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~ DESCRIPTION THIN FI LM MULTI LOCULAR STRUCTURE MADE
OF COLLAGEN, MEMBER FOR Tl SSUE REGENERATI ON
CONTAI NIl NG THE SAME, AND METHOD FOR 5 PRODUC
SAME Techni cal Field The present i nvent| on reI mmﬂmmllll“l“lll"”ll“"l
athin film multilocular structure of
a menber for 10 tissue regeneration cont ai n| n the Rlsonso
same, various supports used for the nenber for t
regeneration, and a nethaqd,.f }?f pPrgduci ng the sammmmm"m"”"”l”mm
More parti cuI arly, the presen nvention rel ates t Oggyogrx
menber for regenerating a nerve tissue containing the
thin filmmultilocular structure made 15 of coll agen,
0 r [
freezegg;& %&E q‘r%‘%lcﬁg%%n%gr @Wé bgu%LMGEiN MEMBER
%%Sfir]% col ag@él s aé %W@%ﬁlﬁéaimmEQOD FOR
e (trade nanme) fromlntegra

%@@ﬂ% eltLI{[’F:‘, , and a tube for connecting nerve
ti ssues by using polyglycolic acid (P&A) is
commercially avail able as GEM Neurotube (trade nane)

Synavi ro conpanies 25 Alliance, USA. These
nee[ﬁr?b ycagjhnﬁjt?’\i%n tubes are hollow - 1 tubes inside
whi ch I’]ﬂghl n |ge1flél l e lnve%réqocr:lan b l{_‘sed for

a thin film
multilocular structure made of collagen, a member for
tissue regeneration containing the same, various supports
used for the member for tissue regeneration, and a method
for producing the same. More particularly, the present
invention relates to a member for regenerating a nerve
tissue containing the thin film multilocular structure made
of collagen, and a method for producing the same including

freeze-drying a collagen solution.

Background Art

In United States, a tube for connecting nerve tissues
by wusing collagen is already commercially available as
NeuraGen nerve guide (trade name) from Integra NeuroCare
LLC, UsA, and a tube for connecting nerve tissues by using
polyglycolic acid (PGA) is commercially available as GEM
Neurotube (trade name) from Synovis Micro companies

Alliance, USA. These neuron connection tubes are hollow
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regenerating a peripheral sensory nerve in which a

length of a defective part of the nerve is up to 2

cm Wen the hollow tubes are inplanted in the

defective parts of the 5 nerves, nerve fibers are
regenerated in the defective parts. However, when the
defective part is longer than 2 cm the use of the

nerve connection tube is limted. This is because in

t.he hol ] ow. ube enti al ronoting the

RS HET B oF grvél%% Dot st 1 FES s Sf gy vesa for
t.her eof

ﬁ%ﬂﬁ%ﬁﬁéE%P% gﬁF Eer%jore therqfarensu h length
a h% SFP fab&EaTot e Usedf Fonjér

(at oPEERBRHEE cPaF Ty aval] GhTe S B 3 wnen che

el oSBT Bkl IS S B Barg ot ene
ﬁge'tﬁvow t ”b%raa”fjfs%%éf%%ﬁg%%%%%@ SO chas %emﬁ»le%e parts.
and therefore Syrro di n | ssue inhibiti
o ogr e B Te VI (AR AUt e gl £han 2 om,
IBLEE Lhe Bogese of_pnerve generatLon, Mnsover s, o,
R p“eft-?rheeﬂf%e%vzzaﬂ@eﬂizwg?ﬁ%&?@%w 4Bl g cne
There I S k! furt roblen1that t $talnqggié£gh fereot
CRETUHAT 1" (e HO1 T DT BT 1T S (9 2R
Tt o g L Ll 08000108, 2RSS0, e
R 'bherceahéo? RIoplem depending o the LeEi00 Lares.
Furthermore, in the hollow tubes that are commercially
available in United States, there is a problem that if
there is an aperture difference between the aperture of the
end of the hollow tube and the aperture of the end of the
neuron, a gap is generated between both the apertures and
therefore surrounding tissue inhibiting the progress of the
nerve tissue invades the gap and inhibits the progress of
nerve generatiomn. Moreover, there is a problem that when
the defective part of the peripheral nerve branches, one
hollow tube cannot be used and the implanting operation is
troublesome. There is a further problem that the
sustainability of the 1lumen of the hollow tube is

insufficient. Therefore a long defective part cannot be

repaired, the nerve cannot extend and regeneration stops.
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bot h ends cannot be inserted in the nerve tube.
Recently, an artificial nerve tube containing sponge-
like or gel-like collagen in a tube has been made of a
5 bi odegradabl e absorbabl e material (such as
pol yl actic acid and pol yglycolic acid). For exanple,
Pat ent Docunent 1 (WD 98/22155) discloses an
artificial nerve tube containing a gel consisting of
|.] agen a lamnin_in e f a .
SRR ko i Thsot oaoPsORAPE; clPSRalbn’on s magion used,
Ci 10, and pol.ygl ycalic ,acid). .RPatent_ Docunent 2
fﬁ%ﬁﬁ%@%? 6ﬁg§5ﬁ¥%§% %%1%§1ed’ﬁﬁblﬁ%ﬁu?%ﬁY?r&#g%) No.

2003-019196), .di scl oses .a tube for r nerating nerve
whi ch ﬁ?sec%é:éL nar i T Veaebngleoa%%%tr LI\ “sponge-

_ Yot %h “out’er I"ayer 0 _
e oL Guieh 3 peLyLactic 301 0) ol MO e of o
Sy AR o 5 oo SLoet - S0P iAot o act
KO A0, 200 208809) sl gngs a0 LIKUGH! Vol 3 o
2R LS R T g AR
iolysesearL e, Dol hoelesacid, 2GRl L WSS pae o &
AL i BT S oo s
%%%i&%@b%ﬁdggﬁéfgkggﬁﬂorbable pol ynmer (such as

Patent Document 2 (Japanese Unexamined Patent
Publication (Kokai) No. 2003-019196) discloses a tube for
regenerating nerve which is made of an outer layer of a
biocabsorbable material (such as polylactic acid) and an
inner layer made of a sponge-like substance of collagen and
a lactic acid/ e-caprolacton copolymer.

Patent Document 3 (Japanese Unexamined Patent
Publication (Kokai) No. 2004-208808) discloses an inductive
tube for nerve regeneration containing a sponge-like
collagen inside a tubular body made of a biodegradable
material or bioabsorbable material (such as protein,
polysaccharide, polylactic acid, and polyglycolic acid).

Patent Document 4 (Japanese  Unexamined Patent
Publication (Kokai) No. 2005-143979) discloses a nerve-

regenerating tube in which fiber-like synthetic
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pol yglycolic acid) coated with collagen is filled
inside a tubular body nmade of bi oabsorbable nateri al
pol ymer (such as polylactic acid and pol ygl ycolic
acid). 5 Non-Patent Docunment 1 (Lee DY et al, Journa
of Cranio-Maxillofacial Surgery (2006) 34, 50-56,
“"Nerve regeneration with the use of a
pol y-L-1actide-co-glycolic acid-coated collagen tube
el"), discloses a rtificia

r%’lelII dstovd\'ﬂk?t@%clgeglt Lsaimgﬁ geiSHtke 18 cdid §4f 4 acid and
R A T L
ST %?%%C%é'flagﬁvﬁu% Tt esn'a'g%%@ %epolvmer (such
blode éaga e nate[gggiof a %ngﬁdylar contgrﬁlng -
MES i e SICACLE A
e SRR ek e&.“%ewre ev”fL 20081 Satinesgaging "Nerve

need for .20 not .on e tjssue

f or tion of n
SRS AR aSBroTh ©F cBudaiasTonA e T 91yeolic
| so, f t of clini rformance b
%&2198‘ i tiegjgrov } S of tU lb%ys%bh)ggcal‘”lit nc i ﬁégﬁp gel”)

erv tlssue Mor eqver,, there are such robl ens t hat
iSGleaSSapphi At e In o?efp%%s.tbl & 3 gel-like
am_nin which is siQ ically active _substance 4
?l@@&a}.w SPBRaFs Bt gt estaBsHer g acta and

%giyglycollc acid.

In Patent Documents 1 to 4 and Non-Patent Document 1,
collagen having a sponge-like, gel-like, or fiber-like
structure is included inside a biodegradable material of a
tubular body, and therefore, compared to a hollowing body
containing no collagen, the collagen serves as a so-called
scaffold for nerve regeneration, and thereby, there is an
advantage that the nerve regeneration is more promoted.

However, additional there is an increasing need for
not only for promotion of nerve tissue regeneration and
assisting tissue restoration, but also for improvement of
clinical performance by accelerating recovery of
physiological functions of nerve tissue. Moreover, there
are such problems that clinical application is not possible

because laminin which is a physiologically active substance
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that the tubes cannot be used for |onger defective
parts because the deconposition thereof is rapid,
that a gap is generated if there is an aperture

di fference between the 5 artificial nerve and cut end
of the nerve, that the tubes cannot be used if a
branch exists, that the sustainability of the |unen
is al so insufficient and that occasionally both ends

St pee ?ﬁs‘&ﬁ?féﬁwb%ﬁetggﬁﬁﬁ@m t%$eﬁs§a83éﬁﬁe8 I used,
3}‘%&5’%‘3% TG TR e 8B E et ] ORPEET] SRR e parts
%%%%Yﬁ%ﬁgﬁ%“ﬁéf%%%%&%% iEeon T, T80 hgtamy 9% is
FIELEEAL0e0' RTO BB il SR S e
Foetnefahohefth P&%N%ruetgye%iﬁ 2 EREnBEE For Rigsde tubes

rating 20 or preferabl

Se ener%%rﬁﬁégl ll%] ﬁ‘alt]q%r?dlcé‘( SALEGS ol ghu%h%/ustainability

hat the tupes cannot_ .be used for | onger
o%f? SI v ‘ﬁ%ﬁ?slﬁecaaﬁ%% EREUFEAHERS 17187 ttﬁ’é‘rteo?c?§510nally
enerated if there is an

&%%'tf Lﬁréé%i‘f?%?%%ap LS TSR t HRCQr tRe i BeUFahet¥Wee and

cut end of the nerve, that 25 the tubes cannot be used
if a-branch exists, that the - 5 sustainability of
the lunen is al so insufficient and that occasionally

HOt 3 R C ot Phel FHERY 199 i nto the neural

The present invention has been accomplished to solve
the above-mentioned problems, and an object of the present
invention is to provide a new structure made of collagen
for improving promotion of nerve tissue regeneration,
curing and regeneration of a defective part of a soft
biological tissue, and so forth without using laminin or
nerve growth factor (NGF).

Moreover, an object of the present invention is to
provide a member for tissue regeneration for ameliorating
or preferably substantially eliminating at least one of
such problems that the tubes cannot be used for longer
defective parts because the decomposition thereof is rapid,
that a gap is generated if there is an aperture difference
between the artificial nerve and cut.end of the nerve, that

the tubes cannot be used if a branch exists, that the
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tube. Another object of the present inventionis to
provide 5 a support used for such a nenber for tissue
regeneration and a nethod for producing the sane.
Furthernore, still another object of the present
invention is to provide a new structure nade of
col l agen, a nenber for tissue regeneration containing
the sane, a 10 support used for the menber for tissue
regener atian, and_a_, nmethod for du0|n
Liakdh el AEnbBR <t s’s%ea ?%géﬁg}l£?18ﬁen?h€nd that
present vent ors. have perforne |ntenS|ve 15 studi es
fUr© %?ft?ﬂ#gl%u%ﬂt r GBRENS AR R atPESHFEY ARVE Hhfeneural
the surprising discovery that coll agen haV|ng a
S fic formis useful for inproving pronotion of
regeneratiqn, shortening qof curin eriod, functiona
r ecoverp?mtd'i'eq RPI§%e Cb"fg Ud'&f’d|9’§F§ﬁ*q%‘£dé§vwlésl%e?9/epr°V1de
20 tissue, subdermal tissue, subnucosal tissue,
fenBPBROEE USESS U™ £ 8HCRi SsuremhRiscFeTt itdSiue skegeneration
ti ssue, and glqglval ti ssue and t he above-descri bed
pﬁ*"&jolaeﬁ%e FHIR T P31 agen havi ng such
a specific forn1 and thus the esent |nvent|on has
been acdcBidS S 2§ tiddt PEOtPRToNBPASHECt Oft hehe present
present invention - provi des a new structure made
(ﬁnYﬁﬂq%ﬁﬂﬂ%%uﬂPtHﬁP?&@?ﬂﬁLR%V FEUCTH R Tafenof collagen, a
nultllocular structure made of collagen. I n another
T oftYthe Hr°Edent TERFEREAGACTa RERBEANING the same, a

support used for the member for tissue regeneration, and a
method for producing the above-described member for tissue

regeneration.

The present inventors have performed intensive
studies for solving such problems, and as a result, have
made the surprising discovery that collagen having a
specific form 1is useful for improving promotion of
regeneration, shortening of curing period, functional
recovery, or the 1like of bodily tissues such as nerxve
tissue, subdermal tissue, submucosal tissue, membranous
tissue, fat tissue, muscle tissue, skin tissue, and
gingival tissue and the above-described problems can be
solved by using collagen having such a specific form, and
thus the present invention has been accomplished.

That 1is, 1in one aspect, the present invention
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for tissue regeneration containing the above-descri bed
5 thin-filmmnultilocular structure is provided. In one
enbodi ment of the present invention, a nenber for

ti ssue regeneration further including a biodegradable
support is provided. In a preferred enbodi nent of the
present invention, a 10 nenber for tissue
regeneration is provided having the above- described
thin filmmultilocul ar struc éure |ns ﬂe a tu

B oY% ea%a%lree"é@’b’b‘ﬁtuﬁrr% RIPH 3R tthe structure

i.nventars have perfor |ntenS|ve st udi nd as

R S T T ST WAT 18008 % T SRt depbraden.

support havrn U shaped qr C-shaped section (nhanel

over al I SROUT SRIPEST BCt B &S SenuciHa g Sihotd | member
regenerati on of nerve tissue on a fascia

uired for
d§ﬂ5n TP of Qﬁ?ﬁﬁPEﬁOQhec???%l%hﬁgsu¥%?e above-described
o eraréon in |€E£ant|n is facilitated and_operating

" U et AT e R UGHEES i 55 PR At her

preferred enbodi nent of the resent invention, a
menber ForoRt sSHRCLEgeREr 8fi SHeh&RSFENY HEvention, a member
%%§¥e described thin filmpultilocular structure

dE1S§UBi GEIGREFASIO S u%‘b%‘?li‘e%airpﬁéuglﬁﬂo@grPJs‘i’fé‘To%Gadable
formwhose 25 section has a U shape or C shape is
PTRAYS. 1% PEBFEREr, the present inventors have
performed intensive studies, and as a result, have
found thar® BFeiRATRf LA DF LR PR S MaviBEERtion, a

branch, if there is . , _ _
member for tissue regeneration is provided having the

above-described thin £film multilocular structure inside a
tubular biodegradable support.

Furthermore, the present inventors have performed
intensive studies, and as a result, have found that by
using a biodegradable support having a U-shaped or C-shaped
section (namely, overall a trough shape), a tubular
structure is not required for regeneration of nerve tissue
on a fascia or on a coat of organ or the like and suture
operation in implanting is facilitated and operating times
can be shortened.

