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i DESCRI PTI ON . PROCESS FOR PRODUCI NG COLLAGEN SPONGE
PROCESS FOR PRODUCI NG ARTI FI CI AL SKI'N, ARTI FI Cl AL
SKIN AND CELL TISSUE 5 CULTURE SUBSTRATE TECHNI CAL

FI ELD [0001] The present invention relates to a nethod
for 10 producing a coll agen sponge and a nethod for
producing an artificial skin which can give a high

- _yield through -sinplified steps; and an artificia

skin and a substrate  forpddgsye:@gi neering which
respectively conprise a collagen sponge produced by
the method for producing a 15 col | agen sponge.

'BACKGE@UN@SARTOR[@ﬁ@ﬂwctkel@otﬂ@@gNggﬁgﬂGgr:?§?@§§§ PR
|
ERABPRIRG, Aereflree’ SREST 2RRDATCER 20k B L gl T1sSUE

t he col | agen sponge ha{SJIEI]UREBfS‘[mEITE@fTEpr oviding
count | ess pores (spaces) suitable for the _
mul tiplication of fibroblasts by its porous structure

- AT diAdg BlE-Dnul tiplication of fibroblasts so as to

2;@ohot e the recovery of the di seased part.
product . wherein a water perneation adjustlngglayer
conpr i SifYfg PEessnti doyentillom grd atties Itoke methadi Aatred

Qirommra; eoldagenens RRERd s ed AT IAY ecel®llicing an
art Ci.al &§ .n since the roduct can restraln t he
tﬁstlﬁ T "Rer CHNGIFG PnddSifoisld through
mum@daﬁganisﬁﬂpandammedn ket ignd ietthens of e atﬁ@bstrate
ar For, exanp Pat ent Document
G et iRt Wil R aPegiy e ln S2reL PG,
sioild agear (,Slmnéfec@IIIOdg@@CB@ysM@gmelt@yo@r fkvavpnr@duc:lng a

g@yygdgﬁsgﬁo%b%scoplc pores is 2

BACKGROUND ART

[0002]

| It is known that in the case of transplanting a
collagen sponge as an artificial skin into the part of a
disease such as a skin burn, the collagen sponge has an

effect of providing countless pores (spaces) suitable for

- the multiplication of fibroblasts by its porous structure

and aiding the multiplication of fibroblasts so as to
promote the recovery of the diseased part. A product
wherein a water permeation adjusting layer comprising a
silicone film and the like is laminated on such a collagen
sponge is used as an excellent artificial skin since the

product can restrain the transpiration of water, the

invasion of microorganisms and the like, and others from

‘the diseased part.

[0G03]

For example, Patent Document 1 discloses, as such an

cartificial skin, an artificial skin wherein a collagen

‘sponge layer having countless microscopic pores is
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- trbsyemeTatEh dredet weeBN04MorébvArcobPhaget Bpongent 2
: in%q}i%ﬂe% rr%t %d sce{céna%n ratrltfi'fcfc%.lal S‘Slﬁl% ?)t \é:d%%fi?x]gvn\%tgfe:ﬁlod, a

publ i'shed, is, for exanple, a nmetho

- lam nated over a water perneation adjusting |ayer
.conprising a thin filmof a water perneable polyneric

substancé so as to interpose an intermedi ate | ayer

formed by a fibrous material of a bi oabsorbabl e
polymeric 5 substance therebetaween. Moreover, Patent
Docunent 2 discloses, as a such an artificial skin
produci ng method, a collagen sponge drying nethod of
MOSet Y A G0ld ag8r RS W R34 G0N 29k 2
hydrophi | i c- organi c. solvent in water, andthen o

f A Ry tt%«?é\. ddilifagen aspBige; Pardesl papertmeric
Ragiymeiicesd i 36 05LS it GQdsrgeh SRARGMPILAEUCIIRGer formed

hod..of addi | ] ilic ' | vent int |
T3 Faget SOt 0 e TORSDOEAIG PRGEGRUG on

a

permeati ol adj usting layer conpri'si ng a
& Matearepanreats lpoingnEsthosubyst awdetandng acollldgern

LAawer Predudiing et %o%ydwp%gl i%zgrl‘gjgxgl&ci S0 vﬁnt in
26 {5dt e MR DSAGRe e 2R roiNg (Fo e Kerldarens sprews /i and
@d$8ﬁt-D@Miﬁﬁn&a32diEQQ%@%ST%€cﬁﬂﬂb@@%ﬂs@%@?@?p&oducing
pr ucj n nme 0 I Nn_kKl(J. .conpris€s. a | €
Rl P BRI RG, 0 R EEnid 16 B e s DI ARGt e

pid 1dradelme sodmddtr, atanan téfena healdogagen ingl thieosplation to

' cal |_agen sponge producing step of foam ng the
@%#?%géﬁ gﬁ %%Hen freeze-drying the collagen; a GA

di9894]li nki ng step of crosslinking the col lagen sponge,

whi ch ﬂ?%oﬁqggﬁﬁts?%ﬁ@ecbg%ﬁhbﬁ5%dm Wihih oF, an artificial

gl.yt ar al dehyde 30 (GA); and a secondary col |l agen o :
QaﬁP§QU@iW§t§Fe§eéﬁea¢ﬂ@@z@ﬁdﬁﬁﬁﬁégtHéyer comprislng a

ahasslfinked rcel hager spReR@eblEh@Aktdeiiel dlibskiaRce and a

prqoduci ng net hod.in Fi ..ﬁﬁ'co rises: a diluted

S GeS SEP R or 2 s O STl 5 ok 0t F g Pefe PP
oubiihehedncest r dbirorxafipd egolal agehod disclosed in Non-
patent Document 1. An outline thereof is shown in Fig. 1

- and Fig. 2.

[0005]

The collagen sponge producing method in Fig. 1
compriseé: a diluted collagen soluticn preparing step of
adjusting the pH or the concentration of a collagen |
solution; a primary collagen sponge producing step of
foaming the collagen and then freeze-drying the collagen; a
GA crosslinking step of crosslinking the collagen sponge,
which has not yet been'crosslinked, with glutaraldehyde

(GA); and a secondary collagen sponge producing step of

- freeze-drying the crosslinked collagen sponge.

The artificial skin producing method in Fig. 2
comprises: a diluted collagen solution preparing step of
adjusting the pH or the concentration of a collagen

solution; a primary collagen sponge producing step of
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35 solution; a primary oollagen-sponge produci ng step
of 3 foam ng the collagen and then freeze-drying the
collagen; a filmformng step of |lam nating a water

_ perneation adjusting |ayer conprising silicone and

the like onto the surface of 3he collagen sponge,
whi ch has not yet been 5 crosslinked; a GA
crosslinking step of crosslinking the non-crosslinked

el dr2aen tSH@QﬂﬁlVﬁgtéh A araldefhyde %)ylnga%e collagen, a
chggdeg%@oollagen onge produci ng step of

G G588 ded FviNEgew spholfger [P(%@thw
lvkxwgaysﬁnngsuelyec‘zor@tﬂmmmaig GalliRgReR: SRENGRPNARUCIRGo the

ds or rtifi Skl rodUC| t hods have
pr%rbfaecr% o5 ke ¢ @ W B okt &gt keen
|crﬁceralam]@@bda C&Y@msﬂtlcﬂdnmefwmo@aﬁ:b%saﬁnklng the -

i

agen sponge or in ce o
SPohge Jegpadagty a?thhwelryﬁmP@meﬁO@mlmgmsalepsI<>|fn,freeze— .
QA oo REERALINE AYUSENG, IS Of the
agfﬁjﬁﬁlaﬁ skin ﬁé WW|nkIe§ erebf-resultlng in a

9n the yield. [0007]. Patent Docunent 1: Japanese

rPatentHN@ev%987%@%h2@oB®@@$ﬁoQ@QU%%Qﬂa%enJQQQB €€producing

u, Publ i cat.i 100 Pat ent
%W e Pat’d ﬁ%? g§9§%§?3 q@ﬁ?ﬂ&&@éﬁ@ %8@§n§ﬁyelpr°blems
&hwﬁaﬁéﬂ &h&pb4thhﬁ&@f(b&&Bkom&allb$6HCSHRE @EfEHEor goods
| E | IS TO SOLVI
8 OB oOR e T bea . STRICOSH 4n Jrecetss in 2
tfﬁélalérye@@n’o:talnrw\demqld@qe@ tspomgevicde 1a rmeh@urffer:e of a
RIAdUGRd spond@ a@hl-306% %pQﬁ%%lﬁgdo%tgghggd fﬁClal skin,

produ0|ng an artificial skin can give a
yirelPd "EESU SR TEERGIICR 8dUSEésSd langranTaiberf |ae§|ta|flClal

skiim drdwa iakhed, at@ehebyt irssue tiaRgiiRear ifad 1WAhe lahe yield.
[%%%egtlvely conprise a coll agen sponge

Patent Document 1: Japanese Patent No. 2987464

Patent Document 2: Japanese Kokoku Publication Hei-7-
100 ' | '

Patent Document 3: Japanese Patent No. 2997823

Non-patent Document 1: Biomaterials 14, 1030 (1293)

DISCLOSURE QF THE INVENTICN

PROBLEMS WHICE THE INVENTION 15 TO SOLVE
[G008] . _
In light of the present situation, an object of the
present invention is to provide a method for producing a
collagen sponge and a method for producing an artificial
skin which can give a high yield through simplified steps;
and an artificial skin and a substrate for tissue

