DESCRI PTI ON COMPCSI TE OF SUPPORT .MATRI X AND COLLAGEN,
AND METHOD FOR PRODUCTI ON OF SUPPORT MATRI X AND
COWPCSI TE Technical Field The present invention
relates to a conposite conposed of collagen and a
support matrix made of a fiber structure conposed of
al i phatic.polyester fpheegrpiptbya nean fiber size of
0.05-50 pm to a cylindrical support matrix having a
bel | ows-shaped section, and to a nmethod for production

cOpdHerE HPRAFSpIR MarrAnd ARG dR, REA Y RIb Yor

an i ncHRAJECTIONEH \FATHRESIA MATRIXK ANIY e1OP4S DS
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pol ycaprol actone or their copolyners or conposites,

-and they are often internally coated wth collagen or
Backgir8@h@l ArtFor vascul ar regeneration there are used
—artifictal material tubes nmade of
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of this fle;d and research is underway toward using tubes

composed of'artificial.materials forfcrossiinking between
stumps in the neuron-deficient sites of patients with ablated
neural tissue, to induce regeneration of the neural tissué,
Such tubes are made Qf silicon, polyurethane, polylactic acid,
polyglycolic acid, polycaprolactone or. their copolymérs,br
 composites, and they are often internally coated with collagén
ér.laminin. | _ ' ' |

For wvascular regeneration there are used artificial
'ﬁaterial tubes made of polytetrafluoroethylene, polyéster,
- polylactic acid, polygiYcolic acid, polycaprolactone or their
copolymers or composites,'and these are also often ihterﬁally
-coéted with geiatin, albumin, cbllagen or laminin.

For example, Japanese Uhexamined Patent Publication HEI

"‘No. 6-285150 describes artificial vessels obtained by
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cheni cal” treatnment before drying. Al so, Japanese
Unexam ned Patent Publication HEI No. 7- 148243
di scl oses an inplant material whose nmatrix is a
bi oconpati bl e bul ky structure conprising organic
fibers in a three-di nensional woven texture or
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directly or after coating of gelatin or_collagen and
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surface of an artl i-clal vessel matrix nade of
porougymaheikcbYest nleast haatmpgnshbpebhgor Physheal effect
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_albumin onto the_lumenAsurface of an artlflclal vgssel matrix
made of a synthetic resin, and heating thereof or further
crosslinking thereof with a crosslinking agént after the.
heating to construct an albumin layer, followed by
coacervation of water;soluble_elastin thereover and fixing
ﬁith a c¢rosslinking agent. .

| .Japanese Unekamined Pateht'Publicatibn'No.-2005-126125
-describes an artificial vessel having a cylindrical porous
‘artificial vessel matrix, wherein the pbres:of the porous
artificial vessel matrix afe impregnated with a gel solution
~containing a biofunctional substance. |
These publlcatlons descrlbe tubes hav1ng synthetic resins

woven into a plaln weave or knit as the matrix for an
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mandrel, or tubes obtained by extrusion nolding of a
m xture of a synthetic resin and a particul ate
aqueous sol ution of sodiumchloride, but all of these
~nethods yield artificial vessel matrix tubes which

| ack stretchability and have unsatisfactory Young's
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means of a special shape is described in Japanese
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orm-a bell ows shape sect1on panese
vesselUneaaniretdubPatewhifnblacht stretifhabl i 8y aiddIBave

di scl pses nmodi, fica n whereby pleats are added to a
unsat%ﬁ%?EgPrYagPPﬁg ﬁr%géﬂgtrc vessel whose starting
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holloggperyHed stowhieid havseanbe dRLEERpt ¥k r b eFer srortred
to f°%°§|€ﬁﬁﬁ?fs' Eh&ﬁé&ss%tf&&'ng s modul us and

stretc ity, and can. |ikewi se |ead to conpression
Ahslo dadiapenese VegsapineddParrl cBubhicyber|BEL INo. 8-
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flberTM§§grP ?blens can potentially be 'overconme: by using
Aposités of elastic materials such as collagen with
Sumgerthenaforemenhadee@fspbiq¢m£tm@lyurethane
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bloabﬂmtptteﬁ pedpenfips| ytheyiaracasilsociated ‘'with problems
from the standpoint of long-term safety; while compression and
damage to regenerated nerves and vessels is also a concern.
Also, polylactic acid,"polyglycoiic acid, pochaprolectone and
ttheir cepolymers, while having'bioabsorption properties, are
A_broblematic inrterms of Young's modelus aﬁd'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 bloabsorptlon Young s modulus and
stretchablllty _

These problems can potentially be‘overcome‘by usihg
,comp051tes of elastic materials such as collagen with support

: matrlces made of polylactlc acid, polyglycollc acid,

'1 polycaprolactone and thelr copolymers, pbut since
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pol ygl ycol i ¢ "acid, pol ycaprol actone and their
copolynmers lack stretchability, they counter the
el astic property of the collagen and thus Iimt the
use of such materials in the body. 1In other words,
the currently known support matrices nade of

conveHQH%hQi&&CkﬁSWQ sREPYBE VRSt LcdE | fladP0by CoPrPl @t neacid,
heir copol yners, and conposites of such squort
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conposite conprising collagen and a support matrix
made of a fiber structure conposed of aliphatic

DisciBeli¥esher thki bgenwibh a nean fiber size of 0.05-50
N m_2." A conposite according to aspect 1 of the

Ffivafit ABnObICGRePE] ANEHBEPPBRE SRFRBLLPE FQ grovide a
matrlglﬁg%ghgdﬂhbﬁ ReL¥FBhab31ifyCaAROSht 818668EEI PuLS" s
aspect the invention, wherein the fiber
modulgﬁr&@ﬂ@ﬁélpsmaﬁuépﬁbhaﬁﬁcapBP9§sWBFCh4Ga%‘E%ﬁﬁ%s??ethe
matrlﬁcggﬁdhﬂgake 230EGH seQEeihSr'E¥§nhbﬁfal ﬂ@?éﬁéﬁatb@n
al i phatic po yester I's polylactic acid colic
Horre, sperjtagrdisct she @bJQCﬁobélyﬁePrPHéﬁeoFuc  appatrix
ceQrdi S f nye
wheremﬁnQE% ?ﬁg gg di ?Slkgeglg@ﬁ%o&ngyF%ﬁg?Pcé B%gggsaf%ﬁlon
propeatybelloms shaped section. 6. A conp03|te accordi ng
a%@g%tcté g gﬁ&gegko ¢bh artahss%mgﬁgcal
8 a cy rrc is conposed
| ﬂlbercsmposumBecmmphlalbsspglmeggntacﬁ a- 5gpgpﬁt méﬁﬁlx
. nbr ane t n d er
mace [ " STEAR RO BHETERRRE 00 BTy aacosa dhoves
fiberbelliahs ashapadfibeli ehze of 0.05-50 pm.

2. A composite according to aspect 1 of the invention,

wherein the flber structure is a blodegradable polymer.

3. A com9051te according to aspect 2 of the invention,
" wherein the fiber structure is an aliphatic polyester.

4. A composite according to aspect 3 of the invehtion,
wherein the aliphatic polyester is polylactic acid,’
polyglycollc acid, polycaprolactone or a copolymer thereof.

_5 A composite accordlng to aspect 1 of the 1nvent10n
 wherein the support matrix is a cylindrical body with a
bellows-shaped section.

