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SOLID ORAL PHARMACEUTICAL COMPOSITIONS OF LURASIDONE
HYDROCHLORIDE

Field of Invention

The present invention relates to pharmaceutical compositions, which provide a better
dissolution and disintegration profile, comprising lurasidone hydrochloride with at least
one binder and one or more other pharmaceutically acceptable excipient.

Background of Invention

Atypical antipsychotics are newer antipsychotic agents that have a pharmacological
profile different from older or typical antipsychotic drugs. They are also called second
generation antipsychotics. The drugs in this class of antipsychotics act on many
receptor types including dopamine and serotonin, but they are more selective for
dopamine receptors. They cause less extrapyramidal side effects compared to the older
typical antipsychotic drugs. They are more effective in treatment-resistant patients and
have a greater efficacy to treat negative symptoms, compared to the typical
antipsychotics.

Lurasidone is an atypical antipsychotic which belongs to the chemical class of
benzisothiazol derivatives. lts chemical name is (3aR,4S,7R,7aS)-2-{(1R,2R)-2-[4-(1,2-
benzisothiazol-3-yl)piperazin-1-ylmethyl]cyclohexylmethyl}hexahydro-4,7-methano-2H-
isoindole-1,3-dione and its chemical structure is shown in the Formula 1.

Formula 1. Lurasidone
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Lurasidone hydrochloride is a salt of lurasidone which is developed by Dainippon
Sumitomo under the trade name Latuda® which is indicated for the treatment of
patients with schizophrenia and with major depressive episodes associated with bipolar
| disorder (bipolar depression).

Lurasidone hydrochloride is a white to off-white powder. It is very slightly soluble in
water, practically insoluble or insoluble in 0.1 N HCI, slightly soluble in ethanol,
sparingly soluble in methanol, practically insoluble or insoluble in toluene and very
slightly soluble in acetone.

In the state of the art, it is disclosed a pharmaceutical composition of lurasidone which
is free of binder and which can also exhibit rapid disintegration as well as equivalent in
vitro dissolution profile. On the other hand, it is stated that the pharmaceutical
composition comprises pregelatinized starch in the ratio of less than 10% by weight. In
the light of the literature information given in the Handbook of Pharmaceutical
Excipients edited by Raymond C. Rowe, Paul J. Sheskey and Marlan E. Quinn (sixth
edition, page 692), it is known that pregelatinized starch can be used as a binder and/or
as a disintegrant in a tablet formulation between the ratios of 5-10% by weight.
Therefore, it is understood that the pregelatinized starch is present as disintegrant in
this pharmaceutical composition.

In the patent application no. WO2016012898A1, an oral pharmaceutical composition of
lurasidone, comprising a single disintegrant which is free of starch and its derivatives, is
mentioned. It is also stated that this composition exhibits an equivalent dissolution
even when the content of lurasidone is varied. Furthermore, lactose monohydrate is
used in the composition as binder instead of pregelatinized starch and its ratio in the
total formulation is about 24% which can be inconvenient for lactose-intolerant patients
in long term use. On the other hand, pregelatinized starch is generally regarded as a
nontoxic and nonirritant excipient upon the information given in the Handbook of
Pharmaceutical Excipients (sixth edition, page 693) and use of pregelatinized starch in
a tablet formulation is known to remarkably improve the disintegration and the
dissolution profiles of a pharmaceutical composition. So the said application is not
specific about the advantages provided via the absence of starch derivatives.
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Yet another patent application no. US2015157628A1 asserts pharmaceutical
compositions comprising lurasidone and starch derivatives in lower ratios in comparison
with the state of art and aims to decrease the weight of a tablet. However, the
recommended amounts of lurasidone and starch derivatives are rather high, between
20-50% and more than 50% by weight of the composition, respectively. Moreover, in
the preparation process of this composition, only water is used to form
binder/granulation solution which gives rise to undesired long dry time.

Lurasidone has a low aqueous solubility (0.00789 mg/ml in water) and when used in
micronized form, especially in solid oral pharmaceutical compositions, it is challenging
to process due to its sticky nature. Thus, there is a need in the art for a pharmaceutical
composition comprising lurasidone providing a better dissolution and disintegration
profile by means of the well-proportioned use of a well-selected disintegrant and
binders which reduces the required content of lurasidone and starch derivatives
accordingly.

Objects and Brief Description of the Invention

The main object of the present invention is to obtain lurasidone hydrochloride
formulations eliminating all aforesaid problems and bringing additional advantages to
the relevant prior art.

Another object of the present invention is to obtain lurasidone hydrochloride
formulations with high stability and bioavalibility.

