert core is chemically inert, in the sense that it does not react with
any of the other ingredients of the multi-layered particle according to the invention and
especially does not interfere with the intended pharmacological mechanism exerted by the
pharmaceutically active ingredient of the multi-layered particle. Examples for a material used for
the inert core are cellulose, esp. microcrystalline cellulose, starch, lactose, sugar, mannitol or

mixtures thereof.

The coating process as described below regularly starts with the material for the inert cores.
According to the invention it is intended that each single particle of this starting material serves
as a single core for each multi-layered particle according to the invention. The process is a
statistical process with Gauss’ distribution curves for the results of each step. This leads to
statistical results, meaning that each layer has got an average thickness. It is preferred that
multi-layered particles with more than only one single inert core particle be sieved off and in

doing so be excluded from incorporation into a pharmaceutical composition.

The methods for the coating process, i.e. for the subsequent addition of layers onto a smaller
particle are per se known to the person skilled in the art. Such are described for example in the
textbook “Developing Solid Oral Dosage Forms — Pharmaceutical Theory and Practice”, chapter
34, edited by Yihong Qiu, Yisheng Chen and Geoff G. Z. Zhang; Elsevier (2009).

Also the apparatus for granulation processes are known to the person skilled in the art, for
example “Developing Solid Oral Dosage Forms — Pharmaceutical Theory and Practice”, chapter
34, edited by Yihong Qiu, Yisheng Chen and Geoff G. Z. Zhang; Elsevier (2009).

The “one or more coating layer(s) comprising the pharmaceutically active ingredient and
a binder” which, according to the invention, is layered onto the core particle, contains the
pharmaceutically active ingredient, regularly in its chemical form appropriate for the medical
treatment. It further contains a binder and optionally other ingredients that as a mixture are

intended to form the respective coating layer.

Useful binder materials include but are not limited to tragacanth, gelatin, starch, cellulose
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materials such as methyl cellulose, microcrystalline cellulose and sodium carboxy methyl
cellulose, alginic acids and salts thereof, polyethylene glycol, PVP, guar gum, polysaccharide
acids, sugars, invert sugars and the like. Preferred are hydroxypropyl methylcellulose (HPMC)

and/or polyvinylpyrrolidone (PVP).

The material HPMC (also called Hypromellose; the name HPMC according to

DIN EN ISO 1043-1: 2002-06, E 464) is a mixed ether of cellulose with 2-hydroxypropyl and
methyl groups. Technically is is usually prepared by the reaction of cellulose with methylchloride
and propylene oxide. It can be purchased commercially, e.g. by the supplier Harke Pharma

under the trade name Pharmacoat®.

The material PVP (also called Poly(1-vinylpyrrolidin-2-one) or Polyvidon; the name PVP
according to DIN EN ISO 1043-1: 2002-06) is a vinylpolymer of the general structural formula:

and with molecular weights between 2,500 and 750,000 g/mol, which again depends on the
degree of polymerization. They are characterized by K values which are calculated from the
viscosity of 1% or 5% aqueous solution. PVPs are technically usually prepared by radical

polymerization of 1-vinylpyrrolidin-2-one.

Binders may be used in an amount of up to 60% (w/w). It has been found advantageous that the
drug layer on the pellets consists of up to 40% (w/w), preferably 5 to 20% (w/w) of binder. More
preferred ranges are defined below. In another preferred aspect according to the invention the

drug layer on the pellets consists of 1-30% (w/w) of the binder.

The coating material for this layer can advantageously be applied in the form of a liquid solution
or suspension of the binder material in water which is allowed to evaporate after the addition of

the material.

While using the fluid bed coating process, it is preferred to spray the liquid mixture onto the core
particles. It is preferred that the coating layer comprising the pharmaceutically active ingredient
and a binder is added up to a thickness of more than 20 ym, and increasingly prefered more
than 30, 40, 50, 60, 70, 80 and 100 um and mostly preferred between 50 and 100 um. Such
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variability allows to add the pharmaceutically active ingredient to an extent that is appropriate to
reach the desired concentration of active ingredient in the finally prepared pharmaceutical

composition.

This coating step can be repeated in order to allow the additon of a second coating layer(s)
comprising the pharmaceutically active ingredient. The material for this optional second layer
can be identical with the first one. However, variations of this composition in order to optimize
physicochemical parameters also lie well within the ambit of the invention. The second layer can
be added to the same or to a different thickness than the first layer. In doing so a double coating
layer comprising the pharmaceutically active ingredient of more than 200 pym in total is possible.
Example 1 of this specification shows the production of a particle comprising two layers each
comprising the pharmaceutically active ingredient and a binder with a thickness of about

140 um in total.

The “intermediate coating layer (seal coating) comprising a water-soluble pharmaceutical
film-forming compound” is to be understood as a complete coating layer around/on top of the
layer comprising the pharmaceutically active ingredient serving especially two purposes: (i)
mechanical stability for the particle as a whole and especially for the integrity of the layer
comprising the pharmaceutically active ingredient, and (ii) barrier against the dissolution of the
pharmaceutically active ingredient within the particle, especially during the production of the
particle as well as during the storage period of the complete multi-layered particles and the fully
formulated pharmaceutical composition. Besides the water-soluble pharmaceutical film-forming

compound, further ingredients can optionally be present in this coating layer.

According to the invention, this coating layer is layered onto the one or more coating layer(s)
comprising the pharmaceutically active ingredient and a binder. It has been found
adavantageous to apply this coating layer by way of suspension or solution in water or an

organic solvent, also mixtures of water and e.g. ethanol are possible.

Appropriate water-soluble film-forming compounds are those that qualify as pharmaceutically
acceptable chemical compounds. From a chemical perspective they can be described as
hydrophilic polymers or mixtures thereof. According to the invention, such a water-soluble
pharmaceutical film-forming compound is especially selected from (i) a mixture of hydroxypropyl
methylcellulose (HPMC) and polyethylene glycol (PEG) or (ii) poly(1-vinylpyrrolidin-2-one)
(PVP). According to another aspect of the invention the water-soluble pharmaceutical film-
forming compound is selected from for example HPMC, PVP, methyl cellulose, hydroxy ethyl

methyl cellulose, hydroxy ethyl cellulose or sodium carboxymethyl cellulose or mixture of one or
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more of these compounds.

The material hydroxypropyl methylcellulose (HPMC) has already been discussed above.

The material polyethylene glycol (PEG) makes up a large group of polyethers with the general

structural formula:

H-[-O-CH-CHa-],-OH

and with molecular weights between 200 and 5,000,000 g/mol, which depends on the degree of
polymerization. Technically they are usually prepared by anionic polymerization of oxiran
(ethyleneoxid) or polycondensation of 2-chloroethanol (ethylene chlorohydrin). Depending on
the chain length, they comprise a liquid to waxy overall appearance. They dissolve in water and
several organic solvents. According to the invention it is preferred to use a PEG with a
molecular weight between 4,000 and 8,000 preferably around 6,000 g/mol which are usually
called PEG 4000, PEG 8000 and PEG 6000 and the like, the name depending on the molecular
weight. Such PEG can be purchased commercially, e.g. by the supplier Dow Chemicals,

Schwalbach, Germany, under the trade name Carbowax Sentry®.

In a preferred mode of the invention the material for this coating layer additionally comprises talc
and/or magnesium stearate. In another aspect of the invention this coating additionally layer
comprises one or more of the following anti-tacking agents such as talc, magnesium stearate,

calcium docosanoate, stearic acid, calcium arachinate, hydrogenated castor oil, or triglycerides.

The mixture for this coating layer can advantageously be added to the respective particles in the
form of an agueous solution or suspension. Employing an aqueous process is especially

advantageous with respect to cost, work safety and environmental reasons.

The material poly(1-vinylpyrrolidin-2-one) (PVP) has already been presented above.

According to the invention it is preferred to add PVP and optionally talc in the form of a solution

in an organic solvent like ethanol and/or aceton.

The thickness of the seal coating layer (c) can vary with respect to the specific particle.
Preferably, it lies between 5 and 40% (w/w) of the drug layered particles, more preferred

between 10 and 30% (w/w) even more preferred between 15 and 25% (w/w).
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The ideal thickness in each case can be developed experimentally by a person skilled in the art,
with respect to the following considerations: The seal coating serves as protective coating to
mechanically stabilize the complete particle and the pharmaceutically active ingredient
containing layer for the following coating steps and to prevent migration of the drug active
ingredient into the outer layer when the final coating is applied or even during storage (see
above). The seal coating is deemed to be thick enough when no (or only traces of) the
compound can be detected on the outer surface of the particles. An appropriate detection
method is Energy Dispersive X-ray analysis (EDS). The final decision, however, is based on the
statistical analysis of the derived, fully formulated pharmaceutical composition with the

envisaged taste sensitive patient population, as explained above.

The “outer coating layer (final or taste masking coating) comprising (i) a
poly(meth)acrylate or (ii) a mixture comprising 60-90% (w/w) ethylcellulose (EC) and 10-
40% (wl/w) HPMC” is a complete coating layer around/on top of the intermediate coating layer
(seal coating). Without wishing to be bound by this theory, it is believed that especially this
coating is responsible for the taste masking properties of the multi-layered particles according to
the invention, esp. by inhibiting the diffusion of the pharmaceutically active ingredient to the
surface of the particle, neither during production nor during the storage of the particles and/or
the derived pharmaceutical compositions. It further serves the purpose of mechanical

stabilisation of the particle as a whole and especially for the integrity of the layers underneath.

The material poly(meth)acrylate appropriate for the invention is a polymer derived from the

polymerisation of esters of acrylic and methacrylic acid.

The state of the art discloses a broad range of chemical derivatives of such a polymer, derived
by the addition of certain side chains (R) to the backbone, i.e. by the polymerization with
different methacrylic acid esters, e.g. with neutral ester groups (-COOCH; or -COOC,Hy),
anionic groups (-COOH), cationic groups (-COOCH,CH,;N(CHjs),) and neutral ionic groups (-
COOCH,CH,N"(CH3)sCI").

The use of poly(meth)acrylates with neutral or cationic groups is preferred.

This material can be purchased in different physical forms like aqueous dispersion, organic
solution, granules or powders. With respect to the mode of application is is preferred to use a
powder or a solution that fits to the solvent to be used for the respective coating process,

respectively.

Further physico-chemical properties of this material can be found in the literature, e.g. in the
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Eudragit ® Application Guidelines, Evonik R6hm GmbH, Business Line Pharma Polymers,

Darmstadt, Germany, which company is also one commercial supplier of this material.

The representatives of this material which are useful for the invention, are characterized by their
specific solubility profile that depends on the pH value of the surrounding medium and is
preferably insoluble in neutral pH environments but soluble at acidic pH values. Such useful

representatives are for example:

- A cationic copolymer based on dimethylaminoethyl methacrylate, butyl methacrylate,
and methyl methacrylate with a ratio of 2:1:1, preferably with a molecular weight
between 40,000 and 50,000, more preferred about 47,000 g/mol (or basic butylated
methacrylate copolymer, as disclosed in European Pharmacopoeia or the INCI name
dimethylaminoethyl methacrylate copolymer, or the IUPAC name poly(butyl methacylate-
co-(2-dimethyl-aminoethyl) methacrylate-co-methyl methacrylate) 1:2:1); commercially
available e.g. under the trade name Eudragit ® E, or Eudragit ® E PO in its powder form,
from Evonik R6hm GmbH, Business Line Pharma Polymers, Darmstadt, Germany.

- A copolymer of ethyl acrylate, methyl methacrylate and a low content of a methacrylic
acid ester with quaternary ammonium groups (trimethylammonioethyl methacrylate
chloride) with a ratio of approx. 1:2:0.1, preferably with a molecular weight between
30,000 and 40,000, more preferred about 32,000 g/mol (or Ammonio Methacrylate
Copolymer, Type B, as disclosed in European Pharmacopoeia); commercially available
e.g. under the trade name Eudragit ® RS, or Eudragit ® RS PO in its powder form, from
Evonik R6hm GmbH.

- A copolymer of ethyl acrylate, methyl methacrylate and a low content of a methacrylic
acid ester with quaternary ammonium groups (trimethylammonioethyl methacrylate
chloride) with a ratio of approx. 1:2:0.2, preferably with a molecular weight between
30,000 and 40,000, more preferred about 32,000 g/mol (or Ammonio Methacrylate
Copolymer, Type A, as disclosed in European Pharmacopoeia); commercially available
e.g. under the trade name Eudragit ® RL, or Eudragit ® RL PO in its powder form, from
Evonik R6hm GmbH.

- A neutral copolymer based on ethyl acrylate and methyl methacrylate, ratio approx. 2:1,
preferably with a molecular weight of at least 500,000, more preferred between 700,000
and 800,000, most preferred about 750,000 g/mol (or Polyacrylate Dispersion 30 Per
Cent, as disclosed in European Pharmacopoeia); commercially available e.g. under the

trade name Eudragit ® NE in 30% dispersion from Evonik R6hm GmbH.
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In one mode of the invention the poly(meth)acrylate component is blended with magnesium
stearate which is especially useful when an organic solvent process is used for the application
of this coating onto the respective particles. Without wishing to be bound by this theory, it can
be assumed that these two compounds in this combination fulfill these functions:
poly(meth)acrylate acts as functional coating, allowing especially a pH dependent disintegration
of the particle (stable in neutral pH, disintegrating in acidic pH); magnesium stearate functions
as anti-tacking agent. Talc and/or colloidal silica can optionally be added to counteract
electrostatic charging. In another aspect of the invention other anti-tacking agents are for
example talc, magnesium stearate, calcium docosanoate, stearic acid, calcium arachinate,

hydrogenated castor oil, or triglycerides.

In an alternative approach the poly(meth)acrylate coating can be applied by an aqueous
process. In this case it is preferred to form a total mixture comprising sodium lauryl sulfate (as
wetting and dispersing agent), stearic acid (as salt former and further for forming a colloidal
solution with poly(meth)acrylate) and/or magnesium stearate (as anti-tacking agent). Alternative
anti-tacking agents are for example talc and/or silica. Again, the given functions of these
additional components is based on the best knowledge up to date but cannot be binding with
respect to the disclosure of the invention. Talc and/or colloidal silica can optionally further be

added to counteract electrostatic charging.

Alternatively, a mixture comprising 60-90% (w/w) ethylcellulose (EC) and 10-40% (w/w) HPMC

can be used as material for the outer coating layer.

The material ethylcellulose (EC; the name according to DIN EN ISO 1043-1: 2002-06) is the
ether of cellulose with ethyl groups. Technically it is usually prepared by the reaction of
alkalicellulose with ethylchloride, which can lead to types of EC differing with respect to the
degree of substitution. Ethylcelluloses with substitution degrees between about 1.1 and 1.4 are
soluble in water; those with higher degrees of substitution are soluble in organic solvents.
Commercially available EC types with substitution degrees between about 2.2 and 2.6 are
thermoplastic with a softening point between around 150 and 160°C. Commercially available
EC types are offered with different molecular weights which further influence the physico-

chemical properties of the material like their viscosity.

According to the invention it is preferred to use EC with a substitution degree between 2.2 and
2.6 and/or with a degree of polymerization resulting in a viscosity of 41-49 mPae«s (measured as
5% solution in 80% toluene and 20% ethanol). Such EC can be purchased commercially, e.g.

by the supplier Dow Chemical under the trade name Ethocel ® Std. 45.
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The material HPMC has already been presented above.

According to the invention, the ratio of HPMC and EC can be varied in the given frame in order
to achieve the desired release profile, esp. with respect to the following considerations. Without
wishing to be bound by this theory it is assumed that in a blend of EC and HPMC according to
the invention, the HPMC dissolves firstly after ingestion by the patient and thus leaves pores in
the EC film. Then water can penetrate through the pores into the core of the pellets and thereby
allow the pharmaceutically active ingredient to be released with a lag time, i.e. the time the
HPMC needs to be washed out of the film. The EC/HPMC film composition and the coating
thickness (see below) can be optimized in a way to generate a lag time that is considered long

enough to allow the dosage form to be ingested without the drug being released.

For both alternatives, the poly(meth)acrylate and the EC/HPMC films, the coating thickness and
the way the coating is applied to the pellets can be varied / optimized in order to achieve the
desired drug release profile or make the process feasible, i.e. agueous vs. organic solvent
spraying process. Such variations lie well within the reach of a person skilled in the art.

Preferred values are disclosed in more detail below.

Moreover, the final coating layer may advantageously comprise further substances. For
example magnesium stearate is used to counteract electrostatic charging during processing.
Another example is siliciumdioxide to reduce electrostatic charging of the product. Further
examples are talc, magnesium stearate, calcium docosanoate, stearic acid, calcium arachinate,

hydrogenated castor oil, or triglycerides.

Both, the intermediate coating layer (seal coating) (¢) and the outer coating layer (final or taste
masking coating) (d) are further characterized by the feature “free from a low molecular

weight water-soluble ionic compound”.

Without wishing to be bound by this therory, this feature has been found to be one important
reason for the efficiency of the taste-masking of the particle as well as of the derived
pharmaceutical compositions and thus the usefulness of the invention. Whereas the state of the
art teaches that compounds like NaH,PO,, Na,HPO,, Na,COj; or citrates, especially the salts of
strong acids with strong bases, are useful as dissolution aids of the particles and thus helpful for
the application of the pharmaceutical ingredient to the patient’s body. However, in the context of

the taste-masking of a pharmaceutically active ingredient which is water-soluble and comprises
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either at least one basic group and/or a bitter taste, it was found to be advantageous to avoid

such compounds.

However, less ionic compounds like talc, stearic acid, sodium lauryl sulfate or magnesium
staerate, especially oxides or the salts of weak acids used e.g. as lubricants, coloring agents
and/or anti-tacking agents and the like are found to be not so critical for the taste-masking effect

and are thus allowed as optional ingredients. This aspect will be explained in more detail below.

