DESCRI PTI ON COMPCSI TE OF SUPPORT MATRI X AND COLLAGEN,
AND METHOD FOR PRODUCTI ON OF SUPPORT NMATRI X AND
COWPCOSI TE Technical Field The present invention
relates to a conposite conposed of collagen and a
cylindrical support bel | ows shaped
sgctlon made of a f|gzéﬁé¢rucig?§ conposed of

ali phatic polyester fibers with a nean fiber size of

nag
o5 JOR

) ; » e 0
of thePRSDIDO’DItDNnBFr smp@mmammmdzaw qoMbstd®n of
the conposite. Background Art RECent years have seen
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polycaprolactone or their copolynmers or conposites,
and they are often internally coated with collagen. or
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biological tissue and organs. Neural regeneration is a branch

of this field, and research is underway toward using tubes
composed of artificial materials for crosslinking between
stumps in the neuron-deficient sites of patients with ablated
neural tissue, to induce regeneration of the neural tissue.
Such tubes are made of silicon, polyurethane, polylactic acid,
polyglycolic acid, polycaprolactone 6r their copolymers oxr
_composites, and they are often internally coated with collagen
or laminin.

For vascular regeneration there are used artificial
'material“tubés made of polytetrafluoroethylene, polyester,
polylactic acid, polyglycolic acid, polycaprolactone or their
copolymers or composites, and these are also often internally
coated with gelatin, albumin, collagen or laminin.

For example, Japanese Unexamined Patent Publication HEI

No. 6-285150 describes artificial vessels obtained by
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injecting insoluble collagen into the walls of

cylindrical tubes nmade of a fibrous substance, and
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made of a synthetic resin, and heating thereof or further
crosslinking thereof with a crosslinking agent after the.
heating to construct an albumin layer, followed by
coacervation of water-soluble elastin thereover .and fixing
with a crosslinking agent. 3 -
Japanese Unexamined Patent Publication No. 2003;126125
describes an artificial vessel having a cylindrical porous
artificial vessel matrix, wherein the pores of the porous

artificial vessel matrix are impregnated with a gel solution

containing a biofunctional substance.

These publications describe tubes having synthetic resins

woven into a plain weave or knit as the matrix for an




woven into a plain weave or knit as the matrix for an
2 artificial vessel, nonwoven fabric.tubes forned from
a synthetic resin shaped into a filanment and roll
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from the standpoint of long-term safety, whlle compression and
damage to regenerated nerves and vessels is also a concern.
Also, polylactic acid, polyglycolic acid, polycaprolactone and
" their copolymers, while héving bioabsorption properties, are
problematic in terms of Young's modulus and stretchability,
and can likewise lead to compression and damage to regenerated
nerves and vessels. In other words, no-tubes are known at the
current time which exhibit superlor performance from the
standp01nt of bioabsorption, Young's modulus and
stretchablllty

These problems can potentlally be overcome by using
composites of elastic materials such as collagen with support
matrices made of polylactic acid, polyglycolic: acid,

polycaprolactone and their copolymers, but since
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conposites of elastic materials such as collagen with
support matrices made of polylactic acid,

pol ygl ycol i c-aci d, polycaprol actone and their

copol yners, but since 3 conventionally known support
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of 2. A composite according to aspect 1 of the invention,
wherein the fiber structure is a biodegradable polymer.

3. A composite according to aspect 1 of the invention,
wherein the aliphatic polyester is polylactic acid,
polyglycolic acid, polycaprolactone or a copolymer thereof.

4. A composite according to aspect 1 of the invention,
wherein the cylindrical body is a cylindrical body which is
composed of a fiber structure with a basis weight of 1-50 g/m*

and has a membrane thickness of 0.05-0.2 mm and a diameter of



4 0.5-50 mm wherein the spacing of the bell ows-shaped

section is no greater than 2 mmand the depth of the

bel | ows- shaped section is 0.1-10 mm 5. A cylindrica

body characterized by being conposed of a fiber

structure with a basis weight of 1-50 g/n2 and having
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grea®dd GRhl 808N ard the depth of the bellows- shaped section
is 0.1-10 mm, which method comprises a stage of producing a
solution of an aliphatic polyester in a volatile solvent, a
stage of spinning the solution by an electrostatic spinning
method, a stage of obtaining a fiber structure accumulated on
a collector, and a stage of molding the fiber structure into a
cylindrical body having a bellows-shaped section with a
spacing of no greater than 2 mm.

. 10. A method for production of a composite composed of a
cylindrical body and collagen, wherein a composite is fofmed
of a cylindrical body produced by a method according to aspect

9 of the invention, and collagen.



14. A nmethod for production of a conposite conposed of
a cylindrical body and coll agen, wherein a
cylindrical body produced by a nmethod according to
aspect 12 of the invention is inpregnated with a

sol ution conprising collagen dissolved and/or
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as a production nmethod of the invention. Fig. 3 is a

cross-sectional view of a cylindrical body according
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~ Best Mode for Carrying Out the Invention

The present invention will now be explained in gfeater
detail. The examples and explanation which follows are only
illustrative of the invention and, needless to mention,
modifications may be implemented which are within'the sdope of
the invention.

-‘The fiber structure used for the invention may be a
three-dimensional structure formed by laminating and
accumulating single or multiple filaments. The form of the
structure may be, for example, a nonwoven fabric, woven fabric,
knitted fabric, mesh, yarn or the like. |

The composite used for the invention is a composite
composed of the aforementioned fiber structure and collagen.

The fiber structure used for the invention is made of an

aliphatic polyester.
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of the bellows-shaped section is 0.1-10 mm, because if the
spacing is greater than 2 mm, the stretchability will be-

impaired when it is molded into a tube. The spacing of the

'bellows—shaped section is more preferably no greater than 1 mm.