-engineering which respectlvely comprise a collagen sponge

produced by the method for producing a collagen sponge
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produced by the nethod for producing a collagen
sponge. 35 4 MEANS FOR SCLVI NG THE. OBJECT [0009] The
present invention is a nmethod for producing a
col | agen sponge, wherein.a diluted collagen solution
having 5 a pH adjusted by usg of acetic acid is used.
[0010] The present invention is a nethod for producing
a collagen sponge, which conprises a step of o '
sas3! Akl BET§TNROTHEr @aSkbRked col lagen sponge in
| ut ar al dehyde 10 volatilized gas. [0011] The present
itRP&Ri on is a method for producing a collagen
spongernhehpeBseARPihseataoat B 8f maddbAdfor producing a
%Iiéaralde yde to ﬁ di |, ut ed collagen sol ution, _and ,
Pee28°T558PPPRy RETFEBUPt AL UEEIpFapapgey solution having
ar psskidikededoblyager ofpangeic[ 8013] ifhaspaesent :
iraygption is a method for producing an artificial
ékin At | east conprising a water perneation 20

- adj ust Thg Pbageentoapresthagnaishanméthaviofoa patvéucing a

peh ABaRLe sHBR XUe&hﬁcﬁUEBthEQ sagdsg EOEEaQEBséEQHQEng a
layer, mhe?e| a not-cros |nEed colf gen sponge I's
'§9%r€é9éélﬂ6keglGﬁéﬂagééhﬁﬂén@ﬁoéglQh%tﬁgaﬂﬁ@hvgént, '
tBeatesubbantaks freeze-dried to prepare a '

r i nked col | agen sponge, and 25 then the water
Eggiiétion adjusting layer is lamnated onto the

‘crossl Thkedreskhagenvepongs. i3he peeseat fbpvepbdeBing a

o owi b d rihed in detail .hereinafter. [0Q13 30
R4S SEORYR prBaGE: RG BT LOFF aBon tERoRGo 0T P Re
pluesentlidabgdei on, aaddihteddcodlkagensedhutoon hadi Ageeze-

arQﬂng the resultant to prepare a crosslinked cecllagen
sponge. :
[0012]

The'present invention is a method for producing an

~artificial skin at least comprising-a'water permeation
adjusting layer comprising a thin film of a water permeable

- polymeric substance, and a collagen sponge layer, wherein a

not-crosslinked ceollagen sponge is subjected to
glutaraldehyde crosslinking treatment, the resultant is
freeze-dried to prepare a crosslinked collagen sponge, and
then the water permeation adjusting layer is laminated onto
the creosslinked collagen sponge.

The present invention will be described in detail

"hereinaftrer.

[0013] _

In a method for producing a collagen sponge of the
present invention, a diluted collagen sclution having a pH
adjusted by use of acetic acid is used (it may be referred
to as improvement in the diluted collagen sclution
preparation method hereinafter).

The collagen which is the raw material of the
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'adjusted by usé of acetic acid is used (it may be

referred to as inprovenent in the diluted collagen
sol ution "preparation nmethod hereinafter). 35 The
col I agen which is the raw material of the-5 collagen

‘sponge is preferably a collagen which does not have

any antigenicity by enzymatic treatnent of its

~collagen termnals. As such a collagen, raw materials

koM dedh tdhssfd Ofs ‘fi‘:rrteffe‘}rakﬁycoaj |&ﬂ.q_%g%910rﬂ@ﬁc%a@ioes not

- w dely be used, and for exanple, the tollow ng can

B ey S81isISE L i @’e@%l& ter@adm@@qtumfelts
e 1 1agesh ﬂﬁ%ﬁﬂﬁﬂh§a|hs §QEbeec§th§Q§n,réﬂdmaterlals

ol | i zabl e col at ur al
T 2y e A G e o e sponsy 678: Higgly be
cddgemd iflvar -eofatmailred tine rfaﬂ]mgualgsoialmblb% uk@d: soluble

SRR B A e e b8 SRRRRE, s Eoy TR

.'éﬁﬂhﬂU§e¢qhiagﬁad(ﬂﬂ@(ﬂhzymmﬂamhublhmﬂdba@enoédthnon
ohtrainad fy &@n{i%teﬂﬂg/ %é!%%l&*ﬂe@ C%J.]l%g%g lf&b%&lsof ahﬁe

col | agen i nt o about

FENHALEES ke ld@agn &

% use an a

Sitn obGierd @ﬂama@émgageﬁoluble

_sﬁmuuygdwwyﬁgaDMElgethods hydrochloric acid is used

g adj ustnment. of the pH In the nethod for
&r@&& ing a collagen sponge of the 20, present
i nvent iThe celldbeento whpraverentach the deluhederial of the

' I h
G SRt AR DR LR S, B o Fuba e

cedthagien StOﬁeltg@nvep@ttlaonedf byr acksLsdri nel @;aeagas oifnaa
sbﬁ%kﬁbn@%&a%ﬂ%dCOQQ%b%%eﬁn%BOQ%%UEO3' % B%ean acid so
yi el d. the case_that the 25 use anou acetic
é@u&Obé@éﬁéélﬁ&@ ﬁaﬁgéOBytagﬁ ofI@nF9HV%EE¥@%ahC¢@l%@Qen

tsb@hgteh@r@@ﬁh@m@r akitabdel, agetlenaehdc Becanes hieed for the
droc%l i C %pld and the like may be "used _

Pogtee g

In the method for producing a collagen sponge of the
present invention related to improvemeht in the diluted
collagen sclution preparation methed, acetic acid is used
to adjust the pH, thereby making it possible to restrain
the generation of cracks or cleavages in a finally-obtained
collagen sponge to improve the yield. In the case that the
use amount of acetic acid becomes too large by use of only
acetic acid so that the concentration of acetic acid
becomes -too high, hydrochloric acid and the like may be
used together. |
(0015}

The reason for the above is not clear, but is thought

that: when the pH is adjusted with acetic acid, a collagen

. sponge having uniform pore diameters can be obtained even

if the raw material is frozen as it is with the omission of
any foaming operation so as to be freeze-dried; thus, the

diameters of the pores in the collagen sponge obtained by



10

15

T 20

25.

30

35

30 The reason for the above is not clear, but is

‘thought- that: when the pH is adjusted Mﬁth acetic
acid, a collagen sponge having uniform pore di ameters

can be-obtained even if the raw material is frozen as
it is-with the om ssion of amy foam ng operation so
as to be freeze-dried; thus, the 35 dianmeters of the
pores in the collagen sponge obtained by 6 use of

aght idr atidd iar & JTRlle ren faetemu ey dhigrehyi mgpt:belng the
nec anlcal structure to restrai.n the 3Fnera

i R R AT
f‘m clprandugi .ngAa dekkagbadspbnge, ofint heepresend for

ted t Jhe d
NEILLAN, 3 (R S YTl L R kgt on
slmﬂrageemam rigtpmwe@remtp@me thei ahdtdesl cal lsgeabsailnédon

eihdfa @ SOMERGLPY %tdlqréde% s‘fﬂgﬂgtee a v ‘é{ unlform pore
accordingly, the steps can gggﬁb i ed. 016] 10
I

ﬁl@m%t%\@lh@%tﬂhq%e& edfﬁél foagr h@Pﬁg@ﬁéan is

'fcﬁttltrtrézﬂ,ucadw A ceidiagary,sponges tafpd herpreseniplified.

%a ion related to inprovenent in the diluted
en solution ‘preparation nethod. In Fig. 3,
about atier S tshawst e ocftdriact erfi sinec exelgtled offo thlaemethod

.'pr epgj mlﬂ tfbe i g ed ]o%gcemcijiag:g% ﬁ)gajelé @ 1nventlon

|on t 0 a conventiona en-spon

| m@mmgtmexmmwes,naj@sdm ek Howdisst ca qen SO utlon'

AOLAT G infe TR be raombned, Wabeutth%t%t_»&etﬁah the

aspects of the nethod for produ0|ng a col | agen span

sthate tgiedeint Hahadifd & itie R TRaEYl el 5% Che tea

a RfctElSl ?@%ﬂeﬁgﬂdwtﬁx@pa@ﬁl@ Resthcd | S&ES:onv[e@&lB]naA
nme (0] or roaucl a .Co pon resent
| G ol SRl T DY Mt b PR, the

GﬂﬂSﬁddﬁﬂﬁmﬁtmﬁIn&geﬂmspnmnﬁinad with the dlfferent aspects

%ﬁtﬁ{ea'r&e&yodae OJ %M#&%agz% 488 {ddn ros@g rﬁﬁe 1af Qe

as |nprovenen nt hase
rmeﬂﬁilthelrrmamfrlt@ ywhidh 3@@1 q@rmd dél I‘%bgﬂer?reﬁ%ﬁge

RIQAUCH 10 JFetd0dshe @i 441088 | nked col | agen sponge
[0017] _
A method for producing a collagen sponge of the

present invention comprises a step of crosslinking a not-

crosslinked collagen sponge in glutaraldehyde-volatilized

gas (it may be referred to as improvement in the gas phase

crosslinking method hereinafter). In conventional collagen

' sponge producing methods, a not-crosslinked collagen sponge

is immersed into a solution of giutaraldehyde in water, and

then the collagen sponge is allowed to stand still for a

- predetermined time, thereby crosslinking the collagen.

