T e3ep: 5MD01T2: &3464T: 5SNWAr ~ 15. 04. 2003 METHOD FOR PREPARI NG Bl OCOMPaTI BLE
SCAFFOLD AND SCAFFOLD PREPARED THEREFROM BACKGROUND OF THE | NVENTION Fiel d
of the Invention The present invention relates to a nethod for preparing a
-bi odegr adabl e and bi oconpati bl e, porous, polyneric scaPfQ4-d0%hi ch can serve
as support or matrix for cell or tissue culture. Mire particularly, the
present invention relates to the nmethod preparing a three-dinensional
porous, polyneric scaffold with better bioconpatibility characterized by
adopting a effervescent salt and a bioconpatible scaffold prepared
therefrom DesgiiMiodroR PREPRRNNESIGdOND RPIMER L Lindt B ANTTUe
culture, polyners are basically require o'be o ioconpatibitTity and
bi odegradability. The ali =t > o3 s BN o | actic acid or
glycolic acid as a backbéﬁQQEQ§Pﬁﬁgggﬁéggﬁ%éggﬁggpggﬁﬁg satisfactory to the
requi renent by the Food and Drug Adm nistration (FDA), U S. A, and nost
w dely used now. Exanpl es of such bioconpati bl e and bi odegradabl e aliphatic

pory° (b oS ASQERAGTHE PN D01 (abrol actone), poly
(vaIeroIac%%ﬂg%géggkéyégrdroxybutyrate), poly (hydroxy valerate), etc.

Proven to @' the aliphatic polyesters have been widely used

as drug deIivg&g carriers or. sutures for a Igg% peri od of &ine. ~i ou~uu~
15. 04. 2003 PLCA® Brsgiindveptign e sofooélé@?t‘é@ e IHEP§HEE S adestadabbus
degradati on riods by controlling the ratio of |lactic acid nononer and
gl ycolic a%ﬁ‘(g%ﬁ%?ﬂfﬁﬁﬁg%lﬁdpem%ﬁp s ﬁ‘F?éfoi@ﬁYWégi@np?"éB%dﬁrS@PﬁJﬁéfr eof. In
addition to bLogegradabLIity and bi oconpatibility, other requirements for
the pol ymeP@tiiyfoprell of Hssue quliurar Moz paricalartndhe prawent dpvrntemoipigtes o
al I ow cell adhesion at high densities, a pore size |arge enough to enable
t he vascul & (Bamehod prepering ot thredtdimersienad fRAEPUS r pRIFFIadift ma?f@id witlo a
host and the transmi ssion of substances, such as nutrients, growh factors
and hor nonestterabiodamepatiibive sharactarized yby fadopsingo p esffervepiensldalt, anéhea por ous
polymeric scaffolds fulfilling the above requirenents are prepared as
fol | ows. Thiecapymatipdpsedadioldpepoadtharefibiry avail abl e are scaffol ds
consi sting of PGA sutures (unwoven PGA fiber nesh). They are made in
t hr eedi nensi onal shapes by thermally treating randomy entangl ed threads of
suture. The nesh exhibits very high porosity and sufficiently |arge pore
si ze in adBlestuptico ddhadReddtedisgh i nt erconnectivity, but finds a [imted
range of applications on account of poor mechanical strength (A G M kos,
Y. Bao, L. G 1o he,used f& bimgisee, cilture. palsvens are hasicRly temygead tajbe Bf oned.
Mater. Res. (1993) 27,183-189).

biocompatibility and biodegradability. The aliphatic polyesters which bear

lactic acid or glycolic acid as a backbone unit were approved as being
satisfactory to the requirement by the Food and Drug Administration (FDA), U.
S. A., and most widely used now. Examples of such biocompatible and
biodegradable aliphatic polyesters include poly (lactic acid) (PLA) poly
(glycolic acid) (PGA), poly (D, L-lactic-co-glycolic acid) (PLGA), poly
(caprolactone), poly (valerolactone), poly (hydroxybutyrate), poly (hydroxy
valerate), etc.

Proven to be biocompatible, the aliphatic polyesters have been widely used

as drug delivery carriers or sutures for a long period of time.
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.fAnother preparing nmethod of the porous polyneric scaffolds is of
particul ate | eaching, favored by A G Mkos et al. (A G Mkos, G

Sar akinos, S M Leite, J. P. Vacanti, and R Langer, Biomaterials (1993)

14, 5,323-330; AL G Mkos, A J. Thorsen, L. A Czerwonkg,04Y208R0, R
Langer, D. N Wnslow, and J. P. Vacanti, Polynmer (1994) 35,5, 1068-1077).
The particul ate | eaching nmethod has an advantage of easily controlling pore
sizes of the scaffolds in dependence on 3 15.04. 2003 the size of the salt
(NaCl) enployed, but suffers froma disadvantage in that salts remaining in
the scaffolds or_thejir rough norphol ogy cause cell damage. Besides, an

emul sion fr eef&%% W@Iﬁﬁpﬁé@fﬁﬁﬂo%ﬁgﬁ?éﬁblﬁﬂ@iﬂﬂﬁ’é WHE vaxpasslegradmtaiod can
be used for the preparatjon of such scaffolds (K Wang, C. H Thomas, K

E. Healy, Wkxrighéty, cparghiig thogshio 3¢, ragg7agd 2moponger apdnglycold. agid
Baldwin, N P. Suh, J. P. Vacanti, and R Langer, Biomaterials (1996)

17, 1417- 147@ponpmespidy/er tnedify ingnhasxithesis esocadhee ferpelds have the
limtation of there being difficulties in making open cellular pores. In
recent, attenpraddiien selsndagieabidity end thiommpatebibbabtlvirdsqbireakisng

advant age of the phase separation of polyner solutions (H Lo, M S.

Pont i ci el | or tke palymhersrfgr bifi-§saue cBhyre ¢k005)rfacelGeaBrgeienbogh & alkadi yal a,

S. e. GQuggino, K. WLeong, J. Bioned. Mater. Res. (1996) 30, 475-484;

Ch. Schugenssll \Adhvaguetat, high, dénsihids,i hspoR sizr damge Phougleyl®sieaabld. the

Bi omed. Mater. Res. (1995) 30, 449-461). As nentioned above, various nethods
have been descelapedidnon thheujinepbtisue afteotranbplaetadionenss ahakt ool sireri ¢
scaffolds in which cell adhesion and differentiation can be induced.

