- 1 The present invention relates to novel biodegradable polyners based on
pol ysaccharides and nore particularly on dextrans. These pol yners are of
use in particular for the 5 admnistration of active principle(s) (APs) to
man or to animals with a therapeutic and/ or prophylactic purpose. These
pol ymers can al so serve to potentiate and protect endogenous active

principles. These polpnaresftave gemidesi anaditd cof rrﬁﬁ%ln%ﬂdaeglr%o%%\l%r al
applications: _ the S)réstem c release of AP, such as roteins, for exanple

insulin or BPOWRRTRorRSRE, Ot hBOl BEarCchertds® 6fda Ol’s%cﬁaéglﬁ%%‘\fhyf%t ors,
f or exanpl eddxanshiorm ng Gowh Factors or Bone 15 Mrphogeni c Pr ot ei ns
invitro cell cultu:i th(fi wvourplantgtlon ofcIIs I|n

which the APs are e ébe%e?noﬁg éltngﬁf‘h ¥actorst=20 lIi’ilesB nggﬁr Ccar fhl ed
out in thesedhieldsramoy qﬁobtemzer @mmtmkd(sregaﬂasuotaacmaof dthese
application st al st e i_ns,

it would begatlaréliariébl e 1%0 k%ep e czlr’{:glent %g}als%{)rs{t o?r%l}?h%&%%zg coﬁ) gtr?% over a
| ong peri odTbései meelymepoi oanof atact ,sérve t e caseentithe mmﬁu@trot&mcus
for insulin £ the, ¢ @[5 ation can vary over the course of the
day, which ggé%?eéggpgeu E{)g?gﬁ Eeméas In the case of the adm nistration
of growth factors, WHISS® ap f bave obglnt Masdpaad ctB0CagEAFBON@Né Cof

the maj o preblens g?tﬁ%ggglbﬁskeepl ng them at their site of adm nistration
in order to prevent eir systemc circulation, as is sumarized in the

paper by Seeher fan, tE§t §W5ﬁ§§1l§nd-’€érecﬁ/ﬁ% FacPbrs SREN v, PPOBBINgE, fOT

example insulin or growth hormone,
. the local release of AP, such as growth factors,

for example Transforming Growth Factors or Bone

15 Morphogenic Proteins,
. in vitro cell culturing,
. the in vivo implantation of cells,
° healing in which the APs are endogenous growth
factors.
20

Despite research carried out in these fields, many
problems remain with regard to each of these applications.
First of all, as regards the systemic release of proteins,
it would be desirable to keep the concentration of the AP

25 constant over a long period of time. In point of fact, in
the case of the product Lantus for insulin, for example, the
concentration can vary over the course of the day, which can
result in hyperglycaemias. In the case of the administration
of growth factors, which are powerful 1local therapeutic

30 agents, one of the major problems consists in keeping them
at their site of administration 1in order to prevent their
systemic circulation, as 1is summarized in the paper by
Seeherman, Cytokines and Growth Factors Reviews, 2005, 16,
329-345. In the case of cell culturing, the supply of growth

35 factors is recognized to be beneficial. However, due to the
low stability of these molecules in solution, large amounts

of these expensive agents have to be used.



329-345. In the case of cell culturing, the supply of gromh 35 factors is
recogni zed to be beneficial. However, due to the |ow stability of these

nol ecul es in solution, large anmounts of these expensive agents have to be
used. 2- There thus exists an unsatisfiedneed for pharnmaceuti cal
conpositions which make it possible: to extend the release tine of systemc

APs, such as insulipperchGHings toekekakn the acijye préncpl g algthesite
of admnistration, for exanple in the case where the AP is_a growh

factor, to PhIHRAGHE HbUntCHRONR: 1 genheral Fy Brlowtht PagsbPsS: enpl oyed in
cell culturing, 10 to por@i@ the acléopeofippdogenouscAPs, APR, palchi el ar
in the case of healiggE?De%pite Q#?erous attenpts to devel op novel polyners
for achi eving these Tkt o%fe% ves, only PLAGAs have 15 been approved
to date i5n the draug dedi vertaifrd eltthe Thesevpol prensipoem at n @gpeacls aredifum
dense solids which co rif§%}§%ﬁéﬁl Inrthgémg se,.%h% éPC%ﬁp bghégée%%ed
over several weeks, Ch s one” bt Fﬁe 5%S|ﬁé§eobjecplves.etne ©
formul ati on exanpl e AP Nut ropimowepofacdewel oped by Al kernes 20 and
Genent ech for the pr ng Il e ( S) t h h [ mne,
otV 9% 28564, T FowsUor T h S apb bach LaFrore. fran

described in Patent 4.~ However, this approac
numer ous Wweaknesses,fatietras:emaloyedsin efibctulilaings to say that a

signifiggnt 25 pprtign of Lhe AP ksl elgased i medi atgbyeabtsr abyj ection,
chem cal deconposition of the PLAGA pol yner, which forns |actic and
gl ycolic acids withi Pafel@dldd, 1nwhrehCaes d’f catal §8e- t he deconposition of

the 30 polyner and, in sone cases, that of the AP,

Despite numerous attempts to develop novel polymers
for achieving these medical objectives, only PLAGAs have
15 been approved to date in the drug delivery field. These
polymers form, 1in aqueous medium, dense solids which
comprise the AP. In this case, the AP can be released over
several weeks, which is one of the desired objectives. One
formulation example is Nutropin Depot, developed by Alkermes
20 and Genentech for the prolonged release (2 weeks) of the
human growth hormone, described in Patent WO 95/29664.
However, this approach suffers from numerous
weaknesses, such as:

) a "burst" effect, that is to say that a significant

25 portion of the AP is released immediately after
injection,

° chemical decomposition of the PLAGA polymer, which
forms lactic and glycolic acids within the solid,
which acids catalyse the decomposition of the

30 polymer and, in some cases, that of the AP,

° the local increase in the acidity is a source of
inflammation. These two phenomena are described in
the paper by Anderson, Adv. Drug Del. Rev., 1997,
28, 5-24.

