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Description 

 

PREPARATION CONTAINING TETRACYCLIC COMPOUND AT HIGH DOSE 

 

[Technical Field] 

[0001] 

 The present invention relates to a pharmaceutical 

composition, particularly to an oral formulation of  a 

tetracyclic compound, which is a substance having a n ALK 

inhibitory action, and others. 

 

[Background Art] 

[0002] 

 Anaplastic Lymphoma Kinase (ALK) is a receptor 

tyrosine kinase belonging to an insulin receptor fa mily 

(Non Patent Literature 1, Non Patent Literature 2).   It 

is reported that abnormality of ALK gene causes the  

production of an abnormal kinase due to a fusion wi th 

another gene. 

 As diseases accompanying abnormality of ALK, for 

example, cancer and cancer metastasis (Non Patent 

Literature 1, Patent Literature 1); and depression and 

cognitive dysfunction (Non Patent Literature 2) are  known.  

Providing an ALK inhibitor means providing an effec tive 

therapeutic and prophylactic agent for these diseas es. 

 As a compound having an ALK inhibitory action, for  

example, a compound of the name of 9-ethyl-6,6-dime thyl-
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8-(4-morpholin-4-yl-piperidin-1-yl)-11-oxo-6,11-dih ydro-

5H-benzo[b]carbazole-3-carbonitrile represented by 

formula (I) is known (Patent Literature 2, Patent 

Literature 3, Patent Literature 4). 

 

  (I) 

[0003] 

 Such a chemical compound is desirably developed as  

an orally-available dosage form as a medicinal agen t; 

however, whether or not a medicinal agent can be 

developed as an oral formulation varies depending u pon 

whether bioavailability of a medicinal substance is  high 

or not.  A factor influencing bioavailability is wa ter 

solubility of a medicinal substance.  Generally, 

compounds less soluble or insoluble in water are lo w in 

bioavailability if they are orally administered.  

Improving bioavailability of an active ingredient t o 

thereby improve oral absorbability is important for  the 

active ingredient to stably show its efficacy. 

 In the meantime, to increase the blood level of a 

medicinal substance less soluble or insoluble in wa ter, 

thereby increasing a therapeutic effect, it is cons idered 
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that the medicinal substance is used in a high dose .  

However, to improve patient's convenience, it is de sired 

that the number of pills per administration and the  

administration times of an oral formulation are red uced.  

Accordingly, it is required to develop a formulatio n 

containing a large amount of a medicinal substance per 

unit. 

 A composition in which the compound represented by  

by formula (I) or a salt thereof is present togethe r with 

a solubilizing agent has been reported (Patent Lite rature 

4).  For improving solubility and oral absorbabilit y of a 

less water soluble or insoluble compound, a composi tion 

containing a component such as a steroid less solub le in 

water, a surfactant and an organic polymer and obta ined 

by wet granulation in the presence of water, is rep orted 

(Patent Literature 5). 
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[Summary of Invention] 

[0006] 

 The present inventors found, in a dissolution 

process of a formulation containing a large amount of the 

compound represented by formula (I) or a salt there of, a 

phenomenon where the compound or a salt thereof 

aggregates and does not collapse, thus decreasing t he 

solubility of the compound.  The present inventors 

conducted intensive studies to solve the problem.  As a 

result, they found that if granules formed of less water-

soluble or insoluble compound represented by formul a (I) 

or a salt thereof are formed and used together with  a 

disintegrating agent, a formulation with satisfacto ry 

solubility containing a large amount of the compoun d 

represented by formula (I) or a salt thereof can be  

obtained.   

 The present inventors also found that a process fo r 

producing sodium lauryl sulfate serving as a surfac tant 

influences solubility of a compound less soluble or  

insoluble in water. 
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 The present inventors further conducted studies 

based on these findings and accomplished the presen t 

invention. 

 

[Means for Solving the Problems] 

[0007] 

 More specifically, the present invention is as 

follows: 

 (1-1) A pharmaceutical composition comprising (i) a 

granule containing a compound represented by formul a (I) 

or a salt thereof and (ii) a disintegrating agent. 

 

  (I) 

 (1-2) The composition according to (1-1), wherein 

the disintegrating agent (ii) is contained in an am ount 

of 5 wt% or more based on the total amount of the 

composition. 

 (1-3) The composition according to (1-1) or (1-2),  

wherein the disintegrating agent (ii) is contained in an 

amount of 5 wt% or more and 30 wt% or less based on  the 

total amount of the composition. 
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 (1-4) The composition according to any of (1-1) to  

(1-3), wherein the disintegrating agent (ii) is con tained 

in an amount of 7.5 wt% or more based on the total amount 

of the composition. 

 (1-5) The composition according to any of (1-1) to  

(1-4), wherein the disintegrating agent (ii) is con tained 

in an amount of 7.5 wt% or more and 30 wt% or less based 

on the total amount of the composition. 

 (1-6) The composition according to any of (1-1) to  

(1-5), wherein the disintegrating agent (ii) is sel ected 

from sodium starch glycolate, low-substituted 

hydroxypropylcellulose, carmellose calcium, sodium 

hydrogen carbonate, pregelatinized starch, sodium 

chloride, corn starch, croscarmellose sodium, cryst alline 

cellulose, silicic anhydride and carmellose. 

(1-7) The composition according to any of (1-1) to (1-6), 

wherein the volume of the disintegrating agent (ii)  

becomes 2.5 times or more when adding 20 ml of 1st fluid 

for dissolution test defined in the Japanese 

Pharmacopenia 16 th  edition is added to per 1.0 g of the 

disintegrating agent. 

 (1-8) The composition according to any of (1-1) to  

(1-6), wherein the disintegrating agent (ii) is sel ected 

from low-substituted hydroxypropylcellulose, carmel lose 

calcium, sodium hydrogen carbonate and pregelatiniz ed 

starch. 
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 (1-9) The composition according to any of (1-1) to  

(1-8), wherein the disintegrating agent (ii) is 

carmellose calcium. 

 (1-10) The composition according to any of (1-1) t o 

(1-9), wherein the granule contains a disintegratin g 

agent therein. 

 (1-11) The composition according to any of (1-1) t o 

(1-9), comprising the granule containing the compou nd (i) 

represented by formula (I) or a salt thereof and a 

disintegrating agent, and the disintegrating agent (ii). 

[0008] 

 (1-12) The composition according to (1-10) or (1-1 1), 

wherein the disintegrating agent contained in the g ranule 

is selected from sodium starch glycolate, low-subst ituted 

hydroxypropylcellulose, carmellose calcium, sodium 

hydrogen carbonate, pregelatinized starch, sodium 

chloride, corn starch, croscarmellose sodium, cryst alline 

cellulose, silicic anhydride and carmellose. 

(1-13) The composition according to either of (1-10 ) or 

(1-11), wherein the volume of the disintegrating ag ent 

contained in the granules becomes 2.5 times or more  when 

adding 20 ml of 1st fluid for dissolution test defi ned in 

the Japanese Pharmacopenia 16 th  edition to per 1.0 g of 

the disintegrating agent. 

[0009] 

 (1-14) The composition according to any of (1-1) t o 

(1-13), wherein the disintegrating agent contained in the 
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granule is selected from carmellose calcium, low-

substituted hydroxypropylcellulose, sodium starch 

glycolate and pregelatinized starch. 

 (1-15) The composition according to any of (1-10) to 

(1-14), wherein the disintegrating agent contained in the 

granule is carmellose calcium. 

 (1-16) The composition according to any of (1-1) t o 

(1-15), wherein the granule contains a solubilizing  agent 

therein. 

 (1-17) The composition according to any of (1-1) t o 

(1-15), comprising (i) a granule containing the com pound 

represented by formula (I) or a salt thereof, a 

disintegrating agent and a solubilizing agent and ( ii) 

the disintegrating agent. 

 (1-18) The composition according to (1-16) or (1-1 7), 

wherein the solubilizing agent is selected from the  

following group: 

 citric acid, hydroxypropylcellulose, 

hydroxypropylmethylcellulose, sodium stearyl fumara te, 

methacrylic acid copolymer LD, methylcellulose, sod ium 

lauryl sulfate, polyoxyl 40 stearate, purified shel lac, 

sodium dehydroacetate, fumaric acid, DL-malic acid,  L-

ascorbyl stearate, L-asparagine acid, adipic acid, 

aminoalkyl methacrylate copolymer E, propylene glyc ol 

alginate, casein, casein sodium, a carboxyvinyl pol ymer, 

carboxymethylethylcellulose, powdered agar, guar gu m, 

succinic acid, copolyvidone, cellulose acetate phth alate, 
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tartaric acid, dioctylsodium sulfosuccinate, zein, 

powdered skim milk, sorbitan trioleate, lactic acid, 

aluminum lactate, ascorbyl palmitate, 

hydroxyethylmethylcellulose, 

hydroxypropylmethylcelluloseacetate succinate, 

polyoxyethylene (105) polyoxypropylene (5) glycol, 

polyoxyethylene hydrogenated castor oil 60, polyoxyl 35 

castor oil, poly(sodium 4-styrenesulfonate) , 

polyvinylacetaldiethylamino acetate, polyvinyl alcohol, 

maleic acid, methacrylic acid copolymer S, lauromacrogol, 

sulfuric acid, aluminum sulfate, phosphoric acid, calcium 

dihydrogen phosphate, sodium dodecylbenzenesulfonate, a 

vinyl pyrrolidone-vinyl acetate copolymer, sodium lauroyl 

sarcosinate, acetyl tryptophan, sodium methyl sulfate, 

sodium ethyl sulfate, sodium butyl sulfate, sodium octyl 

sulfate, sodium decyl sulfate, sodium tetradecyl sulfate, 

sodium hexadecyl sulfate and sodium octadecyl sulfate. 

(1-19) The composition according to any of (1-16) to 

(1-18), wherein the solubilizing agent is sodium lauryl 

sulfate. 

(1-20) The composition according to (1-17), wherein 

sodium lauryl sulfate is obtained by crystallization. 

(1-21) The composition according to any of (1-19) to 

(1-20), wherein the sodium lauryl sulfate is NIKKOL SLS. 

(1-22) The composition according to (1-19) or (1-21), 

wherein sodium lauryl sulfate is a crystal of a 1/8 

hydrate. 

9 
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 (1-23) The composition according to any of (1-16) to 

(1-22), wherein the weight ratio of the compound 

represented by formula (I) to the solubilizing agen t is 

100:2 to 100:60. 

 (1-24) The composition according to any of (1-16) to 

(1-23), wherein the weight ratio of the compound 

represented by formula (I) to the solubilizing agen t is 

100:2 to 100:30. 

 (1-25) The composition according to any of (1-1) t o 

(1-24), wherein the granule contains a binder there in. 

 (1-26) The composition according to (1-25), wherei n 

the binder is hydroxypropylcellulose. 

 (1-27) The composition according to any of (1-1) t o 

(1-27), wherein the granule is obtained by wet 

granulation. 

[0010] 

 (1-28) The composition according to any of (1-1) t o 

(1-27), wherein the granule has a mean particle dia meter 

of 150 µm or more. 

 (1-29) The composition according to any of (1-1) t o 

(1-28), wherein the granule has a mean particle dia meter 

of 180 µm or more. 

 (1-30) The composition according to any of (1-1) t o 

(1-29), wherein the granule has a mean particle dia meter 

of 200 µm or more. 
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 (1-31) The composition according to any of (1-1) t o 

(1-30), wherein the granule has a mean particle dia meter 

of 250 µm or more. 

[0011] 

 (1-32) The composition according to any of (1-1) t o 

(1-31), wherein the granule has a mean particle dia meter 

of 1 mm or less. 

 (1-33) The composition according to any of (1-1) t o 

(1-32), wherein the bulk density of the granule is 0.5 

g/ml or more and the tapping density is 0.6 g/ml or  more. 

 (1-34) The composition according to any of (1-1) t o 

(1-33), wherein a compound represented by formula ( I) or 

a salt thereof is contained in an amount of 20 to 7 0 wt% 

in terms of the free form based on the total amount  of 

the composition. 

 (1-35) The composition according to any of (1-1) t o 

(1-34), wherein the compound represented by formula  (I) 

or a salt thereof is contained in an amount of 35 t o 60 

wt% in terms of the free form based on the total am ount 

of the composition. 

