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(57) ABSTRACT 

It is intended to avoid dose dumping of a drug and improve the 
dissolution properties of the drug in the lower gastrointestinal 
tract, and thereby provide a sustained-release matrix prepa 
ration for oral administration that reliably exhibits its main 
pharmacological effect when orally administered once or 
twice a day. The present invention provides a Sustained-re 
lease preparation obtained by mixing of (A) a pharmacologi 
cally active drug, (B) hydroxypropyl methylcellulose acetate 
Succinate having a median size (Do) of 40 um or Smaller, (C) 
a cellulose derivative, and (D) a saccharide or a nonionic 
water-soluble polymer followed by molding. 



US 2013/0004550 A1 Jan. 3, 2013 Sheet 1 of 23 Patent Application Publication 

I ETHQ50IJI 

()(() 0'07 
(%) peAOSSCI 

tudiooz?OH NI00–e– | 

|+ 0'001 ()'08 

Uudu09 TOH NIO’0 –e– 

  



US 2013/0004550 A1 Jan. 3, 2013 Sheet 2 of 23 Patent Application Publication 

Z ETHIQ50IJI 

| 0:09 

(%) peAOSSIO 

- ()'08 + 0'001 

  



US 2013/0004550 A1 Jan. 3, 2013 Sheet 3 of 23 Patent Application Publication 

€ ETHITS)I EI (III) QUI?I, ZI69 tudios “8-9Hd-w- 

0^0 0'0', ·0^0+7 
(96) poAIOSSC 

+ 0'08 - 0'001 

  

  



US 2013/0004550 A1 Jan. 3, 2013 Sheet 4 of 23 Patent Application Publication 

ff ::THQ5ÐI EI 

  

  



US 2013/0004550 A1 Jan. 3, 2013 Sheet 5 of 23 Patent Application Publication 

G ÆTHQ50IJI 

?udioUz?OH NIO'0–o– tudios IOH NI00–º– 

t-noruwa 

(%) pe AIOSSCI 

  



US 2013/0004550 A1 Jan. 3, 2013 Sheet 6 of 23 Patent Application Publication 

9 EIHT|50IJI 

( ()) su?u ZI69£ 
eº uopelnullo: -o- ? uomenujo) –•– 

0'09 0'08 
(%) peAOSSCI 

  





US 2013/0004550 A1 Jan. 3, 2013 Sheet 8 of 23 Patent Application Publication 

-----~--~~~~ ~~~~ ~~~~ ~~~~--~~~~ ~~~~--~~~~———~~~~~~—)| 0*ae0 
  



US 2013/0004550 A1 Jan. 3, 2013 Sheet 9 of 23 Patent Application Publication 

6 ETHQ50IJI ———————————————0?09 udioOZ TOH NI00–e–0?08 udios (IDH NI00–º– () '()() I 

  



0 T GIHT150IJI 

US 2013/0004550 A1 

?uudu00Z TOH NI 0,0 –e– Uudu0ç “TOH NIO’O —•— 

Patent Application Publication 

0'07 
(96) peAIOSSICI 

  



US 2013/0004550 A1 Jan. 3, 2013 Sheet 11 of 23 Patent Application Publication 

TIT EINHTIÐI EI 

0'09 
(%) peAOSSICI 

  



Patent Application Publication Jan. 3, 2013 Sheet 12 of 23 US 2013/0004550 A1 

o 

lf 

2 
| 
i : 

: 

i 
i. S 

NC i 
or 

C. C. C. C. 
O O C o 
CC SC r CN 

(9%) peAOSSCI 

  



(n) au L 

US 2013/0004550 A1 

0'00 

Jan. 3, 2013 Sheet 13 of 23 

?udioUziDH N100–e– 

O 
C 
SC 

(0%) peAIOSSICI 

C 
C 
CO 

|?|| 0'00? 
tudios “TOH NIO'0—•— | 

Patent Application Publication 

  



† I ETHQ50IJI ----(ae)3LU?I, 

US 2013/0004550 A1 

{ZI tudioOZ TOH NI00–e– 

Jan. 3, 2013 Sheet 14 of 23 

tudios “TOH NI00–º– 

Patent Application Publication 

0'07 C 
O 
CO 

(0%) peAIOSSICI 

  



Patent Application Publication Jan. 3, 2013 Sheet 15 of 23 US 2013/0004550 A1 

(%) p3 AIOSSICI 

  



Patent Application Publication Jan. 3, 2013 Sheet 16 of 23 US 2013/0004550 A1 

(%) peAIOSSICI 

  



Patent Application Publication Jan. 3, 2013 Sheet 17 of 23 US 2013/0004550 A1 

E 
C. C. 
tr O. 

it 
Z Z N 
C. C. O A. 
c. c. E 

{ - E. 

C C C C C 
Oxo Vo V CN s 

(%) p3AIOSSICI 

  



Patent Application Publication Jan. 3, 2013 Sheet 18 of 23 US 2013/0004550 A1 

y 
H 

o, 

1N Oo H 

5 
NC (1) a 

E. E. H 

cr 

e 
O C C C C C) I 
Co. oO vo r CN 
yi 

(96) peAIOSSICI 

  



Patent Application Publication Jan. 3, 2013 Sheet 19 of 23 US 2013/0004550 A1 

st 
on 

yu 

on 

Ox 
y 

l? 
H OY 

c wam 

E 
CN 

SC 

er 

C 
C C C C C C. 
o og VC S CN 
m 

(%) pe AOSSIO 

  



0 Z TIHT|50IJI (J?) au!L ?7Z IZ 8 I Ç I ZI 6 9 £ 0 

US 2013/0004550 A1 

O O C 
vo shi C. 

Jan. 3, 2013 Sheet 20 of 23 

O 
OC 00 || 

Patent Application Publication 

(%) p3AIOSSICI 

  



US 2013/0004550 A1 Jan. 3, 2013 Sheet 21 of 23 Patent Application Publication 

TZ TIHT15DI.BI 

(9%) poAIOSSCI 

  



US 2013/0004550 A1 Jan. 3, 2013 Sheet 22 of 23 Patent Application Publication 

IZ 

ZZ GIMIT,50IJI (IQ) QUIL 
8 I Ç’I ZI 6 9 £ 0 

C. C. 
CN 

(9) poAIOSSICI 

  



Patent Application Publication Jan. 3, 2013 Sheet 23 of 23 US 2013/0004550 A1 

-- 

r 

wom 

S. 
Z 
C 
E 
O 
is 
r 

C C C C 
oxo Vo ( CN s 

(%) peAIOSSICI 

  



US 2013/0004550 A1 

SUSTANED-RELEASE SOLID 
PREPARATION FOR ORALUSE 

0001. This application is a continuation of International 
Application No. PCT/JP2011/053642, filed on Feb. 21, 2011, 
entitled SUSTAINED-RELEASE SOLID PREPARATION 
FOR ORAL USE, which claims the benefit of Japanese 
Patent Application Number JP 2010-035882, filed on Feb. 22, 
2010, all of which are hereby incorporated by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to a sustained-release 
matrix preparation that reliably exhibits its main pharmaco 
logical effect when orally administered once or twice a day. 

BACKGROUND 

0003 Sustained-release preparations for the adjustment of 
blood concentrations of drugs are highly useful in terms of 
separation between the main pharmacological effect and 
adverse reaction, improvement in compliance (e.g., the num 
ber of doses reduced by improvement in prolonged efficacy), 
medical economy, etc. In this regard, Some techniques have 
been reported for sustained-release preparations. Meanwhile, 
since compounds exhibiting the main pharmacological effect 
have diverse chemical properties. Some Sustained release 
techniques, albeit still insufficient, adaptable to the diverse 
chemical properties of these compounds have been reported 
(see e.g., Patent Documents 1 and 2). 
0004. The properties of a drug itself can be classified 
broadly into neutral, acidic, and basic properties. Among 
others, solubility (degree of solubility) in water differs greatly 
between compounds. Low water-soluble compounds have 
many disadvantages in the design of preparations to improve 
dissolution properties. Acidic drugs refer to acidic com 
pounds that are acidic in the free form (whose acidic group 
does not constitute a salt Such as an alkali- or amine-adduct 
salt). Acidic drugs are disadvantageously low soluble in 
acidic solutions, for example, in the upper gastrointestinal 
tract such as the stomach. A salt (alkali- or amine-adduct salt) 
of an acidic compound disadvantageously becomes a low 
soluble free acid in an acidic solution. Alternatively, basic 
drugs refer to basic compounds that are basic in the free form 
(whose basic group does not constitute a salt such as an 
acid-adduct salt) and are known to exhibit favorable solubility 
in strongly acidic aqueous Solutions, but exhibit reduced solu 
bility in neutral aqueous solutions such as a neutral buffer. 
Specifically, basic drugs, when orally administered, exhibit 
favorable solubility in the stomach, which is acidic. Their 
solubility, however, is greatly reduced in the lower gas 
trointestinal tract such as the large intestine, which is neutral 
with little water, probably leading to a reduced absorption rate 
of the drug. 
0005 For example, a challenge for the design of sus 
tained-release preparations for oral administration containing 
a basic drug is dose dumping of the drug when the preparation 
collapses due to mechanical stress resulting from the pres 
ence of food in the acidic environment of the upper gas 
trointestinal tract exhibiting high water-solubility, gas 
trointestinal motility, and so on. Furthermore, preparation 
strength may be enhanced by, for example, an increased 
amount of a Sustained-release agent in order to avoid dose 
dumping of the drug. In such a case, still, the challenge for a 
Sustained-release preparation containing a basic drug whose 
water solubility is reduced in the neutral region is to improve 
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the dissolution properties of the preparation in the lower 
gastrointestinal tract and maintain drug absorption. No pre 
vious technique for Sustained-release preparations containing 
a basic drug can simultaneously achieve, at satisfactory lev 
els, avoidance of dose dumping of the drug in an acidic 
environment such as the upper gastrointestinal tract and pro 
longed dissolution in the lower gastrointestinal tract, which is 
a neutral environment. 

CITATION LIST 

Patent Document 

0006 Patent Document 1: National Publication of Inter 
national Patent Application No. 2006/507216 

0007 Patent Document 2: National Publication of Inter 
national Patent Application No. 2004/518676 

SUMMARY OF THE INVENTION 

Technical Problem 

0008. An object of the present invention is to avoid dose 
dumping of a drug caused by mechanical stress resulting from 
gastrointestinal motility in the presence of food in the acidic 
environment of the upper gastrointestinal tract, particularly, 
the stomach, and to improve the dissolution properties of the 
drug in the lower gastrointestinal tract, which is the neutral 
region, and thereby provide a Sustained-release preparation 
for oral administration containing, as a principal pharmaceu 
tically active ingredient, a drug that reliably exhibits its main 
pharmacological effect when orally administered once or 
twice a day. 