The selection of such aditional compounds in the layers (c) and (d) is thus limited by their ability
to dissolve in water. They are uncritical and therefore not water-soluble ionic compounds in the
sense of the application as long as 1g of such a compound is completely dissolved by not less
than 100ml water, at a temperature of 25°C and 1013.25 hPa atmospheric pressure.
Increasingly preferred they possess solubility values of at least 250, 500, 750, 1000, 2000,
3000, 4000, 5000, 6000, 7000, 8000, 9000, 10000, 15000 and more than 20000 ml water for

the total dissolution of 1 g of the respective substance under the same conditions.

Compounds with low molecular weight, according to the invention, are defined as those with a
molecular weight below 750 Da, increasingly prefered below 700, 600, 500, 400, 300, 200 and
150 Da.

The different coating materials are preferably applied to the respective particles in the form of a
liquid solution or suspension in an appropriate solvent. This solvent can be selected from

(purified) water or organic solvents.

One preferred mode of the invention is a taste masked multi-layered particle according to the
invention described above, wherein the pharmaceutically active ingredient is selected from one
or more of the following compound groups:

a) a DPP IV inhibitor,

B) an ir-channel blocker,

Y) a phosphodiesterase Il inhibitor,

0) a cyclooxygenase 2 inhibitor and/or
£) a benzodiazepine receptor agonist.

These compound groups are a priori not defined by their chemical classes, but they are defined
by their high specificity for one or (theoretically) more than one of these five specific targets,
which specificity is high enough to allow a medical therapy based on the interaction of these

compounds with their specifically bount targets. The binding characteristics of the compounds to
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their specific targets reside in interactions of the compounds with the three dimensional
structure of the addressed region of the target protein, mainly based on ionic interactions,
hydrogen bonds, Van-der-Waals bonds and/or hydrophilic/lhydrophobic interactions in general.
Accordingly, all compounds within one of these groups are to be seen as a group with similar
stereochemistry and a similar architecture of hydrophilic/hydrophobic, ionic etc. groups placed

on the scaffold of the compound.

This correlates with the fact that the invention has proven to be especially useful for
pharmaceutically active ingredients that tend to dissolve and/or to diffuse in water or any other
solvent, especially in a solvent that is used for the addition of coating materials onto respective

particles.

Among these substances, the invention is useful for those with an unpleasant, e.g. bitter taste.
Such a taste is regularly due to specific ionic groups on the respectice compound, which in the

other hand are necessary for the specific interaction with the target to exert the medical effect.

“DPP IV inhibitors” according to the invention are those chemical compounds that interact with
and inhibit the enzyme dipeptidyl peptidase |V (DPP V). It is believed that the inhibition of

DPP |V decreases the GLP-1 proteolysis and thus prolongs the half-life of endogenous full-
length (active) GLP-1 and in doing so leads to increased plasma levels of glucagon like peptide
1 (GLP-1). As a consequence, GLP-1 induces the secretion of insulin from pancreatic B-cells in
a glucose dependent manner. A reduction of glucagon levels as well as an enhancement of
long-term pancreatic $-cell function in vivo are potentially additional beneficial features of GLP-1
elevation. Especially the enhancement of long-term pancreatic B-cell function can be
characterized as a disease modifying effect; GLP-1 agonism preserves (3-cell mass by
increased proliferation and decreased apoptosis which effects can be characterized as a 3-cell
regeneration effect. Further effects of GLP-1 elevation according to the invention include

slowing of gastric motility and induction of satiety.

In conclusion, DPP IV inhibitors can be used for the therapy of metabolic disorders or metabolic
diseases like ketoacidosis, pre-diabetes, diabetes mellitus type 1 or type 2, insulin resistance,
obesity, hyperglycemia, hyperinsulinemia, elevated blood levels of fatty acids, hyperlipidemia
and/or elevated blood levels of glycerol, Syndrome X (metabolic syndrome), atherosclerosis,
inflammation of the pancreas and/or inflammation of adipose tissue, especially the treatment of

diabetes mellitus type 1 or type 2, even more preferred diabetes mellitus type 2.

Useful compounds are disclosed in WO 2005/085246 A1, especially in the derived Patent
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EP 1758905 B1.

The experimental part of the application comprises one example of a compound for the
treatment of a metabolic disease, esp. of diabetes type 2 by a bitter tasting DPP IV inhibitor
from the xanthine class, i.e. by 1-[(3-cyano-pyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-[3-
(R)-amino-piperidin-1-yl]-xanthine monohydrochloride, which is especially preferred in this

context.

Such multi-layered particles can be used for the treatment of metabolic disorders, esp. of

diabetes type 2, e.g. by incorporation into a respective medical formulation.

“‘i-=channel blockers” according to the invention are those chemical compounds that interact
with and inhibit the i-channel. They are believed to be useful for treating and even inducing the
regression of myocardial diseases associated with hypertrophy, in particular for treating

ideopathic hypertrophic cardiomyopathies (HCM) in humans and domestic animals.

Useful compounds are disclosed by EP 065229 B1, especially zatebradine (see below), and

US 3708485, espacially alinidine (see below).

Very useful and peferred compounds are disclosed in EP 224794 B1, among which there is the
preferred i-channel blocker is (+)-3-[(N-(2-(3,4-dimethoxy-phenylethyl)-piperidin-3-(S)-yl)-
methyl]-(7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-on which is also useful for the
treatment or prevention of heart failure. It has been given the international nonproprietary name

(INN) cilobradine. The hydrocloride form is called cilobradine hydrochloride.

The experimental part of the application comprises one example for the taste masking of a
compound for the treatment of heart disease from this compound group; this is one
representative of the chemical class of cyclic amine derivatives, i.e. of bitter tasting cilobradine
(or of the respective hydrochloride form). Especially in this taste masked form it can be used for
human and for animal therapy, e.g. by incorporation into a respective medical formulation for

the treatment of heart diseases.

‘Phosphodiesterase lll inhibitors” according to the invention are those chemical compounds
that interact with and inhibit the enzyme phosphodiesterase Il (PDE 3). Without wishing to be
bound by this theory, the inhibition of PDE 3 is thought to cause peripheral vasodilation which
results in decreased pressure, translating into smaller cardiac preload and afterload and thus

decreases the failing heart's workload.
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Useful compounds are disclosed by WO 2005/084647 A1 and especially the derived patent
EP 008391 BA1.

One prominent example of such compounds is (RS)-6-[2-(4-methoxyphenyl)-1H-benzimidazol-
5-yl]-5-methyl-4,5-dihydropyridazin-3(2H)-one, also known under the INN pimobendan and
described e.g. in EP 008391 B1 and WO 2005/084647 A1. Pimobendan is known and usable as
cardiotonic, hypotensive and anti-thrombotic compound and also functions as a positive
inotrope which sensitizes and increases the binding efficiency of cardiac myofibril to the calcium
ions that are already present without increasing the consumption of oxygen and energy.
According to the invention this activity is also ascribed to the molecules named

phosphodiesterase lll inhibitors.

Especially in a taste masked form according to the invention, phosphodiesterase Il inhibitors,
especially pimobendan can be used for human and for animal therapy, e.g. by incorporation into
a respective medical formulation for the treatment of the dieseases mentioned above, especially

heart diseases, especially of congestive heart failure.

“Cyclooxygenase 2 inhibitors” according to the invention are those chemical compounds that
interact with and inhibit the enzyme cyclooxygenase 2 (COX-2), especially those that inhibit
COX-2 selectively over COX-1. Cyclooxygenase is the enzyme responsible for converting
arachidonic acid into prostaglandin H2, which is the first step in the synthesis of prostaglandins,
which are mediators of inflammation. Without wishing to be bound by this theory, it is believed
that this specific inhibition leads to an anti-inflammatory effect, accompanied with analgesic and

fever reducer effects.

Useful compounds are disclosed by EP 002482 B1. One prominent example of these
compounds is 4-hydroxy-2-methyl-N-(5-methyl-2-thiazolyl)-2H-1,2-benzothiazine-3-
carboxamide-1,1-dioxide, also known under the INN meloxicam, which is non-steoridal chemical

compound.

Especially in a taste masked form according to the invention, cyclooxygenase 2 inhibitors,
especially meloxicam can be used for human and for animal therapy, e.g. by incorporation into
a respective medical formulation for the treatment of inflammatory diseases, including
inflammation associated with osteoarthritis, or (other) rheumatic diseases, as an analgetic

and/or as fever reducer.
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“‘Benzodiazepine receptor agonists” according to the invention are those chemical
compounds that interact with and bind to the benzodiazepine receptor, especially without
subtype selectivity. Without wishing to bound by this theory it is believed, that especially low
affinity partial agonists of the benzodiazepine receptor without subtype selectivity are effective
for the treatment of epilepsy, especially of idiopathic epilepsy and/or of behaviour abnormalities,

especially anxiety.

Several appropriate compounds are disclosed in WO 97/09314 A1 and WO 2005/004867 A2,
for example the compound 1-(4-chlorophenyl)-4-piperidinoimidazolin-2-one. A preferred
compound useful for this purpose is 1-(4-chlorophenyl)-4-(4-morpholinyl)-2,5-dihydro-1H-
imidazol-2-one, disclosed in WO 2004/032938 A1, which has been given the INN imepitoin.

Especially in a taste masked form according to the invention, benzodiazepine receptor agonists,
especially imepitoin can be used for human and for animal therapy, e.g. by incorporation into a
respective medical formulation for the treatment of central nervous system disorders, esp.

epilepsy, idiopathic epilepsy and/or anxiety.

The pharmaceutically active ingredient is regularly incorporated in its chemical form most
appropriate for the medical treatment, e.g. as solvate, salt or ester. Especially the salt forms,
and among the these the forms of the respective hydrochlorides are mostly preferred for the
exemplifed molecules of 1-[(3-cyano-pyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1-y1)-8-[3-(R)-
amino-piperidin-1-yl]-xanthine, and the monohydrochloride respectively (representative of

DPP IV inhibitors) and (+)-3-[(N-(2-(3,4-dimethoxy-phenyl)ethyl)-piperidin-3-(S)-yl)-methyl]-(7,8-
dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-on and/or the respective hydrochloride

(representative of i-channel blockers).

One preferred mode of the invention is a taste masked multi-layered particle according to the
invention described above, further comprising one or more additional layers between the inert

core and/or between one of the coating layers (b) to (d) and/or on top of coating layer (d).

Such additional layers can be coating layers in the sense of this application, i.e. making up a
complete coat or closed film around the particles underneath, or just a layer of additional

material between or on top of the other coating layers.

For example one of the coating layers disclosed herein can be applied more than once and thus
make up a subject of this aspect of the invention. Further, e.g. protective layers might be

concluded from the state of the art.
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In an alternative, a material is added that does not form a closed film but still exerts positive
effects. These materials can for example be anti-tacking agents that ameliorate the further
processing of the respective particulate material. Such anti-tacking agents are per se known for
the skilled person. They can for example further consist of pigments, and/or flavors which
advantageously be added on top of the outer coating layer (final or taste masking coating). Also

such materials are per se known for the skilled person.

One preferred mode of the invention is a taste masked multi-layered particle according to the
invention, wherein the material for the inert core is cellulose, preferably microcrystalline

cellulose.

As explained above, the chemically inert material used for the inert core can be selected from
different materials. A preferred material is cellulose, especially microcrystalline cellulose.
Especially this material has turned out to be useful, with respect to the further processing of the
material, but also with respect to the physical properties of the finally formulated multi-layered
particles. Especially microcrystalline cellulose gives the finally formulated multi-layered particles
such a degree of flexibility that they can be incorporated in e.g. tablet formulations without

destroying them during the compressing step of the tableting process.

Particles of microcrystalline cellulose can be purchased e.g. under the trade name Cellets ®

100 from the company Syntapharm (Harke Group), Milheim, Germany.

In another preferred aspect the inert core particles of the are preferably selected from a
pharmaceutically acceptable material which upon contact with water shows a minimal or
negligible swelling. Preferable materials are selected from lactose, carbohydrates, sugar
alcohols, such as mannitol, sorbitol, maltitol, glucose, non-pareil-seeds, calcium phosphate,
cellulose, preferably microcrystalline cellulose (MCC), and starch, and mixtures thereof, more
preferably lactose, most preferably agglomerated a-lactose-monohydrate [Ph.Eur./USP-NF/JP]

with a particle size dso of ca. 180 ym.

Lactose such as agglomerated lactose, with the characteristics described above, is also suitable
for use in the core because of its particle size, non-hygroscopicity, and the fact that it at least
partly undergoes plastic deformation upon compression so that the core will not break into

pieces in the tablet press.

One preferred mode of the invention is a taste masked multi-layered particle according to the
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invention, wherein the binder for coating layer (b) comprising the pharmaceutically active
ingredient is selected from HPMC and PVP or a mixture thereof and optionally additional
ingredients, preferably the HPMC Hypromellose, USP Substitution Type 2910 (apparent
viscosity 4.8 - 7.2 mPas) and/or PVP K30 and optionally additional ingredients.

Such materials have already been described above. A preferred material for this coating layer
(HPMC Hypromellose, USP Substitution Type 2910; apparent viscosity 4.8 - 7.2 mPas) is
commercially available under the trade name Pharmacoat ® 606, sold by Harke Pharma GmbH,

Milheim, Germany.

Alternatively preferred is the material PVP K30 with a molecular weight between 44 and
54 kg/mol. Such PVP can be purchased commercially, e.g. by the supplier BASF,

Ludwigshafen, Germany, under the trade name Kollidon ® 30.

One preferred mode of the invention is a taste masked multi-layered particle according to the
invention, wherein coating layer (b) comprises 80 to 95% (w/w), preferably 82.5 to 90% (w/w),
more preferred 84.5 to 87.5% (w/w) of the pharmaceutically active ingredient, and 5 to 20%
(w/w), preferably 10 to 17.5% (w/w), more preferred 12.5 to 15.5% (w/w) of the binder.

Especially this ratio has turned out to be advantageous for the physical characteristics of the
material during its application, on the one hand, and the stability and flexibility of the finally
coated particle during storage and/or tableting. Variations within these frames are accessible for

a person skilled in the art.

One other not less preferred mode of the invention is a taste masked multi-layered particle
according to the invention, wherein coating layer (b) comprises 60 to 70% (w/w) of the
pharmaceutically active ingredient, 25 to 35% (w/w) of HPMC as binder and 0.5-3% (w/w)

magnesium stearate.

Especially in this context magnesium stearate is an advantageous lubricant with a positive
influence especially on the coating process. This is documented by the examples. An
appropriate magnesium stearate is for example Parteck ® LUB MST, sold by the commercial

provider Merck KGaA, Darmstadt, Germany.

One preferred mode of the invention is a taste masked multi-layered particle according to the
invention, wherein the intermediate coating layer (seal coating) (¢) additionally comprises talc,

preferably 10 to 30% (w/w) talc, more preferred 15 to 25% (w/w)% talc, most preferred 21-23%
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(w/w) talc.

In another preferred aspect of the invention the said intermediate coating layer (seal coating) (c)

additionally comprises preferably 5 to 30% (w/w) talc.

This is applicable to both alternatives of the seal coating that are comprised by the invention.

One preferred mode of the invention is a taste masked multi-layered particle according to the
invention, wherein the material for the intermediate coating layer (seal coating) (c), (i), HPMC
and PEG, is selected from the HPMC Hypromellose, USP Substitution Type 2910 (apparent
viscosity 2.4 — 3.6 mPas) and/or PEG 6000.

Especially this material has turned out to be useful for the process itself as well as for the
mechanical stability and flexibility of the derived particles. A represetative for such a HPMC is
commercially available under the trade name Pharmacoat ® 603, sold by Harke Pharma GmbH,

Mulheim, Germany. The material PEG has aready been explained above.

One preferred mode of the invention is a taste masked multi-layered particle according to the
invention, wherein the material for the intermediate coating layer (seal coating) (c), (i) comprises
65 to 75% (w/w) HPMC, 7.5 to 12.5% (w/w) PEG 6000 and 19 to 23% (w/w) talc.

Especially this mixture has proven to be useful as documented by example 1.

In another preferred aspect of the invention the said intermediate coating layer (seal coating) (c)
preferably 60 to 90% (w/w) HPMC, 1 to 1-15% (w/w) PEG 6000 and 9 to 25% (w/w) talc.

One preferred mode of the invention is a taste masked multi-layered particle according to the
invention wherein the material for the intermediate coating layer (seal coating) (c), (ii) PVP, is
selected from PVP K 30.

Both of these materials have been presented above. Especially this mixture has proven to be

useful as documented by example 2.

One preferred mode of the invention is a taste masked multi-layered particle according to the
invention, wherein the material for the intermediate coating layer (seal coating) (c), (ii),
comprises 70-80% (w/w) PVP and 20-25% (w/w) talc.
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Especially this mixture has proven to be useful as documented by example 2.

In another preferred aspect said intermediate coating layer (seal coating) (c), (ii), comprises 70-
95% (w/w) PVP and 5-30% (w/w) talc.

One preferred mode of the invention is a taste masked multi-layered particle according to the
invention, wherein the material for the outer coating layer (final or taste masking coating) (d) (i),

poly(meth)acrylate, is a basic butylated methacrylate copolymer.

As explained above, several representatives of the polymer class of poly(meth)acrylates can be
used as integral part of the outer coating layer of multi-layered particles according to the
invention. However, especially the basic butylated methacrylate copolymer has proven to exert
the intended solubility profile, i.e. a high stability around a neutral pH value and the tendency to
solve at an acidic pH. This is documented by example 1, especially by the measurements that
are documented by figures 1 to 3, i.e. for the fully formulated multi-layered particles as well as

for a fully composed tablet comprising such particles.

As said above, this polymer can be characterized as a cationic copolymer based on
dimethylaminoethyl methacrylate, butyl methacrylate, and methyl methacrylate with a ratio of
2:1:1, preferably with a molecular weight between 40,000 and 50,000, more preferred about
47,000 g/mol. It is preferably used in its powder form for the suspension to be applied in building

up the coating layer.