6. A eomposite'ecCordiﬁg to aspect 5.of:the-invention,
wherein the cylindrical body is a cylindrical body which is
composed of a fiber,structﬁre with a basis weight of 1-50 g/m2

. and has a membrene thickness of 0.05-0.2 mm and a diameter of
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is no greater than 2 mm and the depth of the

bel | ows-shaped section is 0.1-10 nm 7. A cylindrica
body characterized by being conposed of a fiber
structure with a basis weight of 1-50 g/n2 and havi ng
a nenbrane thickness of 0.05-0.2 mm and a di aneter of

0.5-58 §m5owﬂgkelﬂh@ﬁ8'3?ﬁaﬁn p@fiBﬂe0ﬁeiﬁ@w@£§ﬁ&#€?ﬁ§ﬁﬁ%¥hn

section i's no greater than 2 nmand the de of the
is nopgreeherskhhped2sent fpf the @epthoofmthg balkgws rhared

;Rqdy ;agcerdpng.to aspect 7 of the invention, wherein
seCtl?ﬂ gyﬁlndrPcHT'body is a biodegradable polyner. 9. A
donposyﬂendcmoaﬁihngocnepecteBi@édthE beaieat¢onposed of

| wherein the fib ucture L s phati ¢ » |
a £1nff°SErlokife PEEh BoRYELdcBriing vh Lopco mP et Reing
membranuemhnonnembe05|o Dbeoatlmhaane @oﬁy&méEmrlsf 0.5-50 mm,
actic acid, olic acid ca rolactone
wnerelp heohboian veFBst Sl ovasehipta, Peatie
greatagC@hdhng @ as@eehe’7depthher tﬁéeﬁélp@wsmﬁﬁéﬁém ddetion
nmean fiber size of the cylindrical body is 0.05-50

is 0.4yl019m. A et hod for production of a cylindrical “body

80 nnoa?dlﬁ&rical bsaa?t adebHaenY £6 @spPast S7WeF Ohtie Of
wherein the spacing of the bell ows-shaped

lnven§ééﬂp Whﬁ§eh6 t@?eﬁ?élnﬂﬁaﬁa% Hnﬂst%ébﬁ%%@$F%ﬂa?¥%
polymkel| ows-shaped section is 0.01-0.1 nm which nethod
conprises.a stage of producing a solution of an
aki phapmpopdlgescepTiiing Yol aspeet sl 9Rnthe alneeRiohf

b t
wheregglﬂggnﬂlBQE §9£H%£8£e ¥sa5neéf?ﬁ%9§£@-b&l QL& Ng.

, a St age o talnlng a sttucture
d8cuhubutiddohcad boflfeacoprding hosasprecbf 2 nof dilwg)

1nvenEE?Pf'QﬁE égfﬁgrgliﬁﬁgtfﬁ g¥lggg£éfalsbBQYylgﬁWléwhéhd

OoWws S secti o acl n
polyggyealdr- ahaﬁ ZPnﬁycderohaqéohedorou pm@@hmmennthﬁr%pf

E?”pﬂs'%ilﬁﬂﬂ?éfdb% aCSX%EEHQ ?8' ng;ggét a"f]dof the

invenzyLLdeheablggSygp:e;ncémbby alnethﬁdtnecoyﬂlm@mi@ﬂl body
is 0;8§9§8tum%2 of the invention, and collagen. 5
12. A method for production of a cylindrical oody _

composed of a fiber structure with a basis welight of 1-50 g/m*,
wherein the spa01ng of the bellows-shaped section is no |
greater than 2 mm and the depth of the bellows-shaped sectlon
is 0.01- 0.1 mm, which method comprises a stage of producing a
solution of an aliphatic polyester in a volatile solvent, a
stage of spinning thé solution by an electrostatic spinning.
method, a stage of'obtaining a fiber structure accumulated on
é collector, and a stage of molding the fiberxr structure into a
' cylindrical body having a bellows-shaped section with a
spacing of no greater than 2 mm. |

.  13. A hethod_for production of a composite composed of a
lrcylindrical body and collagen wherein a composite is formed
of a cyllndrlcal body produced by a method according to aspect

12 of the lnventlon and collagen
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14. A nmethod for production of a conpbsite'conpoSed of
a cylindrical body and coll agen, wherein a
cylindrical body produced by a nethod according to
aspect 12 of the invention is inpregnated with a
sol uti-on conprising collagen di ssolved and/or
ﬂ«; sp@f@@@hw ot PrSllct A5 Jhen c"@)tmﬂo%qstte URpIR0d s a
tPIEk%ed to fix the collagen by gelling,
Cylln%JTJd%%ll NP CAFIATRA . thQ?TGJB(m avddingr 1sfal; hedy
produ&@vﬁfgac‘ rﬁ:ét@hoé' éc,sccﬁﬂi e 13PRF FhYs ilﬁ%%glt'ign
an ectrostatic spln g net wher el n t'he spinning
is impotdgnatoed |"~$1t1dlfsc’fra]ngeubn mcunmsellm:tqodéiaaeim dﬁiselodyed
SHEN ducti on nmethod t |nve t|o n.
and/oxgx%l élo gan a paor]a‘f r§t ‘us ndi1 e 2 r]Cel &t ros?‘gt t%o% +8
emplo¥ﬂﬂrmnr@nx&ﬁﬁuxbdﬁmﬁgﬁﬁ1ﬁyryhlﬂmngxﬁdrdﬂbnﬂm&ln@pbmning
drvi solution are introduced into an electrostatic field,
TYIR%ys a production nethod of .the invention. Fig. 3is a
cross-sectional view of a cylindrical body according
to the |nvent|on Best Mode for Carrying Qut the
L H Bt ion will now be expl ai ned
Fig ,grpai§ an @%eﬁqﬁﬂla o@%@%ﬂ@%%' i@Naki on
which follows-are only illustrative of the invention
elECt%ﬂﬁFa?ﬁﬁuﬁR&RP%QﬂrﬁﬁﬁhQﬂ1WhQﬁﬁﬂW|ﬁﬁﬂ|ﬁﬂ¥?mh§$ Felution is
"dischd "R EMBIEE GV b @ s M A iR SePe Yhrddi@tion method
i nvention. The fiber structure used for the invention
of thQn%PVﬁPQ%OQhree di nensi onal structure formed by
B NAti NGy ANt rRnclmE at gl e Yol Bhe
ﬁ anents The n%fn1of ?ﬁ r'l:g)sl%ucturesr?ay for
electrogtimplic spiforviay are thist Wmenmmerfmldr@pleltm tfedhe
splnnlr%brécplum’ary@rlmtqfomd G0 e o %@%g%'stt%t‘i%e%ﬂe%,
e Invention I's a conposite conposéd of the
as a prfoshusrtdmn gredthod e Wte dgtwergimmd col | agen.  The
ery st ct t-h Y i_0 f
, gléjphafilgc%po %1%%%19‘ l Q’l QV %f}gt y s%taél:%qt% gLr g%n%]
accordmagnﬂurmnedquﬁqﬂxunlc aC|d polyglycollc acid,
| actic acid-glycolic acid copolynEr,

Best Mode for Carfying Qut the Invention

The present invention will now be explained in greater
detail. The examples and explanation which follows are only
illustrative of the invéntioﬁ and, néedleés to mention,
_modlflcatlons may be 1mplemented which are within the scope of
the 1nvent10n

