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-1 DESCRI PTI ON ELASTI N MOLDED ARTI CLE AND PRODUCTI ON

METHOD THEREOF 5 Technical Field The present
invention relates to an elastin nolded article
reinforced by use of a fiber structure conpri sing
al i phatic polyester fibers hdving an average fiber

“mterial . Background AMEFRRIEEEBN card Tas a cure

for severely damaged or lost living tissues and

I nt er nal ans, a 15 regenerative nedical techniq
RASFARt IO REEh A REEGEECIAN RaRBGEDGP IPBs M THO Ry THEREOF
tissues and internal organs to their origina

conditions by taking advantage of differentiation and
Peohnfieranl | Baedapabilities of cells has been

Vi gor st studi ed, Neurofizatign.is 20 an exanpl of
The’t s R SenT i pY A BBk SRR O Hat L8 M Mo1ded

andecafe aféh.fl'f@laéeﬁab%r hBdel rARP FEB O sBrietife
damaged portion of a patient whose nervous tissue has

PRBATIS At 8P t bPBRtdge PRy 9Pt R TeRdb egfs iy ing\war eyerage

PRELCOB a8 0 B IS I ICLOU US e RoBRe LS vase

mateglrdacI c aci d, polyglycolic acid, polycaprolactone,
a copol yner thereof or a mxture thereof and is

“internally coated with collagen or lamnin is used.

Baekleiouh@r argvascul ari zation, an artificial =30

materral tube which is made of pol yurethane,

pol yt ek} aF PGt igRERe, DI Festare %@Fyﬁ&d’tqléeém damaged
&L YYIMCO § G313 de 1 BQLXGAPL hagt 10%094;%(

thereof or a mXture thereof an s Thtern y doat ed
Mﬁghmyﬂemnne;meﬂncn; dot¢hygdmuwe fFam mesterisern.tRe

severely damaged or lost 11v1ng tissues and internal

'organs to their orlglnal cond:Lt:Lons by taklng advantage

of dlfferentlatlon and prollferatlon capabilities of

cells has been vigorously studied. Neurotization is

‘an example of the technique, and itehas been studied
.that a tube made of‘artificial material is applied to

a nerve damaged portion of a patlent whose nervous-

tlssue has been severed to brldge the open ends of the
severed portlon so as to gulde the nervous tissue. As

the tube ,a tube which is ma‘de of- sili_cou, polyurethane,

- polylactic acid, polyglycolid acidf-polycaprolactone,

a copolymer thereof or ‘a mixture thereof and is

internally coated With 6011agen'or‘lamiuiu is used.

Further for revascularlzatlon an artificial

materlal tube Wthh 1s made of polyurethane,

:,polytetrafluoroethylene polyester polylactic acid,

polyglycollc a01d polycaprolactone a copolymer

.thereof-or a mlxture thereqf and is internally ceated

. -with gelatin, albuminf.Cﬁliégeh or laminin is used.
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JP-A 8-33661 (the term"JP-A" as used herein neans an
"unexam ned published Japanese patent application")

‘describes an artificial blood vessel prepared by

coacervating water-soluble elastin on the surface of 5

the lunmen of an artificial bldod vessel material made

of synthetic resin and fixing it by a crosslinking

agent YR fnr 3diaett(yhertaFnel JHeifdt BF vsedohleasein imeans
pl i ; f j -

A e 08 BB 1A B, M R R e P A a0n)

diescniidess aprarartifiiadiabl bdsorkssels sprlepareganed by

ervating water-solub)e _elastin _on an albumn
SRR AR SRRt S aE 2 Bh b h i fecBusace of
the hwiRinh o faAnakirddi£iak bl et ¥aseelssdBiks tar iPdanade

of synthetic resin, heating it and 15 optionally

ef SEPfFREThCite BinaarAoEikimd AF Byentcrandlinkdmg agent
: L ld ki t r t, .

SRty ProaT ek UL AOEH o E¥E{Saen i arprica

bndthel yustirchawf thpr dbimem asfd [fingeliebm stabdbstlinking

Q§S Ep | ack of biological 20 absorption property and a

P ob1%em of pressing or harmng regenerated nerves or

bl ood resseles, Fopthers - 273300 J8BCHbIEXEW @ iRicial
ol ylactic acid, polyglycolic acid or

‘S%Py”@aﬁf%? geloRr ARETE b BY o§ioaF e BFSSAMT ova tpropretyble

- Oubshah TR iU GPIRL LSS ¥Er LMY I ANE 2R LB Dpmin

as a probl-em of pressing tegenerated
9astee surfieicdenttat hg, Lam¥aunf' an reocul 64 c ireslgbilreas s se 1
_ 0 rtificial bhlood vessel to b i mpl ant_ed
fabbdd &l fats ST e Ree & Xt Pa, HarbLRG It (R
apaie mml By akss M yaRRhe et Bl.a cib £33 iheIst éft, and
ILnternational _Publication No. 02/096978 crosslinked

BEEIOS Hie chles ek ePVeft R i biBhAE 29@8br pt Hewever,

function of time-releasing a cell growth
polytetrafluoroethylene and polyester have a problem

@h@p%fﬂdlvén@igpﬁ@{)ﬁlsgsiﬁ/&‘lﬂ]g:@{g{gjhgrjd can acquire a

of long—térm'stability due to lack of biological
absorption property and a pr.oblem of pressing or harming
regenerated'nerves or blood vessels. Further, a
copolymet(n:mixtureofeipolylacticacidfpolyglyc01ic
acid or polycaprolactone has a biological ébsorptiOn

property but-has_a problem in compressive stréngth and

also has a problem of pressing regenerated nerves or
blood vessels. Incidentally, a Young's modulus .7
‘required for a tube or artificial blood vessel to be

'implanted_inside'a'body is 1 x 10* to 2 x 10° Pa.

In view:of the above materials, Miyamoto et al.
hasreported;hyInterhationalPublicatiquo.02/096978

crdsslinked elastin Which_is excellent in biological

~absorption property-and,compressive strength‘aﬁd can
acquire a-function of'time—releasing a'ceil grQWth

 factor when hybridized with the cell Qrowth-factor.
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factor when hybridized wwth the cell growth factor. 3
However, the crosslinked elastinis difficult to

suture at the tine of operation since it has a

problemin tear strength and §1as a problemthat its

use inside a body is limted.”5 Tear strength

rRgwieraslc f ah & Wl £s 8t nlifiea td fin ig0 A LS 9- 3

MPa or higher. Disclosure oféﬁgeﬁﬁvéﬁth%%%k%%a?g suture
& bhet hémentoddiorewatdfon Isdpeeseht hasvanproblisemt dn tear

V] e [ d article.ysed as a raw
%Fg%?’aq%f%ﬁdah%ﬁéngn HE éfgteiiefnll c‘f’%?!tbr‘%&d Y8 sk sfgigen body
i}pl ddimeidtedn a body that has a bi ol ogi cal absorption
fprop'ert,*\(1 and . has tear strength and flexibility which
al | ow th2?FuBET eIt PRl iFed S0 vaskeret atehde ctime of
Sepetratttoh he st iges ﬁﬁaofogpﬁg_@q{é)jp or the Iike. :
Anot-her ai m of the enbodi ments~of the present
invention is to provide a nmethod for praducing the

qﬂgg@a%i&?g Egﬁt itcﬂg Igfvet h!é. gr.esent i nvention. O her
' i tages of the present

20 i nvedt pumavy him bftherembzptiarcant offthe Brdsber hobhtM R0
descri.g%j on. Accqrding to the first aspect, there is

oVl dEE 8/ efasthit MR lledArtdicde meiah a5 actapr nederial
& di ber tablel @il Lr €QFRIH 54 NIp AL ' Pl e

fi bers having an average.f?bg?uﬁ?r}eég?e%f%%s%% {'Igplanted
3R & Redy dilppbrianga hetelomieradil abadrpdross| pnbedrty and

Std 04,3 | 0 econd aspect, there i
B BT P CEEEEE Hn B A G R O T2 RO 4ibf e the tuve

provi ded produci ng

o izt el thedact dliced vaskkdl tof @irdupkesuthasd it ithe time

faormed, by Jnpregnating_a_fiber structure. conprising
éﬂqrf p%ggf(?ytﬂo%eggeﬁ:q? bt ehayi ng. an average fi ber
Another aim of the embodiments of the ptesent invention is to
provide a method for producing the above molded article

of the present invention.