Such a material is commercially available, e.g. under the trade name Eudragit ® E, or Eudragit
® E PO in its powder form, from Evonik R6hm GmbH, Business Line Pharma Polymers,

Darmstadt, Germany.

In line with the explanations above and as exemplied especially by example 1 of this

specification, the following modes of this aspect of the invention are preferred because of the

advantageous properties of the derived particles with respect to stability, flexibility, usefulness

during the coating process and last but not least the solubility profile in combination with the

effective taste masking: Taste masked multi-layered particles according to the invention,

wherein the material for the outer coating layer (final or taste masking coating) (d) (i)

- comprises 50-80% (w/w) poly(meth)acrylate, 0-8% (w/w) sodium lauryl sulfate, 0-35%
(w/w) stearic acid and/or 0-35% (w/w) magnesium stearate;

- comprises poly(meth)acrylate and stearic acid in a weight ratio of 80:20 to 60:40, more
preferred 75:25 to 65:35, most preferred 70:30; and/or
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- makes up a coating level of at least 50% (w/w) (based on the weight of the particles
beneath this coating), preferably 100 to 300% (w/w), more preferred 150 to 250% (w/w),
even more preferred 180 to 220% (w/w), most preferred 190 to 210% (w/w).

Especially the advantageous role of the thickness of this final coating layer, based on

poly(meth)acrylate, is documented by example 1.

One preferred mode of the invention is a taste masked multi-layered particle according to the
invention wherein the material for the outer coating layer (final or taste masking coating) (d) (ii),
is selected from EC with a viscosity range of 41-49 mPas (measured as 5% solution in a mixture
of 80% toluene and 20% ethanol and an ethoxyl content of 48.0 - 49.5%) and/or HPMC with a
methoxyl content of 28-30%, a hydroxypropyl content of 7-12% and a viscosity range of 4-6

mPas (measured as 2% solution in water).

The usefulness of this alternative taste masking coating with these selected materials has been

proven by example 2 of this specification.

An appropriate EC (ethylcellulose) for is for example the product Ethocel ® 45 cps STD
Premium, sold by the commercial provider Dow Chemicals, Schwalbach, Germany. An
appropriate magnesium stearate for this taste masking coating is for example Parteck ® LUB

MST, sold by the commercial provider Merck KGaA, Darmstadt, Germany.

One preferred mode of the invention is a taste masked multi-layered particle according to the
invention wherein the material for the outer coating layer (final or taste masking coating) (d) (ii),
comprises 50-75% (w/w) EC, 15-40% (w/w) HPMC and 0-25% (w/w) magnesium stearate,
preferably 50-60% (w/w) EC, 20-25% (w/w) HPMC and 17.5-22.5% (w/w) magnesium stearate.

Examples for such coatings are given in following table 1, along with preferred suspensions for
the application of such material, i.e. by spraying onto the respective not covered particles (so
called “SC pellets” according to example 1) employing a fluid bed based process. Alternative
experimental settings are equally preferred. Each compound is further explained to exert special
physicochemical functions; these are assumptions up to the best knowledge at the time being

but not intended to limit the scope of the protection.

Table 1: Composition of EC/HPMC/magnesium stearate film coat (aqueous and organic solvent

process), as alternative taste and/or odor masking coating
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Solvent process Component | Function of Amount of
respective respective
component component
[% (wiw)]
1| aqueous EC functional coating ca.b52.2
(EC/HPMC HPMC pore former ca. 34.8
60:40) Magnesium anti-tacking agent, ca. 13
stearate reduction of
electrostatic
charging
2| aqueous EC functional coating ca. 69.6
(EC/HPMC HPMC pore former ca.17.4
80:20) Magnesium | anti-tacking agent, ca. 13
stearate reduction of
electrostatic
charging
3| organic EC functional coating ca.b52.2
(EC/HPMC HPMC pore former ca. 34.8
60:40) Magnesium anti-tacking agent, ca. 13
stearate reduction of
electrostatic
charging
4| organic EC functional coating ca. 69.6
(EC/HPMC HPMC pore former ca.17.4
80:20) Magnesium anti-tacking agent, ca. 13
stearate reduction of
electrostatic
charging

A preferred mode of this aspect of the invention is made up by taste masked multi-layered

particles according to this aspect, wherein the material for the outer coating layer (final or taste

masking coating) (d) (ii) makes up a coating level of at least 25% (w/w) (based on the weight of

the particles beneath this coating), preferably 25 to 100% (w/w), more preferred 50 to 90%

(w/w), even more preferred 70 to 80% (w/w), most preferred 72.5 to 77.5% (w/w).
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Representatives with these values are described in example 2.

One preferred mode of this aspect of the invention is a taste masked multi-layered particle
according to the invention, wherein the outer coating layer (final or taste masking coating) (d) of
the particle is characterized

in mode (i) (poly(meth)acrylate) by a thickness of 50 to 150 um, preferably 60 to 140 pm, more
preferred 70 to 130 pym, even more preferred 75 to 125 um, most preferred 77 to 119 um, or

in mode (ii) (mixture comprising EC and HPMC) by a thickness of 10 to 150 ym, preferably 12 to
120 ym, more preferred 15 to 100 ym, most preferred 20 to 50 um. All of these values are to be

understood with a variance of £ 10 ym.

As described in examle 1 for outer coatings of mode (i) (poly(meth)acrylate) such an outer
couting is obtainable by a final coating step using an aqueous coating solution and a coating
level of 200% with a varinace of £ 10 ym. Such particles show an advantageous taste-masking
effect accompanied with an advantageous dissolution profile and are therefore preferred
embodments. Variations of the process, esp. the use of an organic solvent and/or different
coating levels can be applied by a person skilled in the art in order to reach the other named
values of thickness of the respective outer coating layers (final or taste masking coating) (d) (i)

and (i), respectively. Such particles are equally preferred.

As said above, multi-layered particles according to the invention can comprise additional layers
that can be coating layers in the sense of this application, i.e. making up a complete coat or
closed film around the particles underneath, or just a complete or incomplete layer of additional

material between or on top of the other coating layers.

One preferred mode of this aspect of the invention pertains to taste masked multi-layered
particles according to the invention, wherein the one or more additional layers between the inert
core and/or between one of the coating layers (b) to (d) and/or on top of coating layer (d)
comprise(s) colloidal siliciumdioxide (silica), preferably 0.1-5% (w/w) (based on the weight of the

final particles), more preferred 0.2-2.5% (w/w), most preferred 0.2-1% (w/w).

As exemplified by example 2, it has been found adavantageous to add such material on top of
the particles during the production process after drying of one coat and before the addition of

the next coat, especially as anti-tacking agent.

One preferred mode of this aspect of the invention pertains to taste masked multi-layered

particles according to the invention, wherein wherein an additional coating layer(s) is a final
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outer-coating on top of coating layer (final or taste masking coating) (d) and the material for this
additional coating layer(s) is selected from HPMC with a methoxyl content of 28-30%, a
hydroxypropylcontent of 7-12% and a viscosity range of 4-6 mPas (measured as 2% solution in

water).

This has been found very advantageous for multi-layered particles that are intended for the
incorporation into overall liquid formulations, esp. oily liquid pharmaceutical compositions. The
additional layer serves two purposes: (i) a mechanical protection against the other particles in
the suspension and (ii) an additional protection against water that might tend to diffuse through

the oily suspension into the particles.

One preferred mode of the invention is a taste masked multi-layered particle according to the
invention wherein one or more of the layer material(s) comprise(s) additional substances,
preferably filler substances, binders, wetting agents, glidants, lubricants, dispersing agents,
coloring agents and/or anti-tacking agents, selected from one or more of: mannitol, starch, talc,
titaniumdioxide, sodium lauryl sulfate, sodium dodecylsulfate, stearic acid, magnesium stearate,

silica and medium chain triglycerides.

In addition, preferred taste masked multi-layered particles according to the invention are those,
wherein one or more of the layer material(s), preferably for one of the seal coating and/or final
coating comprise(s) additional substances selected from flavoring agents, pigments and
substances for the reduction of electrostatic charging, more preferred meat flavor, pigments

and/or siliciumdioxide.

For example, it has been found adavantageous to choose an anti-tacking agent, preferably
magnesium stearate, e.g. magnesium stearate ParTeck® LUB MST, commercially available,
e.g. by the supplier Merck KGaA, Darmstadt, Germany, as an additional ingredient for coating
layer (b). The optionally incorporated anti-tacking material can advantageously be added in the
form of a suspension in a solvent, e.g. suspended in the solution/suspension used for the
adding of the respective coating layer during the respective coating step. Alternatively it can be
added in the form of a powder onto the dried particles after the respective layer is built up and
dried.

In another/additional preferred mode of the invention the material for the intermediate coating

layer (seal coating) (c) additionally comprises talc and/or magnesium stearate.

For the outer coating layer it has been found advantageous when the applied
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poly(meth)acrylate component is blended with magnesium stearate as anti-tacking agent, which
combination is especially useful when an organic solvent process is used for the application of
this coating onto the respective particles. Talc and/or colloidal silica (siliciumdioxide) can

optionally be added to counteract electrostatic charging.

In the alternative approach when the poly(meth)acrylate coating is applied by an aqueous
process, it is preferred to form a total mixture comprising sodium lauryl sulfate (as wetting and
dispersing agent), stearic acid (as salt former and further for forming a colloidal solution with
poly(meth)acrylate) and/or magnesium stearate (as anti-tacking agent). Alternative anti-tacking
agents are for example talc and/or silica. Talc and/or colloidal silica can optionally further be

added to counteract electrostatic charging.

Coloring agents may include but are not limited to titanium dioxide, and dyes suitable for food
and natural coloring agents such as grape skin extract, beet red powder, beta-carotene, annato,
carmine, turmeric, paprika, etc. The amount of coloring agent used may range from about 0.05

to about 3.5%(w/w) of the total dosage form.

However, as discussed above, the feature “free from a low molecular weight water-soluble ionic
compound” is limiting. The selection of such compounds is limited by their ability to dissolve in

water, as explained above.

Further, not less preferred embodiments of the invention pertain to taste masked multi-layered

particles according to the invention, wherein:

- the inert core is characterized by a diameter of 50 to 300 uym, preferably 75 to 250 pm,
more preferred 100 to 200 um;

- wherein the final coated particle is characterized by an overall diameter of 80 to 800 um,
preferably 90 to 600 um, more preferred 100 to 400 pym; and/or

- wherein the pharmaceutically active ingredient in its incorporated chemical form makes
up 1 to 50% (w/w) of the final multi-layered particle, preferably 2 to 25% (w/w), more
preferred 3 to 22.5% (w/w) and most preferred 5 to 20% (w/w).

One preferred mode of the invention is a taste masked multi-layered particle according to the
invention wherein the pharmaceutically active ingredient (a) (a DPP IV inhibitor) is selected
from1-[(3-cyano-pyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yI)-8-[3-(R)-amino-piperidin-1-yl]-
xanthine or any appropriate form and/or salt thereof, preferably 1-[(3-cyano-pyridin-2-yl)methyl]-

3-methyl-7-(2-butyn-1-yI)-8-[3-(R)-amino-piperidin-1-yl]-xanthine monohydrochloride.
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Especially this compound has been found to be an appropriate compound for the treatment of
metabolic diseases via the addressed target DPP IV. On the other hand it is water-soluble,
especially in its salt form, and is characterized by a bitter taste that tends to be rejected
especially by animal patients. Accordingly, there was a need to taste maske especially this
compound. As documented by example 1, the invention disclosed here allows an effective taste

masking of this compound so that it can be applied for a wide range of patients now.

One preferred mode of the invention is a taste masked multi-layered particle according to the
invention comprising 1-[(3-cyano-pyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl1)-8-[3-(R)-amino-

piperidin-1-yl]-xanthine monohydrochloride as pharmaceutically active ingredient, comprising:

a) an inert core comprising microcrystalline cellulose,

b) two coating layer(s) each of them comprising 60 to 90% (w/w) of the pharmaceutically
active ingredient and 10 to 40% (w/w) of HPMC as binder,

c) an intermediate coating layer (seal coating) comprising 65 to 75% (w/w) HPMC, 7.5 to
12.5% (w/w) PEG 6000 and 19 to 23% (w/w) talc and

d) an outer coating layer (final or taste masking coating) comprising 50-80% (w/w) basic

butylated methacrylate copolymer, 5-8% (w/w) sodium lauryl sulfate, 8-35% (w/w) stearic
acid and 18-26% (w/w) magnesium stearate,
wherein the material for the outer coating layer (d) (final or taste masking coating) makes up a
coating level of 190 to 210% (w/w).

Such a multi-layered particle as well as a method for its production are demonstrated by

example 1. The process described there is summarized in the flow chart of table 2.

As can be seen in table 2, the layering of the pharmaceutically active ingredient can be divided
into two steps. Regardless of the identity of the compound, this is generally preferred when a
high drug load has to be achieved. This might especially be due to technical reasons, i.e. to
technical parameters of the fluid bed apparatus, as each employed fluid bed process equipment
has a certain minimum/maxium loading capacity. Each process therefore can only be operated
until a certain point before the maximum loading capacity is reached. For example in case of 1-
[(3-cyano-pyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-[3-(R)-amino-piperidin-1-yl]-xanthine
monohydrochloride the maximum loading capacity is reached when the mass of the material
has increased to approx. 300% based on the amount that was originally employed, i.e. has

reached 3 times the weight of the starting material.

It might also be possible and with no significant effect for the product quality to split each

processed material into two or more sub-batches that are further processed separately. For
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example the pellets produced in the first coating step (so called IR1 pellets, according to
example 1) can be split into sub-batches which are again layered with drug until a several-fold
(in this case three-fold) mass incerase is reached. The two or more sub-batches are then mixed
and further processed together, or again split into sub-batches, depending on the scale of

equipment that is selected for the next coating steps.

As further demonstrated by example 1, it is possible to apply the seal coating by way of an
agueous process. Despite the risk that the drug migrates into the outer layers of the seal
coating during the process, the finally resulting multi-layered particles turned out to be useful for

the treatment of cats which did not refrain from ingesting the derived pharmaceutical form.

Example 1 discloses a multi-layered particle comprising 1-[(3-cyano-pyridin-2-yl)methyl]-3-
methyl-7-(2-butyn-1-ylI)-8-[3-(R)-amino-piperidin-1-yl]-xanthine monohydrochloride with a taste
masking coating based on basic butylated methacrylate copolymer, comprising 62.5% (w/w)
basic butylated methacrylate copolymer (Eudragit ® E PO), 6.2% (w/w) sodium lauryl sulfate,
9.3% (w/w) stearic acid and 21.9% (w/w) magnesium stearate, added in aqueous solution, to a
total amount of around 200% solid deposit (percentage based on the amount of “SC pellets”

starting material).

It was surprising to find that even with this highly water soluble active substance, all drug
layering and polymer coating steps could be performed using aqueous as well as organic
solvent coating processes without the bitter active ingredient migrating up to a critical extent into
the outer polymer layers. This was proven by SEM coupled with x-ray/EDS (Energy Dispersive

X-ray analysis).

The total composition of final taste masked multi-layered particles according to the invention
comprising 1-[(3-cyano-pyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-[3-(R)-amino-piperidin-1-
yl]-xanthine monohydrochloride as active ingredient, produced by the outlined steps 1 to 4 of
example 1, is given in table 5. It represents a preferred aspect of the invention. Certain
functions that can most probably be ascribed to the respective components have also been

listed there; however, this does in no way limit the scope of the invention.

The data of example 1 reveal that multi-layered particles coated with basic butylated
methacrylate copolymer exhibit an increasingly delayed release at pH 6.8, depending on the
coating thickness, and an immediate release at pH 1. Accordingly, they are able to mask
effectively the taste of a pharmaceutically active ingredient in the oral cavity (pH 6.8) while

facilitating immediate drug release in the stomach (pH 1).
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Especially particles coated with basic butylated methacrylate copolymer at a coating level of
about 200% and/or a thickness of 77 to 119 um of the outer coating layer (d) show the desired

drug release profile, irrespective of the solvent used in the coating process.

A preferred mode of this aspect is a taste masked multi-layered particle as described before,
wherein the pharmaceutically active ingredient in its incorporated chemical form makes up 5 to
25% (w/w) of the final multi-layered particle (calculated as free base), preferably 10 to 23%

(w/w), more preferred 18 to 22% (w/w), most preferred 20 to 21% (w/w).

Such values have turned out to be useful with respect to the potency of the compound, on the
one hand, and the need to design pharmaceutical compositions with favorable concentrations of

the active ingredient.

One preferred mode of the invention is a taste masked multi-layered particle according to the
invention wherein the pharmaceutically active ingredient (8) (an i-channel blocker) is selected
from zatebradine (1-(7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-on-3-yl)-3-[N-methyl-
N-[(2-(3,4-dimethoxyphenyl)ethyllamino]-propane), 3-[(N-(2-(3,4-dimethoxy-phenyl)-
ethyl)piperidin-3-yl)-methyl]-(7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-on, its
enantiomer cilobradine ((+)-3-[(N-(2-(3,4-dimethoxy-phenyl)ethyl)-piperidin-3-(S)-yl)-methyl]-
(7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-on) or alinidine (2-(N-allyl-2,6-dichloro-
anilino)-2-imidazoline), mostly preferred cilobradine hydrochloride ((+)-3-[(N-(2-(3,4-dimethoxy-
phenyl)ethyl)-piperidin-3-(S)-yl)-methyl]-(7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-
on hydrochloride).

These compounds, especially cilobradine and cilobradine hydrochloride have been found to be
appropriate compounds for the treatment of heart diseases, especially for the treatment of heart
failure, via the addressed target, the irchannel. On the other hand it is water-soluble, especially
in its salt form, and has got a bitter taste that tends to be rejected especially by animal patients.
Accordingly, there was a need to taste maske especially this compound. As documented by
example 2, the invention disclosed here allows an effective taste masking of this compound,
accompanied by a useful dissolution profile in the patient’s mouth or intestine, so that it can be

applied for a wide range of patients now.