 (1-36) The composition according to any of (1-1) t o 

(1-35), wherein the compound represented by formula  (I) 

or a salt thereof is a monohydrochloride of the com pound 

represented by formula (I). 

 (1-37) The composition according to (1-36), wherei n 

the monohydrochloride of the compound represented b y 

formula (I) is a crystal having a powder X-ray 
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diffraction pattern wherein a peak is present at a 

diffraction angle (2 θ) near 8.4 °, 14.0 °, 16.7 °, 18.8 ° and 

23.3 °. 

 (1-38) A pharmaceutical formulation comprising the  

composition according to any of (1-1) to (1-37). 

 (1-39) The pharmaceutical formulation according to  

(1-38), being an oral formulation. 

 (1-40) The pharmaceutical formulation according to  

(1-39), wherein the oral formulation is a solid 

formulation. 

 (1-41) The pharmaceutical formulation according to  

(1-40), wherein the solid formulation is a tablet, a 

capsule or a granule formulation. 

 (1-42) A capsule charged with the composition 

according to any of (1-1) to (1-37). 

[0012] 

 (1-43) The formulation according to any of (1-38) to 

(1-42), wherein the compound represented by formula  (I) 

or a salt thereof is contained in an amount of 60 m g to 

240 mg in terms of the free form per unit formulati on. 

 (1-44) The formulation according to any of (1-38) to 

(1-43), comprising the compound represented by form ula 

(I) or a salt thereof in an amount of 140 mg to 190  mg 

per unit formulation. 

[0013] 
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 (2-1) A pharmaceutical formulation comprising (i) a 

granule containing a compound represented by formul a (I) 

or a salt thereof and (ii) a disintegrating agent. 

 (2-2) The formulation according to (2-1), comprisi ng 

the disintegrating agent (ii) in an amount of 5 wt%  or 

more based on the total amount of the formulation. 

 (2-3) The formulation according to (2-1) or (2-2),  

comprising the disintegrating agent (ii) in an amou nt of 

5 wt% or more and 30 wt% or less based on the total  

amount of the formulation. 

 (2-4) The formulation according to (2-1) or (2-2),  

comprising the disintegrating agent (ii) in an amou nt of 

7.5 wt% or more based on the total amount of the 

formulation. 

 (2-5) The formulation according to any of (2-1) to  

(2-4), comprising the disintegrating agent (ii) in an 

amount of 7.5 wt% or more 30 wt% or less based on t he 

total amount of the formulation. 

 (2-6) The formulation according to any of (2-1) to  

(2-5), wherein the disintegrating agent (ii) is sel ected 

from sodium starch glycolate, low-substituted 

hydroxypropylcellulose, carmellose calcium, sodium 

hydrogen carbonate, pregelatinized starch, sodium 

chloride, corn starch, croscarmellose sodium, cryst alline 

cellulose, silicic anhydride and carmellose. 

 (2-7) The formulation according to any of (2-1) to  

(2-6), wherein the disintegrating agent (ii) is sel ected 
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from low-substituted hydroxypropylcellulose, carmellose 

calcium, sodium hydrogen carbonate and pregelatinized 

starch. 

(2-8) The formulation according to any of (2-1) to 

(2-7), wherein the disintegrating agent (ii) is 

carmellose calcium. 

(2-9) The formulation according to any of (2-1) to 

(2-8), wherein the granule contains a disintegrating 

agent therein. 

(2-10) The formulation according to any of (2-1) to 

(2-9), (i) comprising a granule containing the compound 

represented by formula (I) or a salt thereof and a 

disintegrating agent, and (ii) the disintegrating agent. 

[0014] 

(2-11) The formulation according to (2-10), wherein 

the disintegrating agent contained in the granule is 

selected from sodium starch glycolate, low-substituted 

hydroxypropylcellulose, carmellose calcium, sodium 

hydrogen carbonate, pregelatinized starch, sodium 

chloride, corn starch, croscarmellose sodium, crystalline 

cellulose, silicic anhydride and carmellose. 

[0015] 

(2-12) The formulation according to any of (2-9) to 

(2-11), wherein the disintegrating agent contained in the 

granule is selected from carmellose calcium, low-

substituted hydroxypropylcellulose and sodium starch 

glycolate. 

14 
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 (2-13) The formulation according to any of (2-9) t o 

(2-12), wherein the disintegrating agent contained in the 

granule is carmellose calcium. 

 (2-14) The formulation according to any of (2-1) t o 

(2-13), wherein the granule contains a solubilizing  agent 

therein. 

 (2-15) The formulation according to any of (2-1) t o 

(2-14) comprising (i) a granule containing the comp ound 

represented by formula (I) or a salt thereof, a 

disintegrating agent and a solubilizing agent and ( ii) 

the disintegrating agent. 

 (2-16) The formulation according to (2-14) or (2-1 5), 

wherein the solubilizing agent is selected from the  

following group: 

 citric acid, hydroxypropylcellulose, 

hydroxypropylmethylcellulose, sodium stearyl fumara te, 

methacrylic acid copolymer LD, methylcellulose, sod ium 

lauryl sulfate, polyoxyl 40 stearate, purified shel lac, 

sodium dehydroacetate, fumaric acid, DL-malic acid,  L-

ascorbyl stearate, L-asparagine acid, adipic acid, 

aminoalkyl methacrylate copolymer E, propylene glyc ol 

alginate, casein, casein sodium, a carboxyvinyl pol ymer, 

carboxymethylethylcellulose, powdered agar, guar gu m, 

succinic acid, copolyvidone, cellulose acetate phth alate, 

tartaric acid, dioctylsodium sulfosuccinate, zein, 

powdered skim milk, sorbitan trioleate, lactic acid , 

aluminum lactate, ascorbyl palmitate, 
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hydroxyethylmethylcellulose, 

hydroxypropylmethylcelluloseacetate succinate, 

polyoxyethylene (105) polyoxypropylene (5) glycol, 

polyoxyethylene hydrogenated castor oil 60, polyoxy l 35 

castor oil, poly(sodium 4-styrenesulfonate), 

polyvinylacetaldiethylamino acetate, polyvinyl alco hol, 

maleic acid, methacrylic acid copolymer S, lauromac rogol, 

sulfuric acid, aluminum sulfate, phosphoric acid, c alcium 

dihydrogen phosphate, sodium dodecylbenzenesulfonat e, a 

vinyl pyrrolidone-vinyl acetate copolymer, sodium l auroyl 

sarcosinate, acetyl tryptophan, sodium methyl sulfa te, 

sodium ethyl sulfate, sodium butyl sulfate, sodium octyl 

sulfate, sodium decyl sulfate, sodium tetradecyl su lfate, 

sodium hexadecyl sulfate and sodium octadecyl sulfa te. 

 (2-17) The formulation according to any of (2-14) to 

(2-16), wherein the solubilizing agent is sodium la uryl 

sulfate. 

 (2-18) The formulation according to (2-17), wherei n 

sodium lauryl sulfate is obtained by crystallizatio n. 

 (2-19) The formulation according to (2-17) or (2-1 8), 

wherein sodium lauryl sulfate is a crystal of a 1/8  

hydrate. 

 (2-20) The formulation according to any of (2-14) to 

(2-19), wherein the weight ratio of the compound 

represented by formula (I) to the solubilizing agen t is 

100:2 to 100:60. 
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(2-21) The formulation according to any of (2-14) to 

(2-20), wherein the weight ratio of the compound 

represented by formula (I) to the solubilizing agent is 

100:2 to 100:30. 

(2-22) The formulation according to any of (2-1) to 

(2-21), wherein the granule is obtained by wet 

granulation. 

[0016] 

(2-23) The formulation according to any of (2-1) to 

(2-22), wherein the granule has a mean particle diameter 

of 150 jam or more. 

(2-24) The formulation according to any of (2-1) to 

(2-23), wherein the granule has a mean particle diameter 

of 180 \xm or more. 

(2-25) The formulation according to any of (2-1) to 

(2-24), wherein the granule has a mean particle diameter 

of 200 jim or more. 

(2-26) The formulation according to any of (2-1) to 

(2-25), wherein the granule has a mean particle diameter 

of 250 \xm or more. 

[0017] 

(2-27) The formulation according to any of (2-1) to 

(2-26), wherein the granule has a mean particle diameter 

of 1 mm or less. 

(2-28) The formulation according to any of (2-1) to 

(2-27), wherein the bulk density of the granule is 0.5 

g/ml or more and the tapping density is 0.6 g/ml or more. 

17 
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 (2-29) The formulation according to any of (2-1) t o 

(2-28), wherein the compound represented by formula  (I) 

or a salt thereof is a monohydrochloride of the com pound 

represented by formula (I). 

 (2-30) The formulation according to (2-29), wherei n 

the monohydrochloride of the compound represented b y 

formula (I) is a crystal having a powder X-ray 

diffraction pattern in which a peak is present at a  

diffraction angle (2 θ) near 8.4 °, 14.0 °, 16.7 °, 18.8 ° and 

23.3 °. 

 (2-31) The formulation according to any of (2-1) t o 

(2-30), being an oral formulation. 

 (2-32) The formulation according to (2-31), wherei n 

the oral formulation is a solid formulation. 

 (2-33) The formulation according to (2-32), wherei n 

the solid formulation is a tablet, a capsule or a g ranule 

formulation. 

 (2-34) The formulation according to (2-33), wherei n 

the solid formulation is a capsule. 

 (2-35) The formulation according to any of (2-1) t o 

(2-34), wherein the compound represented by formula  (I) 

or a salt thereof is contained in an amount of 20 t o 70 

wt% in terms of the free form based on the total am ount 

of the formulation. 

 (2-36) The pharmaceutical formulation according to  

(2-34), wherein the compound represented by formula  (I) 

or a salt thereof is contained in an amount of 35 t o 60 
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wt% in terms of the free form based on the total am ount 

of the components to be contained in the capsule. 

 (2-37) The formulation according to any of (2-1) t o 

(2-36), wherein the compound represented by formula  (I) 

or a salt thereof is contained in an amount of 60 m g to 

240 mg in terms of the free form per unit formulati on. 

 (2-38) The formulation according to any of (2-1) t o 

(2-37), wherein the compound represented by formula  (I) 

or a salt thereof is contained in an amount of 140 mg to 

190 mg in terms of the free form per unit formulati on. 

[0018] 

 (3-1) A method for producing a formulation improve d 

in solubility of a compound represented by formula (I) or 

a salt thereof, comprising (i) granulating a granul e 

containing a compound represented by formula (I) or  a 

salt thereof and (ii) blending a disintegrating age nt and 

optionally other additives as external additives. 

 
 (3-2) The method according to (3-1), wherein the 

disintegrating agent (ii) is selected from sodium s tarch 

glycolate, low-substituted hydroxypropylcellulose, 
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carmellose calcium, sodium hydrogen carbonate, 

pregelatinized starch, sodium chloride, corn starch, 

croscarmellose sodium, crystalline cellulose, silicic 

anhydride and carmellose. 

(3-3) The method according to (3-1) or (3-2), 

wherein the volume of the disintegrating agent (ii) 

becomes 2.5 times or more when adding 20 ml of 1st fluid 

for dissolution test defined in the Japanese 

Pharmacopenia 16th edition to per 1.0 g of the 

disintegrating agent. 

(3-4) The method according to any of (3-1) to (3-3), 

wherein the disintegrating agent (ii) is contained in an 

amount of 7.5 wt% or more and 30 wt% or less based on the 

total amount of the formulation. 

(3-5) The method according to any of (3-1) to (3-4), 

wherein the granule has a mean particle diameter of 150 

fim or more and 1 mm or less. 

(3-6) The method according to any of (3-1) to (3-5), 

wherein the granule has a mean particle diameter of 180 

(im or more and 1 mm or less. 

(3-7) The method according to any of (3-1) to (3-6), 

wherein the bulk density of the granule is 0.5 g/ml or 

more and the tapping density is 0.6 g/ml or more. 

(3-8) The method according to any of (3-1) to (3-7), 

wherein the granule (i) contains a disintegrating agent 

therein. 