The fiber structure of the invention is formed from
fibers with a mean fiber size of 0.05-50 pm. The mean fiber
size is preferably not less than 0.65 pm because the strength
of the fiber structure will not be-maintained. The mean fiber
size is also preférably not greater than 50 pm because the
stretchability may be reduced during molding into a tube, thus
impairing the elastic modulus. A more preferred range for the

mean fiber size is 0.2-25 pm, and a particularly preferred

- range for the mean fiber size is 0.2-20 pm. The range is most
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; l44 i i el.ec S d the_ forned.
: inverihol Inggﬁblzet g&g]rg\éghi% co 'e%#g%. éﬁ]&%ﬂoﬁsm%h %éan% ghPun ond

fiber
methqdc|adesl hdrlanimetiond. haviash hep smbientmethédeor the

. j i5tit)ed, of f f fib ~
B rl L TN —

In an;@exitontatie sgiutiing swtieod, dhsoBletdn oslestnsed

susprffyd W NEIL 80 I B8 CEIMORRI oL AN, LIBE Shen ot
an elgrctarostroriganiielol £ormgahime Sedsd aTes t ideys Meyndl Sige

' ' ted with thin film
B0 G2 e Bk CORLE o (2 AL

subs tsunasst &m:ét:obl'ﬂhﬁ:t@cﬁct r'@i’cﬁtc&g@s félﬁk&ﬁ:éﬁ‘fﬁé -h?ﬂ%m&ﬁmé q{dbt only
is.for etween a pair of or nore electrodes, and a

one havdng i SRIVARF B sl yiomypbieadic &t R oLt

to folti @ fididaSudtiire X ABlE, KASARLAS G dhdite Mtila
t.hree el ectrqodes, i.e. two high-voltage el ectrodes

containindyi i MU TION £9d Yaitel s The srlestansies usdk\Eemdthe
inventd oAV beAMREIP Y WHE Y of substance which '

exhibits conductivity, such as metal or an inorganic or

organic substance. They may also each consist of an insulator
coated with a thin film of a conductive metal, inorganic or.
organic substance. The electrostatic‘field of the invention

is formed betﬁeen_a pair of or more electrodes, and a high
voltage may be applied to any of the electrodes. This
includes, for example, cases using a totai of three electrodes,

i.e. two high-voltage electrodes with different voltage levels

(for example, 15 kV and 10 kV) and an electrode which is

grounded, as well as cases using more than three electrodes.
The concentration of the aliphatic polyester in the
aliphatic polyester solution according to the invention is

preferably 1-30 wt%. The concentration of the aliphatic
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grounded, as well as cases using nore than three

el-ectrodes. The concentration of the aliphatic

pol yester in the aliphatic polyester sol ution

according to the invention is preferably 1-30 vt %

The concentration of the aliphatic 8 polyester is
POquﬁQﬁﬁnxﬁﬂBI¢ﬁﬁr¢h%$ roanldssu Yhawchust? sbebaaseosuch a low

' t e c o for fib
concEMERELIANLET hhka TBECQLEILLALCUE il B Bilpycrure.
It 1aw&&3nnpmﬁﬁar¢bi1|mm¢ gra&tem tﬁmnr@&u&t%n@eéhbeé the

. truct ur a concentration o
eive JUE UL G r il b TEer TERLSERRE WIEL 88 foqnlSroe.
The oo tea Sdy esg tﬁ@chlibﬁ@tmtﬂii@lﬁ@ét@r Ofls OfotEe
' in |on |s a substance which dissolves the aliphatic
presaraiyle

t%r HEs® a boi l'ing point of no greater than 200C

athe chmeﬂii_{ﬂe HEERHE usdW +6 AR Ch@ts@7&t188 of the
exanpl es of specific volatile solvents there may be

inverHefn ched® rEthRianre o irh ddisenl veof bhen abipbabbs
poty Al etiorelng BERPSe J3oBERERE! ndfl R ot

tetrahydrof uran, Oopr opano
ordinggiye Rreis L -o>@mb ls:alcimmd tat ratCori de,

I hvlfo nan1de an
g%ﬁtonltr| %gﬁﬁégny preh%ﬁr%gf&e%%%g{?%ﬁg ge
_ mentmnﬂd@ﬂmﬁﬂhxﬂﬂnﬁ|qhioxiﬂ&u(ﬁhﬂmmammmmmpeaameonefrm@tmh@ol.

an sol ubi 1t f g al i phat ester. -
etharfie PRt ThgPianel Afudne B LA T oRe of
1,1, 3*%13H3*hHXﬁfﬂkﬁxﬁiﬁfﬁrﬁﬁﬁﬁﬁm IWWE@&JOD ?Eﬂiﬁ&aneh carbon
sQl.vents nm so be use rewith so long as the

tetrah I e Rl rten CYal cAR A R (Y- The
dlmeﬁh#ﬂﬁhmmaMIGEEhﬂﬁlaﬁeﬂhﬁﬁﬂﬁiléC”1Fﬁrﬁi&hléﬁﬁf@@ﬁ@ferred

rals used .n Figs. 1 to 3. 1 Solution ejection
am°ﬂ%3’3%3ee areg e e §§Hﬂ1?3cﬂ+e hotRAGHPERHR and acetone,

from ERCisedRigoibarf SiIsimceE B4 eatd "l':ﬁl_fﬁ_l%‘%:[@dﬁolyester.

These solvents may be used alone or in combinations of
two or more. According to the invention, other solvents may
‘also be used therewith so long as the object of the invention
is not prevented. -

~ The following is a brief descrlptlon of the reference
numerals used in Figs. 1 to 3.