sponge with GA. In this case, it is necessary to remove

remaining glutaraldehyde sufficiently in order to use the

-resultant collagen sponge clinically since glutaraldehyde

génerally has high toxicity. However, it is difficult to

remove glutaraldehyde completely.from the collagen sponge,
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Is imersed into a solution of glutaral dehyde in
water, and then the collagen sponge is allowed to
stand still for a 30 predetermned tinme, thereby
crosslinking the -collagen sponge with GA. In this
case, it is necessary to renbve remnaining

gl ut aral dehyde sufficiently in order to use the
resul tant collagen sponge clinically since

st ol ety Ao qenar Al s i) ohud ycﬁwdéﬁt;%%v%qw_gfe the

it is difficult”to 35 renove tar

fTOM 2R cHIRHRe P SHRRRN Wa S o Silétmld-h?d water and
hiyteks oprie 4 lr@aﬁy t 120k CCHW&rEd@\Eéﬂ Y tid@&paQldirgen s

S h een dlstllled mater and_ the
ﬁg%gﬁh% ‘?? J\ﬁbﬁ&b %ﬂ?é?aﬁﬁ%%rs which is soft
cmqblwe:a]t,eoh,s ai&inefg,ﬂ‘d her tite tCQﬂlé a:g@rtf&p@«mr wWhistiinigS and

and ' Ry the ti.nme ter.
%Iﬁ%, aﬁ%ﬁ H§§é§§ses crg%? % %gaﬁﬁ%nEd
f¢¢%ﬂaqeawﬁnnnq&$ col I agen sponge [0018] The
Py prs have paid attention to-a matter that 10

u

taraldehyde has volatilit and then found out that

y
when . FEo T SFoRged SithsIbemEEn o a matter that
gjhl@a’ﬁﬂfd’l%ﬂ% hed <'Jlitcl].altzl(;-‘ldlt%ﬁ}r anthengin dhedldehydet when

is Vv tilized, or , en a col |l agen sponge is

SRR S ey e e ey

agdramm&cbrgarsenmhmmenmwaigieg@cw Utsaralldafiydeeegnor
on_cracks or

qFheavages g?ﬂ%%] %? agen spo getﬁﬁg v%%@&FP&Fﬁ drd

dreatment + Hédrepmesdriing mz:anatcmma:@mwmqm@ refl@didhyg

m%ﬂ@ﬂ%ﬂﬁqyga%%é '?:}fdlncg:eg‘i Gld 2067 15PARYG H N ytlléﬁd based

20 gl utaral de-volatilized gas is not partlcu arly

CI9TMYEEKS AT e BEes Gif sniicd, L a ofe tRed 361 O@mheng

aes nitiirei, ofandg ltihay, aligh e deh Bt Rfer@dGrd has been made
gﬁ} qﬁossllnked col |l agen sponge and whi ch does not
rec

|y contact the solution of glutaral dehyde in
wat er ﬁheameahbdtﬁgmtbyosbd&a&z@@nbab@&ﬂagéﬁ apdntjaedn the

%ﬂd%%f%idéﬁ%d%l%%ﬁ@éfif%‘ﬁ“&é%'ﬂé nd%'ﬁarticularly limited,
and may be, for example, a method of putting a solution of
glutaraldehyde in water and a not-crosslinked collagen
sponge and which does not directly contact the solution of
glutaraldehyde in water in an air-tightly closed container,
and then allowing the system to stand still for a
predetermined. time. In this case, the lower limit of the
concentration of the solution of glutaraldehyde in water is
preferably 1 mM, and the upper limit is preferably 2.5 M.

If the lower limit is less than 1 mM, the concentration of

glutaraldehyde in the gas phase is low so that the collagen
sponge may not be crosslinked or much time may be required
for the crosslinking, and if the upper limit is more than
2.5 M, it becomes difficult tb handle the solution. |
[0020]

B According to the method for producing a collagen



predetermned tine. In this case, the lower [imt of

the concentration of the solution of glutaral dehyde

in water is preferably 1 mM and the upper limt is

preferably 2.5 M If the lower Iimt is less than 1

mV] ‘'t he concentration of 30 glgutaral dehyde in the gas
phase is | ow so that the collagen sponge nay not be

crosslinked or :much tinme may be required for the

Qﬂ&&ﬁﬂé'ﬂﬁ Rhe %&@s@&ttﬂ%v%%Q%%ﬂ'f@ﬂétb@ %Brgmbgéﬂemgnﬁ in
1t” becones difficult to handl e the solution. [0020]

stél%f?@o% PIRG St GRS LIerHOd FEEeceddcicRd 149681 FRgEAS8 1N a
shienge: 0fe 2@ weesﬁr;ttedtrl\yerdrio@rwleﬂk@ueduw lGTRtavergshyde ;

i t h I Ki th |1
sl R3S R R TR 108 B R PRy of o

wict1H. ageurt asrpa:ln@ehy@e crosednefede wiith igd utaredeshydy in a

Crgégkpﬁﬁr%g %ﬁﬁ?%@% a&éehé% %ﬁl ?QEQSS%%%qg E%geze daled

L tifervitde rae§@lcpalnitar|ys ca:g]éamefnr sPpegdni ed¢ pesfpiraked an
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Qﬁﬁﬁﬁgﬁﬁﬁn%qlE%gﬁ%g%Bp@ﬂﬁﬂmﬁﬁp&%ﬁ&%ﬁ%@dme%hods, and as a

conventlonal col | agen sponge produ0|n% net hods, and as
FeFedul fther FEePfepdnca® dendglgelsy roiladieri-ed. 10

[[@@2h]] Fig. 4 shows an outline of one exanple of the

net hod _.f or .produci ng a col.l agen sponge of .t he present _
vent Ff AOFBPUS B0 BHidveuen: PR ERetBAE phabhe Method
droos grionkicriggnet kod. lagem Epgngd, odfbahle otlerstt Hawehheon
QﬂﬁyQ%&F%'sEh ro%% %%% t?&%%ﬁ @%s r%yqu% EanH%g methed.

gas phase crossli onventi on

-d@!ﬁé@bn4sp@ﬁ@@tpp6@@éﬁn@h@@tﬁ@@ ﬁ@ad@sﬁﬁmbédlc related to

howe %ro%ﬁte%tﬁa&%mt%re' %_;talsc tpﬁ@s b%r%%@all&%qnw tRthhe, a

di fferent aspects of pr od u0|n%C
EOMVEGérOPSpofige L @ﬁ%épﬁpéf@emrqdh%mq 8% BhRAc i Safgscribed,

desesidied the t:h@r&&t@rxqgﬁ;][itc &@@c Hepidogbiasd he theete
or uci n

R

achabinyg @Eutheabdehp@& lnventlon whlch are described in the
present description as the need arises.
(0022}

A method for producing a collagen sponge of the
present invention comprises a step of adding glutaraldehyde
to a diluted collagen solution, and freeze—dryiﬁg the
resultant to prepare a crosslinked collagen sponge {it may
be referred to as improvement in the solution crosslinking
method hereinafter). '

As shown in Fig. 1, in conventional collagen sponge

-'producing methods, a water permeation adjusting layer is

laminated onto a primary collagen sponge, and subsequently
the collagen sponge is crosslinked with glutaraldehyde. In -
the methods, however, it is necessary to use a complicated
opération for removing remaining glutaraldehyde, as
described above, and moreover, this operation causes a fall
in the yield. |
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to a diluted collagen solution, and freeze-drying the
25 resultant to prepare a crosslinked coll agen sponge .
(it my be referred to. as inprovenent inthe =~ -
solution crosslinking mnethod hereinafter). As shown .
in Fig. 1, in conventional cold agen sponge producing .
nmet hods, a water perneation adjusting layer is 30

| am nated onto a primary coll agen sponge, and

- subsequent Ly Lhe cql hagen spenge 4. %BQ%%%HQ%EQoHE&hand
t he t hods, "however I'S

| ut ar al dehyde. In me , how ;oI
%M@ﬁ%ta&@ﬂ%ﬁ%@@ﬁ@ﬁ@@@@@@%@%ym
rRTAItlicRY agldutaahededyden@sheadesani-iee aboyecdard i
nor.eover, thlsAopehgglon cayses g fall_ 35 1in the -
yiCet' @958 SPRE Yy EMPbAL HEPRYREdd Sepgdrrehand added into
itrhee stiilgateicon®,! lanenf ewndtddh,t hatk richyt he ceaselofhked

f [ i [l . | uti d
ckﬁﬂéﬁg%%%ﬁhEg%t%%np 1S 3@%%&8%§YUtI%2t %séongggﬁesent

vacuu g “the collagen 0 _
spoegdiogl megr degahpddei.s bef orehand added into 5 the
didogtzgd col | agen sol ution, whereby a crosslinked

col l.agen sponge can be obtai ned, and thus, the present

i nvent F6RVRas1pBaAlimdét Poe2BEetomeeAifsrarl yhatt hhs
heereca@nsitdened rt katilable 140 cQReeRMt LALLRRCA! thereor is

oILaggE i% aﬁmagﬁr solﬂtion thereof is |ow S
R8Y ef-BFESTPRE c GPPaGeh P eRot ScPOSs FrRREH LaYeA pFen if
glutaralldehyde iis direetly added inte the dilluted collagen

I I.opn. ' £ . .
FPouTeohr, TRy B T BOENE e M b CEF e oot i i vce

.@péﬂﬁgﬁpdéﬁﬁdéibg addedwhtikd Y3 uselraildenyds is added, the - |
'%gﬁﬁ%ﬁbﬁaﬁgdcbﬂc%ﬂ%rgggﬁs%nOEhEh%oEEEQZSﬁsgﬁbngﬁaégg—grying

that the col l agen concentrati on becones ~an
FesiPet The csllager weurgnbeasiesshbesrmgs high, and as a