Solution to Problem 

0009. As a result of conducting studies on the formulation 
of Sustained-release preparations for oral administration, the 
present inventors have found that a Sustained-release matrix 
preparation containing a pharmacologically active drug, a 
pH-dependent polymer base, a hydrophilic gel-forming poly 
mer material, and an excipient can avoid dose dumping of the 
drug under an acidic environment and can be improved in its 
dissolution properties in the neutral region. Based on this 
finding, the present invention has been completed. 
0010 Specifically, the present invention provides the fol 
lowing (1) to (54): 
(1) A Sustained-release matrix preparation obtained by mix 
ing of the following components (A) to (D): 
0011 (A) a pharmacologically active drug; 
0012 (B) a pH-dependent polymer base; 
0013 (C) a hydrophilic gel-forming polymer material; 
and 
0014 (D) an excipient 
followed by molding. 
(2) The Sustained-release matrix preparation according to (1), 
wherein, when the preparation is subjected to a dissolution 
test by the paddle method at rotation rates of 50 rpm and 200 
rpm at 37+0.5°C. for 2 hours in 0.01 Nhydrochloric acid (900 
mL), the preparation exhibits a difference in average percent 
age dissolution (value at the rotation rate of 200 rpm in the 
paddle method-value at the rotation rate of 50 rpm in the 
paddle method) of the pharmacologically active drug in the 
dissolution test medium of 10% or lower, or exhibits an aver 
age percentage dissolution ratio (value at the rotation rate of 
200 rpm in the paddle method/value at the rotation rate of 50 
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rpm in the paddle method) of the pharmacologically active 
drug in the dissolution test medium of 2.0 or lower. 
(3) The Sustained-release matrix preparation according to (2), 
wherein the difference in average percentage dissolution 
(value at the rotation rate of 200 rpm in the paddle method 
value at the rotation rate of 50 rpm in the paddle method) of 
the pharmacologically active drug in the dissolution test 
medium is 5% or lower. 
(4) The Sustained-release matrix preparation according to (2) 
or (3), wherein the average percentage dissolution ratio (value 
at the rotation rate of 200 rpm in the paddle method/value at 
the rotation rate of 50 rpm in the paddle method) of the 
pharmacologically active drug in the dissolution test medium 
is 1.5 or lower. 
(5) The Sustained-release matrix preparation according to any 
one of (1) to (4), wherein the pH-dependent polymer base (B) 
is an enteric coating base. 
(6) The Sustained-release matrix preparation according to (5), 
wherein the enteric coating base is hydroxypropyl methylcel 
lulose acetate Succinate or a methacrylic acid-methyl meth 
acrylic acid copolymer. 
(7) The Sustained-release matrix preparation according to (5), 
wherein the enteric coating base is hydroxypropyl methylcel 
lulose acetate Succinate. 
(8) The Sustained-release matrix preparation according to any 
one of (1) to (7), wherein the pH-dependent polymer base (B) 
has an average particle size Dso of 40 um or Smaller. 
(9) The Sustained-release matrix preparation according to any 
one of (1) to (7), wherein the pH-dependent polymer base (B) 
has an average particle size Ds of 20 Lum or smaller. 
(10) The Sustained-release matrix preparation according to 
any one of (1) to (7), wherein the pH-dependent polymer base 
(B) has an average particle size Dso of 10 um or Smaller. 
(11) The Sustained-release matrix preparation according to 
any one of (1) to (10), wherein the content of the pH-depen 
dent polymer base (B) is in the range of 10 to 95% by weight 
with respect to the total amount of the preparation. 
(12) The Sustained-release matrix preparation according to 
any one of (1) to (10), wherein the content of the pH-depen 
dent polymer base (B) is in the range of 15 to 80% by weight 
with respect to the total amount of the preparation. 
(13) The Sustained-release matrix preparation according to 
any one of (1) to (10), wherein the content of the pH-depen 
dent polymer base (B) is in the range of 20 to 50% by weight 
with respect to the total amount of the preparation. 
(14) The Sustained-release matrix preparation according to 
any one of (1) to (13), wherein the hydrophilic gel-forming 
polymer material (C) is a cellulose derivative. 
(15) The Sustained-release matrix preparation according to 
(14), wherein the cellulose derivative is hydroxypropyl meth 
ylcellulose or hydroxypropyl cellulose. 
(16) The Sustained-release matrix preparation according to 
any one of (1) to (15), wherein the excipient (D) is a water 
soluble excipient. 
(17) The Sustained-release matrix preparation according to 
(16), wherein the water-soluble excipient is a saccharide or a 
nonionic water-soluble polymer. 
(18) The Sustained-release matrix preparation according to 
(17), wherein the nonionic water-soluble polymer is polyvi 
nylpyrrolidone. 
(19) The Sustained-release matrix preparation according to 
(17), wherein the saccharide is lactose or a Sugar alcohol. 
(20) The Sustained-release matrix preparation according to 
(17), wherein the saccharide is a Sugar alcohol. 
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(21) The Sustained-release matrix preparation according to 
(19) or (20), wherein the sugar alcohol is mannitol, xylitol, or 
erythritol. 
(22) The Sustained-release matrix preparation according to 
any one of (1) to (21), further containing an organic acid. 
(23) The Sustained-release matrix preparation according to 
(22), wherein the organic acid is fumaric acid oralginic acid. 
(24) The Sustained-release matrix preparation according to 
(22), wherein the organic acid is fumaric acid. 
(25) The Sustained-release matrix preparation according to 
any one of (1) to (24), wherein the pharmacologically active 
drug (A) exhibits the following degree of solubility: 
(degree of solubility in the neutral state)/(degree of solubility 
in the acidic state) in the range of 0.00001 to 0.6. 
(26) The Sustained-release matrix preparation according to 
any one of (1) to (24), wherein the pharmacologically active 
drug (A) exhibits the following degree of solubility: 
(degree of solubility in the neutral state)/(degree of solubility 
in the acidic state) in the range of 0.001 to 0.5. 
(27) The Sustained-release matrix preparation according to 
any one of (1) to (24), wherein the pharmacologically active 
drug (A) exhibits the following degree of solubility: 
the lowest degree of solubility in the neutral state (in the range 
of 7.5>pH>5) of 3 mg/ml or lower. 
(28) The Sustained-release matrix preparation according to 
any one of (1) to (24), wherein the pharmacologically active 
drug (A) exhibits the following degree of solubility: 
the lowest degree of solubility in the neutral state (in the range 
of 7.5>pH>5) of 0.5 mg/ml or lower. 
(29) The Sustained-release matrix preparation according to 
any one of (1) to (28), wherein the pharmacologically active 
drug (A) is a basic drug. 
(30) The Sustained-release matrix preparation according to 
any one of (1) to (24), wherein the pharmacologically active 
drug (A) is a compound selected from the group consisting of 
the following: 
00.15 (+)-1-(carbazol-4-yloxy)-3-2-(o-methoxyphe 
noxy)ethylamino-2-propanol: 

0016 N'-(5-chloropyridin-2-yl)-N'-(1S,2R,4S)-4- 
(dimethylamino)carbonyl-2-((5-methyl-4,5,6,7-tet 
rahydrothiazolo 5,4-cpyridin-2-yl)carbonyl 
aminocyclohexyl)ethanediamide; and 

0017 N'-(5-chloropyridin-2-yl)-N'-(1S,2R,4S)-2-((5- 
methyl-4,5,6,7-tetrahydrothiazolo 5,4-cpyridin-2-yl)car 
bonyl)amino-4-(1,3,4-oxadiazol-2-yl)cyclohexyl 
ethanediamide 

or a pharmacologically acceptable salt thereof, or a hydrate 
thereof. 
(31) The Sustained-release matrix preparation according to 
any one of (1) to (30), wherein the preparation is a tablet or 
granules. 
(32) A Sustained-release preparation obtained by mixing of 
(A) a pharmacologically active drug, 
(B) hydroxypropyl methylcellulose acetate Succinate having 
a median size (Do) of 40 um or Smaller, 
(C) a cellulose derivative, and 
(D) a saccharide or a nonionic water-soluble polymer fol 
lowed by molding. 
(33) The preparation according to (32), wherein the compo 
nent (B) has a median size (Ds) of 20 Lim or Smaller. 
(34) The preparation according to (32), wherein the compo 
nent (B) has a median size (Do) of 10 um or Smaller. 
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(35) The preparation according to (32), wherein the compo 
nent (B) has a median size (Do) of 10 um or Smaller and Doo 
of 20 um or smaller. 
(36) The preparation according to any one of (32) to (35), 
wherein the content of the component (B) in the preparation 
is 15 to 80% by weight. 
(37) The preparation according to any one of (32) to (35), 
wherein the content of the component (B) in the preparation 
is 20 to 50% by weight. 
(38) The preparation according to any one of (32) to (35), 
wherein the content of the component (B) in the preparation 
is 25 to 45% by weight. 
(39) The preparation according to any one of (32) to (38), 
wherein the content of the component (A) in the preparation 
is 2 to 35% by weight. 
(40) The preparation according to any one of (32) to (39), 
wherein the cellulose derivative as the component (C) in the 
preparation is hydroxypropyl cellulose. 
(41) The preparation according to (40), wherein the hydrox 
ypropyl cellulose is hydroxypropyl cellulose having a 100 
mesh sieve passing rate of 99%. 
(42) The preparation according to (40) or (41), wherein the 
hydroxypropyl cellulose is hydroxypropyl cellulose having a 
viscosity of 150 to 400 mPa's or 1000 to 4000 mPa's. 
(43) The preparation according to any one of (32) to (42), 
wherein the content of the component (C) in the preparation 
is 5 to 35% by weight. 
(44) The preparation according to any one of (32) to (43), 
wherein the component (D) in the preparation is a saccharide. 
(45) The preparation according to (44), wherein the saccha 
ride is lactose or a Sugar alcohol. 
(46) The preparation according to (45), wherein the Sugar 
alcohol is mannitol, xylitol, or erythritol. 
(47) The preparation according to any one of (32) to (43), 
wherein the component (D) in the preparation is a nonionic 
water-soluble polymer. 
(48) The preparation according to (47), wherein the nonionic 
water-soluble polymer is povidone. 
(49) The preparation according to any one of (32) to (48), 
further containing an organic acid. 
(50) The preparation according to (49), wherein the organic 
acid is fumaric acid or alginic acid. 
(51) The preparation according to (49), wherein the organic 
acid is fumaric acid. 
(52) The preparation according to any one of (32) to (51), 
wherein the component (A) is a basic drug. 
(53) The preparation according to any one of (32) to (51), 
wherein the component (A) is a compound selected from the 
group consisting of 
0018 (+)-1-(carbazol-4-yloxy)-3-2-(o-methoxyphe 
noxy)ethylamino-2-propanol, 

0019 N'-(5-chloropyridin-2-yl)-N'-(1S,2R,4S)-4- 
(dimethylamino)carbonyl-2-((5-methyl-4,5,6,7-tet 
rahydrothiazolo 5,4-cpyridin-2-yl)carbonyl 
aminocyclohexyl)ethanediamide, and 

