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present invention, a method for preparing cross-linked polysaccharides. The
method includes reacting at least one polysaccharide selected from an amino-
polysaccharide and/or an amino-functionalized polysaccharide and/or
combinations thereof with at least one reducing sugar, to form a cross-linked
polysaccharide.
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Furthermore, in accordance with an embodiment of the invention, the
reacting comprises incubating the at least one polysaccharide in a solution
including at least one solvent and at least one reducing sugar, to form the cross-

linked polysaccharide.
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Furthermore, in accordance with an embodiment of the invention, the at
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selected from collagen, a protein selected from the collagen superfamily, extra-
cellular matrix proteins, enzymes, structural proteins, blood derived proteins

30  glycoproteins, lipoproteins, natural proteins, synthetic proteins, hormones, growth

factors, cartilage growth promoting proteins, bone growth promoting proteins,
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anﬁwo@%ﬁ&ﬂﬁé%cﬁﬂb%@a%@nﬁﬁée 15 Furthernore, in
accordance with an enbodi nrent of the invention, the

one or FURBPENGe Ak Aeserdancewith are eroedimpaaf the ipvention, the one or
FURoREEERERS idclid8 & afidanhife W thd pRRe Rl g&lP’fé"éEidQﬁhytdF&ide.
invention, the one or nore reactants include a )

car bodifuithgandre, inhacqerdases avithosin amgedimentiad the invention, the

erb o BElds - S B ain Sy A3 E R il o flrce.
1-et hylFustherdnq:etlnyacchamnﬁpwuﬂpyn)enmmmi ofrthgeinvention, the at
h cN i N
08 g 4 S PRror) o 35608 208l BRnaions
r ethertsofig sugar is selected froman al dose, a ketose,
d [ ’
\fj‘mﬂ ; hcgnrmjgﬂngﬁﬁdpwsm éo@@ﬁ?ﬁ’cfe \{Vlﬁéh{éﬂéﬂéﬁ(ﬂ‘?ﬁ% 'og y%%&?érﬁ.%ﬂ,cﬁ‘ne at
least one reducing sugar is selected from glyceraldehyde, ribose, erythrose,

arabinose, sorbose, fructose, glucose, D-ribose-5-phosphate, glucosamine, a
diose, a triose, a tetrose, a pentose, a hexose, a septose, an octose, a nanose, a
decose, glycerose, threose, erythrose, lyxose, xylose, arabinose, ribose, allose,
altrose, glucose, fructose, mannose, gulose, idose, galactose, talose, a reducing
monosaccharide, a reducing disaccharide, a reducing trisaccharide, a reducing

oligosaccharide, derivatized forms of oligosaccharides, derivatized forms of



25 | east one reducing sugar is selected from
gl yceral dehyde, ribose, erythrose, arabinose,

W@ ornos@s62 f ruct ose, gl ucose, D-ribose-5-phosphedEIL2006/001009
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glucosamne, a diose, atriose, a tetrose, a pentose,

a hexose, a septose, an octose, a nanose, a decose,

gl Y

ar Pgéﬁ ns%gg'larlﬁg%eegge?s %flerfl%ﬁsog%&ﬁ 'i'dtersoés%ggrg 0 olﬁggécchandes salts of
f r monasgechanides) o selts gofl asigosacdmgées gaiaﬁmteoslactose,l atiobiese,

L0gsS i ng, di. harid
 OptbRgs relBRRR ArAEe! S ke RO 1R R g onBse
dean bESd B loif h tchari d deri vat d
forms al 7 W) 3?537/:%’623"3&?&/ ?[%082/ %Pz{)'oéa z¢
nonosac @ﬁ&er is Ao pravided, I gprordate imeng, gf thp dnvgption,

ol & gREIARL Forrpreisfing Saabérﬁpdéfte cm@mmq’ﬂé’tﬁx depe rﬁéthéds irkfudes
ollgosaccharldes mal t ose, Iactose cel | obj os

B BIRSaM g Tpast B reckiting, sk 2 lepelone qolysacharide selected

| Spr! 59 SEminbBly8adchBNidRS €an mﬁmnm@tﬁﬁanz@adp&yééaeh&@e and
and conbj nati ons t hereo 5 There is al so EYOVI

acesPRiRatiens iereet inthe prRsaNsR:efat ipst ane Gressdin kﬂﬁ]protew to form
mefhB RImb&diteltraRahkétmarig Onposi t e cross-1inked matri x.
The nethod includes cross-linking with at |east one
reduci fighdligieraare dge Prayidedpis| sesardangs with sebadiments of the
f T 0&BN 2 MerB&S-IRREY S BAFERERHBes 2hdP EoRobit %btﬂ&@ | iR@6ding
pol ysaccharide and ~conbinations thereof in

pr eaysacehasities @ng ngtor gnere direlsis's Iprepagast ey pheolm@ihﬁds gescribed
f oLgPyel0 the conposite cross-linked matrix. Finally,
there are al so provided, in accordance wth

enbodi nents of the invention, cross-Iinked

pol ysacchari des and conposite matrices incl uding

pol ysacchari des and one or nore proteins prepared by

t he met hods described above. 8 WD 2007/ 026362

PCT/ 1 L2006/ 001009 BRI EF DESCRI PTI ON OF THE DRAW NGS

In order to understand the invention and understand

how it may be <carried out in practice, severa
preferred enbodi nents will now be described, by way

of non-limting exanple only, with reference to the
acconpanying drawings: 5 Fig. 1 is a schematic graph
representing the UV-Visible spectra of am no-



functionalized Hyaluronic acid (AFHA) represented by
t he dashed curve and of DL- gl yceral dehyde

wee@3m2d3snked AFHA represented by the solid cuP@EIL2006/001009
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obtained in accordance with an enbodi nent of the

met hod of the present invention; 10 Fig. 2 is a

schemati ¢ graph regresenti n he UV- Vi si bl e spectra of
D(-)- ribose CIB&E PERKBHPT, Fr B DPEAWIRGE Sy t he
dashed curve -)-erythrose cross- |inked AFHA

r epr esenie@rdey to H@dgré?éﬂﬁ tB%r'K’z‘@“""Hhé”‘b(”"Yerﬁﬁa%lh‘?&’s@ may be

Cr@a‘-‘rﬁéd bIRKE PrAGER scl&rBr Srefives Eribbdideptsda he e terdiééﬁnbed by

obtained in accordance with enbodi nents of the

of wayhef nondigiting exawelaonlynwithrsfergnge t@thie@cgpwnwﬁﬁﬂrawmgs
graph representing the UV-Visible spectra of non-
cross-linked chitosan represented by the solid curve,

D( -) - r iAigsleis @ sghemalin uragh represantiag thedgy-yisiie e@ectrg of fanino-

AR s AR T G 0L
acglycatizldetyded dross-limkéd d«FMteprasénteb\ ebyrrihe heptid elirehebtained in
PSSR OWENL Sbocoff e o HRIFERNL fustihl

represen our| er Transform
spect r &igf2 isyalachematrc grapml repeqzneeisr@theduwsmm splexdttaedl D(-)-
curye

ent ed ashed cur

oy i st REAR FERrESanat Yo BERRE LR, bE-Blifhrose cross-
t hinked AFHAGepresenteédbyathe soldiamm swd D(-)earbli dmsmmd;ss—hoked AEHA
met hod .of ,t resent ent on
ccrareened gy 4 R Hoe, SR reofidafilinggrbodthdats of e
g?ﬁ&thb&ﬁﬂhé@reseﬁt m\hﬁtmsrhe?I ogi calb pr opert| es of hSI Xd

I er osi tiaons of AFHA /sacchar | de
1 ose THonE B R RBheS ashh frressping e O SBR SPRERS G non-
c%@g@tlm@l Qﬂ?sf@rrep/rééeirﬁétg b lftiﬁ?ﬁond Bur@6 CO(-Japsse Wob$Hinked
e odl nents O he me (0] (0] e esent Vv ti
o R SR e SaET BB SRS SR Peggaldsh s e
COFATRESH afd 8Ves%ﬁ@bl| abl ;ehyialted adirge, asbtinBasmd adBdriae&@s ;with
9 V\D 2007/ 026362 PCT/ L2006/ 001009 Fig. 8 is a

sch® 'W@”@r“&fﬂ? mpihggpf@p,mﬁsqnh@w@wpts of measuri ng
the swelli ngs ehavi or of am no functiopa

cross- | Figké efaliG giFen derrPesERg the: H‘éré%ﬁ?'?%ﬂﬁf%m%'“gﬁfe"
DL(@IRF%béét@'&Ydﬁaldréhl@%m %’gﬂé&ﬁféd fbyaiheedﬁmadl BEve, PFHA
the present invention a schgmat C gﬁacpu\
i | ﬁmaea%qdnev e dpghag F‘g"%fa”%e%'s QWP?@ cross-linked AFHA
represented by the solid curve, in accordance with embodiments of the method

of the present invention;

Figs. 5-7 are schematic graphs illustrating the results of measurements
of the rheological properties of six different compositions of AFHA based
polysaccharides cross linked with various different DL-glyceraldehyde
concentrations for various times, in accordance with embodiments of the
method of the present invention as compared to the rheological properties of

some commercially available hyaluronic acid based matrices;



swel I'i ng behavi or of chitosan cross-linked with
various different concentrati ons of

woreogloyser al dehyde, in accordance with an enmboRdCTEIRN0601009

10

15

the present invention; Fig. 10 is a schematic graph
illustrating the carbazole assay results of 10

di ti . _hyal i d -.gl h .
cr oos 1Tls B SrErolicBBn v taife YAE LRuIB ¥ Bearuing the
obéwelivefbdtervioane amjro fahetionkllzeédsHA cexskdinkéd witly vandus different

illustrati b I | t f Fig.,. 1

| redtieefeong of B sieraashyie LR PR pinap idiiee of the
mMupres@htiigénliyn;t en to conpensate for the 10 fold
dilution of the Perlane(r) test sanples; and 15 Fig.

12 i s Figchdsud ischegnatighgtaph liltistedting ghé hresitsr efs netisuring the

oA PSR ST ot b Vbl AR OBl Bfaions
f ugic DLodIpderZIashyda, MRt dosrcinde OfittPeln @ABOEIMeAs ¢t the present
function of digestion tine. 10 WD 2007/ 026362

PCTVeMtH06/ 001009 DETAI LED DESCRI PTI ON OF THE

I NVENTI ON Not ati on Used Throughout The foll ow ng

not at i ciig.i 80 itS @schévhatitgg@aph ilUstratirgpivlel cambazole. assagrasults of
Def.initi

n L mcrolit ADH Adi pi c_aci. i_hydrazide_.
A0 B8 PreferB s heal et B P st e ARiERaeed
AdMA @RI clbliyabtaimediPadidbe®;s CH Chitosan DI water
Dei oni zed water EDC 1-ethyl -3-(di net hyl’ am nopropyl)

car Do g1 i SRR b B SToE T g 98 Pl P
l nq % r\ﬁlglch the absorbance values for Perlane® were multiplied by ten to

compensate for the 10 fold dilution of the Perlane® test samples; and

Fig. 12 is a schematic graph illustrating the % resistance to hyaluronidase
digestion in vitro of an exemplary sample of a D(-)-fructose cross-linked amino-

functionalized HA matrix and of Perlane® as a function of digestion time.

10
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Revol utions per mnute 5 The present invention
di scl oses a novel nethod for the preparation of novel
cross-1linked pol ysacchari de based bi oconpati bl e

matri ces and pridipEED BESCRIVIIQY QuBPHEINYENEONt ance

to enzymatic degradation in-vivo and in-vitro, and
ot her useful rheol ogi cajotatY \MHedoiRbRfHoGR! Properties.
The nethod 10 is based, Tnter alta, on cross-linking

aMrRO 1dMBRAHRARNIiS BSed BHIGN 8 thib WppR@tion.! i m ted to
chitosan) and/or am no-funcCtionalized pol ysacchari des

(such as, but not limted to, am no-functionalized

hyal Urggihe d(,infj) .finitibﬁu:uf‘i Mmy—Sugars bu%'{‘l as

D(-) -t [00Se, D= g 3 genyoe, oD~ ) = et ytnrose;

D - ) - apirose—afil SRV 11 W 26671626362

PCT/ I 1i4Re/ 00100 dRIGAGH JNAIEZITE ~ oiei ne sugars

knowi AEHA he art [ AmngHnctionalized, Byalutonicaci, oo 1 hied
matri &Enr e als 1Aﬁvamad.gyﬂatloﬁrﬁﬂd§FQ§&Et$r Lnventiaon

al so |dtHcl oses al GR@SaNnet hod for the preparation | of
conpdPlivaterr oss- | Paieatedmeatarces produced by

cr osg-BERGki ng mi ki-ethyé3ddimstiyl oamingpnepylp carbodiimide
am nd-pol ysacchat hytsgchieritfeor one or nore

am nd-ATURct i onal | Fedindrasfootaira-tess and/r _one or pore
protgi® (and/or pGhygeptide) with one or nore
redudikg sugar ( s) Hyalaronlteaoid oss-1i nker) to form noyel
conpd$iz e pol yshgenari de/ protein based natrices and
prepdrgi 1 ons havi ngraSH@Er1 or propertires of resistpnce
to enzymati ¢ degli gy On 1Th-vivo and 1n-vitro and

ot her[ By USel U KAIRSH §&HoR@ and/or bl of ogi cal

ProperLyes. milligram
mL milliliter
mM millimolar
Mw Molecular weight
N Normal
Pas Pascal
PBS Phosphate buffered saline
RPM Revolutions per minute

The present invention discloses a novel method for the preparation of
novel cross-linked polysaccharide based biocompatible matrices and
preparations having superior resistance to enzymatic degradation in-vivo and
in-vitro, and other useful rheological and/or biological properties. The method
is based, inter alia, on cross-linking amino-polysaccharides (such as, but not
limited to chitosan) and/or amino-functionalized polysaccharides (such as, but
not limited to, amino-functionalized hyaluronic acid) with reducing sugars such

as D(-)-ribose, DL-glyceraldehyde, D(-)-erythrose, D(-)-arabinose and many

11



The ternms "pol ysacchari de" and "pol ysacchari des" and
their conjugate forns are used herein to define any

wmaioanzd3by occurring and/or artificially prepe€BEU.2006/001009
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(and/or artificially synthesized) polysaccharide or

pol ysacchari des, including any chemcally nodified
B P B s S B 6D AR SBPYRRE 00 i

subhkedpnétymbaisocbb&losedof deri vat| zed formthereof.

The terns "am no-pol ysacchari de" and

"am no-Tw presenthimventies dlsandisddses ra navehnetfwiddorf therseparation
us r

poby SR clsds Mo L fe@ite bGP BosSIEREplgeE'or one or
gr owwps ampobpatysatchzeidag aR/ocr 0as- lor nkele byanmina-fdationatized

sugar. The.terns,,"anm no-functionaliz S r.jde"

> ol sagEideE evr S Rzt iR s ROWSTRE Bih ghe or

COﬁjoU@alfeGuélﬁg NMBugdir @) Uged ther @bss-fitker)dabi femampvel composite
saccH a@?e whi ch h s been che call?/ ,rmd|{1| ed to )

atf’ YPRCCAR te&heba&P IGeRe ANt aPrepaTalieng shaving - superior

| NetdpaHieg.of |réHi§£nc%| tb%nzman@aeg’radaﬂuoarrhm/oynatm&ltr&éwd other
mhlch are ca ern cross i nked by a reducing

suysgrl rﬁﬁg}gglg%@@d@,rg 29iG Rf%’ﬁ %8t hods descrl bed

herein be ysed, er ., a,  for cr i )

nat or a1 ThE t50e, BeMsacaeris: ok oabEReRigss arh il eqniugate
anfdifrs fel USHr %Bae"m c{QSdefmm aﬁy h@hﬁalqp@bmaﬁ? fhafdv&eértmmauy
am no hOﬂDpO ysacc ar m no-function i zed

poPiRPAEEh éﬁﬂdéfﬁsart'?‘f%}%!lyuﬁb’ﬁh%s%?@b POMMFACHEIAG i pRlysacshardes.

30irchRiirRof anyhYaHeni g maicter fovds i 2@/t 0deBvAtes eef . such
chitosan and derivatized forns 12 WO 2007/ 026362

PCPPlyeanshaidssood ipdudiagf butrgsdimitedaledesiensi 9ad saltsiof such

f OF&?séd&ﬁérﬁiéfs'or%f‘S'er%ﬁ'té&'@rrﬁ@r@é&at ions thereof. The
hods di scl osed i nclude the cross-|inking of any

sui t abl measid aniislpsigddcehride” aHE Pamino- polysacchandes and their
am no- pol ysacchari des and am no-functionalize

popwa&aémfpr%ﬁegre A§edi hareipetoa gfine: i2ay Jamp ot Mﬁ@cchande or
Skbblg,&&ch&.d“earmew%b%mscmﬁhfoye aﬁirtbebrog?s t4B8Sie U being

am no _g O‘p cont ai ni ng pol ysacchari des and/ or am no
f uAESEHREN Yeriredgeing $H@har i des whi ch are not
described in the specific exanples and exper|nments

her ei nbEleowegy Ar¥Bo-fincipnaliged | MAFagENATNE" meaNdodsamino-

di &Hcﬁ’&%ﬂzé'tﬁb@!yé‘aécﬁarﬁiééwaﬂé théir \cBhjuGALY fBfms éﬁesaséd R&®RSh to
products. IS noted that the cross-Iinking

ch
anfigfine gy g@@@eﬂwma udichrhagiaess chamicelly mmﬂ,@ééo atiach thereto
POL¥S BF AldRd bRlGicaIThaBtdLHEIBHRAG, Madiig, one or more amino groups

which are capable of being cross-linked by a reducing sugar.

Thus, the cross-linking methods described herein may be used, inter alia,
for cross-linking naturally occurring amino-polysaccharides, synthetic amino-
polysaccharides, amino heteropolysaccharides, amino homopolysaccharides,
amino-functionalized polysaccharides, hyaluronic acid and derivatized forms

thereof, hyaluronan and derivatized forms thereof, chitosan and derivatized forms

12



10 (or reducing sugar derivatives) are included within
the scope of the nethods and products of the present

WO paoged3en. Any sui tabl e reduci ng sugar nmay bePCEHER0@&E001009
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a cross-linking agent in the nethods of present
i nvention. The sugar may be a nonosaccharide, a

nab g Jepa Aty eSO BrER g Jahds" ARG oreot
mayhe methode diatldeesiascladedthe etass-tiskind/$feamy suitable esters and salts of

R AR B BB h PR Rk Piicd dbfBheanafigdity 0°
but roresailicheappresiated tty those skileahinsearieohydits bisemistig rther

BRI RN TN VNI 8 AN

pr pSigddicchaiideslivhion afy Kot dbsriBedBehe Eﬂi&cﬁ@%ﬁ?ma@s anoll experiments
ose, altose

erythrose, |yxose, xylose, arapinose, gl . _
o1 U BEBS Gk 830 yerctass TkedthydBe Mehons fsysst heiginaa provide
t ah QBRety OF crRBYlikebB ProdlicRS R is hdtbd §Rit tHeSdrb S Rking I sA&Lamino
hexose, septose, oct ose, nanaose decose an varl ous

| . or de . |
suP?'mC_%had@?? Phaminggfunetionglized r@FVéwhaw&fuﬁ% re_ducmg sugars
de(dr YeducRSsughr ddiRaR8) Sredfshidel RAMINTB RSG5 Haht ARhds and

25 ol osaccgarides whi ch have an active al dehyde or
k ePrediets pigheaResentiyepion. used as the cross-1inking

agent s Ady dUNBbIBEERINg SUb4E Mdy e us-EHeasraﬁEr%sQ—finIEiH%agent in the

cross-linking reaction rmay_depend on the equilibrium
cometheds aefi oresent inventivrdenVhre sygakaiay Beoapmenesgcehagide, a

| Ngih&naRED hé@/iﬂ? af BB ﬁh&ea trREELHaRHL %Eviﬁﬂ%alredklgiﬁg’end, or
as I's known 1n the art. wever, 1t nay be possi to
30theohfrens diudabler sugrss smew inclide aldoses @ndf kelosesi Mvhen a
PROMSLERINE S RSN ol SRS B ) 2o, <
POTeNtost) 06/MeRABOS  heplese xipdr inomasiaschieides ivijhdmore than seven
herohoPalo ALe aEBrb]:el dslht s CASRY e s‘ii'lgﬁmﬁétr @by B8 used in
typi cal reactirons of such am no-pol ysacchari des and
pothegmyehapssdiirnkirgymethets otthe présentinventmhisze dlyaetolse, threose,

amnj 0 i sel ecte enpl r N ar
el Res Dl s BLGFRalise Tph PeldiRt hiose,
anidlosd) egdlamyossa fruptospetaiase sonényt biher dvak t tringe, Matrose; gentose,
: thi 2 QOtee tehatc ost he rfmoosI | %Wi ng?]sex necfi nl:enl.lt Sg al\rﬁglegégrﬁlgtized
by "R o PSRRI S8 n 9N % Ch P& 955t 9 Ke' ey RaE der?
| i forns tiggrédfe scope of the present invention. Thus, as
will be'

Reducing derivatives of the above described monosaccharides or

oligosaccharides which have an active aldehyde or keto group may also be

used as the cross-linking agents in the present invention.

The rate of the cross-linking reaction may depend on the equilibrium
concentration of the aldehyde or keto group existing in the open ring form of the
particular sugar used, as is known in the art. However, it may be possible to
compensate for the slow reaction rate of certain specific sugars by simply

increasing the reaction time, as is known in the art.

13



apparent to those skilled in the art, the
pol ysacchari des, functionalized polysaccharides,

w0 e@ao2a32 sugars (used as cross-linkers), reacP@DIL2006/001009
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conditions, 10 reaction m xture conpositions, reaction
tenperatures, reaction duration, and the chenmical,

physi c a | | S

t he re?ll et Ie%gé)ljirﬂ T (’gé J_:i?ﬁpige&) ﬁ&?fnﬁglglév rt%e %ogaﬁﬁl{l % rre]ngnples
t hdsreomratmgultwlcaiesmacm i of t bech empmc—prﬂyﬁascharides and

L PRk AR By SRBiS EigRd YR A R0 Bl Fhrected

desngﬁm;h@ ]I?eddcldwaéugml canacIdéscr&:'ngsethandmpﬁoSVedsablég?adﬁitlon
m xtures o ul ar

ny e e DreSoicRTimanriBe ph e eaurd TelicRsaftis apied tha

gcm@ fcﬁlgw&ﬁde)lkp?erltﬁ&ﬂts‘ atd égWeﬁgby :v@yt oflit%xﬂﬁﬂilércbrﬁ){ rmEeareOnot
esl| gnat e a ro C acl ITS Sa S rm ur es

sa|"¢%d\‘/?ﬂ| GHX'HENL;@ E‘@eﬁ‘:‘?j’@r Py &G ?é‘?fef‘b"E’SHt?% n 1hYsef$ éﬂgﬁ be

W hbbareht! @8 tAFINRKOIEAUR RS Jmetmmgs%&uﬁ&mn&%nanzed
primary am no groups and/ or secondary_ am no groups

Theolysascharides, BAUENGCTUTRHR: (USRE @SHEOTHikRTS).Jegction conditions,

c OFEa%’uGH Riktdrd %oﬁlﬂbﬂﬁon@ F&dthonh ?erﬁﬁ@atﬁ%rsbl@éw o RPENOENd the
t he pol ysaccharide but it mal%> possi bl e to

i nEhestigRle Pé‘M%‘P@'aﬁh%ﬂWQ*\Q?'g?% '%mbdlthlﬂﬁ@oqmseﬁ/ thg resulting

Ot BRks-RhiteRS rRatriddie mARCERR! fréif 'EHOBQ(?Ech iB€ described_in the
am no-functionalizati'on need not be and sone 25

capxRexient disgleseddierenbeipwder i vat i zation sites, if
used) nmay renmai n non- derivatized. The term am no

funct i ofil feradyalrgriaeecitatHAlesi useddadhe followingr tgkl aswpereric
t eﬁérﬂ@% BeJGRRE bbth! Warﬂrgﬁé'agﬁ‘jm drlid é?ﬂytspééllﬂ%ﬁ%ﬁlﬁéé g?salts

contalns am no groups nmay react with
al d@ehipcrariigulacselis of @ renatehe cross l'inking 30
reduci ng sugar. The ani no groups may be primary and/or
secondalfp teAmrasning funqtionalized dneBioniaErid Iﬁme/lom@wowmg

gr P as g@ﬁ@n@ﬁérﬂ@ t8 rd%El?ﬁathWanﬁorﬁé’%bM' aets Shifsesitrhidufdy of
t he saccharide ri ng ructure (as in chitosan) but

ma?altﬂ whicl baym beeroferivalizedto cardainnegietiep withn frge @inogTeup.
0o Of TH@r Pnirsd g?@ Qr QJ‘%@ é:?JlrmﬁbP%ﬁ'ﬁﬂooarohE§ aPHRRsebdHAgR, Qélwlno

® the p ysacc chain am no group
begpupbi | Jﬂv@opraferrgdtsltp on lmtrpedugmgathe rmmgtya@ntammg H@ amino

ca fi E 3 ( : RL&InLE itREyP b dsSible t
vvh?'(;%hgnlgg éﬁotﬁﬁg\é‘ Fouf 6t GhOoHshEndRbinS ithRsF bBd 0
introduce such an amino group containing moiety at other sites on the
saccharide ring(s). The amino-functionalization need not be full and some
carboxyl groups (or other derivatization sites, if used) may remain non-

derivatized.

The term amino functionalized polysaccharide is used in the following
text as a generic term designating any polysaccharide which contains amino
groups which may react with the aldehyde or keto group of the cross-linking

reducing sugar. The amino groups may be primary and/or secondary amino

14



functionalized and may be directly cross-linked with
the reduci ng sugar through the ring backbone am no

w@emap26361 i s noted that partially de-acetyl at rC/ol0e6a01009

10

15

20

25

based polynmers may al so be cross-|inked using the
sugar cross-linking method 10 of the present invention
a : r r

( pgrgan%r ymé? %%ﬁ% %%{E’?/ H’néiﬁb@‘%élﬂ d&c?ﬁg:ﬂ?‘oﬂothgcs%g&%nde ring
w sthucture (asiuchitosaif) buh enayx@iecv bmplartsaf adingietyosmlently dnked to
t he a 0 t [

S‘n S'P'rln&le J) eEOor CHSqu%f’@%ug% %ﬁ r%l?eggld@aﬁ(fﬁ‘lgg%bfqg%&'}/s%cglgarlde
I |¢ha|red to et hanol may significantly 15 increase the
cross-linking efficiency and results in inproved
degr addthue,the relne grmop enayfbet pasitiopad directlyporotihesugaraing as in

PR SRR e BEbBRed, P AR HEGRERD, hief pesp not ve

WIﬁuhetldriaBzemb(md ma ae idirectlynecdralirkedwithfthé I'miucmg sugar through

- BBt B P Bk S s R A el i acetyated it

prm‘éﬂtdo}ymé%ﬁ nfayldlsb bmmgmtss-lhmmﬂi usifig the sagauoneds-likiditg trieehod
C a

Sabe e eI oA o sl r@%h“gyng Jee, aypino groups

re@ﬂmaﬁpongecmhuaﬁﬂ) a reducing sugar is used to
cross-link protein nolecul es based on a reaction of

t he sugials sotdddetptdia Gbcdﬁdﬁmegwmwnhw lfebulwﬁdﬂOthgrexmaments

of .am no C|dso rtens

O iaToftar BSel Rl addan B P i iTanreRtar GirRatr & golar,
Or wateh §iis @ble NEbhRMt GBicPraS B0t nb lifnhed R6 cdﬂearfol Snd@h8ighificantly
These ro ein cr ss li ing rea t|o f reducin

sulaarweé r ew@mFs MO eiqieRoyean tres‘l' S "é 'B'BT‘?"&Gegeqrﬁ%?“m
S UeBisfinet oF theGe&tdn|proticRlas’ @aidar&Ntolr 85keIRkingah thd Sraénce
partially through Amador | rearrangerrent of the initial

r e?fc Pteres %‘&!ﬁ?&‘s splutien Wihau apy,ROIALENRon of

yell owi sh or brown advanced gl ycati o roduct
5007/ 0A? hRIPREL (RSB0 1OBNATS & (the FARSH %‘? the

t Néhafi € fzturk Nof aRé ir@duiltivgVaoslinket | doysabeHamiebeid astdprteb@ntly
structure of the cross-I|inked pol ysacchari des obtaine

| nfuthh dndRisEqodniinis sassymee | el et IRECiNSs BRY bgpacprp%\%l?qtoﬂmllar
gn&gﬁrlﬂﬁhéﬁésﬁshh iAEORREN IO &R B8l ighychith réa@ﬂtﬂﬁlrﬂﬁlhlch a

and 285 55 nanoneters of the resultin

cr@ggc'ns FRER 18 YsEf e &&sﬁé'ﬂkd’é%terVO‘S%”'% basgA e%u%. rg@clign of

t hﬁe%@%?@%ﬁieﬁ?d@o}/‘k@fo‘ §up AgUSH o YrouSOBEMRMo acids of the
simlar (but not necessarily identical) nat ure to o
pryotaing, Uit as.ifohexample with the free amino group of a lysine or arginine

or other amino acids present in the protein’s chain.

