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ABSTRACT

Provided is a compound preparation including at least
one selected from the group consisting of ©3
polyunsaturated fatty acids and pharmaceutically acceptable
galts and esters thereof and at least one selected from the
group consisting of statin compounds and pharmaceutically
acceptable salts thereof. The compound preparation is in a
form of a soft capsule having a capsule coating with a pH
of 7.0 to 9.5. The compound preparation suppresses the
decomposition of the statin compounds and/or the
modification/insolubilization of the capsule coating. A
redical use for the compound preparation, a method of
manufacturing the compound preparation and a method of

using the compound preparation are also provided.
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DESCRIPTION

TITLE OF INVENTION: w3 FATTY ACID COMPOUND PREPARATION
TECHNICAL FIELD

(0001]

The present invention provides a soft capsule which
comprlses at least one selected from the group consisting
of o3 polyunsaturated fatty acids and pharmaceutically
acceptable salts and esters therecf, and at least one
selected from the group consisting of statin compounds, and
a compound preparation and a manufacturing method thereof.
BACKGROUND AKT

[0002]

Westernization of diet has resulted in an increase of
patients suffering from lifestyle-related diseases such as
hyperlipidemia, diabetes, and hypertension. Some of these
diseases finally lead to arteriosclerxrotic diseases such as
myocaxdial 1nfarction, angina pectoris, and cerebral
infarction. It is ilwportant to reduce risk factors such as
hyperlipidemia, diabetes, hypertension and smoking habit as
much as possible in order to prevent arteriosclerotic
diseases or improve the quality of life. As a result of a
main epidemiclogical study made on the incidence of
hyperlipidemia and coronary artery diseases, the serum

total cholesterol (hereinafter abbreviated as "T-Cho")
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concentration or the serum triglyceride (herelnafter
abbreviated as "TG") concentration shows a positive
correlation with the onset of the coronary artery diseases.
In particular, the serum low-density lipoprotein
cholesterol (hereinafter abbreviated as "LDL-Cho")
concentration shows a much stronger positive correlation
therewith. On the other hand, the serum high-density
lipoprotein cholesterol (hereinafter abbreviated as "HDL-
Cho") concentration shows a negative correlation therewith.

[0003]

Omega-3 polyunsaturated fatty acids (hereinafter
abbreviated as "w3PUFAs") including o-linolenic acid,
icosapentaenoic acid (hereinafter referred to as "EPA"),
and docosahexaenoic acid (hereinafter referred to as "DHA")
are known. Omega-3PUFAs and their pharmaceutically
acceptable salts and esters (hereinafter referred to as
ty3PUFA salts/esters") exhibit various actions including
anti-arteriosclexrotic action, platelet aggregation
inhibitory action, hypolipidemic action, anti-inflammatory
action, antitumor action and central action, and are
therefore incorporated in various food products or

commercially available as health food products or
pharmaceutical products.

[0004]
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A high purity EPA ethyl ester (hereilnafter referred to

as "EPA-E") is commercially available in Japan in the trade
names of Epadel and Epadel S (manufactured by Mochida
Pharmaceutical Co., Ltd.) as drugs for alleviating ulcers,
pain and chill associated with arteriosclerosis obliterans
and for treating hyperlipidemia. Soft capsules containing
about 46 wt¥% of EPA~E and about 38 wt%¥ of DHA ethyl ester
(hereinafter referred to as "DHA-E") are commercially
available in the U.S., Europe, and other countries in the
trade names of Omacor and Lovaza as therapeutic agents for
hypertriglyceridemia.

[0005]

A statin compound (hereinafter also referred to as
statin) is a generic name used to refer to a drug for
lowering cholesterol levels in blood by inhibiting the
action of HMG-CoA reductase. The result that the onset of
coronary artery diseases was suppressed by the use of
statin compounds in the therapy for hyperlipildemla is
obtained in a large-scale clinical trial.

[0006]

Six statins are currently available in Japan as
pharmaceutical products. Based on the physicochemical
properties (logP; 4; water-octanol partition coefficient at

a pH of 7.4), these statins are classified into two groups
|
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including water-soluble statins (pravastatin (-0.84),
rosuvastatin (-0.33)) and fat-soluble statins (atorvastatin
(1.11), simvastatin (1.60) and the like). {(Non-Patent

Literature 1) Pravastatin sodium, rosuvastatin calcium and

atorvastatin calcium which are the corresponding
pharmaceutical products have partition coefficients
(octanol-water partition coefficient) of -0.33 (Non-Patent

Literature 2), -0.3+0.1 (Non-Patent Literature 3) and 1.21
(Non-Patent Literxature 4), respectively.

[0007]

In recent years, a single pharmaceutical preparation
(compound preparation) containing a plurality of
pharmaceutically active ingredients is under active
development in the pharmaceutical field in order to i1mprove,
for example, the pharmacodynamic symergism, the reduction
of side effects, the convenience for patients and the

compliance.

A large-scale randomized controlled clinical trial

(JELIS trial) was conducted to know the effect of Epadel on
the suppression of the onset of ischemic heart diseases 1n

patients administered with a statin for the treatment of
hyperlipidemia, and its main analysis shows the evidence

that the incidence of major coronary events is

significantly low in the group adminilstered with Epadel in
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combination according to the comparison between the
administered group and the non-administered group. (Non-
Patent Literature 5) When attention is focused on the
treatment of lifestyle-related diseases, it is deemed
significant for the medication to take notice of the
clinical effects of the ©3PUFAs and the statins and to
develop compound preparations containing both the drugs.

[0008]

Various reports have been made on preparations
(compound preparations) each containing two
pharmaceutically active ingredients in which an w3PUFA
alkyl ester and a statin which are liquid at room
temperature are encapsulated. However, several problems are
to be solved to supply stable preparations over the
manufacture, distribution and storage pericds, and these
preparations are not yet in practical use.

[0003]

Statin compounds such as pravastatin sodium and
atorvastatin calcium hydrate are HMG-CoA reductase
inhibitOrs and are used as excellent oral drugs for
treating hyperlipidemia or hypercholesterolemia. However,
it is already known that such statin compounds have a 7-

substituted-3,5-dihydroxy-6-heptenoic acid structure and

are unstable with respect to high temperature, high
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humidity and light because of the molecular structure and
are excessively destabilized due to the intramolecular
lactonization, isomerization, oxidation, decomposition or
the like in the acidic region and that stable preparations
cannot be obtained unless at least the pH 1s more than 7.
Preparation using alkaline excipients at a pH of more than
9 such as calcium carbonate, anhydrous disodium phosphate,
sodium hydroxide, potassium'hydroxide and magnesium oxide
(Patent Literatures 1, 2, 3) and preparation using
magnesium metasilicate aluminate at a pH of more than 9 as
the stabilizer (Patent Literatures 4, 5, 6) have Dbeen
reported in order to solve this problem. However, there 1s
no application to soft capsules or to drugs combined with
W3PUFA salts/esters and the applicability is uncertain.

[0010]

The main ingredient of gelatin widely used in capsules
is protein. Protein is known to have the property of being
easily modified by the application'ofphysical factors
(e.g., heating, freezing, vigorous agitation) and chemical
factors (e.g., addition of acids, bases, organic chemicals
and heavy metal jons), thus losing the water solubility to
be insolubilized. In fact, when gelatin 1s used in the
capsule coating, it is known that the sclubility of the

coating generally tends to be reduced over time by
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crosslinking caused by the interaction of gelatin molecules
with an encapsulated material or the material aftexr
decomposition. That is, the gelatin capsule coating may be
modified depending on the formulation condition and there

is concern that the function as the pharmaceutical

composition may be lost.

[0011]

A soft gelatin capsule obtained by suspending a
microcapsule comprising at least one polymer and a statin
in an w3PUFA alkyl ester has been reported. (Patent
Literature 7) Even when the manufacturing process is
performed at a temperature of 40°C, the statin can be
prevented from being decomposed by incorporating the statin
in the microcapsule upon compounding of the statin in a
pharmaceutically active liquid ingredient containing the
w3PUFA alkyl ester in a large amount. However, the amount
of statin to be incorporated is limited because the
stability during the distribution and storage aftexr the
manufacture is uncertain, the microcapsule amount 1s 1 to
60% of the total amount of the preparation and the statin
content in the microcapsule is 1 to 40% of the total amount
of the microcapsule. In addition, this technique 18 only

applied to fat-soluble statins and it 1s not certailn

whether it can be applied to water-soluble gtatins.
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[0012]

A capsule prepared by combining at least one w3PUFA
salt/ester, at least one statin, and optionally at least
one hydrophilic solvent and/or at least one surfactant
and/or other solubilizer and/oxr other excipient has been

reported (Patent Literature 8). However, it would be

difficult to control the content of the statin ingredient
within a predetermined allowable range during the
manufacture because the stability of the capsule is not
mentioned and is hence uncertain, there is concern about
side effects due to a high surfactant content and the
statin is not completely dissolved in the ®w3PUFA. In
addition, this technique is only applied to fat-soluble
statins and it 1s not certain whether it can be applied to
water-soluble statins.