Other aim of the embodiments and advantages of the present
invention will become apparent from the following

description.

According to the first aspect, there is provided an elastin molded article

cqmpriées a fiber structure comprisinghaliphatic
E po;yester fibers having an average fiber diémeter of
_f0.05 t§.50 pm as a supporting base material and
‘crosslinked elastin. - | ‘

According to the second agpect, there is provided a method for producing

an elastin tholded

-article characterized in that crosslinked elastin is

' 'lfqrmeﬁ_by impregnating a fiber Stfucture.comprising

':'aiiphatié polyester fiberé ﬁaving.an average fiber
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4 dianeter of 0.05 to 50 pmw th water-sol ubl e
elastin and at | east one crosslinking agent and by
causing a crosslinking reaction. As described above,
according to the disclosure, there is provided an
elastin 5 nolded article havifig flexibility, a
bi olo cal a rption property and tear strength

E?%r% tgc&q FQuelr 4Bt Wi &ﬁ?@rasﬂtﬁﬁle elastin
ﬁmﬂChlﬂ A £DaPr b&I&g:ﬁbbEﬁaiﬂﬁlﬂ@l ¥epd 8t aldPEh§ causing a
havi ng an average fiber diameter of 0.05 to 50 10 pm
a%rasg dogtF i REg OISRt h@%eri al . Brief Description of
the DraniesibEd bove, iacérdif @ME dfcllisasy, @ﬁeréfi mﬁfcﬂz@d&f'an elastin
apparatus used in an el ectrospi nni ng met h
ang dmgaﬁea 15 spinning solution into an

RREREE A Sabutidibn Ao A REL A abare tien mroperty

tdhed eltecir osprefigith ehiieth | 1s PPt @8a 120y Bastt MbEdB1e by
for Carrying out the Invention Hereinafter, the

HeLBE 2 FIBRE sHTMITUES CQERE]seng AldakaticTpedyester
AHRIES i A§Cahi ke P8le %%%%fp&%gﬁ% £GB¥ .05 to 50
exenplify the present invéntion and 0 no imt

ture. asc@peswppdlreipreseaisd nwakiexdmllt s needl ess

to say that other enbodi nents can belong to the scope

of the present invention as long as they nmatch the
Birpefe Dafs ¢ hEpRARIENG £1 RIA! beawiAgexanpl e of a

fiber structure used in the present 30 invention is a

st r uct §rie9 hav i 2f BFReMA i faBipgsAn fhewisashpn spparatus
s &895 893 oé‘lQEt%]ginwr?gffng%ﬁrﬁ:d Jﬁg.cfﬂ btﬂ_ﬁo arges a

be a .surface snooth f a porous fi1 ber
f9menp ing %ﬂ&ﬁ@h@nlin¢§WGMIEQQD@mpB¢atlc field in

Examples

Fig. 2 is a schematic diagram showing anothex
apparatus used in the electrospinning method in

Examples.

Best Mode for Carrying out the Invention

Hereinafter, the present invention will be

described in detail. These examples and the like and

-descrlptlonsmerelyexempllfythepresent1nvent10nand-

do not limit the. scope . of the present invention. It

is needless,tO'say that other embod;ments can belong

to. the scope of:the present inVention as long as they
match the purpose of the present 1nvent10n 7 '
Anexampleofaaflberstructureused:ulthepresentﬂ

invention is a structure hav1ng form retalnablllty

_whlch COmprlses an aggregatlon of one or more flbers.
The fiber may be a: surface smooth flber a porous f:l.ber' ‘

Or a hollOW'flber, for example. Illustratlve examples‘

of the form of the strluCtli're‘i‘ri'q]_.ude a non_wo_ven fabric,
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of the formof the structure include a nonwoven
fabric, 5 a nmesh and a tube which conprise fibers
aggregated by |amnation or accurulation, for
exanple. The structure is preferably a

t hr ee- dinensional'structure such as a tube. 5 A
£H“ conmpound. constituting the fiber structure is

FPpﬁ%’tq & pbipestidyich coanmh § et dPaft cadgregnted by

fﬁh@ﬂ%@ibﬂoH%*ﬁééuﬂdﬁaygSna @%%'@%ﬁﬂbf@'d’Tﬁe
pol yglycolic acid, a lactic acid-glycolic acid
Lopukvere %Spnryéamaméat@néhn@dﬂdpmbﬂﬁnqhemestructure

8ﬁlg€} Qplyethylene succi nate, and copolyners

ereo €52, the pol yl actic acid, polyglycolic
aC| d, A@b&gmdc@hmna @erpbﬁma@lﬂmeg téRd fiber
golécaprolactone are preferred, and-the polylactic

c&ﬂf%oF?mﬁﬁoF&&Rﬂﬁ¢%PeHﬁ%Y?§M%ﬁ4y preferred.
15 Tmﬁil@%&fﬁfﬂgkuéﬁdﬂbigg HECERA! t & 1i9B ?%&yester

formed by fibers having an average: er “di anete
fgnggutd@ Emgﬁwlﬂm’nlch@cavl@rageolygéiycmhiretaaclds a lactic

.0, 05 blode radabilit i.s_high, -so_that
TRe Bt B34 SoRBo AR RRCE BobatyqagorsotoRe, o
@osgﬁmymﬁ@usuccﬂmmmi |a8,pdll’lféth|§qé\3{€r§@§cﬁ.lnl%ﬁ€e, and
di ameter is |larger than 50 g%n] the fibers show|low .
CPPRLIMATFi S aheALr-or Mdd thesea ttibe sokhbartie acid,

| ﬁ@ﬂygtl%@lﬁ’.beﬁé'l@ Qfy & AStA CLAY W rﬁ}gb’ﬁltcoas ﬁSEb%df‘ymer

to be i nhibited di sadvant agedus The avera
éHiE@OQS’c(ﬁmﬂ-@rcﬁcsnmzeepp:eeémwo antlotBB nplm]cﬁtntlc

EPLR PR PPy d frofit WMo Btk aiullat 1y mrorerrea.

circl erlequf\miemtstdmm:ee h aHé bpieeledsts SROENALon is

efined by i rcunference, 30 Specific exanples of a
£Ened ¥ B4

Fhsg FIeS ngavHe 9 13 BeP V&TYGEUFSRGF (fhdameter of
@[@56@6'@UeWﬁf”]Wﬂéhu@iéi average fiber diameter is

smaller than 0.05 um, biodegradability is high, so that
time required for:degradation.is too short
disadvantageously. iMeanwhile, when the:average fiber
diameter is larger than 50 um, ﬁhe-fibers show low

stretchability'when formed into a tube or the like, and

fhe expressioh of elaStibity unique to elastih is apt

.to be lnhlblted dlsadvantageously The average fiber

dlameter 15 more preferably 0.2 to 25 um, much more

_preferably 0.2 to 20 im, partlcularly preferably'o 3

to 10 pm.. "The flber dlameter is a circle equlvalent
dlameter of a flber cross section defined by a-

