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DESCRIPTION THIN FILM MULTILOCULAR STRUCTURE MADE OF
COLLAGEN, MEMBER FOR TISSUE REGENERATION CONTAINING

THE SAME, AND METHOD FOR S PRODUCING THE SAME Technical

Field The present invention relates to a thin film multilocular structure

made of collagen, a member for ;L tisspe-Feggneration 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 fhirrfimvmuitiior s stusiure TrdeTi5af colagen) and-aunathed foMEMBER
producing the same including freeze-drying a collagen solution.
BaRkFOEPdAR EEUNREA Biskss CON DL NEn AdEtingAieFve ABBUE PEOD FOR
by using collagen is already commercially available as NeuraGen nerve

Bhtdeebde ndfie)3roM 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
,h/léc onclocmela 'gsé %é Alliance, USA. These neuron connection tubes are
offow - T tubes inside which nothing is filled, and can be used for

regeneraling a gerpheral senspnpReryg in whichalengtn, of g defeglive  £iim
part of the nerve is up to 2 cm. When the

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 using collagen 1s 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) 1is commercially available as GEM
Neurotube (trade mname) from Synovis Micro companies

Alliance, USA. These neuron connection tubes are hollow
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hollow tubes are implanted 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
limited. This is because in the hollow tube, the potential for promoting the

re eneration.o ner\ﬁgis oQr %ﬁd the deco iti nthergof 10 is rapid
%% 5] Hp51 e whic O %P 18 %Kfﬁﬁ . a% can heused for
and therefore there are suc pro emns as the hollow flibe cannot be used

for longer defective paits.; fyahermare jigthe hollow, lbes U AIG 5 1ength

commercially available in United States, there is a problem that if there is

¥ aperfiwediffereace hetwesn the apedure-of ke 1% end obthedollowhen the
tube and the aperture of the end of the neuron, a gap is generated

betieen botivthe apesturasdinah thetefore stivoundifigdissue inbibiting of the
the progress of the nerve tissue invades the gap and inhibits the progress
ofeneps garrardatort. IMeredver ehardiseprabken that Wiendzd ewtive parts.
defective part of the peripheral nerve branches, one hollow tube cannot

be used ERUHE TmptaRGRg Yperatfonss ttoifol@sdmhe Thhereig aFuither 2 cm.
problem that the sustainability of the lumen of the hollowrfeube, IS

ingGiffitiahit. Theretore XTonhg defdtlive %%?&a%t}% Fbe'S5 repairedthe THiS 1S
L sl s, L NI o o
theqsive Juhe, Recenty,qr artificial gerveube containing sPOg8on thereot
is rapid and therefore there are such problems as the
hollow tube cannot be used for 1longer defective parts.
Furthermore, in the hollow tubes that are commercially
available in United States, there 1is 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 1s 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 generation. 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 1is a further problem that the
sustainability of the lumen 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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like or gel-like collagen in a tube has been made of a 5 biodegradable
absorbable material (such as polylactic acid and polyglycolic acid). For
example, Patent Document 1 (WO 98/22155) discloses an artificial nerve
tube containing a gel consisting of collagen and laminin in a tube made of

fo 9@51@9 Ea,d apf?e?%sofgaba{e %gﬂgrﬁsﬁb@ﬁ%b{@cgﬁ aEige 19@390n used,

polyglycolic acid). Patent Document .. (Japanese Unexamined Patent
Byblications(kakah MNo. 200339196y diselases a-ebedor wegenerating

nerve which is made of an outer layer of a bioabsorbable material (such

as polylaetic=acid)y/andian dbtinderdaydr made of agpengesike substancponge -
of collagen and a lactic acid/ s-caprolacton copolymer. Patent Document
3iBapavesagbhexdmimed PalercRublivation (Kdkai) Nos 2062088083 of a
discloses an inductive tube for nerve regeneration containing a . .
BHGRGSHIRE 2D Tl aGTPeRIR (& tubBIfe? Hbay mEIedt FFioBegradaplelic acid
material or bioabsorbable material (such a%{l)é%ein, accharide,

olys
BBy R LY, SR oIty ctlic acid), PRISHIDGELNTEH # Japaielenc 1 (10
Lpexamined Ratent Dubl Caé&?”éﬁ‘ﬁ%)i'é‘%fﬁ%o%é%%%97§?)8§0'888%S‘ining a
nerve- regenerating tube In which tiber-like syntnetic - 3
Bioabsarhable pelymst (sushiaselylacic acid andnpalyglycaligreidadge of a
coated with collagen is filled inside a tubular body made of bioabsorbable
padelalRoiRee(SHBorbable material (such as polylactic acid
and polyglycolic acid).

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
bioabsorbable material (such as polylactic acid) and an
inner layer made of a sponge-like substance of collagen and
a lactic acid/ s-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 Dbioabsorbable 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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as polylactic acid and polyglycolic acid). 5 Non-Patent Document 1 (Lee
DY et al, Journal of Cranio-Maxillofacial surgery (2006) 34, 50-56, "Nerve
regeneration with the use of a poly-L-lactide-co-glycolic acid-coated
collagen tube filled with collagen gel”) discloses an artificial nerve tube

ganiaining g getrlike ;pooﬁ n inafybylar hady ’gﬁg%ﬁ@%’@di%@i@ and

and polyglycolic acid. in Patent Documents 1 to 4 on-Patent

Pegymeptd collagendyaving 8 spongeHke; getlikeor fiberlke e inside a
structure is included inside a biodegradable material of a 15 tubular body,

angbtherefore; Epmpated tofa hollowingkodyb contairiag neicollagemdhe (such
collagen serves as a so-called scaffold for nerve regeneration, and

therely/, theretis anaadvartade tedtthe nep/eiregenérdtion is more

promoted. However, additional there is an increasing need for 20 not only

for promB&en Br hekve tiSseregBheration(&s® asdistifftissde Journal of

restoration, but also for ,irgpirovement of clinical performance b

SCaateRTG FécovEre OF hysiologie Tunctio i 6f nervé tissud) -3¢+ "Nerve
'\f/lgor%%veerra@ecg% A %Cht@{gbll?}]gng t%aft.c'g'a]”'%‘é?@?i‘i t'%ggiggt §8§S§9§?aonc
ecause faminin which'is a physiologically active substance - 4 th
secysity. gbwhieh is. yet o e established is ysedy thaj the tbes capaot be;e; »)
used for longer defective parts because the decomposition thereof’is
@pidthata gamiSartificial nerve tube containing a gel-like
collagen in a tubular body made of polylactic acid and
polyglycolic acid.

In Patent Documents 1 to 4 and Non-Patent Document 1,
collagen having a sponge-like, gel-like, or fiber-1like
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 ig 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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generated if there is an aperture difference 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 lumen is also insufficient and that
occasionally both ends cannot be inserted into the neural tube, i0

@i?&'f’%‘é@u‘lfit@ Invenyan; The present inventiog hag beep accamplished o4,

to solve the above-mentioned problems, and an object of the present

inMgRtiops to-prqvide &;neW strugiurg Jpaderef,collagrit fordmpEMing e parts
promotion of nerve tissue regeneration, 15 curing and regeneration of a
defestive-parhef asebtimpioloptcabtissties ase 50 ferthrwheyt usigtlaminiap is
or nerve growth factor (NGF). Moreover, an object of the present

meerticrtisdo igrovide asmemberfor dipsue regendrafibn fenamellosatimgen  the
20 or preferably substantially eliminating at least one of such problems

that tHelitbed caRrTEbTSEdToF [0RGEr défethife pats Becatdethéhe tubes
decomposition thereof is rapid, that a gap is generated if there is an

SFERRE dfiferbiGE betwlerPiRN G iGiA Tdrie ahfht &RE of theTReraPt 11ty

that 25 the tubes cannot be used ifa% nch exists, that t ‘
SLRtanabiit o Rinchie Beq TR Shn 1351 pobLandlly 5ot o211

elds.cannel b@a@ﬂﬁ%@e‘ﬂ)@t%ﬂlf‘e?%%@' 1Hbe, Antherobiget e

present invention is to provide

Disclosure of the Invention

The present invention has been accomplished to solve
the above-mentioned problemgs, 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 i1s generated if there is an aperture difference
between the artificial nerve and cut end of the nerve, that

the tubes cannot be wused if a branch exists, that the
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5 a support used for such a member for tissue regeneration and a
method for producing the same. Furthermore, still another object of the
present invention is to provide a new structure made of collagen, a
member for tissue regeneration containing the same, a 10 support used

for the member oy tissue ggengration, and 3, methpdJorpraducing ey that

above-described member for tissue regeneration. The present inventors

Bave pedarmed intensive- 1§ studiesfor selving syeh peeblems canghas aeural
result, have made the surprising discovery that collagen having a specific
tarbeis useful for improving promotion of regeneration, shortening of

curing period, functional recovery, or the like of bodily tissues such as

nerve 2@:Nissues subligemal tisEué hsulmecosattissues nermbrahguso provide
tissue, fat tissue, muscle tissue, skin tissue, and gingival tissue and the

BbVERRSSCr b & Brbbleiis &irbe 3olWedB§ TisihigolfagertavirtPsierat ion
%gg_ecific form, and thus th‘i present iﬁvention has been accomplished.

Hat T ii'6Re Bepelt e Srdent itGeMBH 6 provides a new
structur%,lrplq%ge%%)l agen and-the structure is g hin film multilogylar ..o
ade of collag 5

structure m agen. In another aspect of the present invention,
mephar; for tissue feganaration gonfaiping the-ahove-deseribed 5o11agen, a
thin-film muiltilocular structure is provided.

member for tissue regeneration containing 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 1nventors 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 nerve
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 1s, 1in one aspect, the present invention
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In one embodiment of the present invention, a member for tissue

regeneration further including a biodegradable support is provided. In a
preferred embodiment of the present invention, a 10 member for tissue
regeneration is provided having the above-described thin film multilocular
§¥B%@@S§%%JUQH%9%r§%e 5%%&@%@1@@9&&5?}@ structure
present inventors have performed intensive studies, and as a result, have
foung that by £15 using Brhiodegragablesuppeihavingia U-shapad agen .
C-shaped section (namely, overall a trough shape) a tubular structure is

not required dorregeneratipa of netve tissue wrsa fascianoron acoat ef member
organ or the like and suture operation in implanting is facilitated and
bperatingtipnes 20agaTise sharened: ThagislianothBe prefaeeg -described
embodiment of the present invention, a member for tissue regeneration

Riving Cthea Rk idesfibeathin M TR cifr BEOERFE thside a

biodegradable suppart having a trough-shaped form whose 25, section
s 2 U ShaBE 51 B o THedE P MEFESE s BreSbi erfofiemoes

baye Q‘?{)é%r edr(%;%’}?é‘é%%‘g' Sf%[ldcﬁb% r%%&'étlﬂé‘{%éougd At Yy raganie

using a biodegra e support having a branch, if there 15 a branch in‘the
defective pad of the,pgdpheral nerve, the 5 one hollow tube is sufficient
for the defective part.

In a preferred embodiment of the present invention, a
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 zresult, 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 shértened.

