Description

Title of Invention: SUSTAINED-RELEASE PHARMACEUTICAL COMPOSITION

Technical Field

[0001] The present invention relates to a sustained-release
pharmaceutical composition and a method of manufacturing a
sustained-release pharmaceutical composition.

[00G2] The present application claims priority from Japanese
Patent Application No. 2010-232113, which is hereby incorporated

by reference.

Background Art

[G003] Hitherto, a polymer material has been widely utilized
in a sustained-release pharmaceutical composition because it allows
a concentration of a drug in a tissue to be effectively retained
over a long period. The polymer material has such characteristics
that the material can bind a drug in a physical or chemical manner
andreleasesthedrugalongwithprogressionofitsinviveodegradation.
Such polymer material is exemplified by a cellulose derivative,
a starch derivative, a dextran derivative, a polysaccharide, a
protein, a polypeptide, an acrylic acid derivative, or a vinyl
derivative.

[0004] As a sustained-releasecharacteristicof adrugmediated
by a collagen as the protein, it is known that a sustained-release

pericd of a drug can be controlled to a short pericd (about several



days) to a long period (several months) by regulating a collagen
concentration. Forexample, Patent Literatureldisclosesthat when
the collagen concentration is reduced, degradation of a gelated
collagen centaining a drug is accelerated, sustained release of
the drug is also accelerated, and thus a drug efficacy period is
completed within a short period, and in contrast, that when the
collagen concentration is increased, degradation of a gelated
collagen is delayed, sustained release of the drug is also delayed,
and thus drug efficacy can be exhibited for a long periocd. However,
when the collagen concentration is high, a sophisticated technology
is required because of difficulty in formulation. Further, in
contrast, when the collagen concentration 1is low, although
operations such as injection into a tissue and addition and mixing
of a drug become easy, there is a problem, for example, in that
a drug sustained-release rate after injection into a tissue becomes
high, drug efficacy is exhibited within only a short period, and
sustained-release for a long period is not attained, with the result
that drug efficacy is not sufficiently obtained.

[0005] Patent Literature 2 discloses a local sustained-release
formulation for wound healing promotion ocbtained by mixing a carrier
containing a collagen as an essential constituent with a
physiclogically active substance having a wound healing promoting
activity. The carrier described in Patent Literature 2 1is
constructed of ingredients selected from the group consisting of

proteins such as a collagen and an albumin, carbohydrates such as



a chitin, and synthetic polymers. Patent Literature 2 discloses
that a sustained-release characteristic of a drug depends on dosage
forms such as a powder and a £film. However, it takes much time to
form the formulation into any of those dosage forms, and thus the
formulation is lack cof convenience. Further, Patent Literature 3
discloses a sustalned-release formulation containing a collagen,
a glycosaminoglycan as a polysaccharide, and a drug. Patent
Literature 3 discloses that the glycosaminoglycan controls
fibrillogenesis of the collagen and functions as a release control
factor for the drug. The sustained-release formulation of Patent
Literature 3 is a solid formulation, is formed into a dosage form
such as a needle or a stick, and hence is lack of convenience as
with the formulation described in Patent Literature 2.

[0006] It is known that a collagen solution undergoes gelation
when heated to around a body temperature in vitro, and it is also
known that addition of a sugar such as a monosaccharide or a
disaccharide to a collagen solution in advance inhibits gelation
of the solution (Non Patent Literature 1 and Non Patent Literature
2}, In astate in which the gelation is inhibited, it is considered
that a sustained-release characteristic of a drug mediated by a
collagen is not sufficiently exhibited. Hence, in applying the
collagen as a carrier for a sustained-release pharmaceutical, it
has been impossible to employ a technology for inhibiting gelation
using the collagen in combination with a sugar such as a

monosaccharide.
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Summary of Invention

Technical Problem

[0009] An object of the present invention is to provide a
pharmaceutical composition, including a drug and & collagen, in
which the composition is satisfactory in handieability and has

sustained-release property.

Sclution to Problem
[0010] It is known that the addition of a sugar to a collagen
solution inhibits the gelation of the solution. 1In contrast, the

inventors of the present invention have surprisingly found that



the in vivo administration of a collagen solution containing a sugar
results in the gelation of a collagen. Based on this finding, the
inventors have focused attention on the fact that a composition
containing a drug, a collagen, and a sugar can control the release
rate of the drug, and such composition can be used as a
sustained-release pharmaceutical composition. Thus, the present
invention has been accomplished.

[0011] That is, the present invention includes the following
items.

1. A sustained-release pharmaceutical composition, including: a
drug; a collagen; and at least one kind of sugar selected from
monosaccharides, disaccharides, trisaccharides, and
tetrasaccharides.

2. A sustained-release pharmaceutical composition according to the
above-mentioned item 1, in which the sugar has such a concentration
in the composition before administration to a body that the sugar
inhibits gelation of the collagen.

3. A sustained-release pharmaceutical composition according to the
above-mentioned item 1 or 2, in which the sugar includes at least
one kind of sugar selected from disaccharides and trisaccharides.
4. A sustained-reliease pharmaceutical composition according to the
above-mentioned items 1 to 3, inwhicha concentrationof the collagen
is 0.01 to 30% by weight, and a concentration of the sugar is 0.01
M to 3 M.

5. A sustained-release pharmaceutical composition according to any



one of theabove-mentioneditems 1 to 4, inwhichthecollagen includes
a collagen having a molecular weight of 1 kDa to 2,000 kDa.

6. A sustained-release pharmaceutical compesition according to any
one of the above-mentioconed items 1 to 5, inwhich thecollagen includes
atelocollagen.

7. A sustained-release pharmaceutical composition according to any
oneoftheabove-mentioneditemslto 6, inwhichthe sustained-release
pharmaceutical compositionisinaliquid formbefore administration
to a body, and has property of undergoing gelation after the
administration.

8. A sustained-release pharmaceutical composition according to any
oneof the above-menticneditemslto 7, inwhichthe sustained-release
pharmaceutical composition controls a release rate of the drug.
9. A sustained-release pharmaceutical composition according to any
one of the above-mentioned items 1 to 8, in which the drug includes
a protein.

10. A sustained-release pharmaceutical composition according to
any one of the above-mentioned items 1 to 9, in which the
sustained-release pharmaceutical composition includes an
angiogenesis regulator.

11. A sustained-release pharmaceutical composition according to
any cne of the above-mentioned items 1 to 10, in which the drug
includes bFGF.

12. A sustained-release pharmaceutical composition according to

any one of the above-mentioned items 1 to 11, in which the



sustained-release pharmaceutical compositionisina formofaliquid
formulation.

13. A sustained-release pharmaceutical compositicn according to
any one of the above-mentioned items 1 to 12, in which the
sustained-release pharmaceutical composition is administered by
an administration route selected from the group consisting of
intradermal administration, subcutaneous administration,
intramuscular administration, intracavity administration, direct
administration to an organ, and direct administration to a tissue.
14. A sustained-release pharmaceutical composition according to
any one of the above-mentioned items 1 to 13, in which the
sustained-release pharmaceutical composition is used for treatment
of a vascular occulsive disease and/or an ischemic disease.

15. A method of manufacturing a sustained-release pharmaceutical
composition, the method including mixing: a drug; a collagen; and
at least one kind of sugar selected from monosaccharides,
disaccharides, trisaccharides, and tetrasaccharides.

16. A method of manufacturing a sustained-release pharmaceutical
composition according to the above-mentioned item 15, in which the
sugar has such a concentration that the sugar inhibits gelaticn
of the ccllagen.

17. A sustained-release base, including: a collagen; and at least
one kind cf sugar selected from monosaccharides, disaccharides,
trisaccharides, and tetrasaccharides.

18. A sustained-release base according to the above-menticned item



17, in which the sustained-release base is in a liquid form.
19. A sustained-release base according to the above-mentioned item
17 or 18, inwhich the sustained-release base is used for manufacture
cof a sustained-release pharmaceutical composition.

20. A method of controlling a drug release rate from a
sustained-release pharmaceutical composition, themethod including

blending a collagen with at least one kind of sugar selected from

monosaccharides, disaccharides, trisaccharides, and
tetrasaccharides in a sustained-release pharmaceutical
composition.

Advantageous Effects of Invention

f0012] According to the sustained-release pharmaceutical
composition of the present invention, it is possible to achieve
the controlled release of the drug as an active ingredient in an
embodiment mode using immediately effective release and slow
sustained release in combination in wvivo. According to the
sustained-release pharmaceutical composition of the present
invention, immediately effective drug release can be attained by
virtue of the fact that theadditionof the sugar inhibits the gelation
of the collagen in the initial period after the administration,
and slow sustained-release can be attained by virtue of the fact
that the in vivo gelation of the collagen occurs in a time-dependent
manner after the administration, resulting in a reduction in release

rate of the drug.



Further, in general, in the preparation of a pharmaceutical
composition having added thereto a collagen, it is necessary to
manage a temperature so as to prevent the gelation of the collagen.
In the sustained-release pharmaceutical composition of the present
invention, the addition of the sugar to the collagen inhibits such
gelation, which can facilitate a preparation operation at rocom

temperature.

Brief Descripticn of Drawings

[0013] [FIG. 1] A graph showing a collagen gelation inhibiting
action of sugar addition. In the figure, "a" shows the result in
the case of a ceollagen only, "b" shows the result in the case of
blending a collagen and 0.01 M sucrose, and "c" shows the result
in the case of blending a collagen and 0.25 M sucrose (Reference
Example 1).

[FIG. 2] A graph showing the results of confirmation of the influence
of sugar addition on a drug release rate in vitro. In the figure,
the filled circle shows the result in the case where sucrose is
present, and the open circle shows the result in the case where
sucrose is absent (Example 1).