- Gegtiatal debydellhgsnvabalibl bbycraBd1iAxbhe StBPtHfaldenyde

Se5 PEIER 10RYs, 356 SPutBraraeR,de oescRotEvent: nirn
vhéteeslbehgtieciesshpokededcehBageatspenge. tMisgover, :
hﬁukﬁrgﬂﬁgﬁgagaEXeghggtaremain in the resultant crosélinked-
cecllagen sponge. Moreover, it is unnecessary that a
tentatively-produced not-crosslinked collagen sponge is
crosslinked with glutaraldehyde in a liquid phase and then
the resultant is again freeze-dried to yield a secondary
collagen sponge, as performed in conventiocnal collagen
sponge producing metheds, and as a result, the steps can be
largely simplified. |
[0024]

The collagen sponge obtained by the method for
producing a collagen sponge of the present invention

related to improvement in the solution crosslinking method

. has better water absorptivity and better cell adhesiveness

than cocllagen sponges produced by cohventional methods,
reasons for this matter being unclear. Accordingly, in the

case of using the collagen sponge obtained by the method



10

15

" not .suffi th |
a5t RRRCL et Redteo

20

25

30

35

. bl ood

tentatively-produced not-crosslinked coll agen sponge

is crosslinked with glutaral dehyde in a liquid phase
and then the resultant is again freeze-dried to yield

a secondary ‘25 col |l agen sponge, as perforned in _
conventional collagen spongeigroduci ng net hods, and

as a result, the steps can be largely S|an|f|ed

[ 0024] The collagen sponge obtai ned by the nethod for
%Qmp@%$aﬂdﬂigaac%lb@%%%nsgg%gﬁéogft%%epg§§§@5t invention -

i nvention related npr ove
&redsdiecn IFlOndmﬁ’é"tol’{@alenﬁaénbéﬁ%ISO\Mﬂtépna@§@|5|§t1|lvﬂ<ﬁygaﬁ§th0d

retren 1eeitls @@&@%@%@ngé%lsEB@ﬁo%Qh&aQ%ﬁoSﬁﬁagééllagen
produced by tlonal nmet hods rreasons .for thi$s

RETIE /b SOnG Pthe [0%r ZOACIGEd! ARG 7, A CERE 4§ BAGBEOGPd, and

_ maauyeshewm@hla@am &paﬂg@e@bk@bﬂqé hy hhedﬂeshedbige For

f I th
B SRS b RO SRR Ol BB g o,
@m@§§h|@&p@@.WEﬁﬁ@ds, hﬁbﬁ@bbaané p&heeat e the collagen

£ th | t
bt o e R i

RS doi PEges 19PoRge Crd laséhieasta -base for  the cel
geedisng in the regenerative nedicine of skin, bones,

yes g g ve and thers, t he Eolla gen
sponge 'Ps t08r b BRFUFOSi RER Fﬁéngoﬁlﬁﬁé agpBngeopge of the
peepengoddvientddhesieantetl tel ispthecekar 18 tHQZEblhﬂlon

fo uc II of _the

E?gsgﬁégﬁgggn&eekgg gﬁ %Po% §g0V n§ %%ﬁ Fﬁgcentratlon
§6|aﬂU@ﬁraédeéyﬂenhddgdnenhodthehdlﬂomed Ebhiiegef thdution

n 0 ta dehud o;th
qglﬁ?éﬁé?%bqgggnbéghﬁ B R e B el kit O pfrafprably 1

¥nd thetppkewer ndimis Jp$e$%$%1bt1yar1 O{\ﬁ’lllﬂM:t high¢ gveylagen

kbBhtel $sl 688 Ehami0iQit ckB@s@@hkéaenanapQ@gehésupper
nke dif the upper

Sg@ﬂ EﬁSﬁBeSPQHQPo%§IFﬁﬂéailnked-
to an excessivelly high degree so that the hydrophilicity of

@KgrggggkiSkt¥hgfcollagen sponge falls, and as a result,
fibroblasts do not.permeate satisfactorily into the _
collagen sponge, so that the recovery of a disease may be
delayed. '
[0026]

Fig. 5 shows an outline of one example of the methed

‘for producing a collagen sponge of the present invention

‘related to improvement in the solution crosslinking method.

In Fig. 5, about others than the characteristic related to
the improvement in the solution crosslinking method, a
conventional collagen sponge producing method is described,

however, the'characteristic may be combined with the

'different aspects of the method for producing a cocllagen

sponge of the present inventicn which are described in the
present descriptiocn as the need arises.
{0027]
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- Fig. Sorabouh 1ether sdhan b@%dﬁ%@%@

20 the layer of the collagen sponge falls, and as a
result, fibroblasts do not perneate satisfactorily
into the collagen sponge, so that the recovery of a
di sease may be delayed. [0026] 25 Fig. 5 shows an
outline of one exanple of theipethod for producing a
col | agen sponge of the present invention related to
i mprovenent in the solution crosslinking nmethod. . In

fih 3t 'm%th%ha%g

to the inprovenent in the solution Eﬁoss

RAKBE LY 30 QISR eRendcoofagére %@ﬁ@@tprl@ér@@ltﬁgn has

ﬁﬁﬁw%ﬂc&d&ﬁ@'ﬂcb%resho%ﬂerthet hewahanagtier o3t ith"B¥re
i%foqgﬂhggﬁg' t.he e gnt aspects of the nethod

e dt RGeS SRt B BsoRpPer Timit is
ipmesieragn ywHioso ame descthbetlowdrt Demipr €sebéss than 5 um,

_ Th
A hn ot deehe Yy Bh (RbekoR ha pPsdLErRg a

ol lllagen sppomge ofsa Hdagr Mnmeqwerrm of kasiiseasy may be .
raeqragfe@pla%doqrfe%hea%ge&e 1l gw J &Hotr fth]%%e 1%%e]m, the

di aneter thereof is préferab
1S GRangt efprtélﬁe%l@gf@oep@mgel FﬂatYh@eI éﬂéﬂlflfulmlten‘csor much

ltese h@a%diﬂéﬁﬁelyfh@%@%@%&@sf%g APl RYICIRALE of a disease.
%ggg factorlgy into the col n spange, so that the
1 sléagerﬁayrﬁéer lgyed Wind3Pe the upper
upmamlnaﬂmbnespnmﬁeﬂdmmy 1G00ppm the strength of the
de%sen sponge may be insufficient or much 10 tinme is
conversely necessary for the recovery of a disease.
The | olBe kidileges spredgpr efredabky 5§ pie ardhtHefor

RS ihnigMiat ddil%%%%.%@g&%;ag%yt%%oﬁgggkgkoﬁégknqun can be

col | agen “sponge produ the net
PEEdGEiERd Ya UsEd aGed SpbsGaade fhe phiesust engvarerény which

dan shep1preef ebabltyleu%@dcaa 13gswRethatr@thQl hksSkene, the
upplied for the so-called

%éﬁi%%%? Iqa ﬁ@ iﬁh@re seeded Lo construct a tlssue

A substrate for tissue englneerlng which is

_obtalnable by using the collagen sponge produced by the

_method for producing a collagen sponge of the present

invention is also constitutes the present invention.

[0029]

' The substrate for tissue engineering of the present
invention preferably has a reinforcing material to
supplement the strength and adjust the shape of a tissue to
be regenerated.

The reinforcing material is not partieularly limited,
and may be, for example, a fibrous material of a
bicabsorbable polymeric substance.

Examples of the biocabsorbable polymeric substance
include homopolymers.or copolymers of glycolic acid, lactic
acid, dioxanone, and caproclactone.

' The fibrous material may contain, for example,

knitting, woven fabric, nonwoven cloth, or any other sheet-
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_I|n

‘technique in which cells are seeded to construct a

ti ssue. A substrate for tissue engineering which is 20
obt ai nabl e by using the col | agen sponge produced by
the method for produ0|ng a col | agen sponge of the

~present inventionis also copstitutes the present

i nvention. [0029] The substrate for tissue

~engineering of the present 25 invention preferably

has-@ #:610 ‘Erl Jmaherdale 4o o%’c%‘l'ﬁ{)&"‘%&e e %‘i:%%g%t Bhread -

and adjust t ape of a tissue to rate
ﬂwéler&‘eucrhtcﬁdé}eﬁb hishtsmnélmgs Ot q;s:arﬂtqr@np@rhmelrlm pagstances

anl s Bifant doeXateng hdeusy, méarahohnd 3@aving,
bloabso bable I[ﬂ}%ymarlc subst ance.” Exanpl es of 'the

JIREH oY St arite ©F fakge s obtalned by
fm&pﬁj mahfeﬁ cn:omio)tfmrmmfmgd mcaajemaacumtd actsheet .

d, |
at of | A rdl Rk 30K, B Teralen s ey WFen

-fnﬁwnﬂnrqmngmmﬂﬂenﬂaﬂlLs(motugﬁnﬂﬂuuiamﬁaeﬂjxﬂteﬁormmd for

T MR e ddah i PRRINGE A SRS NG shiygad

y spinni| g one or nore polynmer

si]ﬁ%ﬁaaiﬁ:ésr hag-h reatimems odr B4 tqugagaméxﬂqwe, or the

kit it A vk ane ERH N, maQf b@%ﬁﬁé@@rpftﬂéom\m@en sponge
cloth, or that is obtained by 5 naklng slivers or

HEn HhHor AfTe RGNS REHBEEES - The net hod for

'-tﬂunaamnforcenent based on the relnforcing mat eri al

ot o2t B e ol ol by P Rk For
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MdﬁLBlqua@eS:Cdﬂatdw (&Bﬂdrmﬁr@%pﬂ@@r@EManli@ntlon can be
nel Y %rlﬁv%]a%l@taeg' g{ 1% A& if0r B 4§ R SJ tf%qggb meation

sponge en "t he col 'agen "sponge 1's produce

A Wi d vaFo rgEsticduce @ R ithef ingt Iedd & aiater permeable

@m%@xrﬁg: a0 dAGen lgoq%arfafté&%rprt@@eraollz@g%w IspRnge.

can be 15 us%% CLEHa%E% %{Ek&kghggssﬁhg g%?qagen
wat er

Sponge produced by the method for producing a collagen
spoﬁge of the present invention and a water permeatioh
adjusting layer comprising a thin film of a water permeable
polymeric substance, also constitutes the present invention.
[0031]
The water permeation adjusting layer is, for example, -

a layer comprising a thin film of a water permeable

polymeric substance such as silicone, polyurethane,

. polyacryalte ester, or polymethacrylate ester.

