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(57) Abstract: The present invention relates to a granule comprising silodosin; alkaline inorganic salt as a stabilizer; and a pharma-
ceutically acceptable excipient. The present invention shows that the inventive granules exhibit improved stability for silodosin, and
reduction in unwanted reaction of silidosin with other excipients. Thus, the granule comprising silidosin of the present invention can
be used for the development of a composition or formulation with a variety of dissolution characteristics, without any influence to
the stability of silodosin. Also, owing to the decreased adverse effects which may result from degradation products of silodosin, it
can be utilized as a safer therapeutic agent for prostatic hypertrophy.
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DESCRIPTION

GRANULE COMPRISING SILODOSIN, AND PHARMACEUTICAL
- COMPOSITION AND FORMULATION COMPRISING SAME

FIELD OF THE INVENTION

The present invention relates to a granule comprising silodosin, and a
pharmaceutical composition and a formulation comprising same. More particularly, it
relates to a granule comprising silodosin showing improved storage stability, and a

pharmaceutical composition and a formulation comprising same.

BACKGROUND OF THE INVENTION

Prostatic hypertrophy is a disease showing high incidence in elderly males, and it
is estimated that 70% of males in their 60s are suffering from this disease. Due to a
recent accelerated ageing of populations, the number of patients with prostatic
hypertrophy is increasing rapidly, leading to an increased interest in its therapy. The
main treat‘mentvmethods for prostatic hypertrophy'include drug therapy and surgical
therapy. Surgical therapies may include laparotomy with prostatic résection, transurethral

resection of the »prolstate (TUR-P), hyperthermic therapy, laser therapy and stent

~placement therapy, while drug therapies may include al-adrenergic receptor blockers,

- anti-androgen drugs and herbal medicine.

More particularly, silodosin is‘an al-adrenergic receptor antagonist as presented

in the formula I below (chemical name: 1-(3-hydroxypropyl)-5-[(2R)-2-(2-[2-(2,2,2-

trifluoroethoxy)phenoxy]ethylamino)propyl]-2,3 -flihydro- 1H-indole-7-carboxamide).

Owing to selective inhibition of urethral smooth muscle contraction, it decreases
pressure inside urethra without significantly affecting blood pressure. Also, 6wing to
the selecti\}ity for the al-adrenergic receptor subtype, it is very useful in the treatment of

urination difficulties and the like, associated with prostatic hypertrophy.



10

15

20

25

WO 2015/152680 PCT/KR2015/003376

@)
Silodosin is being sold worldwide with a variety of trade names such as Urief®,

Thrupas®, Rapaflo®, Silodyx®, etc.

However, it is kndwn that silodosin is apt to produce various related substances
‘by reactions with a variety of excipients in a pharmaceutical formulation. In particular,
silodosin is known to decrease dissolution characteristics by‘a reaction with lactose.
More specifically, Korean Patent No. 10-1072909 discloses that silodosin produces a
variety of related substances by reactions with pharmaceutical excipients including
lactose, and that D-mannitol can be used as an excipient to improve its stability.
However, even with D-mannitol, some degradation products cannot be avoided, and thus,
there is a need for the development of a new composition to improve the stability of

silodosin.

Therefore, the present inventors have endeavored to improve the stability of
silodosin, and found that preparing a granule using alkaline inorganic salt as a stabilizer

results in the improvement of its storage stability, dissolution rate and bioavailability.

| SUMMARY OF THE INVENTION

It is an object of the present invention to provide a new silodqsin preparation
which shows improved stability. | | |

In accordance with one embodiment of the present invention, there is provided a
granule comprising: silodosin; an alkaline -inorganic salt as a stabilizer; and a
pharmaceutically acceptable excipient.

I accordance with another embodiment of the presént invention, there is

proifided _ a. pharmaceutical 'composition comprising the above granule and a
pharmaceutically accepvtable additive.

In accordance with another embodiment of the present invention, there is
5 .
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~ provided a pharmaceutical formulation prepared by using the above granule or the above

pharmaceutical composition.

The present invention shows that the inventive granules exhibit improved
stability for silbdosin, and reduction in unwanted reaction of silidosin with other
excipients. Thus, the granule comprising silidosin of the present invention can be used
for the development of a composition or formulation with a variety of dissolution
characteristics, without any influence to the stability of silodosin. Also, owing to the
decreased adverse effects which may result from degradation products of silodosin, it

can be utilized as a safer therapeutic agent for prostatic hypertrophy.

