Description Title of Invention: SUSTAI NED- RELEASE PHARVACEUTI CAL
COMPCSI TI ON Techni cal Field [0001] The present invention relates to a
sust ai ned-rel ease pharnaceutical conposition and a nethod of
manuf act uri ng a sustai ned-rel ease pharnmaceutical conposition

[ 0002] The present application clains priority from Japanese Patent
Application No. 2010-232113, which is hereby incorporated by
reference. Background Art [0003] Hdskerit@.ich pol ymer material has been
widely utilized in a sustained-rel ease pharnmaceutical conposition

becauseriitt; AAblrowgvan e 28aeNs &t A Digr 0f R8r, G4 $hY PHAKMAGE%%E%AE’d@ﬁPOSITION
effectively retained over a |long period. The polyner material ha

such characteristics that the material can bind a drug in a phyS|caI
or chem cal nanner and rel eases the drug along wi thprogression of its

i nvi vodegradati on ., Such polymer material is exenplified by a
cel | ul ose derlvatlve a starch derivative, a dextran derivative, a

pol ysagepanide, a Brotgln. g.Polypeptide:. A 26ryl 1o feid derivabivge.
or a vi nyI erivative.
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



[ 0004] As a sustained-rel ease characteristic of a drug nediated by a
coll agen as the protein, it is known that a sustained-rel ease period
of a drug can be controlled to a short period (about several days)
to a long period (several nonths) by regulating a collagen
concentration. For exanple, Patent Literature 1 discloses that when
the col l agen concentration is reduced, degradation of a gel ated

col | agen caqntai ni a drug i,s accel erated,, sustai ned rel ease of the
drug I 950 S CelBPG: BAT 18R (PRUSTS  dPOBt B | BAch PeIT bt ¢ @ collagen

conpleted within a short period, and in contrast, that when the

col | ag&PTESId T AT on FPE S5 foebia Loy FadSEPEH L6 1 gel afey that when
col |l agen is del ayed, sustained release of the drug is al so del ayed,
and t hiided g lefdene &0 & 15 iomi s tediucd a desi@dedricod .o te
when the col |l agen concentration is high, a sophisticated technol ogy

i s requaldddsec Apdd aomidia fa clugy lis FamahfmEtash. Faptaiared irelease of
contrast, when the collagen concentration is |ow, although operations
such aghenideci as RAto actidsuetadd addi thon antrwg eégiofca mhmigpd is
beconme easy, there is a problem for exanple, in that a drug

sust ai methprlelteas erirtatie af tstrordtnjreatiican iamd ia tdssureadigcdies hilghn the
drug efficacy is exhibited within only a short period, and

sust ai red-leleassi@iniard Oigh PeEi atdreareld, atdeaj ikt Mot hot he resuted
that drug efficacy is not sufficiently obtained. [0005]Patent

Li t er atddne ad <t 58lRsesS | 8l asustiar desh §@lgasRe frdliat 4 8o TR ayed,
wound heal i ng pronotion obtained by mxing a carrier containing a

col | agepnqash @l sPBEEakaconsdd betn Witk ArBRyshehedheal by, asdwsrer,
substance having a wound healing pronoting activity.” The carrier

descr i edyl /£a0k gl SoALYR Er e 16n GANFLENOLLLoOF 1 L0BEEEL 8t hno L0
sel ected fromthe group consisting of protelins s ch as a coll agen aﬁg
an al byrg r sueh : ptin, hetic rs..
Pt ont 01 s ERre B ol e RE e Qe BBl 4, SRR R PR R e
of a dryu nds_pn_do, e farns such a r.an film
Fouever it i es foh Titre GO PR | AR ESRRRERC BN Tt oAby G H1RBSE
dosage fornms, and thus the formulation is |ack of convepience. o
Fur t RoPPePALAAT SLPPEP A TAD SIS ABEE & WSt ABY- Aefbhsen aid mixing
formul ati on contginin% a collagen, a glycos% 1 nogl ycan as a ,
pol ysal&hdr Fd89 BRECHEIFAGY / PAOERE it & REGPe °8 difSd 6868 fat ihéhat
gl ycosam nogl ycan controls fibrill ogenesis of the collagen and
funct i 837 ¢$ SHSLEIE&SE TEIRISS TRhe POt F oL NI RELdPOGINEhé tissue becomes
sust ai ned-rel ease fornul ati on of Patent Literature 3 is a solid
f or nul Bigbn, diryaf ef rtEaFHt &S acdosagecd orhlslie by @ dudite Reripd, and
stick, and hence is |ack of convenience as with the fornul ation
descri begthanpdtant chiseef @it ar Eo12g pefr000i6] ¢ noitsa khapwred hatl ta th reged t
sol uti on undergoes gel ation

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



when heated to around a body tenperature in vitro, and it is also
known that addition of a sugar such as a nonosaccharide or a

di saccharide to a collagen solution in advance inhibits gelation of
the solution (Non Patent Literature 1 and Non Patent Literature 2).
Ina state in which the gelation is inhibited, it is considered that a
sust ai ned-rel ease characteristic of a drug nediated by a collagen is
not sufficiently exhibited. Hence, in applg%n the col |l agen. as, a

carri e fOr tdTsusi4h R¥ATPELdESBOPHRPRECeufF Callt Tt it beery discloses
i npossible to enploy a technology for inhibiting gelation using the
col | agéhdtha cotinatsbrr shasnchagarteténtas of 3@ SCereidgecr: dosage
Ctation List Patent Literature [0007][PTL 1] JP 56-122317 A LPTL 2]
JP 05- 643453 sAchPrE 3} RIPCE- BEPD87IALNon Hetesir Lilttetakgpemuch time to
[ 0008] [ NPL1] Hayashi et al ., Fact or sAff ecti ngt hel nteracti on of Coll agen
Mol eculfegrash€bfermedabgonnivt ¢ ranyFiddr ithoker fasiegr, £ormBi oghédnmibus the
(1972) 72, 749
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.



[ NPL2] Kuznet sovaet al . , Sugar sandPol yol sl nhi bitFi brill ogenesis of Type
| Col l agen by Disrupting Hydrogen-Bonded Water Bridges between the
Hel i ces, Biochem stry, (1998) 37, 11888 Sunmary of Invention
Techni cal Probl em [ 0009] An obj ect of the present invention is to
provi de a pharnmaceutical conposition, including a drug and a
col l agen, in which the conposition is satisfactory in handleability
and has sustai ned-rel ease property. Solution to Problem[0010]It is
known that the addition of a sugar to a collagen solution inhibits
the gelation of the solution. In contrast, the inventors of the

pr esentC itk &t Htave surprisingly found that

Patent Literature

[0007] [PTL 1] JP 56-122317 A

[PTL 2] Jp 05-043453 A

[PTL 3] JP 10-167987 A

Non Patent Literature

[0008] [NPL1] Hayashietal., FactorsAffectingthe Interaction
of Collagen Molecules as Observed by in Vitro Fibril Formation,
J. Biochem., (1972) 72, 749

[NPL 2] Kuznetsovaetal., Sugars and Polyols Inhibit Fibrillogenesis
of Type I Collagen by Disrupting Hydrogen-Bonded Water Bridges

between the Helices, Biochemistry, (1598) 37, 11888

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 admnistration of a collagen solution containing a sugar
results in the gelation of a collagen. Based on this finding, the

i nventors have focused attention on the fact that a conposition
containing a drug, a collagen, and a sugar can control the rel ease
rate of the drug, and such conposition can be used as a

sust ai ned-rel ease pharnmaceutical conposition. Thus, the present

i nvention has been acco Iished.:4001 ].That is, the present invention
i ncl udes'd hé ol 6%“?161%{-)8%.10%’. A AgSe 8O B LAR E PHA LR i e T
conposition, including: a drug; a col]agen; and at | east one kjnd of
sugar &S 1 bAT iR REUh & 8e<o bt agdeharfaied O EReEnat e ardde
tetrasaccharides. 2. A sustained-release pharmaceutical conposition
accor dilmyand ottve naysy arerfs o idd Snttd@n on f-hehif@et Hdadu garcanee ssiddipn
a concentration in the conposition before adm nistration to a body

t hat t keordydarinonhi divg, gelcatlilawesf, &hé tauggeran gonrol the release
sust ai ned-rel ease pharnaceutical conposition according to the

above- mertel onéd themdrwy, 2anidn shtbh ¢depssgaron nclardebeat ubedstamne
ki nd of sugar selected fromdi saccharides and trisaccharides. 4. A
sust ai red-tkdnedse ikarsmpautrmaakucarpdscbinpnsaccéondi Mohio, thee present
above-nentioned itens 1 to 3, in which a concentration of the

col | agemviehtQ.odl Ha@ IRWrbwwein@htishard a concentration of the sugar

is 0.01 Mto 3 M 5. A sustained-rel ease pharnmaceutical conposition

accordifp@1t1q any 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 the above-nentioned itens 1 to 4, in which the collagen

i ncludes a collagen having a nol ecul ar weight of 1 kDa to 2,000 kDa

6. A sustained-rel ease pharmaceutical conposition according to any
one of the above-nentioned itens 1 to 5, in which the collagen

i ncludes atel ocollagen. 7. A sustained-release pharnaceuti cal

conposi tion according to any one of the above-nentioned items 1 to 6,
in which the sustained-rel ease pharmaceutical conposition is in a

| i qui d o6y o BB varmati tsitarad brend L4 oddyn WHEhbke prépapep isfcludes
undergoi ng gelation after the admnnistration. 8. A sustained-release
phar maeewdlda@gegomposing en redcordiaty wed gy agnd dfDa He 2,000 kDa.
above-nentioned itens 1 to 7 , in which the sustained-rel ease

phar maceukisoed t ciotgpbsidlicrscphtirnbkseatiekéaserpat £t 0én bleeoddigg t&®.ak
sust ai ned-rel ease pharmaceuti cal conposition according to any one of

t he abeve-sfbheebedd-tetR ibricel Siehdlwdl Thihheé idhighe nelludesnancludes
protein. 10. A sustained-rel ease pharmaceutical conposition

accor digh@ lloecamugere of the above-nmentioned itenms 1 to 9, in which

t he sustai ned-rel ease pharmaceutical conposition includes an

angi oggnegis J1edWlf-oe1 ekl pﬁ\a%ﬁlﬁ&éh%@a&%&@é@sﬂ"?ér[fﬁ%%'ebtr'cﬁ%lf to any
conposi tion according to any one of the above-nentioned itens

10, i no%'c?ﬂqtﬂggbg(f@gmbHQEBﬁ%@ 1QFg:s 1tdd, i ﬁﬂ:‘?éﬁ\:ﬂ@%us@a@%\g—ﬁ release
phar maceutical conposition according to any one of

above- genthgned i, Leeduld. Il o B £1,108 4 Alst B‘%??ge Bh935% e ration

phar ma tirc conposition Is I quli ormul at1 on.
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



13. A sustained-rel ease pharnmaceutical conposition according to any
one of the above-nentioned itens 1 to 12, in which the

sust ai ned-rel ease pharnmaceutical conposition is adm nistered by an
adm nistration route selected fromthe group consisting of

i nt rader mal admi ni stration, subcut aneousadm ni stration, intramnuscul ar
adm nistration, intracavity adm nistration, direct admnistration to
an organ, and direct admnistration to a tissue. 14. A

sust ai @@WWW&%@@¥m%@¢UEbﬁ®b§PWP@ﬁléé@ﬁrlcﬁ Ry atipmngt gnlel Bid
t he above-nentioned itens 1 to 13, in which the sustained-rel ease

phar madeuidat icorvposition is used for treatnent of a vascul ar

occul sive di sease and/or an ischemc disease. 15. A nethod of

manuf adt3ur iAn g ues tsisteal ned-gasl e adw yptrararEciewtll calmpemipgosit iamondieng to
met hod including mxing: a drug; a collagen; and at | east one kind of
sugar selectred bfomi®napacvehakinddonedi shicahar ldesy Rj, saechahides,the
and tetrasaccharides. 16. A nethod of manufacturing a

sust ai ReGt=alrRaBe d1kalgBR g IrEAle LAARRAS idon@d Aceriing ddnittiestered by
above-nentioned item 15, in which the sugar has such a concentration

that the sie@inidthidiisn 9ebatsioneokckbe ldngete g éau?Aconsmtmg of
sust ai ned-rel ease base, including: a collagen; and at [east one kind

of sugan selected fropnphoseeshasy des, sqbéaeshéabges, administration,
tri saccharides, and tetrasaccharides. 18. A sustai ned-release base

accor diy 'Plgrrlgag\uts%% 1ABOUERIRALERDR ol it Hea bl YU A ration, direct

sust ai ne ease pase 1s I1n a ll CIUI OI’ m ust al ned-r'el ease

b b
st o Ao urtasd CES B BN ARG Buti el hE e

pharnHEQUt C%hs n%%% Ee €ase 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