Particularly preferred is silicone since it is excellent in

film-formability and biocompatibility.

[0032] .

- About the water permeation adjusting laYer, the lower
limit of the water permeability is preferably 0.1 mg/hr-cm?,
and the upper limit thereof is preferably 2 ng/hr-cm?. If '

the lower limit is less than 0.1 mg/hr-cm?, water remains

‘in the part of a disease.so that the recovery thereof may
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- 0031]

adjusting layer conprising a thin filmof a water _

per neabl e. pol yneric substance is |amnated on the

col l agen sponge. The artificial skin, which conprises

the col | agen sponge produced by the nethod for

produci ng a col l agen 20 spongg of the present

invention and a water perneation adjusting |ayer

conprising athinfilmof a water perneable polyneric

’EPFed al g¢ %H@Shb{a@&eﬁﬂ% REeRgpt LAYENST RY/hr - cn?,

he wat er perneation adjusting |ayer is, for

&gl 6s lﬁg@hya}ﬁé@n@é}%ﬁdslﬁ@% e watt miof difgpee SO

_ rtefa@@bll@rq@olmérp nﬁa@b&ieari@r@ao%gaw AS t9id peenent . The

ur et hane,, pol st | ymet hacry] a '
deeiE Tiolk iy Hrdreumkd 1 S/ B0rieer need Fie upper
ilsimeixceld emtrd- lprefﬁelnnbflqzr mabi mgAhrameh?® .
b%ﬂﬁggpatlbl|lty 30 [0032] About the water perneation
adjusting layer, the lower Ilimt of the water
per mealdibe thplicknssef erfalihe @ataxgwmtioaln@dﬂheting layer
%Ep%kﬂ'ﬁﬁ tféﬁ¥§¥f 'fid%ﬁ&erQRyl% @%HybﬂE?é%eﬂ adjusted

| ower | ess than O.

rléﬁztﬂ 315 ai erH?ém&f’rst té"lfata téies,é@st@rs@etrﬁmabtlﬁéty can be
fx%%(l\&ezféd tife raeefo rimn A3 wiltey ‘i@iea)ﬁ%ﬁ:eﬂlfalt RE upReNayer.

re than 2 .ng/ hrc wat is largely
_tv‘i%&l}i’ee afl’edﬁnctq]fb?rﬂg%sfo or & rsc§ ltll‘?g’t“ |tg.regé.ower

Aumden ther doet mmqs:@femamjye l@atd emt .anthechd awprerl L t

' 't%erpeoef QLr ef F{_Ie% yab(liyg g/ El:mcig%élc? q‘[q{?ogﬂ"@p Firlm% tI Itl.:l[;let]’.'EOf

IS nNore prerera
tirs mgartﬁfetmé:h/yaﬁéir meranmiathl‘@ wgjarstliimg t aperecifs is

'_'?r@reoﬁ‘frtéﬁila@ﬂlyy llddnLﬁrP%nda%é SRR AR 18 @herect is

justed 1nto such t hi ckness that the water
d%%WRQQﬁIHQ%fQQ%?hﬁa5QOUWbaI|zed in accordance wi'th the

. matoeygjal of the Iayer Wien the layer conprises, for

exanpl siligc ower limt thereof
ot or G S5 18 Mg Ko asp Pt 2 REagPrEn
maﬂéﬂxﬂﬂyeﬁﬂaqtarmﬂdidmmlkqw&rddmpﬁlammgeoﬁlbrous-

material of a bioabsorbable polymeric substance on a single
surface thereof or between the water permeation adjusting
layer and the collagen sponge layer.

Examples of the biocabsorbable polymeric substance
include homopolymers or copolymers of glycolic acid, lactic
acid, dioxanone, and caprolactone.

The fibrous material may contain, for example,
knitting, woven fabric,'nonwoven cloth, or any other sheet-
form fibrous material that is cbtained by subjecting thread
iines obtained by spinning one or more polymeric substances
to treatment for knitting, weaving, knitting and weaving,

or pfoduction of nonweven cloth, or that is ocbtained by

_‘making slivers or short fibrous material intc a sheet.
[0035]

The present invention is a method for producing an

artificial skin at least comprising a water permeation
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| Exanpl es, 'of the bioabso
 iRFELYREE oo hiaRses  ginde Gpsiojressofspgingeolryedci d,

'S nDré preferably 25 pn1and the upper limt thereof
is 15 nore preferably 100 pm and the upper |imt

‘thereof is further preferably 50 pm [0034] The

artificial skin nmay have, as a reinforcing material,
an internediate | ayer conprisifpg a fibrous 20 nmateri al
of  a bi oabsorbabl e pol yneri c substance on a single
surface thereof or between the water perneation

adi Matd gy ﬂéyéy'éHM&ﬂﬂf%%gk!Q%ﬁﬁ.%QQQQ%fl%y%%ter'permeable

e polyneric substance

lactic ned RAi1dgedl raroNe s and GAR Alaekene. oFhene
fi hrous material .nmay caontain, for exanple, Kknittin

FedbrIRCP FrorheFen 18 &SF L grday R/ 2gRBebhiFly fipes

friddr dusravedrey iaalt fgeati dis yoktvaigredmy isubjrectineg tt Biread s

e e 0 LB oot e ECRor KAFCEPRD! REAVERGST:aLe

© Kaviawtr fige driie werEim@rt dio rprodudtlizgrofspoogeoven widely be

, t ' ai q Liver Iy.Shar
FTD, Rl (0, RIS R 21100 o K8, BBl P 88Tkote
iFERIGT i3k st REd G plkddusiodd agien, 3neaitripfli gipalt
HouAle | LA @D RS AR WRENTBALIeN cb4 1agen;
adj.usti.ng layer conmprising a thin film.of a water

aérmﬂe% o p%ieyﬂﬁﬁ YsiostdAcs cedd 2gedolflRges i s pofge
Iratehe rEted @dldgeRnwWiiithk 1 9dtHad neawbyat@kdiak af sbhevle

col-l-agen Qn l.ayer is preferably a collagen which
- SO ShAleE 1S

oes ny antigenicity by enzymatic

~ tloeatatent of its collagen terninals. As such a

col | agans, EOIEBeE sBofge) TaRr Bag Ry i oPbke Bl cPpores,

9 RV ddAlilie Ofsddie POITghIcd anedleragbns esdchsas

| 2GicGesCibl & ¢@l,| agen theewidlr 93kt t1Q sSehdlle@ably 1000 um.

|.agen, and_enzyne-sql ubilizabl e coll agen; . nat ural _
5 chitouity IBat Led LeoH aden i birs: LArdblasts @0 not
permeate satisfactorily into the collagen sponge, so that

the recovery of a disease may be delayed, and if the upper
limit is more than 1000 pm, the strength of the artificial

- skin may be insufficient or much time is conversely

necessary for the recovery of a disease. The lower limit
is more preferably 50 pm, and the upper limit is more
preferably 130 um. '

- [0037]

The thickness of the collagen sponge layer is
preferably 1 mm or more. If the thickness is less than 1

mm, the artificial skin may not be applied'to a serious

'skin burn. The lower limit is more preferably 2 mm, and

 the upper limit'is preferably 4 mm.

