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ABSTRACT
The present invention 1s directed to a
pharmaceutical composition comprising a 1l1-deoxy-

prostaglandin compound represented by formula (I):

L

R1_—A

Ro

and a fatty acid ester. By mixing the compound of

"

A

formula (I) and a fatty acid ester, the compound of

| -

ormula (I) will be stabilized.
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DESCRIPTION

PHARMACEUTICAL COMPOSITION COMPRISING 11-DEOXY-

PROSTAGLANDIN COMPOUND AND METHOD FOR STABILIZING THE

COMPOUND

o TECHNICAL FIELD

The present invention relates to a pharmaceutical
composlition comprlising a specific 1ll-deoxy-prostaglandin

compound, method for stabilizing said therapeutically

effective 1ll-deoxy-prostaglandin compound and a  soft

10 gelatin capsule formulation comprising the 1l-deoxy-

prostaglandin compound as an active i1ngredient.

p— |

BACKGROUND ART

Prostaglandin has a prostanoic acid structure

indicated by the formula:

CGOH

15 (¢ chain)
14 18 18 * (@ chain)
and there are many prostaglandins expressing a variety of
therapeutic effects.
ll1-deoxy-prostaglandin compounds such as 11-
20 deoxy-15-keto-16,16-difluoro prostaglandin E;:

yp—

are useful for the 1improvement of central nervous system

dysfunction as well as peripheral circular dysfunction
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(WO2006/093348 and W02006/080549) .

SUMMARY OF THE INVENTION

An object of the present invention is to provide

—

a pharmaceutical composition comprising a specific 11-

5 deoxy-prostaglandin compound in a stabilized form. Another

' el

object of the present invention 1s to provide a method for

stabilizing the specific 1ll-deoxy-prostaglandin compound.

A further object of the present invention is to provide a

soft gelatin capsule.

gr—

10 In the first aspect of the present invention, a

pharmaceutical composition comprising a l1-deoxy-

prostaglandin compound represented by the formula (I):

L

Ri—A
(I)

Ro

wherein L and N are hydrogen, hydroxy, halogen, lower

15 alkyl, hydroxy(lowerj)alkyl, 1lower alkanoyloxy or 0XO,

whereln the five-membered ring may optionally have at least

one double bond;

A 1s —-CH; -CH,OH, -COCH,OH, -COOH or a functional

)

derivative thereof;

20
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Ri 1s a saturated or unsaturated bivalent lower or
medium aliphatic hydrocarbon, which 1s unsubstituted or
substituted with halogen, lower alkyl, hydroxy, oxo, aryl
or heterocyclic group, and at least one carbon atom 1n the
aliphatic hydrocarbon 1s optionally substituted by oxygen,
nitrogen or sulfur; and

Ry 1s a saturated or unsaturated lower or medium

aliphatic hydrocarbon residue, which 1s unsubstituted or

substituted with halogen, oxo, hydroxy, lower alkyl, lower
alkoxvy, lower alkanoyloxy, cyclo(lower)alkyl,
cyclo(lower)alkyloxy, aryl, aryloxy, heterocyclic group or
heterocyclic-oxy group; lower alkoxy; lower alkanovloxy;
cyclo(lower)alkyl; cyclo(lower)alkyloxy; arvli; aryloxy;
heterocyclic group; heterocyclic-oxy group, and at least

one carbon atom in the aliphatic hydrocarbon 1s optionally

substituted by oxygen, nitrogen or sulfur, and

a fatty acid ester.

F

In the second aspect of the present application,

a method for stabilizing the ll1-deoxy—-prostaglandin

compound defined as above, which comprises mixing the 11-

deoxy-prostaglandin compound and a fatty acid ester 1s

provided.

In the third aspect of the present application, a

soft gelatin capsule formulation, which comprises a soft

gelatin capsule shell comprising a polyol and/or sugar
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alcohol as a plasticizer, and a pharmaceutical composition

comprising the above defined ll1-deoxy-prostaglandin
compound and a pharmaceutically acceptable vehicle, wherein
the composition 1s 1ncorporated 1in the gelatin capsule

shell.

A more preferred ll-deoxy-prostaglandin compound

used 1n the present 1nvention 1s represented by the

formula (II):

L
R—A

()

B—C—Ra
1
Z

wherein B 1s single bond, -CH,-CH,-, -CH=CH-, -C=C-,
—-CH,~-CH,-CH>—, -CH=CH-CH» -, -CH,-CH=CH-, -C=C-CH>, - Or
“‘CHQ—CEC_;
2, 18
R4 Ry R4 i?5 or O

wherein R; and Ry are hydrogen, hydroxy, halogen, lower

alkyl, lower alkoxy or hydroxy(lower)alkyl, wherein R; and

R are not hydroxy and lower alkoxy at the same time;

Ra 18 a saturated or unsaturated Jlower or medium
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aliphatic hydrocarbon residue, which 1s unsubstituted or

substituted with halogen, oxo, hydroxy, lower alkyl, lower

alkoxy, lower alkanoyloxy, cyclo(lower)alkyl,
cyclo(lower)alkyloxy, aryl, aryloxy, heterocyclic group or
5 heterocyclic-oxy group; lower alkoxy; lower alkanoyloxy;
cyclo(lower)alkyl; cyclo(lower)alkyloxy; aryl; aryloxy;
heterocyclic group; heterocyclic-oxy group, and at least

one carbon atom 1n the aliphatic hydrocarbon 1s optionally

substituted by oxygen, nitrogen or sulfur; and

10 L, N, A and R; are the same as defined above.

-

A group of particularly preferable 1l-deoxy-

prostaglandin compounds among the above-described compounds

1s represented by the formula (III):

L

|Q1"‘“A\

X1 X
\/ (1)
E?-fi-—f:-—122-4Q3 -
Z

15 wherein X; and X, are hydrogen, lower alkyl, or
halogen;
R, 1s a single bond or lower alkylene;
Ry is 1lower alkyl, lower alkoxy, lower alkanoyloxy,
cyclo(lower)alkyl, cyclo(lower)alkyloxy, arvl, arvloxy,

20 heterocyclic group or heterocyclic-oxy group, and at least
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one carbon atom in the aliphatic hydrocarbon is optionally

substituted by oxygen, nitrogen or sulfur; and

L, A, B, Ry and Z are the same as defined above.