One preferred mode of the invention is a taste masked multi-layered particle according to the
invention comprising cilobradine hydrochloride as pharmaceutically active ingredient

comprising:
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a) an inert core comprising microcrystalline cellulose,
b) one coating layer comprising 60 to 70% (w/w) of the pharmaceutically active ingredient,

25 to 35% (w/w) of HPMC as binder and 0.5-3% (w/w) magnesium stearate,

c) an intermediate coating layer (seal coating) comprising 70-80% (w/w) PVP K 30, 20-25%
(w/w) talc and 0.5-5% (w/w) siliciumdioxide and

d) an outer coating layer (final or taste masking coating) comprising a mixture comprising
50-60% (w/w) EC, 20-25% (w/w) HPMC, 17.5-22.5% (w/w) magnesium stearate and 0.5-
3% (w/w) siliciumdioxide,

wherein the material for the outer coating layer (d) (final or taste masking coating) makes up a

coating level of 72.5 to 77.5% (w/w).

Such a multi-layered particle as well as a method for its production are demonstrated by

example 2. The process described there is summarized in the flow chart of table 10.

Like described before, the coating may generally be applied by an agueous or an organic
solvent spraying process, which can be optimized experimentally. In the case of this compound
it was found to be preferable to add the coating layer comprising the pharmaceutically active
ingredient by ways of an aqueous solution and the next two layers by ways of an organic
solution, the solvent for the intermediate coating step being a mixture of 94.4% (v/v) acetone
and 5.6% (v/v) ethanol, the solvent for the final coating step composed of a 1:1 mixture (v/v) of

methanol and dichloromethane, due to the high solubility of the drug in water.

The thickness of the outer coating layer (final or taste masking coating) may be varied between
e.g. 50-300% solid deposit (percentage based on the initial amount of the respective SC pellets
as defined in the cited example), in order to achieve the desired dissolution behaviour. In this
example, it was found to be sufficient to apply the final coating to a thickness of about 75%

based on the initial amount of SC pellets (result of step 2) employed in the process.

According to the dissolution data collected in example 2, the dissolution from EC/HPMC coated
pellets is delayed, therefore providing efficient taste and/or odor masking of the bitter active
ingredient cilobradine hydrochloride. This could be verified by acceptance tests with laboratory

cats.

Usually, EC/HPMC films show a sustained release behaviour more or less independent of pH.
In this case, however, the product surprisingly showed a slower release at pH 6.8 which is
favourable with regards to the invention, i.e. providing efficient taste masking in the oral cavity

and a faster release in the acidic stomach. Without wishing to be bound by this theory, this may
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be explained by the lipophilicity profile of the specific pharmaceutically active ingredient, which
is slightly more lipophilic at neutral pH values than at acidic pH values. This, together with the
coating applied, is expected to result in a slower release at neutral pH values, sufficient to use
the respective multi-layered particles for the application of this drug for the treatment of patients,

esp. of animals like cats.

A preferred mode of this aspect is a taste masked multi-layered particle as described before,
wherein the pharmaceutically active ingredient in its incorporated chemical form makes up 2 to
10% (w/w) of the final multi-layered particle (calculated as hydrochloride), preferably, 3 to 7,5%

(w/w), more preferred 4 to 6% (w/w), most preferred 5.25 to 5.75% (w/w).

Such values have turned out to be useful with respect to the potency of the pharmaceutically
active ingredient, on the one hand, and the need to design pharmaceutical compositions with

favorable concentrations of the active ingredient.

One preferred mode of the invention is a taste masked multi-layered particle according to the
invention wherein the pharmaceutically active ingredient (y) (a phosphodiesterase Il inhibitor) is
pimobendan ((RS)-6-[2-(4-methoxyphenyl)-1H-benzimidazol-5-yl]-5-methyl-4,5-
dihydropyridazin-3(2H)-one).

In line with the explanations above, this compound is useful for the treatment of heart diseases
via the addressed target phosphodiesterase Ill. On the other hand it was desired to be taste
masked. According to the underlying invention it is now possible to use this compound

especially for oral medications, especially of taste sensitive animals like cats or dogs.

One preferred mode of the invention is a taste masked multi-layered particle according to the
invention wherein the pharmaceutically active ingredient (d) (a cyclooxygenase 2 inhibitor) is
meloxicam (4-hydroxy-2-methyl-N-(5-methyl-2-thiazolyl)-2H-1,2-benzothiazine-3-carboxamide-
1,1-dioxide).

In line with the explanations above, this compound is especially useful for the treatment of
inflammatory diseases via the addressed target cyclooxygenase 2. On the other hand it was
desired to be taste masked. According to the underlying invention it is now possible to use this

compound especially for oral medications, especially of taste sensitive animals like cats or dogs.

One preferred mode of the invention is a taste masked multi-layered particle according to the

invention wherein the pharmaceutically active ingredient (¢) (a benzodiazepine receptor agonist)



10

15

20

25

30

35

WO 2013/024023 PCT/EP2012/065680
42

is selected from 1-(4-chlorophenyl)-4-piperidinoimidazolin-2-one and imepitoin (1-(4-

chlorophenyl)-4-(4-morpholinyl)-2,5-dihydro-1H-imidazol-2-one), preferably imepitoin.

In line with the explanations above, compounds of this group are useful for the treatment of
central nervous system disorders, like epilepsy, especially idiopathic epilepsy, and behavioural
abnormalities, esp. anxiety, of human and of animal patients via the addressed benzodiazepine
receptor. On the other hand it was desired to be taste masked. According to the underlying
invention it is now possible to use this compound especially for oral medications, especially of

taste sensitive animals like dogs.

One aspect of the present invention resides in methods for the production of multi-layered
particles according to the invention, in which the coating layers are assembled stepwise, starting

from the material for the inert core, the single coating steps separated by drying steps.

As explained above, methods for the granulation process, i.e. for the subsequent addition of
layers onto a smaller particle are per se known to the person skilled in the art. The claimed
process starts with the core material, and the respective layer materials are added subsequently
beginning with the innermost layer material. Each coating material is preferably added in liquid
form, i.e. as a solution or suspension in a fluid carrier like water or other suitable solvents like
ethanol or acetone or mixtures thereof, which liquid is allowed to dry subsequent to its
application and before the next layer is added. The addition in powder form is also possible and

especially appropriate for the final outermost layer or for additional intermediate layers.

With respect to the application of the intermediate coating layer (seal coating) (¢) and of the
outer coating layer (final or taste masking coating) (d), especially of the outer coating layer, it
has been found that the intended coating materials are preferably applied to the respective
particles in the form of a liquid solution or suspension in an appropriate solvent. This solvent
can be selected from (purified) water or organic solvents like acetone, methanol, ethanol or
dichloromethane or mixtures thereof. While the use of water is cost-efficient, the use of organic
solvents may have the advantage of a faster drying step, thus shortening the time for the active
ingredient to diffuse into the respective layer. Further, the choice of an organic solvent is
especially preferred for pharmaceutically active ingredients with a high dissolution rate in water.
The organic solvent then further hinders the diffusion of the active substance into outer layers
during the layering step. Thus, by using organic solvents, it is possible to minimize migration of
the active substance and thereby to ensure a very effective taste and/or odor masking. In
addition, the layers that are produced with an organic solvent may be more tight than those

produced with water and have an overall more even appearance. These however subtle
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differences may be exploited if the particles need to be optimized with respect to their

dissolution behaviour vs. barrier function.

This effect is exemplified by the two examples of this application: the choice of both, water and
organic liquids as a solvent, for the outermost layer of multi-layered particles comprising 1-[(3-
cyano-pyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-[3-(R)-amino-piperidin-1-yl]-xanthine
monohydrochloride as active ingredient are possible, with respect to the effect that an animal

will not taste the respective active ingredient.

For the preparation of multi-layered particles comprising the drug cilobradine hydrochloride is
has been found to be the best solution to apply the two outermost layers (i.e. the seal coating

and the final coating) by use of organic solvents.

A person skilled in the art is able to analyze this effect and to modify the solvent, which might
include the choice of an appropriate solvent mixture. For example the technique of Energy
Dispersive X-ray analysis (EDS) can be used for analyzing to which extent the pharmaceutically
active ingredient might still be present in the respective outer coating layer. This can be applied
to the finally composed particles as well as for monitoring the production process by analyzing

samples taken during the process.

A preferred method takes place in a fluid bed, preferably a Wurster fluid bed coating process

(Wurster process).

Such a fluid bed is formed usually in a holding vessel when the solid particulate material is
placed under appropriate conditions to cause the mixture to behave as a fluid. This is usually
achieved by the introduction of pressurized fluid or gas like air through the particulate medium.
This results in the medium then having many properties and characteristics of normal fluids,
such as the ability to free-flow under gravity, or to be pumped using fluid type technologies.
According to the invention the fluid bed can be used to spray the coating suspensions ionto the

particulate material in order to achieve an overall tight coating layer around each particle.

Such a process is per se known to a person skilled in the art an can be applied with the aims

and limitations given herein.

One preferred mode of the invention is such a method according to the invention, wherein the
material for the outer coating layer (d) (i) (final or taste masking coating) is added to an amount

of at least 50% (w/w) (based on the weight of the particles to be coated in this step), preferably
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100 to 300% (w/w), more preferred 150 to 250% (w/w), even more preferred 180 to 220% (w/w),
most preferred 190 to 210% (w/w).

As documented by example 1, this mode is especially advantageous for the addition of an
coating layer (d) (i) (final or taste masking coating) that comprises poly(meth)acrylate or a
comparable material, preferably basic butylated methacrylate copolymer, as explained above. It
allows a good stability of the produced multi-layered particles, combined with a good dissolution

profile.

One preferred mode of the invention is such a method according to the invention, wherein the
material for the outer coating layer (d) (ii) (final or taste masking coating) is added to an amount
of at least 25% (w/w) (based on the weight of the particles beneath this coating), preferably 25
to 100% (w/w), more preferred 50 to 90% (w/w), even more preferred 70 to 80% (w/w), most
preferred 72.5 to 77.5% (w/w).

As documented by example 2, this mode is especially advantageous for the addition of an
coating layer (d) (i) (final or taste masking coating) that comprises a mixture comprising 60-90%
(w/w) ethylcellulose (EC) and 10-40% (w/w) HPMC, and respectively preferred embodiments

thereof, as explained above.

As can be seen from the examples and the description above, it is one major achievement of
the invention to provide coating materials that can be used for specific coating layers of particles
comprising specific pharmaceutically active ingredients in order to exert an effective taste
masking, accompanied with advantageous dissolution profiles and mechanical characteristics.
Such advantageous coating materials and/or specific mixtures thereof have been developed for
intermediate coating layers (seal coating) of such multi-layered particles as well as for outer

coating layers (final or taste masking coating) of such multi-layered particles.

Accordingly, one aspect of the invention pertains to the use of

(i) a mixture comprising hydroxypropyl methylcellulose (HPMC) and polyethylene glycol
(PEG) or

(i) poly(1-vinylpyrrolidin-2-one) (PVP),

for the assembly of an intermediate coating layer (seal coating) (c) free from a low molecular

weight water-soluble ionic compound of a multi-layered particle according to the invention.

Multi-layered particles comprising such materials for intermediate coating layers (seal coating)

are exemplified by the examples and prove to be taste-masked, especially in combination with
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outer coating layers (final or taste masking coating) according to the invention.

One preferred use according to this aspect is a use wherein the material for the intermediate
coating layer (seal coating) (c) (i) comprises 65 to 75% (w/w) HPMC, 7.5 to 12.5% (w/w)
PEG 6000 and 19 to 23% (w/w) talc.

An alternative, not less preferred use according to this aspect is a use wherein the material for
the intermediate coating layer (seal coating) (ii) comprises 70-80% (w/w) PVP and 20-25%

(w/w) talc.

The advantages of such uses are presented in the examples and can be understood in the light
of the description above. Thes are especially persistent in combination with the uses of further

appropriate material for the outer coating layer according to the invention.

One equally preferred aspect of the invention pertains to the use of

(i) poly(meth)acrylate or

(i) a mixture comprising 60-90% (w/w) EC and 10-40% (w/w) hydroxypropyl methylcellulose
(HPMC),

for the assembly of an outer coating layer (final or taste masking coating) (d) free from a low

molecular weight water-soluble ionic compound of a multi-layered particle according to the

invention.

Multi-layered particles comprising such materials for outer coating layers (final or taste masking
coating) are exemplified by the examples and prove to be taste-masked, especially in

combination with intermediate coating layers (seal coating) according to the invention.

One preferred use according to this aspect is a use wherein the material for the outer coating
layer (final or taste masking coating) comprises additional substances selected from flavoring

agents, pigments and substances for the reduction of electrostatic charging.

For these allow the production of multi-layered particles according to the invention with the

respective advantages of these materials that have already been explained above.

One preferred use according to this aspect is a use wherein the material for the outer coating
layer (d) (i) (final or taste masking coating with poly(meth)acrylate) is added to an amount of at
least 50% (w/w) (based on the weight of the particles to be coated in this step), preferably 100
to 300% (w/w), more preferred 150 to 250% (w/w), even more preferred 180 to 220% (w/w),
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most preferred 190 to 210% (w/w).

As explained above and documented by example 1, this mode allows a good stability of the

produced multi-layered particles, combined with a good dissolution profile.

One not less preferred use according to this aspect is a use wherein the material for the outer
coating layer (d) (ii) (final or taste masking coating with a mixture comprising 60-90% (w/w) EC
and 10-40% (w/w) HPMC) is added to an amount of at least 25% (w/w) (based on the weight of
the particles beneath this coating), preferably 25 to 100% (w/w), more preferred 50 to 90%

(w/w), even more preferred 70 to 80% (w/w), most preferred 72.5 to 77.5% (w/w).

As explained above and documented by example 2, this mode allows a good stability of the

produced multi-layered particles, combined with a good dissolution profile.

One aspect of the present invention provides the use of multi-layered particles according to the

invention, for the treatment of

a) a metabolic disease, via DPP |V as target,

B) a heart disease, via the ir-channel as target,

Y) a heart disease, via phosphodiesterase |l as target,

0) an inflammatory disease via cyclooxygenase 2 as target and/or

£) a disease of the central nervous system via the benzodiazepine receptor as target.

Particles including respective pharmaceutically active ingredients comprised by them, are
disclosed above. According to this aspect of the invention they can be used per se via oral
application, i.e. without further excipients for the treatment of patients. For example they can be
added to the food. Such a use has been made accessible by the invention of the multi-layered
particles according to the invention because they are physically very stable, generally so stable

that they stay intact even if the patient bites on it, e.g. during the ingestion of the food stuff.

A preferred use according to this aspect of the invention is such a use for the treatment of an

animal.

For this purpose an appropriate amount of the respective material can be added to the animal’s
food stuff, e.g. by the persons taking care for the animals. This is very adavantageous if the
pharmaceutically active ingredient is intended to be used at a low dosage for prophylaxis

against the respective diseases.
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It is preferred that the particles used in this way comprise appropriate flavors in the outer
coating. For example it has turned out to be useful to apply meat flavors in order to make the

particles attractive for carnivorous animals.

One aspect of the present invention provides compositions comprising a multi-layered particle

according to the invention.

In one aspect the present invention provides pharmaceutical compositions comprising a multi-

layered particle according to the invention for the use in a method for the treatment of

a) a metabolic disease, via DPP |V as target,

B) a heart disease, via the ir-channel as target,

Y) a heart disease, via phosphodiesterase Il as target,

0) an inflammatory disease via cyclooxygenase 2 as target and/or

£) a disease of the central nervous system via the benzodiazepine receptor as target.

In general, the multi-layered particles according to the invention can be incorprated in all forms
of pharmaceutical compositions appropriate for the treatment of the respective diseases,
preferably for oral administration. They can especially be incorporated into solid dosage forms
like tablets as well as into predominantly liquid (e.g. oily suspensions) or pasteous dosage
forms. Liquid or pasteous dosage forms in general offer the option of very flexible dosing by
adjusting the administered volume. Tablets comprising multi-layered particles according to the
invention can be divided without damaging the protective layer, hence also providing a

possibility for dose adaption, e.g. by forming score lines.

It has been shown in acceptance tests that both, oily suspensions as well as tablets (both
flavored) containing multi-layered particle according to the invention, lead to the desired result:
they are very well accepted by the patients (exemplified by cats) and are in the majority of cases

ingested voluntarily.

With respect to this aspect of the invention, the multi-layered particles are preferably sized in a
way to generate an acceptable mouth feel for the patient (e.g. the cat), meaning: they are not be
too big as that would lead to a gritty sensation which would lower the acceptance by the patient.
Especially for the use in tablet mixtures, particles according to the invention are preferred that
possess sufficient mechanical stability to resist compression as well as breaking or chewing of
the resulting tablets. The film coating has preferably sufficient flexibility to allow deformation

during a standard compression process.



10

15

20

25

30

35

WO 2013/024023 PCT/EP2012/065680
48

Basically all sorts of additive materials that are suitable for such pharmaceutical dosage forms
can be mixed with the multi-layered particles according to the invention in order to prepare a
finally composed pharmaceutical, with respect to the envisaged application route and dosage

regime of the respective patient group.

One preferred mode of the invention is a pharmaceutical composition according to the invention
in solid form, preferably a capsule or tablet with a mass of 20 to 4000 mg per unit, more
preferred 20 to 500 mg per unit, even more preferred 30 to 400 mg per unit, most preferred 40

to 300 mg per unit.

Solid dosage forms preferably comprise excipients that support the intended medical effect.
Such other excipients are in general known to a person skilled in the art. Useful excipients are
for example antiadherents (used to reduce the adhesion between the powder (granules) and the
punch faces and thus prevent sticking to tablet punches), binders (solution binders or dry
binders that hold the ingredients together), coatings (to protect further tablet ingredients from
deterioration by moisture in the air and make large or unpleasant-tasting tablets easier to
swallow), disintegrants (to allow the tablet to break upon dilution), fillers, diluents, flavours,
colours, glidants (to promote powder flow by reducing interparticle friction and cohesion),
lubricants (to prevent ingredients from clumping together and from sticking to the tablet punches

or capsule filling machine), preservatives, sorbents, sweeteners etc.