[FIGS. 3] Photographs showing the results of confirmation of an
influence of theblending order of respective ingredientsoncollagen
gelaticn in vivo. FIGS. 3a to 3¢ show the results of the respective
formulations described in Example 2, and FIG. 3d shows the result

of a formulaticn as a contrel. P means lysczyme, S means sucrose,



and AC means atelccollagen (Example 2).

[FIG. 4] A graph showing the results of confirmation of an influence
of a blending orxder on a drug release rate in vivo (Example 3).
[FIGS. 5] Photographs showing the results of confirmation of an
influence of the kind of a drug on collagen gelation in vivo. FIG.
5a shows the result in the case where the drug is transferrin, FIG.
5b shows the result in the case where the drug is phosphorylase
b, FIG. 5c shows the result in the case where the drug is myosin
heavy chain, FIG. 5d shows the result in the case where the drug
is ferritin type I, and FIG. 5e shows the result in the case where
the drug is thyrogloblin (Example 4).

[FIGS. 6] Photographs showing the results of confirmation of an
in vivo angiogenesis promoting action of a sustained-release
pharmaceutical composition containing bFGF as a drug. FIG. 6a shows
the result of a formulation containing 2 mg/mL b¥GF, 0.25 M sucrose,
and a collagen at 3% [w/v], FFIG. 6b shows the result of a formulation
containing 2 mg/mL bFGF and a collagen at 3% [w/v] and containing
ne sucrose, and FIG. 6¢ shows the result of a formulation containing
no bFGF and no sucrose and containing a collagen only at 3% [w/v]
(Example 5).

[FIG. 7] Agraph showing the results of confirmation of drugefficacy
of a sustained-release pharmaceutical composition containing bFGF
as a drug on & mouse model of hindlimb ischemia (Example 6).
[FIGS. 8] Graphs showing the results of phase I and II clinical

trialsperiormed for a sustained-release pharmaceutical composition
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containing bFGF as a drug (Example 7).

[FIGS. 9] Graphs showing the results of confirmation of influences
of sugar addition on the gelation of various collagens in vitro.
In the figures, "a" shows the result of a formulation containing
no lysozyme and no sucrose and containing a collagen only at 0.1%
[w/v], "b" shows the result of a formulation containing no lysozyme
and containing 0.25 M sucrose and a collagen at 0.1% [w/v], and
"c" shows the result of a formulation containing 10 mg/mL lysozyme,
0.25 M sucrose, and a collagen at 0.1% [w/v] (Reference Example
2).

[FIGS. 10] Graphs showing the results of confirmation of influences
of addition of various sugars on collagen gelation in vitro. In

"

the graphs of glucose and fructose, "a" shows the result of a
formulationcontainingno sugar, "b" shows the result of a formulation
containing a sugar at a concentration of 0.05 M, "c" shows the result
of a formulation containing a sugar at a concentration of 0.125
M, "d" shows the result of a formulation containing a sugar at a
concentration of 0.25 M, and "e" shows the result of a formulation
containing a sugar at a concentration of 0.5 M. In the graphs of
sucrose andmaltose, "a" shows the result of a formulation containing
no sugar, "b" shows the result of a formulation containing a sugar
at a concentration of 0.05 M, "c" shows the result of a formulation
containing a sugar at a concentration of 0.125 M, and "d" shows

the result of a formulation containing a sugar at a concentration

of 0.25 M. In the graph of raffinose, "a" shows the result of a
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formulation contailning nc sugar, and "b" shows the result of a
formulation containing a sugar at a concentration of 0.05 M. 1In
the graph of stachyose, "a" shows the result of a formulation
containing no sugar, "b" shows the result of a formulation containing
& sugar at a concentration of 0.05 M, and "c" shows the result of
a formulation containing a sugar at a concentration of 0.125 M.
In the graph showing a comparison among the sugars at 0.05 M, "a"
shows the result of a formulation containing no sugar, "b" shows
the result of a formulation containing glucose, "c" shows the result
of a formulation containing maltose, "d" shows the result of a
formulation containing raffinose, and "e" shows the result of a
formulation containing stachyose (Reference Example 3).

[FIG. 11] A graph showing the result of confirmation of an influence
of addition of stachyose (tetrasaccharide) on cocllagen gelation
in vitro. In the figure, "a" shows the result of a formulation
containing no stachyose, and "b"™ shows the result of a formulation
containing stachyose (Reference Example 3).

[FIGS. 12] Graphs showing the results of confirmation of influences
of addition cof maltotetraose (tetrasaccharide) and maltopentaocse
(pentasaccharide) on collagen gelation in vitro. In the figures,
"a" shows the result of a formulation containing no sugar, "b" shows
the result of a formulation containing a sugar at 0.05 M, and "c"
shows the result of a formulation containing a sugar at 0.125 M
(Reference Example 4).

[FIGS. 13] Graphs showing the results of confirmation of influences
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of addition of a sugar on gelation of a collagen at wvarious
concentrations in vitro. In the figures, "a" shows the result of
a formulation containing a collagen at 3% [w/v], and "b" shows the
resultofaformulationcontainingacollagenat0.4% [w/v] (Reference
Example 5).

[FIG. 14] A table showing the results of confirmation of influences
of addition of various sugars on gelation of a collagen in vitro
(Reference Example 6}.

[FIGS. 15] Photographs showing the results of confirmation of
influences of addition of a sugarongelationof a collagen at various
concentrations in wvivo. In the figures, the numerical value
described on the left of each photograph represents a concentration
of a collagen in a formulation (Example 8).

[FIGS. 16] Photographs showing the results of confirmation of
influences of changes in kind of a sugar on gelation of a collagen
invivo. FIGS. l6atol6éjshowtheresultsof formulationscontaining
sugars shown in Table 3 (Example 9).

[FIGS. 17] Photographs showing the results of confirmation of
influences of addition of a sugar ongelation of a collagen at various
concentratiens in vivo. In the figures, "a" shows the result of
a formulation containing a collagen at 1% [w/v], and "b"™ shows the
result of a formulation containing a collagen at 0.5% [w/v] (Example
10).

[FIG. 18] A graph showing the results of confirmation of addition

of various sugars on gelation of a collagen in vitro. In the figure,
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"a" shows the result in the case of containing no sugar, "b" shows
the result in the case of containing sucrose, "c" shows the result
in the case of containing glucose, and "d" shows the result in the
case of containing glucuronic acid (Reference Example 7).

[FIGS. 19] Charts showing the results of confirmation of an in vivo
drug sustained-release ability of a sustained-release
pharmaceutical composition containing thyroglobulin as a drug
(Example 11).

[FIGS. 20] Photographs showing the results of confirmation of in
vivo gelation of a sustained-release pharmaceutical composition
containing thyroglobulin as a drug (Example 11).

[FIG. 21] A graph showing the results of confirmation of a
time-dependent change in in vivo drug release amount of a
sustained-release pharmaceutical composition containing

thyroglobulin as a drug (Example 11).

Description of Embodiments

[0014] The present invention relates to a sustained-release

pharmaceutical composition, including: a drug; a collagen; and at

least one kind of sugar selected frommonosaccharides, disaccharides,
trisaccharides, and tetrasaccharides.

[0015] By virtue of containing the at least one kind of sugar,

the sustained-release pharmaceutical composition of the present

invention is in a ligquid form before in vivo administration, and

underdoes gelation after in vivo administration. The gelation of
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the sustained-release pharmaceutical composition of the present
invention is inhibited by the presence of the sugar immediately
after in vivo administration, but the inhibition of the gelation
of the cocllagen by the sugar is cancelled as the sugar gradually
diffuses in the 1iving body, and the collagen is estimated to restore
its intrinsic property and undergo gelation. That is, the gelation
of the sustained-release pharmaceutical composition of the present
invention slowly progresses after administration to a living body,
and a drug sustained-release action can be finally exhibited. The
sustained-release pharmaceutical composition of the present
invention 1is considered to have immediate-release property
immediately after administration to a living bedy. As described
above, the sustained-release pharmaceutical composition of the
present invention has immediate-release property and
sustained-release property, and has a controlled drug release rate.
[C016] In the present invention, the phrase "has
immediate-releaseproperty" means that a pharmaceutical composition
releases an effective amount of a drug in a period from immediately
afteradministrationtoagiventime (initialperiod). Intheinitial
period, the pharmaceutical composition of the present invention
releases a drug at a rate comparable to or slightly slower than
that of a composition containing no collagen, and at a rate faster
than that of a compositicn containing a collagen only and containing
nosugar. Forexample, thepharmaceutical compositionof thepresent

invention can release a drug in an amount sufficient to provide
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a subject with an initial loading dose of the drug within a time
¢f 5 hours or less, 2 hours or less, 1 hour or less, or about 30
minutes or less.

[0017] Further, din the present invention the phrase "has
sustained-releaseproperty” means that apharmaceutical composition
releases a drug in a sustained manner for a long period as compared
toacompositioncontainingnocollagentomaintainthe concentration
of the drug in vivo at an appropriate one. For example, the
pharmaceutical composition of the present invention can release
a drug in an amount sufficient to provide a 1living body of a subject
with a continuous maintenance dose of the drug for the following
period: after a lapse of 12 hours or more, after a lapse of 16 hours
or more, or after a lapse of 1 day or more after administration
and up to about 3 days, up to about 1 week, or up to about 1 month
after administration; or after a lapse of 1 month or more and up
to about 6 months after administration.

[0018] In addition, in the sustained-release pharmaceutical
composition of the present invention, it is considered that a drug
releaseratecanbemore freelycontrolledbyappropriately adjusting,
for example, the concentrations, blending ratios, andblending order
of ingredients including a drug, a collagen, and a sugar. In the
sustained-release pharmaceutical composition of the present
invention, aninitial drugrelease amount canbe increasedas compared
to a conventional composition containing a collagen only and

containing no sugar, and immediate-release property canbe imparted.
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For example, when a test is performed under the conditions described
inExamplel tobedescribed later, adrugrelease ratecanbe regulated
within such a range that a drug elution amount (cumulative drug
release amount) 0 to 6 hours after the start of elution is increased
by about 5 to 30% and a drug elution amount (cumulative drug release
amount) 6 to 48 hours after the start of elution is increased by
30 to 50% as compared to a conventicnal composition containing a
collagen only and containing no sugar. It should be noted that each
of those numerical values is an example of an initial drug release
rate (a time range in which immediate-~release property is exhibited
and a cumulative drug release amount in the time range) in the
sustained-release pharmaceutical composition of the present
invention, and the initial drug release rate in the present invention
is not limited thereto and can be controlled by the kinds and
concentrations of a drug, a sugar, and a collagen.