[0038]
The water permeation adjusting layer may be identical

with the water permeation adjusting layer which constitutes

‘the artificial skin of the present invention, and the water
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regenerated col |l agen fiber obtained by making a

sol ubl e <collagen insoluble. [0036] 15 The coll agen
sponge | ayer has many m croscopi ¢ pores, and the
lower limt of the pore dianeter thereof is -
preferably 5 pm and the uppers|limt is preferably
1000 pm If the lower limt is less than 5 pm '

"~ fibroblasts do not perneate satisfactorily  into the

%@Eﬁ@gﬁﬁlﬁﬁ9n9§d %BetBﬁ&c%QeEEGtBEEQMErXr@fe§u9#§§@§€ with

del ayed, and if the upper  limt is nore
I@QGepﬁF the werehgPRIBEEhenartiBFELRS 13KEH w%yC%e

casgtficakent tae Hvﬁbflbﬂﬁll§k§ﬁnM§fEEEYpr8§§§§SﬂﬁVeﬁ@Ion

t he recover se The lower |lim %%

oo aREve L ki i al SRS nane: Ferk rhlhforetag Meterial,

pneﬁetabmydiaﬁepmayeEOGBﬁbrIbén@hacKMBSSuefmaherlal of a
S r.abl o/,

BRc:BABRoABRRIB L L) cuBLELALEPLY 3 UThOLe TEREEALY

ﬁhyrﬁci be kppleed tbeawséﬁropsr@eatkon pUinstThe layer and

"r%g@eﬁohigbén'§pHHP@ E59E§rably 2 mm and the upper

limt 1s preferab mm [ 0038] The water perneatlon
adj ust FR§ Pagebsan %a%éelﬁ@ yPealc arPhtaRee iR Brbe

@q&meaueae @6]@Eb'BﬂobE%@EbﬂB&éhp699ﬁthét§§bs§§n&@eused in
%é % % g ng the present inventi g 1
ferU25-Iga&F aBuFﬁﬁﬁu nG EHBEEAERNBS s PﬁePE%Fe%Fe

eguenalient with those of the water perneation

'igbgéiing | ayer which . constitutes the artificial skin

e present invention. The artificial skin have, as
a rei nforki ag antéfialal skan tanebaepiadecedyly the .
QBHQEh%hBEaQ £i-br eys; opt i gl 96d§c19§0ﬁ9§96339ifustrated

pol ymeric substance on a single surface thereof or
BBt Wen £hehAHEERTpeFRBalNBANAET GsPRHE Wé?@re%ﬁﬁr the

@ﬁbb@ﬂ&@a@@@ﬁgesbaﬁgrtoThﬁnbl@aBS@hE@btﬁeppkwﬁﬁéLﬁg method

_substance

is lmprovegaxo restrain the production of inferior goods
based on cracks or cleavages in the collagen sponge,
wrinkles of the water permeation adjusting layer, and the
like, whereby a high yieid can be realized and further the
steps can be simplified.

[0040] _

In the method for producing an artificial skin of the
present invention, a noit-crosslinked ccollagen sponge is
subjected to glutaraldehyde crosslinking treatment, the
resultant is freeze-dried to prepare a crosslinked collagen
sponge, and then a water permeation adjusting layer is

laminated onto the crosslinked collagen sponge (it may be

. referred to as improvement in the step hereinafter).

As shown in Fig. 2, in conventional artificial skin

producing methods, after the step of forming a film, the

step of GA crosslinking and freeze-drying are performed to

produce a seccndary collagen sponge. This is for

preventing the collagen sponge} which is soft and weak,
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FLHIRABY SRANIG /n e

10 equi val ent to the bi oabsorbabl e pol yneric substance
used in the substrate for tissue engineering of the
present invention. [0039] Such an artificial skin can
be produced by the 15 conventional artificial skin
produci ng nethod illustrated 16n Fig. 2; however, the
i nventors have nade eager investigations so as to
find out that the producing nethod is inproved to

r%nﬁ A dy A ey LA tiirpn10f Gi‘f@fdsogllgﬂ&% a@ﬁﬁ%s‘?ﬁng after
racks or cleavages in the collagen sponge,

v&ft%ﬁpescwsewwgerb&be’t%%t%n 144 A5G | é‘yé‘“rateafnd
thermdd tkigsn vatteﬁetmr&_; higheryired v ean ba grealtdrzedtdanén a not-

~further. t.he 93 ps can be sinplified. [0040] In the

nettot ano]?edpr g aPUttSficial skin of the 25

pr esenthwwmrt,l dine dnvenmnes slavk edvesitiggerdsponge to

4 de, Gr,0s
treat ment ?ﬁl th ngu a(ﬂ{ 'S freegzrgo“%JllrIll 1@1%1 rtélpeat"étsélmg
&%sﬂh%k@@@cﬂﬂd@g@mg syEye, thandaliawea waosmge shrinks;
PefdmRatd Q) addistd NG Ve deétod AERARE R ¢4 he

crossl i nked col | agen spong (1t may be 30 referre to
gft P9t ainpaidedresadodhais list the

Fstg:lrﬁcag@ Kot itenalccartdddcisoryd N s Mr@@k@m%r cleaved

. oc%r rWaffsﬁtﬁe:ﬂﬁtheagC:}EPQOf forﬁj&g fllm the a

prHUde_a secondary col I agen sponge ThIS |s for 35
preven?’ h%e%%&daggghgﬁQ%ﬂﬁﬂJ& r%l%g Haﬁ %kln of the

rontbelng GR ¢ ossTnki
a?rﬁfaﬁet%umgf@ftt@n rteli@t@dti dt%slsrtprm@aw@ntty lfr)ortmen@telpn a

abranGe s A WalR! cAeRat i Yuid Usid NG %%%eﬁogﬁ%kpgn%o a

-hEa strength on _a not- crosslinked coll agen sponge.

&S, TRE Slivdadord Have 1iredidefatosd s&eadass tant is
lﬂm&—mdeld)atand hﬂ—@mgta twae: A pErarsldiRk R usteng layer

| 'l%iﬁégﬂ n%kth "G AN RS P (B8 LU P W e 1t

possible to restrain the generation of cracks or cleaves in

‘the collagen sponge and wrinkles of the water permeation

adjusting layer on the basis of the shrinkage of the
collagen sponge since the collagen sponge is not fixed when
the collagen sponge shrinks. '

[0042]

Fig. 6 shows one example of the method for producing

- an artificial skin of the present invention related to

‘improvement in the step. In Fig. 6, about_others-than the

characteristic related to the improvement in the step, a

conventional artificial skin producing method is described,

- however, the characteristic may be combined with the
- different aspects of the method for producing“an artificial
skin of the present invention which are described in the

‘present description as the need arises.

EFFECTS OF THE INVENTION
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t herefore, when a filmis beforehand formed to fix a
col | agen sponge, the collagen sponge does not resist
the 10 shrinkage so that the collagen sponge is _
cracked or cleaved or the water perneation adjusting
| ayer is winkled. [0041] In {Hfpe nmethod for producing
an artificial skin of the present invention related -

- to inprovenent in the step, a 15 not-crosslinked

Il%qen sponge and is not formed into a filmis
crossllnked wi th gl utaral dehyde, the resultant is
freezeRdepedingntot hem preaest pavephfioon atj ustpogsible to

. b@b%ﬁde'% b@%heat%@rogkedhegn§e§UEbﬁmg eﬂngggﬁgg WAy 4

makes it possible to restral gen rat
&eadrs dprcpeadising 20 eréiéériademkdpongéchngan give a

Wﬁ@%k@@%l@fthﬁau@ﬂt%ﬁ Qﬁ&&éﬁ'@ﬁep@dJﬁﬁﬂ|Bﬁ b@f@fl@ﬂal skin
basi %he shrin olla en S g

e B Sl Dhrt e sn s hasels, Shaifer Ry Mhemn BREBECtively

m@mpagee apcb@eagbhlabSngb0@4Bhucaa Biygthe &hohsdoﬂer

| ?&%@B' gf tgglqg e%? %or grodu0|ng an artificial

hé prese _ entron related to i mpr.ovenent
in the step. In Fig. 6, about others than the
%@%&aﬂb%§'§bhcch§h§&ﬁ@ b@wt&EElﬁﬂvgg9@§&t in the step,

conventional artificial I n produci ng method is

| d@@éﬂlbed 30 however, the characteristic may be

CoanHQHempEQséﬂﬁ 1ﬂbéﬁ€ﬁ8ﬂtw§§Deﬁésdégckbﬁeaelﬁoﬂof@r

an ar Ci ski.n of the_ pres i nven
BREenILPE HasoProohSs Bothav i frosaRtouBes: FptPURY acthRe
peeéeatlsasenBSoEFEECﬁStCE1ﬁHEeHNVEN6hCM t¥e ERGABles.
%%Qrglng to the present invention, it is possible to
rovide a nethod for producing a collagen sponge and a

- BxBBE 1Ol ) )producing an artificial skin which can give

as h'ﬂhCMEfégeﬁhEQ Qléh”P*AEéfg 81 €R§enaNdydRufactured by

artificial skin gga substrate ?or trssue
gﬁﬁtﬁeéﬁﬂﬁﬁlﬁhﬂﬁﬁ ﬁe§5écﬂ§@@l?5 a raw material, and

purified water, 5 N acetic acid, and 1 N hydrochloric acid
were used to prepare a diluted collagen solution having a
concentration of 3 mg/mL and a pH of 3.0. o

Into a stainless steel frame fll cm x 8.5 cm) for
freeze-drying was poured 50 g'of the resultant diluted
collagen solution. The stainless steel frame was cooled to
-40°C to freeze the foamed collagen solution. The sclution
was freeze-dried at 30°C under a vacuum reduced pressure
(0.0l mmHg) for 24 hours. Furthermore} the solution was
heated and dried at 105°C under a vacuum reduced pressure
(0.01 mmHg) for 24 hours to yield a primary collagen sponge.