Never t hel esansiisien Lérabstapcahlseas dsondeiesitd, wadwith fpctepatndghormones,

t hr ee- di nensi onal scaffolds for tissue culture with bi odegradabl e pol yners.
At present andnhy irtef@wneatianb e pauwed as Advanced Tissue Science Inc. and
Texas Bi otechnol ogy I nc. have been successful in the comrercialization of
such scaff ol dsf%lp&df‘eﬂfyeitlﬁb P& Ul @ekis suatfifcblﬁgedlfmmn@tlsembdvesfea,{l]ﬁenWRY OF
THE | NVENTI ON To overcone the above nentioned shortcom ngs, the inventor et
al . have naﬂgpf esdhypltdi es and as a result devel oped a nethod for
prepari ng g 15. 04. 2003 bi odegradabl e, three-di nensional, porous scaffolds

for tissue culTHe gospoplilar dltEEeRYndrBiRllyeskdilabiyascadatfoldis cemnsthe &pl ded
in desirabl e shapes and have desirable pore size and porosity. Accordingly,

an obj ect BGA Bubured(@AWOLBN IFG A Gitk AMédlg. Thaphhoehdderinpitepalihtgsional

bi odegradabl e, three-dinmensional, porous scaffolds with inproved

bi oconpat i bihd pdsyby Mty tRRI@GIraRfomll SniaRyRIMH (hdhdsoflsatdieovi de scaf f ol ds
for tissue culture with Various pore size and porosity. The present

i nvention pert@idgdsA éﬂﬁbi@?b@@ﬂh%q{ pBI @ hi@ shfdeaipdaikepore size in

t hree-di nensi onal, porous scaffolds conpri'sing the steps of (i) dissolving
a pol ymer hadafbror@aBkingSel @sh {r@elRbRREIR/iE, POty PRk Ca S@inietOPingd iof

m xing an effervescent salt in the resulting polymeric solution to give a
p0|ynEf/SabeﬁEQﬁ6h§b§§h¥ﬁ@&oFbé@ﬂnﬁﬁhén&aFm}mﬁﬁﬂQMlGghﬂmﬁgpfg@ﬂy¢n§D|Vent
fromthe polynmer/salt/organic solvent mxed gel’ and (iv) imersing the gel
in acidic &gt lme.tIng'b@f)q.eP. thgasd! dnd R. ﬂaﬁ?ér\{f}ss%rﬁé@m&t& Repo(l§98Yri c
scaffold. Alternatively, the present nmethod Tor preparing biodegradable,
threedineng?gaghggporous scaffol ds conprises the steps of (i) dissolving a
polymer in an orgahic solvent to prepare a polyneric solution; (ii) adding

a nonsol vent tgnpfRPabeefdithg aabihodN®f P IRIrbGs SPoly@t Sdgfloldeats tdfe
polymer is precipitated and concentrated to forma polymeric gel; (iii)

m Xxing an ghkefviasCiRAthisg! favbred be AVA WIRIDs @t BEI(At G. 81ik8s,85. Sarakinos, S
pol ymer/salt/organic solvent m xed gel; (iv) renoving the organic sol vent

from the poltymeitéspint /\igaf] &nd ®. Veiges Bioehgetials qneb3) iy, biarerasong. the gel
in acidic solution to render to the salt to effervesce to yield a

Mikos, A. ]. Thorsen, L. A. Czerwonka, Y. Bao, R, Langer, D. N. Winslow, and J.

P. Vacanti, Polymer (1994) 35,5,1068-1077). The particulate leaching method has

an advantage of easily controlling pore sizes of the scaffolds in dependence on



- 15.04. 2003 polyneric scaffold. Mreover, the present invention pertains to
a porous polyneric scaffold for tissue engineering characterized in that a
porosity and a pore size of the scaffold are varied depending on a
concentration of acidic solution, and a;particle size andigfipsargouant of
effervescent salt used in process for preparing the scaffold. BRIEF

DESCRI PTI ON OF THE DRAW NGS The above and ot her objects, features and ot her
advant ages of the present invention will be nore clearly understood from
the follow ng detailed description taken in conjunction with the

[ dr aw , igh: Fig. 1 SEM phot h show th
mani 1ot 07 FaRevofie sl pOR OcempieYpdobyCe iy lyia s Aiseh ayaseaiapor ous

scaffold, prepared. in Exanple | Fig. 2a is a SEM phot ograph _show ng the
surface of Sf‘lﬁgr PorHHIn "I?‘-el SééftfP‘ég@(S tb?‘?&%ﬁlblr‘é’é%?l-‘)ﬁ%é’dS,G sdrdusagsaf f ol d
with a thickness of 2 mmand a dianeter of 10 mn, (grepared in Exanmple I1;
Fig. 2b is a 195 ! sHotlsiprapreese-dryigs methed gand @ jhigh sEMwikogeyr aph
showi ng the surface of the poly (D, L-lactic-co glycolic acid) based,
porous scafKBRESIRNRCtROf KrBksaseddpr Saprepamtiondelaivshsealéplds QKniifhampe par ed
in Exanple I1; Fig. 2d is_a magnified ghotogra h of Fi%. 2c; Fig3ais a
SEM phot ogfaph it thélehods Nieler Balysieri hed380x.88D5,842; D. J. Mooney,
|l actic-co-glycolic acid)-based, porous scaffold with a thickness of 2 nm
and a di anét-eF. Srldwirg Pr Sudy ddTi VaEsaliphed IR, Langsrl Bionazeed Fia96)3b is
a magni fied photograph of Fig. 3a; Fig. 3c is a SEM phot ograph show ng the
cross sect ilgl4d7-14R2). Pobyit¢ Breir own advantages, the methods have the limitation of

there being difficulties in making open cellular pores.

In recent, attempts have been made to construct the scaffolds by taking

advantage of the phase separation of polymer solutions (H. Lo, M. S. Ponticiello,

K. W. Leong, Tissue Eng. (1995) 1,15-28; H. Lo, S. Kadiyala, S. e. Guggino, K. W

Leong, ]. Biomed. Mater. Res. (1996) 30,475-484; Ch.Schugens, V. Maguet., Ch,

Grandfils, R. Jerome, Ph. Teyssie, ]. Biomed.Mater. Res. (1996) 30,449-461).

As mentioned above, various methods have been developed for the

preparation of three-dimensional polymeric scaffolds in which cell adhesion

and differentiation can be induced. Nevertheless, there remain problems to be

solved in preparing three-dimensional scaffolds for tissue culture with

biodegradable polymers. At present, only a few companies, such as Advanced

Tissue Science Inc. and Texas Biotechnology Inc. have been successful in the

commercialization of such scaffolds, wherein PGA suture is utilized on a small

scale.