20. A nmethod of controlling a drug release rate froma

sust ai ned-r el easephar maceuti cal conposi ti on, thenethodi ncl udi ng

bl ending a collagen with at | east one kind of sugar selected from
nonosacchari des, di sacchari des, tri sacchari des, and

t etrasacchari desi nasust ai ned-r el easephar maceuti cal conposition.
Advant ageous Effects of Invention [0012] According to the

sust ai ned-rel ease pharmaceutical conposition of the present

i nvent iloh, it Wl Posdin IRt iqad sl eare doie o9 dd rdel dgiel dff e e

drug as an active ingredient in an enbodi nent node using i medi ately
ef fect ihfe Petealsel 5% b s Hedicnedcrefeadel ¢ heoabpviatnent i angdvig.em
According to the sustained-rel ease pharmaceutical conposition of the
pr esentl 7 avénRt, i om whiimmethasakby aehedetriedeadgelrp selieased dnri@mat iz et
by virtue of the fact that the addition of the sugar inhibits the

gel ati @f Gf stuwe=coldcagerldaset hpdhameadeaalt iperli abmfdsart itdre

adm ni stration, and sl ow sustai ned-rel ease can be attained by virtue
of the2tact at hakthlvel | Bfvi ¥ongeballiag o0& tdeugol tepesisoOCCtdtSe i Nfrom a
ati me- dependent manner after the admnistration, resulting in a

r educt is@id tial nfc@l-929e Jsl $h Fmd BEu BT 881 compositionfWHARELhbA GRNRIEINng
in the preparation of a pharnmaceutical conposition having added

theret %1@n@qlnlgageeolk5?bﬁ REERSSAMNL 4L TRRAGENE bENPEGAF WL SO AP £1dm
prevent the gelation of the collagen. In the sustained-rel ease

phar mageuliseal-ne -tion(q$§ég%ﬂ§fi i nvention,.dhe-saddi tion of g

the sugar to the colldgen inhibits such delation, which can

L2111 Sah3 R on oher ol on 3L LOEIELIL . Hflcouticar

gel ation, i nfi;Ri;ting
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.



action of sugar addition. In the figure, "a" shows the result in the
case of a collagen 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 Exanple 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 i s present,
and the open F&GtAISE /s hBWESRRES t eshil (CHen PERRAEASE Ofthef & AhgdwequEical
absent (Exanple 1). [FIGS. 3] Photographs showing the results of
conf i r ERIMRSF 161 oan hafinge peldlest theg i diany larager, oft riespeadaspary to
i ngredients on collagen gelation in vivo. FIGS. 3a to 3c show the
resul t sagfagehe rampacatiwes fsor a8l tat poryedésthe sl 4t Ex afptlee Zoldegen.
FIG 3d shows the result of a fornulation as a control. P neans

| ysozyme, tise meats isust-osd ea snghACnaeans iabél ovghd sigeivr{ BEXanipd @r@)sent
[FIG 4] A graph show ng the results of confirmation of an influence
of a blierdintd cor,deheciddd th ¢ty afekBaseugateco rhe ¥ol(Exanplrehid)its such
[ FIGS. 5] Photographs show ng the results of confirmation of an

i nfl uenea sefi dnhe WHith afard FHe) Dib €S| b agespgekal bANopBrYitYdn BkGrdem
shows the result in the case where the drug is transferrin, FIG 5b
shows the8Suhtrel. N the case where the drug i s phosphorylase b, FIG
5c shows the result in the case where the drug is nyosin 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

thyrog%gq%%angé%ngqO%)Df_b@5@§ndg Phot ogr aphs showi ng the results

of confirmation o N in Vvivo angi'ogenesi s pronoting action of a

sust ai - I,el ease eyt | cal ition ntai ni bEGE a,.
drug. FORL30a ahowd eRe Teauinr SHRaRA SoranRel talhr hg 2 ek ine
bFG-, 0.25M sucrose, an collagen at 3% [wW.Vv],_Fl 6b shows t .
Cesul t S5 187 BEnRRGRF O LER a1 g B AL B A Ao | e S Fad?
[Wv] and containing no sucrose, ang Fl 6c shows the result of a

f or nul &'FoR2EEnPAi A ﬁaf%ﬁgﬁﬁcﬁn%d &a'l':ﬁ?‘&%%et%%o‘%ﬂttaﬁﬂ g% case of
col l agen only at 396£m/v] (Example 5). [FIG 7] A graph showi ng the
resul t ®16R9dHAF Br AALEBASHf AAFUY- B ) cHEFL o a St & ned P ddgeTesult
phar maceutical conposition containing bFG-F as a drug on a nouse node
of hi ndhi kbei seRen?h pERadpre d)col'REB Bld G-aphd! shewosg tiReference
results of phase | and Il clinical trials perfornmed for a

sust ai kedipdkedde pharnmaceutical conposition

[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,



containing bFGF as a drug (Exanple 7). [FIGS. 9] G aphs show ng the

results of confirmation of influences of sugar addition on the

gel ation of various collagens in vitro. In the figures, "a" shows the

result of a formulation containing no |ysozyne and no sucrose and

containing a collagen only at 0.1%[wvVv], "b" shows the result of a

formul ati on containing no | ysozyme and contai ning 0.25 M sucrose and

a collagen at 0.1%[wVv], and "c" shows the result of a fornulation

cont ai ANy 20 MRFL AhReARE 2 s BMadiRdco<e, - and a col | agen at 0. 1%

[wWv] (Reference Exanple 2). %FIGS. 10] G aphs showing the results

of conflifrifat o eFaphfshrentes toe Rt driofonht ivasienygdrangmiluence

col l agen gelation in vitro. In the graphs of glucose and fructose,

"a" shovs a fd arssivla cofdexr far muldaticorred@asd niatg no sugar | (Exsnsieows -

the result of a fornulation containing a sugar at a concentration of

0. 05M [FTGSShdds Ahve agesayhts ofheay ifngr mileatries ldentcdll mionf iarmsugam atf an

concentration of 0.125 M "d" shows the result of a fornulation

cont ai dinfd versugar e &icaheent rdatugoonofo D1 2peMgednadt i'oal’ iahoingo t heFIG.

result of a formulation containing a sugar at a concentration of 0.5

M In tshesgboaphsh®fresuarose @ng omld eEere"dhe shaup ikherdestdtr 0f, FI1G.

formul ati on contai ning no sugar, "b" shows the result of a

formil &ty emhce@ntdiaNirig A tSUGAM i @ sCONGRIN a0y Q. OPMspierylase

shows the result of a fornulation containing a sugar at a

concenty atirgn 8t 9nlzs MicapPdsudt $hovge thesd sl te afna JAIU Al in

containing a sugar at a concentration of 0.25 M In the graph of

raf {1 sy ahashovgENeshestblsOfng (Lohim! a1 00 CONAIMHAE Mo drug

sugar, ang "B Shéws the result of a formulation contal ni ng a sugar

at a cqncen Lon 0 t f. St 0se,, . a" 0
‘1@ ?e%%i‘éago’%%?%ﬁ ‘EénM FIIE QQ %W@ t%e %e%%lg_,)ﬁ zﬁ thgt%as& Y:\ﬁl rte

t he resul on contai hing no sugar owWs e resu
of a fornul ati on containi-ng.a sugar at a .concentration of 0.05 M and
o sh%\%\]/? td‘r%élgr é&ul%thygfogém (%rlr?uﬂgtxiagﬁtlc?orﬁlﬁai ning a sugar at a

concentration qf 0.125 M In the gra show a conpari,son _ anon he
Sugar o Ta o508 TP OB ihs  Shov Bp oo S A LI B A0
sugar, "b" shows the result of a fornulation containing glucose, "c"
shows tHe Y&l BNELOIPEPATI RTBPCEH aPRFhG matt 03 e SUBFR LSRG Stlig@se
result of a formulation containing raffinose, and "e" shows the

r esul t PHRrHACEMRHCAL @ATROM bl Mt AENEEABRPIRE (HRRE & @Ree- Blaifpl eaphows
[FIG 11] A graph showing the result of confirmation of an influence
of addithieore ol s ofcheraladtiasaeahail ndey omadolikigen Jelaty gwanese,
vitro. In the figure, "a" shows the result of a fornulation

cont ai Andga wo ldegehyas &3 audv] b'TIshotk shwvs eébel tewilta offor Mwlranilet ion
cont ai ni ng stachyose (Reference Exanple 3). [FIGS. 12] G aphs show ng
t he r esohtaiafngoffmg fmalilrcbfaridhfal teddegeaf anddt t iwfvbfand containing
mal t ot et raose (tetrasaccharide) and mal t opent aose (pentasacchari de)

on col hagencgesat e FDGVidd ehokh HHerbegUeest a" 8o rwhDasi diechesulling
of a formulation containing no sugar, "b" shows the result of a
formul abi BRGEOARAI b NEh A SY-INARLoALAInYhoaRdco Ll agBAVSH I Pead &3l [l /6]
a formul ation containing a sugar at 0.125 M (Reference Exanple 4).
[FIGS. (#3kmnapksg showing the results of confirmation of influences

[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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of addition of a sugar on gelation of a collagen at various
concentrations in vitro. In the figures, "a" shows the result of a
formul ati on containing a collagen at 3% [w v], and "b" shows the
result of a formulation containing a collagen at 0 . 4% [w V]
(Reference Exanple 5). [FIG 14] A table showing the results of
confirmation of influences of addition of various sugars on gel ation

of ac | e [ FI GS. 15] Phot ographs
shomnngk% eeﬁg% tsﬁéﬁ)%§$% q]gplinfluences of addition of a
sugar o oIIa en at var oncentrati.ons V, n
Cha i GEEE o B nnd S &Qedlé%w#ﬁ P ST it Shr o b 1Rndds
photogrgph repres ts a concgntra i on of collagen in a fornul ation

( Exanpl% $195 BAEST1P8) %Bnb SgEEEJﬁElQHo NPT hevP eSuttdgrs in vitro.

confirmation of i nfluences of changes in kind of_ a sugar on gel ation
of a cdif &dén Tt RSP "3RI 8BOWE BBt 5236}t shbw? thRr }an gfontaining
formul ati ons containi ng sugars shown in Table 3 (Exanple 9). [FIGS.

17] Pha\0gdrEpRYTShaMANGOt HeCT et ans sondahmineati 6AloAIERAT Plbyics bfl
addition of a sugar on gel ation of a collagen at various
concentlmatvilon§o{’ rehvdwa thenretiel £ iqfueefo rityl'a thows ontte ingsugl o dfy sz yme
formul ati on containing a collagen at 1% [wv], and "b" shows the

resul t aofd adndremliatg dn 2Zoomt autinmgen agwl laagen latg 596 [OWM  [(WExdnplaend
10). [FIG 18] A graph showing the results of confirmation of

addi t i Or"obhwesitOus resgdrsoda gekatil eniof @orcod 4 ragen 1Lionmy Yl Ay daz yintze
figure, "a" shows the result in the case of containing no sugar, "b"
shows thesr esyhicrdsd, henease @fl 1cepimiat g 1dMoSE, (RETshows Hhample
result in the case of containing glucose, and "d" shows the result in
the cagg of containing glucuronic acid (Reference Exanple 7). [FIGS
19] Charts showi ng the results of confirmation of an in vivo drug

sust ai nedoisel €85y EXofin %Eébﬂ@@sr@f %%%%19%&%%%‘% 'l%éﬁluences
conposition containing thyroglobulin as a drug (Exanple 11). FI GS.

20] Phetrogranhs oshow egrmﬁsrsﬁg%kg ok, Sgﬂé%?ﬁt%gfaeiobnﬁ('%?cro In

gel ation of a sustained-rel ease armaceuti c osition contal ning

thyrogkﬂQMdfg§ﬁ§ébp &9ué§§8”8h8 %%Lctose, "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

11



[FIG 21] A graph showing the results of confirmation of a

ti me-dependent change in in vivo drug rel ease anount of a

sust ai ned-rel ease pharnmaceutical conposition containing thyroglobulin
as a drug (Exanple 11). Description of Enbodi nents [0014] The present
invention relates to a sustained-rel ease pharmaceuti cal conposition,
including: a drug; a collagen; and at |east one kind of sugar

sel ected frommonosacchar] des , disaccharidesjl trisaccharides, and

t et r as &ML [TOUE By RF rieSB¥2EontBfini Ry EREVEt theadieine Ihd
of sugar, the sustained-rel ease pharmaceutical conposition of the

pr esentt IERHERGIO iCONtRIQINGE §UdsEmabefoFeNFANGFRE188NnPAI 8t PatMeon,In
and underdoes gelation after in vivo adm nistration. The gel ation of

t he sudths reckplel ebsetphbvaaeeutiadalshovimpothe i vbaseltt hé pr dsmmulation
invention is inhibited by the presence of the sugar inmediately after
i n vi veadmimisty ad isoarhutbt beowshile resnloffidhéogambabitanngforitesining
col l agen by the sugar is cancelled as the sugar gradually diffuses in
the |iw sgghadyr andotrbentcodtagenof 0 &5 iMyabed t'e"r esbosethésresult of
intrinsic property and undergo gelation. That is, the gelation of the
sust ai redorehaase phajgrcauineala cameosidd en fnddit preisentof nv.ars en
slowy progresses after admnistration to a |iving body, and a drug

sust ai medthel gasghashbRin§ad dndd Nddy LadiPithedsudhes at 0.05 M, "a"
sust ai ned-rel ease pharmaceutical conposition of the present invention

is congdgiednloBave i predi abenliheass PERPEIAYnY B &Lty &t &hows
admnistration to a living body. As described above, the

sustai e £ el eps s PHAUTARAUL Gl GATROSLLL N Wi dier presents ERuenton

has i mredi at e-rel ease property and sustal -rel edse property, an

has a gontyc c!argrﬂ%ldar bl eéo‘%?‘éﬁxé@ﬁ&mé?@&?&,,'md“hghgkgf%g{% e Q% 4

the phrase mredi ate-re e’ property” nean .
pharnagegtp %k{conp03|tLon rele S an efﬂ&fnk¥ﬁ @pount of a dﬁ%93f1a