The flber,structure used for the inveﬁfion may be a
three-dimensional structure formed by laminating and
accumulating single ox mulfiple filaments. The form of the
_stfuéture 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
compoéed of the aforementioned fiber structure and COllagen

' The fiber structure used for the 1nventlon is made of an

allphatlc polyester



pol ycapr ol act one, pol ybutyl ene succi-nate,

pol yet hyl ene succinate and their copol yners.
Preferred aliphatic polyesters anong these are
pol yl actic acid, polyglycolic acid, lactic
acid-glycolic acid copo |ymer and pol ycaprol act one,

‘Mst%ll@%h&ﬁ%cbeFQQEgrénghQEEyﬁéﬁrQbaﬁé99§o§§dnﬁol lactic

particularly preferred The fiber structure used Tor
acid.t pelysvaecilds iasigrelerbbryaaidyblndeltal aebdycepehyaer .

polyé&ﬁ)lr:l ﬁ‘ét%t%li{%pe%oi %Utgﬂag% Sﬁ?f:bgﬁéjié 5 Oﬂg}%ﬁ-‘{lﬁeﬁé‘ €

ventl on aS| and
su001pa¢beﬁaulyheam lcepslyhans 1 gPh@fbecadselaphatu@ture
not be tisfactori foroed, Lt is als . .
polye§ters anen, SHestl A bPIYA A8ETE ot cBefeifygotic acia,
lactist aetidhaliivicioly c \wichiid bepbnﬁﬁérednﬂhpﬁl?babﬁoh@éﬂ@ﬂg,-with

Q atuy : SIS wel ght ran S
polylgSidcgaatd and RoparePEararFyhe ppetaey Bat bSTLREY g
prefeirddde IS 5-20 g/NQ The nmenbrane thickness of the

fiber structure is preferabl¥ 0.05-0.2 mm _and nore
pher EikBry sracdurs RAtd TRE FRBeln¥ERbEPlrES oPr%%%ra_blY

a cylhﬁﬂ%&bhqnbbagawﬁih'ﬁdbéﬁﬁbwgogﬁa?bahséc@i@ﬁ?ter of
erein the spacin the bel | ows-shaped

Thet Fahers shgugtazeePtt han BnHARBAGRT Hes ge pb@sipfwehght
of 1-88 Lows: shageds Sﬁ?;éf@fhlﬂ:;y Ghole Hb 48N +RGE AUSE/nff bebgﬁse a

spacing is greater than nm ,the stretchability w
struckgre] Wpailr 8@ twhen setipfagbpredyi Aesmads ubkt Iﬁeﬁlso

prefe%QBfeagnﬂo‘Ef g8 terPehbA OSQ%HE%&?{JA?% e dWtchability

: prefeéerably™no greater t er structure
will be thmpajimednwiben i¥ iérmeﬁdeﬁohﬁtﬁlbetgbewthAaMQEgn

prefe&kgﬁrbﬁ'ﬁg %%1%Pq5rég %T5e3ae ecause fﬁéﬁfﬁffﬁulﬁ$ly

erably not -l'ess th I engt
.PreferuédthQSﬁsbBElghmucﬁage Mﬁlﬁ aetgbm mai nt ai ned. The

FRAN nEiBeEns! $Rik Pg §oag ?£§r§9£¥rn8£r9 % %%an 50

n1because the "strétch be re uce ring
_prefewabdyng oBt-0.2 mmbeanﬁhmere|ppaferaglyhe etasid onm.
A_nore

fPeriibeg s BB RrELRE Ehate o an8or, U5, o1 EPPL R
body Wmththedmaaetémbef ol 2e50 smfl, 2wB8rpim The spagengsof the
belloHFaﬁB?g rg%e%% 1s3n%09 ggtggetﬁgbeE %ﬁzgnastﬁgedepth |
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
'bellowé-shaped section is more preferably no gréater 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 fibex
size is preferably not less than 0.05 pm because the strength
'6f the fiber structure will not be maintained. The mean'fiber'_ﬁ
size is also preferably not greater than 50 um becauSe thé_‘
stretchability may be reduced during molding into a tube, thus
fimpairing 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 ﬁm. The range is most
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fiber cross-section. The mechanical properties of the
fiber structure of the invention are preferably such
that the Young's nodulus is 1 x 102 - 1 x 107 Pa and
the yield elongation is 20%or greater. A Young's

nodul us of less than 1 x 102 or greater than 2 x 107,

prefé%éb@yybebd1@|QﬂgatTﬂa efipkessibRans20%e §2Onmked B@ a
oblens in ternms of elasticity and stretcﬁa

flbera§IW€ﬁlS&§tlednpre55|on and danmage to regenerated

R HASHAN 3 elﬂseges@oqhgffﬁaggugkggclﬂ e ge£he

S
structure o%g?hgkanventlon may beé an e ,
invenggionniameg UEBﬁedabayspuuhbmhdt nhehddung Behbdhlum/ls 1x

_met pody7 g, fla pi N t hod .ar the
oF R § o bl et £ W TR Xon' B30 Rirgreater. A
Youngﬁstmodslubnoﬁnlebecthaﬁtatxc1eb|@m|grbdmﬁfurhaﬁi2 x 107,
atic ester in_a vol ati

h ,
or a g&FiQnF §98%§8ﬂaP§eEeS?nFBg“a OeIeEFPo§?39|E0fPEPElemS

in tefrfsned eehgeeale&eehaoeesetaﬂeb&mitysOhgtwemllasdramﬂ
toward the el ectrodes and the forned fi ber substance

compressign) gpflefamagepig EegaBerahed” IEHEPREe’T NBESBALY -

oRe havhba bhepﬁsaﬁeﬂthEhéhelﬁekugtfﬁc@hfsag¥ the
distilled off to forma fiber structure state, but

inventfien ey BetaRcelectrpstahiai Aphpning Befhedona spun bond
meth080|&eﬂEltThfoﬁlﬁGEﬁgges ufggsﬂosplaﬁ gnMQP%b@noPH¥th

conposed of any type of st ance its
like.cokd@stirestptisueninginegt dis @m&&ﬁnn@dxﬁmmng(ﬂhese methods.

In anoEg@8t90§99§£éngﬁln3¥ﬁ¥aﬂ?ﬁ?ﬁ 20a n1g§9t£8955ftFﬂ£ an

i nsulator coated wt a conductli ve
aliphpgigl polyesgani énoz voirghhle egbseahces dhecharged ‘into

an el@k@foseﬁrﬁé'flel¢|90ﬂ£edh§e f@ctfé%éngES% the

tween a nore e ]
solutventagednaynbeoe@pﬂueUeteleqyrodeshenelenerﬁdemedTﬁiser

I tptal of _th
substhﬁﬁegggéggifeogéénp Ethgﬁg O#ﬁ%%gaé %gtf%ﬁg%d%f{ﬁgt only
one hdvihgrthe¢ solvame é£vehs s@lotleuanpreadﬁSdkstﬁnﬂedOoff '

to fo%ﬁpaaggbgP §£§Eé£°den¥f%§ évg %%:% sggﬁggoéeagtill

s8s usrng  ore 1
contamnnngnthelso&utﬁoﬁFEDBWe@hatIThaoeyeetfmdé@ ised for the
ution accor

nven PR o RN S PR SE RAELE i
exhibbtstbenahcphaity, .sch 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 eleorrostatic field of the invention
is formed between a pair of or more electrodes, and a high
voltege may be applied to'ény of the electrodes. This
includes, for examble cases using a total of three electrodes
i.e. two hlgh voltage electrodes with dlfferent 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 concertration of the aliphatic polyester in the
aliphatic polyester solution according:to_the ihvention'is

preferably 1-30 wt%. The concentratibnrof the aliphatic .
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pol yester is preferably not |ess than 1 w % because
such a low concentration will make it difficult to
forma fiber structure. It is also preferably not
greater than 30 wto because the fiber size of the
resulting fiber structure will be too |large. The

blye%Q%&eﬁkr%&b@@r@bl&h%o%|H@E@t&%aﬂohyﬁ%bebeb§u§8r§uch a low
referab 20 W% The vol atile solvent used to form