BRIEF DESCRIPTION OF THE DRAWING

The above and other objects and features of the present invention wﬂl become
apparent from the following descriptions of the invention, when taken in conjunction with
the accompanying \drawings: . V |

Fig. 1 is a graph showing the stability of silodosin according to the type of a
stabiliz¢r (the amount of related substance I production); |

Fig. 2 is a graph showihg the stability of silodosin according to the type of a
stabilizer (thé amount of total related substance production);

Fig. 3 is a graph showing the stability of silodosin according to the content of a
stabilizer (the amount of related substance I prodﬁction)' _

Fig. 4 is a graph showing the stability of silodosin according to the content of a
stabilizer (the amount of total related substance production); ‘

Fig. 5 is a graph showing the dissolution rate of silodosin according to the
content of a stabilizer; |
| Fig. 6 is a graph showing the staBility of silodosin according to the combination
of various éxcipients and stabilizers (the amount of related substance I production);

Fig. 7 is a graph showing the stability of silodosin according to the combination
of various excipients and stabilizers (the amount of total related substance production);

Fig. 8 is a graph showing the dissolution rate of silodosin according to the type of

.an excipient;
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Fig. 9 is a graph showing the dissolution rate of silodosin according to the
difference in preparation method; and

Fig. 10 is a graph comparing the pharmacokinetics of silodosin according to the

- difference in preparation method.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a granule comprising silodosin; an alkaline

inorganic salt as a stabilizer; and a pharmaceutically acceptable excipient.

The present invention can improve the stability of silodosin by preparing a
granule using an alkaline inorganic salt as a stabilizer. In addition, the present
invention can minimize ‘interactions between silodosin é.nd various pharmaceutical
excipients efnployed in the preparation process of the granule, by preparing the granule

using an alkaline inorganic salt as a stabilizer.

Silodosin employed as an active ingredient in a granule according to the present

‘invention is a compound represented by the formula I, with a chemical name of: 1-(3-

| hydroxypropyl)-S;[(2R)-2-(2-[2-(2,2,2-triﬂuoroethoxy)phenoxy]ethylamino]propyl]-2,3-

dihydro-1H-indole-7-carboxamide. Owing to selective inhibition of urethral smooth
muscle contraction, it decreases inner pressure of urethra without significantly affecting
blood pressure.  Also, owing to the selectivity for the al-adrenergig receptor subtype, it -
is very useful in the freatment of urination difficulties and the like, associated with
prostatic hypertrophy.

Daily standard dose of silodosin for ‘adults is 1 to 16 mg, which can be

administered in an amount of 1 mg, 2 mg, 4 mg, 8 mg, or 16 mg per day.

An alkaline inorganic salt employed as a stabilizer in a granule according to the -
present invention can be selected from the group consisting of oxides, hydroxides,
carbonates and phosphates of sodium, calcium, potassium, magnesium, manganese, iron,
copper, zinc, aluminum and lithium. In one embodiment, the alkaline inorganic salt

can be selected from the group consisting of alkaline metal or alkaline earth metal oxide,

4
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hydroxide, carbonate, and phosphate. In another embodiment, the alkaline inorganic
salt” can be calcium carbonate (CaCOs;), magnesium carbonate (MgCOj3), sodium
hydrogen carbonate (N aHCO3), or a mixture thereof.

With respect to the stability of silodosin, a stabilizer can be employed in an
amount fanging from 0.05 to 33 parts by weight, preferably 0.1 to 101 parts by weight
based on 1 part by weight of silodosin. When the amount of a stabilizer is less than the
aforementioned lower limit of the range, the aimed stabilizing effect on silodosin éannot‘
be achieved, while there is a problem that the dissolution rate of silodosin decreases
when it exceeds the aforementioned upper limit of the fange. :

The aforementioned stabilizer can significantly improve the stability of silodosin
as compared to antioxidants (e.g., butylated hydroxyanisole (BHA) or butylated
'hydroxytoluene (BHT)) or other stabilizers (e.g.,»meglumine)»Which are conventionally

known to improve the stability of a drug.