[0019] The pharmaceutical composition of the present invention
is in a liquid form before administraticn to a body and has property
of undergoing gelation after the administration. The gelation of
the pharmaceutical composition of the present invention is probably
due to a collagen. It is known that the gelation of the collagen
generallyoccursunderphysiclogical conditions. Thephysiological
conditions mean the conditions of a temperature of 2 to 45°C, a
pH of 4.0 to 10.0, and a salt concentration of 0.01 te 3.0 M. The
pharmaceutical composition of the present invention is still in

a liquid form and does not undergo gelation even when placed under
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physiological conditions before administered to a body. Further,
the liquid form and gelated state in the present invention may be
distinguished fromeachother bymeasuringaturbidity. Forexample,
the turbidity may be confirmed by measuring an absorbance at 400
nm. The property of undergoing gelation means having such property
that an absorbance at 400 nm increases, for example, such property
that the absorbance increases to about 1.0, when a composition
containing a collagen is placed under physiological conditions.
[0020] The sugar contained in the sustained-release
pharmaceutical composition of the present invention 1s at least
one kind of sugar selected from monosaccharides, disaccharides,
trisaccharides, and tetrasaccharides. Examples of the
monosaccharides include: pentoses such as xylose, arabinose, and
ribose; hexoses such as glucose, mannose, galactose, fructose, and
fucose; sugar alcohols such as inositol and erythritol; amino sugars
such as glucosamine; and uronic acids such as glucuronic acid.
Examples of the disaccharides include sucrose, maltose, lactose,
trehalose, and isomaltose. Examples of the trisaccharides include
raffinose. Examples of the tetrasaccharides include stachyose.
The sugar contained in the sustained-release pharmaceutical
composition of the present invention is preferably at least one
kind of sugar selected from disaccharides and trisaccharides, more
preferably a disaccharide. A disaccharide and a trisaccharide are
preferred from the viewpoint of handleability in the preparation

of thepharmaceutical compositionaswell. Inthepresent invention,
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when the sustained-release pharmaceutical composition is produced
by allowing a collagen to coexist with polysaccharides including
penta- or more saccharides in place of at least one kind of sugar
selected from monecsaccharides, disaccharides, trisaccharides, and
tetrasaccharides, it is considered that a drug sustained-release
rate cannot be regulated because drug sustained-release property
by the collagen is not substantially affected.

[0021] The concentration of the sugar in the sustained-release
pharmaceutical composition ¢of the present invention is one at which
the sugar is capable of inhibiting gelation mediated by the collagen
at a final concentration in the pharmaceutical composition, and
is such a concentration that the pharmaceutical composition of the
present invention does not undergo gelation even when placed under
physiclogical conditions. In addition, the concentration of the
sugar in the pharmaceutical composition of the present invention
may be increased or decreased depending on the addition of other
ingredients in the pharmaceutical compositiocn, and is preferably
adjusted to an isotonic concentration with respect to an osmotic
pressure in vivo as a whole. For example, the concentration of the
sugar is0.01 t0o 3.0M, preferably 0.05to 1.0M, still more preferably
0.1 to 0.5 M, When the concentration of the sugar is less than 0.01
M, there is a problem in that a gelation inhibiting effect is not
obtained. When the concentration is more than 3.0 M, there is a
problem in that the gelation of the collagen is completely inhibited

and the composition does not exhibit drug sustained-release
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property.

[0022] It should be noted that, in the sustained-release
pharmaceutical composition of the present invention, by changing
the kind and concentration of the sugar, it is possible to regulate
a drug release rate and to regulate a balance between
immediate~release property immediately after administraticn to a
living body and sustained-release property due to the gelation of
the collagen. The balance between immediate-release property and
sustained-release property may be regulated depending on, for
example, the kind of the drug. For example, when the
sustained-release pharmaceutical composition of the present
invention contains a disaccharide or a trisaccharide, the
composition has a relatively high ability to suppress the gelation
of the collagen, and hence can realize a higher local concentration
through drug release in an initial period after administration,
which enables immediately effective drug release. Meanwhile, when
the sustained-release pharmaceutical composition of the present
inventicn contains a monosaccharide or a tetrasaccharide, the
compesition has a relatively low ability to suppress the gelation
of the collagen, and hence can reduce a drug release rate as compared
to a formulation containing a disaccharide or a trisaccharide. The
concentration of the sugar in the sustained-release pharmaceutical
composition of the present invention is as described above, and
is exemplified by the following concentrations: preferably 0.05

M to 0.3 M in the case of a disaccharide; preferably 0.01 M to 0.3
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M in the case of a trisaccharide; preferably 0.05 M to 0.5 M in
the case of a monosaccharide; and preferably 0.05 M to 0.3 M in
the case of a tetrasaccharide.

[0023] The collagen in the sustained-release pharmaceutical
composition of the present invention may be any collagen as long
as 1t can undergo gelation under physiclogical conditions. The
collagen is distinguished from gelatin as a denatured product of
the collagen. The collagen has a triple-helical structure formed
of an assembly of three helical polypeptide chains, whereas gelatin
does not have such structure. The triple-helical structure in the
collagen is formed of molecules each including a repeating sequence
of (Gly-X-Y), (X and Y each represent any aminc acid). Themolecular
weight of the collagen in the pharmaceutical composition of the
present invention is 1 to 2,000 kDa, preferably 10 to 1,000 kDa,
more preferably 100 to 500 kDa. When the molecular weight of the
collagen is less than 1 kDa, for example, there is a problem in
that the gelation of the collagen does not occur under physiological
conditions. When the molecular weight is more than 2,000 kDa, for
example, there is a problem in that the gelation occurs even under
conditions other than the physiological conditions, which makes
it difficult to handle the formulation. It should be noted that
the molecular weight as used herein means a total molecular weight,
and is generally measured by a GPC method or the like.

[0024] In the present invention, there may be used as the

collagen, for example, ateloccllagen obtained by treatment with
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a protease such as pepsin (Stenzel et al., Collagen as a biomaterial,
Annual Review of Biophysics and Bioengineering, (1974) 3, 231) as
well as various types of natural collagens. As the atelocollagen,
there may be used atelocollagen derived from any of various living
beings such as a chicken, cattle, a pig, and a human. Further, a
chemically modified collagen, & collagen-like molecule in which
synthetic polypeptides each inciuding a repeating segquence of
Gly-X-Y {X and Y each represent any amino acid) such as (Pro—-Hyp-Gly)s
forma triple helix, or the like may be used as long as it can undergo
gelation under physiological conditions. For example, gelatin or
a collagen peptide does not undergo gelation under physiological
conditions, and hence is not preferred as the ccllagen to be used
in the sustained-release pharmaceutical composition of the present
invention.

[0025] The concentration of the collagen in the present
invention may be any concentration as long as it is such a
concentration that gelation occurs under physiclogical conditions
at the final concentration in the pharmaceutical composition. For
example, the concentration of the collagen is 0.01 to 30% by weight
(% [w/v]), preferably 0.05to20% byweight (% [w/v]), morepreferably
0.1tol0%byweight (% [w/v]). Whentheconcentrationofthecollagen
is less than 0.01% by weight (% [w/v]), for example, there is a
problem in that the gelation of the collagen does not occur. When
the concentration is more than 30% by weight (% [w/v]), for example,

there is a problem in that the sustained-release pharmaceutical
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composition of the present invention cannot be handled as a solution.
[0026] The blending ratio of the collagen to the sugar in the
sustained-release pharmaceutical composition of the present
invention has only to be such a blending ratio that the sugar is
capable of inhibiting the gelation of the collagen. For example,
with regard to the blending ratio of the collagen to the sugar,
the weight (g) of the sugar with respect to 1 part by weight (1
g) of the collagen has only to be 1:0.005 to 1:5,000, and has only
to be preferably 1:0.01 to1:1,000, more preferably 1:0.02 to 1:500,
still more preferably 1:0.1 to 1:100. When the weight (g) of the
sugar with respect to 1 part by weight (1 g) of the collagen is
less than 0.005, for example, there is a problem in that an effect
of inhibiting gelation is not obtained. When the weight is more
than 5,000, for example, there is a problem in that the gelation
of the collagen is completely inhibited, and thus the composition
does not exhibit drug sustained-release property. Further, it
should be noted that the gelation may be inhibited at a higher level
by increasing the weight {g) of the sugar with respect to 1 part
by weight (1 g) of the collagen, to thereby produce a pharmaceutical
composition having a high proportion of immediate-release property.
[0027] In the sustained-release pharmaceutical composition of
the present invention, the collagen is present as a collagen solution
by being dissolved in a medium. Any medium may be used as the medium
as long as it satisfies a pH and a salt concentration under

physioclogical conditions. For example, there may be used a medium
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such as purified water for injection, physiclogical saline, or a
buffer (e.g., a physiological phosphate buffer, an acetate buffer,
or a citrate buffer).