COﬂcePﬁéa§éPatM@&loﬂm&Welt|qaﬁ£ﬁquﬂi|tpz£Qﬁmb§1aﬁ%QEWWﬁtﬁpcture
It lsdh§%9|b§§fkggb§&‘Bg%tﬁgeaQ%Ey%ﬁkﬁrBOh®§ 535BBLLERIthe

poi nt of no greater t di nary. pressure,
flberaﬁdZﬁsoﬁl@bﬁdr@suz1¢ngAiléﬂanptaycmﬁrspwaiﬂlbev@batlhege

" The c%ﬂ gﬁ%%%t&ﬁﬁrgf"%%eb%l gﬁ%&'%”%glgﬁt@X%egg Chlgr'de
I'or of orm acet : ano pr opano
prefemsbawoﬁaﬁOth?oluene, tetrahydrofuran, 1,1,1, 3, 3 3-

xaf | oro so L I iter, 1,4-djoxan car
?g ra Pgﬁ 33 ghEfgﬁe%°c§8rﬁhgbﬁnﬁﬂgythoﬁ-Og the
_ 1nven&hnath¢|ﬁosuaﬁtdacandhaeataﬁbbbubes bPaet hetibpakye
ef er these are nethylene chloride,
p°lye§ﬁ95ro¥8ﬁnﬁaﬁglg&Bﬁoﬁ81ntfPgnPPh8r§95ﬁHp6PﬂP p0° C at
- ordinaekubpirkkkyref kha aki phghie Ael yester. These solvents
maybe used al gne or in conbinations of two or nore.

AScEFAMRySE 0OFhEPPRIEAFI YRLabEREr S04V ORKESThAye Bp¥oPe

mentiBRelSRdthpeenvi ER1821HBNIcAIoLBeoPR) eakebntNemethanol ,
invention is not prevented. The following is a brief

ethangds cPraPRBALlef 1EARTPRABPERCEOLHAREF aFStHaBYArALETen, 1

1,1,1t89,3. 31h§QEEih890§b8§Eb§EnBQZZ%Steg Sol Wt 598xake. carbon
Solution hold g tan El ectrode 5 Fi ber su stance
£

tetraghilpsifipngcErdehpsaae. 6crCdhhespnage. . gnlrat or
dlmetﬁy§9bﬂﬁhﬁﬂd515ﬁﬁ'Qeeeeﬁigfllé Sobyt-i 98 QaEQ%uﬁfgferred

ding tank 10 El ectrode 11 Fi ber. su stan
amongcghpggtaﬁg peehylede chloride, chloroform and acetone,

from the standpoint of solubility of the aliphatic polyéster.
| ‘These solvents may be used alone or in combinations of
"tﬁo Oor more. According.td the invention, other.solvents may
Lalso be used therewith so long as the object-of the invention
is not prevented. ' _

The following is a b:ief description of the reference
. numerals used in Figs. 1 to 3.
Solution ejéction nezzle
Solution '
Solution holding tank
Electrbde |

1
2
3
4
B Fiber substapce collecting eleétrode
6 High—ﬁoltage geﬁerator

7;Solution ejection nozzle

8 Solution |

9

Solution heolding tank

- .10 Electrode

11 Fiber substance collecting. electrode

9



¥

12 Hi gh-vol tage generator 13 Thickness 14
Bel | ows- shaped section spacing 15 Depth 16 D aneter
Any desired nethod may be used for discharge of the
solution into the electrostatic field. An exanple will
now be .explained with reference to Fig. 1. The

12 Hl@glqbu@ggg genegHpBki ed to a nozzle and situated at a
suitabl e position in the electrostatic field, and the

13 Thdeknessén is drawn fromthe nozzle by the electric

14 Befl'l%k:@ 8o E:.%’Tlsécfth.bﬁ”%%mﬁ@y suitabl e apparatus may
be use or this purpose, and for exanple, an

15 Dephecti on needl e-type solution ejection nozzle 1

16 Di%%%i%%igh vol tage applied by appropriate nmeans suc h

volt age generator 6, may be set at the tip
dbsuhedcmbmhddlmay bsobaedoﬁohoﬂusqgaraﬁkos dhean

solutﬂpbeg¥%Ph$ @F%§%%%§?%98 { iSCtegn ggégglglgilIhgow be

expladﬂ@ﬁomﬁtalQe@b&b&ﬁeetbrvﬁga groumﬁedsblbe1onsabisance

Qollectln el ectro a fiber ubstan s
SupDIRGASG BoteEElot RO Ay ARGSEnaLr AoBHLL AR ARRE L Toh in
the qubkgﬁbtﬁﬂlcekiéuﬂgdﬁna WB@nsbmﬁtiahURBOdrawhearem the

of the_ejection.  nozzle 1. It will be re

n0321§p§§r§ﬁ9 £deqtpdrsdieds treforn PhgllaﬂFPtthagn¥|ﬁ%ltable

appar@%%@lﬁh% gk Lbeaseby k®A sTRUrpbse, baninkbedesasiplent an
he el eCtrostatic field by a self-evident nmethod. An

' anecé)l-Qﬁfp peediersFPensOL UtdRNH 8 I6SHAaNNBAZFLen L, BRELBACR
_'voltab% g%lléd byhﬁpﬁgb%rﬁﬁ%@|hbﬁﬂsfgﬁchhh§ gehhgH-i,/61t83k

ropl ets nust at a distance fromthe

_generﬁﬁﬁﬁrGsumﬁﬂah@eS@GIPécﬁhﬁgtlélééﬂrSEetEf GHLeRIALFBhs

soluth! Qeﬁ lﬁrﬁgtkgﬁkt% QECWn 1R Eﬁ%orelﬁﬁHrQﬁbaEbQuEhghd
exanpl € an el ectrode 18 directly opposing the

' dlrecrcueldertowhg &dpe cOheedtbngfeltbet pdeetionnapzgde 1 may be

plaCe lgerhegpngQ§fé%é ﬁhgt%ﬂgesgkﬁh'Qn?§ohﬁdbﬁefiﬁbﬂt'on

conprising a nozzle 7. g urality of
substnm:zl e:s»ld:myctbagugé@qt@‘qd@cﬁea% thatf ph&dberusgbakaace is

forme%r%g%%%%%nt%%e%qﬁwgiﬁ E%% %&b%&j%ﬂb%%aﬁEQpEBQQeEEQHb

-electrode 5 when .the solution 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
_ihto the electrostatic field by a self-evident method. An

‘example théreof will now.be éxplained with reference to Fig. 2.