BEST MODE FOR CARRYING OUT THE INVENTION

In the above formula, the TtTerm "unsaturated" 1in

the definitions for R; and Ra represents an aliphatic

hydrocarbon that incliude one or more double bonds and/or
triple bonds that are 1solatedly, separately or serially
present between carbon atoms of the main and/or side chains.
According to the usual nomenclature, an unsaturated bond
between two serial positions 1s represented by denoting the

gre—s

lower number of the two positions, and an unsaturated bond

between two dilstal positions 1s represented by denoting

both of the positions.

The term "lower or medium aliphatic hydrocarbon"
refers to a straight or branched chain hydrocarbon group

having 1 to 14 carbon atoms (for a side chain, 1 to 3

carbon atoms are preferable) and preferably 1 to 10,

especially © to 10 carbon atoms for R; and 1 to 10,

especially 1 to 8 carbon atoms for R;.

The term "halogen" covers fluorine, chlorine,
bromine and i1odine.

The term "lower" throughout the specification 1is
intended to 1nclude a group having 1 to 6 carbon atoms

- *
—

unless otherwise specified.
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The term "lower alkyl" refers to a straight or
branched chain saturated hydrocarbon group containing 1 to
6 carbon atoms and includes, for example, methyl, ethyl,
propyl, 1sopropyl, butyl, 1sobutyl, sec-butyl, t-butyl,

pentyl and hexyl.

t)

The term "lower alkoxy" refers to a group of

lower alkyl-0-, wherein lower alkyl 1s defined as above.

The term "hydroxy(lower)alkyl" refers to a lower

alkyl as defined above which 1s substituted wilith at least

one hydroxy group such as hydroxymethyl, l-hydroxyethyl, 2-
hydroxvethy!l and l-methyl-1l-hydroxyethyl.

The term "lower alkanoyloxy" refers to a group

represented by the formula RCO-0-, wherein RCO- 1s an acyl

group formed by oxidation of a lower alkyl group as defined

above, such as acetvyl.

The term "cyclo(lower)alkyl" refers to a cyclic

g

group formed by cyclization of a lower alkyl group as

defined above but contains three or more carbon atoms, and

includes, for example, cyclopropyl, cyclobutyl, cyclopentyl

and cyclohexyl.

The term "cyclo(lower)alkyloxy"” refers to the

P‘

group of cyclo(lower)alkyl-0-, wherein cyclo(lower)alkyl 1S

defined as above.
The term "aryl"” may 1nclude unsubstituted or

substituted aromatic hydrocarbon rings (preferably
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3
monocyclic groups), for example, phenyl, naphthyl, tolyl
and xylyl. Examples of the substituents are halogen atom

and halogen substituted lower alkyl, wherein halogen atom

and lower alkyl are as defined above.

The term "aryloxy" refers to a group represented

by the formula ArO-, whereln Ar 1s aryl as defined above.

The term "heterocyclic group" may 1include mono-

to tri-cyclic, preferably monocyclic heterocyclic group

which is 5 to 14, preferably 5 to 10 membered ring having

optionally substituted carbon atom and 1 to 4, preferably

-

1 to 3 of 1 or 2 types of hetero atoms selected from

nitrogen atom, oxygen atom and sulfur atom. Examples of the

heterocyclic group 1nclude  furyl, thienvl, pyrrolyl,

oxazolyl, isoxazolyl, thiazolyl, 1isothiazolyl, 1imidazolyl,

pyrazolyl, furazanyl, pyranvl, oyridyl, pyridazinvyl,
pyrimidyl, pyrazinyl, 2-pyrrolinyl, pyrrolidinyl,
2—-1mlidazolinvyl, lmidazolidinvl, 2-pyrazolinyl,

pyrazolidinyl, piperidino, piperazinyl, morpholino, 1indolyl,

benzothienyl, quinolyl, isoquinolyl, purinyl, qgquinazolinyl,
carbazolyl, acridinvl, phenanthridinyl, benzimidazolyl,

benzimidazolinyl, benzothiazolyl, or phenothiazinyl.

Examples of the substituent in this case 1nclude halogen,
and halogen substituted 1lower alkyl group, wherein the
halogen atom and lower alkyl group are as described above.

The term "heterocyclic-oxy group”" means a Jgroup
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represented by the formula HcO-, wherein Hc 1s a

heterocyclic group as described above.

—

The term "functional derivative of A 1ncludes

salts (preferably pharmaceutically acceptable salts),

ethers, esters and amides.

Sultable "pharmaceutically  acceptable salts"
include conventionally used non-toxic salts, for example a
salt with an 1norganic base such as an alkali metal salt

(such as sodium salt and potassium salt), an alkaline earth

metal salt (such as calcium salt and magnesium salt), an

ammonium salt; or a salt with an organic base, for example,

an amine salt (such as methylamine salt, dimethylamine salt,

cyclohexylamine salt, benzylamline salt, pilperidine salt,
ethylenediamine salt, ethanolamine salt, diethanolamine
salt, triethanolamine salt, tris(hydroxymethylamino)ethane

salt, monomethyl- monoethanolamine salt, procaine salt and

caffeine salt), a basic amino acid salt (such as arginine
salt and lysine salt), tetraalkyl ammonium salt and the

li1ke. These salts may be prepared by a conventional process,

for example from the corresponding acid and base or by salt

interchange.