That i1s, 1in another preferred embodiment of the
present invention, a member for tissue regeneration having
the above-described thin f£ilm 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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That is, in a further embodiment of the present invention, the
above-described member for tissue regeneration in which the
biodegradable support has a branch is provided. 10 Furthermore, the
present inventors have performed intensive studies, and as a result, have

found that, by Hsing a tyhular of froughsshapgd supporkhavingan  performed

aperture difference between the aperture of one end of the

biodegradable stppodand theiapesture oktbe other end-1s theseakia gapt by
between the member for tissue regeneration in which the support is used
andithe nevédissue isinbtl generated: T hakis] ga furthexeoibodimentfefre is
the present invention, the above-described member for tissue 20
regurrrstivriNavihg afsperiuie differariceetieenhs Hpeatifd ohgae e, the
end of the biodegradable support and the aperture of the other end

BT e 5O BrovidER S drnetitiord Cthgpre St it TRR/e P& étied-
intensive studies, and as a result, haye found that by 25 using a

biodeg raTgxaabtfe sﬁ%portlilﬁ‘ wﬁicfﬁgdle%%}énep%sit?o“ﬁ%r%f%é %-eél%of the
biadegradable supnort having g ubular gritrough- shaped form is ghanged o,

such that the decomposition rate of the ends is higher than that of the
cenalportian,the joutepmialiaropnd the padda which-the neryglissde nhas a
has 5 been regenerated is sequentially degraded and therefore

branch is provided.

the present

Furthermore, the present inventors have performed
intensive studies, and as a result, have found that by
using a tubular or trough-shaped support having an aperture
difference between 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 1s not
generated.

That 1is, 1in a further embodiment of the present
invention, the above-described member for tigsue
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 inventors have performed
intensive studies, and as a zresult, have found that by

using a biodegradable support in which decomposition rate
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nutrition enters into the regenerated nerve from the surroundings and
removal of the member by secondary surgery is not required. That is, in a
further preferred embodiment of the 10 present invention, the
above-described member for tissue regeneration including the

ek@d%g{gd%bigéggegﬁ;w@icgu eqradation raje of the bigdsaradahle oo

support having a tubular or trough-shaped form is changed such that the

g%‘é@@@%@%@% of thenenrds isigherthan that otibectpsentabn rate of
portion is provided. Moreover, the present inventors have performed
rensitedsiudies, iangras-a rasalt have foupd thatdy usingral portion, the
biodegradable support in which a structure having a hollow interior is
mairtained by nasixingradrabbhmatesak20iwhisthiscdlowlizelegraded it viveue has
with a raw material which is rapidly degraded in vivo to delay the
Begiadatrcierastf vis, theedbiadafdniratedF IH@BRidegiadableherefore
support becomes slow (or inactive) and the structure having a hollow
MeIde S IRANtAREE It a R Periodss the I5 Detettive paitafissué €™  the
lona, 9. Fhat s, in apreferred embodiment of the present Invention, the, ...,
menber tor tissue regenera?ion m&udingethe eblogegraﬁaﬁﬁe support’in gery
which a sgg%g%ggying a hollow interior with the tubular or

trough-shaped is maintained by 5 mixing a raw material degraded slowly

invivo Withd raWs, in a further preferred embodiment of the
present 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 1is changed such that the
decomposition rate of the ends is higher than that of the
central portion is provided.

Moreover, the ©present inventors Thave 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 1f the

defective part of tissue is long.
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material degraded rapidly in vivo to delay the degradation thereof in vivo
is provided. It is more preferable that the biodegradable support in which
the structure having a hollow interior is 10 maintained by delaying the
degradation in vivo is used in combination with the above-described

biodegr e %LgDDOFEthQSfE‘}%%’QQ?%%‘ f '8&%‘%@5 Q%inQﬂgarg&esent

to both ends from ‘the central portion. That is, the member for tissue

@9%‘@{%'5}0,in@ﬂ@i%ﬁ%ﬁo@%ﬂrag@é@@pE@E}é’ﬁé?M%ﬁtﬂ%c1uding the
degradable rate of the biodegradable support is higher as being nearer

bothenrgd-padiens frenpihereentral wpoition anddpwhiehthe siEbcGiue a hollow
having a hollow interior is maintained by mixing the raw material which is

Slowdyr degradedhintiieo withuhe rawmatecaloihichagprapidly 20aintained by
degraded in vivo to delay the degradation in vivo is more preferable.

TREERY, the MembErT6itisshie fegaintadons ititdingithe biotegrddablea raw
support in which the structure having a hollow interior is maintained in the

BEF3I* BortidR Wt FeyradRg Ihe memper 16y tistudfegeneriforfiogradation

fr%m the ends in vivo isgnrovided. 10, That is, in a further preferred
thereof 1 1

embodiment of‘fﬁgopreseﬁtriﬁ{\/férﬁit?o%; the above-described member for

tissue regeneration in whichthe dearadation raje. ofihe shiodegradable. o+
support having a tubular or trough-shaped 5 form is changéd such that the

decompasition ke of theructure having a hollow interior is
maintained by delaying the degradation in vivo is 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 is
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.
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ends is higher than that of the central portion in vivo and in which the
structure having the hollow interior inside of a tubular or trough-shaped
form is maintained by mixing the raw material which is slowly degraded in
vivo with the raw 10 material which is rapidly degraded in vivo to delay the

degradagign.in jyo is provided: [hanemerfprlissue regeneration: o the

according to the present invention is not particularly limited with respect

tothedissue to/he bseshas lopg asthe,member cande usefdaforadily 1 ssue

tissue and can regenerate the tissue. Use for regenerating nerve tissue is

mere pefetalkie. In anothemaspect aflibe présemtiauention, ametbod dar the
producing the above-described thin film multilocular structure including
beeZedryidglaloollagensoittiomsy 209prozidedim daotherprefeabig - shaped
aspect of the present invention, the method for producing the member for
fisste régenePaieFethcltded infhefsing e visdegRaableisippspte of the

supporting the _above-described thin film multilocular structure in the 25

EoiRerSsolatbitand e frééle-Afing the Colhgén PPE stititioh® #e’© and
T R plogen e R TER TIL U o
struciyre different rama,coltoid forms & gel farm, and 8 TReRONP- mixing the
raw material which i1g slowly degraded in vivo with the raw
material which 1is rapidly degraded in wvivo 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 1is
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
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Therefore, when the new structure made of collagen according to the

present invention is used as a member for tissue regeneration,

surprisingly, promotion of 10 regeneration, shortening of a treatment

period, functional recovery, or the like of bodily tissue such as nerve

tissue, ssybdermal tissue, submucosal tissue, membranous tissue, fat

tissue, muscle tissue, skin tissue, and gingival tissue can be improved. 15

Furthermore, when the above-described member for tissue regeneration

includes the biodegradable support, the tissue to be regenerated can be

protectedh#@/hesttheanemberferdessuefregenérationaccarding o thbe to the

present invention has the above-described thin film 20 multilocular

strectaretinsioe e fubiulandfbdégradaisle supportmaliiréadyahdiongormation

linear tissue can be regenerated more advantageously. When the

el Forfdser regene il laccBrtfing t01¢4E hrdent faveRfiin hasructure

gle agbove-desgibed thin fi 23 n%ultilocular strh!ctgre inside tge b .
ibH&gratable S Phdtt SAot Raving A tfough-Shape Whbse $8¢i6h haSEE o™

Lrshape or.C- shape, regeperation of tissye existipg onafiat pagsucho 1 55ep

as on a fascia or on a fascia of an organ can be more easily performed. 5

When.the hiodegradable suppert has adanehinitbe ymembes for tigser for
regeneration according to the present

tissue regeneration, surprisingly, promotion of
regeneration, shortening of 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 1long 1linear 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 Dbiodegradable support
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invention, a tissue having a branch can be regenerated by one member
for tissue regeneration. When there is the aperture difference between the
10 aperture 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 inyention tQ?}a eneygtion of Q‘eeca&?&%”ex}%%p baet‘"{ﬁesfhf'i‘ﬁe or C-
o) [ d of the

O -
apertu o?the me% er tissue regeneration and the aperture

15 fissue eithe-defeetivepartcan be gayoided SWheg the memberdobare such

tissue regeneration according to the present invention includes the
biodegradablestppart J1avieg adubpkas ©f drough-shaped-tprm irwhiche more
degradation rate of the biodegradable support is changed such that the
26.detgmpesifionmrate. of the ends is higher than that of the central

portion, regeneration of the tissue is improved and the member is not
requiredibdie rémovél bylaserdnbaly GpErREGT: [thepreferdbiefsy in the
regenerating a tissue having a 25 long defective part that the member for
fsdteSregeeratibnSsus Z&IFHARY %Wpré‘s‘&ffﬁﬁﬂe‘hﬁoﬁﬂclﬁ& tgesent

biode%radable supgort in wqilch the strgctggeaga\ﬁngca hql)low interior

inside x tibtlaror rjoﬁﬁH?shaﬁ‘g& Yotmas “main alneoaﬁly m?xinrgeg Eriélvc\e/rated by

g@éer‘i@%@@ Is %O\Hységgg&aggﬁr@dyg/&gg@ a r_awlmaterial which is
rapidly egradegln vivo to delaythe degradation in vivo because

When there 1is the aperture difference between the
aperture 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
operation.

It is preferable for regenerating a tissue having a

long defective part that the member for tissue regeneration

- 13 -
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the structure having a hollow interior in vivo is maintained for a long

period. The member for tissue regeneration according to the 10 present

invention can be suitably used for nerve tissue, subdermal tissue,

submucosal tissue, membranous tissue, fat tissue, muscle tissue, skin

ugsue, gingival “é?“e’ qryso f§¥2?%’}9c'” Paricllar. jUis prefefablgia . tpe

use the mémber for regeneration of neural tissue. 15 Furthermore,

gecRidingtahe methoddarproduging, the-aboyerdeseribed-pewstrugireny  a

of collagen according to the present invention, the structure can be

peoriused by tkeeza-dryingiaieollagensalution and theselore #reaped form is

structure of collagen can be produced very simply and 20 easily.