[0013]

A pharmaceutical cowmposition comprising a hard or soft
capsule contalning a w3PUFA sélt/ester as a first active
pharmaceutical ingredient, a carrier and optionally a
solubilizer and a coating of a statin serving as a second
active pharmaceutical ingredlient formed on the hard or soft
capsule has been reported (Patent Literature 9). However,
the pharmaceutical compositicn will have difficulty in

controlling the content of the statin ingredient within a
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predetermined allowable range and suffer from a complicated
step and a low yield when the coating 1s formed.

[0014]

A seamless capsule comprising an @3PUFA alkyl ester
encapsulated in the form of a liguid pharmaceutical
composition, whereiln (1) a statin serving as a solid
pharmacentically active ingredient is dispersed in a
capsule shell layer, (2) the statin is dispersed 1in the
ligquid pharmaceutical composition or (3) the statin is
applied onto the capsule shell layer having no
pharmaceutically active ingredient has been reported
(Patent Literatuxre 10). However, since the stability 1s not
mentioned and is uncertain in the shapes of (1) and (3) and
the solid ilngredient is present in the capsule ccating in
the shape of (1), there is concern about the stability of
the seamless capsule and it is deemed to be difficult to
increase the amount of the solid pharmaceutically active
ingredient; and in the shapes of (2) and (3), the
pharmaceutical composition will have difficulty in
controlling the content of the statin ingredient as
described above within a predetermined allowable range and
suffer from a low yield. In addition, this technique is

only applied to fat-soluble statine and it 1s not cerxtain

whether it can be applied to water-soluble statins.
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SUMMARY OF INVENTION
TECHNICAL PROBLEMS

[0017)

The present invention provides a soft capsule
containing an @3PUFA salt/ester and a statin compound and a
compound preparation in the form of the soft capsule. The
invention more particularly provides a stable soft capsule
capable of suppressing the decomposition of the statin
compound and/or the wodification/insolubilization of the
capsule coating over the manufacture period, distribution
period and storage period, a compound preparation in the
form of the soft capsule as well as a wmethod of
manufacturing the same and a method of using the same.
SOLUTION TO PROBLEMS

[(0018]

The inventors of the present invention have made an

intensive study and as a result found that the above-
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described problems can be solved as descrxibed below. The

present invention has been thus completed. There arose a
need to prevent a statin compound from being decomposed
when a 03PUFA salt/ester is combined with the statin
compound (in particular a water-soluble statin compound
such as pravastatin or rosuvastatin) in the form of a soft
capsule and particularly a gelatin seamless capsule. Then,
it was found that the decomposition of the statin compound
igs suppressed by adjusting the pH of the gelatin coating to
a slightly alkaline level and that the stability and
particularly the storage stability of the statin compound
is dramatically improved by particularly using a carbonate
as the buffer. It was also found that incorporation of a
carbonate and/or a metasilicate aluminate and/or a
phosphate in the gelatin coating increases the storage
stability of the statin compound. It was also found that
the modification/insolubilization of the gelatin coating
can be suppressed while keeping the stability of the statin
compound.by adding at least one selected from the group
consisting of succinylated gelatin, an organic acid,
particularly tarﬁaric acid, hydrolyzed gelatin and

trehalose to the gelatin coating. It was further found that
the modification/insclubilization of the gelatin coating

can be likewise suppressed while keeping the stability of



CA 02803558 2012-12-20

b

13

the statin compound by applying a water-soluble polymer,
particularly hydroxypropyl methylcellulose (hereinafter
abbreviated as "HPMC") to the inner surface of the capsule
coating. Embodiments of the present invention are described
below.

[0019]
1. A soft capsule comprising at least one selected from
w3PUFA salts/esters and at least one selected from statin
compounds, wherein a capsule coating has a pH adjusted to
7.0 £to 9.5.
2. The soft capsule according tc 1, wherein the at least
one selected from the w3PUFA salts/esters is contained in a
capsule content and the at least one selected from the
statin compounds is contained in the capsule coating.
3. The soft capsule according to 1 or 2, wherein the
capsule coating contains at least one selected from the
group consisting of a carbonate, a wmetasilicate aluminate
and a phosphate.
4. The soft capsule according to any one of 1 to 3, wherein
the capsule coating contains a carbonate and/or a
metasilicate aluminate.
5. The soft capsule according to any one of 1 to 4, wherein

the capsule coating contains sodium hydrogen carbonate

and/or magnesium metasilicate aluminate.
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6. The soft capsule according to any one of 1 to 5, wherein
the capsule coating contains gelatim.
7. The soft capsule according to any one of 1 to 6, wherein
the capsule coating contains at least one selected from the
group consisting of succinylated gelatin, an organic acid,
hydrolyzed gelatin and trehalose.
8. The soft capsule according to 7, wherein the organic
acid is tartaric acid.
9. The soft capsule according to any one of 1 to 8, wherein
a film of a water-soluble polymer is formed on an inner
surface of the capsule coating.
10. The soft capsule according to 9, wherein the water-
soluble polymer a1s HPMC.
11. The soft capsule according to any one of 1 to 10,
wherein the statin compounds are water-soluble statin
compounds.
12. The soft capsule according to any one of 1 to 11,
wherein the statin compounds comprise at least one selected
from the group consisting of pravastatin and rosuvastatin,
and salts and hydrates thereof.

[0020]
13. The soft capsule according to any one of 1 to 12,

wherein the statin compounds comprise pravastatin sodium

and/or rosuvastatin calcium.
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14. The soft capsule according to any one of 1 to 12,
wherein the w3PUFA salts/esters comprise at least one
selected from EPA and DHA and salts and esters thereof.
15. The soft capsule according to any one of 1 to 14,
wherein the w3PUFA salts/esters comprise EPA-E and/or DHA-E.
16. The compound preparation which is in a form of the soft
capsule according to any one of 1 to 15.

[0021]
17. A method of manufacturing a soft capsule comprising at
least one selected from w3PUFA salts/esters and one Oy more
statin compounds or a compound preparation in a form of the
soft capsule, the methcd comprising:

1) a step of adjusting a capsule coating solution to a
pPH of 7.0 to 9.5;

2) a step of dissolving the statin compounds in the
capsule coating solution;

3) a step of preparing a capsule content contalning
the w3PUFA salts/esters; and

4) a step of obtaining the soft capsule from the

capsule content and the capsule coating solution.

18. The method accorxding to 17, further comprising a step
of adding a carbonate and/or a metasilicate aluminate to
the capsule coating solution.

19. The method according to 17 to 18, further comprising a



CA 02803558 2012-12-20

16

step of adding sodium hydrogen carbonate and/or magnesium
metasilicate aluminate to the capsule coating solution.
20. The method according to any one of 17 to 19, further
comprising a step of adding gelatin to the capsule coating
solution.

21. The method according to any one of 17 to 20, further
comprising:

a step of adding at least one selected f£rom the group
consisting of succinylated gelatin, an organic acid,
hydrolyzed gelatin and trehalose to the capsule coating
solution.

22 . The method according to any one of 17 to 21, whereiln
the organic acid is tartaric acid.

23, The method according to any one of 17 to 22, further
comprising:

1} a step of adding a water-soluble polymer to the
©3PUFA salts/esters (capsule content); and/ox

2) & step of forming a film of the water-soluble
polymer on an inner gurface of the capsule coating.

24 . The method according to 23, wherein the water-soluble
polymer 1s HPMC.
25. The method aécording to any one of 17 to 24, wherein

the statin compounds are water-soluble statin compounds.

26. The method according to any one of 17 to .25, wherein
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the statin compounds comprlise at least one selected from the group
consisting of pravastatin and rosuvastatin, and salts and hydrates

thereof.

27. The method according to any one of 17 to 26, wherein the statin

compounds comprise pravastatin sodium and/or rosuvastatin calcium.