0020 N'-(5-chloropyridin-2-yl)-N'-(1S,2R,4S)-2-((5- 
methyl-4,5,6,7-tetrahydrothiazolo 5,4-cpyridin-2-yl)car 
bonyl)amino-4-(1,3,4-oxadiazol-2-yl)cyclohexyl 
ethanediamide 

or a pharmacologically acceptable salt thereof, or a hydrate 
thereof. 
(54) The preparation according to any one of (32) to (53), 
wherein the dosage form of the preparation is a tablet. 
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Advantageous Effects of the Invention 
0021. The present invention can provide a sustained-re 
lease pharmaceutical composition for oral administration 
containing a pharmacologically active drug. Thus, the present 
invention provides, for example, an oral matrix preparation 
having a prolonged effect, which contains activated blood 
coagulation factor X (FXa) inhibitor compound (1) as a phar 
maceutically active ingredient. The Sustained-release phar 
maceutical composition of the present invention has a favor 
able tablet strength that prevents dose dumping in an acidic 
Solution, and has favorable dissolution properties in a neutral 
Solution. Thus, the Sustained-release pharmaceutical compo 
sition of the present invention is effective for maintaining a 
prolonged dissolution of the pharmacologically active drug 
contained therein from the duodenum through the Small intes 
tine to the lower gastrointestinal tract. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1 is a diagram showing dissolution properties 
in an acidic solution (the paddle method, dissolution test 
medium: 0.01 Nhydrochloric acid (900 mL), paddle rotation 
rate: 50 rpm and 200 rpm) for tablets having formulation 1. 
0023 FIG. 2 is a diagram showing dissolution properties 
in an acidic solution (the paddle method, dissolution test 
medium: 0.01 Nhydrochloric acid (900 mL), paddle rotation 
rate: 50 rpm and 200 rpm) for tablets having formulation 1a. 
0024 FIG. 3 is a diagram showing dissolution properties 
in a neutral solution (the paddle method, 900 mL, 50 rpm; 
dissolution test medium: phosphate buffer, pH 6.8) for tablets 
having formulation 1. 
0025 FIG. 4 is a diagram showing dissolution properties 
in a neutral solution (the paddle method, 900 mL, 50 rpm; 
dissolution test medium: phosphate buffer, pH 6.8) for tablets 
having formulation 1a. 
0026 FIG. 5 is a diagram showing dissolution properties 
in an acidic solution (the paddle method, dissolution test 
medium: 0.01 Nhydrochloric acid (900 mL), paddle rotation 
rate: 50 rpm and 200 rpm) for tablets having formulation 2a. 
0027 FIG. 6 is a diagram showing dissolution properties 
in a neutral solution (the paddle method, 900 mL, 50 rpm; 
dissolution test medium: phosphate buffer, pH 6.8) for tablets 
having formulations 1 and 3a. 
0028 FIG. 7 is a diagram showing dissolution properties 
in an acidic solution (the paddle method, dissolution test 
medium: 0.01 Nhydrochloric acid (900 mL), paddle rotation 
rate: 50 rpm and 200 rpm) for tablets having formulations 1, 
4a, and 5a. 
0029 FIG. 8 is a diagram showing dissolution properties 
in a neutral solution (the paddle method, 900 mL, 50 rpm; 
dissolution test medium: phosphate buffer, pH 6.8) for tablets 
having formulations 1, 4a, and 5a. 
0030 FIG. 9 is a diagram showing dissolution properties 
in an acidic solution (the paddle method, dissolution test 
medium: 0.01 Nhydrochloric acid (900 mL), paddle rotation 
rate: 50 rpm and 200 rpm) for tablets having formulation 2. 
0031 FIG. 10 is a diagram showing dissolution properties 
in an acidic solution (the paddle method, dissolution test 
medium: 0.01 Nhydrochloric acid (900 mL), paddle rotation 
rate: 50 rpm and 200 rpm) for tablets having formulation 6a. 
0032 FIG. 11 is a diagram showing dissolution properties 
in a neutral solution (the paddle method, 900 mL, 50 rpm; 
dissolution test medium: phosphate buffer, pH 6.8) for tablets 
having formulation 2. 
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0033 FIG. 12 is a diagram showing dissolution properties 
in a neutral solution (the paddle method, 900 mL, 50 rpm; 
dissolution test medium: phosphate buffer, pH 6.8) for tablets 
having formulation 6a. 
0034 FIG. 13 is a diagram showing dissolution properties 
in an acidic solution (the paddle method, dissolution test 
medium: 0.01 Nhydrochloric acid (900 mL), paddle rotation 
rate: 50 rpm and 200 rpm) for tablets having formulation 7a. 
0035 FIG. 14 is a diagram showing dissolution properties 
in an acidic solution (the paddle method, dissolution test 
medium: 0.01 Nhydrochloric acid (900 mL), paddle rotation 
rate: 50 rpm and 200 rpm) for tablets having formulation 8a. 
0036 FIG. 15 is a diagram showing dissolution properties 
in an acidic solution (the paddle method, dissolution test 
medium: 0.01 Nhydrochloric acid (900 mL), paddle rotation 
rate: 50 rpm and 200 rpm) for tablets having formulation 9a. 
0037 FIG. 16 is a diagram showing dissolution properties 
in an acidic solution (the paddle method, dissolution test 
medium: 0.01 Nhydrochloric acid (900 mL), paddle rotation 
rate: 50 rpm and 200 rpm) for tablets having formulation 9b. 
0038 FIG. 17 is a diagram showing dissolution properties 
in an acidic solution (the paddle method, dissolution test 
medium: 0.01 Nhydrochloric acid (900 mL), paddle rotation 
rate: 50 rpm and 200 rpm) for tablets having formulation 9c. 
0039 FIG. 18 is a diagram showing dissolution properties 
in a neutral solution (the paddle method, 900 mL, 50 rpm; 
dissolution test medium: phosphate buffer, pH 6.8) for tablets 
having formulation 9a. 
0040 FIG. 19 is a diagram showing dissolution properties 
in a neutral solution (the paddle method, 900 mL, 50 rpm; 
dissolution test medium: phosphate buffer, pH 6.8) for tablets 
having formulation 9b. 
0041 FIG. 20 is a diagram showing dissolution properties 
in a neutral solution (the paddle method, 900 mL, 50 rpm; 
dissolution test medium: phosphate buffer, pH 6.8) for tablets 
having formulation 9c. 
0042 FIG. 21 is a diagram showing dissolution properties 
in an acidic solution the paddle method; dissolution test 
medium: the JP 1st dissolution test fluid (JP1) (900 mL) 
described in the Japanese Pharmacopoeia, paddle rotation 
rate: 50 rpm and 200 rpm for tablets having formulation 10. 
0043 FIG.22 is a diagram showing dissolution properties 
in a neutral solution the paddle method, 900 mL, 50 rpm; 
dissolution test medium: the JP 2nd dissolution test fluid 
(JP2) described in the Japanese Pharmacopoeia for tablets 
having formulation 10. 
0044 FIG. 23 is a diagram showing dissolution properties 
in an acidic solution the paddle method; dissolution test 
medium: the JP 1st dissolution test fluid (JP1) (900 mL) 
described in the Japanese Pharmacopoeia, paddle rotation 
rate: 50 rpm and 200 rpm for tablets having formulation 11a. 

DETAILED DESCRIPTION 

0045. Hereinafter, the present invention will be described 
in detail. 
0046. In the present specification, “acidic solution” means 
an acidic dissolution test medium used for evaluation of dis 
Solution properties in the upper gastrointestinal tract such as 
the stomach. Non-limiting examples of the acidic dissolution 
test medium can include: the JP 1st dissolution test fluid 
described in the Japanese Pharmacopoeia; and USP 0.1 N 
hydrochloric acid, 0.01 N hydrochloric acid, and Simulated 
Gastric Fluid without Enzyme described in the United States 
Pharmacopoeia. 
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0047. In the present specification, “neutral solution' 
means a neutral dissolution test medium used for evaluation 
of drug dissolution properties in the Small intestine, the large 
intestine, or the like. Non-limiting examples of the neutral 
dissolution test medium can include dissolution test media 
(pH 6.8) such as: the JP 2nd dissolution test fluid and phos 
phate buffer (pH 6.8) described in the Japanese Pharmaco 
poeia; USP Phosphate Buffer (pH 6.8) and Simulated Intes 
tinal Fluid without Enzyme described in the United States 
Pharmacopoeia; and Phosphate Buffer Solution (pH 6.8) 
described in the European Pharmacopoeia. 
0048. The aforementioned dissolution test medium is pre 
pared through methods described in the corresponding phar 
macopoeia or the like of each country. When the employed 
dissolution test medium is a buffer solution, variation of the 
pH of the test medium is preferably within +0.05 of the pH 
defined for each dissolution medium. 

0049. Examples of the paddle method using an acidic dis 
solution medium for the evaluation of dissolution properties 
of the Sustained-release matrix preparation of the present 
invention in the upper gastrointestinal tract can include a 
method in which a dissolution test is conducted by the paddle 
method at rotation rates of 50 rpm and 200 rpm at 37+0.5°C. 
for 2 hours in 0.01 N hydrochloric acid (900 mL). As 
described above, when the pharmacologically active drug in 
the preparation is a basic drug, dose dumping of the drug 
becomes a problem because the preparation collapses due to 
mechanical stress resulting from the presence of food in the 
acidic environment of the upper gastrointestinal tract exhib 
iting high water-solubility, gastrointestinal motility, and so 
on. Thus, the average percentage dissolution of the pharma 
cologically active drug in the dissolution test medium is pref 
erably a value that allows preparation strength to be main 
tained and the dissolution rate to be kept within a 
predetermined range at the rotation rates of 200 rpm and/or 50 
rpm in the paddle method. The average percentage dissolu 
tion of the pharmacologically active drug in the dissolution 
test medium after 2 hours is preferably 50% or lower, more 
preferably 40% or lower, even more preferably 30% or lower, 
at the rotation rates of 200 rpm and/or 50 rpm in the paddle 
method. Moreover, when the preparation is subjected to the 
dissolution test method for 2 hours, the difference in average 
percentage dissolution (value at the rotation rate of 200 rpm in 
the paddle method-value at the rotation rate of 50 rpm in the 
paddle method) of the pharmacologically active drug in the 
dissolution test medium is preferably 25% or lower, more 
preferably 20% or lower, even more preferably 15% or lower, 
further preferably 10% or lower, particularly preferably 5% 
or lower. Moreover, the average percentage dissolution ratio 
(value at the rotation rate of 200 rpm in the paddle method/ 
value at the rotation rate of 50 rpm in the paddle method) of 
the pharmacologically active drug in the dissolution test 
medium after 2 hours is preferably 2.0 or lower, more pref 
erably 1.5 or lower, particularly preferably 1.3 or lower. 
0050 Examples of the paddle method using a neutral dis 
solution medium for the evaluation of dissolution properties 
of the Sustained-release matrix preparation of the present 
invention in the neutral region can include a method in which 
a dissolution test is conducted by the paddle method at a 
rotation rate of 50 rpm at 37+0.5°C. in phosphate buffer (pH 
6.8; 900 mL). The average percentage dissolution of the phar 
macologically active drug in the dissolution test medium is 
preferably a dissolution rate exceeding 85% within 24 hours 
after the start of the dissolution test. Moreover, the sustained 
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release preparation preferably exhibits an average percentage 
dissolution of the pharmacologically active drug of 70% or 
lower in 3 hours after the start of the dissolution test and 
higher than 85% within 24 hours after the start of the disso 
lution test, more preferably 50% or lower in 3 hours after the 
start of the dissolution test and higher than 85% within 24 
hours after the start of the dissolution test. 
0051 USP Apparatus 3 (Bio-Dis method), which is a dis 
Solution test method under conditions close to the environ 
ment of the human gastrointestinal tract, may be used for the 
dissolution test. 