The sole condition for this method is that the dropleté must

be held at a distance from the fiber substance collecting

_electrode 11 whlch allows fiber formation to occur in the

electrostatic field. For example, an electrode 10 dlrectly

opposing the fiber substance‘cbllectlng 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 solutlon is supplied from

10



10 the nozzle into the electrostatic field. The

di stance between the electrodes will depend on the
charge, the nozzle dinmensions, the spinning solution
flow rate and the spinning solution concentration,

but a distance of 5-20 cmis appropriate for about 10

the d@%zﬁneJghﬁﬁ&ﬂ@ﬁ@@bb%regkam&bakleaapIIQﬁewhhgtgﬁasrsétween
3-100 W preferably 5-50 kV and nore preferably

the QiQﬂﬁ“Ndeﬁhéidés@@@GnéopénﬁhﬁlChﬁygﬁe Eheahedgzley any
d1men§HxﬁéP'%h%?EQQinngTE81ﬁ¥EBﬁ”%ﬁb@”rQEEeQnQbQM%U%EEBQing

an el ectrode al so “servi ng as the col |l ector
solutmarberonsentinadias .t het eollistbocenay be28i tmaied

I d Ll
o= RLRR A5 SRS, 19065 Reufe SR BELREGRIERNALEn: 40
applﬂaﬂ:mﬂﬂmngamanalay be Brébd aVsheetferabllpe5-50nkV and

, addl i_on, r.ex el t-shape terial be
more $3earite Ao AT crpB88=1ed Bt eBliar Povabtonreated
by angORfuita®@ls metdddction. According to the invention,
t he sol vent evaporates in respanse to the condltlons

WG EXPHENSdHen §hVPR BBPN& dfatfT £8 CHECEEPHECRLFD,

serv1h@ﬂ%szh@ R@1aebitber, BubShanefbet seir¢ingr ¥s tREM
nperature, the solvent will conpl etel y evaporate

COlleGGﬂrnQ‘aYt e FéitigdednPrEveRe $hBsEARELEOACS| 881 Rect ed

colle@t i@ epRlra®el $hrom RHE EhecE@rawedy MAYsBE €RET5REpEULF
~under reduced pressure conditions if evaporation of

the opddesdioFeRy ¥ei RadeqtiafeSoARSotor Hael@npeFheat eOFoFube.

In ad@f%ﬂd%g‘@og e ?ﬂ@ oy BgﬁteﬁﬁﬁgéathQQerESEaMAQerfset
the sol'vent and the viscosity of the spinning

betwe@ﬂ dhieog Lot ogiers| asr @i gatilpgtpes toseddowasenhinyensn
produ%EJkEF fiber substance on the collector produces a

fiber structure. The nethod used for production of a

éyicordriingaltobdlly ioumpbied.othe Relvebér evaporates oh

| respoh@% %%V%ﬂh'g%nd§W285ﬁpﬁB&i8“kﬂ&' g&ﬁ%aahcasdbeéggcdrawn

as not en mrror sur
to thblmqﬂmgwtax t tbusolfbening fofibelrestibstantec sptnardgnary

‘room E%m%%%%ﬁg%%gf%bggggibe '%1§h'§%§g9egelgcg EQ#SEE gurlng
yl'rndrica peci
the pbmamﬂngnthe thbesubstanbaréstoo&lpcéedrDbedhbasoslector
. but tﬂ%‘%@ wg%g 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 fhe_sqlvent and the viscosity of the spinning
solution, but will ordinarily be 0-50°C. Accumulation of the
fiber Substance-on the cbllector.produces a fiber structﬁre.
The method used for production of a cylindrical body'
composed of the fiber strudture of the invention is not
particularly restricted, but uéing a mandrel which has not
. been mirfpr-surface-finished as the collector for
electrostatic spinning iéfpreferfed since it will allow more
.,convenient production of the‘cylindrical'body; Specifically,
'_by fqrming the fiber structure.to a'prescribed basis weight on

the mandrel by électrostatic'spinnihg.ahd then removing the.
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the mandrel by el ectrostatic spinning-and then
renmoving the. 11 fiber structure fromthe nmandrel
while naintaining a suitable degree of friction, it
is possible to conveniently obtain a cylindrical body
havi ng a bel | ows- shaped section. The surface roughness

flberogtkﬂ%tﬁﬁﬁdﬁﬁbm|%h@rﬁﬁﬁﬁﬁghnglzesmagﬁtgiﬁﬁﬁﬁra @feable
nore preferably 1.5 S. We he fiber structure is

degreee gy Eairtdant h étnaﬁdP@BShb&ﬁn@OaCQUV@@bﬁ@t%mr¢b&@ﬂn a
cyllnﬁgﬁggﬁe%5 gzhgﬁﬁﬁb'Qege§98%gLsP5P%§ ?Q% £i&gred to

apply stre y“to one en Sstructure.
The sndfobetheughbesssbfutharmanﬂyebelsepnaédramhy @ ha-S

‘ ' dth d
or sxBRLE) oM LSe0NL Rrkfs T elgsLovar g Lhe secure

WhenftherfibemcbmractﬁréoEEEﬁemﬁvéhefﬂamdtﬁé m&ﬁdrel
s preferred, to_rotate

t t i
naving 80sh0PhR L AR AL M onahne 26 RS S Sbee FhSTe o 1 15

‘prefeff@ed tunkbpith eykreBdr bedly Bedyne TBRACYE | Dk | £abepOdy
obt ai ned according to the invention my be used
structugre, Bhe FPdn8§ sheofhbets8T PRt BBAHIAEL PONSGFEFed and

the mehBee1NBabeed bAt §RA8ABSA9teBaNEherbIAl-dYtRE SEb®Fed end
required performance. For exanple, by conbining the

- to appy¥j AUFPEEI OBéHy towthAtafnél asti c body nmade of

g89kbagghenr thBeshbke. stfubﬁur@oié'Pofmé@ &@n§ﬂétﬁﬁnékel
menber exhibiting optinmal elasticity and strength.

by el¢ﬁ§r§§EﬁEéCO$P#hElEQLIaﬁeﬁSuBE§f¢B¥e@hﬁo|ﬁ9@@t¢oﬁh¢s
mandr??tlnpﬁﬁé'Eﬂkéﬁh¥e£3ﬁfihitSgreéegohtt6m§b%ﬁ?% ﬂ@d

) Tomany . Oorgani sm suc manmal , bir
unlfOFMeCYiREdrtﬁalageﬁY produced by cells such as

?ﬁg lﬁn Egbgloﬁoﬁﬁaégtgﬁxeélég Qfd%#§ego th 1nvent10n

erlved | agen I's pre era
may beousagenlomhLIbutohtagem dtsm be| iseduti @smmmmntﬂ¢uxwith

othernmgﬂb8£s ¥8? %eQEXnQ$ # ﬁgﬁgﬂp Bﬁfig&oéﬁ"géﬁ an@&&&&%ed

ne mani ere so n articu
Performsncect|Enroaxahplehebycabmbinmngutheoéylimﬂr:¢ahgmmdy

vien 3 E000Bc6089. Ha38) 4B Lhiedoboll oBE A DU 1.
p0551bbélageoonatkabt aohahbérZeﬁhmbitB@gnopmlmﬁk élketicity
~and strength.