A further object of the present invention is to develop solid oral formulations of
lurasidone hydrochloride having an improved level of dissolution rate and solubility.

According to these objects, another object of the present invention is to obtain a solid
oral pharmaceutical composition comprising lurasidone hydrochloride and at least one
binder.

Yet, another object of the present invention is to provide a lurasidone hydrochloride
tablet comprising at least one film coating to protect the pharmaceutical composition
against the moisture to maintain the stability.
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A further object of the present invention is to improve a process for preparing the said
lurasidone hydrochloride tablet, comprising spray granulation method which makes
round and compact granules having a high bulk density and a narrower range of
particle sizes.

Detailed Description of the Invention

In accordance with the objects outlined above, detailed features of the present invention

are given herein.

A solid oral pharmaceutical composition subjected to the invention essentially
comprises lurasidone or its pharmaceutically acceptable salts as an active agent and at
least one binder.

According to the preferred embodiment, the active agent is lurasidone hydrochloride.
The amount of lurasidone hydrochloride is between 1-60% by weight of the total
composition. Preferably the amount of lurasidone hydrochloride is between 5-30% by
weight of the total composition. More preferably the amount of lurasidone hydrochloride
is between 10-20% by weight of the total composition.

According to this embodiment, lurasidone hydrochloride is present in an amount of
between 1 to 300 mg, preferably 10 to 240 mg and more preferably it is 20 to 120 mg.

According to these embodiments, the composition is in the form of coated tablet, trilayer
tablet, bilayer tablet, multilayer tablet, orally disintegrating tablet, mini tablet, pellet,
sugar pellet, buccal tablet, sublingual tablet, effervescent tablet, immediate release
tablet, modified release tablet, film-coated tablet, gastric disintegrating tablet, pill,
capsule, oral granule, powder, coated bead system, microsphere, tablet in tablet, inlay
tablet, dragee, sachet, orally administrable film.

The composition is preferably in the form of a film-coated tablet.

According to one embodiment, the solid oral pharmaceutical composition comprises at
least two binders which are selected from the group comprising copovidone,
copolyvidone, polyvinylpyrrolidone (PVP), povidone K30, carnauba wax, hydroxypropyl
methyl cellulose (HPMC), pullulan, polymethacrylate, glyceryl behenate, hydroxypropyl
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cellulose (HPC), carboxymethyl cellulose (CMC), methyl cellulose (MC), hydroxyethyl
cellulose, sodium carboxymethyl cellulose (Na CMC), carboxymethyl cellulose calcium,
ethyl cellulose, microcrystalline cellulose, polymetacrylates, polyethylene oxide,
polyvinyl alcohol, polycarbophil, polyvinyl acetate and its copolymers, gelatin, starch,
pregelatinized starch, xanthan gum, guar gum, alginate, carrageen, kollagen, agar,
pectin, hyaluronic acid, carbomer, cellulose acetate phthalate, hydroxypropy! starch,
hydroxyethyl methyl cellulose, polaxomer, polyethylene glycol (PEG), sugars, glycose
syrups, natural gums, tragacanth gum, polyacrylamide, aluminum hydroxide,
benthonite, laponite, setostearyl alcohol, polyoxyethylene-alkyl ethers, acacia mucilage,
polydextrose or mixtures thereof.

According to the preferred embodiment, the solid oral pharmaceutical composition
comprises two binders which are pregelatinized starch and polyvinylpyrrolidone.

In the preferred embodiment, the ratio of pregelatinized starch to the total weight of
lurasidone hydrochloride is in the range of 1:1 to 1:5 and preferably 1:1 to 1:4 and more
preferably 1:2 to 1:3.

The amount of pregelatinized starch is between 1-15%, preferably 5-10% by weight of
the total composition. Due to its amount in the composition, pregelatinized starch also
takes part in disintegration of the film-coated tablet even it is used as a binder.

The ratio of pregelatinized starch to lurasidone and the ratio of pregelatinized starch in
the total composition are reduced and even so a better dissolution and disintegration
profile and a better stability are obtained over the prior art.

The amount of polyvinylpyrrolidone is between 1-10%, preferably 3-7% by weight of the
total composition.

According to one embodiment, the composition further comprises at least one
pharmaceutically acceptable excipient selected from diluents, disintegrants, lubricants,

or mixtures thereof.

According to this embodiment, the solid oral pharmaceutical composition comprises at
least one diluent which is selected from the group comprising lactose monohydrate,
lactose, dibasic calcium phosphate, microcrystalline cellulose, mannitol, spray-dried
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mannitol, starch, dextrose, sucrose, fructose, maltose, sorbitol, xylitol, inositol, kaolin,
inorganic salts, calcium salts, polysaccharides, dicalcium phosphate, sodium chloride,
dextrates, lactitol, maltodextrin, sucrose-maltodextrin mixture, trehalose, sodium

carbonate, sodium bicarbonate, calcium carbonate or mixtures thereof.