01rcumference

Speclflc,examples of a methdd for producing the

fiber structure in the~present'invéntion include an

electrospinning method, a spunbondlng method, -a

-melt- blow1ng method and a flash splnnlng method of

fthese the electrosplnnlng method 1s‘preferred. The
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el ectrospi nni ng nethod, a spunbondi ng net hod, a

nmel t-blow ng nethod and a flash spinning nethod. O

these, the electrospinning nmethod is preferred. The 6

el ectrospi-nning nethod can be inplenmented in

accordance with the nmethod di sclosed in U S. Patent

No. 1,975,504. The el ectrospi nning nethod is conducted

¢ heChd o FBEPAMITHY Matkes Ca bl emeTRe § iipenccordance
PLEHCEHECHE N o @ &ste%agerlfqrpgx & SGhaf 9hRoNE . ? g%‘ 52504,
having an aliphatic polyester di'ssolved In a vola
solvmﬂhelmlﬁemrebamnmsngUthheﬁdﬁanmeddmanmmnln the

| he_disch .
B TR a9 oRarac B et | BRBSE LhRF EBREYHRg oan

bheohﬂdﬁﬂeHOHybd@ﬁ&ﬂ&&@ih@'% JHeufti iR PUS 2 Ak '@ﬁs
refer to not only a fiber structure fromwhich t

2lipbathe pRdYeser &Mﬁ@lm%ayy Bearp kafbled snylvent
ﬁhﬁb'”ﬂﬂéfgbgfbsﬁﬂ§fcafg fH&hPB%ﬁME% IIItrodes

contains the solvent of the sol uf1 on
ﬁsem ﬁnmﬂﬁﬁbeesdeWEhgnvhetdmsmhgr@ed(ymmﬂtmbnamhlnly

‘ I i horga rial or, or ic.materjal as |on
?ﬁarggultﬁwcgaggﬁ%Meﬁ (ﬁ?ﬁ?gaﬁQ%aF he Formed
£Dbd'ldﬁis \matfyerE@J]I.th.ef Théefﬁbiﬁid@iﬂéﬁteﬂ‘&)éltbe refer to not

electrodes having a thin filmof a netal, i norgani c

NLEr % EbPe sy FarRc ks | BFomhwl gk 2bhel eakveat of the
£ONYGTd Yk Y500 13 cé&§uhﬁb'nQéﬁ%@éhabghdygtlllatlon but

electrostatic field 1h the present 1 nvéntion

© 3bFned %ebmreﬁté\rugaturerwpliumalsiuiylbfccedmatm@deﬁe advent
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h lied t f th | ectrod
LA Y9 JRY Dl LB Y 0L S LTI e
ihvemﬂﬁoﬁlm rtﬁﬂf&xrme& of WGy hiegta Volitrp@egahad fnﬁd.%srlal‘

hav di fferent voltage values, e.g. ; electrodes of
: %%89

Ad-C MRS gRiadnasahons pRclihe Eesdeingnglgctrodes

| §1@§% ahecs FO8A1 @Bnﬁ%r&ftr.@‘l:_P;Od%lafﬁeﬁfseghe-rgfectrodes

concentration of aliphatic polyester in th
may be electrodes hav1ng a thln film of a metal,

lnorganlc materlal or organic materlal ShOWlng

.electrlcal conduct1v1ty on an 1nsulat1ng materlal

‘The electrostatlc fleld in the present 1nventlon is

formed,between a pair or plurallty of electrodes, and

- a hiﬁh'voltage may be applied to any of the electrOdes;

 This _i'n'cludes , for ekamp-le', a case where a total of three -

electrodes, i.e., two high-voltage electrodes having

different voltage Valu'es e.g., electrodes of 15 kv and

_10 kV ‘and an earthed electrode, and a case where four

or more electrodes are used.
The concentration of allphatlc polyester in the

allphatlc polyester solution used in electrosplnnlng

T is preferably 1 to 30 wt%. When the concentration of

the allphatlc polyester is lower. than 1 wt%, the
concentratlon is so low that the flber structure is

dlfflcult to form dlsadvantageously Meanwh;le, When-f
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30 aliphatic polyester solution used in

el ectrospinning is preferably 1 to 30 wt% Wen the
concentration of the aliphatic polyester is |ower
than | w% the concentration is so |low that the
fiber structure is difficultZto form

di sadvant ageously. Meanwhile, when 7 the

%ﬁcé’ﬁt"r%‘? bRat R ghér Rhahe3o thag BiRe Wiber the fiber
@i apRtI T s tﬁ}?effPSEIStsrﬂ&C&H‘:ﬁIIeo e b@%ﬁ?gng%c%@acsomes
| ar ge di sadvant ageously. The concentration of the
barpgeatd s pdivpastagepsi sy e pFThkerablyel tirm20ont WF Sthe
T. l.af | | vent _farmng_the al Lphatic olyester .
LERbaE oo Ba R L ee A gRen P T BRaD Iy Baie 26 wes.

Ion us n e

i nventTiva o laisubst ancevehitClE giihsakhvash@nalalgwhaticc
olyester and preferably has a boiling point at

Iﬁ‘ailﬁ&|sfpﬁ%s§enlélstwnné&sqﬁgher ROt Y060 MRing i the

ﬁfgﬁﬁﬁﬁﬂiQJegtfﬁﬁCE@(%e§QE@€§h8£ e M0 tid1ves an
sol vent include nethylene chloride, chloroform

atépbed; i op hapels t e etdvad op reFeapminbly, hasoprbpdiding point

I tetrahydr of uran, " o .
18 HP Ko B BP0 Topp Ba Rt 9245 HaR  200°C and is
1jdudidxanez7earbon tetrachl oride, cycl ohexane,
cycl ohexangne, N, N-di net hyl f or mam de, and ]
acet o RePLE i e RBR L eSpREhThEnBodR okl gesolvent include
RELARAH N RN ALELONG 1A S BRI Ul BBl JH &F etlcith dflo
view of solubility of the aliphatic polyestef. 20
ghhgacshl veneparyl be issmirapane by torleomenati on  of

L _[Y Eurt her, .othe olvents be used _in
LA RE el  hb diche® s i v 2ad Basep B8 SRd Pano
wateat, af, 4 h@¢ipkased] ¢HYBOL @R HrSa @RI oixiBé | eflyci®hexane,
diSﬁ_gS{ e the solution into an electrostatic 25 '

¢YE 2 REErodN c ¥ Mg shY 1 E4r BB offhe

aBEROhi ¥hihebe dascehBed hepgt Byl e DEnUSE: Phefi 0-
1. A solution 2 of an aliphatic polyester 1n a:
gBlamqEerm and acetone are particularly preferred in

view of solubility of the aliphatic polyester.

These _solvénts may be used alone or in combination
of two or more. Further, other solvents may be used

in combination with the above solvents as long as the

_ object of the'preSent'invention is not impaired.