Solution ejection nozzle

Solution |

Solution holding tank

Electrode

1
2
3
4
5 Fiber substance collecting electrode
6 High—voltage generator .

7 Solution ejection nozzle

8 Solution

9 Solution holding tank

10 Electrode

11 Fiber substance collecting electrode

9



6 Hi gh-voltage generator 7 Solution ejection nozzle 8
Solution 9 Solution holding tank 10 El ectrode 11
Fi ber substance collecting electrode 9 12 :
Hi gh-vol t age generator 13 Thickness 14 Bel | ows-shaped
section spacing 15 Depth 16 D aneter Any desired
12 Hiﬂ@rﬁ@dtﬁﬂF igenggFa@toor di scharge of the solution into
ctrostatic field. An exanple will now be -
13 ThH%%P |%ed with reference to Fig. 1. The solution 2 is
14 Beidp;wlsre&haip@daswz:zlom aphcinguat ed at a suitable
15 De&gﬁ}tlon in the electrostatic field, and the solution
drawn fromthe nozzle by the electric field to
16 Diftmemeax fil anent. Any suitable apparatus may be used

for th| ) and f exa , an injection
apsisod Batbad iy fe fseddsn dlsqhdrde o the
solut‘i@;'nt aaezoaﬁ_mlel %de@tr%%rﬁlfﬂd FHi@IPLANAS USinmS @ will now be
hi gh-voltage generator 6, may be set at the tip end

explagmechwidly imederemce 461 ®idon thol Ehey sk ipmi2 e
'suppl':l.@deq:tootah 23 1N aneP 4t edj'a{te cai)%:.ti{%ﬂlrée gt idif in

of e € ection nozz aced at an
the edgptapsitate dFsedtoe ncrthe gdtde Hisbetravgyindde

nozzl%ob#gg:&lbn%l%lc%‘ijlh df%.e%.d f]tg) t‘fE)q‘.tn} aabffll?l.ec{ e qut W élfitable

et ween etip a ance
apparadhise oiaiyndpe @Isedt rfode thisheunduesesoland cﬁorz dm@lse,t e

inecki? el M-SR e L cenildn Hedar £
volta@eonb@ﬂie@fbqhapyﬂdgnxntanneaﬂsxsdﬁh|anraxhﬂgh#vdxﬁage
sener it bR b e i el g 4 Rt
soluttmnledang Elaaksd e:fcmﬂllinmﬂ‘oﬂ, tdnds s hosliutsi drhat
dlrecte% %ro@ et% rTUStThe tip of the ejection nozzle 1 may be
- placed at an appropriate distance from a grounded fiber
substance collecting electrode 5, so that a fiber substance is
formed between the tip and the fiber substance collecting
electrode 5 when the sdlution 2 leaves the tip of the ejection
nozzle 1,

It will be readily apparent to a person skilled in the
"art that fine droplets of the solution may also be introduced
into the electrostatic field by a self-evident method. An
example thereof will now be explained with reference to Fig. 2.
The sole condition for this method is that the droplets must
be held at a distance from the fiber substance collecting
electrode 11 which allows fiber formation to occur in the
electrostatic field. For example, an electrode 10 diréctly
opposing the fiber substance collecting electrode 11 may be
inserted directly into the solution 8 in the solution holding
tank 9 comprising a nozzle 7.

A plurality of nozzles may be used to increase the fiber

substance production speed when the solution is supplied from
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“be held at a distance fromthe fiber substance
collecting electrode 11 which allows fiber formation
to occur in the electrostatic field. For exanple, an
el ectrode 10 directly opposing the fi ber substance
col l ecting el ectrode 11 nm inserted directly into
the nopzle) iR %ntlsei‘?ﬂ-%‘ﬁ*ér%%tﬁ%liénfh@l@rngTh@aﬂkSQance between

the &Pé@ffédé‘g ﬁli‘fzééﬁer?? @éfkﬂ ghw af EﬁéZhsngBy be

used to I ncrease t sTance production speed
dimengieons hethel spioning sopptien fiow radet Ardnbhkel spinbbng

‘ T anc yeen t he
501u£$5%trod%%ﬁ§%$$i%% g%gon Fﬁsgéﬁé?ggg ?h% 892%5
apprafynomse ofysr awmusplmnng sPhat ebactroutaaie ﬁﬂﬁehhfal
nnl solut n conge t a |stance 0
a1 884 JPLEF, oSReda] £7 FETE°A0 Khouprogexb Lyna 56 k¥ ana
more qj,mfes.mmmls potEent i arhea@@biﬁsa%bteﬂ@ﬂ31ahb BE created
-100. kV, greferably 5-50 kV and nore preferably 5-30

by aﬂM FHt ke raethRiential may be created by any
M4 abkS1 4ed H0sh Jb@eﬁxabaaetignf&vga abg €rb§ef8%% gn

el ectrode also serving as the collector,
Serving Ahgthe FHbleckrT echst amyember semvinugbeswebe t he

collé‘éﬁ% r Sbélssftu&?%a 85l e SEPAAAL glééf.’?%ﬁgg as

el ectrodes. Al so e shape of the co ctor nay be
collegliqetsepaerie fxon| el eleptredes. t ubkso, | thadshapenot

.the %ﬂlmlrﬁay abé)eééi g@@&d r{:gl%gg%/dbg %lieet or tube.

tween the electrodes as a coll ect 0 a
In additiomouor pexatuple ona wetbfdhmgedcmaherimyemayone set

Vv S i ons congditions
vetuqglf| B8 H o R S D PR S0 50R Co oS HhEN EPPELYPNS
produdnmpﬁorn1ng a fiber substance. At ordlnary room