28. The method according to any one of 17 to 27, wherein the w3PUFA

salts/esters comprise at least one selected from EPA and DHA and salts and

esters thereof.

29. The method according to any one of 17 to 28, wherein the w3PUFA

L]

salts/esters comprise EPA-E and/or DHA-E.
(Q021a]

The present invention as claimed relates to a compound preparation
comprising: at least one member selected from the group consisting of
w3 polyunsaturated fatty acids and pharmaceutlcally acceptable salts and
esters thereof, which 1s contained in a capsule content; and a capsule
coating with a pH adjusted to 7.0 to 9.5 wherein said capsule coating
comprises the following components a), b), and c): a) at least one member
selected from the group consisting of water-soluble statin compounds,
b) a gelatin, and c¢) at least one member selected from the group

consisting of a carbonate, metasilicate aluminate, and a phosphate.

ADVANTAGEQUS EFFECTS OF INVENTION

100221

The present i1nvention can stabilize the statin compounds and
particularly water-soluble statin compounds and/or suppress the
modification or insolubilization of the capsule coating and particularly
gelatin coating during the manufacture, distribution and/or storage of the

soft capsule containing the w3PUFA salt/ester and statin compound, and the

compound preparation in the form of the soft capsule.

Therefore, the soft capsule and the compound preparation according
to the present 1nventlion have such advantages as good stabllity during the

manufacture,

CA 2803558 2017-10-24
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suitability to long-term storage and good biocavailability
of the combined ingredients exhibited by the suppressed
modification or insolubilization of the capsule coating and
particularly gelatin coating. In addition, the method of
manufacturing the soft capsule and the compound preparation
according to the present invention has such advantages as
reduced number of manufacturing steps, easy manufacture,
suitable adjustment of the amounts of combined ilngredients
and good yield.

The compound preparation of the present invention way
be used as a prophylactic or therapeutic agent for
hyperlipidemia or othexr diseases.

DESCRIPTION OF EMBODIMENTS

[0023]

The present invention is described below in detail.

In the present invention, w3PUFAs are fatty acids,
each of which contains a plurality of carbon—carbon.double
bonds in the molecule and has the first double bond at the
third position from the methyl group side. Typical examples
thereof include a-linolenic acid, EPA, DHA, elcosatrienoic
acid, stearidonic acid, eicosatetraencic acid, clupanodonic

acid, tetracosapentaenoic acid and Nisinic acid. Unless
otherwise specified, the term "w3PUFA salts/esters" as used

in the present invention includes not only the w3PUFAs but
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also pharmaceutically acceptable salts and esters thereof.

The w3PUFA salts/esters used in the present invention
may be synthetic, semisynthetic or natural products, or be
in the form of mnatural oil containing such polyunsaturated
fatty acids. The natural products may be those extracted
from natural oil containing the w3PUFAs salts/esters by a
known method or those which have been further processed to
produce crude products or further purified products. The
semisynthetic products include w3PUFA salts/esters produced
by microorganisms, and also include those obtained by
subjecting these w3PUFA salts/esters or natural w3PUFA
salts/esters to chemical treatments such as esterification
and ester exchange. In the present invention, the w3PUFA
salts/esters may be used singly or in combination of two or
more thereof.

Exemplary w3PUFA salts/esters that may be preferably
used in the present invention include EPA and/or DHA and
EPA 1s more preferable. Examples of the pharmaceutically
acceptable salts of the w3PUFAs include 1norganic bases
such as sodium salts and potassium salts; organic bases
such as benzylamine salts and diethylamine salts; and basic
amino acid salts such as arginine salts and lysine salts.

Examples of the pharmaceutically acceptable esters thereof

include alkyl esters such as ethyl esters; and mono-, di-
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and triglyceride esters. Ethyl esters and triglyceride
egsters are preferable and ethyl esters are more preferable.
In other words, EPA-E, EPA triglyceride ester, DHA-E and
DHA triglyceride ester are preferable, EPA-E and DHA-E are
more preferable, and EPA-E are even more preferable.

(0024])

The purity of the w3PUFA salts/esters is not
particularly limited, and in general the content of the
w3PUFA salts/esters in the total fatty acids of the capsule
content is preferably at least 25 wt%, more preferably at
least 45 wt%, even wmore preferably at least 70 wt¥%, still
even more preferably at least 85 wt% and most preferably at
least 96.5 wt%. The purity of EPA-E + DHA-E 1s preferably
high. For example, the content of EPA-E + DHA-E 1n the
W3PUFA salts/esters is preferably at least 50 wt%, more
preferably at least 60 wt¥%, even more preferably at least
90 wt¥% and most preferably at least 9% wt%. In other words,
the purity of the wW3PUFA salts/esters in the total fatty
acids of the capsule content is preferably high, the purity
of EPA + DHA which are the @3PUFA salts/esters is more
preferably high, and the purity of EPA 1s even more

preferably high.

For example in the case of using EPA-E and DHA-E, the

compositional ratio of EPA-E to DHA-E and the content ratio
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of EPA-E and DHA-E to the total fatty acids are not
particularly limited if the purity of EPA in the
composition of the preparation is within the above-defined

range. The compositional ratio of EPA-E to DHA-E (EPA-E/

DHA-E) 1is preferably at least 0.8, more preferably at

least 1.0 and even more preferably at least 1.2.

The composition of the preparation may contain
polyunsaturated fatty acids other than the w3PUFA
salts/esters (e.g., linoleic acid, y-linolenic acid and
dihomo-y-linolenic acid) and pharmaceutically acceptable
salts or esters thereof but arachidonic acid 1s desirably
contained i1in a small amount, preferably in an amount of
less than 2 wt% and more preferably less than 1 wt¥. An
embodiment in which arachidonic acid is substantially not
contalned 1s particularly preferred.

The content of the w3PUFA salts/esters in the compound

preparation of the present invention is not particularly

limited and is usually at least 50 wt%, preferably at least

80 wt%, more preferably at least 85 wti% and even more
preferably at least 90 wt% of the capsule content.

[0025]

Compared to fish o1l and fish o1l concentrates, the
@W3PUFA salts/esters used in the present invention contain

less impurities such as saturated fatty acids and
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arachidonic acid which are not preferred to prevent

cardiovascular events, and can exhibit their effects without

causing any problem of overnutrition or excessive intake of

vitamin A. The w3PUFA salts/esters in ester form have higher

oxildation stability than fish o0il which is mainly in

triglyceride form and a sufficiently stable composition can be

obtained by adding a commonly used antioxidant.

[0026]

The w3PUFA salt/ester that may be used 1s a soft capsule

L4

contalining EPA-E at a high purity (at least 96.5 wt%)

(trade name, Epadel™; manufactured by Mochida Pharmaceutical
Co., Ltd.) which 1s available 1n Japan as a therapeutic agent
for hyperlipidemia. For example, Lovaza which 1s a mixture of

EPA-E and DHA-

L]

and is commercially available in the U.S. as a

therapeutic agent for hypertriglyceridemia may also be used.

The w3PUFA salt/ester used may also be purified fish oil.

H

Monoglyceride, diglyceride, and triglyceride derivatives of the

w3PUFA salts/esters or combinations thereof constitute

preferable embodiments. Various products containing the w3PUFA

salts/esters are commercially available, as exemplified by

Incromega’™ F2250, F2628, E2251, F2573, TG2162, TG2779, TG2928,
TG3525, and EH015 (Croda

CA 2803558 2017-10-24
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International PLC, Yorkshire, England), and EPAX6000FA,
EPAXS5000TG, EPAX4510TG, EPAX2050TG, EPAXT7010EE, K85TG,
K8SEE, and KB80EE (Pronova Biopharma, Lysaker, Norway) .
These products may be purchased and used.

[0027]

The "statin compounds”" as used in the present
invention refer to HMG-CoA reductase inhibitors and, unless
otherwlse specified, include not only statin compounds
themselves but also pharmaceutically acceptable salts
thereof (e.g., sodium salts and calcium salts) and hydrates
thereof. Exemplary statin compounds include cerivastatin,
pravastatin, simvastatin, lovastatin, atorvastatin,
fluvastatin, rosuvastatin and pitavastatin, and salts and
hydrates thereof, such as pravastatin sodium, cerivastatin
sodium, atorvastatin calcium hydrate, fluvastatin sodium,
rosuvastatin calcium, and pitavastatin calcium. Of those
statin compounds described above, the "water-soluble statin
compounds" as used in the present invention are pravastatin,
rosuvastatin and theilr corresponding salts and 1n
particular pravastatin sodium and rosuvastatin calcium.