These protein cross-linking reactions of reducing sugars are well known
in the art. It is believed that such protein cross-linking reaction proceeds at
least partially through Amadori rearrangement of the initial reaction product

leading to the formation of yellowish or brown advanced glycation products.
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products and advanced protein glycation products
(ACGE). Materials Used In Experinents 10 Heparin sodi um

wERofBat3¢h No. 9818030) was obtai ned from JUK KCEHELR606/001009

10

GH & Co, Hanburg, Germany. Restylane(r) (Lot nunber
7349) and Restylane - Perlane (Lot Number 7064) is

conmer %Wf(%'l% %qu@érl 310 thid ECht OB neRPRG fiIUREderized

Hyl af or S COMmTer Cl y
avihiel sibicturg mmamwﬁkﬂ pelusapshgrides alitained ohthesemeriments

Ag%@epggﬁgé#o%h&# u% %ﬁﬁg&e%tﬁt%ﬂs%%a%ﬁe Ip'é’ék@% the

urtax homogeni zat1 ons
penahgermfd 2084286, ando2@i- BMTmomEthRAQfeth*é- pesu(ting scrops-linked

C PR ER ks A b€ Bh Todialih 411t skt b ol Broaucts of

prmm!mhafslnmre(huamoit erécesﬁarnlysnda;gtleal)md‘ezke D BotEine glyeation

co r.ci al | e frgm ab Equi prent,
DediingS SR aiasiae R iRt plPsAGEE S0 < rhe

shelf tenperature during pre-freezing was -40 C. The
shel f tenperature for lyophilization was +30 C. The

prﬁ-{errigps [ IBi 8 hours and the Iyophilization
'Tr%—vvas%hmm-vacuum during 25
n X1 L
ﬁé’% Irf é?a'h'?]hgw a?@fé@alﬁzgﬁé e\ga%#)b% er ?@ﬁsﬁgj%e asber
[ nGrrbklp&aCDrrHambur@eéermarejd in the present application

16 WD 2007/ 026362 PCT/|1L2006/ 001009 TABLE 1 WMateri al
Su @elstylane&(tLot nomberNFEOhgahd ResiyBineSt GenanezsONumber 7064) is

e Bl BORB S A L HBR AR e P SR o PR Lo

nDIhLﬂnlnEbraROM| ig ltomAdedeialtyhaviedl 8 Big AronDGenzyine BiasorgenSiay disision

5 P34 EenRmd ~ESBIRE tirbiiR &P fstributor INAMED AESTHETICS,

20

25

Ireland.

Turrax homogenizations were performed using a model ULTRA
TURRAX® T-25 (basic), commercially available from, IKA®>-WERKE, Germany,

unless otherwise stated.

All lyophilization procedures were carried out using a model FD 8 Freeze dryer
commercially available from Heto Lab Equipment, Denmark. The condenser
temperature was -80 °C. The shelf temperature during pre-freezing was -40 °C.
The shelf temperature for Iyophilization was +30 °C. The pre-freezing time was
8 hours and the lyophilization time was 24 hours. The vacuum during

lyophilization was approximately 0.01 bar.

TABLE 1 below lists the commercial sources of materials used in

experiments described in the present application
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DL- d ycer al dehyde Sigma G5001 Cytochrone C from

bovi ne heart Sigma C2037 D Ri bose-5-phosphate
we@odeaim salt Sigma 83875 di hydrate D(-) Frur€DE2006/001009

Fl uka FO127 D(-) Ribose Signma R7500 D(+) G ucose

Sigma 49159 D(+) Sorbose Signma S4887 L(-) Sorbose

Sigma SBA8Pg 41L(+) Fructose Sigma 31140 DX +)

€] ucosa‘m‘n‘e—hydrochl ori de Si gma 4875 Ml tose

ST omd 61540 1 BNEARAY Fl uka 1490 SLIREng|  ErNE
§|(2)235 FAJE&IH%: ;’E’g‘%’gﬁzjﬁ%ﬁéﬁlﬁjé ;;é LD| cﬁéio“éri omet:‘haEneE 750
gny Aol et her R edel de Haen
32203 Qn € absol ute) Norck 100983  Hexahe Fl uka
5277CIP:‘deJd: aedeillﬁfytdzweSQGSZ 17 WO 20(S?gjrﬁ26362 A0638
o oo aTop i e B oot T AER, oL T
as prdl;{'t_)iﬂr?bloosqzlzzzggg _ SggLuLn Hyal Higmat e Phaﬁmam
%?%Wi glht plmnyF;‘ 5 raz e ?)?934
1. 4- 1|.[8-Ghacralsiehgfie HA 80 (commer qi al ISgrevai | abl €56&1
TR T T ATy s W A T R e i
havi rjd-&ibose-5-phosphate Disodium salt Sigma 83875

dihydrate

D(-) Fructose Fluka FO127

D(-) Ribose Sigma R7500

D(+) Glucose Sigma 49159

D(+) Sorbose Sigma S4887

L(-) Sorbose Sigma S3695

L(+) Fructose Sigma 31140

D(+) Glucosamine hydrochloride Sigma G4875

Maltose Monohydrate Sigma M5885

D(+) Lactose Monohydrate Sigma 61340

1-Butanol Fluka 19430

1-Hexanol Fluka 52840

2-Propanol Aldrich 32,047-1
Acetone Fluka 00585

Ethyl acetate Fluka 45770

Dichloromethane Sigma-Aldrich 443484
Diethyl ether Riedel de Haen 32203

Ethanol (absolute) Merck 100983
Hexane Fluka 52770

Toluene Fluka 89682
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nol ecul ar weight in the range of 0.62 -1.15 Mba were
di ssolved in 350 nL of DI water, 7 grans of adipic

wa@edod/ozhishy dr azi de (ADH) were added to the m xtRCEIL2065/001009

10

15

20

25

30

The pH of the resulting solution was adjusted to 4.75
and the solution was stirred for two hours. 764 ng of
1-ethyl - 3- (di met hyl am nopropyl) carbodiim de

hydrochl ori de was dissolved in 2.0 nL of DI water and

adﬁﬁq\rﬁlﬁomﬁ%tlcgﬂdﬁié’t i J?tg-:‘?dul;eWe pH was again adjusted to
4.75 at room t enper at Th

room t enpe e reaction was nonitored

by _t he shamngerofiat{H Eédrrﬁ%i‘cn‘é Tabé\’ég,\%'ﬁ dﬁ@bll!r&tl‘@dj 2‘%&003,

4.75. After " no 15 chanhge of cou tected
rea@dlumnHmlunouate wa@maeﬁracfeoﬁ%rfrmdiqvauhulx FMEu Biopplymer,
ov n { t r
OvBLDNEay) RAIRE BidEar G IS 1o 4R 41 BRAILTH Bflua
un80 I cmrnéfalrdallwaava]llebleceeobrbﬁudt hNodlZ&Q&m eSoduTrheHyaIuronate

ToBbAEErafgr 10 hraReval R HC Biarobithsc0Sian o) Raving 2

m mblebﬁlawal&lgﬁt inl the tadd®y ofd0162 bRYs MD vird @lissbved @P35@hER. of

c el Wb Lot 2910 Rt eV Ais=Qph ) e R RAGEA &5 the mixture,

SupiEy palt anthewae%umagmomon T\b& aa‘u@t@dftum:m andlthg ediutién was
(AFHA) obt ai ned was used

no%tléf?dtfﬁhtwq hous 7%@&:?fo1;§thwl %1(‘? ﬁ’&”@kﬁ%‘mﬁfé}wﬁtcagwﬁgm'de

AR s RsiTdeb Qs diedoRidd ih B0 Ad GPDf W@f‘etr'a‘hﬁaéddéa%% mixture
resultlgﬁ_‘fromfunctlonal|Z|ng IS

wgs @éﬁ'érqdd}tftetdotoa%75\?t-m1 F?éTFRﬁfﬁaﬁ dhe reagedion was
t h@oABre® b§ %Eﬁzﬂ%@'df wph'%naec%%md&lyfe{oqu&ed to 4.75. After no
functionali zi ng*

Is consistently referred to as
AFgprnge of pbl coyid ke defecied, theneactiopgnixture was left for an additional

a”h&ﬁ‘ drivet 'n%ﬂ?l Sﬁ@&#ﬂéﬂﬁwttﬁé &iliford %F‘fﬁ%&s@ﬂ@d if6H dialysis

50) were used he HA cross
exﬁybf—' iand dialyzedagainst B water enfilwg AN, W@Odqectmm the dialyzate.

20?!74 9 %8{%@3 cfr\l Jv%ﬁ@%s@&ﬂ&o ﬁto wn il dé)"’/g thgol, 2 grams of

procedu e experinments escr
heNeGJInmree'\dded) aneé enmixivae Wae istivedrial ongdiony |a oudsarte gaparate

r%@ eﬁ(’;e@i‘g?fﬁéd nﬁldlf e‘&eﬂ}\r iﬁgg%’}bt’io‘?ﬁ&aé ‘é‘éhﬁ@geﬁg@gi&%i fidbled at

ne us
ce?ﬂQQ frung endli thi wmeMeSSeMVe@l r Bieoempwnfivpetzinalized HA

v olch )| By I SERYRLL -l o sgugent s DU PUNT,  USA

OW Ng exper en descri bed bel ow were
perfor ri'ieig n%lfe%lhthat in all the cross-linking experiments using AFHA described

below, the amino functionalized HA resulting from functionalizing HA 80 is

consistently referred to as AFHA80 hereinafter, and the amino functionalized
HA resulting from functionalizing HA 150 is consistently referred to as AFHA |
150, hereinafter. This two amino-functionalized HA materials (AFHA80 and
AFHA | 150) were used for all the HA cross-linking experiments disclosed

hereinbelow).
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that the first nunber (referring to the experinental
series nunber) is followed by a slash (/) sign and

wao b@n/oser he range of the actual experinments peCT/or2ed01009

10

15

20

25

within the series. For exanple, EXPERI MENT SERI ES
32/ 1-3 below includes 10 the follow ng three

exggrc'wgg[]l i e ZENt 32/1, Experinent 32/2, and
Expwrm{&—QM—s notation is consistently used
t hr oug e MENke
32/ 1- SHﬁszjg"r%E %’@%Hﬁ’%h{g &ééchg%@g?%? ed| ssoﬁﬁgdgé p?ﬁormed
of ughhg wayartexa obtary5ma<edeaNlt cerBirifvtatietuptelsa rplecifipally stated
f r

ere%) arﬁ%unﬁ%s '%'Sﬁ@éé(?aR lﬁ§ nﬁ"\‘?\@r th"ng%j l%\S(E)WTLhSS -34

AFH&%G:ormmemlalltyeavadatﬂe FroaVvBORYALLY Ingtrurherg$ PP UNTUSAe

dissolved in 100 L of DI water (Experinment 32/1) b) 4
ng of dlagbef tHedfoligwing ékparimhanisideéseriped belowfwade peefpened such

o QB oy rerefhorp oo ShePnelal IR RIS rqwea by

r eaulldshn@@) sigacdndothemibyt theerangs of dhe extdl émermwemtsn pedormed

oS kO S SRS B B3

60@@ fdubwfngrthl’éb Expérirasnts:t ERpéeripent) 324t Exgerirheno82/2, and
wat er was added to the remaini g

peﬁmﬂmm e§2'?so Hinupeiation [Sodipnsisiendimdped ufEoyghout  the

M gideiRal@s centrifuged again at 6000 rpmfor 20

m nutes. The resulting cross-1linked products had the

fol |l owi ng char act ergyspERIMENY SERESS/y8Nt 32/ 1): 500 L
of hard gel. 19 WO 20077026362 PCITTL2006/ 001009 b)

( Exper i A\BpRixind6K) 5 iy AFHAB00RAN URSEI0ED Wh t1hrﬁlloofpbﬁ§,%ter and
separati on between cross-linked HA and water g iC

af Bdfed3thSumk H90% cethanal rardyyeitesH forshmpiagte; ﬁte"s(‘}(!i‘ QL the
of foq:lb\ﬁiﬂ ﬁlar)e}'lt GhouRSPEH 'g%@ltald%%/gé we&@oadde‘af td®le AFHAB0
Exper | Approxi mately 25 of AFHA80 were
di B’@@lre@dfqﬂww'é mL of DI water, added to 25 nmL of 100%
et hanol and vortexed for 1 m nute A solution of 10 n}l;
of alLmglof gyceraltiehydredigsaleasl ind@0ink of O wgter dExmarimentsd2/1)
was added to the m xture
b) 4 mg of glyceraldehyde dissolved in 200 uL of DI water (Experiment 32/2)

c) 6 mg of glyceraldehyde dissolved in 300 uL of DI water (Experiment 32/3)

The resulting reaction mixture was vortexed for 1 minute and placed into an
incubator and rotated for 24 hours at 37°C. Afterwards, the solution was
centrifuged at 6000 rpm for 20 minutes, the supernatant was removed and 1 mL
of DI water was added to the remaining pellet. After 30 minutes at room
temperature the mixture was centrifuged again at 6000 rpm for 20 minutes.

The resulting cross-linked products had the following characteristics:

a) (Experiment 32/1): 500 uL of hard gel.
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and the resulting m xture was vortexed for 1 mnute,
pl aced into an incubator 10 and rotated for 24 hours

W@R003/8ta36Af t er 6 hours of rotating in the i ncuber/or20@m01009

10

20

25

additional 5 ng gl yceral dehyde di ssol ved in 250 gL of
DI water was added to the reaction mixture and the

) y _ |
B e e B N Y
i nerobsitinked, HA leedswatet {vdrichwaiter I bours iof ugreehtaflig@dOresyliad in

ut es,. the supernatant was renoved and 40 15
5%92%”}?7% '&and 2 ni of PBS buffer (10 mM) were

ad et _and ft at roomtenperature for
%dg?‘ge”ﬁ“ﬁﬂtﬁfl%'%g “‘)va(gg? en centrifuged again at
6000 rpmfor 20 mnutes.. The re / i ng product was 500
gL of a hard, opaque 5—%@%&* & NT SERI ES 35/1-4 20
ApprOX| mat el re dissolved_in 1 of
PiiiatlG %A‘f?éﬁ@f*@e FoSIPEVFLTLP Hng! D1 Water,

Voé&d%ﬂeta AsanL bf m@m}élte&anéférﬁfvdﬂélxé@fdrhﬂnmﬁt@' A@8iufén of 10 mg
di fferent anounts of %(ceral dehyde were added

f off %bvglycgl?'dfhzd?rﬂ'sé?'vﬁ_“g QRtiek af Bb‘H%éWa$ §§‘1ﬂ0\/t€dh‘? H“'Xture
75a|1rd e N@Bﬁﬁ%ﬁ%ﬂ% W38 Rbrtdddlsor 1 rh%u% QIdEEd #to an incubator

DL- gl ycer al dehyde di ssol ved in 150 wat er

( ExpseFatated for 25 hgwsat 37¢G. After fifpogrs CEBUO@F'WH’@%WQEF an
di _ . .

2053 EE e st et 240 BERE DI it wadBaddd o
DLthgl rpactical nistwyel @nditises olixwre Was 180.0nesl toDhe yraubator to complete
( EfﬁeeH: %n 8%3 é ) f\tttng e[u? ¥ kl‘fé Eﬂg%&ﬁﬁku&%oﬁﬂ ﬂ%u{)ﬁ[ﬁon was
wer € vo exe mnute, placed Into an 'incu
andentmegecEdt 6000 admtionﬂcs mirut&s] Ghe Sfigesnatadt asuresmovéedhand 40

I
» ST S 2P EBEERE: Ep, SRVl Mt o3fe et anc
vvateétrat e temtm&rdtur@foe adhupel Thet mixifré esas mnrn'entnflmdaagain at
B b, i R S PR A e

crgsls- | i nked products had the foI | ow ng
characteristics: a) (Experinent 35/1) 3.4 nL of

transparent gel. 1BXBER(NEENTESERIES 384/2) 3.5 nlL of

transparent gel.
Approximately 5 mg of AFHA80 were dissolved in 1 mL of DI water and

added to 12 mL of 100% ethanol and vortexed for 1 minute, after which the

following different amounts of DL-glyceraldehyde were added as follows:
a) 1.5 mg of DL-glyceraldehyde dissolved in 75 uL DI water (Experiment 35/1).

b) 3.0 mg of DL-glyceraldehyde dissolved in 150 pL DI water (Experiment
35/2).

c) 4.5 mg of DL-glyceraldehyde dissolved in 225 ulL DI water (Experiment
35/3).
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c) (Experinent 35/3) 4.0 nL of transparent gel. d)
(Experinment 35/4) 4.0 nL of transparent gel.

WEXPERMENT SERI ES 37/ 4-6 Approximately 5 ng oPCHHIAG01009

10

15

20

25

were dissolved in 1 nL of DI water and 15 added to 10
m. of 100% et hanol. The m xture was vortexed for 1

af t foll f f
or op BBl Bi-abipbidnae osalig 18 {ochE perPE tepetiment
fo35/q)y\5 a) 8 ng of DL-glyceral dehyde di ssol ved in 400
gL DI water (Experinent 37/4). b) 10 ng of

E)Lth§| I}é@&ltlﬁ% Cfgb;?t?ﬂ ﬂ!i)@lgéé \Wﬁdei\mrt%%& gdtr Bl mmteﬁlf%llached into an
eri nmen cer e

(i BBRAR A O I 28N O BT R0 5 B ST were

r eééﬂtﬁfugkéh 165000 reh i 20 Mfr@ﬁes\/\/ﬂfeesu‘ﬁﬁma@aﬁﬂ vak PEmdved aHd BmL

andﬁl aced into an incubator and rotated for 24 hours

awatel werRadgpd topadhpelleh Aftehgd BINYses atdaomiteraperature the
5 OhiUrBd HHE bEnARIAbH ' dHACE BS0AAR 6P HFuBD MR Ebiting

the supernatant was renoved wat er added
t ocreslinked|Arequctsiacdhe fulowing Qhﬂr&féﬁﬂﬁt'% t enper at ur e
the m xtures were centrifuged again at 6000 rpm for 20
i nLﬁ)éEXPe"m%“tr?ééUI%‘?H‘@Qﬁrtb%@wreﬁk%l products had the
foll owing characteristics eriment 37/4) 2.5 nL

of | ) ARRITBRRY T 3.5 1k SheyaZo0TE0ReT 62

PCT/ 1 L2006/ 001009 QQEX perinment 37/5) 1.9 nL of
trarﬁ-‘é;ﬁ%’ﬁwtm@@%’%ﬁ& pértransparentged) 1.5 nl of
transparent gel. EXPERI MENT SERI ES 38/1-3
ApprdXExpariment35i) 49 mhrfitsmspatest @lssol ved in 1 i of
DI water and 5 added to 10 niL of 100% et hanol and
vortexed for 1 mi nUEXPERIMENT SERIES 8%4-6 f o| | owi ng

di fferent anounts of DL- cer al dehyde were added to
the ni Amf@lra%telyf%mgmﬁbg Olwerﬁgil%ﬁol\@g ig1 Ty (o4 D4 sty and

di ac‘tﬁgdvtgdl ol ML %QQP@% dthantdit e AERE de%ﬁe%y fb} 1 mlmlteléfter

ycer al dehyde di ssolved i n 800 wat er
( Ewbleh |thqullowwg2qlfferemoam9un18 ofr@LrgiyoBLaIw;y@lérvm @fgerb to the
d'ﬁﬁcﬂ%%gfél% w200 pL DI water (Experiment 38/3). The
Ing reaction mxtures were vortexed for 1

M B4 frg of DRGFbeFAIlChyAE cjdsBGLEH R0 NP1 hisle! fkpeAmeht 3714).

t er our S, ut1ons
b) 10 mg of DL-glyceraldehyde dissolved in 500 uL DI water (Experiment 37/5).

¢) 12 mg of DL-glyceraldehyde dissolved in 600 uL DI water (Experiment 37/6).

The resulting reaction mixtures were vortexed for 1 minute and placed into an
incubator and rotated for 24 hours at 37°C. At the end of the incubation period
the solutions were centrifuged at 6000 rpm for 20 minutes, the supernatant was
removed and 5 mL DI water added to each pellet. After 30 min at room
temperature the mixtures were centrifuged again at 6000 rpm for 20 minutes.

The resulting cross-linked products had the following characteristics:

a) (Experiment 37/4) 2.5 mL of transparent gel.
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centrifuged at 6000 rpmfor 20 m nutes, the

supernatant was renoved and 5 nL of DI water were
wa@oded2d362 each of the pellets. After 30 nmi nut eBCHIL2806D01009

the 15 m xtures were centrifuged again at 6000 rpm for

20 m nutes. The resulting cross-linked products had

10 e of 't PO %F-a‘:%n?ngﬁ‘) Sy Bhamraen®le 3y 0 75
mL of 38/ 1 0 50 nmL
OF ©1 anspor SHEperiniesy sZh s PR vERR st o).
Appr oxi mat el y 5 ngy %ﬁg@#ﬁm&ssol ved inb5h
nL of DI }Nater oo anol and
I i
o B o5 At et <lsalie or b A water ano

5 t heddgdxtoun @ é\ﬂﬁ 01;I f Oﬁ()j%oébﬁancﬂd%na) vcgtgggd ﬁér D1I minute, after which the
cer a dehyde di ssplved in
( Egpg@xﬁn 4lferﬂ'l ryount%yPéLWcsfalww 8¢ yees 3%%@\1‘9&@6 mixture as

di iHelyed in 400 gL DI water (Experinent 41/2). c¢) 10
nmg of DL-gl yceral dehyde di ssolved in 500 gL D water

( EXpes maRADL4MY cetalderdde \Mes3RRd i 26BM2DI water (Experiment 38/1).
PCT/ 1 L2006/ 001009 d) 12 ng of DL-gl yceral dehyde

di g Mg bf DL-drdidElydetRoIveEPEE0 RIE D! watkt (Bxperifitit 38/2).

resulting reaction mxtures were vortexed for one

10 M &Maem? Rk @E%dem@e@ge dis@@HQ@trpgomdDmé@F &kpbfimeft 38/3).

hours at 37C. ‘After hours, the solutions were

cenké irbsg@ty ?éac@@n@%&ﬂ?éé‘ %rezooﬁ‘é)@zﬁt 1%? 1 H}ﬁlte placed into an

super nat ant was renoved and wat er were

adtfsdPater ang rptajed theZApBP‘Prétaé 37,4f;t/éfiterf% h‘ﬁ%ﬁ%ttﬁg sglutigrycwere
t hé‘entﬂh?é& BESO0MEDR BEPE MiAHES S8t Abnt RRGemBIRd 8Md 5 mL
m nu ase ration was observed in cases

a ?fEwalatqm&re@Edfsi to tﬁ%’%&ﬁéh? peliets 4Aften 30 ginytes at 37°C the
15 (E%B&Irbgﬁﬁgredégnﬁ}fuge% Hbalﬁ Uaﬂeédb@t A f&oé'({) q’nh@tel% e’f‘Pé/‘?é’sultmg

in case (Experinent “41/4). 50 nL of

socr9§$-bmi<qdeweduqt%hachw@éqllwmcharaﬁensﬂgs san‘pl es, and

the sanples were again centrifuged and washed tw ce

i BH{ERQOHment B8/I8ES Dk pEiransperamgeipH 7. 36). The

di l uted cross-1|inked products were centrifuged at

6000 Expatiment 38/ 1hD {Sanl; ef trargiigrentepl- and t he

supernatant was renoved. The results were as follows:

i nO<Expedment 3851h@.60 mlnef tzpp/sggrentgel( Experiment 41/ 2)

and c (Experinment 41/ 31)5 remai ned. In sanple d
20 EXP RIMEN SERIES 41/1-4

Approximately 5 mg of AFHA | 150 were dissolved in 5 mL of DI water,
added to 10 mL 100% ethanol and vortexed for 1 minute, after which the
following different amounts of DL-glyceraldehyde were added to the mixture as

follows:
25  a) 6 mg of DL-glyceraldehyde dissolved in 300 uL DI water (Experiment 41/1).
b) 8 mg of DL-glyceraldehyde dissolved in 400 pL DI water (Experiment 41/2).

¢) 10 mg of DL-glyceraldehyde dissolved in 500 uL DI water (Experiment 41/3).
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15 (Experinment 41/4), 5 nmL of transparent gel were
obt ai ned. EXPERI MENT SERI ES 42/ 1-3 Approximately 5 ng

wo@booaBes6l 150 were dissolved in 5 nL of D WaPE&F/1L2006/001009
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25

added to 40 nL of 100% et hanol and vortexed for 1 mn,
after which the followng different anounts of

DL | '

il ks ety DS e 0
80 ; j .

o 13 fe R ot PRk g, gfoced o
( Einsebatarand ratated)for 24 haws g 337C.DAftgI 94 bourisdibieyaiutions were
di 3SR 1R 6860 Yorh & 20¥Hifflted, BO SUIENant was

The resg ting reaction m xtures were vor{]exed%@eg and 20
m mit & Rinvhtel weredadded do gach piibealpetiets. After 30ominutss #t&7°C the

24 | 3 . r oLyt | wer,
conPtes Bres fontpid aeh, 20400, Iohf 18 ffes!" Mo phase
S 3 gepanaﬁcanWa; wb?erveda h'omlsem CExtiériIrrlrdnt 01f1/'l){c bv(ﬁkg%rimenta‘MIZ)
added t eac of t resultin ets ter .

R G R R R o N L I e
t e(Bierimert, 488Ch50Tmit bE 1N NAOH aRIURE WaBtthérl 4agst & all the
6000 rpmfor 20 mnutes. The resulti na cross-1inked

geF3MRIRA; 1k bR SARRles 14re gogia cenirifigsdiang washad twige with 40 mL

t heP s MfeO (F0 M, DH 7B69eIThé Csilutddl Bfbsk MnkaP PrddiRR! were
42/ 1 had the | owest viscosi tfe;aof the three, the gel
r eSeMttifuggd iah 60RP apMrien 20 4ninfies @ach stap anddte supernatant was

vi . N P . . :
423% aggyﬁ%i Fse:%gléél %?E\E/zﬁgueu&gitl&/e%n&élﬁgghlkgHesWﬁgmi)’ b
t héExpeniment\4l/2)eancoé (Experimented Hamoegs) remdxRER MENSample d
SE A4/ 1- [e)d ely .5 of AFHAS0 were

ai Gyl B R ARy bR b0 Wt or 100w
et hanol and vortexegxf,gkw@m%E## g&mré]_ ich the 10

foll owi ng different reduci ng

sugar c -] | tf ] xtur-e

o | oweh A RAES 1y B SR oo dcte'dibolleti 4 5nf 3 Dywater,
of alliedvéd &0 (MExpfen 0096 ngthdnbl 19nd vdnjexéd for 1DMin, -afieb ogech the

e BIR htet oy B phREREHRe YR o Gy pdfre =

i nfadiows:; i ncubat or and
a) 16 mg of DL-glyceraldehyde dissolved in 800 uL DI water (Experiment 42/1).

b) 20 mg of DL-glyceraldehyde dissolved in 1000 uL DI water (Experiment
42/2).

c) 40 mg of DL-glyceraldehyde dissolved in 2000 ulL DI water (Experiment
42/3).