An excipient that can be used in a granule according to the present invention, for

example, can be at least one selected from the group consisting of a pharmaceutically

~ acceptable diluent, a disintegrant, a plasticizer and a lubricant.

The diluent can be selected from the group consisting of cellulose powders,

| microcrystalline cellulose, silicified microcrystalline cellulose, dicalcium phosphaté,

tricalcium phosphate, mannitol, sorbitol, xylitol, lactose, dextrose, vmaltose; sucrose,

glucose, fructose, maltodextrin, and a mixture thereof, but are not limited thergto.. The

diluent can be employed in an amount ranging from 1 to 99% by v&;eight, pfeferably 5to
95% by weight based on the total weight of the granule. '

The disintegrant can be a component that shows stable disintegration, selected

from the group consisting of crospovidone, croscarmellose sodium, sodium starch

glycolate, low-substituted hydroxypropyl cellulose, starch, alginic acid or its sodium salt,
and a mixture thereof, but are not limited thereto. The disinfcgrant can be employed in
an amount ranging from 1 to 70% by weight, preferably 2 to 50% by weight based on the
total weight of the granule. | o

- Examples of the plasticizer may include polyoxyalkjlene (e.g., BASF Pluronics,
UCC Carboxaxes, P_EGs), ether-capped polyoxyalkylene (e.g., polyoxyethylene lauryl

cther), ester-capped polyoxyalkylene (e.g., polyoxyethylene stearate), sorbitan stearate,

5
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phosphatide, alkyl amine, glycerin, polyethylene oxide, carboxymethyl cellulose,
polyvinyl alcohol, polyvinyl pyrrolidone, sodium lauryl sulfate, aryl (Cs-C1o) sulfate salt,
etc., but are not limited thereto. The plasticizer can be employed in an amount ranging
from 0.01 to 10% by weight based on the total weight of the gfanule.

Examples of the lubricant may include stearic acid, magnesium stearate, calcium
stearate, talc, sodium stearyl fu’marate, silicon dioxide (Si0,), etc., but are not limited
thereto. The lubricant can be employed in an amount ranging from 0.01 to 10% by

weight based on the total weight of the granule.

A granule according to the present invention can be prepared by granulation
processes widely known in the pharmaceutical industry, e.g., a dry granulation process .
or a wet granulatioh process.

Preferably, a granule according to the present invention can be prepared by a wet
gra'nulaﬁon process using a mixing granulator or fluidized bed granulator. .In the
pharmaceutical -industry, a wet granulation process is generallky known to be
disadvanta'géous‘ as corhpared to a dry granulation process in terms of instability of the
drug. However, a granule according to the present invention shows excellent stability,
dissolution rate, and bioavailability owing to the effect of the aforementioned sfabilizer,

although it is prepared by a wet granulation process.

The present invention also provides a pharmaceutical composition comprising
the aforementioned granule and a pharmaceutically acceptable additive. The additive

can be a diluént, a disintegrant, a humectant, a binder or a lubricant. The diluent,

disintegrant and lubricant are the same as described above. Examples of the humectant

may include polyoxyalkylene (e.g., BASF Pluronics, UCC Carboxaxes, PEGs), ether-
capped polyoxyalkylene (e.g., polyoxyethylene lauryl ether), ester-capped

. 'polyoxyalkylene (e.g., polyoxyethylene stearate), sorbitan stearate, phosphatide, alkyl

amine, ' glycerin, polyethylene oxide, carboxymethyl cellulose, polyvinyl alcohol,
polyvinyl pyrrolidone, sodiurﬁ lauryl sulfate, aryl (Cs-Cyo) sulfate salt, etc., but are not
limited thereto. The humectant can be employed in an amount ranging from 0.01 to
10% by weight based on the total weight of the composition. In addition, the binder

can be selected from the group consisting of hydroxypropyl cellulose, hypromellose,

6
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polyvinyl pyrrolidone, copovidone, macrogel, silicate derivatives such as light
anhydrous silicic acid, synthetic calcium aluminum silicate or magnesium metasilicate
aluminate (magnesiﬁm aluminum silicate), phosphates such as calcium phosphate
dihydrate, carbonates such as calcium carbonate, and a mixture thereof, but are not

limited thereto. The binder can be employed in an amount ranging from 0.3 to 30% by

| weight, preferably 1 to 20% by weight based -on the total weight of the composition.