(ﬁjrl ngy :Elij%e %er}i?%zﬂll%%ﬁl?%e Elb%rsr%)% b 1\{3 %ﬁﬁ?%%*tfgﬁ o)
respdﬂnb(xﬁIthﬁ(ﬂondimﬂoﬁmemeBMﬂﬂ@enadl®©1§ﬂriseﬂeﬂﬂﬁ drawn
vo o liee Bhesspt s, SOl 1LOnS LT, eYabo el 20 oy
room CHewp it thiztd , Ckﬂéﬂﬁblﬁbﬁﬂewﬁyﬁp@E@% 1iOFe1PeboNbOFaPé during
the gégiéﬁﬂﬁﬁ¥glz¥£Lt§E%g%§§§§|ig égliectg Igglghe collector
but the drawing may be carried out under reduced pressure
conditions if evaporation of the solvent is inadequate Also
the temperature for drawing will depend on the evaporation
behavior of the solvent and the viscosity of the splnnlng'
solution, but will ordinarily be 0-50°C. Accumulation of the
fiber éubstance on the collector produces a fiber structure.

The method used for production of a cylindrical body
composed of the fiber structure of the invention is not
particularly restricted, but using a mandrel which has not
been mirror surface-finished as the collector for
electrostatic spinning is preferred since it will allow more
convenient production of the cylindrical body. Specifically,
by forming the fiber structure to a prescribed basis weight on

the mandrel by electrostatic spinning.and then removing the
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solution, but will ordinarily be 0-50C. Accumnul ation
of the fiber substance on the collector produces a
fiber structure. The nethod used for production of a
cylindrical body conposed of the fiber structure, of
the invention is not particularly restricted, but
fibelusﬂtwguatmmdfnedsm\/\hﬁl@mm@btwhbbemmlntmimng a suitable
rf.ac ed £, t he coll r for ectrostatic
aegredlof ELILH PPl Bo fRA S £F ) oty st obtatn
cylirnchmxmﬂ. Mdprmwg cal ipé1ldwes cyhapedi skt bedy.
eC|f| ormn the fiber structure to a

R e RO HRE T SBrths HesRaRe f ¢ pBreferably 0.2-5

. or grd#dr 04 iffosdi pie ferabity t Nes- §@§Dyi ng the 11 fiber
: structure fromthe mandrel while maintaining a

Jhempike fHdpresbrustiee i bn, removed pbeem btleetr@andrel
havnfgpra/eéﬁﬁfﬁﬂl/e oD pE @ r&Y Pxﬁ‘géé cal oy ﬂ?é/d ?h it is

bel | ows- shaped secti on. e surface roughness
prefarufd} dio iapplefskedsy only o oongread cof tinel ftbber

strud il abhye 191‘5%4919 t%de fo@%é he: LLOEL-SHE um#éﬁﬁécg%%ed and

renoved Trom t he nman avli ng a sultabl e
the mét;wg:ﬁieswabedjm i bedtlbovEredtion toref@rties $ecured end

to_,one end of the fiber structure.
to ap%ﬁ.gl té;éS? Cfrh %e‘fh%ifr ure may be secured and
tptiesamndrem ha |m@mtstm¢mreii iectofed ¥¥Rr€thd Neandrel
sfress o to that end. Al so,

by e ANG ORI, P T8 Soer et (TR TREATSI hey

mandre 1e citrr ctsmta:crammagnal dBrdéef e res om0 ah&rd he
fanr i:l unferential direction to forma
uni %‘}&Y ;CFP rical body. The cylindrical body

Qbie&lldiﬂd.rﬁﬁﬁﬁiﬂl NpdP dbeaidEHéMraiRy 25 ﬁﬁ@dlnventlon
al one, but it nay al so be used in conbination wt

may b MSEd@iantes: Rt dadbig BEShhriivsed |in ycmbmm*@xon with
other @HURS A YIRS of HarfdBIR £14 Hl%f‘gré&]flred

cylindrical body wth an elastic bo
rerforganggen diox xXannde ., iRy ucsomtpvgsmg)@q o:scbnsi:rml dody

with mra&&m By Gnffd 'J@lccﬁl.fasg}dérf'ézy 1% Sid engf hy

source of t'he coll agen use or t e i'nvention Ts
possqhye to construct a member exhibiting optimal elasticity

and strength.

The source of the‘collagen used for the invention is not
particularly restricted, and it may_be derived from any
organism such as a mamm%l; bird, fish or the like. Collagen
produced by cells such as bacteria, mold or yeast may also be
used. Organism-derived dollagen is preferably mammalian
collagen, while collagen from cells such as bacteria, mold or
yeast may be a recombinant form obtained by gene manipulation.
There is also no particular restriction on the chemical
structure of the collagen, which may be acid-solubilized
collagen, neutral salt-solubilized collagen, enzyme-
solubilized collagen, alkali-solubilized collagen or the like.
.Any desired amino acid sequences, such as telopeptides, of the

collagen, as well as saccharides bonded to the collagen, may
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P

particularly restricted, and it may be derived from
any organi smsuch as a mammal, bird, fish or the
i ke. Collagen produced by cells such as bacteri a,
nol d or yeast may al so be used. O gani smderived
collagen is preferably mammmalian collagen, while
be rembvedeiepemdingl bs Shehpaspbest 6f i @se TOAHdOAte Y6881 1agen
be reconbi nant form obtai ned by gene
is pFﬁ## tion. There is also no particular restriction