SUMMARY OF THE INVENTION
To overcome the above mentioned shortcomings, the inventor et al. have

made intensive studies and as a result developed a method for preparing



. Llactic-co-glycolic acid)-based, porous scaffold with a thickness of and a
dianeter of 10 mm Fig. 3d is a magnified photograph of Fig. 3c; Fig. 4 is
a SEM phot ograph showi ng the rat hepatocytes which have ﬁﬁ%n i %culated on
the porous scaffold of Fig. 1 and cultdred for 7 days; a ﬁr%ﬂ)S is an
optical m crophot ograph showi ng the distribution of viable hepatocytes
after an MIT assay for the determ nation of viability of cultured cells.
DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS Before the present method and
scaffold are disclosed or described, it is to be understood that the

t er m nol ogyiods daar@imréescimnstdaﬁl,gwr@% ecaffold8Srer ithbid cRREFd GVhRY, |
enbodi nents only and is not intended to be limting. It nust be noted that,

as used imhbb@;yswmkééu@@a%%a@aqst&% BoRsAIded 6l @édidabld BﬁaﬁésngHaqFavfeor”B
"a", "an' and "the" include plural referents unless the context clearly

dictates o(yég@fa\glégore@y@m%;osg is specification and clains, where
publication are referenced, "the disclosures of these publications in their
entireties areRsFERYY rpsat ed oby L8LEHBACE kOt oS appld.catiaon in
order to nore fully %gégﬁ)bdewt he stateno tlﬁg %rit&tlgto |ch1:1 It?ﬁ’r%%ds]g|8n¥/oénti on
pertains. Ln 4.he PHeJE i LN : p i i or.adabl e and
bi oconpat i I!BI éﬁ We@agg{r?gﬁyeggg%& %lélﬁ%gé&%g’aﬁé%}fég&? gfrﬂ&tgi @gﬁe{r@%ﬂvﬁﬁe IS
based 15.; phase separation and particulate | eaching. First, a
pol yrner igbgégsggébgRYh an organic solvent. Preferably the resulting

pol ymeric sol uf i i.8: hj ghl.y. c [ra S i ' I gh viscosity. The
pol ynmer enpl (fﬂyrﬁa%t%?rn O? I??{é%?géésnﬁ}gﬁ%% Iép‘r%(gfper(ragb%eygga}f%l%%é@r s &4 g‘t’ﬁ?

bi oconpat i pl. ol. r in.viewof the object of this invention The pol yner
IS preferaﬁngg%?%%gFgFﬁﬁg% %3P§ T, nore preferably a aliphatic

pol yest er based pol yner, and the nost preferably is one selected fromthe
group consisting of poly (L-lactic acid) (PLLA), anorphous poly (D,
L-lactic acid

PDLLA) .. pol | ycol i id I D, .L-1 i c-¢Qq-gl i
aci ) (PLan . Hsiyerski Aol SRt g Rtk Pty hare P st o€
di d,. I f th I S. T I ) . used
[ 1 espoct s (BCOR O aoUFarbual g I BevEer g sthe: So) BY ik GIAaa 4 am t nose
whose ol ecul ar Weight is.in the range of 5,0 0500,0(%0.. Ex?rgpl es of the
organi ¢ soPYEREeT Bt 2 QEBFHC FOSEHF VP MyCRHE apBPB’r‘E%‘F%C PrrEFOBeVHR*IABEN i ni t ed

to, nethylene chloride, chloroform acetone, dinethylsuylfoxide,,
di met hyl f o HEHCEEENt N-53kE hyMpytieol FRFSHENG diRFLEMETICt ofEHORr ofcur &iVe 2

O e el Pl SR, S EL ki P bt L™
e nonsol Ut (Yo PREEL eltiarEafiado ipat FEtHbESS B RIS B 1GF SRbffues e
Baubous o R SOUERICTRes uors! © dlraye fohii A ANGRES HeREhe and
petrol eum et her.
Alternatively, the present method for preparing biodegradable, three-

dimensional, porous scaffolds comprises the steps of (i) dissolving a polymer in

an organic solvent to prepare a polymeric solution; (ii) adding a nonsolvent to

prepare the resulting polymeric solution such that the polymer is precipitated

and concentrated to form a polymeric gel; (iii) mixing an effervescent salt in the

polymeric gel to give a polymer/salt/organic solvent mixed gel; (iv) removing

the organic solvent from the polymer/salt/organic solvent mixed gel; and (V)

immersing the gel in acidic solution to render to the salt to effervesce to yield a



.15. 04. 2003 Through the above step, it is possible to prepare porous

pol yneric scaffol ds even with bi odegradabl e, | ow nol ecul ar wei ght pol yners
whi ch cannot be conventionally used as nmaterials on account that their
'solutions are of |ow viscosity even at high concentrati : @pn, t he

pol yneric solution is honogeneously m xed with an efferveséent salt,

foll owed by the renoval of the organic solvent fromthe resulting

pol ymer/sal t/organi c solvent m xed gel. Imrersing the organic solvent-free
polyneric/salt gel slurry in acidic solution allows the salt to effervesce,
resulting {n a.por?éi structure. Wth a size of 100-500 um the

ef f er ves PBHIMEHS 6c3t0lde| ect ed from the group consisting of anmoni um

car bonat e, ammoni um bi carbonate, sodi um carbonate, and sodi um bi car bonat e.
It is preferred to use the salt at such an anmount that the weight ratio of
the polyner to the effervescent salt nmay be in the range from1l: 1 to

1: 100. Dependionepvsn, thheresegamneerdionestainelesd pprags pelyireric scaffold for

pol ymer/sal t/organi c sol vent mixed gel, various nmethods may be utilized to
renove t Heser gagireesolgy ehrac@rigani in dultvemagosity andklaapovelsyzd ol thai | i ng
poi nts, such as nethylene chloride, chloroformand di oxane, are renoved

t hrough deaffelg are sarmd phepanding ssurecancenmaieen vHcadfiokelugas, iamdcase of

t hat hi gh-boiling point solvent such as dinethyl sul f oxi de and

met hyl pypeoticldonze asd enpdroped! of héesebaeahtsalt arselenr provesdfdypapyiing at

at nospheric pressure or under vacuum follow ng replacenent with | ow boiling
poi nt solthentafddch as et hanol and net hanol . 15. 04. 2003 According to this
invention, the acidic solution enables the salt to effervesce at relatively
| ower tenperature, for exanple at roomtenperature, within a short period
of time. In addition, its concentration affects the size of the pores
formed | BRIEF BDESCRIPAION O THIE DRAWINEGSI ze can be under the control of
the concentration. Therefore, the effervescence of the salt with the acidic
sol uti on makege iabop@asfi Ritket ObjpreVieAturéhend beldred dehrsd @dst b Otheorebtier pol ymer
and to formpores at desirable sizes as well as to settle down the drugs