The resulting reaction mixtures were vortexed for 1 minute and placed into an
incubator and rotated for 24 hours at 37°C. After 24 hours, the solutions were
centrifuged at 6000 rpm for 20 minutes, the supernatants were removed and 40

mL of DI water were added to each of the resulting pellets. After 30 minutes at
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15 rotated for 24 hours at 37C (Experinent 44/1), and
for eleven (11) days at 37C (Experinent 44/2). At the

wepa702636he | ncubati on period each of the reaktT/I2006/001009
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m xtures, was centrifuged at 6000 rpmfor 20 mn, the
supernat ant was renoved and 40 nL of physiol ogi c NaC

t
7 ol Relihe et r 3¢ irits s E8fiTupBh A #Bgg rom for 20
m nmmum aThe cesoiting ctcesmﬁeked gele eamtlitexkintrea$ing @dl dscaddP Grom
he I :
Ok RchBte a2 8 o el B EFdlimen 448 JFad the towest
OWI?&W t?ﬁ)the &I&Eé,emg[rmtregéﬂﬂg Ilarglglxli\i/gf' m‘t&htE glmt basd thle highest
ellows ai ne -
Xpﬁﬁa’ﬁltﬁﬁf %p);hrgg aﬁé the reguifig in Experipent 43 %é’&c‘?ﬁﬂtyé’ alue
m—béﬁve@ﬂ tHéﬁ*@’fest ar?oGthEQ&Né@ vQIﬁeQBf Bk Yres ah HFEEP' e were

di ssolved in 2 water. The two utions were

m xed and extr uded gxp@q|MEmssgmggm1_eg syringe
without a needle and tw ce through a 18G needl e. The

m xt ur @\p\b?osmﬁéte@l 5 Ynd 6k TAFdECB0 &vereougsowedlﬁﬁsnﬂeddfam \f/vater

into the follow n uantltles of ethanol: a)

108Adegt 19aABI Mk B p /mmanse/aw vor@aed/\@rzammogéswhlch the
(F’nyIJJJﬂZQQﬁfeQQﬁ%%un@of%ﬁfe%nt%d Y8RP &B84-linkers were added

Exper 1 ment of 100% €t hanol

( Biogbe Mpdvne 3513‘10'3)\”3 Each of the resulting cross-linking
reaction m xtures was placed into an incubator and
r o®)at4emg e glgeeraidenysieslisseived im@ minef [ wetesf(Exprriment 44/1).
i ncubation period, 5 each of the solutions was
cet44 ma déd- r@psm@@olvmnf%m 20 Dhyvaier €expetiment 44/1).
supernatants were renoved and 20 nL of physi ol ogic

Jéh'e ERsiction Bixtyres weog vetiexed defdk minue. qirged dptotandhcubator and

rex%‘t’étéé! R ﬂ@hb@r‘ss‘at 3-5'5‘@ d(E‘xiS&Hh%ﬁt Wﬁﬁf :Srfbeﬁr 'e?év%nf(‘?'i) days at

hree hours at 37 were centrifuged at 6000
f037°230(5xmtnw1t E(E)EthENTeM/oi the inphation rmtledyea&*b quthe

o B Ayt R0l 2 B o

r emmved Iay\d dRtmludfgehysiblogaudaClas ol Riofs (@Leéﬁl)l way gddedtto mgzach

tthen tlrgudeg t hr ugh r%SG nree? 38 4q.|[t room
1080dN5: HEFHTNg PP RS B eP nEiBatedt r
2 4tehperaturet and3 ééntrifdgéd at |6l0®1kn|a|h|fpn20trinautsorrbe |resulta/asere as
Ce{(]) Iovlvé uQe?(E%(peﬁ%oe(r)ltrREn 1{ % szo% Wa%‘éée‘?r%ht gel was obtained b)

(Experiment 44/2) an off white to yellowish gel was obtained.
EXPERIMENT SERIES 53/1-3

Approximately 50 mg of AFHA | 150 were dissolved in 2 mL of DI water.
100 mg of DL-glyceraldehyde were dissolved in 2 mL of DI water. The two
solutions were mixed and extruded five times through a syringe without a
needle and twice through a 18G needle. The mixture was finally extruded

through a 18G needle into the following quantities of ethanol:

a) 20 mL of 100% ethanol (Experiment 53/1).
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15 the supernatant was renoved and 20 niL of

physi ol ogic NaCll solution (0.9 %9 were added to the
w@edormere36The resulting m xture was |eft for tweCTouwes/001009

at 37C and the m xture was then centrifuged at 6000

rpmfor 20 m nutes. EXPERI MENT 55/1 20 Approximately

50?)‘% rﬂf_con(?'b%{ ah%%igll@gb&riﬁ.igﬁ?ew)gd in 4 n of TEL

nn er al dehyde.

wrﬁL‘A’?fo gﬁ{ghad(txg%[é gggﬁrthr ough a 22 G needl e

(s X ti1nmes en e ough a 18G needl e

Ech} %f"l]nét }érsﬁltlﬁgété)féssrmnk?r% 0(8&%01?““ aceapg; ?)lamed hto an

ure
[ nmuwmt@“rarmlrrdtateji for &4 hbuons eﬁZB7FQJUAStfmterﬂ?dﬁthe&ﬁtebattohqaenod

C | Q ' 1 XL u n t
5 G0t it S0uBhe e, SR8l S50 oS BT Wit By e
ansupzénatants fveresioséd gna 20ladl] of polysibliogic NATI %o&ﬂlom\m.e %) was
add toth el | et fter two_hours at 37C
33473, At e ey id BPICHOBES MRS TS e et Lor thres
Thlsourresudsx cmmdeéré eemtrfuged at 60Gthwedr DO miwites. upt ake.
25 WD 2007/ 026362 PCT/1L2006/ 001009 EXPERI MENT 60/ 1
Approxi mately 50 ng of EXPEBRIMENTG4Mr e di ssolved in 4
mL of DI water containing 300 ng DL-glyceral dehyde
10 and sha@@mdrmtel@@o'mhgl of AFHALI 150 Were Tissolviedida Wi rald of DI water,

m xt yr, ruddthr h a . syringe out. a
BB 8 A CoTRREhtR ot Ton TONTEHEY FrRPPLal Ergped
m ?hi'cﬁfgﬁ a/\msGMe@a@(slxrttncesy a}ﬂ@‘tl@n &%Fﬁ@ﬂﬁoué?@hfee rfe@ﬁle into
Si X e m.xture was en centrifu

6009 “'ﬁ-pﬂﬁs?@ﬁ% g@”m rﬁ’r CFHé“"QL%\eWﬁH‘?aJWt a%éot?‘?ﬁﬁ%g"' éﬂ‘?&rs at
4037vc. Qiftelﬁm{:ﬁbétloﬁgih% HAfion $ak Ebhidifu ]g_;eGQ}t 8040 rﬂrﬁ’ﬂﬁ@b%mutes
with 2 nL of PBS buffer solution (

15 adtIgFUPERatant Was rew@pvedTapd AP mluﬁfepfw&so'q%ﬁla@éﬁw?@mgba %)

at w&R0ldel s fiiey paﬂet mrnétrs&mEymxt&Q wagagdt #drrmo RAES 5O37°C
product was 2. m_

ge
Apm%fﬁpmﬁewew@dhﬁ@cwtnmﬁma@quwépémm%?%d in 4
nmL of DI water containing 300 ng DL-gl yceral dehyde
and the m xture was shaken for 60 mnutes at 50 C

The m xture was then exiruded throu‘ph a syringe
(wi thout a 15 needl e) 100% et hanol and
the resulting m xture was into a wate

bat h
20 and shAWBPY teW\?éﬂ%BDP«E”ét' 135(9 ‘Eere,&“'stsefvefjﬁ'éd' mL ot DI water,
| NEdHRRARIhG M50t G DI-YlybérBidehyde. The mixture was repeatedly extruded

through a 22 G needle (six times) and then extruded through a 18G needle into
a mixture of 35 mL 100% of ethanol and 5 mL of DI water. The reaction mixture
was placed into an incubator and rotated for 24 hours at 37°C. After the
25  incubation period, the mixture was centrifuged at 6000 rpm for 20 minutes, the
supern.atant was removed and 20 mL of physiologic NaCl solution (0.9 %) were
added to the pellet. After two hours at 37°C, the mixture was centrifuged at

6000 rpm for 20 minutes. The resulting white material, showed no water uptake.
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was centrifuged at 6000 rpmfor 20 m nutes, the
super natant was renoved and 40 nlL of physiol ogic NaC

waodoaneam (0.9 % together with 2 nL of PBS buP¢BEIL2006/001009
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solution (10 MM pH 7.36) were added to the pellet.
The m xture was then 20 centrifuged at 6000 rpm for

20 m nutes. EXPERI metely 50 ng of

AFHA 1 150 were di ssol wat er ,

cont ai nj.hg 300 AUy nd . shake or, 10
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t 02(15 IF‘rﬁn plﬁé's@bern-arﬁﬂt Wb%"rém&/e‘&@é‘hd id‘ﬁﬂl &%élbfoﬁﬁ:elda@lt solution
m f or eresultlna product

L. (000 " Se0edharai 2Bk of PESUBBLEMHISCAG I, pH 7.36) were added
quthé%@ﬁ)&/ ﬂ%@l@&re @é@@%ﬂ@ﬂﬁlf&%ﬂ ﬁ%oﬁﬁ/rﬁm%r 20 minutes. The

proxi mat el y ng of AF were dissolved in 4
mi_resgiting rmlem Prodéeh%ﬁ H8 Al ofgg) 100 ny
DL- gl ycer al dehyde ( Experi nent 65/ 3). 5 b) 200 ny
DL- gl ycer al dehyde (Exp&EXPERMMENI6(1 ) 300 ny
DL- gl ycer al dehyde (Experiment 65/5). The resultin
reacti ﬁpmwwyﬁwg@féﬁ"wuw weigr dissatved inH g Q) water

20 e C e [
(%rﬁ%ﬁ@b rou ﬁé; ratbid¥db ﬁﬁo( tl‘t)é] lktbied e menofor 60

extru rlnge W t needl e into
m_misfutesoaind®etGratis midiie pagdben extft@led theeggh mosybinge (witput a

S hmr?]rgtofﬂ m 1oF ?@0‘% %)(he{ﬁgpérgl @E ré&ltﬁﬁ&ttﬁ%% B a%%@ ‘?nto a

to an I ncubator an rot at
at wateChathzard shiakertor five bburs i@y 5P é@c tAiftenthei ineunatien, vthg mlxture

t h\ﬁgs c&ﬁﬂﬁj{lghé %986’00"‘? nﬁ{%@%o gﬂjt%g,rthﬁgug%rﬂg{?ﬁ?wa% F@noved and

super nat ants were r eV e SIo
Na®) ndoblphysielddic dlady solotet (k9 %) tobethenito2 mBSkaRBS buffer

SoécH &KO”%M%H F?Fﬁﬁﬁ \ﬁ%% é{n@%{jatgdtﬁg Véeﬂefeaﬁ’% 91xtl5rge\1vas then

resu Xtures re'th
cecﬁntmfbg@dadt e098irpmdor BD@Mutgsm f or 20 mi nutes. The

EXPERIMENT 62/1

Approximately 50 mg of AFHA | 150 were dissolved in 4 mL of DI water,
containing 300 mg DL-glyceraldehyde and shaken for 10 minutes at room
temperature. The mixture was released through a syringe into 40 mL 100%
ethanol, placed into a water bath and shaken for 24 hours at 50 °C. Afterwards,
the solution was centrifuged at 6000 rpm for 20 minutes, the supernatant was
removed and 40 mL of physiologic NaCl solution (0.9 %) together with 2 mL of
PBS buffer solution (10 mM, pH 7.36) was added to the pellet. The mixture was
then centrifuged at 6000 rpm for 20 minutes. The resulting product was 1 mL of

opaque gel.
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resulting reaction products had the foll ow ng

appearance: a) (Experinent 65/3) 3.5 nL of opaque gel.
whoofBxq3er i ment 65/3) 2.5 nlL of opaque gel. cRCT/IL2006/001009

(Experinment 65/3) 2.0 nL of opaque gel. 20 EXPERI MENT

SERI ES 67/1-2 Approximately 50 ng of AFHA 1 150 were

di ssolved in 4 nL oﬁé&ﬁ%%g 50 ngy
DL- gl ycer al dehyde. xed in a syringe
and r 4 O . m xtour S
pl ace ﬁﬁ aetgl [ nctc:'bgft gir:Hz‘q %t @as%' de'tnrgé ml. OfEDiN‘%ater'
fobcbrnamrmg peri ods 25 a) 2 days at 37 C. (Experinent
67/1). b) 3 days at 37 C. (Experinent 67/2). 27 WO
2007/ 28867Ag PCAlydepDa¢yde 1BSe ridénies5/3)he | ncubat i on
period the solutions were centrifuged at 9000 rpm for
5 20 1) rR00ang DLiycersidshyae dBxpevirhentssm)ed and 40 nlL of
physi ol ogic NaC solution (0.9 % together with 2 nL
of PBS 300frhigDLgblcetaldehyfid QERPEriment656). were added to
each of the pellets. The m xtures were then

cefMhe rdsuding ragetion raiktuBsDRerepsriradéd fou? @met thrbegh a 208 needle
raduct s wer

|t ti
oRa 6 of TR koo TRt atwtS e Sinudly Gelon 7 s G cithout a
( Exgsdié e 40 onl/ 89 10095&9%?%!%???5& info ﬁgééhr@l batr:]I and shaken
were dissolved in
10 DR ARvEp Tt hdrs &t BB, Zpf s AiEces) INGugn fsuibRion Sind fsdatgd for
( E&Rl%éhr(ﬂiﬁ)t h(ﬁﬁé 4} 3710, %%Qhrtﬂ th¥ Tésuﬂfn?b*ea&fbﬂ mixtures was then

eri ment Appr oxi mat el

nt%fﬂg%q’] Pb@@o( ')szf@r PHen putes,/ the suweat@nﬁsc;ﬂ@r@rf%mwéénd 40
werr@ @raﬁmysmlefg%i NAC esdliitiefl (D TRy tdgietiR Withr Uah ot F%%Gbuffer

needle In a ringe and then each extruded through th

2089 IHERIH(Y0 MM oA -3R) was adfled dpraeh 1pfie respiing pellets. “The
15 M xhaires w&éethteh%nﬂhag&d agghoalaﬁobd“?fdﬁ%afo@rZOaPrﬂwutes The

rotated for 15 days at ter the incubation, the
i sesyltiag repstien @ ﬁ‘iﬁh@&éhe BIHOW%(?@PEWW‘FQN 20 m nut es,
t he was supernatant renoved, and 40 nL of physiologic

Na® (EXpPiitesh 65/3) 3.5l obepackegeli th 2 ml of PBS buffer

solution (10
b) (Experiment 65/3) 2.5 mL of opaque gel.

¢) (Experiment 65/3) 2.0 mL of opaque gel.
20 EXPERIMENT SERIES 67/1-2

Approximately 50 mg of AFHA | 150 were dissolved in 4 mL of DI water
containing 50 mg DL-glyceraldehyde. The material was mixed in a syringe and
released into 40 mL 100% ethanol. The mixture was placed into an incubator

and rotated for the following periods:
25 a) 2 days at 37 °C. (Experiment 67/1).

b) 3 days at 37 °C. (Experiment 67/2).
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mM pH 7.36) were added to the pellets and the m xture
were centrifuged again 20 at 9000 rpm for 20 m nutes.

wab@7oased ti ng reaction products showed the prPOPERIAD1009
as follows: a) (Experinment 6714) No water uptake -
yellowi sh fibers Db) (Experinent 67/5) Transparent
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phys'#@fpﬂgdlrﬁﬁblwmngs@ﬂ AFHAN 1580 Rer¥) diSsonasl mddlesl bODI water,
each the two m xtures and the sol ution was
ceRPMANYed at 9000 rpmfor 20 minutes. The
ernatants were renoved and 40 nL of physi ol ogi cal
10 Na% 5‘2%1“@@ 3r{' éeéE’%efi"EﬂjE@ﬁ@n) with 2 nL of PBS buffer
sol ution 36) were added to each of the
rth?’QQWQQf@rqrél?'ﬁoseﬂgépﬁf'ﬁ‘ﬁm 8&5here then centrifuged
at 9000 rpm for_ 20 mnutes and_the resul ti ng pellets
vveP)eAEFEfﬁﬂ @ﬁy 13mg kY- @Eﬁ@ﬂsﬁéﬁ’qufmnttﬁ?@ in a total
%Fbﬂ vqurreonlrrLofoaue% EXPERI MENT
gdhres) mixtwes gerengagh nixed; by cxéryfing Bdimgsythrough a 20G
dl ﬁééﬁlé! afla ls?r;rﬁ;e@nd&ﬁe@badﬁﬂé)&fude&thréugH the WG ASLYIETtOE0 mL
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15 pr efpaﬁ)% egangl- J@srrawéﬁrw%reéa%plaew inf, @niaiibptar ggd rotated
mi HrWsed&@SammgenAﬁ@qhéSn&%aﬁaﬁ S wﬂuﬁéshh@@ denffRSded at
through an 18G needle and split into two equal
poPPGbABM [RACRO dninties. i Vrsr SHRATBAIRRIS remevagdeand APomlL of
| n{)ﬁ%l&&glé%dﬁé&hw 9 %) IR r)ﬁlﬂﬂrzeﬁlLVéﬁrpﬁBSt &ﬁ%rgblﬁﬁ'&%o

0 an Tncubator and rotated for 3 days at
Af it w4t 436) wengladgRg §¢ med@lleﬁlamdh}: mbgungt Werg ceotrifugey again

20 We?te 08686 6Hmt Rr 8RF Mhiftes. hﬁ‘u élg?gét HéE@tﬁ)r?:ﬂﬁjoogjlaﬁ showed the

utions were centrifuge rpomfo m nut es.
properties as follows:

-

a) (Experiment 67/4) No water uptake — yellowish fibers
b) (Experiment 67/5) Transparent gel.
¢) (Experiment 67/6) No water uptake — white fibers

25 EXPERIMENT 72/1

Approximately 100 mg of AFHA | 150 were dissolved in 4 mL of DI water,
containing 100 mg DL-glyceraldehyde. The resulting reaction mixture was

extruded four times through an 18G needle and then extruded twice through a
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20 The supernatants were renoved and 40 nL

physi ol ogi cal NaC solution (0.9 %9 together with 2
workooPBS3bf f er solution (10 M pH 7. 36) wer e BCBER006:001009

each of the resulting pellets. The two m xtures were

then centrifuged again at 9000 rpm for 20 m nutes and
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through an 18G needle and split into
por e dRistureswaregthen w@cséﬁmtpowsmmd@t@rmrotate@ fa B daysost 37

106c% T i
oo RS ARAC PSR 11 B 0 1Al o o
Af the Werniktures and e sphwiensowersi asatrifaged) at 96D rino for (20. Minutes.

20 % TW@ SBperRd@nt \R/Qreqlé‘lﬁtgvég aMS@%%é)thy%?nﬁ)]g%rgpNé%Iesr%luﬁlg{t 2.9 %)

m xtures were centrifuged a
Théogethpe withtZamt £Biebusfer eolutiert(18rmMARH 36)ivere added to each of

154 RN By g 18,k bt ] cdrRAEEEF Rt Sladho om
t o far@®mminaites laad thestwot peligtsvesiré evmmbiand. ni xed. The
m Xtures were

25 EXPERIMENT SERIES 75/3, 4

80 mg of DL-glyceraldehyde were dissolved in 7 mL of DI water. A slurry
of 100 mg of AFHA 1 150 in 2 mL of 100% ethanol was added in the prepared
DL-glyceraldehyde solution. The resulting mixture was homogenized by
extrusion (three times) through an 18G needle and split into two equal portions.

30  Each of the two portions was separately extruded into 40 mL of 100 % ethanol.
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20 centrifuged again at 9000 rpmfor 20 m nutes and
the resulting pellets were conbined. Chitosan

W@ e@3®2d36nki ng procedures: The fibrillation bubPdBEIL206681009

in the experinents was prepared as follows as
follows: 6.5 Liters DI water were placed into a 10

r1 1P gl Ve plabed MBI jpdikellyr RBbids Ty Seyiont 37
a OC.2Mfterweadls, Santc ehphyatalogr@al NeCesautiso(0vet) iverd ddiebito each
The gH was.

obFlis thddeBetof iy 41 S iR el o A50ddg,rom for

wi 20 nidhuteat Fhe stipernbiantl wetd remsved]and 86 dnl( ¥l HysSaGdal NaCl

R S e R S aeé%&%%f%? %)

”Uw@f'e édi‘dddolbaéachﬁif ehelicsatihy @alléts. She ﬂéﬂet@fwé?e 1}ﬁ\én e‘:‘é.(ﬂtnfuged
%% er al deh de V\lﬁ@e di ssolved in 2. of

DI a & o 0% &8 Myt Heswinghpallsts wers r?°m’PHl§d

mxture was vortexed for i g]EEuie and 1 5 nL of

fibrillation buffer an ' O%ethanol wer e

slow y gdded t he san/ DL- cer.al deh

m xtur e g@b Fﬂ? 8‘? MERg d '%ﬂé’ Séﬁc% B °fn[i)'xWﬁtteé A

10 wasmﬂ%y atsfemm g 25T Amwbatsormamﬁwu@rt I3 ebitinoR hab Gidiesd 3 the
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37C. At the end of the incubation a solution

c oREeRAFR HLogysasaldehygey edktiand e nife rasulling veaptipR mixtuge was
ML heho&dnixat By e%ﬁ?slcﬁfjéﬁl@ettﬂnéslj‘%rﬁhéﬁ whergtndeddie and split into

resultln m xture was left in 10 an i ncubator and
r of¥a egud o@orta\WSad@afsh ¢ dhe portipng rwasaaddsdCintad wl-xafutQo %

WagthahHiefhé ?é‘émtlrf %Opﬁa {4 Préuﬁ%t@#%ﬁosrotétg& for 3

Supernatant was eane e resu tin
wa gaxsdainBt AC36ftewasds, B NLHu‘l pharaiglaginah NaCt IsotgoormiO 8f%Dwere

V\’a‘é&Jed tg%%lah BRER J@gtu?éseatﬁd' th& MI?I%S Yeré Eér{tlllffu g?%{q %(Ifbgor[)m for

sanp e il n or renove the excess o
Th €0 reiRufks.i Abe superpatantesvert rempyechanbiO cdnefi dyeintogical NaCl

153&2&1:’%/%'}%—) t]ogeE&erSMhdi Leéquﬁ§ %ﬁl‘f&rt é&ﬁ‘ﬁbrs {1 oM, PH7-36)

gl ycer re prepared as of
DLwgtey eddex mehyde of the2 reswitingf pelietsnarnde mixes) Zroemglxtures were

DL'c&%tMﬁS&&"a%SWQtegédb ?pn? %‘r % nPnJ\utc\Q@taﬁEI'the resulting pellets were

combined.

Chitosan cross-linking procedures:

The fibrillation buffer used in the experiments was prepared as follows as
follows: 6.5 Liters DI water were placed into a 10 Liter glass vessel. 11.3 gram
of NaOH (for a 0.04M final concentration) and 252 gram of Na,HPO,+2H,0 (for
a 0.2M final concentration) were dissolved in the DI water. The pH was
adjusted to 11.2 with 10N NaOH. The volume of the solution was completed to 7
Liters with DI water. The final pH was adjusted (with NaOH) to the range of pH
11.20 -11.30.
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c) 60 ng of DL-glyceral dehyde in 2.5nL of DI water.
20 d) 80 ng of DL-glyceral dehyde in 2.5nL of DI water.

w@20010%36y of DL-gl yceral dehyde in 2.5nL of DI P@EIIEZN06/001009
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Each of the resulting DL-glyceral dehyde sol utions a-e
was separately mxed wth a solution prepared by

di ssol ving 196 ny chltognghﬂwnggh CA N HCI. Each of
the resulting six react was vortexed for 1

M nute. AdfofiRl 2R hlSt ShitedXl ecﬁssgs)IJQd fe.6 mi. of 0.1N

fibrillation fer was™ ad er cons
st HOL. ty Mg bf Mde;elqehyde \mre"m%meldalnoz 5 DL wh D rwater and
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nt s ion nm Xture was
pl ateof fibmillaton butftankmﬁ&G amtdof H20% ethanot ware $lowlysadaked to the
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{ h PBS. buf d.
> itcRapl P el it dineSE) el BN o TheFoscton
r e anttirerwas3dladdo lﬁ%ihﬂﬂﬁ&ﬁ%nﬂ@&%fdd%ﬂﬂ OIS @9 371C. At Wiieend

+ oof R RaiayoRi Sudbh estimnio A Eeutah Syt gipsotved i

t he MKbﬂDB\NMﬁSWéﬁhmcﬂUtth@fnl)&lhﬁ ant ehedRIsOling WiEre was left in

ortex nd then re urne cubat or e d two

b oah SEPely SnfidsAiserib o saaiand A Beirs e s 0e B¢ rigse was
Thehefii cehtif@sedvd 7000 e fdrefd minditdshthel @L@@h@tm m@ade:%oved and
rot at ed. .The tﬁgt al incubation tine

holflesesitfingpelteb war wiashpr with BR &L ‘an1<!‘hHQ{ ?fefhthef‘ r‘f‘éthsqwl- of DI

safgieps HahByashRigest&s Hollidet &£ Berftfifug Ofh 6ﬁ3tﬁéf§éh1p1e'5|n order to
m nutes. The suEernat ants were renoved and th

pr BUNRYE thRex5Rss REMAU-t HhedRestiting pellelwasiof afﬂamg@b@@svﬁency
30 nL of DI water. Each washing step included a
entrifugation of thewmger to remove the
ss,. of sol vent the five resulting 10 sanpl es
ox RiSTTaEntolHboT® o @W%@Jﬁ%@ydevwﬁrenrwggedsﬁfeﬂw t han

 ofAd e ?b}-c%%ﬁ‘jw%mget"b Bl Htgtan o oa SM tosan
O BER g B gium%%eé}y@s 2 shil sl %x,;gpgrn?ty' £ c:)und n
1-4 15 T
fo%@%ﬂéfﬁg@ycg[ g\ﬁ?/%"gl%?bgwgfgehyde gol ufl ons

o S B PR ShePlodald B BRR 557 o) 30 mg
Of ePloothy SebRIGHRNHRNGHE 702 ¥R dr B halke L Of PBS

Each of the resulting DL-glyceraldehyde solutions a-e was separately mixed

with a solution prepared by dissolving 196 mg chitosan 10 mL of 0.1N HCI.
Each of the resulting six reaction mixtures was vortexed for 1 minute. To each
of the six mixtures 1 mL of fibrillation buffer was added slowly under constant
stirring followed by 15 mL of 70% ethanol/DI water mixture (v/v) which were also
slowly added under constant stirring. The reaction mixture was then placed in
an incubator and rotated for 24 hours at 37°C. After the 24 hour incubation 5

mL PBS buffer and 2.5 mL fibrillation buffer were slowly added to the reaction
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(Experinment 35/2). 20 c) 45 ng of DL-glyceral dehyde
di ssolved in 225 L of PBS (Experinent 35/3). d) 60 ny

wo@RooDlo2ggby cer al dehyde di ssolved in 300 L of PBXCT/IL2006/001009

(Experinent 35/4). Each of the above four
DL- gl ycer al dehyde sol utions a-d was separately m xed
25 ikfube %ll@ﬂlaamdy%n@%nappfr@(!nlm}rsé We?&tr@\ .%hih& |t 37°C.
di ssol ved in neutrali ze
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m ABF and fibdlfation uffars). The mbiturgs WEne tharslefttinrige incubator and
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bat
and Pstang b el fnk 4 818 458 45 R Aaf H3RARlen of the
PCTaubatiers HD siBGamplest (ere) twieze centrifugied ah 7000 tipre for 15 minutes.

comtErHhaaBEl 985S PR AH L8Pl oS aRBed wit 30 mLof 18

S uﬂ&lrﬁdtoweﬂsby\wrml_ pfDiovater. efath washingasep incligedaldeptrifugation

WaSOhI ngggvhnwa Si'g%ﬂq_ew&t’ p%%g\(ﬁa 8refxcé§ljl§c f0| l %‘Eﬁ‘@pﬁ/ve resulting

i n(slam;ilsd axtdlsitedr iaf ygaims'm cOfor5(\AH1|"t¢| W’pbi@ongér Othel€ I thk Oinitial
se separat | on

f sol vent .
e DRSS S TG it e o Eilksan SGuPo Biip bbb tedhg fmation
| n ohmyglydatibh@rdduel. Asaed| @ phask ééﬁarﬁ)ﬁherl’elsﬁlﬁil‘@r% 8rl lobserved
37/ 2, 37/3 and, 37/ 4, respecti velg EXPERI ME SERI ES

38/0¢! Rasg Yyps £ y1f°ﬂn%ﬁp?a 19020 ny of chitosan

were dissolved in 1 &EEE éi tslg E“é ar]Id 10 .

neutral i zed, usi ng f:)IeInE)wio' ;tl ggs
my orael el ae it BiieleBvin sabgo gL vpBgesred
wor &1 B 3 Pacbivertaigtige eoed in 75 lesf S ospeviony

c) 12@85my of DL-glyceral dehyde were dissolved in 600 L
of PBS. (Experinent 38/3). d) 160 ngy of
DL-ig) goen®y dghyleglyssradehyeeoldisadived §90194- Rf BBSPBS

(Experiment 35/2).

c) 45 mg of DL-glyceraldehyde dissolved in 225 pL of PBS
(Experiment 35/3).

d) 60 mg of DL-glyceraldehyde dissolved in 300 ulL of PBS
(Experiment 35/4).