[0028] The sustained-release pharmaceutical composition of
the present invention contains a drug as an active ingredient. The
drug has only to be a physiologically active substance having an
action of preventing and/or treating a disease or a pathologic
condition. Examples of the drug include physiologically active
substances having actions of promoting tissue regeneration and of
promoting and enhancing a physiological action, and ones used as
general pharmaceuticals such as an anti-cancer agent and an
antibiotic. The drug may be any of a protein, a peptide, a
glycoprotein, a polysaccharide, a nucleic &acid, and a
low-molecular-weight compound. Of those, a protein, a peptide, or
a glycoprotein is preferred. 1In the present invention, the peptide
is a molecule in which two or more amino acids are bound together,
and the protein and the peptide have substantially the same meaning.
The glycoprotein has a sugar chain bound to a protein. The protein
as the drug in the present invention may be any protein, and for
example, one having a molecular weight of 1 to 1,000 kDa may be
used.

[0029] Examples of the protein, the peptide, and the
giycoprotein include a fibroblast growth factor (FGF), an epidermal
growth factor {EGEF), a nerve growth factor (NGF), an insulin-like

growth factor (IGF), a colony stimulating factor (CSF), a
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granulocyte-colony stimulating factor (G-CSF), a transforming
growth factor (TGF), a vascular endothelial growth factor (VEGF),
a growth hormone (GH), erythropoietin (EPQO), a hepatocyte growth
factor (HGF), & tumor necrosis factor (INF-a) , lymphotoxin (TNF-B),
an interleukin, an interferon, insulin, parathyroid hormone {PTH),
a platelet-derived growth factor (PDGF), a vaccine antigen, an
antibody, lysozyme (cell wall digesting enzyme), serrapeptase
(anti-inflammatory enzyme preparation), and Pronase
(anti-inflammatory enzyme preparation). The FGF is preferably
basic fibroblast growth factor (bFGF).

[0030] Examples of the nucleic acid include: a gene encoding
an enzyme, a hormone, a cytokine, a colony stimulating factor, a
coagulation factor, a regulatory protein, a transcription factor,
areceptor,orastructuralprotein;andanantisenseoligonucleotide,
siRNA, miRNA, RNA, DNA, or aptamer targeting such gene and formed
of a single-stranded or double-stranded nucleic acid formed of an
oligonucleotide or an oligonucleoside.

[0031] The concentration of the drug in the sustained-release
pharmaceutical composition of the present invention has only to
be one sufficient to exhibit an action of preventing and/or treating
a disease or a pathological condition in vivo of a subject (patient)
to which the sustained-release pharmaceutical composition of the
present invention is administered. The concentration of the drug
has only to be comparable to the effective concentration of a

pharmaceutical to be generally used. Further, the concentration

25



may be a concentration at which it has been clarified that
effectiveness is exhibited by the drug only. However, a case where
themixingwiththecollagendecreasesor increases the concentration
at which the effectiveness is exhibited as compared to the case
of the drug only is also envisaged. The sustained-release
pharmaceutical composition of the present invention is preferably
topically used, and hence the concentration of the drug in the
sustained-release pharmaceutical composition has only to be
determined focusing on the local concentration of the drug.
[0032] The sustained-release pharmaceutical composition of
the present invention may further contain a pharmaceutically
acceptable carrier. When the sustained-release pharmaceutical
composition of the present invention is an injectable injection,
for example, a dispersant, a surfactant, a tonicity agent, a pH
adjusting agent, a soothing agent, a stabilizer, a preservative,
or a colorant may be used as the pharmaceutically acceptable carrier
as necessary.

[0033] The sustained-release pharmaceutical composition of
the present inventionispreferablyusedparenterallyasaninjection.
For example, theadministration of the compositionmaybe intradermal
administration, subcutaneous administration, intramuscular
administration, intracavity administration, or administration to
anorgancor atissue. Further, the sustained-releasepharmaceutical
composition of the present invention may be administered to

vertebrates (suchas: fishes; amphibians; reptiles; birds including
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a chicken and the like; and mammals including a mouse, a rat, a
rabbit, a cat, a dog, cattle, a pig, a horse, a goat, a sheep, a
monkey, a human, and the like) as subjects.

[0034] When the drug is a physiologically active substance
exhibitinganangliogenesis regulatingaction, the sustained-release
pharmaceutical composition of the present invention may be used
as an anglogenesis regulator. In the present invention, the
angiogenesis regulation means an action of promoting and/or
inhibiting angiogenesis. Examples of the physiologically active
substance exhibiting an angiogenesis regulating action include FGF
{(preferably bFGF), PDGF, VEGF, HGF, G-CSF, fumagillin, bevacizumab,
ranibizumab, a reccombinant human moncclonal Fab antibody that
neutralizes active forms of vascular endothelial growth factor A
(VEGF-A)), cimetidine, celecoxib), azaspirene, and pegaptanib
(nucleic acid pharmaceutical). Of those, bFGF is preferred.
[0035] When the angiogenesis requlator of the present invention
is administered to a living body, the local concentration of the
physiologically active substance exhibiting an angiogenesis
regulating action as an active ingredient increases early and the
substance can be released in a sustained manner over a lcong period
and kept at an appropriate concentration. Hence, the angiocgenesis
regulator may be used for various treatment applications using an
angiogenesis regulating action.

[0036] When the physiologically active substance exhibiting

an angiogenesis regulating action is bFGF, the substance is released
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in an amount sufficient to provide a subject with an initial loading
dose of bFGF within a time of 2 hours or less, 1 hour or less, 30
minutes or less, or about 10 minutes or less. It is meant that the
angiogenesis regulator isreleasedinanamount sufficient toprovide
a subject with & continuous maintenance dose of bFGF for a time
of 12 hours or more, 16 hours or more, or 20 hours or more and up
to about 24 hours, up to about 28 hours, or up to about 32 hours
after administration. For example, the angiogenesis regulator can
be prepared so that the final concentration of bFGF is 25 ug/mi,
to thereby set the dosage (dose) of bFGF at the local site of a
subject to about 100 to about 500 pg, preferably about 200 ug.

[0037] The angiogenesis regulator of the present invention may
be applied to, for example, angiogenesis promotion, angiogenesis
inhibition, tissue regeneration, wound healing, bone disease
treatment, periodontal disease treatment, cartilage disease
treatment, or cancer treatment. The anglogenesis regulator is
preferably used for angiogenesis promotion or tissue regeneration.
As a disease expected to improve its symptom through angiogenesis
promotion and/or tissue regeneration by the angiogenesis regulator
of the present invention, therearegiven vascular occculsive diseases
and ischemic diseases concurrent to the vascular occlusion ingeneral.
Specifically, the disease is any of chronic arterial occlusive
diseases in general and examples thereof include arteriosclerosis
obliterans, Buerger's disease, diabetic gangrene, myocardial

infarction, and angina pectoris.
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[0038] The dosage of the angiogenesis regulator of the present
invention may be appropriately adjusted depending on, for example,
a disease to be treated and the age and body weight of a patient.
For example, the dosage in terms of bFGF is generally selected from
the range of about 0.01 to about 500 ng, preferably the range of
about 1 to about 300 pg, per adult human patient, and can be injected
into an affected site or a peripheral site thereof. Further, when
the effect 1in single administration is insufficient, the
administration may also be performed a plurality of times.
[0039] The sustained-release pharmaceutical composition of
the present inventionmaybe producedbymixing ingredients including
a drug, a collagen, and a sugar at predetermined concentrations
and blending ratios. In this case, the blending order of the drug,
the collagen, and the sugar is not particularly limited, and for
example, the composition may be produced by blending the ingredients
in any cof the following orders.
(1) A collagen is added to a mixture containing a drug and a sugar.
(2) A sugar is added to a mixture containing a drug and a collagen.
{3) A drug is added to a mixture containing a sugar and a collagen.
Further, it is considered that a drug release rate may be
controlledmore freelybyappropriatelyadjustingtheconcentrations,
the blending ratios, and the blending order.
[0C40] In addition, the present invention also encompasses a
sustained-release base, including: a collagen; and at least one

kind of sugar selected from monosaccharides, disaccharides,
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trisaccharides, and tetrasaccharides. The sustained-release base
means a solvent or base for the sustained-release pharmaceutical
composition. Thesustained-releasepharmaceutical compositionmay
be produced by adding a drug as an active ingredient to the
sustained-release base of the present invention, followed bymixing.
[0041] In the present invention, at least one kind of sugar
selected from monosaccharides, disaccharides, trisaccharides, and
tetrasaccharides can be allowed to be present in a pharmaceutical
composition containing a drug and a collagen, to thereby impart
immediate-release property and sustained-release property to the
pharmaceutical composition. Thus, there is also provided a method
of controlling a drug release rate.

[0042] In the methed of manufacturing a sustained-release
pharmaceutical composition or method of controlling a drug release
rate of the present invention, in consideration of the gelation
of the collagen, in a state in which the sugar is absent, a blending
operation i1s preferably performed at a temperature at which the
collagen is not denatured, preferably at a low temperature of 2
to 10°C, and in a state in which the sugar is present, a mixing

operation may be performed at 0 to 50°C, more preferably 10 to 40°C,

Examples
[0043] Hereinafter, the present invention is specifically
described by way of Reference Exampliles and Examples showing the

contents of the present invention. However, the present invention
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is by no means limited thereto.
[0044] {Reference Example 1) Spectroscopic evaluation of
influence of sugar on gelation ability of collagen solution

Specifically, a sucrose solution was added to a collagen
solution (pH 7.4, final concentration: 3% [w/v]) (product name:
KOKEN ATELOCOLLAGEN IMPLANT) so that the final concentration was
0, 0.01, or 0.25 M, followed by mixing. The mixed solution was
measured for its time-dependent change in absorbance at 400 nm with
a spectrophotometer while being heated at 37°C.
[0045] FIG. 1 shows the results. In the figure, "a" shows the
result in the case of a collagen only, "b" shows the result in the
case of a blend cof a collagen and 0.01 M sucrose, and "c¢" shows
the result in the case of a blend of a collagen and 0.25 M sucrose.
Thecollagensolutiontowhichno sucrosewas addedunderwent gelation
in about 10 minutes. In each of the cecllagen solutions toc which
sucrose was added, 1its gelation was delayed in a sucrose
concentration-dependent manner.
[0046] (Example 1) Confirmation of influence of sugar on drug
release from collagen

The influence of a sugar on drug release from a collagen was
confirmed through use of lysozyme (final concentration: 2 mg/mL)
(Sigma-Aldrich Corporation) as a drug.