The statin compound used is preferably a water-soluble
compound and more speclifically pravastatin sodium ox
rosuvastatin calcium.

In the present invention, the statins are incorporated
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in any form. For example, a gstatin may be dissolved or
dispérsed in a capsule content containing an w3PUFA
salt/ester or applied to a capsule coating by a known
suitable method, or dissolved or dispersed in a capsule
coating. In a preferred form, however, a statin is
incorporated in a capsule coating by disselving 1t 1in a
capsule coating liquid and encapsulating it by a known
suitable methgd-

The statin content in the compound preparation of the
present invention is not particularly limited and 1s
usually from 0.01 wt¥% to 20 wt¥, preferably from 0.0l wt=%
to 10 wt% and more preferably from 0.01 wk¥ to 5 wt% of the
compound preparation.

[(0028]

In the present invention, the compounding ratio of
W3PUFA salt/ester to statin is usually 6000:1 to 3:1 and
preferably 2000:1 to 10:1 but may be appropriately adjusted
depending on, foxr example, the types of the w3PUFA
salt/ester and statin used, type of disease, severity of
symptoms, body weight and age of a patient to be
administered therewith. For example, the compounding ratio
is usually 270:1 to 20:1 and preferably 180:1 to 40:1 1n
the case of incorporating EPA-E and/or DHA-E and

pravastatin sodium, and is usually 1000:1 to 40:1 and
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preferably 720:1 to 80:1 in the case of rosuvastatin
calcium.

[0029]

In the present invention, the capsule foxrm is not
necessarily limited and a rotary soft capsule or a seamless
capsule is preferable and a seamless capsule 15 more
preferable.

— [0030]

In the present invention, the »3PUFA salt/ester is
ugually contained in the capsule content. The capsule
content may contain general additives to be described later.

[0031]

The composition of the capsule coating in the soft
capsule and the compound preparation of the present
invention 1s not necesgssarily limited. Exemplary main
ingredients include gelatin, carrageenan, pectin, pullulan,
sodium alginate, starch, hypromellose, hydroxypropyl
cellulose and various known ingredients and gelation 1s
preferable. The gelatin is not limited but known gelatins
including acid-treated gelatins, alkali-treated gelatins,
amphoteric gelatins and chemically modified gelatins may be
used. These gelatins may be used singly or in combination
of two or more. Acid-treated gelatins or alkali-treated

gelatins are preferable. The gelatins are derived from, for
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example, cow bones, cow skin, pig bones, pig skin, fish
scales and fish skin, and preferably from cow bones, cow
skin, pig bones and pig skin although the source is not
limited thereto.

Exemplary gelatins include those commonly usgsed in the
manufacture of soft capsules, for example, pharmaceutical
gelatins (gelatins and purified gelatins) as defined in the
Japanese Pharmacopoela Sixteenth Edition. The gelatins may
be used in combination of two or more thereof. Im addition,
the capsule coating may contain a plasticizer.

‘Plasticizers that may be preferably used include those
commonly used in the manufacture of soft capsules, as
exemplified by polyalcohols such as glycerin (e.g.,
concentrated glycerin), ethylene glycol, polyethylene
glycol, propylene glycol and polypropylene glycol; and
sugar alcohols such as sorbitel, mannitol and xylitol. The
plasticizers may be used in combilnation of two or more
thereof. Of these, glycerin and sorbitol are preferable. It
is also preferable to use glycerin in combination with
sorbitol. In this case, glycerin and sorbitol are
preferably used in a welght ratio of 1:5 to 5:1 and more
preferably 1:3 to 3:1.

In the soft capsule and particularly the seamless

capsule of the present invention, the capsule coating
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solution preferably contains the gelatin and the

plasticizer so that the weight ratio therebetween may be
10:1 to 1:10 and more preferably 10:1 to 1l:1l.

The weight ratio between the capsule coating solutilon
and the capsule content is usually 10:1 to 1:10 and
preferably 3:1 to 1:10.

In addition, various additives commonly used in the
capsule coating, as exemplified by plasticizers such as
amino acids, citric acid, glycerin and sorbitol;
preservatives; colorants such as dyes and titanium oxide;

and organic acids may be optionally added.

(0032]

The capsule coating composition can be manufactured Dby
dissolving the gelatin, the plasticizer and optionally
various additives in water through mixing at room

temyperature or elevated temperature.

[0033]

Broadly speaking, the capsule coating can be
manufactured by making a film from the capsule coating
composition, forming it into a predetermined shape and

drying. The moisture content in the dried capsule coating

is not limited and is preferably 3 to 20 wt% and most

preferably 5 to 15 wt¥.

The shaping of the capsule coating and the timing of
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the material filling vary with the type of the capsule
manufactured.

In the soft capsule and the compound preparation of
the present invention, the statin stability 1is improved by
adjusting the pH of the capsule coating to a slightly
alkaline level. The capsule coating has a pH of, for
example, 7.0 to 9.5, preferably 7.0 to 9.0, more preferably
7.0 to 8.0 and most preferably 7.5 to 8.0. The pH of the
capsule coating is usually that of the capsule coating
solution and may be the measured pH of the capsule coating.
The measured pH of the capsule coating is the pH measured
when the capsule coating is dissolved in water at a weight
ratio of 0.5 to 10.

Various additive ingredients may be further applied to
improve the stability of statin and examples thereof
include phosphates such as calcium monchydrogen phosphate,
sodium monohydrogen phosphate, trisodium phosphate, sodium
hydrogen phosphate, calcium hydrogen phosphate, sodium
hydrogen phosphate, dipotassium phosphate, potassium
dihydrogen phosphate, calcium dihydrogen phosphate and
sodium dihydrogen phosphate and hydrates thereof;
carbonates such as potassium carbonate, calcium carbonate,

potassium hydrcgen carbonate, sodium hydrogen carbonate and

magnesium carbonate and hydrates thereof; magnesium
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metasilicate aluminate and other metasilicate aluminate;
and magnesium silicate aluminate and other silicate
aluminate. A carbonate, a phosphate or a metasilicate
aluminate is preferable, a carbonate or a metasilicate
aluminate 1s more preferable and a carbonate 1s even more
preferable. These additives are usually contained in the
coating in an amount of 0.2 to 8 wt¥ and more preferably
0.5 to 5 wt¥%.

[0034]

In the soft capsule and compound preparation of the
present inventicn, the capsule coating and particularly the
gelatin coating are desirably processed with a modification
or insolubilization preventing means. More specifically, it
1s possible to add at least one selected from the group
consisting of succinylated gelatin, an organic acid,
hydrolyzed gelatin and trehalose to the capsule coating
solution, add a water-soluble polymer to the w3PUFA
salt/ester (capsule content) and/or apply a water-soluble
polymer to the inner surface of the capsule coating.

The orxganic acid is not necessarily limited. Examples
thereof include tartaric acid, citric acid, amino acids}
phosphorylated inositols such as phytin, fumaric acid,

guccinic acid, lactic acid, malic acid and maleic acid, and

tartaric acid is preferred. These organic acids are usually
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contained in the coating in an amount of 0.2 to 10 wt% and
preferably 1.0 to 5 wt%. Succinylated gelatin is usually
contained in the coating in an amount of 1 to 40 wts¥ and
more preferably 5 to 20 wt%. Hydrolyzed gelatin 1s usually
contained in the coating in an amount of 1 to S0 wt¥% and
more preferably 5 to 25 wt%. Trehalose is usually contained
in the coating in an amount of 1 to 35 wt% and more
preferably 4 to 16 wt%. Upon the addition of two or more of
the foregoing compounds, the amounts of addition of the
respective compounds may also be further reduced to below
the preferred ranges.

Water-soluble polymers including general-purpose
polymers commonly used in pharmaceutical agents such as
HPMC, hydroxypropyl cellulose (hereinafter referred to as
"HPC"), wmethylcellulose (hereinafter referred to as "MC")
and polyvinyl pyrroiidone (hereinafter referred to as

"PVP") may be used singly or in combination. HPMC, HPC and

PVP are preferable in terms of oil resistance and HPMC 1is
particularly preferable. A film can be formed on the inner
surface of the capsule coating by suspending any of these
water-soluble polymers in the capsule content and
encapsulating it. These water-soluble polymers are usually

contained in the capsule content 1n an amount of 0.5 to 20

wt% and preferably 1.0 to 10 wt¥.
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Addition of at least one selected from the group
consisting of succinylated gelatin, an organic acid,
hydraolyzed gelatin and trehalose to the capsule coating
solution may also be combined with addition of a water-
soluble polymer to the w3PUFA salt/ester (capsule content)
and/or application of a water-soluble polymer to the inner
surface of the Capsule coating. In this case, the amounts
of addition of the respective compounds may also be further
reduced to below the preferred ranges.