i nsi de t hevERionSwICabé Ohdré OflcgRY | ufddbwoe, ffdmnekesealoyvinpr elenrll y, the
acidic solution is a solution of one selected fromthe group consisting of
citric aedcriPydhe&kdroii @nied Gonaeieh ke &Cbshpal girgg Brairths, trawhadh: ¢ aci d,
salicylic acid, benzoic acid and glutam c acid. For use, the acid is

di ssol ved torfhe i§(&n$}§‘{7[t[51@étbgfhpﬂfskib%@&h@lﬂ&%-rﬁﬁb@rsﬁﬂa@@oif RhaV@bBr (OF in an
aqueous solution saturated wth an organi ¢ sol vent such as nethyl ene

chlori de, ¢t RL L SIFAD!icl: QARBEsedd pHRId@.)éE&ﬂ%lﬁP%Stéiﬁr@@% BRhfnplle Pyrrolidone. To
yield a practical "scaffold, it is preferred that the resulting polyneric
scaffol d is pgsheds WSEM BRERATAPN SnS@RIri the Busdedofthdbstlyi (D, edlavad-es- and i s
then dried by conventional drying nethod such as freeze-drying, heat drying

and vacuwnesyé ﬂ@d)t-m,%dp@b@é{%s & abIoNHh afthidkinesd GVERIh ARd SdRhetacder i zed
in that it15 porosity and pore size can be adjusted by varying a

concent r atg Qﬁnpfgregg}égﬁmlﬂﬁﬂqu, and a particle size and an anount of
ef fervescent salt used in the above process. Preferably, the porous

scaffol d of th@bhﬂﬂeﬂi' H@H%hgﬁgﬁg gdf Fip. bhte above  t0 15.04.2003
processes. A better understanding of the present invention nmay be obtai ned

in light of the %qihoWNIGHBXATRPRShMH G Larar@es of eid PolyqD Ill-Lsticabe, but
are not to bengonstrued ?o IiniF t he égggent inventio?.ngANPLE I

Prepar at i g)lgc@fic RoHpPUSseaC ?Ef‘&léﬂscfaff@m Rahy thikknlsd a€% inemGed y dalrheteAci d) with
Pol ymeric Solution In chloroform poly (D, L-lactic-co-glycolic acid)

(PLGA) 651@w p&pary@i[gmarg priage nol ecul ar wei ght of 180, 000 was

di ssol ved at an anmount of 30% by weight. To the resulting polyneric

sol uti on of MWi@hisSGast ymdqﬂﬁn@' kif ¢ar benate particles ranging, in

Si ze, fron11809to 300 u%$ un1mere@ggged g% wei ght ratios of 1: 10, 1: 15
and 1. 20 polpigess issalSEM pespgahpd ehywih@lkhoveds Byctiemoganequsdy YDirilxi ng to
yi el d polyner/salt/solvent gels. After being introduced into a Teflon nold
whi ch wasla2timoot gliyelionndid)-bastidarpetens afaffoldnwith hethgelirese a2 wenergepri ved
of the solvent nethylene chloride by evaporation at the atnospheric

pr essur e. deaohtecobf { henrpopreperdd saEtampletilir es separated fromthe nold was
mxed to 3 liters of citric acid solutions of various concentrations (20%
40% 60% and supersaturated), and stirred to effervesce the salt. After
conpl etion of the effervescence, the porous polyneric scaffolds thus
prepared were drawn off, washed with distilled water and dried in a vacuum
drier.



Wth the aid of a nmercury intrusion porosinetry (Porous Materials Inc.,

I thaca, NY), the scaffolds were neasured for porosity and total pore
volume, and the results are sumuarized in Table 1, below 15.04.2003 TABLE
1 Porosity and Pore Vol une of the Resuld¢ing Polyneric Sagafdplodogitric Acid
Conc. Pore Di ameter (um Pore Volunme (cc/ g)Porosity (9% 20122. 03

22.568. 060398. 0340142. 49 36. 248. 39698. 0460163. 44

0. 749. 280398. 11Super sat urat ed186. 24 22.869. 934298. 64 An observati on was
made of the whole figures, and surface and cross section structures of the

scaffol ds onfiguration of their. ipner pores through scanning

el ectron mcrg 2%)} ﬁ&q‘fﬁfﬁuﬁ’ﬁp o&aglég %3@ the results are given in Fig.
l. Beforethego rvati lh gTag}imalc scffolds wer e cofated with gold in
an argon at mosphereaf sP PR P RO HYe F ‘eaﬁr%‘slqex‘"‘,etCF‘PE ¢4 Hicgpeky @mb\ by
using a sp hn| ues U. A measur rrent was al so nmade
of the conﬁaéél& érg B¢ ’rﬁ) tﬂ%r%’ér écd’éé\%%l VY idc t}élé 151 @5 ardepgar ed
above. In this reg? the Instron 5538 was used to descend a | oad cell of
10 newt on ENMEEr § L(b@@@ of 2 mm nmin vertically on a scaffold specinen,

whi ch was of %cyl ndri cal shape 12 mm high with a dianeter of 6 mMm

according to gimagnified @hogegipph o4 Fis. gFven, along with the porosity,

in Table 2, bel ow, 15. 04. 2003 TABLE 2
Fig. 4 is a SEM photograph showing the rat hepatocytes which have been

inoculated on the porous scaffold of Fig. 1 and cultured for 7 days; and
Fig. 5 is an optical microphotograph showing the distribution of viable

hepatocytes after an MTT assay for the determination of viability of cultured

cells.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Before the present method and scaffold are disclosed or described, it is to
be understood that the terminology used herein is for the purpose of describing
particular embodiments only and is not intended to be limiting. It must be
noted that, as used in the specification and the appended claims, the singular

" II "

forms an” and “the” include plural referents unless the context clearly

dictates otherwise.

Throughout this specification and claims, where publication are referenced,
the disclosures of these publications in their entireties are hereby incorporated
by reference into this application in order to more fully describe the state of the

art to which this invention pertains.

