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1 OSTEOGENI C COMPOSI TI ON COVPRI SI NG A GROMH

FACTOR/ AMPHI PHI LI C POLYMER COVPLEX, A SOLUBLE CATI ON
SALT AND AN ORGANI C SUPPORT 5 The present invention
relates to the field of osteogenic fornulations, - and —

nore particularly formul ati ons of osteogepi I NS
bel onging to the bone norphogenetic pro@ﬁ‘[ﬂﬂﬂ”ﬂ]ﬂﬁiﬂﬁl"’”ﬂl
famly. 10 Bone m)rphogenetHC proteins (

growt h factors involved in "osteoi nduction neeHsni sns.

BMPs, al so known as osteogenic proteins (OPs), were

initial ' [ ' (Adbé :

Sci enceb§g%?a%}ggeég5€g?§y%§ %thlée-l?ﬁ%A %QM%
FACTRR/AMPHIBHILIG ROLYIMER GAMPAEX ASOLEBLRGAHONGALT AND

formation in a | ar geNORGANIOSURAEORTS (Urist MR

Sci ence 1965; 150, 893). 15 BMPs are expressed in the

form of _propepti des which, after post- translational

mat ur at TR Prosers mventip relaise Wdhadeid ohasiergenisdommulations,

aficcmate garticlizely fopnsiatsns gf(r]I eﬁtéogaqygn?teinbobmér@jg Yd tHe bone
r “an ave simlar
mpﬁﬁgﬁggghgﬁggﬁhgﬁwgpéhwgures. In particular, they have
si x cysteine residues 20 involved in intranol ecul ar
di sul fi Begbrm&gﬁsgérWtim mgtems" BMPs) ag grodh fadterseHioieed in
o§uo by nebilygh by o Wby B8 5 SEALAD g Topo)
wereningipgly eharactariged iby\\driside 1985 dRrishME. msiencgl 1865, 150, 893).
THésel IpFdteis, olatee ﬁ@ﬁpmamltmrfeprhafvbetﬁeom i @ iffucehBone
. C :
i oy AR nhver oraniten (iR Sdkpee 188 180 890
honodi mers, or even as heterodiners, as has been
descri beMAy ates lexplessiéd ah .thé Ifeimaelf @bpeﬁdtéwt \_bhiEﬁl,C hﬂéRrs post-
: _4) .. n C
PSR Ao E Bleor LT o Biert B 8g 16 sl ey

POEHESS gpeat (sepuenceshomplegy Withciegaeeti torpriesanaieroang have signilar

tHres-dimerisiinafcthuctres. $h gieaticungr, ctaegarave sl oyistethe irBsidues

. I G d . . whtd [ , et
m@é‘l&é& gﬁéln?r{?g}oﬁ)gﬁpaéﬁbﬁ%ﬁreg@h&gtgg ffc?‘rmlﬁf 3 C)t7§tglﬁe kﬂo{' ?égweuﬂer C.
2004 J. Mol. Biol. 1999; 287, 103; Schlunegger MP, J. Mol. Biol. 1993; 231, 445).
Some of them have a 7" cysteine also involved in an intermolecular disulfide
bridge responsible for the formation of the dimer (Scheufler C. 2004 J. Mol. Biol.

1999, 287:103).

in their active form, BMPs assemble as homodimers, or even as
heterodimers, as has been described by Israel et al. (Israel DI, Growth Factors.
1996; 13(3-4), 291). Dimeric BMPs interact with BMPR transmembrane receptors
(Mundy et al. Growth Factors, 2004, 22 (4), 233). This recognition is responsible
for an intracellular signaling cascade involving, in particular, Smad proteins, thus
resulting in target gene activation or repression.

BMPs, with the exception of BMPs 1 and 3, play a direct and indirect
role on the differentiation of mesenchymal cells, causing differentiation of the latter
into osteoblasts (Cheng H., J. Bone and Joint Surgery, 2003, 85A 1544-1552).
They also have chemotaxis properties and induce proliferation and differentiation.
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BMPs, with the exception of BMPs 1 and 3, play a
direct and indirect role on the differentiation of
nmesenchymal cells, causing differentiation of the
|atter 35 into osteoblasts (Cheng H, J. Bone and
Joint Surgery, 2003, 85A 1544-1552). They al so have
chenotaxi s properties and induce proliferation and
differentiation. ~II1~M 1111 0T 1 I Y Y B B
frerr 1t~ ~ *000002* 2 ome reconbi nant hunman
BMPs, and in particular rhBMP-2 and rhBMP-7, have

clearly We@&nﬁﬁbﬁti h¥mBA Bﬂﬁiécearﬁoﬂ?fﬂa%mri MBMP-2 and

HRMP Ml STy AW A8 BB, ARGUGRRRE ToBNalAR D vivo in humans
add buever been alpphavedcfoor skinmg rheditdleusett eTMAL iree@hbinant human
SHRSE] BESi BB 86 e B BRI b, i
foryatebit produetsseld pindet e namsdNEUSES” igr thecWnitrsiy States and
IncuvetGsfsindEurope | Thibaroduet Isgireseribearial the Asidregringibat vefebrae
s B e RO o ek Ty WS 1RFUse”
foy thgifiesipn (of 4mbarrertebran, dhe surgical presedarg consisty dfirst of all, in
sealdig agcdllageh | spoage WIBNg olitibh o rﬁMH—Q,?é‘ndethérhﬁNﬁE%ng the
it MEhdibufeat, (9 chbE prohipiified Dol heVeddts, |

human BMP-7, eptoterm n al pha according to the
i nt er natRezoaibinemt Ph@Ran EBRIPY7 Naptoterddlf bIPAaSab®rding to the

rHERIRH oA P b B B deBli PaRBIAN 22 o
and gopsiitetes dhe basis qf itwp PredustorOR- 1HMRIgNt R oparefractyresmof the
tibla dridndR+1 Petty folp tiaefusioR-of Idrﬁ@ér&)’di‘tlebfaecwmwmﬁlatn@ifs ddmposed
. - e. e up ,.
of B IR AEIHBPLT ahy*lagel, AR b i £ e
sglytiarqlibetRaptengptainad iso subrequenity @pelieslite Alge dracture during a
sakgicgil cpaxbcanrua@ec;be:'eeu@?-ig ifPUthe Yol dfntwlohowv@éra? Qﬁe:dr?htaining
- 40 n : - e e
HHRME? 30 0ReE' Berbidy SOnlgIl chunBni bl AEEychdomc)
Dioipg iy SHrAHGA! reeRdups. obedepiion: ale CHIEE g reaenstitutadowits a 0.9%
salreosaitiidnuded mikgdhwith heXHBMRLY i dhel thelcalldgem. TRE réduith paste
ié"ésﬁﬂfieﬁl?gtﬁ(f%' %ea&%[técpe col l agen. The resulting paste
I S applie 6 ThE 'S

€ 'to be treated. 25 Patent
appl i cation US2008/ 014197 descri bes an osteoi nductive

i npl ant Reertt idpplieation§ WSZ00810N4H 97 S Giebérbed) FONdsAdlhdittive
irﬁplgh{]&fr%ltitu‘f&f QFL %Up&;rt ?scg%lﬁfjcontaining a mineral ceramic, of a solid
membrane integrally bonded to the support and of an osteogenic agent. The
support is preferably a collagen sponge. The mineral ceramic comprises a calcium
derivative, preferably a water-insoluble mineral matrix such as biphasic calcium
phosphate ([0024], p 2). The solid membrane integrally bonded to the implant
should be impermeable so as to limit the entry of cells from the surrounding soft
tissues and also to prevent the entry of inflammatory cells ([0030], p 3). The entry
of these cells into the implant is described as possibly resulting in a reduction in
bone growth and in failure of the treatment ([0007], p 1).

This invention is centered on the addition of a membrane to the
implant in order to improve osteogenesis.
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menbrane integrally bonded to the support and of an
osteogeni c agent. The support is preferably a

col | agen sponge. The m neral ceram c conprises a

cal cium derivative, preferably a water-insol uble

m neral matrix such as bi phasic cal cium 30 phosphate
([0024], p 2). The solid nenbrane integrally bonded to
the inplant should be inpergneable so as to limt the
entry of cells fromthe surrounding soft tissues and
also to prevent the entry of inflammtory cells

([0030] 'P.aibng)agglﬂﬁgoﬁ rUé@OO?RfZS'ﬁPE? %egaideﬁ 4 80cd Fthe form of
i mpl ant i's_ deScri bed as possibly resulting 1Tn a
asBgaeantaining a dasmieergizsg bongmatrix (PéDIBlM)eC‘%IaQ?h Particulate and
at pleysicatint cro§i0keqd , payshrchatieT matrix. NVRiBt ingslamts negNtracRver,

he additi 5 . o

el Sn°0elebbeils RIAFER"SA0E o€ 4 Fowll ol The CbfiRlcaly
crossieA opolyerechadde raqiesas destabilizing agantf tor niher particles of
deiniriralizedt bord 1([PO26Fepi Bler Sdidl Z&igina@readEdll bbiysd&hakBd) being
cﬁ:‘%Hrﬁ&ﬁr{hrBﬁ@ﬁ il‘%‘%cflﬁtfonad?%ﬁlcﬂjrﬂwﬁ)'riﬁgl ly crosslinked
pol'ysacchartrde matri X. I's 1 nplant” may, noreover, 5
contai n an osteogeni c substance such as a growth

fact or. Phient ppplidatioh WOY6/69303 GEsuiibe® lb)bi@t%fﬁﬂtﬁﬁb@?o@l‘ébéenic
S N a Lol akll C . . ,
oGpBs Aatchd Ml Wbk srenBul *This” oSBougive ymatepa s
composed ehdemineraliget §one ribBeingrpassiblenfos digh osteeinduetian tontake
plice Gl inuthecpresgnadeof _dé}lnilﬁéfeﬂiﬁéd Rk 6~ hie M@Q?ﬂo’éga@ﬁrotein
| ol :0S, 0 C
oRERAL | QPSR ARET PR G (R B ERbfce FBERG fa slements
apeardingde the autherpybaes 26 po%)rr%n@al%wmz':‘@ét Behmineral sadiingdded
tptis matetial. Thethipens salRigdhsribed ab@o%éibl‘?_beﬂi §&i@H Inydidkide,
=1.C I n e,..pre ce
SHGT PSR Tufine L BBl o oSS bud RS e 36517,
The caadgiem st AR MAY net dgeatsoluble salt dlineisnd0-Rd, phtY), and is
peaférfadlysca(diirn eydidxhie. pha)seleetimllmh$ llﬁyét%!xidegrolf aarmf%usec_raﬁbns, in
3 .eral sa |
pficli Bt % gbBebPl % LR B, ol bhiRFRas™dbe i ot he
Mg whieh f%@n'@ﬂe@ﬁ@% sPkagencsybtheasisgindbis anviigament diaes 7-11,
p(19)nes 4-9, p 17). The calciumsalt may or rrayfnot bIbe
| ubl+g...s. ' - nd is refera
2ar ot um RisiRksntichBGRrs e flmaliad 6 po ] Helrpral Bt HoRgpases
ippiantsu dhecpitysinas and pstapgpaict preperdies ehmbiainwould beeimputaest by
incpeadityd thkipedofiie imglant f ect of increasing the pH of the

matri x, which favors increased coll agen synthesis in

this environnment (lines 7-11,
It has, moreover, been demonstrated that it is particularly

advantageous to form complexes between a growth factor and a polymer with the
aim of stabilizing it, of increasing its solubility and/or of increasing its activity.

Thus, in patent application FR0705536 in the name of the applicant, it
was possible to demonstrate that the formation of a complex between BMP-2 and
an amphiphilic polymer made it possible in particular to increase the solubility of
this very hydrophobic protein that is relatively insoluble at physiological pH.

In patent application FR0705536, the applicant also demonstrated the
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p 15). This invention covers the formation of novel

dem neral i zed- bone-based inplants, the physical and

ost eogeni ¢ properties of which would be inproved by

25 increasing the pH of the inplant. It has, noreover,

been denonstrated that it is particularly

advant ageous to form conpl exes between a growth factor
and a polymer with the aimgof stabilizing it, of

increasing its solubility and/or of increasing its
ingtgasei inyhiolggicaihaetivity rof BMB inafiye presenem oFROIOGEBOdénvative
fdn'&ﬁor‘ﬂaﬁuﬂ@d kit e rf’}/BFHdeBl&t subdtitughds lﬁoﬁﬁbmﬂﬁst BMP-2 complex

ennn a _conpl ex between

aBRFRTS 1,5 SCRRTOR A GRPPHE (B BMPEAIREde |t possi bl e. i n

particular to increase the solubility of this very

hydr°ph‘Ptbte‘Fné]?ﬁé’tr?dv&%fef‘aéséeﬁtuéleioaﬁﬁ &l %rhﬂf%‘ﬁh%% @t akes it

si ol ogl ca a ication
oprRie g iMeiaie the SHCRDRLS Phiess ﬁ%@p SrOWhREREIn Grder to be
abliepfon gkarapleatot reduce/thefanBdiPLtd be adirinisterednce of a
dextran deri vat ive functionalized with a hydrophobi c
substit vi.tro, this BMP-2 conpl ex pears to

be super ﬁb“’r p;qb |is rcgggg%q do (rpamy/prowty, fapter fgrmqlatlons since
theseaproteinsh ave viar geresale nised | att doses nahiah fexceed ahe qrhysiological

' ' o inprove the effectiveness
dé%ﬂsflﬂleé%% orders BP@%PH#&J

se BMP growt actors in order to be able, for
exanpl e, to reduce the anmounts to be adm nistered.
Thi s pr dthik eonthesapplicants treditao iage ¢ound 4 griwah factor formulation

mfh%glageég ﬁ?ﬁssﬁi\%ﬁq .méﬂwmgé %ﬁﬁv.gt&' o gﬁo%nh 'f&ug%f{ﬁro%gh the

agddiien é’l asakdion offa salyhle: saileof @ cafi ablqanb d st i Athyaifogel
contaihirlg saidhgrowvith dactdrsa spid wolubleashitroff arcatibat atoleast divalent

p?%ng&é%% Etcﬁ?ﬁesbt Wh a%}]drrmr ove the activity of

actors the 15 addition of a
sol ution of a sol uble salt of a cation at | east

di val entSurprisindhy dhizsgeéw clonhalatiorn gnakes dt possible foaptoduse the

s3fkebsi Hmceef@gie\k %mﬁll&%ﬁ%&?&gﬂ%&?ﬁ{ ffag{o\@l ent

pot enti t I'n ect actor.
Surpr| singly, this new fornul ati on makes it possible
t o0 Theodhwventibrnaelates to an open implant constituted of an osteogenic

composition comprising at least:
e one osteogenic growth factor/amphiphilic anionic polysaccharide
complex,
» one soluble salt of a cation at least divalent , and
e One organic support,
e said organic support comprising no demineralized bone matrix.

The term “open implant’ is intended to mean an implant which
comprises neither a membrane nor a shell capable of limiting or regulating
exchanges with the tissues surrounding the implant and which is substantially
homogeneous in terms of the constitution thereof.

The term “demineralized bone matrix” (or DBM) is intended to mean a
matrix obtained by acid extraction of autologous bone, resulting in loss of the
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20 sane osteogenic effect with smaller amounts of

gromh factors. The invention relates to an open

i npl ant constituted of an osteogenic conposition
conprising at |east: one osteogenic growth

factor/anphi philic anionic polysaccharide 25 conpl ex,

one soluble salt of a cation at |east divalent, and

one organic support, said g ganic support conprising

no dem neralized bone matrix. 30 The term "open

majity ot theirsineralizetieampenamésabutan pregeneationwdiiiteshcollagen proteins

ofﬁaﬂ?édllé ?@téiﬁ@,ﬁn@ucﬂﬁm Wh&éhﬁbéﬁ%@ﬁﬁﬁ&m%a matrix
Imting or regulatin exchanges wth e tiIssues

maY SR PRI FRR LN INAAUNR for RN ERCCD Wb GhaoVoPi agents.
honogendbedeim “organis suppoiteiscntemted o inceart auppdrt cdhstituted

~dedi i ne matrix" (or DBM is '

Ofﬁr?gf%@g‘T%ﬁ?edgﬁroga rﬁgtﬂ) 1 E obt ai ned by acid extraction

of alif®I!BEFHULrARBIfe Matibs s tiniRNded 1008 aps atmatry constituted of

crosslinketiyhydfogelseand/orasoilhgered conponents but in

preservation of the collagen proteins or noncoll agen

protei ns, including therﬁyar ow h factors. Such

a
deni he® Arg3nie MalrXiis a hygreged phtaingd &yacbemical icregstinkirg of
pblytrer ashiaipss. Exkriaterérain vovdlesthiseridsopéfinimg @nt srgardibema®ikMThe
" [ ot $pl 0 | r . :

PORITHRL et HAPRE Used for OGHY B ArPoRBAL MBI deseribeq in the
review (Ryy foFBYaga fintitierhiHYdkogelss for biomfikical Anptigatioas niddvi Prug
DetinsRév, 2002, 4%, 3-thossl i nked hydrogel s and/ or col | agen.