Motedwerpiedhebypethod-fongrodecingaive neatmentoker fenfisstue is slowly

regeneration according to the present invention, the production can be

pedamiadivelyisifiplyandiéasily By faezelthying tecollagersoluiien inapridly

the state that the 25 above-described support is immersed in a collagen

§618%8 2 14 B riEf B sEfptidnicithe Brawifgs R 1t shbvs @ Vo because
anning electron micrograph at a low, magnification (about x80) of the,

R i SETGATST StUMLTE5 nfhcle o bafitben SLbarmeE 1o 8 T4

Rresent inventien, Fig. %@gﬁhg\é@&%{anning electron micrograph at a

middle magnification (about x250) of the thin film multilocular structure
The member for tissue regeneration according to the

vo is

present invention can be suitably 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 wuse 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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made of collagen according to the present invention. Fig. 1(c) shows a
scanning electron micrograph at a high 10 magnification (about x5,000) of
the thin film multilocular structure made of collagen according to the
present invention. Fig. 1(d) shows a scanning electron micrograph at a
middle magnification (about x_400) of the thin film multilocular structure
made of collagen according to the present invention. 15 Fig. 1(e) shows a

gﬁ%@'ng)g[ggy@gmigfpgggp@@é aﬂ'gjgg!ﬁjgubagniﬁcation (about x300) of

the thin film multilocular structure made of collagen according to the

present ivgntion( &jg. 2a)shoassaseannigalestashmicroghaphdf aat a low
cross section (about x20) of one example of the tubular member for 20

tissue fegenesatiofiacliudirgpthesthircfibm rhdltilocilar strlicturecmiade of ructure
collagen according to the present invention. Fig. 2(b) shows a scanning
ehaltrot ndieldgrzaih afeoichgiiudin i ke diibAsEibo WETB)Lefone example

of the tubular member for tissue regeneration including the thin film 25

multilocilaBstrdcttre FAGEDITOHRER e SHHiTg tothe sredgrph 18t & middle
PRGN E e T U ShEADd T REVIE b UL Selam o g rocue
Ragwsone expmple of.copaaging g defaalive, partyardefget) of 1 cm of
Ischiatic nerve of a rat by using the member for tissue regeneration

having aJzshapgd) shows a scamning electron micrograph at a high
magnification (about x5,000) of the thin film multilocular
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. 1(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 f£ilm

multilocular structure made of collagen according to the present



10

15

20

25

cross-section. Fig. 5 shows one example of a tubular member for 10
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. 15 Fig. 7 shows a schematic view
showing the tubular member for tissue regeneration that is degraded

rapidly ir;oth gndsaneksiowly indhegentral part,rand asehematieor tissue
illustration of the tissue regeneration by using the member. Fig. 8 shows
stegagibfaverage) with sgespeebtioh2(:sisain Of FGAPLAanemyer for U-shaped
tissue regeneration (including 50 6 of PLA). Fig. 9 shows strength
taverage) .with respect to strain of PGA member for tissue regeneration.
Fig. 10 is a schematic view for explaining the strain 25 and the strength
displayetifl Figs. 8Rf16F9. Q1% FF1id sﬁém@cg@@a?ﬁﬁﬁ@erééﬁoﬁ?efective
micrograph at.a low magnification (about _xs%of one examBIe of

sRowd § r

Bfditge fofmétf Eifinen “Fig 11.1%8) Afhihg eléctron nitrograph®™ ©Y

at a _middle magnificati about x.150) of one example of sponge-forme
g U2 arows & SCang SR Mueara A g, raped

magaification (abput x3,000) of one example of sponge-formed

Fig. 5 shows one example of 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.

- 16 -
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collagen. Fig. 12(a) shows a scanning electron micrograph ata 10 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. 15 Fig. 13(a)

shows azscanning election micragraph. g, midgle magnification (Qhout, 5 1,

x125) of one example of fine fiber collagen.”Fig. 13(b) shows a'scanning
elegtron sicrograpibaha middlemagnification {abeyt x40R)ef 8Rfned collagen.
example of fine fiber 20 collagen. Fig. 14(a) shows a scanning electron
micrograpipat alawbmagstiftsasiona(akeuax3e)of enecexampleictfinediner at a
collagen. Fig. 14(b) shows a scanning electron micrograph at a middle
redyhificatigm{aboat XxG00) abone exddmplecdf fime fibsan28 €otdgepnondd- formed
Best Mode for Carrying out the Invention Hereinafter, the present

iFREkR Wil be explained more specifically and in detail with reference to

the 5 appended drawir:%gl. These descriptions are for merely explainin%

the pres _f‘i?in\_/éﬂtﬁo?? aid ff‘gﬁoﬁd%&‘&sﬂ@&?ﬁaﬁﬁ&‘a}é@ﬁﬁﬁ%n@
Qg\é%ﬁgg :rL]cgr? n q]:‘eﬂzl)lcr)nulty ngxt?,e OBB%Senotf nvgxqgonéxample of sponge-formed

collagen.

a high

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

Fig. 12(b) shows a scanmning 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 scanning electron micrograph at a
middle magnification (about x%400) of one example of fine fiber
collagen.

Fig. 14 (a) shows a scamning 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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10 The present invention provides a structure made of 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 15 present invention can be
obtained. Such a "collagen.” includes collagens derived from bovine, pig,
and human, but atelocollagen having little antigenicity is particularly

Beferaple, In dhe.eesept inyention. "t fimpuilogyjar 20 structure’ is

substantially composed of a thin film-shaped collagen and has a structure

including manydgeulitor chambers)ketween the thinfilms: Figs,d (@49 1ained
1(e) show scanning electron micrographs of the thin film multilocular
sisureture praderofcollagenzacgording tadhe present imvertione Fon@2d to the
Figs. 1(a) to 1(c), the acceleration voltage of scanning electron 18
AHgrescepy isRGIN NEig. 1(a) fhews andmage apalowsmagnificafion merely
(about x80), and Fig. 1(b) shows an image at a middle magnification
GBoLR kRSOY and Ry 1RY SR6WS an iAGE AL ArhigRAgnifiatiofhould  be
(about x5,000). Moreover, for Figs. 1(d) to 5 1(e), the acceleration voltage

TP Electron michd&copyis T8 RY 1EG=1 (djERowd 8n imBhE At Ron  of

iddle magnification (about x400), and Fig. 1(e) shows an image at a

Q%E&Eﬁlgg% |ceat%ﬁefaeb%%t X30 .tI'Jh%n‘fhin film multilocular structure™
made of collagen is made of marry thin films whose surfaces are flat such

The present invention provides a structure made of
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 can be obtained. Such a “collagen”
includes collagens derived from bovine, pig, and human, but
atelocollagen having 1little antigenicity 1is particularly
preferable.

In the present invention, “thin £film multilocular
structure” 1is substantially composed of a thin film-shaped
collagen and has a structure including many Iloculi (or
chambers) between the thin films. Figs. 1(a) to 1(e) show
scanning 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 scamning electron
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10 as "pie of a western confectionery”, and it is understood that
fiber-formed collagen is not included. The film thickness of the "thin film" is
preferably 0.01 to 200 m, and more preferably 0.1 to 50 m, and
particularly preferably 0.5 to 5 m. Furthermore, intervals of films of the 15

{{Fﬂ"r@@do?f't"%“'ai Strygture’ hok ;ﬁf%%r)gp'%%%&g“tgf? ”&&8%22%@ a low

mm, and preferably 300 m to 2,0 unchy space com

thethinifims may he,ceptinuqus orglases; Conveptionally,as the image at a

"structure made of collagen”, sponge- formed structure, gel-formed

sraelw enadeh iberfornedstaigiure 520 araknomi; butthe shows an image at
above-described "thin film multilocular structure™ is not known at all and

first s begnfdundthythe(giresenkiweEitprs. Pxamples of the Figs. 1(d) to
sponge-formed structure and the thready 25 fiber-formed structure of
¢oRagetirartaccdsnebhton ) kpowrrl oseparskmvie ieFigen Iieescopy is
The acceleration voltage of scanning electron microscopy of Figs. 11(a)

{6 1'51C) isPF kv S PR cRTerdioAs diage GFELa J(apTs 8 ¥eantg:  (about
the acceleration, voltage of Fig. 12(b) is 9 kV and the acceleration voltage | .

GF R 5 Tith) 76 o i 105 SocBbrallotooliie of 16 Hay oAby 2c:on
ApA(@)IS 25 KV. Figs. 116a) 10 F14G) 2fe,p6an0ing eleclion miciogranfivse o

of the sponge-formed collagen that is being used clinically now as an

agificigbdermis ikl NAC{irade-name}; manuiashued byrGunzesee., it such
Ltd. and distributed by Johnson & Johnson Inc. Fig. 11(a) is an
as ‘“pie of a western confectiocnery”, and it is understood that
fiber-formed collagen is not included.

The film thickness 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
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image at a low magnification (about x80), 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 15 micrographs of sponge-formed collagen. Fig. 12(a)

2.0 Image a2 middle magoication {about.x400), 200 G120 1840 coring

Image at a nification (about'x fe sponge-form

callagen was; obta %@"@ygsé\teﬁquiagea (NME collagenPelN  5ng the

(trade name) manufactured by Nippon Meat Packers, Inc. derived 20
fromepig-deimis)wasgixeddn water (pH ) aheuty.Qxsaas terRe 3%dration
weight, and stirred for about 30 minutes at 12,000 revolutions per minute,

and then infecred intedbfraise Sahd frazen-ak-E6E] andtdried ol 2440 48 Fig.
hours at -80C by a freeze-drier to evaporate moisture, and then, 25
dddjectedisto B8crb¥s-liakihg treatraepe byrheating forlzage200hodigat 13 (a) to
140C under vacuum conditions, and thereby, a sponge-formed collagen
wash@Eted 4itPan Be?dnddrstood that the collagen has a sponge-

formed hollow strug Llre becauze of threadg collagen fiber. 5 Therefore,

t
Mpsingthe SHohgdormicd Colldgsit 'S fiber: FigsTeatapns of

the basic UAt com
R b e e e e
Alcon:10;(RPuestoRico) teaAemacal Rugtp-Ricqangimpored 89dcunze co. ,
Ltd. and distributed by Johnson & Johnson Inc. Fig. 1l(a) is an
image at a low magnification (about x80), and Fig. 11(b) is an
image at a middle magnification (about x150), and Fig. 11l(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, énd 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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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 15 commercially available fiber collagen as absorbable

ocal hemostati egran. (trade name) manufactured by Koke "

e Slotbeted by Nigson 27 PR Ceb el Sor” Ly mig Py 2
'§E:?c§h'§%a—%%\%@v¥: 0¥ ificatign (abaut_x30)sand _Fig. 14(b) is an image
at'a middle magnification 20 (about x300). In both, fine collagen fiber
forms a strucidee ke napwevensloth: Hgantheunderstogdthatdies sponge-
structure is formed from collagen fiber bundle and straggling fiber
thereefdThe basic unitrcomposingthedinesfibef celtagend 25 ivfiherge21 fiber.
When Figs. 1(a) to 1(e), 11(a) to 14(b) are compared, it can be
Oinderstoodethat tHee thinditrhdulitottlar cstmtwetighadehsf coflagege - formed
according to the present invention is obviously distinguished from
GeloRHER STolladsitand fiber-formed collagen. The thin film

multilocular structure made of coll n according to the present invention
can be (es8%or reCRbATRG. hEUE HETES T TRRHET & Lk fadi 6P o-=rhs

S AL B A g o caTeglen WSS 2cca
RWR8Ratic (Aviten (trade name) manufactured by Alcon
(Puerto Rico) Inc, Humacal, Puerto Rico, and imported and
distributed by Zeria Pharmaceutical Co., Ltd.). Fig. 13(a)
i1s 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) 1is 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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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 15 particular can be suitably used for
nerve tissue. Therefore, the present invention provides the member for

tissue repenerafipgnclyding the thip im rultlopuas stgtyrepade olpareq,

collagen. Here, as the bodily tissue, the’ followmg tissues can be

exemplified 20 nervastissussuchrasicentral nexye,pRerigheral NeRYer i 1ocular
ischiadic nerve, median nerve, facial nerve, cranial nerve, brachial

plexus,ipar nemedeadial herve, fese nerves dsekiadie nefve, petieneadlresent
nerve, and sural nerve); subdermal tissue; 25 submucosal tissue, oral
submuocdsal tissue, digesthaasbe - 221 stbmegosaldidsue] gemitalgel - formed
submucosal tissue; membranous tissue (such as cerebral dura mater,
peritbReam, Fleural Rrembranecfhseral hFfbrane of organ); fat tissue

(such as so-called fat); 5 muscle tissue (such as so-called muscle); skin

tissue (such as so-called skin); gingival tissue (such as periodontal tissue,

alveolar hone, gentalfal eolar ti%Sligi) b?ﬁcr%to%lﬁlgw (SUCQ%%SC:%’F collagen

kidney, Iung pancreas, thyr0| uch as

\é%%?:ld_{%@d% I'gﬂ@eﬁfegégﬂag%ventlon can be used for regenerating

tissue. Here, the tissue is a bodily tissue of an animal such as
human, rat, dog, 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 used for nerve tissue.
Therefore, the present invention provides the member for
tissue regeneration including the thin £ilm 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 nexrve, 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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and bone). Furthermore, the present invention provides the member for
15 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 |imited, as long.as it is able of adhering to and holding
o R erhultTa s 20 St ite SR o S5 a 54 e member for
Hizsus, aneralipnsdesivad o hapiesetpyentign can be Ob1aIaed s coneun,
Materials for producing such biodegradable support include polyglycolic
acidutRGARLebiactic acid {RLA), capplymerof actaidand) glucorid

(such as polyglactin 910), poly-s-caprolacton, and copolymer of 25 lactic
deid antlsasaaprofacton.a<23dn E&gsl 2@)fand) 2(b), scanning electron
micrographs of the cross section (about x20) and longitudinal sections
fabout £100)sofwhe (exarplesof she arehilssr fortssie) regeneration
including the thin film multilocular structure 5 made of collagen according
fIthe présentinVititfon &8 SRowa IRifclaclelérhtion voltage of the

DT TouA B Bq B by P TR o-citited (i AL Bome.