‘To discharge the'solution:into.an'electrostatic
field, any met_hod can be used. Ap'exa&n’plé_ of the method
will be described hereinafter byluse:of Fig. 1. A
solutiqn 2 of dﬁ aliphatic polyestef in é volatile
sblﬁent is fed to a.ﬁozzle 1 to allocate the éoiution

at an appropriate.pOSition in an electrostatic field,

_andlthe:solution is drawn thinly from the nozzle by an
_élécttic field to form a fiber. Approp:iate equipment

- can be used to form the fiber. Fox example, to.the front

end of a solution container 3 which has a cylindrical

shabe resembling.a sy:inge body, aﬁpropriate means,
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solvent is fed to a nozzle 1 to allocate the sol ution
at an appropriate position in an electrostatic field,
30 and the solution is drawn thinly fromthe nozzle by
an electric field to forma fiber. Appropriate
equi pnent can be used to for8nthe fiber. For exanple,
to the front end of a solution container 3 which has
G- 8yl riRfRi &é’IJe%ﬁéﬁé"le%%%lei‘ri'g“&es?Pilr\{}‘ei%dgiiSCharge
I | gt ¢ JTRAN 8 i) ec
1ggIQlJthP:{)nﬁd?scharJggh r?ogvzﬁgltf%[éo I?I\#ISC a vo ?g d H?Y a
bagh -appltedebgemena ghxvél, t:agea’g’eaehad)r afmd rt$1e SOlutlon

Fherenrt thochiey i Hheilatar obis Koz F he plachprae

-fAibza 1 gpars ¢ sdasaeatr enpﬁapw Ak ahiclar e naeklad thed

collecting electrode 5 and when the solution 2 is
fivaengdnategihahecripesiting gilectede hoz2nd when the

¥8|J.%tﬂi§n5§|¥}@12&hs ﬁQQﬁatf%%nFettﬁEF%é{)hgf ﬁ%g discharge

t hereof and t brous materia I ng

Bbecztlreadle, 5asoohattv.d.a‘ waﬂmehtbnisuevrm;u&raﬁbd between the

t her ed in the art can.i trod fine
B e bR SR e 4 ntone el lad SelRating,
al&@ﬁr@&ed@ﬂséthOQo/@oﬁﬁa@ﬂﬁhbbﬁﬁﬁﬁm¥%EE1@1
descri bed hereinafter by use of Fig. 2. The only 15

requi reWEAR QRer Ehes e Skhadechel ot bei ext ssenaée&riqﬁuce
fEﬁeeh%ﬂQ%@tﬂrPe fécg.i.lgtﬁg‘iix keRio %‘f@é’glr QM 188 +f &‘L@lfsield

mat eri al “col | ecting ectrode 5 at a distance vvh
tha S&Use- evdidein brmethiotk. f iderexZopilaicehéheof will be

in the.electrostatic field, .an e]lectrode 4
% (L:éhfzg%%gsgls TZ?)J“PﬁchTGTIBr%gsur?a‘? e? T af 161 | ctl'hge only
ebeuiinsitery thearépser iedthriio e $OLution 2 d piid®ed in
solution container 3 which has the nozzle 1 directly,

FBe &X&iftEOSWEN ¢ Hel 8dupnch kiep § @ e Kt BrpRethe fibrous
fheerpsiatbg1eldeldy éi@@‘ttrl?ﬁié‘%zéltea ahgt&rrpégqtﬂfeh may
rate of the 25 fibrous material can be I ncreased by

gaa s @ogmgtﬂ¢pyof the f£fiber. To place the solution
in the electrostatic field, an electrode 4 which opposes
the fibrous material collecting electrode may-be

inserted into the solution 2 in the solution container

f3 whlch has the nozzle 1 directly, for example

When the solution is fed lnto the electrostatlce

‘field.f:om the nozzle, the production rate of the

"'fibrous material can be increased by use of a plurality

of nozzles. As for -the distance between the electrodee—
although it depends on a charglng level, the size of

the nozzle, the flow rate of the ‘spinning solution and

the concentrat;qn of the spinning solution, a distance

Qf-5,to_20 cm is appropriate for about 10 kV. Further,

an electrostatic potential to be applied is 3 to 100

kV, preferably 5 to 50'kV more preferably 5 to 30 kV

for example. A de51red potentlal can be generated by

any approprlate method
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of nozzles. As for the distance between the

el ectrodes, although it depends on a charging |evel,

the size of the nozzle, the flowrate of the spinning
solution and the concentration of the spinning

solution, a distance 30 of 590 20 cmis appropriate

for about 10 kV. Further, an electrostatic potentia

to be BRBI PRPTR dessnbptipy hrefbessl yobvea S kv, case
RS PEHLIAN e 2ok QQ%Vsbeyé%seéQ'@b%n & 8831l o ana

potential can be generated any- approprrat e mst

‘@leThHerafbeve d@smrmrooah&s, leero yleemomw imdapendent of

areg th el ectrode serves oth a collector
gﬁ SLest %gg.s f“ﬁ‘yog %1&%%53385& st e herdsndes .
Phrtiher ¢l aclyhades, may thir &li §posed bef weerdd&e obtained
el ectrodes. 5 Further a sheet, a tube or the |like can

B smleREdncpytie| sbang ehe tdimpeodlediozol | Bordher,

'Eehtt&er{uougoggg&wgﬁkewﬁwa&g gsgﬁ%fggégbhigpoasmg a

di sposing a mat er | tween | €T
beli - kokbegtadreri@ll bateepnesdnd e heentr ode swaid ea
h 1§olut|on is drawn thinly toward the collector,

g &5iV8At is evaporated according to the condition

to formmt ke fibsods tMatiBFéAkiom, genenal t1ad £09Wtion is
tenperature, the solvent is evaporated conpletely

ﬁﬁ?ﬂnt%%lﬂmﬁ%ﬂﬁwiGQnﬁQ§|ﬁph%ﬁ%%PFecﬁﬁﬁoﬁoﬂM§nt is

EOLRAt DL el B SOHRAGH gh%_ St%ﬁ'&ﬁ.@.?.cﬁaytge £ he
con u

undér reduced pressur Itions to y evap orate
fhbrsuly et e Faatther ,In ges arah, n@ttmqmrmluperdﬁp.ends the

e gevaporation ehavior qQf th solve
SPaVER R8T PGt s Rardatr fons it ebfpite brous
inhe edf Bl s deDpekaldd on $h@ £ 190t dher ey sl cases.
fibrous. material is collected on the collector to

BP&dﬁﬁ}?ﬁéoqi%%Y 8¢r fi¥g¥p under reduced pressure

conditions to fully evaporate the solﬁent. Further,
the drawing temperature depends on the evaporation
behavior of the soivent and the wviscosity of the
spinning solution. For example, the drawing
temperature is 0 to 50°C. Thereby, therfibrous
material is collected on the collector to'produce the
fiber structure. | | |

The fiber structure obtained in the-present

invention may be used alone or used in combination with

other members adcording‘to ease of hdndling and other

requirements" For example, a composite mémber'which
1s a comblnatlon of a supportlng base materlal and the
flbrous materlal can be prepared by using a nonwoven
fabric, a woven fabrlc, a f£ilm or.the like Whlch,can
be the supporting base-material'aé the collector and
forming the flber structure thereon.

Water soluble elastin used in the present}

1nventlon is not partlcularly llmlted The
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The fiber structure obtained in the present 25

invention may be used al one or used in conbination

with other menbers according to ease of handling and
other requirenments. For exanple, a conposite nenber
which 1is a conbination of aisupporting base nmateri al
and the fibrous material can be prepared by using a
mehﬂewaplmbﬂebﬁlﬁsaMMMim pblirdined ﬁﬁrhndrnﬂyQikeof

an It bas terial as.the
$URREET MherbiGouRnr L 19003% TRE Y B d Radkiin . ©-9-
d(\abaras&oizubbe eﬁéiaetli&ﬁdobﬁatlhe@rB%@ubha&wﬂenme
is not particularly limted. The 10 water-soluble

Jeﬁraem%‘% efobbg Hs&%yfh%r%mwﬁsl 8 theatifs tRp dhermal
5] t I o

PRI FRY oAt o02ell L foB fine 0 Bab e ens

ﬁhelmaﬂlmfoanaﬂamninomdt&mladeInaethann& Ereatment

Cc ac reat n X-el asti n obt ai,n
TR o R B R b PR 2eh S iR sdanbrse-
Ahdattiidoe 1WatEIn swhuhire ekast I;ﬂr@ﬁﬁ}ﬂﬁ)ﬁ‘ reat @h WelBstin

.elastase, and tropoelastin which is_a precursor in an.