ﬁ

Examples of the ethers include alkyl ethers, for

example, lower alkyl ethers such as methyl ether, ethyl
ether, propyl ether, 1isopropyl ether, butyl ether, 1sobutyl

ether, sec-pbutyl ether, t-butyl ether, pentyl ether and
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10

l-cyclopropyl ethyl ether; and medium or higher alkyl

ethers such as octyl ether, diethylhexyl ether, laurvyl
ether and cetyl ether; unsaturated ethers such as oleyl
ether and linolenyl ether; lower alkenyl ethers such as
vinyl ether, allyl ether; lower alkynyl ethers such as
ethynyl ether and propynyl ether; hydroxy(lower)alkyl
cethers such as hydroxyethyl ether and hydroxyisopropyl
ether; lower alkoxy (lower)alkyl ethers such as
methoxymethyl ether and l-methoxyethyl ether; optionally
substituted aryl ethers such as phenyl ether, tosyl ether,
sec-pbutyl ether, t-butylphenyl ether, salicyl ether, 3,4-
di-methoxyphenyl ether and benzamidophenyl ether; and
aryl(lower)alkyl ethers such as benzyl ether, trityl ether
and benzhydryl ether.

fr—

Examples of the esters 1nclude aliphatic esters,

for example, lower alkyl esters such as methyl ester, ethyl
ester, propyl ester, 1sopropyl ester, butyl ester, 1sobutyl
ester, sec-butyl ester, t-butyl ester, pentyl ester and
l-cyclopropylethyl ester; lower alkenyl esters such as
vinyl ester and allyl ester; lower alkynyl esters such as
ethynyl ester and propynyl ester; hydroxy(lower)alkyl ester
such as hydroxyethyl ester; lower alkoxy (lower) alkyl
esters such as methoxymethyl ester and 1l-methoxyethyl

ester; and optionally substituted aryl esters such as, for

example, phenyl ester, tosyl ester, t-butylphenyl ester,
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ester, 3,4-di1-methoxyphenyl ester and

benzamidophenyl ester; and aryl(lower)alkyl ester such as

benzyl ester,

atom,

formula

The

trityl ester and benzhydryl ester.

'-"

amlide of A mean a group represented by the

g

—-CONR'R", wherein each of R' and R" 1s hydrogen

lower alkvyl, arvyl, alkyl- or aryl-sulfonyl, lower

alkenyl and lower alkynyl, and 1include for example lower

alkyl amides such as methylamide, ethylamide, dimethylamide

and diethylamide; arylamides such as anilide and toluildide;

and alkyl- or aryl-sulfonylamides such as
methylsulfonylamide, ethylsulfonyl—-amide and
tolylsulfonylamide.

Preferred examples of L 1include hydroxy and oxo

-

which provide a 5S-membered ring structure of, so called,

especlally PGE or PGE type.

pharmaceutically acceptable salt, ester and amide thereof.

Pre

I

ferred examples of A are —COOH, 1ts

n

R

A preferred example of B 1is ~CH,-CH;-, which

—

provides the structure of a so-called, 13,14-dihydro type

compound.

A preferred example of X; and X; 1s hydrogen, oOr

that at least one of them 1s halogen, more preferably, both

o~

OL

structure oI,

them are halogen, especially, fluorine that provides a

g

Pre

a so called 16,16-difluoro type compound.

ferred Ry 1s a hydrocarbon containing 1-10
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carbon atoms, preferably,

12

0—8 carbon atoms.

least one carbon atom 1n the

optionally substituted by oxygen,

following groups:
~CH,~CH,-CH,~-CH,~-CH,-CH,—,
-CH,-CH=CH-CH,-CH,—-CH»—,
-CH,-CH,-CH,-CH,-CH=CH-

—CH»>,-C=C-CHy—-CHy~-CH» - ’

Examples ot R4

-CH,-CH,-CH,-CH,-CH (CH3) =CH>—,

—CH,-CH»,—-CH,-CH»,-0-CH>—,
—CHg—CH:CH—CHQ—O—CHg— ’

~CH,~C=C~CH,-0-CH,—

-CH,-CH,-CHy—-CH,;-CH,-CH,-CH,—,

_CHZ_CH:CH—CH2_CH2"CH2"CH2_ P
—CH2"CHZ—CHZ"CHZ—CHZ“CH:CH—,

~CH,-C=C-CH,~-CH,~CH,-CHy-,

—-CH>,—-CH,-CH,-CH,—-CH,-CH (CH3) —CH»>—,

-CH,-CH»~-CH,-CHy-CHy,—-CH,—-CH,-CHy—,

~CH,~CH=CH-CH,;-CH,-CH»,-CH,-C

HZ“!

“CH2“CH2“CH2“CH2—CH2“CH2_CH:CH_,

_CH2_CEC_CH2_CH2_CHz_CHz_CH2”’ and

aliphatic

Further,

hydrocarbon

g

nitrogen or sulfur.

include,

-CH,~-CH,-CH»~CH,-CH»~-CH»-CH (CHj3) —CHj,~

Preferred Ra 1s

p—

tor example,

at

1S

the

a hydrocarbon containing 1-10

carbon atoms, more  pre:

ferably

1-8

carpbon

atoms

and
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13

especially 5-7 carbon atoms. The hydrocarbon of Ra may
additionally have one or two side chains each having one

carbon atom.

Preferred Ry, 1s a single bond.

Preferred Rz 1s lower alkyl and more preferably,

P‘

alkyl having 4-6 carbon atoms. The lower alkyl of R; may

additionally have one or two side chalns each having one

carbon atom.