Furthermore, the present invention pro;lides a pharmaceutical formulation
‘prepared by using the aforementioned granule or aforementioned pharmaceutical
composition. A .pharmaceutical formulation of the present invention can be a
formulation for oral administration, such as a tablet or capsule.

For example, in case of a tablet, the aforementioned granule or pharmaceutical
-composition can be manufactured into a tablet by a tablet compression process using
conventional rotary press, etc.; and preferably into a coated tablet by a light-shielded
coating process. |

“In addition, in case of a capsule, the aforementioned granules or pharr'naceutical‘
chpositien can be manufactured into a capsule by filling it into a capsule using a
‘conventional capsule filler. Preferably, the capsule may be a hard capsule ‘made of
HPMC, gelatin, etc. '

In case of a capsule, various excipients disclosedAin the literature, (Modern
pharmaceutics, General Consideration in the Design of Hard Gelatin Capsule
Formulation, p470, 1989), can be used. More particularly, magnesium stearate as a
lubricant, and a surfactant (e.g., sodium lauryl sulfate (SLS)), to prevent dissolution

decrease caused by hydrophobic nature of magnesium stearate, can be used.

Meanwhile, the present invention provides a method for preparing the
‘aforementioned granule comprising;

mixing silodosin, an alkaline inorganic saltas a stabilizer, and a pharmaceutically
acceptable excipient, to prepare a granule by a dry granulation process or wet
granulation process. |

In addition, the present invention provides a method for preparing a

pharmaceutical composition or pharmaceutical formulation, comprising the steps of:

7
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(a) mixing silodosin, an alkaline inorganic salt as a stabilizer, and a
pharmaceutically acceptable excipient, to prepare a granule by a dry granulation process
or wet granulation process; and

(b) adding a pharmaceutically acceptable additive to the granule of step (a) to

obtain a formulation.

The following Examples are‘intend‘ed to further illustrate the present invention

without limiting its scope.

Examples 1 to 3: Preparation of silodosin formulations comprising a

stabilizer

According to the compositions shown in Table 1, granules éomprising silodosin
were prepared by a dry granulation method, which were _theri filled into capsules.

Specifically, silodosin (Dongwoo Syntech Ltd., Koréa) as an active ingredient;
1actdse as an excipient; pregelatinized starch as a disintegrant; and calcium carbonate
(CaCOs), magnesium carbonate (MgCO3) or sodium hydrogen carbonate (NaHCOs),
respectively as a stabilizér, were mixed using High Spéed Mixer (Sejong; Korea;
Agitator 126 + 10 rpfn, Chopper 3000 + 300 rpm, kneading time 2 i 1 min). The
mixture was dried to reach a water content of 2.0 £ 0. 5%, using a fluidized bed dryer

(air supply temperature 50 + 10°C), followed by adding sodium stearyl fumarate (Pruv®)

. as a lubricant and sodium laufyl sulfate (SLS) as a surfactant thereto, and post-mixing

them with a column blender to obtain granules. Thereafter, the granules comprising

silodosin were filled into No. 3 gelatin capsule using a capsule filler (SF-100, Bosch,

Germany) to prepare capsule formulations.

Comparative Examples 1 to 4: Preparation of silodosin formulations with

different stabilizers

According to the compositions shown in Table 1, capsule formulations  of
Comparative Examples 1 to 3 were prepared by repeating the procedure of Example 1,

except for using butylated hydroxyanisole (BHA) or butylated hydroxytoluene (BHT) as

8
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antioxidants, or meglumine as another stabilizer, instead of the stabilizer used in
Example 1. Meanwhile, in case of Comparative Example 4, a capsule formulation was

prepared without using a stabilizer or antioxidant.