20 
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 (3-9) The method according to (3-8), wherein the 

disintegrating agent contained in the granule is se lected 

from sodium starch glycolate, low-substituted 

hydroxypropylcellulose, carmellose calcium, sodium 

hydrogen carbonate, pregelatinized starch, sodium 

chloride, corn starch, croscarmellose sodium, cryst alline 

cellulose, silicic anhydride and carmellose. 

 (3-10) The method according to (3-8) or (3-9), 

wherein the volume of the disintegrating agent (ii)  

becomes 2.5 times or more when adding 20 ml of 1st fluid 

for dissolution test defined in the Japanese 

Pharmacopenia 16 th  edition to per 1.0 g of disintegrating 

agent. 

 (3-11) The method according to any of (3-1) to (3-

10), wherein the granule contains a solubilizing ag ent 

therein.  

 (3-12) The method according to any of (3-1) to (3-

11), wherein the solubilizing agent is selected fro m the 

following group: 

 citric acid, hydroxypropylcellulose, 

hydroxypropylmethylcellulose, sodium stearyl fumara te, 

methacrylic acid copolymer LD, methylcellulose, sod ium 

lauryl sulfate, polyoxyl 40 stearate, purified shel lac, 

sodium dehydroacetate, fumaric acid, DL-malic acid,  L-

ascorbyl stearate, L-asparagine acid, adipic acid, 

aminoalkyl methacrylate copolymer E, propylene glyc ol 

alginate, casein, casein sodium, a carboxyvinyl pol ymer, 
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carboxymethylethylcellulose, powdered agar, guar gu m, 

succinic acid, copolyvidone, cellulose acetate phth alate, 

tartaric acid, dioctylsodium sulfosuccinate, zein, 

powdered skim milk, sorbitan trioleate, lactic acid , 

aluminum lactate, ascorbyl palmitate, 

hydroxyethylmethylcellulose, 

hydroxypropylmethylcelluloseacetate succinate, 

polyoxyethylene (105) polyoxypropylene (5) glycol, 

polyoxyethylene hydrogenated castor oil 60, polyoxy l 35 

castor oil, poly(sodium 4-styrenesulfonate), 

polyvinylacetaldiethylamino acetate, polyvinyl alco hol, 

maleic acid, methacrylic acid copolymer S, lauromac rogol, 

sulfuric acid, aluminum sulfate, phosphoric acid, c alcium 

dihydrogen phosphate, sodium dodecylbenzenesulfonat e, a 

vinyl pyrrolidone-vinyl acetate copolymer, sodium l auroyl 

sarcosinate, acetyl tryptophan, sodium methyl sulfa te, 

sodium ethyl sulfate, sodium butyl sulfate, sodium octyl 

sulfate, sodium decyl sulfate, sodium tetradecyl su lfate, 

sodium hexadecyl sulfate and sodium octadecyl sulfa te. 

 (3-13) The method according to any of (3-1) to (3-

12), wherein the solubilizing agent is sodium laury l 

sulfate obtained by crystallization. 

 (3-14) The method according to any of (3-11) to (3 -

13), wherein the sodium lauryl sulfate is NIKKOL SL S. 

 (3-15) The method according to any of (3-11) to (3 -

14), wherein a weight ratio of the compound represe nted 
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by formula (I) to the solubilizing agent is 100:2 t o 

100:60. 

 (3-16) The method according to any of (3-1) to (3-

15), wherein the granule contains a binder therein.   

 (3-17) The method according to (3-15), wherein the  

binder is hydroxypropylcellulose. 

 (3-18) The method according to any of (3-1) to (3-

17), wherein the compound represented by formula (I ) or a 

salt thereof is contained in an amount of 20 to 70 wt% in 

terms of the free form based on the total amount of  the 

formulation. 

 (3-19) The method according to any of (3-1) to (3-

18), wherein the compound represented by formula (I ) or a 

salt thereof is contained in an amount of 60 mg to 240 mg 

in terms of the free form per unit formulation. 

 (3-20) The method according to any of (3-1) to (3-

19), wherein the dissolution rate of the compound 

represented by formula (I) or a salt thereof is 65%  or 

more at 75 minutes after initiation of a dissolutio n test 

at 37°C. 

 (3-21) A formulation produced by the process 

according to any one of (3-1) to (3-20). 

[Brief Description of Drawings] 

[0019] 

[FIG. 1] FIG. 1 is a graph showing measurement resu lts of 

powder X-ray diffraction of Form I crystal. 
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[FIG. 2] FIG. 2 is a graph showing dissolution profiles 

of Examples 1 to 4 and 7 in the dissolution test by the 

paddle method (100 rotations/minute) according to the 

Japanese pharmacopeia. 

[FIG. 3] FIG. 3 is a graph showing dissolution profiles 

of Examples 1 and 4 to 7 in the dissolution test by the 

paddle method (100 rotations/minute) according to the 

Japanese pharmacopeia. 

[FIG. 4] FIG. 4 is a graph showing dissolution profiles 

of Examples 8 and 9 in the dissolution test by the paddle 

method (100 rotations/minute) according to the Japanese 

pharmacopeia. 

[FIG. 5] FIG. 5 is a graph showing dissolution profiles 

of Examples 10 to 14 in the dissolution test by the 

paddle method (100 rotations/minute) according to the 

Japanese pharmacopeia. 

[FIG. 6] FIG. 6 is a graph showing dissolution profiles 

of Examples 10 and 15 to 20 (FIG. 6-1) and Examples 10 

and 21 to 25 (FIG. 6-2) in the dissolution test by the 

paddle method (100 rotations/minute) according to the 

Japanese pharmacopeia. 

[FIG. 7] FIG. 7 is a graph showing dissolution profiles 

of Examples 26 and 27 in the dissolution test by the 

paddle method (100 rotations/minute) according to the 

Japanese pharmacopeia. 

[FIG. 8] FIG. 8 is a graph showing dissolution profiles 

of Examples 28 and 29 in the dissolution test by the 

24 
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paddle method (100 rotations/minute) according to t he 

Japanese pharmacopeia. 

 

[Mode for Carrying Out the Invention] 

[0020] 

 In the present invention, the "granule(s)" refers to 

grain(s) having almost a uniform shape and size, wh ich is 

obtained by granulating a raw material in the state  of 

powder, aggregate, solution or molten liquid by mea ns of 

e.g., wet granulation, dry granulation or heat 

granulation. As the equipment used for granule 

preparation, a high-shear granulator is preferable to a 

mortar from the perspective of elution.  Note that the 

granules may be changed in size and shape in a proc ess 

(e.g., tablet making step) for obtaining a formulat ion of 

the present invention. 

 The mean particle diameter of granules of the 

present invention is, for example, 150 µm or more, 

preferably, 180 µm or more, more preferably, 200 µm or 

more and further preferably 250 µm or more, and 

especially preferably, 300 µm or more.  The upper limit 

of the mean particle diameter of granules, which is  not 

particularly limited, is, for example, 1 mm. 

 The mean particle diameter is obtained by performi ng 

following steps: (i) feed a granulated substance sa mpled 

onto the top of the stacked sieves different in mes h size 

(mesh size: 850, 500, 355, 250, 180, 106, 75, 53, 0  µm), 



G1096WO 
 

26 
 

(ii) shake the sieves for 3 minutes, (iii) measure the 

weights of granulated substances remaining on the 

individual sieves, (iv) calculate the particle diam eter 

of the granules which have a cumulative percentage of 50% 

by means of approximation of logarithmic normal 

distribution from the mesh size of the sieve and 

cumulative weight percentage undersize. If the gran ulated 

substance contains more than 10% by weight of granu les 

which have a particle diameter of larger than 850 µm, the 

mean particle diameter is obtained by calculating a  

particle diameter of the granule which has a cumula tive 

percentage of 50% by means of approximation of Rosi n-

Rammler distribution from the mesh size of the siev e and 

cumulative weight percentage oversize. 

 The granule of the present invention preferably ha ve 

a bulk density of 0.5 g/ml or more and a tapping de nsity 

of 0.6 g/ml or more, and more preferably have a bul k 

density of 0.6 g/ml or more and a tapping density o f 0.7 

g/ml or more.  Upper limit of a bulk density and a 

tapping density are not limited, but preferably 1.0 g/ml. 

Bulk density and tapping density are measured accor ding 

to the test methods described in the Japanese 

Pharmacopoeia 16 th  edition. 

 In the present invention, the "wet granulation" 

refers to a method for granulating powder while add ing, 

spraying or spreading water or a solution mixture o f 

water and e.g., alcohol serving as a granulation so lvent. 
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 The size of particle diameter, of granules can be 

adjusted by increasing or decreasing the amount of water 

or solution mixture used during the wet granulation  

process. 

[0021] 

 The pharmaceutical composition or pharmaceutical 

formulation of the present invention is a compositi on or 

a formulation comprising (i) a granule containing a  

compound represented by formula (I) or a salt there of and 

(ii) a disintegrating agent and having a satisfacto ry 

solubility.  The disintegrating agent (ii) refers t o one 

to be added as an external additive.  The "disinteg rating 

agent" in the present invention is a component 

facilitating rapid disintegration of a solid formul ation 

orally taken.  In the present invention, the "exter nal 

additive" and "external component" refer to additiv es 

externally added to granules.  As the additive, oth er 

than the disintegrating agent, additives such as a 

lubricant and a fluidizer may be further optionally  added. 

 Examples of the disintegrating agent (ii) include 

sodium starch glycolate, low-substituted 

hydroxypropylcellulose, carmellose calcium, sodium 

hydrogen carbonate, pregelatinized starch, sodium 

chloride, corn starch, croscarmellose sodium, cryst alline 

cellulose, silicic anhydride, carmellose, etc.  The  

volume of disintegrating agent becomes preferably m ore 

than 2.5 times, and more preferably, more than 5 ti mes 
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when adding 20 ml of 1st fluid for dissolution test  

defined in the Japanese Pharmacopenia 16 th  edition to per 

1.0 g of the disintegrating agent.  Examples of 

preferable disintegrating agents include, e.g., low -

substituted hydroxypropylcellulose, carmellose calc ium, 

sodium hydrogen carbonate, pregelatinized starch, e tc. 

 The amount of the disintegrating agent (ii) is, fo r 

example, 5 wt% or more, preferably, 7.5 wt% or more , 

further preferably 8.5 wt% or more, and especially 

preferably 10 wt% or more based on the total amount  of 

the composition or formulation of the present inven tion.  

The upper limit of the amount used, which is not 

particularly limited, is, for example, 30 wt%, 25 w t%.  

Note that, if the formulation of the present invent ion is 

a formulation having a coating film such as a capsu le and 

a coated tablet, the amount used refers to the amou nt 

used based on the total amount of the components to  be 

covered with the coating film (or the total amount of the 

components to be put in a capsule, or the total amo unt of 

the components covered with a coating film). 

[0022] 

 In the present invention, the granule (i) may 

contain various types of additives other than the 

compound represented by formula (I) or a salt there of. 

 In one aspect of the present invention, the granul e 

(i) contains a compound represented by formula (I) or a 

salt thereof, a disintegrating agent, a solubilizin g 
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agent, an excipient and a binder.  The granule may 

further contain one or more additives selected from  a 

lubricant, a coating agent, a stabilizer, a flavori ng 

agent and a diluent. 

 Examples of the disintegrating agent to be contain ed 

in the granule (i) include sodium starch glycolate,  low-

substituted hydroxypropylcellulose, carmellose calc ium, 

sodium hydrogen carbonate, pregelatinized starch, s odium 

chloride, corn starch, croscarmellose sodium, cryst alline 

cellulose, silicic anhydride and carmellose. The 

preferable disintegrating agent is such that the vo lume 

of the disintegrating agent becomes preferably more  than 

2.5 times, and more preferably, more than 5 times w hen 

adding 20 ml of 1st fluid for dissolution test defi ned in 

the Japanese Pharmacopenia 16 th  edition to per 1.0 g of 

the disintegrating agent.  Examples of preferable 

dissolusion agent include low-substituted 

hydroxypropylcellulose, carmellose calcium, sodium starch 

glycolate, and pregelatinized starch and so on. 

[0023] 

 The "solubilizing agent" contained in the granule 

(i) of the present invention refers to a surfactant , an 

organic polymer or a pH modifier. 