. The source of the collagen used for the invention is not
particularly reétriotéd, andrit may be derived-ffom aﬁy
_organlsm'such as a mammal, bird, fish or the like. Collagen
produced_by calls such aé bacteria, mold or yeast may also bé
used. -Organism- derived collagen' is oreferably mammalian
collagen while collagen from cells such as bacteria, mold or
' yeast may be a recombinant form obtained by gene manlpulatlon
~There is also no partlcular restriction on the chemical
stfuctﬁre.of the collagen, which may be acid-solubilized
collagen, neutral salt-solubilizad-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_bondéd to the collagen, may

12



Any desired anino acid sequences, such as

tel opeptides,. of the collagen, as well as
sacchari des bonded to the collagen, nay 12 be renoved
dependi ng on the purpose of use, and atelocollagen is
preferred. Wen the collagen is i sol ated from an

be refbgadi 88pehlehe 8hethBOpREpEEEUbAruEESt AhEth B8 Bo@sL 1dgen
nmet hod of isolation. The soluble conponents extracted
is prgfeRrsqueous acidic sol utions or aqueous al kaline

¥akHt EABSB18aBERl €51 8ol ffedSEron Ngn &PLAROER, there are
obt ai ned by extraction may be used directly in the -
no pagdifudprapesgudetisonsi anctiel netled opf aaﬁféi;%l%m kal The:

solubﬁ%kﬁbﬁgpnenggtekEraé 9&3?? Q%ﬁgoﬁgnggfdlﬁ s@f&@f s or

ecul ar 10ons i on exchange.
aqueonsanékabnneosningiphs auappsafernédtﬁ@rfmser The

co11a3bhugh Y En8AdpGOLLRRERREEOLLL NG LOeLho EOL] Ofh e

ref oW’ ng ne
form sﬁlanlequebustheldmblagmntﬂossmtv&@uamdsoalmaspmesed

| ted into, th
sotutBpe ToGPPL B L CbERASEREN FP XRahOBy CRC | BASTA Bk et hod

molecallah &sngebli ﬁgalggmssbrnkmgemhﬂmgeng, to forma
In this case, |f t col |

| | agen net worKk. h en
TResBRoBS TAT FOTUANGChRS; FomBRS e O | RS chTher o
,strucmiréagsa ashmhg@ﬂ, adB8riingtrelogse nmveﬂimlys in t he
vent it nax be utilized as_a di spersion.

Prefeﬁﬂ@ﬁyatB%rFPE oWinghHReEBPE agehr et 5P i®s %rs%%%ﬁ+?9kﬁﬁ
the c80858gaRt dszggsheéal Mn&i@ﬁoh:\!&pe;p@é@ :hli]eaﬁoél%i:@éh:fé]ﬁe

di spersion may be utilized he invention.
SOlveggl%én%mﬂﬁ995@t§@|éﬁ?@dth?ﬁ%+Q@WrﬁFFﬁ@%?rea%?%etQ%%é%lxed

by atsqlaaget Sn8URR tA% aliiinWsagatianihge aadssilihfiePdsedrying,
_ solvents such as dlnethylsquOX|de, but water 1s
to fopmeperablyoagedetyarkadditi on, an inorganic salt such

2A Eﬁi&'&&beh'gf'@ﬁeoéoiiégéﬁﬁa£3é81+é§’1@-EH%V£BEUé&t it
al cohol such {éerln or ol yet hyl ene gl ycol  or

may bguutitiaad gacn g9 aggarmlutmf)s@@@rhf el fre§ode not
dlssoﬂbéegn Pﬁ@ LDevaRkVvept mk: Qgcfﬁff{ O%T§$r§ el éEblon

~particu restrictions on the i npregnati ng
Also, thbenoﬂlBgshlpntgfthhefc@élassmu@isﬁsivemdortswn&ds 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 'J
- solvents such as dimethylacetamide and sulfone-based solvents |
_such as dimethylsulfoxide, but- water is preferably used. ‘In
. addition, an inorganic salt such. as calcium chlorlde or
j11_th1um chloride, a polyhydric alcohol such as glycerin or
polyethylene glycol or a surfactant such as glycerin '
monostearate may be mixed into the solvent if necessary.

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

apprapriate shape for the cylindrical body.
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be carried out at ordinary pressure., under Treduced

pressure or under pressurization. . A die may also

be. used to form an appropriate shape for the

cylindrical body. 13 Celling is a procedure whereby

the collagen is gelled by heating under neutra

&engl ﬁé_;;oi_‘é 'a é‘&&fe %?ef@bafaiﬂé Cé’éf‘ia g&%( 1088 by

on t e reagent used for pH adjustnent. oss I ng
heatingvaehdes m@n’crahgcwrialmmageamd\r tthe:ae cang ouh db axitahGilgar

e p Wi th
reStrc%\?}(g%Senngﬁ tlﬁlgn]?éég pr e ee?#e%o% us® @Tc%tﬁ%g%nd wth a
Crossthmbbulgi imvel geoupeart ng othpn unel Ve ddn ani dctd veomgsdwerd -

. gr The col concentratio of t he coll .
having(FHP; gh Rotf SHETET LG, SHIES TR DTS FreT erabiy
collagén| easd Dt 126 apftefOrré ci6d alisé r@rbdr&%uﬂd wBthd e

referably in the range of at_  least 0.2a and no
carbo€+

Halde 9HAWP g¥T AHPTRATHUrTLE %O%PE}%%I%%%%‘ BEUR-

PLESEH 1AHE nédn@cﬁbnﬂ?é/ti&n | yophd | Zeth ddeNeSEBSRIN,
The conditions for yophi lization are not

dlspew@rlcfarawylr%wrm%ors RECEREARIRMY ledwrt 0.1% and no
greatdy ORAAT 264 | O SIDGAULISrd fo i I} A LA ¥nD & at

and the vacuum degree during lyophilization IS no
least o 2% epnd 2@ QOPRMEA. thameB%ol | agen i npregnated into

e LY PEIaSIEAE gy Yo Do A Oti%e TR AEPEN ok A

pur pose. or m'ng pores I'S not -
may beakyoplul bited reStneetshrand Ep@rrgendlik:eorpmr@sr

wyoon OLEAUER ek MRV LSO e ALPEAERIAILR [ dSthony
the lmmrbl:ezamomr'g@m@rmzs@nis nardighemetimod tBHC beand the
vacuuﬁ”ﬁ%ﬁ gg & £1ﬁ$ei#%éﬂ$fggg§f8ne grﬁgtlgga%%khtggn 100 MPa.

IC so “sur aces
'ﬁwt@@llmgén cohpregmmtfatl ime nime fibér zsmsrumtuxfe tieey be

aces_of .t he rber structure The oslte bt
a por§RRFEER adiSh e o e e da” IR Re ol 4E | #ihing
pores nm/ mb’squnetimﬂhrly amﬂxmum varnid spdrege - I].’G{ﬁ)@icsres -

produ %ﬁ%@%ﬁa@gl eabl I ity or otherlh%%qgl rg.?l%er |'¥'Pe

-collagzrn mmjryaelmylmetegiryqnirtm&e wrmﬁruombrgbmwm i

organ:lvﬁ]n?ﬁr S%Irt%reoztrér{i exi il gr(r)afy tt?ee é:n?p OOYS'GI‘,& for qI:Sl-rezr.r
subsequent extraction w1th an organic solvent The fiber
surfaces may also be coated with collagen for maximum
utilization of the spaces of the fiber structure.

The composite obtalned according to the invention may be

 used alone, but it may also be used in combination With other

members for reasons of‘handléability or other‘réquired

performance{ For example; additivés such as glycerin or

'polyethylene glycol may be'indluded in order to increase the

. flexibility of the composite. as a whole, or proteins such as

growth factors and cytokines may:aiso be added..