[Table 1]

Ex. 1 Ex. 2 Ex.3 Comp. Ex. Comp. Ex. | Comp. Ex. | Comp. Ex.
1 2 3 4
Silodosin 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lactose 130.0 130.0 130.0 130.0 130.0 130.0 130.0
Pregelatinized 36.0 36.0 36.0 36.0 36.0 36.0 ©36.0
starch
Calcium
2.0 - - - - - -
Carbonate :
Magnesium i 20 i i ) ) i
' Carbonate
Sodium Hydrogen
: - - 2.0 - - - -
Carbonate
BHA - - - 2.0 - - -
BHT - - - - 2.0 - -
Meglumine - - - - - 2.0 -
Pruv 1.8 1.8 1.8 1.8 1.8 1.8 1.8
SLS 0.2 0.2 0.2 - 0.2 0.2 0.2 0.2
Total weight (mg) 174.0 174.0 174.0 174.0 174.0 174.0 172.0

Experimental Example 1: Storage stability of the formulations according to

the type of a stabilizer

The formulations of Examples 1 to 3 and Comparative Examples 1 to 4 were
placed in sealed HDPE bottles and stored under the condition of about 60 °C. Then, the

amount of related substances was measured as described below, at week 1, 2, and 4.

<Analysis method>

About 50 mg of silodosin (standard preparation) was taken and placed into a 100
mL flask, and methanol was added up to a marked line. After accurately taking 1 mL
of this solution, methanol was added thereto to reach the final volume of 100 mL, which
was then filtered through a 0.45 pm membrane filter to obtain a standard solution.
Separately, after taking the contents of capsules of Examples 1 to 3 and Comparative
Examples 1 to 4 in the amounts which correspond to 50 mg of silodosin, méthanol was

9
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added thereto to reach the final volume of 100 mL each, which were then filtered with a
0.45 pm membrane filter to obtain sample solutions.
10 pL each of the standard solution and the sample solutions was examined using

liquid chromatography under the following conditions.

<HPLC measurement conditions>
- Detector: UV-absorption detector (absorbance at 225 nm)

- Column: a column filled with octadecyl silylated silica gel (25 cm x 4.6 mm, 5

| pm), or the like

- Flow rate: adjusted to keep the peak retention time of silodosin to about 12-15
minutes

- Column temperature: 40 °C

- Mobile phase:

A: 3.9 g of sodium dihydrogen phosphate dihydrate (NaH,PO4 ¢ 2H;0) was
dissolved in 1000 mL of DW, and adjusted to pH 3.4 with diluted phosphoric acid (1 —
10mL; prepared by diluting 1 mL of phosphbric acid to 10..mL of total volume with
D.W.); | |

‘B: acetonitrile

- Mobile phase conditions

Time (min) A(%) B(%)
0-15 75 25
15-35 - 17 =50 25— 50
35-45 50 50

The amounts of related substances (related substance 1 and total related
substances) produced in the formulations of Examples 1 to 3 and Comparative Examples

1 to 4 are shown in Table 2 and Figs. 1 and 2.

[Table 2] _

o : Comp. Comp. Comp. Comp.

Ex.1 Ex.2 Ex.3 Ex.1 | Ex.2 | Ex3 | Ex.4

: Initial 0 0 0 0 0.02 0.03 0.02

Related Week 1 0.08 0.11 0.23 0.24 0.52 0.31 0.53
substance I | Week 2 0.18 0.32 0.35 0.41 0.8 0.58 0.76
: Week 4 0.69 0.89 0.90 1.32 1.93 1.52 2.4
Total Related | Initial 0 0o . 0 0 0.02 0.03 0.03
Substances | Week 1 0.1 0.19 0 0.28 - 0.9 0.83 0.44 1.21

10
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Week 2 0.21 0.33 0.46 1.2 - 1.76 0.73 1.82

Week 4 0.88 0.98 0.98 2.07 2.44 1.92 3.07

As shown in Table 2 and Figs. 1 and 2, the peaks of related substances at RRT

B (relative peak retention time) of 1.34 relative to the peak area of main ingredient were

measured at initial preparation, and at week 1, 2, and 4, sequentially. In the
formulations of Examples 1 to 3, in which alkaline inorganic salt, such as calcium
carbonate, magnesium carbonate or sodium hydrogen carbonate was used as a stabilizer,
the amount of related substance was significantly smaller than Comparativé Example 4,
ih which no stabilizers or antioxidants was used. In addition, in the formulations of
Examples 1 to 3, the amount of related substance production was significantly smaller
than Comparative Examples 1 to 3, in which BHA, BHT, or meglumine was used.
These results indicate that the stability of silodosin can be improved by usihg an alkaline
inorganic salt (e.g., calcium carbonate, magnesium carbonate or sodium hydrogen
carbonate) as a stabilizer. In particular, among. the alkaline inorganic salts, calcium

carbonate was the most preferred as a stabilizer.