That 1is, 1in another preferred embodiment of the
present invention, a member for tissue regeneration having
the above-described thin film multilocular structure inside
a biodegradable support having a trough-shaped form whose

section has a U-shape or C-shape is provided.
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a branch in the defective part of the peripheral

nerve, the 5 one hollow tube is sufficient for the

defective part. That is, in a further enbodi nent of

the present invention, the above-described nenber for

tissue regeneration in which the biodegradabl e

support has a branch is provided. 10 Furthernore, the

present inventors have perfornmed intensive studies,

and as result, ve found that b E g ar}ubu ar_ ¢ g

or trolgHSHafed sggﬁorp IR abr BpRFPTTe DavVe pertorme

di fference between the perture of e e

&%taeé’gsrlafaeabFEU§ﬁsﬁorta et apreeﬁufﬁ aVﬁ b chac by
t ween

TG AT e TR b SHEDSRbpBRY e Gl aitie i chere is
%?B%%ﬁréﬁf ”rﬁftrfen?epfr%%*feer Bt oo thet tpferdl v, ene
IR T e O e o 17 O%h%éts T (KR e et -

8f”etﬁ2d%ff F18nd tHorbor TS oy LR fé?ffiﬁ?ipﬁﬁpeﬁt“h%resent

resent., i nventors ha erf.ormed nt ensi ye st udj
S 40T weul £he ha BoPRERICPRELoBY SRRy o Lor

bIOd radabl e s i ch_deco Lon rate
SR r adap M S p b hQ@/Pﬁ&nga'?ﬁ‘E?&Far SBPP°r§ has  a
t.rough- Sh%gﬁgiéf i s changed such that the
&@EH%%b of the ends is higher than that of
the central portion, &Pe .
Furthermore, the present inventors have performed

tissue

intensive studies, and as a result, have found that by
using a tubular or trough-shaped support having an aperture
difference Dbetween the aperture of one end of the
biodegradable support and the aperture of the other end
thereof, a gap between the member for tissue regeneration
in which the support is used and the nerve tissue is not
generated.

That is, in a further embodiment of the present
invention, the above-described member for tissue
regeneration having an aperture difference between the
aperture of one end of the biodegradable support and the
aperture of the other end thereof is provided.

Furthermore, the present invenths have performed
intensive studies, and as a result, have found that by

using a biodegradable support in which decomposition rate
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outer wall around the part in which the nerve tissue
has 5 been regenerated is sequentially degraded and
therefore nutrition enters into the regenerated nerve
fromthe surroundings and renoval of the nenber by
secondary surgery is not required. That is, in a
further preferred enbodi nent of the 10 present

i nvention, the above-described nmenber for tissue

regeperati.on i ncludi.ng the bi odegradabl e su rt in

R S R S PP OEE BRUagd: diabiaiehbpSR; trough-

havi ng.a__tubul ar_or trough-shaped formis changed

SRAPThaTOTReT AERBBESI FRGR FREG G4 e GRPY b ion rate of

hi.gher than that .of the 15 central portion i :

TSR T RRtE " o o ( Haspy B58h YR oPEohape portion, the

perforned. .intensive studies, .and.as .a result have,

FOUMRE t Kat 1 bRrosify The pPatbgrBddBHE S uppor PeFNewhitdT e has
structure having a hollow interior_ is maintained b

hSihg TR SRRTRREST | AF PR T 5LEI GRGFARES adlg | fheretore

vivo wth a raw materi al wq%ch is rapidly degraded_in

VIVOr LR LTS deftEdlat i n  IFRETROT2 TR viVoEVE hefTom  the

degradatjon rate_of the biodegradable support becones

O I T ) S A b bt e RS E PR S CoRGA Ty T 9eTY

inside is myntained for a long period if the 25

det AT VEEPESDf tissue is long. - 9 That is, in a

preferred enbodi nent of _the present invention

. the
menber TRAL t F8suett eGerfdiBitith PRELGAERG tfpodiment of the

bi odegr adabl e support in which a structure having a ,
mﬂ?§ﬁFt invention, the above-described member “for tissue

regeneration including the biodegradable support in which
degradation rate of the biodegradable support having a
tubular or trough-shaped form is changed such that the
decomposition rate of the ends is higher than that of the
central portion is provided.

Moreover, the present inventors have performed
intensive studies, and as a result have found that by using
a biodegradable support in which:- a structure having a
hollow interior is maintained by mixing a raw material
which is slowly degraded in vivo with a raw material which
is rapidly degraded in vivo to delay the degradation
thereof in vivo, the degradation rate of the biodegradable
support becomes slow (or inactive) and the structure having
a hollow inside is maintained for a long period if the

defective part of tissue is long.
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interior wiwth the tubular or trough-shaped is

mai ntained by 5 mxing a raw materi al degraded slowy
invivo wwth a raw naterial degraded rapidly in vivo
to delay the degradation thereof in vivo is provided.
It is nore preferable that the bi odegradabl e support
in which the structure having a hollow interior is 10
mai nt ai ned by del ayi ng the degradation in vivo is used

n cortingl o9 WK (P shpve seog b gtegratel o

support _
GRSl umoe B0 OB P SSDULEL RO 00, ThEL o v

i od dahl rt.in 15 which the degradable rate
R Tl Solber CupBoPE e’ Shitier e Daing & hollow
. . bot h, ti f the central _portion and
A L R, Bl 0 LR TR e PP Sfathea by
i ntained b i Xi ng. the.ra eri,al _which is sl ow
TR cs| Ao0 IASE TR Y naeoBaneg: Lokl 1eS with a raw
i dl: o0.d ded in,vivo.to delay the degradation _
AT B EPLA B doR S RS A braacion
ti.ssue ge.eneration i nc) udi ng the bi odegradabl e
SdBpR ilﬁqvﬁﬁ\ﬁ% IHETY ?%re havi ng a hol | ow )
interi ' i ntai in the central ortion w.t
B iy L
th ds . [ [ ided, 1Q That is, . .in a., , '
i S5 O g BB P S oSG ® imeerior 1

i nvention,_the ggﬂve1described menber, for tissue

HIDrPY nSG/HPERAPENE N ISHRTINE Tt 7 oV 1VRe 1S used in

combination with the above-described biodegradable support
whose degradation rate is higher as being nearer to both
ends from the central portion. That is, the member for
tissue regeneration including the biodegradable support in
which the degradable rate of the biodegradable support 1is
higher as being nearer both end portions from the central
portion and in which the structure having a hollow interior
is maintained by mixing the raw material which is slowly
degraded in vivo with the raw material which is rapidly
degraded in vivo to delay the degradation in vivo is more
preferable. Thereby, the member for tissue regeneration
including the biodegradable support in which the structure
having a hollow interior is maintained in the central
portion with degrading the member for tissue regeneration

from the ends in vivo is provided.

- 10 -
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bi odegr adabl e support having a tubular or

trough-shaped 5 formis changed such that the

deconposition rate of the ends is higher than that of

the central portion in vivo and in which the

structure having the hollow interior inside of a

tubul ar or trough-shaped formis maintained by m xing

the raw material which is slowy degraded in vivo

with t raw,10 nateria ich is rapidly de ded in

Vivo 1o qaﬁsthelndégr‘la‘ﬂ‘am{tt}feo‘h PREGRVGCR PRovAtAGRt of the

he menber, for tissue regeperation according to t
pﬁ?%%se?ﬁt. APERPESRT s TR BRPTFC SFEFF;}%F SFLROT tissue

ect _to the,tissye to be used, as as the
RTGTC T B udBa FHHS bsahydh%r cafite of the

te ti ssue. Use for eneratln nerv
S A Sle ﬁ'ru%ﬁ?arém BSViRSarbt ot L ¥ fagh-shaped

esent, inventio thod for produ0|n the

DR d8s CTHARIFT hPRCRT ISRAI ERF 0 RGHTDS eturgace of che

i nc udln freeze-drying a collagen sol ution
prid Jt?f"ealho"'t}i‘?e‘{ +t e‘?%b‘?}eega%%ré'%]fajofp?h%l%? esnyivo and
the nethod fo the nmenber . for

I nve r producin
1R ‘&é‘&%g@h’ér%’i?%tuF%ﬁ HGH | e 27 TP EACeT o inside of

bi odegr adabl e support s orting the above descrlbed

tthi Hﬁrﬁﬁtﬁ‘g&ﬁa’? aé%?%cfi%’g 1% T oEi R I%Bge‘hlxmg the
solution apd.then freeze dr t he col | agen -

SAU TR 1ahe" Rt ar 810Y té %P%éfiﬁélgéﬁl acest oWJnght‘bhe raw

the present _invention has athinfilmmuiltilocular
R izh which 1is rapidly degraded in vivo to delay the

degradation in vivo is provided.

The member for tissue regeneration according to the
present invention is not particularly limited with respect
to the tissue to be used as long as the member can be used
for bodily tissue and can regenerate the tissue. Use for
regenerating nerve tissue is more preferable.

In another aspect of the present invention, a method
for producing the above-described thin film multilocular
structure including freeze-drying a collagen solution is
provided.

In another preferable aspect of the present invention,
the method for producing the member for tissue regeneration
includes immersing the biodegradable support supporting the
above-described thin film multilocular structure in the

collagen solution and then freeze-drying the collagen

- 11 -
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5 (constitution or form and therefore a new structure
different froma colloid form a gel form and a fiber
form Therefore, when the new structure nmade of
collagen according to the present invention is used
as a nmenber for tissue regeneration, surprisingly,
pronotion of 10 regeneration, shortening of a
treatnent period, functional recovery, or the |like of
ql i d tlssue such as nerve tissue, subdermal tissue,
sUbnlicodal tissue, nenbranous tissue, fat tissue,
muscl e tlssue, skin tissue, and gingival tissue can
be i nproved. 15 Furthernnre when t he above descri bed
menber for tlss rege at| n includes

b1 odegriRbIT SUIEEA - TG Pleste L8068 r SgGRERATEd tO the
b t ect th nb t
A ?8?{%85&8%?85 i efbiﬁrnfm%lﬁvlém GHfthagormation

e above-descri bed Ehln f|| | ocul ar

?Ctmweu%%fﬁde% ned 2t Wi oo et e RuppbYt  Shructure

t d_| b t ed
%i?ed%%” T8I S £ nenbErL 1 5rEt ot & fiber form.
ation a cord the present invention ha
SISt on BeeRr dgg (et gguﬁﬁ%?:o\éﬁ?il b'%°co11agen
struct re inside the biodegradabl.e support
a9 r‘b%ghh§h8§85ﬁﬁ65 n¥88§ﬁ8ﬁ‘ H&s 9% ﬁ?ap?e %?mber tor
C— sha e, eneration of tissue EXlSting on a

gari%¥uch ’é I T a orSHPHRIFEIET R of aﬂr%‘P%%\hon of

can be nore easj| er f or ned. .
regeneration, ho%tgngng n? a treatment period, functional

recovery, or the like of bodily tissue such as nerve tissue,
subdermal tissue, submucosal tissue, membranous tissue, fat
tissue, muscle tissue, skin tissue, and gingival tissue can
be improved.

Furthermore, when the above-described member for
tissue regeneration includes the biodegradable support, the
tissue to be regenerated can be protected.

When the member for tissue regeneration according to
the present invention has the above-described thin £film
multilocular structure inside the tubular biodegradable
support, a thready and long linear tissue can be
regenerated more advantageously.

When the member for tissue regeneration according to
the present invention has the above-described thin £film

multilocular structure inside the biodegradable support
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5 When the bi odegradabl e support has a branch in the

menber for tissue regeneration according to the

present invention, a tissue having a branch can be
regenerated by one nenber for tissue regeneration.

When there is the aperture difference between the 10
aperture of one end of the bi odegradabl e support and

the aperture of the other end thereof in the nenber

for tissue regeneration according to the present

RGHIT o, (HRITHyGHARE | BHOSE (FRE it t IRE ghpUbEhagen or C-
t%E%a.erture of the nenber for tissue regeneration

arPRfre BPETEATREBPLt RE C15SHPs&ifd SSRGS etdvepart such
part can be avoi ded. When the nenber_for tissue
rae%eﬁé‘raﬁigﬁsﬁééorcb? ngt & tRESpReInt ARNREHFHNCAN be more
i ncl udes the bi odegradabl e support having a tubul ar
cﬁaT#iXmﬁﬁﬁﬁﬁﬁﬁﬁpforn1in whi ch degradation rate of

t he bi odegradabl e support_is changed such that the 20
deconpd&ish ohlNFatd GEFREHEs FUPRPHRhelaShah PRapchf in the
the  central Portion, regeneration of the tissue is

TR ed E2Rd C1ReUee SIS 31O eBGFPEE1NG DO r MGy eBresent
by a secondary  operation. It is preferable for
rﬁéﬁﬁﬁﬁ%ﬁ@ngaatﬂ§§§8ehﬁéVFﬁb*% byan¢chngagefsctyegeprrated by
that the nmenber for tissue regeneration - 13

SDMMREE of Vhet PFEteeIFEME 6P i ncl udes t he

bi odegr adabl e_ support in which the structure having a

hol | owWhfiTer FBRTENst He tRS uBRPRFUBE tFoliprenrpedetoean the

IS maintained by nixing araw material which is
:ﬁRﬁﬂﬁpre of one end of the biodegradable support and the

aperture of the other end thereof in the member for tissue
regeneration according to the present invention, the
generation of the aperture gap between the aperture of the
member for tissue regeneration and the aperture of the
tissue of the defective part can be avoided.

When the member for tissue regeneration according to
the present invention includes the biodegradable support
having a tubular or trough-shaped form in which degradation
rate of the biodegradable support is changed such that the
decomposition rate of the ends is higher than that of the
central portion, regeneration of the tissue is improved and
the member is not required to be removed by a secondary
operatiomn.

It is preferable for regenerating a tissue having a

long defective part that the member for tissue regeneration
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5 degraded in vivo with a raw material which is
rapidly degraded in vivo to delay the degradation in
Vi vo because the structure having a hollow interior
invivo is mintained for a |ong period. The nenber
for tissue regeneration according to the 10 present

i nvention can be suitably used for nerve tissue,
subdermal tissue, subrmucosal tissue, nenbranous
tissue..fat tiss nmuscl e tissue,_ skin tissue

FFGIVHTS | s, 4 sopé%ﬁ§qﬁ ard YV H et i ciiludgs  the
A e e i L L T
(51} BLEIHELDS, - BUAKC Sos Lbed BE SLUR S Sh rom 1o
AT TS RO D SERGRI PR LB N0ty
B ELOCT S AP B 20 SERLY O oy
PASTEL BSEY L sl O SEEL PSR L M ecauee
872 e, SR oL M T LRI M e s
collagen spolution., - 14 PBrjef Description of the
ﬂadvﬁt%d?ﬁffggjorl ¥ HChRRE P %canni ng el ectron

mcrograph at a lo magni ficati on (about x80) of  the

Thin IR AESPoOEPAT SR FeS R HRgEn oRCEBFfagan o the
%%%gégggiggeﬁggogr%%ﬂ“béngggggggy used for nerve tissue,
subdermal tissue, submucosal tissue, membranous tissue, fat
tissue, muscle tissue, skin tissue, gingival tissue, and so
forth, and in particular, it is preferable to use the
member for regeneration of neural tissue.

Furthermore, according to the method for producing
the above-described new structure of collagen according to
the present invention, the structure can be produced by
freeze-drying a collagen solution and therefore the new
structure of collagen can be produced very simply and
easily.

Moreover, in the method for producing the new member
for tissue regeneration according to the present invention,
the production can be performed very simply and easily by

freeze-drying a collagen solution in the state that the

above-described support is immersed in a collagen solution.
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Fig. 1(b) shows a scanning electron mcrograph at a

m ddl e magnification (about x250) of the thin film
mul tilocul ar structure mnade of collagen according to
the present invention. Fig. 1(c) shows a scanning

el ectron mcrograph at a high 10 magnification (about
x5,000) of the thin filmmultilocular structure nade
of collagen according to the present invention. Fig.
1(d) shows a scanning el ectron mcrograph at a mddle

gnlflcatlon (about x400) of the thin film

Bt 3 denne TR etﬁ%ﬁ%agv‘v’facsi')'iﬂﬁﬂsaZCSEShﬂ?n?
5'38?3 B hel £l neferth %ﬁc%ﬁ%?éﬁ?ﬁ%%aﬁ o = low
col | agen %%%g:r%o% obh t ?og‘?ﬁb#\/ t| o %1ar ngcture
& teP (1ot ekt i?é?&%ngﬁaﬁ?p eeﬁ%érﬁ%r%égﬂq?t hin
film tlloc lar structure pade_of collagen

accor difng t o tHe FI¥ERM SCAVRHY Gﬁec?¥?P M EEFIRARGURL £ middle
scanngﬂ %éiégﬁi&ggﬁgkggggdﬁgh OfﬁEF% ﬁ% | tuf?iﬁﬂﬂu&ﬁr structure

er for tissue regeneration includin the thin film
2‘?%??.%&693? %qcpagmq &9mite =SBk | HYER“aSRor di ng
B s T M
eguabistiaped (ormbaing.q U shangd seell oo Hftitomiar
structure made of collagen according to the present invention.

Fig. 1(d) shows a scanning electron micrograph at a middle
magnification (about x400) of the thin film multilocular structure
made of collagen according to the present invention.