According to the preferred embodiment, the solid oral pharmaceutical composition

comprises two diluents which are mannitol and microcrystalline cellulose.

The amount of mannitol is between 5-60%, preferably 15-40% and more preferably 25-
35% by weight of the total composition.

The amount of microcrystalline cellulose is between 5-60%, preferably 15-40% and
more preferably 20-30% by weight of the total composition. According to this preferred
ratio selection, it is possible to benefit the binding effect of the microcrystalline cellulose
which is used as a diluent.

According to these embodiments, the solid oral pharmaceutical composition comprises
at least one disintegrant which is selected from the group comprising croscarmellose
sodium, sodium carbonate, hydroxylpropyl cellulose (HPC), cross-linked
polyvinylpyrrolidone (crospovidon), copovidon, polycarbophil, low-substitue poloxamer,
sodium starch glycolate, starch, pregelatinized starch, alginic acid and alginates, ion-
exchange resins, magnesium aluminum silica, sodium dodecyl sulphate, sodium
carboxy methyl cellulose, carboxy methyl cellulose calcium, docusate sodium, guar
gum, polyacrylin potasium, sodium alginate, sodium glysin carbonate, sodium lauryl
sulphate or mixtures thereof.

According to the preferred embodiment, the solid oral pharmaceutical composition
comprises one disintegrant which is croscarmellose sodium. The amount of
croscarmellose sodium is between 1-15%, preferably 5-10% by weight of the total

composition.

According to this preferred embodiment, the ratio of croscarmellose sodium to the total
weight of lurasidone hydrochloride is in the range of 1:1 to 1:5 and preferably 1:1 to 1:4
and more preferably 1:2 to 1:3.
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According to this embodiment, the ratio of croscarmellose sodium to the total weight of
binder is in the range of 1:0.5 to 1:10 and preferably 1:1 to 1:3 and more preferably 1:1
to 1:2.

The ratios of croscarmellose sodium to the other excipients are very important for this
invention to improve the quality of the film-coated tablet, since it is known that
disintegrants have tablet quality deteriorating properties, such as causing tablet
hardness reductions and tablet surface roughness as a result of moisture absorption,
and worsening the mouth touch due to a feeling of dryness as a result of saliva
absorption. Regarding this knowledge, in this invention, corscarmellose sodium is used

in minimal ratios as given above as the single disintegrant.

According to these embodiments, the solid oral pharmaceutical composition comprises
a lubricant which is selected from the group comprising sodium lauryl sulphate, sodium
stearyl fumarate, magnesium stearate, zinc stearate, calcium stearate, mineral oil, talc,
polyethylene glycol, glyceryl monostearate, glyceryl palmitostearate, magnesium lauryl
sulphate, fumaric acid, zinc stearate, stearic acid, hydrogenated natural oils, silica,

paraffin or mixtures thereof.

According to the preferred embodiment, lubricant used in this present invention is

magnesium stearate.

The amount of magnesium stearate is between 0.1-5 %, preferably 0.1-2% by weight of
the total composition.

According to these embodiments, the solid oral pharmaceutical composition comprises
at least one coating layer to protect the composition against the moisture and maintain
the stability. Suitable coating ingredients are selected from the group comprising
hydroxypropylmethyl cellulose (hypromellose), hydroxypropyl cellulose, polyvinyl
alcohol (PVA), polyethylene glycol (PEG), talc, polyvinyl alcohol-polyethylene glycol
copolymers (Kollicoat IR), ethylcellulose dispersions (Surelease), polyvinylprolidone,
polyvinylprolidone-vinyl acetate copolymer (PVP-VA) and all kinds of OpadryTM,
pigments, dyes, titanium dioxide, iron oxide or polymethylmetacrylate copolymers
(Eudragit) and mixtures thereof.
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According to one embodiment, coating layer is Opadry White which comprises
hypromellose, titanium dioxide, talc and polyethylene glycol.

According to another embodiment; coating layer is Opadry Green which comprises
hypromellose, titanium dioxide, talc, polyethylene glycol, iron oxide (yellow dye), indigo

carmine aluminum lake (blue dye).

According to one preferred embodiment, the solid oral pharmaceutical composition
comprises lurasidone hydrochloride as active agent, pregelatinized starch and
polyvinylpyrrolidone as binders, microcrystalline cellulose and mannitol as diluents,
croscarmellose sodium as disintegrant, magnesium stearate as lubricant and a coating

layer.