BF8§Nth%F6§yMﬂE¥W@meﬁﬁ@beuﬁ§%€ uséde Theopoelastin
i&%’@@lﬁéf‘t@.c@éflg}ollﬁﬁrﬂé&m aphYekkPdEd £ A an animal

extract” from an ani il cal or at least one

'@aégoerasthhegeﬁeOpﬁomnﬂpeelaﬁmah gpngepeoduct obtained

C i nati can used. Crosslinked elastin in the
BC YL LALL ARG E U3 %o 0T R0 K1

i Avention can “hed® %y ‘crosslinking at
| east oneswatiarkedl dblas tid £hathienphkie senat ﬁmveaittbdaﬁ can
crossllnqug agent. The water-soluble elastin.is

R9aPBERIBISY B B ASHT MALRH & thy8RGIhGI® WafAG -&qtuble
éQﬁ%@ﬂﬁ”S§ aakpit e 24%Piub e H%é%sW@dﬁEn@n@dﬂht '

am no acid having an amno group in a side chain,
e.g., Thei watergseilndbe edasisindise, a chysinanhebic

@98‘{ l]l’{oiplfl Jvﬂgcnm aI e%@rggbﬁblrgeam&l%r'S@J.&bl.:gnstltutes

ross I nKIn

‘about 94% of the total weight and an amino acid having

an amino group in a side chain, e.g., lysine, arginine
or hystidine, constitutes about 1% of the'total.weight.
‘The water-soluble croSslinking‘agent-used in the
present invention may be any water-soluble crosslinking -
egent which reacts with the amino aeid.ingthe side chain
of the water-soluble elastin and causes a crosslinking
reactien. illustrative ekamples of the_water—soluble-
crosslinking agent include glutaraldehyde ethylene
glycldyl ether, and a compound represented by the
follow1ng formula which has a hydrophoblc portlon in

the central reglon of the molecule and has an active

" ester group at both ends of the molecule. In partlcul_ar

when the compound represented by the followingrformula

(1} is used as a crosslinking agent, a molded article

,hav1ng elasticity sultable for a llVlng body and good -

Zmoldablllty can be preferably obtalned
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~~independently represent H, CH; or C;H:.

present invention may be any water-sol ubl e
crosslinking agent which reacts with the amno acid
in the side chain of the water-soluble elastin and
causes a crosslinking 25 reaction. Illustrative
exanpl es of the water-sol ubl &l crosslinking agent
ipclude glutzaraldehydei3 et hyl ene glycidyl ether, and
B G Rep &°by t.h€l) following formula which
has a hydropholj c portion in the central region of
the nol ecul e and has an active 30 ester group at both
wnesedin the anple®fl @adh padepehdentWnenephesent a

d re ted b he fol | ow f. 1) i
TR LIS CPEERNA hetabine s S hB e s ety g -1
el astpkity suitable for a |living body and good

%Pég@pi ity can be preferably obtained. 11 R -O
-dﬁf% 1) OO0 wherein R and R3 each
indepepq@entleselﬂ)'b structure represented by

the follow ng~fornula (1)-1: R4 CH3SOA\S+ R5 (1) 1 5
wihereiim R aamldRR°eaalrl ninfepctand sy tigprmsent sdntCHB, CH,
or ﬁ%ﬁﬁ, or a structure represented by the follow ng
Formal'ar (1)-2: NaGBS (1)2 0 10 and, R2 represents a

St HClsn & epresené peteldedP8a b3 | ONENE ST SWha g WoBnula
TéCHQ .. (1)-3 wherein.nis 1 to 20, or a structure
tkprésented by the following formla

. Na03$

— ()2

o

and, R® represents a structure represented by the
following formula (1)-3: | '

—(CHz)n; . )-3

wherein n is 1 to 20, _

or a structure represented by the following formula

(1)-4-

| ..(1)-4

"R° Y—(CH—
wherein m and 1 each indepeﬁden'tly_ -‘repré’sen.t"an integer .
of 0 to 15, X and Y,each‘independegt;y_repreSent CH,

or O, Z represents C or N, and R®, R?, R® and R® each

Togethe‘r with elastin bdntaining a la—:f:gle-q'uantity

of hydrophobic amino acid, the compound having a

hydrophobic.pd:tidn'in the central_fegion of the.
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. includeprbteinssuchaéébllagen,gelatin,fibronectin

15 (1)-4: R ~ R{CH22mX ... (1)-4 R8 RO Y-.(CH2
wherein mand 1 each independently represent an
integer of 0 to 15, X and Y each independently
represent CH2 or 0, Z represents Cor N, and R6, R7,
R8 and R9 each 20 independedtdy represenlt H, CH3 or
C2H5. Together with elastin containing a | arge
TOLHTE D" oMYA p Ao o AT ae b knos Eanpdutice by
Andrgphabitydf apBeicr Poption in the central region
of the 12 nolecule forns a strong and stable

st ruct HP#eFe T hy ¢ddptebic dompeuod oron Hevenarg si Aeecge

LAl . ye, . quantity.of -hydrophobic .
SERTBRLDLEU LR ) 08, TL LY, BRI
heddign sobulll ei or hamrsldlubs € Liub Mat 8%, iidsdBubiEf iiGllwater,
to handl e _the conmpound in a water system.  The -
&ﬁt’eﬁ-‘gbfﬁm%lﬁ? PiEfd 1y SR MOBRRUSE prod e Ty stem.
frale exaBke.sAChbYR- @AUALL 1Y NG Pt B ends 8£nabefpﬁ%duced

‘correspondi ng di carboxylic acid conpdund by use o
BYnhydroRy pHEP deneant i vatfor @i dating bokbatends of a

| . refenr - ").. This -
%&%—%@Fbgleﬂirgé&%%n ki ialgen%;%g SGOPRREBSA Poy pRe of
thaty dtokgplee iyl ddptoth ¢1 peiil HOnWint mé OhFE &1 ARG
d stable structure together with el astin containing
Tglefefja?agtcﬁﬁnf?#)‘?rd?e‘%yaf’oﬁrﬁ)b?Eng ho a&f#Sand t hat

nWhtéimsbngH@|Ggo%%ﬂiﬁkﬂ@bﬁ%é%ﬁ%ems}%ﬂéﬁgﬁté ized in

t he present invention, the water-sol uble crosslinking
bhértt idehaged hydrophobic portion which forms a strong

. and stable structure together with elastin containing

a large quantity of hydrophobic amino acid and that it

can be handled in the water system.

Further, in the present invention, the

fwater—solublé crosslinking agent achieves

jcrosslinking throughlpeptide bonds between the active

ester groups at both ends of the chemical formula of

the water-soluble crosslinking agent and the amino
acids in the water-soluble elastin. . Conditions for the

‘nrosslinking reaction are not particulariy limited.

The‘reaction'temperature preferably ranges from 4°C to

150°C at normal pressures or under préssure applied by

an autoclave. The reaction temperature particularly"

preferably:ranges from 10°C to.120°C in-view of
operability in crosslinking. o _ _
In the present invention, the cro's-‘s_link'ed elastin_

may contain a third;compdnent; in addition to the

water-soluble elastin and the crbsslinking agent.