Lysozyme was dissolved in a physiological buffer (PBS, pH7.4)
containing sucrose (final concentration: 0.05 M) or a physioleogical

buffer containing no sucrose. After that, the solution and an
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atelocollagen sclution (final concentration: 3% [w/v]) (product
name: KOKEN ATELOCOLLAGEN IMPLANT) were mixed and formulated. The
resultant formulation was gently added to a solution containing
PBS as an external liquid in a test tube, followed by heating at
37°C, and the amount of the lysozyme released into the external
liquid in a time-dependent manner was measured by HPLC (system
integrator: C-R7A [Shimadzu Corporation], systemcontroller: SCL-6B
[Shimadzu Corporation], pump: LC-9A [Shimadzu Corporation],
degasser: ERC-3522 [Elma], detector: SPC-6AV [Shimadzu Corporation],
column: Cosmosil C18-AR [NACALAI TESQUE, INC.]).

Conditions for the measurement were as follows:
Initial eluent: 30% acetonitrile solution containing 0.1%
triethylamine (TEA)
Final eluent: concentration-gradient elution with 45%
acetonitrile sclution containing 0.1% TEA

rate: 1 mL/min

Flution time: 30 minutes
Detection wavelength: 220 nm
[0047] FIG. 2 shows the results. Inthe figure, theopencircle

shows the result in the case where sucrose 1s absent, and the filled
circle shows the result in the case where sucrose is present. The
amount of the lysozyme released into the external liquid was found
to be large in the case of containing sucrose as compared to the
caseofcontainingnosucrose. Theresultsrevealedthat theaddition

of the sugar accelerated drug release from the collagen solution,
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resulting in an increase in initial drug release amount.
[0048)] (Example 2) Confirmaticn of influence of formulation
procedure on in vivo gelation of collagen

The following three kinds of ingredients were mixed in
different orders and formulated as shown in the following items
a) to ¢): lysozyme (MW: 14 kDa) (final concentration: 2 mg/mL);
sucrose (final concentration: 0.25 M); and atelocollagen (final
concentration: 3% [w/v]) ({(product name: XOKEN ATELOCCLLAGEN
IMPLANT) .

a) (P+S)+AC formulation: First, Lysozyme and sucrose were mixed,
and next atelocollagen was added to prepare a formulation.

b) {(P+AC)+S formulation: First, lysozyme and atelocollagen were
mixed, and next sucrose was added to prepare a formulation.

c) (S+AC)+P formulation: First, sucrose and atelocollagen were mixed,
and next lysocozyme was added to prepare a formulation.

An AC formulation formed only of atelocollagen was used as
a control formulation.

100 pL of each of the formulations according to the
above-mentioned items a) to c¢) were administered to the dorsal
subcutisofmice (DDY, female, 20-week~old). Thepresenceorabsence
of gelation of atelocollagen in vivo was confirmed 24 hours after
the administration to the mice.

[0049] FIGS. 3 show the states of the respective formuliations
in vivo after 24 hours. FIGS. 3a to 3c show the results of the

respective formulations according to the above-mentioned items a)
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to ¢), and FIG. 3d shows the result of the contreol formulation.
Each of the formulations according to the above-mentioned items
a) toc) and the control formulation formed a white gel in the dorsal
subcutis of the mice. The resulis revealed that the order of the
addition and mixing of the sugar did not have any influence on the
in vivo gelation cf the collagen, and each of the formulation
procedures resulted in the in vivo gelation of the ceollagen, in
other words, the formation of a form as a release carrier for a
drug.
[0050] (Example 3) Confirmation of influence of formulation
procedure on drug release rate

The following three kinds of ingredients were mixed in
different orders and formulated as sheown in the following items
a) tod): lysozyme (MW: 14 kDa); sucrese; and atelocollagen (product
name: KOKEN ATELOCOLLAGEN IMPLANT). Each of the formulations was
administeredtodeorsal subcutisofmice, and 1 hour later, the release
amount of ilysozyme was measured.
a) {(P+S)+AC formulaticn: First, lysozyme and sucrose were mixed,
and next atelocollagen was added to prepare a fermulation.
b) (P+AC)+5 formulation: First, lysozyme and atelcocollagen were
mixed, and next sucrose was added to prepare a formulation.
c) (S4+AC)+P formulation: First, sucrose and atelocollagen were mixed,
and next lysozyme was added to prepare a formulation.
d) AC+P formulation: Atelocollagen and lysozyme weremixed to prepare

a formulation.
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Each of the formulations was prepared so that the final
concentrations of lysozyme, sucrose, andatelocollagenwere 5mg/mL,
0.25 M, and 3% [w/v], respectively.

100 pL of each of the formulations according to the
above-mentioned items a) to d) were administered to the dorsal
subcutis of mice. One hour later, the formulation that underwent
gelation at a body temperature was taken out, and the amount of
the lysozyme remaining in the gel was measured by HPLC to calculate
the release amount of the lysozyme.

[0051] FIG. 4 shows the results. The release amount cof the
lysozyme varied depending on a change in mixing procedure. The
resultsrevealedthat asustained-releasecharacteristicwas changed
in vivo by changing the mixing procedure of a collagen, a drug,
and a sugar. It should be noted that each of the formulations 1
hour after the administration to the dorsal subcutis of the mice
underwent gelation and maintained a form as a sustained-release
carrier for & drug.

[0052] (Example 4) Confirmation of influence of molecular
weight of drug on in vivo gelation of collagen

The following three kinds of ingredients were formulated: a
drug as any of various proteins {final concentration: 10 mg/mL)
shown in Table 1 below; sucrose (final concentration 0.25 M); and
atelocollagen (final concentration: 3% [w/v]) {(product name: KOKEN
ATELOCOLLAGEN IMPLANT). In the same manner as the technigque of

Example 2c), the formulation was performed by: dissclving sucrose
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in a physiological buffer; mixing the solution with an atelocollagen
solution; and adding a protein dissolved in a physioclogical buffer.
[Table 1]

Used proteins and their molecular weights

Protein MW (kDa)
Transferrin (T1428, Sigma Aldrich) 76
Phosphorylase b (P6635, Sigma Aldrich) 97
Myosin heavy chain (M7659, Sigma Aldrich) 220
Ferritin type I (F4503, Sigma Aldrich) 440
Thyroglecblin (T1001, Sigma Aldrich) 669

100 pL of each of the formulations containing the proteins
shown in Table 1 were administered to one site of the dorsal subcutis
ofmice (ICR, male, 8-week-old, bodyweight: 27t0o29g). Thepresence
or absence of in vivo gelation of the collagen was confirmed 24
hours after the administration.

[0053] FIGS. 5 show the states of the respective formulations
in vivo after 24 hours. FIG. 5a shows the result of transferrin,
FIG. 5b shows the result of phospherylase b, FIG. 5¢c shows the result
of myosin heavy chain, FIG. 5d shows the result of ferritin type
I, and FIG. 5e shows the result of thyrogloblin. Each of the
formulations formed a gel in the dorsal subcutis of the mice. The
results revealedthat themolecularweight of thedrug, inparticular,
the proteindidnot have any influenceonthegelationof the collagen,
and the in vivo gelation of the collagen occurred in each of the
formulations.

[0054] (Example 5) Confirmation of effect of formulation of

present invention 1
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The following three kinds of ingredients were sequentially

mixed: LFGF (MW: 17 kDa) (final concentration: 2 mg/mL)} used as
a drug; sucrose (final concentration: 0.25 M); and atelocollagen
(final concentration: 3% [w/v]) (product name: KOKEN ATELOCOLLAGEN
IMPLANT) . 20 uL of the mixed formulation were administered to the
dorsal subcutis of mice (Ch7BL/6 [SLC], female, 7-week-0ld). The
state of the tissue at the administration site after 3 weeks was
macroscopically observed.
[0055] FIGS. 6 show the results. In the case of administering
a formulation containing sucrose (FIG. 6a), the periphery of the
blood vessel at the administration site was found to become reddish
(arrows), suggesting capillary angiogenesis. On the other hand,
in the case of administering a formulation containing no sucrose
(FIG. éb), no clear redness was observed in the periphery of the
administration site (arrows), suggesting that angiogenesis was
delayed as compared to the formulation containing sucrose. In the
case of administering a collagen solution only as a control, no
capillary angiogenesis was cbserved as with the formulation
containing no sucrose (FIG. 6¢). Such difference in effect of bFGF
in the subcutis (difference between FIGS. 6a and 6b) was considered
to be due to a difference in time for which bFGF was released from
the formulationinthecollagengelationprocess, andit wasestimated
that the release of bFGF was rapid and capillary angiogenesis was
accelerated in the formulation containing sucrose.

[0056] (Example 6) Confirmation of effect of formulation of
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present invention 2
1) Preparation of formulation
A collagen solution (final concentration: 3% [w/v]) (product
name: KOKEN ATELOCOLLAGEN IMPLANT (KOKEN CO., LTD.)) was added to
a solution of bFGF containing white soft sugar {product name: FIBLAST
Spray (KAKEN PHARMACEUTICAL CO., LTD.)) to prepare a formulation
containing 1.0 mg/mL bFGF.
[0057] 2) Production of animal model of hindlimb ischemia
34-week-old mice (C3H/He, male, Japan SLC, Inc.) were divided
into two groups (n=10) and acclimatized under the environment of
a room temperature of 19.5 to 26.4°C, a humidity of 34.5 to 75.4%,
light/dark periods of 12 hours each, and feeding ad libitum,
Under 0.5 to 4% isoflurane anesthesia, the mice were fixed
in the dorsal position, the thigh of the right hindlimb was incised,
and the femoral arterxy on the central and peripheral sides and the
saphenous artery on the periphery side were each ligated with a
suture to block the blood circulation. A penicillin G potassium
solution was dropped and the incised site was sutured.
[0058] 3) Administration of formulation to animal model of
hindlimb ischemia
After the production of a mouse model of hindlimb ischemia,
the formulation was administered with an injector to five sites
of the muscle of the right ischemic hindlimb in an amount of 20
ML per site so that the dosage was 100 pg of bFGF per animal.