 The "surfactant" refers to a substance having a 

hydrophilic group together with a hydrophobic group  in a 

molecule.  Examples of the surfactant include an io nic 

surfactant and a nonionic surfactant. 
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 The ionic surfactant refers to an ionic surfactant  

which ionizes into ions (charged atoms or atomic gr oups) 

when dissolved in water.  The ionic surfactant is f urther 

classified into an anionic surfactant, a cationic 

surfactant and an amphoteric surfactant depending u pon 

the charge of the ion to be produced.  In the prese nt 

invention, a nonionic surfactant and an anionic 

surfactant are preferable. 

[0024] 

 Examples of the nonionic surfactant include sugar 

ester surfactants such as a sorbitan fatty acid est er 

(C12-18), a POE sorbitan fatty acid ester (C12-18) and 

sucrose fatty acid ester; fatty acid ester surfacta nts 

such as a POE fatty acid ester (C12-18), a POE resi n acid 

ester and a POE fatty acid diester (C12-18); alcoho l 

based surfactants such as a POE alkyl ether (C12-18 ); 

alkyl phenol surfactants such as a POE alkyl (C8-12 ) 

phenyl ether, a POE dialkyl (C8-12) phenyl ether an d a 

POE alkyl (C8-12) phenyl ether formalin condensate;  

polyoxyethylene-polyoxypropylene block polymer 

surfactants such as a polyoxyethylene-polyoxypropyl ene 

block polymer and an alkyl (C12-18) polyoxyethylene -

polyoxypropylene block polymer ether; alkylamine 

surfactants such as a POE alkylamine (C12-18) and a  POE 

fatty acid amide (C12-18); bisphenol surfactants su ch as 

a POE fatty acid bisphenyl ether; polycyclic aromat ic 

surfactants such as a POA benzylphenyl (or phenylph enyl) 
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ether and a POA styrylphenyl (or phenylphenyl) ethe r; POE 

ether and ester type silicon and fluorine surfactan ts; 

and vegetable oil surfactants such as POE castor oi l and 

POE hydrogenated castor oil.  Preferably, e.g., pol yoxyl 

40 stearate, sorbitan trioleate, polyoxyethylene (1 05) 

polyoxypropylene (5) glycol, polyoxyethylene hydrog enated 

castor oil 60, polyoxyl 35 castor oil and lauromacr ogol 

are mentioned. 

[0025] 

 Examples of the anionic surfactant include sulfate  

surfactants such as an alkyl sulfate (C12-18, Na, N H4, 

alkanolamine), a POE alkyl ether sulfate (C12-18, N a, NH 4, 

alkanolamine), a POE alkyl phenyl ether sulfate (C1 2-18, 

NH4, alkanolamine, Ca), a POE benzyl (or styryl) pheny l 

(or phenylphenyl) ether sulfate (Na, NH 4, alkanolamine), 

a polyoxyethylene and a polyoxypropylene block poly mer 

sulfate (Na, NH 4, alkanolamine); sulfonate surfactants 

such as a paraffin (alkane) sulfonate (C12-22, Na, Ca, 

alkanolamine), an AOS (C14-16, Na, alkanolamine), a  

dialkyl sulfosuccinate (C8-12, Na, Ca, Mg), an 

alkylbenzene sulfonate (C12, Na, Ca, Mg, NH 4, alkylamine, 

alkanol, amine, cyclohexylamine), a mono or dialkyl  (C3-

6) naphthalene sulfonate (Na, NH4, alkanolamine, Ca , Mg), 

a naphthalene sulfonate-formalin condensate (Na, NH 4), an 

alkyl (C8-12) diphenyl ether disulfonate (Na, NH 4), a 

lignin sulfonate (Na, Ca), a POE alkyl (C8-12) phen yl 

ether sulfonate (Na) and a POE alkyl (C12-18) ether  
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sulfosuccinic acid half ester (Na); carboxylic acid  

surfactants such as a fatty acid salt (C12-18, Na, K, NH 4, 

alkanolamine), a N-methyl-fatty acid sarcosinate (C 12-18, 

Na) and a resinate (Na, K); and phosphate surfactan ts 

such as a POE alkyl (C12-18) ether phosphate (Na, 

alkanolamine), a POE mono or dialkyl (C8-12) phenyl  ether 

phosphate (Na, alkanolamine), a POE benzylated (or 

styrylated) phenyl (or phenylphenyl) ether phosphat e (Na, 

alkanolamine), a polyoxyethylene-polyoxypropylene b lock 

polymer (Na, alkanolamine), a phosphatidylcholine-

phosphatidyl ethanol imine (lecithin) and an alkyl (C8-

12) phosphate.  Preferably, e.g., monoalkyl sulfate s such 

as sodium lauryl sulfate, sodium tetradecyl sulfate , 

sodium hexadecyl sulfate and sodium octadecyl sulfa te, 

dioctylsodium sulfosuccinate, sodium lauroyl sarcos inate 

and sodium dodecylbenzenesulfonate are mentioned. 

 The organic polymer refers to a substance having 

carbon as a main skeleton and a molecular weight of  

10,000 or more.  Examples of the organic polymer in clude 

proteins and polysaccharides derived from animals a nd 

plants, and synthetic resins. 

[0026] 

 Specific examples of the organic polymer include 

polysaccharides such as hydroxypropylcellulose 

(hereinafter also referred to as HPC), 

hydroxypropylmethylcellulose, methylcellulose, prop ylene 

glycol alginate, powdered agar, guar gum, zein and 
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hydroxyethylmethylcellulose; synthetic resins such as a 

carboxyvinyl polymer, a polyvinyl alcohol, a vinyl 

acetate resin and a sodium polystyrene sulfonate; a nd 

phosphoproteins such as casein and casein sodium. 

 Of the organic polymers, a polymer having a 

solubility to water of 1 g/100 g or more is called a 

water-soluble polymer.  Specific examples thereof i nclude 

hydroxypropylcellulose, hydroxypropylmethylcellulos e, 

methylcellulose, propylene glycol alginate, casein sodium, 

a carboxyvinyl polymer, powdered agar, guar gum, 

copolyvidone, hydroxyethylmethylcellulose and a pol yvinyl 

alcohol. 

 Of the organic polymers, a polymer dissolved in 

acidic conditions (pH of the gastric juice, 1.2 to 3.5) 

is called a gastrosoluble polymer; whereas a polyme r 

quickly dissolved in the intestinal pH (6 to 8) is called 

an enteric polymer.  Examples of the gastrosoluble 

polymer include an aminoalkyl methacrylate copolyme r E 

and a polyvinyl acetal diethylamino acetate.  Examp les of 

the enteric polymer include a methacrylic acid copo lymer 

LD (emulsion), methacrylic acid copolymer S, purifi ed 

shellac, carboxymethylethylcellulose, cellulose ace tate 

phthalate (cellaphate), hydroxypropylmethylcellulos e 

acetate succinate, casein and zein. 

[0027] 

 The "pH modifier" refers to a substance controllin g 

pH of a solution by adding an acid agent or an alka li 
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agent to improve solubility of a less water soluble  or 

insoluble compound.  The pH modifier is appropriate ly 

selected in accordance with the feature of a substa nce to 

be solubilized.  For example, in the case of a basi c and 

less water soluble or insoluble compound, the solub ility 

may be often improved if an acid agent is added to change 

pH to be acidic. 

 Examples of the pH modifier include adipic acid, 

citric acid, trisodium citrate, gluconic acid, sodi um 

gluconate, gluconodelta lactone, potassium gluconat e, 

succinic acid, monosodium succinate, disodium succi nate, 

sodium acetate, L-tartaric acid, L-potassium hydrog en 

tartrate, L-sodium tartrate, DL-tartaric acid, DL-

potassium hydrogen tartrate, DL-sodium tartrate, so dium 

hydrogen carbonate, potassium carbonate (anhydrous) , 

sodium carbonate, carbon dioxide, lactic acid, sodi um 

lactate, glacial acetic acid, disodium dihydrogen 

pyrophosphate, fumaric acid, monosodium fumarate, D L-

malic acid, DL-sodium malate, phosphoric acid, pota ssium 

dihydrogen phosphate, sodium dihydrogen phosphate, 

dipotassium hydrogen phosphate and disodium hydroge n 

phosphate. 

 Preferably, the pH modifier is acid agents such as  

adipic acid, citric acid, gluconic acid, gluconodel ta 

lactone, succinic acid, L-tartaric acid, DL-tartari c acid, 

carbon dioxide, lactic acid, glacial acetic acid, f umaric 

acid, DL-malic acid and phosphoric acid may be ment ioned. 
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 In the present invention, two types or more 

solubilizing agents may be used by combining them i n an 

appropriate ratio. 

[0028] 

 In the present invention, preferable solubilizing 

agents are as follows: 

 citric acid, hydroxypropylcellulose, 

hydroxypropylmethylcellulose, sodium stearyl fumara te, 

methacrylic acid copolymer LD, methylcellulose, sod ium 

lauryl sulfate, polyoxyl 40 stearate, purified shel lac, 

sodium dehydroacetate, fumaric acid, DL-malic acid,  L-

ascorbyl stearate, L-asparagine acid, adipic acid, 

aminoalkyl methacrylate copolymer E, propylene glyc ol 

alginate, casein, casein sodium, a carboxyvinyl pol ymer, 

carboxymethylethylcellulose, powdered agar, guar gu m, 

succinic acid, copolyvidone, cellulose acetate phth alate, 

tartaric acid, dioctylsodium sulfosuccinate, zein, 

powdered skim milk, sorbitan trioleate, lactic acid , 

aluminum lactate, ascorbyl palmitate, 

hydroxyethylmethylcellulose, hydroxypropylmethylcel lulose 

acetate succinate, polyoxyethylene (105) polyoxypro pylene 

(5) glycol, polyoxyethylene hydrogenated castor oil  60, 

polyoxyl 35 castor oil, poly(sodium 4-styrenesulfon ate), 

polyvinyl acetal diethylamino acetate, polyvinyl al cohol, 

maleic acid, methacrylic acid copolymer S, lauromac rogol, 

sulfuric acid, aluminum sulfate, phosphoric acid, c alcium 

dihydrogen phosphate, sodium dodecylbenzenesulfonat e, a 
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vinyl pyrrolidone-vinyl acetate copolymer, sodium l auroyl 

sarcosinate, acetyl tryptophan, sodium methyl sulfa te, 

sodium ethyl sulfate, sodium butyl sulfate, sodium octyl 

sulfate, sodium decyl sulfate, sodium tetradecyl su lfate, 

sodium hexadecyl sulfate and sodium octadecyl sulfa te. 

[0029] 

 In the present invention, more preferable 

solubilizing agents are as follows: 

 citric acid, hydroxypropylcellulose, 

hydroxypropylmethylcellulose, methacrylic acid copo lymer 

LD, methylcellulose, sodium lauryl sulfate, purifie d 

shellac, sodium dehydroacetate, fumaric acid, DL-ma lic 

acid, L-ascorbyl stearate, L-asparagine acid, adipi c acid, 

propylene glycol alginate, casein, casein sodium, 

carboxymethylethylcellulose, succinic acid, copolyv idone, 

dioctylsodium sulfosuccinate, lactic acid, aluminum  

lactate, ascorbyl palmitate, hydroxyethylmethylcell ulose, 

hydroxypropylmethylcellulose acetate succinate, 

polyoxyethylene hydrogenated castor oil 60, polyoxy l 35 

castor oil, poly(sodium 4-styrenesulfonate), polyvi nyl 

acetal diethylamino acetate, polyvinyl alcohol, 

methacrylic acid copolymer S, lauromacrogol, sulfur ic 

acid, aluminum sulfate, sodium dodecylbenzenesulfon ate, a 

vinyl pyrrolidone-vinyl acetate copolymer, acetyl 

tryptophan, sodium decyl sulfate, sodium tetradecyl  

sulfate and sodium octadecyl sulfate. 