I
a peri Le FOREY A dfad N ST & ontoadi VET iTHE ToSH
(initi peri%g) . Inthe.initial period, the pharnaceutical
Conpos HERBHIGE Leie SGreedit o gy 4ol Rt Ry Ca Ao e
conparable to or slightly slower than that of a conposition
cont ai ni'A§ -nb! b §1 PageR, SigH it thersg 3 Hasferothama hien of an influence
conposi tion containing a collagen only and containing no sugar. For
exanpl €f, aCRd taRar Rdc SHEICENC SConPESiNESEE SR LHNE ) prods &Ml iagreh g tdem
rel ease a drug in_an anount sufficient to provide
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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a subject with an initial |oading dose of the drug within a tinme of 5
hours or less, 2 hours or less, 1 hour or |ess, or about 30 m nutes

or less. [0017] Further, in the present invention the phrase "has

sust ai ned-rel ease property” nmeans that a pharnaceutical conposition
rel eases a drug in a sustained manner for a |l ong period as conpared
to a conposition containing no collagen to nmaintain the concentration
of the drug in vivo at an appropriate one. For exanple, the

phar ma&dut 2@al ttenpedi t4 oAUGRTt I9a pFebahton neéntd opobhager| edserarious
drug in an anount sufficient to provide a living body of a subject
Wit h a comariusdsiars Anemahnce . dobe Wie thegwrasy f'e’ shewbothewragult of
period: after a | apse of 12 hours or nore, after a |l apse of 16 hours
or nore, formaflbédioa tapseining adayldragwr etadt efw/adn rinst Fat'i smcand he
up to about 3 days, up to about 1 week, or up to about 1 nonth after
adm ni stg=ailitodt a Forafinen idn egsta M idg et agen™y €. andwip )t Reatendnde
nonths after admnistration. [0018]1n addition, in the

sust ai me@dmialease pharmaceutical conposition of the pr esent

invention, it is considered that a drug rel ease rate can be nore

freely gagt.r ohl Qgtgﬁlﬁpﬂ'ﬁ@@ﬂl@ttﬂe)’réghlH§tdf‘Qonff9'3:m%)E§'5B| &f ¥ uences

concentratlons bl endi ng rati os, and bl endi ng order of |ngred|ents
i ncl udigg a4y, 3Cokl-agge, sﬁﬁgrg SHIAE1 2L of Nor SUL A \e i ro
pharmaceutical conposition of the present invention, an iIn t|a

release rAmuynt, %a%x%%llapeﬁased as conpared to a conventional
conposi tion contalnln IIagen onIy and contai ning no sugar and

di I t
tost | 4 gEFror o Efafaﬁ%%f% FonPriBRS mECarrubals o Buanpra t1ors B of
descri bed._l ater, r g rrel ease rate can Hé r.equl at ed thin such a
range th u&“&re& 818 &r°g At XM &6 &1 Pét Hhdbdrieus

to 6 hours after the start ,of elution is increased by about 5 to 30%
and a GPGBGEEICFATIR ottt VE¥Emul dtt vEREr Jdgﬂléleéaset}h%o{}ﬂ??rsc% xglue
hours after the start of elution is increased by 30 to 50% as

conpar 8&Std 1RCorw &S bAARE LoRPERI RV TOIRMILRPHG SENES| § £FEYF AL Lo
containing no sugar. It should be noted that each of those nuneri cal
val ues %ifs aagodlampie 16f aak oirmiuliagli ogr Ug=eairdaséirate (a tine range in
whi ch i mredi at e-rel ease property is exhibited and a cumul ative drug
rel easdFagduntlGin Phetedrephangdpwingt hdesustailied- o2&l eapdirmation of
pharmaceutical conposition of the present invention, and the initial
drug rehédsencateckt nchdregs eserktindnuvénd iugds omogellhiiibado f e roetld agrmch
can be controlled by the kinds and concentrations of a drug, a sugar,
and a deltiagen. HIGG19]deheo plegrstenethe calsuderpostbranl at ibhe conesdmting
invention is in aliquid formbefore adm nistration to a body and has
pr oper kygat-susdergoiing Tgehat izon exbtn et g .adm ni stration. The

gel ation of the pharmaceuti cal conposition of the present invention

i's prohabky . duert oo kRGN shbwi agkneen tdhah dhes gekahirgRmat ibhe o
col | agen generaIIy occurs under physiological conditions . The

physi 0&93‘19%hc%%®f gaeeeleﬁaﬂc é%%g%% Leqas i8h & émqr%‘e‘l'{ it Q’fa riche

45C, a pHof 4.0 to 10.0, and a salt concentratlon of 0.01 to 3.0
The pha %H@%ﬁ‘d&g%@bn‘éo%o%% on Pﬁ i E'EH gJéul't” oF
| i quid formand does not undérgo ge at even ace

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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physi ol ogi cal conditions before adm nistered to a body. Further, the
liquid formand gelated state in the present invention may be

di stingui shed fromeach other byneasuring a turbidity . For exanple,
the turbidity may be confirmed by nmeasuring an absorbance at 400 nm
The property of undergoi ng gel ati on means havi ng such property that
an absorbance at 400 nm i ncreases, for exanple, such property that

t he absor bance increases to about 1.0, when a conposition containing
a col | dgénshovwpl blcedramaer iphybeotage cal asovidiitiions nol 9098%, ThHe' sigars
contained in the sustained-rel ease pharnmaceutical conposition of the
pr esentthienventiloninstlet dasasvforenkiiming sugarssel'elt edowsome result
nonosacchari des, di saccharides, trisaccharides, and tetrasacchari des.
Exanpl ds1 ohet besamdsactlzanides gincbede: apentdsehcsuchhasraylidsein the
arabi nose, and ribose; hexoses such as glucose, nmannose, gal actose,
fruct oseseard denesenisgayl hcohals asueh @& fidresideolEs@nghier yhhritol ;
am no sugars such as gl ucosam ne; and uronic acids such as gl ucuronic
acid. Fprampl esopfcHhie: dispacehar 98Sd NEltUude rSsH A5 Ema fBbh @¥Can in vivo
| act ose, trehal ose, and isomaltose. Exanples of the trisaccharides

i ncl udgfaf fi nose - 1Bxmlas Qf theylatinasacchari des iRGhud@ed-release
stachyose.” The sugar contained in the sdstained-rel ease

phar ma ical Sitl f. & nf . LRV i i r.ef bLy
oast Bog R A e Ol PEREERh b TaRR LRI SUE0LY g
trisacq %Eh &% 1More preferably a disaccharide. A disaccharide and a
trisaccharide are’preferred fromthe viewpoint of handleability in

t he pr rati of,, the pharmaceutical conposifion as well . 1n the .
br esent 2 ieencPanEhbiRERTPhE SSY AR Rets of SEbbt S etTAA-en OF in
conposi tion i roduced by allqowi ng a_collagen to coexist with |
pol ysalci&r PGes “Hhdl B%i Ag SHENPATSEY TRIFE S§aLERIFPEES LT 3g SOBPGE 14t on
| east one ki.nd of sugar _sel ected from nonosacchari des, disacchari des,
t ri sacCRAFPAEL NahBYEOOL e8¢ dRarPdés AE ((§X@BRdiedérdd t hat a drug
sust ai ned-rel ease rate cannot be regul ated because dru%_ ‘

sust ai AEdCr el €bkefpropErlt y SHpwihe colt agesuils sno f sgpstasmeaiiiop of a
af fected. [0021] The concentration of the sugar in the

sust ai kéderdepgvdephiar eaeedti cal donpvsiei chrwd tkéepseseanovnvemy or
is one at which the sugar is capable of inhibiting gelation nediated
by thesueltbhaged-atlaabienal ploaceateatioali n tdwngieEirnegeut | cantaining
conposition, and is such a concentration that the pharnmaceuti cal
conposkhivengabbuiiénpaesantirunvdéBkaopldoéd )not undergo gel ati on even
when pl aced under physiol ogical conditions. In addition, the
concentration of the sugar in the pharmaceutical conposition of the
present invention nay be increased or decreased depending on the

addi ti gasefigthen bAgeedbanhsenitl the pharnmaceutical conposition, and
is preferably adjusted to an isotonic concentration wth respect to

an osmMphbg4RPr eSSUr nkNo¥iYon s ol &n RO XMWY & stiB®ained-release
concentration of the sugar is O 01 to 3. O M preferably O 05 to 1.
sugar PR T o REe 0. BT her S e T o6 ern T Phar B G BE b ¢
i nhi bi ¢ ffect is i ion.i re.
than 3L6oRF diorind Al ) BE e B A o SR LG RSB aR s
IS conﬁletel¥ inhhbited ang Ehe conBosLtion does not exhibit drug
sust ai NeUSFEFRAEEIEr opBFt Y L8257 'E T 4REId be noted that, in the
sust ai -rel ease pharnmaceuti_cal copposition of the present

i nvent R@ﬁlgiy chan@¥ ng- T RENCARY- Lome dlts ati et dPrekiagat sppgars
possible to regulatg a_drug release rate and to regulate a bal ance
betmeeﬁh?nﬁEaFéﬂQ??eF§é§éSErBBéFW?C?HﬁéG?étépwpéﬁﬂ EORdARIENTEEEr RERSRNT

to a living body and sustained-rel ease property due to the gel ation
invention is in a ligquid form before in vivo administration, and

underdoes gelation after in vivo administration. The gelation of

14



Min the case of a trisaccharide; preferably 0.05 Mto 0.5 Min the
case of a nonosaccharide; and preferably 0.05 Mto 0.3 Min the case
of a tetrasaccharide. [0023] The collagen in the sustained-rel ease
pharmaceutical conposition of the present invention may be any
collagen as long as it can undergo gel ati on under physi ol ogi cal
conditions. The collagen is distinguished fromgelatin as a denatured
product of the collagen. The collagen has a triple-helical structure
f or med téfe Snsdss@ssi-yr o asyy @b aiEacealt isally pepmiasd tdiedl v, ikeragsent
gel atin does not have such structure. The triple-helical structure in
t he colinygertiios figr medhidfltesl dwultds eacsanng ¢di ndea sggeatimngdiately
sequence of (Ay-X-Y)", (X and Y each represent any amno acid) . The
nmol eculaditeweiighvieh tbmicoktagenonp bhe pharivdcdet t tah cOmiesigdslet ionh
the present invention is 1 to 2,000 kDa, preferably 10 to 1,000 kDa
nor e praf ehabbyl1186ehob500hkDangithens tdend®l Bedil a8 tied ghigaof direlually
collagen is less than 1 kDa, for exanple, there is a problemin that

t he gelatfifoR<ef it ke eCDl ¥ BYEBoAYE S MOEhOGHII dHHIe s IWtSinelte@l €dlrestore
conditions. Wen the nol ecul ar weight is nore than 2,000 kDa, for
exanpl e+ st 1eF £11h 81 @ gHRIeR hRdihdle diegeehal bAN OLKAF 3 s§VERe YRAK ion
condi tions other than the physiol ogical "conditions, which nakes it

di fficuet o handlie ddhe S48y BhiPRackhic$EQY s hotsh thatnd RResent
nmol ecul ar wei ght as used herein neans a total nolecul ar weight, and
is gen .nea o L : 14

o esent T SUSAE ot T herr R T e e Sk L Btk A D bl poay,
atel ocgllagen. oPLalned Jy LISaLIeNt i b o 8 ROL2ase) such, 85 PEPST fne

(Stenze l"'agen as a biromaterial, Annua i €W

Bi ophysi cs _and .Bi oengi neerin 1974 , 231) as_well as various
Cypes. SFSR AR aRar - SOrRaSonb AT P AR AP BL oo ST TRBENE L oher BF i be Prsg™e
atel ocql | agen deri.ved fron1an¥ of various l|.iving beings such as a

chi ckeAPVERTEPE, &5pi GO andS B Runkn. THEUFE her™ "%QV%&rﬂP@&“ty
col l agen, a .col |l agen-1ike nmolecule in which synthetic_ polypeptides
each i RETGALAGSA Yr 8HESTI AGMEBHAEREEIBT BPYa X W INO PRAX: eddhdescribed
represent any amino acid) such as ( Pro-Hyp-dy) 5 forma triple

hel i x, 28PVERe Hhick sUrhA Beedsirll a5 9 orlyp @ea¢euehea Lindergesgeliani 8 the
under physiol ogical conditions. For exanple, gelatin or a collagen
pept i dergsestnot mgertgorgel atdon uvhdeedpayerotbgieal cohdberoks, and
hence is not preferred as the collagen to be used in the

sust ai sediréhedseecphacerreepécay, eonposs ti orniofol hed giregerdlease rate.
i nvention. [0025] The concentration of the collagen in the present

i nventi[0A18ay be aby coticent atdsemtas lLangnasont | stlseich phrase  "has
concentration that gelation occurs under physiological conditions at
the finahegoatentreakizer grvogde phaeane eubiccabhgsonpositionl coahosition
exanpl e, the concentration of the collagen is 0.01 to 30% by wei ght

(% [W ¥E1)kaseRl @h @ ot 0:Damohf £ 20F0bM r iﬂmav\ﬁ&((ﬂiwvﬂram imfet8ately
preferably 0 . 1 to 10% by weight (% [wVv]) . en the concentration

of thea@@%'r%%ﬂﬂi%t!r%scsiérh@é‘a%iQé%@Xné"’?ilgmiéf/gaélﬁ\’f%h) . fﬂ&tﬁéaltmlt@az

there is a problemin that the gelation of the collagen does no
occur. glé\?egedt, h%h%"%%%%%h%?c‘aﬁ. R ots'i%ﬁoﬁo%afbléh‘éeg&@se%% Wk on
for exanple, "there'is a problemin that the sustained-release
pharna%gﬂggggg 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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conposition of the present invention cannot be handl ed as a sol ution.
[ 0026] The blending ratio of the collagen to the sugar in the

sust ai ned-rel ease pharnmaceutical conposition of the present invention
has only to be such a blending ratio that the sugar is capabl e of
inhibiting the gelation of the collagen. For exanple, 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 t@ ebiegtors thoan: snagdalakhaafasgodP§et of behpréfied apljhin & gaime
to 1:1,000, nore preferably 1:0.02 to 1:500, still nore preferably