In the present invention, the preparation of biodegradable and

biocompatible, three-dimensional, porous scaffolds for tissue culture is based



Porosity and Conpression of Mdulus of the Resulting Polyneric Scaffold
Salt Polynmer (weight ratio)Porosity (% Conpression of
Modul us(kPa) 10: 198. 6429. 24 ~ 0 . 4015.198.9216.45 7 . 7520:199.1111.91 O
54 As denonstrated in Table 1, higher concentrations ofimiogriom3aci d cause
the salt to undergo nore active effervescent reaction, resulting in greater
increase in pore size and porosity. In addition, it is also recognized from
the data of Table 2 that increasing the salt ratio to the polymer results
in increasing the porosity while reducing the conpression of nodulus of the
polymeric scaffold. That is, an. i cr?asF.in the porosity leads to a
reduct i on AWPh4RE LBAIENSIBhPartichEdRIGRShBYS: THEY BRbres tafFatiied BXANPLE |1 :
Preparation of Porous Scaffold fromPoly (D, L-Lactic-co dycolic Acid)
t hr ough PEIABIC Fﬁog%qrrsi taiefablX dbeuteyHtine polymens solugioni dschighlycol i c
acid) (PL&G) 65/35, as used in Exanple I, in chloroformwas added with an
excess of cOPRamsntediglaiorowiidh high yiscrsitYor 10 nmto precipitate the
pol ymer. After concentration, the polyneric precipitate nmaintained itself

in a gel phas€he polymer paiplaned i thiscievgntian és preterably @ bingegradanesnium
bi carbonate particles ranging, in size, from180 to 300 um were added at a
mass rati diefompatibleppplymer insaew ofthe Qiyea e thissayentien| Uenpolyehersisur ry
prepared contai ned an even | ess anount of organic solvent than did that of
Exanpl e | prefegably. rodgestirthasedepolymant moeiec peeferably tavalipétionpetykdsr-whi ch
were 2 mmand 5 mm
based polymer, and the most preferably is one selected from the group
consisting of poly (L-lactic acid) (PLLA), amorphous poly (D, L-lactic acid)
(PDLLA), poly (glycolic acid), poly (D, L-lactic-co-glycolic acid) (PLGA), poly
(caprolactone), poly (hydroxy butyrate), poly (dioxanone) and copolymers of
these polymers.
The polymer may be used irrespective of molecular weight, but better
results are obtained from those whose molecular weight is in the range of 5,000-
500,000.
Examples of the organic solvent for use in dissolving the polymers include,
but not limited to, methylene chloride, chloroform, acetone, dimethylsulfoxide,

dimethylformamide, = N-methylpyrrolidone, dioxane, tetrahydrofuran,

ethylacetate, methylethylketone, and acetonitrile.

Optionally, the polymer solution is further mixed with a nonsolvent so as
to concentrate the solution into a gel phase of a concentrated solution. It is
preferred that the nonsolvent used in the alternative method substantially
undissolves the polymer. Non-limiting example of the nonsolvent includes
ethanol, methanol, aqueous ethanol, isopropyl alcohol, diethyl ether, hexane,

heptane and petroleum ether.



in thickness with a dianeter of 5 nm respectively, the gel was deprived of
the solvent by evaporation at the atnospheric pressure. The pol yner/salt

m xtures separated fromthe nolds were mxed to 3 liters of supersaturated
citric acid solution and stirred to effgrvesce the salt Aff.ea.zazpl eti on of
the effervescence, the ~ porous polyneric scaffolds thus prepared were
drawn off, washed with distilled water and dried in a vacuumdrier. An
observati on was nade of the whole figures, and surface and cross section
structures of the scaffolds, and the configuration of their inner pores

t hrough a scanning electron mcroscope, as in Exanple | and the results are
given in Figs. 2 and 3. A s shown in these figures, the porous scaffolds
prepared according to the invention have pores of uniformsizes superior in
i nt er connect i virpughdthmiabered stepli st ris passidblover pregare hpawsisy @olyragec dl ess
of the pore size. EXAMPLE |1l Porous polyneric scaffolds were prepared in
sim|ar manerffalds cevenatwitdf lErdegrhdable, dawepplechbr RlehtspoEomearsd wAiGA 75/ 25
were used instead of the biodegradable polynmer PLGA 65/35 Wth the and of a
mer cury i ncausdobe owestioeslty nsddes pateyrims ot aswafrt thatstheeseluteasureds f or
porosity, pore dianeter and surface area and the results are given in Table
3, below. lod5:ifdbstQ@8ed ABhiglicoRoeetrdiaet er, Porosity and Surface Area of
the Resulting Polyneric Scaffold Scaffol dPore Di ameter (um Porosity

(9% Surface Area (nR2/ g)PLGA 50: 50 (3mmthick)121.5986.6089. 21PLGA 65: 35
(3mm t hi ck) 206. 489. 2189. 89PLGA 65: 35 (5mmt hi ck) 210. 5188. 7391. 96PLGA 75:

25 (3mm t hi ck) T9éh, 2H8PoBondrESsARtion FhothogdReotSInmitdCWith0th dH8Y8691. 15
Apparent fromthe results of Table 3 is t%at no great differences in
porosity ardltf gbHbwRAr By VAleURBMBXAIS lof DEleWeerhriOT iseRO kIR iHe $eaifiqb ds
prepared t hrough polynmer precipitation and pol yner solution. The procCess

descri bed ipylfpraipdat/blgdias salvead vaRkagel OMnciial @ &panil §ol|vehf1f1’e|9;'it

even smal | ér anobunts of  organi c solvents are contained in the polyner

sal t/ or gajidlysek¥esit %l Sslafd uRidi€ adlRGoAIR e adk! yalr apo¥geyLher eby
all owi ng various drugs to be incorporated effectively thereinto, if

necessary. rIﬁﬁEnE?fA:X?&ohé stk rLul ture Using Poly (D, L-Lactic-co-dycolic
0

Aci d) Porous Sca
With a size of 100-500 pm, the effervescent salt is selected from the group

consisting of ammonium carbonate, ammonium bicarbonate, sodium carbonate,
and sodium bicarbonate. It is preferred to use the salt at such an amount that
the weight ratio of the polymer to the effervescent salt may be in the range from

1: 1 to 1: 100.

Depending on the organic solvent remaining in the polymer/salt/organic
solvent mixed gel, various methods may be utilized to remove the organic
solvent. Organic solvents with relatively low boiling points, such as methylene
chloride, chloroform and dioxane, are removed through drying at atmosphere
pressure or under vacuum whereas in case of that high-boiling point solvent
such as dimethylsulfoxide and methylpyrrolidone is employed, the solvent can
be removed by drying at atmospheric pressure or under vacuum following

replacement with low boiling point solvents such as ethanol and methanol.