0052. The concentration of the drug in a solution can be 
measured using conditions (test medium, shaking rate, and 
measurement time) shown in Examples described later. In the 
dissolution test, the average percentage dissolution and dis 
Solution time of the pharmacologically active drug in the 
dissolution test medium can be calculated using the UV 
method or the like. 
0053 As used herein, “average percentage dissolution' 
refers to the average of percentage dissolution values 
obtained from at least 2, preferably 6, more preferably 12 
Solid preparation samples for each type of Solid preparation. 
0054 Moreover, the dissolution properties of the pharma 
cologically active drug from the Sustained-release matrix 
preparation of the present invention can be confirmed using 
an in vivo animal test. Examples of the in vivo animal test can 
include in vivo absorption property evaluation using dogs. In 
general, an orally administered preparation allegedly passes 
through the stomach and the small intestine and then stays for 
a long time in the large intestine. Therefore, for Sustained 
release preparations having a long dissolution time, it is very 
important to prolong drug release in the large intestine in 
which the preparation stays for a long time. Examples of a 
method for confirming the absorption properties of the phar 
macologically active drug contained in the preparation in the 
large intestine can include canine large intestinal absorption 
property evaluation in which the preparation is directly 
administered into the canine large intestine. Specifically, the 
absorption properties in the canine large intestine can be 
confirmed from blood concentrations measured after admin 
istration, and evaluated based on the relative bioavailability 
(BA) or the like of each tablet from their ratios to those of an 
orally administered aqueous solution of the pharmacologi 
cally active drug. 
0055. In the present specification, the “pharmacologically 
active drug” is preferably a relatively low water-soluble drug 
that exhibits the main pharmacological effect of the formula 
tion of the preparation. A neutral compound of the pharma 
cologically active drug means a compound that does not have 
a group dissociable by ionization in the acidic or basic state in 
its molecule. Moreover, an acidic compound means a drug 
having an acidic group typified by a carboxy group, a phe 
nolic hydroxy group, a phosphoric acid group, a Sulfonic acid 
group, a tetrazolyl group, or the like. Furthermore, a basic 
drug means a drug having a basic nitrogenatom typified by an 
amino group, a piperidinyl group, a piperazinyl group, or the 
like in its molecule. In the present invention, particularly, a 
basic drug is preferred. The basic drug has physicochemical 
properties in which the degree of solubility is lower in the 
neutral state (7.5>pH>5) in the small intestine or the large 
intestine than that in the acidic state (pHs2). 
0056. As described above, the basic drug refers to a drug 
having a degree of solubility that is lower in the neutral state 
than in the acidic state. Non-limiting examples of the rate of 
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this reduction in the degree of solubility in the neutral state 
can include the following ranges: 
preferably, (degree of solubility in the neutral state)/(degree 
of solubility in the acidic state) in the range of 0.00001 to 0.6; 
more preferably, (degree of solubility in the neutral state)/ 
(degree of solubility in the acidic state) in the range of 0.001 
to 0.5; and 
even more preferably, (degree of solubility in the neutral 
state)/(degree of solubility in the acidic state) in the range of 
O.O1 to O.1. 
0057. In the present specification, the “basic drug prefer 
ably has a degree of solubility in the range of 1 to 500 mg/ml 
in the acidic region (the JP 1st dissolution test fluid; pH 1.2, 
20+5°C.) and a degree of solubility in the range of 0.01 to 
3000 ug/ml in the neutral region (the JP 2nd dissolution test 
fluid; pH 6.8, 20+5° C.) 
0.058 More preferred is a basic drug having a degree of 
solubility in the range of 1 to 500 mg/ml in the acidic region 
(the JP 1st dissolution test fluid; pH 1.2, 20+5° C.) and a 
degree of solubility in the range of 10 to 500 g/ml in the 
neutral region (the JP 2nd dissolution test fluid; pH 6.8, 20+5° 
C.). Moreover, the absolute value of the degree of solubility in 
the drug is preferably the lowest degree of solubility reduced 
to 3 mg/ml or lower, more preferably 1 mg/ml or lower, even 
more preferably 0.5 mg/ml or lower, in the neutral state (in the 
range of 7.5>pH>5). 
0059 Specific examples of the “pharmacologically active 
drug can include anticoagulant agents shown below. 
0060. The anticoagulant agent is preferably an activated 
blood coagulation factor X (FXa) inhibitor. Specific 
examples of the FXa inhibitor can include the following (a) to 
(1): 
0061 (a) Darexaban Maleate (tanexaban) (N-2-hydroxy 
6-(4-methoxybenzamidolphenyl)-4-(4-methyl-1,4-diaz 
epan-1-yl)benzamide) See PFSB/ELD No. 1111-1 (Nov. 11, 
2010); Pre-publication copy, Proposed INN: List 101; 
Research and development pipeline. Yamanouchi Pharma 
ceutical Co Ltd. Company World Wide Web site, 11 Feb. 
2004: 
0062 (b) rivaroxaban (5-chloro-N-({(5S)-2-oxo-3-4-(3- 
oxo-4-morpholinyl)phenyl-1,3-oxazolidin-5-yl)methyl)-2- 
thiophenecarboxamide) See WFO Drug Information, Vol. 
18, No. 3, 2004, page 260; Susanne R, et al., J. Med. Chem. 
2005, 48, 5900-5908: D. Kubitza et al. Multiple dose escala 
tion study investigating the pharmacodynamics, safety, and 
pharmacokinetic of Bay59-7939, an oral, direct Factor Xa 
inhibitor, in healthy male subjects. Blood, 2003, 102; 
Abstract 3004: 
0063 (c) apixaban (1-(4-methoxyphenyl)-7-oxo-6-4-(2- 
oxopiperidin-1-yl)phenyl-4,5,6,7-tetrahydro-1H-pyrazolo 
3,4-cpyridine-3-carboxamide) See WFO Drug Informa 
tion, Vol. 20, No. 1, 2006, page 38; Pinto DJ P. Orwat MJ, 
Lam PYS, et al. Discovery of 1-(4-Methoxyphenyl)-7-oxo 
6-(4-(2-oxopiperidin-1-yl)phenyl)-4,5,6,7-tetrahydro-1H 
pyrazolo 3,4-cpyridine-3-carboxamide (Apixaban, BMS 
562247), a highly potent, selective, efficacious, and orally 
bioavailable inhibitor of blood coagulation factor Xa, J.Med. 
Chem., 50 (22), 5339-56, 2007): 
0064 (d) Betrixaban (N-(5-chloropyridin-2-yl)-2-[4-(N, 
N-dimethylcarbamimidoyl)benzamido-5-methoxybenza 
mide) See WFO Drug Information, Vol. 22, No. 3, 2008, 
page 226-227; Zhang P. Huang W. Zhu BY, et al., Discovery 
of betrixaban (PRTO54021), N-(5-chloropyridin-2-yl)-2-(4- 
(N,N-dimethylcarbamimidoyl)benzamido)-5-methoxyben 
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Zamide, a highly potent, selective, and orally efficacious fac 
tor Xa inhibitor, Bioorg Med. Chem. Lett. 19 (8), 2179-85, 
2009: 
0065 (e) AX-1826, S. Takehana et al. Japanese Journal of 
Pharmacology 2000, 82 (Suppl. 1), 213P. T. Kayahara et al. 
Japanese Journal of Pharmacology 2000, 82 (Suppl. 1), 
213P): 
0066 (f) HMR-2906, XVIIth Congress of the Interna 
tional Society for Thrombosis and Haemostasis, Washington 
D.C., USA, 14-21 Aug. 1999; Generating greater value from 
our products and pipeline. Aventis SA Company Presenta 
tion, 5 Feb. 2004: 
0067 (g) Otamixaban (methyl (2R,3R)-2-(3-carbamim 
idoylbenzyl)-3-4-(1-oxidopyridin-4-yl)benzoylaminobu 
tanoate) See WFO Drug Information, Vol. 16, No. 3, 2002, 
page 257; 
0068 (h) BIBT-986 (prodrug: BIBT-1011) American 
Chemical Society-226th National Meeting, New York City, 
N.Y., USA, 2003: 
0069 (i) DPC-602, J. R. Pruitt et al. J. Med. Chem. 2003, 
46, 5298–5313; 
0070 (I) LY517717 (N-(1R)-2-[4-(1-methyl-4-piperidi 
nyl)-1-piperazinyl)-2-oxo-1-phenylethyl)-1H-indole-6-car 
boxamide) See S. Young, Medicinal Chemistry-12th RSC 
SCI Symposium, 7-10 Sep. 2003, Cambridge, UK; M. Wiley 
et al. 228th ACS National Meeting, Philadelphia, Aug. 22-26, 
2004, MEDI-252 & 254; 
(0071 (k) N'-(5-chloropyridin-2-yl)-N'-(1S,2R,4S)-2- 
(5-methyl-4,5,6,7-tetrahydrothiazolo.5,4-cpyridin-2-yl) 
carbonyl)amino-4-(1,3,4-oxadiazol-2-yl)cyclohexyl 
ethanediamide or a pharmacologically acceptable salt 
thereof, or a hydrate thereof (see WO 2004/058715; and 
0072 (1) N'-(5-chloropyridin-2-yl)-N'-(1S,2R,4S)-4- 
(dimethylamino)carbonyl-2-((5-methyl-4,5,6,7-tetrahy 
drothiazolo5.4-cpyridin-2-yl)carbonyl)aminocyclohexyl) 
ethanediamide or a pharmacologically acceptable salt 
thereof, or a hydrate thereof (see WO 03/000657; WO 
03/000680; and WO 03/016302). 
0073. The aforementioned activated blood coagulation 
factor X (FXa) inhibitor is more preferably a compound rep 
resented by the following formula (1) hereinafter, also abbre 
viated to compound (1): 

Formula 1 

(1) 

RI 

--- O N21 C 
-(S- HN 1s H 

O 

wherein R' represents an N,N-dimethylcarbamoyl group or a 
1.3.4 oxadiazol-2-yl group. 
0074 Compound (1) may be the free form (free base) or a 
pharmacologically acceptable salt thereof, or a hydrate 
thereof. 
0075 Examples of the salt of the compound represented 
by formula (1) include hydrochloride, sulfate, hydrobromide, 
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hydroiodide, phosphate, nitrate, benzoate, methanesulfonate, 
2-hydroxyethanesulfonate, p-toluenesulfonate, acetate, pro 
pionate, oxalate, malonate. Succinate, glutarate, adipate, tar 
trate, maleate, fumarate, malate, and mandelate. 
0076. The salt of the compound represented by formula 
(1) is preferably maleate, hydrochloride, methanesulfonate, 
or p-toluenesulfonate, particularly preferably maleate or 
p-toluenesulfonate. 
0077 Preferable examples of the compound represented 
by formula (1) can include the following: 
0078 N'-(5-chloropyridin-2-yl)-N'-(1S,2R,4S)-2-((5- 
methyl-4,5,6,7-tetrahydrothiazolo 5,4-cpyridin-2-yl)car 
bonyl)amino-4-(1,3,4-oxadiazol-2-yl)cyclohexyl 
ethanediamide monomaleate; 

0079 N'-(5-chloropyridin-2-yl)-N'-(1S,2R,4S)-4- 
(dimethylamino)carbonyl-2-((5-methyl-4,5,6,7-tet 
rahydrothiazolo 5,4-cpyridin-2-yl)carbonyl 
aminocyclohexyl)ethanediamide: 

0080 N'-(5-chloropyridin-2-yl)-N'-(1S,2R,4S)-4- 
(dimethylamino)carbonyl-2-((5-methyl-4,5,6,7-tet 
rahydrothiazolo 5,4-cpyridin-2-yl)carbonyl 
aminocyclohexyl)ethanediamide hydrochloride; 

I0081 N'-(5-chloropyridin-2-yl)-N'-(1S,2R,4S)-4- 
(dimethylamino)carbonyl-2-((5-methyl-4,5,6,7-tet 
rahydrothiazolo 5,4-cpyridin-2-yl)carbonyl 
aminocyclohexyl)ethanediamide 
toluenesulfonate; and 

I0082 N'-(5-chloropyridin-2-yl)-N'-(1S,2R,4S)-4- 
(dimethylamino)carbonyl-2-((5-methyl-4,5,6,7-tet 
rahydrothiazolo 5,4-cpyridin-2-yl)carbonyl 
aminocyclohexyl)ethanediamide 
toluenesulfonate monohydrate. 