Each of the above four DL-glyceraldehyde solutions a-d was separately mixed
with a solution of approximately 20 mg chitosan dissolved in 1 mL of 0.1N HCI
and neutralized (to pH 7.0), using 0.1N HCI. Each of the resulting four reaction
mixtures was vortexed for 1 minute and 12 mL of 100% ethanol were added to
each vortexed reaction mixture under constant stirring. The resulting reaction

mixtures were then placed in an incubator and rotated for 24 hours at 37°C.
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(Experinment 38/4). 20 e) 200 ng of DL-glyceral dehyde
were dissolved in 1000 L of PBS (Experinent 38/5). f)

wQ@ad7mep3ef DL- gl ycer al dehyde were di ssol ved i nPQROQ0gH001009
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of PBS (Experinment 38/6). g) 300 ng of
DL- gl ycer al dehyde were di ssol ved in 1500 gL of PBS 25

P48y oy S e, B A v

ZO@EMDIMSZN =0 |rm@@615)0mm The g@@rmajants were removed and

(PR RS e Sah MR W P BHGT e by

di smﬁhmgdmtrTﬁ E’HxOcﬁ ] WI:ftetPBScl’ll (vBxiting stmnhclﬁdh!dﬂfa cetriftR@tion of
t
e i SPOPl i GGG BIOHS K57 eiiesS S sPibutan b Plipss eparation

c o ebvasnnyatep mndxﬂha&tl'ﬁtbyalﬂ Qelgowltli Beo SBserokds Hvlavig tbofi the four

N REmPle sk (o etk ﬁﬁiﬁ/ﬁ?&é&pﬁqﬁ@&éﬁp‘%g@ ng oA

m nute and 10 ole added . to each
of the reacti omHi=x : Ering. The

reaction es 1 rethen a an i ncupat

i dPpispiteah 4 3y ﬂsw i weo s&fweﬂ ing hahl b HpiTG G and
of netigalizeaubsihg @M MeNaOH, TbhenﬁeeéqtscmmoﬁhﬂLULeglywé@ehyde
centrifu ed at Ié) 00 rpmfor 15 mnutes, the

supErnBE ﬂf’@' %JP Wsempved and the resulti ng peI l ets
wer ach with 10 f

e 7 gy wese dgsoBied i o0ty BB EXPErmgnt ¢
abovegg/pr with 10 nb of DI water (for 15 experiments
39/ 1- 4 above). Each washing step included a
cengyriobugt b DLAlydeRfdeAEPVEel MsSSI i B0DSIP\R PEHS
excess of solvent. In the final reaction products of
experEXReAiMentd82)s no phase separation between water
and the cross-linked chitosan gel could be observed.

| n ®He0f Maarf Phabiceiaidghydelware dissobgd1ing60(pwhsef PBS.

separg;( anbm& supernatant and a chitosan gel was
observeg ter é% centrifugation. The col or of the

r eagi 68N mg" B Bt Loy faiGtRAE | WEB! Gissiielr fh 386 LL of PBS

(Experiment 38/4).

e) 200 mg of DL-glyceraldehyde were dissolved in 1000 uL of PBS
(Experiment 38/5).

f) 240 mg of DL-glyceraldehyde were dissolved in 1200 uL of PBS
(Experiment 38/6).

g) 300 mg of DL-glyceraldehyde were dissolved in 1500 plL of PBS
(Experiment 39/1).

h) 350 mg of DL-glyceraldehyde were dissolved in 1750 puL of PBS
(Experiment 39/2).
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39/1-4 was observed to vary fromoff-white to
yell owi sh, with concomtant decreasing water uptake

wo@Roovhss3sesul ting cross-1inked chitosan gel foPCT/IL2006/001009
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i ncreasing cross-linker (DL-glyceral dehyde)
concentrations. EXPERI MENT SERIES 40/1-3 25 In this
exper t agt i fe
B por O “ofoDE gRSRldch g W6 USRI 2000 L A s
g, | (Emiel}me\leirii?liperforned with DL- glyceral dehyde
concentrations as follows: g) 300 ng of
DL-jp 1500 emg| afeBl-glycevaldehyils sirre edissoihvedi5in02500 pE dPESB3S
(Exp(eg% %{9}%} 34 WD 2007/ 026362 PCT/1L2006/ 001009
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( Ewgﬁf:amﬂﬁ)samwlﬁt)on c.’:'o)rnr;léglgng ﬁbro&fmat;iw?geﬁg:ghim?an dissolved in
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r esiitlirengasPedriexes fover mintk€&ntion Mk as U00%dethérel w&aé dda to
behaV| of of th product the results ar§5’| | lustrat.ed

IMVERFPS SERSESORSIRAL siring, The sgacign gpixtures

DLm@fé/th@hqilét%Hyid enViBtbatorsal Midted forSR0nalks @t 3PtC Wafter the
eri ment )-ribose we

3). b
d| g BpIGEeN PB”‘GOO%%H?“)B'P per'g&atherrggfct@ﬁﬁamueaeeﬁqwer@49em;nfuged at

Ea?bo@frprh her 39! Hihi@8Sthef s@pe’r‘ﬁlﬂaﬁ’ts Ay 9re%§ed3 %ﬁ@rtﬁé ?éslilting
mxe with a chitosan tion prep

d| pelists, WRte easpipehediwith 9 Omleofnb NG e%cyvﬁq bv \e@ﬁlﬂmgdwﬂrﬁ\mt
N of I sk peu b&@rﬂn@nw 381 2Bbid) 8N wihRi 180 nfPPofNDNGater (for

Each of the two resulti reaction m xtures was

v oPXREXiEeNtO39/1-4rAbeve)e washing step incholedia eentrifagzion of the
et ] p i .

1 38 ip U RHM ORI R D68t loRlon poguct
44bB$xpeUmeﬁtsr381126 dayshase s:ézara(iﬁx betwesn mtaterzalnd)the @0ss-linked

Afte r ent

c O%Fog?ré &e ?CHJéCF t)% 85??%?9 nr rs(tﬁﬁahggpreagtlon progucts oF 39/1-4, phase

separation into a supernatant and a chitosan gel was observed after
centrifugation. The color of the reaction products of experiments 38/1-6 and
39/1-4 was observed to vary from off-white to yellowish, with concomitant
decreasing water uptake of the resulting cross-linked chitosan gel for increasing

cross-linker (DL-glyceraldehyde) concentrations.
EXPERIMENT SERIES 40/1-3

in this experiments the conditions were an exact repetition of Experiment 39
described above except that only parts g, i and j were performed with DL-

glyceraldehyde concentrations as follows:

g) 300 mg of DL-glyceraldehyde were dissolved in 1500 uL of PBS
(Experiment 40/1).
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were centrifuged at 7000 rpm for 15 m nutes, the
supernatants were renoved and the pellets washed with

waoomo26B6NN HCl fol |l owed by washing with 10 nL PET/IIRD06/001009

10 DL- gla) cef BORs

20

25

wat er. Each washing step included a centrifugation of
the sanple in order to renove the excess of solvent.

ol 11085 ol BB Jefn hesPPer, I AP Ap o8F Pes
cr QBSpérimmtouogal had a brighter yellow sh color than
that of the D(-)-ribose cross-linked gel resulting

f r Q5@ prgrof Derylycéddidehydb wéfe Aiesolydiin 2600 ul of PBS (Experiment
PCT/ | L2006/ 001009 Spectroscopi c characterizati on of
cr 49¢) I [ nked pol ysacchari des Reference is now made to

g_ﬁ In the graphs illustrated in Fig
G aFet G e Pl RPHOER ers RTeS HaREAHN "XRERIMENT

Sa@@mss@m -4,28 dRekeat @étaﬂﬁé:‘eﬁwa‘b@@é’ esents the
wavel ength in nm In the graph illustrated in Fig. 4,

t h?hé eésmt. dg?%lellé%'ﬁeré %@%P%Jshﬁnﬂ@%%nﬁ B&hatibe of the

hori zontal axis represents
\Aﬁ@&ﬂ&'ﬁi@dﬁhe(fﬁwlﬁrﬁ@é'uétfat@WF)FlgFﬁ?)g 1 which is a

schemati c graph representing the UV-Visible spectra
of A oot Unert onal EXSERWENTSERIES 4413 ( AFHa)

(represented by the dashed curve 10) and of
ﬁo@y@raéehmdema disspineq inepP@ b rof B weler

the 10 obtained in accordance with an
n@k)m?‘%“rwxanit hod

enbodi of the present invention.

Th f
sl L o R PhrRe, Rl HERbRGh P00 e S wher g
as di sc(]Ewedmentwﬂ)al her ei nabove) and the solid

line curve represents the spectrum of the DL-
gI yc&@hdﬁﬂmltﬁbos of & antt bchbpve was sepavatslynrmitked with a chitosan

cont 8T Harered nL BsbBiRhe BEb gy 1B PR el 5 a0
pol-lﬂtamd heauirdiizirmnthel solwioni usirtgs0.9NridaQj. absdr biatheedwbd mesulting
t h and 285- 355 whi
? Jcﬂ?ﬁ?m%[x e%é?%sggg%exg]g ff q ng{,lﬁeo%ndppw&%ic \{Véﬁﬁ rph of 100%
cr e’ehanbﬂ nkhengacEmchixames Wega placedsinaarsiobabatbi andyratgthd for 24
resen he UV- ectra of 20 r|b
cr BRES AR (RRSprmipnt 3L Ty 3°ES bRt St i ripene 4dia)
3g)AﬁerE34|(1qye)twe jftehdr S ubsticrsserlods M\eebbé&hme{erde ﬂfe&‘é@dlitto@lgmgwres
the solid.curye an - )-arabi nose cross- |inke
AFHETS P@%Pfilg_%%@e 168, ineordis, FihB S otaE e domved
acend anpélien Wwhshed with 40 mL 1N HCI followed by washing with 10 mL of
DI water. Each washing step included a centrifugation of the sample in order to
remove the excess of solvent. Both experiments resulted in a soft gel. In the
gel resulting from Experiment 44/3 the DL-glyceraldehyde cross-linked gel had
a brighter yellowish color than that of the D(-)-ribose cross-linked gel resuiting
from Experiment 44/4.
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enbodi nents of the nmethod of the present invention.
The sanple of the D(-)- ribose cross-Ilinked HA was

w@bdoaiese2 f rom t he sanpl e of Experinent 67/1. H¢EII2806/001009
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sanpl e of the D(-)-erythrose cross-linked HA was
obtained fromthe sanple of Experinment 67/6. The
sanpl e gl $B& 'ah'a?éc"{’@r 2RSS oftrBSSidKeR o hwgaeﬁ

obt ai ne .
hi ft fgt [ i

sUgar s W Shen S 2o 3%3%“?3“% 34 g oy Al RBRIA PR 1-

S u@aﬂWeW@sﬂCﬁt xiprapressnts the@bsorbance efithe Isaspke, agd thathorizontal

20Q7 ti j ¢

an e PRESEC Hle Wt BRI AR QER SFRLIAEEN P, the

enugitioal aissrep(eseils theribsdrbiance hetheeseiile randrhg hoBzortalaaxis
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l Rrgss inveAtion, aﬁ‘ﬁ% é‘aal?ecf R'ée Bklee rlePBagggts tﬂe spectrum of a
cr esmplbldﬂ b&ﬂ'ud:ﬁ]httmahze(ddﬂm YAFHAR) 1 wq)ré@aré@faedlge@séd detail

Ie of er| 44/ 4. The sa e of
o GRETEPaG o0 (5ol (e, esete Hp pesiyn,glsine DL

0 bb@bé}@@eﬁyd&%rbbﬁllﬁl@'mir@dmﬂ obfakRRih 'Eiﬁbrlﬁ&/ﬁ 72M"as described

contrast to the sanple with unnodifi

(nberEEEsse | | Iﬁkéawtr%%w'tﬁéhﬁ ARTHA It \160 sfAlesther cross-linked
CthI?%&th’id?—:se?arﬁFIQ lQRibid Eéﬂ% oFtB &8n g{bdrange of 225-235 nm
e | DIt ed a

ycer al deh 15 exh ance bsor bance
ar @wQBQ%Snmh(qbogev bh@‘cafﬂdheafﬂﬁnﬁﬁjloﬂiﬁ glygsition| products in the

abé%gﬂﬂﬁi%ﬁé“fi&‘? assunmed gl ycati on products and

possi ig. 4 is a schematic graph representing

the FOLF"@; ef is baRRLAER b 3 r@é@ntlﬁd: THevaﬁﬁé?EIE rs‘%e&fa of D(-)-
hyal uroni c aci dé\% epresent e the dotted curve 46),

AFFiposer @m%%ﬁd My(remseymhbwtfmdaséemuwmﬁo) D(-)-erythrose
hgﬁg% Frﬂ{? acur Veéjggdgg I n a cor glhdg".;e:dfl% t% 5% bg—f-ﬁ@hﬁlgs%%oss-
t hénkedeAfind (rgprewnieqa b dendotied\awnie 84), olithised in aeeprdance avith

r eRMESEMERs dihd ReBRACH HEpseRY RULHHBA! CTIRCEndE Y B D()-

ribose cross-linked HA was obtained from the sample of Experiment 67/1. The
sample of the D(-)-erythrose cross-linked HA was obtained from the sample of
Experiment 67/6. The sample of the D(-)-arabinose cross-linked HA was obtained
from the sample of Experiment 67/2.

Peak shifts are possibly a result of the different reducing sugars which were

used to cross-link the HA. Each sugar has its own specific chain length and
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The dashed curve illustrates the IR spectrum of the
am no functionalized HA (AFHA 1150). The solid curve

WO e@res@set s t he spectrum of the sanple of DL 2BCT/IL2006/001009
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gl ycer al dehyde cross-1inked HA obtained i n Experinent
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detail in Figs. 5-7
glyceraldehyde cross-linked HA obtained in Experiment 33/1. The IR spectra

of Fig. 4 show the range of absorbance of the carboxyl (COQO") groups and
overlapping with these absorbance in the range 1610 — 1550 cm™ and 1420 —
1300 cm™” the absorbance of amide and amine groups (1650 cm” and 1560

m”, respectively) which may shift to higher or lower wavenumbers, depending
on their environment. In addition, an absorbance in the range of 1740 — 1700

cm”  appears after the cross-linking. Typically, the absorbance of carboxylic
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TABLE 2 Experinment No. Conplex viscosity Irl*1 in
Pascal or product nanme at an oscillating frequency of

w@2@1/024862 53/ 1 248 (not extruded) 387 (extrudepPCT/20e5g01009
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a 20G needle) 53/2 526 (not extruded) 643 (extruded
through a 20G needle) 53/3 929 (not extruded) 483

( exkidddadwbineugd a%s@r@@]é@@ﬂbﬁdes%d\@n%ogéﬂ%z%and in this
PCT/ 112006/ 001009 _Experi nent Conpl ex viscosity

j r wayeleRgthgpes (0bA 740- %QR:?mn)aﬁwcata"zm theseifynciipnal groups exist
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Physical characterization of cross-linked polysaccharides

All characterizations of the cross-linked polysaccharides obtained in the
experiments described hereinabove were performed using standard methods on
a model HAAKE RheoStress 600 rotational rheometer commercially available
from Thermo Electron Corporation GmbH, Germany. In all measurements, a
model PP 20 Ti PR rotor was used with a model MPC20/S QF measurement

plate cover. The measurements were performed at a Temperature of 23 °C.

All rheological tests where performed using oscillatory measurements
method. 400 pL of the tested material were placed between two chequered
plates of the rheometer. Sinusoidal stress was applied to all the samples at a
frequency range between 0.01 and 10 Hz. The resulting values of the complex
viscosity [n*| are given in TABLE 2 below. Selected rheology measurement

results are also illustrated in more detail in Figs. 5-7

TABLE 2
Experiment No. Complex viscosity [n*| in Pascal
or product name at an oscillating frequency of 0.01 Hz
53/1 248  (not extruded)
387 (extruded through a 20G needle)
53/2 526  (not extruded)
643 (extruded through a 20G needle)
53/3 929 (not extruded)
483 (extruded through a 20G needie)
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n Figs the verTical axis represents the conpl ex
scosity ( Irj*j) 3871328 hbyrsahd7 °Ch t he hori zont al
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5436 (48 hours at 37 °C)
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Restylane® lot:7349 | 2216

Perlane® lot:7064 2419
Hylaform® lot:R0409 | 614
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It is noted that when multiple measured values of m*| are presented in
the right hand column of TABLE 2, the first indicated value represents the result

of measurement of the final reaction product sample as directly taken from the
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experinment 54/1 (which was 20 cross-linked with 150 ny

w@booD2ggby cer al dehyde for 24 hours at 37C). TheCT/il20&d01009

10

15

20

25

30

triangles represent experinental data points obtained
for the cross-linked matrix of experinent 62/1 (which

naginar Qsiiet ke dindkthytaRO0 1t e Qmidbes bRl EN¥ifge! BF the
24 hours at 37C). The open circles repregent
ex Peslylana®alPedane® poidnityafooh® sdamples).oDtheheneasured [n*| values

CORFE-SKE S L5 B0 AL S B3 o SSgpegpen

seehow mesulte aptaipéd &bmrthg.sabe samwpieakichowadfirther processed by
DL- gl yceral dehyde ncentration ynder sim/l ar. L
reggl?exo%d@gﬁ‘@i heoﬁ%r%@feg f%gga?wtqeﬁgllen e'5§'8§te?h'8 detail within
Vi lsar@ﬂtﬂe}%isoafftdeirlﬂm n@seridal V@u@)rmﬁ@-ﬂjﬂlﬁﬁﬂﬁbulbatir&g g1e sample for a
pol ysacchari de.. Fu ronore, t cross- |Ljinked "
Do P e Brod B PRI Fsrbe e nanar of bosation s specified
whircthe pafentiests foMbwin@ thy nimesrizboeivgle were used in the
cross-linking mxture) has conplex viscosity 40 WO
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the exact numerical values).

As may be seen in the graph of Fig. 5, increasing the DL-glyceraldehyde
concentration under similar reaction conditions significantly increases the
viscosity of the resulting cross-linked polysaccharide. Furthermore, the cross-
linked polysaccharide resulting from Experiment 62/1 (in which 300 mg of DL-

glyceraldehyde were used in the cross-linking mixture) has complex viscosity
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the those of the comrercially avail abl e hyal uronic
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Hylaform® Plus Lot Number R0409 (see TABLE 2 for the exact numerical

values).

As may be seen from Fig. 7, when the complex viscosity values of three

commercially available hyaluronic acid based injectable gels and the DL-
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Degradati on resistance assays were perfornmed using
Hyal ur oni dase digestion and U onic acid/ Carbazol e

w@as®ap2aset hod as described in: Carbohydrate APEIH/I2065/001009

A Practical Approach, 2nd ed.: MF. Chaplin and J.F.
20 Kennedy, IRL Press at Oxford University Press, UK
19YycetdIGEHYdE cldbsAPRES BIA HeBed poRsacitfiride %Eﬁbehﬁent 771 are

i ncorporated herein by reference inits entirety for

al Icomparedostbe. complexe¥igpasily ovaluere measuracorrelagansistently and
di [

0, SSFHEAMERRE 1511l A8 B khens 771
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di mtmca A LBONb. p34Dlandaherie. théh leigh ifleg theomplex viscosity
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Pr athterias ussr IIRBYtheti?Sfigdry@ind doBReli®@Bibbsddd While the improved
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TSl BRALtec Detin PRV SHRB S peTefv9q9s b Rbueer gy s pneleloss

15 Of s@iDBadily Mjedtatsib B18(dH nddafls MEMAIORA 308 hee@ach m xed

25

with 10 250 gL NaCll (0.99% solution and 60.8 units of
hy Ehgyrasti clisseadition edsi®shdensafysgl. of DI water and the
sanpl es were incubated at 37 C. Sanples were taken at
c o Ns ec ubégradatidno tEFs;slté}’(Cjo%r u@éa@s akérer péﬁéhtfﬂébl NGsifhd) & aluronldase
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15 the resultlnggsupernata

L
20 o Ren Lﬁsﬂ@gﬁ?lo %&WW%Q"&’&F%‘M?&P@ A 4994, AR 911.9996@649-
t hepoaghagzal, emm&;hay ifioRsc? et herdiR Dy aaAPERRNA BtsV@irety for all

purposes.

The results of the hyaluronidase digestion experiments of some the
above disclosed experiments are given in Fig. 10 below. Two experiments were
performed:

FIRST DIGESTION EXPERIMENT

1a) Digestion of cross-linked HA

Five samples of 200 pL of cross-linked amino-functionalized HA resulting

from Experiment 75/3, were each mixed with 250 uL of NaCl (0.9%) solution
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Reference is now made to Figs. 10 which is a schematic graph

illustrating the carbazole assay results of digestion by hyaluronidase of DL-
glyceraldehyde cross-linked amino-functionalized HA and commercially

obtained Perlane®.

The vertical axis of the graph of Fig. 10 represents the absorbance of the
tested samples at a wavelength of 525 nm, and the horizontal axis represents
the time in hours from the starting of the digestion test. After taking into
account the fact that the Perlane® samples (the data points of which are
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in Fig. 11. The absorbance val ues of the Perlane(r)
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SECOND DIGESTION EXPERIMENT

0.1439 mg cross-linked HA or 0.1507 mg Perlane® (Lot No. 7064) were
each separately mixed with 250 pl. NaCl (0.9%) solution and 60.8 units of
hyaluronidase dissolved in 50 pL DI water. The two resulting digestion reaction

mixtures were incubated at 37 °C. After 4 hours of incubation the two samples
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dehydrated form of the cross-linked HA is negligible. After the described
washing procedures (in which the reaction products where re-hydrated by the
final washing (for example, in 5 mL of DI water in experiment 35) the resultant
gel was transferred into standard test tubes and the volume of the gel (in mL)

was determined.

Reference is now made to Figs. 8-9. Fig. 8 is a schematic bar graph

illustrating the results of measuring the swelling behavior of amino
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25 obtained in Experiments 40/1, 40/2, and 40/3 (represented by bars 62, 64 and
66, of Fig. 9, respectively). The leftmost bar 60 of the bar graph of Fig. 9
represents the result of hydrating non-cross-linked chitosan in an amount
similar to the amount used in the cross-linking EXPERIMENT SERIES 40/1-3
but without using DL-glyceraldehyde (a non-cross-linked chitosan sample). The
30  amount (in mg) of the DL-glyceraldehyde used in the cross-linking of the

chitosan samples is indicated on the horizontal axis of the graph. The volume
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fibrillated coll agen was concentrated by
centrifugation (4500 rpnm). EXPERI MENT 1 Three

walpdofeeast test tubes were prepared each cont ap@i/ngodsAD1009

ng 15 fibrillated coll agen added to a m xture of 14.5
m. of 10 mM PBS buffer (pH 7.36), 5 nL of
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tubxsmpﬁe‘shlustnated anFigs®).rring. The 25 reactl on

m xtures were vortexed for 1 mnute, and were rotated

i n Composite)ipatrices atad@ byCrdssrlinkidgadthiissanAindicbkagend of t he
i ncubation period, the m xtures were centrifuged for
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deep 47 WD 2007/026362 PCT/1L2006/ 001009 vyellow. In
case c) congl oner at es of EXPERWMENTIKed chitosan were
found inside the paste. EXPERI MENT 2 Three different

test t ubwee wiifferept destr bdbesawarec preparati rgeH 4@ntaining 140 mg

o L8 880 8 i, PR ALy 3 bl Tl o

20
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rrL 7@6), 15)6% dtﬂluaihaﬁorabuffe’%fipmpat#d 43 digtlyseer ial ditdilytereinabove),

m 30 dPE 09y BN o405 m LB pase, itoleR: o B Pes

sobuﬂeroﬁ'sheaeadnoahdﬂuremaeWbl@@@ded as follows: a) 13.5
ng of chitosan were dissolved in 2.5 nL of 0.1 N HCL.
10 Thieeififergntahitedzn sidationear b add swary péparedasFolltwsof

0.1 NHCL. <c¢) 54 ng of chitosan were dissolved in
102ap1 3k myf of ©hitoddn@kre dissolved in 2.5 mL of 0.1N HCL

b) 27 mg of chitosan were dissolved in 5.0 mL of 0.1N HCL
¢) 54 mg of chitosan were dissolved in 10.0 mL of 0.1N HCL

Each of the solutions a, b and ¢ was drop-wise slowly added to one of
the collagen/D(-)-ribose mixtures in the test tubes with constant stirring. The
reaction mixtures were vortexed for 1 minute, and were rotated in an incubator
at 37 °C for 12 days. At the end of the incubation period, the mixtures were
centrifuged for 15 minutes at 5000 rpm. All the resulting reaction products had
a paste-like consistency. For increasing concentrations of chitosan, the

yellowish color of the products also gradually changed from off white to deep
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EXPERIMENT 7/1

Five different test tubes were prepared each containing 108 mg fibrillated

collagen added to a mixture of 9.8 mL of 100% ethanol and 14 mg of DL-

glyceraldehyde dissolved in 700 pL fibrillation buffer and vortexed. The five

25  collagen/DL-glyceraldehyde mixtures were rotated for 6 hours in an incubator at
37 °C.

The following five chitosan solutions were also prepared:

a) 53 mg of chitosan were dissolved in 3.2 mL of 0.1N HCL
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Three different test tubes were prepared each containing 108 mg of

fibrillated collagen added to a mixture of 9.8 mL of 100% ethanol and 14 mg of
DL-glyceraldehyde dissolved in 700 uL of fibrillation buffer and vortexed.

The following three chitosan solutions a, b and ¢ were also prepared:
a) 53 mg of chitosan were dissolved in 3.2 mL of 0.1N HCL.
b) 107.5 mg of chitosan were dissolved in 6.4 mL of 0.1N HCL.

c¢) 161.3 mg of chitosan were dissolved in 9.6 mL of 0.1N HCL.
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15 water and added to the m xture and the pH was again
adjusted to 4.75 at room tenperature. The reaction
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conti nuously adjusted to 4.75. The reaction m xture
was | eft overnight with stirring. The solution was

Len L1 Bae Bf 8 Lolitbhs 8, BBV iael iy AleS DL EG0 e of

al ternati ng I'S agal nst
wa e IME@&MItuInQS(CQIﬁman the Zibllagan)/DLl-gtybéramEhm-lnMBres with

LR T Y —

st ootetddatbr 24 Gourst mIanumewbatoﬂ-H% I o-Aftenche endibf thatin€uibation

PR e s vhed smintioarl " P PLARS e oD insesuiting

I\Ioreébﬂaﬁ@&ﬁiuf:fsdmdl\dowéﬁ@tlké é!orEMfélﬁIyOIP&' |Néf§ésn%5bc§hcent25tlons of

Vi n cu in the range of
1+ PRy Re vidplishicoBs bt Bte piodete sratpitpincigries Taport-whit
7. @ Bright yandwpi ¢ aci d di hydrazi de (ADH) were added to
the m xture. The pH of the resulting solution was

adHeptigt amihofthtiondliafien t he sol uti on was stirred

until a honpgeneous solution was obtained. 760 ng of
1- et hy56M mgdéfniséayin sudium [EFO[B4tdh dlatl 9898G30) Gre dissolved in

di l.ved
o 08l DETRRE" 70l BF St et piseeis (Bgur etk diecda the
t 0 miXtOreV\Or HEOPH /oﬁﬂﬁaﬁgulﬁ@r 66ILESHORAHEANOB td 478 aHd theSBlution

t t dDb t
LB SRR 2 PSR RCHPMED o OPIATSL A0 A gk aihy-2-

t O (qiirlethyl” 8mindbRIpy 1) @arsodamae Iﬁfdr&&ﬁl&@l@'v@’asb&s%\;&ﬁﬁzdo mL DI
thereactlﬁjg m xture was left for an additional hour

or Vg AR gied o theitive aRd m?sp'r' s ageinadiestedip 4.4p gt goom
di ednseratufel DPher Réhcllo Uit froRflorel 18 Wnﬁaﬁhq;%éj'pﬁ ¥Rich was

agai nst DI water and against a D ‘water/ethanol
m Kenfineopsty adysted thdi 5. nihearsactien rdduecivag Iefi Queenight with

di &erﬁ?t'ﬁae Jh6tidH why ARA tra?@fé#rteblqmov@@la%@rfﬁf)@ Eﬁé? guﬁjgﬁré]tgd to

S liter of 100% et hanol wer e _
t hé't‘?ﬁ‘ﬁ‘ﬂ'w dalypis agpinet Rwater a egmwra Dj \Mat@r/@kéanqlomxture (4:1

se t c t d t n )
o2 A1 5 B el T Sy TR Ty
suf}l@ﬁh%rtaéiﬁ@d %@Barrrbsﬁsimﬂ EP¥Heparésiy) wiag gtored at 4 °C until used.

am no- functl onal i zed HA (AFHA I1) was stored at 4 C

ung£fa incfignalization proeeduretal i zati on procedure 111

2.5¢g of HA 150 (SSOdI um hyal uronate Pharma G ade 150,
comer c3-419 §f HA 150 (sodium Hyaluronate Pharma Grade 150, commercially

available as product No. 2222003 from NovaMatrix FMC Biopolymer,Oslo,

Norway) having a molecular weight in the range of 1.4-1.8 MDa were dissolved
in 2.0 L of DI water and 7.0 g of adipic acid dihydrazide (ADH) were added to
the mixture. The pH of the resulting solution was adjusted to pH 4.75 and the
solution was stirred until a homogeneous solution was obtained. 760 mg of 1-
ethyl-3-(dimethyl aminopropyl) carbodiimide hydrochloride were dissolved in

10.0 mL DI water and added to the mixture and the pH was again adjusted to
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resultl nctlonallzed HA (AFHA 111)

st or ed 2\% 94é?dq§ﬂﬁﬁl(s?@% hyglureqste Ghames Esede 150, ¢ commerC|aIIy
PCaVdilaBR084s A8 N&A2201008- frovAC NbesMdtHE M@ MBiopolymer,Oslo,
procedure |V 2.4 of HA 150 (sodi um hyal uronate
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t he m Xt ure. eresutlng sol ution wa
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hon®e ShE P Syt edQQQh%HH%re]? flﬂgepl—?’még Ssg%djuséed to

am nopropyl) car od| I mde och
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COH&Q &?’eo@ﬂ{i&!ﬁ.t eﬂ1e gcnﬁtion was then transferred into a dialysis tube and
subjected to alternating dialysis against DI water and against a DI water/ethanol
mixture (4:1 v/v) until no ADH was detected in the dialyzate. The dialyzed
solution was transferred into 3.5 liter of 100% ethanol, 5 g of NaCl were added
and the mixture was stirred for one hour. In order to separate the precipitated
modified HA, the solution was centrifuged for 20 minutes at 7000 rpm and the
supernatant was removed. The resulting amino-functionalized HA (AFHA Il

was stored at 4 °C until used.
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reaction mxture was left for an additi onal hour or
over night. Subsequently, the solution was
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03mi@%/180% sthanpbwere pregarédcubat ed for e| ght een (18)

days.