[0030] 
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 In the present invention, further preferable 

solubilizing agents are as follows: 

 citric acid, hydroxypropylcellulose, 

hydroxypropylmethylcellulose, methacrylic acid copo lymer 

LD, methylcellulose, sodium lauryl sulfate, purifie d 

shellac, sodium dehydroacetate, fumaric acid, DL-ma lic 

acid, L-asparagine acid, adipic acid, propylene gly col 

alginate, casein sodium, carboxymethylethylcellulos e, 

succinic acid, copolyvidone, dioctylsodium sulfosuc cinate, 

lactic acid, aluminum lactate, 

hydroxyethylmethylcellulose, hydroxypropylmethylcel lulose 

acetate succinate, poly(sodium 4-styrenesulfonate),  

polyvinyl acetal diethylamino acetate, methacrylic acid 

copolymer S, sulfuric acid, aluminum sulfate and a vinyl 

pyrrolidone-vinyl acetate copolymer. 

 The content of the solubilizing agent in the 

composition or formulation of the present invention  is 

preferably 2 wt% to 60 wt%, more preferably, 20-60 wt %, 

based on the compound represented by formula (I) (f ree 

form). 

[0031] 

 In the present invention, when sodium lauryl sulfa te 

is used, it is more preferable to obtain a crystal 

thereof by crystallization rather than spray dry.  Note 

that as a crystal polymorphism of sodium lauryl sul fate, 

a monohydrate, a 1/2 hydrate, a 1/8 hydrate and a n on-

solvate are known (Journal of Crystal Growth 263 (2 004) 
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480-490).  Any of the crystals can be used in the 

composition or formulation of the present invention .  

[0032] 

 Examples of the excipient which may be contained i n 

the granule (i) of the present invention include st arches 

such as corn starch, potato starch, wheat flour sta rch, 

rice starch, partial pregelatinized starch, 

pregelatinized starch and porous starch; sugar or s ugar 

alcohols such as lactose hydrate, fructose, glucose , 

mannitol and sorbitol; and anhydrous dibasic calciu m 

phosphate, crystalline cellulose, precipitated calc ium 

carbonate and calcium silicate.  Examples of prefer able 

excipient may include starches such as starch, pota to 

starch and corn starch; lactose hydrate, crystallin e 

cellulose and anhydrous dibasic calcium phosphate, and 

more preferable excipient is lactose hydrate. The a mount 

of excipient which is used in the present invention  is 

preferably 5 to 60 parts by weight, and more prefer ably, 

5 to 45 parts by weight based on 100 parts by weigh t of 

the composition or formulation.  

 Note that if the formulation of the present 

invention is a formulation having a coating film su ch as 

a capsule and a coated tablet, the amount used refe rs to 

the amount used based on the total amount of the 

components to be covered with the coating film (or the 

total amount of the components to be put in a capsu le, or 
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the total amount of the components covered with a c oating 

film). 

[0033] 

 Examples of the binder which may be contained in t he 

granule (i) of the present invention may include 

hydroxypropylcellulose, polyvinylpyrrolidone, macro gol 

and similar compounds as mentioned in the excipient .  

Specific examples of the binder include 

hydroxypropylcellulose, hydroxypropylmethylcellulos e, 

methylcellulose, povidone (polyvinylpyrrolidone) an d 

powdered acacia, and preferable binder is 

hydroxypropylcellulose.  The amount of binder used is 

preferably 0.1 to 50 parts by weight, further prefe rably 

0.5 to 40 parts by weight and further more preferab ly 0.5 

to 10 parts by weight based on 100 parts by weight of the 

composition or formulation. 

 Note that if the formulation of the present 

invention is a formulation having a coating film su ch as 

a capsule and a coated tablet, the amount used refe rs to 

the amount used based on the total amount of the 

components to be covered with the coating film (or the 

total amount of the components to be put in a capsu le, or 

the total amount of the components covered with a c oating 

film). 

[0034] 

 Examples of preferable lubricants which may be 

contained in the granule (i) of the present inventi on 
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include magnesium stearate, calcium stearate, talc,  

sucrose fatty acid ester and sodium stearyl fumarat e. 

[0035] 

 Examples of the stabilizer which may be contained in 

the granule (i) of the present invention may includ e 

para-oxybenzoates such as methyl paraben and propyl  

paraben; alcohols such as chlorobutanol, benzyl alc ohol 

and phenylethyl alcohol; benzalkonium chloride, phe nols 

such as phenol and cresol, thimerosal, dehydroaceti c acid 

and sorbic acid. 

 Examples of the flavoring agent which may be 

contained in the granule (i) of the present inventi on may 

include a sweetener, an acidulant and a fragrance u sually 

used. 

[0036] 

 The granule (i) of the present invention is produc ed 

by granulating a composition comprising the compoun d 

represented by formula (I) or a salt thereof, and 

optionally, additive(s) such as a disintegrating ag ent, a 

solubilizing agent, an excipient, a lubricant, a co ating 

agent, a binder, a stabilizer, a flavoring agent an d a 

diluent. 

[0037] 

 In the present invention, the "pharmaceutical 

composition" refers to a mixture comprising two or more 

substances which is used for treating and preventin g a 

disease.  According to an aspect of the present inv ention, 
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the pharmaceutical composition is used for producti on of 

a pharmaceutical formulation. 

 In the present invention, the "pharmaceutical 

formulation" refers to a formulation for treating a nd 

preventing a disease. 

 In the present invention, the "oral formulation" 

refers to a formulation that can be orally administ ered.  

The oral administration refers to swallowing a 

formulation so as to enter the gastrointestinal tra ct and 

an active ingredient is mainly absorbed through the  

intestinal tract. 

 Specific examples of the oral formulation include 

solid formulations such as a tablet, a capsule, a 

solution, a powder, a lozenge, a chewable agent, a 

granule, a gel, a film agent and a spray and liquid  

formulations.  Examples of the liquid formulation i nclude 

a suspension, a solution, syrup and an elixir.  Suc h a 

formulation can be used as filler in soft or hard 

capsules.  Generally, as a carrier, for example, wa ter, 

ethanol, polyethylene glycol, propylene glycol, 

methylcellulose, or appropriate oil, and one or mor e 

emulsifiers and/or a suspending agent are used.  A liquid 

formulation can be also prepared by dissolving a un it-

dose solid medicinal agent, for example, dissolving  a 

pharmaceutical composition in a package into a carr ier 

such as water. 

[0038] 
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 In the present invention, "ALK" stands for 

"Anaplastic Lymphoma Kinase" and refers to a recept or 

tyrosine kinase belonging to an insulin receptor fa mily. 

 In the present invention, as a salt of the compoun d 

represented by formula (I), a hydrochloride is pref erable 

and a monohydrochloride is more preferable. 

 The compound represented by formula (I) or a salt 

thereof can be produced by the method(s) etc. discl osed 

in Patent Literatures 2 to 4. 

 In the present invention, the compound represented  

by formula (I) or a salt thereof include a hydrate,  a 

pharmaceutically acceptable solvate and a crystal 

polymorphism.  

[0039] 

 In one aspect of the present invention, a 

monohydrochloride of the compound represented by fo rmula 

(I) is a crystal (hereinafter, referred to as Form I 

crystal) having a powder X-ray diffraction pattern in 

which peaks are present at diffraction angles (2 θ) of 

8.4 °, 14.0 °, 16.7 °, 18.8 ° and 23.3 °.  Form I crystal can be 

obtained by adding the compound represented by form ula 

(I) dropwise in a solution mixture of ethanol and 

hydrochloric acid (containing 1 mole equivalent or more 

of hydrochloric acid to the compound of formula (I) ) 

while keeping the temperature of the solution mixtu re at 

about 35 °C or more. 
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 An example of the measurement results of powder X-

ray diffraction of Form I crystal is shown in FIG. 1 and 

a peak in the powder X-ray diffraction pattern will  be 

shown below. 

[0040] 

[Table 1] 

Diffraction angle 2θ 
3.5 20.2 28.8 
8.0 20.5 29.5 
8.4 21.0 29.9 
8.7 21.5 30.8 

11.0 21.8 31.3 
11.9 22.1 31.8 
12.1 22.3 31.9 
14.0 22.6 32.6 
15.1 22.9 33.1 
15.6 23.3 33.2 
16.1 24.1 33.8 
16.4 24.8 34.7 
16.7 25.4 35.3 
17.1 25.7 35.5 
17.5 26.1 36.4 
18.2 26.9 36.6 
18.8 27.7 37.5 
19.0 27.9 38.8 
19.1 28.2 39.4 

 

[0041] 

 In the present invention, analysis of powder X-ray  

diffraction can be made, for example, by a customar y 

method such as the "powder X-ray diffraction measur ement 

method" described in the Japanese pharmacopeia (15t h 

revised).  The Japanese pharmacopeia describes that  
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diffraction angles 2 θ of the same types of crystals 

usually match with each other within the range of ± 0.2 

degrees.  Therefore, not only a crystal having a pe ak 

diffraction angle in the powder X-ray diffraction 

completely matches but also a crystal having a peak  

diffraction angle matched with an error range of ab out ± 

0.2 degrees is included in the present invention. 

 

 An example of the measurement conditions of powder  

X-ray diffraction analysis are shown below: 

 Measurement apparatus: X'Pert-Pro MPD (manufacture d 

by PANalytical) 

 Anticathode: Cu 

 Tube voltage: 45 kV 

 Tube current: 40 mA 

 Step width: 0.017 

 Scanning axis: 2 θ 

 Sampling time per step: 43 seconds 

 Scanning range: 3 to 40 ° 

[0042] 

 The pharmaceutical composition or formulation is a  

composition or formulation having a good solubility  which 

comprises (i) a glanule containing a compound of fo rmula 

(I) and a salt thereof and (ii) a disintegrating ag ent. 

 In the present invention, the “composition or 

formulation having good solubility ” or "formulation 

improved in solubility" is, for example, a formulat ion 
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having a drug substance dissolution rate of 65% or more 

75 minutes after initiation of the dissolution test  at 

37°C, preferably, 70% or more at 75 minutes after 

initiation of the dissolution test at 37°C, more 

preferably, a dissolution rate of 40% or more at 30  

minutes after initiation of a dissolution test at 3 7°C 

and 65% or more at 75 minutes after initiation of a  

dissolution test at 37°C, and particularly, a disso lution 

rate of 40% or more at 30 minutes after initiation of a 

dissolution test at 37°C and 70% or more at 75 minu tes 

after initiation of a dissolution test at 37°C. 

 In the above dissolution test, the dissolution tes t 

by the paddle method(specified in the Japanese 

pharmacopeia 16 th  edition) is performed by using 1st 

fluid for dissolution test defined in the Japanese 

Pharmacopenia 16 th  edition (900 mL) containing 

polyoxyethylene (10) octyl phenyl ether (4%) at 100  

rotations/minute.  

[0043] 

 The formulation of the present invention can be 

produced by mixing the granules (i) of the present 

invention, a disintegrating agent and, optionally, 

additives, and subjecting the mixture to a general 

production process, preferably by the following 

production processes. 

 1) Mix the compound represented by formula (I) and  

additives such as a disintegrating agent, a solubil izing 
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agent, an excipient and a binder, and granulate the  

mixture while adding or spraying a solvent (for exa mple, 

purified water, ethanol or solution mixture thereof ).  

Add to the granulated substance (granule) thus obta ined a 

disintegrating agent (ii) and optionally an appropr iate 

amount of additives such as lubricant or fluidizers , and 

mix them and charge capsules with the resultant mix ture 

or subject the resultant mixture to compression mol ding. 

 2) Mix the compound represented by formula (I) and  

additives such as a disintegrating agent, a solubil izing 

agent and an excipient, and granulate the mixture w hile 

adding or spraying a liquid obtained by dispersing or 

dissolving a binder and, if necessary, other additi ves in 

a solvent (for example, purified water, ethanol or a 

solution mixture thereof). Add to the granulated 

substance obtained (granule) a disintegrating agent  (ii) 

and optionally an appropriate amount of additives s uch as 

lubricant or fluidizers, and mix them and charge ca psules 

with the resultant mixture or subject the resultant  

mixture to compression molding, for example. 

 In the methods 1) and 2), a granule obtained by 

means of e.g., dry granulation or heat granulation in 

place of wet granulation may be used.  