35
For these reasons, Neutropin Depot has recently

been withdrawn from the market.



the local increase in the acidity is a source of inflammation. These two
phenonena are described in the paper by Anderson, Adv. Drug Del. Rev.,
1997, 28, 5-24. 35 For these reasons, Neutropin Depot has recently been
wi thdrawn fromthe market. 3 Atrix descrisbes, in Patent US 5,990, 194, the
use of PLAGA for the release of a peptide, |euprolide, under the nane of

Atrigel, which is a 79rmyl aldQn-iBased 0N @R L9 G, 500 VeI . {Readdetbon to
the problens related to PLAGA 5 nentioned above, this technol ogy exhibits
the fol | owi ngL2F4ai FPAgsthe ThelfafecPifort oPCRRLOF ganFEPsslvesr. Yiqthetlase

of dAtH‘96|i hahs @@: ment gks, casshf iied aamflﬂ\ﬁ%i(gDW%nl%n Jhysnsyst em
is difficult tpo a y 10 proteins ecayse of t enat uri ng effect NIVP.

Ot her fornulﬁ?f%%ggmﬁtiptkﬁégﬁFﬁ%ﬁ t'the 5%ﬁir8FngemFelé§i§tgg pgarné%gé%ica

APs enpl dy cmessabhedpodlysress thh dbuttecdhesiicoy nexeribus sr esear choef dwits, no
bi omat eri al %nyfgved_in pharmaceutical conpositions nakes it possible to

si nul t aneous % s01'v8° t he requi renent of injectability and that of the
retention at the siteTohé adniesitstomatdDdnaof ondeeriactsvkvent ncilpl elien order to

control its systemc gf p%%i%%ﬁal {ﬁﬁ§a§ﬁivgg% %&9semgs%?¥§85‘%ﬁmﬁﬁiggﬁﬁ Lo

navel poly- saccharides an re particularl’y dextrans unctiona by
at | east one ini dazol gpmpadiéal I m and at | east one hydrophobic group Hy

which mage it possiblente sg%é@ém the 25 appljgations banget ed ahpyest Qs
whi ch no sol ution has been ound to date. Anong functionalized
pol ysacchari des, pecPfr3utgaPactifofandjurine aefastaf owhi¥R-are nodifi ed

by

Other formulations with the aim of the controlled

release of pharmaceutical APs employ crossable polymers
15 Dbut, despite numerous research efforts, no biomaterial

involved in pharmaceutical compositions makes it possible

to simultaneously solve the requirement of injectability

and that of the retention at the site of administration of

the active principle in order to control its systemic or
20 local release.

The ©present invention relates to navel poly-
saccharides and more particularly dextrans bifunctionalized
by at 1least one imidazolyl radical Im and at least one
hydrophobic group Hy which make it possible to satisfy the

25 applications targeted above to which no solution has been
found to date. Among functionalized polysaccharides,
pectins (galacturonans), the acids of which are modified by
amines and in particular an amine carrying an imidazole
ring, are known from Patent WO 99/09067. These mono-

30 functionalized polymers are not amphiphilic.

Other polysaccharides monofunctionalized by
hydrophobic groups are known to a person skilled in the
art. The studies by Akiyoski et al. (J. Controlled Release
1998, 54, 313-320) describe pullulans modified by

35 cholesterol for the controlled release of insulin.

Dellacherie et al. describe hyaluronan derivatives

modified by Ci2 or Cig fatty alkyl chains in Patent FR 2 794

763. This group was also described, in



amnes and in particular an amne carrying an imdazole ring, are known
from Patent WO 99/09067. These nono- 30 functionalized polyners are not
anphi philic. Oher polysaccharides nonofunctionalized by hydrophobic groups
are known to a person skilled in the art. TFhe studies by Akiyoski et al.
(J. Controlled Rel ease 1998, 54, 313-320) describe pullulans nodified by

35 chol esterpht£9f theoxcoptr@l7ed Jigiease ofedinsdives Deddachedigyetaaty
descri be hyal uronan derivatives nodified by Cl2 or C18 fatty al kyl chains

in Patent FRRDKYH4CNFERS- This group was al so described, in 4 Patent FR 2
781 677, al gi nate denmealg vesumdiifdred ined at tgextatdyd, chatne. AsBpfoxy-

functionalized dextrans, the carboxy- t hyl dextrans .from Bi odex descri bed
in Patent Smf}_sh%f‘%%}trl%s are nod! fi eW%(enzyldgﬁicﬁéL, S%hi ch'f's a BRELHD
hydr opholfi ¢ @% oup. GReesé 2pol yrer smadef hed flrncthieoratliazeichdyy wani dhm dazokyl
radi cal . Del J av l.so rihe e n I i, Z by
a hydr ophobeﬂ]g%g(?%ﬂﬁ(gk?fé«. 8%?1@[ . ?hgf% Eggﬁfglgrr%n%l%cﬁ%g ]‘S%%%P&Sléf)gg%a 9§g )
(Durand, Al atm eniddzolylorédidaPolym Sci. , 2006, 284, 536-545.) which are

obtai ned by reactionpof ) the fiydr eyl functigpal groupsiQfcribhe dextran,with
epoxi des (phenyl glycidyl ether, 1,2- epox¥octane or 1, 2-epoxydodecane). The

pol ymers desEii®edonslafedt hdy not bhvduePleRsl i zer sl do fiet Hve aA- -
ol sadhontcamums . g, e, ot ehone i
?rgnggﬁnc?i o%%ﬁic'lz'ez.coiol Al Fedeént YR eviSéWt of f%.ﬂ'l%%i’ o%gldpéiséﬁ%‘%% )bé@éﬁhoﬁre
dextrans (Hebwzeindhopgs Riadlion AdY. thel YiydSeiyl 2006tioR@3, dl9P9lprdoes
not report atg§Xté§¥¥£g£uQ&ﬁth%kkﬁggkgy (phenyl glycidyl ether, 1,2-
epoxyoctane or 1,2-epoxydodecane). The polymers described
15 are thus not bifunctionalized and do not have an imidazolyl
radical.