According to this preferred embodiment,
- the amount of lurasidone hydrochloride is between 1-60%
- the amount of pregelatinized starch is between 1-15%,
- the amount of polyvinylpyrrolidone is between 1-10%,
- the amount of microcrystalline cellulose is between 5-60%,
- the amount of croscarmellose sodium is between 1-15%,
- the amount of mannitol is between 5-60%,
- the amount of magnesium stearate is between 0.1-5%,
- the amount of the coating layer is between 1-5%, by weight of the total

composition.

These analytically selected ratios ensure the required effective doses for the treatment
and enhance the stability and dissolution profile of the film-coated tablet subjected to

the invention.

According to all these embodiments, the below given formulations can be used in the
solid oral pharmaceutical composition subjected to the invention.
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Ingredients Amount (%)
Lurasidone hydrochloride 10-20
Pregelatinized starch 5-10
Polyvinylpyrrolidone (K25) 3-7
Microcrystalline cellulose (Avicel 101) 20-30
Croscarmellose sodium 5-10
Mannitol (Pearlitol 200SD) 25-35
Magnesium stearate 0.1-2
Coating 1-5
Coating Material (Opadry White) Ingredients Amount (%)
Hypromellose (Methocel E5 LV) 60 —80
Titanium dioxide 15 -25
Talc 3 -10
Polyethylene glycol powder (PEG 8000) 2 -5

Example 2: Opadry green coated tablet

Ingredients Amount (%)
Lurasidone hydrochloride 10-20
Pregelatinized starch 5-10
Polyvinylpyrrolidone (K25) 3-7
Microcrystalline cellulose (Avicel 101) 20-30
Croscarmellose sodium 5-10
Mannitol (Pearlitol 200SD) 25-35
Magnesium stearate 0.1-2
Coating 1-5
Coating Material (Opadry Green) Ingredients Amount (%)
Hypromellose (Methocel E5 LV) 60 —80
Titanium dioxide 10 —20
Talc 3 -10
Polyethylene glycol powder (PEG 8000) 2 -5
Iron oxide (yellow dye) 1 -3
Indigo carmine aluminum lake (blue dye). 1 -3
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Example 3: A preferred coated Tablet

Ingredients Amount (%)
Lurasidone hydrochloride 18
Pregelatinized starch 8
Polyvinylpyrrolidone (K25) 5.3
Microcrystalline cellulose (Avicel 101) 24.8
Croscarmellose sodium 8
Mannitol (Pearlitol 200SD) 33
Magnesium stearate 0.5
Coating 2.4

The pharmaceutical formulations mentioned above are prepared by following these

steps:

swelling polyvinylpyrrolidone in a 70% alcohol solution comprising
ethanol and water, thus preparing a granulation solution,

mixing microcrystalline cellulose, pregelatinized starch, croscarmellose
sodium and lurasidone hydrochloride in a fluid bed dryer for 10 minutes
to prepare a powder mixture,

granulating the powder mixture with the granulation solution using spray
granulation method,

drying the granules, preferably until they have 3% moisture ratio.

sieving the granules preferably with a 0,7mm sieving mesh and grinding
them,

mixing the grinded granules with mannitol for 15 minutes in a container
mixer,

adding magnesium stearate to the mannitolized granules and mixing for
3 more minutes,

weighing the final mixture and compress into tablets,

coating these tablets with a film layer

Spray granulation method which is performed to granulate the powder mixture results in

granules with a round, compact structure, excellent flow properties, a high bulk density
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and a narrower range of particle sizes. These properties make easier to process further.
In addition to this, spray granulation with fluid bed technology enables to choose
residual moisture and particle size. As a result of these advantages, the tablet

composition has an enhanced stability during its shelf-life.

10
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CLAIMS

A solid oral pharmaceutical composition comprising lurasidone hydrochloride
and at least one binder.

The solid oral pharmaceutical composition according to claim 1, wherein the
composition comprises lurasidone hydrochloride in an amount of 1-60%,
preferably 5-30% and more preferably 10-20% by weight.

The solid oral pharmaceutical composition according to claim 1 or 2, wherein the
composition is in the form of coated tablet, trilayer tablet, bilayer tablet,
multilayer tablet, orally disintegrating tablet, mini tablet, pellet, sugar pellet,
buccal tablet, sublingual tablet, effervescent tablet, immediate release tablet,
modified release tablet, film-coated tablet, gastric disintegrating tablet, pill,
capsule, oral granule, powder, coated bead system, microsphere, tablet in
tablet, inlay tablet, dragee, sachet, orally administrable film.