Next, the collégen sponge was subjected to
crossliinking reaction in a 0.2% by weight solution of

glutaraldehyde in acetic acid at 5°C for 24 hours. The
resultant crosslinked collagen sponge was sufficiently

washed with ion exchange water, and then the water was

substituted with a 15% solution of ethanol in water.
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: conprise'a col | agen sponge pfoduced'by_the nmet hod for

produci ng a col | agen sponge. 10 BEST MODR FOR CARRYI NG
OUT THE I NVENTI ON [0044] The present invention wll

be described in nore detail by way of the follow ng
exanpl es;- however, the presepg invention is not

limted to only the exanples. 15 [0045] (Exanple 1) A
col | agen solution ("Atelocol | agen", manufactured by
Nitta Iat| Inc a ra mat er i

burt 11 S3eaerarYs KehoBePELLans, ahat ToRCRy BRoSh i 20d
aﬁkdlzaeﬂmeedm&ed.bm G@é@anadardaluaedumoréagead pressure
SQ) Wi RFVIFG 34 GRRGENLA mdof 3oM8hA @ena@goﬁgebi

of 3.0. Into a stainless steel frane F cmx 8.5°cm

for fﬁeéiélﬁpﬁﬁnélﬁﬁsOﬁo&p@duﬂotéléknﬁﬁé Was§uFaufAgc to
didnared onct@l l@e i <@ tain@n co_ﬂl%g%hms?'o@@%,s%@@ﬂ theamehe

25 OC to f
e e 22 R et 867 S0 deia 80 eBRRRap the

' &xﬁmnuwnﬂﬁﬁM@e@ Areadsiated 0. @l lmydg) offorth24 chalkegen
g Eﬂﬁrnnre the solution was heated and dried at '

frider a vacuum reduced pressure (0.01 nmHg) for
2P%Hdurs to yield a primary coll agen sponge. 30 Next,
tdﬁidﬂﬁﬂeaggn sponge was subjected to crosslinking
reactron in_a 0.2% by weight solution of -
gl ut ar & §eRYaEen sgdtilenadi dtadoseliapgenpd  npapyLaghered by

- NEHA &Rl 261 9S Shickegragohlsagen sSpORGe was<sukfli cheat |y

wash th |on X han wat er,,. and the e
el et i el shin oater 1ol Bl 8hT0- 18 ac i
wetrey uskdl ttherephtrer 2 Whid utesldodantagwas sbilatépnataving a-

ceny At liPs T HE i % 57 9 Rolrs 1o yield a

'collag@n SPongef Ah§|KE@@ﬁéaﬁtldﬂéﬁtﬁdoca&ﬂabsnkﬁeégtlon
A GRased of, 3 &o%d%ﬁ%r%%%t herpesubt aphi AeLka0gRee1

onge, and then
rame (11 cm x 8_5 cm) for freeze-drying was poured the

resultant creamy foamed solution. The stainless steel

frame was cooled to -40°C to freeze the foamed collagen

- solution, and the solution was freeze-dried at 30°C under a
vacuum reduced pressure (0.0l mmHg) for 24 hours to yield a

collagen sponge.
The resultant collagen sponge was put into an air-

tight container having a volume of 8,000 mL, and 50 mL of a

. separately-prepared 2% by weight solution of glutaraldehyde

in acetic acid was added thereto in such a manner that the
solution was not brought into direct contact with the
collagen sponge. This air-tight container was allowed to
stand still at 40 °C for 3 hours to crosslink the collagen
sponge, and a crosslinked collagen sponge was yielded.

The resultant collagen sponge was heated and dried at

©105°C under a vacuum reduced pressure (0.01 mmHg) for 24

hours, and a silicone film of 100 pm thickness was caused

to adhere thereon to yield an artificial skin wherein the
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product was dried to yield an artificial skin wherein
the silicon filmwas |am nated on a | ayer of the

col l agen. - sponge. [0046] 10 (Exanple 2) A collagen
solution ("Atelocollagen”, manufactured by Nitta
CGelatin Inc.) was used as a r material, -and
purified water, 5 N acetic acid, and 1 N hydrochloric

.acid were used to prepare a diIuted col I agen sol ution

| ?%i’%%&g?ﬁﬂrﬁ@fsg% anaf I(iﬂ et ac”)fkrrgg"g% %HL% %T%g%n

mﬁ&cﬁmﬂed 0.5 g of chloroforn1 Into a stainless stee
L 11 cmx 8.5 cm for freeze-drying was poured

the resultant creany foaned solution. The stainless
ste8™ke fHane was cooled to -40C to freeze the foaned

col | agep coaqagérprbolaﬁqadﬂe( SHMAH QN MRR A, e%%u%')c%@red by

a%}SOC er vacuum reduced pressure (O.
. f%ﬁfsui o el d'% ¥RY dgert spohgetemal, and -
- r;asulﬁ:rasm Wl d g e mmhmd\@ﬁ:mt azm o an Bidrozh gl acid

ery hayi val.ume_ of d nL of,
separ a‘{]eef yn:pr eptg} s eoy:%qed’ht[ras Clﬂ i % C&Elqagen into 3
ghadrelr srdermdieist rtlec gt clresi & Was adtiethdrherletta ral dehyde

SHED @IS, dNAl BN o S014Y 100 YRS, B0t B Quglt T nto

~direct contact wth

e col lagen Sponge
FINFGYHA T érﬁrérlwteﬁs“-adrdameiﬁ tigtB® Hfami-stil | at
40 C famt3 hows 0 G08sldank f&%% 0('1'13%{1 ?p%”%ﬁ for

ssl 1 nk eo'l1 ol | agen sponge vvas yi e
a%s‘?ﬁztea IY2R9 dfeh %Jd??éje ST asr?d;”dr aar st luted
BHA agederscd waeitl maﬂi@ﬁduqorgesmﬁﬁxdb@hmmf 8tainless

. and a silicone filmo 00 pm t hj ckness was
csﬁifseguu%?ﬂleo Wath &% ke réorr 4toocyltel drsfRzsr thei Epaped
sid In ageey edaluthenl9 Thel sedntibhmywas flhaseBatiedeanaa 30°C
layelr of dheusPldR8RR %Q%%%%re[ 0RA DL mmHg) for 24 hours.

Furthermore, the solution was heated and dried at 105°C
under a vacuum reduced pressure (0.01 mmHg) for 24 hours to

yield'a crosslinked collagen sponge.

A silicone film of 100 um thickness was caused to
adhere onto the resultant crosslinked collagen sponge, and
then the product was dried to yield an artificial skin
wherein the silicon film was laminated on a layer of the
collagen sponge. |
[C048]

(Example 4)

A collagen solution (“Ateloccllagen”, manufactured by

Nitta Gelatin Inc.) was used as a raw material, and |

purified'water, and-1 N hydrochloric acid were used to

‘prepare a diluted collagen solution having a concentration

of 3 mg/mL and a pH of 3.0. :
To 50 g of the resultant diluted collagen solution -
was added 0.5 g of chloroform, and a homogenizer (“Excel

Auto fomogenizer”, manufactured by Nippon Seiki Co., Ltd.)
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(Exanple 3) 5 A collagen solution ("Atel ocol | agen",

~manuf act ur ed by Nitta Gelatin Inc.) was used as a raw
material, and purified water, 5 N acetic acid, and 1

N hydrochlorlc acid were used to adj ust the
concentration of collagen |nt? o3 ng/nL and adj ust t he
pH into 3.0, and then gl utaral dehyde 10 was further :

~added thereto so as to set the final concentration of -

Al ALY A0 QLTIM L0l 3 ot a'aao%sgrpgiogsgd

reeze-dryi ng wa

_Eﬂl%ﬁ&ﬁ t Aeer ssghfsantdifbated soéhtagenwaslpbuoad into a

t t | 15
coniainige Awaraldeite, dhe, 5 a phgosols ASel-arying.

14 afeinddas isdree ITHe s masorccwei&d rt@ezeﬂ-Qﬂﬁl &td ateeze the

3GandNdRy] 1 geac WonyedicedTReessei bl RismrbEglzE0hried at
24 hours. Furthernore, the solution was heated and

#*4°6duRferosCvaghy®r radvseduntreaused (Br83sBrBg| ofor 24
nrddy)s f oFu2éhbonbsel 0tB@ ybeldiancwasshenked enbl agesd at
00 mthlcE8 %i was caused
d~co

pp%aénfor 24

N gﬁbﬁgetQﬂﬁiehq“aWHﬁﬁEQﬂMMhﬁﬂlaﬁﬁn(HpaﬂgaC)yleld an

10

art'f'Q%%lr%Ehﬁtaﬂﬁe %?Hmﬁ&ec§& %%ﬁagg g@a%as immersed

| am nat ed on ' ayer "0 ponge ‘
(00 (Bl & BT Golidgen sul @iigaraldenyde in acetic

@Al Rr ldReen C%l@l ! ge g@é&:l@'&tﬂt‘aﬁ g‘gbaEbP b@chéaurs

, s used raw mat.eri a
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(Nﬁdhﬂﬁﬂwrﬁm Utoino e xadnainag: amﬁ@ncemhﬁa&m@ﬁ tofe Ja@rMvas

W Bl 3,0, 0,50 g gt ne cesultant didutedo

agen sol ution® was ad
a honog@nmeamt@rEx¢ab r@5uAttae tHomBg Eiozen” at -110°C, and

ﬁ%ﬂﬁfﬁggge%gdgﬁﬁ%¥gbog¥§§h5hgggoao%gdu defﬁggdugggssure
(0.01 mimHg) for 24 hours to yield a secondary collagen
sponge, and a silicone film of 100 pym thickness was caused
to adhere ontco this secondary Collagen sponge to laminate
the silicone film onto a layer'of the collagen sponge and
the product was dried to yield an artificial skin.
[0049]
(Comparative Example 1)

A collagen solution (“Atelocollagen”, manufactured by
Nitta Gelatin Inc.) was used as a raw material, and
purified water, and 1 N hydrochloric acid were used to

prepare a diluted collagen sclution having a concentration

- of 3 mg/mL and a pH of 3.0.

To 30 g of the_resultant diluted collagen solution
was added 0.5 g of chleoreoform, and a homogenizer (“Excel-
Auto Homogenizer”, manufactured by Nippon Seiki Co., Ltd.)
was used to homogenize the solution at. 6000 rpm for 1

minute. ‘The resultant creamy foamed sdlution_was poured

into a stainless steel frame {11 cm x 8.5 cm) for freeze-
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m nute. The resultant foanmed solution was poured into
a stainless steel frane (11 cmx 8.5 cm for '
freeze-drying. The stainless steel frame was cool ed
to -40C to freeze the 5 foanmed col | agen sol ution. The
solution was freeze-dried at 530C under. a vacuum
reduced pressure (0.01 mHg) for 24 hours.