#

The typical examples of the present compounds are

11-deoxy-13,14-dihydro~-16,16-difluoro-PGE or PGEF compound,

11-deoxy-13,14-dihydro-15-keto-16,16-d1fluoro-PGE or  PGF

compound, ?-decarboxy-2-(2-carboxyethyl)-1l-deoxy-13, 14—

dihydro-15-keto-16,16-difluoro-PGE or PGF compound, Or

11-deoxy-13, 14-dihydro-15-keto-16,16-difluoro-20-ethyl-PGE

or PGF compound and 1ts derivative or analogue.

fr—
v

The preferred examples of the compounds may

include 1ll-deoxy-13,14-dihydro-15-keto-16,16-difluoro-PGE,,

ll-deoxy-13,14-dihydro-16,16-difluoro-PGE;, 1ll-deoxy-13,14-

dihydro-1b-keto-16,1lo-difluoro—-PGE, isopropvyl ester,

?-decarboxy-2- (2-carboxyethyl)-1l-deoxy-13,14-dihydro-1o-

keto-16, 16-difluoro-PGE; isopropyl ester, Z2-decarboxy-2-(Z2-

carboxyethyl)-11-deoxy-13,14-dihydro-15-keto-16, 16-

difluoro-P°PGE;, 11-deoxy-13,1l4~-dihydro-15-keto-16, 10-

difluoro-20-methyl-PGE; isopropyl ester, 1ll-deoxy-13,14-

dihydro-15-keto-16,16~-difluoro-20-methyl-PGE, ll1-deoxy-
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13,14-dihydro-15-keto-16,16-difluoro-20-ethyl-PGEq, 11-
deoxy-13,14-dihydro-15-keto-16, lo-difluoro-PGE, methyl
ester, 11-deoxy-13,14-dihydro-15-keto-16,1lo-difluoro-20-

ethyl-PGE; isopropyl ester or 1l-deoxy-13,14-dinydro-15-

5 keto-16, lo—-d1f.

uoro-20-ethyl-PGF.y 1sopropyl ester.

N

In the present invention, the ll-deoxy-
prostaglandin compound of formula (I) covers any 1isomers of
formula (I) 1including the individual tautomeric 1somers,

the mixture thereof, or optical 1somers, the mixture

10 thereof, a racemic mixture, and other steric 1somers.

Some of the compounds used 1n the present

invention may be prepared by the method disclosed 1in

WO2006/080549 and WO2006/093348 and the references noted

therein.

15 The pharmaceutical composition of the present

lnvention comprises the above described ll1-deoxy-

prostaglandin compound and a fatty acid ester.

rﬁ

Examples of the fatty acid esters used 1n the

present invention may include fatty acid esters obtalned

20 from a fatty acid and an alcohol, for example, saturated or

unsaturated glycerides which may have a branched chain.

Preferred fatty acid esters may include a medium or higher

chain fatty acid having at least C6, preferably Co-24

carbon atoms, for example caproic acid (Ce), caprylic

25 acid(C8), capric acid(C10), lauric acid(Cl2), myristic acid
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(C1l4), palmitic acid(Cle), palmitoleic acid(Clo), stearic

acid(Cl8), oleic acid(Cl8), linoleic acid(Cl8), linolenic

acli1d(Cl8), ricinolic acid(Cl8) and arachic aci1d(C20).

Preferred alcohols which consist of the fatty acid ester
may comprlise Cl-6 monovalent alcohol and polyols such as

glycerine, polyethyleneglycol and propyleneglycol.

Preferred fatty acid esters may 1nclude a

p—

glyceride of a saturated or unsaturated fatty acid which

may have a branched chain, a glycerine fatty acid ester and

a propyleneglycol fatty acid ester. Two or more glycerides

may be used as a mixture.

F '-v-

Examples of the mixture of glycerlides are a

—
p—~—

mixture of caprylic acid triglyceride and capric acid

triglyceride, vegetable oils such as castor oil, corn o1il,

olive o0i1l, sesame o01il, rape o0i1l, salad ol1l, cottonseed o01il,

camellia oil, peanut o0il, palm 01l and sunflower o1l.

A fatty acid ester derived from a fatty acid and

a monovalent alcohol 1s also preferably used. The fatty

-

acid ester may preferably be an ester of a C8-20 fatty acid

and a C2-3 monovalent alcohol, such as 1sopropyl myristate,

isopropyl palmitate, ethyl linoleate and ethyl oleate.

o

The composition of the present 1nvention may be

prepared by dissolving or dispersing the above described

1l1-deoxy-prostaglandin compound 1in the fatty acid ester.

When it is difficult to dissolve the ll-deoxy-prostaglandin
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r-'

compound directly 1n the fatty acid ester, each of them may

—

be dissolved i1in a solvent i1n which both of them are soluble

respectively, and then the solutions may be combilned.

The amount of the fatty acid ester 1n the

composltion relative to the amount of the 1ll-deoxy-
prostaglandin compound 1s not limited as 1long as the
ll-deoxy—-prostaglandin compound 1S stable 1n the

g

composition. In general, the amount of the fatty acid

ester per one part of the ll-deoxy-prostaglandin compound

may be 1-5,000,000, preferably, 5-1,000,000 and most

preferably, 10-500,000 parts by welght.