Illustrative exnmples of the .third component

I

fibrin;1aminin,caseintkeratin,sericinandthrombin,



10

15

20

25

- .30

crosslinking through peptide bonds between the active
20 ester groups at both ends of the chem cal formula
of the water-sol uble crosslinking agent and the am no
acids in the water-soluble elastin. Conditions for the
crosslinking reaction are not3particularly limted.
The reaction tenperature preferably ranges from4 Cto
PELYSRID @t aFdrdial SBFEsAF e H° hindIeP aFedsker acdshl i 2d
zl.ave. s Jhe tJ t tur, '

%g% i cu’?géllg)%lc \é%elf%-r ggldsa%a ggglﬁrom %C)Cst ogalléf')csflr?h as @
poéwadlacherabiict gcimd crivaphitiki hgehondirvel pipssemtl furic
i nventi.on, -the crossli.nked.elastin 30 contain a
PREFG CErBbRERRLT nagdil i SREFE YR SHdeare sl anid
€hastdro 80dnt, heektassh i ki pgragedlcid ) Idift #atkecellulose,
exanpl es of the third conponent include proteins such
adgdA1qagrfidgel @B am | bFaFOQFTMe thygr jghitin,

g : tin. e ¢ 0 _
GATSREaaRad, O 0acT; MLaRRCE AR, B21in gun,
pullfg e drgel dovi.dkand va oy |, ysaneagagaas ,saglaras xanthan

| ygal ic acid,. h in, droi tj | furi
SR A PEhpdT AL kT e ElrPer o b et
chondphéfhydexie aluld &l | meAdi @l selif1ai Bdse,

cellulose, alginic acid, dextran, carboxynethyl

ghirciananyafac Ehddritin, CRLEPESdEI XY k9 gdHEan Angukentinan,

QﬁhV%ﬁﬁ@bllsﬁfé%EH @%?gﬁrgar gH@‘gﬁ#r?Q%ngblast

agar, xanthan™ gum curd , pul Tulan, ul ose,
grawdily flgctarboxyBefhylepileairsE, grethih £ekltulmse, PDGF

<. chitin, chit ) | ogl d .. .
PRt EN e aei bl o ER e Fadte 8 "3t (e meggt 1n- 11ke
Giokrtabl Aat t ogf P VEGFCt 0¥ s ciGRaf ephderteé 1 §aaWMdrowth

factor), PDGF %Platelet4derived growt h facto%?, | GF
frR4AT h. ITRR- 85 By bwple Faans§oryEoy grestih factor) , NGF

(Panst or R0 ouih Fack or o (gebdclcbitfar growen
factor), and BMP (bone morphogenetic factor).

-Of fhese, extracellula;'matrix:components such as
gelatin, cdilagen,-fibronectin, laminin, heparin and
chondroitin sulfuric acid and cell growth factors such
as EGF_(fibroblast growth factor), EGF (epidermal
growth factof),,VEGF CVascuiar;eﬁdotheiiql growth
factor), NGF (nerve growth factor) and HGF
(hepatoce;lular'growth faCtor)'are.preferfed because
thef enhance bonding anﬂ_proliferation of celis.

in,fhe brésent inventi6n, the proportion of the
Waterfsolublé~elastin is_p;eferably 0.5 to 99.5 wt%

based on thé‘crOSSlinked‘elastin. The proportion is

- more préferably°lrto 95 wt%. With the proportion
_ thereof.Wiﬁhin'this,range, a mblded article having

"elasticity,Suitable for a living body and good

moldability can be obtained.

~ In the present invention, a method for producing



10

15

20

25

30

(nerve grom h factor), HGF (hepatocellular growh
factor), and BMP (bone norphogenetic factor). O
these, extracellular matrix conponents such as 20
gelatin, collagen, fibronectin, |lamnin, heparin and

' chondrortr n sulfuric acid ané“cell grovvth factors such

Ci %%I br obl Ja_r% grow h factor), (epi der mal

grovﬁ cforM© EéF a(’f/’é%E&learr%ﬁ’agPFFé:lfr%l oFr &fteh fiber
Baatne  urNGH  nes ¥ e p@irovd Bufl 8gtior ) 1 8R4 tfd&, 22nd a general
(hepatocel lular gromh factor) are preferred because
fﬂﬁésh%rfaﬁéego@nmﬂgd dnelefr bbi merlal jorspitheltlisy dewin can

t t | .
D LIk EE E T —

Bas ed mqlﬂhe.mraéylarnﬁ@edanldaei |w1at€£lre SUDRBLE &L4st 39
refer to 95 wt% Wth the proportion
eI

RSOt OR; eLhy Bixdinediatercise habiisg elastin

ah@hltﬁatérswdﬁt%ﬁef@f:oééﬂi’ﬁﬂﬂnﬁo éjeﬁrtdtgg%q:her oured

mol dability can be obtained. In the present i nventi on,

&t hblef s It oanéi heatedahyelaast antooildede aotri dhee like
d gby, fis s not rticul arl

R RSB0 et 8k RUGIULEgle 0L BRRLLCU AL

ustng’'a Grof

pelld et syntrhdtibe Fediap edne las tise dmofidle €xamplia: 1 ahen

v RN SR ]

M Xi ngIwetRe- pekwlder Q.rﬁ@éhﬁicﬁﬁd t@lé’\@r%séf?h.ﬂkileﬁi ela tin

- cross|inking agent together, poured into the nol

Rb&EN ] BY L¥BEFIid BinghdY | Wee W@t(ﬁaUseoéuble

n, fiLl ellet- or .
EERL A0 SBSLE 5 [, Prafblebna A0y Bl 01 e
shseeptibie ol rbm:a‘hegeadkmaimedln airn,:thEngr Bs:erryt Since

t t sJ| ked e] astin obtai ned
c%gsﬂ ‘linartl &gr bt gn Ere&sasﬁ"?ﬁkf:ﬁgt‘cr\‘@erﬂegree

7 b&Sdtd@@lﬁﬁMﬂﬂ@téﬁ that ddod$linked elastin, it can be

controlled by changing the degree of crosslinking by
changing conditions for crosslinking.

The crosslinked elastin in the present invention

'is a crosslinked protein having excellent elasticity.
- To be adapted'to a living body easily, the crosslinked

‘relastin preferably has a Young s modulus of 1 x 102 to

1 x 107 Pa, particularly preferably 1 x 10° to 2 x 10°
Pa.

As'described'above; adcording to the present

‘invention, the elasticity and flexibility of elastin

can be retained and tear strength which allows suture .

- can be imparted to crosslinked elastin by use of a fiber _

Structure_comprising various aliphatic polyester

‘fibers such as hollow fibers or porOus fibers having

fan average particle diameter of 0.05 to 50 um as a

Suppprting base material. Such an elastin molded

article is useful as an artificial material in
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15 susceptible to biodegradation in a |iving body.
Since the speed of the biodegradation relates to the
degree of crosslinking of the crosslinked elastin, it
can be controlled by changi ng the degree of
crosslinking by changing comditions for crosslinking.
20 The crosslinked elastin in the present invention
revasgwiariigiesyl pnoagich mavineg exatlilbant el asticity..
To be adapted to a living body easily, the crosslinked
el astin preferably has a Young's nodulus of 1 x 102 to
Bxami)/efa, particularly preferably 1 x 103 to 2 x 106
25 Pa._As descri bed above, according to the Eresent

CnveniPBR2 1 O JSRFCPES SARI [HBXFBITIRY 6 Le) B EHTther

_&a@&%@aab?gq@%f e'@ﬁestquragcklam/g' &R Al PYS . SUWWever,

can be inparied to crosslinked el astin by use of a
theerpB®sentucinyentdpr i shad varddubealihiited by these
ggl §§£§S l%ybers such as holl ow fibers or porous

e gv@fage particle diameter of 0.05 to

50 m aSnath&wr@ptmtamglbase aTgiEl ¥ Bk o tSUE a@ind el Hﬁt:l'mf9031)
mol ded article is useful as an artificial material in

9% Sheifa2egMa R PR tARP neGl6ts hRi 88, E%%NeERODUCTS
Bet.ai lsref |t hg #raaehly 1 SNENHHIN Wi il ttesﬁ.y&mqr grade) ,

descri bed by use of the foll ow ng Exanpl e However ,
o lgreauidi(mpacied gralde hota b@llwpeddogiltaﬁessgls tube

t | t
ERTR R Yo gy 4B cofk h985E &rBBPat o PePEsiin of
EbAﬁBéh@R@HdEbe&QﬂEDacLaD and net hyl ene chl ori de
de I d I d
I I E NGRS N R N
ﬁﬂayhi@hégflxgarb@3¥$ﬁﬂﬁ@Jxﬁgéfﬁﬁﬂ%ﬁﬁlg {(special

grade) and triethylamine of Wako Pure Chemical
Industries, Ltd. were used.