[Examples]

The present invention will now be explained in greater
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growt h factors and cytokines may al so he-added.,

[ Exanpl es) The present inventi-on will now be

expl ai.ned in greater 14 detail through the follow ng

~exanples, with the understanding that the invention

isinnowy limted to these exanples. The polylactic-
detalﬁctﬁr&ﬁéﬁt YR03491 USRfn Nek AR5 Pe X AFPLIESHS urfadX OMtdin

of Shi madzu Laboratori es and the nethylene chloride
that the ghngea‘élyyn ubRdiRsne wﬁdhmlmdvmmtm&a A e -

SR g3 R g, [ AEPE) Shuch SRS & %&F%eﬁ% s

a Prodhtbroﬂeshima@um lt.@inqmea‘admles(zm the mapga]:@tejsclslmﬂ'ude
i F t f
(nion FFeIdeNTubEe " en S BRneR 05 BrP o AR

Industnidaecﬂ:ong L’ediectrode 5 (2 nmmdianeter, 200 mn | engt h;
%S sy rffge roughness), causing rotation at 60 rpm
time, the collecting electrode 5 was
AO&@p@dwé§0pf@;ﬁarékitW mEk 16y N eg est ll%l}dle[cﬁ?id: kid Nend
inner dianeter_ of the ejection nozzle 1 wa

8 g of fRCTRYISRE SRLOTHK\AL AFROR HESHPRTAFHIES (f?rEOrﬁihenzm

' appar@t@§té@@h N&Z Z&ouin t Pn t fipefasubsi@NES Pl AGI#dYW of
‘el ectrode 5 was 10 cm e end of the fiber structure

discharge eef cthar sehet 1ometo sybEt ok esettanes mplletiinge
electPod@Ss #lin!diGhe 8R! N60 duh! NOFGHNTI ¢ o Nould R

substance collecting electrode 5 was pul out
roughnes@t d ¢ies @ ¥ h@klomgal n&e Jcm f iyekng tiﬂuabtiaimea the

 collePPiNd aCiile AGAL 4 Ubss J@@at@cﬁ)t ﬁlggrﬁojl_%lfﬁ-géo' c acid

t ube” had a di aneter of mm a
clrcurb%@r%nmgmlmcm:g/ mzl‘h%l bemeiﬂov@l@nmtpﬁad sedtherpjection

nozz}hépﬁ%ﬁg QfSQ[Fﬁ ng](‘)un f‘tgr)r(g l?%\% ]Z% y| efngf tll ongcg]t%%ce

from yie tqfevbicn moekzlol bletb arhe cfﬂwveralbml&sw&eobmmmg

etecti@ii5d Wadetd 3 { HIE Do JE | hé e SbRlle 2"

collecﬂtw@la’altlpe opirey satbsiesndé@rcoblecialg electrode 5 was

' held fixed against a finger while the fiber substance

bollecting 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 2d mm, a basis«Weight of 20 g/mz, a bellows—shapedrsection
spacing:of 0.5 mm and a bellows-shaped sedtion depfh of 0.1 mm.
The_YQung's modulus and yiéld elongation of the‘bbtained_
molded article were measured using a Tensilon device (INSTRON)
with reference to DIN53507, 53504. The results are:shown in_
Table 1. o "
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Mat er i al Basi sSpaci ng of Young' SYi eI d

wei ght bel | ows- modul usel ongati on (g/ n2) shaped( I\/Pa) (%
“section (M Exanple 1Pol yl acti c200.52050 acid Exanpl e
211400. 53530 Conp. Ex. 1Pol yl acti c1000. 51705 aci d ,
Conp. Ex. 2"203. 010010 [ Exanpl e 2] The sane treatnent

I T S i R e R e

rod was Matiersielt ¢d Basbsthe prdgingcpbifc | Joudgisihe Yield
obtained in Exanpl evefighgnd t hbslleas-f i xedodtluhg elongation
center| of a 3 nm |di enErer t ubeshagesl 5 uni t(MFad ure of (A

buffer| solution |containing 268<EMZodi im
bicarbionate 200..mM_HEPES _and @M)nM sodi um hydroxi de

Exampi‘n%sl m kB YHA9F1& |10 @it Vol une®of 0. 3% actfeousg (type

coll adB¥iiS ol Ut ion by..Keken-Co

i

n
WExakppe at 37C for gelling. After ge
3, aneter rod was pulled out and |yophi. ati on
¢ Falieo i SAEEBEa R 52 CBS A EGeRU T PP Tl FE&‘I“P%‘SV\@
exceptheh¥itekéecbargat lw@&gﬁft tvae abt giyned mol ded article
was neasured using a Tensilon device (INSTRON) with
AEFeF@deesto DI N53507, 53504, giving a yield

al ongat geamedbkre roll 38a. rbeasBarali YAtEXaAB! oly1dBeic
same treatnent was carried out as in Exanple 1, except

acld itnke Pﬁ§353§pslﬂeﬁ§ﬁmp%ﬁs11039dgﬁhﬁs was fixed at the

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

Examp,Le,,,;{ ing-on i ce_ Naﬁd_ége_m*t_upe%s_pl_aedsn tHe 30
Comp . ¥ty df ngP?jLFb]é‘ tuhi ch®? he [pol yI 8ctic acid tdBe as °
fxed—A—proceddre :. whireh—t-he—ext-er-npl—atypsphere
Comp g}?essu e wnao ro ||r\orz and lr nct n;bﬁ tn d IQ \/ 10
VA O LI 3 uupu wATTU LA YXe Ny .\JI A\ | U \¥ | T y
pressure was repeated three tines, and then the t ube
[
[

N S5 ST

‘'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.,.

‘Whlle coollng on ice, and the mixture was placed 1n.the

holding tube in which the polylactic acid tube was fixed. A

. procedure in 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 waSgpulled'Out and
lyophilization was carried out to obtain a collagen
cylindrical body. |
The yield elongatibn of the obtained mblded-érficle was
measured using a.Tensildn-device (INSTRON)} with reference to
DIN53507, 53504, giving a yield”eiongatién 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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. [ Conpar atii ve Exanpl e 21 The sane procedure was

carried out as in Exanple 1, 16 except that a

di fferent fiber substance collecting electrode 5 (2

nm di ameter, 200 mm |l ength, mrror surface finish

(surface roughness: =0.1-5)) was used. The sane

r t [ u  m EX

excen e R e B el A Skt g fEfroae 5
(2 mmygitgheter . 2000/ mn dadgbhbehiowsr strapfaice eCinbsh (surface

i.ng arative_Exa 3
,roughﬁgg%areg g g%?xwﬁa Ecggp ?ﬁpo?y?%cFPea m%%€\and %%Eied
out aeflneﬂhymgme mhlexcdptathaﬁOﬂhéeﬂpEﬁﬂm@depoﬂ?Enckxmaac1d

robe ¥R B BRETengeRoRE,oFc 0Bty Apihys Bl e ahRAY Heetion

spac1§gea$uneooﬁm 0. 08 MPa was used for blowing into a
rotating 2 nmmf dianeter rod. The fiber structure
ﬁSPWBéréﬁlFﬁeEFéﬂPéﬁrPéce was renoved of f, producing

A hbper w&gr Bﬁéﬂéﬁeaﬂ 5{3 Bﬂxﬁ?ﬁl_:;' oS- SB@pﬁélﬁfgétp@,a@m
havi ng a basi s wei ght / 2 and a thickness of

and 1§ g meEhylaas G%art-@ef@trmaoeoﬁ%@@mtww The dope

was pseklaagiﬂtbn ahMRcsang pFBPNEhn a8 &g@% £, 7aRdy i Nene )
el ongati on mas neasure I ndustria