The organic matrix is a hydrogel obtained by chem cal

crosslinking of 10 polymer chains. The interchain
covalfePPe hBRasdmantn ity BRIy Gaspleciegh fiom nafeces based on
steviliye icosksivekedpyrifieel nag@rdl dodlagsmki ng up an organic

et 11 B PRI Byl ot SllagRiarEbcalar By sgpponents
wWhicly Praseotey celRajtachment, migratigniand differeptiafipn. They have the
advirdgeresiit beimd) eextrainiiyx bicsomphisie eshd 106N degradede by harFgehatic
ispah St S EAIER R o8k U8 Wl g o
cellagenctype | ¥t MregXiragted B aying or porcine tendon or bone. These
collagens are first purified, before being crosslinked and then sterilized.

The organic supports according to the invention can be used as a mixture in
order to obtain materials which may be in the form of a material with sufficient
mechanical properties to be shaped or even molded, or else in the form of a
“putty” or the collagen or a hydrogel plays a binder role.

Mixed materials can also be used, for example a matrix which combines
collagen and inorganic particles and which may be in the form of a composite
material with reinforced mechanical properties or else in the form of a “putty” or the
collagen plays a binder role.

The inorganic materials that can be used comprise essentially ceramics
based on calcium phosphate, such as hydroxyapatite (HA), tricalcium phosphate
(TCP), biphasic calcium phosphate (BCP) or amorphous calcium phosphate
(ACP), the main advantage of which is a chemical composition very close to that
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whi ch pronote cell attachnment, mgration and

differentiation. They have the advantage of being

extrenely bioconpati ble and are degraded by enzymatic

20 di gestion nechani sns. The col | agen-based matrices

are obtained fromfibrillar collagen type | or IV,

extracted from bovi ne or porcine tendon or bone. These

col lagens are first purified, before being crosslinked

and then sterilized. The organic supports according to
oft Heorienv diiesen materidie newel good ngchanical n preyeriesdeand o are

mﬁﬁ&ﬁﬁlébné@ﬁ/%érﬂ"ﬁ\e‘é@'nﬁleﬂ'@y n‘Pé?y béhnt\?b?loﬁg'i‘('}ﬁ'r%f sfich as powders,
nmat erial W%Qt%é fficient alca ? erties be
98RUIES 0% P SBemalRsiale) Vel SoheieGhh dpoigdaton Tates,
depemding” oor theire compbsitiens; dhus, ydroogapatipd edegraddsi negr siowly
sEQér%I rrMn?(f%q mr%é %’lc%lé?@rﬂ aho%ish?t% Héﬁazeé ?ﬁor@)ﬁgmye(s%veral

W%éﬁ EiPBEE AaICHRT BROSPRRIESAVSTE G IcPBR oL ST BhsR Since they

hawet mteradediate hrescarptncﬁro ratesi Tieedeaimocgdnip ntgiendls ase knowhste be
H,r{brﬁfn? oEfé‘bEbr‘H clveputty” or the collagen plays a

role. e I norganic materials that can be used
conpri se essentl ally ceram cs based on cal cium

phosphalbke tamwh “hgdrbgelt oisy apfandece t()Hmeant ra dgidesphilic three-
T ﬁehu%ﬁ( & meFJ bf & H‘dOEPg%OQﬁBﬁm( FFater or

anmor phous te
othiolaaeatlics (R mpea er Ehb e anba@,ﬂ 1398 5:37-46). Such
atlydmgel i3 ddmatitubed offpl’nysmal |ansras’tBom§aar&f isaict thereforg obthined by
: ' ; A&k i mmunol ogically inert.
crﬁg@@m&gfégp@ggeﬂﬁe)) E)e m@iﬁ ous forns, such as
powders, granules or blocks. These naterials have

very di Alrmngnthesegolyaers arayrbe ésund sigtrestidi potynasrs tameli miatural

p&l?ﬁ@ﬁ @eoﬁ%sécgﬁénrgoeﬁyfﬂﬁgﬁﬁéﬂ@%%e% QP&B?&‘?&X {QY eXﬁmPIe in
theedfti egnti'ﬂ?ﬂe 1ASPaFRATdE cwsiragels ek prodified ||Eﬁ4|%\%ﬁecf°rmU|at'°”5
(Cclcame:tllowhaphloﬁ:phableaelmse 2007¢H opesd24)or t his pur pose, :

since they have intermediate resorption rates. These
inorganic materijials are known to be principally

ost eocoHt QBE &rabodiment dhe pplymeryfarmaigala hydrogal &W@U"”tad be
crosslinkad I’qrd'rom}'oslsllmeﬂhﬂseeelechedﬁm dhellgraupt sosyntigdtic polymers,

a&%é{ W?{l F@Q r@aﬁi @ écgf J?:'z E,gac?d Ic@ﬁc??m?@‘é&yléﬁe YRtSIgiycolic
3B FoRP ymeéfoh%e yeN- ﬂmdeyrr@ldonghmmvmy&;a @6ids apelyasnygenidgss and
polgasyiid agigsl of physical interactions and is not
t heref ore obtai ned by

In one embodiment, the polymer forming a hydrogel is selected from
the group of natural polymers, among which are hyaluronic acid, keratan, pullulan,
pectin, dextran, cellulose and cellulose derivatives, alginic acid, xanthan,
carrageenan, chitosan, chondroitin, collagen, gelatin, polylysine and fibrin, and
biologically acceptable salts thereof.

In one embodiment, the natural polymer is selected from the group of
polysaccharides forming hydrogels, among which are hyaluronic acid, alginic acid,
dextran, pectin, cellulose and its derivatives, pullulan, xanthan, carrageenan,
chitosan and chondroitin, and biologically acceptable salts thereof.
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chem cal crosslinking of the polynmer chains. 15 Anong
t hese polynmers may be found synthetic pol yners and
natural polyners. The pol ysacchari des forn ng
hydrogel s are described, for exanple, in the article
entitled: Polysaccharide hydrogels for nodified

rel ease fornulations (Coviello et al. J. Control

Rel ease, 2007, 119, 5-24). 20 In one enbodi nent, the
pol ymer form ng a hydrogel, which may be crosslinked
or noncrosslinked, is selected fromthe group of

synt het j¢ oHQ'eWB%Bﬁnent,afﬁé%tml f)BItyﬁfe;? i@éé]&:t@ﬁ?rom the group of

p I%%C%hlpbq?% ?rin%%l rg\@?o %%%ei@ﬁ% |cryar%nhyaluronic acid and alginic
apid| grid\bivlogidafly acaslptatde eaits fhergofi nyl i ¢ aci ds,

pol yacryl am des and 25 polyacrylic acids. In one

enbodi ment, the polyner forming a hydrogel is selected
from tHEeg e arn:ﬁmh&lrcmp(ﬂ“ﬁa?ﬁ%w% al?ori@teﬂﬂ?€ht°ar’€ea" a
pblysdechande setscted kematten grquyp loflipelysacgecites , funaionabaed with
h %Pﬁ K Befilives! | ul ose derivatives, alginic acid,

ant han, 30 carrageenan, chitosan, chondroitin,
col |l agen, gelatin, polylysine and fibrin, and
bi ol ogi Ohkeby pulysaptiadridessate Tohdtitutedf predominamtly of glycosidic

; i t I r r

TR R Bl 0 o o
CAIYIEH 281 UBGTIONS, O5ANONIC AR CRIMINAREIISURONS 35 cext r an,
pectin, Thel| ateoFendtiodalizes awithi \aht leasts onpulryptophan derivative,

d ﬁgﬁggq-lp . carrageenan, chitosan and chondroitin, and
EI ol o |_%all acceptabl e salts thereof

. . 7. In one )
et EREADPIaRREN defikate being geafied.orbended taitherRalysaggharides
gr oup bpicopulingseithcdraacid dsndtionnit bging \ypassigle! fer saidmei function to

whi chpar I j i g @b R A CH ; ;

. rWHARBH ©f 3R Shighd ek f

bi ol oB?ca_Z.\ %My@a%@cggt %bl e sa@t{ﬁs pt%ﬁgr g%r%.rldg%éor?{é}f ?r?l,d unctlgn

" anphEatierity ket awe Ralinkge toithe pelysacgBarideby@ dynction F, said

pol ys&awtian iFkdeestitingcrard the otouplieg detwaenothe linker arm R and a

pol ys i f j [ i d) hygliqaphobi c

deri vat| v@é. %of{ﬂ%@éhtg%%gg\m |é£ﬂr>c{ ‘%}(?sc ar e&gonst ituted

pr edoni nant | y Fopeige gitler; aij ester function, a thioester function, an amide
function, a carbonate function, a carbamate function, an ether function, a
thioether function or an amine function,

- R being an optionally branched and/or unsaturated chain
containing between 1 and 18 carbons, comprising one or more
heteroatoms, such as O, N and/or S, and having at least one acid function,

e Trp being a residue of an L- or D-tryptophan derivative, produced from the
coupling between the amine of the tryptophan and the at least one acid
carried by the R group and/or one acid carried by the anionic

polysaccharide.

According to the invention, the polysaccharide comprising
predominantly glycosidic linkages of (1,4), (1,3) and/or (1,2) type, functionalized
with at least one tryptophan derivative, may correspond to general formula | below:
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i nkages of (1,4) and/or (1,3) and/or (1,2) type. They
may be neutral, i.e. not carrying acid functions, or
ani onic and carrying acid functions. They are
functionalized with at | east one tryptophan
derivative, denoted Trp: 15 said tryptophan
derivative being grafted or bonded to the

pol ysacchari des by coupling with an acid function, it
bei ng possible for said acid function to be an acid
function of an ani pnPolysacygharddéari de¢ and/ or an acid
function <carried | i i nked to the

pol ysaccharide by a [functign H, |said| function F
resulting fromthe cggflin betiwegn the Iinker armR

and a 20 function - of the |neuti@|; or anionic
pol ysaccharide, - F befng ¢ither an ester function, a

t hi oester function, e function, a carbonate
function, a carbamatle funt ii on, an ether function, a
t hi oet her function or an am ne function, - R being an

opt i orRrhMialr anched and/ or unsaturated chain 25
cont ai ni ng between 1 and 18 carbons, conprising one or
nore heteroatons, such as 0, N and/or S, and having
at least one acid function, Trp being a residue of an

L- «Orth®pbly¥adchBRad bdigl sthistitifed Predhfamtil 'd?'hicBSidic linkages

coupl |{1@4Setg\/eeﬂdéh%ﬁnrl (g(:? f the tryptophan "and the

at | e8lst" ﬁ@ QE(S) Pl )EXPGP he R group and/or one

acied Feastiting fioyn theeoaplingbetweso thpolinkeaerhd antka function ~OH

Accor g the rIthrhlhﬂ' érﬂ&ﬂeﬂo%a?éﬂéﬂd,@gﬂ)éﬁﬁﬁﬁﬁé’ﬁ ér@'@stfer function, a

conprjsin predom nant. cosi di [ es o

(1, 4) rieptes iR, on ahnigg (helian. s Gathanalfaingien. ayparhamate

at | etusctiamen ethgstfopdtian, althicatbern fuectiomeyr ancamiee fiution,o

genergl béir@dr'BH %plioﬁ’éﬂylomancﬁ@d Sandrdt ViRs&tahREd dhaln EbRtaining

Jo .. bétwe n qunr& 4: 8o éar%or?s, comprising one or more heteroatoms, such as
O, N and/or S, and having at least one acid function,

o Trp being a residue of an L- or D-tryptophan derivative, produced from the
coupling between the amine of the tryptophan derivative and the at least
one acid carried by the R group and/or one acid carried by the anionic
polysaccharide,

n is the molar fraction of the Trp-substituted Rs and is between 0.05

and 0.7,

o is the molar fraction of the acid functions of the Trp-substituted
polysaccharides and is between 0.05 and 0.7,

i is the molar fraction of acid functions carried by the R group per
saccharidic unit and is between 0 and 2,

j is the molar fraction of acid functions carried by the anionic
polysaccharide per saccharidic unit and is between 0 and 1,

(i + j) is the molar fraction of acid functions per saccharidic unit and is
between 0.1 and 2,

- when R is not substituted with Trp, then the acid(s) of the R group is
(are) a cation carboxylate or cation carboxylates, the cation being a cation of an
alkali metal, preferably such as Na or K,
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5 the polysaccharide being constituted predom nantly

of glycosidic linkages of (1,4) and/or (1,3) and/or
(1,2) type, F resulting fromthe coupling between the
linker armR and a function -OH of the neutral or

ani oni ¢ pol ysaccharide, being either an ester

function, a thioester function, an am de function, a
carbonate function, a carbagate 10 function, an ether
function, a thioether function or an am ne function,

R bei ng- avineophe gobishgcHaridedhad amninhio polysaaharide, echen one or

meFadld ?Lﬂf&lahg Bgthetb‘bﬁyéﬁ%h#ldérig é‘ré) ﬁé}rmgﬁtutéa%mhﬁi tHen it

t t
RN Rl Faer Bl S cator i Faien baNg” B ilgpiametal cation

prefesably suct aanNanrKF D-trypt ophan derivative, produced

fr O"Qafd“ﬁ% %ﬁa&cﬁgﬁ’cﬁ:’s' Hé%doﬁgiﬂ‘ﬁﬁﬂlh{: he @tﬂ?d”%HOf the

tryptop erivative east one acid
carried by the R group and/or one acid carried by the
ani oni cin pé pedvodingentde js eithes anhestem laacarborsde.i anarbbmate or
aﬁgﬁ]e',l'rp substituted Rs and is between 0.05 and 0.7,
ois the nolar fraction of the acid functions of
the Trp-substituted polysaccharides and is between
0. 05 anth 6neg embodimenihehapblysadahacdte tncafstiitedipredominantly of

g&%&.bﬂ@&%rgﬂ(@g) ﬁg el he Ri gr?ﬁp pe{ars?cchari dic unit
raction of

acid qu}:ppgr%anﬂlmprétd tlﬁ/ ppiyéa%{:%@gaqz constguted predominantly of

glyobsidiadinkagesdsf (D& typmcis lsalectidcfromithe gralip constituvezieof glllulan,

%ﬂ‘gtel hgélﬁlr?r?dé? xillﬁntqb?aé?@"oﬁén BLQWa't&nsogjbi@‘éélgj Lgs%n‘:t ' ons

R i s noth Su®sMopdiment. ine ROlYPRCCNards IS Haul 5@%(5) of the
R gr oupin sne 8thbodinent, ahepblysamhand@)syéraalgmate cation

car boxylmag m‘gﬁ&ﬁéﬂt'tﬂé‘ ggﬁaé‘&héﬁﬁé‘g é’ﬂya\?\woﬁgn al kal i

net al , pre er

pol ysac&hape GE‘bPQ'”EﬂF‘t 2he BRlyeagrhRjde s XYiaie, vvhen one
or nor e Imonelembodiment,(tag polysaduhariot jssagalbeturatani s

(are) ngf g4 Qgﬂtb w]e?ﬁ PB%{Iﬁ&hﬁhB@% & Bvateﬁ')tsgﬁﬁb}e deflulose.

(are) salifie e catlon bein
al kali netal cation,

In one embodiment, the polysaccharide is constituted predominantly of
glycosidic linkages of (1,3) type. '

In one embodiment, the polysaccharide constituted predominantly of
glycosidic linkages of (1,3) type is a curdlan.

In one embodiment, the polysaccharide is constituted predominantly of
glycosidic linkages of (1,2) type.

in one embodiment, the polysaccharide constituted predominantly of
glycosidic linkages of (1 ,2) type is an inulin.

In one embodiment, the polysaccharide is constituted predominantly of
glycosidic linkages of (1,4) and (1,3) type.

In one embodiment, the polysaccharide constituted predominantly of
glycosidic linkages of (1,4) and (1,3) type is a glucan.
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preferably such as Na+ or K+, 5 said pol ysacchari des
bei ng anphiphilic at neutral pH In one enbodi nent, F

is either an ester, a carbonate, a carbamate or an
ether. 10 In one enbodi nent, the polysaccharide is
constituted predom nantly of glycosidic |inkages of
(1,4) type. In one enbodi nent, the pol ysacchari de
constituted predom nantly ofg gl ycosidic |Iinkages of
(1,4) type is selected fromthe group constituted of

pul | ul aifn onexempagiment, ke polysacaharise isseonstjtuted: predomdmantly of

g|?eo@d.mmegge§<yf (th)earﬁ,e 1I3;Ia<p,ge(1 25}5yden one enbodi nent,
he polyiacchar

Lhe Pol YR 86 [Hhtidgine ﬁ}fapéﬁmheﬂde mn%*ﬁ%tea?mse?wwtw of
glyeesigiolipkages oh (1, d)eands(1:3) lapdl (4r2) hype. is fannane

enbodi nent, the pol ysaccharide is a xylan. In one

enmbodi nent, th ol chari de al a turonan. 20 .