——
——

The pharmaceutical composition of the present

invention may further comprise physioclogically acceptable

ffect to the

additives which do not provide adverse e

g
SN

stability of the compound of formula (I1). The additaives

which may be employed in the present 1nvention 1include, but

are not limited to, excipients, diluents, fillers, solvents,

lubricants, adjuvants, binders, disintegrants, coatings,

capsulating agents, ointment bases, supposlitory Dbases,

aerosoles, emulsifiers, dispersing agents, suspensions,

viscosity 1ncreasing agents, 1sotonic agents, Dbuffers,

analgesic agents, preservatives, anti-oxidants, corrigents,

flavors, colorants, and functional agents such as

cyclodextrin, biologically degradable ©polymers. The

additives may be selected from those described 1n any
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general textbook 1n the pharmaceutical field. The

f-

composition of the present 1nvention may further comprise

one or more other pharmaceutically active 1ngredients.

According to the present invention, the dosage

F

form of the composition 1s not specifically limited and 1s

preferably 1n a form suiltable for oral administration.

o

More preferably, the composition of the present 1nvention

o~

1s 1n the form of a capsule such as hard capsule or soft

capsule.

sugar alcohol solutions derived from corn starch

and glycerine have been known for use as a plasticizer for

manufacturing soft—-gelatin capsules. sugar alcohol

solutions derived from corn starch and glycerine have also

'-v

been known to deteriorate the stability of 1l-deoxy-

prostaglandin compound recited 1n the 1nstant application

when admixed directly with the compound and, therefore, the

art would expect that sugar alcohols or polyols are not

gr— pr—

useful as a plasticizer for manufacturing soft gelatin

capsule to 1ncorporate the ll-deoxy-prostaglandin compound

—
pury

of the 1nvention as an active 1ngredilient. The 1nventors

have surprisingly found that a soft gelatin capsule shell

manufactured from gelatin and a sugar alcohol or a polyol

i)

as a plasticizer will not deteriorate the stability of

,r.-v

" ll-deoxy-prostaglandin compound of the invention when the

composition comprilising the 1ll-deoxy-prostaglandin compound
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and a fatty acid ester 1is 1ncorporated in the soft gelatin

capsule shell.

According to the present invention, the

composlition which 1s filled 1n the soft—-gelatin capsule
shell may be obtained by dissolving or dispersing the
above—-described l1-deoxy—-prostaglandin compound 1in a

pharmaceutically acceptable vehicle which 1s liguid at room

temperature. When 1t 1s difficult to dissolve the 1ll-deoxy-

grre—
p—

prostaglandin compound directly 1n the wvehicle, each of

them may be dissolved 1n a solvent in which both of them
are soluble respectively, and then the solutions may be
combined.

The pharmaceutically acceptable vehicle may be

gr—

any of those employed for the manufacture of medicaments as

long as they do not deteriorate the stability of the active
ingredient, ll-deoxy-prostaglandin compound.

A preferred embodiment of the composition to be

filled in the soft gelatin capsule shell 1s a composition

comprising the ll-deoxy-prostaglandin compound and a fatty

acld ester.

The amount of the vehicle 1n the composition
relative to the amount of the 1l-deoxy-prostaglandin

compound 1s not limited as long as the 1l-deoxy-

prostaglandin compound 1s stable in the final formulation.

- -

In general, the amount of the vehicle per one part ot the
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ll-deoxy—-prostaglandin compound may be 1-5,000,000,

preferably, 5-1,000,000 and most preferably, 10-500,000

parts by weight.

According to the present invention, the

pharmaceutical composition to be filled in the soft gelatin

capsule may further comprise an o1l solvent other than the

'q

fatty acid ester such as mineral o01l, liguid paraffin, and

tocopherol.

Polyols used 1n the present 1nvention are

alcohols having two or three hydroxy groups. Preferred

examples of polvols may 1nclude glycerine,
polyethyleneglycol and propyleneglycol.

A sugar alcohol plasticizer used 1n the present
invention 1s an alcohol obtained by hydrogen reduction of

f—

the aldehyde group o©of a saccharide. Examples may 1nclude

sorbitol, mannitol, maltitol, lactitol, palatinit, xylitol

and erithyritol; and a sugar alcohol solution derived from

corn starch, i1.e. a mixture of sorbitol, sorbitan, mannitol

and hvydrogenated starch hydrolysate, hydrogenated maltose

starch syrup, 1.e. a mixture of maltitol, sorbitol and
oligosaccharide alcohol.
Preferred sugar alcohols may 1include sorbitol,

'_
ad

sorbitan, maltitol, sugar alcohol solution derived from

corn starch and hydrogenated maltose starch syrup.

Especially, sugar alcohol solution derived from corn starch
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and available on market under the name "Anidrisorb™" or

TMyy

"Polysorb 1s preferably used.

p——

According to the 1invention, the amount of the

sugar alcohol used for preparing the shell of the soft

gelatin capsule 1is not specifically limited as long as the

ghm—
p—

physical properties of the resulting capsule are not

deteriorated. In general, the amount of sugar alcohol
plasticizer 1s 20-60 parts by weight, preferably, 30-350

parts by weight per 100 parts by weight of gelatin.

The soft gelatin capsule formulation comprising
the ll-deoxy-prostaglandin compound as an active 1ingredilient
may be manufactured by filling a composition comprilising the
ll-deoxy-prostaglandin compound and a pharmaceutically

acceptable vehicle 1n a soft gelatin capsule shell

manufactured from gelatin and a plasticizer, polyol and/or

sugar alcohol. The thus obtalined soft gelatin capsule

formulation can stably maintain the ll-deoxy-prostaglandin

compound over the long term. Manufacture of the soft

gelatin capsule shell as well as filling the composition
into the shell may be conducted according to a conventional
manner.