A solution containing 900 mg of D(-)-sorbose dissolved in 9 mL of DI
water was added to the first AFHA I 150 slurry by placing the cross-linker (D(-)-
sorbose) solution under the AFHA | 150 slurry and vortexing to obtain a
homogeneous mixture.  The resulting reaction mixture was divided into three
equal portions 1, 2 and 3 and each of the resulting portions was placed in an

incubator and rotated at 37 °C as follows:

In Experiment 03/1056/1, portion 1 was incubated for six (6) days.
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After the incubation of the reaction m xtures 1-6
above was conpleted, 40 nL of DI water were added to

we@2aoh/oof362 he reaction m xtures 1-6 and the nm RETI2806/001009
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experiments 03/105/1, 03/105/1, 03/105/2, 03/105/3, 03/105/4, 03/105/5 and
03/105/6, and a brief description of some observed characteristics of the pellets

are summarized in TABLE 5 hereinafter.

EXPERIMENT SERIES 03/114/1-4

Experiment 03/114/1

A slurry containing 50 mg AFHA | 150 in 2 mL of 100% ethanol was
prepared. A solution of 50 mg D(-)-fructose in 1.5 mL DI water was added to
the slurry by placing the cross-linker solution under the AFHA | 150 slurry and
vortexing to obtain a homogeneous mixture. The resulting mixture was poured

into 40 mL of 100% ethanol. The reaction mixture was placed into an incubator
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above, except that the reaction m xture was i ncubated
wth rotation for four (4) 15 days instead of two
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resulting pellets of experinments 03/114/1, 03/114/2
03/ 114/ 3 and 03/ 114/ 4, and a brief description
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hormgenous m xture. The m xture was then poured into

ML Ofnel QQT8REIR IR pe-m)?mecf %%Lﬁésbp&éf ﬁ?%&g@ﬂg%pg?fﬁ4l1

vvas pl aced 1n an I ncubat or rotate
37 alphvepexedpd thatdhefeactien m»(turba/vasoincmatecbmth ddatidn fof fdDir (4)
vvacfﬁr were added to the 54 WD 2007/026362
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per f or e asmglexcvisdosily fvaluee xgeterintinsd f&%é%mtin@hmuets of

R T R TR e
Expesome nbsORed Hhamacteristics of the pellets are summarized in TABLE 5

hereinafter.
EXPERIMENT SERIES 03/140/1-4
Experiment 03/140/1

A slurry containing 50 mg AFHA 1 150 in 1 mL of 100% ethanol was
prepared. A cross-linker solution was prepared by dissolving 300 mg D(-)-
ribose in 2.0 mL DI water. The cross-linker solution was placed under the
AFFA | 150 slurry and the test tube was vortexed to obtain a homogenous
mixture. The mixture was then poured into 40 mL of 100% ethanol. The
resulting reaction mixture was placed in an incubator and rotated for 5 days at
37 °C. At the end of the incubation period, 40 mL of DI water were added to the
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15 The experinment was performed as described for
experinment 03/140/1 described above, except that the
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of SRRIVEHELHAMLIA Waleh od, 40 nL of DI water vvere 10
added to the reaction mxture and the resulting
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solution (10 MM 36) and centrifuged at

f offugions digeelved i %lﬁil“@ierw scosity val ue deterni ned
for the resulting pellets 15 and a brief description
of sone observed characteristics of the pellets are
sunmari zed in TABLE 5 hereinafter. The results of
experiment 03/140/ 6 deResimentd3ft I4§f the use of
reduci sugars for cross-linkin

am no- f ?Mﬁffmer’was pftﬂrfygaﬁ;cl:ﬁarqea%r&oqufor]@e(p?rlmené&i'mo”

above, except that the cross-linker solution included 300 mg D(+) glucose

dissolved in 2.0 mL DI water, and the pellet was not filtered using filter paper.

The complex viscosity values determined for the resulting pellets of
experiments 03/140/1, 03/140/2, 03/140/3 and 03/140/4, and a brief description
of some observed characteristics of the pellets are summarized in TABLE 5

hereinafter.
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usi ng sinpl e reduci ng sugars and that various

di fferent reducing sugar 20 derivatives nay al so be
waemcesstul |y used for obtaining the cross-I| i NREMIL2006/001009

pol ysaccharide matrices and conposite matrices of the

present invention. EXPERI MENT SERI ES 03/110/1-4
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de§&dér§’tf6ro&oss-lmkmg amino-functionalized polysaccharides is not limited to
using simple reducing sugars and that various different reducing sugar
20  derivatives may also be successfully used for obtaining the cross-linked

polysaccharide matrices and composite matrices of the present invention.

EXPERIMENT SERIES 03/110/1-4

Experiment 03/110/1

25 A slurry containing 50 mg AFHA | 150 in 5 mL of 100% ethanol was
prepared. The slurry was mixed with a cross-linker solution containing 160 mg
of DL-glyceraldehyde dissolved in 8 mL DI water by placing the cross-linker
solution under the slurry and vortexing to obtain a homogenous mixture. 6.5 mL

of the resulting mixture were poured into 40 mL of 100% ethanol and vortexing.
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20 of sone observed characteristics of the pellets are
summari zed in TABLE 5 hereinafter. EXPERI MENT SERI ES
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The complex viscosity values determined for the resulting pellets of
experiments 03/110/4, 03/110/4, 03/110/4 and 03/110/4 and a brief description
of some observed characteristics of the pellets are summarized in TABLE 5

hereinafter.

EXPERIMENT SERIES 03/131/2-5

Experiment 03/131/2

A slurry containing 50 mg AFHA | 150 in 2 mL of 100% ethanol was
prepared. The slurry was mixed with a cross-linker solution containing 140 mg
of DL-glyceraldehyde dissolved in 6 mL DI water by placing the cross-linker
solution under the slurry and vortexing to obtain a homogenous mixture. 3.5 mL

of the resulting mixture were poured into 40 mL of ethyl acetate and the

57



C. At the end of the incubation period the tol uene was
washed out by adding 30 nL of 100% et hanol to the
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10, 000 ypm for e[ n o
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mte rature. The m xture was then centrifuged
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solution (0.99%. mXxed with of PBS buffer
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description of sone observed characteristics o
7000 rpm for 20 mmutes The ethanol washing and centrifugation was repeated

two more times. The resulting pellet was washed three times with a mixture of
25 mL DI water and 20 mL of physiological NaCl solution (0.9%) and
centrifugation at 7000 rpm for 20 min. The final washing step was performed by
re-suspending the pellet in 40 mL of physiological NaCl solution (0.9%) mixed
with 2 mL of PBS buffer solution (10 mM, pH 7.36) and centrifugation at 7000
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pellets are summari zed in TABLE 5 hereinafter.
EXPERI MENT SERI ES 05/08/2-4 Experinent 05/08/2 25 A

w@karogedennt ai ning 50 nmg AFHA 1 150 in 2 nL of PADO%906/001009
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25

et hanol was prepared. 100 ng DL-gl yceral dehyde were
dissolved in 3 nL DI water. The AFHA 1 150 slurry was

cr SR % 20 e TR v e e KRl BB el O opt o

votasting.ng to obtain a honogeneous mixture. 5.0 nL of
the resulting mxture was poured into 40 nL 59 WO
200h¢ 0oBBIER VRCTily|V20Es/delroD@ed fof thd rehltingqraletsarf exaronents

th t aghj ' r I [n_an.

ool STefe: 03Aa187 QalRATL B3N G a S Aelofon gfsome
endbsErvdcheharanteristits ofthe peléte dre3sunaidedPBS ABLH Bhereinafter.
solution (10 MM pH 7.36) were added to the materi al

and m xed and the resEXPERIMENT@3Msi6en was centrifuged
at 7000 rpm5 for 15 m nutes and the supernat ant

r enovedA slling gielioDehg WA let80° mezi ndlLosf 100€4s éthafol was prepared.

Ex ' t 05/0 h ' t )
oS08 MR- pHE BBy deniens A5 g0 By Pish B Solyien (10
40mm, pbf 7136x ame MEHA |US0dlirAskaa @l with the @éss-IHRer solution
di chl ororreLhane. Experinment 05/08/4 A slurry

coP¥ AlaiNgghe §rong-iafpisojutipgoundgr therAFHA 1115808 e anortexing
Veg otbAPRhemhogddultnidurd! VAR ?éSGEiFﬁé%xﬁﬁé ﬁ/ag!pﬁgh\{ﬁt@ an
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t heemaved] thenpgeliat wasr e-suspepdad 8040 mb Diowater apél the resulting

di : t i i 3 Xt

ol Sicageich Yk efter 1EN0RS Ut g EFRELLEE ThE s then
C. centrifuped eh@ QX rpnhier i@treinuteatanditine peliet iwas washied dwice B re-
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r o fopehi B 10 Bt SEPHEloicet R SaR b ¢k NG Al o
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temperature of 37 °C. The complex viscosity values determined for the
resulting pellet and a brief description of some observed characteristics of the

pellets are summarized in TABLE 5 hereinafter.
EXPERIMENT SERIES 05/08/2-4
Experiment 05/08/2

A slurry containing 50 mg AFHA | 150 in 2 mL of 100% ethanol was
prepared. 100 mg DL-glyceraldehyde were dissolved in 3 mL DI water. The
AFHA | 150 slurry was mixed with the cross-linker solution by placing the cross-
linker solution under the AFHA | 150 slurry and vortexing to obtain a

homogeneous mixture. 5.0 mL of the resulting mixture was poured into 40 mL
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washi ng step was done with 40 nL of PBS buffer
solution (10 MM pH 7.36). The m xture was then

weenrneddeged at 20000 rpm for 45 minutes and tPEI/IL2006/001009
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supernat ant renoved. 25 The conpl ex viscosity val ues
determ ned for the pellets obtained in experinents
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dissolved in 2.5 nL DI water. The, AFHA 1 150 slurry

was m xed with the cro&xperimest 08508/3ti on by pl acing

the cross-1linker solution under the AFHA 1 150 slurry.
Addi t i obrs eyperieat wat peffofmdsl a$ ldesertbedalior ﬁyparlsteot 105/098/2

Fi P et i B AEPE et v SR ot drat fpemt o

r eslichtarorgethand. ur e vvas vortexed to obtain a

honogeneous m xture. The resulting m xture was added
into 40 nL of 100% et h&Expeériméht05/08/dl ti ng reacti on

m xture was placed into an incubator and rotated for

3 days AtslBF €ntahing 0 mgdABHA timsa mcmtmli lobn0P%r etadnol was

t he m'xt rif d. at 9000 m,for, 2
ndrdtid | St ¥ DR RVeel Ak e dieso Bl i A flgmeter “The
pelAIFeI‘A wm shashesl wixed with tind_crioks-Weke? solatioh bg prat:rnlgftu@ efbss-
0000 mfor 30 m n es. The resultant pell et
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m nut e. eni zed m xture was centri

9oebd'eﬂwh¢ﬂ*err arzb @i rRskIting @aet'qrh@leasal%ﬁw%msa water bath
I eBRY %ﬁlake-ﬁh’gr 5 @§§" bt sdec Pk kRt er’(@éf tk8 \Afa?e?q{a‘l’f?ﬂcﬁl@étlon penod

testi ng. he conmp ' ex viscosl ty val ues determ ned

t hé5mals §f IPB\$gbUff?éIS|°b'l“°%r%0 aNbr P73 swerepadded t@fth% cmultmg
obaRkRY ABaAhREd 85 h&RI He MAferRe! TR régultm%;h%Angrémgn was

resul ti ng co osite matri x are summari zed |
hecentrfypedat 7 r IoEAT rompesand thessupematant removed. The final

washing step was done with 40 mL of PBS buffer solution (10 mM, pH 7.36).
The mixture was then centrifuged at 20000 rpm for 45 minutes and the

supernatant removed.

The complex viscosity values determined for the pellets obtained in
experiments 05/08/2, 05/08/3 and 05/08/4 and some observed characteristics of

the pellets are summarized in TABLE 5 hereinafter.
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A slurry of AFHA 1 150 in 100% et hanol was prepared
according to 25 TABLE 3. DL-gl yceral dehyde was
wale®soteser in 1.0 nL DI water in an anount as PCT/IL2006/001009
di scl osed in TABLE 3 bel ow. The AFHA 1 150 slurry was
slowy added with continuous vortexing to 2.0 nL of a

oAl o e SR GELLARED. 127 %
e 6l VRS AR [ D P

nL 66820160ss- | i nker soI uti on was added to the
col | agen/ AHFA m xture and the 61 WD 2007/026362

PCT/ 1 L2006/ 001009 conbXRERIMENE 03/84/2as
turrax-honogeni zed at 24000 RPM for 0.5 mnute to

5 obt ai n A shisryoofedl 0gsARAt (158, in Bhil hod oG %nethamb! vwast prepared.

2 0B AR B Tl 04 1 S g B P2

r oDatvedtiero e PARHA lalt50${ur€;z wab nhikedl @itll tiod cidss-linker solution by
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different reaction mxtures for experinmen
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sp@t:?‘?QOQd?E’M fanBringe. Tiechoxmagenized Huxtgteuwas cantrifuged 89000

L0 2GS s BRI 4 A ot v
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bl e RRAR A A S Wl PR b e potet o
i ntheceswiihg mrﬂp&BﬁEn&trledwe somossizéd iMKIBABLE 5 hereinafter.
(DL- gl yceral dehyde) solution was then added to the

col | agen/ AHFA m xEXIPERIMENT SERIES®).04/B7£23c295ul ti ng

reaction mxtures for all the experinments were all
t ur r ax-Achoyeoi A€HAat 1880001 0BPAMethanolOwas prepared according to

25  TABLE 3. DL-glyceraldehyde was dissolved in 1.0 mL DI water in an amount as
disclosed in TABLE 3 below. The AFHA | 150 slurry was slowly added with

continuous vortexing to 2.0 mL of a solution of fibrillated porcine collagen

(having a concentration of 35mg collagen per mL of fibrillation buffer) the total
amount of collagen in each experiment is given in TABLE 3. Subsequently, the

30 1 mL of cross-linker solution was added to the collagen/AHFA mixture and the
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m nute to obtain a honogeneous m xture. 40 nL of 100%
et hanol were added 25 to each of the resulting

WO e@eo2@m2 m xtures. The resulting m xtures wereCPl20&d01009
into an incubator and rotated overnight at 37 C. After
the end of the incubation period the supernatants
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6000 rpm for 15 m nutes.
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m )&H%re&lm% (F6 PN, -9 §§) Rith @&ggfugét%ﬂ %%S)P@ Er)wran f%eltslerﬁl{]gtes

e supernat ant was Tenove
5 Wéﬁeemetsﬂlmtltl%ef thenphtexialsi sseoisint yrepérireathle difieredf reaction

I
et iret ot WaBiheft pdShes BhETRA S s B00RE  odirrzr
10 usGdI37t28p aeQaMIaUZB handlithé esxpatimesRdy | @ReminddivaRiedNgk the
erJ rrenta detedm nl_%%éi%ges of the conpl ex
w §8’6‘8 %‘9/'38?%t MIEzed IR elowp TABLE 3 Anmount
Amount of of Amount Amount of Conpl ex Experinent of
DL- Vi scosnty at AFHA | ethanol collagen 0.01 Hz

barabize

B o A e e st
15 5000 tHeD) s 0l el ekperiBeMOisBdetated®n Or ABLE 32Ré@inafter. DL-
glyceraldehyde (used as cross-linker) was dissolved in 1.0 mL D! water in an
amount specified in TABLE 3. The AFHA | 150 slurry was mixed with an
amount of fibrillated porcine collagen suspended in 2 mL PBS buffer solution

(10 mM, pH 7.36) by slow adding with vortexing of the collagen solution to the

20 AHFA solution. The amount of fibrillated collagen used in each experiment is
indicated in TABLE 3. The cross-linker (DL-glyceraldehyde) solution was then
added to the collagen/AHFA mixture with mixing. The resulting reaction mixtures

for all the experiments were all turrax-homogenized at 24000 RPM for 0.5
minute to obtain a homogeneous mixture. 40 mL of 100% ethanol were added

25  to each of the resulting reaction mixtures. The resulting mixtures were placed
into an incubator and rotated overnight at 37 °C. After the end of the incubation

period the supernatants were removed.

Each of the resulting pellets was washed once with 40 mL DI water and
centrifuged at 6000 rpm for 15 minutes and then washed twice with 40 mL PBS
30 buffer solution (10 mM, pH 7.36) and centrifuged at 6000 rpm for 15 minutes.
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04/ 37/29 112.6 4.5 50.0 50.0 2154 04/44/32 160.0 4.0

40.0 240.0 3478 04/41/31 100.0 3.0 11.1 100.0 4744
wWO400482342 185. 3 1.3 9.7 278.0 4035 04/52/ 35 1P0O1/0.28060001009

0.0 150.0 6451 04/52/36 100.0 2.0 42.3 150.0 5417

EXPERI MENT 04/55/1 A slurry of 150 ng AFHA 1V 150 in
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EXPERIMENT 04/55/1

A slurry of 150 mg AFHA IV 150 in 2mL 100% ethanol was prepared. 150

15 mg of D(-)-fructose were dissolved in 5.0 mL of fibrillated porcine collagen
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heart were dissolved in 3.0 nL DI water. The AFHA 1
150 slurry was mxed with the cross-1linker and

w@e@vmeeasesol uti on by placing the cross-1inker BOI/UL20@%001009
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under the AFHA 1 150 slurry and vortexing to obtain a
honmogeneous mi xture. The vortexed nmixture was added
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slurry was m x
vortexed mixture was added to 40 mL of ethanol. The resulting mixture was

placed into an incubator and rotated for 2 days at 37 °C. At the end of the
incubation period the supernatant was removed and the resulting material was
washed three times by re-suspending in 40 mL of physiological NaCl solution,
shaking and centrifugation at 7000 rpm for 10 minutes. The resultant pellet was
homogenized by successive extrusion (once per needle) though 18G, 22G and

25G needles. After the extrusion, the material was washed with 40 mL of
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20 the cross-linker solution containing the heparin by
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de?\é’?*ﬂ?’ﬁ@gyfqﬁ ereifethan seallegerRy may P%t”sseﬂrfﬂ farmlngutbe composite

degmiskMhk&matrice® BRthe Prcheidvettdhact eri stics of the
pellets are summarized 5 in TABLE 5 hereinafter. The

10 r es ul t ST fonsing 'df BBdH pr@ﬁ!‘ 4@inb-sthsaBsdriak @I)fcﬁ% rﬁﬁﬁces may

ss-1inkin W th reduci ng _sugars nmay be "app

v aP? ovaR{aEEEHS. 105 ForHH ffpre MRy sk the.- rhseiogeal: @reneirfefess of the
anelas@mn@oCd‘nwétté oﬁhﬂhcte?sesy e%aéﬁfg:e*ﬁerén@%téml BJ& may also be

contal n am no S capa bei n? cross-1inked K
r el$RI n@rﬁ?gawéye merppralmgomlpglgal wadtivegureteing (ggh as,

Cr BESnbf Wﬁﬁé’d 'Wt EdZRRs MBS ﬁ%ﬁﬂf‘ggﬁﬁﬁmh%ﬁlﬁlﬁ? Broteins,

may be possible to contfol and nodi sl ca
15 ch¥afi Qg Signaing pesteins ard pepiidepend ﬂt_eshl@b lnémt’m rmltne@

menbranes by controlling the specific types and/or the
ratio of the differenﬂ&gﬂl@éﬂﬁtﬁﬂﬂk within the
cross-linked matrix. 15 EXPERI MENT SERI ES 05/ 02/ 1-2

Exper i rfefturysgamgining, 1$0upg \ARK I 48Rihg mbef iYOopihane! was

15 \é@ﬁ e -
Coﬁiéala%el%n Teg Qﬁg HP_%T c%‘iﬁycer gF %Zﬁ Ld naé%ﬁ?/gg‘ (a%%lr%rhﬁ%ly 40
DI mgawere dasolmmw Qirolh D WBteAFFIZE AFHAHOI 5@cﬂluu’ry was yjxed with
pl r =] ] : h sI ur
o B, B9 330k, B Rt 18, A WD o St
solution under the AFHA | 150 slurry and vortexing to obtain a homogeneous

mixture.

The mixture was added into 40 mL of 100% ethanol. The resulting

reaction mixture was placed into an incubator and rotated for 2 days at 37 °C. At

25  the end of the incubation period the supernatant was removed and the resulting
material was washed twice by mixing with 40 mL of physiological NaCl solution
(0.9%) combined with 2 mL of PBS buffer solution (10 mM, pH 7.36), shaking

and centrifugation at 7000 rpm for 10 minutes. The resultant pellet was

homogenized by successive extrusion through 18G, 22G and 25G needles
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resulting m xture was poured into 40 nL of 100%
et hanol. The resulting reaction mxture was pl aced

WO pi0a/026362 ncubat or and rotated for 5 hours at BJT/11.2006001009
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the end of the incubation period the supernatant was
renoved and the remaining peI | et was washed with 35
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and cenfrhe fcagpkexatiscaifOvalpen dieternd:ﬁedﬁanﬂhesesulﬁng peﬂsﬂsland a

wa ar e

va PR o o Bodied pydpSABRE R ngityers i Suffrarizeo
of inlDABLEBHanshafeerd centri fugation at 10000 rpm for 30
66 WO 2007/026362 PCT/1L2006/ 001009 m nutes. The

resul t iTlga pelulte tof \mﬁerﬁrﬁ@ﬂsﬁwlt&"ﬂ deﬁfoﬁs@éteﬁhatofhel&a%-linking
eth m.xed wth etic acid solution (10%
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of the incubation the supernatant was renoved

r eI BPURRLGEPREIE OfaBeiRg sHeF-iked By regicig §U%ﬂﬁ%) %ql itheir

at derivativér S@cﬂﬁn&@&‘ Erosgjﬂ BkePiBiriSey Ry b %@v&rﬁé‘ééd us %@Quse it
at 10000 rpm m nutes, The resulting pelle

mgﬁécPW???'Qiﬁ t?rLCOBFO'p*IW% m9p6\g ithen physigat C"s%‘l“ﬁﬂl %’W‘ b|°|09108|
m g%emeg ks guéﬁ—mead Pr%%ﬂi’éﬁés% <§5?||tﬁéﬁlhg‘ﬂ1é é&thyﬂé’é‘ and/or the

shaken and centrif uge pm for

m Fﬁﬁ'Pé’é thergifersai w@xsaﬁmarﬁgwgbﬁuth%ar%yhnwbméw4 aI ly
passi ng through 18G 20G 22G 25G 27G and 30G
needl es, 10 washed with 40 nlL of physi ol ogi cal NaC
solution mxed with 2 nL of PBS buffer solution (10
MM pH 7.36), shakBXPRRBENLBERIES5/0241-2 0000 rpm for

5 mnutes. The pellet was transferred into a syringe
and incubated for 3 dafXPatiment0§02/is¢ oy the
i ncubatjon, the material was tested for determ ning

the corfbPRirY cpnigiRiag (190 mes AEKMCH 158 ip 20857/ 190%ngihanol was

eXpRphENt A r L
GESEER", JERAENLARIA, 38 i pELG BB RRELIRSn 10 mt

/1 hereinabove, ce
soPLiwatsh Wasemixed withdtee &lﬂvf My188 sglutiagn by plesimgdhe sorsedinker
|
'Afgsc;lr;lgtld(ﬂ-urger\gﬁ% %furgyr ans%r{é&n '601:‘51915 Qfﬂﬁﬁﬁ)g@n&ﬁs%l%ge The

paren
vi esuking ynixtaleueas phared rmtmé@rri.mf 100% etharl. pr‘el resulting reaction

Obﬁﬂ.td"r@%d.snplaced into an incubator and rotated for 5 hours at 37 °C. At the
end of the incubation period the supernatant was removed and the remaining
pellet was washed with 35 mL DI water and centrifuged at 7000 rpm for 10
minutes. The resulting pellet was washed twice with 40 mL of physiological
NaCl solution mixed with 2 mL of PBS buffer solution (10 mM, pH 7.36), re-
suspended and centrifuged at 7000 rpm for 10 minutes. The result was about
30 mL of a soft, transparent gel. This gel was washed four (4) times by re-

suspending in 15 mL of 100% ethanol and centrifugation at 10000 rpm for 30
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experinments 05/02/1 and 05/02/2 and a brief

description of sone observed characteristics of the
w@edlorerasenr e summari zed i n TABLE 5 herei naf t er PCT/IL2006/001009

EXPERI MENT 05/15/1 A slurry of 150 ng AFHA 111 150 in

2 nmL of 100% et hanol was prepared. 25 The
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7 S of’ 'ﬁﬂopﬁwﬁj 5%) lep): ks anc ferigidshat 10060 rom fo 5
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vva filt usi ng.a \What nan paper

aPog“f’I@ %im tign, the @Elﬁ”g' s tﬁsteﬂ.fpltM@rr@wngmﬁecomplex
samgcsg s 10 incubated at 37 C for 3 days and tested.
The experl ment yielded about 4.0 nL of slightly

15 0paque gel. The conpl eExEéﬁﬁ,@mby/oygl ues determ ned
for the final pellets obtained in experinment 05/15/1

and a bTﬁdifexgéﬁﬁé’dtmé@rﬂ)eﬂ'BrnﬁéHT%so&@&ﬁM&ﬂ in experiment 05/02/1
%ract ristics of the pellet is summarized in TABLE 5

¥e: exespERPVBRTCressY linken salbtion ysest ingluged 1168 mg D(-)-
AF'fiGcﬂ;éé dleBoiley A 10LmP DI WR% ?ﬁ@ﬁl‘%ﬁ’lnci’)‘@ﬁloﬂrs@@&‘%@@ed 4-5h*ﬁL of

cross-linker was 150 ng D(-)-fructose dissolved
L aeftyiEansparenkgel. AFHA 111 150 slurry was i xed vvlth

the crogs-linker solution by placi n? the cross-linker
20 50| ut i ofeUFRIRRIEX Yigcoaity alles dq@oﬂ@e@ rythe finahislietsxohigined in

t 0 ebidritehts? 0502ADHRN BBID/ ATl W Briefl BEsdMplibM ' MR
po&?@% into 40 nL of 100% gt hanonez Sm )Egd W th obsneLrved

of charastptistige ofithe Fodsts mrepurmmedzed in TABLES benenrra@ter

m Xt ure was
EXPERIMENT 05/15/1

A slurry of 150 mg AFHA 1l 150 in 2 mL of 100% ethanol was prepared.
25 The cross-linker solution included 150 mg D(-)-fructose dissolved in 10 mL DI

water.