I0083. Among these preferable compounds, particularly 
preferred are 
I0084 N'-(5-chloropyridin-2-yl)-N'-(1S,2R,4S)-2-((5- 

methyl-4,5,6,7-tetrahydrothiazolo 5,4-cpyridin-2-yl)car 
bonyl)amino-4-(1,3,4-oxadiazol-2-yl)cyclohexyl 
ethanediamide monomaleate (1a); and 

I0085 N'-(5-chloropyridin-2-yl)-N'-(1S,2R,4S)-4- 
(dimethylamino)carbonyl-2-((5-methyl-4,5,6,7-tet 
rahydrothiazolo 5,4-cpyridin-2-yl)carbonyl 
aminocyclohexyl)ethanediamide 
toluenesulfonate monohydrate (1b) 

mono-p- 

mono-p- 

mono-p- 

represented by the following formula (1a) hereinafter, also 
abbreviated to compound (1a) and formula (1b) hereinafter, 
also abbreviated to compound (1b), respectively: 

Formula 2) 

(1a) 

N= 

N O Sn 

O 

s O \ l H CO2H 
H3C-N N HN N1s 

H 
O 
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-continued 

(H, 
O. N 

YCH 

w" 

CH 

O 

CI s 

-(S- i. N H 
O 

(1b) 

I0086. These compounds (1) can be produced by a method 
described in documents or a method equivalent thereto (WO 
2003-000657; WO 2003-000680, WO 2003-016302; and 
WO 2004-058715). 
0087. The free base (free form) of compound (1) means 
the salt (acid-adduct salt) and/or the hydrate formed with 
compound (1) except for “acid in the acid-adduct salt or 
“water in the hydrate. For example, the free bases (free 
forms) of compound (1a) and compound (1b) mean N'-(5- 
chloropyridin-2-yl)-N'-(1S,2R.4S)-2-((5-methyl-4,5,6,7- 
tetrahydrothiazolo 5.4-clpyridin-2-yl)carbonyl)amino-4- 
(1,3,4 oxadiazol-2-yl)cyclohexyl)ethanediamide (1a-1) and 
N'-(5-chloropyridin-2-yl)-N'-(1S,2R,4S)-4-(dimethy 
lamino)carbonyl-2-((5-methyl-4,5,6,7-tetrahydrothiazolo 
5.4-clpyridin-2-yl)carbonyl)aminocyclohexyl)ethanedia 
mide (1b-1) 
represented by the following formula (1a-1) and formula 
(1b-1), respectively: 

N =\ 
N N O 

N\' O 
H E 

il 
O 

Formula 3 

(1a-1) 

O 

C s N21 
- S- N N H 

(1b-1) 

YCH, 

O 

S s C 
NY O N a 

N 

0088 Moreover, preferable examples of the pharmaco 
logically active drug (A) of the present invention can include 
(t)-1-(carbazol-4-yloxy)-3-2-(o-methoxyphenoxy)ethyl 
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amino-2-propanol (3) (CAS No.: 72956-09-3) represented 
by the following formula (2) hereinafter, also abbreviated to 
compound (2): 

Formula 4 

O 

^^^- H 

OH 

O N 
H 

or a pharmacologically acceptable salt thereof, or a hydrate 
thereof. 
I0089. Examples of the “pH-dependent polymer base (B)” 
according to the present invention can include polymer bases 
that exhibit pH-dependent dissolution properties used in the 
pharmaceutical field. The “pH-dependent polymer base' can 
further encompass enteric coating bases and gastric soluble 
bases. An enteric coating base is preferred. The preferred 
enteric coating base is hardly soluble under a pH environment 
Such as the stomach and is gradually dissolved under a neutral 
pH environment Such as the Small intestine or the large intes 
tine, which is the main absorption site. 
0090 Specific examples of the pH-dependent polymer 
base can include the following (1) to (3): 
(1) methacrylic acid copolymers, wherein the methacrylic 
acid copolymers mean copolymers of two or more monomer 
species selected from the group consisting of methacrylic 
acid, methacrylic acid ester, acrylic acid, and acrylic acid 
ester and are not limited by the combination of the monomers, 
the number of the monomers used, etc.; 
(2) hydroxypropyl methylcellulose acetate succinate (HPM 
CAS); and 
(3) carboxymethylethyl cellulose. 
(0091. The “pH-dependent polymer base (B) of the 
present invention is preferably the methacrylic acid copoly 
mer (1) and HPMCAS (2) described above, more preferably 
HPMCAS (2). 
0092. The methacrylic acid copolymer (1) is preferably a 
methacrylic acid-methyl methacrylic acid copolymer, a 
(ethyl acrylate-methyl methacrylate-trimethylammonium 
ethyl methacrylate chloride) copolymer, a (methacrylic acid 
ethyl acrylate) copolymer, a (methacrylic acid-methyl meth 
acrylate) copolymer, more preferably a methacrylic acid 
methyl methacrylic acid copolymer. Specific examples of the 
methacrylic acid-methyl methacrylic acid copolymer can 
preferably include EUDRAGIT, which is commercially 
available as EUDRAGITL100-55 and EUDRAGITL100. 
(0093 HPMCAS (2) can be purchased from Shin-Etsu 
Chemical Co., Ltd. as AQOAT (trade name). The available 
grades of HPMCAS are LF, MF, HF, LG, MG, and HG, and 
the like and the HPMCAS is preferably LF grade. 
0094 Moreover, preferable examples of the particle size 
of HPMCAS as the pH-dependent polymer base (B) of the 
present invention can include 40 um or Smaller, more prefer 
ably 20 m or smaller, even more preferably 10um or smaller, 
particularly preferably 5um or Smaller, in terms of its average 
particle size (median size) Dso. More specifically, the particle 
size of HPMCAS is preferably Dso of 40 um or smaller, more 

(2) 
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preferably 20 um or smaller, even more preferably 10 um or 
smaller, particularly preferably 5um or smaller. Moreover, its 
90% cumulative particle size Doo in which the cumulative 
fraction of the particles is 90% is preferably 20um or smaller, 
more preferably 11 um or smaller. When HPMCAS is used, 
the amount of HPMCAS added can be 10 to 95% by weight of 
the pharmaceutical composition formulation and is more 
preferably 15 to 80% by weight of the pharmaceutical com 
position formulation, even more preferably 20 to 50% by 
weight of the pharmaceutical composition formulation. 
0095. The “hydrophilic gel-forming polymer material 
(C) according to the present invention is preferably a cellu 
lose derivative. Examples of the cellulose derivative can 
include hydroxypropyl methylcellulose (HPMC: hypromel 
lose), hydroxypropyl cellulose (HPC), ethyl cellulose, and 
methyl cellulose. Hypromellose and hydroxypropyl cellulose 
are preferred, with HPC being more preferred. 
0096 Commercially available HPC can be used. Accord 
ing to, for example, the catalog of Nippon Soda Co., Ltd., two 
types differing in particle size can be obtained: a regular 
powder grade (40-mesh sieve passing rate of 99%, average 
particle size: 350 microns) and a fine powder grade (100 
mesh sieve passing rate of 99%, average particle size: 150 
microns). The regular powdergrade is suitable for wet granu 
lation, while the fine powdergrade is suitable for direct com 
pression or dry granulation. The available viscosity grades of 
HPC viscosity value (mPas) at HPC concentration of 2% 
and 20° C. for each particle size are SSL (2.0 to 2.9), SL (3.0 
to 5.9), L (6.0 to 10), M (150 to 400), and H (1000 to 4000) in 
ascending order of Viscosity. 
0097. When HPC is used as the hydrophilic gel-forming 
polymer material, this HPC preferably has a particle size 
corresponding to the fine powdergrade (100-mesh sieve pass 
ing rate of 99%, average particle size: 150 microns) and a 
viscosity corresponding to the grade M (150 to 400 mPas) or 
H (1000 to 4000 mPa's). 
0098. Also, HPC may be used as a binder for coating of the 
matrix preparation of the present invention. When HPC is 
used as the binder, this HPC is usually dissolved in water oran 
organic solvent Such as an alcohol and used as a solution. In 
this case, a particle size corresponding to the regular powder 
grade is acceptable for the hydroxypropyl cellulose, and its 
Viscosity is preferably one corresponding to the grades L (6.0 
to 10.0), SL (3.0 to 5.9), and SSL (2.0 to 2.9), more preferably 
the grade SL (3.0 to 5.9). 
0099. The “excipient (D)' according to the present inven 
tion means a water-soluble or water-insoluble excipient. 
0100. Of these, examples of the water-soluble excipient 
can include the following (1) and (2): 
(1) saccharides such as fructose, purified Sucrose, Sucrose, 
purified Sucrose spherical granules, lactose, anhydrous lac 
tose, Sucrose-starch spherical granules, semi-digested Starch, 
glucose, glucose hydrate, powder Sugar, pullulan, B-cyclo 
dextrin, mannitol. Xylitol, and erythritol; and 
(2) nonionic water-soluble polymers such as povidone (PVP; 
polyvinylpyrrolidone), polyethylene glycol (PEG), polypro 
pylene glycol, polyvinyl alcohol, and polyoxyethylene oxide. 
0101 Examples of the water-insoluble excipient can 
include L-aspartic acid, alginic acid, carmellose Sodium, 
hydrous silicon dioxide, crospovidone, calcium glycerophos 
phate, magnesium silicate aluminate, calcium silicate, mag 
nesium silicate, light anhydrous silicic acid, crystalline cel 
lulose, cellulose powder, synthetic aluminum silicate, 
synthetic aluminum silicate/hydroxypropyl Starch/crystalline 
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cellulose, flour, wheat starch, wheat germ flour, wheat germ 
oil, rice powder, rice starch, cellulose acetate phthalate, tita 
nium oxide, magnesium oxide, dihydroxyaluminum ami 
noacetate, calcium tertiary phosphate, talc, calcium carbon 
ate, magnesium carbonate, precipitated calcium carbonate, 
natural aluminum silicate, corn starch, granulated corn 
starch, potato starch, hydroxypropyl cellulose, hydroxypro 
pyl Starch, calcium hydrogenphosphate anhydrous, granu 
lated calcium hydrogenphosphate anhydrous, and calcium 
dihydrogenphosphate. 
0102 The “excipient (D)' according to the present inven 
tion is preferably a water-soluble excipient. The water 
soluble excipient is preferably a saccharide or a nonionic 
water-soluble polymer. 
0103) The nonionic water-soluble polymer is preferably 
povidone (PVP: polyvinylpyrrolidone). The povidone 
according to the present invention means a linear polymer of 
1-vinyl-2-pyrrolidone, not crospovidone, which is a cross 
linked polymer of 1-vinyl-2-pyrrolidone. Preferable 
examples of the povidone can include commercially available 
Kollidon 30 (BASF Japan Ltd.). 
0104. The saccharide is preferably lactose or a sugar alco 
hol. The lactose encompasses all of lactose hydrates and 
lactose anhydrides. A lactose hydrate is preferred. The Sugar 
alcohol is preferably mannitol, Xylitol, and erythritol, particu 
larly preferably mannitol. 
0105. The “excipient (D)' according to the present inven 
tion is preferably a water-soluble excipient. The water 
soluble excipient is preferably a saccharide or a nonionic 
water-soluble polymer povidone. The saccharide is prefer 
ably lactose or a Sugar alcohol. The Sugar alcohol is prefer 
ably mannitol, xylitol, or erythritol, particularly preferably 
mannitol. 
0106. In addition to the pharmacologically active drug 
(A), the pH-dependent polymer base (B), the hydrophilic 
gel-forming polymer material (C), and the excipient (D), the 
Sustained-release matrix preparation of the present invention 
can further contain one or two or more organic acids. The 
organic acid is effective for improvement in the dissolution 
properties of the solid preparation in the lower gastrointesti 
nal tract, which is an environment with little water, such as the 
large intestine. 
0107 The organic acid according to the present invention 