1: 0.1 toF B boorsweenleble wei Bhtirégproieshe Suganr wi hlesspert alput 30
part by weight (1 g) of the collagen is |less than 0.005, for exanple,
t here imsiratgrsolrerhess.that an effect of inhibiting gelation is not
obt ai ned. Wen the weight is nore than 5,000, for exanple, there is a
pr obl emdoilhat t heugehat, onirof thbdepeekkagen rivgercingl etieéy phithkki t"édhs
and thus the conposition does not exhibit drug sustained-rel ease

pr oper teyis thudieire lida ssheedse bey natedstdat: 4 PRagrbatuencaREdHosition
inhibited at a higher level by increasing the weight (g) of the sugar
W th respeGlsds0aldhay i-PY e eiindd ibhfr the £aldrROBRriba AR red

produce a pharmaceutical conposition having a high proportion of

I mredi gl {:81'11?8§§t969_@%{ntt)érini[n Loh MabBR 34 Al 0eth ERERIR-entration
pharmaceutical conposition of the present invention, the collagen is
presen coll ag | g 1 i I | v in L
Anyned%ﬁﬁﬁggabg£%§egﬂaégfﬁi %gdgﬁngggﬂggﬁg%gg fﬁq%htig??gg&gﬁgheén&hg
el C%%%%ﬂ%a%%hg%a‘i” %%[fné%@)ﬂsc'i%lno%;_f.c %gleco% | QNS 0 B4R o ST
maybe used a nmedium  such as purifie ter for injection,

physi ol ogical. saline, or a huffer (e.qg., a physiological, phgsphate
U T er & reR it Attt bt o Far wir e L Ty SRsgAb ot F i ect
sustained-release,gharnaceutical conposition of the present inventi,on
Cont ai M3k dr GGPE4DHAVACERYBEFAGRER BRES Thet B (F FRS Tnly'a e S ing
physi ol ogical | y_active substance having an action of preventin

and/ or PEEeRGi ngf 8 Hi T daPE S0P T al HEROHSEOT XShdAEIE6A. 2 Behns 88 g@ Fowe s
drug i nclude physiol ogically active substances having actjons of .
pr onot PgMEL§3 U LT 8déERaT at ilePsan@ofl Feonsti AYrend Eeramcitigigtration
physi ol ogi cal action, and ones used as general pharnmaceuticals such
as an and upaheetbagen dand .abdPanPi dhort cl WHe diowgumayo bebeny lofmogth
protein, a peptide, a glycoprotein, a polysaccharide, a nucleic acid,
and a kdwempbdnahastweitgln ;compelhdr & lahagerf al pratiEl mr anqaptande up
or a glycoprotein is preferred. In the present invention, the peptide
is a mibeaboati B whinthst witer ewoidndritmratdcinds are bound t oget her,

and the protein and the peptide have substantially the same neaning.
The gl yoopsgtei n hasg adsugasn¢ham e HOWIG G it Prreileidbe e ria@ietitn oad.
the drug in the present invention may be any protein, and for

exanpl eompbe iRavhngs a H®lneyat Waivghtieh, 1it a sl 006 ikbBactpyhhe dlsety
[ 0029] Exanpl es of the protein, the peptide, and the gl ycoprotein

i ncl udecachiskroflashn oy Faste c@%@%b&r@a6?%9528?&19E@%?%d5%%&9&g,

(EGF), a nerve growth factor (NGF), an insulin-lTke growth factor

(1), f@r@lé}‘@ié} {:Hylc%tddégltfr%q:ti%ns(,%éndﬂdg 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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granul ocyte-colony stimulating factor (G CSF), a transform ng growth
factor (TGF), a vascular endothelial gromh factor (VEGF), a growh
hornone (GH), erythropoietin (EPO, a hepatocyte growh factor (HGF),
a tunmor necrosis factor (TNF-a), |ynmphotoxin (TNF-p), an interl eukin,
an interferon, insulin, parathyroid hornone (PTH), a platelet-derived
gromﬁh factor (PDGF), a vaccine antigen, an antibody, |ysozyne (cel
wal | di gesting enzyne), serrapeptase (anti-inflammtory enzyne

pr epar Kﬁbﬁ%amﬁhﬁrPﬂﬁﬁh@éxﬁﬁh%ﬁﬁﬁﬁﬁQﬁﬁﬁﬁeﬁ?eéﬁ%yneoﬁﬁéhaﬂaﬁdﬁﬁcrfhﬁﬁ
FGF is preferably basic fibroblast growh factor (bFGF).

[ 0030] Exairpiresl ol totee dasteibeddiad eimal ddeg ralgese micpdinge ragulated
enzyne, a hornone, a cytokine, a colony stimulating factor, a

coagul atiitdnirf sctadr 2 aaregulitdtadr ya phmteial,uta dir amsenmitpt jcamiflaedtiors drug
receptor, or a structural protein; and an antisense ol igonucl eoti de,
Si RNA, rdlRNAe RhAunDNA) tor6 aptanesartar giid Bgasucht game iamdi § dmetafed
a single-stranded or doubl e-stranded nucleic acid forned of an

ol i gonugl gpbides @b 3w @hidggnualeesudeon[ 03T h%uﬁ@&@%ﬂtﬁea@li:@ﬁ 11 dhe
drug in the sustained-rel ease pharnaceutical conposition of t

presentyrdnnent isoRohas ABLiYst 0rberoPRe SEEL €1 &Nte 110 BN Ui L Add Py
of preventing and/or treating a disease or a pathol ogical condition

in vi V@OOftoasﬁb'thC&o&)t@éEe&n% 5 O N S 1 1en BUS e £ & %’%ﬁfﬁcalnm

phar maceuti cal conposition of the present invention is admnistere

The CO’&%‘?Lritag% | 9y antcf‘SoﬁEHQnEﬁg rﬁﬁgﬁ L bercaompanable n]tocEetcpgh%t each

effective concentr t|on 0 naceu |caI to be genera

Fur t her o'f EE Oﬁg\%&%@ (fa%i A% 1 BY :Lgea% g}?%nr%g ee? By %ﬂ t:cLir!L grug'] rea}_ease

been cli’ar| ectiveness 1's ex ug on

However re the co ecreases Q0r

or eadaty b AR ERERa bR RO L e o1 EeA T BREEE T Lximiy pdded
as conpared to t e case f the dr onlg is also enV|sa ed. Thﬁ ,
sust ai AE&- Pel 7 on'Bf thfRet ﬂ)?‘@seﬁ‘t”gﬁ veRt itoe
is preferably top |caII used and hence t he concentration of the dru
in thes§ﬁ§ﬁépﬁ€drﬁéﬁé§§e BﬁéFWﬁE@HPF@é# cOAPBSPLT AN haRT orftie t PUsSen
determ ned focusing on the |ocal concentration of the drug.

[ 0032] Th&e8S ORI rAttH EBPddsld ihaf hae agtlicedle vohpdsittioRresent 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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the present invention may further contain a pharnmaceutically
acceptabl e carrier. Wen the sustained-rel ease pharnmaceuti cal
conposition of the present invention is an injectable injection, for
exanpl e, a dispersant, a surfactant, a tonicity agent, a pH adjusting
agent, a soothing agent, a stabilizer, a preservative, or a col orant
may be used as the pharmaceutically acceptable carrier as necessary.

[ 0033] The sust ai ned-rel ease pharmaceutical conposition of the present
i nvent iREY 519 Incfelabloypdidsd@nsape A 8¢ s dyi ks ter e tjtec & bpdy Forfurther,
exanple, the admi nistration of the conposition nay be intraderna

adni ni stheatlilgivids dibett andousl ated i stratirofhel preaspscuhgention may be
adm nistration, intracavity adm nistration, or admnistration to an

or gan ol st itrigsished fFoont hech dtine rsughad aedi neglhdasd jghiarynac évtriccadmple,
conposition of the present invention may be administered to

vert ebradee g udueli tas mafyi seespnatiphieli Bpsnes eptihesan bisslsrivancd @At 00
a chicken and the like; and mammal s i ncluding a nouse, a rat, a

rabbit nm C@he Préi0dnt €3kt hitde fgPigy (@ 1RAISH mBa9HMavidSBEER property
nonkey, a human, and the like) as subjects. [0034] Wien the drug is a

physi oltegitcahl %@@fb&@célﬁsﬁ@ﬂcﬁm%ﬁaéé@ 3 r2BghAPEReSESch property
regul ating action, the sustained-rel ease pharnaceutlcal conposition

of the tprgSele 'M%ﬁb&(‘b@%’néﬁeé@@g 8§ QBoéE'g'logen%%'e% rae%nﬁid%ﬁtl'd%

the present invention, the anglogene5|s regul at i onh means an action of

pr onot 'c%gl %q.l(ij{l%r ' m?:'oli'lt' Cl% 'ﬁtde@xgﬁ'ﬁvsﬁ%fg t(ﬂﬁ. conditions.
physi ol’ogical I'y %Qétive's tanc |t|ng angi ogenesi s

regul at 'o%%oa}c“ on el ud acf (%Efcerab'dbeGF) 1 HCR oYEG HE G Rh oo
funaglllln evaC|zunab i bi zUmab, "a"r econbi fant Human HONOC] ONa
Fab ant bod at n utrallze act|v forns of vascular endathel

or owt hPEd el Bpast

pegapt ani b nu c aC|d p arnaceu caI O those, bFGFl
pref er PE&. X V\ﬁé’t‘i’atrhé rfté” rofdGshe ddwseas‘:éﬁta“desf

i nvention |s adntnlstered to a I|V|ng body, the | ocal concentration
of the tPRAVSICEIGGIERSy aREflve SRR A ti ng &F2ERGESgenesi s the
regul ating action as an active ingredient increases early and the
subst aRe8ocar hé riclesaseglrdea BastarREdswEhne? Bikrsey |10MRPigsd and
and kept at an appropriate concentration. Hence, the angiogenesis
r egul atébosgy hexosed Fusth aar@b@@oweatammsaapgail@atbéﬁs fsiageam, and
angi ogenesi s regul ating action. [0036] When the physiologically active
subst adceoexhi Higanglcohols 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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an angi ogenesi s regul ating action is bFG-, the substance is rel eased
in an anount sufficient to provide a subject with an initial |oading
dose of bFGF within a tinme of 2 hours or less, 1 hour or less, 30

m nutes or less, or about 10 mnutes or less. It is nmeant that the
angi ogenesis regulator is released in an amount sufficient to provide
a subject with a continuous mai ntenance dose of bFG- for a tine of 12
hours or nore, 16 hours or nore, or 20 hours or nore and up to about
24 hourdlenyphecsupbuined rolrase ahapaceubsial 3o2mregisiaht bf produced
adm ni strati on. For exanple, the angi ogenesis regul ator can be

prepar & §4 lewandat Rechilhabepohe er@ et $orvbfh TRV Y- dmpiglen ingg uding
t hereby set the dosage (dose) of bFG-F at the local site of a subject

t o abowent@0 o aboat s&0Chingdepref arlte cebent 1266tpgne [ BO3T|oTrgar
angi ogenesi s regul ator of the present invention may be applied to,

for examllestcanfrogenesdsa rionmide), dasgicapardsies, i nhl didcloaridessumd
regeneration, wound healing, bone disease treatnent, periodontal

di sease eftireatar®miarickd,i Liagesdtsgas@ete@athi@nta dud aneela ilneeBrEHase
The angi ogenesis regulator is preferably used for angi ogenesis

pronot i@k Okahhs$UBel HENEEBEH OlecASs@ Thhs® AR RXNRM -0k T JdTRItR rt y
its synptom t hrough angi ogenesis pronotion and/or tissue regeneration

by thenginpgerasigredyl 3o b <hetRasentafravenld on, there are
gi ven vascul ar occul sive di seases and ischem c di seases concurrent to

the vasgghan occl “ﬁ"h@rbc%r(beg?ﬂ%[ {on SPEGHd gsggl.% E}E‘@g‘?ﬂs%%% &d-SAMhse

of chronic arterial occlusive diseases In general and exanples

t her eof h'a%'a‘é%%t%%%rJ:é?ﬁg&g{f%ﬁ %bjcigég-haéksen YELERE 1 3n% S682%t which
di abet rc gangrené, nyocardia Phfar Gt n, and angina pectoris.

[ 0038] The dosage _of tqg angi ogenesi s_regul_at.or. of .t he esent

[ vent 10 H092Da SsB OpHS Atel O bt Lerea enend e theoR 6y ERa msdacsn
di sease to he treated and the age d body wei ght. of a patient,. For
exanml 65 fhd [B0dage T EaAa OB Dr RS ShGECEY o EERE g nand
range qf about 0.01 to abqut 500 pg, preferably the range of about 1
to abogf %@@hp?gfﬁoagreﬂgefattwﬁuﬁ%ﬂtaﬁﬁ SRR IMRGeUEA 3 eCPﬁF@E%EaOPrﬁ%%
affected site or a peripheral site thereof. Further, when the effect
in si n§FESEAT AP SeRaiPRIAIRS NREURRFRT ALY IHel I FIVE SV RER | DR ¢REY UaIdss
be perforned a plurality of tines. [0039]The sustai ned-rel ease

phar ne@BysiedrJdsaposPnidn ionst hel pradeht 1¢my ete sirnrantie tiraadeded he
by m xing ingredients including a drug, a collagen, and a sugar at

pr edet eugimedncohe epita amd omst apall bt empeld Higt @it | ©F . tHen pirisisendageverlyd on
bl endi ng order of the drug, the collagen, and the sugar is not

parti cumbarbg Linortededand decrexsapl depémdicgnposilie arddienyide of other
produced by blending the ingredients in any of the foll ow ng orders.
(1) A dablrageenics addedetpharmaXéwt EceDnt@hmd $ige Botly Whdid pradgaably
(2) A sugar is added to a m xture containing a drug and a col | agen.