The present invention will be explained 1n more

detail by means of the following examples, which are

-

illustrated by way of example only and are not intended to

limit the scope of the present i1nvention.
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EXAMPLE 1

Compound 1: l1l-deoxy-13,14-dihydro-15-keto-16,16-

difluoro PGE1

Compound 1 was dissolved 1in a vehicle shown in
Table 1 below to give 250ug/g solution. Then, the solution
was put in a hard glass container and heated at 55°C. The
precise amount of Compound 1 in the solution was determined

by means of HPLC (day 0). The container was kept at 55°C

for 10 days and after that the precise amount of the

compound 1 was determined by means of HPLC (day 10).

o— '-

The determination of the amount of the compound

was carried out as follows. About 0.2g of the sample was

mixed with exactly 2mL of internal standard solution and

then with a dissolving agent shown -in Table 1 to give bHmL

of sample solution. About >S5mg of the reference standard

compound 1 was welighted precisely and added with

acetonitrile to give exactly 50mL solution. Exactly 1lml of

the solution was obtalned and added with exactly 4mL of the

internal standard solution, and then added with the

po—
p——

dissolving agent to give 10mL of reference solution.

The fluorescent labeling agent was added to the

respective solutlion, stirred and allowed to stand at room

temperature for more than 30 minutes. After that, 2%

acetic acld 1n acetonitrile was added to the solution,
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stirred and reacted at room temperature for more 30 minutes

to give the sample and standard solutions. Then, the

respective solution in an amount that theoretically gives

go—

3.6ng of compound 1 was loaded on the column and analyzed

under the conditions as folliows:
HPLC analysis condition:

Column: 5mm X 25cm stainless steel column packed with

octadecylsilane treated silica gel for HPLC (oum)

b ad

Mobile phase: mixture of acetonitrile (HPLC grade) and

. —

rer

perchlorate bu:

Temperature: 35°C

Detector: spectrophotofluocrometer

Results are shown 1n Table 1

Table 1

—

Stability of Compound 1l: stored at 55°C

vehicle dissolving day OV day 10V
agent
1 meﬁluN1. cha1n  gfttyfiacetonltrw1e 54 12 57 0%
acid triglyceride
| 1
2 | corn o1l ethy 53 12 94 g2
acetate
3 | soy o1l acetonitrile | 98.2% 94.6%
. = . . =
4 glycer;ne fatty acid|acetonitrile 93 3% 96 42
ester
o prgpylenegiycol fatty | acetonitrile 93 92 95 1%
acid ester
6 | isopropyl palmitate acetonitrile | 93.9% 96.7%

1) percentage based on the theoretical amount (250ug/g)

2) Miglyol™ 812N, constituting fatty acids: caprolc acid
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(C6) NMT 2.0%, caprylic acid (C8) 50.0-80.0%, capric acid
(C10) 20.0-50.0%, lauric acid (Cl2 NMT) 3.0%, and myristic

acid (C14) NMT 1.0% (NE/:

L*]

P).
3) Inwitor™ 742, total monoglycerides are 44-55%

4y Rikemal'™ P0O-100V, proplylene glycol monooleate, Riken

Vitamin Co., Ltd.

COMPARATIVE EXAMPLE 1

According to the same manner as described 1n

P-

Example 1, stability of the compound 1 in various vehicles

was measured.

Results are shown 1n Table 2.

Table /

Stability of Compound 1: stored at 55 °C

vehicle dissolving 1y | day
agent aay U 10"
1 | = (compound 1 only) acetonitrile 95.4% 82.8%
2 | concentrated glycerin methanol 20.9% 20.0%
3 | hydrogenated maltose | acetonitrile/ . .
5.1% 3.5%
starch syrup water (1l:1)
4 | sugar alcohol solution!methanol i o
. _ 3.8% 5.0%
derived from corn starch
T™M . .
5 | Macrogol™ 400 acetonitrile 90 D2 90 72
(polyethyleneglycol)
o | polysorbate 30 acetonitrile 92.1% 04.0%
7 | oleic acid methanol 61.9% 51.06%

1) percentage based on the theoretical amount (250ug/qg)

'-v

According to the results of Example 1 and

gt
—

Comparative Example 1, the stability of compound 1 was
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sighificantly improved by admixing the same with a fatty
acid ester such as glyceride. In contrast, the stability
of the compound 1 was poor 1n polyol such as glycerine,
sugar, sugar alcohol, polyethylene glycol, polysorbate 80,

and fatty acid.

Preparation Example (Soft gelatin capsule)
Compound 1: 1l-deoxy-13,14-dihydro-15-keto-16,16-
difluoro PGEl was used.

Formulation Example

A sugar alcohol solution derived from corn starch

g~
p—

o0 parts py welght was added 1in an appropriate amount of

water, stilrred and heated. Then, gelatin 100 parts by

welght was added thereto to give gelatin solution.

Compound 1 was dissolved 1n medilium chain fatty acid
triglyceride (USP/NF grade) to give a liquid mixture

containing 120ug/g of compound 1. The gelatin solution and

the liguid mixture were loaded on a soft capsule forming

and filling machine to glve capsule containing the liguid

mlxture, and dried to gilve soft gelatin capsule with an

appropriate hardness.

Example Z

The soft gelatin capsules obtained 1in the

formulation example were kept at 40°C for 6 months or at
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55°C for one month. After that, 20 capsules were swelled

with purified water and ethyl acetate (HPLC grade) 10mL was

added thereto. The capsule was then cut opened and the

pr—~—
)

ligquid contalned therein was retrileved. IlmL of the

internal standard solution per 100ug of theoretical amount

p—

of compound 1 was added to the liguid, and ethyl acetate

(HPLC grade) was added SO that the theoretical

f—

concentration of compound 1 was 10pug/mL to give a sample

solution.

On the other hand, abcut 0.025g of standard

Compound 1 was precisely welghed and added with ethyl

acetate (HPLC grade) to give exactly 100mL solution. 2mL

of the solution was measured, exactly bmL of the internal
standard solution was added thereto and ethyl acetate (HPLC
grade) was added so that the total amount was 50mL to give

the standard compound 1 solution.