Preparation Method of Polylactic Acid Tube

1 gof polylactic acid and 8§ g of methylene chloride

- were mixed together at room témperature (25’C)_to

- prepare a dope. The dope was discharged to a fibrous

material collecting:eledtrqde 5 {diameter: 2 mm,
Jength: 200 mm) which spun at 60 rpm} for 5 minutes_by'
ﬁse of the apparatus shown in‘Fig. 2. The internal
diameter of a discharge nozzle 1 was 0.8 mm, the vbltdge,
was 12 kV, and fhe distance fﬁdm the discharge nozzle
1 to the fibrous material collecting electrode 5 was
10 cm. The obtained pblylactic‘acid tube had an
internal diameter of 2 mm and a léngth of 20 mm. Further ,--

the coating amount was controlled by varying the -

discharge time, and tWO'typés of samples cne of which

had a coating amount of 20 g/m’ and the other of which

had a coating amount of 40 g/m? were prepared.

 Preparation Method of Water-Soluble Elastin
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4- hydr oxyphenyl di net hyl - sul f oni um net hyl sul fate, 15

di cycl ohexyl carbodiimde, acetonitrile (special

grade) and triethylam ne of Wako Pure Cheni cal

I ndustries, Ltd. were used. Preparation Method of

Pol yl actic Acid Tube 1 g of p6élylactic acid and 8 g of

net hyl ene chloride 20 were m xed together at room .

t enper i Br BL1( 250)0 + S Mpp&dic argdpe Warheaddpd Wes 20 g of

[ rge L bp.au i I [ el ode
AR LpEB ot "oR hr ARR T ARCBUCHS, €0 Ty “and
tpeatfal & Mt éstby 1 useunf tRE pparablgdshatre mixture
Fig. 2. The_intern 5 diameter_ of a discharge_nozzle
“Ia%af‘?f%rﬁﬁ]uqeﬁi @bl'ﬁé’g% ThHs 2P kV}néﬁ%e?ﬁe. & ance
suparier dheChai @8i 0% d £ cd1hedbeaf 'al?fc'PUéhHE«g%fd alnto a
collecting el ectrode 5 was 10 cm The obtaine
P HH? § £Cabil@ kdpbshbtbaen dndepHall it aneldrvas Tameve

AR 00041 2 €00 TV FH4LHSL acTADE SOPLLRD PIRURD pons.

Thpes cfhsanplsasl bhagoprddebt kaak af eeatzagiaiedntt wfgive
20.q9/ n2 and.the ot her. .of which had a coating anount
%Pt%@f'g?ﬂguﬁéﬁ; %i@ﬁgrlé’d Preparation Method of =
YobeyaSot ¥BhemBadid B £lfia tEd- 85 19fb Ve 26M 958liink A¢§ B gent

Was added to 20 g of elastin (product of ELASTIN

PRODUCTSS ¢, ( 1. TD.mmead of egasedboachraseyligoreid and
fher £0 t-he ¢ Xxju (| 3,00 .
§058 0y fimond® g% [ h 4oy pRa Y L HIRE iy £2F g¥Bnum
apdhghhsgddE aheovereodl $ abdsiend dirat g S mtlub€,a@atlonitrile
oxalig acid s renpved . b erform iglysis with
fEra- 80 vabRel STBachsthabS v LaE Adlp i bo ve
poedusd , Was ofyr efzes dinmed )t b gi 48 c@l 8heX@ Ut 8rbodiimide
el astin. 10 Preparation Method of Water-Sol uble - '
EP&SS’J}‘?‘?&?ingaﬂggn’%heOFG@Lg](’Q%BMJ)XBPre was agitated at

dedecapgdi ganipxyki ¢ agiedh andicyclohexyl urea produced

during the reaction was removed through filtration

using a glass filter. Further, the filtrate’was
dropped to 70 ml of ether to be solidified. The'soiid
was vacuum—dried‘to give 1.4 grof‘water—SOluble
crosslinking agent. The purity of the 6btained
crosslinking agent was found.td_be 98%.byi;H—NMR.-
Example 1 o ' 7 . | o
200 mg of thé wéter—soluble elastinrwas-addedftb
1 ml of de;onizedrwater and agitated to give a 20%

water-soluble elastin solution. iTheitempefatﬁre‘of

the solution was adjusted'to 25°C;,.To.the'soiﬁtionT

72 pumol (three times as large as the amount (24 pmol) '

of amino groups in the elastin in the solution) Qf'the
water-soluble crosslinking agent was added ar_ld ag:i‘.t.arted

for 5minutes. Then, 24 umol of triethylamine was added,

- and the miXture.was agitated for another 5‘minutes{.

: Then,themiktureWaspouredinto;icyliﬂdfidaltemplate
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1.33 g (5 mmol ) of 4-hydroxyphenyl di nmet hyl -sul f oni um

nmet hyl sulfate were dissolved into 35 m of

acetonitrile at 60C. After the mxture was left to

stand to be 15 cooled, 1.03 g (5 mmol) of dicycl ohexyl
carbodiim de was added, andltzhe resulting m xture was
agitated at 25C for 5 hours. Then, dicyclohexyl urea
peydureda é&lalﬂﬁgt@ﬁeolfea%t2oﬁﬂwm¢eﬁ0§t@dlgfﬁnoggh 30 mm on

S AR £10 495 L (GPULIED odBpc: 20 amty

walsi ahdmleﬂedTlaeldeilhdn mwa@uum:emdectdm gwee dasOto be
of W%%ir @%ubl cross| i nking agent. The purity of

ffd it ai Bt nRg AP Lo¥RS iR 118U T Be He Wighh
EﬁlUﬁf%@ﬁ d@%ﬁ@'%oléﬁ%ggg'Elﬂilkgaw%§€é %?I%%&rlcal

elastin was added to of dei oni zed water and
Gélatsétie@ mo lglad QrZ(}%l%hermgw ubkeedl gntnelasticity.

t u e the sal
ed to%%ﬁé i éiso ﬁﬁE%P mod e%ﬁ?m%ﬁh was
u:n:rmteﬂ wange @as aheoatrmame @4 Rt Fdofl1ammiqutes. to

s in the ehastln in the solution) of .the
%&’%@Fl%& Fter ttdEad Rt Rgtigemo Wird RMEd cdfy whose shape

2@l £8a hwcrﬁaﬁaat es.rdeRoudty P! melad i st BY apoe

was added, and e mxture was agi tated for another
&bt fe ds e Lafehn mmadmdtmﬂxwmsepMﬂExﬂlﬂtd&i Pa.

cyllnd a ePQ! nete

and a ?%g%ﬁﬁa %L%ﬁ#%$r%%lc etﬂe po aéP l%edc?rthle

wmmem(ee(mizre@ tqrrnlmt bfZQEgIIS‘iﬁ)ONWaBNHmRmBﬂWaJ“Hh thefferen

Iefb\%ég3 %6? ar i days to Be %elled The obt ai ned °°
3 N3 ggv’éﬁ 15 dEPEnTrESY Watet SP¥BthppTable

a.mlky- mhlte cylindrical elastin nolded article

havi ng excel l ent elasticity. Further, the obtained
EFaPhensl ded article was treated with an autocl ave
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mol ded” art i 0se sh
that the coating amount of the polylactic acid tube was