. haVlng\ppl n@amm apentunedPfigltd mhe an@e@ummmssure of

: si,hlLe 0 [ nLfj

0.08 BPACIHLCukBarkh? B1Bulh] |ROETA LOERLERTES ke atgnoter

rod. C@hﬂagéheCOﬂpDEGtErﬂaﬁobm§@tQﬂlZbd vgdasurface was

remov&ﬁsé% Sg??s{ih&dhgng PRLEL 8y E'En'?ré‘ f‘&aﬁé ﬁéfi&l:s-
esse generatiron o ves oOr

shapedusestlbn maydahavihe enbhsyedwasghtceflSaugxmﬁlaqg a

n,a test_fube, or. rlnental
tthkﬁggerlglbfor ceIITéva |%%e 1€°C£ %ﬁ&ﬁxﬁ%th
collagenpinsithg sahbag&nnendaa Bxigpplé matamd_tMdelemda

fiber structure c 0S al i phatic pol yester
elonga} 1§, §a; FHAGSHEAnTr  BerBt1 e bf 0. 05080 pm 2. A

conposite accordlng to cIa|n11 wherein said fiber

Industrlal Appllcablllty

According to the invention it is possible to obtain a
collagen/fiber compositerstructure exhibiting excellent
stretchability. The collagen compésite may be utilized as a
.,vessel substituting material such as an artlflclal -wvessel, or
for regeneratlon of nerves or urlnary ducts. It may also be
empléyéd as a cell culturing support in a test tube, or. as an

experimental material for cell evaluation.
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struct.ure is a bi odegradabl e polynmer. 3. ‘A’conposite
according to claim2, wherein said fiber structure is
an aliphatic polyester. 4. A conposite according to
claim 3, wherein said aliphatic polyester is
pol yl actic acid, polyglycolic acid, polycaprol actone
or a copolyner thereof. 5. A conposite according to
claim1, wherein said support matrix is a cylindrica
body with a bell ows-shagédt¥ection. 6. A conposite
according to' claimb5, wherein said cylindrical body
is acylindrical body which is conposed of a fiber
stracbumpomnth aohp3151ng|gbllageﬂ 5ﬂdganﬁunm@rhawaﬁrlx

ne thickness of O. L ane
nade GEnass et s GARFERRS, AOMORARRnGE of LARSHEF | BULr SR EH
fibergeftitBnai feln fgbsﬁtgizéhaﬂ a. ﬂﬁlaﬂdpmhe depth of the
bel | ows- shaped section i

Bod$ EHQPQEFE?|§€8°591BE|F@ esﬁb%s%d %Perﬁl?.%%fg Hfger

'structhidcliyr 8 wiblegrhashseWBbyPheof 1-50 g/ M2 and having
a nenbrane thickness of 0.05-0.2 mm and a di aneter of

8.-5850°omRPshier BFACTARREpEL| RG2S 2he"BeTtiiss3HApktPer

struc%ﬁ%&'ﬁ@ hi QleHé%ﬂéeﬁoiﬁéBtgr""1and the depth of the
| ows- shaped section is 0.1-10 nm. 8. A cylindrica

, ' bedﬁ SOBOPELAG @@c@r@in97t0mﬁéﬂémn3sawae€9%$nﬁ@+%al
aliphBd¥% gsl eekeﬁeggﬁggbyﬁﬁeehxnséld, ?ofy§99@9§iéea01a

accor to clai erein said Tiber “structure is
polycapraltaplianpcopoiyespetymen. thergpfndri cal body

ccqr I erei d Ceni | t
5573 bk 208, ALPRRANCLE athth SphBEACaaq suppor
matrlaohycapcyﬂanﬂumeabrbadgopmtpnerbehépwefsh43e41se¢tlon

gy'hngoggsglvngCESESEggngPt 81654 5&@SEE'E%£&
mean Si'ze of “sai i N rlca
cylingmica2. bAdyetibod ﬁmllpdnduailbndmfwhlcylLﬁdcomaﬁsb@dqf a

e
membraaetthﬂckﬂeae ogreaospotbammZanﬁ1andlametdepoﬁ 0f{5tHhe mm,
Whereln tge S%Q39§8 EECEBe bellows- shaped section is no
greater than 2 mm and the depth of the bellows~shaped section
is 0.1-10 mm. | | |
7. A cylindricai body characterized by being composed of.
a fiber structure with a basis weight of 1-50 g/m2 and,haﬁing a
membrané thickhess of 0.05-0.2 mm and a diametet of 0.5-50 mm,'
wherein the*spading'of the bellows-shaped sectidﬁ'is no
| 'greater than 2 mm and the depth of the bellows-shaped section
is 0.1-10 mm. h S |
'8. A cylindrical body according to claim 7? wherein said
rcylindrical”body_is a'biodegradable polymer.
~9;'A compoéite accofdiﬁg to claim 8, whereih said fiber
structure is an allphatlc polyester. 7
10 A cylindrical body according to clalm 9, wherein said _
aliphatic polvester is polylactic acid, polyglycolic acid,

‘polycaprolactone or a copolymer thereof,
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is 0.01-0.2 mm which nethod conprises a stage of
producing a solution of an aliphatic polyester in a
vol atile solvent, a stage of spinning said solution
by an el ectrostatic spinning nethod, a stage of
obtaining a fiber structure accunulated on a

Il gc S 0+5a] ber r
o1 kOB R 1o bofS  BbrEhthOg e falh T JJAGHELA" Ehe

mean §abemoslwetbfasasﬁacymgndtlnalgbedYeistha®525mnmm13 A
of .a conp 0Si t

T2 Bapethel 8ar b g B R o B fOEPER Sl 2 1 6

compo%@ﬂnbd aofibderykitndeiiagk hody prpducedwbygirt net hpdso g/m?,

ac tgQ claim 12, and col]agen. 14, A nethod for
Where&Po&h@tF ﬁc6pga°€oﬁﬁﬁstéleﬂﬁp8§@ egf seCtigh i Harieal

great@@dfhéﬂdzcﬂh|aﬁanthéhﬂéﬁtﬂ BFCY¥heNHEL Eaks DOped section
produced by a nethod according to claim12 is

is 0.0dpPednBledviitfh BesBPtt FOMPEARBFI 3 A0l PRgefeducing a
solut%asakvaﬁ QQQEHEthSBSE‘L?EQtéB i‘n 50{,3@&{11@“901@&& atay

| east one method is & fix the collagen by
Stageg@ﬁlﬁﬁg?néﬂ63§ﬁiﬁkﬁﬁéuéioér?Yngn g¢dectrostatic spinning

method, a stage of obtaining a fiber structure accumulated on
a collector, and a stage of molding said fiber structure into
a cylindrical body having a bellows-shaped section with a
spacing of no greater than 2 mm.

' 13. A method for prdduction of a composite composed of a
cylindrical body and collagen, wherein a composite is formed
‘of a cylindrical body produced by a method according to claim
12, and_collagén. | \

- 14. A method for prodﬁction of a composite composed of a
cylindrical body and collagen, wherein a cylindrical body
produced by a method according to claim 12 is impregnated with
.1a solution comprising collagen dissolved and/or dispersed in a
solveht, and then at least one method is employed to fix the

collagen by gelling, croSslinkiﬁg or drying.
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