‘To confirmthe suitability to three-dinensional cell culture of the porous,
pol yneric scaffol ds prepared, rat hepatocytes were transplanted into the
porous, polyneric scaffold according to a well-known technique (P 15

15. 04. 2003 M . Kaufinann, et al., Cell Transplantation (19 g §63 468)
and cultured for 7 days (Fig. 4). The nfnber of the hepatd Qes 0 be
transplanted was in the range of 7x10'" to 8x104 per porous scaffold. As
many hepatocytes as in this range were found to be about 90-95%in

transpl antation efficiency. This was believed to result fromthe uniform
di stribution of the introduced hepatocytes over the porous scaffol ds which
were superior in the interconnectivity anong the pores. The porous
polymeric scaffolds into which the hepatocytes were transplanted were

incubated for A daysnAtio3thi&s frﬂzehh@nprtﬁt%eQ&&cOfsoﬁltl@nCQ%abﬂzsaﬂ1é @ﬁHb% or to
exanm ne the viability of the cel ) this regard T (3- (4

di met hylth'e%%es%eyalt)regabvegr' é}y eh%éraaﬁ | [P & 1@% %%%@Xer‘ﬁgéra {bd“Ct ed.

As shown in Fig. 5, vi ece s were uniformy di'stributed e ‘whol e

scaffol d StLMGHUL Bhork EFI@Q lo?hﬁ'h ipe 588’1&63‘? llt:s céfhc?eplt}dtfio\‘\ effﬁarcts7thg§ dz% Hihe

i ncubation Is given, ong wt secret bum n anount an indicator for
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Scaf fol ds fifp gor%%%?raég}?.u&he%‘forlevof%'él HEQeSREES of the salt with the acidic

solution makes it possible to prevent the thermal distortion of the polymer and
to form pores at desirable sizes as well as to settle down the drugs inside the
porous scaffold for cell culture, if necessary.

Preferably, the acidic solution is a solution of one selected from the group
consisting of citric acid, hydrochloric acid, acetic acid, formic acid, tartaric acid,
salicylic acid, benzoic acid and glutamic acid. For use, the acid is dissolved to
the concentration of 1 % or supersaturation in water or in an aqueous solution
saturated with an organic solvent such as methylene chloride, chloroform,

dioxane, dimethylsulfoxide and methyl pyrrolidone.

To yield a practical scaffold, it is preferred that the resulting polymeric
scaffold is washed with unreactive solution such as distilled water and is then
dried by conventional drying method such as freeze-drying, heat drying and

vacuum drying.

The porous scaffold of this invention is characterized in that its porosity
and pore size can be adjusted by varying a concentration of acidic solution, and
a particle size and an amount of effervescent salt used in the above process.

Preferably, the porous scaffold of this invention is prepared in the above



104/ scaffold)Viability (%viable cell no. at initial stage)A bumn
Secreted (pg/cell)1437.92450449. 690272 4.0496492826. 15077835. 523805

6. 8347334225. 29830237. 590655 2. 8152565623. 54362034. 181293 0.199821 1G
15. 04 . 2003 According to the data of Table 4, the nunbe{ § %jable cells
was reduced by about 20-30% after 7 da%olncubatlon in the!% P oUS pol yneric
scaffold and both the viability and the al bum n secretion of hepatocytes
cultured in the scaffold are | owered as the nunmber of the inoculated cells
i ncreases As described herei nbefore, the present invention provides a

met hod for preparing biodegradabl e and bi oconpati bl e, porous polyneric
scaf fol ds whbedsseg.e so porous and interconnective anbng pores as to
accomodate and culture cells isolated fromthe tissues which are to be
artificially regenerated in intro, such as cartilage, bone, liver, heart
val ve, gastrointestinal duct, urethral canal, etc. The scaffolds serve as

excel | ent matr p\xRstcf th&@@arﬁﬁhg of g@re%ﬂttm@hmn M@l")f'l%kﬁ)tﬁiﬂeﬁ%@%ht b
addition, based on the pore formation by the effervéscence of in the

gels pr epartﬁ@l forie R %QQH{ Bhigcpaky est e5rtROly Melsthed Bhf arvestant psal t

m xtures, the nethod has advantage of easily controlling the pore size
and poros'Q%nQEuE@%)hﬂﬁ€ﬁ1qh€§§ﬁ' Lioporous, polyneric scaffolds by
controlling the anount ang si ze of t e ef fervescent salts and the

concentration of the acidic aqueous solutions by which the effervescence
and | eaching-off of the salts are induced. The present invention has been

d i bed ' d that th
e XML TR S Syl e 1 e

t er mi nol ogy us géscription rather than

of limtation. Many ?9®? gg&k ngﬁﬁgg%ﬁkhﬁ%*ﬁﬂﬁoﬁf the present invention

are possible in Ilgh erefore, it is to
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b1carbonate particles ranging, in size, from 180 to 300 ¢m, um were added at
weight ratios of 1: 10, 1: 15 and 1: 20 polymer: salt, respectively, followed by
hemogeneously mixing to yield polymer/salt/solvent gels.

After being introduced into a Teflon mold which was 2 mm thick with a
diameter of 5 mm, the gels each were deprived of the solvent methylene
chloride by evaporation at the atmospheric pressure. Each of the polymer/salt
mixtures separated from the mold was mixed to 3 liters of citric acid solutions
of various concentrations (20%, 40%, 60% and supersaturated), and stirred to
effervesce the salt. After completion of the effervescence, the porous polymeric
scaffolds thus prepared were drawn off, washed with distilled water and dried
in a vacuum drier.

With the aid of a mercury intrusion porosimetry (Porous Materials Inc.,
[thaca, NY), the scaffolds were measured for porosity and total pore volume,

and the results are summarized in Table 1, below-



¢i1) mxing an effervescent salt in the resulting polyneric solution to
give a polyner/salt/organic solvent mxed gel; (iii) renoving the organic
solvent fromthe polyner/salt/organic solvent mxed gel; and (iv) i mrersing
the gel in acidic solution to render the salt to efferve § Qﬁmgleld a
polynmeric scaffold. 2. A nmethod for préparing a biodegrada ﬂe and

bi oconpati bl e, porous, polyneric scaffold for tissue engineering, which
conprises the steps of: (i) dissolving a polyner in an organic solvent to
prepare a polyneric solution; (ii) adding a nonsolvent to prepare the
resulting polyneric solution such that the polyner is precipitated and
concentrated to forma polyneric gel; (iii) mxing an effervescent salt in
the polyneric gel to give a polyner/salt/organic solvent m xed gel; (iv)
renovi ng tipa grgani c sol vent fromthe pol ynmer/salt/organic solvent m xed
gel; and (v) imersing the gel in acidic solution to render to the salt to
ef fer VescePBEbs\ﬂ}ﬁirgd PoxFEOVMITﬁﬁé bf ?I?éif(feﬁhging Péllglxlje'éxc @&ff013003 3. The method

accordi ng ctat—1--o6f c, ftrther—eorprtst Ag—tne step—of-—washi-n g t—ge
pol ymeri c| s&; @ié?uﬁi&Bhéo h ngP§”§@0%4neThe metgiegdgaccording to
claim3, further conpris|ing the step of drying the washed polyneric
ol | ow

Nt

;?af/\;]glrgi O pggy'gﬂ;a :M:SELl Egl ?JSPNS The r(gg néc))d accprdi ng(%) clainms 1 or
20 122.03 £22.56 8.0603 98.03
40 142.49136.24 8.396 98.04
60 163.44+0.74 9.2803 98.11
Supersaturated 186.24 +22.86 9.9342 98.64

An observation was made of the whole figures, and surface and cross
section structures of the scaffolds, and the configuration of their inner pores
through scanning electron microscopy (SEM) (Phillips 535M) and the results are
given in Fig. 1. Before the observation, the polymeric scaffolds were coated with
gold in an argon atmosphere at 5 psi for 5 min under an electric field of 5 mA
by using a sputter (Hummers, techniques U. S. A)).