Bauer et al. describe dextrans functionalized by Cip
to Cyy fatty acids in Patent US 5 750 678. These polymers
are also monofunctionalized.

20 A recent review of functional polymers based on
dextrans (Heinze, Thomas et al., Adv. Polym. Sci., 2006,
205, 199-291) does not report a dextran bifunctionalized by
a hydrophobe and an imidazolyl radical.

Compositions which are insoluble in water by

25 chemical modification  of anionic  polysaccharides by
nucleophiles are also known from WO 92/20349. Histidine and
sonie of its derivatives appear among the nucleophiles but
these polymers are monofunctional.

Thus, no bifunctionalized polysaccharide and more

30 particularly no bifunctionalized dextran according to the
invention is known from the prior art.

The invention thus relates to a polysaccharide
bifunctionalized by at least one imidazolyl radical Im and
at least one hydrophobic group Hy, the said radical and the

35 said group being each identical and/or different and
grafted or bonded to the polysaccharide via one or more

connecting arms R, Ri or Rh and functional groups F, Fi or
Fh.



a hydrophobe and an i m dazolyl radical. Conpositions which are insoluble in
wat er by, 25 chem cal nodification of anionic pol ysacchari des by

nucl eophil es are al so known from WD 92/ 20349. Histidine and sonie of its
derivatives appear anong the nucl eophiles out these polyners are

nmonof unctional . Thus, no bifunctionalized pol ysaccharide and nore 30

particularly no bifunglional ErBEddREhEAN taeC Ydiyihddhdhitie | AVEHEEOAGI So
known fromthe prior art. The invention thus relates to a pol ysaccharid

bi functi onal iZ¥d By"R"9idst 6he SINSEEZ ol P adi€al IFAMRNd CORELPEASE oﬁg
hydr ophobi ¢ greputdharidie sai digadecak,and tdie t3s=ai,d gr ogplbetngoeaab,

| dent i cal andc/égc?r{)ogzi{j}cﬁirnemsu Bgat%r afted P;Ensbon%%%o%rfn{‘e%ﬁyof 55 Ccahq‘isr Idggvia
one or nore necting arnms R R’ or and’' functional” grioups F,” FI or ~ Fh.
- 5 |In dhe erddixgemtthithes pol yseechari de according to the invention is
chosen fromthe grou onsi SLi yal row | hat es, i S

gal act ur onans, ch_onglrrgif’??én %_hpgﬁg{ng?tedeﬁﬂrea S, csaﬁ%{x%ﬁyfggg%?gﬁg gﬁd 5
car boxynet hyltded | ulroses1dm drife @RsSEMeHICOM héhgol gsasehacrdéiacéondi rg t o

the invention s ,chasgls fromithe Qroup censicsisang of anhyal UEeRBRSMethyl-
al gi nates, chitosans and carboxynethyl - dextrans. 10 In one enbodi nent, the

pol ysacchari d¥ 8t ng to the invention is chosen fromthe group

consisting of dextrans ahd eapbaxyBBthyldextyansadhe dnentiesrihys to
relates to a dextran and/or dextran derivative bifunctionalized by at | east

one 15 ini ddzZ8t yIETEICAT TrhSand a5 Sreadt O8ne thydr §pRYBI c CGPSAF tHPI t Ré
sai d radi cal e tdres saidl g et digy eaehe rdlenti cal and/ or different and

grafted or bonded tothﬂ? invention thus relates to a dextran and/or

dextran derivative Dbifunctionalized by at least one
15 imidazolyl radical Im and at least one hydrophobic group
Hy, the said radical and the said group being each
identical and/or different and grafted or bonded to the
dextran and/or dextran derivative via one or more
connecting arms R, Ri or Rh and functional groups F, Fi or
20 Fh,
° R represents a connecting arm composed of a
chemical bond or of a chain comprising between 1
and 18 carbon atoms, optionally branched and/or
unsaturated comprising one or more heteroatoms,
25 such as O, N and/or 8§,
R will be denoted Ri when it carries an
imidazolyl radical and Rh when it carries a
hydrophobic group, Ri and Rh being identical
or different,

30
° F represents a functional group chosen from the
ester, thioester, amide, carbonate, carbamate,
ether, thioether or amine functional groups,
F will be denoted Fi when it carries an
35 imidazolyl radical and Fh when it carries a

hydrophobic group, Fi and Fh being

identical or different,



dextran and/or dextran derivative via one or nore connecting arms R R or
Rh and functional groups F, Ei or 20 Fh, R represents a connecting arm
conposed of a chem cal bond or of a chain conprising between 1 and 18
carbon atons, optionally branched and/or_. ginsaturated conprising one or nore
het eroatons, 25 such as O, N and/or S, Rw |l be denoted R when it carries
an imdazolyl ragical_ an it carfl: ydr.ophehic gr i, 1and
Rh bei ng identicaF oFmdigfé?%%??Q%O a§3r%&ﬁ%ﬁéﬁﬁi961funggﬁﬁnaﬁg%?gagué osen
fromthe ester, thioé3PeEltafpde CtaPbbnaile, tear s@rr®s Bvher, Ct hiteetther
or am ne functional ggoups. (K1whl gReudenetedckinunen it carries an 35

i m dazolyl radical and Fh when it carries a hydrophobic group, Fi and Fh
being identical or different, 6 Tm represents an imdazolyl radical,
optionally substituted on one of the carbons by a C, to C4 al kyl (Al ky)

group, of fornula Rill I N HHAk:'y 5 HyRrepresents a hydrophobic
group chosen fromthe groups: [lijnear or branched CB to C30 al kyl,
optionally unsaturated and@gﬁygg%ﬁzgaing one~10ppr nore heteroatoms, such
as 0, Nor S, linear or branch to C30 al kyfaryl or

N N=

H N Ay

5
° Hy represents a hydrophobic group chosen from the
groups:

e linear or branched Cs to Csg alkyl,

optionally unsaturated and/or comprising one
10 or more heteroatoms, such as O, N or S,

e linear or branched Cg to Cj3y alkylaryl or
arylalkyl, optionally unsaturated and/or
optionally comprising a heteroatom,

e (g to C3¢ polycyclic, optionally unsaturated,

15
the said dextran and/or dextran derivative being
amphiphilic when it is in solution.
In one embodiment, it is amphiphilic at acidic pH.
20
In the continuation of the text, the term "dextran"
is understood to mean, according to the invention, dextran
and dextran derivatives.
The dextran derivatives are, 1in one embodiment,
25 chosen from carboxylated derivatives.