[0059] 4} Measurement of hindlimb blcod flow rate
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The recovery of blood flow at the hindlimb ischemic site was
evaluated through use of & laser doppler blood flow imager (0Z-1,
OMEGAWAVE, INC.) 4 weeksaftertheadministrationof the formulation.

Under 0.5 to 4% isoflurane anesthesia, the mice were fixed
in the dorsal positiocn, and blood flow rates were measured at the
right hindlimb (ischemic limb) and the left hindlimb {(normal limb)
to calculate a blood flow rate of ischemic limb/normal limb.

The results were expressed as meantstandard deviation (S.E.),
and a significant difference (p<0.05) was evaluatedby the Student's
t test.

[C060] FIG. 7 shows the results. In the experiment using a
mouse model of hindlimb ischemia, the blood flow rate was
significantly recovered in a group in which the formulation
containing sucrose was administered as compared to a group in which
the collagen was administered as a control.

[0061] (Example 7} Confirmation of effect of formulation of
present invention 3

Inorder toconfirmthe effect of the formulation of the present
invention, phaseI and IT clinical trials were performed as described
below.

1) Subject

Subjects were cases who were diagnosed as negative for an
intradermal reaction for bFGF-containing atelocollagen (AC) after
giving informed consent out of patients with Fontaine stages III

and IV who had lower extremity peripheral vascular disease with

39



pain at rest or ischemic ulcer and necrosis and who did not show
any improvement in clinical symptom even after subjected to any
medical and surgical treatment. No age limit was set.

Patients exciuded from the trials were patients who had
experienceda lower extremity revascularizationprocedure (surgical
bypass procedure, PTA) within 3 months, patients who had severe
cardiacdysfunctions suchasanginapectoris, myocardial infarction,
and congestive heart failure, patients who had collagen disease,
malignant neoplasm, infectious diseases, and diabetic retinopathy,
pregnant women, and patients who were diagnosed as positive in an
intradermal reaction for an atelococllagen solution.

Table 2belowshows thepatientsas the subjectsof thisexample.

[Table 2]
Cases
Age Gender Fontaine Disease
1 41 Male ITT Buerger's disease
2 87 Female IIT PeFlpheFal
arterial disease

Buerger's disease (Synonym: Thromboangiitis obliterans): TAO

Peripheral arterial disease: PAD

[0062] 2) Method

Under lumbar epidural anesthesia, 3% [w/v] atelocollagen (AC)
(product name: KOKEN ATELOCOLLAGEN IMPLANT (KOKEN CO., LTD.))
containing 200 ug of bFGF containing white soft sugar (product name:
FIBLAST Spray (KAKEN PHARMACEUTICAL CO., LTD.)) was injected into

the gastrocnemius muscle of ischemic lower extremity (100 plx40
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sites). No placebo or untreated group was set.
[0063] 3) Ewvaluation
On week 4 and month 6, the atelocollagen sclution containing
200 ug of bFGF was evaluated for its safety and therapeutic effect.
Primary endpoint: the safety was confirmed as the primary endpoint.
Secondary endpoint: Evaluations were performed from the two
viewpoints cof primary outcome assessment and secondary outcome
assessment as the secondary endpoint.
[0064] Primary outcome assessment (pain at rest,
ankle-brachial blood pressure index (ABI), 6-minute walk distance)
Secondary outcome assessment (transcutaneous cxygen pressure
(TcO2), skin perfusion pressure (SPP))
[0065] Specifically, evaluations were performed as described
below.
Primary outcome
{i) Evaluation of pain at rest
Through use of a visual analogue scale (VAS) method, a pain
at the time of measurement was evaluated by defining a maximum pain
and no pain as 10 and 0, respectively.
(1i) 6-minute walk distance
Adistancethatapatientwasabletowalkinéminutes (including
a break therein, provided that no chair or the like was used during
the break) was measured in the corridor of a hospital ward.
(iii) Ankle-brachial blcood pressure index: ABI

The index was calculated from the ratio of a brachial blocd
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pressure to an ankle blood pressure (brachial blood pressure/ankle
blood pressure) .
[0066] Secondary outcome
(1) Measurement of transcutaneous oxygen partial pressure
{transcutaneous oxygen pressure: Tc0j)

The skin was heated to 43.5°C in advance, and the measurement
was performed by attaching a probe to the frontal skin about 10
cm away from the tibial tuberosity toward the periphery side.
[0067] {Results)

FIGS. 8 show the results. Both the patients shown in Table
2 did not show any change during a hospitalization period of 4 days,
in systemic symptom, blood, and urine examination, and were
discharged from the hospital on schedule. No adverse event due to
the administration of the formulation was found. In each of the
patients, the pain at rest was improved in a time-dependent manner
after the administration of the formulation as compared to before
the treatment. With regard to the ABI, an improving effect was found
in the patient with Buerger's disease showing a low value for the
index. Withregardtothe6-minutewalkdistance, animprovingeffect
was found as compared to before the treatment in each of the patients.
With regard to each of TcO,; and SPP, an improving effect was found
after the administration of the formulation.
[0068] (Reference Example 2) Spectroscopic evaluaticn of
influences of sugar on gelation abilities of wvarious collagen

solutions
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The influences of a sugar on the gelation abilities
(fibrillogenic abilities) of wvarious collagen sclutions were
investigated.

First, various collagens were each diluted to 0.2% [{w/v] with
1 mM HCl. The various collagens used were as follows.

*Type I atelocollagen (3.5% KAI: bovine, Lot. I-107, pH 7)
Type I atelocollagen (3% KAI: porcine, stock of the laboratory,
pH 7)

-Type II atelocollagen (CL-22, Lot. 622052, pH 3)

Type III atelocollagen {NIP, 0.3% PSC-3-100-20, Lot. BSP31CG001,
5 mM acetic acid)

-Type I native collagen (1% I-AC, Lot. 6002173, pH 3)

*Shark atelocollagen (produced in the laboratory, powder, stored
at -30°C)

[0069] Distilledwater (OTSUKADISTILLEDWATER, Cat. 1324, Lot.
QJ90N), 2.5 M sucrose (Wako Pure Chemical Industries, Ltd., Cat.
196-00015, Lot. CKM1674), 100 mg/mL lysozyme (Tokyc Chemical
Industry Co., Ltd., Cat. L072), and 10xPBS (DULBECCO'PBS, Dainippon
Sumitomo Pharma Co., Ltd., Cat. 28-103-05 FN, Lot. BS6458) were
added to each of the various collagen solutions at 0.2% [w/v] to
prepare a solution having final concentrations of 0.2% [w/v)
collagen/0.25M sucrose/10 mg/mL lysozyme/1xPBS. At this time, the
ingredients were added so that thecollagen, distilledwater, sucrose,
lysozyme, and PBS were mixed in this order.

100 ul of each of the prepared samples were added to a 96-well

43



microplate and measured for its time-dependent change in absorbance
at 400 nm (measurement interval: 30 seconds, measurement time: 3
hours) with an optical absorptionmicroplate reader {(TECAN, SUNRISE
Thermo RC-R) while heated at 37°C. An average of the measured values
(n=3) at the respective times was calculated.
[0070] FIGS. 9 shows the results. In the figures, "a" shows
the result of a formulation containing no lysozyme and no sucrose
and containing a collagen only at 0.1% [w/v], "b" shows the result
of a formulation containingno lysozyme and containing 0.25 M sucrose
andacollagenat 0.1% [w/v], and "c" shows the result of a formulation
containing 10 mg/mL lysozyme, 0.25 M sucrose, and a collagen at
0.1% [w/v]. The results revealed that the addition of the sugar
suppressed gelation in various collagen solutions containing type
I, II, and III atelocollagens, type I native collagen, and shark
atelocollagen.
[0071)] (Reference Example 3) Spectroscopic evaluation of
influencesof various sugarscngelationabilityofcollagensclution
(1) The kind and concentration of a sugar to be added were changed,
and an ability of the sugar to suppress the gelation of a collagen
solution was confirmed by measuring a fibrillogenesis time.

The collagen was prepared so that the final concentration was
3% [w/v]. KAI (pH7, PBbuffer) was used as the collagen. The kinds
and final concentrations of the used sugars are as described below.
(1) Monosaccharide: glucocose or fructose

0.05, 0.125, 0.25, 0.5 M
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(ii) Disaccharide: sucrose or maltose

0.05, 0.125, 0.25 M
(iii)} Trisaccharide: raffinose

0.05 M
{iv) Tetrasaccharide: stachyose

0.05, 0.125 M

It should be noted that, in this reference example,
measurements were carried out without degassing.
[0072] FIGS. 10 show the results. In the graphs of glucose
and fructose, "a" shows the result of a formulation containing no
sugar, "b" shows the result of a formulation containing a sugar
at a concentration of 0.05 M, "c" shows the result of a formulation
containing a sugar at a concentration of 0.125 M, "d" shows the
result of a formulation containing a sugar at a concentration of
0.25 M, and "e" shows the result of a formulation containing a sugar
at a concentration of 0.5 M. 1In the graphs of sucrose and maltocse,
"a" shows the result of a formulation containing no sugar, "b" shows
the result of a formulation containing a sugar at a concentration
0of 0.05 M, "c" shows the result of a formulation containing a sugar
at aconcentrationof 0.125M, and"d" shows the result of a formulation
containing a sugar at a concentration of 0.25 M. In the graph of
raffinose, "a" shows the result of a formulation containingno sugar,

and "b" shows the result of a formulation containing a sugar at

L1 m

a concentration of 0.05 M. In the graph of stachyose, "a" shows

the result of a formulation containing no sugar, "b" shows the result
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of a formulation containing a sugar at a concentration of 0.05 M,
and "c¢" shows the result of a formulation contalning a sugar at
a concentration of 0.125 M. 1In the graph showing a comparison among
the sugars at 0.05M, "a" shows the result of a formulation containing
no sugar, "b" shows the result of a formulation containing glucose,

"c" shows the result of a formulation containing maltose, "d" shows

the result of a formulation containing raffinose, and "e" shows
the result of a formulation containing stachyose. In the case of
adding a monosaccharide and a disaccharide, the gelation of the
collagen was suppressed 1in a concentration-dependent manner.
Further, even in the case of changing the kind of the sugar, the
suppression of the gelation was able to be confirmed in a
concentration-dependent manner. Also in the case of adding a
trisaccharide, the fibrillogenesis time was found to be delayed
as compared to the case of adding no sugar. However, in the case
of a tetrasaccharide, the delay of the fibrillcgenesis was hardiy
confirmed in the 3% [w/v] collagen sclution.