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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(3) Adrug is added to a m xture containing a sugar and a col | agen.
Further, it is considered that a drug rel ease rate may be
control |l ednore freely by appropriately adj usting the concentrations,
the blending ratios, and the blending order. [0040]1n addition, the
present invention al so enconpasses a sustai ned-rel ease base,
including: a collagen; and at |east one kind of sugar selected from
nonosacchari des, di saccharides, trisaccharides, and

t et r as@dEP@titdes. The sust ai ned-rel ease base neans a sol vent or base
for the sustained-rel ease pharmaceutical conposition. The

sust ai Néd-22d| ease pharsteneld i loal notrposiitatonnay beeprsodicech dvy- raddiasg
a drug as an active ingredient to the sustained-rel ease base of the
pr esentohianwenteiudi caflokcloowed ity om xfnghe pfOOdAf 1nwdriel ot esentchanging
invention, at |east one kind of sugar selected from nonosacchari des,
di sacchad Hesd drd saecharirdes onand Hiel sagaechar iidesceanbbe wod lreued Hte
be present in a pharmaceutical conposition containing a drug and a

col | agen, drad herslhsaddmpardtd megh at eor ekega@apEOPart $adlgice between
sust ai ned-rel ease property to the pharnmaceutical conposition. Thus,

there Iﬁm@d%@trér_%u@%@eap%galaggyoimﬁeaaéeéhyngf@eﬁwcﬂn{ﬂ%s@c{&ﬁ &0 a

[0042] I n the nmethod of manufacturing a sustained-rel ease

phar Wﬁ%%h%aboﬁg@r?&'éd%ﬂ{ecﬁm}%@é ml a a} 'dpg EodEIII' ‘{. £ of

rate of the pres I nvention, in consi e gela
the co g st u S
operat%%% ?giﬁég?grab y per orne eEPSeﬁtgﬁ%%¢§ u$e§§%ea Bﬁgﬂ%hﬂ%’and

col | agen i not denat ured r ef.er abl e atur of 2 to
Toc “oEhaR N 3E oW M, Bes LBt ST B s
may be erf rned 50C mor.e pref er abl 10 to 40C Exa Ies
(004] ERRBPIET T of her pdiDibocH TGentii o SEGE | APy e: 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

20



descri bed by way of Reference Exanpl es and Exanpl es show ng the
contents of the present invention. However, the present invention is
by no neans limted thereto. [0044] (Reference Exanple 1)

Spectroscopi ¢ eval uation of influence of sugar on gelation ability of
col | agen sol ution Specifically, a sucrose solution was added
to a collagen solution (pH 7.4, final concentration: 3% [wV])
(product nanme: KOKEN ATELOCOLLAGEN | MPLANT) so that the final

concenty ami éhewass@, oF. Gt rirs a@.c2% rildef;olpirevied il ymidkidig M Tre OviSxéd in
solution was neasured for its tine-dependent change in absorbance at
400 nmtuuet ltages pdctar opmhatsamethern: iwlei;| enbeipng fleeatdd 8. 037® tHO0@4S] M Gn
1 shows the results. In the figure, "a" shows the result in the case
of a cahlagemconify a th'trakewshahae deesult in the case of a blend of a
col l agen and 0.01 M sucrose, and "c" shows the result in the case of

a bl endooR3g col | agee apd18geh M sikd essstaliiLold 1agan %‘h'aliﬁa%utt(lcal
whi ch no sucrose was added underwent gelation in about 10 mnutes. In

each obcipesaelilbager sakubi-eB8nt0: MPELP: SHCHLP S dvas @ddad.addS as 1ong
gel ati on was del ayed in a sucrose concentration-dependent nmanner.

][?gﬁqq:ggrggglnc%nlhn%@gior RN B Jdrfd MERES 101 M1 UL AUG Jifl eaghe
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

21



The influence of a sugar on drug release froma col |l agen was
confirmed through use of |ysozyme (final concentration: 2 ng/nmniL)

(Si gma- Al drich Corporation) as a drug. Lysozyne was di ssol ved
in a physiological buffer (PBS, pH 7 . 4 ) containing sucrose (final
concentration: 0.05M or a physiological buffer containing no
sucrose. After that, the solution and an atelocollagen solution
(final concentration: 3% [w v]) (product name:. KOKENATELOCOLLAGEN

| MPLANT) PHRF @2 &f ¥&i¢hah?l PreSHE ateenzahetralsul Fadtaperma athismaterial,

gently added to a solution containing PBS as an external liquid in a
test tdpausloRegwed by Peerpinglas Bigedaimecamant (827¢he3}t y3dZy s
rel eased into the external liquid in a tinme-dependent nanner was

measur e 18y a Pt {sys ttempasmpégnat oral CRAAJerShi madzuh€atroreatdldridgen,
system controll er : SCL-6B [ Shi madzu Corporation], punp: LC 9A
[ Shi madtie r€omporiad iumyd atedasednageRCI8b22e{ B i andebéctar 1 oS C-16AVIg
[ Shi madzuCor porati on], columm: Cosnosil C18- AR [ NACALAI TESQUE,
Condi t e ofsos uthe a geast ks, Wed et Bs, foldiews anbnkt hahagl ueniz 3%, a
acetonitrile solution containing 0.1%triethylam ne (TEA) Final

el uent geRGeRtNat nRRHgriad el 1eldsdn,on Wdih AKW-aGedondlddia s altifh

containing 0. 1% TEA rate: 1 nL/mn
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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Elution time: 30 m nutes Detection wavel ength: 220 nm [ 0047] FI G 2 shows
the results. Inthe figure, the open circle shows the result in the
case where sucrose is absent, and the filled circle shows the result
in the case where sucrose is present. The anmount of the |ysozyne

rel eased into the external liquid was found to be large in the case
of containing sucrose as conpared to the case of containing no

sucr oseomphdei # SUbE T Heey 28t 86 Rk chite RAH Ad ONLafh I 188 solution.
accel erated drug release fromthe collagen solution, resulting in an

i ncreasg ) ni tialrly Ugoh8haasea AMUWHR thd Qgﬂgéé@saﬁ@!ﬁéku ar in the

Confirmation of influence of fornulation proce e oninviv

gel ati %sg:fa}iﬁfg(ﬁ—f‘%%‘élrréeansfe Op&a%éeﬁ!%i%lng CEDE'[E%%il&ii%gs Qk | ?ﬁéeed;;reenstesnt

were m xe ers an ornul a as shown in

foll ow. i t . 14 .kDa L entration;
2 gl VS UEs SoT R S EnErEn Bnb 5195 M) FEana HPeT ogor | et Lo
(final concentrati.o N ATELOCOLLAGEN

| MPLANFZPERS P +é?5i\%§i%8 %i\%%ié)%ggf‘%tét"?&ogﬁ 25RE - s UL HE e
m xed, wai cl'ii I}eaaxc;ara etlooct le! akla eer}1 1nsg ardadteido toof ptrheepacroellaageor[ rq:uol ai':[l'ileons'ugar,
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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b) (P+AC)+S formulation: First, |lysozyne and atel ocol | agen were
m xed, and next sucrose was added to prepare a fornulation. c)
(S+AC) +P formul ation: First, sucrose andatel ocol | agenwerem xed, and

next |ysozyne was added to prepare a fornul ation. An AC
formul ation forned only of atelocoll agen was used as a control
formul ati on. 100 pL of each of the formulations according to

the above-nentioned items a) to c) were admnistered to the dorsal
subcut iSSthieGe PUPDY L efetvalter forweBkesrdypn, Hpespprbagheal ovahbsencer a
of gelation of atelocollagen in vivo was confirnmed 24 hours after the
adm ni fufaisirodet g- ¢ he Phived o Jog04e[lFpESspBashdw iy seat esebitefmtier,
respective formulations in vivo after 24 hours. FIGS. 3a to 3c show

t he resul tes cift rtalte tesfeot)i.ve fornul ati ons according to the
above-nentioned itens a) to c), and FIG 3d shows the result of the
cont r ol[ Ofd@8rful at i omheEacls tafi niehie riedremseatihensaaetaridialg dompgde tion of
above-nentioned itens a) to c) and the control fornulation forned a

white gele pRetBet dorealtisdtbedhitsigk 4 vy £6.anThetiesuligrégvent ed The
that the order of the addition and m xing of the sugar did not have

any i nfdrenee soBntipetbnb¥i ¥0pges 861891 el1iheacoldagamn sk eacv0fy an

the formulati on procedures resulted in the in vivo gelation of the

col | agen. jigh YMesr L Mdsind hend oSt o0 phgasf QrBLasea kel €338 hologic
carrier for a drug. [0050](Exanple 3) Confirmation of influence of

fornu'%%E%HtHB%QEdHQQmBTegrBQ Eﬁgeéﬁﬁgrak%lude 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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The follow ng three kinds of ingredients were mxed in different
orders and formul ated as shown in the following itens a) to d):

| ysozynme (MN 14 kDa); sucrose; and atel ocoll agen (product nane:
KOKEN ATELOCCOLLAGEN | MPLANT). Each of the fornmnul ati ons was
adm ni stered to dorsal subcutis of mice, and 1 hour later, the
rel ease anount of |ysozyme was neasured. a) (P+S)+AC formnul ation:

First, dysazye®yendsust Sgtmt@aﬂﬁ?d,fa@%ﬂe{(@—@éﬁj ocal 1agens Wasying
added to prepare a formulation. b) (P+AC)+S formulation: First,

Iysozymgxﬁng1&b@ﬁ@%ohhégg? %Wvé%éﬂfg¥ieﬁ38%h%ﬁﬁhlsH%BQ%E ?@ét@gdgﬂmﬁﬂ,

prepare a formul ation. S+AC) +P formulation™ First, sucrose

and at &l Q601308 MeHe MKed. @9%98559&{%?@@ Bo)as, qg%%?%écgg@ere A& n

a formulation. d) AC+P fornulation * agén  an _ Wer e
or epar o0 B6 Racr e FIHER ebikonis SerbaE Gre i yyory BBPEhpRokel AT
100 pL 26t SHECRYER R Re TR PR ERBRL oEor b by PP A SRR Gy a2 HERYE ok
oer™ R o R AT LooLRe SRR ShOL L0 DS,
t enper and_t he anount of the |ysozyne remaining

at yr, s taken out, I )
in the aé’%l%'msﬁ%ﬂ?%“%y(ilpﬁé G idal ¢idet el i hecperagase SFFURPFtase
the lysozyne., [Q051]FIG 4 shows the results. The rel ease anount of

the | yséPhte WdrirdHiad@gendi nGrey™® chamgeraratibomg procedur e. PHumase

results revealed that a sustained-rel ease characteristic was changed

i n vi vd 3By ichaddieRgatios ynion A eproeerir at ofn k. coThagE@F asdipug,feradly

sugar. It should be noted that each of the formulations 1 hour after

the adiPsilst Fabirohlestt e cdshsdlacsulrc UBFSFOf. the mice under went

gel ation and naintained a formas a sustained-release carrier for a

drug. [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, orastructural protein; 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
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[ 0052] (Exanpl e 4) Confirmation of influence of nolecul ar wei ght of

drug on in vivo gelation of collagen The follow ng three kinds

of ingredients were fornulated: a drug as any of various proteins

(final concentration: 10 ng/nL) shown in Table 1 bel ow, sucrose

(final concentration 0.25 M; and atel ocollagen (final concentration:

3% [wv]) (product name: KOKEN ATELOCOLLAGEN | MPLANT). In the sane

manner as the techni que of Exanple 2c), the fornul ati on was perfornmed

by: di §501 leﬁg aSUePBSRNtFAt BoPhyrdi OW]@)b?]éalltbu?fﬁ‘%r DR ﬁba%"h ied that

solution with an atel ocol | agen solution; and adding a protein

di ssol edd st iygpneps ob agitcidlitad Perthe Tamiceon]y Usétbyaiei Ascagrl where

their nol ecular weights Protein MA(kDa) Transferrin(T1428, Si gnma

Al dri clthemdixingwith the collagendecreases or 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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Phosphoryl ase b(P6635, Sigma Al drich) 97 Myosin heavy

chai n(M7659, Sigma Al drich) 220 Ferritin type | (F4503, Si gma Al drich)
440 Thyrogl obl i n(T1001, Signa Al drich) 669 100 pL of each of
the formul ati ons containing the proteins shown in Table 1 were

adm nistered to one site of the dorsal subcutis ofmce (ICR nmale,

8- week-ol d, bodyweight : 27 to 29 g) . The presence or absence of in

vivo gel ati.on of the collagen was, confirnmed 24 hours after the
adm ni & At n and the 1like; and mammals 1ncluding 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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[ 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 phosphorylase b, FIG Sc shows the result of
nyosi n heavy chain, FIG 5d shows the result of ferritin type I, and
FIG 5e shows the result of thyrogloblin. Each of the fornulations
formed a gel in the dorsal subcutis of the mce. The results reveal ed
that the nol ecul ar weight of the drug, in particular, the protein did
not havé aﬁwmqﬁnméﬁééleheﬂﬁet@@mtvlldﬁ @fsubhec@owelg@m iahtiehddading
vivo gel ation of the collagen occurred in each of the fornul ati ons.