Fig. 1l(e) shows a scanning electron micrograph at a middle
magnification (about x300) of the thin film multilocular structure
made of collagen according to the present invention.

Fig. 2(a) shows a scanning electron micrograph of a cross
section (about x20) of one example of the tubular member for
tissue regeneration including the thin film multilocular structure
made of collagen according to the present invention.

Fig. 2(b) shows a scanning electron micrograph of a
longitudinal section (about x100) of one example of the tubular

member for tissue regeneration including the thin film

multilocular structure made of collagen according to the present

- 15 -
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part (or defect) of 1 cmof ischiatic nerve of a rat
by using the nenber for tissue regeneration having a
U shaped cross-section. Fig. 5 shows one exanple of a
tubul ar nmenber for 10 tissue regeneration having a
Y-shaped branch. Fig. 6 shows the tapered tubular
menber for tissue regeneration as one exanple of the
menber for tissue regeneration having a difference
betgggn the aperture of one end and the aperture of
“end. 15 Fig. 7 shows a schematic view

nowi ng_the 1 ubyl nber f ‘
That | < isgr Aded P BTG FramgdEh %ﬁa?hsn%‘ﬂ%” oty W cissue
th tral t d henat | trat ft

ST RE, 4FY o oy TG TR e s BB %g gm'g shaped

strength (average) with respect to 20 strain of
menber for tissue regeneration (|nclud|ng 50

?egLeEtLI'A ki Lo h?f“l%e%%@ﬁgsr AR M hne desective
t . . t
gﬁgfkgﬁbgﬁﬁs 'st?raq]‘fﬂ S 6Rart |« NECBERENG! Rod S0 Ged Tat bY
Fi sh
ofeind Sen: 08Ts F0n, Fieut R ner R R PR E U-shapea

x80 of one, exanpl e of sponge-forned col |l agen. Fig.
IS SHSWs' A scanni ng el ectron mcrograph at a

m ddl e ma n|f|c tlon about x150 of one e a | e of
sponge- | 2§&n. exampl a tubular member for

tissue regeneration having a Y-shaped branch.

Fig. 6 shows the tapered tubular member for tissue
regeneration as one example of the member for tissue
regeneration having a difference between the aperture of
one end and the aperture of the other end.

Fig. 7 shows a schematic view showing the tubular
member for tissue regeneration that is degraded rapidly in
both ends and slowly in the central part, and a schematic
illustration of the tissue regeneration by using the member.

Fig. 8 shows strength (average) with respect to
strain of PGA-PLA member for tissue regeneration (including
50 % of PLA).

Fig. 9 shows strength (average) with respect to
strain of PGA member for tissue regeneration.

Fig. 10 is a schematic view for explaining the strain

and the strength displayed in Figs. 8 and 9.
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Fig. 11(c) shows a scanning el ectron m crograph at a
hi gh nmagnification (about x3,000) of one exanple of
sponge-forned collagen. Fig. 12(a) shows a scanni ng
el ectron mcrograph at a 10 m ddl e nmagnification
(about x400) of one exanple of sponge-forned
col l agen. Fig. 12(b) shows a scanning el ectron

m crograph at a high nagnification (about x1, 000) of
one ex e-fornmed__col 13( a)

15 F
shows lsqcan]g{ ﬁagyo QEVFoﬁ r%CE'P%Jd}gaﬁgfegFr%P micggaph at a low

”m%%%lcat BB 21500 S e o PRESE] fé&fﬂ?%ncollagen-

h dI f 400
ngrgggﬁ%feagﬂaplnes??gﬁrqggé %%%ﬁ%ggﬂ' E?éﬁ %&FE aph at a

sh a_scal ele ph at a |ow
rragi\ré:ﬁ?i Cat| b%t FE&?@‘E n:‘(é@ng)fg)?é‘ﬁ‘p%a‘mlq‘ i%e SPPR&y - formed
col.l,agen. Flg 14(b) shows a scanni ng el ectron

&98 %ph at a m ddl e magni fication (about x300) of

one ex | e of fiber 25 coll - 17 Best

Mode f %ar]r]yf‘??g %ﬂﬁwf h2 ??W@ﬁp?o%]gﬁ%ré’f‘nﬁﬁwal%@t a high
resent inventiqn will xpl ai ned nore_specifical

TR AL %alettla?ﬁ e oh (e SAIBREndeh Seongd-formed

drgﬂﬁn%% These descriptions are for nerely expl ai ni ng
ent invention and it should be

Fig. 12(a) shows a scamning electron micrograph at a
middle magnification (about x400) of one example of sponge-formed
collagen.

Fig. 12(b) shows a scanning electron micrograph at a high
magnification (about x1,000) of one example of sponge-formed
collagen.

Fig. 13(a) shows a scanning electron micrograph at a
middle magnification (about x125) of one example of fine fiber
collagen.

Fig. 13(b) shows a scamning electron micrograph at a
middle magnification (about =x400) of one example of fine fiber
collagen.

Fig. 14 (a) shows a scanning electron micrograph at a low
magnification (about x30) of one example of fine fiber collagen.

Fig. 14(b) shows a scanning electron micrograph at a
middle magnification (about x300) of one example of fine fiber

collagen.

- 17 -
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ARRSIGTI 454

understood that the descriptions have no intention of
limting the present invention. 10 The present
i nvention provides a structure nade of collagen and
this is athin filmmultilocular structure. In the
present invention, "collagen" is a generally called
"collagen” and is not particularly limted as long as
“thin filmmuiltilocular structure"” desired by the 15
present invention can be obtained. Such a "coll agen”
i ncl udes collagens derived from bovi ne, pig, and

nman atel ocol ] agen having_little antigenicity
|E§e$%rb{lci’%%lfa ycalﬁﬂélf B, e TREEHFERNt i nventi on,
"thin f|In1nuIé ocular 20 structure" is
subst aftS& 4P oo B oPTESERFN lf‘l"leﬁkt%ﬁ’é’péﬁ‘-l]co?? agénlained
and has a structure including_ many |oculi (or
d?%’?ﬁ)ersﬂe ’\ﬁ?’éﬁ% h&Pthi hof i 1Hs2 1 i g8t th(dpfegence to the
show nnj ng el ectron crographs of the thin film

%Eﬁﬁﬁ%ture TRESE ofSE6FERGERTEccBFEi n§CF o merely

the present invention. For 25 Figs., 1(a) to 1(c), the

ORATUEIDN TBPt adF e canhPHEIEL B r 3P 181t should  be
SC s.20 W Fig %5) shows an i mage at a | ow
H’H@‘{'ﬁ E‘%ﬁloﬁ aanomFthGXSGl)es A®PTEOES 108 eshbfRs ARtention of
ﬁge at a m ddl e nagnlflcatlon (about x250), and

1%ng ol iR hefe’ st 1P hi gh magni fi cati on
(about x5,000). Mreover, for Figs. 1(d) to 5 1(e),
the accel eration voltage of scanning el ectron
mcroscopy is 18 W, Fig. 1(d) shows an inmage at a

n1dd|eqﬁﬁﬁWF?EﬁPFoﬂqﬁﬂﬂﬁhonxEB@Yldﬁﬁdqﬁ@.rH%Eyre made of

shows an |n29e at a mddle nqgnlflcatlon
collagen and this is a thin film multilocular structure.

In the present invention, “collagen” is a generally
called “collagen” and is not particularly limited as long
as “thin film multilocular structure” desired by the
present invention cén be obtained. Such a “collagen”
includes collagens derived from bovine, pig, and human, but
atelocollagen having 1little antigenicity is particularly
preferable.

In the present invention, “thin film multilocular
structure” is substantially composed of a thin film-shaped
collagen and has a structure including many 1loculi (or
chambers) between the thin films. Figs. 1(a) to 1l(e) show
scamning electron micrographs of the thin film multilocular
structure made of collagen according to the present invention. For

Figs. 1(a) to 1(c), the acceleration voltage of scamnning electron
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(about x300). The "thin filmmnultilocular structure"

made of collagen is nmade of many thin filns whose

surfaces are flat such 10 as "pie of a western
confectionery”, and it is understood that

fiber-formed collagen is not included. The film

thickness of the "thin filnt is preferably 0.01 to

200 m and nore preferably 0.1 to 50 m and

particularly preferably 0.5 to m_ Furt her npr e,

iMEPTEPRY ofSti ths *IF t h&195 "lt(ﬁ'Sn PRI nfilt i 4BEGI a7t 2 low
structure"” are for exanple, ahout 50 m to about,K 3
Mﬁ%%acwer%?&oytswﬁnané, 66§ m! Phe HIHEN s piEge at a
co sed by the thin filnms nay be continu?us or ,
é‘l‘@ga. éﬁ??’cﬁ%l‘lay?u%s"%ﬁi"'ﬁc? fcBur & waddoys an image at
col | agen", sponge- forned structure, gel-forned _.

& F‘@,gmaﬁt‘f'agF‘B%rﬁmﬁs?qq}ct uMeresisTar E0kBigs- 1(d) to
but the above-described "thin filmmultilocular .
st et Ghe"acLlegRt WP TARIAI PL AT ETPIRSt S IRES TRBeRicTOSCOpPY is
found by the present inventors. Exanples of the _

siforie- f B¥Fred (1 r BAPWR SradB28R At 1 dudgile ompgnification (about
fiber-formed structure of collagen that are o _
CHPent PHRalfY - kddGn Shovd 2B, dMaguAti @ migele 1pagpification
14. The acceleration voltage of scanning electron
AEPHECER)0b1 IS, HILE) el INAfLIeCueT PR e made of
accel eratjon voltage of Fig. 12(a) is 8 kV and the

SRRt Do Pf afar b f KTy F11PEhyhese surfages afe flat such
accel eration voltage of Fig. 5 14(b) is 18 kV, and the
gcelRfFatGfor? VLR 6?“??@'510113{‘é§r t3d 137 b}s apedergcepd that
is. 25 kV. Figs. 11(a) to 11(cl are scanning el ectron
rhICrSGFApITS BPLlladss spoijeipetydad-col | agen that is

being used clinically now as an ) _
The film thicknéss of the “thin film” is preferably 0.01 to

200 pm, and more preferably 0.1 to 50 um, and particularly
preferably 0.5 to 5 um. Furthermore, intervals of films of the
“thin film multilocular structure” are, for example, about 50 um
to about 3 mm, and preferably 300 um to 2,000 um. The bunchy space
composed by the thin films may be continuous or closed.
Conventionally, as the “structure made of collagen”, sponge-
formed structure, gel-formed structure, and fiber-formed structure
are known, but the above-described “thin film multilocular
structure” is not known at all and first has been found by the

present inventors.

Examples of the sponge-formed structure and the thready

fiber-formed structure of collagen that are conventionally known

- 19 -
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artificial derm s (PELNAC (trade nane), manufactured
by Gone Co., 10 Ltd. and distributed by Johnson &
Johnson Inc. Fig. 11(a) is an inage at a | ow
magni fi cation (about x80), and Fig. 11(b) is an inmge
at a mddle magnification (about x150), and Fig. 11(c)
is an image at a high magnification (about x3,000).
Furthernore, Figs. 12 (a) and 12 (b) are scanning

87U & ST OB SB0,) ARP Rl TS B 28Rt scanning

%?%3%?% os?c%%sﬁ# «F2550) 1138 Spongict offedt . and the
zazq'q'e R TR e B8 i
ik %gbo§% 15755 8ok shpesacty 2yt i gﬁﬁtamf Fig.
ARG Rt L S A R RN
fro ? ‘%fé% ?C %Fd dried for 24 to 48 hours at -80C

k\évaporate noi sture, and then, 25
Al hddeiny e, el Bl s o
I B RO RS 8 5,8 Al o o o
I S TR Bl e o
S B RSB e g T 8 1) 4o

commercial ly available fiber collagen as |aocal )
image at a yow magmk?flcatlon (about g:»{80) and Fig. 11(b) is an

image at a middle magnification (about x150), and Fig. 11(c) is an
image at a high magnification (about x3,000).

Furthermore, Figs. 12(a) and 12(b) are scanning electron
micrographs of sponge-formed collagen. Fig. 12(a) is an image at a
middle magnification (about x400), and Fig. 12(b) is an image at a
high magnification (about x1,000). The sponge-formed collagen was
obtained as follows. Atelocollagen (NMP collagen PSN (trade
name) manufactured by Nippon Meat Packers, Inc. derived
from pig dermis) was mixed in water (pH = about 7.0) so as
to be 1 % by weight, and stirred for about 30 minutes at
12,000 revolutions per minute, and then injected into a
frame, and frozen at -196°C, and dried for 24'to 48 hours
at -80°C by a freeze-drier to evaporate moisture, and then,

subjected to a cross-linking treatment by heating for 24

- 20 -
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henostatic (Aviten (trade nanme) manufactured by Al con
10 (Puerto Rico) Inc, Humacal, Puerto R co, and
imported and distributed by Zeria Pharmaceutical Co.,
Ltd.). Fig. 13(a) is an image at a mddle

magni fication (about x125), and Fig. 13 (b) is an

i mge at a mddle nmagnification (about x400). Fig. 14
(a) and 14 (b) are scanning electron mcrographs of

[Ci ava| able_fiber co en_as absorbabl e
occ):a‘vIog %erms%‘é\ F‘Teg?’gﬁuﬁnr a%%n‘# 3’ Fran it Eﬁsaebyr a
and distributed by N ppon ZOkI

K Co.
%Ko ggucflfnclzéaq C(f’oldlalgeI_IhJI“’ qé?tga 649( is an |rrage at

I f on about nd F| 14(
iarrag\év : R 3 éﬁ%‘f?%%t 552 56008 = 23 5, Boonge -
IIa en fiber fornB a str ture
nonmo |ne}%$% ?Yu%gﬂrﬁebﬁﬁaEF§t8g ﬂuﬁo lai:n fiber.
t d fromcollagen fiber byndl e an
5]{1{ ;;g O:rlﬁgl ?l ol he TSN ¢ CYnpoRmge - formed

flne flbeg oIIagen 25 is fiber. - 21 Wen Figs.
%) l]%(a) to 14(b) are conpared, it can be

d t d t the_ " I | tilocul ar
S? it P80 opb BB A0 actr GG (fEbras chfcromrazhs

vention is.o ngui shed from fornmed
rkcol Fgﬁlgﬁrgﬁaﬂ}’bera‘%/ﬁdiﬁsﬁi%ol SHpsr ThRE! gﬁ'gﬁnfl |4F  local
r}ﬁeItl Itg_:‘gcul ar ucture mad of col I agen according to
[

éT'fﬁr’on oMEUYA Mg by  Alcon

the tissue i abodll t|i ssue of an
Egrc % Inc, Humacai, Puerto Rico, and imported and

distributed by Zeria Pharmaceutical Co., Ltd.). Fig. 13(a)
is an image at a middle magnification (about x125), and Fig.
13(b) is an image at a middle magnification (about x400).

Fig. 14(a) and 14 (b) are scanning electron micrographs of
commercially available fiber collagen as absorbable local
hemostatic (Integran (trade name) manufactured by Koken Co.,

Ltd., and distributed by Nippon Zoki Pharmaceutical Co.,

Ltd.). Fig. 1l4(a) is an image at a low magnification (about
x30), and Fig. 14(b) is an image at a middle magnification
(about x300).