Prefered carriers and/or disintegrants are selected from the group of sugars and sugar alcohols,
e.g. mannitol, lactose, starch, cellulose, microcrystalline cellulose and cellulose derivatives, e. g.

methylcellulose, and the like.

Preferred binders are selected from the group consisting of polyvidone (used synonymously for
povidone), methylcellulose, hydroxypropylmethylcellulose (HPMC), hydroxymethylcellulose,

starch, gelatine, and the like.

Preferred ingredients are one or several flow regulators, e.g. selected from the group consisting
of silica, preferably colloidal anhydrous silica, calcium silicate, magnesium silicate, talc, and the
like.

Preferred disintegrants are selected from the group consisting of croscarmellose sodium,

sodium starch glycolate, pregelatinised starch, cross-linked polyvinylpyrrolidone and the like.
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Preferred lubricants selected from the group consisting of magnesium stearate, calcium

stearate, glyceryl behenate, polyethylene glycol, stearic acid, talc and the like.

Preferred carriers are mannitol, starch and/or lactose. The carrier material can consist of coarse
particles greater than 200 ym in size, equal or smaller than 200 ym in size, or spray-dried

material.

Preferred starches are selected from the group consisting of corn (maize) starch, native starch,
gelatinized starch, partly gelatinized starch, starch powder, starch granules, chemically modified

starch and swellable physically modified starch.

As explained above, especially for the use in tablet mixtures, particles according to the invention
have turned out to possess regularly sufficient mechanical stability to resist compression as well

as breaking or chewing of the resulting tablets.

In order to secure these characteristics, it is preferred to incorporate multi-layered particles

according to the invention with the following features:

- a size of the finally coated multi-layered particle between 0.08-0.8 mm, preferably 0.1-
0.4 mm;

- applying a coating with sufficient flexibility, which can be based on the physical
parameters of the polymer or by using appropriate plasticizers in appriopriate amounts;
and/or

- the use of microcrystallince cellulose pellets as core material, as these will undergo

plastic deformation upon compression.

Further it is preferred to use an appropriate composition of the tableting mix — i.e. preferably
using tableting exipients that undergo plastic deformation and ensuring that the mass ratio of
coated pellets in the tableting mix does not exceed 50%, as demonstrated in the examples of

this specification.

Such variations lie well within the ambit of the skilled person.

It is preferred to achieve a high load of the active ingredient (drug load) on the particles,
because this influences the final size of the tablet. On the other hand a too high amount of multi-
layered particles in the tableting mix could lead to an insufficient compressibility of the mix,
resulting in mechanical instability of the tablets and an increased risk of disruption of the film

due to excessive deformation of the pellets. Moreover, tablet disintegration and drug dissolution
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may be changed in an undesired way, e.g. too slow disintegration due to “sticking” of the pellets

and/or too fast drug release than intended because of damages to the film.

The production of a pharmaceutical composition comprising 1-[(3-cyano-pyridin-2-yl)methyl]-3-
methyl-7-(2-butyn-1-y1)-8-[3-(R)-amino-piperidin-1-yl]-xanthine monohydrochloride as
pharmaceutically active ingredient is demonstrated by example 1, which in detail discloses the
production of multi-layered particles containing the pharmaceutically active ingredient which

particles were incorporated into a tablet formulation ready for the treatment of a patient.

An example of a completely composed tablet matrix and thus a preferred mode of carrying out
the invention is disclosed in example 1. In addition to the drug containing multi-layered particles,
the shown pharmaceutical composition contains other materials that are per se known from the
state of the art and that can be adapted with respect to specific requirements, with respect to
their nature as well as with respect to their concentration. This preferred collection of
substances is intended to serve as filler and/or binder, disintegrant, flavoring agent, pigment,
glidant and lubricant, respectively, as outlined in table 8. These functions correspond to the best

knowledge at the time being but are in no way limiting the scope of the invention.

This composition contains especially a flavoring agent to render the tablets attractive to
carnivorous animals. Especially this ingredient might be adapted with respect to the need of the
pharmacists. For example, dogs and/or cats might prefer the meat flavor; other not

predominantly carnivorous animals or humans might prefer another one.

As demonstrated by this example, multi-layered particles as well as pharmaceutical
compositions, especially compressed tables comprising the multi-layered particles according to
the invention fulfil all requirements regarding drug load and dissolution behaviour. Especially the
agueous coating process for the final coating as described in example 1 worked surprisingly
well with the water soluble drug substance 1-[(3-cyano-pyridin-2-yl)methyl]-3-methyl-7-(2-butyn-
1-y1)-8-[3-(R)-amino-piperidin-1-yl]-xanthine monohydrochloride.

One preferred mode of the invention is a solid pharmaceutical composition according to the
invention, comprising the pharmaceutically active ingredient in a final concentration of 0.1 to
1000 mg per unit, preferred 2 to 50 mg per unit, even more preferred 3 to 40 mg per unit, most

preferred 4 to 30 mg per unit.

This has turned out to be useful for the intended therapy, e.g. the ones that are accessible by

the preparations of the examples. The appropriate concentration can be adapted by a person
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skilled in the art with respect to the intended treatment and the patient group to be treated.

One preferred mode of the invention is a solid pharmaceutical composition according to the
invention, in the form of a tablet, preferably a tablet with one or more score lines to be split into

pieces.

The adavantages of the tablet form have been explained above. The presence of one or more
score lines on/in these tablets allows that the tablets be split into pieces in order to adapt the
applied amount of the pharmaceutically active ingredient. This is especially worthy when a
diverse patient population is envisaged, like companion animals that are characterized by a

great number of races varying drastically with respect to the individual size, like dogs.

Another preferred mode of the invention is a pharmaceutical composition according to the

invention in overall liquid form.

In some cases it is advantageous to prepare a pharmaceutical composition in a liquid
formulation because this dosage form ensures a very precise dosing of the respective drug.

Multi-layered particles according to the invention can be used for this application form.

The composition of an appropriate liquid formulation is per se known to a person skilled in the
art. As exemplified by example 2, it is advantageous and accordingly preferred to use a mixture
of triglycerides as basis and to add hydrophilic and/or hydrophobic colloidal silica in order to

optimize the physicochemical properties of the composition.

Especially preferred is a mixture of hydrophilic and hydrophobic colloidal silica which ensures an
appropriate viscosity behaviour of the suspension that remains more or less unchanged over
the storage period. Commercially available siliciumdioxides (silica) are for example Aerosil ®
200 (hydrophilic) and Aerosil ® R972 (hydrophobic), both sold under these respective trade

names by Evonik R6hm, Darmstadt, Germany.

During storage, such a suspension preferably exhibits a high viscosity, preventing
sedimentation of the suspended multi-layered particles. If shaken, however, the viscosity of the
suspension might transiently be lowered so that it can easily be applied via a syringe-like oral
dispenser. This behaviour can for example be reached by the mentioned mixture of hydrophilic

and hydrophobic colloidal silica.
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It is further preferred that the composition contains a flavoring agent in order to render the
formulation attractive for the patient, e.g. a meat flavor to render it attractive to carnivorous

animals like cats.

With respect to cilobradine hydrochloride it is preferred to suspend the respective multi-layered
particles in the liquid composition to an extent of about 3.8% (w/v), resulting in a concentration

of 2 mg/ml of the pharmaceutically active ingredient.

If the coated particles are to be incorporated into a liquid matrix, it has to be ensured that the
suspension medium does not interact with the film coating on the pellets in a way that would
compromise the desired drug release profile. This is possible by the adition of another protective
layer onto the surface of the particles, as explained above and/or by the addition of further
excipients into the liquid matrix, as will be explained below. It is especially preferred to combine

the respective teachings.

Another preferred mode of the invention is a pharmaceutical composition according to the
invention in overall liquid form, which is an oily suspension, more preferred an oily suspension
comprising a viscosity enhancer selected from one or more of silicon dioxide, hydrophobic
silicon dioxide, EC (cellulose ether), poly(1-vinylpyrrolidin-2-one) (PVP), aluminium stearate,

xanthan gum, carrageen, and/or starch derivatives.

Especially preferred are such overall liquid, oily pharmaceutical compositions that comprise a
mixture of hydrophilic and hydrophobic colloidal siliciumdioxide, preferably at a weight percent
ratio of 0.5:1 to 50:1, more preferred 1:1 to 25:1, more preferred 2:1 to 10:1, most preferred
2.25:1 to 5:1.

A person skilled in the art is able to vary the respective siliciumdioxide concentrations within
these ranges. Regularly possible and preferred is such a ratio and contect of both compounds
that gives the suspension a very advantageous physicochemical behavior, i.e. a high viscosity
during storage and a lowered viscosity after shaking due to the mechanical energy exerted by
the shaking. This effect stabilizes the suspension during its storage but allows that it can easily

be applied after shaking, e.g. by a syringe or by dropwise addition to a food preparation etc.

Another preferred mode of the invention is a pharmaceutical composition according to the
invention in overall liquid form, which is an aqueous suspension, more preferred an aqueous
suspension comprising stabilisers selected from one or more of cellulose ethers, carbopol,

xanthan gum, carrageen, microcrystalline cellulose.
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Especially preferred are such overall liquid pharmaceutical compositions that comprise the
pharmaceutically active ingredient in a final concentration of 0.1 to 20 mg/ml, preferred 0.5 to

5 mg/ml, more preferred 0.75 to 4 mg/ml, most preferred 0.5 to 3 mg/ml.

This has turned out to be useful for the intended therapy, e.g. the ones that are accessible by
the preparations of the examples. The appropriate concentration can be adapted by a person

skilled in the art with respect to the intended treatment and the patient group to be treated.

Preferred embodiments of this aspect of the invention are pharmaceutical compositions
according to the invention, wherein the pharmaceutically active ingredient (a) (a DPP IV
inhibitor) for the use for the treatment of a metabolic disease is selected from1-[(3-cyano-
pyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-[3-(R)-amino-piperidin-1-yl]-xanthine or any
appropriate form and/or salt thereof, preferably 1-[(3-cyano-pyridin-2-yl)methyl]-3-methyl-7-(2-
butyn-1-y1)-8-[3-(R)-amino-piperidin-1-yl]-xanthine monohydrochloride.

In line with the explanations above, these compounds have turned out to be very useful for the
therapy of metabolic diseases of human and animal patients, of diabetes, especially of diabetes
type 2, and in a certain dosage range that is accessible by the formulation intermediates

according to the invention, i.e. by multi-layered particles according to the invention.

Respectively preferred are the following modes of this aspect of the invention:

- pharmaceutical compositions according to this aspect, for the treatment of an animal,
preferably a mammal, more preferred a predominantly carnivorous mammal, most
preferred a cat (feline);

- pharmaceutical compositions according to this aspect, for the treatment of diabetes,
preferably of diabetes type 2;

- pharmaceutical compositions according to this aspect, in solid form, comprising 2 to
50 mg per unit, more preferred 3 to 40 mg per unit, even more preferred 4 to 30 mg per

unit

Equally preferred embodiments of this aspect of the invention are pharmaceutical compositions
according to the invention, wherein the pharmaceutically active ingredient (8) (an i-channel
blocker) for the use for the treatment of a heart disease, especially heart failure via the i-
channel as target is selected from zatebradine (1-(7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-
benzazepin-2-on-3-yl)-3-[N-methyl-N-[(2-(3,4-dimethoxyphenyl)ethyllamino]-propane), 3-[(N-(2-
(3,4-dimethoxy-phenyl)-ethyl)piperidin-3-yl)-methyl]-(7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-
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benzazepin-2-on, its enantiomer cilobradine ((+)-3-[(N-(2-(3,4-dimethoxy-phenyl)ethyl)-piperidin-
3-(S)-yl)-methyl]-(7,8-dimethoxy-1,3,4 ,5-tetrahydro-2H-3-benzazepin-2-on) or alinidine (2-(N-
allyl-2,6-dichloro-anilino)-2-imidazoline), mostly preferred cilobradine hydrochloride ((+)-3-[(N-
(2-(3,4-dimethoxy-phenyl)ethyl)-piperidin-3-(S)-yl)-methyl]-(7,8-dimethoxy-1,3,4,5-tetrahydro-
2H-3-benzazepin-2-on hydrochloride).

In line with the explanations above, these compounds have turned out to be very useful for the
therapy of heart diseases, especially of congestive heart failure of human and animal patients,
and in a certain dosage range that is accessible by the formulation intermediates according to

the invention, i.e. by multi-layered particles according to the invention.

Respectively preferred are the following modes of this aspect of the invention:

- pharmaceutical compositions according to this aspect, for the treatment of an animal,
preferably a mammal, more preferred a predominantly carnivorous mammal, most
preferred a cat (feline);

- pharmaceutical compositions according to this aspect, in overall liquid form, comprising
the pharmaceutically active ingredient in a final concentration of 0.5 to 5 mg/ml,

preferred 0.75 to 4 mg/ml, more preferred 0.5 to 3 mg/ml.

Equally preferred embodiments of this aspect of the invention are pharmaceutical compositions
according to the invention, wherein the pharmaceutically active ingredient (y) (a
phosphodiesterase Il inhibitor) for the use for the treatment of a heart disease via
phosphodiesterase |l as target, is pimobendan ((RS)-6-[2-(4-methoxyphenyl)-1H-benzimidazol-
5-yl]-5-methyl-4,5-dihydropyridazin-3(2H)-one).

A preferred mode of this aspect is such a pharmaceutical composition for the treatment of an
animal, preferably a mammal, more preferred a predominantly carnivorous mammal, most

preferred a dog (canis) or a cat (feline).

Equally preferred embodiments of this aspect of the invention are pharmaceutical compositions
according to the invention, wherein the pharmaceutically active ingredient (d) (a
cyclooxygenase 2 inhibitor) for the use for the treatment of an inflammatory disease via
cyclooxygenase 2 as target, is meloxicam 4-hydroxy-2-methyl-N-(5-methyl-2-thiazolyl)-2H-1,2-

benzothiazine-3-carboxamide-1,1-dioxide).

A preferred mode of this aspect is such a pharmaceutical composition for the treatment of an

animal, preferably a mammal, more preferred a predominantly carnivorous mammal, most
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preferred a dog (canis) or a cat (feline).

Equally preferred embodiments of this aspect of the invention are pharmaceutical compositions
according to the invention, wherein the pharmaceutically active ingredient (¢) (a benzodiazepine
receptor agonist) for the use for the treatment of a disease of the central nervous system via the
benzodiazepine receptor as target, is selected from 1-(4-chlorophenyl)-4-piperidinoimidazolin-2-
one and imepitoin (1-(4-chlorophenyl)-4-(4-morpholinyl)-2,5-dihydro-1H-imidazol-2-one),

preferably imepitoin.

In line with the explanations above, these compounds have turned out to be very useful for the
therapy of central nervous system disorders like epilepsy, especially idiopathic epilepsy, and
behavioural abnormalities, esp. anxiety, of human and animal patients, and in a certain dosage

range that is accessible by multi-layered particles according to the invention.

Respectively preferred are the following modes of this aspect of the invention:

- pharmaceutical compositions according to this aspect, for the treatment of an animal,
preferably a mammal, more preferred a predominantly carnivorous mammal, most
preferred a dog (canis);

- pharmaceutical compositions according to this aspect, for the treatment of epilepsy
and/or anxiety, preferably of epilepsy, more preferred of idiopathic epilepsy;

- pharmaceutical compositions according to this aspect, that allow the oral administration
of up to 60 mg/kg per day, preferably 5 to 40 mg/kg per day;

- pharmaceutical compositions according to this aspect, that are administered not more

than five times daily, preferably once or twice daily.

Another aspect of the invention pertains to the package of an overall liquid, oily pharmaceutical
composition according to the invention comprising a glass vial and the pharmaceutical

composition filled therein.

Especially this package form has turned out to be useful for the storage of overall liquid, oily
pharmaceutical composition according to the invention because they strongly inhibit the
diffusion of humidity through the walls of the respective vial into the overall water-free

pharmaceutical composition.

It is further preferred that a dark glass, e.g. green or even better: brown glass is used, in order

to further protect the ingredients, e.g. against the light.
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Appropriate sizes for such glass vials can be developed by a person skilled in the art with
respect to the amount to be filled in, e.g. for single use, for providing an appropriate amount for
the complete therapy of one patient or for the treatment of a patient group, for example a breed

of domestic animals.

One subject of the invention pertains to pharmaceutical compositions comprising cilobradine
((+)-3-[(N-(2-(3,4-dimethoxy-phenyl)ethyl)-piperidin-3-(S)-yl)-methyl]-(7,8-dimethoxy-1,3,4,5-
tetrahydro-2H-3-benzazepin-2-on), cilobradine hydrochloride ((+)-3-[(N-(2-(3,4-dimethoxy-
phenyl)ethyl)-piperidin-3-(S)-yl)-methyl]-(7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-
on hydrochloride), zatebradine (1-(7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-on-3-
yN-3-[N-methyl-N-[(2-(3,4-dimethoxyphenyl)ethylJamino]-propane), or alinidine (2-(N-allyl-2,6-
dichloro-anilino)-2-imidazoline) for use in a method for the treatment of a heart disease of an
animal, preferably a mammal, more preferred a predominantly carnivorous mammal, even more

preferred a cat (feline) or dog (canis), most preferred a cat (feline).

In line with the explanations above, cilobradine or cilobradine hydrochloride are preferred, more

preferred is cilobradine hydrochloride.

In line with the explanations given above, it has has been found by the inventors that especially
this compound that addresses the the irchannel as its respective target is highly advantageous

for the treatment of heart diseases of such animals.