@gﬁiclgclulc%r%s%uoq%rg rp%gg &)é S:QIIagen inside of 10 a tubular

biodegradable support. By using the tubular biodegradable support, the
membherfertissug regeneration, hawing afululanfoppcan beghiained. Jn e,
the case of Figs.

thyroid gland); and

other (such as blood vessel, 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
(PGR) , polylactic acid (PLA), copolymer of lactaid and glucorid
(such as polyglactin 910), poly-e-caprolacton, and copolymer of

lactic acid and e-caprolacton.

- 23 -
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2 (a) and 2(b), it is understood that inside the tubular biodegradable
support made of PGA, the structure having 15 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

includedrinsige the t'itﬁlé!ff“ Q@éegr@ﬁpl%ﬁ;&m&q@ngi@é@&soq@sfﬁi%graphs

member can bé suitably used for regeneration 20 of nerve tissue,

sybdermal tissie, submusasaldissue, membrapeus tissyer fad tissue,sections
muscle tissue, skin tissue, and gingival tissue. Conventionally, the nerve

¢cahredtiontube)haviitg aotubulaxtonmllzas been tised. mbelpsesefior tissue
inventors have 25 found that the members for tissue regeneration having
r2gevaricusiforms cahwdlose dcdecording té iHantissuktandthat asucht ructure
members for tissue regeneration having various forms have the

FefRctve cRaratsHRlic AGRRHAJES Sheh foffis PICRRR S fom Falign 27

a_U-shaped or C-shaped section 5 ( ly, It h-shaped
ROTRa plate foriC 5 e ERinGFTorf FLE fofth hiing Apaitif S Lectron

u

rgng?%”s%eo between '\%ﬁl aR%rF“reoijrx%rée end ang the aﬁﬁ&“r&?i&ﬁﬁeomsff the

taperiﬁéj3 form). /nen the biodegradable support having U-shaped or
freriBshaped section. is used; dhe member fortissyg regeneration. bawBe rived

U-shaped or C-shaped section (namely, overall having a trough shape)
ean ke obiaingd1kigl 3shows anerexaiiple made of collagen inside of
a tubular biodegradable support. By using the 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 1s 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 1is
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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of such member for tissue regeneration having U-shaped or C-shaped
section. Fig. 4 shows one example of connecting a 15 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 aijgof the %ergztlggs hawgg ove(r)arlj 2 trou%trgsh%ped form. When

the" nfermberfor tissiie regenélr%eﬁon %%ﬁlng stich a orn% |§2u§écfsébeinafﬁg that

a6 InaLIsssue [q.be teganerated exists.on 8,fagcig o on.a.qarmus ofy ;g

an organ, a suture operation can be performed more easily. In the current

aperative method, the nesve-tubesis iaplanted-bysmiciascepe-operation. forms
However, it is preferable to use the present support 25 because

inlantirg thereof eat beneasilypnd safelys n 25 performed-widgsead section
endoscope even deep inside a body in which microsurgery is impossible
dmeufirther thentinoey et aid operatigin cahdeshorfenad. It isprelerableform, a
that inside such a biodegradable support having U-shaped or C 5 shaped
Sectiph ingthik R muliietula stiRtite Made ¥ colR§éTt aEordig fprence
the present invention is included, and collagen having other various forms

SGCHEE Gel T ANGTDEF formma e iRO0det Rurdigmopg ™ ture of the

%%r%lveeptignglly 1_jrgLtherr:ln_%uraéccz)orrlfaection 10 tube, a tubular form having
fwo ends has eeﬁ?(novv%, Gt The inventors have found that the tube

S?Ving adanch racceprdipng to thesissue 1o 8g yised foranghhaying e or c-
shaped section is used, the member for tissue regeneration
having U-shaped 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, 1t is preferable to wuse the present support

because implanting thereocf can be easily and safely
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more ends exerts excellent effect. When the tubular or trough-shaped
biodegradable support having a branch is used, 15 the tubular or
trough-shaped member for tissue regeneration having a branch can be
obtained. Fig. 5 shows one example of the tubular member for tissue

re eration having a Y- shaped branch. The number of the branches, th .
e R R g0y i

peatian (Ruch-as cirgleeliinse, Yrzhape: ghe-shape) dspehas overdll ¢ ime o

tubular or trough-shaped form) may be appropriately modified according

inthe tigsuestoibe, applied i Themerberdor tissue regengration:haying that
such a branch can be used, for example, for reconstruction of 25 branch
parts 0& medizin nerveioide pakniphitdranchingrto h26 ipropér-diggaled or C-
nerves in periphery or ischiadic nerve of the part branching to the

phawRdl mevé apd tibiakaervBiin garlicular iie femberts gdafulcture made
because the peripheral nerve branching to the periphery can be

RigeTRIAREDY g8 TermBerfor Fotferdr &R Tt is Brefaraie tiat thacluded,

g‘ﬁ% fi!:rg ﬂlgtiloculgr Lf\,ftgucturce;t %c}ire (;\)}‘ a<L:olla en af%cordin%ltlocﬁhea%reseqt form
fivention isTRcitidetfinside tfe |odegra5%161e suppléﬁ%avmg a brang‘n,

lelaccglﬁgg% Qgéé%g %tgfr %%riqlﬁsc {ergésds'uch as gel form or fiber form

may be Inc . 10 Moreover, conventionally, for the nerve connection

tube, a taQulan he-having 8- foEm whose digmeter, is 1constant Has beeRection

known, but the present inventors have
tube, a tubular form having two ends has been known, but

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 tubular 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-sghape), 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
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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. When the biodegradable support
having the aperture difference between the aperture of one end and the
aperture of the.oCth r end is used, such a.member for tissu%ge neration

gr? Bg %bt%llr%ld. 1g. %esﬂ%é\zivss ajtgpe?%l&a%léﬁ tl?brulajf?ﬁ:em ef for "V ot
tisguegggeneration, the member may haye the Yeshaped 05 G-shapad ¢ ,ve .

section, namely, overall” trough-shaped form. For the magnitudes of the

aperpues obdhe fwo ends aagike differense af the.apertwes ©hbofe ri pheral
ends, the apertures of the ends may be appropriately 25 adjusted

accovding tathentissyettio hehapplied ipasdthe a2 7o diamefers-hatwednby one
the apertures may be continuously changed. The member for tissue
regeheratide having suckaperture différehce carebevsbddortfort the thin
example, cranial nerve such as facial nerve, brachial plexus, ulnar nerve,

fatidl nBiES biRedibATheRle: fethtr ferf@ d§chiddicRer@IBrangResrding to
thﬁ\reof, and further regions in which thgl eripheral n,e(gve extends from

fhaspinal &orth of thE Cahtrainerve, AHd iR partictiar Ahe Mgmbadegradable

Lf - ' ipheral iff .
%Z%;io% r%?gﬁﬂ%‘;:%’l%g?g%ﬁﬁ e}:ﬁ%@e#]‘é% %ﬁ'@% a}ﬁ‘aqpf’r%"e éae?ﬁrzr%rca?rmus

een the 10 ce nd the peripheral part. It Is prefera t

thethin lmpmulilocidar stpygure. made,of callageny, a6eerding{o1thgeq .
present invention is included inside the

Moreover, conventionally, for the nerve connection
tube, a tubular tube having a form whose diameter 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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biodegradable support having aperture difference between the aperture
of one end and the aperture of the other end, 15 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

mempet ig.notknopn, putihe present inveniats have foynd that 10g platgngeq |

member for tissue 20 regeneration is also possible. By using a plate

igdegradahle support,such aemembenfor Hssus, regeRerlionGan beperture
obtained. Such plate member for tissue regeneration can be used, for

exaniplecforperancaldienss ddefeetiverpart of skip defeetivenpan ofierve such
dermis, gingival 25 tissue, defective part of soft tissue, and substantially -

28 deiective partokordanaltlis pleferbbirithat ohrzamaire sudface afibaé nerve,
side of the biodegradable support, a thin film multilocular structure made
dfecdliagen BEEdIdling tSthétpredentitventidf i iefided, BectilageRranches
having 5 other various forms such as gel form or fiber form may be

ihERHEA MoTdbvel Wittt & ot tHeememMbBRidr tisShE rBgérstatioat nerve

from the ends of t mgmbﬁjr for tisgsue re%eneration
(@] ra,

Fggggcicog%g§eghe spinal cor e cenl . v and in
IS prefrtlerésble 8Cause théouter 10 wall around the parFlnw ich the tigsue

I51eganeraled is spguepligly.decqmposed and thergiore. pultiet efi&Son o

into the regenerated tissue from the surround. Furthermore, the
peripheral nerve having an aperture difference between the

central part and the peripheral part. It 1is preferable
that the thin £ilm 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, Dbut the present
inventors have found that the plate member for tissue
regeneration 1is also possible. By using 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 sgoft tissue, and substantially
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member is preferable because the member for tissue regeneration is not
required to be removed by a secondary 15 operation. Fig. 7 shows a

schematic view showing the tubular member for tissue regeneration that
is being degraded rapidly in both ends and slowly in the central part, and

a8 rechematiciliystraien gf the fissue regenertion iy using 2Qe on 53 main

member. Nerve tissue is illuStrated as the tissue, and there is deficit

thereinedhe gapakthe deficids consedted by dhe tidniar nempperto a thin
tissue regeneration. The nerve tissue is regenerated from the both side to

thiel wentel, tancbthe Imemberdior tissue negarerationdtis125genorapesediing to
from both ends and absorbed. 29 Specifically, from both ends of the

tibtilap bicdegradablessupiont tolthe derméntiieroof, fortexampleéagha having

degradation rate of the polymer is sloped (i) by heating or.(ig@gy
REdtRationAWit? ifrabordtor S4abiafisn, B the- @&gradationtfatd ofthem may be

member fqr tissue regeneration can be controlled (iii) by sloping the
&Xfeht Bt Crosslink with collagen to be described later, or the like so as to

control tﬁ% fg‘% ;E%B ,tion wrﬁ’f‘#%%l thetﬁmemggr for L'Es}%e r%%g%%rgtiorflb:lro Itti ssue

is prefera thee thin film multifocular $tructure made of collagen

Ej@@gg@&t@%ﬁ Peesant;igverioRisdaeyded intheddmenof sYeh@ne memper
for tissue regeneration i1s preferable because the outer
wall 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 i1s 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 tigsue is illustrated as the tissue, and
there 1is deficit therein. The gap of the deficit 1is
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 1is

decomposed from both ends and absorbed.
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biodegradable support, but collagen having other various forms such as
gel form or fiber form may be included. 15 Furthermore, the present
inventors have found it important that for regenerating the long deficit of
the tissue, the degradation rate of the entire member for tissue
regener%iogci%gogg ed by ursin a bi %Q#{adabledggppgg in \_/\t/ﬁich thgubular
structure Iﬁ)avmg & tubllar or 2 rough-s apedef%rm is maintained by

mpipg g.raw material, which is slowly degradedip vivo.with a rawdapatgrial,,; |

rapidly degraded in vivo to delay the degradation thereof in vivo. Here,

=" rawdyatesatwhich isgapidly gegraged ipo25vive" is & rawt piaderial (i) by
that is degraded and absorbed 30 generally within three months after
ineplanted in the body; Jandiean includedpelydlyeolicvacich(PGA):(itstendilet  or
strength decreases by half in two weeks to three weeks), polyglactin 910
(Ecr/A t poindiorané {RPDS gairRGoR Sttaretindetdearbondte ( TMQ) ,tissue
which are conventionally used often as supports. Moreover, the "raw
ARBsiA hhicHoR s%ﬁly%%g%éﬁrﬁﬂﬂ?iﬁé' i irhlv WEtefidPiiaRE the extent
degraded and absorbe gﬁeéf ally in three months or more