Furt hernore, the solution was heated and dried at

' d d .
S el SRa TR Pher e e R At o panyEY b T o
- r%’sﬁﬁztearﬁh%rﬁqur%ﬁ el lagem sagdwg‘@qms anghehsedolivttionawas

ik Rt e Ll S e L

to conduct crosslinking reaction

Lophe & di%Sant FEFEQ§F¥“HP€@¢1 EBE| &Rt épBNYaswagated
%H& 1t ot MEshednukth i Qﬁcﬁﬁﬁh%&ﬁc@@t Ff:es@ﬁget hgno1

R TRy TR e A e o g gponae -

frozenAaﬁlllr©®ﬁ dndm pifend Ofor pez ehdicked sat waBCcandetl ao

Seco ary col'lagen~ spon
fﬁhQnRﬁodHﬂF;Wﬁq lrdledess was caused 20 to adhere onto

this S@%Q%da&Ymﬁgﬁb@ﬂ%% %B%n%%b Qchan Rat €rokBinkin
silicane filman | ayer of ‘the coll agen _sponge ang

PGP wad -drd &F 1§ hpihd] &%Q&Pﬂ fAlcigditead dehyde in

' -‘é%ﬁ%&r@ar %%Cﬁgiemree%‘%l rt%nt( %rq}narpéj_@oll e%4 sli]:m%lﬂr % t 9na fchen

[RR49]: A(Gemar @°CV§OEXQ@TJ11811%)5 AT %étﬁ%h@oéﬂgésqrinked

e S P e AT LT oD Bhanoe

Mdﬁﬁdﬁc@hﬁomh@na¢m@ warterused tsubspriepaee widhl ut ads. - -
u%q%ﬁ %%I%k%g@§%a¥bn g.concentration of 3 nmg/niL
anp

g of the resultant diluted

-coIIag@hESGbﬁmd@nntmassaddede@ Btg-60°chl andf oheyr Anekeze-

A AEAENIHE hnfEEL ge@emwgagsggzgeﬁsﬂ?gU&@%H[@%g

lze

n
%éru@. %o Oé‘trses@é’o leﬁﬁqdr @P Prigifigriel pheny é@mrteaﬁt

- eredrynf gamed wesl Ukmdnawasl pauksedader B0 t&eStailnkess

%%%%Befrane (11 cmx 8.5 cn) for freeze

[0050]
(Evaluation) .
About 100 pieces of the artificial skin produced in
each of Examples 1 to 4, and Comparative Example 1, cracks
in their collagen sponge layers, peeling of their silicone
films, and wrinkles of the silicone films were examined
with the naked eye, and inferior pieces were removed, and
then the yield was calculated. For the calculation of the
yield, any pilece wherein cracks in its collagen sponge
layer, peeling of its silicone film, and wrinkles of'the
silicone film were generated together was counted as one
piece. o | |
[0051]
[Table 1]



10

15

.20

25

30

35

qadhere ont

{rdzs0.a
- Yo@lpekate

-40C to
sol uti on was

21 drying. The stainless stee
freeze the foaned coll agen sol ution
freeze-dried at 30C under a vacuum

reduced pressure (0.01 mmHg) for 24 hours.
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FRSTLS aobetontnee b ityst iy B FRT  2Rn eBoBhRf £iren

'mﬁthpdaﬁdrwpwnﬁM@sngfanhertsfhc@ameskuhnwhach can give a
- 88Qer Fhiedql eaeblgh WaRpE¥IkadsREANC anll §6Cark82thal skin

and a substrate for tissue engineering which respectively
comprise a_collagen sponge produced by the method for
rroducing a collagen sponge. '

BRIEF DESCRIPTION OF THE DRAWINGS
[0053]
" Fig. 1 is a schematic view showing one example of a
conventional collagen sponge producing method.
Fig. 2
conventional

"Fig, 3

is a schematic view showing one example of a
artificial skin producing method.

is a schematic view showing one example of a

- method for producing a collagen sponge of the present

invention related to improvement in the diluted collagen
solution preparation method. '
Fig. 4 is a schematic view showing one example of a

method for producing a colladgen sponge of the present

- invention related to improvement in the gas phase

crosslinking method.



[Table 1] 35 22 Plece(s) wherein the col |l agen
- Piece(s) wherein Piece(s) wherein sponge |ayer was the.
- silicon layer the silicon layer Yield (% cracked was
peel ed was wrinkled Exanplel 5 2 1 85 Exanple2 1 00
93 Exanple3. 1 0 0 97 Exanple#4 6 0 0 85 Conparative
15.8 3 70 Exanplel 10 | NDUSTRI'AL APPLI CABILITY OF THE
I NVENTI ON [0052] gg According to the present :
- inventiQn, it 1%Sap%%%ega%1kov1 % BB% ﬁ% Spe %hggpigrof a
produci ng "a col'l agén 'sponge and d°For
EﬁﬁﬁMﬂﬁrﬁ@ra@r@@MwﬂmglalC@Rdﬁgwhlepoaaﬁ @ﬁveha oheghnt
ﬁH@é%ﬁﬂUﬁ“ﬂ@lé%é@PE’fhﬁ@r%%%ﬁ%ntaQQ.%ﬁea%Bﬁh%Ebﬁl skin
and a substrate for tissue engineering wh

inkding meskpd-se a col | agen sponge produced by

t he nemﬁ@d feor s2@ RrOdHEIERY @1@@'%ﬁg%ﬂn§p@ﬁgeexaﬁﬁigFOf a

TBROn (0 FE LM RS WAL Rid o35 e present

domweeritiiconale ledlddagen ispengenphedidi ngenetleed. Fi 9. 2 -
Is a.schematic view show ng one exanple of a
conventional artificial skin producing nmethod. Fig. 3
“is a schenatic view showing one exanple of a nmethod -
for producing a collagen sponge of the present 30
invention related to inprovenent in the diluted
coll'agen solution preparation nethod. Fig. 4 |s a
schematic V|em15homnng one exanple of a
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met hod for producing a collagen eponge of the present

~invention related to i nprovenent in the gas phase 35

crosslinking method. 23 Fig. 5 is a schematic view
showi ng one exanple of a nmethod for producing a '
col I agen sponge of the presemig invention related to
i mprovenent in.the solution crosslinking nethod. 5

" Fig. 6'is a schematic view showi ng one exanple of a

met hod for producing an artdfigial skin of the present

invention related to inprovenent in the step. 24

CLAIMS 1. A nethod for producing a collagen sponge,.--

wherein .a fli hdtREq cobl agen ol My i anaﬁ}./é.(g@l A

adjusted by ,use of _acetic acid is used .

for pr¥a&&eig & ELPa§EncepoAgEn SRHPéﬁoeoHﬁVﬁggsaaPH

sicgfusafedC 195 slslenkifngcamat- aeidsslsi miked .col | agen sponge

i n glutaral dehyde-volatilized 10 gas. 3. A nethod for

produci ng a col |l agen sponge, which conprises a step of

addi ng2gl vk anatdetyfer tpredudihat 2dcebliggenssaige i on,

and fr dr e a :

orossl ey compasieS SOt olockRuMERg & for

WHioeH ldaied sedladesl sagaqes pangd uesadced vy Vﬁéatlllzed
tshod for producing col |l agen sponge according to

claim1, 20 2 or 3, and a water perneation adjusting

| ayer conprising a thin filmof a water perneable

pol ynegi.c sukstiadderob. pFoSubsiid ad ecdDladésSsifonge,

bt bl.e. .usi h I
pongorgat cBBkEds s, SPEeRBca e Fe PaubaraftEhOaE e o
ddﬂma@@ncsﬂdﬁgen g#odortdiong Bodcfaiemzt-d2ydng3theé. rgheltant

SUbstatedf or hiss4eneRel REERLAA,AGERNdLNY to

4. An artificial skin,
which comprises a collagen sponge produced by the
method for producing coilagen sponge according to claim 1,

2 or 3, and a water permeation adjusting layer comprising a

thin film of a water permeable polymeric substance.

5. A substrate for tissue engineering,
which is obtainable by using the ccllagen sponge
produced by the method for producing a collagen sponge

-accordlng to claim 1, 2 or 3.

6. The substrate for tissue engineering according to
claim 5, '

which comprises a reinforcing material.

7. A method for producing an artificial skin at
least comprising a water permeation adjusting layer
comprising a thin film of z water permeable polymeric

substance, and a collagen sponge layer,
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claim5, 30 which. conprises a reinforcing materi-al

7. A method for producing an artificial skin at |east

conprising a water perneation adjusting |ayer’
conprising a thin filmof a water perneable polyneric
35 substance, and a col | agen ggonge | ayer, 25 - wherein

~a not-crosslinked collagen sponge is subjected to

gl ut aral dehyde crosslinking treatnment, the resultant

is fr e%%%r't egnmt%%%rsqlak%ﬁoeelm%%gj §gto}n§%egayer

sponge ter perneation’a

|%lh5q%ﬁ%ﬁ%@%@é&hﬁeh&ﬁ@sgnmrﬂ@m%@mam@n@e the

resultant is freeze-dried to prepare a crosslinked collagen
sponge, and then the water permeatlon adjusting layer is
laminated onto the crossllnked collagen sponge.