The carboxylated derivatives of dextran are more
particularly chosen from carboxymethyldextrans and the
reaction products between succinic anhydride and dextran.

According to the invention, the Dbifunctionalized

30 dextran and/or dextran derivative can correspond to the

following general formulae:



aryl al kyl, optionally unsaturated and/or optionally conprising a
hetergpatom C8 to C33 polycyclic, optionally unsaturated, 15 the said
dextran and/ or dextran derivative being anphiphilic when it is in solution.
In one enbodinent, it is anphiphilic at .acidic pH 20 In the continuation
of the text, the term"dextran" is understood to nean, according to the
i nvention, dextran and dextran derivatives. The dextran derivatives are, in
one enbodi nent, 25 chosen from carboxyl ated derivatives. The carboxyl at ed
derivatives of dextran are nore particularly chosen from
car boxymet hyl dextrans and the reaction products between succinic anhydride
and dextran. According to the invention, the bifunctionalized 30 dextran
and/ or dextran derivative can correspgyditrani he follow ng general formul ae:
7 - Dextran Fi | ~h R Rh | - 0 = i s between 1 and 3,
represents the nolar fraction ongnid zolyl ir '#al W th respect to one
nonosaccharide unit, of betwegn 5 0.1 and 049J irepresents the nol ar
fraction of hydrophobic group wRih respect toﬁﬁhé nonosacchari de unit, of
between 0.01 and 0.5, Dextra [ﬁhf § tﬂ

X no|
Ji

{

W

Formula I

n is between 1 and 3,
1 represents the molar fraction of imidazolyl
radical with respect te one monosaccharide unit, of between
5 0.1 and 0.9,
h represents the molar fraction of hydrophobic
group with respect to one monosaccharide unit, of between
0.01 and 0.5,

Dextran _
T T
T 1
Ri Ny
) im
[ ”@n x
L i
Formula II
10 n is between 1 and 3,

i represents the molar fraction of imidazolyl
radical with respect to one monosaccharide unit, of between
0 and 0.9,

k represents the molar fraction of hydrophobic

15 group with respect to one monosaccharide unit, of between
0.01 and 0.5.

Surprisingly, the dextrans bifunctionalized by at
least one imidazolyl radical and at least one hydrophobic
group according to the invention solidify at physiological

20 pH while making possible the retention of the AP in the

polymer. Thus, the active principles are



ti 6mHyJk i For-m-'"la 11 10 n is between 1 and 3, i represents the
nol ar fraction of imdazolyl radical wth respect to one nonosacchari de
unit, of between 0 and 0.9, k represents the nolar fraction of hydrophobic
15 group with respect to one nonosaccharide unit, of between 0.01 and O.5.
Surprisingly, the dextrans bifunctionalized by at |east one im dazolyl

radical and atileast one hydrophabi ¢r 910UP-ALEHT difNTvt oot RE d Nt bRRAng
solidify at ph¥5|olog|cal 20 pH whil e maki ng possible the retention of the

AP in the p8BiyRer. ITROBPOERE A€t FOBApHIREIiples are - 8 retained at the
site of injection inrTMEvorawhhoutobeing ceiider deconperedtodenat unedn The
tern1"so|idif'cati0ﬂ% IS Enderstood t o, nrean hat the o&gger can _ei t her
forma solid"0f forifa P8 KYAF ogef! AShyAFbgel °OF S aatyg8 c8F1 off87Bbt &i ned
in an aqueongdredeumin which a liquid conprises a solid formng a fine
networ k whi ch extends throughout .t he_system The li.d and. |iquid .phases
are continuous there n.hﬁﬁkgﬂgytﬁﬁbsaoft¥ﬁ?uﬁ%?iSﬁzﬁPigd %%&?%%%% é%}rggpond
to this inveaguenuscaeddaninc idextltaats andignidnicompextsecansa sdhidcdbironing
dextrans according t i, NV Lon v he of rm
honmobgeneous gsoﬁlurf(']el oﬁe}tﬁ%é:kp }[r?g%}ge eg&ﬁ%e&sss ttﬁ%%%%ﬁ%%ﬁ& o?}flés)o:'gl)&?%e??'ng%te 15
a pH cl ose teophygsinfiogigulidpphasesaapk cboséntiouphysieokdgi-cal pH, all or

part of j4he chargedrgpd ¢ s hydrophilh o [ R dazole SRAEUS Wbk rB8pong
to this invention, cationic dextrans and anionic dextrans.
The cationic dextrans according to the
invention have the property of forming a homogeneous
solution in a pH range of less than 6 and of solidifying at
15 a pH close to physiological pH.
At a pH close to physiological pH, all or part of

the charged and thus hydrophilic imidazole segments will be

converted to neutral segments, which results in its
solidification.
20 This effect of soclidification can be combined with

an effect of physical crosslinking by coordination of the

imidazolyl rings of the polymer, and imidazolyl rings

possibly present on the active principle, with polyvalent

transition metals, such as zinc. This coordination takes
25 place only at a pH of greater than 6.

The anionic dextrans according to the invention
have the property of forming a homogeneous solution at
neutral pH and of solidifying at a pH <close to
physiological pH in the presence of transition metal salts.