I n onenﬁhﬂ%ieﬂ&q%!m%/'ﬁeﬁ'ﬁop?/@%h%?ﬁ?% C‘F‘E' ing to the ‘invention is
chearaeterizer inlihat tbe R grogys &. sellected oprthe dolivavirig griobps:

pol ysaccharide is constituted predom nantly of

gl ycosidic |inkages of (1,3) type. J}n one enbodi nent,

t he pol )l'saccharl de constituted predomnantly of 25

gl ycosi di ¢ | hnkagegpof Al,3)otype is lan. In one

enbodi nen the poly ' ed

predom nantl,y of glygasi ;¢ |inkages ofl (1,2) type.

In one enbodi ment, the polysaccharide c@h%tltut ed

predonminantly of 30 glycosi di c I i nkages of (1,2) type

is an inu nbodi he pol ysaccharide is

constit Bftﬂ? %hiaé'afaﬁ{éﬁgﬁmfa&ﬁ edf’ COSI di c |inkages of

(1,4) and. (1,3) type. In one enbodinment, the

p0| ysaC‘Frh%hé @nt?d@lﬂ'ﬁéhtt H’Ieegol)%ﬁﬁi:ﬁﬂhé@ﬁ%dfdi‘ﬁb to3Re invention is

di
odERREE ' 1R SHE uian ST ents ) sedienafode tre, orow
cenatituted of ﬁmptppieam rtﬁynmwhalyolotryrgbmwndde andriadele aethylamine,
ahd tH® alR@Ametal 3atictshits Inetdott Y PE.

In one embodiment, the polysaccharide according to the invention is
characterized in that the tryptophan derivative is selected from the tryptophan
esters of formula Il

H.N

Ir=

Formula ll

E being a group that may be:
¢ alinear or branched (C1-C8) alkyl;
» alinear or branched (C6-C20) alkylaryl or arylalkyl.

The polysaccharide may have a degree of polymerization m of



In one enbodi nent, the polysaccharide constituted
predom nantly of glycosidic |inkages of (1,4) and
(1,3) and (1,2) type is mannan. 5 In one enbodi nent,
t he pol ysacchari de according to the invention is
characterized in that the R group is selected fromthe
following groups: FFF YOOOO _Y1Y OHOH OH OH 10
or the alkali-metal cation s3lts thereof. In one
enbodi nent, the polysaccharide according to the
bétweentl0@ndi19 00Phar act eri zed in that the tryptophan

deri vat jgnd SmBEdiffenet ﬁé@ﬂhb?@e%’f%@mééaﬁéﬁ‘ﬁi Jtﬂétt\ﬁgen 10
pt ophan, tryptophano rypt ophanam de an
'2‘; {%@%I e ethylamne, and the alkali-netal cation

sal t s t lrerapother | embodimentodi hasita dtebeeqomifymﬂymbmatnda m of

5 @t&fé@ﬁqb%dtébot he invention is characterized in that
e tryptophan derivative is selected fromthe

tryptophan 20 esters of fornula Il: O H2ZN CE N H
For mul ald one Entbedimgerd, theopglyddeabandeg dre:sekctedhfromnthargroup

oPHe)H ?wﬁﬁze@g\hlt@hgﬂﬂopg?@ 'dnﬂﬁﬁ?cﬂs Sagf{ﬁ?p cC)Iphan and
ek aéfJeﬁGT'@/%’e'Pl%ﬂ"F%ﬁn RO7RZ3 8ot ween
10 10 and 10 000. In one enbodinent, it has a degree of
pol ymerlAé@(ng tﬂé Y“@r‘?r}h&?unpc%’i al&gg%ex{rgn‘?ﬁ‘éggﬁlrespond

enbod rps asa egree o neri zation
to general formula IIb

Dextran

15
Formula 11|

e R being an optionally branched and/or unsaturated chain containing
between 1 and 18 carbons, comprising one or more heteroatoms, such as
20 O, N and/or S, and having at least one acid function,
e F resulting from the coupling between the linker arm R and a function —OH
of the neutral or anionic polysaccharide, being either an ester function, a
thioester function, an amide function, a carbonate function, a carbamate
function, an ether function, a thioether function or an amine function,
25 e AA being a hydrophobic L- or D-amino acid residue produced from the
coupling between the amine of the amino acid and an acid carried by the
R group,

t is the molar fraction of F-R-[AA]n substituent per glycosidic unit and is
30 between 0.1 and 2,

p is the molar fraction of the AA-substituted R groups and is between
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15

5 between 10 and 500. In one enbodi nent, the

pol ysacchari des are selected fromthe group of
dextrans functionalized with hydrophobic am no acids
such as tryptophan and the tryptophan derivatives as
described in application FR 07/02316. 10 According to
the invention, the functionalized dextran may
correspond to general form4ba 11l below LDextran F
[AAL It 15 Forrmula Il R being an optionally

O0BbamdHed and/ or unsaturated chain containing between

1 and 18 carbons, conprising one or nore heteroatons,

SoTh FonR is Nef Bttt yARcal eRYad bels B ek Bearpu is

(ar@)ea |cahmecaraonylateamoba&on wachdxylatesOthe oatiarhieeing anraikaliometal
camnOP%e?eraenlyxé%eﬁ%Em*%K bei ng either an ester

func i oest er am de function, a
car bﬁ?ﬂfg\?@‘trfaﬁrﬁ?t'“%ﬁmpg'p@él? Bg% e PHynction, an et her
function, a thioether function or an am ne function,

25 AA Pﬁbr‘i@eﬁbﬁ&ﬁﬁh@ﬂﬁ@b&ahmé@él datigfidigaaci d resi due
produced fromthe coupling between the anine of the
amino acid and an acid carried by the R group, t is

t he nol &r ohe aotbiodimerit, FifReitHeX]an sstbsta tarbonatpea carbamate or

afleepsidic unit and is 30 between 0.1 and 2, pis the:

mol ar fraction of the AA-substituted R groups and is
between 12 0.05 and 1. Wien R is not substituted with
AA, thein bhe eanbiodinsgntothe tpiotysBegvavidp dcsordjray )tha inentiomis a

t xyl ates, the cation bein
cgﬁbgﬁﬁwf\ﬁfﬁe ?’éﬁu‘éﬂ dF Rotnfd RRXY g

R=H
0] (0]
> R= "’\/U\
. OR o ONa
RORO
n

Formula IV
or the corresponding acid.

In one embodiment, the polysaccharide according to the invention is a

20 monosuccinic ester of dextran of formula V:

25

R=H
0 0
* R: *
) ORYo \ﬂ/\)J\ONa
RORO e}
n

or the corresponding acid.

Formula V

In one embodiment, the polysaccharide according to the invention is
characterized in that the R group is selected from the following groups:



5 cation, preferably such as Na+ or K+, said dextran
bei ng anphiphilic at neutral pH In one enbodi nent,
the alkali metal cation is Na+. 10 In one enbodi nment,
Fis either an ester, a carbonate, a carbamate or an
ether. In one enbodi nent, the pol ysacchari de according
to the invention is a carboxynethylate dextran of
formula IV. I5 R=HO~-0 QORI - ONa RORO
Formula IV or the correspondi ng acid. Irlpne

enbodi nent, the¢ pol ysaccharideFaccording t he
invention is a| 20 nosucci ni ¢ ester of dexiran of
formula V: R=H R R S RO RO Rula V
or the corresponding acid. 2b In lone enbodi nenf, the
pol ysacchari de aé¥drding to ®PHe Ofention is OH
characterized in that the R group is selected fromthe
following groups: 13 FFF YOOYYOIl-Ir p OHOH OH
OH or ohtheslkalitmetabeationsalts thersefl t s thereof. 5 In one
enbodi nent, the dextran according to the invention is

5 In one embodiment, the dextran according to the invention is
characterized in that the hydrophobic amino acid is selected from tryptophan
derivatives such as tryptophan, tryptophanol, tryptophanamide and 2-indole
ethylamine, and the alkali-metal cation salts thereof.

10 In one embodiment, the dextran according to the invention is
characterized in that the tryptophan derivatives are selected from the'tryptophan
esters of formula Il as defined above.

In one embodiment, the dextran according to the invention is a -

tryptophan-modified carboxymethylate dextran of formula VI:
R=H

0
R= "\)J\
- ONa
RORO
(0] COzNa

In one embodiment, the dextran according to the invention is a

tryptophan-modified monosuccinic ester of dextran of formula VII:
20

Formula VI
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characterized in that the hydrophobic amno acid is
sel ected fromtryptophan derivatives such as
trypt ophan, tryptophanol, tryptophanam de and 2-indol e
et hyl am ne, and the alkali-netal cation salts thereof.
10 I n one enbodi nent, the dextran according to the
invention is characterized in that the tryptophan
derivatives are -selected frygmthe tryptophan esters
of formula Il as defined ghqve. In one enbodi nent, the
dexfran accayding to the I'nvention bs a 15
i egl.carbogyet hy| at & dextran of
/R od~0 ORORTI v NeRO RO O CQOZNa
-Jn| RGRON NH H Fprnula VI I moone enbodi nent, the
dextran according-ro the invention s aco,Na
f

trypt ophan-nodi fi ed rmnosw;Wr
formula VI1: 20 14 RH OO0

OC2Na RHNH O- \ FornulagVlil Inone
the dextran according to the invention i

Formula Vi

In one embodiment, the dextran according to the invention is
characterized in that the hydrophobic amino acid is selected from phenylalanine,
leucine, isoleucine and valine, and the alcohol, amide or decarboxylated
derivatives thereof.

In one embodiment, the dextran according to the invention is
characterized in that the phenylalanine, leucine, isoleucine and valine derivatives
are selected from the esters of these amino acids, of formula VIII:

O Q e

H.N H,N H.N
2 OE 2 OE 2 OE HN OE

Formula Viil
E being defined as above.

In one embodiment, the dextran according to the invention is
characterized in that the hydrophobic amino acid is phenylalanine, or the alcohol,
amide or decarboxylated derivatives thereof.

The dextran may have a degree of polymerization m of between 10
and 10 000.

In one embodiment, it has a degree of polymerization m of between 10
and 1000.

in another embodiment, it has a degree of polymerization m of
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characterized in that the hydrophobic amno acid is
sel ected from phenyl al anine, 5 |eucine, isoleucine
and valine, and the al cohol, am de or decarboxyl at ed
derivatives thereof. In one enbodi nent, the dextran
according to the invention is characterized in that
t he phenyl al ani ne, 1eucine, isoleucine and valine
derivatives 10 are selectedsfromthe esters of these
ami no acids, of formula VIII: OO OO0 H2N CE H2N CE
betwrerd0@PN L. Fornmula VIII 15 E being defined as
above. In one enbodi nent, the dextran according to the

|nvent| racterize the h o
amno a 8"? S"ﬁ’ﬁg 1 BRiRE Sa8f'h§rﬁgseﬂr$(§ﬁ Jogwotge&roup
ofdéﬂmg&qnd@tsmmmﬁmalarml funetianal gropgs Fhch aexmosmdmybed
ca.oﬁqm 08/08506 AtYdE bAdToF ARicRi®EubsiRE "\Jwﬂaoa hd}ephobic
I a IIn oneo%n%glment it has a degree of
aﬁB ?36’5”%?1 den between 10 and 1000. 25 In
anot heaid éydoapihebist alcohol HAd) deirey gesdtedf opbbyded ita dhé amionic
m |0f Bély shd@@ﬁéld\'ﬁfé' byl @ (fq@t)grm}m s‘é&?ﬁ&iﬁhﬂg'mﬁemé #Rnded to
pol ysaccharides are selected from
Dol 5 SBE T EvEisTpiae by 8 dudsBRyT. bl mevipg fom
such the cmmﬂueg ceateeemdbe a'mlna fuppliorc af ithe IFReD&MDSR0ENd a

at | e@éi’bo@i]ﬁ?ur&ftlo%fcthe'%I&H@%ﬁfsﬁéﬁﬁnﬁbt En said co dpllng arm
hydr ophobi c

nyar opis ende 5 B pidtoptistic slpnditea Hp%ﬁe@sw&ng from

t he afeareuplingbétyeaochearbdey! bigocyanatep|thingcidranaRohehfunction
C°|Up| bﬁ%earcﬁhﬁﬁigngrrﬁom% tflanctle?eofafHeo'?1'y8rophob|c alcohol, the
PO RS oL BStart o o SRS pebegarge being n e
funct foom off at ¢ediohi carboxydaten Bearcdtian beangbamn ydlkdlunetalocation,
of thsre@é}gggisgdpggmagpqui de, and said coupling arm

- F’ being an amide function,

- G being either an ester function, a thioester func*lon a
carbonate function or a carbamate function,

- R being an optionally branched and/or unsaturated chain
containing between 1 and 18 carbons, optionally comprising one or more
heteroatoms, such as O, N and/or S, and having at least one acid function,

e Ah being a residue of a hydrophobic alcohol, produced from the coupling
between the hydroxyl function of the hydrophobic alcohol and at least one
electrophilic function carried by the R group,

said polysaccharide comprising carboxyl functional groups being amphiphilic at
neutral pH.

The polysaccharide comprising carboxyl functional groups partially
substituted with hydrophobic alcohols is selected from the polysaccharides
comprising carboxyl functional groups of general formula IX:
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bei ng bonded to the hydrophobi c al cohol by a function
Gresulting from the coupling between a carboxyl,

i socyanate, thioacid or alcohol function of the
coupling armand a function of the hydrophobic

al cohol, the 15 unsubstituted carboxyl functions of

t he ani oni ¢ pol ysaccharide being in the formof a
cation carboxylate, the catign being an al kali netal
cation, preferahly such as ~ar K+ - F being an
am de functi on, ﬁ,@&dcn&.o%hléaa{o n estier function, a
thioester functiqn, 'a 20 carbonate function or a

car bamat e function - hetng an optronally branched
and/ or unsaturated chaj nfF cpntaining between 1 and 18
carbons, optionally coppnising one or nore

het eroat onms, such as O R apd/or S, and having at

| east one acid function,I Ah being a residue of a
hydr ophobi ¢ al cohol, pfoduced fromthe coupling 25
bet ween the hydroxyl funggipn of the hydrophobic

al cohol and at |east ohe g_actrophilic function
carried by the R group, said'polysaccharide conprising
car bo>BdrmtiariXt i onal groups bei ng anphiphilic at
neutral pH. 30 The polysaccharide conpri si ng car boxyl

functional groups parti aI sti e ith .

hyar ophof] WhiEh ehR e st idcionsal the ErRiraR-substituted carboxy
fmmtigmanfctlhmpbldsmcchamdmam&|srtgetwaerb0>0ﬁIan‘dmzti onal groups

of gener "F' Iﬁoéné’rl\@A'hX:or \Mc% hﬁ%@%@z?{]e'fﬁﬁoﬁs ?@%Poﬁb‘blve and

whe £k Shro LT RsTar L etRODAGE iR S ot SHSA] WH F R oA,
thene theo kegrbaryl hfunctienah rgtous(sh ef vibe npdlyskccharite) is7 (are) Fé cation
c&bo&lé‘t@d of 'EatiBh ' EFBORYHEY tR IABo Shdify tAP ikl fdBal cation,

preferably such as Na® or K.

In one embodiment, the polysaccharides comprising carboxyl
functional groups are polysaccharides that naturally carry carboxyl functional
groups and are selected from the group constituted of alginate, hyaluronan and
galacturonan.

In one embodiment, the polysaccharides comprising carboxy!
functional groups are synthetic polysaccharides obtained from polysaccharides
that naturally comprise carboxyl functional groups or from neutral polysaccharides
onto which at least 15 carboxyl functional groups per 100 saccharidic units have
been grafted, of general formula X:

Polysaccharide

‘[

Q

r

X

- the natural polysaccharides being selected from the group of
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when the carboxyl function of the polysaccharide is

not substituted with F -R- G Ah, then the carboxyl

functional group(s) of the polysaccharide is (are) a

cation carboxylate or cation carboxylates, the cation

being an alkali netal cation, 10 preferably such as

Na+ or K+. In one enbodi nent, the pol ysacchari des

conpri sing carboxyl functigqpal groups are

pol ysaccharides that naturally carry carboxyl
palypacchayitkels capstiutesd aredomirantlyl efcglycosidio tinkagesgeio(H6) and/or

(1(@%&!&%9%9&/0@{192)&%@ hyal uronan and 15

al act ur t, C arJ
e P 1hg b o e e PP e o Bind Beb et e bfgsam a
ansbpyfeactionarOlesf bbtrolysedchiarisie pad peingceither @esesterh&mctlon a
thivabkter ?uﬂc‘lf oﬁ W@érbéﬁat@ ‘?urﬂfﬁébf' a chfb‘éHa‘?é‘ﬂJnc%r?Hlpa% thgf fudGtion,

neut r al saccha 1

o oyt PR R OHE o Lt 8 bsHyeSh (ohpe Baechidig unit of
thh polysaperanidgr af t ed, of general formula X

Pol ysaccharide Q X 25 - the natural polysaccharides

bei ng sal ected fromt roup ,of 17 ol sccg_@rgldes

const & 0k BN ASBRGRaIN PIATSTEd) e wiRa B kol gpntaining
bgtweéh 1aamt 48 caftioné) camgrising (dhe39r mock betefdatdhs,t suph, as O, N

Pedrgitsinciibdst 08 EHl bRgp Dot Bpgn the

a@@ﬁ%%arm : geét unc?lcgﬁdqx&rﬁn e Hgg ysa%?ﬁarl de

and bei ng elther an ester function, a 5 thioester

functi o oree embbdiment tiie polty'smchaadeard:mrsﬁmecf predbmirantly of
g|g Obs;,-)cnc 4 'ésfo\"(‘Féj 9Pe. - is the nolar fraction of the

stityents L- erscchaldl

it of t ,
oLy e lans GEDAETTR RO 10DaHAE \FoRrHER RiedeingRty of

glyersidic liskages o 41,6) typaisadexitrag. 10 between 1 and 18

carbons, conprising one or nore heteroatons, such as

flncti o dér?e;m@agmen&éﬁ%ﬁa@'aa”&s@ne'%ﬁé‘%éwﬁﬂfe Fgdomanty of
gipcdsidia tickeges dé (1,4) ypast i t ut ed predom nantly of

gl ycosidic |linkages of (1,6) type.