40 g/m?. The Young's modulus of the ebtained elastin
molded article was 1 x 10° Pa. '
Comparative Example 1 A

The tear strength of elastln prepared w1th

reference to Example 1 was measured.
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15 1. Exanple 2
repeat ed except
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of the obtained

Table 1

10 remai ned unchanged. The Young's nodul us of the
obt ai ned elastin nolded article was 1 x. 105 Pa. The
tear strength of the obtained nolded article was

Pa. Conparative Exanple 1 The tear strength of elastin
prepared with | refergnce to Exanple 1 was neasured. 18
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of TENSILO? (I NSTRON) with reference
DI N53504. THe result is shown in Table
Thé procedure of Exanple 1 was

that the coating anmount of the

tube was 40 g/ n2. The Young's nodul us
elastin 20 nolded article was 1 x 106
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rom'ice U 0 al1l9 CLAIM5S 1. An elastin nol ded

article which conprises a fiber structure conprising

al i phatic polyester fibers 5 having an average fi ber

di aneter of 0.05 to 50 i.mas a supporting base

mat eri al and crosslinked el as2in. 2. The elastin

nol ded article according to claim 1, wherein the

al i phatic polyester is a gohyEM&tic acid, 10 a

pol ygl ycolic acid, a pol ycaprol actone or a copol yner
thereof. 3. The elastln nol ded article according to
claimll, hheediastha hidiaiedsaa tsirfacehinwt Bohmphelses a

orou 15 fi ber or a hQ||0M/fJber 4. The el astin
RoPEE IO BT A GOPHR Ty SAS %1%k TRRE £ Lh At Vo BRe T Fibers

ﬁ&@%ﬁl %&da%qsg 8 QML S&§aﬂ19q:r UGk or.eoS%'Eg %0 pm as

ron1a reaction wat er - sol ubl e el astin wt
ﬁe&ﬂpmtéﬂ@s§?¢ﬁﬁu Ag teehal Sndrherelssskinked dae?dastln
article according to claim 4, wherein the
crosslinking agent is a mater-soluble_ conpound .
represmnteﬂhbye&h&ﬁimimwﬁﬂgdfatmﬂdﬂéléccording to claim
El % 0 wherein Rl and_R3 each
S H]’ler e&&@&ﬁ 1§ DRLVEET L%prReEHIEF byC acid,

hhgof 9lge %)%@ﬂlfcoé@i'@ @b&lyc%r@%oh@'o&‘l)&lcopdﬂymer

wher el n and R5 each i ndependently represent
Sbegiea®H5, or a structure represented by the
followi ng formul a

3. The elastin molded article according to claim
1, wherein the fiber is a surface smooth fiber, a porous

fiber or a hollow fiber.

4. The elastin molded article according to claim’
1, wherein the crosslinked elastin comprises a product
resulting from a reaction of water—s'el'uble.elasti_n with

at least one crosslinking agent.

5. The elastin molded article according to claim

4, wherein the cresslinking-égent_is a Water—solubie

- compound represented by-the following formula (1):

—O—*ﬁ—ﬂ ﬁ—o—-—a‘“’ ()

‘wherein R' and R® each 1ndependently represent a

'structure represented by the following formula (1) 1:

4

'CH3S0, /S"
G @— (1)1

wherein R' and R® each independently represent H, CH;
'or' C2H5, | -

or a structure represented'by‘the following.fermula _
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20 (1)-2: Na@®3S (1)-2 0 and, R2 represents a
structure represented by the followng formula (1)-3:
-(CH ...(1)-3 whereinnis 1to 20, or a structure
represented by the following formula (1)-4: R6 R7
{CH2)m X ...(1)-4 R8 RO Y-(@efr 10 wherein mand 1
each |ndependently represent an integer of 0 to 15, X
d ¥ each i ndependently represent CH2 or 0, Z
represents C or N, and R6, R7, R8 and R9 each
indegendenly represent H, CH3 or C2H5. 15 6. The
N J

v ded article accor di ng to claim 1, wherein
@ <ed el as [12further contains at | east one

Mt he grng consisting of a protein, a
pol yam no~gci d, sugar and a cell growth factor. 20 7.
The el asti rml ded article according to claim 6,
wherein the protei n is collagen, gel atin,

ro t fa hr, r ni he
SRR A B, AV A d LREL 23k T g
fbélpnﬁyam lf@muﬁial g Ia} pBL Yl ysi ne or a 21

éﬁl ut am c aﬁhg

whereln n is 1 to 20,

or a structure represented by the following formula
(1)-4:

—{CHolmm X ' w(1)-4

R® Y—(CHur |
wherein m and 1 each independently repr'esent an integer
of ¢ to 15, X and Y_eéch independently represent CH,
or O, % represents C or N, and R®, R’, R® and R® each

independently represent H, CH;3; or Cy;Hs.

6. The elastln.molded artlcle accordlng to claim

‘1, whereln the crosslinked elastln further contains at

least one selected from the group con51st1ng of a
protein, a polyamino a01d; sugar and a cell growth

factor.
_7; The elastln.molded.artlcle accord1ng1x)cla1m
6, whereln the protein 1s collagen gelatln

fibronectln, fibrin, thrombln ‘or laminin.

.8, The elastin.molded'artiele according to claim

6, wherein the polyamino acid.is a'§olY1ysihe[or‘a
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9. The elastin nolded article according to claim 6,
wherein the sugar is hyaluronic acid, chondroitin .5
sul furic acid, heparin, alginic acid, chitin,

chitosan, cellulose or starch. 10. The elastin nol ded
article according to claim @&l wherein the cell growth
factor is FG- (fibroblast 10 growh factor), EGF
pepivderwhamgrodiifiact or), PDGF (pl atel et -deri ved
grow h factor), IGF (insulin-like growh factor),
VEGF (vascul ar endothelial growh factor) , TG (3

((3-type traestaayfinoioMled aditig¢ie ACod®iy o claim
row h facto%%ﬁr{}Z (hepatocel L.ular growth 15 factor)
r B T®oRe pwagéﬁeﬁsc hyedyyonig. agifht hehopgroitin

BLAGNGH DY AP &l %é#)ﬁr':{‘ﬂ dgd 4 ﬂib%@lah%ﬁ%% 288 b san,

that crosslinkéd astin i's” formed by i npregnating a
¢eBdrukoesactorr estamphisi ng 20 al i phatl c pol yester

fi bers having an average fiber dianeter of 0.05 to 50
mw th water-soluble elastin and at |east one

cr-ossl 1 0ki nghagenta sofin yo Laus A4gtad c1d aTdd PRI AYG to claim
reaction. 25 12. The_method according to claimit.

GheMBiGrehe thgefeld FRAWERcEaGhRThifi FGE bLEpdrslast
ékaﬁfﬂrfﬁcﬂggj9“@@#*¥ep1dermal growth factor), PDGF

(platelet—derived growth factor)}, IGF (insulin-iike
growth factor), VEGF (vascular endothelial growth
factor),TGF—B(B~typetransforminggrowthfactor),NGF
(nerve growth factor), HGF {(hepatocellular growth

factor) or BMP (bone morphogenetic factor).

11. A method for producing an elastin molded
article characterized iﬁ that crosslinked elastin is
formed by impregnating a fiber structure comprising
aliphatic polyester fibers having an average fibér-
diameter of 0.05 to 50 pum with water-soluble elastin

and at least one Crosslinking agent and by causing a

- crosslinking reaction.

'12. The method according to claim 11, wherein the

fiber is a surface smooth fiber, a porous fiber or a

‘hollow fiber.