Examples 4 to 9: Preparation of silodosin formulations with various contents

ofa stabiliz_er

In order to compare the stability of silodosin formulations according to the
content of a stabilizer, capsule formulations employing various amounts of calcium
carbonate were prepared according to the compositions of Table 3. The capsules were

prepared by the method described in Examples 1 to 3.

[Table 3] |
Ex.4 | Ex.5 Ex. 6 "Ex. 7 Ex. 8 Ex. 9
Silodosin 4.0 4.0 4.0 4.0 4.0 4.0
Lactose 131.9 ‘131.6 122.0 92.0 52.0 0.0
Pregelatinized starch 36.0 36.0 36.0 36.0 36.0 36.0
Calcium Carbonate 0.1 0.4 10.0 40.0 80.0 132.0
Pruv 1.8 1.8 1.8 1.8 1.8 1.8
SLS 0.2 0.2 02 0.2 0.2 0.2
Total weight (mg) 174.0 174.0 174.0 174.0 174.0 174.0 -
Content of a Stabilizer ,
based on 1 part by weight of Silodosin 0.025 0.1 2.3 10 20 33

11
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I (part by weight) | | | I | l |

Experimental Example 2: Storage stability of the formulations according to

the content of a stabilizer

Using the capsule formulations of Examples 4 to 9, the amount of related
substance was measured by the same method as Experimental Example 1. The results

are shown in Table 4 and Figs. 3 and 4.

[Table 4]

Ex. 4 Ex. 5 Ex. 6 Ex.7 .Ex. 8 Ex. 9

Initial 0 0 0 0 0 0
Related Week1 | 045 0.09 0.08 0.05 .0.03 0.02
substance I Week 2 0.68 0.18 0.17 0.16 0.14 0.09
Week 4 1.56 0.72 0.59 0.57 0.49 © 038

_ Initial 0.02 0 0 0o 0 0
Total Related | Week 1 1.09 - 0.13 0.1 0.06 0.05 - 0.03
" Substances Week 2 1.57 0.28 0.2 C 011 0.23 0.18
Week 4 2.74 0.92 0.79 0.73 0.65 0.46

By comparing the results of the Table 4 and Figs: 3 and 4 with those of
‘Experimental Example 1, it was found that the capsule formulations of the present
invention which comprise an alkaline inorganic salt as a stabilizer (Examples 4 to 9) had
significantly superior storage stability as compared to the capsule formulations which do
not compriSe the stabilizer (Comparative Examples 1 to 4).

In particular, it was shown that the amount of relatéd substances decreased as the
content of a stabilizer increased, which indicates that employing a sufficient amount of
stabilizer is preferable in terms of stability of the product. ‘ |

Meanwhile, in the formulation of Example 4, which employs a stabilizer in an
amount of 0.025 part by weight based on 1 part by weight of silodosin, larger amount of
related substances was produced as compared to Examples 5 to 9, which employ a
stabilizer in an amount of at least 0.1 part by weight. This indicates that it is preferable
to use a stabilizer in an amount of at least 0.1 part by weight baséd on 1 part by weight
of silodosin, in order to maximize the stabilizing effect of the stabilizer on the

formulation comprising silodosin.

12
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Experimental Example 3: Dissolution test of silodosin according to the

content of a stabilizer

_ Using capsule formulations of Examples 4 to 9, dissolution test was carried out at
5 50 rpm in 900 mL of 0.IN HCI solution by a sinker in USP paddle. The results are’
shown in Table 5 and Fig. 5.

[Table 5]
In vitro dissolution

5 min 10 min 15 min 30 min
Ex. 4 49.2% 90.0% 92.5% 97.5%
Ex. 5 47.4% 89.2% 91.9% 96.9%
Ex. 6 44.8% 87.5% 90.7% 95.3%
Ex.7 42.0% -83.5% 88.1% 90.6%
Ex. 8 20.3% 45.1% 49.0% 50.3%
Ex. 9 10.5% 19.5% 20.1% 21.3%

As shown in TaBle 5 and F1g 5, the formulations of Examples 8 and 9, which
10 | employ a stabilizer in an amount of 20 and 33 pérts by weight based on 1 part by weight
of silodosin, were shown to have lower dissolution rates than the formulations which
employ a stabilizer in an amount of 10 parts by weight or less. The results indicate that
it is preferable to empioy a stabilizer in an amount of 10 parts by weight or less, in terms

of the dissolution rate of silodosin. |

15 -

| Examples 10 to 13: Preparation of silodosin formulations comprising various

excipients and stabilizers

‘ Silodosin is known to generate a number of degradation productsvby reactions

20 witha Var_iety of excipients. . In order to determine whether the stabilizer of the present
invention can inhibit the reactions of silodosin with various excipients, capsule
formulations were prepared using various excipients, according to the compositions of

Table 6. The capsules were prepared by the methods described in Examples 1 to 3.