In one embodiment, the polysaccharide constituted predominantly of
glycosidic linkages of (1,4) type is selected from the group constituted of pullulan,
alginate, hyaluronan, xylan, galacturonan or a water-soluble cellulose.

In one embodiment, the polysaccharide is a pullulan.

In one embodiment, the polysaccharide is an alginate.

In one embodiment, the polysaccharide is a hyaluronan.

In one embodiment, the polysaccharide is a xylan.

In one embodiment, the polysaccharide is a galacturonan.

Iin one embodiment, the polysaccharide is a water-soluble cellulose.

In one embodiment, the polysaccharide is constituted predominantly of
glycosidic linkages of (1,3) type.

in one embodiment, the polysaccharide constituted predominantly of
glycosidic linkages of (1,3) type is a curdlan.

in one embodiment, the polysaccharide is constituted predominantly of



15 I n one enbodi nent, the polysaccharide constituted
predom nantly of glycosidic |linkages of (1,6) type is
dextran. In one enbodi nent, the pol ysaccharide is
constituted predom nantly of glycosidic |inkages of
(1,4) type. 20 I n one enbodi nent, the polysaccharide
constituted predomnantly of glycosidic |inkages of
(1,4) type is selected from4ghe group constituted of

ul lulan, al ginate, hyaluronan, xylan, galacturonan
gycosidigdinkagesaf (hRktypel | ul ose. In one enbodi ment, the

pol ysaCW%héq#nbcfduﬂeﬁtl“tﬁé“p%lysac%nb@ RSt ngr‘e%ﬁﬁnantly of
e, 1s.an alginate. |n one enbodi nent

obesgIpRaEEnt () 48upe iSanguftnronan. 1 one
enbodi nent, the polysaccharide is a xylan. In one

5 enbodi mPr'i‘bne bhﬁo@ﬁ’r‘léfﬁ ahe W)}s‘éﬁcﬂa?ldé |Q€$r?s‘iﬁd{é@ﬁ?é&on{lﬁ‘antly of
B’ lgln‘gl i B (E?mec aride is a water-sol ub
9yEPYIECIEEas ﬁ 1ﬁ B BFfnment, the pol ysacchari de
i s const toneaintpncmnem rtlamplo}ysatchaglbgmisﬁmted preidagrraantly of
@Eoéu&m?hhkéé%eofd B) Qﬁ@(ﬁ@ﬂ?ﬂ%r@é‘lﬁbucéne pol ysaccharide

const i tuted predom nant'l glycosi di c |inkages of
(1,3) type is a curdlan. 35 In one enbodi nent, the
10  pol ysacdiane émbiodintantsthe tpol ysdcehazideris nmatlltqted)brétﬁ)mmantly of

gy siaie! Hlkbodd A RGPaN@ (1 $Yardd ({2)RFpe | 1 One embodi ment,

e pol ysacchar] CONst om nantly of
gl ycgsn gn ONE; iR ee? the Pﬂysﬁ(]‘ rlgg cmsptmﬂq predgmjnantly of

glycesidichiokagesmf (1,dhang, y)smtrazy tee issmammesit i t ut ed
predom nantly of gl ycosi dic li nkages of (1,4) and

. (1,3) type. In on cchar

15 Sonat i 1 48 e SaimaaY dhs, PO SagiAag8 kel it e fgednyention i
chéradieriaed in(thaBthe tQ poupds selgktedefrom &2 fbliowing groups:

enbodi nent, the pol ysaccharide is constituted

predom nantly of L L

O @)

OH OH OH
OH

20 In one embodiment, r is between 0.1 and 2.
In one embodiment, r is between 0.2 and 1.5.

In one embodiment, the R group according to the invention is
25 characterized in that it is selected from amino acids.

In one embodiment, the amino acids are selected from alpha-amino
acids.

30 In one embodiment, the alpha-amino acids are selected from natural
alpha-amino acids.

In one embodiment, the natural alpha-amino acids are selected from
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gl ycosidic linkages of (1,4) and (1,3) and (1,2) type.
I n one enbodi nent, the polysaccharide constituted
predom nantly of glycosidic |inkages of (1,4) and
(1,3) and (1,2) type is mannan. '15 In one enbodi nent,
t he pol ysacchari de according to the invention is
characterized in that the Qgroup is selected fromthe
following groups: L L. OO4q Y Y 1ll~ O OHOHOHCH
20 I'n one enbodinent, r is between 0.1 and 2. In one

lezicinedalaming, isolelsindedlyeies) phedylaadink, fryptoph@mnand valine.

enbodi nent, the R group according to the invention is

25 characterized in that it is selected from am no

aci ds. I oBRecrBRpICAR e RysEORNADIR alsohak isapelester efeara fatty
afcopomsal pha-am no acids. 30 In one enbodi nent, the

al pha-am no acids are selected from natural

al pha-anm no acids. In one enbodinent, the natural
al pha- ati ABe ga1bgdiment. thelhydianhobicaleat®! iy sele¢tad from alcohols

cohstiitee , of iBOLAsHIUMGd OF saturated phky1YdrRliRoARINIng from 4 to 18
c%&ﬁngophan and valine. In one enbodi nent, the

ydrophobi c al cohol is selected fromfatty al cohols.

5 I n one enbodi nent, the hydrophobic al cohol is

sel ect egh bh@ehodPheHtSthe oty bicbhblad sefecttid fros FaHsal @ftohol,

kL T A e

lapgliect ed from meristyl al cohol, cetyl alcohol,
stearyl al cohol, cetearyl alcohol, butyl alcohol,

ol eyl allr(u: olgrgl)el grrﬁgodih'\aeﬂgl s hydrophobic alcohol is selected from
cholesterol derivatives.

In one embodiment, the cholesterol derivative is chelesterol.

In one embodiment, the hydrophobic alcohol Ah is selected from
tocopherols.

In one embodiment, the tocopherol is alpha-tocopherol.

In one embodiment, the alpha-tocopherol is the racemic mixture of
alpha-tocopherol.

In one embodiment, the hydrophobic alcohol is selected from alcohols
carrying an aryl group.

In one embodiment, the alcohol carrying an aryl group is selected from
benzyl alcohol and phenethyl alcohol.

The polysaccharide may have a degree of polymerization m of
between 10 and 10 000. :

In one embodiment, it has a degree of polymerization m of between 10
and 1000.
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In one enbodi nent, the hydrophobic al cohol is selected
from '15 chol esterol derivatives. In one enbodi nent,
the chol esterol derivative is cholesterol. In one
enbodi nent, the hydrophobic al cohol Ah is selected
from 20 tocopherols. In one enbodi nent, the

tocopherol is al pha-tocopherol. In one enbodi nent, the
al pha-tocopherol is the racegic mxture of 25
al pha-tocopherol . In one enbodi ment, the hydrophobic

al cohol In sarettherc emboflinent, aitcba®| s degaee \df npolgnedzation m of
bSMé'éFI 103%hd spgPne enbodi ment, the al cohol carrying an

aryl group |s seI ected from benzyl al cohol and

phenet hyl al cohol. The pol ysacchari de may have a

degr ee @ op®ksedinteat, said coropositicr isde thelformiofla o phiidate.
35 I n one enbodinent, it has a degree of

pol yrrerl zation mof between 10 and 1000.

anot her IRP8AMRAdiMent; th@a§olablee§a"e@f dfcatien 9h’@asfzawa@nt is a
soluble salt@f wetivaldrl catish §€8cted frofneal€inhn eiaghBEiumsatizthe cations.

conposi f Bﬂe'e?nd irh &', Fh%r I@Bleasalltoé?pégbétloﬁaétqeaitﬂ Jepeqt is a

one enbodi ne e soluble salt cat
spiublg calpium salf, soI ubl e salt of a divalent cation
sel ected from cal cium nagnesiumor zinc cations.

8P\e/alegﬁﬁﬂbqgﬁﬁ '%%“Fbﬁ%ﬁ'g'i §1b+ gaﬁcﬁn{ bt I?%stadi@ém E u?t%n!igda?o mean

av saif b (Wi the OIupiRyts Giealer |t (ol dAt5 mgéml preferably
10 migmd] erleferabie2® mgdmbkal t of which the solubility is
greater than or equal to 5 rrg/m preferably 10

ng/ m, preferabl n%] one enbodi nent, the
sol ubl e fauovaleémo%ra?mo %awtlbhesdlaaleatr%atlemsgalls a calcium salt,

the counterion of which is selected from the chloride, the D-gluconate, the formate,
the D-saccharate, the acetate, the L-lactate, the glutamate, the aspartate, the
propionate, the fumarate, the sorbate, the bicarbonate, the bromide or the
ascorbate.

In one embodiment, the soluble divalent-cation salt is a magnesium
salt, the counterion of which is selected from the chloride, the D-gluconate, the
formate, the D-saccharate, the acetate, the L-lactate, the glutamate, the aspartate,

- the propionate, the fumarate, the sorbate, the bicarbonate, the bromide or the

ascorbate.

_ In one embodiment, the soluble divalent-cation salt is a zinc salt, the
counterion of which is selected from the chloride, the D-gluconate, the formate, the
D-saccharate, the acetate, the L-lactate, the glutamate, the aspartate, the
propionate, the fumarate, the sorbate, the bicarbonate, the bromide or the
ascorbate.

In one embodiment, the soluble divalent-cation salt is calcium chloride.

in one embodiment, the soluble cation salt is a soluble multivalent-
cation salt.
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the counterion of which is selected fromthe chloride,
the D-gluconate, the formate, the D saccharate, the
acetate, the L-lactate, the glutamate, the aspartate,
the propionate, the funmarate, the sorbate, the

bi carbonate, the brom de or the ascorbate. 20 In one
enbodi nent, the soluble divalent-cation salt is a
magnesi um salt, the counte@ on of which is selected
fromthe chlorlde t he D-gluconate the formate, the
D-saccharate, the acetate, the L-lactate, the

?Lﬁ;?g?gﬁ tt%e so Rr?Fe% %ﬁtlorﬁgq%r?ﬁtgﬂﬂ N ?rheatnbgpemed; carrying

bi carbona
mase th%“&@%%\éﬁ gharggs deh foibRn, r?éll‘ff"nuﬂh@aﬁ@l"gwpb/mefs SUCh

aslipellyeine; spdrimime, pedtamiree ¢ fibriARc salt, the counterion
of which is selected fromthe chl ori de, the

D-gl uconate, the formate, the D saccharate, the

acet at e Thefiern ‘qstroganis, growth fgrteranaiBMPY lsionesysdn cambination
istihendBd 1ty AieanRABMP seltdd g ahe grdupeof #dragd Ricaliygctive BMPs

(ﬁrp%qégr%@g{,gnﬁhhgb%tg nggl de or the ascorbate. In one

|l e divalent-cation salt is
calciumchloride. 35 In one enbodi nent, the sol uble

cation dre pastioulddg! thel @stédddnic/plofdis ar%aéélét%lgéﬂngh} thélgroup
T L P B S b o i

1&@@@ -9al umi num cationic polymers such as

pol yl ysilfesnes RaibBdMeent PrieS Qi@télﬁeﬁfc f)fd?élhnls §Mﬁ32 (fd&fd%rmm
a@g‘%&eogem c growth factor", or ™ , alone or

ination is intended to mean a B_I\/F_’ sel ected from
t he gr olpone eimbedinrntithe abtepaaricipiateiBNSSDR-Bone
nmor phogenetic proteins). 10 More particularly, the

ost eogeni, ¢ teins . _are select fromthe ou .
const &IPS Bepd 57 Gt RumeBRE aistogy aggording to
theciecbnigues knewmp kmthosgskilled in thedarGDFP@ chasedofiiem suppliers such

a€Mepekamplk, theltonfpahe ReeBachDiggrstc ire. RMEAR
(di boterm n

In one embodiment, the hydrogel_ may be prepared just before
implantation.

In one embodiment, the hydrogel may be prepared and stored in a
prefilled syringe in order to be subsequently implanted.

In one embodiment, the hydrogel may be prepared by rehydration of a
lyophilizate just before implantation or may be implanted in dehydrated form.

Lyophilization is a water sublimation technique enabling dehydration of
the composition. This technique is commonly used for the storage and stabilization
of proteins.

The rehydration of a lyophilizate is very rapid and enables a ready-to-
use formulation to be easily obtained, it being possible for said formulation to be
rehydrated before implantation, or implanted in its dehydrated form, the
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al pha). 15 In one enbodi nent, the osteogenic protein

is GDF-5. The BMPs used are reconbi nant human BMPs
obt ai ned according to the techni gues known to those
skilled in the art or purchased from suppliers such

as, for exanple, the conpany Research D agnostic Inc.
(USA). 20 In one enbodi nent, the hydrogel nay be

prepared just before inplanbhation. In one enbodi nent,
the hydrogel may be prepared and stored in a 25
rehyefdtiohettien ytaking eplace, oaftier imiptaritation) bihesuglnthey contact with the
bdi i&ﬂh@g I n one enbodi nent, the hydrogel nay be

prepar e %y rehydration of a |yophilizate just before

i mpl antation or may be inplanted in dehydrated form

30 Lyopin ladditionprit iss passiblieeto add! bthet | 6teir®G handa ke particular

apl i L f i L i .
PR SR B 3, EER S VREPLOL P, W fose oo
osaviRifaGilorat i on of proteins. The rehydration of a

| yophilizate is very rapid and enables a ready-to- 35

use for at ; [ [ ILL.:pei :
_possi bl Iﬁe oﬁvsggﬁléﬁft Qﬁ‘ﬁ&l?%tr!a%ﬁ%g@bd;%gp‘gﬁ%/_lgrggt_gebg%dé?%rt% the
inveplietht eharamerizad inmthadnt derthed ¢amprirasy angiogenie @rewtht fastors
sélectetigityrtlthet grodp thediititek bNBDBRYEGRSE BGFi npl ant at i on,
through the contact with the biological fluids. In
addition, it is possible to add other proteins, and in
par ti culTd1e osfeegRyiie gempesitipnsaecoraing ¢p she nventiers arDased by
inpightation, F6Fexdrple his dilling hong adbifécts Fop peHorhafg Qéﬁebrgmsions
e re C according ..
of ety eReh el iBoh X biifedodr AFRERGE bf PoRipbpoftiton
(RenvdartRiesishngi ogenic growth factors 10 sel ected from
the group constituted of PDGF, VEGF or FGF. The

ost eogenj.c I rdi he i.nyention are ,
used by N HEFERERbY ERBERE BhaP 8, oS or B B, 8h6 e
aguat plsosteqgenisgrowiiantpr deperdhemn ther vpdurpe of thersite to be filled,

mexi | | of|jacomd ehtsciithéntche Adtutiods dOanbhRapbIPSac®Aaride have

c%RgeWI%%oﬁg Jfr S‘&th‘é%ﬁ 89”%8)%@%%& %%bo mg/ml, preferably 1 mg/ml to

75 mg/ml, more preferably between 5 and 50 mg/ml.

In one embodiment, for a vertebral implant, the doses of osteogenic
growth factor will be between 0.05 mg and 8 mg, preferably between 0.1 mg and
4 mg, more preferably between 0.1 mg and 2 mg, whereas the doses commonly
accepted in the literature are between 8 and 12 mg.

in one embodiment, for a vertebral implant, the doses of angiogenic
growth factor will be between 0.056 mg and 8 mg, preferably between 0.1 mg and
4 mg, more preferably between 0.1 mg and 2 mg.

As regards the uses in maxillofacial reconstruction or in the treatment
of pseudarthrosis, for example, the doses administered will be less than 1 mg.