Accordingly, another aspect of the invention is the use of cilobradine ((+)-3-[(N-(2-(3,4-
dimethoxy-phenyl)ethyl)-piperidin-3-(S)-yl)-methyl]-(7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-
benzazepin-2-on), cilobradine hydrochloride ((+)-3-[(N-(2-(3,4-dimethoxy-phenyl)ethyl)-
piperidin-3-(S)-yl)-methyl]-(7,8-dimethoxy-1,3.,4,5-tetrahydro-2H-3-benzazepin-2-on
hydrochloride), zatebradine (1-(7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-on-3-yl)-3-
[N-methyl-N-[(2-(3,4-dimethoxyphenyl)ethyllJamino]-propane), or alinidine (2-(N-allyl-2,6-
dichloro-anilino)-2-imidazoline) in a method for the treatment of a heart disease of an animal,
preferably a mammal, more preferred a predominantly carnivorous mammal, even more

preferred a cat (feline) or dog (canis), most preferred a cat (feline)

In line with the explanations above, cilobradine or cilobradine hydrochloride are preferred, more

preferred is cilobradine hydrochloride.

According to a further aspect, it is preferred to use the multi-layered particles described above

for the treatment of heart diseases, especially heart failure of companion animals,
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predominantly carnivorous animals like cats (feline) or dogs (canine), e.g. by incorporation into a

respective medical formulation.

Preferred is the use of liquid pharmaceutical compositions with a final concentration of the

active ingredient of 0.5 to 5 mg/ml, preferred 0.75 to 4 mg/ml, more preferred 0.5 to 3 mg/ml.

EXAMPLES

Example 1

Formulation of a compound for the treatment of diabetes

This example aims at the formulation of compound 1-[(3-cyano-pyridin-2-yl)methyl]-3-methyl-7-
(2-butyn-1-y)-8-[3-(R)-amino-piperidin-1-yl]-xanthine monohydrochloride, as disclosed e.g. by
PCT/EP2011/054440. It was the goal to produce a tablet with an overall weight of about 180-
260 mg with a dose of 21.68 mg 1-[(3-cyano-pyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-[3-
(R)-amino-piperidin-1-yl]-xanthine monohydrochloride (corresponding to 20 mg of the respective

free base).

For this purpose a four-step process was applied, which is summarized in table 2 and will be

described in more detail below.

Table 2: Flow chart for the production of multi-layered particles according to the invention,
comprising 1-[(3-cyano-pyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-[3-(R)-amino-

piperidin-1-yl]-xanthine monohydrate as active ingredient.

step | starting coating result
material
1 inert core drug layering with IR1 pellets
particles pharmaceutically active
ingredient and HPMC
2 IR1 pellets drug layering with IR2 pellets

pharmaceutically active
ingredient and HPMC
3 IR2 pellets seal coating with HPMC and SC (seal coated)
PEG 6000 pellets
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4 SC pellets taste masking coating with final multi-layered

poly(meth)acrylate particle

Step 1 and 2: Drug layering (production of IR1 and IR2 pellets)

400 g of particles of microcrystalline cellulose of with an average diameter of 100 pym (100 ym
Cellets®; purchased from Syntapharm; Harke Group, Milheim an der Ruhr, Germany) were
placed a fluid bed apparatus (Glatt, Binzen, Germany). For the first layering step, a mixture of
600 g 1-[(3-cyano-pyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-[3-(R)-amino-piperidin-1-yl]-
xanthine monohydrochloride and 90 g HPMC (apparent viscosity 4.8-7.2 mPa * s at 2% (w/v) in
water at 20°C; commercially available under the trade name Pharmacoat ® 606 from ShinEtsu,
Tokyo, Japan), i.e. at a ratio of about 15% (w/w)), dissolved in purified water at a concentration
of about 20% (w/v) were sprayed onto the inert carrier material and subsequently dried.
According to the geometry of the apparatus, the resulting IR1 pellets were split into two fractions

and treated identically according to step 2.

For step 2, 400 g of IR1 pellets placed in the same fluid bed apparatus as before and sprayed
with the same mixture of 600 g active ingredient and 90 g HPMC that has been used for step 1.

The total composition of the resulting IR2 pellets is shown in table 3.

Table 3: Composition of IR2 pellets comprising 1-[(3-cyano-pyridin-2-yl)methyl]-3-methyl-7-(2-

butyn-1-ylI)-8-[3-(R)-amino-piperidin-1-yl]-xanthine monohydrochloride as active

ingredient
Component Total amount [% (w/w)]
inert core particles (Cellets ® 100) 13.46
active ingredient 75.25
HPMC (Pharmacoat ® 606) 11.29

Step 3: Seal coating (production of SC pellets)
The result of step 2 is then covered by a protective layer (“seal coating”) to produce so called
SC pellets.

For this purpose, 600 g of IR2 pellets were placed in the same fluid bed apparatus as used for

steps 1 and 2, and a mixture of 168 g HPMC (apparent viscosity 2.4-3.6 mPa * s at 2% (w/v) in
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water at 20°C; commercially available under the trade name Pharmacoat 603 ® from ShinEtsu,
Tokyo, Japan), 21 g PEG 6000 and 50 g talc, dispersed in purified water to yield about 11%

(w/v) solids in the spraying liquid, were sprayed onto the IR2 pellets and subsequently dried.

The resulting total composition of the SC pellets is given in table 4.

Table 4: Compositon of SC pellets comprising 1-[(3-cyano-pyridin-2-yl)methyl]-3-methyl-7-(2-

butyn-1-ylI)-8-[3-(R)-amino-piperidin-1-yl]-xanthine monohydrochloride as active

ingredient

Component Total amount [% (w/w)]
inert core particles (Cellets ® 100) 10.77

active ingredient 60.19

HPMC (Pharmacoat ® 606) 9.03

HPMC (Pharmacoat ® 603) 14.04

PEG 6000 1.77

Talc 4.20

Step 4: Final coating (taste masking coating; production of final multi-layered particles),
aqueous coating

In basically the same way as in the steps before the following mixture was added to the SC
pellets: 62.5% (w/w) basic butylated methacrylate copolymer (certain poly(meth)acrylate, which
is a cationic copolymer based on dimethylaminoethyl methacrylate, butyl methacrylate, and
methyl methacrylate with a ratio of 2:1:1 and a molecular weight of about 47,000 g/mol (sold
under the trade name Eudragit ® E PO by Evonik R6hm, Darmstadt, Germany), 6.2% (w/w)
sodium lauryl sulfate, 9.3% (w/w) stearic acid and 21.9% (w/w) magnesium stearate, dispersed

in purified water to yield approximately 16% (w/v) solids in the spraying liquid.

This process was carried out in four different modes, differing with respect to the thickness of

the added final coating:

(@) stopping the process after adding 50% final coating material, calculated on the weight
amount of SC pellets placed in the fluid bed chamber (50% coating level)

(b) stopping the process after adding 100% final coating material, respectively (100%
coating level)
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(c) stopping the process after adding 150% final coating material, respectively (150%
coating level)
(d) stopping the process after adding 200% final coating material, respectively (200%

coating level)

Accordingly, the final coating consists of basic butylated methacrylate copolymer, sodium lauryl
sulphate, stearic acid and magnesium stearate in the 62.5/ 6.2 / 9.3/ 21.9 mixture (all in%
(w/w)) with around 50, 100, 150 and 200% solid deposit (weight percentage based on the

amount of “SC pellets” starting material).

The total composition of final taste masked multi-layered particles comprising 1-[(3-cyano-
pyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-[3-(R)-amino-piperidin-1-yl]-xanthine
monohydrochloride as active ingredient, as produced by steps 1 to 4 with stopping the final
coating process after adding 200% final coating material (i.e. mode (d); 200% coating level), is

given in table 5.

Table 5: Total composition of final taste masked multi-layered particles, comprising 1-[(3-cyano-
pyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-[3-(R)-amino-piperidin-1-yl]-xanthine
monohydrochloride as active ingredient

Component Amount Function
[% (wiw)]

inert core particles (Cellets ® 100) 3.59 Carrier

pharmaceutically active ingredient 20.06 Drug layer

HPMC (Pharmacoat ® 606) 3.01

HPMC (Pharmacoat ® 603) 4.69 Seal coating

PEG 6000 0.59

Talc 1.40

basic butylated methacrylate 41.66 Final coating (taste

copolymer masking)

Sodium dodecylsulfate 4.15

Stearic acid 6.26

Magnesium stearate 14.59
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It was surprising to find that even with this highly water soluble drug, all drug layering and
polymer coating steps could be performed using aqueous as well as organic solvent coating
processes without the bitter active ingredient migrating into the outer polymer layers. This was
proven by SEM coupled with x-ray/EDS (Energy Dispersive X-ray analysis), by which method
no chloride ions stemming from the pharmaceutically active ingredient could be detected in the

final outer coating layer.

In a further control experiment raman spectra of components of the particle were measured. By
these experiments it was found that the final coating layer comprising the butylated
methacrylate copolymer at 200% coating level showed a thickness of between 77 and 119um %

10um.

Variation of Step 4: Final coating (taste masking coating; production of final multi-
layered particles), organic solvent coating

In a variation of the aqueous coating, step 4 was repeated identically, except that an organic
solvent coating was been applied. For this purpose, 4449 basic butylated methacrylate
copolymer in powder form (Eudragit® E PO) and 186g magnesium stearate were dissolved in
isopropanol/acetone (volume ratio 3:2) to yield approximately 17% (w/v) solids in the spraying
liquid. The final coating material was sprayed onto the SC pellets, which had been placed in the

fluid bed apparatus like before.

Again, the process was carried out in 4 different modes, differing with respect to the thickness of
the added final coating, leading to the comparably composed materials (a) to (d), i.e. to multi-
layered particles comprising a final coating consisting of basic butylated methacrylate copolymer
and magnesium stearate in a 70.5/ 29.5 ratio (all in% (w/w)) with around 50, 100, 150 and

200% solid deposit (weight percentage based on the amount of “SC pellets” starting material).

Dissolution experiments after final aqueous coating
The final multi-layered particles produced according to the steps before with step 4 comprising

the aqueous coating process, were analyzed with respect to their dissolution characteristics.

For this purpose, the respective particles, prototypes (a), (b), (¢) and (d), differing with respect to
the thickness of the final coating level, were analysed in a dissolution apparatus 2, according to

European Pharmacopoeia (Ph. Eur.), using either Na,HPO, buffer (pH 6.8) or hydrochloric acid
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(pH 1) as dissolution medium. The dissolution samples were analysed via HPLC/UV (detection

of the active ingredient).

The dissolution experiment was carried out at two different pH values, at pH 6.8 and pH 1 to

mimic the pH environment in the patient’s oral cavity and stomach, respectively.

The result is given in following table 6 and corresponding figure 1. Figure 1 A shows the
measured dissolution curve at pH 1 and figure 1 B shows the measured dissolution curve at
pH 6.8. The amount of the released drug has been normalized to the theoretical drug content in
the sample, which allows maximal values higher than 100%, which are comparable with each
other for each curve; the result becomes clear with respect to the finally reached plateau for

each curve (which theoretically can also be used for the definition of 100% release).

Table 6: Drug release from multi-layered particles comprising 1-[(3-cyano-pyridin-2-yl)methyl]-3-
methyl-7-(2-butyn-1-yl1)-8-[3-(R)-amino-piperidin-1-yl]-xanthine monohydrochloride
finally coated with basic butylated methacrylate copolymer at 50-200% coating level
(aqueous spraying process) at pH 1 and pH 6.8 (mean, n=3) measured values are the
cumulative percentage of released material after the respective time (visualized in
figure 1 A and B)

Time 50% coating 100% coating | 150% coating 200% coating
[min]

pH 1

0 0 0 0 0

5 87.0 81.0 69.0 78.8
10 87.1 82.4 92.3 83.4
15 87.6 921 113.7 101.8
30 87.9 91.9 124.6 104.9
45 87.9 93.7 131.3 107.4
60 88.0 93.9 135.9 108.7
90 88.0 93.2 145.0 110.4
pH 6.8

0 0 0 0

5 82.7 31.7 17.1 5.8
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10 85.9 61.4 37.6 14.3
15 86.7 723 52.8 22.2
30 87.6 80.8 77.8 53.0
45 88.2 83.0 86.8 70.4
60 88.6 83.5 89.5 77.0
90 89.7 84.0 91.5 83.4

Dissolution experiments after final organic solvent coating
The final multi-layered particles produced according to the steps before with step 4 varied with
respect to the coating process, i.e. the variant of organic solvent coating, were also analyzed

with respect to their dissolution characteristics.

For this purpose, the respective particles, prototypes (a), (b), (¢) and (d), differing with respect to
the thickness of the final coating level, were treated like in the experiment before. The

dissolution experiment was again carried out at the two different pH values of pH 6.8 and pH 1.

The result is given in following table 7 and corresponding figure 2. Figure 2 A shows the
measured dissolution curve at pH 1 and figure 2 B shows the measured dissolution curve at
pH 6.8.

Table 7: Drug release from multi-layered particles comprising 1-[(3-cyano-pyridin-2-yl)methyl]-3-
methyl-7-(2-butyn-1-yl1)-8-[3-(R)-amino-piperidin-1-yl]-xanthine monohydrochloride
finally coated with basic butylated methacrylate copolymer at 50-200% coating level
(organic spraying process) at pH 1 and pH 6.8 (mean, n23) measured values are the

total percentage of released material after the respective time (visualized in figure 2 A

and B)
Time 50% coating | 100% coating | 150% coating | 200% coating
[min]
pH 1
0 0 0 0 0
5 100.7 89.1 54.0 54.0
10 92.2 81.5 86.0 86.0
15 92.6 85.9 112.1 112.1
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30 92.8 96.6 112.8 112.8
45 92.7 98.4 116.5 116.5
60 92.6 100.0 116.6 116.6
90 92.4 99.1 116.6 116.6
pH 6.8
0 0 0 0 0
5 19.9 6.7 4.7 4.3
10 64.9 16.2 6.9 5.6
15 82.5 31.3 10.4 7.4
30 92.5 74.9 32.7 16.3
45 94.0 86.5 63.6 34.3
60 94.7 90.4 775 56.4
90 95.1 92.7 87.6 74.6

Result of the dissolution experiments

Both of these data sets reveal that multi-layered particles coated with basic butylated
methacrylate copolymer exhibit an increasingly delayed release at pH 6.8, depending on the
coating thickness, and an immediate release at pH 1. Accordingly, they are able to mask the
taste of a pharmaceutically active ingredient in the oral cavity (pH 6.8) while facilitating

immediate drug release in the stomach (pH 1).

This is true for the particles that have been coated by an aqueous coating process with the
material basic butylated methacrylate copolymer, sodium lauryl sulphate, stearic acid and
magnesium stearate in the 62.5/6.2 / 9.3/ 21.9 mixture (all in% (w/w) as well as for the particles
that have been coated by an organic solvent coating process with the material basic butylated

methacrylate copolymer and magnesium stearate in a 70.5 / 29.5 ratio (all in% (w/w)).

Especially particles coated at coating levels of about 200% show the desired drug release

profile, irrespective of the solvent used for the final coating process.

Tablet formulation

Multi-layered particles comprising 1-[(3-cyano-pyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-
[3-(R)-amino-piperidin-1-yl]-xanthine monohydrochloride coated with basic butylated
methacrylate copolymer at a 200% coating level according to the aqueous coating procedure

described before, were admixed to a complete tablet formulation, according to the composition
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outlined in table 8. The listed ingredients were bought from commercial providers. Colloidal
silicium dioxide was bought under the trade name Aerosil ® 200 from Evonik R6hm, Darmstadt,
Germany. Cross-linked PVP was bought under the trade name Kollidon ® CL from BASF,

Ludwigshafen, Germany).

Table 8: Composition of tableting mix containing taste masked multi-layered particles
comprising 1-[(3-cyano-pyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-[3-(R)-amino-
piperidin-1-yl]-xanthine monohydrochloride coated with basic butylated methacrylate

copolymer at a 200% coating level

Component Amount [% (w/w)] | Function

final multi-layered particles 49,78 API containing
comprising pharmaceutically active intermediate
ingredient and a 200% coat

Mannitol 27,42 filler/binder
Maize starch 9,50 filler/binder
cross-linked PVP (Kollidon ® CL) 1,50 disintegrant
Meat flavor 10,00 flavoring agent
Iron oxide yellow 0,35 pigment

Iron oxide brown 0,35 pigment
colloidal silicium dioxide (Aerosil® | 0,30 glidant

200)

Magnesium stearate 0,80 lubricant

All components except for the multilayered particles were screened together, placed in a
polyethylene bag and premixed by hand. The multilayered particles were screened separately.
The components were subsequently put in a 40 | mixing container and mixed to yield the final
tableting mix. By use of a standard apparatus the tableting mix was compressed to tablets with

5, 10 and 20 mg of the pharmaceutically active ingredient.

Dissolution experiments with the tablet
The tablets produced as described before were analyzed in a dissolution experiment. This
dissolution experiment was carried out as described before for the particles, again at the two

different pH values of pH 6.8 and pH 1. As a control, the multi-layered particles comprising a
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200% poly(meth)acrylate aqueous coating as described before were measured in the same
way. The measurement aimed at the detection of the released drug, quantified by HPLC/UV

(percentage in relation to the total amount of the active ingredient in the tablet).

The result is given in following table 9 and corresponding figure 3.

Table 9: Drug release from multi-layered particles comprising 1-[(3-cyano-pyridin-2-yl)methyl]-3-
methyl-7-(2-butyn-1-yl1)-8-[3-(R)-amino-piperidin-1-yl]-xanthine monohydrochloride
coated with basic butylated methacrylate copolymer at a 200% coating level at pH 1
and pH 6.8 and of the derived tablets (meant SD, n=3); measured values are the total

percentage of released active compound after the respective time (visualized in

figure 3)
Time [min] % released at pH 1 % released at pH 6.8
Multi-layered particles
0 0 0
5 106.9 0
10 110.5 0.1
15 108.1 1.3
30 108.2 34.7
45 108.6 90.4
60 110.2 106.2
90 111.2 111.7
Tablets
0 0 0
5 24.9 1.8
10 42.9 3.5
15 59.2 5.7
20 73.5 8.2
30 91.9 14.7
45 101.9 29.3

As can be seen from these data, the release of the active ingredient from tablets containing the
drug loaded pellets is slower than from uncompressed pellets at pH 6.8 as well as at pH 1, due

to the disintegration of the tablet.
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Further, the film coating on the multi-layered particles is mechanically stable enough to stay
intact throughout the tableting process and can provide taste and/or odor masking of the drug in

a tablet formulation.