The fluorescent labeling agent was added to the

sample and standard solutions, stirred and reacted at room

Cemperature.

The respective solution 1n an amount  that

theoretically gives 3.6ng of compound 1 was loaded on the
column and analyzed under the conditions as follows:
HPLC analysis condition:

Column: Smm X 25cm stainless steel column packed

with octadecylsilane treated silica gel for HPLC (oum)
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g

acetonitrile
ammonium acetate (0.05mol/L)
35°C

spectrophotofluorometer

HPL.C grade:

the compound 1 1in the sample solution was

determined using a one polint calibration curve. Results
are shown in Tables 3 and 4 below:
Table 3
Stability of Compound 1: stored at 40°C
| amounts of compound 1
' gelatin solution on 1, 3 and © months |
(3 vs day O)
gelatin | sugar
alcohol Initial | Imo 3mo omo
solution .
1 100 60 100 | 99.8 1 98.0 98.8
Table 4
Stability of Compound 1: stored at 55°C
amounts of compound 1
gelatin solution on 1, 2 and 4 weeks
(% vs day 0)
gelatin | sugar
alcohol Initial | 1w 2W 4w
solution
100 60 100 100.7Z 100.1 99.5

The sugar alcohol solution/polyol which decreased

the stability of

compound will not affect the

plasticizer.

compound 1 when directly admixed with the

stability when used as
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CLAIMS
1. A pharmaceutical composition comprising a

l1l1-deoxy-prostaglandin compound represented by formula

5 (II) :

|Q1f—-‘ﬁ\

()

B—C—Ra
||
Z

wherein L and N are hydrogen, hydroxy, halogen, lower alkyl,
hydroxy (lower)alkyl, lower alkanoyloxy or oxo, wherein the
five-membered ring may optionally have at least one double

10 bond;

A 1s -CH;  -CH,O0H, ~COCH,O0H, -COOH or a functional
derivative thereof;

B 1s single bond, -CH,-CH,-, -CH=CH-, -C=C-, -CH,-CH,-CH,-,
-CH=CH-CH,;~-, -CH,-CH=CH-, -C=C-CH;- or -CH,-C=C-;

15 R; 1s a saturated or unsaturated bivalent lower or medium
aliphatic hydrocarbon, which is unsubstituted oxr
substituted with halogen, lower alkyl, hydroxy, oxo, aryl
or heterocyclic group, and at least one of carbon atom in

the aliphatic hydrocarbon 1s optionally substituted by

20 oxygen, nitrogen or sulfur;
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Ra is a saturated or unsaturated lower or medium aliphatic
hydrocarbon residue, which 1s unsubstituted or substituted
with halogen, oxo, hydroxy, lower alkyl, lower alkoxy,
lower alkanoyloxy, cyclo(lower)alkyl, cyclo(lower)alkyloxy,
aryl, aryloxy, heterocyclic group or heterocyclic-oxy
group; lower alkoxy; lower alkanoyloxy; cyclo(lower)alkyl;
cyclo(lower)alkyloxy; aryl; aryloxy; heterocyclic group;
heterocyclic-oxy group, and at least one carbon atom in the
aliphatic hydrocarbon 1s optionally substituted by oxygen,
nitrogen or sulfur; and

Z 1S

., and

a fatty acid ester obtained from a fatty acid and an

alcohol wherein the alcohol 1s Cl-6 monovalent alcohoil,
glycerine or propyleneglycol.

2 . The composition as defined 1n Claim 1, wherein
said 1ll-deoxy-prostaglandin compound 1s a 1l-deoxy-13,14-
dihydro-15-keto-16-mono or dihalogen-prostaglandin compound.
3. The composition as defined in Claim 1, wherein
sald 1ll-deoxy-prostaglandin compound 1s a 1l1ll-deoxy-13,14-
dihydro-15-keto-16-mono or difluoro-prostaglandin compound.

4. The composition as defined in Claim 1, wherein

sald 1ll-deoxy-prostaglandin compound 1s a 1l1ll-deoxy-13,14-
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dihydro-15-keto-16-mono or dihalogen-prostaglandin E or F
compound.

5. The composition as defined in Claim 1, wherein
said prostaglandin compound is 1ll-deoxy-13,14-dihydro-15-
keto-16-mono or difluoro-prostaglandin E or F compound.

6. The composition as defined 1in Claim 1, whereiln
said 1l1ll-deoxy-prostaglandin compound 1s a 1l1ll-deoxy-13,14-
dihydro-15-keto-16,16-difluoro-prostaglandin E; compound.

7. The composition as defined 1n Claim 1, whereiln
said fatty acid ester is a fatty acid ester obtained from a
fatty acid and glycerine.

8. The composition as defined in Claim 7, wherein
the fatty acid is a fatty acid having 6-24 carbon atoms.

9. The composition as defined in Claim 7, whereiln
the fatty acid 1s a fatty acid having 6-20 carbon atoms.
10. The composition as defined in Claim 7, wherein
said fatty acid ester 1s a mixture of two or more
glycerides.

11. The composition as defined in Claim 7, wherein
said fatty acid ester is mixed with an o0il wvehicle other
than fatty acid ester.

12. The composition as defined in Claim 11, whereln
said oil vehicle is a mineral oil.
13. The composition as defined 1in Claim 1, whereiln

said fatty acid ester is a fatty acid ester obtained from a
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fatty acid and propyleneglycol.
14 . The composition as defined 1n Claim 1, whereiln
the fatty acid ester is a fatty acid ester obtained from a
fatty acid and Cl1l-6 monovalent alcohol.

5 15. The composition as defined in Claim 1, wherein
said fatty acid ester is isopropyl palmitate.
16. The composition as defined in Claim 1, which 1s

in an oral administration dosage form.