In one embodiment, the solutions of divalent cation have
concentrations of between 0.01 and 1 M, preferably between 0.05 and 0.2 M.
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15 (pseudarthrosis). In these various therapeutic
uses, the size of the matrix and the anount of
osteogenic growt h factor depend on the volune of the
site to be filled. In one enbodi ment, the solutions of
ani oni ¢ pol ysacchari de have 20 concentrations of
between 0.1 ng/mmM and 100 ng/m, preferably 1 ng/m to
75 ng/m, nore preferably bqkyeen 5 and 50 ng/m . In
one enbodi nent, for a vertebral inplant, the doses of
osteogenic growh factor will be between 0.05 ng and

8 ny, f . .
or ef er Saﬁy%%%%be%ﬂb.@@??rg@a%owﬁég afint. BSysdBhBrde have
cepeafbiations Rfcbpiwegni A-tma/mli ead al 09 Bg4ne wefefrkiyn Bmaiml to

752ndienl, rhoreqirefcpdiNpBetireh,5 4d 5@mgaint ebral i nplant, the
doses of angiogenic growh factor will be between

0.05 ng and 8 , preferably between 0.1 ng and 30 4
ng, norel W@gg% ylsserelptes 9. thenfpedhing forngyepadng an implant
atbﬁ@d{r@&oitﬁﬁ?invém&)nl WhishXdohipeisas !aaleaféem@m@rowwfgt'l ét@!tS‘sh:Of in
e re . g X al e .

doses adth Frevicuta aRHorbampAShS ap oiepBERtiGun gyanionic
enbodi ment Polysrccharidg cemplexss ang ampraaniconatyiyangiey e hydrogel,
g ontncent r%)t h&diAg Ahe 1BBILGBE ToRtdiling B %oMp(Ije_Qrt%f t;hé ¥nic matrix

etween . odl nent , e .
sol uti ons gl?d@ﬂf%otﬁ?éygllglgégggé%gﬁ{;rg%@ﬁg)%ogemzmg tF\e mixture,
concent reit Adeing efsodioneéa solublergalhdf a1 pationG least divalent to the
grsf er abl Yirﬂplﬂiﬁt/dﬁtaihéngi in7bg, ITE/ m, rnore pr e}‘ er abl Iy t

etween . 1 nventl on SO e es .
Lo the. i ARGl CBirdh ot 8 TeriERlor Ot e BBphF Ptfea n

t he invent B€R,C)whi ch conprises at |east the follow ng
steps: a) providing a solution conprising an

ost eogenj,c owth factor/.ani onjc I cchari de .
conpl ex,nh%ﬁwg{vgﬁ '3t gfzsr?l Eelﬂlﬁﬁr{%x{hfnﬂ%g?&g?%yﬂ%@@g, an, gpplant
agyordingi tadhe invertisinawhish coomriseniahlpashibedollomingsteps:t he
organic matrix and/or to the hydrogel, and optionally
honogeni zj P?rot he m xtur c) addi n%, a soluti

uti sgn of .a h
sol ubl e s ol T Sﬁl PN | SRNPTRINGa) 8R; qsdeqgrgic growt
i npl ant obt factastamphighilic  anionic  polysaccharide complex, and an

organic matrix and/or a hydrogel,

b) adding a solution of a soluble salt of a cation at least divalent to
the organic matrix and/or to the hydrogel a),

c) adding the solution containing the growth factor to the organic
matrix and/or to the hydrogel obtained in b) and optionally
homogenizing the mixture,

d) optionally carrying out the lyophilization of the implant obtained in
step c).

in one embodiment, the organic matrix is a matrix constituted of
crosslinked hydrogels and/or collagen.

In one embodiment, the matrix is selected from matrices based on
sterilized, preferably crosslinked, purified natural collagen.
In one embodiment, in step a), the polymer forming a hydrogel, which
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d) optionally carrying out the Iyophilization of the

i npl ant obtained in 15 step c). The invention al so
relates to the nmethod for preparing an inplant
according to the invention, which conprises at | east
the follow ng steps: 20 a) providing a solution

conpri sing an osteogenic gromﬁh factor/anphiphilic
ani oni ¢ pol ysacchari de conpl and an organic nmatrix
and/ or a hydrogel, b) addln& a solution of a soluble

nmagl he @rosslitiasd on n&ﬁcrb&ﬁiﬁke@il }sa!sélééted Gronh Be Cgrﬁlﬁ’fﬁ”df synthetic

o3 ehgruiin UE DALyl S AL, e
glygelfalycolied asid t@Rﬁ@“ﬁ?dr@@'&(N'&W@V'ﬁ@WQnﬁ) b)peiynnylic  acids,

pOipatroRAides antopaNRMylici degist he mi xture, d) optionally
carrying out the lyophilization of the inplant

obtained in step c). 30 In one enbodi nent, the _
or gani c Inrane iembogimentainrstap ebribe ipolymed foming adwsirégekewhich
maydbe astbssliakel @F roHcta@hriked, Ns omec%doqwmné bl of natural

PUTAES Ag TE SE PaTB el Kbt BT cedfancsiidpse anc

cellosgg derivatives nalgisien aeidmxanthann catrageenan, tchitosasl, yahendroitin,
chiRigehNGelatin) yd g%ﬁ‘lle ,antiLFin, 2dd biRogidafy QEééiﬁélbIQ k8 Plereof.

noncr ossl i nke is selected fromthe group of
synthetic polyners, anong which are ethyl ene
gl ycol / Imene @rrmodun@ﬁpmeweéu@l pelymer ingelected from the group of

Pgﬂyy@&h@gaé@@mm aﬁ'UFb MG Which are hyalurenic acid, alginic acid,
RAPhors el oﬁ%ad&? piEsn Auldians xARthaR, carrageenan,

ckitgsadiandrehongngitis and aplog!craéy potspiahle saitsribeead
hydrogel, which may be crosslinked or noncrosslinked,

' seletedfr m,t he f..na

whi oh arbons STEPHITRCtARAIEP el tataheeliPa! FaskcEhron e
gessipl af| R@Q@amrlde%fdrmﬂmgsiwdﬂmela samangswhieh grenhyalainit, acid and
algHié BaiB, afPbibRERANASccepIbIOSA thefendr oi ti n,

In one embodiment, in step b) or ¢), the solution of a soluble salt of a
cation at least divalent is a divalent-cation solution.

in one embodiment, the soluble divalent-cation salts are calcium salts,
the counterion of which is selected from the chloride, the D-gluconate, the formate,
the D-saccharate, the acetate, the L-lactate, the glutamate, the aspartate, the
propionate, the fumarate, the sorbate, the bicarbonate, the bromide or the
ascorbate.

In one embodiment, the soluble divalent-cation salt is calcium chloride.

In one embodiment, the soluble divalent-cation salts are magnesium
salts, the counterion of which is selected from the chloride, the D-gluconate, the
formate, the D-saccharate, the acetate, the L-lactate, the glutamate, the aspartate,
the propionate, the fumarate, the sorbate, the bicarbonate, the bromide or the
ascorbate.
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bi ol ogically acceptable salts thereof. In one

enbodi ment, the natural polynmer is selected fromthe

group of pol ysaccharides form ng hydrogels, anong

whi ch are hyaluronic acid, alginic acid, dextran,

pectin, cellulose and its derivatives, pullulan,

xant han, carrageenan, 15 chitosan and chondroitin,

and biologically acceptable salts thereof. In one

enbodi nent, in step a), the natural polyner is

ﬁel ect e HhQ WhdBBimeHt OB s f%b%o{iiﬁlaﬁﬁgﬁro'n.ds%ﬁsfagé PhE%aits, the

ydrogel's, anong which are al uroni c_acid an

CRYTPTRT. O E IecRrIeTied fTomithe chpride dap DxehEorsaie. tge formate, the

U—*Biﬂcaalfate,del racemeb,ett’cwdj-laemfte, the &Jll;ﬂanh)e,opwec)aspéﬂfae, the
A n t,least .

PR R RN U, S8ttt B R gt Bomice or the

ageaiBaterrent, the sol uble divalent-cation salts are

calciumsalts, 25 the counterion of which is sel ected

fromth [ e e; £ or pat t

D oaccndt e Shit@imentrin b BFOPE) fne bR R Suvie St of o

caiian atleass divelest isspmuitivelent-cafion seldignonat e, t he

fumarate, the sorbate, the bicarbonate, the brom de or

the asc¢orhat X o] | nent .. e sol ubl.e
di val engr?cosaﬁ%i grr?bgg r%éht,s&%aﬁ@ﬁ/%!gﬁlc&tlpégarelsr?lll%%%d from the
gEHpCANgtikted afitbe sulltivelant gationseat iropataluminga areatieric polymers
sUEDAS poIVINEIng 24 petmirie Brat@minessrifigfin Of which is sel ected
fromthe chloride, the D-gluconate, the fornmate, the
D-saccharate, the acetate, the L-lactate, the
gl ut amat® one nkogdimentaine stepa)t Besqhutioni @frmnenostéegenic growth
fddteras alse.prévigegor bat e, the bicarbonate, the brom de or
the ascorbate. 25 1In one enbodi nent, the sol uble
di val ent-cation salts are zinc salts, the counterion
~of whi ciThednyentieptaiep felales théha He®of e composition according to
the BletvAabea tohe implABt e, the D-saccharate, the
acetate, the L-lactate, the glutamate, the aspartate,
the 5 propionate, the fumarate, the sorbate, the
bi car borlat@e emeogimsafitdeaid rcomnesitioncmap diee used irpgembination
vethlzsHoBMBtic dévics bEPe Rkrtébrafprosthsisu?vettelral Risiod cage type.
sol uble salt of a cation at |least divalent is a
mul tival ent-cation sol ution

It also relates to the therapeutic and surgical methods using said

composition in bone reconstruction.

The invention is illustrated by the following examples.
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10 I'n one enbodi nent, the multivalent cations are

sel ected fromthe group constituted of the

mul tival ent cations of iron , alum numor cationic

pol ymers such as polylysine, sperm ne, protam ne or
fibrin. 15 In one enbodinent, in step a), a solution
of a nonosteogenic growh factor is also provided.
The invention also rel ates the use of the
conposition according to the invention, as a bone
inplant. 20 In one enbodi nent, said conposition may be

d i 1 h
used in rog?tey Fepatatidh Q)f hﬁ] @ar%%)(glﬁgtrﬂflatre ﬁfxtran

vertebr Py vert sion cage t
"H?‘H%eqlé‘l'tﬁt Qsloéi'qméa!tlﬂfrl-a%mfm!‘aéhd surgical net hods

using said 25 conp03|t|on i n bone reconstruction. The

' nventl Nrﬁ’r eh |§J§t EHiGd éﬁ’rbb%ﬁnétﬁ#l“@"%@ﬂra@%ﬁ-@'f@? witl? the

sa@urtnr ﬁ@it %&rtmpégh%nlt %%tw% faMumh @%ﬁ&ano*nawnq aywelsbhavﬁrage

nioldtahysesf 40 kgmal, 3.eda Wegreer dfpotyraérindtioh ©f d84 {Plearmacosmos),
Egcﬁhikhe(g tﬁj\é trﬁbtﬁ&g g)%%é)rg)'r?wmﬁténtogp\;\)gcétwp@g@ﬁgﬁ%w Thle molar

fragiion of &p@lut@/eaiboxmmeéhylatedégﬁ@iwe& w@wmawauraay dﬂot be

mideffiedRhigT IFASIBPRANS ie. t aF Rmdiang is 9. OBhEthE‘fldﬂQldfrﬁ’ﬁﬁ)ﬁwalum

chRThER e AR AL IR MProoblE, TPl crrfE b 5o
may not be 10 nDdIfI ed with tryptophan, i.e. tin

forml a Exam Ie12'09rep'aiﬁtlm|6ﬂafsroi{fiﬁmgeam‘or)]@m@thylhtehdextran
t ied with tryptophan

oS thé i Kby S ylogil £ ST 11D,

Preparation of a sodi um car boxynet hyI ate dextran

nodi fi edPalyrbr 2 he @tbmbmesémbxpﬁe lhfevaém&ramodiﬂéd with the

' ﬁy&y&e‘&dgf\l\jﬁwg g\gh ir oﬁéﬁeé ﬂ%ﬁyﬁ%%nwelghbaverage

msjaramassiof 4@ ke/madider piegreey Phrplymakzajinn o4 o4 4gearmasioamos),
a&B@tﬁlr%f to4Be kBétHBY ,dekcrbeddin dRgsmeapgplicnyPRO7.828 160 THef molar

fr]a%’ﬁoé PQ&J@%O&?@&&methylate which may or may not be modified with the
ethyl ester of tryptophan, i.e. t in formula 111, is 1.07. The molar fraction of sodium
carboxymethylate modified with the ethyl ester of tryptophan, i.e. p in formula lll, is
0.49.

Example 3: Preparation of a sodium carboxymethylate dextran
modified with the decyl ester of L-glycine '

Polymer 3 is a sodium carboxymethylate dextran modified with the
decyl ester of L-glycine, obtained from a dextran having a weight-average molar
mass of 40 kg/mol, i.e. a degree of polymerization of 154 (Pharmacosmos),
according to the method described in patent application FR08.05506. The molar
fraction of sodium carboxymethylate, which may or may not be modified with the
decyl ester of L-glycine, i.e. r in formula X, is 1.04. The molar fraction of sodium
carboxymethylate modified with the decyl ester of L-glycine, i.e. q in formula IX, is
0.09.



according to the nmethod described in patent
application FRO7.02316. The nolar 20 fraction of

sodi um car boxynet hyl ate, which may or may not be
nodified with the ethyl ester of tryptophan, i.e. tin

formula I'll, is 1.07. The nolar fraction of sodium
carboxynethyl ate nodified with the ethyl ester of
tryptophan, i.e. p inforrrulﬁlll, is 0.49. 25

Exanpl e 3: Preparation of a sodium carboxynet hyl ate
dext r an Examiplei £dPregdraticwe dfeaydocﬁamet:algfoxyrrwtuﬂaf& dextran
. 3 d ' 0 extran

n@dﬁ?ﬁ&d&v&@h@ﬁtﬁgghﬁﬁf&% }érgﬁglg Y{n?'té yci ne, obtained

froma dextran having a wei ght-average nolar 30 nass

of 40 kg-'»‘o‘mher) #.ie.a sodiagr earbokymethyrats iderira® madifisbdith the
Sp._ g . 0 crj Ln. ...

o8Py B8P T PhaRFAgng  obButels (BF} 3 BeRFaF halifg, o opeiont

ayei@aganTeiE b Biapfeeh P0Hgénomhi&s hantdggree phypolwmerization of 154

(PRdthfdcosmus), haddagdingl ey ltheeSinethodl des€ibeai e, patedt appiichtion
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npt §e yoediied Witk they ortanpisreatieraof bxpheaylalgging, b@. r m7formula X, is
1607 MMeemdiar !??a;%ﬁ@i af 'ts@diu@lf cékb&%é_e'tﬁylﬁﬁt: h@ﬂlﬁ?ﬂt\bm #Heoctanoic

) ester o
eg%%ég%hgﬁgalﬁh@gﬁgﬂ@?&%“ﬁéigqgg&%m car boxynet hyl at e
dextran nodified with the 5 octanoic ester of

L- pheny| Exafplees : Pliparatash bf tHe m@tﬁlbfﬁﬂlylhéﬂb%n?lex
wei ght - average nol ar mass of 40 kg/nol, i.e. a degree
of polynerization of 154 (Pharmacosnps), according to

t he met Houmuadionilh &9 ul of gasektionmsirheBFramt 2.0 mg/ml in 5 mM
l-EEI@?eQﬁ&@@-wifﬁfim fibfod sBFuﬂ@rﬁicﬁfbo@fmefrOﬂbitHBﬂj mg/mi.f Th%l polymer
. X X or | e .
SRBRT Kebumiedofim L T8V pMisell (13 9ma. 2T Tk’ BSiugion of
GLr-Snolymer 3 somplex ig7at pih6.4randrcontains 16 mMMfofspidisphate. The

GDFﬁlpb‘fyﬁﬁé'th! foRar _nf@\tibfi'se«)i/zvyif tTthid I%@u{ﬁ)@(h ai_gofirgall gﬁﬁe?éd Ghrough
= enyq.al ani ne .. ©.. ( n or a | S . . . .
A2 w11 ML Sadio i leBr 1 8 HeisHebg strizetle BV sdynamic light
seattgyingx The nraerity Phihe @bjects pespnt roeasure tsisaitham1®aim.

rhGF-5 at 2.0 ng/mM in 5 MM HCl are mxed with 50 pl

b G or AR P abHen SAha e bR SRR
7.2). The solution of

Formulation 2: 679 pl of a solution of rhGDF-5 at 3.7 mg/ml in 10 mM
HCI are mixed with 1821 ul of a solution of polymer 4 at 42.3 mg/ml (pH of 7.3).
The solution of GDF-5/polymer 4 complex is at pH 6.5 and contains 1 mg/ml of
GDF-5 and 30.8 mg/ml of polymer 4. The GDF-5/polymer 4 molar ratio is 1/20.
This solution is finally filtered through 0.22 um. The final solution is clear and is
characterized by dynamic light scattering. The majority of the objects present
measure less than 10 nm.
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GDF- 5/ polynmer 3 conplex is at pH 6.4 and contains 10
nmM of phosphate. The GDF-5/polynmer 3 nolar ratio is
1/20. This solution is finally filtered through 20
0.22 pm The final solution is clear and is
characterized by dynamc |ight scattering. The
majority of the objects present neasure |ess than 10
nm Exanple 6: Preparation the rhGDF-5/ pol ynmer 4
conpl ex 25 Fornul ation 2: 6 pl of a solution of

r hGDF- 5 Blandplé T7@réparatioh Gfddilagkn sabﬁgmmsmmm iefPres
pi of a solution of polyner 4 at 42.3 ng/ P
7.3). The solution of GDF-5/ ymer 4 corrpl ex |s at
pH 6.5 dm@lanbit 40 pkofla sgiution o?thwr-zatzﬁms ®Q/ral arg/imtroduced

st@‘nldl’,olrﬁfé'fﬁrHéhstaTh@pecﬂér@ 200 iR crésdipkéd cbggeﬂ dpdndd %g\tegra

filt d t
it et iBspore, NP VYaRY. | esgoliar SR et 13 debipyee Tor 30
migytasrirctheicghagencsponge ibetpre Tke. Thej dosetaf BMP{2He 2qlg. ect s
present neasure less than 10 nm 28 Exanple 7:

(o ant P2, s BRRAE PREmBRNt e 0 o s soluton of
BV Rt2 atrQa5mg/memleet§>setoéBMFé2ys 20pg. a Helistat type
sterile 200 nmmB crosslinked col |l agen sponge (Integra

5 LifeScienc ai nsboro W, The sol ution
is |eft ﬁ&&oa‘%@pf“fﬂ loghof eﬂ&#@'ﬁﬁ%‘ﬂé‘%&ﬂ%‘&@ﬁ*
sponge before use. The dose of BMP-2 is 2 pg. |nplant

21 It | FomRRtbR3: SD‘Eﬁfof ARbRAGN b rﬁﬂh%lhzﬁ OOJIS g arf mixed

V\1I 13)@ ;&?f afﬁlu@%%p%y@er 8’@262%&?9/6'” e §q>llgtlons of rhBMP-2 and
of helymep/laie oulferetl atarhp 7 e ThisFeniuticnais ilefh tBincERatp | forofwoahours
aS@*@bh@ﬂlt&Ed%&ﬁM?y%r&ﬁqrpo 2>um/ M are mxed wth 100

a solution of polyner 1 at 37.5 ng/m . The
soI utions of rhBMP-2 and 15 of polynmer 1 are buffered
at pH 7.FormlEtion dolltuisi prepared| likkt fotroulaticruBabe 1hiaingt 5®ul of a

sbRYES ofafthB‘fﬁD-Qth fig theg/ed vﬁ&\eﬁbb‘?ﬂ %fthébHHBn ofzéoﬁg?)er 1 at

3E]q:3r(rru tion 4: It is prepared |1ke formulation
50 pl| of a solution of rhBMP-2 at 1.5 ng/m
with 100 pl of a solution of polyner 1 at 20 37.5

mo/ . Eoddihpre O oFT ebghratidnCf &P fRbRNK Cof! 2%%flagen
sponge/BMP-2/polymer 1 complex in the presence of calcium chlioride,
which are lyophilized

Implant 3: 40 pl of formulation 4 are introduced into a Helistat type
sterile 200 mm?® crosslinked collagen sponge (Integra LifeSciences, Plainsboro,
New Jersey). The solution is left to incubate for 30 minutes in the collagen sponge
before adding 100 pl of a solution of calcium chloride at a concentration of
18.3 mg/ml. After 15 minutes, the sponge is ready for use. The dose of BMP-2 is
20 pg.
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sponge/ BVMP- 2/ pol ynmer 1 conplex in the presence of
calciumchloride, which are |lyophilized 25 I nplant 3:

40 pl of fornulation 4 are introduced into a Heli stat
type sterile 200 mmB crosslinked col |l agen sponge
(I'ntegra LifeSciences, Plainsboro, New Jersey). The
solution is left to incubate for 30 mnutes in the
col | agen sponge before addb?g 100 pl of a solution of
cal ciumchloride at a concentration of 30 18.3 ng/n.
After 1Exampled0; tRreppratipn i s ofeadimplantsise.ofThe collagen

D ] 2 0. : i .
Qg e Yoty er, 1 Sobbiex n BiE eSpnds oF S6RIE Cfhorice,
which ake lyephilized of cal ci um chloride, which are

| yophilized 5 Inplant 4: 40 pl of fornulation 3 are

i ntrodu ) o) [ p t.eri Q .

crossl i E’ﬁ%&hg{‘fl T‘%‘Eﬁk éapﬁﬁ%aetfobl %taégr'ﬁ{r{(#géc'ﬁtéjz‘g&sle,“sﬁat type
sterilgi 28BNy, crogglinkedrepiagen sRengs((infedsa LifeScignees, JPlainsboro,
NeWc&vsdyg Tray scliition B lefe® intulidie for@0 mekitesSiAARE Bollddeh @penge
b@fgpé %dﬂwgo.‘ld% pP]fof aalggg}ﬂgh Odk ggl?%ﬂ'l %h%'ﬁ]dgh.!—)tora' oenc%Etrgtion of
concentrdtion' of .3 mg/m . e sponge is then
18.3uB@/Mietia $PaNase themsrbseawently; frazensansk lyprhilzedsterilelyoThe
d@{ggs@fmpwe-ﬁp%s 2 pg. Inplant 5: It is prepared |ike
inplant 4, with 40 pl of fornulation 4. The dose of
BW-2 is 20 pg. 15 Exanple 11: Evaluation of the

ost eoi ndmmaingg: & ispRrepakeddike dmplany 4, wish 401 phiormauiatier 4. The
dd$eeofBiP is\2® (@, this study is to denonstrate the

ost eoi nductive capacity of the various formulations

in a nodel of ectopic bone formation in the rat. 20

Mal e r atExamplginhdEvateation ofothe (osgecigductivercapacity of the

vhfiduSkrnfdiatidb®s R ver Laboratories France, B.P. 109,

69592 |' Arbresle) are used for this study. An

anal gesi_c treatnent (buprenorphine, Tengesic(r),

Pfi zer, Thearbigrtives of aihie stuslyelsedp emapnstratee the rapteninductive
cap N9 Gt valioBs Fathrulaiofs @ siddel bZ&slofY bohd Fithmatib h BE rat.
@:?g%%%ygﬁ{gaq%o”lox‘z‘éb% {éﬁr{al%é 55\9@9 UOFASsh® BHa esb?éiver
Laboratories France, B.P. 109, 69592 I'Arbresle) are used for this study.

An analgesic treatment (buprenorphine, Temgesic®, Pfizer, France) is
administered before the surgical procedure. The rats are anesthetized by
inhalation of an Oz-isoflurane mixture (1-4%). The fur is removed by shaving over
a wide dorsal area. The skin of this dorsal area is disinfected with a solution of
povidone-iodine (Vetedine® solution, Vetoquinol, France).

Paravertebral incisions of approximately 1 cm are made in order to
free the right and left dorsal paravertebral muscles. Access to the muscles is made
by transfascial incision. Each of the implants is placed in a pocket in such a way
that no compression can be exerted thereon. Four implants are implanted per rat
(two implants per site). The implant opening is then sutured using a polypropylene
thread (Prolene 4/0, Ethicon, France). The skin is re-closed using a nonabsorbable
suture. The rats are then returned to their respective cages and kept under
observation during their recovery.

At 21 days, the animals are anesthetized with an injection of
tiletamine-zolazepam (ZOLETIL® 25-50 mg/kg, IM, VIRBAC, France).
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(Vetedi ne(r) solution, Vetoquinol, France).

Par avertebral incisions of approximately 1 cm are nade
in order to free the right and |left dorsal

paravertebral muscles. Access to the nuscles is made

by transfascial incision. Eagh of the inplants is

pl aced in a pocket in such a way 30 that no

conpr esJheraniraalskae dlxar sautifiche by cruthdrmsia, byphjacting audese of

péﬁ’fB*)é’rBFtﬁctDQﬁfETffﬁ&L@ (\{]E’FDQUNQD;PraH@é ). 9l Fn%}:rosw Sic observation
o RiPipPRoReHcued i abyuskShses Mgtk hfariaton,
necrosit O henhourbage) andahabsresérdd of uneuard/om h:artﬂag&s tiaswe are
retcg?d?edr ghd! gpﬁ%dt Qcéolﬂﬁh%lt{) %606l dwifig %%g@ a§§ s 1un ik, 2:

servat | ur | n&& recovery:
MRARTAS s> Matketh ds b with an injection of
tilet arriErwhzof alzepmpia(nm.lETneln(av)edZEOBO itr:rgihmjantaMn site and

n}\é'c%@e% [bg:‘?a hs3te tAkéh. afrHe'@ & afifl %? h?%? ErLef i'ngy:f?é’nts are
eut a [ I njectl n ose 0 ohbar
tf@nd_eft_erme(dr )Eacw%r 'R@_en By b ?Q;éé%rﬁ"'% solution.
observation of each site is then carried out; any
sign of gQeal. i ntolerance (inflammation, necrosi S,
hermrrha@ and the presence of bone and[ cartil age
tissue 5N ¢} JBXPEIMENy r MRRkESadl RS tES’ tfhgasure  the
oftebinduttive effzat of BMP-2bg placing the implakt in2i mustidenahe badk of a

AT don Sond URS ¥alhad eelpBich of the implants is

rmve rom . on sjte and nmacroscopic
phot ogr é"dﬁstP'@sF%meﬁbSW%t@sz%T 'é‘ﬁoe’ipi?é‘t%\él‘%? Ust tog gpaluate
themreaerice cffbone tissuesteidetheinmeesd. of Baes Implamts ant i s t hen
stored in a buffered 10% fornol solution. 10 Results:
This in vivo experinent makes it possible to neasure
the osteoinductive effect of BMP-2 hy placing the

rhplaht i N a IPraencobf bdre fiatlss of |aMagsalfimflants (mg)
)E}h I%HF1 site |s termeqlm féh%ﬁ&fguﬁld's The rracroscop| C

|

n

opservatrt+ons LIIC CI\[JI Nt o Tliauvl tS l.U CVGF UGLC
|

|

némplaat2nce f bone ti3fues and the mass of3& he
: qugﬁh53 | npllant Presegypge of bone |tissues Mggs of

mlanta 1Y) 24 84
Implant 5 3.8 249

A dose of 2 ug of BMP-2 in a collagen sponge (implant 1) does not
have a sufficient osteoinductive capacity for it to be possible to find collagen
implants after 21 days. '

A dose of 20 pg of BMP-2 in a collagen sponge (implant 2) results in
ossified implants having an average mass of 38 mg being obtained after 21 days.

For the same dose of BMP-2 of approximately 20 ug, the
BMP-2/polymer 1 complex (implant 3) in the presence of CaCl; in solution in the
collagen sponge makes it possible to increase the osteogenic activity of BMP-2.
The average mass of the implants 3 is approximately 3 times greater than that of
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Implant 1 Inplants not found Inplant 2 3.6 38 I nplant
34.0 120 Inplant 4 2.4 84 Inplant 5 3.8 249 20 A
dose of 2 pg of BMP-2 in a collagen sponge (inplant 1)
does not have a sufficient osteoinductive capacity
for it to be possible to find collagen inplants after
21 days. A dose of 20 pg of BMP-2 in a collagen sponge
(inmplant 2) results in 25 sified inplants having an
average mass of 38 ng bei ng obtained after 21 days.
tHeoimpidrgs 2ane dose of BMP-2 of approxi mately 20 pg, the
BMP- 2/ pol ymer 1 conplex (inplant 3) in the presence of
CaCl 2 in solution in the collagen sponge nmakes it
possi bl elhedlyppfilizatiar makesdsp @ ite agplity\thisygain irBpStepgenic
aam{it_wm@vmea@ermasét gi itme ihfm&ra@bﬁnta@nnrfgl @@tpwzf IH@QI i the
: nts_2. . .
e o SorBbiBR i poaferi 1R tn€brekbnce BPGRCR i w veplfized in
then coliagangspprae distnlantt §) ds rwicet that aefethegdmplants of whieh the
BMmRApalynerandcmméxia tRE prsbepte BMBall,iiglintdtfutiod angmahpj). a
conplex with polyner 1 in the presence of Ca whi ch
are lyophilized in the collagen sponge (inplant 5) is
tw ce t H& af10+tnaes Apweidese rpvaBHZ,me BMIRFR omplgxrin the
pﬂe_s@ﬂﬁ@bf‘&aCl} viHieh RIESEHIEed 9h tHeaédIdgers sb&%gé‘é%rgbllaﬁﬂ?)hmakes it
. - X 0] < £, e
Pt W gerbrard ?%s'f?ehdé%pi%“%%s&fﬁﬁ‘éc’gué'%stﬁgerafwﬁﬁ bafte score
enyigaent forbgse withrBMBa plegen ThisdeyeformpiatianmakesritRessible to
gréatlép.@aawltﬁe IBMB2N @b tO T Eumﬁmist&’eham? hél;’ih{égsame time
. 1 . scaore equival en 0
nﬁg@s@%\ﬂttﬁg o%%%ﬁ%nlga%ﬂg@ o?ﬁrlﬂg pﬁoéﬁ\'/’f ornmul ati on makes it
possible to greatly reduce the BWMP-2 doses to be
adm ni stExaiple2:e PepaffticinMoft 'f&ﬁnuﬁﬁbﬂ&a'é&ﬂﬂigtiﬁ@ the

rBRYBSPEBMNSt E¥BPIRR 2t f ons Containing the T
r hBMP- 2/ pol yner 1 conpl ex

Formulation 5: 552 pl of a solution of thBMP-2 at 1.35 mg/ml are
mixed with 619 ul of a solution of polymer 1 at 60.0 mg/ml. The volume of
formulation 5 is made up to 1300 pl by adding sterile water. This solution is left to
incubate for two hours at 4°C and filtered sterilely through 0.22 ym. The
concentration of rhBMP-2 in formulation 5 is 0.571 mg/ml and that of polymer 1 is
28.6 mg/ml.

Formulation 6: It is prepared like formulation 5, by mixing 175 pl of a
solution of rhBMP-2 at 1.47 mg/ml with 1224 pl of a solution of polymer 1 at
60.0 mg/ml. The volume of formulation 6 is made up to 1800 pi by adding sterile
water. The concentration of rhBMP-2 in formulation 6 is 0.14 mg/ml and that of
polymer 1 is 40.8 mg/ml.

Formulation 7: It is prepared like formulation 5, by mixing 26.5 pl of a
solution of rhBMP-2 at 1.46 mg/ml with 321.7 pl of a solution of polymer 1 at
60.0 mg/ml. The volume of formulation is made up to 772 pl by adding sterile
water. The concentration of rhBMP-2 in formulation 7 is 0.05 mg/ml and that of
polymer 1 is 25 mg/ml.
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Formul ation 5: 552 pl of a solution of rhBMP-2 at 1.35
mg/m are 20 mxed with 619 pl of a solution of
polymer 1 at 60.0 ng/m . The volune of forrmulation 5
is made up to 1300 pl by adding sterile water. This
solution is left to incubate for two hours at 4C and
filtered sterilely through 0.22 pm The concentration
of rhBMP-2 in formulation 5§b3 0.571 mg/ M and that of
polymer 1 is 28.6 ng/mnm. Formul ation 6: It is
prepared |i ke formulation 5, by nixing 175 pl of a

solutio 7 i1 ..
sol uti oanngnHIQ ﬁﬁpﬁeqéra&oﬂ&)ﬂ% Hl"?ﬁ'a% FH ﬂgf o(?ntalnmg
CPB’I'H'\'HICJ\"PWP6 is made up to 1800 pI by adding sterile

wat er . The concentration of rhBMP-2 in fornulation 6

is 0.14 qgyl ;oﬁ’zdmi Iaf“ste(?l \Aﬁgerpg{(é/ "ﬁfod%c%c? i3 z§§@¥gm=alcon

For nul at1on
RS Orfd @61 Spdim dyalyrontas (Rhasmacarane BRPKIBUA(FopdARheriarLTD)
isadded3dith viggrouobtirding ohu vortex00. 18q] ¢feilcidmashlorid@ idthen added

tcg%énéadlmmehYé?b%ﬂEte é F%@B“Wﬂ[—ll é%i'?nﬁoqz 'fé?;%j%oh'&rﬁr%ﬂ;r? of Rlatcium

he ¢ rat
BNPJrEthPrQe’flér1r$u1 B9k 7 is 0.05 ng/m and that of
poI ymer 1 is 25 ng/m. 32 Exanpl e 13: Preparation of

2 sodi B, a0 B filiofi G 2Bllin KA FIATE BLLLOGining

5 Gel Ievvaer ar ntro

the thBMP-3iaelypier 1 complex and ealeium ghlaridenyal ur onat e
(Pharne grade 80, Kibun Food Chenmifa, LTD) is added

th

ohi or | dei1 e ra A i dirRafon & aluralshired Plo. 37aE Mo mi
syiinge. \§-8 Ml of Ay sagumThyalwenatengel ot p@ma@fngcaal@u—mwhlonde at a
cohtdrtiation idf 181@ ngeinl | dre Lidarisférpédrlinto 18 StsmBPh@ ml4syringe. The

L e
optainexkig hﬁmoaﬁnuz@qﬂ R IPas$ing Itdrom ene syingedortael ofher geeral times.
Thieerdphguel OgeTl obfinetly ris Ngansferréd Nint®f a4‘5®$ﬂdlﬂélﬁon tube. The

ch«%rﬂra‘t}gr‘?toﬁ rﬂElVIP12ciﬂ nﬂw@'dgl Nid 6'1%' Mwn%hér% kha% &t pOE}ymer 1is
5.0 mg/ml.