A measurement was also made of the compression of modulus of the
porous polymeric scaffolds prepared above. In this regard, the Instron 5538 was
used to descend a load cell of 10 newton (N) at a speed of 2 mm/ min vertically
on a scaffold specimen, which was of a cylindrical shape 12 mm high with a
diameter of 6 mm according to ASTM F451-95. The results are given, along with

the porosity, in Table 2, below.



_based polyner. 6. The nethod according to claimb5, wherein the
pol yest er-based polyner is a aliphatic polyester-based polyner. 7. The

nmet hod according to claim®6, wherein the aliphatic polyester is selected
fromthe group consisting of pon(L-IacBic acid), poly(D,is.bacioog aci d),
poly(glycolic acid), poly(D, L-lactic-co-glycolic acid), poly(caprolactone),
pol y(hydroxy butyrate), poly(dioxanone) and their copolyners. $. The net hod
according to claims 1 or 2, wherein the organic solvent for dissolving the
polymer is selected fromthe group consisting of nethylene chloride,

chl orof orm acetone, dinethylsulfoxide, dinethylformam de,

Nret hyl pyr AgvBHBRe, di oxane, tetrahydrofuran, ethylacetate,

nmet hyl et hyl ket one and acetonitrile. 9. The method according to claim 2,
wher ei n t h&’omosity hndriors piessiamt ¢ faMlog ulwdo Sidel Resiiting Hody yweeic.Scaffbhd 04. 2003
10. The method according to cllaim9, wherern the nonsol vént 1s setected
fromthe group Sandidyinag of water, dtdrasiof, nethanol ,Caqpeedssoreshanol
i sopropyl |al cohol, diethyl ether, hexane, heptane?and petrol eum et her. 11.
The net hod accofvaéipht tavioyl ai mg 1 or 2, (Wherein the effenyéskemp.galt is
sel ect ed fi[romtThe group consi gt Ng of amroni um canfbonate, anmmoni—t—
bi car bonatie, sodiuqnqarbonate, and scxﬁgﬂn bicarbo%ate @Qz4¥hp4gethod
accordi ng to ctaims 1T or 2, wherernm the acidic soffutionisa solution{of
one sel ectjed fron1ubq,group can|st|rmngQC|tr|c @Cld hgdgeqhbgr C i§

acid, acetfic dblu ~fornrc—act o, —tartartc auu, bailbyl1b auu, benzoi¢ acid
and glutarmc aC|d ;@a_ The net/hod accoyﬁnng to clains 11@©121)@Qe ein|the
pOl ymner has-rolecular—wed Uhl. t (J.IIUI 6 from-5; 5-000+6—500000- he 2t hod
according to chai{m, rt| Ie si ze
rangi ng fron110§ méﬁ.ﬂq§5$h Iagﬁﬁgﬁﬂggﬁgﬁ §ﬁ%ofgh%f§?§%9 Set

wherein t h%aﬁftgq{nva%§§<$ﬂ{or§ g%trlvé éffép\')égfgnﬁ%ea%HBQ r%gxflﬁﬂ%q?\d%%g‘t%%n% heasvevellnght

ratio of the salt to e polynmer ranges from net hod
according t L0 the |yt on C ntration
ranging fr %r% S%etr%n d;}&%%’rs S tl\g?ac{(ﬁdoréc}géseanf étcg%-ﬁ LU %t Ofoﬁaqﬁ 2

that increasing the salt ratio to the polymer results in increasing the porosity

while reducing the compression of modulus of the polymeric scaffold. That is,

an increase in the porosity leads to a reduction in the compression of modulus

of the porous scaffold.

EXAMPLE II: Preparation of Porous Scaffold from Poly (D, L-Lactic-co
Glycolic Acid) through Polymer Precipitation

A solution of poly (D, L-lactic-co-glycolic acid) (PLGA) 65/35, as used in
Example ], in chloroform was added with an excess of ethanol and allowed to
stand for 10 min to precipitate the polymer. After concentration, the polymeric
precipitate maintained itself in a gel phase.

To the polymeric precipitate free of ethanol, ammonium bicarbonate
particles ranging, in size, from 180 to 300 (m were added at a mass ratio of 1: 10
polymer: salt. The polymer/salt/solvent gel slurry prepared contained an even

less amount of organic solvent than did that of Example I



. 15.04. 2003 17. A porous polyneric scaffold for tissue engineering
characterized in that a porosity and a pore size of the scaffold are varied
depending on a concentration of acidic solution, and a particle size and an
anount of effervescent salt used in priecess for prepari hy. 04R20&kaffol d. 18.
The scaffold according to claim 17, wherein the scaffold is prepared in
accordance with a nethod clained in 1. 19. The scaffold according to claim
17, wherein the scaffold is prepared in accordance with a nmethod clainmed in
2. . A% AYF2. AYl . AY. AsY. Al YY. A FY. AF. A{. A A . A<{Y. A2
. A. A<nm AS. AY4, Al A
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the pore size.

EXAMPLE III

Porous polymeric scaffolds were prepared in similar manners to that of
Example I, except that PLGA 50/50 and PLGA 75/25 were used instead of the
biodegradable polymer PLGA 65/35 With the aid of a mercury intrusion
porosimetry, the polymeric scaffolds were measured for porosity, pore

diameter and surface area and the results are given in Table 3, below.
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TABLE 3

Pore Diameter, Porosity and Surface Area of the Resulting Polymeric

Scaffold
Scaffold Pore Diameter Porosity Surface Area
() (%) (/)
PLGA 50: 50 (3mm thick) 121.59 86.60 89.21
PLGA 65: 35 (3mm thick) 206.4 89.21 89.89
PLGA 65: 35 (bmm thick) 210.51 88.73 91.96
PLGA 75: 25 (3mum thick) 199.27 89.89 93.49 |
PLGA 75: 25 (5mm thick) 208.71 91.96 91.15

Apparent from the results of Table 3 is that no great differences in porosity
and total pore volume exist between porous polymeric scaffolds prepared

through polymer precipitation and polymer solution.