[0035]

The encapsulation method is not necessarily limited in
the present invention and various known methods may be
applied, as exemplified by a seamless capsule method
through dropping in fluld from a concentric double nozzle
and a soft capsule method by means of a rotary process
using a rotary soft capsule filling machine.

[0036]
The dosage and administration period of the w3PUFA

salt/ester and statin that may be used in the compound

preparation of the present invention arxe determined S0 as

to be sufficient for the expression of the intended action
and may be adequately increased or decreased depending on
the administration route, frequency of daily administration,

geverity of symptoms, body weight, age, and the like. The



CA 02803558 2012-12-20

32

single dosage of the w3PUFA salt/ester and statin may be
used for reference and the dosage of one or both of them
may be reduced in consideration of the additive or
synergistic effect of both the ingredients. In such a case,
the effect of reducing the gide effects of the respective
ingredients 15 also expected.

[(0037])

When orally administered, the ©w3PUFA salt/ester is
administered at a dose in terms of EPA-E of 0.1 to 5 g/day,
preferably 0.2 to 3 g/day and wmore preferably 0.4 to 1.8
g/day. The statin is administered at a dose in terms of
pravastatin sodium of 0.1 to 100 wmg/day, preferably 1 to 80
mg/day and more preferably 2 to 20 wmg/day, and at a dose 1in
terms of rosuvastatin calcium of 0.1 to 100 mg/day,
preferably 0.5 to 40 mg/day and more preferably 1 to 20
mg/day. The compound preparation of the present invention
is administered in a single daily dose or in two or three
divided doses but may be optionally divided into several
smaller doses for administration. The absorption of the
w3PUFA salt/estexr is affected by the diet and therefore the
compound preparation is preferably administered during or

after meals and more preferably just after meals (within 30

minutes) .

[0038]
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The compound preparation of the present invention may
further contain a preservative and an antioxidant. Examples
of the preservative include ethyl parahydroxybenzoate and
propyl parahydroxybenzoate. Examples of the antioxidant
include water-soluble antioxidants such as ascorbic acid,
erythorbic acid, sodium hydrogen sulfite and sodium
pyrxosulfite; and oil-soluble antioxidants such as butylated
hydroxytoluene, butylated hydroxyanisole, propyl gallate,
propyl gallate, a pharmaceuticallf acceptable quinone,
astaxanthin and o-tocophexrol, tocopherol acetate and
palmitate ascorbate. The water-soluble antioxidants and the
olil-soluble antioxidants can be added to the capsule
coating solution and the w3PUFA salt/ester, respectively.

[0039]

A commonly used sultable carrier or medium, a
colorant, a flavor material, optionally a vegetable oil, or
further a nonrtoxic organic solvent or a non-toxic
solubilizing agent (for example, glycerin), an emulsifier,
a suspending agent (for example, Tween 80, gum arabic
solution), an isctonic agent, a pH adjuster, a stabiliZer,
a flavoring substance, a flavoring agent, a preservative,
an antioxidant, an absorption promoter and other additives

may be appropriately selected and combined to prepare an

adequate compound preparation.
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EXAMPLES

[0040]

The present invention is described below by way of
examples. However, the present'invention should not be
construed as being limited to the following examples.
(Example 1)

To the mixture obtained by mixing 310.5 g of gelatin
(Nippi, Inc.), 33.0 g of sorbitol, 31.5 g of concentrated
glycerin, 3.0 g of anhydrous ethanol, 8.6 g of sodium
hydrogen carbonate and purified water, was added 0.5 mol/L
of sodium hydroxide to adjust the pH, and 2.0 g of
pravastatin sodium and purified water were added and
dissolved to obtain a coating solution with a total amount
of 1500 g and a pH of 8.5 to 9.0. EPA-E was used as the
capsule liquid. The coating solution and the capsule liquid
were dropped in fluid through a concentric double nozzle to
obtain capsules. Then, these capsules were dried to obtain
seamless capsules with a diameter of aboukt 4 mm containing
EPA-E and pravastatin sodium at a formulation ratio of 30:1.
The manufactured seamless capsules were put in an aluminum
laminated bag. The bag was purged with nitrogen,
hermetically sealed and stored. The formulation of the

coating solution is shown in Table 1.

[0041]
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[Table 1]

Table | - 1 | )
Ingredient | o ]Formulation (wt%)

Pravastatin sodium

Gelatin L

Sorbitol

Concentrated glycerin

Coating l———
solution (A0hvdrous ethanol

Sodium hydrogen carbonate

0.5 mol/L aqueous sodium hydroxide solution |q.s.

Purified water _ g. S.
Total |100. 00
[0042]

(Example 2)

To the mixture obtained by mixing 310.5 g of gelatin,
33.0 g of sorbitol, 31.5 g of concentrated glycerin, 3.0 g
of anhydrous ethanol, 18.0 g of magnesium metasilicate
aluminate, 12.0 g of sodium dihydrogen phosphate dihydrate
and purified water, was added 0.5 mol/L of sodium hydroxide
to adjust the pH, and 9.0 g of pravastatin sodium and
purified water were added and dissclved to obtain a coating
solution with a total amount of 1500 g and a pH of 8.5 to
9.0. EPA-E was used as the capsule liquid. Then, seamless
capsules were prepared and stored by the same method as in

Example 1. The formulation of the coating solution is shown

1n Table 2.

[0043]
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[Table 2]
Table 2 S B )
Ingredient - Formulation (W)
Pravastatin sodium 0. 60
Gelatin o - 20. 70
Sorbito] - , 2. 20
Concentrated glycerin B ' 2. 10
Coating |Anhydrous ethamol B - 0. 20
solution |Magnesium metasilicate aluminate 1. 20
Sodium dihydrogen phosphate dihydrate 0. 80
0.5 mol/L aqueous sodium hydroxide solution |a s. -
Purified water _ - Qs
Total o - Il 00. 00

(0044]
(Example 3)

To the mixture obtained by mixing 310.5 g of gelatin,
33.0 g of sorbitol, 31.5 g of concentrated glycerin, 3.0 g
of anhydrous ethanol, 12.0 g of sodium dihydrogen phosphate
dihydrate and purified water, was added 0.5 mocl/L of sodium
hydroxide to adjust the pH, and 9.0 g of pravastatin sodium
and purified water were added and dissolved to obtain a
coating solution with a total amount of 1500 g and a pH of
8.5 to 9.5. EPA-E was used as the capsule liquid. Then,
seamless capsules were prepared and stored by the same
method as in Example 1. The formulation of the coating
solution 18 shown in Table 3.

[0045]
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[Table 3]
Table 3 .
Ingredient . Formulation (wt%)
Pravastatin sodium 0. 60
Gelatin o 20. 70
Sorbitol ] 2. 20
| Concentrated glycerin 2. 10
Coatu_lg Anhydrous ethanol 0. 20
solulion Sebchheihiont ot — '
Sodium dihydrogen phosphate dihydrate 0. 80

0. 5 mol/L aqueous sodiun hydroxide solution |q.s.
Purified water _ L _fas.
Totg__[__ - |1 00. 00 I

[0046]

(Example 4)

To the mixture obtained by mixing 375.0 g of gelatain,
33.0 g of sorbitol, 31.5 g of concentrated glycerin, 3.0 g
of anhydrous ethanol, 9.6 g of sodium hydrogen carbonate
and purified water, was added 0.5 mol/L of sodium hydroxide
to adjust the pH, and purified water was added to obtain a

coating solution with a total amount of 1500 g and a pH of

8.5 to 9.0. Separately, 10.0 g of pravastatin sodium was

suspended in 900.0 g of EPA-E and the suspension was used

as the capsule liquid. Then, seamless capsules were

prepared and stored by the game method as in Example 1. The

formulation of the coating solution is shown in Table 4.
[0047]

[Table 4]
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(wt%)

Ingredient ]Formd?giion
| Gelatin
Sorbitol
Concentrated glycerin

Coating [Anhydrous ethanol
solution|Sodium hydrogen carbonate
0.5 mol/L aqueous sodium hydroxide solutiom |q.