CWhémeUQbG£@£Eége§tigciﬁéfaﬁgdtfﬁbﬁoéﬁa@fganﬂQhChtﬂgﬂe are
be aci d-solubilized collagen, neutral

no PREYICUIINGT YeC EbPRagen, ten yethod opfibispatiion. The

‘soluﬁig|éﬂﬁﬁbnéﬂé§“éxﬁfﬁapéh'ﬁffhcéi&éggg 8&1&58 L:¥8tions or

Any desired am no acid sequenc such
aquequﬁcﬂﬁ#ﬁlxnﬁ;SQﬁuti@mSc@r¢a@@mﬁenme@efbrasseaccnhe|des

conn BN LRI 591 LEOERG, IR AR LOIBASEEPLY 9 B0

form Wit ran I’mmuamdm | solat beh foonaqieoiganlralinder e

artlcular estr ctions on the met hod of
: SOlm?{sgf at'] on. ltI'hjé %]6?% ‘%:o*fﬁ)olfﬁg?ﬂ‘ée %“T’ BXERS i 19w

mo L e @arlen Uisore i teh Qi:Ba)l’yﬁi@ntSr Ofon aspE@Iasgal kal i ne
eferred for use. The collagen

| utions p
S TRy T TR TS GRMRAHE S 9RCERG FHbehe

strudtafis ein@recEems ActshEine! +8 | e O nPahieLys fskaline.
solution, but it is preferred to renove the excess | ow

prefepatly) the Tl aying rgthed or Rrfesahhyiged TOBUkbOmsOL
the é@rlégadnmgmé@mléﬁ & spdiesdd bEE aftd %ﬁéﬁ%

| agen according to the invention iIs pre
501"?151 P rRanfied pieker e iben o trnobune allitﬂaethen fixed

by attoldBge otk ssotysd @ﬁgﬁoﬁsdbégﬂ.ﬁgber cFods 1R ARY 1o 3[ edrylng,

solvent is inpregnated into"t structure -an
to fomed fGodddgaly netwewsst one met hod such as gelllng,

Cfrpst?'lléqiﬁd'& Orindri%ﬂé' ?Jliaggeéﬁjod%so?cﬂésgleg ﬂlgé S%? uGRt it

In this case, ves int
may hbe utidyizssl &g |d el kagen cx:dJlngmn,sdmllm itandoéd ndt

assd19% 0 cnd AR, 0 WSy 30 AU el O b 50,
Alsc.diwskmi vepagrtisae|dfs ﬂhﬂ\collagan dissolves or swells but
does not completely dissolve, both the solution and dispersion
may be utilized for the invention.

' Any solvent may be selected, including water, amide-based
solvents such as dimethyiacetamide and sulfone-based solvents
such as dimethylsulfoxide, but water is preferably uéed. In
addition, an inorganic salt such as calcium chloride or
lithium chloride, a polyhydric alcohol such as glycerin or
polyethylene glycol or a surfactant such as glycerln
monostearate may be mixed into the solvent 1f necessary.

There are no particular restrictions on the method of
impregnating the collagen into the fiber structure, and it may
be carried out at ordinary pressure, under reduced pressure or
under pressurization. A die may also be used to form an

appropriate shape for the cylindrical body.
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does not conpletely dissolve, both the solution and

di spersion nmay be utilized for the invention. Any

sol vent may be sel ected, including water, am de-based

sol vents such as di net hyl acet am de and sul f one- based
solvents such as dinethyl sul foxide, but water is
redflaingh| i &k ogefiung hexahy athé neshaden sks tgeslibed by

heatJ. Cg.ﬂ'léfé Suc@i‘é:"—c{i dé:t)rﬁ{lﬂlérm ur@u?cli] %éf 'afe poé géyrdélcular

as glycerin or ene gly
restrsmtfnam‘samnstm BRgEntcardend fm:nqsu e-mjamtnmyt be m xed

into the solvent if necess T e are partlcular
crossp ity ARSTH s e B e TObiSahrTh (heonpoda
havingoltwagenr indiee thendt arals tgrmipk evhaeld ddn r@é/acbewn_th

carried ut at ordi par ressure, under reduced
collagetys %ﬁ]c%?eﬁﬁ%%%c{imau%rﬁ 0T BAWHER 2 he

carbodSQehilde fgﬂ‘éﬁﬁﬁrblalf&)r&ﬁr[p(ﬁir?d SPERe 4PTadbBrEYed i Abup .
: body 13 Cel is a procedure whereby the collagen

|T§’egé?q3é€P€!ﬁﬂ %&%qn{fgfqmdm G ukhel cobhrgen cﬂ@lu"amn
alspetxla;elro% Ype é@nf—aééiﬂicﬁ-f #&&éﬂg? #é@ 5L €898 ana no
OSS Il NVO

used for pH adjustnent. ves reacting
greatege tdwin akfb?ﬁ wikth is mmfemhg imothe mange of at

f (Hﬁﬁ ggg;s 4 eact with collagen, and
leaSti ténlczté preferr use -3 corrpound wth a carbodiimde
Fiheu = yilri redcioreplo el dils o sed i vie ‘dsd epregenip. ifention
ol4l cent atlon of the golla ol uti
may B IyRRIAARE S AATOR | S TP Tohst
lyophﬁ.l];.%eam:bm argraest gatthaulloty | tesisri®ted p r‘@j’e g ferably

the lﬁ?t@&r e of at | %gsé?%gmﬁ}be% ég%ﬁr than 80/& the

vacummvdﬂgnéﬁ1dm&wn@elfqpmiﬂiiiEﬂoﬁf1Beﬁ63§@éﬁtethhan 100 MPa.
& dltlens for, lyophilization are not particularly

ITh tgf‘*& Y heths doki et Ak Femture ‘may be
a porbﬁﬁp&icﬂ:ﬁmr@példfﬂnﬁlcgh%é RAfrpdde . anthd Nee tIVAE U form:l.ng

ree during ph|||zat|on|s no greater than 100
poresyay Bite R UHT ARGt Pth RO i BOF2S
produlRy bgr l?c?ﬁ[ﬂl@afﬁdﬁ %%@rzﬁétg R 1A P fOSQasd N€ The

0 orm

met h pores is not particularly
collagegy mayt alsq P @A YCInf gthich are soluble in

organic solvents, and a method may be employed for their
subsequent extraction with an organic solvent. The fiber

surfaces may also be coated with collagen for maximum

' utilization of the spaces of the fiber structure.