[ 0054] ([@®canmplfe bE-FCanthinagi omefolfs dotursf ofrodrskat loncof @r elssd, 30
i nvention 1 The followi ng three kinds of ingredients were
sequentiialutesnoxetles bFEr @Mdlt170 kida)ut{ds mal lesncenit dtd mpan? tigdtribhe
used as a drug; sucrose (final concentration: 0.25 M; and

at el oceahncdgernddinate goneent i atdedsas3% { WA ]an(UPIOsMEE 1 ABERE to provide
KOKENATELOCOLLAGEN | MPLANT). 20 pL of the m xed fornul ati on were

admi ni st ened de@ the Hor sAntSuREHY a8 tEee dCoiMRld &4 Jrfdr Al & ime

7-week-old). The state of the tissue at the admnistration site after
3 weekgMas HBGLASEOPhEAL] ViohsaiMed r [QR0] BLCBo Boghewst f}ﬁof@%ﬂa Sp

In the case of adnlnlsterlng a formul ati on’containi ng sucrose (F

6a), the peuirhenynaflhe bl eed?me% alot e, a&f“xf% Std ali A Sid %o\ﬁ%

found to becone reddish’(afrows suggesting capi | I'ary” angi ogenesi's.

n th_ea&tt@?fa&ﬂmlswaﬁ; gcﬁrotexaﬁ a' SESL iy l%ge% @ilsa}fe(glg%atortc}?n

contal ni ng NnO Sucrose ear tedn Was obser

peri phery of the adnl Lstr I [ OWS t
angloggﬁeglgpare Payeatc Qﬁ ﬁ% %dcé%F?QEF%%}%%qgf g%ni émL
sucr os cas f adnlnlsterl a _co en s m

cont rol-° ﬁgefg VI@? gﬁgﬁ&@@ﬁ@éﬁgoﬁgé 8% éﬁ Q9%i ot a
formul ation cont ai sucrose (FI.G_ 6c). Such dlfference

o f oct SUPIBEER n DS s dBEUTES SRiItt SN Ee bEr e H168 A0 tarkd o -
was considered to be due to a difference in tine for which bFGF was
rel easéd9%rdm t he TBRANEAINGT- % ReILbPFagaT Foe ateHePr beesstionAgy
it was estimated that the release of bFG- was rapid and capillary

angi ogPfedPBliad Becef@f fEWIe t FOFigrdanstioPimtaion ngnaiegesesis

[ 0056] (Exanpl e 6) Confirmation of effect of formulation of
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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present invention 2 1) Preparation of fornulation A col | agen
solution (final concentration: 3% [w v]) (product nane: KOKEN
ATELOCOLLAGEN | MPLANT (KOKEN CO., LTD.)) was added to a solution of
bFGF containing white soft sugar (product name: FIBLAST Spray (KAKEN
PHARMACEUTI CAL CO., LTD.)) to prepare a formulation containing 1.0
ng/ mL bFGF. [0057] 2) Production of animl nodel of hindlinb ischem a
34- weekrqg g m ce ( Ke | & Hanal Qe - L.V [
t wo grons (]n:10) an ac?:?ggnact?ﬁl ze% under t%éeﬂgsn%?%%%%ﬁhf dof%ger%goeonﬁent
t enper at f . : 1 di,t. f 34.5 . 75.4% _light/dark
peri odgl%{#e%itgl%%%rag’ %%caﬁj%r;b%dufaae%gpngdééSfp'legi hi rﬁel%é)lng on’U%%?e)b?r%) Kol
4% i sof | ur.ane _anest hesj a he mce were fixed. in the.dorsa osi tion,
the thiRoR Ao 1 Gt CREAGFTNG astT RIS aNe RRAY: HE-PBhophl & et Sh
on theegcentral ;gd ﬁgri heral .sides and. {he_saphenous rteq on the

T re-'ea B

peri pheryf SFGEP 395at-8d S Th °F BhFEre L6 ErEdR vt ARlBFbed from
circulation. A penicillin G potassium solution was dropped and the
i nci sed "G FENREs OLuPHPEd. 0'98058} 3Popanr AP sk atPERf ®F 2l by nklhatFaree o f
ani mal nodel of hindlinb i schem a After the production of a

mouse PRPIL it hpRarFMP( s6herra 2duié RenauPaticon twasnddmmbstigriatted

with an injector to five sites of the nmuscle of the right ischemc

hi ndl i Ay tionaana GhetkRed of i 0 opLapgesr Hpherab stiltat thheedds agiuwalse 100 hzg

of bFGF per animal. [0059]4) Measurenent of hindlinb blood flow rate
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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The recovery of blood flow at the hindlinb ischemc site was

eval uated through use of a | aser doppler blood flow inmger (QzZ-1,
OVEGAVAVE, INC.) 4 weeks after the adm nistration of the formulation.
Under 0.5 to 4% i sofl urane anesthesia, the mce were fixed in the
dorsal position, and blood flow rates were neasured at the right
hindlinb (ischemc linb) and the left hindlinb (normal linb) to
calculate a blood flowrate of ischemc |inb/normal |inb. The
resul t $TAEREdariEssedand larstafeha o Ry atlihensest &l pedapglaase base
significant difference (p<O . 05 ) was evaluated by the Student's t
test. [BQEG Bl 6olveshons phgereeul ke gustdinakp@ligngn nisimmpceuioinsd
nodel of hindlinb i schema, the blood flow rate was significantly

r ecovercethpbos id igmoup Tha satstehi ntdve- fedread capharmaoet @l od hgosposdsé onas y
adm ni stered as conpared to a group in which the coll agen was

adm ni $leermrbdiscad cogt raaldird06 1 Hdibbgangd eard) aGarfvier naigoed Dénef tectthe
of fornulation of present invention 3 In order to confirmthe
ef f ect sefs tahe dopmallcatsdcotn ©f offhthpp esesht iihvention, Phoseveand rilxing.

clinical trials were perforned as described bel ow 1) Subject

[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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Subj ects were cases who were di agnosed as negative for an intradermnal
reaction for bFGF-containing atel ocoll agen (AC) after giving informed
consent out of patients with Fontaine stages IIl and IV who had | ower
extremty peripheral vascular disease with pain at rest or ischemc
ul cer and necrosis and who did not show any inprovenent in clinical
synptom even after subjected to any nedical and surgical treatnent.
No age |imt was set. . Patients excluded fromthe trials were
pat i ent$ o Neadeanserliidided &Nsgwdic-extren ty revascul ari zati on
procedure (surgical bypass procedure, PTA) within 3 nonths, patients
who had08dvdr e car dRgéedgsfancidtamslsudh &p<rigiantqidcst ogvgluation of
myocardi al infarction, and congestive heart failure, patients who had
col | agemfdivsease o nwluggracin wedplitdasm aifledtyi aus cdilseases scdmd ion
di abetic retinopathy, pregnant wonen, and patients who were di agnosed
as positive iSpeanfiloblager malsueactd o lvrian wdel adabdagen asalaitliagmn
Tabl e 2 bel ow shows the patients as the subj ects of this exanple.
[ Tabl e s2lu€dses (pAgd .Gndenhaforlcaid@t ration: 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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Disease 1 2 41 87 Male Fermale 111 111 Buerger' sdi sease

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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Peripheral arterial disease Buerger's disease (Synonym
Thronboangiitis obliterans): TAO Peripheral arterial disease: PAD

[ 0062] 2) Met hod Under | unbar epidural anesthesia, 3% ][w V]
at el ocol l agen (AC) (product nane: KOKEN ATELOCOLLAGEN | MPLANT ( KOKEN
CO., LTD.)) containing 200 pg of bFG- containing white soft sugar
(product name: FIBLAST Spray (KAKEN PHARMACEUTI CAL CO., LTD.)) was

i nj ect ed 4\t e Past HOLNRBMS iMUsiq]i& 16f1 I BGhema dauwer. gxifem ty
(100 pl x40 sites). No placebo or untreated group was set. [0063]3)

Eval uatifng) . (ERapeak 4)a80n FROLT: ont P fﬁfil?%%é BN AHMEYn

cont ai ni ng was eval uate or Its sa

therapeutc d‘?frfe?%%'s Pr i‘{j}@;c;/ geerlgptq_iorg: EoftE%%lSl%I ety was confi ][med sz t he
primar e_n pOI!’] . econ ary endpol nt: val uat1 ons were pertorne rom
D SRR oL 2L SOTE AP TEIL AM SR Yoo 1o
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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[ 0064] Pri mar yout coneassessnent (pai natrest, ankl e-brachial bl ood
pressure index (ABI), 6-mnute wal k di stance) Secondary outcone
assessnent (transcutaneous oxygen pressure (Tc02), skin perfusion
pressure (SPP)) [0065] Specifically, evaluations were performed as
descri bed below. Primary outcone (i) Evaluation of pain at rest
Through use of a visual anal ogue scale (VAS) nethod, a pain at the
time of neasurenent was eval uated by defining a maxi num_pain and no

pai n as@land Fléspetd isiavE {he reetHithiie 8 ieditsidndermulation.

Adi stance that a patient was able to walk in 6mnutes (incLudiqg
break tHegheiaf tPreovicda tdtdtonso astiinding thfe Uhsk & ks s IS

.a
g tremes

break) was neasured in the corridor of a hospital ward. (iii)
Ankl e- lr)athical abHddee pressodef dmuebat Bl 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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The index was calculated fromthe ratio of a brachial blood pressure
to an ankl e bl ood pressure (brachial blood pressure/ankle blood
pressure). [0066] Secondary outconme (i) Measurenent of transcutaneous
oxygen partial pressure (transcutaneous oxygen pressure: Tc02)

The skin was heated to 43.5C in advance, and the neasurenent was
perfornmed by attaching a probe to the frontal skin about 10 cm away
fromthe tibial tuberosity toward the periphery side. [0067] (Results)
FI GS. 8 showEdsd resut®e. IRsTHIEREOPat Wkt LML nSTabhet2 tdied Hgial
show any change during a hospitalization period of 4 days, in

syst enicOrERHIGR1 B0 1 yard e rfid1asess nand g e lase Lisige ndi sieh amge/an L ,
fromthe hospital on schedule. No adverse event due to the

admi ni $t.128 iMon agfd t3e [fornul atdspreatdseflound. I n each of the patients,
the pain at rest was inproved in a tine-dependent nmanner after the
adm ni strati af0of pl.heof oreadhat bén Ese cdrpardd ttionzef areotrhéng to the
treatnent. Wth regard to the ABI, an inproving effect was found in

t he patabernte-wichit iBuesger:sndisease ahowkng admowivakuedf ab tdhe idudexl
Wth regard to the 6-m nute wal k di stance, an inproving effect was

found asipcernar ed hocbef A haid neatienthinfeari £f i dhe et el went
Wth regard to each of Tc02 and SPP, an inproving effect was found

after the 243t LAY el feraulald e kd00R8], ( Referenc aretarplea
2) Spectroscopi c eval uation of influences of sugar on gelation

abi 11 ti@s 0fs¥aLhQUsSol AYLA SPAYONGas 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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The influences of a sugar on the gelation abilities (fibrillogenic

abiliti
First,

es) of various collagen solutions were investigated.
various coll agens were each diluted to 0.2% [wWvVv] with 1 nmM

HCl . The various coll agens used were as follows. Type |
atel ocol | agen (3.5% KAI: bovine, Lot. 1-107, pH 7) Type |
atel ocol l agen (3% KAI: porcine, stock of the |aboratory, pH 7) Type

(NI gt el qblg/ﬂﬁ%%%%l(o%c%l b{{?%engé%%l&éﬁ% %é;nﬁ[gﬁe ilkécﬂ ggilt%eolr%cl%gen
Y 1% | L 17 H
?Sﬁ Odﬁcgg‘uu%trh’e Bl e Oﬁroﬁ%ljen dlssoﬁ &af aS%Ef =8680888a1 Hike:.

[0069][%f§ble qwater (OTSUKADISTILLEDMATER, Cat . 1324, Lot .

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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0J90N), 2.5 M sucrose (Wako Pure Chem cal Industries, Ltd., Cat.

196- 00015, Lot. CKML674), 100 ng/nL |ysozyne (Tokyo Chem cal Industry
Co. , Ltd., Cat. LO72), and 10xPBS ( DULBECCO PBS, Dai ni ppon Sum t ono
Pharma Co., Ltd., Cat. 28-103-05 FN, Lot. 896458) were added to each
of the various collagen solutions at 0.2% [w vVv] to prepare a solution
having final concentrations of 0.2%][w v] collagen/0.25M sucrose/ 10
mg/ mL | ysozyne/ | xPBS. At this tine, the ingredients were added so
that the col TAgedCldr¥tnrgl EBTREt Bt NA8uRT o5 eI T $§ LYy e’ e i o BS el 1Y
m xed in this order. 100 pl of each of the prepared sanples were
added f6*&06bk&E (MA:crloplkiide dfd nidasfipredtemtiog t ijrmadd@dendsnd as
change in absorbance at 400 nm (neasurenent interval: 30 seconds,
measur @émeiudti ecr@sholfshani chnagnopattan: absdy piliomnd artoplcatcd lagen
reader (TECAN, SUNRI SE Therno RC-R) while heated at 37C. An average
of the (fEasur ednyvahtiest for3)3%atfwilé) r gspetidv eateneSOKBN AdalIQUEITEHEN
[O0O70] FIGS. 9 shows the results. In the figures, "a" shows the result
of a famMmuzatmt)aon eoniRicf Afenal kyS Az lartd J10 wetter asei andt e oatiat dithg
a collagen only at 0.1%[w vVv], "b" shows the result of a fornulation
cont ai RicRgaN0slipsAZY BEc AN CONCHTEING Q5281 , Mensl @5 €7 -anstek col dpgemne
at 0.1%[wv], and "c" shows the result ofa fornulation containing 10

o/ L lsks@zy B®, tHe28i MhaHCEOSEhe i@ Bn COL L 20EHN a1 e AW i web& was
results reveal ed that the addition of the sugar suppressed gelation

in variaus celbagen 130lHseRe contai ning type I, 11, and ||
at el ocol | agens, type”l native collagen, and shark atel ocoll agen.