is preferably fumaric acid, Succinic acid, alginic acid, adipic 
acid, citric acid, L-aspartic acid, malonic acid, maleic acid, 
DL-malic acid, or tartaric acid, more preferably fumaric acid 
or alginic acid, particularly preferably fumaric acid. 
0108. In addition to the pharmacologically active drug 
(A), the pH-dependent polymer base (B), the hydrophilic 
gel-forming polymer material (C), and the excipient (D), the 
Sustained-release matrix preparation of the present invention 
may further contain a disintegrant, a binder, a fluidizing 
agent, a lubricant, a coloring agent, a polishing agent, etc., so 
long as the effects of the present invention are not impaired. 
0109 Examples of the disintegrant include adipic acid, 
alginic acid, gelatinized Starch, Sodium carboxymethyl 
starch, hydrous silicon dioxide, calcium citrate, light anhy 
drous silicic acid, synthetic aluminum silicate, wheat starch, 
rice starch, calcium Stearate, corn starch, tragacanth powder, 
potato starch, hydroxypropyl Starch, pregelatinized starch, 
monosodium fumarate, anhydrous citric acid, and calcium 
dihydrogenphosphate. 
0110. Examples of the binder include maltose syrup pow 
der, gum arabic, gum arabic powder, Sodium alginate, propy 
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lene glycol alginate ester, hydrolyzed gelatin powder, hydro 
lyZed Starch-light anhydrous silicic acid, fructose, hydrous 
silicon dioxide, agar powder, light anhydrous silicic acid, 
synthetic aluminum silicate, wheat flour, wheat starch, rice 
flour, rice starch, polyvinyl acetate resin, cellulose acetate 
phthalate, dioctyl sodium Sulfo Succinate, dihydroxyalumi 
num aminoacetate, sodium potassium tartrate, water, Sucrose 
fatty acid ester, purified gelatin, gelatin, D-Sorbitol, dextrin, 
starch, corn starch, tragacanth, tragacanth powder, concen 
trated glycerin, potato starch, hydroxypropyl Starch, 
vinylpyrrolidone-vinyl acetate copolymers, piperonylbutox 
ide, glucose, pregelatinized starch, pullulan, polyvinyl alco 
hol (completely saponified product), polyvinyl alcohol (par 
tially saponified product), and sodium polyphosphate. 
0111 Examples of the fluidizing agent can include 
hydrous silicon dioxide, light anhydrous silicic acid, Syn 
thetic aluminum silicate, titanium oxide, Stearic acid, calcium 
Stearate, magnesium Stearate, calcium tertiary phosphate, 
talc, corn starch, and magnesium aluminometasilicate. 
0112 Examples of the lubricant include cocoa fat, car 
nauba wax, hydrous silicon dioxide, dry aluminum hydroxide 
gel, glycerin fatty acid ester, magnesium silicate, light anhy 
drous silicic acid, hardened oil, synthetic aluminum silicate, 
whitebeeswax, magnesium oxide, Sodium potassium tartrate, 
Sucrose fatty acid ester, Stearic acid, calcium Stearate, mag 
nesium Stearate, Stearyl alcohol, polyoxyl 40 Stearate, cet 
anol, Soybean hardened oil, gelatin, talc, magnesium carbon 
ate, precipitated calcium carbonate, corn starch, potato 
starch, Stearyl Sodium fumarate, beeswax, magnesium meta 
silicate aluminate, Sodium laurate, and magnesium sulfate. 
0113. Examples of the coloring agent can include yellow 
iron sesquioxide, iron sesquioxide, titanium oxide, orange 
essence, brown iron oxide, B-carotene, black iron oxide, food 
blue No. 1, food blue No. 2, food red No. 2, food red No. 3, 
food red No. 102, food yellow No. 4, and food yellow No. 5. 
0114 Examples of the polishing agent include carnauba 
wax, hardened oil, a polyvinyl acetate resin, white beeswax, 
titanium oxide, Stearic acid, calcium Stearate, polyoxyl 40 
Stearate, magnesium Stearate, purified shellac, purified paraf 
fin/carnauba wax mixture, cetanol, talc, colored silver foil, 
white shellac, paraffin, povidone, Macrogol 1500, Macrogol 
4000, Macrogol 6000, beeswax, glycerin monostearate, and 
OS1. 

0115 No particular limitation is imposed on the dosage 
form of the Sustained-release matrix preparation of the 
present invention, so long as the Solid preparation thereof can 
be orally administered to a subject. However, a tablet or 
granules are preferred, with a tablet being more preferred. 
0116. Hereinafter, another embodiment of the present 
invention will be described. 
0117 The sustained-release preparation of the present 
invention is a Sustained-release preparation obtained by mix 
ing of (A) a pharmacologically active drug, (B) hydroxypro 
pyl methylcellulose acetate succinate (HPMCAS) having an 
average particle size Ds of 20 m or smaller, (C) hydrox 
ypropyl cellulose (HPC) or hydroxypropyl methylcellulose 
(HPMC), and (D) a saccharide or a nonionic water-soluble 
polymer followed by molding. 
0118. The preparation of the present invention is charac 
terized in that it is obtained by mixing of the components (A), 
(B), (C), and (D) followed by molding. The present invention 
does not encompass, for example, a preparation obtained by 
mixing of the components (A), (C), and (D) followed by 
molding, wherein the preparation is provided with coating 
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containing the component (B). However, the present inven 
tion encompasses, for example, a preparation obtained by 
mixing of the components (A), (B), (C), and (D) followed by 
molding, wherein the preparation is provided with coating 
containing the component (B). 
0119 Examples of the “pharmacologically active drug’ 
used as the component (A) in the preparation of the present 
invention can include the compounds described above. Also, 
the “pharmacologically active drug may be a prodrug that 
can be converted to the pharmacologically active drug in vivo. 
The content of the component (A) in the preparation of the 
present invention is preferably 0.1 to 60% by weight, more 
preferably 1 to 50% by weight, even more preferably 2 to 35% 
by weight, particularly preferably 3 to 25% by weight. 
I0120 Examples of the “hydroxypropyl methylcellulose 
acetate succinate (HPMCAS) used as the component (B) in 
the preparation of the present invention can include the Sub 
stances described above. The grade of HPMCAS is prefer 
ably HF, MF, or LF, more preferably LF. 
I0121 Moreover, HPMCAS used as the component (B) in 
the preparation of the present invention has an average par 
ticle size (Ds) of 20 um or smaller, preferably 10 Lum or 
smaller, more preferably 5um or smaller. Moreover, its 90% 
cumulative particle size Doo in which the cumulative fraction 
of the particles is 90% is preferably 20 um or smaller, more 
preferably 11 um or smaller. HPMCAS preferably has par 
ticle sizes Dso of 10 Lim or Smaller and Doo of 20 Lum or 
Smaller, more preferably Dso of 5um or smaller and Doo of 11 
um or smaller. 
I0122. In the present specification, the term “Dso refers to 
a particle size corresponding to the median value of a cumu 
lative distribution curve determined using a laser diffraction 
type meter HELOS (Japan Laser Corp.), i.e., a median size. 
Also, in the present specification, the term "Doo” refers to a 
particle size corresponding to 90% of the cumulative distri 
bution curve determined using the HELOS. For example, Do 
of 20 um means that 90% of the measured powders have a 
particle size of 20 um or smaller and the remaining 10% have 
a particle size larger than 20 Jum. 
I0123. The content of the component (B) in the preparation 
of the present invention is preferably 10 to 95% by weight, 
more preferably 15 to 80% by weight, even more preferably 
20 to 50% by weight, particularly preferably 25 to 45% by 
weight. 
0.124 Examples of the “cellulose derivative' used as the 
component (C) in the preparation of the present invention can 
include the substances described above. Hydroxypropyl cel 
lulose (HPC) and hydroxypropyl methylcellulose (HPMC) 
are preferred, with HPC being more preferred. 
0.125. When HPC is used as the component (C), a fine 
powdergrade (100-mesh sieve passing rate of 99%) and grade 
M(viscosity: 150 to 400mPas) or H (viscosity: 1000 to 4000 
mPas) are preferred. 
0.126 The content of the component (C) in the preparation 
of the present invention is preferably 3 to 50% by weight, 
more preferably 4 to 40% by weight, even more preferably 5 
to 35% by weight. 
I0127. Moreover, in the preparation of the present inven 
tion, HPC is used as the component (C) and may also be used 
as a binder. In this case, HPC may be a fine powder grade or 
a regular powdergrade and is not limited by Viscosity, so long 
as it can be used as a binder. Grade L (6.0 to 10.0 mPas), SL 
(3.0 to 5.9 mPa's), SSL (2.0 to 2.9 mPa's), or the like is 
preferred, with grade SL being more preferred. 
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0128. Examples of the saccharide or the nonionic water 
soluble polymer used as the component (D) in the preparation 
of the present invention can include the substances described 
above. 

0129. The saccharide is preferably lactose or a sugar alco 
hol. The lactose may be a lactose hydrate or a lactose anhy 
dride and is preferably a lactose hydrate. The sugar alcohol is 
preferably mannitol, xylitol, or erythritol, more preferably 
mannitol. 

0130. Examples of the nonionic water-soluble polymer 
can include the substances described above. Povidone (PVP: 
polyvinylpyrrolidone) is preferred. The povidone used as the 
component (D) is a linear polymer of 1-vinyl-2-pyrrolidone, 
not crospovidone, which is a cross-linked polymer of 1-vinyl 
2-pyrrolidone. 
0131 The content of the component (D) in the preparation 
of the present invention is preferably 5 to 50% by weight. 
When the component (D) is lactose, the content of the lactose 
in the preparation is preferably 10 to 20%. When the compo 
nent (D) is a Sugar alcohol, the content of the Sugar alcohol in 
the preparation is preferably 5 to 35%, more preferably 10 to 
33%. When the component (D) is povidone, the content of the 
povidone in the preparation is preferably 20 to 45%. 
0.132. In addition to the components (A) to (D), the prepa 
ration of the present invention may further contain an organic 
acid. 