The composite obtained according to the invention may be
‘used alone, but it may also be used in combination with other
members for reasons of handleability or other required
performance. For example, additives such as glycerin or
polyethylene glycol may be included in order to increase the
flexibility of the composite as a whole, or proteins such as

growth factors and cytokines may also be added.

[Examples]

The present invention will now be explained in greater
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produced by |yophilization are also desirable for use.
The collagen may al so contain particles which are
soluble in organic solvents, and a nethod may be

enpl oyed for their subsequent extraction with an
organi c solvent. The fiber surfaces may al so be

detaibathrowdl htlhe| faybowing ewanples, uvithzete omdérsbending
nposi t e obt ai ned

e er_structur
thatzg@%rflé%P%fg?h% i WY é%?|%ﬁyn§§mbgedug%dt%ﬁ%ﬁeexﬁﬂ? 1eg-
ﬂﬁye ghsby bec tise dadid cOmd: s 0 ®D) Wasbd Oiﬂilefheé'@r@ﬁérﬁples is
reaso of ha dleablllty or other required
a Pr%‘g?% Shnayinads AtoLiep i 98¢ EieHekhylsRe rchloride
(hlgmrgrapd)éyaﬁé’é(dleﬂ? gl ucBYobewhRs! el cRemidel to
increase the flexibility of the conposite as a whol e,

Indugfriggiefns &t&h as growth factors and cytoki nes may
Y1 &ddpd. [ Exanpl es] The present invention wll
now be explalned in greater 14 detail through the
foldene R xergared WY Mmitbngnteg st Igladctiane abbd and

8 g dEMERALTeAS A Ao AR e BT os 18
appargtys wum ad Svwradizu Rigpor2atwas esse@ntbit e miilyd enes
asscrifhl &F crid A P18 e ef BEREHEas oo hlietHas
electpmeimrfed( Dymomi &d amge tlery, af0 P ahy | B €h ACT 6L SNslirBa Ge Of

h ene chl oride room t nperature (250) . An
rougtffd) Ml LA AL R e DwG TS time, the

collerutrnﬁgeSeI:éctﬁb&s: rRrvees @oﬁél@e@oim | ©pin th acHd ber
electrode 5 (2 mmdi aneter, 200

'*Vi#) st ance c%{ectl n
circyharaitial Alectithce The MR I 1anakarn mf rdiat¢dpction
nozzlal BGEHI. Uik NEH o 1 $de 1£0ky eféﬂdlgtrﬁl. efl PS8 ce

5 was rotated 150 rpmin t ci rcunferential

£rom FH& Q1%HE 1o dq7HIE i et bibenesghakanaem cabketeing
electkots PwhdMo (A VA ase %é%%ﬁpsuﬁéﬂﬁ@nce

fromthe ejection nozzle 1 to the fi ance
- colleghadke @t ddie diikay sadsanee pkiscting elkofrade 5 was

' ‘held fribRls daiGldd & finger while the Fiber .substance
collecting electrode 5 was pulled out toward the end fixed

" against the finger, to obtain a polylactic acid tube. The
obtained polylactic acid tube had a diameter of 2 mm, a length
of 20 mm, a basis weight of 20 g/m?, a bellows-shaped section
spacing of 0.5 mm and a bellows-shaped section depth of 0.1 mm.

The Young's modulus and yield elongation of the obtained

- molded article were measured using a Tensilon device {INSTRON)

with reference to DIN53507; 53504. The results are shown in
Table 1.
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o

collected at the fiber substance collecting el ectrode
5 was held fixed against a finger while the fiber
substance collecting electrode 5 was pul |l ed out
toward the end fixed against the finger, to obtain a
pol yl actic acid tube. The obtained polylactic acid

t ube HBable diahEsE¢alﬁpﬁprWtyavd2nm@thoromaﬁﬁrﬂnns a

0/l ~D A hAal | OWS ch r*l seeti-o

=

basts—weiaht—ef-20 2—arb WS ped_seecti-on

spaci ng et tﬂﬁ y Bpe | B $13h2 g%% e%?}iq‘b%us ptol ;;;tdlo
of 0.1|mm The Ypu gg/ hnoduluihg gdylel Qgpgp ﬁ

of the|obtained np artjcle Mﬁ? nEAsUr Si

Tensi | pn devi ce ( NSTRCRD mﬁp%(&ﬁ erence to DIN\3507

Examp§é5P4 PHEyIESMId B argp sopwm 71 ¢ gabte—I— 15 Tabie—15;
Physi cal psgeperty|values fpr materials |Material |[Basis

ExampDRagi N of yvoung [ Yighd rght g+ ows- nogglub 30

Comp . 8k0N0Al PETy1d&HIF) ShHaped [VPa) % SEeqtiolyg 5
Exampl e 1 Redgylactic 20 0.5 20 50 acid |[Exanple 2 " 40