0071 f I [ I [ i - .of
var | ous CBgAr S on GeTaT o PRI Ty ot 6611 agen SorarEan (L the Tra

and conCRALLasLoN-Al -8, SUIREALO-hE, Bddede YT S hanged AN AN A4 b

of the“sugar to SUppress atron o colTagen s ifon

confirped hy neasuring,a fibrillogenesis.ting. The col | agep,.
Coe o B GeR CESShA EhE il RN Bt aa o pireSiag Heipn
PB buffeg) maz used as the colligen. The, ki nds and final}1 b
concent' PAEPYRY 1 oPUPAESESBE SAPar $24Y e3RIYREETFHET - bl g i9ther hand,

Monosacchari de: glucose or fructose 0.05, 0.125, 0.25, 0.5 M
in the casé& of administering & 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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(ii1) 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 exanple,
measurenents were carried out w thout 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 formylatio contalen sugar at a concentration of 0.05 M "c"
shows tHe ré%uft 5?151Fgﬁﬁulation containing a sugar at a
concentratlon of Q. 125 "d" shows the result of a formulation

cont ai Mi'ng ER&FGH 4t é%ﬁ@%ﬁf?ﬁfﬁbn of 0.25M and "e" shows the
result of a fornulation containing a_sugar at a concentratlon
0.5M In thefgFaph3dsr Sscl}d%i'(j'é?él AhdT ARl FUREN LR T KPRns 5t hig/ Ybéu(lpcrc’d*u%
formul ati on containing no su "b" shows the result of a
f or nul @G EEKEH hTﬁgoﬁo%ﬁ EN GEMRLANH CEHRKEAL (Coh 07D 05 wgs "gdded to
shows the result of a fornulation containing a sugar at a
concentar 3¢l ol of of bEGKcpptanding whsewso fheugesulnrafuct hames | FaHIGET
containing a sugar at a concentration of 0.25 M In the graph of
raf fi népeay' dKAKHEOWSHARHACEBTUICADS Ca. f ok TRl Al | Dn moFdaai eniand onmusagaron
and "b" shows the result of a fornulation containing a sugar at a
concentooattiadm iefy Q..05 rmd/mln Hree .gr aph of stachyose, "a" shows the
result of a formulation containing no sugar, "b" shows the result
[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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of a fornulation containing a sugar at a concentration of 0.05 M and
"c" shows the result of a formulation containing a sugar at a
concentration of 0.125M In the graph showi ng a conpari son anong the
sugars at 0.05M "a" shows the result of a formrulation containing no
sugar, "b" shows the result of a fornulation containing glucose, "c"
shows the result of a fornulation containing nmaltose, "d" shows the
result of a fornulation containing raffinose, and "e" shows the
result of a ﬁ@ﬁhﬁﬁQPV@ﬁYdéﬁﬁéKﬁﬁh%1§Wa%ﬁ¢6§éhlmﬁlﬂW@ tasbepicagitiagas
nonosacchari de and a di saccharide, the gelation of the collagen was
suppr esyed vatesl comowghr useont depasdentioprirer blFadt hbkew ianvagel n(Gare.,
case of changing the kind of the sugar, the suppression of the

gel at i OMBGRSTAN], eIN©. bé weerKs a fieelr & headramderttnadtiicone deperfdentulation.
manner. Al so in the case of adding a trisaccharide, the

fibrill ogenegingletri We5was f8uhdofbubendedmyethasi £pnfies eth do wdiee d@sed
of addi ng no sugar. However, in the case of a tetrasaccharide, the

del ay ah the &bbshllpgenesds, wasd marcdy reenf iraied waréheea9afaod \dt the
col l agen solution. [0073](2) The influence of a tetrasaccharide on a

gel ati gn gaki hihM1Was Condndmed ikt hengaie: Matehi A1 ALt ormal 1imb)
above-nentioned nethod (1) except that : the concentration of the

col | ag% \@%qccah%r&@e% 5%%4%1[0\04/ Vhircang P&%&%Hl%gq&méﬂ'ﬂo%}naqdlmﬁoed
to pH7 with a neutralization liquid (7% [wv] Na2HPO4, 0.9% [w V]

c e qﬁ¥
'It\ll'a’l.e % e}[N?Z.S ;igﬂar | d%a | n§t9h r%%agrﬁ]deggén%a?%%\éh 8@@%%?%01"1'5(%(1 Ea%
[0074] ELG JgggﬁQ%%ag@edf]@ée%éﬁc% kBbhgsfigur eyo i@ S pL e pesyl

a fornu rFon-contai ning no hyose; and e resu 0
a for % %n cont ai ni ng stachyose. In the case of adding the
t et r asacchari-de, the fibrillogenesis time of the collagen sol ution
was de'@§ﬁ§ Thus, % s able to be copfirnmed that the .
tetrasa li de suppPesded el FroriFFigehesi ¢ FEPESiimggdn using a
solution. The tetrasaccharide is considered to have a | ow
flbrlIW@&éﬁesm%d%ﬁpﬁ?%sgﬂﬁ&léﬂpec%S%QEQbﬁpaﬁgﬁft@lpﬁg nbho¥accHist i #a8s
t he di saccharide, and the trisaccharide. [0075](Reference Exanple 4)
Spect r 6300piLa CaRALNat FRFPERTEHT Lier eSTEHPY aF} oS 16ligatRe o OgEMAEiteRn

ability of collagen solution
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
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The ki nd 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 neasuring a fibrillogenesis tine.
The col | agen was prepared so that the final concentration was 3%
[Wv]. KAl (pH 7, PB buffer) was used as the collagen. The ki nds and
final concentrations of the used sugars are as described below (i)
Tetrasaccharide: nmaltotetraose 0.05, 0.125 M (ii) Pentasacchari de:
nal t op&ftidose G5, °F. 1SSHRMEGOEFRF GBRA1DeShoM £ hald editP t &1 d P Hiow
figures, "a" shows the result of a formulation containing no sugar,
"b" shewy tiffencaamantofing Flommasdt ioRiem &g i sugabiactedsavany
and "c" shows the result of a fornulation containing a sugar at
0. 125Mmeklctadt etnchaser gebds lbittrsd tanefrithr | Nbogeredinisuppressitng ef f ect
conparable to that of the nonosaccharide. In the case of adding
mal t opent aos@atdehbstsantia@l udedof dehayhef tirtielfs bretd ogehésnsst wive sl
able to be confirned in the 3% [w v] collagen sol ution

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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[ 0077] (Ref erence Exanpl e 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 solution was
prepared so that the final concentration was 3% [w v] or 0.4%[wvV].
Met hods for the preparation were as follows: collagen solutions
havi ng f.inal, copcentr at ons of 3@6% v] and O. 4@6gm/v] wer e produced
by t he S3&%e et NGdE §§e RoS& BPRTEREPEFENEECERaNBFeS8F1) and Reference
Exanpl e 3(2 , respectively. The kinds of the used sugars were

gl ucosd 0087dr ose, Paf FVAdEEtiARd stachyose (the same as in those of
Ref erence Exanples 2 and 3), and the final concentration was 0.05 M
Each of the Preparkd seILRPBAE fadhfeasareqotérIrnssel weleRpsitenning
change in absorbance at 400 nmw th a spectrophotoneter while being
heat ed 280 37T POGTRY & G aliB sbworrhet ¢ esafiatyy and ther#pgures effget.
shows the result of a formulation containing a collagen at 3% [w V],
and "b'Prihewy ¢hdpoestt tttef safbdymA acicor icortad nithg lartmhrawdmint-
0.4% [wvVv]. The results revealed that, in the case of adding an equal
concentskaidnotargf &hépsigat, Bsldwe: icnrgcentrat iper Ofrimdie dalcrageine two
becane | ower, the suppressing effect of the sugar becane |arger.

[ 0079] viiReferience dxampiga 6) Specstnoseopessayat uahbioreaiondanfyl ueieese
of various sugars on gelation ability of collagen solution

Sugar s FigRelsudicnd & s"RRRSAEhAJds tdddient.asacchari de constructed
only of glucose were used as sugars to be added, and the ability of

each off ool sugarSP&Qmaa&@pre%%t%ﬁlegel alis@R fkrd COl (Rgen 5%|tUt| QRst,
was conflrned by neasuring a fibrillogenesis tine.

ot v] Rk ATRL S %%%ﬁ%p%ﬁ F‘Ea%ﬁﬁ*gcd”a% ﬁﬂm%;‘ié‘%’é?&%?ﬁc%%

[0, ] mal 1 088 P ORRe Ry e R aar T RB el T A e aql = bR E LRy
ko P Tok

[c:é‘m"cﬁ ﬁa%s%no%er HS%%'aeﬁfess HamdPERD E?taﬁtsreaf’iégé Su?é’ d

physt oNOGoCAl  sal | BESFCTAGRA Pnak HELROL| 28 MG PEEAC™FoRor preparaDed

1. 25 M sugar solutions The col l agen (final concentration: 2%
[wv] PSdR¥ -t he various sugars ( final concentration: 0.3 M were
filled into syringes, which were connected in series via a connector,
foIIow@él@§fﬂh@P6G@WeHIX|ng by reciprocation 50 times on ice. The
contents were transferred to a 1.5-nL sanpling tube, subjected to
cent ri flagaEvaetediong of1 2000 acpmes4C) |, and then heated in a
thernostat bath (37C) . The state of the gelation was observed after
0 minutes, 10hmpnghesse30f m mitsaxl eBadiogweescale hobbs, mezhddurs pain
and 3 days.

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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[ 0080] FIG 14 shows the results. Each of the nonosaccharide, the

di saccharide, and the trisaccharide had a | arge gel ati on suppressing
effect, and the effect becane the maximumin the disaccharide or the
trisaccharide. In the case of the tetra- or nore saccharide, it was
confirmed that, as the nunber of sugar chai ns becane | arger, the

gel ati on suppressing effect becane |ower. A possible mechani sm

t hrough which the gel ati_on suppressing effect _hecones |lower is that a

physi cRTEFSUdfaF gt 4ede PLatedr el fleceChipdosiqot BEsw W p)ankle
Confirmation of influences of collagen solutions having various
concentrl®Ado PFeHFULE )vi vo gel ati on The follow ng three kinds

of ingredients were fornul ated: sucrose (final concentration: 0.25M

[ WVako P@OébtCheni cabekpadstryi esttcomg. |; | ysozynme (final concentration:
10 ng/ m.) [Tokyo Chem cal Industry Co., Ltd.]; and atel ocoll agen
(final (dOncémarsatrieoent). @F, GCrEnskBammous [owwjen (KEKENal pressure
ATELOCOLLAGEN | MPLANT [ KOKEN CO., LTD.]). In the sanme manner as the

t echni que aofs ditamalon 2 @x ydae frargmulrat:i drosgs perforned by m xing
sucrose with an atel ocol |l agen solution and then adding |ysozyne. 1 niL

of each of faghautrihens Beatadntdd 38 5°d Lagaivaicd. 8% {né weaand dhelfbd
[wv] and 50 pL of each of fornulations containing a collagen at 0.5%

[W V] qiad %J%r_[f‘&/r‘yﬂed“@fye a%@'ﬂdﬂi%té;erae@r%eort% HHee forttha darisAlabout 10
subcutis of mce (ICR fenale, 8-week-old), and the state of the

col | agesy $Qlaut igRmas 0hserivad 24 14i% Aftldtla ddhe rRd PdH Al Age.
[0082] FI GS. 15 show the results. In thefigures, the nunerical value

descri the | ekL-qh+gach photograph represents the concentration
of theq?gﬁﬁggen inqt%g porzulation. Gel ation was confirnmed in the

orl 2, on coaat kg, g oLl per 3ol st 8ge o A Yo

[0]: ol k%2018, 0, P2 cUE et ok LB LoLDULeLhalie CoLal g,

pucrose a0, 10.BLTL iRey), et capeble of undergglng gel 2ion Al
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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[ 0083] (Exanpl e 9) Confirmation of influences of various sugars on in
vivo gel ation of collagen sol ution In the fornul ati on of the
present invention, the state of the gelation in the subcutis of the
m ce after 24 hours in the case of changing the kind of a sugar to be
m xed was observed. The ki nds and concentrations of the sugars
are as shown in Table 3 below. [Table 3] Kinds and fi nal
concentrations of used sugars Study group Reference nuneral in

FI GS. 16 Ki ndahdf i ARFCHREEREr a®F orf ofSSifgar O 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
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Conmpari son anong ki nds of sugars a 0.05 M Jucose b 0.05 M

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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Sucrose ¢ 0.05 MRaffinose d 0.05 M

(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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St achyose Conpari son anong nonosaccharides e 0.5 M ucose f 0.25

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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M ducose g 0.5 MFructose h 0.25

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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M Fruct ose Conpari son between di saccharides i 0.25 M Sucrose |

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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0.25 M Mal tose The follow ng three kinds of ingredients were
formul ated: any of the various sugars shown in Table 3; |ysozyne (
final concentration: 10 ng/n.) ; and atel ocollagen ( final
concentration: 3% [wv] ) (KOKEN ATELOCOLLAGEN | MPLANT [ KOKEN CO. ,
LTD.]). In the same manner as the technique of Exanple 2c), the
formul ati on was perfornmed by dissolving sucrose in a physiol ogi cal
saline,iﬁgytion, 'xinggthe solution with an _atel ocol | agen sol ut.i on,