The AFHA Il 150 slurry was mixed with the cross-linker solution by placing the
cross-linker solution under the AFHA Il 150 slurry and vortexing to obtain a

homogeneous mixture. The resulting mixture was pored into 40 mL of 100%
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pl aced into an incubator and rotated for 12 hours at
37 Cand then for two (2) additional days at room
wao eovperabure. After the incubation the supernaP@nIL20&6001009
renoved. The remai ning material was washed with 40 niL
DI water mxed with 2 nL of PBS buffer solution (10
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i ncestingdpeitet fWBs@lés&hed 3ﬂth330jajLsof ﬂHysw(ngmal NaOl/issmtiSrh tryixed
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S oﬁﬁO@@)Spmvfed 16 mainates.€Thes samsle Gfast ﬂmrag Uéleg S Whgitzn&?n® filter
[ BLE her ei,n
oo 9B R i feaotiinge. dwhiber 1774 520, At igien, Ihe Sampls was
10 cohriﬁwbaiedgat'w *CforAFbidy s z%_hdll‘égted?ﬂﬂe @Stpenfneﬁf yidlded@bout 4.0 mL
t r repar wo, di fferent cro
oL ETaHY oRerEe GREn T, CERER osse Bord Rasdeimined fargheina

D( -p)aHétls obtanfeR inekserimeh® 05/M8/M dnd a’bridf deécrigtionst $9me ofserved
-)-fructose in 7 nL of DI _water. The AFHA

| vC'i%n%CBq”a?qﬁ @%h%@e"gb'ﬁﬁu@@aw%@ TABLH 5 beisiniafigent s
05/ 22/1 and 10 05/ ZZIM) were each m xed
wth 3.5 nL of cross-| and t he AFHA
IV 150 sI urries of sanﬁl es 2 and 4 (of exper| ment s

15 05/ 22/ 2A &Y G568 MuAFHAINAEP in 2 Mk of k0% ethree] westrfepared.
3. 5’h€1-cr8§solﬁ'ﬁ<e|' '\AﬂgelrSOﬁﬁ%Lﬂ()gﬁmﬁse olve&'lﬂgi h Bl lvale?Ur The

sanmpl es was perforned I ng the cross-1inker
solAHA ! {180 tsheryaAmwRR nmxedlwoh dheicrapsdinker sadwiidmby piacing the

ARSI R Syt ARBTG5y oA <
r eSpeogénasiug )miieres  tTher ralxtun@magemurmldnm 4Q@AN06F RIP/ Bthranol
20 0. %&Bd\%fﬂ?o 5Eﬁ1frbf %cet tgci% (‘m% br}nbil(w%{;;‘?)z t‘rﬁ]gﬁ%gurlt?ng\?%idure was

separate poured I
r eplaced rrrgo faouncubetmtandn motaiedtforr E5hovers et BT 4C enhdithérofarnwo (2)
| ”%H&’ %r% c%ng af l%to%t t%mperature After the incubation the supernatant was
removed. The remaining material was washed with 40 mL DI water mixed with 2
mL of PBS buffer solution (10 mM, pH 7.36) and centrifuged at 8000 rpm for 15
25 minutes. The resulting pellet was washed with 30 mL of physiological NaCl
solution mixed with 2 mL of PBS buffer solution (10 mM, pH 7.36), shaken and
centrifuged at 10000 rpm for 15 minutes. The sample was filtered using a
Whatman® filter paper No. 113 and homogenized by extruding through a 18
gauge needle. After the homogenization, the sample was incubated at 37 °C for

30 3 days. The complex viscosity values determined for the resulting pellets and a
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20 for 2 days at 37 C. After the incubation the
supernatants were renoved. The renmining pellets were

weaohoreshed with 40 ni physi ol ogi cal NaC sol BECT/2006/001009

m xed with 2 nL of PBS buffer solution (10 mM pH

7.36) and centrifuged at 3000 rpm (centrifuge: Kubota
KS ;
ot O BT 385 P Eieh th iack e pol BB i harizec
pelin éABLE&dY kergipafierch washed with 40 ni of

physi ol ogi cal NaC solution mxed wwth 2 nL of PBS

buf fer sol ution (1EXRERIMENT SERIES 95é@2¢h4and

centrifuged at 3000 rpmfor 15 mnutes. The resulting

f our peFowtsurvies éslurres) ha) cehcatcoBirthd 35 ngy AENA. IV'IB& in 2 mL

val ue ter. for.the re
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PC‘btd;iaZé):Dﬁd P0awd9 05/22/1, 05/ 22/ 2, 05/22/1 and
05/ 22/ 2, and a brief description of sone observed
c h@. a22@ mgsdf D¢9-frobtobd evepetiissdlgecting rauofbrwated i n TABLE
5 hereinafter. EXPERI MENT SERI ES 05/23/1,2 Two slurry
of BI514QmaFifid({)¥futbBe im7 tlndf Ddwaldt0% et hanol were 5
prepared. 70 ng D(-)-fructose was dissolved in 5 nL DI
waflTee . A& HV AFE8AsILivied SdF ﬁmpwgmm 8nbf eqerivents @5/22MLand

10 S0 RRIh PR TS 23tk iR W L PRk olutgn A

r eand tige fmmnmwglum@stdﬂsam RRMPAR £ STRKperfmdRS 05/22/2 and
turrax-honogeni zed at 24000 RPM for 0.5 mnute. 10

Ea@ﬁ’zﬁ{“xf%ﬁpéc'ﬁ'/\l&!}') Wgtrornixed mith 205 ML csassdinkamgsiutiont
resul ting m xtures were transferred into an incubator

andMeoM¥iRg ip @l tougspapigs was eriarmed oy adding e cross-linker
t
Z UBSIW&H Y thwmmvve@o sTd?ﬁ, WRABE d?ﬁnwseeern@é&}@g tagopr%m a

mL physi ol ogi cal sol uti1on togeth

15 of hpMegggous MXWeut i on (10 mv] pH 7.36) and

20

25

centrifuged at 3000 rpm (centrifuge: Kubota KS-8000,
swi ngi MABRIER efurplarod Red 18 soexmeringnts 05621 sand| 05/22/2,

I
oa e el S Mo RODORUARSY, 08 e Een o
t ot toar mixtunﬁsznimuraawanBSParateﬂxf pouredlinto i40nm( 1O 16046 gthanol.
7 %ﬁé ’reihﬁﬁje ggré% E&PHﬂturE %r@%la@ggglts %Wlﬂé%?gogapg rrotél'(ed

es wer e hen ncu
daj‘)@r 2 Jhys @tofﬁ‘pl’fémftariﬂs@ oxubgtionathaesipermatants were reoovedieThe
r e?ér#mbé\}@gg c[%ar a?%ée'? ?%?P?m}%g#&{ H/ﬂﬁ S%rrlnetplhggolgglgél Ngelngolu ion
i N Wit 2 mL of PBS buffer solution (10 mM, pH 7.36) and centnfuged at
3000 rpm (centrifuge: Kubota KS-8000, swinging bucket rotor RS 3000/6,
Stainless steel bucket 53592) for 5 minutes. The resulting four pellets were
each washed with 40 mL of physiological NaCl solution mixed with 2 mL of PBS
buffer solution (10 mM, pH 7.36), shaken and centrifuged at 3000 rpm for 15
minutes. The resulting four pellets were incubated at 37 °C for 3 days. The

complex viscosity values determined for the resulting pellets of experiments
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herei nafter. Enzymatic degradation resi stance assays

Degradati on resi stance assays were perfornmed using
whyaheaet dase di gestion and Uronic aci d/ Car beeDi12006/001009

assay nethod as described in: 25 Car bohydrate

Anal ysis: A Practical Approach, 2nd ed.: MF. Chaplin

20 et S B Cond 0 S B e o

V\hlcﬂbracférltsﬂsscﬂfmﬁ& péliees dresammddiyed if BABLE & Hefeihfer.
entirety for all purposes. 70 WD 2007/ 026362

PCT/ 1 L2006/ 001009 Eihgﬁmwﬂsﬁmﬁstcmﬁygl ur oni dase
di gestion experinents of sone the above di scl osed
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of cross-linked anmi no- functionalized HA resul

fr om Expash AEHA Y358 sluyy wasaifieg vithcd RdeinEroas- llramar selfmon by
25, a@diﬁ? the 'ﬂ?oéslllnkéros&ﬁﬁb?ﬁdur‘n‘[yﬂ'&é% $fhth?(AP l'%& NG ﬁss%rrles to

per nL) were each mxed wt buf
solreadhghhqmepamspupmixiurg6) and 10 units of

hyal urom dase di ssolved in 10 pL of DI water. All

sanpl esSaEple NUAkEhANag turaxsiromepegizetias 24Q0% RPYEiapP.& minute.

10 V°'Eé€ﬁ§w%?e g/'a¥edadb&‘ lﬁtBe403EfE°6}detﬁ dMPh& res:[@ﬁ\?Em%res were

bel ow. Tesarrp es were taken out romi ncu 1 on
cotreasfaired dnterfd ineuhator anderojated ferf 2 @laysahBYPﬁgAfte@/ards the

di Q65&rh93nt Qgherﬁ&}éﬁv?ﬁj? ?Qﬂﬁh?w@@eswg éﬁgsiolo ical
vort exi ng t e mater! al one mnute an cen gong
at Neg@beolutipmidgethet Bithd mLiofl PBSHeuftes selutibn c()TQJgM wH636) and

c A ;

53R EIURA ot Siba Rt (cERtAED Ryplt® KiPabod SR, Bty R

15 av@DD@(@I Stdinlesa ﬂeﬁldbtcckeﬂ_mtfcm@ nitnelsicTre re@ettarﬂrpp)let was

S

oo Wit AoCak of pPSBUBERORACIL A B2yt yif 2 o 3, Pas

t h@uﬁm mqtmlne(masMayH 8@, sbakent andotertiirged as 3000 rgredor 15
HA { d L 4

BT 57, ety PARTPERE i TEME i e

appisocsityatailes deﬂ&ngrhedafor e resutting) pelletst ada bl G@scription of

20 ha\é'orrﬁ observed characteristics of the pellets are summarized in TABLE 5

hereinafter.

Enzymatic degradation resistance assays

Degradation resistance assays were performed using hyaluronidase

digestion and Uronic acid/Carbazole assay method as described in:

25  Carbohydrate Analysis: A Practical Approach, 2nd ed.: M.F. Chaplin and J.F.
Kennedy, IRL Press at Oxford University Press, UK, 1994, (ISBN 0-19-963449-

1P ) pp. 324., which is incorporated herein by reference in its entirety for all

purposes.
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a concentration of 20 ng/nL were each m xed with 500
gL of PBS buffer solution (10 mM pH 7.36) and 10

wa@riors26362 hyal ur oni dase di ssolved in 10 gL of POI/IWEe6&101009

[5;]
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30

and the sanples were incubated at 37 C. The exact
vol unme of the 25 sanples are given in the second
coI um e e
1 noubs TR, SCUREhrofdss HRsTon BLa S fffe the
st abovendistiosed eippristdnts arengdan af FighdOr @wowbgzbsﬂanmk;wiments

wa nized by vortexing the material for one
m ﬁv&?egggﬁogmgéh”i fugation at 13000 rpmfor 15 mn in

SRR skl laigapl o conlriTuge. 29 Lol
SOl ot 810t 50 16 T EORENHAS g
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gr adked Witk o003kl BY PBBhﬁJfPé?r lsBRikiSH Qm Pk OpItFWGJ ré?ﬁi' f’@%ﬁlts of
de%r adation in vitro of an exen&rfﬁl sanpl e

yalurandass dlissplysd in | kb of éam@ﬁ%weaeelacmted at 37
rrato [ r
TENC) ORI TR e Ghoch QT 6l TABLE 44
d| gelowi. ohhe isamaples rwete daken. out H@nvmcubai@h aldopserfutivdnene hour
Pgi TR .
e B e e LERUBRARDY petEre el PR W8 hamporieed
af b;ewotthmng;;ﬁa;nfatemdl ﬁhrgmetmmntet ambcemhmfugxrhgtdnaBSm(arpm rﬁg 15

E{Tﬁ“ﬁl’?. nghﬁ?gﬁgﬂﬁ@?%ﬁgﬁ g f gﬁiégﬂﬂ% 5§§$§8%n usmg a Heraeus

r epgraS@8RBtretor,Hbe (delgﬁrlﬁ.@atandrrotdr aee cominentisdly alailablegfrdd Kendro

th urve sents t estion results for t

e ERFafelbE Bl )1 PE i G R sPiBng SiP TRt g2 L
I abEPBS Biifer eprueerer(ncs nil\lnepl-detwwdﬁ us€s Eérfcffrﬁ{: the ca{gazole
Per | ane Lot ... (576) .. Fr the gra 0] [ , .
¢ ere bihe Setitertng eioekuinked Ha ety fovt Bim suiivariced in
15TABLEAA2 has a resistance to hyal uroni dase
degradation which is far superior to the resistance

of 1bhBigestidnest FReAENED Coelo.g57%! € of Perlane(r). For

exanple, after 5 hours of digestion practically all

t he Perkioge4mplev@sapptogmatend1 00 b@&méwLBM@lm7éﬁ%v1ng
of the sanple of the nmatrix produced in

VENT
05P0PNGeN R0 Afe £ULIAWITRle SYe57 S2PRdMixed m'ths‘sqpf HH% PBS buffer

$eA§J>|am{ (10 mRQ pfi BEEY 4N Bfits 8 1§y aftlrSMd AL TBIIVERGN 10 uL of
DI water and the samples were incubated at 37 °C. The exact volume of the

samples are given in the second column of TABLE 4B below. The samples
were taken out of incubation at consecutive one hour intervals after starting the
digestion. Each of the removed samples was homogenized by vortexing the
material for one minute and centrifugation at 13000 rpm for 15 min in the same
Heraeus “biofuge pico” centrifuge. 25 ulL of the resulting supernatants and 225

pL of PBS buffer solution (10 mM, pH 7.36) were used to perform the carbazole
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25 72 WD 2007/ 026362 PCT/1L2006/ 001009 TABLE 4A
Di gestion Sanple Mass of Ampunt of Anount of

woh@oeaet dase tinme volume HA in digested rensiningo6/001009

5

10

16

20

25

Degradation |[Hours] [L] sanple HA HA Resistance [ ny]
[my] [mO] [4 O 97.5 2.5 0.0 2.5 100.0 1 94.5 2.4

o £°5 Adiding Yot Sartarif sy Jydiadlie gl dstuBiyty wes
1. eg8u@d arABS Brdfer Bagjesanider Per | ane Mass of Amount  of

Amount of Hyal uroni dase tinme Sanpl e Perlane digested
r emai ni Rgferxngeds aew orade]tpidig. SR whithuiisea schessatiplgeaph |Ilustratmg

11 PG RE o UL phifabo T ah Bbbicly sapi

9107 theg D(-}Ffrocteses. CrosS-inidl. larfind-fan@ioNalized. HA 4nmaBiX5 from

2067768988 OBEHIZ, 5D S 6TBe Il KaPteI SagaNS Refipianee as 2

Co figricetan of ﬂigésndrytmﬁeﬂmamams)e e V@Ecalesds &f the grapH 6flFig. 12
| nrg;)%gge%s r{ae resgtance to hyaluronidase degradation (the amount of HA
remaining after the specified digestion time out of the starting amount of HA at
time O expressed in percent of the starting HA amount) and the horizontal axis
represents the degradation time in hours. In Fig.12 the curve 70 represents the
digestion results for the matrix obtained in Experiment 05/02/02 and the curve
labeled 72 represents the digestion results for Perlane® (Lot No. 7576). From
the graph of Fig. 12 it may be seen that the matrix produced in Experiment
05/02/02 has a resistance to hyaluronidase degradation which is far superior to

the resistance of the tested commercial sample of Perlane®.

For example, after 5 hours of digestion practically all the Perlane® was
digested, while approximately 68% of the sample of the matrix produced in
EXPERIMENT 05/02/02 remained undigested. The results of the Perlane®

digestion test are also summarized in TABLE 4B.
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Nunber
03/105/1 4673 Hard gel

(at an oscillating
03/ 105/ 2 8288 Yell owi sh hard
0B¢ W/ 02Hek/001009

frequency of 0.01

wW@ei07/02362105/ 3 ---- Yellowi sh, hard pellets

Hard materi al
03/105/6 ----

03/ tABLR46436 Opaque gel
03/ 11474 6761 Qpaque gel

Har d

03/105/5 ----

mat eri al

Hz)

Hard materi al

03/ 114/ 1 7069 Opaque gel

03/ 114/ 3 Opaque gel
03/ 140/ 1 72 Transparent gel

(1. PDigestion D3abl P Mé@onf’MrﬁdurﬁBf O @mduht of rTl—lg(ialluronidase
03/(140/ 3 2384 YeI | owi sh gel (1 - 03/14p/4 9 Soft
gel | (3™ ni )V° ugsy | %'n31'35d'98th3d op@gaiainge] Pggradation
m-) [Hearsi1p/ 1 --- @ﬁ&leg“I (AAS M) R/ 110/ Resistance
Harld yel | ow plldtles| 03/110/3 ---- Very firm gel 0.5
m - 03/110/4 ---1 Halgd gel 131/ 2 FI rm yghjl ow
gel| (0.5 mt) 03/ 131/39 34 &? rrL) %3/ 131/ 4 P]
| nhonogeneolis yell pw gl ( 8 oD - ) 74738 20077 026862
PCT/ L2006/ D01009 | Exper| =nt Conpl ex_vi scosjty
Appear ahce pf ¥fie fesdtting 1i P9 in Pagtal haterPaf
Nuniber— 102.3 26 02 24 93.7
3 103.4 26 0.4 22 85.1
4 96.5 25 0.7 1.8 712
5 99.0 25 0.8 17 68.3
TABLE 4B
Digestion | Perlane | Mass of | Amount of | Amount of | Hyaluronidase
time Sample | Perlane | digested | remaining Degradation
[Hours] | volume |insample | Perlane Perlane Resistance
[uL] [mg ] [mg] [mg] [%]
0 117.5 24 0.5 1.9 79.4
1 111.5 22 1.8 0.5 20.5
2 91.7 1.8 1.7 0.1 5.0
3 108.1 22 22 0.0 0.0
4 98.5 2.0 1.9 0.0 1.8
5 108.1 22 23 0.0 0.0
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(at an oscillating
543 Cel
WO 0082636211 Soft gel
05/ 08/ 3 6 Soft gel
05/08/4 24.8 Soft gel

(4.5

frequency

)

(10 i)

03/ 146/ 2 100 Soft gel
wi th opaque particles (5 PECFJL2006/001009
wi th opaque particles (1

of 0.01 Hz) 03/131/5

(0.9 m-)

)
03/94/2 7740 Hard gel

(0.8 mMTFABIOEABS5/1 1524 Honobgeneous white firmagel (5
m.) 03714572 20230 Red/ br owni sh firm geI (3.7 m)
03/1|§/1 1780 erlrm e 057021 17810
Li ght W op g&g@ isg a'tys Qear@meoz?tizeiqsslitmgu ght
yel | gnspar €ht "gese ?'4 5 rr erigb/ 15/ 1 1326
Sli ghWy opaque % o%éﬂl " 05/18/1 45 Soft gel (7.5
mL) | 05/22/1 2 Lfr lft > rgq: nL) 05/22/2 83 Soft gel
(5 i) 05/ 22/ §1EAGsY 6 m-) 05/22/4 6 Soft
gel (5 m-) O0b [1 10 Soft qel 05/2311 0.2 Liquid I
el |0 21 Soft (6 Mg 5/ 22/ 2 83 Soft ge

?5 n 5]33255%212 55 Qﬁ?ﬁ gel ( Hard‘ggl 05/22/4 6 Soft gel
(5 m -)0377I55AZ\D 2007/ OBMZ PCT Y@B@Qﬁh@@b@ﬂ9
Expermment —Conptex—viscostty—Appearance—oef—the
resul ti%g%421*1 in Pascal mat oYalawish, Kardnsiets

03/105/4 — Hard material

03/105/5 - Hard material

03/105/6 e Hard material

03/114/1 7069 Opaque gel

03/114/2 6436 Opaque gel

03/114/3 Opaque gel

03/114/4 6761 Opaque gel

03/140/1 72 Transparent gel (1.5 mL)

03/140/2 3691 Yellowish gel (1.5 mL)

03/140/3 2384 Yellowish gel (1.5 mL)

03/140/4 9 Soft gel (3.7 mL)

03/140/6 3135 Soft, opaque gel (1.2 mL)

03/110/1 Soft gel (5.5 mL)

03/110/2 - Hard yellow plates

03/110/3 -— Very firm gel (0.5 mL)

03/110/4 — Hard gel

03/131/2 - Firm yeliow gel (0.5 mL)

03/131/3 34 Gel (3.2 mL)

03/131/4 -—- Inhomogeneous yellow gel (0.8 mL)
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(at an oscillating
05/23/2 0.2 Liquid gel

Sof t

gel

w@Rdo7kizse gel

2562 O f-white gel
09/102/1 573 O f-white gel

frequency

09/95/2 2098 O f-white gel
09/ 95/ 4 4496 O f-white gel
09/ 102/ 2 253 Qanue gel

of 0.01 Hz) 05/23/1 10
09/ 95/ 1" 2220

09/ 10 é/ 3 47 % 097/ 10R7T 46934 O f=white get
09/ 1pB¥XRSTHEHY ogégaw Xgégcosigo, nHppesranees otiha desitig
Expef FH@QE OS/E:iZ‘Ill'"f%Cﬁ'g of Apierigh 1 150 wer e
di ssp in 4L il and the sol ution
transferred to lﬂ'?&'? s%orrflask 10 ny
D(-)}fructose \ qiﬁ@&?l d b in 10 nL saline. The
resulting sol ufi ?1\/\/as m xed wth the AFHA 11 150
sol uti the resuking m slowWy
evapwrg}b{a %\/ natati rL:jn of the %ﬁﬁﬁ\?ﬁid vacuum The
concnntameki m Xt ure 1pappr oxi hedfedar o?gm_)) was
i ncupated—or days—at—3/+—C—under—H-ght—vacuum—At
t he pnd0%§8/2 he i ncubati on per @@‘tgéwntmnpaqsabameieMEM)
addefg™ t{)J éﬂ ntents_of the fiask and Totated for
hour HAE 10 vacuuf The rpSQites! Wi @@lquﬁ\ﬁ%”'?'%?ﬂ\f@d
filter eg5 ouqh a man pap (No. 113) and
br oug /&m I nal %f?m: of 6§(E1f'§_éelb);]t0§-\:;lf uting the gel
with sad)3/914¢2 The matesd al wasHirBga eeawential ly
ext r peed—threugh—166—18G 296———226—%@———16#9?
2007 02@‘3@1 PCF/ I L200624001009 Hat@enemsiwhde filfagd (5 mL.)
extru3|§ Was Tepeated three tinmes, The resultant
partj cl® éM yeI | 2% and hReRowRisHiE et ey
EXPERI l\ﬁMGﬁER ES 09{ 7%% 1-4 Opaque firm gel (2.7 mL)

05/02/1 7810 Light yellow opaque gel (4.5 mL)

05/02/2 11540 Light yellow transparent gel (4.5 mL)

05/15/1 1326 Slightly opaque gel (4.5 mL)

05/18/1 45 Soft gel (7.5 mL)

05/22/1 21 Soft gel (6 mL)

05/22/2 83 Soft gel (6 mL)

05/22/3 55 Soft gel (6 mL)

05/22/4 6 Soft gel (5 mL)

05/23/1 10 Soft gel

05/23/1 0.2 Liquid gel

05/22/1 21 Soft gel (6 mL)

05/22/2 83 Softgel (5 mL)

05/22/3 55 Soft gel (6 mL)

05/22/4 6 Soft gel (5 mL)
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WwW®@20020%63600y AFHA | |

10

Experiment 09/95/1 5 An aqueous sanple of a solution

of AFHA 11 150

sol uti on of
were added to t

(1 mg/ni),

he sanple 100

containing a
150 was prepared. 1.2 nlL ofP@I/1L2006/001009
fibrillated porcine collagen (16.5 ng/nL)

total anount

ng of D(-)-fructose

di ssotved—m—1f

col | aGupgrimgatA
was s$tirred for
stirf MMPE node
avai llabl e from
transferred int
| yophi lized. Af

meplao;llgﬁo;&rc
¥ imi Passal 800
(?qFéﬁ%Slzlg&%Jr bi
qspil
@eﬂu%’i%oﬁp@és
7 | yophi | i zat

5t eel

l IICII

cAppRasances of the ngsultingt ur e

rpatengk h a 10 turbi ne

he Stirrer comercially
GH & Co., Germany),

tray and

ion, the sanple was

coveled %p arn

and |ncu a

et hanqbl DI wa%&gg

t 37 Cfor 6 h

m Xt ure (90: 10 V/ V)
After the

i ncubat pgngt he
an ethanol /Dl

vat er
sol vent 091&5'1 r erroved tag2alr ai ni

mat er hal was
15 _m xtur

@h@&ethree times with

10 v/ \/\ t he

ngfflmhweg‘aan'pl e, and the

nf el i np
L |||_ Ul SUTN 1T 11T

T WwasS UIIC

sanp
wer e| ad890%2t he

a—by—t+yop

| yopRP9P§ zed

i | H
T I L!J.LI O

n@ff-whiteagel and t he nmi xture

was ncHglgglgd ij

i ncubat'on”per.

ot 1 K&%Zanpl &

he end of the
uded t hough a

'Qiunfs g

16G

needyBsa4 ML of ,38d 1 ne w
H-al—was e

EHRWRRIRS

and t he

mat e in.t rmlgh 218G and 220G 20
needl e. OQE‘bOpErl ment 091795/2 Theo#wpiey gerent  was

per f pried—asdescribed—for—experirent—0995/-+—above
except HWR2t he amoumb3of D(-|)Opaauetese used was
130ny. rTmgent 097957 3 25 [TRE_experi ment was

per f pr r@fbgé descri bed’ for ex @‘?Wﬁﬁ% 09/95/1 above

except ddmpbat he

Z\\ND_ 2007/

of I

amougps

026362 PCT/ 11 ’)ﬂﬂﬁyv')fﬂ

e used was 160
09 Fxppr i nment

ny.
09/ 95/ 4)9m2/5exp

V)Y il |

eri negg2mas pe

rcbpzrq[redelas descri bed for

expefriment —69/

D(-) t f rQ998%e |

JIT7 J.

sed wd838100 ny

bheovia o ala
AdAUUVT TAUC

nt + hat hao nf
lJl 1At lIIC ClIIUuIIL UT

@pegueisel col | agen was

added (This experiment was a contr ol
5 wi thout coll agen).

cross-1inked
09/ 102/ 1-6

for AFAA 1T 150
EXPERI MENT SERI ES

Experiment 05/82/1

150 mg of AFHA Il 150 were dissolved in 440 mL DI water and the

solution transferred to a round bottom flask. 10 mg D(-)-fructose was dissolved

in 10 mL saline. The resulting solution was mixed with the AFHA 1l 150 solution

and the resulting mixture was slowly evaporated by rotation of the flask under

vacuum. The concentrated mixture (approximately 2 mL) was incubated for 2

days at 37 °C under light vacuum. At the end of the incubation period, 30 mL

saline were added to the contents of the flask and rotated for 1 hour without

vacuum. The resulting gel was removed, filtered through a Whatman paper filter

(No. 113) and brought to a final volume of 6 mL by diluting the gel with saline.
The material was then sequentially extruded through 16G, 18G, 20G, 21G and
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An aqueous solution of AFHA 11 150 (at a concentration

of 2.85 ng/nL of DI water) was used to prepare a
wa2a00plom3eront ai ni ng a total anount of 300 ng PREHAL2006/001009

11150. 1.8 nL of a solution of fibrillated collagen

(having a concentration 10 of 16.5 ng collagen /nL of

fi I rg

Exggﬁ }r]riéndtléspo%gf %%JS@ pect |‘%ngaé)§nmieeestlr%{§ fﬁé resultant
fi Dﬁl’tlICI&atWGtD@y@lﬁVﬂshambmaﬁ afiveconsister®ynpl e 1 i nst ead of
the collagen solution (control with no collagen-

Experi ment 09/ 102/ EXPERIMENT SERIES §8964ibn of

D(-)-fructose in saline ( having a concentration of

40 ng D(-)-fructose perExperigfent §9/968) wer e added to

each of the 15 six sanples and the sanples were m xed.
5 Al l t heAn agugausrsgmpisacita solutinnxaf ARHA 11180 ¢! siginly) ecbritaining a

i b X .
¢ Savhfolly G PEALR, 2 1by Yk GeBlrbh LR mh .2 splion of
| yopdmdtedzpomnéfdoaagdryaprﬂ ngitall) iviste ad@ediocthe bample. 400 ndy of

F oDGEHBEGSF R-uPEin fmcraluiern Hen Sendinss episaeneAFHia

m Xs(mmaxt(JEHJ ]l'(BaeVreVl)ltn@g“lmnﬁr@U\baé etirréd fot 1 @ik @ 890 Bm with a

ch of the s (of ex rlnents
10 ogﬁ{%ﬁ? W@éﬂfbo@?@e' fgn@ g %B@Psgt'rfeésmwgi pvgiipble from
\Naﬂrbﬂ@iWérk@EGMbH%CW Geraahs! thaefeBlinteat stdinle 83 gtteélrt?ay and
10, v:v), the solvent was renoved by drai ni ng

sPRikized 4 Aftee yophilization. e éarapliee\eaa%yo\rey% Mithi %?’F"@ﬁC’VDI

SaWE{ef?Sm&turé (96:40 6/) O En@XREUbLIBNIS 37 08/ AP H ﬁou.@9/ 1ﬂﬁér5the
and 09/ 102/ 6, respectively) were not washed.