The process described in Example Il has an advantage over that of Example
I in that even smaller amounts of organic solvents are contained in the
polymer/salt/organic solvent gels and thus, can be more readily removed,

thereby allowing various drugs to be incorporated effectively thereinto, if

necessary.

TEST EXAMPLE I: Cell Culture Using Poly (D, L-Lactic-co-Glycolic Acid)
Porous Scaffold
To confirm the suitability to three-dimensional cell culture of the porous,
polymeric scaffolds prepared, rat hepatocytes were transplanted into the

porous, polymeric scaffold according to a well-known technique (P
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M Kaufinann, et al., Cell Transplantation (1997) 6,5,463-468) and cultured for 7
days (Fig. 4). The number of the hepatocytes to be transplanted was in the range
of 7x10" to 8x10* per porous scaffold. As many hepatocytes as in this range were
found to be about 90-95% in transplantation efficiency. This was believed to
result from the uniform distribution of the introduced hepatocytes over the
porous scaffolds which were superior in the interconnectivity among the pores.
The porous polymeric scaffolds into which the hepatocytes were transplanted
were incubated for 7 days at 37C in the presence of 5% CO, in an incubator to
examine the viability of the cells. In this regard, an MIT (3- (4,5-
dimethylthiazol-2-yl)-2,4 diphenyltetrazolium bromide) assay was conducted.
As shown in Fig. 5, viable cells were uniformly distributed over the whole
scaffold structure.

In Table 4, below, cell viability for 7 days of incubation is given, along with
secreted albumin amount, an indicator for the differentiating function of
hepatocytes.

TABLE4
Cell Viability and Secreted Albumin Amount of Hepatocytes Cultured in

Porous Polymeric Scaffolds for 7 Days

Amount of Inoculated Viability Albumin Secreted
Cells (%-viable cell no. at (pg/ cell)
(10%/ scaffold) initial stage)
14 37.924504 49.690272 £4.049649
28 26.150778 35.523805 + 6.834733 .
42 25.298302 37.590655 * 2.815256
56 23.543620 34.181293+0.199821
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As described hereinbefore, the present invention provides a method for
preparing biodegradable and biocompatible, porous polymeric scaffolds which
are so porous and interconnective among pores as to accommodate and culture
cells isolated from the tissues which are to be artificially regenerated in vitro,
such as cartilage, bone, liver, heart valve, gastrointestinal duct, urethral canal,
etc. The scaffolds serve as excellent matrixes for the artificial culture of various

cultures.

In addition, based on the pore formation by the effervescence of salts in the
gels prepared from biodegradable polyester polymer and effervescent salt
mixtures, the method has an advantage of easily controlling the pore size and
porosity of the three-dimensional porous, polymeric scaffolds by controlling the
amount and size of the effervescent salts and the concentration of the acidic

aqueous solutions by which the effervescence and leaching-off of the salts are

induced.

The present invention has been described in an illustrative manner, and it
is to be understood that the terminology used is intended to be in the nature of
description rather than of limitation. Many modifications and variations of the

present invention are possible in light of the above teachings. Therefore, it is to
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be understood that within the scope of the appended claims, the invention may

be practiced otherwise than as specifically described.
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polymer/salt/ organic solvent mixed gel;

(iii) removing the organic solvent from the polymer/salt/organic solvent
mixed gel; and
(iv) immersing the gel in acidic solution to render the salt to effervesce to

yield a polymeric scaffold.

2. A method for preparing a biodegradable and biocompatible, porous,
polymeric scaffold for tissue engineering, which comprises the steps of:

(i) dissolving a polymer in an organic solvent to prepare a polymeric
solution;

(ii) adding a nonsolvent to prepare the resulting polymeric solution such
that the polymer is precipitated and concentrated to form a polymeric gel;

(i) mixing an effervescent salt in the polymeric gel to give a
polymer/salt/organic solvent mixed gel;

(iv) removing the organic solvent from the polymer/salt/organic solvent
mixed gel; and

(v) immersing the gel in acidic solution to render to the salt to effervesce to

yield a polymeric scaffold.
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washing the polymeric scaffold following the immersing step.

4. The method according to claim 3, further comprising the step of drying the

washed polymeric scaffold following the washing step.

5. The method according to claims 1 or 2, wherein the polymer is a polyester-

based polymer.

6. The method according to claim 5, wherein the polyester-based polymer is a

aliphatic polyester-based polymer.

7. The method according to claim 6, wherein the aliphatic polyester is selected
from the group consisting of poly(L-lactic acid), poly(D,L-lactic acid),
poly(glycolic acid), poly(D,L-lactic-co-glycolic acid), poly(caprolactone),
poly(hydroxy butyrate), poly(dioxanone) and their copolymers.

8. The method according to claims 1 or 2, wherein the organic solvent for
dissolving the polymer is selected from the group consisting of methylene
chloride, chloroform, acetone, dimethylsulfoxide, dimethylformamide, N-

methylpyrrolidone, dioxane, tetrahydrofuran, ethylacetate, methylethylketone

and acetonitrile.

9. The method according to claim 2, wherein the nonsolvent substantially

undissolves the polymer.
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11. The method according to claims 1 or 2, wherein the effervescent salt is
selected from the group consisting of ammonium carbonate, ammonium

bicarbonate, sodium carbonate, and sodium bicarbonate.

12. The method according to claims 1 or 2, wherein the acidic solution :s a
solution of one selected from the group consisting of citric acid, hydrochioric
acid, acetic acid, formic acid, tartaric acid, salicylic acid, benzoic acid and

glutamic acid.

13. The method according to claims 1 or 2, wherein the polymer has molecular

weight ranging from 5,000 to 500,000.

14. The method according to claims 1 or 2, wherein the effervescent salt has

particle size ranging from 100 to 500 m.

15 The method according to claims 1 or 2, wherein the effervescent salt 1s
mixed at such an amount that the weight ratio of the salt to the polymer ranges

from 1:1 to 1:100.

16. The method according to claims 1 or 2, wherein the acidic solution has a

concentration ranging from 1% to supersaturated concentration.
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a porosity and a pore size of the scaffold are varied depending on a

concentration of acidic solution, and a particle size and an amount of

effervescent salt used in process for preparing the scaffold.

18. The scaffold according to claim 17, wherein the scaffold is prepared in

accordance with a method claimed in 1.

19. The scaffold according to claim 17, wherein the scaffold is prepared in

accordance with a method claimed in 2.