[0044] 

 The composition and formulation of the present 

invention may contain a lubricant or a fluidizer in  

addition to the disintegrating agent (ii) as an ext ernal 
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additive.  Examples of the lubricant and fluidizer may 

include magnesium stearate, calcium stearate, talc,  

sucrose fatty acid ester and sodium stearyl fumarat e.  

Preferably, magnesium stearate may be mentioned.  T he use 

amount of lubricant and fluidizer is preferably 0.0 1 to 

20 parts by mass based on the composition or formul ation 

(100 parts by weight) and further preferably 0.05 t o 15 

parts by weight.  Note that, if the formulation of the 

present invention is a formulation having a coating  film 

such as a capsule and a coated tablet, the use amou nt 

refers to that based on the total amount of the 

components to be covered with the coating film (the  total 

amount of the components to be put in a capsule, or  the 

total amount of the components covered with a coati ng 

film). 

[0045] 

 An appropriate coating agent can be further applie d 

to tablets to obtain sugar coated tablets or film c oated 

tablets. 

 As the base for a sugar-coating material, for 

example, a sugar or a sugar alcohol such as sucrose  and 

erythritol is used, and one or more substances sele cted 

from talc, precipitated calcium carbonate, gelatin,  gum 

arabic, pullulan, carnauba wax, etc. may be used in  

combination with the sugar or the sugar alcohol. 

 Examples of the coating material may include 

ethylcellulose, hydroxypropylcellulose, 
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hydroxypropylmethylcellulose, shellac, talc, carnau ba wax 

and paraffin. 

 Examples of a base for an enteric film coating 

material include cellulose polymers such as 

hydroxypropylmethylcellulose phthalate, 

hydroxypropylmethylcellulose acetatesuccinate, 

carboxymethylethylcellulose and cellulose acetate 

phthalate; acrylic acid polymers such as methacryli c acid 

copolymer L [EUDRAGIT L (trade name), Evonik Deguss a], 

methacrylic acid copolymer LD [EUDRAGIT L-30D55 (tr ade 

name), Evonik Degussa] and methacrylic acid copolym er S 

[EUDRAGIT S (trade name), Evonik Degussa]; and natu ral 

products such as shellac. 

 Examples of a base for a sustained-release film 

coating material include cellulose polymers such as  

ethylcellulose; acrylic acid polymers such as amino alkyl 

methacrylate copolymer RS [EUDRAGIT RS (trade name) , 

Evonik Degussa], an ethyl acrylate-methyl methacryl ate 

copolymer suspension solution [EUDRAGIT NE (trade n ame), 

Evonik Degussa]; and cellulose acetate. 

[0046] 

 Two types or more of the bases for coating materia ls 

mentioned above may be mixed in an appropriate rati o and 

put in use. 

 To the coating material, if necessary, e.g., a 

water-soluble substance for controlling a dissoluti on 

rate and a plasticizer may be added.  As the water-
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soluble substance, one or more substance selected f rom a 

water-soluble polymer such as 

hydroxypropylmethylcellulose; a sugar alcohol such as 

mannitol; a sugar such as sucrose and anhydrous mal tose; 

a surfactant such as sucrose fatty acid ester and 

polyoxyethylene polyoxypropylene glycol, polysorbat e and 

sodium lauryl sulfate, etc. can be used.  As the 

plasticizer, one or more substance selected from 

acetylated monoglyceride, triethyl citrate, triacet in, 

dibutyl sebacate, dimethyl sebacate, middle-chain f atty 

acid triglyceride, acetyltriethyl citrate, tributyl  

citrate, acetyltributyl citrate, dibutyl adipate, o leic 

acid, oleynol, etc. can be used. 

[0047] 

 As a method for coating tablets with the coating 

material, a general method can be used.  Examples t hereof 

include a pan coating method, a fluid coating metho d, a 

roll coating method and a fluid/roll coating method .  The 

coating liquid to be used in such a method is obtai ned by 

mixing the base for a coating material, talc and a 

solvent (preferably, ethanol or a mixture of ethano l and 

water).  The concentration of a solid content of su ch a 

coating liquid preferably falls within the range of  5 to 

15 mass% based on the total mass of such a coating liquid. 

[0048] 

 The compound represented by formula (I) or a salt 

thereof has an excellent ALK inhibitory action and 
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excellent stability in a living body and is useful as a 

preventive or therapeutic agent (particularly thera peutic 

agent) for proliferative diseases.  More specifical ly, 

the compound represented by formula (I) or a salt t hereof 

is useful as a preventive or therapeutic agent 

(particularly therapeutic agent) for diseases such as 

various types of cancers like leukemia (e.g., acute  

myelogenous leukemia, chronic myelogenous leukemia,  acute 

lymphocytic leukemia, chronic lymphocytic leukemia) , 

malignant lymphoma (e.g., Hodgkin's lymphoma, non-

Hodgkin's lymphoma), brain tumor, neuroblastoma, gl ioma, 

thyroid cancer, myelodysplastic syndrome, head and neck 

cancer, esophageal cancer, stomach cancer, colon ca ncer, 

colorectal cancer, breast cancer, ovarian cancer, l ung 

cancer, pancreatic cancer, liver cancer, gallbladde r 

cancer, skin cancer, malignant melanoma, kidney can cer, 

renal pelvis ureter cancer, bladder cancer, ovarian  

cancer, uterine cancer, testicular cancer and prost ate 

cancer.  The compound or a salt thereof of the pres ent 

invention is also useful as a preventive or therape utic 

agent (particularly therapeutic agent) for infiltra tion 

and metastasis of a solid cancer.  The compound or a salt 

thereof of the present invention is also effective as a 

preventive or therapeutic agent for other diseases in 

connection with ALK such as depression or cognitive  

dysfunction. 

[0049] 
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When the composition of the present invention is 

used as an ALK inhibitor or a therapeutic or preventive 

agent for a proliferative disease or depression or a 

therapeutic or preventive agent for cognitive dysfunction 

the composition is administered orally, rectally, 

parenterally (intravenously, intramuscularly, 

subcutaneously), intracisternally, intravaginally, 

intraperitoneally, intravesically and locally 

(intravenous drip, powder, ointment, gel or cream) and 

through inhalation (oral or nose spray). Examples of the 

dosage form thereof include tablet, capsule, granule, 

powder, pill, aqueous and nonaqueous oral solution and 

suspension, and parenteral solution put in small 

containers for a unit dose. The dosage form may be 

designed so as to adapt to various methods for 

administrating a formulation including a controlled 

release formulation to be subcutaneously grafted. 

The dosage form is preferably oral administration by 

tablets, capsules, granules or powder formulation. 

[0050] 

When the composition of the present invention is 

used as an ALK inhibitor or a therapeutic or preventive 

agent for a proliferative disease or depression or a 

therapeutic or preventive agent for cognitive dysfunction 

the dosage of the active ingredient (a compound 

represented by formula (I) or a salt thereof of the 

present invention) may vary depending upon the symptom, 

51 
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For example, a generally effective amount of active  

ingredient (the compound or a salt thereof of the p resent 

invention represented by formula (I)) to a patient (a 

warm-blooded animal, particularly a human) orally 

administered is preferably 0.001 to 1000 mg and fur ther 

preferably 0.01 to 300 mg per body weight (1 kg) pe r day.  

The dosage thereof used per day preferably falls wi thin 

the range of 1 to 1500 mg per adult patient having an 

ordinary body weight.  In the case of a parenteral agent, 

the amount thereof used is preferably 0.001 to 1000  mg 

and further preferably 0.01 to 300 mg per body weig ht (1 

kg) per day.  It is desirable that the amount there of 

used is administered once per day or administered 

depending upon the symptom by dividing the amount u sed 

into several portions. 

 The composition of the present invention preferabl y 

contains the compound represented by formula (I) or  a 

salt thereof in an amount of, for example, 20 to 70  wt%, 

preferably, 30 to 60 wt%, and especially preferably , 35 

to 60 wt% in terms of the free form based on the to tal 

amount of the composition. 

 The formulation of the present invention preferabl y 

contains the compound represented by formula (I) or  a 

salt thereof in an amount of, for example, 20 to 70  wt%, 

preferably, 30 to 60 wt%, and especially preferably ,35 to 

60 wt% in terms of the free form based on the total  

amount of the formulation.  Note that, if the formu lation 
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of the present invention is a formulation having a 

coating film such as a capsule and a coated tablet,  the 

content refers to the content based on the total am ount 

of the components to be covered with the coating fi lm (or 

the total amount of the components to be put in a c apsule, 

or the total amount of the components covered with a 

coating film).  More specifically, if the formulati on of 

the present invention is a capsule, the compound 

represented by formula (I) or a salt thereof is 

preferably contained in an amount of, for example, 20 to 

70 wt%, preferably, 30 to 60 wt%, and especially 

preferably, 35 to 60 wt% in terms of the free form based 

on the total amount of the components to be put in a 

capsule. 

 The formulation of the present invention preferabl y 

contains the compound represented by formula (I) or  a 

salt thereof in an amount of, for example, 60 to 24 0 mg, 

preferably, 100 to 200 mg, and especially preferabl y, 140 

mg to 190 mg in terms of the free form per unit 

formulation. 

[0051] 

 According to another aspect of the present inventi on, 

the following inventions (4-1) to (4-7) are provide d. 

(4-1) 

 A pharmaceutical formulation comprising a compound  

less soluble or insoluble in water and sodium laury l 
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sulfate, in which the sodium lauryl sulfate is obta ined 

by crystallization. 

(4-2) 

 The formulation according to (4-1), wherein the 

sodium lauryl sulfate is a crystal of a 1/8 hydrate . 

(4-3) 

 A method for producing a pharmaceutical formulatio n 

improved in solubility of a compound less soluble o r 

insoluble in water, comprising blending sodium laur yl 

sulfate crystallized and optionally other additives  with 

the compound. 

(4-4) 

 A method for manufacturing a pharmaceutical 

formulation having an improved solubility of a comp ound 

which is less soluble or insoluble in water, 

characterized in that the method comprises blending  

NIKKOL SLS as sodium lauryl sulfate and optionally other 

additive(s) with the compound. 

(4-5) 

 A method for improving solubility of a compound le ss 

soluble or insoluble in water contained in a 

pharmaceutical formulation, comprising blending sod ium 

lauryl sulfate obtained by crystallization and opti onally 

other additives with the compound. 

(4-6) 

 A method for improving solubility of a compound 

which is less soluble or insoluble in water contain ed in 
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a pharmaceutical formulation, characterized in that  the 

method comprises blending NIKKOL SLS as sodium laur yl 

sulfate and optionally other additive(s) with the 

compound.  

(4-7) 

 The method according to any of (4-3) to (4-6), 

wherein the sodium lauryl sulfate is a crystal of a  1/8 

hydrate. 

[0052] 

 In the inventions of (4-1) to (4-7), the "less 

soluble or insoluble in water" means that solubilit y of a 

compound to water at 25 °C is less than 100 µg/mL.  

According to an aspect of the present invention, th e 

solubility of the "compound less soluble or insolub le in 

water" at 25 °C is less than 10 µg/mL.  The solubility can 

be measured in accordance with a conventional metho d.  As 

an example of the compound less soluble or insolubl e in 

water, 9-ethyl-6,6-dimethyl-8-(4-morpholin)-4-yl-

piperidin-1-yl)-11-oxo-6,11-dihydro-5H-benzo[b]carb azole-

3-carbonitrile and a salt thereof may be mentioned.  

[0053] 

 In the inventions of (4-1) to (4-7), 

"crystallization" means that a crystal of sodium la uryl 

sulfate is precipitated from a solution or suspensi on 

containing sodium lauryl sulfate. 

[0054] 
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 In the inventions of (4-1) to (4-7), the term 

"solubility is improved" and "a pharmaceutical 

formulation improved in solubility" mean, for examp le, 

drug substance dissolution rate is 65% or more 75 m inutes 

after initiation of a dissolution test at 37°C, 

preferably, 70% or more 75 minutes after initiation  of a 

dissolution test at 37°C, and a formulation which h as the 

above dissolution profile, respectively.  In the ab ove 

dissolution test, a dissolution test by the paddle 

method(specified in the Japanese pharmacopeia 16 th  

edition) is performed by using 1st fluid for dissol ution 

test defined in the Japanese Pharmacopenia 16 th  edition 

(900 mL) containing polyoxyethylene (10) octyl phen yl 

ether (4%) at 100 rotations/minute.  