salncHeatipgy ¢h %dﬂ%ﬂ”@'owé%d"f?‘s ed tthreestinps adthian Qﬂifﬁ!‘oﬂpl water
15 Of mhskigre (®6:101\9P), YI@&)I\'/é?ﬁ%@tr%QOf/éH bf'dpeﬁWﬁ g tHe ggmﬁe eg‘nd the
After the incubation, all the es were extrud

on8aMpIR ¥AShdried| By tyopkikieation. 2 "FH_Ofs%ﬁ“Pﬁ avef@ add &uﬁ@dlypmhzed

eagpiatdial bhE t@(hfﬂ@r@dua%amuﬁaﬁe@qu eﬁf37t e A of the
was s?ﬂ%uentl al extruded once thr an 18 nee e
anthcupriiONt Wm'gﬁht-a samdjenwag [extrudegl vngimca?mQa@@gle 4 mL of

PCJélin%%%?@’ané@ﬁﬁd thENfRatd b1t dsGerfi@DLddin BFolth a 18G and 20G

materials an reactiron conditions used 1I'h ea

20 thée%itﬁfaerl ments of the EXPERI MENT SERI ES 09/102/1-6
are given in TABLE 6 below TABLE 6 Experinent Anpunt
vol une Anmount of | ncub&xperimgnt @9/882hi ng | ncubati o

nunber of of added D(-) 37 Cin cycles in n at 37C
The experiment was performed as described for experiment 09/95/1

above except that the amount of D(-)-fructose used was 130mg.
Experiment 09/95/3

25 The experiment was performed as described for experiment 09/95/1

above except that the amount of D(-)-fructose used was 160 mg.
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AFHA fibrillate fructose in ethanol/saline

ethanol/saline in 2 nL of 11 150 d saline (40 m xture
worRoorMeaesal i ne [ ng] col l agen ng/ L) (90: 10) ¥CDI20)6/001009

(days) [nL] 09/102/1 150 0.0 nL 200 ng 6 hours yes 3

091102/2 150 1.8 nL 200 ng 6 hours yes 3 09/102/3 150

3.6 nL 200 ng 6 hours %méﬁ?bé@%’f‘ 150 0.0 nL 200
ng ---- no 3 09/102/5 0 1. 00 ng ---- no 3

09/ 102/ ‘f’hé%}(]pémﬁemwﬁg%e%r ned as s%rlb%f@rngx erl{nent 09/95/1

properties o res t|ng rom Exper |
09/2bo%e¢ lexgeptr ﬁ\agutmararmqunt PAB(E-fRucidsey asecEXRERIENTG and no

SE 0

oxseeh i g St Sebine RO 2 B3 FE AR Ayt 150 prgperipies
5 comitbout alllbgergvai | abl e as Protasan UP B 80/200 from

NovaMatri x FMC Biopol yner, Gslo, Norway. Experinent

11/ 40/ 1 An aqueousEXRERIMENT SERUSS9/102/1-80 (1.0 ng/ nl)

containing 300 ng AFHA 11 150 was prepared. A

sol ut i oAnaguéaisrsohdiosd @f AFHAHI 15(5(ana@bscemltm&&1 bf2.84. ng/mL of

0. M H 5,- adjusted by, addi n i brillation

o 1A, 8 isge o PSS 5 2ambist SonAliung g isiet e of 300 mg

s aIAmao%mg ggsagﬁgd 0}5 ?Eblhg%m001 cr)llcl)égte& 20i1eh l(hé\ﬁ’rﬁg éi\fcbrﬁbenYerlon
m Xi ng ture

vvaggég gr mecHigeen mk @ ? igri éﬂtloedwffﬁwwta‘#dad tt%rsamn@s 2-5 (of

st lEfxE@ﬁmenlé omﬁﬂnrsedeépe&tﬂ/e@) st i Al 8 Forfiafsh blifed et ddded
l yophi li zed Afterhgyophl lization, the sanple was

colereamRlet h iaptead hefnde orllagenesolition Geantrobovitho ne: egllagen-
an@beﬁHﬂm 86/108#).38 oGnif & a golﬁ%ro? %Khﬁuc&o@é% Ly (faving a

materi al was washed three tines et hano
watcencemiratien ef 4By OF-)vruelose 1p|aemso1l sating) ware addedtoeghdhyof the

= SO g0 SRS 3oShy e R A8 e
anwershstired doi 4l minate eh80dapmdwitora Birblag stiaer; 3ranferrdd into

t hgeparate stainless steel trays and lyophilized. After lyophilization, samples 1, 2
and 3 (of experiments 09/102/1, 09/102/2 and 09/102/3, respectively) were
covered with an ethanol/DI water mixture (90:10 v:v) and incubated at 37 °C for

20 6 hours. Each of the samples1, 2 and 3 (of experiments 09/102/1, 09/102/2

and 09/102/3, respectively) was washed three times with an ethanol/Dl water

mixture (90:10 v:v), the solvent was removed by draining the samples and the
samples were dried by lyophilization. Samples 4, 5 and 6 (of experiments
09/102/4, 09/102/5 and 09/102/6, respectively) were not washed.

25 2 mL saline were added to each of the samples 1-6 and all of the
samples were incubated for 3 days at 37 °C. After the incubation, all the
samples were extruded once though a 16 G needle. 4 mL saline were added to
each of the extruded samples and each of the samples was sequentially

extruded once through an 18G needle and once through a 20G needle.
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10

15

end of the incubation,

a 16 G needl e,
woer®7ayasn sequentially extruded through a
needl e and a 20 G needl e.

8

mL

t he sampl e was extruded though

sali ne were added and the m xture
10PAB1E.2006/001009
Experiment 11/40/2 The

experiment was performed as described for experinent

11// d’etalié@rq%'aﬂﬁt@évtﬁ n?éf&?e% aﬁci‘ﬁ‘\te rEQ&ldﬁ
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a firmconsi stency and an of f-white/yell ow col or.

Ex
de

S8t

i F3 odiFe

or exelrren

LR

L _was

PG

T Ily

?sth%ﬁ%—&a?g given in

exTaRLE Shabovehe redum ng sugar used was 396 ng (1.1

mllinole) of

mal t ose nonohydrate (instead of

gl ucosam ne hydr ocEXPERIWENT SERIES$1/40/M D)
The chitosan base used in experiments 11/40/1 and 11/40/2 described

below is commercially available as Protasan UP B 80/200 from NovaMatrix FMC

Biopolymer, Oslo, Norway.

Experimen

t11/40/1

An aqueous solution of AFHA Il 150 (1.0 mg/mL) containing 300 mg

AFHA Il 150 was prepared. A solution containing 30 mg chitosan dissolved in
0.1 M HCI (pH 5 - adjusted by adding fibrillation buffer) and 330 mg D(-)-
fructose dissolved in 10 mL saline were added to the AFHA 1l 150 solution with
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material was a gel having a firmconsistency and an
of f-white/yell ow col or. Experinment 11/40/5 The

wexpendent was perfornmed as described for exprCi/m20e6/001009

10

15

20

25

30

11/ 40/ 3 10 herei nabove, except that the reducing
sugar used was 396 ng (1.1 mllinole) of D(+)-Iactose

N RGRING r ghe nﬁlgd[]?é R34 sfﬂfrecpf oF )T ﬂltdﬂl?é)étagﬂ)(f‘?pm W|th a tu|rb|ne stirrer,

hydr ochl ori de resulting materia

haman@‘eaw |Irrtmacaiaigie§$ stesy tray @nddyaphilizeghi t:%ﬁqré}'anIzatlon the
COLaMplel wad CovBRiSAtt ARLIAROIS) Waped b FE GHIPRL) é’rfd incubated

educ ng sugar types was use exenp

ex pt By nenfos cdhasies. oJbd rasuligmaterial waam;asbedwh'rede jnples vath an

re ars
g%ﬁﬂﬂg@g&gé &.@HQ éé&ﬁo @%r P?% %M@%rtgj /2s ggrglg\%dgg/ dra ing and

cr msamnllee\@!asmtled by dyahiltzatopr edemt. ofrsahm wene aBdedh to the

e T S R
peambsnéthealricalxaime the samsloswns extruded QIScBJ,ghaa narto&eedIaOB mL

a decose r t hreose rose

y POUE: werpoiied B e el iap Pl Sedientiall SXgcibesuan =
f r a8GoredliermmarroXEE rgetlese, i dose, gal actose, tal ose, a
reduci ng nonosacchari de, a reduci ng di saccharide, a
reduci ng trisacchari de Experimetitid¢1mQ/20! i gosacchari de,
mal t ose, | actose, cell obiose, gentiobiose, mnelibiose,

t ur anoskie exmdimens avasi smh'fedsas db@&ﬂbﬁdrfbbieﬂﬁérlment 11/40/1

or JoRiTGRRse avaetribah e Ak 1HY ol es Ve mitswiarep mo

comh:itdsah idigEsivet e @ow M Hch Q:SH By pagGusttd wcadalr@gfb'imgwr%uﬁer)
the cross-_|ink

b
i 280 T Bk Bl aecingON S B DO Salie: (The "Fexing mgterial was
SUg@ebhaVih 4 Bt 6oridhtery @Rl dhedi-Wattd yeiswdofr] 0sed,
i nt gr alia, in US Patrgcxts 5, 955, 4389@6 346, 515, and
81 WD 2007/ 026362 EBXPERIMENIG/SERIES91/48/5682, 760 and in
Publ i shed I nternational Patent Application WO
2003/ 049669 all whi chexperimeht tfyaompor at ed herein by
reference in their entirety for all purposes. It is

f UAh hRjueb®d s6lufidhasf ARHAGE @56013N gemgmm caMaRIiHYOS00TRIGt APHA 11

the_invention, suitable reducing ar derivatives
mad5hMas RsePareed A 69'uvmot:ﬂas@ﬂllmqim< 1) ehB(+)sglucosamine

mhidr@éﬁoﬁe %Pe Bis8SI68d n'! nl‘()em_' éHlmeSWQQ nfRId WA M€ Siqueous

may- i ncl ude but are not limted
%«Fb‘é\s'é 150 sebdipmalhe W@ﬁt@f@o&,@ﬁwﬂf@d ond minyteoath?Q0 mpypwith a

Of t P8R stiFRAUFAH rRMOI Mo a stainless steel tray and Iyophilized. After

lyophilization, the sample was covered with an ethanol/DI water mixture (90:10

v:v) and incubated at 37 °C for 6 hours. The resulting material was washed
three times with an ethanol/DI water mixture (90:10 v:v), the solvent was
removed by draining and the sample was dried by lyophilization. 4 mL of saline
were added to the lyophilized material and the material was incubated for 3
days at 37 °C. At the end of the incubation, the sample was extruded though a

16 G needle, 8 mL saline were added and the mixture was again sequentially

80



derivatives known in the art. Esters and salts of any
of the above reducing sugar and their derivatives may

wabk®o/obsezsed singly or in any suitabl e conbi ne€T/or2006/001009
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with the above disclosed reducing sugar types. 10 It

is still further noted that in accordance with
f r t 4.nven e
%ufélljdr%ba‘églrj éﬂjgé 8andt§hf0d§ ee%glr%ota r% &l ek mafial was

I aagel baﬂn@aylrramdnsrstenwmm mfofdwhﬁe/yelmmwmw and

| aevorotatory fornms. Racaem c m xtures of one or nore
reduci ng sugars may al fxpeemesed.1/48Mli ti onal |y, any
reduci ng sugars which contain one or nore asymretric

( cAhealexpermensn V@etsormrfbfmmayaal desdnibeds éat iexpertneent 11/40/3

RIS SR 50 o Lo Be BT A g imoe of

( enmltbsemmmmhycﬂat# (insteany of Giucbsdreine HydraAIPIdBAL ITAB Sresulting
he aggﬂe0|ated b thos Skl||ed in

{ hEtetsTial et 2 e haglic, R AR E0nSiteney, “whisiggliow color
enbodi ment of the pr es%ggeﬁg‘\égphbfﬁérgre t han one

redu0|ng sugar 20 nay Ss- Ilnklng t he

har i des r_am,no unc ionaliz

poI H%a %r'lrp s "&¥d/55) n?t ﬂ?‘?é’”% ‘Ff @xgﬁqmgﬁ] H3[403
pOhymﬁmbbaé | ekesptanal/ths re’mblhgsﬁgé}Cdéeﬂﬁiﬂslm%g (1.1 millimole) of
pgby%qccharl des and/or  any mXxtu

BEIPSS JeRNohyHrglss ('aﬁa%rofa%ar@ltfcemmeanrqc@&pnde) The
polessrmghasteAaiswagaldel ABANG A m@or%fs@é&y%d(ﬁﬁgﬁ hit@hbliow
desired additives). For exanple, in 25 accordance w
a RYIACIiniting exarrpl e, AHFA 1 150 may be cross-Iinked

Wi th ahs mxtéjre of -)-ribose and D(+)-sorbose.
Si mi | ar'f {F N9tR H@émht!%ﬁdmwtwmbshef FReluciagisyaamipes was used

t hiy ey %&éﬂn@ﬁrya efperintres Qfiscfdikl %@mﬁﬂ&eA"r'ﬁﬁyl ofheP tpes of

be cross-linked in a m xture containing maltose,
[ﬂf’b@'@gaﬁ‘ﬂﬁaﬁm @g@enyq{lv?%pf regiHeiNg SUgRRERM be ysed as cross-

e”m@rmtprocﬂmmgxﬁér&os‘%flm% fhatif@k! AYRD %@gnﬁﬁﬁ?{ E.erguch

may 30 be cross-linked with a m xture o Cross
i n[ﬁdlngnggsqga[ﬁ,g@y |gplg@@sl@ﬁq gie nogdignited to, an aldose, a ketose, a

0 5 RS 159 SIS R o 5y PSS e

onfydesegend w@yer@ﬁﬁeﬂﬂr%ﬁeu aﬁwtbmeaMOﬁ@dWWmtaremosen gibose,
pog,f,dslgl BitfB¥e CAIGEUEEN uétg% rﬁbLHﬁE r < h(de%%e %ala?tose talose, a

pol ysacchari'des use
r etAGEFing mwgawand@l a|hsidcing d!%éclaﬁf@@saIreqmqmwtrlsacchande a

re hbl digdsdtcRaridet mible A r #j e
klélgl e | n t e art that V\%’i ?cgaﬁe&g%@ég ,igf:é\(mw]g&, melibiose,
turanose, trehalose, isomaltose, laminaribiose, mannobiose and xylobiose.
glyceraldehyde, ribose, erythrose, arabinose, sorbose, fructose, glucose, and

combinations thereof.

Other types of reducing sugars which may be used for making the cross-
linked matrices of the present invention are the reducing sugars and reducing
sugar derivatives disclosed, inter alia, in US Patents 5,955,438, 6,346,515, and
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5 cross-linking reactions disclosed herei nabove nake
use of a limted exenplary range of solvents and

w@odovend3em xt ures, many nodifications and variBCT/Or2806/001009
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may be made in the solvent systens used in the
cross-linking reactions of the present invention.

E??P%Z@‘? afi ﬂfﬁumsﬂéﬁ mvﬁrﬁa%ﬁsﬂ éht %%Eﬁicaggn 105 ?‘855"54 669 all

resent 1nvention
aqweich sresal iud;drpmated berefrayyerdfetéhca iputbeiv enmeﬂy tﬁcirladl parposes.

Sol ut i oh e HEleatdh BoecfiaioRuid ar(aERiRend i I Bnton

sotsuutabten&ducnm smgmg!emmavemmayrarse bealseacfuemaxrc&ellmlein\g of the

dth ' | o
o el BRe ot €8 mréentBlertin e abhGlves e ibiide by got imited
sotoy mms@sqxﬂxomt@ gluc@sﬁnﬁrﬁe and any othytty SR dthe? rétudingfsugar

VAV U I ihey o SR a0 R PRATY G IRV fuing suger

SObN&me(rSﬂ)enVéﬁvéQ Ry @lsode uéizbltbﬁ’fgWTéﬁ iflany sOitabld Edrbihdlion with
ter. In principle, any type of solvent system

i nmeﬁpﬁd'éﬂ%@d?%fw SHBa@YH’Q?ent conbi nati ons may be

used f qf ispaillfrafmer Hdtdd Bat B RKeSrdahBK Wits 268R6HAI ¥Abofments of
the present reactions provided that reasonable care is

usﬁl? iPFEsenk irRventien itha @F’UQ‘BQ VRHYRE(S) Msefomag xkansiextrorotatory,
S 0| 2608 ofatSr At tniuRs I ABKYorbiatry BRY 142RbIcERbQTHINS. laemic

contai n excessively chemcally reactive groups or

nmoMiires of Rae ofgere dedicksl SUgaEs mak rlserbe Heed: f Additiqpalll, any
t h?eo‘%iﬂﬁss F LKL REh 'cBAGEIH 878 of H’i?)ll'§§§yrﬁtﬂ¥trl'crlﬁﬁ|:aﬁ)eéérp?n atoms

reacti ons are not undesi rabl ar e
torrGVa@JS@ ker ugg@rindibsi metnpds agidnimiadiices , ofc thee pesent uwgetlon

ta,ﬁ%ﬂjdlng I‘C?Plﬁhgbtgﬁdgfaénbg lgyrﬂgr@fforﬁgl ﬂéx%en‘éﬁ??\dyoq any

avol esire naturing any p oteins a
pomptieps lad@somhmahprartberbef ng cr oss-|inked together
wi th the am no-pol ysacchari des and/ or am no-
f unct i dhalllibecaPppesiatec by Hnsk gkifed Bethe iarfghatin arertdangetwith an

pr SMHﬁgﬁboﬁlﬂR?Bf HaY pregé(rﬂ%\géntlﬁf? Iy ?tthé?{ one? e\ﬁﬁf%g sugar

m xture or solvent Sy stem na use erfor )
t henay r be sussdniorn grqseélokling nw%ﬁwmcequvmmrldeﬁv end/pb ramino-

83{u¥1\9 &%92%00 Zﬁéggacggr{c{ EZ%Q@;OQOJ&IQQ 9 mIQiE oft t‘Eﬁ‘fg;gargnt amino-

rrces o I nvent i
crpslssaqcmmdeg amylloa;uatmrm-kmchnmnzmtmnlvscafccharldes and/or any

B U anit eE&g&%ﬁﬁa%&@ eﬂ{d/c?r'grﬂﬂo-f%éggrﬁlgggl Pﬁlggcchandes

sacc ari or any mxture o
poW;tlsamehar mdess penteine r(asavion anly udesired readditives).  For example, in

po]aé(c%%:a%grv&ﬂeg ngn-ﬂ(nﬂrngaé%mple, AHFA | 150 may be cross-linked with
as mixture of D(-)-ribose and D(+)-sorbose. Similarly, in accordance with
another embodiment of the invention a mixture of chitosan and AHFA | 150 may
be cross-linked in a mixture containing maltose, glucose and fructose. In yet
another exemplary embodiment, a mixture of AHFA, collagen and heparin may
be cross-linked with a mixture of cross-linkers including ribose, glucosamine

and D-ribose-5-phosphate. These embodiments are given by way of example
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5 m xture of am no-pol ysacchari des and/ or
am no-functionalized pol ysaccharides wth one or nore

w@e@vme2ais2 Wi t h any desired comnbi nati on of reduP¢TL2006/001009
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sugars and/or reduci ng sugar derivatives. Al such

combi nations and pernutations are considered to be

W .

SuShY 2y e BRE: ki i REHinga Sk Plscitli Byl HBugho the
f onumberand type gf pdlysacehariles husewl eatl trmwwmermmyﬁymd)f reducing
an%gafrs frl},ﬁ%lea ﬁ‘l?lcr%@g anlg%QAt%ﬂ'ns?gtlurem opertl es of the

resuftrng cross Irces adapt the matrices
for any, r

resul ti |;£1 g\iﬂﬁg%%% re%%?éd B?tthégé skﬂb% m tﬂgfﬂferf {h%? wille t@ee specific
t herosehinking mtlmﬁweclos%h@femaheveamlw up® Ioflaalmrﬂaarexelmslary

e A Raeots oAb 6, OB ABSHER S8 SEfanond ey

n u b eanade ¢h ﬁlyap eolgéntt Sstanossed iinkhe grosdinkingg rédctt]@fas of the
Sl B 0%, 8 AR BB e SR o

pr opdal_iet |peessent3y1vahtw1 lmayabé qurfeemed nT esrquébusf,sohl}iorwebuffered

regetion caonditions. action tenperature

prdoded®, Sose! 38ivent TnehdRs e Tl ahcPdiseus buftered

pr eslatiirearal oras ansre oﬁgjanambl\mﬂﬂk nbMeGues BsHINitions indiRiing one
reacti on m xture and/o apg edtothe matri ces

af PoImor O P, AR 2N S ID ATITENgS T4 fiom the actua

SOban“fr(eﬁ)s tiseldsad héﬁéﬂ\dbb@ésthlel mafl- étﬂ.lebaéicstohl@ﬁts”bé@dufr%y be
i ncl eh%{ | east one |on| zabl e salt (such as,

no olpf ﬁf‘ 8g hyyorhiliz aRgler walloniscile felvesys bk may| %FF‘P (b'i*FéUde
of varduer diffeieht ¢3hPaiak, HOH- h‘yBro%K@lSiE' W%@Iv@ﬁt@%o%%h a® not

or the PBS used in experinents 2, /1-3 and
i nsﬁdﬁslt?é\t'a'é&;ﬁ@?‘?'%n'tns Water o 5 1y IECHR damh typer &F [solvent system

hemgiuamg ) solvERE of 86L&t k&o%bﬁ?dtlbl(@ InalfBe Q&Qui%?prHO

hg th
controlling the ionic strength salrd solution, Irngg ©
ma GO iR IPastRNS A th%PreﬁfﬁFﬁIré?ﬁiﬁﬂis ﬁgvvmﬁb@tsremnable care is

T OLSEdNA tHOEBEEOh Bf 8Bddtg €S | ncl uding proteins in
cases where the proteins are sensitive to the ionic

st r engtrdr GxahPr, rtﬁ@%blv@ﬁts StIu 'pFB?erabe b%lt '?1% %ﬂlléeﬁéﬁl\é) not

any suitable ionizable salt(s) known |n
30°q4@n %@%Uﬁ{yr@emlwyur@mttyegwwmn@ﬁt%@at er@artadynrsely

SOhfHck @R iterfdre Wit {hekﬁewllﬁl{hgt r%ctléﬁst un gPané/ mterferlg% side

non-limting exanple I oni"za esats
usEgcions| atfe noeﬁnm'mw/me%zcw@w |telecy omexm desired).

vaginfiday, %ﬁ@%hod@%@ltaﬁeﬁl inSthe &h Ffi:'e'ofrfﬁé ﬁ)é)ﬁgc?fl ddilRMt(s) used to

various different net Ic sul fates [
ph@ichdindesireq denajwénaioffany mseteing ramgior palypeptides aviicht dare being

|1 EBss-RfkedS BB with the amino-polysaccharides andfor amino-
functionalized polysaccharides. Bearing in mind such precautions, almost any
type of solvent or solvent mixture or solvent system may be used for performing

the cross-linking reactions of the present invention.
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in the art. However, any other suitable type of
i oni zable salt(s) known in the art nay also be used
WO poovks6362 0ss- | i nki ng reactions of the presentPCT/IL2006/001009
invention. 51t is noted that the products of the
novel cross-1linking reactions described hereinabove

b f
g?)c;ssel Hﬁﬁ&dttﬁe ﬂféﬁr@:’g%c g’r@éfe%%m Aledll E-u rﬁég% formed by cross-
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her ei nabove (i ncl udi ng but Imted
poPY sthe chirhe et Graveriesoph s eminpplysassharidest angigr paino

Obﬁf'f\'cf‘ﬁ%lzéw pGIYORBhAAJRE] d%@d uﬁlb%rﬁﬂ%‘? aﬂbﬁ%’i bPBroF]@ﬁJ‘ 0SSy G

of the present i nvent1 on. IS note
15 pr é%ﬁﬂat ¢hepnumper ﬁ@dréypezuobébe |cr¢ﬁ3rlmgmge@@lunog§ugars and the

o grcsbrgbﬁfeg of gﬁ){) h%?geéﬁ vél gﬁﬂdgﬁi Wg}eﬁgﬁéﬁg gtﬁs%\‘&q{oted that the

I nke sacc ar | and
cr ot nrnwtﬂes:mmoemtbe gifeotedi infep@lig.dayctbbaeaatien conditions, the

a'cﬁ@r?‘)ce lgl?%ftHétJ:EI-?rth .rtgﬁee%ﬁ%glveﬁtng{ ?Blvéﬁtgq}s%g and the
or no I e i g the cross-Ilnke
rraprase@@ Dbabsuamhexf anvrmmvempr@em or theneeagtiommnixéure and/or

o PSR MRS RS LSRR S a1 o, 25

e not limted to,

drying, fgr ﬁcgé@ﬂgit%@golv E{%@g{j i the rﬁgé dﬁlg@ Iregi%'gé\'g mixture

dryi ng, or mosh
st eay lincleds ehl,easmnmgaemablat $abin(s(icto amobltutf iyotdimifedtpothe NaCl

fl L ni ect abi I Lt
| BAERIRESHBS A B SRR iogh s, B R
an@, erathe PBS usedjieekperiments 27 t2i1 ahd 37/ 1LY and)m athegexperiments
25 ot Sikiongt dbdeichepingbve” A BRERRE G Mo he seful for
pucmmﬁmb theriowmidi sehgth wsauelmtubﬁnag@eﬁéwbé divaitagsous in
[ oses and/qor fo rmn

%%%;%J@één%gﬁlpgg-/f&ld%@g}gogqrﬁwlte ma{rlcgs mc‘:?udmg gprot%?ns in

cases where the proteins are sensitive to the ionic strength of the reaction
solution. It is noted that any suitable ionizable salt(s) known in the art may be
30  used to control the ionic strength of the reaction solution as is well known in the

art. Some non-limiting examples of ionizable salts which may be used include

84



addi tional cross-1links and/or for other purposes),
m xing with a pharnmaceutically acceptable vehicle

w@ suwehe@s for exanple, for form ng an inject abdBIL2006/001009
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preparation for tissue bulking, and/or tissue
augrrent ation an/or other purposes), sterilization by

st er’r@l mme%ﬁé%ﬁg%ﬁﬂ%lgﬁgtaﬁﬂgmte? evdrlﬁhs )ﬂiffegeno n}etalllci sulfates

zat1 on means ('suc
| i and/ed phosphatesi varioas idifferentiamymdnyuim sgéshampk thexikee as is known

o Pt o B Y e Wi BRgich ERlaohls R fw A h the an
pr oegsdsaioe ussddp the drass-linddnyoeactioas pf theipredaheinvention.