Example 2

Formulation of a compound for the treatment of a heart disease

This example aims at the formulation of compound (+)-3-[(N-(2-(3,4-dimethoxy-phenyl)ethyl)-
piperidin-3-(S)-yl)-methyl]-(7,8-dimethoxy-1,3.,4,5-tetrahydro-2H-3-benzazepin-2-on

hydrochloride in liquid form.

For the production of multi-layered particles for incorporation into a liquid dosage form, a three-

step process was applied which process is summarized in table 10.

Table 10: Flow chart for the production of multi-layered particles according to the invention,
comprising (+)-3-[(N-(2-(3,4-dimethoxy-phenyl)ethyl)-piperidin-3-(S)-yl)-methyl]-(7,8-
dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-on hydrochloride as active

ingredient.
step | starting coating result
material
1 inert core drug layering with pharmaceutically | IR pellets
particles active ingredient and HPMC /
magnesium stearate
2 IR pellets seal coating with PVP K 30 / Talc / SC (seal coated)
colloidal siliciumdioxide pellets
3 SC pellets taste masking coating with EC / final multi-layered
HPMC / magnesium stearate / particle
colloidal siliciumdioxide

Step 1: Drug layering
Like in example 1 microcrystalline cellulose particles with an average diameter of 100 um were
used as starting material and layered with active ingredient and binder, using water as solvent.

The layer material consisted of 66.6% (w/w) of the pharmaceutically active ingredient, 31.7%
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(w/w) HPMC (Pharmacoat ® 606; see example 1) and 1.7% (w/w) magnesium stearate,

dispersed in purified water to yield approx. 19% solids in the spraying liquid.

The resulting composition of the produced IR pellets is given in table 11.

Table 11: Composition of IR pellets comprising (+)-3-[(N-(2-(3,4-dimethoxy-phenyl)ethyl)-
piperidin-3-(S)-yl)-methyl]-(7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-on

hydrochloride
Component Amount [% (w/w)]
inert core particles (Cellets ® 100) 80.94
pharmaceutically active ingredient 12.70
HPMC (Pharmacoat ® 606) 6.04
Magnesium stearate 0.32

Step 2: Seal coating

The IR pellets produced in step 1 were further processed in the same apparatus by spraying the
seal coating onto the IR pellets. The material for the seal coating was composed of PVP K 30
(commercially available by the provider BASF, Ludwigshafen, Germany, under the trade name
Kollidon ® 30 / talc, at a weight-percent ratio of 75.4 : 22.5, dispersed in a 94:6 mixture (m/m) of
acetone and ethanol. 0.5% (w/w) of a highly disperse (colloidal) silicium dioxide (Aerosil ® 200,
commercially available from Evonik) was added by an additional (intermediate step) to the seal
coated material after the application of the PVP K 30 / talc mixture and drying of the organic

solvent.

The total composition of the SC (seal coated) pellets yielded in this step (cilobradine seal

coated pellets) is given in table 12.

Table 12: Composition of SC pellets comprising (+)-3-[(N-(2-(3,4-dimethoxy-phenyl)ethyl)-
piperidin-3-(S)-yl)-methyl]-(7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-on

hydrochloride
Component Amount [% (wiw)]
IR pellets comprising the 76.54

pharmaceutically active ingredient
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PVP K 30 (Kollidon ® 30) 17.67
Talc 5.29

colloidal silicium dioxide (Aerosil ® 200) | 0.5

Step 3: Final coating (taste masking coating)

The SC pellets produced in step 2 were further processed in the same apparatus by spraying
the final coating onto the SC pellets. The material for the final taste and/or odor masking coating
was composed of EC / HPMC / magnesium stearate at a weight-percent ratio of 55.2 : 23.8 :
19.8 (the ratio of EC / HPMC in the film coating being about 70:30). For this purpose, EC,
HPMC and magnesium stearate were dispersed in a 1:1 mixture (v/v) of methanol and

dichloromethane, and sprayed onto the SC pellets.

The coating was applied to a thickness of 75% based on the initial amount of SC pellets.

Like in step 2, 0.5% of the colloidal silica of Aerosil ® 200 were added to the final product before

sieving.

The chosen EC was Ethocel ® 45 cps STD Premium, commercially available from Dow
Chemical, Schwalbach, Germany. The chosen HPMC for this layer was Methocel ® ES
Premium LV, commercially available from Dow Chemical. Aerosil ® 200 was provided by

Evonik.
The overall composition of the final multi-layered particles is given in table 13.
Table 13: Composition of final multi-layered particles comprising (+)-3-[(N-(2-(3,4-dimethoxy-

phenyl)ethyl)-piperidin-3-(S)-yl)-methyl]-(7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-

benzazepin-2-on hydrochloride

Component Amount [% (w/w)]
SC pellets comprising the 56.86
pharmaceutically active ingredient

EC 23.86

HPMC 10.25

Magnesium stearate 8.54

colloidal silicium dioxide (Aerosil ® 200) | 0.5
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Table 14 discloses the detailed overall composition of taste masked multi-layered particles
comprising (+)-3-[(N-(2-(3,4-dimethoxy-phenyl)ethyl)-piperidin-3-(S)-yl)-methyl]-(7,8-dimethoxy-
1,3,4,5-tetrahydro-2H-3-benzazepin-2-on hydrochloride, as produced according to steps 1-3 of

this example, along with the assumed physicochemical function of the respective material.

Table 14: Detailed composition of final multi-layered particles comprising (+)-3-[(N-(2-(3,4-
dimethoxy-phenylethyl)-piperidin-3-(S)-yl)-methyl]-(7,8-dimethoxy-1,3,4,5-tetrahydro-
2H-3-benzazepin-2-on hydrochloride

Component Amount [% Function
(wiw)]

inert core particles (Cellets ® 35.23 Carrier

100)

pharmaceutically active 5.53 Drug layer

ingredient cilobradine

(calculated as hydrochloride)

HPMC 2.63

Polyvinylpyrrolidone K 30 10.05 Seal coating

Talc 3.01

Ethylcellulose 23.86 Final coating (taste masking)
HPMC 10.25

Magnesium stearate 8.68

colloidal silicium dioxide 0.78 Reduction of electrostatic
(Aerosil ® 200) charging in seal coating and

final coating

Dissolution experiments

The multi-layered particles produced in this example were tested with respect to their dissolution
properties in the same way as the particles according to example 1, again at the two different
pH values of 6.8 and 1. Measured values are the total percentage of released material after the

respective time, normalized to the theoretical drug content.

The result is given in table 15 and visualized in figure 4.



10

15

20

25

WO 2013/024023 PCT/EP2012/065680
71

Table 15: Drug release from multi-layered particles comprising (+)-3-[(N-(2-(3,4-dimethoxy-
phenyl)ethyl)-piperidin-3-(S)-yl)-methyl]-(7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-
benzazepin-2-on hydrochloride finally coated with EC/HPMC 70:30 at pH 1 and pH 6.8

(mean, n=3; visualized in figure 4)

Time [min] % released at pH 1 % released at pH 6.8
0 0.0 0.0

5 19.4 7.2

10 25.6 9.4

30 53.4 16.7

45 72.9 23.2

60 87.2 30.9

90 103.4 48.3

According to these data, the dissolution from EC/HPMC coated pellets is delayed, therefore
providing efficient taste and/or odor masking of the bitter drug (+)-3-[(N-(2-(3,4-dimethoxy-
phenyl)ethyl)-piperidin-3-(S)-yl)-methyl]-(7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-
on hydrochloride. This could be verified by acceptance tests with laboratory cats with the

derived completely formulated liquid composition prepared as described below.

Usually, EC/HPMC films show a sustained release behaviour that is independent of pH. In this
case, however, the product surprisingly showed a slower release at pH 6.8 which is favourable
with regards to the invention, i.e. providing efficient taste masking in the oral cavity and a faster
release in the acidic stomach. This may be explained by the lipophilicity profile of the active
substance cilobradine HCI, which is slightly more lipophilic at neutral pH values. This, together

with the coating applied, may have led to a slower release.

Liquid pharmaceutical composition

In order to prepare a liquid pharmaceutical composition, the final multi-layered particles
comprising the active ingredient ciloradine prepared in the way explained above were
incorporated into an oily liquid. This liquid consisted of a mixture of Medium chain triglycerides

(Miglyol ® 821, bought from Sasol, Hamburg, Germany), a hydrophilic colloidal silicium dioxide
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(Aerosil ® 200, Evonik), a hydrophobic colloidal silicium dioxide (Aerosil ® R972, Evonik) and

meat flavor, at the weight ratios listed in table 16.

Table 16: Liquid pharmaceutical composition comprising multi-layered particles comprising (+)-
5 3-[(N-(2-(3,4-dimethoxy-phenyl)ethyl)-piperidin-3-(S)-yl)-methyl]-(7,8-dimethoxy-
1,3,4,5-tetrahydro-2H-3-benzazepin-2-on hydrochloride

Component Amount [% (w/w)]
medium chain triglycerides 93.23

(Miglyol ® 821)

hydrophilic colloidal silicium dioxide (Aerosil ® 200) 4.44

hydrophobic colloidal silicium dioxide (Aerosil ® R972) | 1.82

meat flavor 0.51

10  The multi-layered particles as produced according to step 3 were suspended in the mentioned
liquid composition to an amount of about 3.8% (w/v), resulting in a concentration of 2 mg/ml of

the pharmaceutically active ingredient (calculated as hydrochloride).

It has been found that the composition of the oily solvent, especially the mixture of hydrophilic
15  and hydrophobic colloidal silica, ensures an appropriate viscosity behaviour of the suspension
that remains more or less unchanged over the storage period. During storage, the suspension
exhibits a high viscosity, preventing sedimentation of the suspended cilobradine pellets. If
shaken, the viscosity of the suspension is transiently lowered so that it can easily be applied via
a syringe-like oral dispenser.
20
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CLAIMS

A taste masked multi-layered particle comprising a pharmaceutically active

ingredient, comprising:

) a) an inert core,
b) one or more coating layer(s) comprising the pharmaceutically active
ingredient and a binder,
c) an intermediate coating layer (seal coating) free from a low molecular
weight water-soluble ionic compound, comprising a water-soluble
10 pharmaceutical film-forming compound, selected from
(i) hydroxypropyl methylcellulose (HPMC) and polyethylene glycol
(PEG) or
(i) poly(1-vinylpyrrolidin-2-one) (PVP),
and
15 d) an outer coating layer (final or taste masking coating) free from a low
molecular weight water-soluble ionic compound, comprising
(i) a poly(meth)acrylate or
(i) a mixture comprising 60-90% (w/w) ethylcellulose (EC) and 10-
40% (w/w) hydroxypropyl methylcellulose (HPMC),
20 wherein the pharmaceutically active ingredient is water-soluble and comprises
either at least one basic group and/or a bitter taste.
A taste masked multi-layered particle according to claim 1, wherein the
pharmaceutically active ingredient is selected from:
25 a) a DPP |V inhibitor,
B) an ir-channel blocker,
Y) a phosphodiesterase lll inhibitor,
0) a cyclooxygenase 2 inhibitor and/or
£) a benzodiazepine receptor agonist.
30

A taste masked multi-layered particle according to claim 1 or 2, further
comprising one or more additional layers between the inert core and/or

between one of the coating layers (b) to (d) and/or on top of coating layer (d).
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A taste masked multi-layered particle according to one or more of claims 1 to
3, wherein the material for the inert core is cellulose, preferably

microcrystalline cellulose.

A taste masked multi-layered particle according to one or more of claims 1 to
4, wherein the binder for coating layer (b) comprising the pharmaceutically
active ingredient is selected from HPMC and PVP or a mixture thereof and
optionally additional ingredients, preferably the HPMC Hypromellose, USP
Substitution Type 2910 (apparent viscosity 4.8 - 7.2 mPas) and/or PVP K30

and optionally additional ingredients.

A taste masked multi-layered particle according to one or more of claims 1 to
5, wherein coating layer (b) comprises 80 to 95% (w/w), preferably 82.5 to
90% (w/w), more preferred 84.5 to 87.5% (w/w) of the pharmaceutically active
ingredient, and 5 to 20% (w/w), preferably 10 to 17.5% (w/w), more preferred
12.5 10 15.5% (w/w) of the binder.

A taste masked multi-layered particle according to one or more of claims 1 to
5, wherein coating layer (b) comprises 60 to 70% (w/w) of the pharmaceutically
active ingredient, 25 to 35% (w/w) of HPMC as binder and 0.5-3% (w/w)

magnesium stearate.

A taste masked multi-layered particle according to one or more of claims 1 to
7, wherein the intermediate coating layer (seal coating) (c) additionally
comprises talc, preferably 10 to 30% (w/w) talc, more preferred 15 to 25%

(W/w)% talc, most preferred 21-23% (w/w) talc.

A taste masked multi-layered particle according to one or more of claims 1 to
8, wherein the material for the intermediate coating layer (seal coating) (c), (i),
HPMC and PEG, is selected from the HPMC Hypromellose, USP Substitution
Type 2910 (apparent viscosity 2.4 — 3.6 mPas) and/or PEG 6000.

A taste masked multi-layered particle according to claim one or more of claims

1 to 9, wherein the material for the intermediate coating layer (seal coating) (c),
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(i) comprises 65 to 75% (w/w) HPMC, 7.5 to 12.5% (w/w) PEG 6000 and 19 to
23% (wiw) talc.

A taste masked multi-layered particle according to one or more of claims 1 to
8, wherein the material for the intermediate coating layer (seal coating) (c), (ii)
PVP, is selected from PVP K 30.

A taste masked multi-layered particle according to one or more of claims 1 to 8
and 11, wherein the material for the intermediate coating layer (seal coating)
(c), (ii), comprises 70-80% (w/w) PVP and 20-25% (w/w) talc.

A taste masked multi-layered particle according to one or more of claims 1 to
12, wherein the material for the outer coating layer (final or taste masking
coating) (d) (i), poly(meth)acrylate, is a basic butylated methacrylate

copolymer.

A taste masked multi-layered particle according to one or more of claims 1 to
claim 13, wherein the material for the outer coating layer (final or taste
masking coating) (d) (i), comprises 50-80% (w/w) poly(meth)acrylate, 0-8%
(w/w) sodium lauryl sulfate, 0-35% (w/w) stearic acid and/or 0-35% (w/w)

magnesium stearate.

A taste masked multi-layered particle according to claim 14, wherein the
material for the outer coating layer (final or taste masking coating) (d) (i),
comprises poly(meth)acrylate and stearic acid in a weight ratio of 80:20 to
60:40, more preferred 75:25 to 65:35, most preferred 70:30.

A taste masked multi-layered particle according to one or more of claims 1 to
15, wherein the material for the outer coating layer (final or taste masking
coating) (d) (i) makes up a coating level of at least 50% (w/w) (based on the
weight of the particles beneath this coating), preferably 100 to 300% (w/w),
more preferred 150 to 250% (w/w), even more preferred 180 to 220% (w/w),
most preferred 190 to 210% (w/w).
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A taste masked multi-layered particle according to one or more of claims 1 to
12, wherein the material for the outer coating layer (final or taste masking
coating) (d) (ii), is selected from EC with a viscosity range of 41-49 mPas
(measured as 5% solution in a mixture of 80% toluene and 20% ethanol and
an ethoxyl content of 48.0 - 49.5%) and/or HPMC with a methoxyl content of
28-30%, a hydroxypropylcontent of 7-12% and a viscosity range of 4-6 mPas

(measured as 2% solution in water).

A taste masked multi-layered particle according to one or more of claims 1 to
12 or claim 17, wherein the material for the outer coating layer (final or taste
masking coating) (d) (ii), comprises 50-75% (w/w) EC, 15-40% (w/w) HPMC
and 0-25% (w/w) magnesium stearate, preferably 50-60% (w/w) EC, 20-25%
(w/w) HPMC and 17.5-22.5% (w/w) magnesium stearate.

A taste masked multi-layered particle according to one or more of claims 1 to
12, 17 and/or 18, wherein the material for the outer coating layer (final or taste
masking coating) (d) (ii) makes up a coating level of at least 25% (w/w) (based
on the weight of the particles beneath this coating), preferably 25 to 100%
(w/w), more preferred 50 to 90% (w/w), even more preferred 70 to 80% (w/w),
most preferred 72.5 to 77.5% (w/w).

A taste masked multi-layered particle according to one or more of claims 1 to
19, wherein the outer coating layer (final or taste masking coating) (d) of the
particle is characterized

in mode (i) (poly(meth)acrylate) by a thickness of 50 to 150 ym, preferably 60
to 140 uym, more preferred 70 to 130 ym, even more preferred 75 to 125 ym,
most preferred 77 to 119 um, or

in mode (ii) (mixture comprising EC and HPMC) by a thickness of 10 to

150 pm, preferably 12 to 120 ym, more preferred 15 to 100 ym, most preferred
20 to 50 ym.

A taste masked multi-layered particle according to one or more of claims 3 to
20, wherein the one or more additional layers between the inert core and/or

between one of the coating layers (b) to (d) and/or on top of coating layer (d)



WO 2013/024023 PCT/EP2012/065680

10

15

20

25

30

22.

23.

24.

25.

26.

77

comprise(s) colloidal siliciumdioxide, preferably 0.1-5% (w/w) (based on the
weight of the final particles), more preferred 0.2-2.5% (w/w), most preferred
0.2-1% (w/w).