Purified water
Total

[0048]
(Example S)

To the mixture obtained by mixing 414.0 g of gelatin,
44 .0 g of sorbitol, 42.0 g of concentrated glycerin, 4.0 g
of anhydrous ethanol, 6.4 g of sodium hydrogen carbonate
and purified water, was added 0.5 mol/L of sodium hydroxide
to adjust the pH, and 12.0 g of pravastatin sodium and
purified water were added and dissolved to obtain a coating
solution with a total amount of 2000 g and a pH of 7.5 to
8.0. Separately, anhydrous ethanol in an amount
corresponding to 1.3 wt¥ was mixed with EPA-E and the
mixture was used as the capsule liguid. Then, seamless
capsules were prepared and stored by the same method as in

Example 1. The formulation of the coating solution is shown
in Tahle 5.
(004 9]

[Table 5]
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Table 5 - L .
Ingredient o J@rmula@ion (wL%)
Prqvastétin sod1um - 0. 60
Gelatin 20. 70
Sorbitol * B o 2. 20
. Concentrated glycerin o 2. 10
gg?ﬁt?ﬁn Anhydrous ethanol o 0. 20
Sodium hydrogen carbonate 0. 32
0.5 mol/l aqueous sodium hydroxide solution [ s.
Purified water o q. S.
Total . [100. 00
[0050])
(Example 6)

To the mixture obtained by wmixing 400.0 g of gelatin,
50.0 g of succinylated gelatin (Nippi, Inc.), 44.0 g of
sorbitol, 42.0 g of concentrated glycerin, 4.0 g of
anhydrous ethancol, 6.4 g of sodium hydrogen carbonate and
purified water, was added 0.5 mol/L of sodium hydroxide to
adjust the pH, and 12.0 g of pravastatin sodium and
purified water were added and dissolved to obtain a coating
solution with a total amount of 2000 g and a pH of 7.5 to
8.0. Separately, anhydrous ethanol 1n an amount
corresponding to 1.3 wt% was mixed with EPA-E and the
mixture was used as the capsule liquid. Then, seamless
capsules were prepared and stored by the same method as in

Example 1. The formulation of the coating solution is shown

in Table 6.
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[0051]
[Table 6]
Table b L
Ingredient o o Formulation (wi¥)
Pravastatin sodium e 0. 60
Gelatin | 20. 00
Succinylated gelatin 2. 50
Sorbilol 2. 20
Coating |[Concentrated glycerin 2. 10 ]
solution |Anhydrous ethanol o 0. 20
Sodium hvdrogen carbonate 0. 32
0.5 mol/L aqueous sodium hydroxide solution [q.s.
Purified water o B q. S.
Total - | |1 00. 00O
[0052]
(Example 7)

To the mixture obtained by mixing 400.0 g of gelatin,
50.0 g of succinylated gelatin, 44.0 g of sorbitol, 42.0 g
of concentrated glycerin, 4.0 g of anhydrous'ethanol, 6.4 g
of sodium hydrogen carbonate and purified water, was added
0.5 mol/L.of sodium hydroxide to adjust the pH, and 12.0 g
of pravastatin sodium and purified water were added and
dissolved to obtain a coating solution with a total amount
of 2000 g and a pH of 8.0 to B8.5. Separately, anhydrous
ethanol in an amount corresponding to 1.3 wt% was mixed
with EPA-E and the mixture was used as the capsule liquid.

Then, seamless capsules were prepared and stored by the
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same method as 1n Example 1. The formulation of the coating

solution i1s shown in Table 7.

[0053]
[Table 7]
Table 7 -
Ingredient IFormulation (wt%)
Pravastatin sodium 0. 60
Gelatin 20. 00
Succinylated gelatin 2. 50
Sorbitol L 2. 20
Coating {Concentrated glycerin 2. 10
solution {Anhydrous ethanol 0. 20
Sodium hydrogen carbonate 0. 32
0.5 mol/L aqueous sodium hydroxide QS
Purilied water Q. S.
Total ~ Ji100. 00

f0054]
(Example 8)

To the mixture obtained by mixing 414.0 g of gelatin,
44.0 g of sorbitol, 42.0 g of concentrated glycerin, 4.0 g
of anhydrous ethanol, 6.4 g of sodium hydrogen carbonate
and purified water, were added 12.0 g of tartaric acid and
sodium hydroxide to adjust the pH, and 12.0 g of
pravastatin sodium and purified water were added and
dissolved to obtain a coating solution with a total amount
of 2000 g and a pH of 7.5 to 8.0. Separately, anhydrous

ethanol in an amount corresponding to 1.3 wt% was mixed
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with EPA-E and the mixture was used as the capsule liquid.
Then, seamless capsules were prepared and stored by the
same method as in Example 1. The formulation of the coating

solution is shown in Table 8.

[0055]
[Table 8]
Table 8 B .
Ingredient ]For@glation (wt%)
Pravastatip sodimm 0. 60
Gelatin 20. 70
Tartaric acid 0. 60
Sorbitol . |2. 20
Coating |Concentrated glycerin 2. 10
solution|Anhydrous ethanol 0. 20
Sodium hydrogen carbonate - {0. 32
Sodium hydroxide o q. S.
Purified water Q.S.
Total o B ]100_., 00
[0056]
(Example 9)

To the mixture obktained by mixing 400.0 g of gelatin,

50.0 g of succinylated gelatin, 44.0 g of sorbitol, 42.0 g
of concentrated glycerin, 4.0 g of anhydrous ethanol, 6.4 g
of sodium hydrogen carbonate and purified water, were added
12.0 g of tartaric acld and sodium hydroxide to adjust the
pH, and 12.0 g of pravastatin sodium and purified water
were added and dissolved to obtain a coating solution with

a total amount of 2000 g and a pH of 7.5 to 8.0. Separately,
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anhydrous ethanol in an amount corresponding to 1.3 wt% was
mixed with EPA-E and the mixture was used as the capsule
liquid. Then, seamless capsules were prepared and stored by
the same wethod as in Example 1. The formulation of the

coating solution is shown in Table 9.

[0057]
[Table 9]
Table §
Ingredient ~ |Formulation (wt¥
Pravastatin sod_’i_um 0. 60
Gelatin 20. 00
Succinvlated gelatin 2. 50
Tartaric acid 0. 60
Cant Sorbitol 2. 20
0allng . - T
solution Concentraledrglycerm 2. 10
Anhvdrous ethanol 0. 20
Sodium hydrogen carbonate 0. 32
Sodium hydroxide ' q. S.
Purified water q S. L
Total [1 00. 0O
[0058]

(Example 10)
To the mixture obtained by mixing 414.0 g of gelatin,
44 .0 g of sorbitol, 42.0 g of concentrated glycerin, 4.0 g

of anhydrous ethanol, 6.4 g of sodium hydrogen carbonate
and purified water, was added 0.5 mol/L of sodium hydroxide
to adjust the pH, and 12.0 g of pravastatin sodium and

purified water were added and dissolved to obtain a coating
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solution with a total amount of'2000 g and a pH of 7.5 to
8.0. Separately, 30 g of HPMC (TC-5E available from Shin-
Etau Chemical Co., Ltd.) was dispersed imn 970 g of EPA-E
and the disgpersion was used as the capsule ligquid. Then,
the method of Example 1 was repeated to prepare two-layered
seamless capsules each having an HPMC layer formed hetween
the gelatin coating and the capsule liquid. The seamless
capsules weré put in an aluminum laminated bag. The bag was
purged with nitrogen, hermetically sealed and stored. The

formulation of the coating solution 1s shown in Table 10.

[0059]
[Tabhle 10]

Table 10 | |
Ingredient | - Formulation (wt%)
Pravastatin sodium 0. 60
Gelatin_____

Sorbitol

Coal Concentrated glycerin
oating )
solution |Anbydrous ethanol

Sodium hydrogen carbonate
0.5 mol/L aqueous sodium hydroxide solution |q.s.