25 Comparative Examples 5 to 8: Preparation of silodosin formulation which

does not comprise a stabilizer

13
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In accordance with the compositions of Table 6, capsule formulations of
Comparative Examples 5 to 8 were prepared by repeating the procedure described in

Examples 10 to 13, except that no stabilizer was used.

5 : [Table 6]
Comp. | Comp. | Comp. | Comp.
Ex. 10 | Ex. 11 Ex. 12 | Ex. 13 Ex.5 Ex 6 Ex. 7 Ex. 8
Silodosin 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Calcium Carbonate 2.0 2.0 2.0 2.0 - - - -
D-mannito]l 130.0 - - - 130.0 - - -
Xylitol | 1300 ; : ; 130.0 ; :
Sorbitol - - 130.0 - - - 130.0 -
Avicel - - ' - 130.0 - - - 130.0
Pregelatinized | 05 1 360 | 360 | 360 | 360 | 360 | 360 | 360
starch A
Pruv 1.8 - L8 1.8 1.8 1.8 - 1.8 1.8 1.8
SLS 0.2 0.2 0.2 0.2 0.2 0.2 0.2. 0.2
" Total weight 174.0 174.0 174.0 174.0 172.0 1720 172.0 | 172.0

Eiperimental Example 4: Storage stability of the formulation according to '

the combination of various excipients and stabilizers

10 Using the capsule formulations of Examples 10 to 13 and Comparative Examples
5 to 8, the amount of related substance was measured by the same method as

Experimental Example 1. The results are shown in Table 7 and Figs. 6 and 7.

[Table 7] ,
Comp. | Comp. | Comp. | Comp.
Ex 10 [ Bx 1 | Bx 12 | Bx 13 | 0% | DU | T O
Initial | 0 001 | 001 | 002 | 002 0 | 001 | 003
Related |Week1| 007 | 013 | 013 | 02 | 021 | 028 | 0036 | 099
substance I [Week2| 029 | 036 | 034 | 045 | 064 | 078 | 092 | 236
Week4 | 083 | 089 | 081 | 092 | 123 | 183 | 179 | 67
| Initial | 0 001 | 001 | 002 | 02 0 001 | 0.03
RTB;’:: o [Week1] 013 | 016 | 017 | 022 | 034 | 042 | 044 [ 141
Substances | WOk 2| 039 | 042 | 041 | 049 | 085 | 101 | 112 | 282
Week4| 092 1 107 12 175 | 193 | 198 | 7.16

15
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As shown in the Table 7 and Figs. 6 and 7, it was found that the formulations of
Examples 10 to 13, which used an alkaline inorganic salt as a stabilizer had significantly
superior stability' as compared to Comparative Examples 5 to 8, which did not use
stabilizers, although there were small différences in the amount of the production of
related substances according to the type of excipients.

These results indicate that the stabilizer of the present invention can improve the

stabi'lity of silodosin by inhibiting the reaction of silodosin with various excipients.

Experimental Example 5: Dissolution test of silodosin according to the type

of an excipient

In order to compare the dissolution rates of silodosin according to the type of
excipients, dissolution test of the capsule formulations of Examples 10 to 13 comprising
various excipients, was carried out at 50 rpm in 900 mL of 0.1N HCI solution by a sinker
in USP paddle. The results are shown in Table 8 and Fig. 8. InFig. 8§, the dissolution

rate of Example 1 is also illustrated for comparison.

[Table 8]

In vitro dissolution o
_ 5 min 10 min 15min 30 min
Ex. 10 40.2% 84.8% 91.9% 97.4%
Ex. 11 43.7% 89.2% 94.2% 98.7%
Ex. 12 49.1% 90.4% 93.5% 98.8%
~Ex. 13 44.0% 85.6% 93.9% 97.9%

As shown in Table 8 and Fig. 8, it was found that the formulations prepared by a

wet granulation process showed excellent dissolution rates even with various excipients.