200 pl of gel 2 are injected per implantation site. The dose of rhBMP-2
implanted is 20 pg.

Example 15: Preparation of a sodium hyaluronate gel containing
the rhBMP-2/polymer 1 complex and calcium chloride

Gel 3: this gel is prepared as described in example 13, using 1697 pl
of formulation 6 and 8 ml of 4% sodium hyaluronate gel containing calcium
chloride at a concentration of 15.8 mg/ml. The concentration of hBMP-2 in gel 3 is
0.025 mg/ml and that of polymer 1 is 7.14 mg/ml|.

200 pl of gel 3 are injected per implantation site. The dose of rhBMP-2
implanted is 5 pg.
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concentration of 13.1 ng/m are transferred into a
sterile 10 mM syringe. The solution of formulation 5

is added to gel 1 by coupling the two syringes, and

the gel obtained is honpbgeni zed by passing it from

one syringe to the other several tinmes. The opaque

gel obtained is transferred into a 50 m Fal con tube.

The 20 concentration of thMB-Z inthe gel 2 is 0.10
ng/mM and that of polymer 1 71s 5.0 ng/m. 200 pl of

gel 2 aEzampledbelreparationl afrd sbdium slgiaateTgel corsainihg the

rERPIgol HB?'1a£Erﬁ§|dééaunr’an ur@%h%ﬁi@' e 15

repar at on of a uronate gel contai ning
t he rhBMP- 2/ pol ynmer 1 conpl ex and cal cium chl ori de Cel

3: thisGged: this peleipprephred LSRGCT20@d0fi forrexatian B ahd, 386 pl of
bﬂ%léﬁ&g eg%ll (\é\ihﬂth |E 4 %ln%:rﬂ n?(ﬁnad}% %%U?lcmocf)f c‘%?@rﬂ %'h%mde at

al ur g contain
g ol sy cagining

rBNERR/pblymerge tofples. The eaﬁcem/anbn aNthBMRL infgepaliy/0R rg/m
ahétr]at?)flp(%l%gh ,SZP@O%%/% gel 3 are inj ect ed per
an on

e of rhBMP-2 lanted is
pg. 35 um%%%l@rfenleﬁﬁéwaﬂpianta@pn élt@,o eugese of thMP 2
im¢|g;hteaﬁ§2 ggl containing the rhBMP-2/ pol ynmer | conpl ex
and calciumchloride Gel 4: this gel is prepared using
772 pi of formulation 7 and 386 pl of 5 sodium
al gi nat &xgapleni&h Preparation. pf/ a1 collagep| implant sepntaining a

sodiunt aljinatecddl Wontfinkig theSrHBMB 2 olgherads@fipleX £ dlcium
CRLoé e sodi um al gl nate gel containing the

- 2/ pol yner corrpl ex. The concentration of
rhBMP-2 in gel 4 is 0.02 ng/mM and that of polyner 1

i s 10. Oimplant 6: GO i@l pr@;ﬁarealusmgemes ulfﬁﬂfﬁﬁﬁ@ﬂ:tlﬁﬁl‘/ and 323 ul of

o
spAB B el oy REpLA8maly BEYY & kb St o
cmnﬁamm ﬂ@ode\ﬂWﬂgahernersb@pmm@q grenad@ecgéo acanatnwpg sterile
20benmh BM3sRAked voRigeh SPdHYeintgth AdfeStieRtes NPRINsESro, New

Jersey). 40 il of a solution of calcium chloride at 45.5 mg/mi are also added to this
sponge. After a contact time of 30 minutes, the sponge is then frozen and
lyophilized. This sponge can be directly implanted in the rat.

The dose of rhBMP-2 in implant 1 is 2 pg, that of polymer 1 is 1 mg.

Example 18: Evaluation of the osteoinductive capacity of the
various formulations

The osteoinductive capacity was evaluated according to the protocol
described in example 11.

Results:

This in vivo experiment makes it possible to measure the
osteoinductive effect of rhBMP-2 placed in a muscle on the back of a rat. This non-
bone site is termed ectopic. The results of the various examples are summarized
in the following table.
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- ossified explants having an average mass of 3

"15 Inplant 6: CGel 5 is prepared using 645 pl of
formulation 7 and 323 pl of sodium al ginate gel which
is at 40 ng/m. 60 pl of the sodiumal ginate ge

contai ning the rhBwP-2/polyner 1 conplex are added to
a Helistat type sterile 200 mmB crosslinked col | agen
sponge (Integra LifeSciences, Plainsboro, New 20
Jersey). 40 pl of a solutioqmpf cal cium chl ori de at

45 5 ny/m are also added ta this ponge. After a

contact tine of P3&s e of BSne tiiwespongﬂaéssoﬂe%lénisf@ﬂ@n
d hil1zed. Thts sponge.,can be.directl
AMpiantAoh ™ ' DOn9° Netakplans i Y L

N hoo v Nt Thao dnoc rn 1l ant
T II’JI Uurifc T 1T e L=, 4 TTre \ZA> L") A=A LN L=4 A4} L Tt

ilgptand@ that of polyner38is 1 ng. | 25 ExanpB@ 18:
Ryglaiation of the osteoigguctive capacity of 4fe

rTous formuf ations The_Qgsteol nductjive capacltly was
e@%‘lilai_ed_accordj ng—to t 8 protocol 1 30 descri¥ed in
e@alpl e 11. Results: ThRF in vivo experinmentégakes it
PR lge to megsure the 2_let eol nductlye ?ffe‘f{QSOf L

I'1ToDIVIET & pi abcd 'l a 1TTUusSCT © UIT thc b C R UI A T at. LLLLEE™]
non- bone site is termed ectopic. The results of the

var : ous ﬁ&@g@bﬁz paret r?mm iirz aolldFer §pdn©]§ (fnﬁ)ﬂ)lbllﬁ’t\’\'i)trkﬂ)es not
. I . SSle S . e ants,. m

npfipp Suitien SRR by Ml oS BESEI 5 Hed pRBlfAner

2%4ays.Gel 3 3.6 354 Gel 4 2.7 63 Inplant 6 2.4 165 A

dose of 2 pg of rhBMP-2 in a coll agen sponge (i npl ant

ror 11 (8ot BEAEyEol el ol o RbEH e p i g

mg being obtained after 21 days.

For the same rhBMP-2 dose of 20 ug, the sodium hyaluronate gel
containing the rhBMP-2/polymer 1 complex (gel 2) in the presence of calcium
chloride makes it possible to increase the osteogenic activity of the rhBMP-2. The
average mass of the explants obtained with gel 2 is approximately 6 times greater
than that of the explants obtained with collagen implants containing 20 ug of
rhBMP-2 alone (implant 8).

For an rhBMP-2 dose which is 4 times lower, i.e. 5 pug of rhBMP-2, the
rhBMP-2/polymer 1 complex in the presence of CaCl; in the sodium hyaluronate
gel (gel 3) makes it possible to generate ossified explants having a mass which is
9 times greater, with a bone score equivalent to the explants obtained with the
collagen implants containing 20 ug of rhBMP-2 alone (implant 8). This new
formulation makes it possible to greatly reduce the doses of BMP-2, while at the
same time maintaining the osteogenic activity of this protein.

For an rhBMP-2 dose which is 10 times lower, the rhBMP-2/polymer 1
complex in a sodium alginate gel containing calcium chloride (gel 4) makes it
possible to generate ossified explants having a mass which is slightly greater than
those obtained with the collagen implants containing 20 ug of rhBMP-2 alone
(implant 8). This new formulation makes it possible to greatly reduce the doses of
rhBMP-2, while at the same time maintaining the osteogenic activity of this protein.



5 A dose of 20 pg of rhBMP-2 in a coll agen sponge
(inmplant 2) results in ossified explants having an
average mass of 38 ng being obtained after 21 days.
For the sanme rhBMP-2 dose of 20 pg, the sodium

hyal uronate gel 10 contai ning the rhBWP-2/pol yner 1
conplex (gel 2) in the presence of calcium chloride
makes it possible to increasg the osteogenic activity
of the rhBMP-2. The average nass of the explants
obtained with gel 2 is approximately 6 tines greater

than th [

ooy el SRR glleibdy L e can o
bg)plages ing cavﬁgeﬁamngedﬂy@ﬂ WRIVER assa $upparkfor| thagrowth of the
bone.cefis.pig fs cadBMAlsa, 2tgeof MBRMIR22(implayitrel nlakeePbexsible to

S ur
ot Bt SRS el 4Bt *ﬁ%ﬁiﬂﬁﬁéﬂa*ﬂ%&&sﬁ{é@n&ﬁ with the
ce qgemmlarméa/ccmalamgeﬁsug/\nf roBMRs2 afpnei (iraglagt®at er, with
a bone score equivalent to the explants obtained with
the 20 collagen i nplants containing 20 pg of rhBMP-2
alone (inplant 8). This new fornulation makes it
possible to greatly reduce the doses of BMP-2, while
at the sane tinme maintaining the osteogenic activity
of this protein. For an rhBMP-2 dose which is 10 tines
| ower, the rhBMP-2/polynmer 1 25 conplex in a sodium
al ginate gel containing calciumchloride (gel 4) makes
it possible to generate ossified explants having a
mass which is slightly greater than those obtai ned
with the collagen inplants containing 20 pg of rhBWP-2
alone (inplant 8). This new fornul ati on makes it
possible to greatly reduce the doses of rhBWP-2,
while at the same tinme maintaining the osteogenic
activity of this protein. 35 The al ginate ge

contai ning the rhBwP-2/ polyner 1 conplex can al so be
pl aced in a coll agen sponge which serves as a support
for the growh of the bone cells. In this case also,
2 pg of rhBMP-2 (inplant 6) nmakes it possible to 5
obtain ossified explants having a nass greater than
those obtained with the collagen inplants containing
20 pg of rhBMP-2 al one (inplant 8). 36
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CLAIM5 1. Open inplant constituted of an osteogenic
conposition conprising 5 at least: one osteogenic
grow h factor, one soluble salt of a cation at |east
di val ent, and one organi ¢ support, said organic
support conprising no dem neralized bone matrix. 10
2. Inplant according to Claim1, characterized in that
the support is constituted jﬁ: an organic matrix

and/ or a polynmer form ng a hydrogel. 3. |nplant
according to any one of the preceding clains,

characterized 15 in that Cﬁ_Ewgrgani c mtrix is a

matri x constituted of cro ed hydrogel s and/ or
col lagen. 4. Inplant according to any one of the

precedi.ng Qpen implarthodhstitueid afesh ostBogérit composiBdr bdm'f)ﬁsing

gg'eggtt ed frommatrices based on sterilized, preferably
crosslinked, purified natural collagen. 5. Inplant

accor di ng ten&psteegrniogrowmi fastercedi ng cl ai ns,

char act ers z&xte soloblelzalt of Aeafion ytTeastidivamnitg aad hydr ogel ,

whi ch may, b i or noncrosslinked, is
sel ect ed frgnrr%?@éﬁgrégjﬁgg%’f synt hetic polynmers, anong

whi ch 25 *ar $2id OFgANGEURPOTtCONTArisngine daminewtized honsr matrix.
et hyl ene glycol/glycolic acid copolyners,.

pol y( Nsvi nyl r.alj e)., YVi | ¢ aci.ds, .
pol y_algbr'yl gépga\ég ag%%&%%%@%1rc°r']'§H°$%_!z‘*8.'”|*H%ﬁ tgﬁtsupport IS
seoditded §f 8o orgapicoRatrgfand/afiarelymerdorningediysicegst.i zed

in that 30 the polyner form ng a hydrogel, which may

be crogsli § | is_ selected from, .
the graup @??a%a%é@%ﬁfﬂésﬁgﬁ%Pﬁfé%ﬁwsmde%ﬁ% Sl chalacterized
wyma%rtm]przgaa@i matrixie @anatix qenplitutedrof gsessiinked biydregels and/or
eelidgdnose and cel | ul ose derivatives, alginic acid,

xant han, carrageenan, chitosan, chondroitin, collagen,
gelatin, polylysine and fibrin, and biologically

accept 4bl dmpiant aceaidingde angsneg of themraeediag clairs, itharasterized

(A ahat fhe eEIAGE Weletsl iffdnt Rdtridie bB8EIH sterilized, preferably

crosslinked, purified natural collagen.

5. Implant according to any one of the preceding claims, characterized
in that the polymer forming a hydrogel, which may be -crossiinked or
noncrosslinked, is selected from the group of synthetic polymers, among which
are ethylene glycol/lactic acid copolymers, ethylene glycol/glycolic acid
copolymers, poly(N-vinylpyrrolidone), polyvinylic acids, polyacrylamides and
polyacrylic acids.

6. Implant according to any one of Claims 1 to 5, characterized in that
the polymer forming a hydrogel, which may be crosslinked or noncrossiinked, is
selected from the group of natural polymers, among which are hyaluronic acid,
keratan, pullulan, pectin, dextran, cellulose and cellulose derivatives, alginic acid,
xanthan, carrageenan, chitosan, chondroitin, collagen, gelatin, polylysine and
fibrin, and biologically acceptable salts thereof.

7. Implant according to Claim 6, characterized in that the natural
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37 polymer is selected fromthe group of

pol ysacchari des form ng hydrogels, anong which are
hyal uroni ¢ acid, alginic acid, dextran, pullulan,
pectin, cellulose and its derivatives, xanthan,
carrageenan, chitosan and chondroitin, and

bi ol ogically acceptable salts thereof. 5 8. |nplant
according to O aim6, charag&erized in that the
natural polynmer is selected’'fromthe group of

p@lh/m%&@éwédt&_ﬂi&oﬁﬂgmg?@pfbfdﬁdmﬁlcﬁharﬂj&ﬁi@ml\im@ !hgglro?é@, among
R 8RR o0 gL 46 854, A, Pl eBlpteq gna s

genyvaiMes, oxanthan, pearcaggienan. cchitasan amdrchondioitinedandi hiologically
bBcHptAAe daleLimBRFL i on is in the formof a

| yophilizate. 10. Inplant according to any one of the
precedi ng clains, characterized 15 in that the

ost eogeni dmglaphtascorgingo o iHaige|6e cehadagterzeadt fre thaptothe oéatural

bbgmePRIEdIsatd ﬁonﬁlﬁb@f@pﬁﬁﬁ%&j&é@ﬁﬁaﬁﬂ@sﬁﬁ%ﬁ@ﬁ éregels, among
roi}el rnesb' Ilrl'n' ! gglj apk %TCOII‘ 'rgé] tod ﬁ%ﬁ Olnﬁ oacct,e ?able salts
BhiEt e DYalFBies 20 ahd, AdTle 2et0. pRd idlpdicallyaccep
dwreefgenic growth factor is selected fromthe group
constituted of 20 BMP-2 (di boterm n al pha), BMP-4,

BMP-7 (eptoterm n_al.ph BMP- 14 and =- 5..12. .
o art ad @B A TERg T anyEhe o tHadSresadng, iy ioaprasterized
hihehsaie compasitiomistinghe form o atlyapidizate. protein i s BWP-2
(di boterm n al pha). 25 13. Inplant according to any

one of th ecedi ng clains, characterized |n that .
The oslGoduRlaat AFsring 19 aMeens P Prers i dainis cataciagzed
irothah{heopsieegenih growtie antitrriy selestadsfrorotae goaupr dfzberapaotically
laBtive BMPL {bdnd MBAthogEARIC 8@irdNgi 0geni c growth factors
sel ected fromthe group constituted of PDGF, VEGF or
FGF. 15. Inplant according to any one of the preceding

" cl ai ns}1.cHeanpiant ac¢arditlg to any hae ofithegpreceding claimass tcharacterized

T Wt anE dsfecheRicVaroWth 4k RNsEELEE RN fthO Bro e cohdtitited of
BMP-2 (dibotermin alpha), BMP-4, BMP-7 (eptotermin alpha), BMP-14 and GDF-
5.

12. Implant according to any one of the preceding claims, characterized
in that the osteogenic protein is BMP-2 (dibotermin alpha).

13. Implant according to any one of the preceding claims, characterized
in that the osteogenic protein is GDF-5.

14. Implant according to any one of the preceding claims, characterized
in that it further comprises angiogenic growth factors selected from the group
constituted of PDGF, VEGF or FGF.

15. Implant according to any one of the preceding claims, characterized
in that a cation at least divalent is a divalent cation selected from the group
constituted of calcium, magnesium or zinc cations.