In both, fine collagen fiber forms a structure like
nonwoven cloth. It can be understood that the structure is
formed from collagen fiber bundle and straggling fiber
thereof. The basic unit composing the fine fiber collagen

is fiber.
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10 human, rat, dog, cat, nonkey, horse, cow, and
sheep, and particularly, can be suitably used for the
bodily tissue of human. The tissues from animals can
i ncludes nerve tissue, subdermal tissue, subnucosa

ti ssue, nenbranous tissue, fat tissue, nuscle tissue,
skin tissue, and gingival tissue, and in 15 particular
can be suitably used for nerve tissue. Therefore, the

t ent d f -
e genor M e P;'scﬁé L8 IRl 14 brliare compared,

t d h _
edt “pRe FofrsarRade taebe. a‘““g%@%enﬁﬁ leraul%locular

i h r erve
ST Rehe 1A 1 aﬁe”femer??;%f?a??% #9e. Cor anhg| bresent
nerve brachlal | exus,. uln Esgerve adi al_ nerve,

PR eV e, 5i sd zﬁﬁ%?%@rv tPEHEENfer & CThngdel - formed
bd 25 b |t ,
S ladE i o TRr e Rene giefiad S be - 22 e

subrucosal tissue, genital subnucosal tissue;
menbr anous tissue (such as cerebral dura mater,

t fascia, nenbran
g?glan;) P tPf%s&ﬁ?‘sJE‘ﬁot& Og’ﬁl%FFIEHu?t&F? 'Baq%sl?ﬁe collagen
|ssu8 %fuch s so-call ed nuschgg in tlssue (such ,
TSGR | E‘Ej @resanﬁgﬁ\l}lgﬁmﬁ L%m( fised for' regenerating

periodontal tissue,. alveoglar bon dental al veol ar

t"rlsgs’stfs) Heibst BT i GSSOPgdR ¢ st s tRPSHS OfkAingfimal such as

uﬂ%n,pagggeasog, cat, monkey, horse, cow, and sheep, and
particularly, can be suitably used for the bodily tissue of human.
The tissues from animals can includes nerve tissue, subdermal
tissue, submucosal tissue, membranous tissue, fat tissue,
muscle tissue, skin tissue, and gingival tissue, and in
particular can be suitably wused for nerve tissue.
Therefore, the present invention provides the member for
tissue regeneration including the thin film multilocular
structure made of collagen. Here, as the bodily tissue,
the following tissues can be exemplified:

nerve tissue (such as central nerve, peripheral nerve,
ischiadic nerve, median nerve, facial nerve, cranial nerve,
brachial plexus, ulnar nerve, radial nerve, femur nerve,
ischiadic nerve, peroneal nerve, and sural nerve) ;
subdermal tissue;

submucosal tissue, oral submucosal tissue, digestive-tube
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10 thyroid gland); and other (such as bl ood vessel,
tendon, |iganent, cartilage, and bone). Furthernore,
the present invention provides the nenber for 15
tissue regeneration further including the

bi odegr adabl e support. Here, "bi odegradabl e support”
has a property of being degraded in vivo and can form
a backbone structure of the nenber for tissue

t d t t I I t ed, I
ﬂ?rIIeIoZ‘s S TR E L?g%ﬁwea"fﬁsgﬁ%u%ﬁo“fﬂ%ﬁ@et hZSt h."ﬂg
mul tilocul ar 20 structure col | agen
BI° Foro 1S s TR gEheT 2§ ey SRl Al h%erltoneum'

re ent. invention can be obtained. Materials for
p S b g SRR o Caﬂuaam%eféka@wt & D

c%jp%%d%? (e 2 %Isa%c R fe) 'fs"i}i'h:aé“l’ f
910 E-
DR ol Shurr e dmm e b e Tef e oe” 35y °
d 2 I f th
et s ston ”&c&&a%?%ﬂ%%bgf%«%&%}%ﬁ?&ea Cons (about
x100 of. one exa

f
aaﬂufo‘rﬁ%%%%‘e% A et £ P o Breolaz bone,

ructure 5 de of collagen accordlng to the present
4ﬁﬂa I(ﬁ%%ﬁ AL HolFEUShe accel erati on vol t age of the

scanni n eIectron croscope.is 20 kV.. This js
2 corane TebrBoad o1t ede & ingune ity Bancreas,

havi ng, the above-described thin filmnmultilocular
SRR SIRRY ofaRd) | agen i nside of 10 a tubul ar

bi odegr adab) e suePort usi ng the tubul ar _
othe (such as lood v ssel, "tendon, ligament, cartilage,

and bone) .

Furthermore, the present invention provides the member for
tissue regeneration further including the biodegradable support.
Here, “biodegradable support” has a property of being degraded in
vivo and can form a backbone structure of the member for tissue
regeneration, and is not particularly limited, as long as it is
capable of adhering to and holding the thin film multilocular
structure made of collagen and the member for tissue regeneration
desired by the present invention can be obtained. Materials for
producing such biodegradable support include polyglycolic acid
(PGA), polylactic acid (PLA), copolymer of lactaid and glucorid
(such as polyglactin 910), poly-e-caprolacton, and copolymer of

lactic acid and ¢-caprolacton.
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bi odegr adabl e support, the nenber for tissue
regeneration having a tubular formcan be obtai ned.
In the case of Figs. 2 (a) and 2(b), it is understood
that inside the tubular biodegradabl e support made of
PGA, the structure having 15 many | oculi (or chanbers)
is formed by a thin filmnmade of collagen. As

descri bed above, it is nore preferable that the thin

el ugett (e 4 0 (U1 B0 bt GUR Al S U (7 Ghgpraphs
Do ST ORE 26568 LBy Ve PLbada s MBHfor IS TGk sections
SHBREESS 455U oRTELERE L SRuer Aol Bttor cioaue
ORI S0RLLVen(540% V5, SONEE! L Oy (W0, DGR, o pucrure
ARG L2 £ AT The o GPFELiOHn 15 BEBd BEetrth ng e FHen are
tissue angd that uch nmenbers for tissue regeneratio

R val POUSCFEIE Hate (G FeR pebt Fhg Stanning electron
cher et et st ie Sgyanlaseon Such [OUTs o | BELUSS B By cne
HShEk S e oy B RLELT Bd anrs grserived
T CR I

support _having U-shaped_or C 10 shaped sect.i on
R et e RbERePBACE PLS s YRRSHor at | Dh USing Che tubular

biodegradable support, the member for tissue regeneration
having a tubular form can be obtained. In the case of Figs.
2(a) and 2(b), it is understood that inside the tubular
biodegradable support made of PGA, the structure having
many loculi (or chambers) is formed by a thin film made of
collagen. As described above, it is more preferable that
the thin film multilocular structure made of collagen is
included inside the tubular biodegradable support, and in
this case, the member can be suitably used for regeneration
of nerve tissue, subdermal tissue, submucosal tissue,
membranous tissue, fat tissue, muscle tissue, skin tissue,
and gingival tissue.

Conventionally, the nerve connection tube having a
tubular form has been used. The present inventors have

found that the members for tissue regeneration having
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havi ng U-shaped or C-shaped section (nanely, overal
having a trough shape) can be obtained. Fig. 3 shows
one exanple of such nenber for tissue regeneration
havi ng U-shaped or GC-shaped section. Fig. 4 shows one
exanpl e of connecting a 15 1 cm defective part of

i schiadic rat nerve by using such nenbers for tissue
regeneration having U shaped or C- shaped section The
menbers o th have all

Fi . 3 d 4
i Fuly %%5*%}%%?% v f%}%ntw e qpd that
er f%# L gue regener at i Og haVE g %ﬁ'lVl OV[m is forms
R o5 ’ﬁFh o< “thEChr LS Peo il

q¥ sts on a ia or .on a.der.m.s of |1(n%§ ?%% forms

17 o BReFarpBicedn Biberormid i s d
t t hod b t .
C”r%f%fﬁ%é’gf?{,? E5E8) aEFOANY 1 %eﬁﬁ{aﬁﬁ 4’8t '§ng§ P8 (gection

éaa%%f%zésspi”év%“ °2fz§539 28 gééﬁ%%’% urlePIgRe form, 2
ndos e ev n_deep inside '
R e y G T o 12 fﬁﬁffﬁ@s {RESF Fige or dit ference

n can be shortened I rabl e t hat

t.h e
i gfiﬁ%hoa BT dah SREt Rl T LABREpUfepot the
h t fil [til I
éwgﬁ%f3%@9nggépéggﬂ%ofbﬁﬁghnactoghrﬁg Loéfﬁeagresent
e e o S A s o
cl ud d Furt hernore, conyenti onall in the neura

211 DR 19t BiBe M5 % u aPQWH%ﬁr&ﬁﬁnblfﬁﬁﬁeﬁﬁgeneratlon_

as peen_known, . but
rkavfhg U-shapéd or C-shaped section (namely, overall having

a trough shape) can be obtained. Fig. 3 shows one example
of such member for tissue regeneration having U-shaped or
C-shaped section. Fig. 4 shows one example of connecting a
1 cm defective part of ischiadic rat nerve by using such
members for tissue regeneration having U-shaped or C-shaped
section. The members of Figs. 3 and 4 both have all of the
sections having overall a trough-shaped form. When the
member for tissue regeneration having such a form is used,
in the case that the tissue to be regenerated exists on a
fascia or on a dermis of an organ, a suture operation can
be performed more easily. In the current operative method,
the nerve tube 1is implanted by microscope operation.
However, it 1is preferable to wuse the present support

because implanting thereof can be easily and safely
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the inventors have found that the tube having a branch
according to the tissue to be used for and havi ng
three or nore ends exerts excellent effect. Wen the
tubul ar or trough-shaped bi odegradabl e support having
a branch is used, 15 the tubular or trough-shaped
menber for tissue regeneration having a branch can be
obtai ned. Fig. 5 shows one exanple of the tubul ar

menber for tissue regeneration havin .S ed .
RSt SR D e o SRS EPRR RS (AEePor REdRG (3 body in
branch (such as Y-shape or T-s e 0
S0 PORTPSHEHTEE Oy HEPORT I Db anE S, cne Eime of
C—shape) such as ovyeral| tubular or r oug h sh e
a&éonap%?%p Cat EFGTHBBPF ed 5% dlﬁﬁe?grﬁﬁée that
thsu to be plied he nmenber_for tis
%Rﬁ%é%af?%“ ﬁa&ﬁﬂf%ﬁﬁﬂ?ab QH%HREP%%nh%%lﬁgeg SPSPed or C-
exa , for reconstruction_o arts
rg n&fGE1BR  a P&l th tf’oLBnE‘HE P8u 36 S&F&Eetrure made
ital_ nerves in peripher |sch|ad|c nerve of the
R oD R o s e et d S IPTRATE i 151 3 Ty tuded,
In particular, the nmenb I s _useful ggfause t
AT pRart ARISRe MR 15T R ert@ VBT tRES pérd piterSH 3nafe 91 form
re enerated by one 5 nenbe regeneration. It is
ped er Hite ??%ﬁ W*Xaqqntpci¥$%$nultiIocular structure
made of_col |l agen accordin the present inven
5 T ol BRIGS HT o (e b5 sl Smstrb%mutaaa .%an%ectlon
branch, but collagen havi ng other varjous

dsulRl  PotMROr At T oRRY MRS B¥O E9Rield aslgeen nown but

Mor eover, conventionally, for the nerve connectjon
the inventors have found that the tube having a branch

according to the tissue to be used for and having three or
more ends exerts excellent effect. When the tubular or
trough-shaped biodegradable support having a branch is used,
the tﬁbular or trough-shaped member for tissue regeneration
having a branch can be obtained. Fig. 5 shows one example
of the tubular member for tissue regeneration having a Y-
shaped branch. The number of the branches, the form of the
branch (such as Y-shape or T-shape), and shape of the
section (such as circle, ellipse, U-shape, or C-shape)
(such as overall tubular or trough-shaped form) may be
appropriately modified according to the tissue to be
applied to. The member for tissue regeneration having such
a branch can be used, for example, for reconstruction of

branch parts of median nerve of a palm part branching to

- 26 -



10

15

20

25

tube, a tubular tube having a form whose dianeter is
constant has been known, but the present inventors
have found that when there is the aperture difference
between the aperture of one end and the aperture of
the other end 15 according to the tissue to be used
for, the excellent effect is exerted. Wen the

bi odegradabl e support having the aperture difference

bet th t f d d th t
SELIEED b5, 8057 LS O one-gntoaad, LI SRR Oherve o

t _be obtained_Fig. .6 sh er.
sfﬁgeﬁﬁéf‘abﬁ?aﬁaﬁéﬂ%e? Bhe! Pearbbpdoahir 0 gl nexve.
SRRG %?imé% E%SS%J”&?@“ S 1 peripheral

n|t des of .the apertures.o ends and the
EEn R TR AN EPE L PEL BNt Fatoe Gy ratea by one

erture of the ends be_appropri at el 5 ust
ee?ﬁed?néoro RN 0 DB A o %r%ﬁﬁe LIS chin
terf ﬁtMﬁgn the apertures E tlnuous a3
é@ﬁgeau CHRCHEABe P HOF ties PR ho FRL AR S HaRGRp T aing £o
ch aperture, difference can _be used fo
e es%?%n%ﬁ?’eﬂ&%% dfcAnCcAude g’c lﬁjré’-rvfehe priefsgradable

plexus | nar nerve, ﬂ % nerv i an, _nerv
Gt

FRRROHor Yoy REchi BHREC Femgprotliffy various
further regions i ich th eri heral nerve ext ends
s 1Y T aal, %efeb@% PEHAIT DontnT Hided.

particular, the menber is useful for reconstruction of
per i phévlloalTe%Veeﬁ/'e ﬁ&%"ﬁ&t&ﬁnéﬂéﬁ’t'ur EoRi s eﬁ‘@évﬁ_et‘\?\%%%ecuon

the 10 central _part and the peripheral par i.S
lg?ee,ra@etubul%r tube havfng pa rmp whose dlameter is

constant has been known, but the present inventors have
found that when there is the aperture difference between
the aperture of one end and the aperture of the other end
according to the tissue to be used for, the excellent
effect is exerted. When the biodegradable support having
the aperture difference between the aperture of one end and
the aperture of the other end is used, such a member for
tissue regeneration can be obtained. Fig. 6 shows a taper-
shaped tubular member for tissue regeneration. The member
may have the U-shaped or C-shaped section, namely, overall
trough-shaped form. For the magnitudes of the apertures of
the two ends and the difference of the apertures of both
ends, the apertures of the ends may be appropriately

adjusted according to the tissue to be applied to and the
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that the thin filmmultilocular structure made of
col l agen according to the present invention is

i ncluded inside the biodegradabl e support having
aperture difference between the aperture of one end
and the aperture of the other end, 15 but collagen
havi ng ot her various forns such as gel formor fiber
form may be included. Furthernore, conventionally, for

t ti tub t t
At TR e 'S Bl 3 %av%ef%%%l?ﬁ%smechanged-
ti 20 ti
S BFEDRE) T8F g et 60BN B85, Ranre 8t %pgﬁch aperture
[ nb f t t
gt LT et r%ﬂ'éss’%ﬁn%%%e?ﬁnre'[?%%fﬁélg?gaaﬁ%%%% Bfrve such
H SATAAL Pt or BRI AL £?>‘<’€%°B§??a£feﬁas¥ﬁ1 gradial nerve,
I ngi val 25 tISSU% defective part ql t tissue, ag h
R | BPrye S8 Ee B oo rTe o (L S . BEEVS, “Blanches
B T oot e SHBBEE. TR fﬁmwt”ﬁez;aﬁfpneral
AN TOT ! HOPUGREN AN Co | Rge] a&.eﬁ%“% Pfrve, and in
S Aot Shor a3or MTRR 8. BHBESE qéﬁ%?f:g?%ﬁructm of
tissue re enerat| n that i s deco osgg égonwthe h
HETHNSERDOPT T8y IRV 4800 3o FRETAI D} ep?eetrce%a%%ween the

because the outer 10 wall around {he part |n mhlc

t?%ﬁﬁﬁ?}spﬁgéeﬁgyatggeEyerlphera part is pre?erable

that the thin film multilocular structure made of collagen
according to the present invention is included inside the
biodegradable support having aperture difference -between
the aperture of one end and the aperture of the other end,
but collagen having other various forms such as gel form or
fiber form may be included.

Furthermore, conventionally, for the nerve connection
tube, a plate member is not known, but the present
inventors have found that the plate member for tissue
regeneration is also possible. By wusing a ©plate
biodegradable support, such a member for tissue
regeneration can be obtained. Such plate member for tissue
regeneration can be used, for example, for peroneal nerve,
defective part of skin, defective part of dermis, gingival

tissue, defective part of soft tissue, and substantially
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sequenti al ly deconposed and therefore nutrient enters
into the regenerated tissue fromthe surround.
Furthernore, the nenber is preferable because the
menber for tissue regeneration is not required to be
renmoved by a secondary 15 operation. Fig. 7 shows a
schemati c view showi ng the tubular nenber for tissue
regeneration that is being degraded rapidly in both
nd S t he central par

%tse S oY Phe RBelle Mlyemertr B eSTe s FhigEoen @ main
W 15 ”bféf g T ds Pher e"ﬂﬁ%rate%ﬁ%ﬁggaé%?ir“f a thin
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ul travi Iet or 5 %&tlo g}({ radation rg{ oft.
t he rre é??oer tis T egen Oay'on h OEESH r otQed TiSSue
(|| Iolg the étent gossllnkw
BRI T e e oo BT TR oFThe M | RS PP member
ntrg t he de radation rate of P ngfb for tl?ﬁ? e

FEEHEn. TIESTTTTSIQR of' St ABF BTERAPIEnPIIAPT i FRE outer

nultlloculqg

all around the part in which the tissue is regenerated is
sequentially decomposed and therefore nutrient enters into
the regenerated tissue from the surround. Furthermore, the
member 1is preferable Dbecause the member for tissue
regeneration is not required to be removed by a secondary
operation.