0133. The organic acid is preferably fumaric acid, succinic 
acid, alginic acid, adipic acid, citric acid, L-aspartic acid, 
malonic acid, maleic acid, DL-malic acid, or tartaric acid, 
more preferably fumaric acid or alginic acid, particularly 
preferably fumaric acid. 
0134. When the preparation of the present invention con 
tains an organic acid, the content of the organic acid in the 
preparation is preferably 10 to 40% by weight. 
0135 The preparation of the present invention may further 
contain the disintegrant, the binder, the fluidizing agent, the 
lubricant, the coloring agent, the polishing agent, etc., so long 
as the effects of the present invention are not impaired. 
0136. The preparation of the present invention is produced 
by mixing of the components (A) to (D) followed by molding. 
Alternatively, the preparation of the present invention is pro 
duced by granulation of a mixture of the components (A) to 
(D) followed by molding. The mixing, granulation, and mold 
ing can be performed using methods well known in the art. 
When the molding is compression molding, the pressure of 
compression is preferably 6 to 15 kN. The preparation of the 
present invention may be coated. The coated preparation of 
the present invention can be produced by spraying of a coat 
ing solution onto molded tablets. The coating can be per 
formed using methods well known in the art. When the prepa 
ration of the present invention contains additional additives, 
these additives may be added thereto in any of mixing, granu 
lation, compression, and coating steps. 
0.137 No particular limitation is imposed on the shape of 
the preparation of the present invention. However, a lens, 
disc, round, oval, almond, teardrop, or polygonal (triangle or 
rhombus) shape is preferred. 
0.138. The composition containing the components (A) to 
(D) of the present invention has a favorable tablet strength that 
prevents dose dumping in an acidic solution, and has favor 
able dissolution properties in a neutral Solution. Thus, the 
composition of the present invention is effective for mainte 
nance of prolonged dissolution of the “pharmacologically 
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active drug contained therein as the component (A) from the 
duodenum through the Small intestine to the lower gas 
trointestinal tract. 

EXAMPLES 

I0139 Next, the present invention will be described in 
detail with reference to Examples. However, the present 
invention is not intended to be limited to these by any means. 
0140 Abbreviations used in Examples are as follows: 
0141 HPC-M fine: hydroxypropyl cellulose grade M fine 
powder grade (99% particles of which pass through a 100 
mesh sieve) (manufactured by Nippon Soda Co., Ltd.) 
0.142 HPC-SL regular: hydroxypropyl cellulose grade SL 
regular powdergrade (99% particles of which pass through a 
40-mesh sieve) (manufactured by Nippon Soda Co., Ltd.) 
0.143 HPC-H fine: hydroxypropyl cellulose grade H fine 
powder grade (99% particles of which pass through a 100 
mesh sieve) (manufactured by Nippon Soda Co., Ltd.) 
0144 HPMCAS-LF: hydroxypropyl methylcellulose 
acetate succinate grade LF (Ds: 5um, Doo: 11 m) (manu 
factured by Shin-Etsu Chemical Co., Ltd.) 
(0145 HPMCAS-LG: hydroxypropyl methylcellulose 
acetate Succinate grade LG (Dso: 49 um, Doo: 100 um) (manu 
factured by Shin-Etsu Chemical Co., Ltd.) 
0146 Dso and Doo were measured at a dispersion pressure 
of 3 bar in a measurement range of R4 using a laser diffrac 
tion-type particle size distribution meter HELOS&RODOS 
(Japan Laser Corp.). 
0147 Tests on dissolution properties in an acidic or neu 

tral solution were conducted as follows: 

(Dissolution Test in Acidic Solution) 
0.148. The dissolution test was conducted by the paddle 
method at rotation rates of 50 rpm and 200 rpm at 37+0.5°C. 
in 0.01 N hydrochloric acid (900 mL), and the time-depen 
dent average percentage dissolution of a drug in the dissolu 
tion medium was calculated. The average percentage disso 
lution at each rotation rate, the difference in the average 
percentage dissolution of the drug (value at the rotation rate of 
200 rpm in the paddle method-value at the rotation rate of 50 
rpm in the paddle method: D2,200-D2,son), and the 
average percentage dissolution ratio (value at the rotation rate 
of 200 rpm in the paddle method/value at the rotation rate of 
50 rpm in the paddle method: D2,200/Dison) derived 
from the dissolution test for 2 hours were calculated. 

(Dissolution Test in Neutral Solution) 
014.9 The dissolution test was conducted by the paddle 
method at a rotation rate of 50 rpm at 37+0.5°C. in phosphate 
buffer (pH 6.8, 900 mL), and the time-dependent average 
percentage dissolution of a drug in the dissolution medium 
was calculated. 

Example 1 

0150 Tablets having formulations 1 and 1a shown in Table 
1 were produced by mixing of each component using a mortar 
followed by the direct compression method and subjected to 
the dissolution test in an acidic or neutral solution. The results 
obtained from the acidic solution are shown in Table 2 and 
FIGS. 1 and 2. The results obtained from the neutral solution 
are shown in FIGS. 3 and 4. 
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TABLE 1. 

Content (ng 

Formulation 1 Formulation 1 a 

Compound (1a) 36.4 36.4 
HPC-M file 60.0 6O.O 
HPC-SL regular 12.O 12.0 
HPMCAS-LF 12O.O 
Mannitol 59.6 179.6 
Sodium stearyl fumarate 12.O 12.0 

Total 3OO.O 3OO.O 

TABLE 2 

Influence of paddle rotation rate in acidic test medium on 
tablets having formulations 1 and la 

Formulation 1 Formulation 1 a 

3.6% 
1.2 

30.6% 
1.4 

<Test Results 

0151. As is evident from FIGS. 3 and 4, both the tablets of 
formulations 1 and 1a exhibited prolonged dissolution prop 
erties in the neutral solution. On the other hand, it was dem 
onstrated that the tablets of formulation 1a were largely influ 
enced by the paddle rotation rate in the acidic solution, 
whereas the tablets of formulation 1 were hardly influenced 
by the paddle rotation rate even in the acidic solution. 

Example 2 

0152 Tablets having formulations 1 and 2a shown in Table 
3 were produced by mixing of each component using a mortar 
followed by the direct compression method and subjected to 
the dissolution test in an acidic Solution. The results are 
shown in Table 4 and FIGS. 1 and 5. 

TABLE 3 

Content (Ing. 

Formulation 1 Formulation 2a 

Compound (1a) 36.4 36.4 
HPC-M file 60.0 6O.O 
HPC-SL regular 12.O 12.0 
HPMCAS-LF 12O.O 
HPMCAS-LG 12O.O 
Mannitol 59.6 59.6 
Sodium stearyl fumarate 12.O 12.0 

Total 3OO.O 3OO.O 

TABLE 4 

Influence of paddle rotation rate in acidic test medium 
on tablets having formulations 1 and 2a 

Formulation 1 Formulation 2a 

4.3 
1.2 

1S.O 
1.6 
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<Test Results 

0153. The tablets of formulation 1 in which HPMCAS 
having a small particle size was used were less influenced by 
the paddle rotation rate in the acidic solution, than the tablets 
of formulation 2a in which HPMCAS having a large particle 
size was used. Thus, HPMCAS having a small particle size 
was effective for maintenance of tablet strength. 

Example 3 

0154 Tablets having formulations 1 and 3a shown in Table 
5 were produced by mixing of each component using a mortar 
followed by the direct compression method and subjected to 
the dissolution test in a neutral Solution, a dissolution test 
using USP Apparatus 3, and in Vivo absorption property 
evaluation using dogs. The results of the dissolution test in the 
neutral solution are shown in FIG. 6. 

TABLE 5 

Content (ng 

Formulation 1 Formulation 3a 

Compound (1a) 36.4 36.4 
HPC-M file 60.0 6O.O 
HPC-SL regular 12.O 12.0 
HPMCAS-LF 12O.O 12O.O 
Mannitol 59.6 
Microcrystalline cellulose 59.6 
Sodium stearyl fumarate 12.O 12.0 

Total 3OO.O 3OO.O 

grade PH101 

<Test Results 

0.155. As shown in FIG. 6, the tablets obtained using man 
nitol or crystalline cellulose exhibited prolonged drug disso 
lution in the neutral solution. On the other hand, the dissolu 
tion test using USP Apparatus 3 showed that the tablets of 
formulation 1 in which mannitol was used exhibited pro 
longed drug dissolution, whereas the tablets of formulation 3a 
in which crystalline cellulose was used tended to have a 
sluggish dissolution rate of less than 100%. Moreover, the 
tablets of formulation 1 in which mannitol was used were 
effective for improvement in bioavailability (BA) in the in 
Vivo absorption property evaluation using dogs. 

Example 4 

0156 Tablets having formulations 1, 4a, and 5a shown in 
Table 6 were produced by mixing of each component using a 
mortar followed by the direct compression method and sub 
jected to the dissolution test in an acidic or neutral Solution. 
The results obtained from the acidic solution are shown in 
Table 7 and FIG. 7. The results obtained from the neutral 
solution are shown in FIG. 8. 

TABLE 6 

Content (ng 

Formulation Formulation Formulation 
1 4a Sa 

Compound (1a) 36.4 36.4 36.4 
HPC-M file 6O.O 6O.O 60.0 
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TABLE 6-continued 

Content (ng 

Formulation Formulation Formulation 
1 4a Sa 

HPC-SL regular 12.0 12.O 12.0 
HPMCAS-LF 12O.O 
Methacrylic acid copolymer 12O.O 
Carboxymethylethylcellulose 12O.O 
Mannitol 59.6 59.6 59.6 
Sodium stearyl fumarate 12.0 12.O 12.0 

Total 3OO.O 3OO.O 3OO.O 

grade L100-55 

TABLE 7 

Influence of paddle rotation rate in acidic test medium on 
tablets having formulations 1, 4a, and Sa 

Formulation Formulation 
Formulation 1 4a Sa 

D2h.pooren-D2h50 rpm (%) 3.6 3.9 7.7 
D2 ha.00 rpm D2 h,50 rpm 1.2 1.2 1.3 

<Test Results 

O157. It was confirmed that all the tablets of these formu 
lations were hardly influenced by the paddle rotation rate in 
the acidic solution. Moreover, all the tablets of these formu 
lations exhibited prolonged dissolution properties in the neu 
tral solution. 

Example 5 

0158 Tablets having formulations 2 and 6a shown in Table 
8 were produced by mixing of each component using a mortar 
followed by the direct compression method and subjected to 
the dissolution test in an acidic or neutral solution. The results 
obtained from the acidic solution are shown in FIGS. 9 and 
10. The results obtained from the neutral solution are shown 
in FIGS. 11 and 12. 

TABLE 8 

Content (Ing. 

Formulation 2 Formulation 6a 

Compound (1b) 80.8 80.8 
HPC-M file 2O.O 2O.O 
Fumaric acid 12O.O 12O.O 
HPMCAS-LF 12O.O 
Lactose' 51.2 171.2 
Sodium stearyl fumarate 8.O 8.0 

Total 4OO.O 4OO.O 

grade 100M; 
grade 200M 

<Test Results 

0159. The tablets of formulation 2 in which HPMCAS-LF 
was used were hardly influenced by the paddle rotation rate in 
the acidic solution and exhibited prolonged dissolution prop 
erties in the neutral solution. On the other hand, as shown in 
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FIGS. 10 and 12, the tablets of formulation 6a in which 
HPMCAS-LF was not used were rapidly dissolved in the 
acidic and neutral Solutions, showing no Sustained-release 
effect. 