Purified water _ 1q. s.
Total - B 100. 00
[0060]

(Example 11)

To the mixture obtained by mixing 69.0 kg of gelatin,

30.3 kg of concentrated glycerin, 2.07 kg of sodium
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hydrogen carbonate and purified water, were added sodium
hydroxide and purified water to adjust the pH to thereby
obtain a coating solution with a total amount of 160 kg and
a pPH of 8.5 to 9.0. Separately, 10.0 g of pravastatin
sodium was suspended in 900.0 g of EPA-E and the suspension
was used as the capsule liquid. The coating solution was
used to prepare a gelatin sheet. Capsules were punched out
of the sheet using dies as the capsule liquid was filled
thereinto to obtain soft capsules by a rotary process. The
manufactured soft capsules were put in an aluminum
laminated bag and the bag was hermetically sealed. The
formulation of the coating solution is shown in Table 11.
(0061]

[Table 11]

Table 11
Ingredient

lFofEETagigg (W)

g

Gelatin 100. O

Concentrated glycerin 44. O
Coating |Sodium hydrogen carbonate 3. 0
solution {Sodium hydroxide T

Purilied water g. S.

Total - [232. 0

[0062]
(Example 12)
To the mixture obtained by mixing 33.2 kg of gelatin,

33.2 kg of succinylated gelatin, 19.9% kg of concentrated



CA 02803558 2012-12-20

46

glycerin, 1.99 kg of sodium hydrogen carbonate and purified
watexr, were added sodium hydroxide and purified water to
adjust the pH to thereby obtain a coating solution with a
total amount of 160 kg and a pH of 8.5 to 9.0. Separately,
10.0 g of pravastatin sodium was suspended in 900.0 g of
EPA-E and the sgsuspension was used as the capsule liquid.
Then, soft capsules were prepared and stored by the same
method as in Example 11. The formulation of the coating

solution 1s shown in Table 12.

[0063]
[Table 12]
Table 12
Ingrquggt ]Forqplq}ion (wt%)
Gelatin ,

Succinylated gelalin

Conl Concentrated glycerin
oaling :

solution.SOdf“m hy@rpg?n carbonate
(Sodjum hydroxide
lPuriIied waler

Total

[D064)

(Example 13)

To the mixture obtained by mixing 33.2 kg of gelatin,
33.2 kg of succinylated gelatin, 19.9 kg of concentrated
glycerin, 1.99 kg of scodium hydrogen carbonate, 3.85 kg of
magnesium metasilicate aluminate and purified water, were

added sodium hydroxide and purified watexr to adjust the pH
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to thereby obtain a coating solution with a total amount of
160 kg and a pH of 8.5 to 9.0. Separately, 10.0 g of
pravastatin sodium was suspended in 900.0 g of EPA-E and
the suspension was used as the capsule liquid. Then, soft
capsules were prepared and stored by the same method as in
Example 11. The formulation of the coating solution is

shown in Table 13.

[00665]
[Table 13]
Table 13 ]
Ingredient Formulation (wt¥)
Gelatin T 50. 0
Succinylated_ _ge_latin | 50. 0

Concentrated glycerin
Coating |[Sodium hydrogen carbonate
solution |Magnesium metasilicate aluminate

Sodi1um hydroxide

Puriflied water . S. |

Total - - -[%4 1 0

[0066])
(Example 14)

To the mixture obtained by mixing 33.2 kg of gelatin,
33.2 kg of succinylated gelatin, 19.9 kg of concentrated

glycerin, 1.9%92 kg of sodium hydrogen carbonate and purified
water, are added sodium hydroxide and purified water to
adjust the pH to thereby obtain a coating solution with a

total amount of 160 kg and a pH of 7.5 to B.S5. Separately,
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10.0 g of pravastatin sodium is suspended in 900.0 g of EPA-E and

the suspension is used as the capsule liquid. Then, soft capsules

are prepared and stored by the same method as in Example 11. The

formulation of the coating solution 1s shown i1n Table 14.

(0067]
[Table 14]
Table 14 - ' '
Ingrediet ~~  [Fornulation (!%
Gelatln 150. O

Succinvlated gelatin 150. O

* [Concentrated glycerin
Coating .

“olution|S0dium hydrogen carbonate

Sodium hydroxide

Purified water es.

e s o o PPN R e i . G = R A A BT i B VD00 00D bt Ml PP el ST T B - I I I o o AV AR A A A A AT T L A A A AAA A VA A e — A A

Total - 241. 0

[0068]

(Comparative Example 15)

To the mixture obtained by mixing 310.5 g of gelatin, 33.0 g of
sorbitol, 31.5 g of concentrated glycerin, 3.0 g of anhydrous

ethanol and purified water, was added 0.5 mol/L of sodium hydroxide

to adjust the pH, and 9.0 g of pravastatin sodium and purified water

were added and dissolved to obtain a coating solution with a total

amount of 1500 g and a pH of 8.5 to 9.0. EPA-E was used as the

capsule liquid. Then, seamless capsules were prepared and stored by

the same method as in Example 1. The formulation

CA 2803558 2017-10-24
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of the coating soclution is shown in Table 15.

[0069]
(Table 15]
Table 1o . i .
Ingredient Formulation (wt%)
Pravasialin sodium : m
Gelatin - - 20. 70
Sorbitol 2. 20
2. 10
- lo. 20
0. 5 mol/L aqueous sodium hydroxide solution |q.s.
Purified water _ Q. S.
Total - - [100. 00

[0070)

(Examples 1l6-1 to 16-15)

The methods described in Examples 1 to 15 are repeated
except that pravastatin sodium is replaced by rosuvastatin
calcium and EPA-E and the rosuvastatin calcium are used at
a formulation ratio of 720:1, thereby obtaining seamless
capsules with a diameter of about 4 mm or rotary solt
capsules. Then, the capsules are stored by the same method
as in Example 1. The formulation of each coating solution

i shown 1in Table 16.

[Table 16]
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Table 16 -
Example 16~ | 16~2 ] 16-3 | 164 | 16-5
4= PRd A"
Rosuvastatin calcium
{ Gelati“ e
Tt d gelatin
Tartaric ae¢id .
0,1» _ _
Concentraled Jah
Coating [Anhydrous cthanol
solution L diin AYGroRen Carpongis
Masmesiom metasilicate aluminate l
vdiun dihvdrogen phosphate dihvdrate — | (.80 0. 80 ﬂ
0.5 mol/L aqueous sodium hydroxide solution{ 4. . -
Purified water

Total
)

——— ——pel—

'xam-T§
1K1 €4

' ‘
-

[Rosuvastatin calciun

¥ ] | _
Succinylated gelatin
artaric acld
Sorbitol
Concentrated glycerin
Jihhips! 2 { NANC
Sodium_h drogen carbonaie

Coating
solution

n
>

AR n metasjlicate aluminate

Sodium dihydro S ‘

0.5 mol/L aqucous sodivm hydroxide solution
Purified walte
10(al

ol

xanple
nered el

et

Rosuvastatin calciun
Gelal]
Su
T3
Sa
sncentrated glveerin
Anhydrous ethang
Sodium h dro;cn_cgrbonatc _
1518 1 G L ALC AdlUMIRALS

Sodium dihvdrogen phosphate dihydrate
0.5 mol/L aqueous sodium hydroxide solution} ¢ .S,
Purifijed vater '
ots . 23
oy 8 5-9. (8. 5-9. 0[8.5-9. 0[7. 5-8. 5]8. 5-3. (

. i

] )
ccinylated gelatin
JAt

rbitol

Coating
solution

[0071])
(Comparative Example 1)
To the mixture obtained by mixing 372.6 g of gelatin,

39.6 g of sorbitol, 37.8 g of concentrated glycerin, 3.6 g
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of anhydrous ethanol and purified water, 10.8 g of
pravastatin sodium and purified water were added and
dissolved to obtain a coating solution with a total amount
of 1800 g and a pH of up to 7.0. Separately, anhydrous
ethanol in an amount corresponding to 1.5 wt¥% was mixed
with EPA-E and the mixture was used as the capsule liquid.
Then, seamless capsules were prepared and stored by the
same method as in Example 1. The formulation of the ccating

solution 1s shown in Table 17.

[0072]
[Table 171
Table 17 _ B
Ingredipnt - IFormulalion (wi%)
Pravastatin sodium 10. 60

Gelatinml__ | 20. 70
Sorbitol 2. 20 -

Coating

solution Concentrated glycerin 2. 10
Anhydrous ethanol 0. 20
Puri(fied wqter Q. S.
Total 100. 0O

(Comparative Example 2)
The mixture obtained by mixing 77.29 kg of gelatin,

34.16 kg of concentrated glycerin and purified water had a
total amount of 180 kg and a pH of up to 7.0 and was used

as the coating solution. Separately, 10.0 g of pravastatin
sodium was suspended 1n 900.0 g of EPA-E and the suspension

was used as the capsule liquid. Then, soft capsules were
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prepared and stored by the same method as in Example 11.