Fig. 7 shows a schematic view showing the tubular
member for tissue regeneration that 1is being degraded
rapidly in both ends and slowly in the central part, and an
schematic illustration of the tissue regeneration by using
the member. Nerve tissue is illustrated as the tissue, and
there 1is deficit therein. The gap of the deficit is
connected by the tubular member for tissue regeneration.
The nerve tissue is regenerated from the both side to the

center, and the member for tissue regeneration is

decomposed from both ends and absorbed.
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structure made of collagen according to the present
invention is included in the |unen of such a tubul ar
bi odegr adabl e support, but collagen havi ng ot her
various fornms such as gel formor fiber formmy be
i ncluded. 15 Furthernore, the present inventors have
found it inportant that for regenerating the | ong
deficit of the tissue, the degradation rate of the

s A A gt R B! e
Lo SR pkPSrhe Y Mn refareh: et dfér‘”@ample,
S' 0 e A ?ﬁééf’a{?“fi hgﬁaéé‘ew%ﬁ%%?%ha%sneé s
Xém%e&i%‘?reﬁ 28 Dyo B s b PN ARLER altithar TiTaviolet or
%E:‘?‘eﬁeﬂ?r?gf £ °%b$ee%rﬂam9§%%§g oé#%?\rhé‘w%%‘%ﬁ%%r
dend ey °'%§nﬁ§%€ E%’ Phetredied § e P hetigng the extent
po‘lt Y AL AL DR Gt %/L%%q-%&) ¥dll\l%xang%§;<érl?6%éd 9988 Hr the
FERF naporeal uégﬁtré’ éfﬁ PRRGRIAE | RRePygE |, member
€m1nater|al that is raded and absorbed generally

?h?%%sﬁ%nY?%?%ﬁr$5+ after inplanted in the 10

ggdy preferab|¥ef gL%dedtggg %:Sorb?Q Inf?lan%Eftl?ocular

structure made of collagen according to the present
invention is included in the lumen of such a tubular
biodegradable support, but collagen having other various
forms such as gel form or fiber form may be included.

Furthermore, the present inventors have found it
important that for regenerating the 1long deficit of the
tissue, the degradation rate of the entire member for
tissue regeneration is controlled by using a biodegradable
support in which the structure having the tubular or
trough-shaped form is maintained by mixing a raw material
which is slowly degraded in vivo with a raw material
rapidly degraded in vivo to delay the degradation thereof
in vivo.

Here, the “raw material which is rapidly degraded in

vivo” 1is a raw material that is degraded and absorbed
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nont hs,
6 nont

and nore preferably, degraded and absorbed in
hs to 24 nonths, and can include polylactic

acid (PLA) and pol ybutyl succi nate(PBS). Wen | ong

deficit

is regenerated, it is preferable 15 that the

polylactic acid (PLA) fiber to be nore slowy
degraded in vivo than PGA is m xed in PGA to produce

the bi

odegr adabl e support. There is an exanple in

LS 3 AL AR S S B e nosy,

t
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PGA and PLA for tissue regeneration

?ﬁ?ﬁ%%ﬁ%gs%%p%r%ﬁ‘ PLA). Fig. 9 shows strength
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made of

emati ¢ view for explaini
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strai.n ang&the
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A5 b0y 25 RS B of TeGRaRlEA STt EhotAPrented A the
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C ni
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months

, and more preferably, degraded and absorbed in 6

to 24 months, and can include polylactic acid (PLA)

and polybutylsuccinate (PBS) .

When long deficit 1is regenerated, it is preferable

that the polylactic acid (PLA) fiber to be more slowly

degraded in vivo than PGA is mixed in PGA to produce the

biodegradable support. There is an example in which PLA is

singly used as the support, but the example is not thought

to be
mixed

mixed,

preferable, and the example in which PGA and PLA are
and used as the support is not known. When PLA 1is

the degradation rate of the support becomes inactive,

and the biodegradable support in which the structure having

a hollow interior (such as lumen structure in the tubular

shape)

can be maintained in vivo for a long period can be

obtained.

- 31 -



10

15

20

25

8 and 9, schene (do - d/do) is plotted in the

hori zontal axis, and applied force (f of Iength of
unit) is plotted in the longitudinal axis, and it can
be understood that Fig. 8 in which 50 0 of PLA is

m xed has hi gher strength than that 15 of Fig. 9 when
the sane strain is added. That is, it has been found
that by m xing 50 % of PLA fiber, the mechanica

strengtﬁ.if t@e t.ube is égga(%_ed nd t_he Iomerlng
g th

strength 3ftef T Ent i g THE Y5t a4

L%%%%H‘e Iﬂ?%%“ﬁ&xbao Thie E’[%gerggéonﬁflﬁgég;‘?‘t fgr tissue
h P :
%%?a%%gtt. fhe BEhdreo i ?‘t%Zﬁ?%) AP0 15 o g snovs
f 5 ti
pre%eraﬁﬂd SRk et BhoinBPran, Hudbbonal [, (b7 general

le PGA 2 PBS_and so forth b |

KD s SRS R R . 10 3e
I I ty de, of

LB BT R L, S e ganenses

coIIa n havi

h bi, od dabl ., b
orerEartode §orhs Sudiihs® el WFort obfPESFOPGr fhat in a
?Hégﬁgain%I%Qed 5 Fo%gggggnerathg§ﬁ Iongtdgglgkf éﬁe body,

d dabl t _havi.n t bular
I RtEn RaReanes por a?mv'&%%t o ot GHA T e cpeed buc
t bi od dabl S con roIIed such that th
d’éla%nég’é???%ﬂa%ate SPHPBPRE bR g ehandt Rt of fIn Figs.
g??ﬁ urgnL% Ort|0n||1)g¥o:§pdp gt@QaCQn the horizontal

f
respect to

axis, and applied force (f of length of unit) is plotted in
the longitudinal axis, and it can be understood that Fig. 8
in which 50 % of PLA is mixed has higher strength than that
of Fig. 9 when the same strain is added. That is, it has
been found that by mixing 50 % of PLA fiber, the mechanical
strength of the tube is improved and the lowering of
strength after implanting the tube in vivo 1is inactive.
Therefore, it is preferable to use a support in which PGA
and PLA are combined. It is preferable that the mixing
ratio of PGA and PLA (PGA/PLA) (fiber bundle number ratio)
is 10 to 90/ 90 to 10, and the mixing ratio of 50/50 is
particularly preferable.

As such a combination, additionally, for example, PGA

and PBS and so forth can be exemplified. It is preferable
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hollow interior is maintained by mxing a raw nmateri a
which is slowy degraded in vivo with a raw nateri a
which is rapidly degraded in vivo to delay the
degradation in vivo. Such a biodegradabl e support can
be produced by 15 conbining PLA with PGA to produce,
for exanple, a tube and then using the
above-descri bed nethods (i) to (iii) or the like for

' h fe
f%ﬁ%{”ghé Epgggilnshhﬁit?bcﬁ%% :ﬁ%rggfﬁ = %é o?g collagen
h .
R 7o R B MR Taie e
1 haShPERaUEL BBEORL L it Sl (DL apthef various
di t .
Si 222%%?% Jois Sol EnrBoSh, sie ot R By ' BaslRciudea.
Iinitat#gn P ége roducti n % ? g Ognﬁ gs t he . nore
struct ure to % F 89 %a CBe Obtafhed°tahdSSpgr it is
h
By U B BT Sy, e
I
.%uwfé EroforhtaR Eares cedtr b oinSthohfe aiPapafgtion rate
d b d h I
SESER: ﬁib'%i%eﬁr”a%%ﬂif%ﬁﬁa?i?oﬁsfri‘c?nigo{ji?éf SHBS o %at the
h d te hyd [
TR ST oFoEB Phgdme i £5 BI60%8 fyaReitt of the
3. 0% re preferable

C?ﬁ%%ﬁﬁﬁp%5tﬁ?nm#?b%fv?sg%érf?cﬁié?bytﬁ?eFEFﬁﬁFEreIPaV1n9 a

hollow interior is maintained by mixing a raw material
which is slowly degraded in vivo with a raw material which
is rapidly degraded in vivo to delay the degradation in
vivo. Such a biodegradable support can be produced by
combining PLA with PGA to produce, for example, a tube and
then using the above-described methods (i) to (iii) or the
like for sloping the degradation rate.

It is more preferable that the thin film multilocular
structure made of collagen according to the present
invention is included inside such a biodegradable support.
Collagen having other various forms such as gel form or

fiber form may be included.

The thin film multilocular structure made of collagen

according to the present invention can be produced without
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preferable that the concentration of the dilute
hydrochloric acid is 0.0001 to 0.01 N, and 0.001 Nis
particularly preferable. It is preferable that pH of
the 15 dilute hydrochloric acid is 2 to 4, and 3 is
particularly preferable. It is preferable that the
freeze tenperature is -70 to -100C, and -80 to -90C
is particularly preferable. It is preferable that

freeze-drying, i erforned for 24 hours, under a
LHTEER T BoshY o bRS5. BTPAUSIGR | BELTSE - ge (PnDo@S  the
It f b that t th I 0Ss-1inkjn
T EESEe | L0 pBFr FRsacRoras B APt AL ARdogeH example,

150C upder  a reduce ressure of 1 Torr or _less, and

T SREREC BT GAmbIng 1o G Tes Pt hd FeFEs fEHEnY 6t 4ol lagen
to 48 hours at 120 to 145C, _and it is particularly 25
pTRERT BT e to PRrFor APEREAL L¥at mERE f SPEH®Wour Sht  aqueous
140C. . 34 hﬂ partic%lar, for nerve tissuye, such a

tHRh TP ChuPERECRIAAISTY Ut UTEPESh SEFPdbPy dRSR. freezer,
The er for. tissue_regeneration including a 5
bﬁ‘%%ggggaabﬁé@ﬁp r t EEpHOT AT T ¢ heNEhSHRPRcked to thermal
mul tilocular structure nmade _of collagen according to _
tFePPF eSEHEI T N8I tantBeehr JRAEET wWeRGdt188Eng It is
particularly limted by the production nethod as | on .
é%r?ﬁﬁf G r BAt ERBeFORGRNEFE§ 48T 8feferdit i Wf dayipechloric
obt ai ned, and for 10 exanple, the nenber can_be_ ,
;ﬁ?&éc§81B§l?ﬂeQQN??ﬁ& TAFT. 1SA%CA | Hyed - 881 &Y ofeight,
is attached to the biodegradable support, and then,
tarfé‘?caarpaejé’n SAUPONWELTRFedFfe MR R gPreferable, and 1.0 to

2.0% Dby weight is particularly preferable. It is
preferable that the concentration of the dilute
hydrochloric acid 1is 0.0001 to 0.01 N, and 0.001 N is
particularly preferable. It is preferable that pH of the
dilute hydrochloric acid is 2 to 4, and 3 is particularly
preferable. It is preferable that the freeze temperature
is -70 to -100°C, and -80 to -90°C 1is particularly
preferable. It 1is preferable that freeze-drying is
performed for 24 hours under a reduced pressure of 5.0 Pa
or less at -80°C to -90°C. It is preferable that the
thermal cross-linking treatment is performed for 6 to 48
hours at 100 to 150°C under a reduced pressure of 1 Torr or
less, and it is more preferable to perform the treatment
for 12 to 48 hours at 120 to 145°C, and it is particularly

preferable to perform the treatment for 48 hours at 140°C.
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and t hereby, the nenber can be produced. More
specifically, for exanple, when the support has a
tubul ar shape, a tube 15 having an appropriate size is
imrersed in 70% et hanol for 24 hours, and then, the

et hanol

wei ght

is conpletely dried, and 1.0 to 3.0% by
of the collagen dilute hydrochloric acid

solution (0.001 N) (pH 3.0) is applied to the
bi odegr adabl supp%rt surface and air-dried, And, the
ioh

appft

atPoft*and "&'r - ft5i ¥y prbERYS ar §9FBpedt edtitn  film

20 1] nes o formcol | agen coatjng. on the support

U REESCHEr  AERBETETS BTRIFHT FAPH Y Esst ed Lo - 85C
in a freezer, and then, 1.0 to 3.0% by wei ght of the
col |l agen hydrochloric acid solution (pH 3.0) at +4C

is fill

gap by

d inside the_nenber, 25 so as not to generate a

31 i BFEYPF ngbCrand 1588 | MR LOR hetncluding  a

nmber is u{ in a deep freezer, and cooled to -85C
gt BT EHUNL TRERRRbOPUPEOptaF nthe FRoB, b3 bR BRI khiocular
dried for one g%y g%or 24 hours) at -80C to evaporate
en

t PeF WOt Lk Qr ema

un§ert 1{EERUMASSRHYihs & (1tH%r rPresent

or less), thermal dehydration cross-Iinking treatnent

9 .
i AR Ted fBr BF t HTASUSES s WHtROC the g paghgcularly
thereb %hetQﬁgber for tissue regeneration can be _
(ih@ﬂ?%%. Y0 PABEREF 1B o dRTRRAbRE Siffpbr BScdlieedesired

produced b a, conventional |l y known nethod, for
e, IP0r i 1RFSE  EEEERETAREOn afdlindPea PhbaLARdcommd for

material . The tubul ar bi odegradabl e_support having a

BT

¢qnthe member can be "produced by the following method.

A collagen solution 1s attached to the biodegradable

support, and then, the collagen solution is freeze-dried,

and thereby, the member can be produced. More specifically,

for example, when the support has a tubular shape, a tube

having an appropriate size is immersed in 70% ethanol for

24 hours, and then, the ethanol 1is completely dried, and

1.0 to 3.0% by weight of the collagen dilute hydrochloric

acid

~solution (0.001 N) (pH 3.0) 1is applied to the

biodegradable support surface and air-dried. And, the

application and air-drying process are repeated at 20 times

to form collagen coating on the support surface. The

member is preliminarily cooled to -85°C in a freezer, and

then,

1.0 to 3.0% by weight of the collagen hydrochloric

acid solution (pH 3.0) at +4°C is filled inside the member

SO as

not to generate a gap by a slim syringe, and
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be produced by form ng a tubular wall around the core
15 material having a branch structure (the outer
di aneter of each of the branches is 5 nm.
Herei nafter, the production wll be explained in
detail. A tube is nmade by using a core material having
a branch by using a braiding apparatus. As the
biodegradable 20 fiber to be used, PGA fiber can be
fibher for exanpl e, _a PGA fiber

'fae%leadt y bu%’ﬁ ng=UBFi v&© P rr%hf‘ti‘?f' “Shent§cgiek- 2and
o) h |s o) ned dlin 8 fllanents each .
éog%%& ?égé %. bge roze . Eé dt caﬁ H% in a

having a S|ng 2-yarn finenéss

d._For_exa , 1Dy _us a_br |d| r f 25 R
ﬁ%%%%.%ﬂe’fﬁﬁt%#éf *f?%eOPub a¥s ek ?‘2451} ot ~80°C
Hﬂa'eﬁa or?tg %gﬁtm%fgéhég;] afa%ugﬁ&ea%%e%¥§ %%ndltlons

Fanc B f e teria t he anc t
e.i.s fornme

hFor TPE2ar G 1 Gl T+ heCHAFEe  CAMAGH Rrbard Brop pbinkins
fib and; L b
e The AT RS SR 4 (bt B ok bt at#%ﬁ%@f?%nto 140°¢,

one br nch.of a_pranchi.n terial. After

T T e FRE L RN g CEnar L Sepan S AR Gy gan be
ned qhd superposed fromthe one end. \Wen the

6%% apparatus reaches the branching part again,

t he branchlng 10 branch around which the tube has been

formed previously is diverted to the outside through

b anoh H et R Gy BARSHAREAR T Ro P BBE™ e P iy Broduced by

ly known me ge to %or example, forming a

.%evunsh%lﬁaformn the t

conve
tubular wall around a tubular core material.