[0055] 

 The meaning of the term of "pharmaceutical 

formulation" in (4-1) to (4-7) is the same as defin ed 

above.  

[0056] 

 The formulations according to (4-1) to (4-7) are 

produced by a method well known in the art using a 

compound less soluble or insoluble in water, sodium  

lauryl sulfate, and optional additives such as an 

excipient, a disintegrating agent, a binder, a lubr icant, 

a coating agent, a stabilizer, a flavoring agent an d a 

diluent, or can be produced based on the method des cribed 

in the specification of the present application. 
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 Examples of the excipient may include starches such  

as corn starch, potato starch, wheat flour starch, rice 

starch, partial pregelatinized starch, pregelatiniz ed 

starch and porous starch; sugar or sugar alcohols s uch as 

lactose hydrate, fructose, glucose, mannitol and 

sorbitol; and anhydrous dibasic calcium phosphate, 

crystalline cellulose, precipitated calcium carbona te and 

calcium silicate.  As the disintegrating agent, for  

example, the same compounds as those mentioned as t he 

excipient and croscarmellose sodium and chemically 

modified starches and celluloses such as sodium sta rch 

glycolate, cross-linked polyvinylpyrrolidone may be  

mentioned.  Specific examples of the disintegrating  agent 

that is to be used may include sodium starch glycol ate, 

carboxymethylcellulose, carboxy methylcellulose cal cium, 

carboxymethyl starch sodium, croscarmellose sodium,  

crospovidone, low-substituted hydroxypropylcellulos e, 

hydroxypropyl starch, etc.  As the binder, for exam ple, 

polyvinylpyrrolidone, macrogol and the same compoun ds as 

mentioned in the excipient may be mentioned.  Speci fic 

examples of the binder may include hydroxypropylcel lulose, 

hydroxypropylmethylcellulose, methylcellulose, povi done 

(polyvinylpyrrolidone) and powdered acacia.  As the  

lubricant, for example, magnesium stearate, calcium  

stearate, talc, sucrose fatty acid ester and sodium  

stearyl fumarate may be mentioned. 

[0057] 
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 As a crystal polymorphism of sodium lauryl sulfate , 

a monohydrate, a 1/2 hydrate, a 1/8 hydrate and a n on-

solvate are known (Journal of Crystal Growth 263 (2 004) 

480-490).  Any of the crystal can be used in the 

inventions of (4-1) to (4-7). 

[Examples] 

[0058] 

 Now, the present invention will be more specifical ly 

described by way of Examples; however, the present 

invention is not limited by these.  Note that, in 

Examples 1 to 27, as sodium lauryl sulfate, NIKKOL 

SLS((product name, Nikko Chemicals Co., Ltd.) was u sed. 

 Examples 1 to 7: Relationship between SLS addition , 

SLS amount and solubility of drug substance 

 (1) Production of formulation 

 In accordance with the amounts of components shown  

in Table 2, six formulations different in amount of  

sodium lauryl sulfate (SLS) were prepared.  Individ ual 

components for each granular formulation were fed i n a 

high-shear granulator and preparatorily mixed.  An 

appropriate amount of purified water was sprayed to  the 

mixture and the mixture was mixed, granulated and v acuum 

dried to obtain dried powder.  The dried powder was  

adjusted by a sizer.  The obtained granules and ext ernal 

components (carmellose calcium, magnesium stearate)  were 

mixed by a mixer to obtain a powder blend.  Capsule  
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containers were each charged with the powder blend to 

produce an encapsulated formulation. 

[Table 2] 

Table 2: Examples 1-7 (amount per capsule, mg) 

 

[0059] 

 (2) Evaluation of formulation and the results 

 Formulations of Examples 1 to 4 and 7 were subject ed 

to the dissolution test by the paddle method (speci fied 

in the Japanese pharmacopeia) performed by using 1s t 

fluid (900 mL) containing polyoxyethylene (10) octy l 

phenyl ether (5%) specified in the dissolution test  

according to the Japanese pharmacopeia, at 37 °C and 100 

rotations/minute.  The dissolution profile is shown  in 

FIG. 2.  Formulations of Examples 1 and 4 to 7 were  

subjected to the dissolution test by the paddle met hod 

(specified in the Japanese pharmacopeia) performed by 

using 1st fluid (900 mL) containing polyoxyethylene  (10) 

Name Example 1 Example 2 Example 3 Example 4 Example 5 Example 6 Example 7 

Rate of compound (free) of formula (I) to 
SLS 

100:50 100:37.5 100:25 100:12.5 100:6 100:3 100:0 

C
o

m
p

on
en

t o
f 

g
ra

n
u

le
 

Hydrochloride of compound of 
formula (I) 

161.33 161.33 161.33 161.33 161.33 161.33 161.33 

Lactose hydrate 33.67 52.42 71.17 89.92 99.67 104.17 108.67 

Hydroxypropylcellulose 15.00 15.00 15.00 15.00 15.00 15.00 15.00 

Sodium lauryl sulfate 75.00 56.25 37.50 18.75 9.00 4.50 0.00 

Carmellose calcium 15.00 15.00 15.00 15.00 15.00 15.00 15.00 

E
xt

er
n

al
 

co
m

p
o

n
en

t 

Carmellose calcium 28.35 28.35 28.35 28.35 28.35 28.35 28.35 

Magnesium stearate 1.65 1.65 1.65 1.65 1.65 1.65 1.65 

Total 330.00 330.00 330.00 330.00 330.00 330.00 330.00 
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octyl phenyl ether (4%) specified by the dissolutio n test 

according to the Japanese pharmacopeia, at 37 °C and 100 

rotations/minute.  The dissolution profile is shown  in 

FIG. 3. 

 (3) Conclusion 

 As is shown in dissolution profiles of FIG. 2 and 

FIG. 3, the formulations of Examples 1 to 6 contain ing 

SLS were all improved in dissolution compared to th e 

formulation of Example 7 containing no SLS.  More 

specifically, it was demonstrated that as the amoun t of 

SLS in a formulation increases, solubility tends to  be 

improved and that solubility is significantly impro ved if 

SLS is contained in a pharmaceutical formulation ev en 

slightly, as is apparent particularly from comparis on 

between Examples 6 and 7 in FIG. 3. 

[0060] 

 Examples 8 and 9: Relationship between particle 

diameter of granule and solubility of drug substanc e 

 (1) Production of formulation 

 In accordance with the amounts of components shown  

in Table 3, two formulations different in granular 

particle diameter were prepared by adjusting the am ount 

of purified water.  Individual components for each 

granular formulation were fed in a high-shear granu lator 

and preparatorily mixed.  The purified water shown in 

Table 2 was sprayed to the mixture and the mixture was 

mixed, granulated and vacuum dried to obtain dried powder.  
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The dried powder was adjusted by a sizer.  The obta ined 

size-regulated granules and external components 

(carmellose calcium, magnesium stearate) were mixed  by a 

mixer to obtain a powder blend.  Capsule containers  were 

each charged with the powder blend to produce an 

encapsulated formulation. 

[0061] 

[Table 3] 

Table 3: Examples 8 and 9 (amount per capsule, mg) 
Name Example 8 Example 9 

Amount of purified water (ratio relative to weight of 
components of granule, %)) 

15 17 

Component of 
granule 

Hydrochloride of compound of 
formula (I) 

161.33 161.33 

Lactose hydrate 33.67 33.67 

Hydroxypropylcellulose 15.00 15.00 

Sodium lauryl sulfate 75.00 75.00 

Carmellose calcium 15.00 15.00 

External 
component 

Carmellose calcium 28.35 28.35 

Magnesium stearate 1.65 1.65 

Total 330.00 330.00 

 

[0062] 

 (2) Evaluation of formulation and the results 

 Particle size distribution of size-regulated 

granules was measured.  The mean particle diameter was 

172 µm in Example 8 and 300 µm in Example 9.  

Formulations of Examples 8 and 9 were subjected to the 

dissolution test by the paddle method (specified in  the 

Japanese pharmacopeia) performed by using 1st fluid  (900 

mL) containing polyoxyethylene (10) octyl phenyl et her 
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(5%) specified by the dissolution test according to  the 

Japanese pharmacopeia, at 37 °C and 100 rotations/minute.  

The dissolution profiles are shown in FIG. 4. 

 Note that the mean particle diameter was obtained by 

feeding a 6 g of granulated substance sampled onto the 

top of the stacked sieves different in mesh size (m esh 

size: 850, 500, 355, 250, 180, 106, 75, 53, 0 µm), 

shaking the sieves for 3 minutes, measuring the wei ghts 

of granulated substances remaining on the individua l 

sieves, and caluculating the particle diameter of t he 

granules which have a cumulative percentage of 50% by 

means of approximation of logarithmic normal distri bution 

from the mesh size of the sieve and cumulative weig ht 

percentage undersize. 

 (3) Conclusion 

 As shown in FIG. 3, it was demonstrated that the 

formulation of Example 9 having a larger granule pa rticle 

diameter is improved in solubility. 

 It is reported that if the particle diameter of a 

granule is large, solubility decreases (Ikumasa Ohn o, 

"Pharmaceutical study on production parameter influ encing 

on solubility of pharmaceutical product in granulat ing 

step", http://mitizane.ll.chiba-u.jp/metadb/up/irwg 10/IY-

K-Y-049.pdf, Internatinal Journal of Pharmaceutics 338 

(2007)79-86).  It was totally beyond expectation th at a 

formulation having a larger granule in diameter is 

improved in solubility. 
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[0063] 

 Examples 10 to 14: Relationship between addition 

method and amount of disintegrating agent and solub ility 

of drug substance 

 (1) Production of formulation 

 In accordance with the amounts of components shown  

in Table 4, five formulations different in amount o f 

carmellose calcium to be added as an external compo nent 

were prepared.  Individual components for each gran ular 

formulation were fed in a high-shear granulator and  

preparatorily mixed.  An appropriate amount of puri fied 

water was sprayed to the mixture and the mixture wa s 

mixed, granulated and vacuum dried to obtain dried powder.  

The dried powder was adjusted by a sizer.  The obta ined 

granules and the external component (carmellose cal cium) 

were mixed to obtain a powder blend.  Capsule conta iners 

were each charged with the powder blend to produce an 

encapsulated formulation. 

[0064] 

[Table 4] 

Table 4: Examples 10 to 14 (amount per capsule, mg) 

Name 
Example 

10 
Example 

11 
Example 

12 
Example 

13 
Example 

14 

Ratio (wt%) of carmellose calcium added as 
external additive to powder blend 

0 3 5 10 25 

Component 
of granule 

Hydrochloride of compound 
of formula (I) 

161.33 161.33 161.33 161.33 161.33 

Hydroxypropylcellulose 13.15 13.15 13.15 13.15 13.15 

Sodium lauryl sulfate 80.67 80.67 80.67 80.67 80.67 

Sodium starch glycolate 7.89 7.89 7.89 7.89 7.89 

External 
component 

Carmellose calcium 0.00 8.14 13.84 29.23 87.68 
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[0065] 

 (2) Evaluation of formulation and the results 

 Formulations of Examples 10 to 14 were subjected t o 

the dissolution test by the paddle method (specifie d in 

the Japanese pharmacopeia) performed by using 1st f luid 

(900 mL) containing polyoxyethylene (10) octyl phen yl 

ether (7%) specified by the dissolution test accord ing to 

the Japanese pharmacopeia, at 37 °C and 100 

rotations/minute.  The dissolution profiles are sho wn in 

FIG. 5. 

 (3) Conclusion 

 As shown in FIG. 5, the formulations containing th e 

external additive (3 to 5 wt%) were slightly improv ed in 

dissolution compared to the formulation containing no 

external additive.  Solubility was significantly im proved 

by adding 10 wt% or more of the external additive. 

[0066] 

 Examples 15 to 25: Relationship between 

predetermined disintegrating agents including carme llose 

calcium and solubility of drug substance 

 (1) Production of formulation 

 To the granules prepared in Example 10, external 

components (11 types in total, Examples 15 to 25) s hown 

in Table 5 were separately added and mixed to obtai n 

powder blends.  The blending ratio of the granules 

prepared in Example 10 was 9 parts by weight and th e 
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blending ratio of the external additive was 1 part by 

weight.  Capsule containers were each charged with the 

powder blend to produce an encapsulated formulation . 