10

- 15

20

25

30

35 constituted of cal cium nagnesiumor zinc cations.
38 16. Inplant according to any one of the preceding
claims, characterized in that the sol uble

di valent-cation salt is a calciumsalt, the counterion
of which is selected fromthe chloride, the

D-gl uconate, the formate, the D saccharate, the
acetate, the L-lactate, the. glutamate, the aspartate,
the propionate, the fumarate, 5 the sorbate, the

bi car bigatraplaht@cdording tteamy ohdief theqredsig claifs, Ichlaztdrized
r ece ch ai . e

RRERLAE IR A0 sell s Bl Gl 38y 8 BBteypp ot whicn i

selpeted Jropathe dhipdds. dhe degluconate, thenformate, e Brenagharate, the

acmat@pmeq.-metaaé,rrtﬁe Iutamate, tr;céwagmttawt, !tﬁ@Frdptibna‘t{] ahe FliRarate,
C i i val ent cation

@1& %&‘?agg tﬁ%gﬁ'ﬁ%ﬁ%‘a 'Xﬁ%g%&'ﬂgtoﬁr{ﬁm%s&%qat?he cati ons of

iron, alum numor cationic polyners selected from

pol yl Y157:. nﬂnp%ﬁ?éé‘ﬂo&ﬁng Rf ah g?’rq]?s; ?%Chrg%&ﬁﬁg{‘ga%éj%gﬁgcgefﬂzed

lﬂggﬁ]“gég@ﬂuﬁga%?léﬁﬁ%%b@ ﬁgﬁésc?ael?if@ec Iorldr%gt hat the

anphi philic polysaccharide is selected fromthe group

const i{git @dpaht _a@é&rdiﬁ@ct@haﬂ{dj 888 of W&iisONab i 182 Ghatdcferized in

R 5 < 2Rk, P baEReis s mlrYRleAT el SHE%1E8 o fiRlgroue

constisiehiohie rations! §fsEan: eluMinem or sefianie palymegsrseleeted from

BbI9BINEOfserininl, BFbtaYhineadHARrin, BIRhY SR FEEMbIASToN,
conprising predom nantly glycosidic |inkages of (1,4),
(1,3) and/or (1,2) type, functionalized with at |east

one t rifht dphtant aegarding itw any ove of therackding tleinse mwhatdcterized

etk hmBRIpAIC PoRjshearidar is dRleclddfrb® the group coh&ithtBd of

BB ALk Yetongl o BT FUSoPARAE BEPFSR1, 4) and or
(1,3) and/or (1,2) type, 30 F resulting fromthe

coupl iz hepupescddi@ng itdbRY oA BF fReddtEcating/ Baim rhafddterized
in that the amphiphilic polysaccharide is selected from the group constituted of
anionic polysaccharides comprising predominantly glycosidic linkages of (1,4),
(1,3) and/or (1,2) type, functionalized with at least one tryptophan derivative,
corresponding to general formula | below:

Polysaccharide

-1 |
i [[ T 10}
R ]

Formula |

¢ the polysaccharide being constituted predominantly of glycosidic linkages
of (1,4) and/or (1,3) and/or (1,2) type,

o F resulting from the coupling between the linker arm R and a function —OH
of the neutral or anionic polysaccharide, being either an ester function, a -
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of the neutral or anionic polysaccharide, being either

an ester function, a 39 thioester function, an am de

function, a carbonate function, a carbamate function,

an ether function, a thioether function or an am ne

function, R being an optionally branched and/ or

unsaturated chain containing between 1 and 18

carbons, conprising one or re heteroatons, such as

5 0, Nand/or S, and having at |east one acid

BJnCtihmmterTurmtbﬁi ag amidedunttienoh carbdnatedfunction, a carbamate
try a Ve, : t.he

pet welNoRtE 2t Yahcith.e HigaHE e on i am B e

at o fRsteingran aptienallyr pranghpy andoRugsatyfatath dehain ieataining

aﬁi d B?tmb?d and ‘tﬂﬂearabhﬂmo?prl@mgmaﬁ_ hﬁtbried'gsterbatgms', such as

t he r_ I [ : - hey ; and is

bet we nﬁ(ﬂr’@é&%&r‘ﬁaﬁa&%&fntg%%il%&t?ﬁgg%g'?’zﬁ#‘%“?gcti on of the

acied Trarkeingon gesiduet ofeani-pordypiophar deriyadive sprodHesd fiers the

apd i &d}%ﬁhwm&rﬂﬁne%}ﬁin@-o},thé tiyptophan aefivdtive raret therat least

of ac Cc [ , _

sacondlt aL8 i iant £ Bucth. el o R Phrigaiy e anionic

ol ar pelysaschaiidesf aci d functions carried by the

ani oni ¢ n gahy pRAENREMRIA dTahe SAEB0BStItGe8 REBhd 31 8etween 0.05
(i +j) is the nolar fraction of acid-

bgh\és;een 0 and 1,
a tions per saccharidic unit and is betwen 0.1 and
2, 20 - owisethermotarnfractionbeh theureid fwnetiprr pf theh dp-shkstituted

p@l%é’&cf\_hri@és érﬁtﬁis'ﬁe{ﬂh?él’po.bﬁ and@B) a ga_ti on car boxyl age

or catl on_ ¢carno S e . 1LON _Deln C 10 O

an Cal ki T A o, b BB bRl “(eifed o e R dpup per
sagehapdicyunitandas befweies Ganchdi oni ¢ pol ysacchari de, when

one or j2g tfnére%@ltsﬂ d’rdtcctlaﬁtéf?ﬁ(:@ ftﬂ‘fctilﬁﬁ‘@ @iié’(?flﬁ)ﬁh?éiﬂﬁonic
| are). . nNot_ su LLuted W [ en ey 1S
pppedthBlne BrsAaiondit LBl i oethBen DBRR 1 Lo 1o

al kal i riet flis &h& moiar frastien of aeit furalions asr saechgridig-4init and is
befletn®h ¥paochari des bei ng anphiphilic at neutral pH

- when R is not substituted with Trp, then the acid(s) of the R group is
(are) a cation carboxylate or cation carboxylates, the cation being a cation of an
alkali metal, preferably such as Na or K,

- when the polysaccharide is an anionic polysaccharide, when one or
more acid function(s) of the polysaccharide is (are) not substituted with Trp, then it
(they) is (are) salified with a cation, the cation being an alkali metal cation,
preferably such as Na* or K*,

said polysaccharides being amphiphilic at neutral pH.

21. Implant according to any one of the preceding claims, characterized

in that the amphiphilic polysaccharide is selected from the group constituted of
the functionalized anionic polysaccharides of general formula Il below:
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30 21. Inplant according to any one of the preceding
clains, characterized in that the anphiphilic

pol ysaccharide is selected fromthe group constituted
of the functionalized anionic polysaccharides of
general formula Il below. 40 L Dextran F [AAlp t
Formula Il R being an optionally branched and/ or
unsat urated chain contalnln 5 between 1 and 18

car bons, conprising one or n8re het er oat ons, such as

0, N and/or S, and hayi ngpaktrhgast| one acid function,

F resulting fromthe couplipg between the |inker armR
and a function -OH of the heutfal or anionic

pol ysaccharide, being eifh an ester function, a

t hi oester function, an a ' upction, a carbonate
function, a carbamate rfé#% on, an ether function,
a thioether function or b function, AA being a
hydr ophobic L- or D-am n aC|d tesidue produced from
the coupling between the amine of the amino acid and
an acikbroatallled by the R group, said hydrophobic

am no acid being selected fromtryptophan derivatives
such as tryptophan, %pto hanol ; trypt ophanam de and
15 2-R n%ﬂé #} tﬁﬂt'aﬂﬁ‘* We ed handipk ainsaiygatadl ehain gontaining
sal t sbetaweeadf and18 sarbens,eddmrisingn @iecoryrhatecieter@atoms, such as
| euct BN drkflord Gt 3tidsiBne A0M | fpn&.oﬁl cohol , ami de

or decér boxyl at'ed rivatives is the nol ar
f r st ERSUBINOATORD qvpﬁreaag@we@erthe Beker arpdd andiadungtion ~OH
and i ef thémdwfavvee.manﬂ: paoh@dagchatidies being eitbernan fesRe tfurttion, a

Of thﬁn%%’té“lgﬁ&'i&nu%ﬁdarﬁdgrf@h’cﬂ%nagdcdrﬁorﬂé‘f@ﬁtﬂon %Qgrbamate

bst
aC| d( g)ncﬁ?n’tafﬁ'eetb?rgf%ﬂl?“r 3 thiggthepfupgtion @rAN @mine functlon
carooAk irg ar hydadphabicc by boXyamires aciti residas ippoduzednigpom the

an al kghdjing®ebeert e SHine RF MLLAMNYadl SR dh N cHriel By the
R group, said hydrophobic amino acid being selected from tryptophan
derivatives such as tryptophan, tryptophanol, tryptophanamide and
2-indole ethylamine, and the alkali-metal cation salts thereof, or selected
from phenylalanine, leucine, isoleucine and valine, and the alcohol, amide
or decarboxylated derivatives thereof,

tis the molar fraction of F-R-[AA]n substituent per glycosidic unit and is
between 0.1 and 2,

p is the molar fraction of the AA-substituted R groups and is between
0.05and 1,

when R is not substituted with AA, then the acid(s) of the R group is
(are) a cation carboxylate or cation carboxylates, the cation being an alkali metal
cation, preferably such as Na* or K",
said dextran being amphiphilic at neutral pH.

22. Implant according to any one of the preceding claims, characterized
in that the amphiphilic polysaccharide is selected from the group constituted of
polysaccharides comprising carboxyl functional groups partially substituted with



sai d dextran being anphiphilic at neutral pH 22.

| npl ant according to any one of the preceding clains,
characterized 30 in that the anphiphilic

pol ysaccharide is selected fromthe group constituted
of pol ysacchari des conprising carboxyl functiona
groups partially substituted with 41 hydrophobic

al cohol s, of general formula | X Polysaccharide +
carboxyl F Ah g Formula %5 - in which gis the
Apdraphdtia alcoRBlsOdf deherdr fdrmiala\lx: subst i tuted car boxyl

functions of the-polysaccharide-and is between 0.01

and 0.7, - F beipgan amde function - G being
ei ther an ester flUpGid.0dharide § BiBSGE€r flunction, a 10
carbonate functiop or a carbamate functfion, - R being

an optionally branched-an]d/-qr unsaturated chain
cont ai ni ng between 1 anpd p8 |carbons, optionally
conpri sing one or nore| hetegroatons, such as 0, N
and/or S, and havi ng af Ill?east one.acid function, Ah
being a residue of a hydrphobic al cohol, produced
fromthe coupling 15 betjwegn the hydroxyl function of
t he hydrophobi c al cohol apd|at | east one
el ectrophilic functionlcarril by the R group, - when
t he carboxyl function of the polysaccharide is not
substiforada Xvith F' -R-G Ah, then the carboxyl

5 functional group(s) of the polysaccharide is (are) a

catl on. oo RN 2lE mBt hRSTOPROR AL S IRHERL] BBy
--finzctions oftheswily$apchiayida@ant és bellweenr@d1 anch@.7car boxyl|
functi onal gr_cpuggin@eéjmgniagpmdqﬁa,h!_i c at neutral pH
23. Method for Leparing an i I argt %cco[dlthn ‘tto thet.
i nvention, WwHi oeing eitfier an ester function, a thioester function, a
10 -carbonate function or a carbamate function,

- R being an optionally branched and/or unsaturated chain
containing between 1 and 18 carbons, optionally comprising one or more
heteroatoms, such as O, N and/or S, and having at ieast one acid function,

e Ah being a residue of a hydrophobic alcohol, produced from the coupling
15 between the hydroxyl function of the hydrophobic alcohol and at least one
electrophilic function carried by the R group, '
- when the carboxy! function of the polysaccharide is not substituted
with F’-R-G-Ah, then the carboxyl functional group(s) of the polysaccharide is (are)
a cation carboxylate or cation carboxylates, the cation being an alkali metal cation,
20 preferably such as Na* or K",
said polysaccharide comprising carboxyl functional groups being amphiphilic at
neutral pH.

23. Method for preparing an implant according to the invention, which
25 comprises at least the following steps:
a) providing a solution comprising an osteogenic growth factor,
b) providing an organic matrix and/or a polymer forming a hydrogel,
¢) adding the solution containing the growth factor to the organic
matrix and/or to the hydrogel, and optionally homogenizing the



10

15

20

25

30

35

25 conprises at |least the follow ng steps: a)

provi ding a solution conprising an osteogenic growth
factor, b) providing an organic matri x and/ or a

pol ymer form ng a hydrogel, c) adding the solution
containing the growh factor to the organic matrix
and/ or to the hydrogel, and optionally honogeni zi ng
the 42 mxture, d) addlng %Zsolutlon of a sol uble
salt of an at |east divalent™“cation to the inplant
obt ai ned i fix@lre, €) optionally carrylng out the

I hi | f b
24 " ner B8R BB sT S8 3aR Enetlenst BUfiPn daton to
that the othgdmptant eltained ims),a matri x constituted of a

I
05 PRl rssoytadee S ol i

matrix is cted frommatrices based on sterilized,
preferably crosslinked, purified natural collagen.

26 Nﬁﬁowéﬁé@rﬁb&ﬂerOtM|m 23, cidrateRi&y 'mz%t'tﬂe organlc
O

group of synthetic polyners, anong which are ethyl ene
gI ycol éé a%étﬁo@%'cgordﬁ'@%l @%923 &hBMc8dBed in that the matrix is

coli.c ac pol yne
S5 Fpiy masiess baSRE)on “15ednpreferably giossinked, purifed
petwalooltdgen. des and pol yacrylic acids. 20 27. Method
accordi ng to any one of Clainms 23 to 26, -characterized

e or 021 {MRERS ECOTNG o CI R PR el el iy potymer

tdrening 8 ipdrogeh whichahay be grasstinkedrymgnatossimkadeis selected from
e WSLRﬁbF smheiuc KBk ARS: arHSﬁg? Iwhict &rd eg'iyler‘f'ee(bh%lﬂﬁ@uc acid

and ceI | u v | n| aci

APt TRviers EhEalY e PRy ars | BB VEgPUFPidone),
25lyplyiid gaiils eobyadryfarhides andipdlybemylioagdidal | y accept abl e
salts thereof. 28. Method according to O aim 23,

Frore A8 el Bt et Bk P o SR Sb e
thatstthe upelynar ligrading omi dyacogel, altgcmi enagcei fok dmstllrmed or
RidREIdasiirkel | i8|seR8tedNforh ife group of natural polymers, among which are
hyaluronic acid, keratan, pectin, dextran, cellulose and cellulose derivatives,
alginic acid, xanthan, carrageenan, chitosan, chondroitin, collagen, gelatin,
polylysine and fibrin, and biologically acceptable salts thereof.

28. Method according to Claim 23, characterized in that the natural
polymer is selected from the group of polysaccharides forming hydrogels,
constituted of hyaluronic acid, alginic acid, dextran, pectin, cellulose and its
derivatives, pullulan, xanthan, carrageenan, chitosan and chondroitin, and
biologically acceptable salts thereof.

29. Method according to Claim 23, characterized in that the natural
polymer is selected from the group of polysaccharides forming hydrogels,
constituted of hyaluronic acid and alginic acid, and biologically acceptable salts
thereof.
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20

30 derivatives, pullulan, xanthan, carrageenan,
chitosan and chondroitin, and biologically acceptable
salts thereof. 29. Method according to Caim23,
characterized in that the natural polynmer is selected
fromthe group of polysaccharides form ng hydrogel s,
35 constituted of hyaluronic acid and al ginic acid,
and bi ol ogically acceptable Its thereof. 43 30.

Met hod according to any one of Clains 23 to 29,
characterized in that the solution of a soluble salt

of a cgti I . di ' ' tsgat, , .

col it 52 MetBho SRS €A bt 3t B R 28 aRBterized in

dhradrtbe selutioneef 3 moluhigrsaltrd aseation] & leastdivadent - isaa digalent-cation

salutioms sel ected from magnesi um salts, the counterion

of which is the chloride, the D gluconate, the

formate, the D-saccharate, the acetate, the L-

| act at &1. tNrshgd \acaniing ta Kdaias 38r characterized jn dhalotihet eoluble

idhRIdnteBiGH Salt &I rbM, rgaél@esﬁlghﬁ s?lt&%@cﬂgjﬁh%ritoh R which is
0 or, e ascor, : accordi 0

S PhaE g ERABRSHIO IS rorPates FeS B S IR dttate, the L.

dacjateeite-alutamaite. dhe taspartatel da propionate, tthe fiynarsite, dee sorbate,

thebiPaoHateNfedbromitR drahdBtEorbafehe D-saccharate, the
acetate, the L-lactate, the glutamate, the aspartate,

the ' 15 propionate, the fumarate, the sorbate, the
bi car bdhatMethodeadspisingido dHlainh@1, sbar@clrized i33hatvthehsouble

Ypafdrilichtbr! Salistéélected fFAMRRAE (chloide diHeNDidhdonatd) thd $tmate,

he . soluhle divalept-cation salt is calcium
B¢ Srende € elloals.Concinhy T olignaRe ot Seaaria the
2ropionas, thehfrmaniate.i thed soibvate, hthe, bicarbonate. athe bromide or the
RLkoban of a nonosteogenic growh factor is al so
provi ded.

- 33. Method according to Claim 31, characterized in that, in step d), the
soluble divalent-cation salt is calcium chioride.

-+ 34. Method according to any one of Claims 23 to 35, characterized in
that, in step a), a solution of a nonosteogenic growth factor is also provided.