The tubular biodegradable support having a branch can
be produced by forming a tubular wail around the core
material having a branch structure (the outer diameter of
each of the branches is 5 mm). Hereinafter, the production
will be explained in detail.

A tube 1is made by using a core material having a
branch by using a braiding apparatus. As the biodegradable
fiber to be used, PGA fiber can be used. As the PGA fiber,
for example, a PGA fiber obtained by bundling up five PGA
multi-filaments each of which is obtained by bundling up 28
filaments each having a single-yarn fineness of 2.55 dtex/F
can be used. For example, by using a braiding apparatus of

48 bobbins, formation of the tube is started from one end.
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third end, the tubular support having an integrated 15
branchi ng structure can be obtained. For the core
material of the branching structure, a soft raw
material is required to be used because the branching
branch has to be passed through a gap of fibers of
the tubular wall. As a produci ng nethod ot her than
this, the following 20 producing nethod can be .

I e [ remone en
ﬁﬁgggrgﬁ%h?ﬁaéggg% %ggakgggsd§ﬁacga gpatus %31 part “f the

t e s cond end  on
(%é%g erla fgﬁﬁdg%rg%%hlng rgﬁd%HCh u%?ﬂ% T%%erlal on

WAL oR St euBOA LT s ol thecpr gl ogv%agg@aémgu outside

usi ng the resi ha ers
| ar 7,.1LS roduced t e rd d C as
r&kj er%co\/\%p mﬁfgrltlal\ lbetrhe’ bt aﬁch“_iqh the Obraldlng
e sh ed bio dabl ort can
pr&%1 BF exanp‘qrou%f'1 gﬁg' rﬁESV|ﬁ8 h@npaﬁ’tu e can be

prd%EC|ng aOPubaﬂgugﬁP?éergﬁgﬁﬁ9uﬁ?ggozg?gé‘%%éﬁﬁﬁ%% After
t

168 B 8 TR o

p R §u§§§g§5t‘ﬁﬁis%§%§g E%gllfj?g&élég D e, emsaing

b I I he t ubul
ﬁYP%r”é:t'L?S' ”8 PRt BTG O By-exaPeiRy 4 partranching
(gréﬁk é whlcﬁ ggetgube %”'a eenp%%rmed previously is

diverted to the outside through a gap of the fibers. A
tube is formed on the other branch as a core around which
no tube is formed previously. By forming the tube to the
third end, the tubular support having an integrated
branching structure can be obtained. For the core material
of the branching structure, a soft raw material is required
to be used because the branching branch has to be passed
through a gap of fibers of the tubular wall.

As a producing method other than this, the following
producing method can be exemplified. After the tube is
formed from one end to the branching part by a braiding
apparatus, the tubular wall is produced to the second end
on one core material of the branching branches by using the
half of the PGA fibers of the braiding apparatus. Then, by

using the residual half of the PGA fibers, the tubular wall
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The bi odegradabl e support having the aperture 15

di fference between the aperture of one end and the
aperture of the other end can be produced, for
exanple, by prelimnarily producing a core nmateri al
havi ng the aperture difference between the apertures
of both ends (taper core material) and form ng a tube
by using the material as the 20 core by, for exanple,

algugfga@geap 8" @Lgsthgape% el %b'oet ulppd%{ NBYEDDia1 of

ar or roug OSE egra |on

ﬁ%g?S%dgg pelng nearer to the ends fromthe

cen f por I'h"Vivo can be produced the

b h th d dabl
S‘USZ&S’Fér"éaﬁech”‘ﬁ%a??ofégpgﬁ Voeééagma% ol T RHRPARY Can be
V%%éﬁu fégméggte{|a|b¥a%l%}n weav1n%e ggrgﬁsgak%rial of

' a Vaw naterT al y ~degra

ble e FERBEELLTTAMERE, P A 2 e

orn1ng étu
naterlal descrlb reV|ousI The bJOdE rad b%
suppd?%alaﬁa Tc¢h 3 pFu alf%y 5t forns qeT material

by BT B oRE MBLRE Rt SR8 hRBRr Fopanaing  che

tlggge rfgeneratlon i ncl udi ng the 10 above- descri bed
tH A F137i mul tilocul ar structure made of col | agen can

e Br oGP, b B ONELD S KB (AT LR o
frﬁggg 9&¥L98nah%%'29Q?Qﬂﬁ%é“$9”c'shégg %%%I%e produced by
incising the tubular wall of the tubular support in the
longitudinal direction or by excising a part of the tubular
wall of the tubular support.

The biodegradable support having the aperture
difference between the aperture of one end and the aperture
of the other end can be produced, for example, by
preliminarily producing a core material having the aperture
difference between the apertures of both ends (taper core
material) and forming a tube by using the material as the
core by, for example, a braiding apparatus.

The biodegradable support having a tubular or trough-
shaped form whose degradation rate is higher as being
nearer to the ends from the central portion in vivo can be

produced the above-described method.

Moreover, the biodegradable support in which the form
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bi odegr adabl e supports. 15 The nenber for tissue
regeneration including collagen having various forns
such as gel formor fiber formmay be produced by
filling the various bi odegradable supports with the
sponge-forned coll agen or fiber-formed collagen by
usi ng a conventionally known nethod. 20 The aspects
and enbodi nents of the present invention described

b i d_wh bl e
%%%SPE?@%&?FQ Ogéégtﬁfbﬁruemw%f 2Tl PREREELSL wnich is
g%%§| ocul ar S r cture Made of Collagen 1 t a1

JS/y a ot | u\fjevchyd'i”o I dti R dYRE Jo%)]l Njapidly

telocollagen (

S (pgw ng? et cCEATetahgoRs phGHeRSaitn vivo

: Pa%k,ers e oiz%%lfr?ggnt&% TP LA LI sun 2

ee freez 80C 1.0 -86C. Thi mas dried for 24
o S“atheoﬂ]re{aats SRRET P (LR e to evapor at e

th . dt eb the thi fil I til |
T ucr e B ogB5 s Bh AR B ST nde | TRAENG 4y BORRBAEtY of
v%%ﬁhmeﬁnat LN tF‘Bﬂg%‘f* hersn) obelr pramE e%as]bagc Hhippriately
, | f V
TR BT P GRSt OO RS | &%ﬂ%f

structure was %Pserved This is shown in i gs.
mem for tissue regeneratlo

including the
above-described thin film multilocular structure made of
collagen can be produced by producing “the thin film
multilocular structure” of collagen in the lumen by filling
and freeze-drying a collagen solution in the various
biodegradable supports.

The member for tissue regeneration including collagen
having various forms such as gel form or fiber form may be
produced by filling the various biodegradable supports with
the sponge-formed collagen or fiber-formed collagen by
using a conventionally known method.

The aspects and embodiments of the present invention

described above can be appropriately combined when possible.
Examples

Example 1

Production of Thin Film Multilocular Structure Made
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151 (a) to 1 (c) . Mreover, by the sane nethod, a
further thin film nultilocular structure was
obt ai ned. Wien this was observed by a scanni ng

el ectron mcroscope using a 18 kV acceleration
voltage, the thin filmnmultilocular structure 20
shown in Figs. 1(d) and 1(e) was observed. Exanple 2
Production of Menber for Tissue Regeneration in which
'ggrbgﬁlnn Mul tilocular Structure Made of Collagen is

IncIue&?Q%ﬁide Tubul ar Bi odegr adabl e Support 25 The

O e DEOCUESq,PY 3 g PTG RS S A8 e
0S5 HIhoPOARA P Rer B | oc PNl & BTy SErift SRy dean (e
5 LU RS 00U B0HLTES DL ULy e
TP PAREC L 1A Ry A B FarEa by M ppeAcHged and
RS e Aot (00 PG s T i o e
R 4BPOT RS, SOLOLDRS, 805, 10,88, f08% so
L R R N —
R oSO T T8 SR BRI, e

freezer at
obtalnec?.

The cross-linking treatment by heating was
performed for 24 hours at 140°C under vacuum conditions.
When the structure was observed under a scanning electron
microscope of a 20 kV acceleration voltage, a thin film
multilocular structure was observed. This is shown in Figs.
l(a) to 1(c).

Moreover, by the same method, a further thin £film
multilocular structure was obtained. When this was
observed by a scanning electron microscope using a 18 KkV
acceleration voltage, the thin film multilocular structure
shown in Figs. 1(d) and 1(e) was observed.

Example 2

Production of Member for Tissue Regeneration in which

Thin Film Multilocular Structure Made of Collagen 1is

Included inside Tubular Biodegradable Support

The PGA tube produced by a known method was cut into
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15 80C to -86C. This was dried for 24 to 48 hours at
-80C by the freeze-drier. The cross-Ilinking treatnent
by heating is performed for 24 hours at 140C under
vacuum of 1 Torr or less, and thereby, the nenber for
ti ssue regeneration was obtai ned. Wen the nenber was
observed by 20 the scanning el ectron m croscope of a
20-kV accel erati on voltage the thin film

mul til ocul.ar tru ure obs rveg? i nsi de .t

alﬁyurl‘ogrrlsautpepo ISI Wig )J.mmgﬁgeﬁl in  70%
{Sinangl eﬁaﬁﬂgénﬁgﬁ%pfe;’%%fgﬁér genopalion e useds o
SR oF Bt caF T g'p?@ 8kt égu:e@b\%wt&ﬁdﬁhé’f the PGA
WZf%ﬁeyT””Ct%&h e T atsllﬂ)epsorSPA Eleﬁang“b?I to 3% by

Pﬁ%?@ﬁ’}&%ggf% AUCT0G APRRIELISy NGNS (o
thetRglt ot rfbe e %E%EO%%E?sgg'a;eW “s?:rav& é%tsﬂ%%a?f trade
&a&&}?éﬁe e A ER S B i Pgohe dlE Rt - PRGRAES o Tfe derived

her hand,. as .t he ex control a PGA tube

( SForPed 5T S pup |ItF’)%n1 R Sh  RYCrofieFitg the core
ELAPISN: "B (bl e s comereall v SRS o,
gﬁ$ufactured oy Ko%%? %glgh%t%f) ma§1¥8€g ggh%g%%%%rlc acid
(0.001 N) solution (pH = about 3.0) of atelocollagen (NMP
collagen PSN (trade name) manufactured by Nippon Meat
Packers, Inc. derived from pig dermis) was packed into the
tubular support. This was frozen in a deep freezer at -
80°C to -86°C. This was dried for 24 to 48 hours at -80°C
by the freeze-drier. The cross-linking treatment by
heating is performed for 24 hours at 140°C under vacuum of
1 Torr or less, and thereby, the member for tissue
regeneration was obtained. When the member was observed by
the scanning electron microscope of a 20-kV acceleration
voltage, the thin film multilocular structure was observed
inside the tubular support. This is shown in Figs. 2(a)
and 2(b) .

When the member for tissue regeneration was used for

regenerating peroneal nerve of dog, not only pathologic-
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15 length: 10 nm. 5 nmnerve defective part of right

i schiadic nerve of Wstar rat (n = 2) was
reconstructed by using the tube Al. As a control, 5
nmm def ective part of left ischiadic nerve thereof was
reconstructed by using the tube Bl. 20 After one
month, the Wstear rats were put down, and dianeter
of axial filament and thickness of myelin sheath in

he di.stal d o he nherve.reconstruction.pa and
CHE MBS a1 TG0 RAPUS ARBKS RAPE RAALY drf eterable
In the tqu %{ t he ne surgnents wer.e 1.4(10.3 m 0.4
F G B e d S0t B A WS GRS Ved-
ES%Pe%Fively, and in the - 42 tube Bl, they were 1.0
XPMHI0.2 0.10 m 92 31 count per 100 x 100 n2,

tively, and therefore, t L
oo, <Ol R i POBLTS SIS R fouprore
PGA tub |y, a,tubul hi .od dabl t
PSSR PR g B BY aPd D POBUBERG Shppsh AERE Shif « S the
f ti ti f d "t
TNEex EGRi EREERE. EROTARTANIAR (T GRUTRS ofs uBfurauRe A1%)
t.h 10, st t) de of [ 1 i nsi de th
U REEA0SE, oLt o TRE 00 80U 02T 1SLIRAAS ag che men
d d di ter: 2 | th: 10 . Ont .
Sl i T 8 CellAshertsi i g o PP BeAR g, brmed in
referred to as "tubE Cli% in which coll%pen,fibers.
rﬁf@?(ﬁ%ﬁﬁﬁ%fa%f %3P 2 was produced” (diameter: 2 mm,

length: 10 mm). On the other hand, as the experiment
control, a PGA tube (referred to as “tube Bl”) in which
Microfibril collagen was filled which is commercially
available as a medical device (Integran (trade name)
manufactured by Koken Co., Ltd.) was used (diameter: 2 mm,
length: 10 mm) .

5 mm nerve defective part of right ischiadic nerve of
Wistar rat (n = 2) was reconstructed by using the tube Al.
As a control, 5 mm defective part of left ischiadic nerve
thereof was reconstructed by using the tube Bl.

After one month, the Wistear rats were put down, and
diameter of axial filament and thickness of myelin sheath
in the distal end of the nerve reconstruction part and the
number of myelinated nerve axons were measured. In the
tube Al, the measurements were 1.4 = 0.3 um/ 0.4 + 0.08 um/

60 + 25 count per 100 x 100 um?, respectively, and in the
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15 were bundled and filled was produced (dianeter: 2
mm length: 10 nm. 5 mm nerve defective part of
right ischiadic nerve of Wstar rat (n = 2) was
reconstructed by using the tube A2. As the control, 5
nm defective part of left ischiadic nerve 20 thereof
was reconstructed by using the tube . After one
nonth, the Wstear rats were put down, and the
dianeter of the axial_ filament and, the thickness of
5P Bkt | RREKedaFS it thetdi%stal#®ndCof fhed ridh vem/ 92 £ 31
reconstruction_ part d the nunber of el i nat ed
RHE akbTs MPe Feablll ed™ 25 FROPRECEYBCIA2, Spfie therefore,
asurement were 1.3 0.5 m 0.3 -_43 _0.07 61
t&ﬁﬁwtrep%erne.t’fﬁ)t&orio‘ﬁaﬁﬁ?lﬁﬁﬁBéE?PGéVbeéﬁ&“’egw lithg-he tube
tube G, they were 0.9 0.3 m 0.2 0.05 nf 103 30
nt per 100 x 100 nR, respectively, and therefore,
hetter, regeneration was significantly observed in the
{OFIPIE A Exanple 5 Production of Menber for Tissue
Regenerati on in which hin FilmMiltilaocul ar

St ruct & EFMdEIBE - CHH n i3 CPRefadefiR§Fadable support
Bi odegr adabl e Support havi ng Trough-shaped 10 Form
m&g%%gﬁ% %sufﬁgfﬁaﬁebég‘lﬁ?s‘ipﬁ dBEATE FRPITATISpGRNd the

et LI S S
bundl i ng up, 28 filanents each having a single- yarn
FThMEEh of NS, 581tk i) , ML Ebec b1 TPGACRHGERGeARS the new
structure made of collagen 1inside the support was
formed in the same manner as Example 2 was produced
(diameter: 2 mm, length: 10 mm). On the other hand, as the
experimental control, a PGA tube (referred to as “tube
Cl”) in which collagen fibers having a diameter of 400 um
were bundled and filled was produced (diameter: 2 mm,
length: 10 mm) .

5 mm nerve defective part of right ischiadic nerve of
Wistar rat (n = 2) was reconstructed by using the tube A2.
As the contrel, 5 mm defective part of left ischiadic nerve
thereof was reconstructed by using the tube Cl.

After one month, the Wistear rats were put down, and
the diameter of the axial filament and the thickness of the
myelin sheath in the distal end of the nerve reconstruction

part and the number of myelinated nerve axons were measured.