Aol 10" i ANEF AR 15 Fonr”
5} R O T, St g0 SO 16 e
for tissue regeneration.

It is preferable that the thin film multilocular
structure made of c¢ollagen according to the present
invention is included in the lumen of such a tubular
biodegradable support, but collagen having other wvarious
forms such as gel form or fiber form may be included.

Furthermore, the present inventors have found it
important that for regenerating the long 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 1is 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” 1s a raw material that i1s degraded and absorbed
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and polybutylsuccinate(PBS). When long deficit is regenerated, it is
preferable 15 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,

g@h@?ﬁ@m Rlg i,00t thayaht to-be preferable, anglthe gxamplen which, o4,

GA and PLA are 20 mixed and used as the support’is not known. When
LA iscmedimel@l@@radg&@%qtgc%me:sumabeqqms inactive, apdnsile
the biodegradable support in which the structure having a hollow interior
fsuchrag meastiictidae incthe tighdar i shapep cancbe matrdained - eviveeeks) |
for a long period can be 25 obtained. - 31 Fig. 8 shows strength
fenergge)owitnre§pert toVetrain of the tulleyiadeofP GARMTR) PLASfod  PGA  +
tissue regeneration (including 50 O of PLA). Fig. 9 shows strength
taveraGENWitA PSSR PR SPair B fhe gefletdl!s BIBE nRRIEVGFPGATBr 1Y used
tissue regeneration. Fig. 10 is a schematic view for explaining the strain
3hG e SfefPIRPAES Hbed in Figs. 8 and 9. It is understood that in a

general PGA tube, aft implantin%h tube in the body,. lowerin lof 4 ded
e S KT Ao P 'L s dor GIvRlY aegrade

improved, by gamiining PLAANA PGA. 1n,5i9S.; 8 apd 2 56REME (L0 upsorbed
d/do) is plotted in the horizontal axis, and applied force (f of length of unit)
lsplettgd il in three months or more after implanted in the
body, preferably, degraded and absorbed in 6 months to 36
months, and more preferably, degraded and absorbed in 6
months to 24 months, and can include polylactic acid (PLA)
and polybutylsuccinate (PBS) .

When long deficit 1is regenerated, it 1is 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 preferable, and the example in which PGA and PLA are
mixed and used as the support is not known. When PLA is
mixed, 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.
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the longitudinal axis, and it can be understood that Fig. 8 in which 50 % of
PLA is mixed has higher strength than that 15 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

strengthlﬁ‘%ﬁr implanting the ty é%l %@Aszygg%\%ggyer%%%it IScepect to

preferable to use a support in whic an are combined. It is

preferable that the,mixing Jatioof FGA grd Phin(PGAP LA (iberrbyndle ; oye
number ratio) is 10 to 90/ 90 to 10, and the mixing ratio of 50/50 is

pakisHlarly preferablenAs sachq capbination,fadditionally, forexample, shows
PGA 25 and PBS and so forth can be exemplified. It is preferable 32

that ¢heythin filevieulidecular Strncturesmade ofteollagera iaccardingite thgeneral
present invention is included inside such a biodegradable support, but
collreMhARing bthBFParioes foifS sechrrdgelsomt bPTiber fOAF maybeis 2a
included. 5 For regenerating a long deficit of tissue, it is more _preferable

fFESE He iodeqtid e sEpOrEhaviRG a HabuISFoREBuGHShdped f6int snath
in which the degradation rate of the biodegradable support is controlled. .
é%%ct:ﬁl% % % 1 g ng % gé% Jh%gh%f%rng&% Of%%altb in a

¢hthar tiie ecomﬁ)s’sition rate of the ends is a
G PortignyIn iy and - phich fhe PULCIR N0 3 BRllowintelal 1,04y,

aintained by mixing a raw material which is sfowly degraded in vivo with
alumaleriglewhighhanical strength is immediately caused, but
the strength is improved by combining PLA and PGA. In Figs.
8 and 9, scheme (dy - d/dy) 1s plotted in the horizontal
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 Ilowering of
strength after implanting the tube in vivo is 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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is rapidly degraded in vivo to delay the degradation in vivo. Such a
biodegradable support can be produced by 15 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

%ﬁi@?@ﬁ%hﬁgﬁﬁt?ngﬂéﬂﬂ@k‘§5ﬁ1§¥“£€§J2%Q%gf%%@-egf collagen
according to the present 20 invention 15 included inside such a

biodsgradable SURPOLL. ng%%@Pc hay|ngd OieL yaqus, IIMS SUEN ASARle  sycn

form or fiber form may be included. The thin film multilocular structure

magdeof collagen, 25 ageppding fo thewpresant dnnantign-canbedreduced rious
without 33 limitation by the production method as long as the structure
ohendesitethcar bgabtdioed, and, fobexantplen the gtruetuie canded .
produced by freeze-drying a collagen solution. More specially, for

examples the aggeassrs sohgion of ataloctliagen is frozén asing .a déep. s more
freezer, and then, dried by freeze-drier, and subjected to thermal
erossamRingredtment BfdetPeculpi eORGIIGEA LS prafdaplethabfieing 2
concentration of a dilute hydrochloric acid solution of atelocollagen is 0.5

{0 2808 by Weight UG il £28%0 76 038 0y Wefdht i mote preripie™ rate
B2 1% A 0A ML iy et L RO I e
géggdﬁg%ition rate of the ends is higher than that of the
central portion in vivo and in which the structure having a
hollow interior i1s 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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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 temperature is -70 to -100C, and -80 to -90C is particularly
preferable. It is preferable that freeze-drying is performed for 24 hours
yndera fedigedpressuye of 508,20 pLlesSleBIG 10 0C LSy 2o ene
preferable that the” thermal cross-linking treatment is performed f0196 to

48 Yhews AL 100 19,1506 underargaiiosd pressiiaoh 1 TOIROr fess, aRdmple,
it is more preferable to perform the treatment for 12 to 48 hours at 120 to

145C, andit tspasticidarlyn2b preferabledo perfame the-treatpiers fer 48o11lagen
hours at 140C. 34 In particular, for nerve tissue, such a thin film

soltildcudar. structdiercan suitabheadsed, The memberdopfissue the aqueous
regeneration including a 5 biodegradable support supporting the thin film
grkiiddtar stucttrelinaaeé bieeageh atEorafiy tbIRaPresedecpr freezer,
invention can be produced without being particularly limited by the
BréfdiuctitiTmettotss 18Ky 48 i Gesited™ menist (T HREGE refertétatid T L
can be obtaiped, and for 10 example, the member gan be groduced by the,
ﬁ)ﬁowmg methoa: A co?leégen solution 15 attached to the |o&egralaable

suRpatt- agdhen, the t?ﬁga%%%ﬂmié:ﬂc@?zgfjrigddﬁﬂgéger)‘t?rg?ear%loric

member can be produced. More specifically, for example, when
supRorthas a twhvlas shape BWbelagen is 0.5 to 3.5% by weight,

is

and 1.0 to 3.0% by weight is more preferable, and 1.0 to
2.0% by weight is particularly preferable. It 1is
preferable that the concentration of the dilute
hydrochloric acid is 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 1is 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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15 having an appropriate size is immersed in 70% ethanol for 24 hours,
and then, the ethanol is completely dried, and. 1.0 to 3.006 by weight of
the collagen dilute hydrochloric acid solution (0.001 N) (pH 3.0) is applied
to the biodegradable support surface and air-dried. And, the 20

application and air-drying process are repeated at 20 times to form__ . .
g E5ATH 61 the SUBportiHige. THe THermberTE prelinfinarp > £1m

- ' I d n,.1.010 3.0% eight of the
grg%%%? %L&g%c%%r%?%éc%l g%ut?% (p u%%o%%%tyﬂqé%é%ed inside the

member 25 so as not to generate a gap by a slim syringe, and - 35
immediately, the member is put in a deep freezer, and cooled to -85C to

be frozermrnEhe memker is pulin acfreeze-driefsapchdried fosronedayi@@ing a
24 hours) at -80C to evaporate the moisture. Then, under vacuum

donolitensati fb T errsordess) fthenpabdehydyatidrecros sdinkingmtreatmernitocular
is performed for 24 to 48 hours at 120C to 140C, and thereby, the

rAeribet ittisstie fegerieratictrddBe lobtaifee r i3 The tisularthe  present
biodegradable support can be produced by a conventionally known

BT fstxafile, Bning 2O RIBURST wail&30HE a tH6dAF corerrticularly

aterial. The tubular biodegradable support havin agranch can bhe .
g R R g (A BTl gesired

méﬁglé?tr%%lfre \(H"gs%gerg.éaé'@%tgfggion can be obtained, and for

example, the member can be produced by the following method.
A collagen solution is attached to the biodegradable
support, and then, the collagen solution is freeze-dried,
and thereby, the member can be produced. More gpecifically,
for example, when the support has a tubular shape, a tube
having an appropriate size 1is immersed in 70% ethanol for
24 hours, and then, the ethanol is 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
aclid solution (pH 3.0) at +4°C is filled inside the member

so as mnot to generate a gap by a slim syringe, and
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each of the branches is 5 mm). Hereinafter, the production will be

explained in detail. A tube is made 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 used. As the PGA fiber, for example, a PGA fiber
obt%glggl degundlinc%gp five P(é@ multi-filaments each %f whichfis a
5‘&5‘1amed%y ﬁ’hdling uap LR amen%sseagﬁ%avfh% aasingfee?yarn fineress’ &
of 2,9a4ltex(F can be used. Eor example, by usind a hrajding apparaiys s,
of 25 48 bobbins, formation of the tube is started from one end. - 36

Wheathe braidincappaiatusdeachesdhe bsanch gastobtbeneRies) ac -soec
material, the branch of the branching core material on which a tube is

formed tateristdiverted tathesoutside throegh a gapef thesftbens, abénditions
thereby, the braiding 5 apparatus passes through the branch part and a

tibe c@nbe fopmed bahe brandreafm brandsiny oee hateriat. Aftsy - thenking
tube is folded to the second end, a tube is repeatedly formed and
$UErpBsat from PRIGRIERE WhEN He braidifg Papiiarattis realiés fire 140°C,
branching gart again, the branching 10 branch around which the tube has

B&Sh fored Breviolidl§ is"GBRE th e JutSiGE TR Ghp b e 2R be

fci)%ecrg.iAet be is formed on the other branch as a core around which no
{ubei formed previously. By forming the tube to the third end, the tubular
support having an integrated 15 branching structure can be obtained. For
the core material

The tubular biodegradable support can be produced by
a conventionally known method, for example, forming a
tubular wall around a tubular core material.