conbi nati ons of the above di scl osed addi ti onal
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é? ? r}ludllgg but not J]imted to, nat
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CObh@@BRHNjéRAN® e@épeﬁgoﬁ@m Abthik partielel | rigRIRphéres, nhwdpéﬁiéles
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comicigerhess, aneresaricles and ojher relgiedtasogsligabiorms made of any
I egOfHRl Wﬁac@r@rid@%@ed %ﬂﬁ@t‘y?@ JJ|¥0I§§EQ! ﬁlé?‘@l'h@go\@' g(ncludlng but

nodi fi ed col | agen, ,
xxllmvt et 101 RoALOGEcEar @nlcaq@ﬁate m§fﬂé%3)ltb@t @y be gptgined
dy cP&'s%%hn%Kg ugifty tl'ie@ﬂlc!atl@ﬁ‘ thethdMk of H! dr?éabgﬁ‘ﬁvéﬂtnﬁﬁ Vi I I

ype IV |'agens, type VI col type VI
CO| | agepis ﬁdf&?thé{ fhk: pragac{s of A h&veﬁ@r%s@ﬁ'\k%?évreﬁ&lohggi@%rbed

type XV and XVII|I| collagens, artificially produced
c ohergtiahoventineludingtoginelie yoas sressilipkad) nplysaesharidas and the sugar

eugf@&é’ fhKes c%hp@élfélﬁé%iﬂfdogl én‘ghérﬂe%atmés) g&‘ BL rf@kt Yrocessed

nodi f1 ed organi sns g@j en an
re@'ﬁiH@"c ireatec angyorr mpeliiedl by GHbiealing thqaarpss-kml@é nggitrices to further

fi f?fétl‘n'eﬁf aﬁ@)oP nor frhel Fllole(%ssfnﬁc )E/é' t 55% écr(?ag‘rclﬁ ts and/or

at el opepti de | agen, I cla pro agen
memafideatione mawcg@n out ralnot/linitedits, idadnds freeaskdyipg tdebydetion,
pr%fééb’ﬁéihp dﬁﬂg:‘ %o?ﬁin{lf QGHSIH' g@ dAl% S b@ %%Jcles&, sterilization,
organi shs, purrfie ["agen reco ute
puhorhoganizetion dtgermodifyaot umrbre\se dbwf propertidsaand dhjectaflity of the
matrices), mechanical shearing (to modify rheological properties and ease of
injecting), irradiation by ionizing radiation (for sterilization purposes and/or for
performing additional cross-links and/or for other purposes), irradiation by

electromagnetic radiation (for sterilization purposes and/or for performing

85



86 WD 2007/026362 PCT/1L2006/ 001009 fibrillar
reconstituted atel opeptide collagen, collagen purified

wo e@wnoaebt cul ture nedium col |l agen derived fPONIL2006/001009

10

15

20

25

30

genetically engineered plants, fragnments of coll agen,
proto-col l agen and any conbi nations of the above

|1 Sb&6orzPbloddfiks érﬁﬂﬁbﬁsfonﬁﬂ’lelbﬁur’géfég 'rﬁ]mf] plgé?ﬁaceutlcally
conposite matrices of the pres nven |on

di geteptable Yebicls (sathoas .fon example, fdyéoramgrammacteble Ipyepatation for
Sk'tl 4u§do (}'ﬂ’ngt Qﬁ%ﬁf {lsstugaéulgHéﬁta I%f bffier Eﬁ]’hS%e%f%ten Jization by

di scl ose resent app |ca on ar
othelmaluwns(autaniﬂvlragam tien liked yatesitivationby Chexsical means (such as,
ex ' the
XA TR b R g BELFDIBROY oo e okl anc
i ntHeUdate) rmnregnaem With amedditiliersgrdion amdctintbirationsooftsbeh processing
nQ- pol ysacchari des and/ or am no-functionali zed
poF§@%cchar|des any suitable type of protein(s) and/or

pol ypepFuMmén&abw alitable ccm)b’ﬁdnens Gf)thmm\hé dilsclosed addltlonal
es and

cr sst-li kable to the am sacch a[
C R imerl R Plcnse A5 Bry Ba Derd T SBLbAIE RefBRed ig provide
(I:‘i e dih\e tegired ingtified) Stor drl’éklgéndhatnﬁ‘lapéd lamu&d @Fd/ﬁ\gpr%{dﬂ_@fons of
erivative cross uc ro . NKa e rotej n |,
O Teutyel Sigah BPainie Mitss scksan harainnal e Bhove depesibed
cotré@ts@ﬁt mathBd bRl Welb RhéWit RChErAaind &re thétbloR IR described in
superfam |y, extra-cellular matrix proteins, enzynes,

st Pefet U‘?rﬁ'lnaﬁ?fr oteins, blood derived proteins,

gl ycopripisgiiser nbtd@Qﬁéﬂhélcﬂﬁupoélfét Métﬂbesoéf‘?ﬁ@br%%nt invention are
synthetic proteins, hornones, growmh factors

caPet imijipd tgihaiise g eenbartisylar bﬁpétOé FRllagepdiriheyy amt desired type

Pr eMebi Fﬁﬁ&llﬁilﬁb&bul Holt A UiA naRUO tBlidgen, fibrillar collagen
extracellul ar 20 proteins, menbrane proteins, elastin

f i Bpriligr ¢t?h99¢wft9geﬁ0"m Vialopepfidledicontaining: collagen, lyophyiized
Cophiaah MnagdehERkd fidin aRmRI @@%Ss m%n%aﬁé"p‘?ﬁatmrﬂéhan

the present 1 nvention, the cross-|
pof9liagerneacoabingat cplagsnoepsinizpd e@&«mer\, neeanstitytednegllagen,

beb \ihdTY e%p%gt.a@wlatgég1 b@rb g didlb iﬂQ'cﬁueIf%'h deg;éﬁaﬁtained

or w thout sul ar maceuti ca I ves
anasvmra pledebratee apecies, | yem\mﬁrﬁmo&agﬁ@hug@het(og)ly eggippered or

| ; ) P
BBl Sloch A GRS T 0, RSS2 sl Bl
pr types IX, edi, Xbv,e\d 1 814, DXz K&, 9%l argX¥XWilagollagensstypes Vilinaral X,

LEELY BlpoSSTBL YT ML QUL RHLPRR: X5HSRx ana
ap¥KVcealiagenss, typs 90& aadgXieHk avliagens,t adificiallybpidduper caltaben
th%ahbt‘é@fured by genetically modified eukaryotic or prokaryotic cells or by
genetically modified organisms, purified collagen and reconstituted purified
collagen, particles of fibrillar collagen, fibrillar reconstituted atelopeptide
collagen, artificially produced collagen manufactured by genetically modified
eukaryotic or prokaryotic cells or by genetically modified organisms, purified
collagen and reconstituted purified collagen, particles of fibrillar collagen,
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addi ti onal enbodi nent of the invention, the matrices
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physically and/or biologically nodified with agents
and substances such as, but not linmted to,

h
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gr %‘é‘o‘%cle@S'fmgfe?nab%(/@nSf ormng factors, receptors or

E&pto exes, natural polyners, synthetic

pOI yner g Eﬂ‘%ma@%ggrmﬁeegﬁlhéjcf% te %l}tugrag 3%% tc,omposi’ce

therapeutlc age nat or
gl yesdticasi dl@gjbsexhrrs thepipogseoy applvaton moe p'lmbgi;mtted to the use of

B A AT e R BRI, cemprtited foraipabove

t r Rudlor| thtel compoaite oratriceardfithe pfésammt/aﬁtgonagwltrﬁ:lude matrices

h
e sl i, G e AERE Y sos R Rh Pt g lapalized
nupbwsacmandies ay suitaglenypé ebblrotb‘m(s)f labd)’lupélweptldéﬂ; thatdfal or

deox cleic aci uct , .
N P eBRAHG e B85 ftePiect (B8 40E-Palkpacoasiis dadier amino-

gelﬂfnctlanaﬂﬁéti pm‘lysa?@ﬁﬁﬂiesl Ebycaﬁaé@‘ﬁl rhcbr@rlredUGﬁb lUsiJgag Ocl:ross -linker

nat ur y qor artificja ro 0 onucl eotj des,  a

pl ggﬂ,{%aa ucn%g Sl&% avqﬁ&ﬁcrqﬁsl'ilg? n%uq%oqqo%q Iinkable protein or

Ve pbRpspticRaHay mdluﬁ@ Mould bRVt lhﬁﬂe@ﬁi ol Rjen Upprdkein s@lBBted from

transcrption, osam no%gycan chondroitin

C
4- §1 8t encﬁk!mia%l"{ Riga-ogllulqn| maiy, Preiaing, ARZKTies qplguctural

depraeias, bldbé Qieﬂvecl@ﬁﬂélh@ pRdtains S kiddppdtEins, natural proteins,
hyal ur onan, lecitin rich interstitial prote ycan,

de&BHtafic mraqegnéarhormpmn@rem rfactpigni eaage o eﬁﬁomotmg

syaeaélagsmrk@@aomgh W@ﬂotmgeb.%té‘.ﬁdﬂ mmmleglpv&éms extracellular
serglycin, fibronectin, d_ycan

ch@FR!?'BﬁdWéme?é‘e POIRINS, rﬁé.astlﬂhflbrwh dpiAgeH-and ygrious different

engYiBinafith<aR&EE i nhi bitor, an antibody, and by any
conbi nations of the 25 above mat eri al s and/ or any

ot her tMp&cefdaﬁEé)Wﬁlﬁ bMe ekt Yok PH SHESEH: |rﬂfen§éfp5tﬁ@8|%§s-llnked
known in the art. Such agents or substances nay

ad@elsacshende aatrieese §f 4he resant cinveniion - mahkbwom&ated into

beggitdidPinRicRble AdEhhiatRA] |\Mth°rorakl\ﬁtﬁ&ﬂatsh‘l/ﬂlé/ pharmaceutical
ag entés) or substance(s) may be added to the reaction

m Rediteesyrangfor t harmaseuticalhk iaseeriakle t vrhicle®Ehs s SUphkiniggtable
gFédaFé'l oﬁ?%éf@pé&a&&f frof ERtbpd sfrPGe RIS BPaRn &t 4 S&itable

needle). Such pre-filled, pre-sterilized syringes may be useful in a variety of
cosmetic and medical applications, such as, but not limited to, wrinkle

smoothing applications, tissue augmentation, tissue bulking, and the like.
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30 substance(s) to incorporate and/or to cross-1link

the agent(s) or the substance(s) wthin the forned
wee@3m2d3snked matri x to change the matri x propeCT/iI29806/001009

88 WD 2007/026362 PCT/1L2006/ 001009 Such added

substances may be covalently linked to the

pol ysaclrabidiy t@Betnr édﬂltmhaﬁEMb%Héﬁpbfech@ rnﬂ/%ﬁﬂ&d K RBtrices of

agents, as Is wel known 1 n the art Al'ternat'i ve y or

addhe peasant ylve@ftﬁf\hmﬁbdzef WQﬁgcaJlubmdémuéyswaliy pled/or biologically
| NGhdipRe 1\Dit hegeri€aghd Oguﬁgtéﬂc‘ége sl i 9g t not limited o,

cross-1linking processes described herelrn an
t hipbapeaceptigRi® diryds; Rrateins, nolv@@Pl}!ﬂﬁSaawthe’hm@gemte anti-bacterial

oC1a38nb, BHERPOLASARGI S R4, EI G5 gogrooon
skuage@ta in amtemﬂamatomat t hgends,os s -dlyaobedeinsyat r i preteoglycans,

S35 BaBEISLE IR R A B s R G
k n daators ntrarséoraing faEtors ea(zemmlrsaor neomoocmrﬁdléxewna:tﬁrat pstymers,
te

fr unct ional u h as t not lim
oG PR R Ko R enliles Simocr tijopesfiproent
10 gr @u panti-ieftamnmatogy @gehﬂ‘lglybbﬁaiﬁmbgllﬂéﬁd, ﬁf@tdgig}gﬁgrr!ﬁ morphogenlc

nts after th lin |
C BEAO5 Ry hldting, BuftioRis BNERPR e T e IeEX Proteins,
ot igmmnhmtmaj Barenstionr fﬁgt;)&tl ati- (brﬁlumh‘naﬁﬁy abéiits, Sjﬁrotelns
no oups an or _car pox roups, an or
y BPBiERs. JroDest, HAPEhe TBtEiah (Y Gane, STomneg qas6 acid, a
c hichérmican dmedified OﬁUcIelan@/clr b@dghgd]fu@!éﬁﬁde an@bRlicleic acid,

15 b PERRBPANAIG 456, ScoPBHC BAABRAGOTSiirbm A og A grobes.

angdhiserdte DNPR | anfitieAbé €F%NA hé’ dnkEh péaH fo\“ gl E@rﬁe r@‘ébrfniéosmon
sucthErou ps in order to further control

pr 8l581INde Batupally 35| F4fi Cdﬁ'lywewceso@@pawéeotldes a plasmrd DNA, a

POSbsrAtIAINA | ik iaRg ndRGirkl Gettdre Requiry fbl"‘ﬁrlo%ﬁn@‘é&llﬂéreuptake
not limted to, 20 esterification of free dr oxyl

c aPBOLANGFRISS. Br @gwﬁanmpgm@npéhgr&mhrhaﬁ te, U&@R@f@ﬁl@ 6-
20 Of stifife AlcPStan shl?ﬂf@chéms{ah)&uﬁéteoﬁbﬁé?‘lﬁ RESH&H Buildee Iﬁ?%ﬂ?onan

of any included cross-I1nked protei n or pol ypept

of adeeitinpies iintersiitialrareteoglyeany |decorin kiglyeamy fibrosmwdulimi lnmican,

gr h p ti n
angUBReaD RhISARE Mot By G, P USIRER, LA EAE T SRroitin
)ﬁlpr@awtm nﬁgroglyemu @hondraadhesins, kfﬂmhnS| rihroldogpandirgs, an

Th ﬁlf‘ﬁem ﬂmé] f I

the art aarﬁij [ sﬁ{‘% ere %Fg%gbﬁ%céyé%lﬁos@d%% Cahlpmgﬁc’ﬁsnd the
25 hepboveamaierialsandier fany ottien hipe of praperiyrtidifyinggentr salystance

bekH&lﬁ‘f H\l thé 3Ft. gb'éht %nté@rdéufb)ﬁaﬂges may be added to the matrices after

the cross-linking has been completed. Additionally or alternatively, agent(s) or
substance(s) may be added to the reaction mixture prior to cross-linking and the
cross-linking reaction may then be performed in the presence of the agent (s) or
30  substance(s) to incorporate and/or to cross-link the agent(s) or the substance(s)

within the formed cross-linked matrix to change the matrix properties.
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and fine tuning the matri x properties (such as, but
not limted to, hydrophobicity, hydrophillicity, net

wehbargs3er various selected pH I evels, matrix POF/I2006/001009
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matri x 30 water absorbing capacity,, resistance to
enzymati c degradation in-vivo and/or in vitro and the

app 1 cagt anaduer BpREY gl ¥ HREhI, GuER0 R polysaccharide
PCatix ®g 62190 B0ddble arosmlinkingn agentd, tasais wfalltlhmwfn in the art.
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st basddumetrices ensnipdsite matriceel ent 5 degree of

bi oconpati bility. However, in other applications of
t he matlt ivcle bevdppréciatdd byothoseqaklllleé ia the gint thag rtieee cafss-linked

o R et ierd My foBeipiifiee oy iceuddfe Geftees o
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| i w Biaerficallys ifteydute otk eshehficaR@Youph drhfoietiéss G&subh BKEthut not

{ l%‘i descri bed herei nabove or prepared usjng

nme
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Q4 PRINOCHAHPH B8RP CarPRyY ITOHDS RN hygrqﬁg,gqggps and/or

adggd- 9FHUpQ,galﬂflor3cfl'ﬂcﬁ6- AiPorChrefD- bhdybi d8o- §rBubS MR peroxo-
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C e BTOUPR AN dPRyiodantSEeRsd angyoF Rerghiarei @roups, APe(eF caicether
W tRerfiBaldgbubs OftaloreiRRdEaTeRbicts tthe Ii'l’@1t I %?ﬁhé?f mBJi\ﬁ/ such

present invention, the living cells inc In
rraﬂfquééén rRigento {usthesispatrel th@hmﬁtﬂw@ryp@@es osE@@ml%espfs, such

F%I@?&t—c%@é Jifhg hdieibre sy m@lﬂgéy&@aér%mrﬁmted to,
's, adul

,_ad tissue derived stemcCells, vertebrate
pr egferiiicalipn ek free hydiexyl &t carkoxp @rgupsryesent 8, the eplysaccharide

geBS&Hbﬁﬁé loYth%r@bgéelﬁ{k@g rﬁeﬁ?n?&%rffh% ad?Bt‘aelrpﬁaﬁBBﬁ? of any included

matri x proteins, glycosam nog pr ot eo yca

noeieletjeiddcprptent el prlypegtideoha corapesitegnatix, aqstvlatlpn pbany free

fa S r

poariisSarofi or bl <ACHEY of ARRbR4e PARbEGK or 3 REFTpe o

t ofusfiensd graupcehetminas ot enzymwconomfmaaommqmsamown in the art.

Sell'ﬁé gﬁ&n 'SLLJ}:% r%cﬁﬁ&h?ﬂg%' ﬁélf I{}%\Afﬁfm KM Lr? bAA is therefore not
or nones, ycosam nogli

prdlselogéwmadmil hﬁneipaitfgenl Cc proteins, gr ovvt h

Such functional group modifications may be useful for further modifying
and fine tuning the matrix properties (such as, but not limited to, hydrophobicity,
hydrophillicity, net charge at various selected pH levels, matrix porosity, matrix
water absorbing capacity, resistance fo enzymatic degradation in-vivo and/or in

vitro and the like) to adapt the matrix for specific desired applications. It should
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factors, transcription factors, anti-inflamuatory
agents, glycoproteins, nucoproteins, and
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different cells nay also be included in the matrices
of the present invention. In accordance with different

. the .3 .
cr B8P R it et 8 458 e WDIELH =rHiind BBainggess insendy for
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i neeri or Vo an vitro _appljcations), .
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bl ab atbit Créqwf@bolhl?@ld‘e&éey oﬁﬁbb&tﬂpﬁibmt?' Mﬁny DE RS gré]ﬁi%ellsted

vectors and nbranes fo ui ded t

an@PPERG e’@Ye?*BWthemlpa' smueékaﬁwrélrhmafa& (5ueh ParRBPLimited

butking ea §znd§-n§VoQbs ﬁﬁr%&r@%uﬁs %ultﬁ@ﬁké)%a} b§ﬁﬂﬁ>duced
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fi biridiGreaid pRbfiistiecOSMeti ¢ and aesthetic purposes),
envel opes for anchoring natural and/or reconstructed

and/ or jpgkédrisicRl wF’EHi %n§ddll‘ldﬂah VbR ISt Hf tﬁ@rméthges of the
preparation of artificial tissues or organs such

buPreseet inventicadliving eglisimaychepddndiesany of ergs%rlmked matrices
CogRQUABRY h%f‘elﬁeiHEPQ%'r ofegHRdf [lélﬁé ?he Fn%ﬂ%ﬁé Hiebsk %ereln The
cross-1inked polysaccharides o present invention
coliing eefls mpy Ee addrs duiing o gfteithe @queflnn&mm togeyinyaerase-linked
st Héfrtﬁ’éo‘?@amn%t)ﬁé bAnSreéARfH ellmllﬁdéae(ﬁ Moelbi&din AL Rfirix.

natural or s etic organi c and 1 norgani c conpounds
above o BRichos A Hh &RANEF CHBOEIEN OF rp s, of the
skpreseqt invention, the livingicelighincluideddn thg matricgsavay ke vedakrate
of ti r o
IARAT0E, B03BEN. B3PS AARHRAL SRR MY LFRffine e

nocelisapslutb Hisseatdsriyed stemm getis, cvanigbrate progesiten oells, vertebrate
Th ﬁ%rtol féﬁfgac%'l é Lqie?\gpct,aggy&?rfé\%%(fgg ];r%{/& t@n&heotrgr q‘H&feeBP%atrlx
pepfoteins,t pycosamindgicans, epratesglyoangyr mowmpiagenic amroiecms t grewth
20 a%gogii rgb%lgp%larfgﬁg%?%ﬁﬁgﬁe@ngﬂ%?&a%bgﬂ IB?otelns hormones,
pobgmweshame demoretypes obéiviad celtpoginearedriv ekpess dceptogs to
DL BRI, 5o e AL Sro s HEb e, pepis
cr bersadneak glygosaaamtghoms qfroibbglypﬂrtss enurphogeani proteing ygrowth
[ i, mted citric acid/lcitrate

LoFRE PbnRRdter s1eTs) o EntiBiefiid . "SedtS.  \fBchroteins,

mucoproteins, and mucopolysaccharides. Combinations of several types of

different cells may also be included in the matrices of the present invention.

In accordance with different embodiments of the present invention, the

cross-linked polysaccharide based matrices obtained by the methods of the
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acid) (PIPES), 3-(N Morpholino)propanesul fonic acid
(MOPS), 4-(2-Hydroxyethyl) pi perazi ne-1- ethanesul fonic

acj . ; . f in
£ st apelatiof Moy Wi Bbi 36, LoEPRSyRyert Uphialo RN dout
of neflinfited te; ergiixsscaffads ugeablelis Bsbuetengid@erigs(ior é-tiltaand heifro
b S n ' > ti hem cal gr or . .
o Ao, D oAl RReRE B, o i ts i, ologios
r e éuidlogicetly ceetivr piotzind) eyenés) ajene e/ectous bnd %dm@), membranes for
2007/,026362 PCT/ 112006/ 001009 ffers.and the .
cofUACHIEETe sh bope fapgheratay et 157 3B oatel8 pulking agents
lknamﬂori prosthetic Oclzmr/rces ar} ﬁsse?ha@ﬁént@tidg_ heRe for ga@néﬁa gb? esuf;h as,
i teratur . ar erefore not disclosed i et ai
nep it el sRsprl i aRises A UBEGHY ol RPVESUE and
A pedtietid fugioses)eamvelopes €remBhdringRAUrBICANAf R G6dbAIRES and/or
the pethod c ri sing reacting at |east one
poﬁwﬁrﬁ@aﬁ%ﬁfﬁd@%@@?@ﬁ" e Bﬁpé%t'aﬂpﬁ%i'ﬁ%ﬁ'%'ﬁé Shefgppresuch
ana@Buteot flikied ko Bdifidial afledd | andiaHECA 8bMBheAN8F composite materials
conbi nations thereof 5 wth at |east one reducing

suBIPPIsg e rGross-likerd #olvsapebaridss | of dae PFRsentyisvention Tembined

e sthackanidl dtGrifRiaf phrierlc SMBLRIsmaRtisls 8hd/beRatic W with
pol ysaccharide is selected froma natural IC?/ occurring
S

anPiier PaiuAl L chiathetie organis, ang deereanigricgppounds and/or polymers

PoLAHGCRRBlHafishs GBIl Bfthe QodlRlstbaRMeysaccharide, an
am no honopol ysaccharide, am no-functionalized

pol ysdicwil beiappeciater bethosaskiliediinftbe et thatavhiletties buffandised in
Ssa = |

e, BnE Reacihs aATLATSI WRGH e tbedtBHie Gl plfihate
anbufferedsalinedPB&h dhis ixlby hy nleans nbligatery telpracticing thednvention.
fo ther '

dort s Ty ereRL yPRg of Bliers Rl G Durefcl LRSI bufferec
t heglartts mag berusad inperfemi the triaterial prepawatian gracetianes aadbr the

o S INBE N1 B0 VAL BUIE e wosed s ancor
anithe spditsacchigbidepeoteinfhasad dospysitombtricas iod tree piesergdfivention.
5 S ea e s ol el 8 o flbugrs ana
a tressbrkingredhetionsadf the poéseahinabolizsemay irdirdeviatt iave noff lirited
to citric acid/citrate buffers, 2-(N-Morpholino)ethanesulfonic acid (MES), 2-
Bis(2-hydroxyethyl)amino-2-(hydroxymethyl)-1,3-propanediol (BIS-TRIS),
Piperazine-N,N'-bis(2-ethanesulfonic acid) (PIPES), 3-(N-
Morpholino)propanesulfonic acid (MOPS), 4-(2-Hydroxyethyl)piperazine-1-
ethanesulfonic acid (HEPES), and many other types of buffers known in the art.
However, care should be taken in the choice of buffer compositions (if used) to
ensure that the buffers do not include active chemical groups or moieties that

may interfere with the cross-linking reactions described hereinabove. Such
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ket ose and any conbi nations thereof. 4. The nethod
according to claim1l wherein said at | east one

w0 ewao2aiez 20 sugar is selected froma diose, BCT/ILN208#01009
a tetrose, a pentose, a hexose, a septose, an octose,
a nanose, a decose, and conbi nations thereof. 5. The
ne d [ east o

S 858 QLR ol SR 521 Bl 7 bl e

e r ;mt hare ertensiyeip slescribgt drs the lderahire ase are theledere, notibisol®eed in
altﬁo$§ gJucose, fructose, mannose, gul ose, idose,
gaﬁ%g %8 "25 and tal ose. 6. The nethod according to
claim1 wherein said at | east one reducing sugar is
sel ected from a reduci ng nonosacchari de, a reducing
di saccharide, a reducing trisaccharide, a reducing
ol i gosacchari de, derivatized fornms of
ol i gosacchari des, derivatized fornms of
nonosacchari des, esters of 30 nonosaccharides, esters
of oligosaccharides, salts of nonosaccharides, salts
of ol igosaccharides and any conbi nati ons thereof. 93
WO 2007/ 026362 PCT/1L2006/ 001009 7. The met hod
according to claim6 wherein said reducing
di saccharide is selected fromthe group consisting of
mal t ose, | actose, cell obiose, gentiobiose, nelibiose,
turanose, trehal ose, isonaltose, |amnaribiose,
mannobi ose and xyl obiose. 5 8. The nethod according
to claim1 wherein said at | east one reduci ng sugar
is selected from gl yceral dehyde, ribose, erythrose,
ar abi nose, sorbose, fructose, glucose,
D-ri bose-5- phosphate, gl ucosam ne, and conbi nati ons
thereof. 9. The nmethod according to claim1 wherein
said at | east one reducing sugar is selected froma
Dextrorotatory formof said at |east one reducing
sugar, a 10 Laevorotatory formof said at |east one
reduci ng sugar and a m xture of Dextrorotatory and
Laevorotatory forns of said at |east one reducing
sugar. 10. The nmethod according to claim1l wherein
said reacting conprises incubating said at |east one
pol ysaccharide in a solution conprising at |east one
sol vent and said at |east one reducing sugar, to form
said cross-linked 15 polysacchari de.
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11. The nmethod according to claim10 wherein said
solution is a buffered solution including at | east
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6. The method according to claim 1 wherein said at least one reducing
sugar is selected from a reducing monosaccharide, a reducing disaccharide, a
reducing ftrisaccharide, a reducing oligosaccharide, derivatized forms of
oligosaccharides, derivatized forms of monosaccharides, esters of
monosaccharides, esters of oligosaccharides, salts of monosaccharides, salts

of oligosaccharides and any combinations thereof.
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16.  The method according to claim 10 wherein said at least one solvent
comprises water and at least one additional solvent selected from a hydrophilic

solvent, a polar solvent, a solvent miscible in water and combinations thereof.
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agents, glycoproteins, nucoproteins, and
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The net hod according to claim1 further including
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a diose, ,.atriose, a tetrose, a
required for promoting cellular uptake and transcription, a glycosaminoglycan,
chondroitin 4-sulfate, chondroitin 6-sulfate, keratan sulfate, dermatan sulfate,
heparin, heparan sulfate, hyaluronan, a lecitin rich interstitial proteoglycan,
decorin, biglycan, fibromodulin, lumican, aggrecan, syndecans, beta-glycan,
versican, centroglycan, serglycin, a fibronectin, fibroglycan, chondroadherins,
fibulins, thrombospondin-5, an enzyme, an enzyme inhibitor, an antibody, and

any combinations thereof.

22.  The method according to claim 1 further including adding one or more living

cells to said at least one polysaccharide and said at least one reducing sugar
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24.  The method according to claim 1 further including subjecting said cross-
linked polysaccharide to a treatment selected from drying, freeze-drying,
dehydration, critical point drying, molding, sterilization, homogenization,
mechanical shearing, irradiation by ionizing radiation, irradiation by
electromagnetic radiation, mixing with a pharmaceutically acceptable vehicle,
impregnation with an additive and combinations thereof.
25.  Across-linked polysaccharide prepared by the method of claim 1.
26. A method for preparing cross-linked polysaccharides, the method
comprising the steps of:

reacting a polysaccharide with one or more reactants to form a derivatized
form of said polysaccharide, said derivatized form contains one or more amino
groups; and

cross-linking said derivatized polysaccharide with at least one reducing
sugar to form a cross-linked polysaccharide.
27.  The method according to claim 26 wherein said amino groups are selected
from primary amino groups and secondary amino groups.
28.  The method according to claim 26 wherein said one or more reactants

comprise a carbodiimide.
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29. The method according to claim 26 wherein said one or more reactants
comprise a carbodiimide in the presence of adipic acid dihydrazide.

30.  The method according to claim 28 wherein said carbodiimide is 1-ethyl-3-
(dimethyl aminopropyl) carbodiimide hydrochloride.

31.  The method according to claim 26 wherein said at least one reducing sugar
is selected from an aldose, a ketose, and combinations thereof.

32.  The method according to claim 26 wherein said at least one reducing sugar
is selected from glyceraldehyde, ribose, erythrose, arabinose, sorbose, fructose,
glucose, D-ribose-5-phosphate, glucosamine, a diose, a triose, a tetrose, a
pentose, a hexose, a septose, an octose, a nanose, a decose, glycerose, threose,
erythrose, lyxose, xylose, arabinose, ribose, allose, altrose, glucose, fructose,
mannose, gulose, idose, galactose, talose, a reducing monosaccharide, a reducing
disaccharide, a reducing trisaccharide, a reducing oligosaccharide, derivatized
forms of oligosaccharides, derivatized forms of monosaccharides, esters of
monosaccharides, esters of oligosaccharides, salts of monosaccharides, salts of
oligosaccharides, maltose, lactose, cellobiose, gentiobiose, melibiose, turanose,
trehalose, isomaltose, laminaribiose, mannobiose and xylobiose, and
combinations thereof.

33.  Across-linked polysaccharide prepared by the method of claim 24.

34. A method for preparing a composite cross-linked matrix, the method
comprises cross-linking with at least one reducing sugar at least one polysacharide
selected from an amino-polysaccharide, an amino-functionalized polysaccharide
and combinations thereof in the presence of at least one cross-linkable protein to
form said composite cross-linked matrix.

35.  Across-linked composite matrix prepared by the method of claim 34.
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