30 When they form a homogeneous solution, the dextrans
according to the invention are amphiphilic and thus
dissolved in the form of micelles and/or of nanoparticles.

At a pH close to physiological pH, the solidifying
brought about by a physical crosslinking



converted to neutral segnents, which results in its solidification. 20 This
effect of solidification can be conbined with an effect of physical
crosslinking by coordination of the imdazolyl rings of the polyner, and

i mdazolyl rings possibly present on the qactive principle, w th polyval ent
transition netals, such as zinc. This coordination takes 25 place only at a
pH of greater than 6. The anionic dextrans according to the invention have
the property of form ng a honbgeneous solution at neutral pH and of
solidifying at a pH close to physiological pHin the presence of transition
met al salts. c86e¥bematkbey fiords ahonegeneadsisal Wifi ahe t hei deX6I1@nSrings
according to %he inveTtion are angh&ghi&ig and t hus d'ﬁsolved in the Lorm
of mcelles 8hdFBF BPIHARDpaffRclBsdaAPLY leEPSSBOFBlb ysPoF8gPEalP pH et he
solidifying abtboughprahouplby aiphypbtabateasskirakisngionefteeat st akeshpkace
by coordination of the imdazolyl rings of the polyner, and im dazolyl

ri ngs possibF§nBresent on the active principle, with polyvalent transition
metal s, such as zin&€h& fihkl dwlhowsngeseherpreepneseritts tiederodé efttachi on

f th t al i i cal it - i [0 h
of the' motal salbs g Al ol ool cel iotabetbeyl izl eochcattied by the
H _ N1 H eerHiedZhgltheznclymeY no ehtebP.crosslinking of the

acidic pH (<6) neutral pH (preferably 7)
/ N -~ )
Dextran Deen
........ e .
f%\N/H = /'Jé
/ . N—
+ZnCl, * ZnCl,
| l
no effect '
N J - 7 NH
(/\N---Zn--n ]
S
Ho T
crosslinking of the
polymer chains
N -
10 Depending on the properties of the polymers which

make it possible to obtain solidifications at physiological
pH, the injectable formulations will be prepared in the pH
regions in which the said polymers form a homogeneous
solution.

15 In one embodiment, the dextran and/or dextran
derivative according to the invention is characterized in
that the Ri group, when it is not a bond, is chosen from the

following groups:



pol ymer chai ns 10 Dependi ng on the properties of the polymers which nmake it
possible to obtain solidifications at physiological pH the injectable
formul ations will be prepared in the pH regions in which the said polyners
form a honogeneous solution. 15 In one_enpodi ment, the dextran and/or
dextran derivative according to the invention is characterized in that the
Ri group, when it is not a bond, is chosen fromthe follow ng groups: 10
In 0O RL RRLN) "ri AmM 1 R3Yin- rER 1 ImO.i Ni\/bm;@’ J n=96 H R
e H OOOH, t OOR2, CONH2 R3 = K R2, Hy i ng chosen ﬂro‘? kyI radi cal s
conprising from1l to }¥8 cmrbon atons. |nyon enbodl e g 8t ran and/ or
dextran 5 derivative accﬁrdl ng to thﬁ’g is characierized in that
the Ri group is a bond. In one enbodi nEn dextran d/ gf dextran
derivative according tdmthe invention is cWaracterlzed i t at the

i mi dazole-Ri group is chosen fromthe groups 10 obtain |ng a

hi stidine ester, histidinol, histidinddfi'de or histan ne. hese i m dazol e
derivatives can mem,moeseok:‘emm;; fol kowsiy HEN, . . CO R H2N~' ~" OH H2N CONH2
H2N |

R2 being chosen from alkyl radicals comprising
from 1 to 18 carbon atoms.

In one embodiment, the dextran and/or dextran

5 derivative according to the invention is characterized in
that the Ri group is a bond.

In one embodiment, the dextran and/or dextran
derivative according to the invention is characterized in
that the imidazole-Ri group 1is chosen from the groups

10 obtained by grafting a histidine ester, histidinol,
histidinamide or histamine.

These imidazole derivatives can be represented as

follows:
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In one embodiment, the dextran and/dextran
derivative according to the invention is characterized in
that Hy will be chosen from the group consisting of fatty
acids, fatty alcohols, fatty amines, cholesterol

20 derivatives, including cholic acid, and phenols, including

a-tocopherol.

In one embodiment, the dextran and/or dextran
derivative according to the invention is characterized in
that the Rh group, when it is not a bond, 1is chosen from

25 the groups:
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according to the invention is characterized in that Hy will be chosen from
the group consisting of fatty acids, fatty alcohols, fatty am nes,
chol esterol 20 derivatives, including cholic acid, and enol s, including
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according to the i nvent i|nT | s~ effar adteri zed in that ihe RYroup, when it
is not a bond, is chosen from 25 the groups: - 11 O h*~ 10°Hy rh-, Hy O
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derivative according to the 7dinvention 1is characterized in

that the Rh group is a bond.
In one embodiment, the dextran and/or dextran
5 derivative according to the invention is characterized in

that the Ri group, when it is not a bond, is chosen from the

groups:
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R2 being chosen from alkyl radicals comprising from
1l to 18 carbon atoms,

10 and the Rh group is a bond.

In one embodiment, the dextran and/or dextran
derivative according to the invention 1is characterized in
that the imidazole-Ri group is chosen from histidine esters,

15 histidinol, histidinamide or histamine.

In one embodiment, the dextran and/or dextran
derivative according to the invention 1s characterized in
that Hy will be chosen from the group consisting of fatty
acids, fatty alcohols, fatty amines, cholesterol

20 derivatives, including cholic acid, phenols, including a-
tocopherol, and hydrophobic amino acids.

The hydrophobic amino acids are chosen from
tryptophan derivatives, such as tryptophan ethyl ester,
phenylalanine derivatives, leucine derivatives, valine

25 derivatives or isoleucine derivatives.