The tubular biodegradable support having a branch can
be produced by forming a tubular wall 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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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
20 producing method can be exemplified. After the tube is formed from

fAne gndie the branehing part by, . braiding.aoparafys, fnebylaswall s the

produced to the second end on one core material of the branching

branchgs by-uising thenbalf of the, PGA fihers et the-braiding appafaidsrial on
Then, by 25 using the residual half of the PGA fibers, the tubular wall - 37
ighproduced taithe thisd €rd-oadhelethercotes materiat ot dhetlhrandhingout side
part. Moreover, plate-shaped biodegradable support can be produced, for
ekamplel byeplarweading-the rdvireiterial 6§ thdisivdégraddble braiding
support or by producing a tubular material having a large diameter and

ARRIG tHemBRRFiRE Sn e OrgftudiRg dire’BGH aRa fherfB8kbahdiiPhecan be

teria. The biodegradabl t having a trough-shaped form, 1
AERs doblln TS FOSHARe o ChotBbE Ca B bR tenc ey Tidding  Aeer

thetubyiar wall o % Gyiubular Sﬁ‘ffBC’%é”c%k%d'oé‘gg‘fdiga't?r%eé:“% OLYeatedly

excising a part of the tubular wall of the tubular support.

bioggaradahle supporthaving theapertyre Jaditferencepetweemthenraiding
aperture of one end and the aperture

apparatus reaches the branching part again, the branching
branch around which the tube has been formed 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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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 20 core hy, for example, a braiding apparatus. The biodegradable

%gp%o% a9 aéBb@ﬁéOﬂc‘ﬂ‘l‘f@"‘éﬁép%%foé%wﬁ%%Eie%@{’%“%{:aetgi%l of

iIgher as being nearer to the ends from the central portion in vivo can be

praduged the, abgvesdescribed method. 25 Moreover, the biodegradable
support in which the form 38 has a hollow interior by mixing a raw
materialdrelvise slowyl degradad predivoowith egassaiateriabiapidly t can be
degraded in vivo to delay the degradation thereof in vivo can be produced

by faltmirgl theftubutaravallley ubingrsusha- seawimgteriab as@esodlied-ial of
previously. The biodegradable support in which a plurality of forms are
E&nbined capBeprddiliced BYRPPESpriatdly dorbikkgdieing a tubular

above-described producing methods. The member for tissue regeneration

PRI the 16 HhdvE-dbscted thiT i hulitbuld Shatitfe hateTbroer 12l

colla can.be produced hy producing :'the thin film multilocular .
%trrluc?ﬁe}qee of %8ﬁ§&gcﬁl frgﬁ %b%/um%ﬁﬁfﬁl If‘n%n ana?éeez@(?rrﬁingeéc ggl?a%]érﬁg the
salution imthe various biodegradable supports. 15 The member for tissue

regeneration including collagen
The biodegradable support having a trough-shaped form

whose section has a U-shape or C-shape can be 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 Dbiodegradable 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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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. 20 The aspects and embodiments of the present invention

%%sécribe%aq vgwcannt}%a lr%)roprjoatel COTRine% wrrlen p(gnss%ble.fLa which is
xamﬁles Examplejl roduction of Thin Rilm MultilocUrar Structure

Mﬂ&%l%%d%f Gallagen 1 10 3Q by weight,gf a djlute hydraghlaricagld apiq1y
(0.001 N) solution (pH = about 3.0) of atelocollagen (NMP collagen PSN

Qegerme)imandfactured hyeNippor Meagsflackerts; dac. deeved fromn vivo
pig dermis) was produced and poured into a frame, and then,
teeze-dried tia deépbireézamatlr§0Clie -86®ullkis wasldridd fon24:t9 48uch a
hours at -80C in a freeze-drier to evaporate the moisture, and thereby,
thevthirefil aodalileoul alestructiredvas €0 dbtadet. The cross-linking

treatment by heati%as performed for 24 hours at 140C under vacuum

conditionSeWherP fREIGRTRGrESvaS HtReRfed tRdeVRiSdanmingtdfont bty of

icroscope of a 20 kV acceleration voltage, a thin film, multilocular .
S0Gre AE obSETUBA Pl i< SHbwrFih Fide IS0 to 7<) “Meraaver=te1Y

@%HE&%%HE”&%Qogb%@gﬂgggg@fwyd producing methods.

The member for tissue regeneration 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 f£illing
and freeze-drying a collagen solution in the wvarious
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

- 39 -



10

15

20

25

multilocular structure was obtained. When this was observed by a
scanning electron microscope using a 18 kV acceleration voltage, the thin
film multilocular structure 20 shown in Figs. 1(d) and 1(e) was observed.
Example 2 Production of Member for Tissue Regeneration in which Thin
angfl\él%iloculllar Structure Made of Collagen is Included inside Tubular

B egraggoﬁe Support 25 The PGA tube produced by a known method

was cut{ntq. 5 40; AppLoprigle; lepgth. Jihe gut wibe was iﬁéﬂﬂé‘éﬂi’&@%’ acid

ethanol for 24 hours. The PGAtube was taken out of 7006 ethanol and

thervdriedwgompletels dhe guiside afidbaPGA dybewas ceateddyiabewt (nmp
20 times by using 1 to 3% by 5 weight of a dilute hydrochloric acid (0.001

b Bbhution (pPEX about33e) ohatetocollagen(NMdPunailagenyPSNi(fnade Meat
name) manufactured by Nippon Meat Packers, Inc. derived from pig

Heahisy sandlthen dred: Biereniowing thd goreldom she PBA tubeodveed and
tubular support was obtained. By a 10 syringe, 1 to 356 by weight of a
BRES/drbBhBriciacid *@Y601 NP SbIufiopH a6 .GFerd in a deep

telocollagen (NMP _collagen PSN (trade pame) manufactured by Nippon
<3t PACKRFs, I”ngcpdg?iv % fronT plg‘derr%FéiL Wad'pac $iRto tﬁbg lptul%jﬁart‘:’ 48

g%ﬂ%‘%’t-a@@ w@tsg%ngn&%%%%ﬁa er,at 15 806 10.-86C. THIS Was oty re,
ried for 24 to 48 hours at -80C by the freeze-drier. The Cross- Inking
yeatmeRd¥py, the thin film multilocular structure was
obtained. 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 o©f a 20 kV acceleration voltage, a thin film
multilocular structure was observed. This is shown in Figs.
1(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 kV
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 is

Included inside Tubular Biodegradable Support

The PGA tube produced by a known method was cut into
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heating is performed for 24 hours at 140C under vacuum of 1 Torr or
less, and thereby, the member for tissue regeneration was obtained.
When the member was observed by 20 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).

FERAWRE HEMbet $O S ue red&fferatibh wisB8ed ¥6° 25 Rabehefding ™ 70%

p%ﬁ?”%%&”e%"%°f2‘%°%8°&%”'y pafhologic; - 4%@“8%’%"@”%2% A2 o 708
€ ecﬁophysm(fogica ly prelﬂ‘erable recovery of%he nerve tunction was °

ahseived. EXaMRlg SA Q%ngomgq@lcyewgbql@ggioggg@c@pl%f the PGA

support 5 was produced by using a braid-producing apparatus, and the
menbefos tissueregensyatigpdieferred ta-amaybel")uiniwhich the thicss by
film multilocular structure as the new structure made of collagen inside
theisiippostivas formeddnhihersarnd mannesas Example 2 was praducedn  (pH
(diameter: 2 mm, 10 length: 10 mm) On the other hand, as the experiment
congblatPGA tibe @éferédtivasithbeBl") inWichc Midrafibril caifdfen( trade
was filled which is commercially available as a medical device (Integran

@ritR) naRRY Yhahitaetieddy KOKRRTL. Y@ F waSG5&d ftiandéter; 2derived

mm,, 15 Jength: 10,m5'n). 5 mm nerve defective part of ri%ht ischiadic
é&%@o?lg dermis), and then dried. By Temoving the core

from the PGA tube, the tubular support was obtained. By a
syringe, 1 to 3% by weight of a dilute hydrochloric acid
(0.001 N) solution (pH = about 3.0) of atelocollagen (NMP
collagen PSN (trade mname) 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-1linking treatment by
heating is performed for 24 hours at 140°C under vacuum of
1 Torr or lesgs, 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-

- 41 -



10

15

20

25

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 BIl. 20 After one month, the Wistear rats were put down,

and diameter of axial filament and thickness of myelin sheath in the distal

gnd pLthe neryesec ”ﬁﬁ!“cél?’%%ar i@%&'}%é\%'”&%ﬂ Jvelin d{%eegf%rable
axons were measured. In the tube Al, the measurements were 1.4°0.

PO 0,08 BV 3560, 25 count per 100 X400 w2 espegtively, and in

the - 42 tube BI, they were 1.0 0.4 gm// 0.2 0.10 m/ 92 31 count per
£0QxJ09 m', respectively, and therefore, better regeneration was

significantly observed in the tube Al. 5 Example 4 A PGA tube, namely, a
tubular odegpadabite suppartevas produaéd: by tising@ibruc-pedducingupport
apparatus, and the member for tissue regeneration (referred to as "tube

K29 ipngikier ede Biin filed AltRodeia istrueind wsithe nePed strusturénd the
made of collagen inside the support was formed in the same manner as

BxIple Fias biciited TEREREER 2 Rl [GTtRTEEthnho ORthe bty A1")
hand, as the erimental control, a PGA tube (referred to as "tube CI"
o R e R e T O A B e new

@%?Ug@%ngagég(Q?WE§§E§EQHLiEQQHE19HQ”QUpport was formed in

the same manner as Example 2 was produced (diameter: 2 mm,

length: 10 mm). On the other hand, as the experiment
control, a PGA tube (referred to as “tube B1l”) 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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5 mm nerve defective part of right ischiadic nerve of Wistar rat (n = 2)

was reconstructed by using the tube A2. As the control, 5 mm defective

part of left ischiadic nerve 20 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 m tga\lin sheq}h in the distal e9n§i L o317
o +

5HRE netve redistiliction paft and thé néifiberor myelinatad néfve

%Q{}&W‘}B%P“eﬁ%edx% 1% ihe Jupe A2, the measyregent were 13,02 fore,
m/ 0.3 43 0.07 m/ 61 22 count per 100 x 100 m2, respectively, and in

thertube Gletheyavere -9 =3 UBY §rd 10.05 AY 11P3o 3068 Peh 108X tube

100 um2, respectively, and therefore, better regeneration was

significantly observed in the tube 5 A2. Example 5 Production of Member

for Tissue Regeneration in which Thin Film Multilocular Structure Made of
EsHagereist Included inside Biodegradable Support having

Trough-shaped 10 Form whose section has U-shape By using PGA fiber

(The PGA fitfeh wialdisbtaimed By *bundling 'ty tid PEAGHERiREMahEs support

each of which was obtained by bundlin 28 filaments each having a
SRGIoYAHEhaRE of SN F), H LB St AT RVIG T 18 iter 200 1

dieam eé%r OZIm@ig%%h 3?610%} yaéi%%aiQ%%PXr%seigg @ as “tube A2")
raid-producing apparatus of48 bobbins (reels) so

in which the thin film multilocular structure as the new
structure made of collagen inside 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 control, 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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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 20 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 aﬁpd tge tube was drieggvgas re %ated Dby 20 times, and 1 q
thietdby e ttibuiar A0pSoitWas® Shtalned. Thed Cthe'tore gl was Y+ 2

pulledand igmover, 26,00 g collaggn solutionyugs,led I9Side de s e/ 103

ar - support, and freeze-dried, and thermally cross-linked to

progiyice. the tubylar meypber fopissugregeneradion; inchuding.collaggRre fore,
having a thin film multilocular structure inside. 1/3 of the outer wall of the
embker farchtissue regenerationwasexcitedtylysingashagpiscissorhe tube
for microsurgery under a stereomicroscope to produce the U- shaped

member for tissue regeneration. This was shown in Figs. 3 and 4. In Fig.