The formulation of the coating solution i1s shown 1n Table

18.

[0073]

[Table 18]
Table 18 B o
Ingredient ' _____—____—[F_o_rmulation (Wt %)

Gelatin

Coating |Concentrated glycerin
solution |Pyrified water

Total

(Test Example 1)

* Stabilization of pravastatin sodium (seamless capsules)
The respective seamlegs capsules in Examples 1 to 9

and 15 and Comparative Example 1 were kept at 40°C or 50°C

to perform an aging test. Pravastatin sodium analogs were

extracted from the seamless capsules at the beginning,

after the storage at 40°C and a relative humidity of 75%

(indicated as 75%RH in the table) for 4 weeks (indicated as

4W in the table) or after the storage at 50°C for 10 days,

and analyzed by high-performance liquid chromatography
(abbreviated as "HPLC") according to a conventional process.

The total amounts of the seamless capsule analogs are shown
in Table 19.
[0074]

[Table 19]



10

15

81698224

53

'able 169 - B B N - o o o
L__ B B Begiqping ] 40°C_75%RH 4W 50°C 10 days
Example 1 0. 145 ‘_] 0. 13% _-.. - R
Example 2 o 0. 195 B 0. 175 . -
| Example 3 0. 208 0. 508 _ ]
bxample 4 J. 21% o 0. 19% —~ |
Example 5 0. 19% B - o I_O. AT
Example 6 0. 205 - LU 19s _:_I
Example 7 0. 25% - 0. 25%

- — —_ — —_ j
| Example & | 0. 20% B o l 0. 19% o
IExample 9 0. 17% - 0. 19%
Comparative Example 15| 0. Z7% - 1. 005 N .
Comparative 0 0
Example | 1. 08% 8. 19% | —~ B __,

The total amount of the pravastatin sodium analogs 1in

Comparative Example 1 was more than 1% at the beginning and

increased to 8% or more after the high-temperature accelerated test,

whereas that in each of

Examples 1 to 9 was up to 0.50% not only at

the beginning but also after the high-temperature accelerated test.

The total amount of the pravastatin sodium analogs 1in Example 15 was

up to 0.50% at the beginning and 1% after the high-temperature

accelerated test. In other words,

the seamless capsules of the

present 1nvention exhibited a statin-stabilizing effect during the

manufacture and storage thereof. In particular,

Examples 1 to 9 1n

which a carbonate, a phosphate or a metasilicate aluminate was added

exhibited a particularly high statin-stabilizing effect during the

storage thereot.

[0075]

(Test Example 2)

* Suppression of modificaticn of gelatin

CA 2803558 2017-10-24
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Coating A, Coating B
Each of the coating solutions whose formulation 1s shown in
Table 20 was prepared, applied to a petri dish and dried to
prepare a gelatin coating. The thus prepared gelatin
coating was immersed in EPA-E, purged with nitrogen,
hermetically sealed and stored at 60°C for 10 days. Then,
the appearance of the coating was evaluated.

Coating C, Coating D

Each of the cecating solutions whose formulation is
shownni 1n Table 20 was prepared, formed into a bar shape
using 4 syringe and dried to prepare a bar-shaped gelatin
coating with a weight of about 0.3 g. The thus prepared
gelatin coating was immersed in EPA-E, purged with nitrogen,
hermetically sealed and stored at 50°C fo? 10 days. The
stored coating was dissolved in 900 ml. of hot water at 37°C.
The solution was filtered through a filter with a poxe size

of 1 um and the i1nsolubilization ratio (%} was calculated
by the following formula based on the dry weight of the
insoluble substance on the filter.

Insolubilization ratio (%) = {dry weight (mg) of insoluble

substance / weight (mg) of coating used in test} x 100

[Table 20]
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Table 20
[ngredient o JCoatmg—TCoatmg B|Coating C[Coatmg D
Pravastatin sodium 1 0. 60 0. 60 0. 60 0. 60
Gelatin o 20. 00 20. 70 20. 74 20. 71
Succinylated gelatin 2. 50 — — —
Hydrolvzed gelatin powder — — 3. 21 —
Tartaric acid - . 20 = —
Sorbitol ] 2. 20 2. 20 2. 20 —
Coating |Trehalose | — — — 2. 20
solutionfconcentrated glycerin .10 | 2.10 | 210
Anhydrous ethanol 0. 20 0. 20 0. 20 0. 20
Sodium hydrogexn carbonate 0. 32 0. 32 0. 32 0. 32
- - 1
0.5 mol/L aqueous sodium 2 - L -

hydroxide sq]ution B

Purificd waler Q. s.____] g. S. Q. S.

“ _ | 100 oo | 100.00 ] 100.00 ] 100.00
pH [ 7.5-8.0 ] 758075807580

Evaluation result of coating appearance i o ] B ~
(storage at 60°C [or 10 days) 800 go | -

£00( gaod

I SR

é;élﬁat1on result of lnsolublllzatlon
ratio (storage at 50° C for 10 days)

Evaluation of the coating appearance: good: no change from
the start of the test; poor: thin-film formation
Evaluation of the insolubilization ratiro: good: less than

0.3%; poor: 0.3% Oor more

In the coatings A and B in which succinylated gelatin
and tartaric acid were added, respectively, there was no
change in the coating appearance even after the storage at

60°C for 10 days. In the coatings C and D in which
hydrolyzed gelatin powder and trehalose were added,
respectively, the insolubilization ratio was less than 0.3%

even after the storage at 50°C for 10 days. That 1is,
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addition of succinylated gelatin, tartaric acid, hydrolyzed
gelatin powder or trehalose to the coating of the soft
capsule of the present invention was effective 1in
suppressing the modification or insolubilization of the
coating during the storage.

[0076]

(Test Example 3)
* Stabilization of pravastatin sodium (soft capsules
obtained by a rotary process)

The respective soft capsules in Examples 11 to 13 and
Comparative Example 2 were kept at 40°C to perform an aging
test. Pravastatin sodium analogs were extracted from the
soft capsules at the beginning and after the storage at
40°C and a relative humidity of 75% for 2 weeks or 4 weeks,
and analyzed by HPLC according to a conventional process.
The total amounts of the analogs of the soft capsules are

shown in Table 21.

[0077]

[Table 21]
Table 21 o o

Beginning 40°C TS%RH 2V ‘40"(3 4Y

xample 11 |0. 16 — — ). O1%
Fxample 12 0. 16% — 0. 58%
Example 13 [0. 19% - 0. 67%
omparative |l. 98% 12. 10% —

Exanple 2
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The total amount of the pravastatin sodium analogs in
Comparative Example 2 was more than 1% at the beginming and
increased to 12% or more after the storage at 40°C for 2
weeks, whereas that in each of Examples 11 to 13 was up to
0.7% not only at the beginning but also after the high-
temperature accelerated test. In other words, the soft
capsules of the present invention exhibited a statin-
stabilizing effect during the manufacture and storage

thereof.
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CLAIMS:

[Claim 1]
A compound preparatlion comprising:

at least one member selected from the group consisting of
w3 polyunsaturated fatty acids and pharmaceutically acceptable
salts and esters thereof, which 1s contained 1In a capsule

content; and
a capsule coating with a pH adjusted to 7.0 to 9.5

wherein said capsule coating comprises the following

components aj), b), and c):

a) at least one member selected from the group consisting

of water-soluble statin compounds,
b) a gelatin, and

c) at least one member selected from the group consisting

of a carbonate, metasilicate aluminate, and a phosphate.

[Claim 2]

The compound preparation according to claim 1, wherein the
component c¢) is at least one selected from the group consisting

of a carbonate and magnesium metasillicate aluminate.
([Claim 3]

The compound preparation according to claims 1 or 2,
wherein the capsule coating contains gelatin and at least one
member selected from the group consisting of succinylated

gelatin, an organic acid, hydrolyzed gelatin and trehalose.

CA 2803558 2017-10-24
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[Claim 4]

The compound preparation according to any one ot claims 1

to 3, wherein the water-scluble statin compounds comprise at

least one member selected from the group consisting of

pravastatin and rosuvastatin, and salts and hydrates thereof.

[Claim O]

The compound preparation according to claim 3, wherein the
organic acild 1s at least one member selected from the group

consisting of tartaric acid, citric acid, amino acids,

phosphorylated inositols, fumaric acid, succinic acid, lactic

aclid, malic acid and maleic acid.

CA 2803558 2017-10-24
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