[0067] 

[Table 5] 

Table 5: Type of external component (Examples 15 to 25) 

Example 15 Sodium starch glycolate 

Example 16 Low-substituted hydroxypropylcellulose 

Example 17 Carmellose calcium 

Example 18 Sodium hydrogen carbonate 

Example 19 Pregelatinized starch 

Example 20 Sodium chloride 

Example 21 Corn starch 

Example 22 Croscarmellose sodium 

Example 23 Crystalline cellulose 

Example 24 Silicic anhydride 

Example 25 Carmellose 

 

[0068] 

 (2) Evaluation of formulation and the results 

 Formulations of Examples 10 and 15 to 25 were 

subjected to the dissolution test by the paddle met hod 

(specified in the Japanese pharmacopeia) performed by 

using 1st fluid (900 mL) containing polyoxyethylene  (10) 

octyl phenyl ether (7%) specified by the dissolutio n test 

according to the Japanese pharmacopeia, at 37 °C and 100 

rotations/minute.  The dissolution profiles are sho wn in 

FIG. 6-1 and FIG. 6-2. 

 (3) Conclusion 
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 As shown in FIG. 6, it was demonstrated that the 

disintegrating agents showing high solubility are l ow-

substituted hydroxypropylcellulose (Example 16), 

carmellose calcium (Example 17), sodium hydrogen 

carbonate (Example 18) and pregelatinized starch (E xample 

19). 

A volume of low-substituted hydroxypropylcellulose and 

carmellose calcium became 5 times or more and that of 

crosscarmellose sodium, sodium starch glycolate and  

pregelatinized starch became 2.5 times or more when  

adding 20 ml of 1st fluid for dissolution test difi ned in 

the Japanese Pharmacopenia 16 th  edition to per 1.0 g of 

the disintegrating agent. 

 

[0069] 

 Examples 26 and 27: Comparison of disintegrating 

agents 

 (1) Production of formulation 

 In accordance with the amounts of components shown  

in Table 6, two formulations were prepared by varyi ng the 

formulation of the disintegrating agent using low-

substituted hydroxypropylcellulose and carmellose c alcium 

as a disintegrating agent.  Individual components f or 

each granular formulation were fed in a high-shear 

granulator and preparatorily mixed.  An appropriate  

amount of purified water was sprayed to the mixture  and 

the mixture was mixed, granulated and vacuum dried to 
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obtain dried powder.  The dried powder was adjusted  by a 

sizer.  The obtained granules and an external compo nent 

were mixed by a mixer to obtain a powder blend.  Ca psule 

containers were each charged with the powder blend to 

produce an encapsulated formulation.  Note that the  

components of the formulation of Example 26 are the  same 

as in Example 1. 

[0070] 

[Table 6] 

Table 6: Examples 26 and 27 (amount per capsule, mg) 
Name Example 26 Example 27 

Component of 
granule 

Hydrochloride of compound of 
formula (I) 

161.33 161.33 

Lactose hydrate 33.67 52.42 

Hydroxypropylcellulose 15.00 15.00 

Sodium lauryl sulfate 75.00 56.25 

Carmellose calcium 15.00 0.00 

Low-substituted 
hydroxypropylcellulose 

0.00 15.00 

External 
component 

Carmellose calcium 28.35 0.00 

Low-substituted 
hydroxypropylcellulose 

0.00 28.35 

Magnesium stearate 1.65 1.65 

Total 330.00 330.00 

 

[0071] 

 (2) Evaluation of formulation and the results 

 Formulations of Examples 26 and 27 were subjected to 

the dissolution test by the paddle method (specifie d in 

the Japanese pharmacopeia) performed by using 1st f luid 

(900 mL) containing polyoxyethylene (10) octyl phen yl 

ether (5%) specified by the dissolution test accord ing to 
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the Japanese pharmacopeia, at 37 °C and 100 

rotations/minute.  The dissolution profiles are sho wn in 

FIG. 7. 

 As shown in FIG. 7, formulations separately using 

low-substituted hydroxypropylcellulose and carmello se 

calcium as a disintegrating agent both showed 

satisfactory solubility.  In consideration of indiv idual 

variations of data, it was demonstrated that the 

formulation using carmellose calcium is rather bett er. 

[0072] 

 Exanples 28 and 29: Comparison of Sodium lauryl 

sulfate products 

(1) Production of formulation  

 Using different products of sodium lauryl sulfate,  

two formulations were prepared in accordance with t he 

amount of components shown in Table 7.  Individual 

components for each granular formulation were fed i n a 

high-shear granulator and preparatorily mixed.  An 

appropriate amount of purified water was sprayed to  the 

mixture and the mixture was mixed, granulated and v acuum 

dried to obtain dried powder.  The dried powder was  

adjusted by a sizer.  The obtained size-regulated 

granules and external components were mixed by a mi xer to 

obtain a powder blend.  Capsule containers were eac h 

charged with the powder blend to produce an encapsu lated 

formulation.  Note that crystals of sodium lauryl s ulfate 

used in these Examples were analyzed by powder X-ra y 
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diffraction.  It was confirmed that the crystals ar e 1/8 

hydrates. 

[0073] 

[Table 7] 

Table 7: Examples28 and 29 (amount per capsule, mg) 

Name Example 
28 

Example 
29 

Component 
of granule 

Hydrochoride of compound of formula 
(I) 

161.33 161.33 

Lactose hydrate 33.67 33.67 
Hydroxypropylcellulose 15.00 15.00 
Sodium lauryl sulfate (NIKKOL SLS) 75.00 0.00 
Sodium lauryl sulfate (Kolliphor® SLS 
Fine) 

0.00 75.00 

Carmellose calcium 15.00 15.00 
External 
component  

Carmellose calcium 28.35 28.35 
Magnesium stearate 1.65 1.65 

Total 330.00 330.00 

 

[0074] 

 (2) Evaluation of formulation and the results 

 Examples 28 and 29 were subjected to the dissoluti on 

test by the paddle method (specified in the Japanes e 

pharmacopeia) performed by using 1st fluid (900 mL)  

containing polyoxyethylene (10) octyl phenyl ether (4%) 

specified in the dissolution test according to the 

Japanese pharmacopeia as a test solution at 37 °C and 100 

rotations/minute.  The dissolution profile is shown  in 

FIG. 8. 

 As is shown in FIG. 8, it was found that a 

formulation using NIKKOL SLS (NIKKO Chemicals) has higher 
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solubility than that using Kolliphor® SLS Fine (BAS F), 

beyond expectation. 

 As a result of observation of the properties of ea ch 

products of Sodium lauryl sulfate which were used i n the 

examples, it was considered that NIKKOL SLS (Nikko 

Chemicals) is obtained through crystallization and 

Kolliphor® SLS Fine (BASF) is obtained through spra y 

drying.  These results suggest that the manufacturi ng 

method of Sodium lauryl sulfate affects the dissolu tion 

rate of the formulation. 

 

[0075] 

Example 30: Measurement of bulk density and tapping  

density of granules 

Bulk density and tapping density of granules contai ned in 

the formulations obtained in Example 1 to 9, 26 and  27 

were measured by the Method 2 described in Japanese  

pharmacopenia 16 th  edition. The results are shown in 

table 8. 

[Table 8] 

Table 8: 

Example no: Bulk density (g/ml) Tapping density (g/ml) 

1 0.61 0.74 

2 0.62 0.73 

3 0.61 0.73 

4 0.59 0.72 

5 0.6 0.73 

6 0.56 0.7 

7 0.57 0.74 
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8 0.56 0.73 

9 0.57 0.68 

26 0.56 0.68 

27 0.55 0.66 

 

[0076] 

 Reference Example 1: Form I crystal of 9-ethyl-6,6 -

dimethyl-8-(4-morpholin-4-yl-piperidin-1-yl)-11-oxo -6,11-

dihydro-5H-benzo[b]carbazole-3-carbonitrile 

monohydrochloride 

 9-Ethyl-6,6-dimethyl-8-(4-morpholin-4-yl-piperidin -

1-yl)-11-oxo-6,11-dihydro-5H-benzo[b]carbazole-3-

carbonitrile (400 g) was dissolved in a solvent mix ture 

of methyl ethyl ketone (4.8 L), acetic acid (1.44 L ) and 

distilled water (1.68 L) at room temperature.  This  

solution was added dropwise in a mixture of ethanol  (12 

L) and 2N hydrochloric acid (0.8 L) at 60 °C.  The 

precipitated solid substance was obtained by filtra tion, 

washed with ethanol (2 L) and dried to obtain Form I 

crystal (357 g) of monohydrochloride of the title 

compound. 

 

 Reference Example 2: Powder X-ray diffraction 

analysis 

 Form I crystal of 9-ethyl-6,6-dimethyl-8-(4-

morpholin-4-yl-piperidin-1-yl)-11-oxo-6,11-dihydro- 5H-

benzo[b]carbazole-3-carbonitrile monohydrochloride was 

subjected to powder X-ray diffraction in the follow ing 
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conditions.  The measurement results of Form I crys tal 

are shown in FIG. 1. 

 Measurement apparatus: X'Pert-Pro MPD (manufacture d 

by PANalytical) 

 Anticathode: Cu 

 Tube voltage: 45 kV 

 Tube current: 40 mA 

 Step width: 0.017 

 Scanning axis: 2 θ 

 Sampling time per step: 43 seconds 

 Scanning range: 3 to 40 ° 
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Claims 

1. A pharmaceutical formulation comprising (i) a granule containing a compound 

represented by formula (I) or a salt thereof: 

 (I) 

and (ii) a disintegrating agent, wherein the granule has a mean particle diameter of 

150 "m or more and 300 "m or less, wherein the bulk density of the granule is 0.5 

g/ml or more and the tapping density is 0.6 g/ml or more, and wherein the compound 

represented by formula (I) or a salt thereof is contained in an amount of 140 mg to 

190 mg in terms of the free form per unit formulation. 

2. The formulation of claim 1, wherein the bulk density of 0.6 g/ml or more and the 

tapping density of 0.7 g/ml or more. 

3. The formulation of claim 1 or 2, wherein the upper limit of the bulk density and 

the tapping density are 1.0g/ml. 

4. The formulation of any of claims 1-3, wherein the granule has a mean particle 

diameter of 200 "m or more. 

5. The formulation of any of claims 1-4, wherein the disintegrating agent (ii) is 

contained in an amount of 5 wt% or more. 

6. The formulation of any of claims 1-5, wherein the disintegrating agent (ii) is 

contained in an amount of 7.5 wt% or more. 

7. The formulation of any of claims 1-6, wherein the disintegrating agent (ii) is 

selected from sodium starch glycolate, low-substituted hydroxypropylcellulose, 

carmellose calcium, sodium hydrogen carbonate, pregelatinized starch, sodium chloride, 

corn starch, croscarmellose sodium, crystalline cellulose, silicic anhydride and carmellose. 

8. The formulation of any of claims 1-7, wherein the granule contains a 

disintegrating agent therein. 

9. The formulation of claim 8, wherein the disintegrating agent is selected from 

sodium starch glycolate, low-substituted hydroxypropylcellulose, carmellose calcium, 
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sodium hydrogen carbonate, pregelatinized starch, sodium chloride, corn starch, 

croscarmellose sodium, crystalline cellulose, silicic anhydride and carmellose. 

10. The formulation of any of claims 1-9, wherein the granule contains a solubilizing 

agent therein. 

11. The formulation of claim 10, wherein the solubilizing agent is sodium lauryl 

sulfate. 

12. The formulation of any of claims 1-11, wherein the granule contains a binder 

therein. 

13. The formulation of claim 12, wherein the binder is hydroxypropylcellulose. 

14. The formulation of any of claims 1-13, wherein the compound represented by 

formula (I) is 9-ethyl-6,6-dimethyl-8-(4-morpholin-4-yl-piperidin-1-yl)-11-oxo-6,11 -

dihydro-5H-benzo[b]carbazole-3-carbonitrile. 