[0073] (2} The influence of a tetrasaccharide on a gelation
ability was confirmed in the same manner as in the above-mentioned
method (1) except that: the concentration of the cocllagen was changed
to 0.4% [w/v]; and KS collagen (pH 3) adjusted to pH 7 with a
neutralization liquid (7% [w/v] Nay;EPQ4, 0.9% [w/v] NaCl) was used
as the collagen solution. 0.05 M stachyose was used as the

tetrasaccharide in the same manner as in the method (1).

[0074] FIG. 11 shows the results. In the figure, "a" shows
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the result of a formulation containing no stachyose, and "b" shows
the result of a formulation containing stachyose. In the case of
adding the tetrasaccharide, the fibrillogenesis time of the collagen
solution was delayed. Thus, it was able to be confirmed that the
tetrasaccharide suppressed the fibrillogenesis of the collagen
sclution. The tetrasaccharide is considered to have a low
fibrillogenesis suppressingeffect ascomparedtothemonosaccharide,
the disaccharide, and the trisaccharide.
[0075] (Reference Example 4) Spectroscopic evaluation of
influences of various sugarsongelationabilityof collagensolution

The kind and concentration of a sugar to be added were changed,
and an ability of the sugar to suppress the gelation of a collagen
solution was confirmed by measuring a fibrillogenesis time.

The collagen was prepared so that the final concentration was
3% [w/v]. KAI (pH 7, PBbuffer) was used as the collagen. The kinds
and final concentrations of the used sugars are as described below.
(i} Tetrasaccharide: maltotetraose

0.05, 0.125 M
(ii) Pentasaccharide: maltopentaose

0.05, 0.123 M
100761 FIGS. 12 show the results. In the figures, "a" shows
the result of a formulation containing no sugar, "b" shows the result

L

of a formulation containing a sugar at 0.05 M, and "c¢" shows the
result of a formulationcontainingasugarat 0.125M. Maltotetraose

exhibited a fibrillogenesis suppressing effect comparable to that
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of the monosaccharide. In the case of adding maltopentaose,
substantially no delay of the fibrillecgenesis time was able to be
confirmed in the 3% [w/v] collagen solution.
[0077] (Reference Example 5) Spectroscopic evaluation of
influences of sugars on gelation abilities of collagen solutions
having various concentrations

The influence of a concentration ratio between a collagen and
a sugar was confirmed. A collagen sclution was prepared so that
the final concentration was 3% [w/v] or 0.4% [w/v]. Methods for
the preparation were as follows: collagen sclutions having final
concentrations of 3% [w/v] and 0.4% [w/v] were produced by the same
methods as those of Reference Example 3(1) and Reference Example
3(2), respectively. The kinds of the used sugars were glucose,
sucrose, raffinose, and stachyose (the same as in those of Reference
Examples 2 and 3), and the final concentration was (0.05 M. Each
of the prepared solutions was measured for its time-dependent change
in abscorbance at 400 nm with a spectrophotometer while being heated
at 37°C.
[0078] FIGS. 13 show the results. 1In the figures, "a" shows
the result of a formulation containing a collagen at 3% [w/v], and
"b" shows the result of a formulation containing a ceollagen at 0.4%
[w/v]. The results revealed that, in the case of adding an equal
concentration of the sugar, as the concentration of the collagen
became lower, the suppressing effect of the sugar became larger.

[007891 (Reference Example 6) Spectroscopic evaluation of
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influences of various sugarsongelationabilityofcollagensolution

Sugars including a monosaccharide to a pentasaccharide
constructed only of gluccse were used as sugars to be added, and
the ability of each of the sugars to suppress the gelation of a
collagensclutionwas confirmed bymeasuringa fibrillogenesis time.

The collagen solution was prepared so that the final
concentrationwas 2% [w/v]. XOKENATELCCOLLAGEN IMPLANT [KOKENCO.,
LTD.] was used as the collagen. The used sugars were glucose [Tokyo
Chemical Industry Co., Ltd.], maltose [Wako Pure Chemical Industries,
Ltd.], maltotricse [Wako Pure Chemical Industries, Ltd.],
maltotetraose [TokyoChemical IndustryCo., Ltd.], andmaltopentacse
[Wako Pure Chemical Industries, Ltd.l. The various sugars were
dissolved in physiological saline [Otsuka Pharmaceutical Co., Ltd.]
to prepare 1.25 M sugar sclutions.

The collagen (final concentration: 2% [w/v]) and the various
sugars (final concentration: 0.3 M) were filled into syringes, which
were connected in series via a connector, followed by thoroughmixing
by reciprocation 50 times on ice. The contents were transferred
toal.5-mLsampling tube, subjectedtocentrifugal defoaming (13,000
rpm, 4°C), and then heated in a thermostat bath (37°C). The state
of the gelation was observed after O minutes, 10 minutes, 30 minutes,
60 minutes, 12 hours, 24 hours, and 3 days.

[00BO] FIG. 14 shows the results. Fach of the monosaccharide,
the disaccharide, and the trisaccharide had a large gelation

suppressing effect, and the effect became the maximum in the
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disaccharide or the trisaccharide. 1In the case of the tetra- or
more saccharide, it was confirmed that, as the number of sugar chains
became larger, the gelation suppressing effect became lower. A
possible mechanism through which the gelation suppressing effect
becomes lower is that a physical or charge factor reduces the effect.
[0081] (Example 8) Confirmation of influences of ccllagen
solutions having various concentrations on in vivo gelation

The following three kinds of ingredients were formulated:
sucrose (final concentration: 0.25M) [Wako Pure Chemical Industries,
Ltd.]; lysozyme (final concentration: 10 mg/mL) [Tokyo Chemical
Industry Co., Ltd.]: and atelocollagen (final concentration: 0.05,
0.1, 0.5, or 1% [w/v]) (KOKEN ATELOCOLLAGEN IMPLANT [KOKEN CO.,
LTD.]). In the same manner as the technigue of Example 2c¢}, the
formulation was performed by mixing sucrose with an atelocollagen
solution and then adding lysozyme. 1 mL of each of formulations
containing a collagen at 0.05% [w/v] and 0.1% [w/v] and 50 uL of
each of formulations containing a collagen at 0.5% [w/v] and 1%
(w/v] were administered to one site of the dorsal subcutis of mice
(ICR, female, 8-week-o0ld), and the state of the collagen sclution
was observed 24 hours after the administration.
(0082] FIGS. 15showthe results. Inthefigures, thenumerical
value described on the left of each photograph represents the
concentration of the collagen in the formulation. Gelation was
confirmed in the formulations containing the collagen at 0.1% [w/v]

and 0.05% [w/v] and the formulations containing the collagen at
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0.5% [w/v] and 1% [w/v]. It was able to be confirmed that the
formulations containing the collagen at concentrations of 0.05 to
1% [w/v] (containing 0.25 M sucrose and 10 mg/mL lysozyme) were
capable of undergoing gelation 24 hours after the subcutaneous
implantation in the mice.
[0083] (Example 9) Confirmationof influences of various sugars
on in vivo gelation of collagen solution

In the formulation of the present invention, the state of the
gelation in the subcutis of the mice after 24 hours in the case
of changing the kind of a sugar to be mixed was observed.

The kinds and concentrations of the sugars are as shown in
Table 3 below.
[Table 3]

Kinds and final concentrations of used sugars

Reference numeral | Kindandfinal concentration

Study group in FIGS. 16 of sugar

0.05 M Glucose

Comparison among .05 M Sucrose

kinds of sugars .05 M Raffinose

.05 M Stachyose

.5 M Glucose

Comparison among .25 M Glucose

monosaccharides .5 M Fructose

.25 M Fructose

Comparison between .25 M Sucrose

disaccharides .25 M Maltose

aeSiaglf=ato R N Y RON o Eo N Ko i)
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The following three kinds of ingredients were formulated: any
of thevarious sugarsshowninTable 3; lysozyme (final concentration:

10 mg/mL) ; and atelocollagen (final concentration: 3% [w/v])} (KCKEN
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ATELOCOLLAGEN IMPLANT [KCKEN CO., LTD.]). In the same manner as
the technique of Example 2c¢}, the formulation was performed by
dissolving sucrose in a physiological saline scolution, mixing the
solution with an atelocollagen solution, and adding lysozyme
dissolved in a physiological saline solution. 50 uL of each of the
formulations containing the sugars shown in Table 3 were administered
to one site cof the dorsal subcutis of mice (ICR, female, 9-week-old),
and the state of the collagen solution 24 hours after the
administration was observed.

[0084] FIGS. 16 show the results. FIGS. 16a to 167 show the
results of the formulations produced by using the kinds and sugar
concentrations of sugars corresponding to the reference numerals
in Table 3 above, respectively. Irrespective of the kinds and
concentrations of the sugars, gelation was able to be confirmed
in each of the formulations.