R2 being chosen fromal kyl radicals conmprising from 1 to 18 carbon atons,
10 and the Rh group is a bond. In one enbodi nent, the dextran and/or dextran
derivative according to the invention is characterized in that the

i mdazole-Ri group is chosen from histidi esters, 15 histidinol,

hi sti di nam de or histanine I n one enbodi ment, the dextran and/or dextran
derivative according E e |nvent|%P IS gharacteQ#zed HP
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derivative can have a degree of polynmerization mo 0 and "10 -000.
| n one enbodihfentatipnhascd Begreenof UpangnePPzati on n1of bet ween 10 and

1000. 5 I'n another ephadi mEOLLckbnhagiacdegreg el pgby ”Eghg¥ﬂéyédﬁfgal
bet ween 10 and 500. The invention also relates to a pharnmaceuti cal

conposition €OMPPESEhENone ERBPEHERERG@NS &Ml or tdest r afladdrtiargt i vegind/or
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the formbf absvaghBdchbmlearteAlPt §C6EVENPEFRBC1PéEmM of a conbi nation havi ng

a physiol ogical activhtytelhe "asaiideaqdd i IIdCi P4 eugadr BE-EX0gBNASn that
is to say that 15 it is contributed by the conposition according to the

i nvention. |PTEdRCEl 4@ H@“%n@%ﬁ@n@éééif%ﬁn%%%nﬁpﬁméFéwtﬁntlty or 1in the

form of a combination having a physiological activity. The
said active principle can be exogenous, that is to say that

15 it 1is contributed by the composition according to the
invention. It can also be endogenous, for example growth
factors, which will be secreted in a wound during the first
phase of healing and which may be retained on the said wound
by the composition according to the invention.

20 The invention also relates to a pharmaceutical
composition comprising one of the dextrans and/or dextran
derivatives according to the invention as defined above and
a transition metal salt.

In one embodiment, the transition metal is chosen from the

25 group consisting of zinc, iron, copper and cobalt.

The 1invention also relates to a pharmaceutical
composition according to the invention as defined above,
characterized in that it 1is provided in the form of a
homogeneous solution or of a suspension in water at a pH of

30 less than 6.

The invention also relates to a pharmaceutical
composition according to the invention as defined above,
characterized in that the homogeneous solution is and/or the
suspension at a pH of less than 6 composed of micelles

35 and/or nanoparticles. The term "nanoparticles” is understood
to mean abjects in suspension in water, the mean diameter of

which i1s less than 600 nm.



factors, which will be secreted in a wound during the first phase of

heal i ng and which nay be retained on the said wound by the conposition
according to the invention. 20 The invention also relates to a

phar maceuti cal conposition conprising ong3of the dextrans and/ or dextran
derivatives according to the invention as defined above and a transition

netal salt. In one ephodi MEPLyciBE tERBSI tian.pBLAl (1S %hoé%%r%%%%bkﬁ%a125
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accor di ng tO the 1T nvention’ as descri apbove, haracterize

be adm ni st et ransd¢rmawehpustypculattagmuscul arly, intraosseously,

subcut aneously, The 1invention also relates to a pharmaceutical

15 composition according to the invention as described above,
characterized in that it <can be administered orally,
nasally, vaginally or buccally.

The invention also relates to a pharmaceutical
composition according to the invention as described above,

20 characterized in that is provided in a solid form.

The invention also relates to a pharmaceutical
composition according to the invention as described above,
characterized 1in that it 1s obtained by solidification
controlled by the pH.

25 In one embodiment, the solidification is carried out
at a pH of greater than 6.5.

The invention also relates to a pharmaceutical
composition according to the invention as described above,
characterized in that it 1is obtained by drying and/or

30 lyophilization.

The invention also relates to a pharmaceutical
composition according to the invention as described above,
characterized in that it can be administered in the form of

a stent, film or coating of implantable biomaterials, or

35 implant.



transdermally or ocularly. The invention also relates to a pharnaceuti cal

15 conposition according to the invention as described above, characterized
inthat it can be adm nistered orally, nasally, vaginally or buccally. The
invention also relates to a pharmaceutical 4 conposition according to the

i nvention as described above, 20 characterized in that is provided in a
solid form The inventjon ahsontfebates ke a phpLiBseutl CakomEOsPOsih | 08 s
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The 1invention also relates to a pharmaceutical
composition according to the invention as described above,
15 characterized in that the active principle is chosen from
the group consisting of proteins, glycoproteins, peptides
and nonpeptide therapeutic molecules.
According to the invention, the proteins or
glycoproteins are chosen from hormones, such as insulin or
20 hGH, from growth factors, such as the members of the

superfamily of the Transforming Growth Factors-$ (TGF-R),

such as Bone Morphogenic Proteins (BMP) ,
Platelet Derived Growth Factors (PDGF), Insulin Growth
Factors (IGE), Nerve Growth Factors (NGFY), Vascular
25 Endothelial Growth. Factors (VEGF) , Fibroblasts Growth

Factors (FGF), Epidermal Growth Factors (EGF), cytokines of
the interleukin (IL) or interferon (IFN) type.
Mention may be made, among the therapeutic medical
applications, of:
30 . the local release c¢f AP, such as growth factors,
for example TGFs, BMPs, PDGFs, NGFs, VEGFs, IGFs,
FGFs or EGFs,
o the systemic release of AP, such as proteins, for
example insulin, growth hormone, EPO, ILs or IENs,
35 ) the in vivo administration of cells,

° in vitro cell culturing,



and will be prepared either industrially or at the tinme of use. The
invention also relates to a pharmaceutical conposition according to the

i nventi on as descri bed above, 15 characterized in that the active principle
is chosen fromthe group consisting of probeins, glycoproteins, peptides
and nonpepti de therapeutic nolecules. According to the invention, the
proteins or glyceproheinsndr eighageincH r emehormBnesre sueicaeidisll gito@tth 20
hGH, fromgrowh fact such as the nenbers of the superfam |y of the
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i nventioppas 5 desc&hbe¢n%90V%nk%dWHk%Q S hec et veid G Rl | scgag§q@e
fromthe group consisting of proteins, g ycoproteins, peptides and

nonpept i de t RerdFent i O-Rblfecalds onpri 8¢ KeLaGEN 0L005% &RANSY% b lusght
of active pripeipli@s, W pBptides and nonpeptide therapeutic molecules,

with respect to the total weight of the composition.