A4

19%}

Comp.8x> 35|30 Eonp EX. 1zd’0l yj acti &3, }00 0.9 I7fhd acid 19

Conp. Ex. 277 20 3.0 100 10 [Exanmple 2] The same

treatnment was carried out as in Exanple 1, except

tIFHAMMHE dsi s wei ght was 40 g/ n2. [Exanple 3] A 2
MR AR AT dAGhaiRs Wl rl§e?£3§féh Qo &sbeup% $ic,

acid tube obtained in Exanple 1, and this was T1xed at
excepthdhatehe hetsis wekaht Hmg o40 tabse. A 1.5 unit vol ume

Afe:anfpifd & sol ution containing 260 nmM sodi um

bi carbonate, 200 mM HEPES and 50 nmM sodi um hydr oxi de

wa s mn)cei;i-ametttera oyl wids Nesingariofd 3% tirigpubylaghic

.‘ ao:Ld lé&beCQJﬂt%Q.%dS%IytE}%nxpfe Kf)keéhépathlé‘tvgas fixed at the

center of a 3 mm diameter tube. A 1.5 unit wvolume of a buffer

-solution containing 260 mM sodium bicarbonate, 200 mM HEPES

and 50 mM sodium hydroxide was mixed with a 10 unit volume of
0.3% aqueous (type I1) collagen solution by Koken Co., Ltd.,
while cooling on ice, and the mixture was placed in the
holding tube in which the polylactic acid tube was fixed. A
procedurelin which the external atmosphere pressure was
reduced and restored to ordinary pressure was repeated three
times, and then the tube was kept at 37°C for gelling. ‘After
gelling, the 2 mm diameter rod was pulled‘out and

lyophilization was carried out to obtain a collagen

cylindrical body.

_ The yield elongation of the obtained molded article was
measured using a Tensilon device {(INSTRON) with reference to
DIN53507, 53504, giving a yield elongation value of 38%.

[Comparative Example 1]

The same treatment was carried out as in Example 1,
except that the basis weight was 100 g/m?.

[Comparative Example 2]

The same procedure was carried out as in Example 1,
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while cooling on ice, and the m xture was placed in

the holding tube in which the polylactic acid tube

was fixed. A procedure in which the externa

at nosphere pressure was reduced and restored to

ordinary pressure was repeated three tines, and then
excentmihmmeaw@sfﬂﬁxﬂnatfﬁﬁﬁrfsmbgﬁmmmmgcoEieetlngeélengrode 5

| le
(2'm$yoﬁﬁn$@%atlon masf@é?gﬁidqghfr?5o%%fg?ﬁe £ BiFagkfurface
roughngssndr+@al - Dppywadhesyd el dried ongid | ere#fméhe W8S ataeflied

out 4 T HRGTRAS 1 1 CRErERE oSt HRAEBeH nE SRy by aeid
tube &l dh dongatyeigiyal o8 96 FBRS ar{dc%'%l%.tdv@ée—s@% %ectlon

1] The sanme treatnent was carried out as in Exanple

.SPaC¥H%éﬁ§:3H%ﬂm?he basi s wei ght was 100 g/ n2.

[ (esmd fﬁﬁi%éfﬁﬁgm%;EZ The same procedure was carried
out as I n Exa except that a different fiber

s%b%qxemcveas:cnlrmam@ ky geixine 6.5 (@ mﬁnmhymaet;c 28614
and 1"6“9{1%%t1&t féﬂ)é fftfe fé (;]cinqs m ratux‘:mghnfﬁs ope

used e sane 2 CArT ed
was pEcked Exdiplan JHGfSum]ray h}un t herebiat nefl 'pmh;d;acrmc )

h SIS ht of 2
havj"ﬁ a}dovvs 5 apaoese(t:)'ia| o(i’] é)fgb ?ﬂﬁ pressure of
0.08 [MEaEarsatuses] E«m‘rm.‘eovﬂing\ ﬂom mwmegeml B N Kafgter

od. s PSR O RO SR, O iR St HRE ke

removetd @iEM, l'ﬂ&cﬁilﬁﬂirﬁg/ éatﬂhtﬂﬁ ;Hjbﬁi”c@fréraiﬂaﬁ&@ A&Cbellows-
ving a nozz erture o nmm_and an air
Shap‘%f Aot st G5 B Parth HENOIH O 140 | A nd 2

thicKrds 0¥ 3TTi‘ifm di aetLrwad Qtked N ff&ﬁﬁ été&ﬁéé’ﬁffte with

formed on the rod surface was renoved off, producing

collagen pd} the FAME SAMRGT 5 FHamuke Shand teetybeldand

elond%?c\&.d’ig vadaRlSswRido Ofe S 9/ M2 and a  thickness of
.3 mMm This was used to forma conposite with

collagen in the sane nmanner as Exanple 3, and the
Industh8ldl Applicability

According to the invention it is possible to obtain a

collagen/fiber composite structure exhibiting excellent

stretchability. The collagen composite may be utilized as a
vessel-substituting material such as an artificial vesSel, or
for regeneration of nerves or urinary ducts. It may also be
empioyed as a cell culturing support in a test tube, or as an

experimental material for cell evaluation.