A taste masked multi-layered particle according to one or more of claims 3 to
21, wherein an additional coating layer(s) is a final outer-coating on top of
coating layer (final or taste masking coating) (d) and the material for this
additional coating layer(s) is selected from HPMC with a methoxyl content of
28-30%, a hydroxypropylcontent of 7-12% and a viscosity range of 4-6 mPas

(measured as 2% solution in water).

A taste masked multi-layered particle according to one or more of claims 1 to
22, wherein one or more of the layer material(s) comprise(s) additional
substances, preferably filler substances, binders, wetting agents, glidants,
lubricants, dispersing agents, coloring agents and/or anti-tacking agents,
selected from one or more of: mannitol, starch, talc, titaniumdioxide, sodium
lauryl sulfate, sodium dodecylsulfate, stearic acid, magnesium stearate, silica

and medium chain triglycerides.

A taste masked multi-layered particle according to one or more of claims 1 to
22, wherein one or more of the layer material(s), preferably for one of the seal
coating and/or final coating comprise(s) additional substances selected from
flavoring agents, pigments and substances for the reduction of electrostatic

charging, more preferred meat flavor, pigments and/or siliciumdioxide.

A taste masked multi-layered particle according to one or more of claims 1 to
24, wherein the inert core is characterized by a diameter of 50 to 300 um,

preferably 75 to 250 ym, more preferred 100 to 200 pm.

A taste masked multi-layered particle according to one or more of claims 1 to
25, wherein the final coated particle is characterized by an overall diameter of

80 to 800 um, preferably 90 to 600 um, more preferred 100 to 400 pm.
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A taste masked multi-layered particle according to one or more of claims 1 to
26, wherein the pharmaceutically active ingredient in its incorporated chemical
form makes up 1 to 50% (w/w) of the final multi-layered particle, preferably 2 to
25% (w/w), more preferred 3 to 22.5% (w/w) and most preferred 5 to 20%

(w/w).

A taste masked multi-layered particle according to one or more of claims 2 to
27, wherein the pharmaceutically active ingredient (a) (a DPP IV inhibitor) is

selected from 1-[(3-cyano-pyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-[3-
(R)-amino-piperidin-1-yl]-xanthine or any appropriate form and/or salt thereof,
preferably 1-[(3-cyano-pyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1-y1)-8-[3-(R)-

amino-piperidin-1-yl]-xanthine monohydrochloride.

A taste masked multi-layered particle according to claim 28 comprising 1-[(3-
cyano-pyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-[3-(R)-amino-piperidin-

1-yl]-xanthine monohydrochloride as pharmaceutically active ingredient,

comprising:
a) an inert core comprising microcrystalline cellulose,
b) two coating layer(s) each of them comprising 60 to 90% (w/w) of the

pharmaceutically active ingredient and 10 to 40% (w/w) of HPMC as

binder,

c) an intermediate coating layer (seal coating) comprising 65 to 75% (w/w)
HPMC, 7.5 to 12.5% (w/w) PEG 6000 and 19 to 23% (w/w) talc and

d) an outer coating layer (final or taste masking coating) comprising 50-

80% (w/w) basic butylated methacrylate copolymer, 5-8% (w/w) sodium
lauryl sulfate, 8-35% (w/w) stearic acid and 18-26% (w/w) magnesium
stearate,

wherein the material for the outer coating layer (d) (final or taste masking

coating) makes up a coating level of 190 to 210% (w/w).

A taste masked multi-layered particle according to claim 28 or 29, wherein the
pharmaceutically active ingredient in its incorporated chemical form makes up

5 to 25% (w/w) of the final multi-layered particle (calculated as free base),
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preferably 10 to 23% (w/w), more preferred 18 to 22% (w/w), most preferred
20 to 21% (w/w).

A taste masked multi-layered particle according to one or more of claims 2 to
27, wherein the pharmaceutically active ingredient (8) (an irchannel blocker) is
selected from zatebradine (1-(7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-
benzazepin-2-on-3-yl)-3-[N-methyl-N-[(2-(3,4-dimethoxyphenyl)ethyllamino]-
propane), 3-[(N-(2-(3,4-dimethoxy-phenyl)-ethyl)piperidin-3-yl)-methyl]-(7,8-
dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-on, its enantiomer
cilobradine ((+)-3-[(N-(2-(3,4-dimethoxy-phenyl)ethyl)-piperidin-3-(S)-yl)-
methyl]-(7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-on) or alinidine
(2-(N-allyl-2,6-dichloro-anilino)-2-imidazoline), mostly preferred cilobradine
hydrochloride ((+)-3-[(N-(2-(3,4-dimethoxy-phenyl)ethyl)-piperidin-3-(S)-yl)-
methyl]-(7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-on
hydrochloride).

A taste masked multi-layered particle according to claim 31, comprising

cilobradine hydrochloride as pharmaceutically active ingredient comprising:

a) an inert core comprising microcrystalline cellulose,

b) one coating layer comprising 60 to 70% (w/w) of the pharmaceutically
active ingredient, 25 to 35% (w/w) of HPMC as binder and 0.5-

3% (w/w) magnesium stearate,

c) an intermediate coating layer (seal coating) comprising 70-80% (w/w)
PVP K 30, 20-25% (w/w) talc and 0.5-5% (w/w) siliciumdioxide and
d) an outer coating layer (final or taste masking coating) comprising a

mixture comprising 50-60% (w/w) EC, 20-25% (w/w) HPMC, 17.5-
22.5% (w/w) magnesium stearate and 0.5-3% (w/w) siliciumdioxide,
wherein the material for the outer coating layer (d) (final or taste masking

coating) makes up a coating level of 72.5 to 77.5% (w/w).

A taste masked multi-layered particle according to claim 31 or 32, wherein the
pharmaceutically active ingredient in its incorporated chemical form makes up
2 to 10% (w/w) of the final multi-layered particle (calculated as hydrochloride),
preferably, 3 to 7,5% (w/w), more preferred 4 to 6% (w/w), most preferred 5.25
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to 5.75% (w/w).

A taste masked multi-layered particle according to one or more of claims 2 to
27, wherein the pharmaceutically active ingredient (y) (a phosphodiesterase lll
inhibitor) is pimobendan ((RS)-6-[2-(4-methoxyphenyl)-1H-benzimidazol-5-yl]-
5-methyl-4,5-dihydropyridazin-3(2H)-one).

A taste masked multi-layered particle according to one or more of claims 2 to
27, wherein the pharmaceutically active ingredient () (a cyclooxygenase 2
inhibitor) is meloxicam (4-hydroxy-2-methyl-N-(5-methyl-2-thiazolyl)-2H-1,2-

benzothiazine-3-carboxamide-1,1-dioxide).

A taste masked multi-layered particle according to one or more of claims 2 to
27, wherein the pharmaceutically active ingredient (¢) (a benzodiazepine
receptor agonist) is selected from 1-(4-chlorophenyl)-4-piperidinoimidazolin-2-
one and imepitoin (1-(4-chlorophenyl)-4-(4-morpholinyl)-2,5-dihydro-1H-

imidazol-2-one), preferably imepitoin.

Method for the production of a multi-layered particle according to one or more
of claims 1 to 36, in which the coating layers are assembled stepwise, starting
from the material for the inert core, the single coating steps separated by

drying steps.

Method according to claim 37, which takes place in a fluid bed, preferably a

Wourster fluid bed coating process.

Method according to claim 37 or 38, wherein the material for the outer coating
layer (d) (i) (final or taste masking coating) is added to an amount of at least
50% (w/w) (based on the weight of the particles to be coated in this step),
preferably 100 to 300% (w/w), more preferred 150 to 250% (w/w), even more
preferred 180 to 220% (w/w), most preferred 190 to 210% (w/w).

Method according to claim 37 or 38, wherein the material for the outer coating

layer (d) (ii) (final or taste masking coating) is added to an amount of at least
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25% (w/w) (based on the weight of the particles beneath this coating),
preferably 25 to 100% (w/w), more preferred 50 to 90% (w/w), even more
preferred 70 to 80% (w/w), most preferred 72.5 to 77.5% (w/w).

Use of

(i a mixture comprising hydroxypropyl methylcellulose (HPMC) and
polyethylene glycol (PEG) or

(i) poly(1-vinylpyrrolidin-2-one) (PVP),

for the assembly of an intermediate coating layer (seal coating) (c) free from a

low molecular weight water-soluble ionic compound of a multi-layered particle

as defined in one or more of claims 1 to 36.

Use according to claim 41, wherein the material for the intermediate coating
layer (seal coating) (c) (i) comprises 65 to 75% (w/w) HPMC, 7.5 to 12.5%
(w/w) PEG 6000 and 19 to 23% (w/w) talc.

Use according to claim 41, wherein the material for the intermediate coating
layer (seal coating) (c) (ii) comprises 70-80% (w/w) PVP and 20-25% (w/w)

talc.

Use of

(i) poly(meth)acrylate or

(i) a mixture comprising 60-90% (w/w) EC and 10-40% (w/w)
hydroxypropyl methylcellulose (HPMC),

for the assembly of an outer coating layer (final or taste masking coating) (d)

free from a low molecular weight water-soluble ionic compound of a multi-

layered particle as defined in one or more of claims 1 to 36.

Use according to claim 44, wherein the material for the outer coating layer
(final or taste masking coating) (d) comprises additional substances selected
from flavoring agents, pigments and substances for the reduction of

electrostatic charging.
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Use according to claim 44 or 45, wherein the material for the outer coating
layer (d) (i) (final or taste masking coating with poly(meth)acrylate) is added to
an amount of at least 50% (w/w) (based on the weight of the particles to be
coated in this step), preferably 100 to 300% (w/w), more preferred 150 to
250% (w/w), even more preferred 180 to 220% (w/w), most preferred 190 to
210% (w/w).

Use according to claim 44 or 45, wherein the material for the outer coating
layer (d) (i) (final or taste masking coating with a mixture comprising 60-90%
(w/w) EC and 10-40% (w/w) HPMC) is added to an amount of at least 25%
(w/w) (based on the weight of the particles beneath this coating), preferably 25
to 100% (w/w), more preferred 50 to 90% (w/w), even more preferred 70 to
80% (w/w), most preferred 72.5 to 77.5% (w/w).

Multi-layered particle according to one or more of claims 1 to 36, for the

treatment of

a) a metabolic disease, via DPP |V as target,

B) a heart disease, via the i-channel as target,

Y) a heart disease, via phosphodiesterase Il as target,

0) an inflammatory disease via cyclooxygenase 2 as target and/or
£) a disease of the central nervous system via the benzodiazepine

receptor as target.

Multi-layered particle according to claim 48 for the treatment of an animal.

Pharmaceutical composition comprising a multi-layered particle according to

one or more of claims 1 to 36, for the use in a method for the treatment of

a) a metabolic disease, via DPP IV as target,

B) a heart disease, via the i-channel as target,

Y) a heart disease, via phosphodiesterase Il as target,

0) an inflammatory disease via cyclooxygenase 2 as target and/or
€) a disease of the central nervous system via the benzodiazepine

receptor as target.
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Pharmaceutical composition according to claim 50 for the use for the treatment

of an animal.

Pharmaceutical composition according to claim 50 or 51 in solid form,
preferably a capsule or tablet with a mass of 20 to 4000 mg per unit, more
preferred 20 to 500 mg per unit, even more preferred 30 to 400 mg per unit,

most preferred 40 to 300 mg per unit.

Solid pharmaceutical composition according to claim 52, comprising the
pharmaceutically active ingredient in a final concentration of 0.1 to 1000 mg
per unit, preferred 2 to 50 mg per unit, even more preferred 3 to 40 mg per

unit, most preferred 4 to 30 mg per unit.

Solid pharmaceutical composition according to claim 52 or 53 in the form of a

tablet, preferably a tablet with one or more score lines to be split into pieces.

Pharmaceutical composition according to claim 50 or 51 in overall liquid form.

Overall liquid pharmaceutical composition according to claim 55 which is an
oily suspension, more preferred an oily suspension comprising a viscosity
enhancer selected from one or more of silicon dioxide, hydrophobic silicon
dioxide, EC (cellulose ether), poly(1-vinylpyrrolidin-2-one) (PVP), aluminium

stearate, xanthan gum, carrageen, and/or starch derivatives.

Overall liquid, oily pharmaceutical composition according to claim 56
comprising a mixture of hydrophilic and hydrophobic colloidal siliciumdioxide,
preferably at a weight percent ratio of 0.5:1 to 50:1, more preferred 1:1 to 25:1,
more preferred 2:1 to 10:1, most preferred 2.25:1 to 5:1.

Overall liquid pharmaceutical composition according to claim 55 which is an
agueous suspension, more preferred an aqueous suspension comprising
stabilisers selected from one or more of cellulose ethers, carbopol, xanthan

gum, carrageen, microcrystalline cellulose.
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Overall liquid pharmaceutical composition according to one or more of claims
55 to 58, comprising the pharmaceutically active ingredient in a final
concentration of 0.1 to 20 mg/ml, preferred 0.5 to 5 mg/ml, more preferred 0.75

to 4 mg/ml, most preferred 0.5 to 3 mg/ml.

Pharmaceutical composition according to one or more of claims 50 to 59,
wherein the pharmaceutically active ingredient (a) (a DPP IV inhibitor) for the
use for the treatment of a metabolic disease is selected from1-[(3-cyano-
pyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-[3-(R)-amino-piperidin-1-yl]-
xanthine or any appropriate form and/or salt thereof, preferably 1-[(3-cyano-
pyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-[3-(R)-amino-piperidin-1-yl]-

xanthine monohydrochloride.

Pharmaceutical composition according to claim 60 for the use for the treatment
of an animal, preferably a mammal, more preferred a predominantly

carnivorous mammal, most preferred a cat (feline).

Pharmaceutical composition according to claim 60 or 61 for the use for the

treatment of diabetes, preferably of diabetes type 2.

Pharmaceutical composition according to one or more of claims 60 to 62 in
solid form, comprising 2 to 50 mg per unit, more preferred 3 to 40 mg per unit,

even more preferred 4 to 30 mg per unit.

Pharmaceutical composition according to one or more of claims 50 to 59,
wherein the pharmaceutically active ingredient (B) (an i-channel blocker) for
the use for the treatment of a heart disease, especially heart failure via the i
channel as target is selected from zatebradine (1-(7,8-dimethoxy-1,3,4,5-
tetrahydro-2H-3-benzazepin-2-on-3-yl)-3-[N-methyl-N-[(2-(3,4-
dimethoxyphenyl)ethyllamino]-propane), 3-[(N-(2-(3,4-dimethoxy-phenyl)-
ethyl)piperidin-3-yl)-methyl]-(7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-
benzazepin-2-on, its enantiomer cilobradine ((+)-3-[(N-(2-(3,4-dimethoxy-
phenyl)ethyl)-piperidin-3-(S)-yl)-methyl]-(7,8-dimethoxy-1,3,4,5-tetrahydro-2H-
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3-benzazepin-2-on) or alinidine (2-(N-allyl-2,6-dichloro-anilino)-2-imidazoline),
mostly preferred cilobradine hydrochloride ((+)-3-[(N-(2-(3,4-dimethoxy-
phenyl)ethyl)-piperidin-3-(S)-yl)-methyl]-(7,8-dimethoxy-1,3,4,5-tetrahydro-2H-

3-benzazepin-2-on hydrochloride).

Pharmaceutical composition according to claim 64 for the use for the treatment
of an animal, preferably a mammal, more preferred a predominantly

carnivorous mammal, most preferred a cat (feline).

Pharmaceutical composition according to claims 64 or 65 in overall liquid form,
comprising the pharmaceutically active ingredient in a final concentration of 0.5

to 5 mg/ml, preferred 0.75 to 4 mg/ml, more preferred 0.5 to 3 mg/ml.

Pharmaceutical composition according to one or more of claims 50 to 59,
wherein the pharmaceutically active ingredient (y) (a phosphodiesterase I
inhibitor) for the use for the treatment of a heart disease via
phosphodiesterase |l as target, is pimobendan ((RS)-6-[2-(4-methoxyphenyl)-
1H-benzimidazol-5-yl]-5-methyl-4,5-dihydropyridazin-3(2H)-one).

Pharmaceutical composition according to claim 67 for the use for the treatment
of an animal, preferably a mammal, more preferred a predominantly

carnivorous mammal, most preferred a dog (canis) or a cat (feline).

Pharmaceutical composition according to one or more of claims 50 to 59,
wherein the pharmaceutically active ingredient (8) (a cyclooxygenase 2
inhibitor) for the use for the treatment of an inflammatory disease via
cyclooxygenase 2 as target, is meloxicam 4-hydroxy-2-methyl-N-(5-methyl-2-

thiazolyl)-2H-1,2-benzothiazine-3-carboxamide-1,1-dioxide).

Pharmaceutical composition according to claim 69 for the use for the treatment
of an animal, preferably a mammal, more preferred a predominantly

carnivorous mammal, most preferred a dog (canis) or a cat (feline).
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Pharmaceutical composition according to one or more of claims 50 to 59,
wherein the pharmaceutically active ingredient (¢) (a benzodiazepine receptor
agonist) for the use for the treatment of a disease of the central nervous
system via the benzodiazepine receptor as target, is selected from 1-(4-
chlorophenyl)-4-piperidinoimidazolin-2-one and imepitoin (1-(4-chlorophenyl)-

4-(4-morpholinyl)-2,5-dihydro-1H-imidazol-2-one), preferably imepitoin.

Pharmaceutical composition according to claim 71 for the use for the treatment
of an animal, preferably a mammal, more preferred a predominantly

carnivorous mammal, most preferred a dog (canis).

Pharmaceutical composition according to claim 71 or 72 for the use for the
treatment of epilepsy and/or anxiety, preferably of epilepsy, more preferred of

idiopathic epilepsy.

Package of an overall liquid, oily pharmaceutical composition according to
claim 56 or 57 comprising a glass vial and the pharmaceutical composition

filled therein.