Targeted among the medical applications cited in

15 the local release of growth factors, in particular BMPs,
are local treatments of bones weakened by osteoporosis.
These treatments consist in regenerating the bones quickest
to be broken and subjected to high physical stresses, in
particular the hips, wrists and vertebra. These treatments

20 are Dboth curative, in the case of fractures, and
preventive, in high-risk situations.

The invention thus relates to the wuse of the
dextrans and/or dextran derivatives and/or of the
compositions according to the invention in the treatment or

25 formulation of medicaments intended for local treatments of
bones weakened by osteoporosis.

In this specific case, the composition comprises
between 0.005% and 2% of BMP, with respect to the total
welight of the composition.

30 In one embodiment, the composition comprises
between 0.01% and 0.5% of BMP, with respect to the total
weight of the composition.

Targeted among the medical applications cited 1in
the local release of growth factors, in particular of NGFs

35 or TGFs-B, are the treatments for the regeneration of

nervous tissues.



respect to the total weight of the conmposition. 10 In one enbodi nent, the
conpositions conprise between 0.01% and 0.5% by wei ght of proteins, glyco-
proteins, peptides and nonpeptide therapeutic nolecules, wth respect to
the total weight of the conposition. Targeted anong the nedical applications
cited in 15 the local release of growh factors, in particular BWs, are

local treatnments of bgaes;weakensH bynQstepporosks. toThege thgat nBat Sthe
consi st in regenerating th?o bones qui ckest. to be broken and subjected to
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tissues. the local release of growth factors, in particular of TGF-
B, PDGFs or VEGFs, are the treatments for the regeneration

15 of cardiovascular tissues.

The invention thus relates to the wuse of the
dextrans and/or dextran derivatives and/or of the
compositions according to the invention in the treatment or
the formulation of medicaments intended for the

20 regeneration of cardiovascular tissues.

In this specific case, the composition comprises
between 0.005% and 2% of VEGF or TGF-f, with respect to the
total weight of the composition.

In one embodiment, the composition comprises

25 Dbetween 0.01% and 0.5% of VEGF or TGF-f, with respect to
the total weight of the composition.

Targeted among the medical applications cited in
the local release of growth factors, in particular of PDGFs
or FGFs, are the treatments for the regeneration of skin

30 tissues.

The invention thus relates to the wuse of the
dextrans and/or dextran derivatives and/or of the
compositions according to the invention in the treatment or
formulation of medicaments intended for the regeneration of

35 skin tissues.

In this specific case, the composition comprises

between 0.005% and 2% of PDGF or FGF, with respect to the

total weight of the composition.



In this specific case, the conposition conprises between 0.005% and 2% of
NG- or of TGF-(3, with respect to the total weight of the conposition. In
one enbodi nent, the conposition conprises 10 between 0.01% and 0. 5% of NGF
or of TG--P, with respect to the total-weirght of the conposition. Targeted
anong the nedical applications cited in the |local release of growth

factors, in parlgi C]chl an OfonkGF- edboBREES LOr V[EQETh s, c@h@oﬁsﬂ&ﬂoﬁﬁat aeﬂlapgié@é t he
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regeneration of 35 skin tissues. Tn_this specific case, the conposition
conprises bEthBeheBPOO594an8N29F6F 2PDERIERCFEE, Tt ROFBSFect oo the t ot al

wei ght of the conmposihi Olbne lémbodiment, the composition comprises
between 0.01% and 0.5% of insulin or growth hormone hGH,
with respect to the total weight of the composition.

15 According to the invention, the active principle is
chosen from the group of the peptides <chosen from
leuprolide or short sequences of ParaThyroid Hormone (PTH).

The pharmaceutical compositions according to the
invention are provided either in the liquid form

20 (nanoparticles or microparticles in suspension in water or
in mixtures of solvents) or in the powder, implant, film,
gel or cream form.

In the case of local and systemic releases, the
modes of administration envisaged are subcutaneously,

25 intradermally, intramuscularly, orally, nasally, vaginally,
ocularly, buccally, and the like.

The pharmaceutical compositions according to the
invention can thus Dbe employed to form an implant
comprising one or more pharmaceutical active principles for

30 their controlled release over a long period of time. This
application 1is particularly advantageous 1in the treatment
of solid tumours with an anticancer or in cell
regeneration.

The invention also relates to a pharmaceutical

35 composition  physically crosslinked at the site of



I n one enbodi nent, the conposition conprises between 0.01% and 0.5% of PDGF
or FGF, with respect to the total weight of the conposition. According to
the invention, the proteins are chosen 5 fromthe group consisting of
insulin or growth hormone hGH  Accordi-ngid o-the invention, the nonpeptide

t herapeutic nol ecul es are chosen fromthe group consisting of anticancers,
such as taxol or cisplatin. In this specific case, the conposition conprises
10 between 0.005% and 2% of insulin or growth hornone hGH, wth respect to
the total weight of the conposition. In one enbodi nent, the conposition
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| i ke. The pharmaceutical conpositions according to the invention can thus
be enployed to forman inplant conprising one or nore pharnaceutical active
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appl i catjpon is particul a)y radvantiageiis,in dhe t reat iz yofnisl i d tunmours

with an anticancer or in cell regeneration. The |nvent|on also relates to a
phar maceut i cal The acid functional groups of a carboxymethyl-

dextran (mean acid degree per glycoside unit of 1.0) are
activated in the presence of N-MethylMorpholine and of
isobutyl chloroformate in NMP. Benzylamine and then
15 histidine ethyl =ester are grafted to this activated

polymer. The polymer obtained has the following structure:

. oN . N\ R = H or CH,COOH
OR|
QO _im

1. Coupiing agent
2. BaNH,, HisDEL

R=H or CH,CONHBn or CH,COHisOEt
H
HisOEt = N COEt
w
N
</
N
3]

The level of acid functional groups modified by:
— histidine ethyl ester is 55%,
20 — benzylamine is 45%.