17



el ongati on was .neasured to be 8% Industria
Applicability According to the invention it is
possible to obtain a collagen/fiber conposite
structure exhibiting excellent stretchability. The
col |l agen conposite may be utilized as a
ClalN®ssel -substituting material such as an artificia
vessel, or for regeneration of nerves or urinary
ducts. It may also be enployed as a cell culturing
sdpparﬁomppsitpespmmmﬂﬁ;ngopok&aqﬂm apfperéyemntiaical support
matrBLAkKhakL }ggflcﬁi%l SN lé%'i:‘t@ﬂn ﬂgde%l %fﬂbeﬁa%?ﬂ@@éﬁé e

rising collagen and a cylindrical support matrix

COIHPW%?O& Béftpmlcsm&éasg%tﬁ R fradetbfa alermb%%ber size of

0.058$0 ygt.ure conposed of allphatlc polyester flbers Wi th
a_mean fiber size of nposi t

a8CoﬁdF?EP%§}§?IﬁFﬁ?ﬁglgﬁhEPe?}F%¥hﬁd WPfﬁﬁln §?Fﬂc¥%ﬂ%§ is
struattb:neodegaald:adaie@rpdhwmrpoliﬁmeﬂ conposn te according to

clal ) Londhenel DSBLSLPRRLLg POLXEILEL L2,

_ on col T ac| i d, ycaprol act one
allP]@ﬁrtlaF Coput T isheebpfact4c Nt@wm@éwgéymlcm dchg. t o

pozy@é@dna&om@%@wc\%ﬁ nd&Y ldh@debeal body is a
cylindri cal is conposed of a fiber

st4r ult GPEPIF TR écsaéﬁi@%Ogﬁtlabm B stregriR s has a
cyl inerhraneotii cgrhe&q;mhﬁel@a'sl Q)O&ynﬁ?@-ﬁlﬂ Jasbd:loﬂlﬁsg&ﬂ hcsxf ad
... 0.5-50 wherein the spacin e _be shape
£ibeD SEITTE W Gy RAPLF A C20hm 2 F/Fo HEDPRTOF | he
memb tygld G:\M'elsltmfxecbfsec%fmz ms 8nd - al@i:n.rzmsetér & oybibemrcal

h [ y K e
Wher@ﬂ?ﬁ%&hggg §%<%$4g% %Flp tlggggﬁy%%?%¥ﬁhnth§% basi s
greappy gin gf mi-Hu ghepdapth dvithg hehbobraieredi ekeides
is 00f-10. 85-0.2 mMmm and a dianeter of 0.5-50 mm wherein
the spacing. of the bell ows-shaped. section is no

greafeFYt HEF Z3inPahy 1R 2GEpthzed Rih&ehBF| SIRSIFEp e
a filsectsit@nctGrd . redk0ofman @llﬁh@vyid: ndiyeatebaghyhaacpsshiN@greight

of llé%) (E_.‘Jl/lanh r‘rf‘:]¢n5df h‘é@?ﬁg' n S%rane thickness of 0.05-0.2 mm and a
diameter of 0.5-50 mm, wherein the spacing of the bellows-shaped
section is no greater than 2 mm and the depth of the bellows-shaped
section is 0.1-10 mm.

6. A cylindrical beody according to claim 5, wherein said
cylindrical body is a biodegradable polymer.

7. A cylindrical body according to claim 5, wherein said
aliphatic polyester is polylactic acid, polyglycclic acid,

-'polycaprolactone or a copolymer thereof.
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cylindrical body is a biodegradable polyner. 7. A
cylindrical body according to claim5, wherein said
al i phatic polyester is polylactic acid, polyglycolic
acid, polycaprolactone or a copolyner thereof. 18 8.
A cylindrical body according to claim5, wherein the
me@n X idyéindyixmlobodniabcyindricalabody, iwhede05-8¢

mean PFped- sﬁén%tfhgglcﬁ cgylﬁﬁggyc_cil %d9f1§ OCWSLf)]@“ﬂnPa] body
conposed o i ber structure with a basis weight of

1-80 gﬁnﬁeth%ké?%iHr?¢RF§ﬁ9%:Pﬁgao@y%ﬁﬂgrbéﬁ} lYshaped
compcs:eecd io@Nal 515& sgrealtte Whan 2 yaviandeidie depiismiy/mhe

WS - sha e nm whi ch nethod
uner g8 N0 SBIEPEE 2 he e vl naite P s
greatdy plia ¢ polayebttée depih \wdl ahel ke Sladwsenhaped sﬁuagenof
' | t at
ts 0SPLINEAQ 8L, SRMbLON N AR-CLeC 153! bEoaRl A B0
solupberumfl avedl Brhataccprl getter, iand ‘aolsattaée 8¢ lvmiitdi Bg

stagéaw sfﬁlaﬁﬁn§t§é«i@i 4heut 80 1R Gl éﬂ@éﬂ&%ltala;@gysﬁ%wlﬁg a
| ows-sh agé section with a spacl ng gr eat er

meth?%farﬁ FHRE 9. OBk ateL RSB A F P Hr &&aeﬁw @fccama s ite

a coDDEn.’p:(IS:edaﬂcfi a syl aﬂrm@]ailniqodylanﬂlm kagenunshenebn

npQ forned, of a c I|n ric bod r oduced
= ey B RS Ao B PhITE nelnefardhib BRGh il PR ¥

of neettrsdefroth@r cdweti on of a conp05|te conposed of a
Cyll(b nqlf lm%@hocﬁ’oﬂyr @di&géh gee. aV\@cﬁ{ 51t@ ﬂo@gﬁl 8@'

produced accord| foclaim9is

cyllﬁl%r@gln&@éu g woléagenutwktﬁreé@nﬁr P%ngﬁléfﬁl i & gEprmed

of a%ﬁaeidf@daarwcqx poaRed s g, |anm@th<§<9|a\(:%@>§:dl dd heniat
E one nmethod is enployed to fix the ol | agen by
@i n39°%r ossl i nking or drying. 19
11. A method for production of a composite composed of a

cylindrical body and collagen, wherein a cylindrical body
produced by a method according to claim 9 is impregnated with
a solution comprising collagen dissolved and/or dispersed in a
solvent, and then at least one method is employed to fix the

collagen by gelling, crosslinking or drying.
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