4, the member for tissue regeneration including the biodegradable
SosPpsttRaving 10 overall a trough shape was implanted in a 1 cm

defective part of g femur ischiadi f rat havi bod ight of .
300 g, aRl T Gpe AtR T Foitirettor MM WaS SEAULIGR 0 which

L G e el L
Rerfargyihe cprnegtion; heteadiigd iimeds ggnerally aboU20riiges shaped
Form whose section has U-shape

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-
varn fineness of 2.59 dtex/F), a tube of PGA having an
inner diameter 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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and therefore, the operation time could be saved by about 50%. Here, by
excising the outer wall of the tubular 20 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 formin thin fil [tilocular structure mad
8}}1&5%‘14{ QIH? r(]fgr e¥e~<5nr %? ang' rg%ehran\l/?ieﬁ. CcYr 1711 gd to

gen inside the biodegradable support ng the troﬁéﬁ:s ape

E’%%aé@ Example §.Bradugtion gf fubylar Bipdegradable SuppQtbeneration

aving Y- shaped Branch and Member for Tissue Regeneration Including

thecSuRpary5 Firsti by ¢ising arhesmeplastic palyalgfin synthetic polymebcular
that is soft at room temperature, a Y-shaped core material was molded.
Theoutendiameter & each 03 thet btanehes oéthewé-shape wassd mamber for
and the length thereof was 10 cm. By using this as the core material, the
Yisteiped 1096be wasimoduced frerrREAN by (ThelPGA fibetlobi@inegb issor
by bundling up five PGA multi-filaments each of which was obtained by

baRdIFy U 28 fifmentsdth favitig™d Sigie=S/anT fREndS: sFpggce the U-
dﬁé/@ﬁ/g% rt?%gg) b a bréal:iLd G}P%)araéus gte 431:% Qun%hes. %’His rocess iIIWn in
e e?(p alne% urther specﬁﬁca y.373\ t%%e was fJO?méd on ﬁe aHO\?e-S ©
gesptibedcore materjal fromgne endiundey the ¥, shape. . per  for  tissue
regeneration including the Dbiodegradable support having
overall 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 f£ilm multilocular

structure made of collagen inside the biodegradable support

having the trough-shaped form.
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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 20 residual branch serves as the core material.
Thereby, the PGA tube having a shape in which a naked core material
%r}%%:tﬁ%ag a branch in the center was produced. In the same manner
epprewous production, from the one end under the Y shape, the PGA

tube was,prodyced again:sa.that 25.the fube previousiy praduced itsalf 5 ng v-

serves as the core. - 46 After the productionto the branch part, the

kranshingpbraneh (core matgHal hawng thesane end seoundwhich RGA1uding

was formed was pulled to the outside. By forming the tube to the third end

s thag thebeanching branch on which the 5 tube is not previously formed

serves as the core material, a seamless integrated Y-shaped tube was

produced@iTsthe dhtainedngskrapeddiodaytagatiie spppoele tollagemthetic

solution is attached and freeze-dried, and thereby, the "thin film

pakieiar Shuktuie ciebllagen i€ RRite 1O RT ebntafhedand ferdRy core

the tubular member fo]rréfﬂ regeneration branchinginayY sga e
a

Rt the 1 fiFD HiTHocuids ructiie ale SFEbftagef carr B OF £

n

%rogu%?%'ls EX%T%%EE-X&?”WN é’é'rErOdUCQ%%OHiSUE%Lz?g‘gglﬁ%&?eof was

I, ; e W .
ubular Membe Tissue ?é%generatlonnf-rlnavmg Y-shape c
10 cm. By using this as the core material, the Y-shaped

tube was produced from PGA fiber (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 sgspecifically. 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 1in
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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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 20 which the thin film multilocular
structure was formed in the same method as Example 2 as the new

tructure made of collagen was produced..The diameter of ea oftfgte .
Brarches Was 4 FAVAR 118 Terigih (BreofGAES"S mPTRE angies ofhg™""3

e carness famed by, the pranches wereyall 23 601,47 JThg, Xshapedy pea

member for tissue regeneration was put in a culture petri dish and

iynerssdin dheypeurglaelk gultwerpediumyMEX 9508 rranufagtirethe tube
by Dainippon Sumitomo Pharma Co., Ltd.), and neural cells (MB-X032D

% snameaciureddbyeRadinippoprSimiterso IPhanea Go;, biggmefiwon which the
embryos was divided into three and injected into the three openings of
thebe-shaperb meptser 1 Afterl gulttwngeahis sre :ansincalsatobhfor twosveekserial,
the inside of the Y-shaped member for tissue regeneration was observed.

R WedAT0 e6firafeeR@aetechelraleairbervdtfedthe entrepafibf the

thin film multilocular structure made of collagen filled inside the Y-shaped

member¥6r ti58%e re5&merafioh And BT oIR8 FhaF B fessBP RISt 2
o s P e DL O ooy
%ﬁéﬁxwﬁgHmff§geﬂmltilocular structure” of collagen is made
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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Example 8 Production of Tubular Biodegradable Support Having
Difference between Aperture of One End and Aperture of the 20 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 care materials.each
: eng-§%%p member gr %ss¥e re%%nﬁﬁétlon was put
having a length o cm, an outer diameéter of one end of 3’ mm, an

quter, - 48 ,digmeter of the offferend,of 1 Mm..and g tapering shaps, a1 ce11

whose outer diameter decreased linearly from the one end to the other

end were proguead:;iNext adorg soreomateraluwas predisced sonnesting i ppon
the 30 core materials so that the 5 slim ends faced one another and so

that the-thick ehRdsnfacedonge anathey. By dsifg thisloag care materials - X032D
the tube of PGA fiber was produced by a braid-producing apparatus and

oatrto fproduces 80 biodegtadate sufporid-each Pawinpthécaperfurd . ) of two
difference between both ends. In 10 producing the tube of the PGA fiber, it

AR devReldRatby” sefihg tRE ubdfoffingride 6D SIGH inltheDare three
having the thiﬁk erture and the tube-folding rate to be more rapid as

FRECOrEFrarBial HACane TERSSinD FIEthAnicaP GiERgth b W Lo g in

ra]t%t b:%%%u a%e%k Irk%?xe tr‘E:ix(A:JlébSigﬂee’e Ssand’é %t iZi;[lhsei r%ir%js:tregg%h V{arsshaped
o0 the obtained tubular biodegradable support having

made to be uniform.
member for tissue regeneration was observed. It was
confirmed that the 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 1is thought that
this is because the member for tissue regeneration having
the Dbranch 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
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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 20 thereby, tubular member for tissue
regeneration having the aperture difference including the thin film
uItiIoctuIar st ucé rem q%e of collagen aribe Plroduc%d. Example 9
" h
?ﬁgﬂ\gr Ei%dggra %ﬁe aﬂpf)grt Whose'| egraorlnatlon ?‘%te %S%Ba grﬁ%o %ds ape

shchuthat Decomposition Ratgof Ends s 49, higher than, That of Ceotral,g o

Portion in vivo and in vivo Degradation Property Théreof By using a
hiaid-producing apparatus aredaiesing a privacticacithiRy-Aydiber, material
which is slowly degraded, a 5 tube having a diameter of 5 mm and a
leagthpafdbomanascpradaced igext ha tho stateref cozerng Hlesright haliaf the
the tube with a cold insulator, hot air was applied to the left half of the
wiberfore3dminbeesasy usitr acdrerlaerl, 2000V and 1OSC. Fuktherpirek  ends
after covering the left 10 half of the tube with a cold insulator, hot air was
APOIRA e FYREBRA of tHVulS ifthe 'Akfe MaRAercPhereBytattide the

that was more_exposed to the high temperature as_being nearer tq both ,
SRS of t?lr% tugg%vasg&%aﬁced{%heﬁ) l%% 166 Wa%}fmp%anteg thdeP3Cducing

%%ng@ gﬁgké)él@ﬁﬁt%%§§%§z ggnggt%%ég%#?ggggﬁ@négﬁﬁorts each

ted in vivo from the en the tube from the third week a

having the aperture difference between both ends. In

producing 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 £ilm multilocular
structure made of collagen can be produced.

Example 9
Tubular Biodegradable Support whose Degradation Rate

is controlled such that Decomposition Rate of Ends is
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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 20 months. That is, it was
confirmed that the tube, namely, the biodegradable support whose

egradation.rate inyivQ is higher as being nearer to both ends can . .
%:L %e%].l all nf%f(%Pr%%uc I%Ir?%¥%i EpOr([‘il&n 111 e\P vowﬁntg?? in Vivo

produced. Example iodegradable Support in whic

Eg%@gﬁgéiggugy%%'@l\é?in@lgggg)f Mixing Raw material which is - 50

slowly degraded in Vivo with Raw Material which is Rapidly Degraded in

Vivo to Bglay,Pegrpdation-gherept b vive: and Memberfor 1issuey using a
Regeneration Including the Support 5 The PGA-PLA tube was produced

by praducing-a tubedn (#iieh thé podactielacich(PLA) fldeswikhichdisgraded, a
slowly degraded was mixed with polyglycolic acid (PGA) (PGA/PLA =

50/56 (filver bumdke ratidinby esinga braiduprotiuding appawatas oo the cm  was
outside of this tube, to by weight of a 10 collagen aqueous solution was
RISt drif8>Fhis 1protBss Wak epedted BYDO A 1S obtiintheralf of

bjod bl t. Then, inside the tubular PGA-PLA _ .
FRodHABn T Slbpbri 195y REIGHE oF & coffejorFadueto BBaR to the

fle. apd immsgiatgly freege-drid to form.45, e tinAm myltlocylan, ;... o
collagen inside. Then, thermal cross-linking freatment was performed for
%A;ﬁ]@blrsv@t éﬁQpChOSOC. Furthermore, after covering the left
half of the tube with 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 wvivo
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 is Maintained by Mixing Raw Material which is
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and thereby, the tubular member for tissue regeneration containing 196
by weight of the thin film multilocular collagen inside and having a
diameter of 5 mm and a length 20 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 fbeag@e dog.(n.=12) . .
vﬁgg%%gnstéf é:dal()iyeésiné‘ eBF}Cgﬁ-PIy&%ém &t for |§astueeglal W)thh s