17. The composition as defined in Claim 16, which is
10 formulated as capsule.
18. A method for stabilizing a 1ll-deoxy-prostaglandin

compound represented by formula (II):

L
Fbr——‘i\

()

B—-ﬁ-—Ra
Z

wherein L. and N are hydrogen, hydroxy, halogen, lower alkyl,
15 hydroxy (lower)alkyl, lower alkanoyloxy or oxo, wherein the

five-membered ring may optionally have at least one double

bond;

A 1S "CH3’ - CH,OH, -COCH,0H, - COOH or ad functional
derivative thereof;

20 B is single bond, -CH,-CH,-, -CH=CH-, -C=C-, -CH;-CH;-CH;-,
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-CH=CH-CH,-, -CH,-CH=CH-, -C=C-CH,- or -CH,-C=C-;
R; 1s a saturated or unsaturated bivalent lower or medilum
aliphatic hydrocarbon, which is unsubstituted or
substituted with halogen, lower alkyl, hydroxy, oxo, aryl
or heterocyclic group, and at least one of carbon atom 1in
the aliphatic hydrocarbon 1s optionally substituted by
oxygen, nitrogen or sulfur;

Ra is a saturated or unsaturated lower or medium aliphatic
hydrocarbon residue, which 1s unsubstituted or substituted
with halogen, oxo, hydroxy, lower alkyl, lower alkoxy,
lower alkanoyloxy, cyclo(lower)alkyl, cyclo(lower)alkyloxy,
aryl, aryloxy, heterocyclic group or heterocyclic-oxy
group; lower alkoxy; lower alkanoyloxy; cyclo(lower)alkyl;
cyclo(lower)alkyloxy; aryl; aryloxy; heterocyclic group;
heterocyclic-oxy group, and at least one carbon atom 1in the
aliphatic hydrocarbon is optionally substituted by oxygen,
nitrogen or sulfur; and

7 18

which comprises mixing the 1ll-deoxy-prostaglandin compound
with a fatty acid ester obtained from a fatty acid and an
alcohol wherein the alcohol is Cl-6 monovalent alcohol,

glycerine or propyleneglycol.
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19. The composition as defined in Claim 1, whereiln
the fatty acid is a fatty acid having 6-24 carbon atoms.

20. The composition as defined in Claim 1, whereiln

the 11-deoxy-prostaglandin compound 1s represented Dby

5 formula (III)

wherein L is hydrogen, hydroxy, halogen, lower alkyl,
hydroxy (lower) alkyl, lower alkanoyloxy or oxo, wherein the

10 five-membered ring may optionally have at least one double

bond;

A 1is -CH; -CH,OH, -COCH,OH, -COOH or a functional
derivative thereof;
B is single bond, -CH,-CH,-, -CH=CH-, -C=C-, -CH;-CH>-
15 CH,-, -CH=CH-CH,-, -CH,-CH=CH-, -C=C-CH;- Or —CH2--CEC—;
R, is a saturated or unsaturated bivalent lower or
medium aliphatic hydrocarbon, which 1is unsubstituted or
substituted with halogen, lower alkyl, hydroxy, oxo, aryl

or heterocyclic group, and at least one of carbon atom 1in

20 the aliphatic hydrocarbon 1is optionally substituted Dby
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oxygen, nitrogen or sulfur; and

R, 1s a single bond or lower alkylene;

Ry, 1s lower alkyl, 1lower alkoxy, lower alkanoyloxy,
cyclo(lower)alkyl, c¢cyclo(lower)alkyloxy, aryl, aryloxy,
heterocyclic group or heterocyclic-oxy group, and at least
one carbon atom in the aliphatic hydrocarbon is optionally

substituted by oxygen, nitrogen or sulfur;

X, and X, are hydrogen, lower alkyl, or halogen; and

Z 1S

21. The composition as defined i1n Claim 20,

wherein L 1s hydroxy or oXo;

A 1s -COOH or pharmaceutically acceptable salt thereof

B -CH,;-CHy-;

R, 1s a saturated or unsaturated bilvalent aliphatic
hydrocarbon containing 6-8 carbon atoms;

R, 1s a single bond;

R; is an alkyl having 4-6 carbon atoms; and

Z 18
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22. The composition as defined in Claim 21, wherein L
18 0OXO.
23 . The composition as defined in Claim 21, wherein A
1s -COOH.
24 . The composition as defined 1in Claim 21, wherein
X, and X, are both halogen.
25. The composition as defined in Claim 21, wherein
the halogen i1s fluorine.
26 . The composition as defined in Claim 21, whereiln

R, 1s:

-CH,-CH,-CH,-CH,-CH,-CH; -,
-CH,-CH=CH-CH,-CH,-CH, -,
-CH,-CH,-CH,-CH,-CH=CH-
-CH,-C=C~CH,;-CH,-CH, -
-CH,-CH;-CH,-CH,;-CH (CH3 ) -CH, -,
-CH,-CH,;-CH,-CH,-CH,-CH;,-CH;, -,
-CH,-CH=CH-CH,-CH,-CH,;-CH, -,
~-CH,-CH,-CH,-CH,-CH,-CH=CH-_
-CH,-C=C~-CH,;-CH,;-CH,;-CH, -,
-CH,-CH,-CH,-CH,-CH,;-CH (CH;) -CH, -,
-CH,-CH,-CH,-CH,-CH,-CH,-CH,-CH,-,
-CH,-CH=CH-CH,-CH,;-CH;-CH,-CH;,~,
-CH,-CH,;-CH,-CH,-CH,~CH,-CH=CH~ or

-CH,-C=C-CH,-CH,-CH,-CH,-CH,-.
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