Comparative Example 9: Preparation of silodosin formulation by a different

preparation method

A capsule formulation was prepared according to the same composition as

Example 1, by direcﬂy filling the mixture into a capsule without a granulation process.

Example 6: Dissolution test of silodosin according to the preparation method

15
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Using the capsule formulations of Example 1 and Comparative Example 9, which
were prepared by different preparaﬁon methods, dissolution test was carried out at 50
rpm- in 900 mL of 0.1N HCIl solution by a sinker in USP paddle. The results are shown

5 inTable 9 and Fig. 9.

[Table 9]
In vitro dissolution
. 5 min . 10 min 15 min 30 min
Ex. 1 48.7% 88.2% 92.3% 97.2%
Comp. Ex. 9 - 23.4% 46.2% 51.4% 55.2%

‘As shown in the Table 9 and Fig. 9, the formulation of Example 1, which

comprises a granule prepared by a wet granulation process, showed significantly

10  superior dissolution ‘rafe as compared to Comparative Example 9, Which was not
granulated. This result indicates that preparation of the granule by a wet granulation

process is preferable in terms of dissolution rate.

Experimental Example 7: Pharmacokinetic comparison of silodosin
15 | .

Male rats (Sprague-Dawley,. Sprague-Dawley Inc., U.S.A.) (n = 4) were divided
into two groups, and capsules of Example 1 and Corﬁparative Example 9 were
administered to a first and second group, respectively, by a double-blind method.  Then,
drug concentrations in the blood over time were analyzed using WinNonlin®, a program'

20 - of Phoenix® Inc., and their pharmacokinetic parameter results are shown in Table 10 and

Fig. 10.
[Table 10]
Silodosin
Parameter Ex. 1 Comp. Ex. 9
AUC.;; (ng-hr/mL) 427+7.6 26.8+ 84
Conax (ng/mL) . 30.2+4.1 13.7+3.7
T ax (hr) 0.6+0.1 0.8+0.2

. As shown in Table 10 and Fig. 10, the capsule of Example 1, which comprises a
25  granule prepared by a wet granulation process, was shown to have at least about two-

fold higher Cpex and AUC as compared to the capsule of Comparative Example 9, which
16
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was not granulated. Therefore, it has been determined that a wet granulation process of
silodosin results in improved stabilify, and increased bioavailability of the drug by
maximizing the drug concentration in a particular organ, thereby increasing the

therapeutic effect of the drug.

17
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WHAT IS CLAIMED IS:

1. A granule comprising:
silodosin,;
an alkaline inorganic salt as a stabilizer; and

a pharmaceutically acceptable excipient.

2. The granule of claim 1, wherein the alkaline inorganic salt is at least one
selected from the group consisting of oxides, hydroxides, carbonates and phosphates of
sodium, calcium, potassium, magnesium, manganese, iron, copper, zinc, aluminum

and lithium.

3. The granule of claim 1, wherein the alkaline inorganic salt is calcium
carbonate (CaCOs;), magnesium carbonate (MgCO3); sodium hydrogen carbonate

(NaHCO:s), or a mixture thereof.

4. The granule of claim 1, wherein the alkaline inorganic salt is employed in

an amount ranging from 0.05 to 33 parts by weight based on 1 part by weight of

silodosin.

5. The granule of claim 1, wherein the pharmaceutically acceptable excipient
is at least one selected from the group consisting of a diluent, a disintegrant, a

plasticizer and a lubricant.

6. The granule of claim 1, wherein the granule is ‘prepared by a wet

granulation process.

7. A pharmaceutical composition comprising the granule of claim 1 and a

pharmaceutically acceptable additive.

18
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8. The composition of claim 7, wherein the pharmaceutically acceptable
additive is a diluent, a disintegrant, a humectant, a binder or a lubricant.
9. A pharmaceutical formulation prepared by using:
a granule of any one of claims 1 to 6; or

a pharmaceutical composition of claim 7 or 8.

10. The pharmaceutical formulation of claim 9, wherein the pharmaceutical

formulation is a tablet or capsule

19
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