[C085] (Example 10) Confirmation of influences of collagen
solutions having various concentrations on in vivo gelation

In the formulation of the present invention, the state of
gelation in the case of changing a collagen concentration and a
mouse subcutaneous implantation time was observed.

The following three kinds of ingredients were formulated:
sucrose (final concentration: 0.25M) [Wako Pure Chemical Industries,
Ltd.]; lysozyme (final concentration: 10 mg/ml) [Tockyo Chemical
Industry Co., Ltd.]; and atelocollagen (final concentratiocn: ©.05,

0.1, 0.5, or 1% [w/v]) (KOKEN ATELOCOLLAGEN IMPLANT [KOKEN CO.,
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LTD.]). In the same manner as the technigue of Example 2c), the
formulation was performed by mixing sucrose with an atelocollagen
solution and thenadding lysozyme. 100uLofeachofthe formulations
were administered to one site of the dorsal subcutis of mice (ICR,
female, 9-week-0ld), and the state of the collagen solution was
observed 24 hours and 48 hcours after the administration.

[0086] At atelocollagen concentrations of 1% [w/v] (a) and 0.5%
(w/v] (b), a gelated state was observed after 24 hours and 48 hours
(FIGS. 17). At 0.1% [w/v] and 0.05% [w/v], the collagen completely
disappeared. Nodifference was found in the concentration and shape
of the gelated collagen as well between the atelocollagen
concentrations of 1% [w/v] and 0.5% f[w/v] after 24 hours and 48
hours.

The formulation of the present invention contains sucrose at
0.25M, and hence is expected to undergo gelation through the release
of the sugar and the fibrillogenesis of atelcccollagen after the
absorption of themoistureof abody fluidbasedon anosmoticpressure.
The sample having a concentration below a given one is predicted
to have a low long-term retention property.

[0087] (Reference Example 7) Spectroscopic evaluation of
influences of various sugarsongelationabilityof collagen solution

The following sugars were used as sugars to be added, and an
ability of the sugar to suppress the gelation of a collagen solution
was confirmed by measuring a fibrillogenesis time.

Disaccharide: sucrose
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Monosaccharides: glucose and glucuronic acid

[0088] Each of variocus sugar soclutions was added to a collagen
sclution (pH 7.4, final concentration: 3% [w/v}]) (KOKEN

ATELOCOLLAGEN IMPLANT [KOKEN CO., LTD.]) so that the final
concentration was 0.01 M, followed by mixing. The mixed solution
was measured for its time-dependent change in absorbance at 400
nm with a spectrophotometer while being heated at 37°C.
[0089] FIG. 18 shows the results. In the figure, "a" shows
the result of a formulation containing no sugar, "b"™ shows the result
of a formulation containing sucrose, "c¢" shows the result of a
formulation containing glucose, and "d" shows the result of a
formulationcontainingglucuronicacid. Eachof sucroseandglucose
has a high gelation suppressing effect. Further, among the
monosaccharides, glucuronic acid has a low gelation suppressing
effect as compared to glucose.
[0090] (Example 11) Confirmation of drug sustained-release
ability in formulation of present invention

The formulation of the present invention containing a high
molecular weight protein (thyroglobulin {669 kDa)) as a drug was
produced, and its gelation 24 hours after subcutaneous implantation
inmicewas observed. The sustained-releaseamount of thyroglobulin
was quantitatively measured by HPLC in a time-dependent manner.

The formulation of the present invention was produced by
adjusting the final concentrations of atelocollagen, sucrose, and

the protein to 3% [w/v], 0.25M, and 10 mg, respectively. 3.5% [w/v]
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atelocollagen Lot. I-175, Kasai Lac, 2.5 M sucrose, and a 100-mg
protein solution were mixed at a blending ratioc of 8:1:1. First,
syringes filled with atelocollagen and sucrose were connected in
series on ice, followedby thoroughmixing by reciprocation 50 times.
The mixed liquid was mixed with the protein solution by syringe
reciprocation 50 times immediately before subcutaneous injection
into mice.

The mice were purchased from Japan SLC, Inc. ICRstrainfemale
mice were purchased at 7-week-old 1 week before use and used at
8-week old. The collagenmixed liquid was injected into three sites
in an amount of 100 pL per site (n=3}. Each of samples after 0,
10 minutes, 30 minutes, 45 minutes, 1 hour, 3 hours, 6 hours, and
12 hours was extirpated and heated to 80°C in an Eppendorf tube
50 as to denature the collagen into a solution form. Each of the
samples was analyzed through use of Agilent HPLC and an SEC-4 gel
filtration column to quantify the concentration of the protein in
the gel. In the HPLC, thyroglobulin is eluted at 5.927 minutes.
[0091] FIGS. 19 to 21 show the results. Until 3 hours after
the injection, fast release was observed. After that, the rate was
turned into a low sustained-release rate. This phenomenon was
considered to have a close relationship with in vivo gelation.
Irrespective of the molecular weight of a protein to be mixed, the
release rate of the protein exhibited biphasic property of fast
release in the initial period and slow release after gelation. A

high release rate in the initial period and a time that elapses
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before gelation may be changed by changing the concentration of

sucrose to be mixed.

Industrial Applicability
[0092] According to the sustained-release pharmaceutical
compositionof thepresent invention, thedrugasanactive ingredient
can be released in a sustained manner in an embodiment mode using
immediately effective release and slow sustained release in
combination in vivo, and the drug release rate can be controlled.
Thus, thecompositionisuseful. Accordingtothepresentinvention,
the drug release rate can be controlled. Hence, there is a
possibility that the treatment or the like of even an indication
on which no effectiveness has been found hitherto can be performed.
Further, in general, in the preparation of a pharmaceutical
composition having added thereto a collagen, it is necessary to
manage a temperature so as to prevent the gelation of the collagen.
According to the sustained-release pharmaceutical composition of
the present invention, when a sugar is added to the collagen, its
gelation is inhibited, and the composition can be prepared at room
temperature, which can facilitate operations. Further, a drug,
which has not been applicable to a preparation operation at low

temperature, can be used. Thus, the composition is useful.
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Claims
[Claim 1] A sustained-release pharmaceutical composition,
comprising:
a drug;
a collagen; and
at least one kind of sugar selected from monosaccharides,

disaccharides, trisaccharides, and tetrasaccharides.

[Claim 2] A sustained-release pharmaceutical composition according
to claim 1, wherein the sugar has such a concentration in the
composition before administration to a body that the sugar inhibits

gelation of the collagen.

[Claim 3] A sustained~xelease pharmaceutical composition according
to claim 1 or 2, wherein the sugar comprises at least one kind of

sugar selected from disaccharides and trisaccharides.

[Claim 4] A sustained-release pharmaceutical composition according
to claims 1 to 3, wherein a concentration of the collagen is 0.01
to 30% by weight, and a concentration of the sugar is 0.01 M to

3 M.

[Claim 5] A sustained-release pharmaceutical composition according
to any one of claims 1 to 4, wherein the collagen comprises a collagen

having a molecular weight of 1 kDa to 2,000 kDa.
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[Claim 6] A sustained-release pharmaceutical composition according
to any one of claims 1 to 5, wherein the collagen comprises

ateloccllagen.

[Claim 7] A sustained-release pharmaceutical composition according
to any one of claims 1 to 6, wherein the sustained-release
pharmaceutical compositionisinaliquid formbefore administration
to a body, and has property of undergoing gelation after the

administration.

{Claim 8] A sustained-release pharmaceutical composition according
fo any one of claims 1 to 7, wherein the sustained-release

pharmaceutical composition controls a release rate of the drug.

[Claim 9] A sustained-release pharmaceutical composition according

to any one of claims 1 to 8, wherein the drug comprises a protein.

[Claim 10] Asustained-release pharmaceutical compositionaccording

to any one of claims 1 to 9, wherein the sustained-release

pharmaceutical composition comprises an angiogenesis regulator.

[Claim1l] Asustained-release pharmaceutical compositionaccording

to any one of claims 1 to 10, wherein the drug comprises bFGF.
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[Claim12] Asustained-releasepharmaceutical composition according
to any one of claims 1 to 11, wherein the sustained-release

pharmaceutical composition is in a form of a liquid formulation.

[Claim13] Asustained-release pharmaceutical compositionaccording
to any one of claims 1 to 12, wherein the sustained-release
pharmaceutical composition is administered by an administration
route selected from the group consisting of intradermal
administration, subcutaneous administration, intramuscular
administration, intracavity administration, direct administration

to an organ, and direct administration to a tissue.

[Claim14] Asustained-release pharmaceutical compositionaccording
to any one of claims 1 to 13, wherein the sustained-release
pharmaceutical composition is used for treatment of a wvascular

occulsive disease and/or an ischemic disease.

[Claim 15] A method of manufacturing a sustained-release
pharmaceutical composition, the method comprising mixing:

a drug;

a collagen; and

at least one kind of sugar selected from monosaccharides,

disaccharides, trisaccharides, and tetrasaccharides.

[Claim 16] A method of manufacturing a sustained-release
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pharmaceutical composition according to claim 15, wherein the sugar

has such a concentration that the sugar inhibits gelation of the

collagen.

[Claim 17] A sustained-release base, comprising:

a collagen; and

at least one kind of sugar selected from monosaccharides,

disaccharides, trisaccharides, and tetrasaccharides.

[Claim 18] A sustained-release base according to claim 17, wherein

the sustained-release base is in a form of a liquid formulation.

[Claim 19] A sustained-release base according to claim 17 or 18,
wherein the sustained-release base is used for manufacture of a

sustained-release pharmaceutical composition.

[Claim 20] A method of controlling a drug release rate from a
sustained-release pharmaceutical composition, the method
comprisingblendingacollagenwithat leastonekindof sugar selected
from monosaccharides, disaccharides, trisaccharides, and

tetrasaccharides in a sustained-release pharmaceutical

composition.
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