Example 6 

0160 Tablets having formulations 2.7a, and 7b shown in 
Table 9 were produced by mixing of each component using a 
mortar followed by the direct compression method and sub 
jected to the dissolution test in an acidic solution. The results 
are shown in Table 10 and FIGS. 9, 13, and 14. 

TABLE 9 

Content (Ing 

Formulation Formulation Formulation 
2 7a. 8a. 

Compound (1b) 80.8 80.8 80.8 
HPC-M file 2O.O 2O.O 2O.O 
Fumaric acid 12O.O 12O.O 12O.O 
HPMCAS-LF 12O.O 
Methacrylic acid copolymer 12O.O 
Carboxymethylethylcellulose 12O.O 
Lactose 51.2 51.2 51.2 
Sodium stearyl fumarate 8.O 8.0 8.0 

Total 4OO.O 4OO.O 400.O 

grade 100M; 
grade L100-55; 
grade 200M 

TABLE 10 

Influence of paddle rotation rate in acidic test medium on 
tablets having formulations 2.7a, and 8a. 

Formulation Formulation 
Formulation 2 7a. 8a. 

D2 ha.00pm-D2 h,50 rpm (%) 3.6 18.1 -2.0 
D2 ha.00 rpm D2h50 rpm 1.2 1.6 1.O 

<Test Results 

0.161. As shown in FIG. 13, the dissolution rate of the 
tablets of formulation 7a was more influenced by the paddle 
rotation rate than that of the tablets of formulation 2. More 
over, as shown in FIG. 14, the tablets of formulation 8a were 
more rapidly dissolved than the tablets of formulations 2 and 
7a and 80% or more dissolved within 30 minutes, showing no 
Sustained-release effect. 

Example 7 

0162 Ingredients of formulations 9a, 9b, and 9c shown in 
Table 11, except for HPC-SL regular and sodium stearyl 
fumarate, were added to a fluidized-bed granulator and 
mixed. HPC-SL regular was dissolved in water, and the 
obtained binding solution was sprayed thereon for wet granu 
lation. The obtained granules were dried, and Sodium Stearyl 
fumarate was then added to the granules thus granulated, and 
mixed using a V-shaped mixer to yield granules which were 
compressed into tablets. The granules were compressed (die: 
10 mmp) using a rotary tableting machine to yield plain 
tablets. An aqueous dispersion of a coating base composed of 
hypromellose 2910, talc, titanium oxide, and polyethylene 



US 2013/0004550 A1 

glycol was sprayed onto the plaintablets usingapan coater to 
yield film-coated tablets. The obtained tablets were subjected 
to the dissolution test in an acidic and neutral solution. The 
results obtained from the acidic solution are shown in Table 
12 and FIGS. 15, 16, and 17. The results obtained from the 
neutral solution are shown in FIGS. 18, 19, and 20. 

TABLE 11 

Content (ng 

Formulation Formulation Formulation 
9a 9b 9c. 

Compound (1a) 36.4 36.4 36.4 
HPC-M file 1S.O 
HPC-H fine 6O.O 60.0 
HPC-SL regular 12.0 12.0 8.O 
HPMCAS-LF 12O.O 12O.O 90.0 
Mannitol 104.6 59.6 
Povidone 93.6 
Sodium stearyl fumarate 12.0 12.0 12.O 

Total 3OO.O 3OO.O 3OO.O 

TABLE 12 

Influence of paddle rotation rate in acidic test medium on 
tablets having formulations 9a to 9e 

Formulation Formulation Formulation 
9a 9b 9C 

D2h.pooren-D2h50 rpm (%) 22.1 10.4 7.6 
D2 ha.00 rpm D2 h,50 rpm 1.5 1.5 1.3 

<Test Results 

0163 As shown in Table 12 and FIG. 15 as to dissolution 
behaviors in the acidic solution, the tablets of formulation 9a 
had a larger difference in dissolution rate in the acidic solu 
tion than that of the tablets of formulations 9b and 9c. As 
shown in FIG. 18 as to dissolution behaviors in the neutral 
solution, the tablets of formulation 9a exhibited almost 100% 
dissolution in approximately 8 hours, which was more rapid 
than that of the tablets of formulations 9b (FIG. 19) and 9c 
(FIG. 20). 
0164. On the other hand, all the preparations of formula 
tions 9a to 9c exhibited lower Cmaxand higher trough con 
centration (concentration after 24 hours) than those of an 
administered aqueous solution having the same amount of the 
drug in a clinical trial using healthy humans, demonstrating 
that these preparations had properties desired for Sustained 
release preparations. 

Example 8 

0.165 Tablets having formulation 10 shown in Table 13 
were produced by mixing of each component using a mortar 
followed by the direct compression method and subjected to 
the dissolution test in acidic and neutral solutions. The results 
obtained from the acidic solution are shown in Table 14 and 
FIG. 21. The results obtained from the neutral solution are 
shown in FIG. 22. 
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TABLE 13 

Content (mg) 
Formulation 10 

Compound (2) S.O 
HPC-M fine SO.O 
HPMCAS-LF SO.O 
Mannitol SO.O 

Total 155.0 

TABLE 1.4 

Influence of paddle rotation rate in acidic 
test medium on tablets having formulation 10 

Formulation 10 

<Test Results 

(0166 As shown in Table 14 and FIG. 21, the tablets of 
formulation 10 were hardly influenced by the rotation rate in 
the acidic solution. Moreover, as shown in FIG. 22, it was 
demonstrated that the tablets of formulation 10 had prolonged 
and favorable dissolution properties in the neutral solution. 
Furthermore, the bioavailability (BA) of the tablets of formu 
lation 10 in dogs exhibited performance as high as 1.42 times 
that of the existing Sustained-release preparation (Coreg CR) 
containing compound (2), and change in the plasma concen 
tration of the drug showed preferable prolonged values for 
Sustained-release preparations. 

Example 9 

0.167 Tablets having formulation 11a shown in Table 15 
were produced by mixing of each component using a mortar 
followed by the direct compression method and subjected to 
the dissolution test in an acidic Solution. The results are 
shown in Table 16 and FIG. 23. 

TABLE 1.5 

Content (ng 

Formulation 11a. Formulation 11b 

Theophylline 8.O 36.4 
HPC-H fine 60.0 60.0 
HPC-SL regular 9.0 7.5 
HPMCAS-LF 90.0 90.0 
Povidone 93.6 93.6 

Total 260.6 287.5 

TABLE 16 

Influence of paddle rotation rate in acidic 
test medium on tablets having formulation 11a. 

Formulation 11a. 

D2h.200 rpm-D2h50 rpm (%) 1.1 
D2 i.200 en/D2 i.5Orton 1.O 
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<Test Results 

0168 It was demonstrated that the tablets of formulation 
11a were hardly influenced by rotation during dissolution in 
the acidic solution. 

Preparation Example 

0169 Tablets having formulations 11b, 12a, and 12b 
shown in Table 17 are produced by mixing of each component 
using a mortar followed by the direct compression method. 

TABLE 17 

Content (ng 

Formulation Formulation Formulation 
11b 12a 12b 

Theophylline 36.4 
Probcol 8.0 36.4 
HPC-H fine 60.0 6O.O 6O.O 
HPC-SL 7.5 8.9 8.9 
regular 
HPMCAS-LF 90.0 90.0 90.0 
Povidone 93.6 93.6 93.6 

Total 287.5 26O.S 288.9 

INDUSTRIAL APPLICABILITY 

0170 The present invention can be used in the production 
of a sustained-release matrix preparation containing a phar 
macologically active drug, for example, compound (1) or a 
salt thereof, or a hydrate thereof. 

1. A Sustained-release preparation obtained by mixing of 
(A) a pharmacologically active drug, 
(B) hydroxypropyl methylcellulose acetate Succinate hav 

ing a median size (Ds) of 40 um or smaller, 
(C) a cellulose derivative, and 
(D) a saccharide or a nonionic water-soluble polymer fol 
lowed by molding. 

2. The preparation according to claim 1, wherein the com 
ponent (B) has a median size (Do) of 20 um or Smaller. 

3. The preparation according to claim 1, wherein the com 
ponent (B) has a median size (Ds) of 10 um or smaller. 

4. The preparation according to claim 1, wherein the com 
ponent (B) has a median size (Ds) of 10 Lim or smaller and 
Doo of 20 Lum or Smaller. 

5. The preparation according to claim 1, wherein the con 
tent of the component (B) in the preparation is 15 to 80% by 
weight. 

6. The preparation according to claim 1, wherein the con 
tent of the component (B) in the preparation is 20 to 50% by 
weight. 

7. The preparation according to claim 1, wherein the con 
tent of the component (B) in the preparation is 25 to 45% by 
weight. 
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8. The preparation according to claim 1, wherein the con 
tent of the component (A) in the preparation is 2 to 35% by 
weight. 

9. The preparation according to claim 1, wherein the cel 
lulose derivative as the component (C) in the preparation is 
hydroxypropyl cellulose. 

10. The preparation according to claim 9, wherein the 
hydroxypropyl cellulose is hydroxypropyl cellulose having a 
100-mesh sieve passing rate of 99%. 

11. The preparation according to claim 9, wherein the 
hydroxypropyl cellulose is hydroxypropyl cellulose having a 
viscosity of 150 to 400 mPa's or 1000 to 4000 mPa's. 

12. The preparation according to claim 1, wherein the 
content of the component (C) in the preparation is 5 to 35% by 
weight. 

13. The preparation according to claim 1, wherein the 
component (D) in the preparation is a saccharide. 

14. The preparation according to claim 13, wherein the 
saccharide is lactose or a Sugar alcohol. 

15. The preparation according to claim 14, wherein the 
Sugar alcohol is mannitol. Xylitol, or erythritol. 

16. The preparation according to claim 1, wherein the 
component (D) in the preparation is a nonionic water-soluble 
polymer. 

17. The preparation according to claim 16, wherein the 
nonionic water-soluble polymer is poVidone. 

18. The preparation according to claim 1, further contain 
ing an organic acid. 

19. The preparation according to claim 18, wherein the 
organic acid is fumaric acid or alginic acid. 

20. The preparation according to claim 18, wherein the 
organic acid is fumaric acid. 

21. The preparation according to claim 1, wherein the 
component (A) is a basic drug. 

22. The preparation according to claim 1, wherein the 
component (A) is a compound selected from the group con 
sisting of 

(t)-1-(carbazol-4-yloxy)-3-2-(o-methoxyphenoxy) 
ethylamino-2-propanol, 

N'-(5-chloropyridin-2-yl)-N'-(1S,2R,4S)-4-(dimethy 
lamino)carbonyl-2-((5-methyl-4,5,6,7-tetrahy 
drothiazolo 5,4-cpyridin-2-yl)carbonyl 
aminocyclohexyl)ethanediamide, and 

N'-(5-chloropyridin-2-yl)-N'-(1S,2R,4S)-2-((5-me 
thyl-4,5,6,7-tetrahydrothiazolo.5,4-cpyridin-2-yl)car 
bonyl)amino-4-(1,3,4-oxadiazol-2-yl)cyclohexyl 
ethanediamide 

or a pharmacologically acceptable salt thereof, or a hydrate 
thereof. 

23. The preparation according to claim 1, wherein the 
dosage form of the preparation is a tablet. 