FeOSNRRANIOR./AS 2 £0Mql, 4,25 Jnm gerye detective,pati of NG NGAe reor in

peroneal nerve of - 51 beagle dog (n = 12) was reconstructed by using a
tpbular mambefortissuefegenerationdheraigafter-this s alse RGAing  the
member for tissue regeneration”) produced in the same method except
thappoPLA was mixed instead of the 5 PGA-PLA member for tissue
regeneration. In the PGA member for tissue regeneration, the tubular
structureTésul@@dt Béindintaiedan two adeks dafler thve rebomstrgctiontube in
and was degraded and absorbed mostly in one month, and by contrast, in

e T3 PLA nRABErE foF (it degRERtior, 1RERE vHS aiffostiffo. S 10WLY
change of the lumen structure even if two months elapsed, and the lumen

SRR P8 Hia BBEn A a B a1 GBS BvAfuation Fffok b oA/ P13 -

monih afterthe reconsiiygtion. the mechapical property of e BEAPLA, <5 ng
member for tissue regeneration was shown In &lg. 8. ¥he mechahical
Rropetty was measuraddyuzing JengjlondREM-250.drades 1y weight of a
collagen agqueous solution was applied and dried. 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 agueous
solution is filled, and immediately freeze-dried to form
the thin film multilocular collagen inside. 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
collagen 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 nexve of
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name) manufactured by ORIENTEC Co., Ltd. under the condition of axial
pressurization at 37C in a normal saline pH 6.4 at a crosshead rate of 1
mm/min. The 20 mechanical property of the PGA member for tissue
regeneration was measured in the same manner and is shown in Fig. 9.

geggggﬁgr_i %ﬁSi%thQ member for %Qggnggfggg\geegawy ﬂ%‘%g‘g e yputar

dation rate, it is preferable that the member has a farger méchanical

sleepath. 23 YWhen Figs, 8 and 9ate campared ag desoribed ghove, itdg -5 ig
52 understood that the PGA-PLA member for tissue regeneration has a

aiges strength ndheeasefdfadding thessamegiamrand dereforerealuced in
bear the use of a longer period. For the obtained biodegradable support,
meenbersdombttissde esgeperatioa inchaimg-£oliege mbiany varidusd of the
forms such as gel form or fiber form can be further produced.
PGrhétforaciiespreSent inventors HAREPEFGTRIE intensive studies, and

as a result, have found that when 10 the peripheral nerve damaged site

causing pain i5*&coristrtictBE BY B6ing thE mem &M or tisSREFEyenbiaion  the

ingluding the thin fim multloculay stucture, made of, collagen acgording to,
the present invention, the pain disappears after the operation. ;i% That's,

conveptiopglly, iLbasbeep knoythal the nerve connectiontube Ras 4t o rpeq
effect with respect to perception loss or motor paralysis of the nerve
defeetive in one month, and by contrast, in the PGA-PLA member
for tissue regeneration, there was almost no change of the
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. under 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 long
defective part Dby delaying the degradation rate, it is

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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site, but the present inventors have found that by using the member for
tissue regeneration including the thin film 20 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

E 11251 t of Pain by Member for Ti |
HEGEAation S Thcl g T P MURTBRIar Subtirs Wacs B one==cion

Egga%eﬁh%ggﬁ OJJ%%' gyggrstiggorgglae;elgﬁ;tgg%tggé\iﬁgt Wshe strain

finger w ctrical saw in"'a work accidentally six morths previously

angh updeMent Ae 5&5@@@396%@6&%@%#%@&%9@9 reeattached left

first finger caused intensive pain to make the left hand unusable and to

make higrdailydife ineprveniedt. Acedrdinglyidhe diggalpreive damegedrs for
site was excised and a reconstruction operation was performed in which
thessitec] O-wasceoss:linke diwitl thsimgmbel ferdessubaegagerationous forms
including the thin film multilocular structure made of collagen according to
thePredéntdfiveritiofih afd théfetdre L @ pamidibspperrédafteptifeduced.
operation and it became possible to use the left hand, and in the sixth

month after 15 then, the sense of the left first finger completely

recovem%hg%ﬁggm%%g[ the present inventors have performed
intengive studies, and as a result, have found that when
the peripheral nerve damaged site causing pain is
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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Improvement 2 of Pain by Member for Tissue Regeneration Including
Thin Film Multilocular Structure 20 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

e external fixation as-the initial treatment, After the 25 initjal freatme,
g%cfuéang.%hln ﬁié Mh%%liocugi &Fuc ure Ma e o?lgﬁkgagen

intensivé pdin éxpanded from the wrist “to the right upper limb, an

right upger fimb becarpg 2. disugs limb, The bone arophy o thefighfaceq nis

hand was observed by X-ray photograph, and was diagnosed as complex
regienal painssyndrome-CRRS £ fypeskh) The patientdest 5 k2¥g inweight work
in four months because of the intensive pain. Conventionally, such
eamptixregiohal pain gyndreme hizas beeasiuppesded todhedifficulttorbent a
surgically treated. The present inventors confirmed that there was a
disardercinmsietcutanesas branch of fewdghe radiakherverangd th@gbed left
surrounding nerve was delaminated, and then, the disorder site of this

ek twals didfded By btatih EitPwaEs réi?oﬁ%trﬁ&e&‘ﬁ%?%udﬂ‘e left hand

cross-linking with the member for tissue regeneration including the thin .
Rt Geulat Sructife mBEof cétten. c%%)Yding?ﬁE grghient.

Fe paltirﬁco% ore

2}%%%%88%@}9? OEﬁ'%en %?é&%ﬁs%ﬁé’?@éedggﬁlg?%g@teﬂ fer, awakeniel 3 ang

the anesthesia. X-ray photogra 2 months after the
apsration,Jt was copfirmgdthat the, was performed in which the site

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
possible 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 fixation as the initial treatment. After the

initial treatment, intensive pain expanded from the wrist
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bone atrophy was reclaimed and the cutaneous temperature returned to
be normal. The motor function of the right 20 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

he damaged .side and returned to a normal life. 25 Industrial licabilit
S TR 18 TG 14 Ut St of SoTaG ok Abcorchig fo = 2
RresenL invention has apewstpicture, different from cqlloidalifgem, 9gL g was

form, and fiber form. Therefore, when the néw structure madeof collagen
asssotding 19,the prasentinyenyeninusecher thesmember SOLHSSUe complex
regeneration, promotion of regeneration, shortening of treatment period,
ttngiionallrepavety,0fribe dike ofdroE8y tisstigrsticli BS.nervadisgsd, ient lost
subdermal tissue, submucosal tissue, membranous tissue, fat tissue, 10
Arusdle tissuewskiglissuenarfcbgingivaltiskge carbasemprdvetthe intensive
Furthermore, when the above-described member for tissue regeneration

RittHer in(FQaBEihE Bisdegrddatiie csuppeftPertissGe 1@ Be reddtidtateyndrome

can be further 156%% cted. When the, member for tissue regeneration

B@cordiig to® CifvEtioh CompHaes the dBbvE TR LY Created.
%%gm%%ggé%%mg%%gﬁﬁ$%gf@8&%@%%%@0@%ggd%%%re was a disorder
in one cutaneous branch of the right radial nerve, and the
surrounding nerve was delaminated, and then, the disorder
site of this nerve was excised by operation and was
reconstructed through cross-linking with the member for
tissue regeneration including the thin £film 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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support, a long and thin fibrous tissue can be regenerated 20 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 25 mamber, has %@%{rﬁe‘%u the disappearance. fU}QS p@é%{‘”g °Co11agen
so forth, ‘and therefore, the memberis extremely useful” medically.”57

MCSLLDR GLAIMS 1,4 thin o multiiogylar strygture, made of, collagen. - .t yre

obtained by freezing a diluted hydrochloric acid solution of collagen at a

freeze terpperatirg of =40 19 11-H00€anM thep freezerdryingthe sames2. rorm.

A member for tissue regeneration containing the thin- film multilocular
strsctuiecaecordingémclainhd. 3.nkde memberfontissuengegenerafion collagen
according to claim 2, wherein the member includes a biodegradable 10
support #nJ h& enerhigerfoetissue regersratiomaccordisgfo daim e member
wherein the member has the thin film multilocular structure according to

daim 1 thsRiEI& tubliRg Bisdedradable sipgpetion  of  regeneration,

shortening of 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 further includes the Dbiodegradable
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 tigsue
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

- 56 -



15 S. The member for tissue regeneration according to claim 3, wherein

the member has the thin film multiiocular structure according to claim 1

inside a biodegradable support having a trough-shaped form whose

section has a U-shape or C-shape. 20 6. The member for tissue

regeneration according to claim 4 or 5, wherein the biodegradable
SUPpdrPRiSa GrEAcht?e¥RE MeibelF i& 18&TERY enetatith Hcedfding useful
t% agycg%(:l of claims 4-6, wherein there is an aperture 25 difference

between éYaperture of one end of the - 58 MCSLLP biodegradable
support and the aperture of the other end thereof. 8. The member for
tissue regeneration according to any one of claims 4-7, wherein
degradation rate of the 5 biodegradable support in vivo is changed such
that the decomposition rate of the ends is higher than that of the central
portion. 9. The member for tissue regeneration according to any one of
claims 4-8, wherein a structure having a 10 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.

- B7 -



10. The member for tissue regeneration according to any 15 one of

claims 2-9, wherein the member for tissue regeneration is used as a

member for nerve tissue regeneration. 11. A method for producing the

thin film multilocular structure according to claim 1 comprising freezinga MCSLLP
20 diluted hydrochloric acid solution of collagen at a freeze temperature of

-70 to -100C and then freeze- drying the same. 12. The method for

producing the member for tissue regi%?@éjon according to any one of

claims 3-10 25 comprising immersing the biodegradable supportin a - 59

IMICSLLP dilutedhydrochiaric;acid solution of cellagen, freezing,theco11agen

diluted hydrochloric acid solution of collagen at a freeze temperature of

-70 to -100C and thepfreeze-dryingjthessame1 5684 hydrochloric acid
solution of collagen at a freeze temperature of =70
to -100°C and then freeze-drying the same.

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 includes a biodegradable
support.

4. The member for tissue regeneration according to claim
3, wherein the member has the thin film multilocular
structure according to c¢laim 1 inside a tubular
biodegradable support.

5. The member for tissue regeneration according to claim
3, wherein the member has the thin film multilocular
struéture 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 a
branch.

7. The member for tissue regeneration according to any

one of claims 4-6, wherein there 1s an aperture

difference between the aperture of one end of the
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10.

11.

12.

MCSLLP

biodegradable support and the aperture of the other
end thereof.

The member for tissue regeneration according to any
one of claims 4-7, wherein degradation rate of the
biodegradable support in vivo 1s changed such that
the decomposition rate of the ends 1is 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 freezing a
diluted hydrochloric acid solution of collagen at a
freeze temperature of -70 to -100°C and then freeze-
drying the same.

The method for producing the member for tissue
regeneration according to any one of claims 3-10

comprising immersing the biodegradable support in a
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MCSLLP

diluted hydrochloric acid solution of collagen,
freezing the diluted hydrochloric acid solution of
collagen at a freeze temperature of -70 to -100°C and

then freeze-drying the same.