] a
and addittgH VBT ISBPVEWATT A PRy &ioPBgitdl: twaPt 88%%698&5(911.‘1@(?“
pL of each of the formul ati ons containing the sugars shown in Table 3
vere adni ni stEEEFSt o1 BREUGIRS G TARCHBFSARI8EBCIHT s2 ofPHtESF QR ride
femal e, 9-week-old), and the state of the collagen solution 24 hours
af t er & s&dmatiest catlivoefwasuepser vede 1066843 F 8ans whdwe tasksled, and
results. FIGS. 16a to 16] show the results of the formulations
pr oduceédiehyhidiiy toife geiald  farkdhes Wy rso rice mupgtricsss tdfe gwdartsion of a
corresponding to the reference nunerals in Table 3 above,
r espectdodélagenl solbspbat wae afn ffihendd g sicastrdoncefibal i bngenésiheime.
sugars, gelation was able to be confirnmed in each of the
f or mul at i ons The00856] [ &xanpls1i0)i @onfesmabirepapédi ifd uenaes ofe final
col | agen
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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sol utions having various concentrations on in vivo gelation In
the fornmul ation of the present invention, the state of gelation in
the case of changing a collagen concentration and a nouse

subcut aneous i nplantation tinme was observed. The foll ow ng
three kinds of ingredients were fornul ated: sucrose (final
concentration: 0.25M [wako Pure Chenical | ndustries, Ltd.]; |lysozyne
(final concentratijon: [ Tokyo Chem cal Industrg Co., Ltd.];
and at &icEs19hagers Hrné'—lhec ﬁééﬁ?ﬁ&tanréﬁe -0. 68, the 1cage 0L drha ghgtwas] )or
( KOKEN ATELCCCLLAGEN | MPLANT [ KOKEN CO., LTD.]). In the sanme manner
as t he MogEhn? gelea b dEx driphes zopfirRedrigraiul asi Ue nasbperdhergarighains
m xi ng sucrose with an atel ocol |l agen sol ution and then addi ng

| ysozygcame00d gigenf, edeh aflathieorf crunp s oityy welf tecdibed aterkoven. A
one site of the dorsal subcutis of mce (ICR female, 9-week-old),

and t hecstsdtd eofnechendeh agenugtl uvhioh was bzt ved Adpdassi ranet et
hours after the admnistration. [0086]At atel ocoll agen
concentueatoneis] ofie %] thad a(@)y stk Dor Fafod ﬂactb):,reahgﬁsatﬁd Siralos .
was observed after 24 hours and 48 hours (FIGS. 17). At 0.1% [w V]

and 0. Q3%ew/ v], thexeablage®) amteimeltyidh S@pp@af@denal@sdbfff &IANGRen
was found in the concentration and shape of the gelated coll agen as

vel | betwesn dnke hatkalnec ¥dagen %Q,Pe@lttrr%ttll@?}% Q)fn 1% tiod g%rl%tq R0
{wv] after 24 hours and 48 hours. formul ati on "of the

present inveRhiOFoqQRLANRS SHSL0%E ndls %f2§l}4 r%raqefﬂl%c'%le'z% PRehed d0

undergo gel ation through the rel ease of the sugar and

fibrillg 81%‘?:;6% J‘é{aseé%%ﬂk'rég%nafot 5 Mﬁw%ﬁ%%%ﬂté 89@195 %E%nws%trli

of a bo on an Oosnoti c press avin

concenik%t onlggb%wh%ogg%% on% |en%re 'Ct6d1?$n@gm )a Hp% Io éﬁ?&gl

retention I!Op erence arrp e SCO

g\éﬂ gggﬁ(&nﬁ%ﬁéﬁ @fl u%ril_'%eﬁ ; an aartle uosco agresn ?I%lgle aéér?@ex?i?fé‘éltgn 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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The foll ow ng 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 neasuring a fibrillogenesis tine. Di saccharide: sucrose
Monosacchari des: glucose and gl ucuronic acid [0088] Each of various
sugar sol utions was added to a collagen solution (pH 7.4, final
concentration: 3% w v])( KOKEN ATELOCOLLAGEN | MPLANT [ KOKEN CO. ,
LTD.]) sq that the final concentration was 0.01 M followed by
m xi ng.9 'Olgife Reld T ul  oh" (S - meblsubadl #BRei £8 PEmEcaépendsnit etaride
in absorbance at 400 nmwi th a spectrophotoneter while being heated
at 37CIfoqmydsd]iong cratafowddt heereallagen 15t cracenguas long" o§hpwaS to
the result of a formulation containing no sugar, "b" shows the result
of a fdrfmilvaivilonl coritadindingg wdr dbsucuosesirows lithag/edullty sfzyvane) were
formul ati on containing glucose, and "d" shows the result of a
f or nul ataicep leomtfai wniaher g Ucwr oal &t deh d24 Enohref agtierosdearshbgluicoseus
has a high gel ation suppressing effect. Further, anong the
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

aeSiaglf=ato R N Y RON o Eo N Ko i)
o|lo|lo|c|lo|lo|lo|ao|o

disaccharides .25 M Maltose

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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nonosacchari des, glucuronic acid has a | ow gel ati on suppressing
effect as conpared to glucose. [0090] (Exanple 11) Confirmation of
drug sustained-release ability in formulation of present invention
The formul ati on of the present invention containing a high nol ecul ar
wei ght protein (thyroglobulin (669 kDa)) as a drug was produced, and
its gelation 24 hours after subcutaneous inplantation in mce was

guan [ L1 Bt BB, o linif Wil e
final VBT BIS Of BEeTOLS| PagentheuePaREl ahAGh Vals Perrormed 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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the protein to 3% [wvVv], 0.25M and 10 ny, respectively. 3.5%][w V]
atel ocol l agen Lot. 1-175, Kasai Lac, 2.5 M sucrose, and a 100-ny
protein solution were m xed at a blending ratio of 8:1:1. First,
syringes filled with atel ocoll agen and sucrose were connected in
series on ice, followed by thorough m xing by reciprocation 50 tines.
The m xed quuid was nixed with the protein solution by syringe
recipr ti.qQn t s imedi ately before subcutaneo nj ecti 0
cer L8 dn HRE GaPE BORRRALER Fionr SUNEHIS O AR Zipa e
femal e mce mere purchased at 7-week-old 1 week before use and used

at 8- méé’l%fmbjilétl?ﬁ’ewé‘él PEREATHER Y IMHGUiTP RES TIPSRl B ¢ Mt HRcd Lagen
sites in _an anount of 100 pL per site (n=3 Each of sanples after O,
10 mi nfedaitism IR Ehes adi g hrtesyma. hdfid LBoRRR 0B thefrarmEmt ipns
hours was extirpated and heated to 80C in an Eppendorf tube so as to
denat uMg@rehadpohiggencinte ensclis of toe rdomsch selboctie ssafiphiese WS R,
anal yzed through use of Agilent HPLC and an SEC-4 gel filtration

col um feoadganOi-fg ctkhre lglonc emidr dthicorsteft & g frtet eial liagarhesgeltidm was
the HPLC, thyroglobulin is eluted at 5.927 m nutes. [0091] FIGS. 19
to 21 shewrtieel 2dsulctus.s Emid 1483 Hoawrrss aAftiear tithiee adnjiedctstomt fast

rel ease was observed. After that, the rate was turned into a | ow

sust ai nedsrel ease patsselldusl phaitogeneenvasttonsicder edwi/eheyeaad 0.5%
close relationship with in vivo gelation. Irrespective of the

ol ecul(ar/wWeigh Diged 2Rt stttk de dPoathed RELERI 2ASR UYA Bnaf48 MBurs
protei n exhibited biphasic property of fast release in the initial

period @ndssl ow I elgase1af ferv okt bopss Aiwh kekeaseisate doﬁhﬁl@;ely
initial period and a tinme that el apses before gel ati on may be

changed ; Ry E%%@%'dng 18811 GG IALL 9 o%fndsl%rcﬁé%c}rfbetf&fge& and shape

I ndustri al plicability [0092] According to the sustal ned-rel ease

phar mageut tﬁgl eﬁ&i@@é&“&ﬂfi de Rr egeny 'Qgspééﬁn,t@e act DA% 12en

active ingre f Can be released in a sUstarhed man

enbodi Er%gce%%‘%%t‘i%h%%'fmﬁd' %t/% Y 5l getly 2% d/e' an%s'h%"&rs and 48
sust ai ned rel'ease in conbi'n t|o im-vivo, an t rug rel €ase Fate
can be controlled Thus, the conposition is useful. According to the
presenp Avention, the drug rel ease rate can be controll ed. Hence,
there is a poaﬁhglllt that the treatnment or the |like of even an

i ndi cation oh PefPe Al VBRAERSS TR N T dRUCRNEREPES tP TR &t
per f or med. urther, in general, in the preparation of a

phar mafedfits :aﬁnédmﬁ% ﬂﬁcﬁi{%%tadﬂ’é&&%‘a%%%thoﬁ&ﬁ Ty the rnedease
necessary to nmanage a tenperature so as to prevent the gelation of
the coPfagén. sSpgasr arAgthe fASrdddrgienedirelodass cdivaotdeas editer the
conposition of the present invention, when a sugar is added to the

col | agehsoirps igalct tloa miod sithbrielst & @@pdafn@umb@@ﬁ@@gﬁari oamehhcipgessure.
prepared at roomtenperature, which can facilitate operations.

Furt hefheasdmpde Whvthghascontebeeat appl behdl e tgl werpreeparist pordicted
operation at |ow tenperature, can be used. Thus, the conposition is
useful 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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Clainms [Claim1l] A sustained-rel ease pharnmaceutical comnposition,
conprising: a drug; a collagen; and at | east one kind of
sugar sel ected from nonosacchari des, disaccharides, trisaccharides,
and tetrasaccharides. [Caim?2] A sustained-rel ease pharnmaceuti cal
conposition according to claim 1, wherein the sugar has such a
concentration in the conposition before admnistration to a body that
the sugar inhjibits | ation of the collagen. [Claim3] A

sust ai ned- r M3 i GHIOR P GO i D AT G f§4D claim 1 or

2, wherein the sugar conprises at |east one kind of sugar selected

from di[$48Har i des E&RE P+ iveddndr FH83r sqlateionuyas @itFed -G8 e

pharmaceutical conposition according to clains 1 to 3, wherein a

concentsedtitdprof tHe cbl4agehinel 0. oencensoesbyonwei ght, lad@la  (KOKEN

concentration of the sugar is 0.01 Mto 3 M [Caim5] A

sust ai AdELOSI3a2&Ephat HEREAUT I cEHCKhPES.t.i ohTRBetbr dicngthetanyhend igfal

clains 1 to 4, wherein the collagen conprises a collagen having a

nol eculcamoseitglztt ieh fakDa. 0d 12, O kibseed 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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[Clai m6] A sustained-rel ease pharmaceutical conposition according to
any one of claims 1 to 5, wherein the collagen conprises

at el ocol | agen.

[ O ai n7] Asust ai ned-r el easephar maceut i cal conposi ti onaccording to any
one of clains 1 to 6, wherein the sustained-rel ease
pharnaceuticalconpositionisinaliquidfornbeforeadninistration to a

body, has y u goi ng .gel ati n after the
o ni St AT E] TAIdGer APRGA-FBRended par HEEGRR ] cad & 100-mg
conposi tion accordl ng to any one of clainms 1 to 7, wherein the

sust ai m@%%a?@éuﬁﬁame&t pEAEd Rfo S HENGH o REESPsOF § et ehse FidisE -
of the drug. [CQaim9] A sustained-release pharmaceutical conposition
accor dis¥g igenf iddedot ichapiglecedlegenherdi AuEhes driRyr € ciiria’sed in
protein.

[ O ai mMEGrAssseRileed- Fel kasaphirahegrendhonl sonp &yi ¢ oimoror oy S04 arms .
one of clains 1 to 9, wherein the sustained-rel ease pharmaceuti cal
conposiﬁﬁeomiemmmjsmstcarwamgiiowwtél régulratadrein solution by syringe
[ Cl ai M| ] Asust ai ned-r el easephar naceuti cal conpositi onaccording to any
one of rdddiprechttionlG) wheeei tmtbeidt @y Coapsisesudf@aneoyLligijmcka dn
A sust ai ned-rel ease pharmaceutical conposition according to any one
of cl aiim&clntieell, wherein the sustained-rel ease pharnaceuti cal
conposition is in a formof a liquid fornulation. [Caim13 ] A

sust ai ned- r elrgasel PHREFBERUIHGRle COPPRTRLRANTACCOREL NI dPs 8y i AR e
clains 1 to 12, wherein the sustained-release pharnaceutlca

CONPOSinfiicAN 1eS AHHRINSRIEL S thY -3 Adi 9t LAJIOSHE 3@ eciedh IO
the group consisting of intradermal admnistration, subcutaneous

N R R S S
ga
ad”‘“'ﬁ%r%E'gﬁobBt OE'iﬁHepL 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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[ O ai mL4] Asust ai ned-r el easephar naceuti cal conpositi onaccording to any
one of clainms 1 to 13, wherein the sustained-rel ease pharnmaceuti cal
conposition is used for treatnent of a vascul ar occul sive di sease
and/or an ischemc disease. [Caim15] A nmethod of manufacturing a
sust ai ned-rel ease pharmaceuti cal conposition, the nethod conprising

m Xi ng: a drug; a collagen; and at | east one kind of sugar
sel ect ron1 nosacchari di saccharides, trisaccharides, and
tetras at[lé%niﬁylgie ARG SoF TR dhishgapcentration of

sust ai ned- release pharnaceutlcal conposition according to claim 15,
wher ei FUHESudst Hadiisifch a concentration that the sugar inhibits
gel ation of the collagen. [Caim17] A sustained-rel ease base,
conprising: a collagen; and at | east one kind of sugar

sel ected from nonosacchari des, disaccharides, trisaccharides, and
t et r asdechatitdgd. 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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[Claim18] A sustained-rel ease base according to claim 17, wherein

t he sustai ned-rel ease base is in a formof a liquid fornul ation

[ aim19] A sustained-rel ease base according to claim17 or 18,
wherein the sustained-rel ease base is used for manufacture of a

sust ai ned-rel ease pharmaceutical conposition. [Caim20] A nethod of
controlling a drug release rate from a sustai ned-rel ease

phar maceuti cal conposition, the nethod,
conprisingblendingacolIagenmﬁthatlegg?bﬂékindofsugarselected from
nonosacchari des,_ di sacchari des, trisaccharides, and o

t et r asdddifam delsh nausEarhadNPErE848pRSr NRESHTREE tdGRgosiaqmipsition,

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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