The solid oral pharmaceutical composition according to claim 3, wherein the
composition is in the form of a film-coated tablet.

The solid oral pharmaceutical composition according to any preceding claims,
wherein the composition comprises at least two binders which are selected from
the group comprising copovidone, copolyvidone, polyvinylpyrrolidone, povidone,
carnauba wax, hydroxypropyl methyl cellulose, pullulan, polymethacrylate,
glyceryl behenate, hydroxypropyl cellulose, carboxymethyl cellulos, methyl
cellulose, hydroxyethyl cellulose, sodium carboxymethyl cellulose,
carboxymethyl cellulose calcium, ethyl cellulose, microcrystalline cellulose,
polymetacrylates, polyethylene oxide, polyvinyl alcohol, polycarbophil, polyvinyl
acetate and its copolymers, gelatin, starch, pregelatinized starch, xanthan gum,
guar gum, alginate, carrageen, kollagen, agar, pectin, hyaluronic acid,
carbomer, cellulose acetate phthalate, hydroxypropyl starch, hydroxyethyl
methyl cellulose, polaxomer, polyethylene glycol, sugars, glycose syrups,
natural gums, tragacanth gum, polyacrylamide, aluminum hydroxide, benthonite,
laponite, setostearyl alcohol, polyoxyethylene-alkyl ethers, acacia mucilage,
polydextrose or mixtures thereof.
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The solid oral pharmaceutical composition according to claim 5, wherein the
composition comprises two binders which are pregelatinized starch and

polyvinylpyrrolidone.

The solid oral pharmaceutical composition according to claim 6, wherein the
ratio of pregelatinized starch to the total weight of lurasidone hydrochloride is in
the range of 1:1 to 1:5 and preferably 1:1 to 1:4 and more preferably 1:2 to 1:3.

The solid oral pharmaceutical composition according to any preceding claims,
wherein the composition further comprises at least one pharmaceutically
acceptable excipient selected from diluents, disintegrants, lubricants, or mixtures
thereof.

The solid oral pharmaceutical composition according to claim 8, wherein the
composition comprises at least one disintegrant which is selected from the
group comprising croscarmellose sodium, sodium carbonate, hydroxylpropyl
cellulose, crospovidon, copovidon, polycarbophil, low-substitue poloxamer,
sodium starch glycolate, starch, pregelatinized starch, alginic acid and alginates,
ion-exchange resins, magnesium aluminum silica, sodium dodecyl sulphate,
sodium carboxy methyl cellulose, carboxy methyl cellulose calcium, docusate
sodium, guar gum, polyacrylin potasium, sodium alginate, sodium glysin
carbonate, sodium lauryl sulphate or mixtures thereof.

The solid oral pharmaceutical composition according to claim 9, wherein the

composition comprises one disintegrant which is croscarmellose sodium.

The solid oral pharmaceutical composition according to claim 10, wherein the
ratio of croscarmellose sodium to the total weight of lurasidone hydrochloride is
in the range of 1:1 to 1:5 and preferably 1:1 to 1:4 and more preferably 1:2 to
1:3.

The solid oral pharmaceutical composition according to claim 10 or 11, wherein
the ratio of croscarmellose sodium to the total weight of binder is in the range of
1:0.5 to 1:10 and preferably 1:1 to 1:3 and more preferably 1:1 to 1:2.

The solid oral pharmaceutical composition according to any preceding claims,
wherein the composition comprises;

— 5-60% by weight lurasidone hydrochloride,
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1-15% by weight of pregelatinized starch,
1-10% by weight of polyvinylpyrrolidone,
5-60% by weight of microcrystalline cellulose,
1-15% by weight of croscarmellose sodium,
5-60% by weight of mannitol,

0.1-1% by weight of magnesium stearate

1-5% by weight of moisture protective coating.

14. A process for preparing the solid oral pharmaceutical composition according to

claim 13, comprising the following steps:

swelling polyvinylpyrrolidone in a 70% alcohol solution comprising
ethanol and water, thus preparing a granulation solution,

mixing microcrystalline cellulose, pregelatinized starch, croscarmellose
sodium and lurasidone hydrochloride in a fluid bed dryer for 10 minutes
to prepare a powder mixture,

granulating the powder mixture with the granulation solution using spray
granulation method,

drying the granules

sieving the granules and grinding them,

mixing the grinded granules with mannitol for 15 minutes in a container
mixer,

adding magnesium stearate to the mannitolized granules and mixing for
3 more minutes,

weighing the final mixture and compress into tablets,

coating these tablet with a film layer.
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