In the tube A2, the measurement were 1.3 * 0.5 um/ 0.3 %
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15 inner dianeter of 2 mm (length = 10 m was obtai ned

by using a braid-produci ng apparatus of 48 bobbi ns

(reels) so that Teflon (Registered trademark) tube

havi ng an outer dianmeter of 2 mmserved as the core
material. After cutting this into a length of 5 cm

together with the core 20 material, the treatnent in

which 1.0 o by weight of collagen dilute hydrochloric
acid_solution (0.001 N pH about 3.0) was coated

t he? BomAndl t he2? UBRUINASPEE| &BO0WKSs 10Pepmat etesgeQpively, and
times, and thereby the tubular support was obtained.
THenthe heuksr €lnatBeavengs Opd Hed -@ndimerfr@d; @50 anegn/ 103
a collagen solution was filled inside the tubular -

4 3QuBPYRE, PEAd 100eaz eLQft i MW, HRPRYyiMdly, and therefore,
cross-linked to produce the tubular nmenber for tissue
rRYEheT af FERNSFAEL ORI W8 Sc S108agGER CRaFlNg P semvied jinmthe tube
multilocular structure inside. 1/3 of the outer wal

4 the menber for 5 tissue regenerati on was excited by

using a sharp scissor for mcrosurgery under a
s@%ﬁ%&%ﬁc?oscope to produce the U shaped nenber for

ti ssue regeneration. This was shown in Figs. 3 and 4.

In Fi g.PPYHRerMethes i ke lisegpemesgiomtion in which
i ncl udi ng the bi odegradabl e support having 10 overal

a3 ¥dudght Yhag® ekl $5pl aiht e TRcune cifake ecef veCoblagen  is
of a femur ischiadic _nerve of rat having a body wei ght
ofiBbtiee LRFidpeBoperatrEAPLEMS PRIt gnavricng Trough-shaped
i mpl anting was about 10 m nutes. By contrast, when

t R heriRTe fRCt e digs rége®aiti on i ncl udi ng t he

t ubul ar_ bi odegradabl e
By using PGA fiber (The PGA fiber was obtained by

bundling up two PGA multi-filaments each of which was
obtained by bundling up 28 filaments each having a single-
vyarn fineness of 2.59 dtex/F), a tube of PGA having an
inner diaméter of 2 mm (length = 10 m) was obtained by
using a braid-producing apparatus of 48 bobbins (reels) so
that Teflon (Registered trademark) tube having an outer
diameter of 2 mm served as the core material. After
cutting this into a length of 5 cm together with the core
material, the treatment in which 1.0 % by weight of
collagen dilute hydrochloric acid solution (0.001 N, pH
about 3.0) was coated thereon and the tube was dried was
repeated by 20 times, and thereby the tubular support was
obtained. Then, the core material was pulled and removed,

and a collagen solution was filled inside the tubular
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15 support having the sane size is used to performthe
connection, the required tinme is generally about 20

m nutes, and therefore, the operation time could be

saved by about 500. Here, by excising the outer wal

of the tubular 20 nmenber for tissue regeneration, the
menber for tissue regeneration having a trough-shaped
formwas produced, but the nenber for tissue

regenerati on having trough-shaped form nay be _
PTERRRYD bprforfrerra ERted i BadhurRer®RLlEr cross-linked to
structure nmade of collagen inside the bi odegradabl e .
KRBT 25hRavi FEPLRRY t r BggReghapker f ofghssueqs5 regeneration
Exanpl e 6 Production of Tubul ar Bi odegradabl e Support

Heltv Mg shgpédaBeanchhantndenter o0 Ti fsd&@ multilocular
Regeneration Includin the Support 5 First, by using

S GO asRF tdpol yb?%fofntéynphléteirc wagdd| yaferthehapeniger for
soft at roomtenperature, a Y-shaped core nmateri al '
WelsS $H5? dEBJgeTREAGAPEr WHane¥Xettef &ychigingha sharp scissor
branches of the Y-shape was 5 nm and the | ength

thRr abfcRREUrIer  mindsr usi e ePBlaxospepeoke produce the U-
material, the Y-shaped 10 tube was produced from PGA

fsineq ThemPe fioert isistud neelgoyerauhdni ngThpsf was RGoOwWn in
multi-filanments each of which was obtained by

BUrER i N upRPB 4| anents &&kh havi ngtlke simgfileer yafer tissue
fineness of 2.59 dtex/F was reeled) by a braid

aRERRR At N 48 psunkhe  Thiss phodegsadiabllepesupport having
expl ai ned

o&grall a trough shape was implanted in a 1 cm defective

part of a femur ischiadic nerve of rat having a body weight
of 300 g, and the operation time required for implanting
was about 10 minutes. By contrast, when the member for
tissue regeneration including the tubular biodegradable
support having the same size 1s used to perform the
connection, the required time is generally about 20 minutes,
and therefore, the operation time could be saved by about
50%.

Here, by excising the outer wall of the tubular
member for tissue regeneration, the member for tissue
regeneration having a trough-shaped form was produced, but
the member for tissue regeneration having trough-shaped
form may be produced by forming a thin film multilocular
structure made of collagen inside the biodegradable support

having the trough-shaped form.
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15 further specifically. A tube was forned on the
above- described core material fromone end under the
Y shape. After one core branch was pull ed outside the
tube in reaching the branching part of the Y shape,
the tube was sequentially produced to the second end
so that the 20 residual branch serves as the core
mat eri al. Thereby, the PGA tube having a shape in
whi ch a naked core material projected as a branch in
WM & was produced. In the sane manner as the
previous production, fromthe one end under the Y _
shape, RHRAYSEA QUIRE R W Ricfegia dr ke t FRPost thaving Y-
tube previously produced itself serves as the core. - .
g Brapeh produtembart §orhd issarec Resaneratieon Including
branching branch (core material) having the one end
FuPRRRTh PGA was forned was pulled to the
outside. By formng the tube to the third end so that
t he br dhdHithg B¥ apehndnawiibermopd a5 tigh @Iy Hgrfin synthetic
previously forned serves as the core material, a

15 gﬂ%%g#ﬁté@fY-§ﬁap@amﬁub@mmﬁ§abﬂﬁéucédﬂ‘ﬁhﬁnﬁﬂ core
obt ai ned Y-shaped bi odegradabl e support, a collagen
SHERYT I | Waat teied -andThee@rdagt | @damahart indr epych of the
the "thin filmmmultilocular structure" of collagen is
rRicRclte arRf dEf &f Tdmpartth Her@byand Hehe ubrieth nembegof was
for tissue regeneration branching in a Y shape
il €8 ngBYhersiiicn $4349n agulthie ceefer mateyéadr e thedeY - shaped
of collagen can be produced. Exanple 7 Experinent of '
|G AT iRhPBica® fizgm &34 fiiker (The PGA fiber obtained by

bundling up five PGA multi-filaments each of which was
obtained by bundling up 28 filaments each having a single-
yvarn fineness of 2.59 dtex/F was reeled) by a braid
apparatus at 48 punches. This process will be explained
further specifically. A tube was formed on the above-
described core material from one end under the Y shape.
After one core branch was pulled outside the tube in
reaching the branching part of the Y shape, the tube was
sequentially produced to the second end so that the
residual branch serves as the core material. Thereby, the
PGA tube having a shape in which a naked core material
projected as a branch in the center was produced. In the
same manner as the previous production, from the one end
under the Y shape, the PGA tube was produced again so that

the tube previously produced itself serves as the core.
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15 Tubul ar Menber for Ti ssue Regeneration Having
Y-shaped Branch A Y-shaped PGA tube, nanely, a
Y-shaped bi odegradabl e support was produced by using
a brai d-produci ng apparatus, and the Y-shaped nenber
for tissue regeneration inside 20 which the thin film
mul til ocul ar structure was fornmed in the sane nethod
as Exanple 2 as the new structure made of coll agen

s produced. The djaneter of each of the_ _brapche .

:%ste% nﬁF‘Snole MFehgth ttoneFESf %\ﬁ%n%’h ch e Egﬁglsbe%ancmng
f the three corners formed. b e branches were all. .
%?%ﬂfi-!hﬁfe1WﬁF%¥% hel@ ﬂ%e%g?opnﬁi§ earoundaWthh PGA
regenerati on was p in aculture petri _di and

ok SIS T Wéﬂi%ﬂi £8| It%ecﬁWtﬁﬁéienediBlYmSPﬁ@%(ffﬁ tube
manuf act ur ed_ by Dai ni ppon um tono_ Pharnma Co., Ltd..),

drt Hetir e $24 (RB- EggﬁDtge%ﬁ&F‘ﬁE&lﬁ%&Drﬁﬁcﬁai% ppbeR the
Sumtonmo Pharma Cp., Ltd.) of two enbryos was divided .
itHRS (1% RCanBFPRIeLELY FRIBEhESENFSe T50opdlf iy¥ ormaterial,
t he Y-shaped nenber. After cuh%urin this in. an

i SRAPRGRSS o HSHF etk sT - SRPTHSTHRE o123 HRF SRt ped

nmenber for tissue regeneration s .qbserved. .I.t was 10

confir sy RSt PREAHEST alY CBIAREDe RIQFEF AN AT | PRPPOTE, &
part. of the thin filmmultilocular_structure de of
SRR FHYEPT et RFTafded ﬁfa%e%rmé r%%& t%%cgu%hereb%
regeneration, _and had groliferated and praogressed. i

t,
IS hotiytt EhiR MRAFLLPSUHBEaFSE UChE e mDdr aﬂ‘?lbdés made

regenerati on havin .
and contained, and thereby, the tubular member for tissue

regeneration branching in a Y shape including the thin film
multilocular structure made of collagen can be produced.
Example 7

Experiment of Introduction of Neural Cell into
Tubular Member for Tissue Regeneration Having Y-shaped
Branch

A Y-shaped PGA tube, namely, a Y-shaped biodegradable
support was produced by using a braid-producing apparatus,
and the Y-shaped member for tissue regeneration inside
which the thin film multilocular structure was formed in
the same method as Example 2 as the new structure made of
collagen was produced. The diameter of each of the
branches was 4 mm and the length thereof was 3 cm. The
angles of the three corners formed by the branches were all

60°.
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15 the branch structure has high affinity with the

cells derived fromnerve as the nerve gui de tube.

Exanpl e 8 Production of Tubul ar Bi odegradabl e Support

Having Difference between Aperture of One End and

Aperture of the 20 O her End and Menmber for Tissue
Regeneration Including the Support First, by heating

and processing a thernoplastic polyolefin synthetic

pol ymer_material havin lasticity at room .

enper 1 o - HFRT] cTREPEF| 41 cabioHavFRICHSFBRGOR dfs Put
25 10 cm, an outer dianeter_of one end .of, 3 an

Gt of CMLERT e BT br QP (ARt NBRSEGor Y MHP diRpTRl cell

t aperi ng shape whose outer di aneter_decreased .
SHEATS | PSRiRe ofiPehestlD { RETBIRe e woPy  Dainippon

produced. Next, a long coré material was prodg ed

ORI FORE™S0 EBre natérl al £ A 3he s IF| mfMB-X032D
ends faced one another and so that the thick ends

AR AT LR INe D2 By RRYh g T SOTOn 0P hdt erbhf;) of two
the tube of PGA fiber was Eroduce%tby.a .

BRI R AV idpPar B s tHRGSc 60 FPsthick Hefo the three
bi odegr adabl e supports each having tEe aperture . : .
RRIEDGF eCbefiEen BTAPLhIRE™PRHT 10 Hf b8acitd HHeudts 10
of the PGA fiber, it was devised that b setting the

tabe PGHARAGTr ater t FWPe ¥EBHST n i ﬂ&ﬁ%dﬁa\f? gt"%te’neﬁ"’Shalped
thick aperture and the tube-folding rate to be npre

MPIReas fHe CHriFUfat SSHNGEEH nifd® siQaFerved. It was

mechani cal strength of the tube did not becone weak
iqpqﬁk;qqﬁ(ﬂpgﬁ(ﬁge neural cells pervaded the entire part of

the thin film multilocular structure made of collagen
filled inside the Y-shaped member for tissue regeneration
and had proliferated and progressed. It is thought that
this is because the member for tissue regeneration having
the branch structure has high affinity with the cells
derived from nerve as the nerve guide tube.
Example 8

Production of Tubular Biodegradable Support Having
Difference between Aperture of One End and Aperture of the
Other End and Member for Tissue Regeneration Including the
Support

First, by heating and processing a thermoplastic
polyolefin synthetic polymer material having plasticity at
room temperature, 30 core materials each having a length of

10 cm, an outer diameter of one end of 3 mm, an outer

- 48 -



10

15

20

25

15 and that is, the entire strength was nade to be
uniform To the obtained tubul ar bi odegradabl e support
having the aperture difference, a collagen solution
was attached and freeze-dried, and thereby, the "thin
filmmultilocular structure" of collagen was nmade to
be contai ned, and 20 thereby, tubular nenber for

ti ssue regeneration having the aperture difference

including the thin filmnultilocul ar tryucture nmade

ALttt 0 RIC ol lothath B 0 o Rl o i P ar ity shape
Bi odegr adabl e_ Suppor t ose Degradatio te 5is

SRS SURE Rt EOre 8! PEfee 2l F G (8% Lnggend to

hi gher than That of Central Portion in vixo an

din .
Vo OBBEFadR) OfF % oBEPEYCTer edfe iy Ri AGTE cove material
br ai d- prQduci_.ng apparatus and by using a olylactic
8 PPRATCFROEPANRREARS! 418 ol yCoBGr BASET 1455 Sudhat the

having a diageter of 5 mMmand a length of 4 cmwas, .
AR s\ R Sd | Bne RS T il e dhatte Theptnick ends

half of the tube with a cold insulator, hot air was
AERFedOPE BRETREEFL KAl UMY HER BbdOPYr 96 Sitftial, the
q¥ using a drier_at 1,200 VVaqg 1Q?C. Furthernnrg, ,
aFtRe coberFFy thbPeeft¥ad nFPIFeEnePY ub®d Wikt § producing
cold insulator, hot air was apglied to the right end
APRMEAUHARG Fihe SARTARNFRr 30 PREPRRgradaPtapeuppaits each
was nore exposed to the hi%h tenperature as . bei ng

MR ERI t ot RPEFASS PRELEEBECRasPRFBBERedXOMherPds - In

the tube was inplanted under a skin of a back_of a
rgﬁodyqlng the tube of the PGA fiber, it was devised that by

setting the tube-folding rate to be slow in the part having
the thick aperture and the tube-folding rate to be more
rapid as the core material became more slim, mechanical
strength of the tube did not become weak in the thick side,
and that is, the entire strength was made to be uniform.

To the obtained tubular biodegradable support having
the aperture difference, a collagen solution was attached
and freeze-dried, and thereby, the “thin film multilocular
structure” of collagen was made to be contained, and
thereby, tubular member for tissue regeneration having the
aperture difference including the thin film multilocular
structure made of collagen can be produced.

Example 9
Tubular Biodegradable Support whose Degradation Rate

is controlled such that Decomposition Rate of Ends 1is
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15 was confirmed that the degradation was initiated in
vivo fromthe ends of the tube fromthe third week
after insertion. By the heating treatnent, both ends
were degraded and absorbed in about one nonth and the
central portion thereof was degraded and absorbed in
two to three 20 nonths. That is, it was confirnmed that
the tube, nanely, the bi odegradabl e support whose

SRBERERL AN OKR.En VBl f) ODEE 830910, 815 0 vive
i od dabl e_ S t 1.0 which Tubul 25 St t
SLRICRIFCRIL S UBREL) ARIELED TUbU a1 20 Structure

| ow ded i_n_Vivi i t h, Raw Mat eri al _which i .

ooy Sganated L MG IS LBL L R usces o

B8 R e TR JRUR LA O A e,

upport
R0 P L AR G B e s
BOLAIES! | (86, (P, (FOPUPLA = SO, (bet, o e
T R AR, 8 O R A 2 s Sk o
B SEE RS IR Sy 0, IS, OO 3 e 209 v o
O b SRRV © RUmRL Lo A0 vl SO0l che e
fﬁ§f§%5gré§g E&££°£f%h a cold insulator, hot air was applied
to the right end of the tube in the same manner. Thereby,
a tube that was more exposed to the high temperature as
being nearer to both ends of the tube was produced. When
the tube was implanted under a skin of a back of a rat, it
was confirmed that the degradation was initiated in vivo
from the ends of the tube from the third week after
insertion. By the heating treatment, both ends were
degraded and absorbed in about one month and the central
portion thereof was degraded and absorbed in two to three
months. That is, it was confirmed that the tube, namely,
the biodegradable support whose degradation rate in vivo
is higher as being nearer to both ends can be produced.
Example 10

Production of Biodegradable Support in which Tubular

Structure 1is Maintained by Mixing Raw Material which is
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15 the thin filmmultilocul ar collagen inside. Then,
thermal cross-linking treatnment was perfornmed for 24
hours at 140C, and thereby, the tubul ar nmenber for
tissue regeneration containing 1% by wei ght of the
thin filmmultilocular collagen inside and having a
dianeter of 5 mmand a length 20 of 40 mm

(herei nafter, also referred to as "PGA- PLA rrerrber for

eneration), was_produced. 40 mmn .

Py Vve%ﬁ‘aﬂ-‘? ST ha TS em%mRa%er%t%?%agwlalch is
dog ( was reconstructed by usin

r%?ﬁ;’e‘?lifoPeﬁFégﬁé rdyefeYat £6n.P %}Sa%, Pgﬁ gﬁtl% é"é’erﬁﬁ"f in

nerve defective part_of the right peroneal. nerve

51V Peadi d¥FPRT= 59F S ST oRSEERGTET R udPh u§1n9 the
tubul ar nmenber for tissue regeneration (hereinafter,
tPHRPPSE al so "PGA menber for tissue regeneration")

produced in__the same nethod except that no PLA was
ni xed iR e3P oFLA heuPs PRA- PEﬂdHé'ﬁSenbiﬁ‘ Rrdugpy @ tube in

- regeneration. In_the PGA nenber for tissue

rEgERRr diconPothRactipulagist {BLfdr of BofF d WibkClhe is slowly
mai ntai.ned in two weeks after the reconstructi on and

VBRI Hegest ath i x5S ot ey PHOG XL S Hdnt A An 6P 8/ PLA =
contrast, in the PGA-PLA menber 10 for, tissue

reener athider t P@P@l\ﬁ/asr%Fh%)si MY chSidgW of tRE2IfuRERduUCing
structure even if two nonths el apsed, and the | unen

SAPRRY &S hadT D e narthe bideal et e Si r"'ruﬂoﬁfe tiss K weight of a

eval uation after six_nonths after the reconstruction. .
TR FREPRNiIGRIC PropEPLYLoPNt HEEPGARABRIA SenBel foF1ed. This

process was repeated by 20 times to obtain the above
biodegradable support. Then, inside the tubular PGA-PLA
biodegradable support, 1% by weight of a collagen aqueous
solution is filled, and immediately freeze-dried to form
the thin f£ilm multilocular collagen inéide. Then, thermal
cross-linking treatment was performed for 24 hours at 140°C,
and thereby, the tubular member for tissue regeneration
containing 1% by weight of the thin film multilocular
cdllagen inside and having a diameter of 5 mm and a length
of 40 mm (hereinafter, also referred to as “PGA-PLA member
for tissue regeneration) was produced.

40 mm nerve defective part of the right peroneal
nerve of beagle dog (n = 12) was reconstructed by using the
PGA-PLA member for tissue regeneration. As a control, 40

mm nerve defective part of the right peroneal nerve of
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15 tissue regeneration was shown in Fig. B. The
mechani cal property was neasured by using Tensil on
RTM 250 (trade nane) nmanufactured by ORI ENTEC Co.

Ltd. under the condition of axial pressurization at
37Cin a normal saline pH 6.4 at a crosshead rate of
1 mimn. The 20 nmechani cal property of the PGA nenber
for tissue regeneration was neasured in the same

r&%ﬁf ac'i‘ S(PShOV\Tz %FI g:{recons%(}ns’ltgi‘eg Ik;:hg ugl thetubular

> for-a Tong de Ve part by
NRRET R Ruda caRosPREREERY 24T A;ffﬁ@?bert is is
A8 SO GRS B ABOVE Sy ) produced i
r ensga!n{ae:]gr?eg}% S3S ﬁ%l%{ gcel'?laqtstraerkgffﬁor Iencgﬂe ecgflertlﬁlotf_ead of the
éﬁggqﬁgﬁgerlpd For the obtained bi odegradable

Y6r s BHT SSUE tegenerati on i ncl udi ng

?i"'b'e‘?gf ac&eﬂgbl’v@%?w“%ﬁ o Giited LT T {on  the
RSl BSOS IoNS, PO LA LERELYELST U B e
e
AL B A W 1 T s

PHTEMER RN A EAET e A
lumen structure even if two months elapsed, and the lumen
structure had been maintained even in the tissue evaluation
after six months after the reconstruction.

The mechanical property of the PGA-PLA member for
tissue regeneration was shown in Fig. 8. The mechanical
property was measured by using Tensilon RTM-250 (trade
name) manufactured by ORIENTEC Co., Ltd. wunder the
condition of axial pressurization at 37°C in a normal
saline pH 6.4 at a crosshead rate of 1 mm/min. The
mechanical property of the PGA member for tissue
regeneration was measured in the same manner and is shown
in Fig. 9. Considering using the member for a 1long
defective part by delaying the degradation rate, it 1is
preferable that the member has a larger mechanical strength.

When Figs. 8 and 9 are compared as described above, it is
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nerve connection tube has an effect with respect to
perception |l oss or notor paralysis of the nerve
defective site, but the present inventors have found
that by using the nenber for tissue regeneration
including the thin film20 nultilocular structure nmade
of collagen according to the present invention in the
nerve defective site causing the pain, the pain
recovers

di ear d furth h . .

R SO 9 o r BYGRERT B PAMREGy EnteeTds Jpegngration
R ti 53 I ncl udi Thin Fil til I .
R s S S U AL OBt e strain
i nc | ete mutilated his left first. finger with.an
AT (1R E Ly 3P PR KDRctT BT & 13PTSR

[ I d der, t .a tach t tion.

Fonevertos Hons e ORE Al ERaY HiAdeq TS Te nguPPOaEs atenbers for
i ntensive pain to make the_ ] eft hﬁfd unusapl e and. to
TS U FHRTSFAGHE i ORAHIR ML L 380 r it gty , YR heous forms
di gi.t al d d sit i sed d

BEIhAT (A GO OhTat T T ek TR0 ekl § A WPEEPTPRuCed
site 10 was cross-linked with the nenber for tissue

regeneration including the thin filmnmultilocul ar

structure nmade of collagen accordi,ng to the present

| nvent iFOH CHERRQRer oftdie, PXERENSal fNYFBXBEEar Bavas (ReT Formed
t he qperation ﬁnd it becane possihle to use_the |eft

RAHESHEE | ACEALSST x PRI haf e lfs PRKS EREGefdt when

of the left_ first finger congletely , , ) ,
the peripheral nerve damaged °~ site causing pain 1is

reconstructed by using the member for tissue regeneration
including the thin film multilocular structure made of
collagen according to the present invention, the pain
disappears after the operation.

That is, conventionally, it has been known that the
nerve connection tube has an effect with respect to
perception loss or motor paralysis of the nerve defective
site, but the present inventors have found that by using
the member for tissue regeneration including the thin film
multilocular structure made of collagen according to the
present invention in the nerve defective site causing the
pain, the pain disappears and further the normal sense
recovers.

Example 11

Improvement of Pain by Member for Tissue Regeneration
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recovered. Exanple 12 Inprovenent 2 of Pain by Menber
for Tissue Regeneration Including Thin Film

Mul tilocular Structure 20 Made of Col l agen A man of
thirty-seven years dropped froma height of 2 mand
the right distal radius was conplexly fractured, and
he was subjected to an internal fixation and the
external fixation as the initial treatnment. After the

A ST SR B PP Do
upper Linmb bec suse | tro

the ri§ht™ arfbnag\rl\rggrté’b§é’lové’oealtﬁr%bxl?59m% %’E%S?faﬂﬁ‘@ha ed his

%vg; n%§F$ éﬁﬁéﬁyghf qgo%%qéymrn%%ndrone. CRE? work
B S i e -
TR At ORRA LR (R BT a it dof TR left
S Bobngh a6 B8 TRt P2 mane
0 é%%ﬁﬂta%?é%a%‘%%ﬁgﬁ orRst f?ﬁ&?ﬁ R gREnient
nenber for sue, regeneration ncIu he thin

R o G T (1 T d e fjas excised and
gl et el ore 15 LR T e e
was cross-linked with the member for tissue regeneration
including the thin film multilocular structure made of
collagen according to the present invention, and therefore,
the pain disappeared ‘after the operation and it became
poésible to use the left hand, and in the sixth month after
then, the sense of the 1left first £finger completely
recovered.
Example 12

Improvement 2 of Pain .by Member for Tissue
Regeneration Including Thin Film Multilocular Structure
Made of Collagen

A man of thirty-seven years dropped from a height of
2 m and the right distal radius was complexly fractured,
and he was subjected to an internal fixation and the
external K fixation as the initial treatment. After the

initial treatment, intensive pain expanded from the wrist
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awakeni ng fromthe anesthesia. In the X-ray photograph
of 12 nonths after the operation, it was confirned

that the bone atrophy was recl ai ned and t he cut aneous
tenperature returned to be normal. The notor function
of the right 20 hand, which had becone a disused |inb,
recovered after the operation, and the patient becane
capable of doing up and undoing the buttons of shirts

d the.d id t t
V%e o T ERC JBBPRRLLE Fal SR EaBIa Yy RS Yy ecame 2
fil [ til | t d f [
LD ng TP 1 Leqﬁ%eiraa%% nGERCPBR has o fiew it HRgd was

dlffere rom col | oj f or el. form_ . and fib
eI e BT BV BB PAE kB SR ot O%fo e complex
col | age 5 accor di to the present inventiaq
591 i sypiteresy JEFFlgendd oft) pro 3 oA CEfne 1ost
regeneration,, shortenjing of tr nt erlo
f]u%cgigorﬁ} V%b%ﬁ’ér y2 o ‘?’ﬁ moﬁtgl ? ddife intensive
such as perv | ssu subde i ssue, ub cosal
e sl bota F1xen BUeh  Rompless. r%l%%%am syndrome
tlss e, skin tiss ti ssue can

o haesdeie e PP A et oHE ST e bt pEreated.

ti ssue regeneration further_include ,

bTbe% cgFaaeBFe* %é’&ﬁlﬁ&rts, GcCH'é‘-I jined,ethat bégﬁé §e@Satggdisorder
can be further Brotect%d When the nepber for
t*r%s?féer‘élj‘éﬁ’é?ak‘?oﬁ 3BEBr @fn§heo r1ght radial nerve, and the

surrounding nerve was delaminated, and then, the disorder
site of this nerve was excised by operation and was
reconstructed through c¢ross-linking with the member for
tissue regeneration including the thin £ilm multilocular
structure made of collagen. Accordingly, the pain before
the operation of the patient disappeared immediately after
awakening from the anesthesia. In the X-ray photograph of
12 months after the operation, it was confirmed that the
bone atrophy was reclaimed and the cutaneous temperature
returned to be normal. The motor function of the right
hand, which had become a disused limb, recovered after the
operation, and the patient became capable of doing up and
undoing the buttons of shirts with his hand on the damaged

side and returned to a normal life.

Industrial Applicability
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the present invention conprises the above thin film
mul tilocul ar structure inside of the tubular
bi odegradabl e support, a long and thin fibrous tissue
can be regenerated 20 nore advantageously. As
descri bed above, the menber for tissue regeneration
according to the present invention is extrenely
useful for regenerating bodily tissues, and
further the tjent has neuropathic a|n
the 25 %bﬂetflm aaEaets %es'fﬁ%%ﬁ%%r% of cottagen
the so forth, and.therefore,
FESrafie o e;&OreﬁB?y RERAAIIC | ABIRERIC) B9 GLAPRE gtructure

n fil n1nu|t|I ul structure nade of coll.agen.
fh' Tetiber LFBP ﬁéiiﬁf&%be %Fﬁtlgﬁ(uﬁ%%ﬁnlﬁﬁ t fgber form.
t in 5 filmnmujtilocular structure according to claim
Ther S BeRe nenBBERf o sARY r eJEREFREF SN EG%SrdFHb teellagen
cIa|n1 2, mherehn t he menber includes,a biodeqgradahl e
PPN tehENfeEES SR HTEte FegbfeP§Efotor the member
a cording to claim 10 3, wherein the nenber has t he
h fFP%FHﬁIt|F%%%P%fate??uct6P§m5€€dFH|nﬁ to EFSEREEation,
side a tubul ar blodegradable sqggort 5. The nenber
oﬁ%%’tfegr e BT FRTor A n CI R BECQFRFRI or the

t menber has_the thin fllntnult|locular
nge of bod?ly tgssue such as nerve tissue, subdermal

tissue, submucosal tissue, membranous tissue, fat tissue,
muscle tissue, skin tissue, and gingival tissue can be
improved.

Furthermore, when the above-described member for
tissue regeneration further includes the biodegradable
support, the tissue to be regenerated can be further
protected.

When the member for tissue regeneration according to
the present invention comprises the above thin film
multilocular structure inside of the tubular biodegradable
support, a long and thin fibrous tissue can be regenerated
more advantageously. |

As described above, the member for tissue
regeneration according to the present invention is
extremely useful for regenerating bodily tissues, and
furthermore, when the patient has neuropathic pain, the

member has an effect on the disappearance of the pain, and



15 structure according to claim1 inside a

bi odegr adabl e support havi ng a trough-shaped form
whose section has a U shape or C shape. 6. The nenber
for tissue regeneration according to claim 4 or 5,
wherei n the bi odegradabl e support has a 20 branch. 7.
The nmenber for tissue regeneration according to any
one of clainms 4-6, wherein there is an aperture

di fference between the aperture of one end of the

BPodERF Blab e LpPBT EL e { P pBrTaF of ¢ RECbTAgrY useful
25 end hhereof. 8. The nenber for tissue regeneration
BECH @y ‘to any 58 one of clains 4-7, wherein
degradation rate of the biodegradable support in vivo
i s changed such that the deconposition rate of the
ends is higher than that of the central portion. 5 9.
The nenber for tissue regeneration according to any
one of clains 4-8, wherein a structure having a
hollow interior is maintained by mxing a raw

materi al degraded slowy in vivo with a raw materi a
degraded rapidly in vivo to delay the degradation 10
thereof in vivo. 10. The nmenber for tissue
regeneration according to any one of clains 2-9,
wherein the nenber for tissue regeneration is used as
a nmenber for nerve tissue

- 57 -
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regeneration. 15 11. A nethod for producing the thin
filmmultilocular structure according to claiml
conprising freeze- drying a collagen solution. 12. The
met hod for producing the thin nmultilocular structure
according to any one of clains 3-10 20 conprising

i mrer si ng the bi odegradabl e support in a coll agen
solution, then freeze-drying the collagen solution.

59 CLAIMS

1. A thin film multilocular structure made of collagen.

2. A member for tissue regeneration containing the thin-

film multilocular structure according to claim 1.

3. The member for tissue regeneration according to claim

2, wherein the member 1includes a biodegradable

support.

4. The member for tissue regeneration according to claim
3, wherein the member has the thin film multilocular

structure according to claim 1 inside a tubular

biodegradable support.

5. The member for tissue regeneration according to claim
3, wherein the member has the thin film multilocular
structure according to claim 1 inside a biodegradable

support having a trough-shaped form whose section has

a U-shape or C-shape.

6. The member for tissue regeneration according to claim

4 or 5, wherein the biodegradable support has

branch.

7. The member for tissue regeneration according to any
one of claims 4-6, wherein there is an aperture
difference between the aperture of one end of the

biodegradable support and the aperture of the other

end thereof.

8. The member for tissue regeneration according to any
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10.

11.

12.

one of claims 4-7, wherein degradation rate of the
biodegradable support in vivo is changed such that
the decomposition rate of the ends is higher than
that of the central portion.

The member for tissue regeneration according to any
one of claims 4-8, wherein a structure having a
hollow interior is maintained by mixing a raw
material degraded slowly in vivo with a raw material
degraded rapidly in vivo to delay the degradation
thereof in vivo.

The member for tissue regeneration according to any
one of claims 2-9, wherein the member for tissue
regeneration is used as a member for nerve tissue
regeneration.

A method for producing the thin film multilocular
structure according to claim 1 comprising freeze-
drying a collagen solution.

The method for producing the thin multilocular
structure according to any one of claims 3-10
comprising immersiné the biodegradable support in a
collagen solution, then freeze-drying the collagen

solution.