The level of unmodified acids is zero.

Example 2: Synthesis of a carboxymethyldextran modified by

histidine ethyl ester and dodecylamine



35 conposition physically crosslinked at the site of 18 injection
conprising an active principle chosen fromthe group consisting of
proteins, glycoproteins, peptides and nonpeptide therapeutic nolecules. The
invention also relates to the use of the 1% bifunctionalized dextrans and/or
dextran derivatives according to the invention in the preparation of
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benayl am ne TE AT ATt TEREF Gl B1=aE cRPPORATRASS QBREF af X ke
aci d degree ger @atiynmstele uni ttlof prékeare cefctlﬂvra@*eldylmrpbopteeea@ei ojf

N- Met hyl Mor phol i an i I VP, zy e

then 15 hi s!tcilké br?en&e]t hglhcigsrf)g?%g‘%tet%grggt 2[501\%% |S§Cla n|’gvatet§gri %%ﬁ%g

pol ynmer 6bt alavedynasnitrtee fagld owirag tsdr ud;puréhlso R@th&teHorpQ}}Lm—l TR@O?

sro o e AR TP s e BT S N W e | evel of

acid functional groups nodified by: - histidine et hyI ester is 55% 20 -
benzyl am ne is % \
//\\\ /O\ R = H or CH,CO0H
RO : -
¥ RO
‘\“.W/Q\E:}\R’
0O m

1. Coupling agent
2. HisOEL, CypNH;

\
o R=H or CH,CONHC,, or CH,COHisOEt
RO *
* Pﬁ/\ s ) H
HisOEt = N CO,Et
N
<’m |

The level of acid functional groups modified by:

— histidine ethyl ester is 85%,
10 — dodecylamine is 10%.

The level of unmodified acids is 5%.

Example 3: Synthesis of a carboxymethyldextran modified by
histidinamide and benzylamine

15 The acid functional groups of a carboxymethyl-

dextran (mean acid degree per glycoside unit of 1.0) are

activated in the presence of N-MethylMorpholine and of

isobutyl chloroformate in NMP. Histidinamide and

benzylamine are grafted to this activated polymer. The

20 polymer obtained has the following structure:



The |l evel of unnodified acids is zero. Exanple 2: Synthesis of a

car boxynet hyl dextran nodi fied by histidine ethyl ester and dodecyl am ne -
19 The active functional groups of a carboxy- nethyldextran (nean acid
degree per glycoside unit of 1.0) are actbvated in the presence of

N- Met hyl Mor phol i ne and of isobutyl chloroformate in DMF. Histidine ethyl
ester and 5 dodecylam ne are grafted to this activated polyner. The pol yner
obt ai ned has the follow ng structure: HR = H or CH2COOH ROO O RG (R ~
1. Coupling agent 2. H sDEt, C4ZNH2 R = H or CH CONHC 2 or CH2COHi sOEt RID
GGRr thsCet ="'N'" COEt OJ. N The level of acid functional groups

nodi fied by: - histidine ethyl ester is 85% 10 - dodecylam ne is 10% The
| evel of unnodifi S i S5% |Exanple 3: Synthesis of a

car boxymet hyl de amaﬁﬁﬁ?%f@d‘by i stidi pangdecapsbdaenzyl am ne 15 The acid
'%arﬁoggre

functional groups|of R& yl - dextran (mean acid degree per
glycoside unit of 11.0) are acgivated in the presence of N Methyl Morpholine
and of isobutyl c Iorofornate in NMP. Histidinam de and benzyl am ne are
grafted to this actlvatedqgghgn%uga&he 20 pol yner obtai ned has the

followi ng structure: 20 | 2. HisNH, BaNH,
Y
r~ "l R=H or CH,CONHBR or CH,COHisNH,
AN Q b
v RQ;ST“”/'\ ~ HisNH, = _N.__.GONH,
@] _.im

N

</

5 The level of acid functional groups modified by:
— histidinamide is 65%,
— Dbenzylamine is 30%.

The level of unmodified acids is 5%.

10 Example 4: Synthesis cf a carboxymethyldextran modified by
histidine ethyl ester and tryptophan ethyl
ester

The acid functional groups of a carboxymethyl-
dextran (mean acid degree per glycoside unit of 1.0) are

15 activated in the presence of N-MethylMorpholine and of

isobutyl chloroformate in DMF at 0°C. Histidine ethyl ester
and tryptophan ethyl ester are grafted to this activated
polymer. The polymer obtained is characterized by a level
of acid functional groups modified by:

20 — histidine ethyl ester of 70%,

— tryptophan ethyl ester of 30%.

The level of unmodified acids 1is zero.

Example 5: Synthesis of a carboxymethyldextran modified
25 by histidine ethyl ester and tryptophan ethyl
ester

The acid functional groups of a carboxy-
methyldextran (mean acid degree per glycoside unit of 0.7)

are activated in the presence of



ROORCO R=Hor CHzCOOH OR O jm, 1. Coupling agent 2. H sNH2, 5nNH, R =
H or CH2CONHBn or CH?COHi sNH2 RR H sNH2 = CONH( 2 R1Of~mN (f N H 5
The | evel of acid functional groups nodified by: - histidinamde is 65% -
benzyl amine is 30% The |evel of unnodifizad -acids is 5% 10 Exanpl e 4:
Synthesis cf a carboxynet hyl dextran nodified by histidine ethyl ester and

tryptophan eybyl. seheroThe pel dobunational, aroups ofo s eALpOXIIt! o

dextran (mean aci er yCOSIde uni are
t he presence0of. Nﬂwétthyﬂlmr Myheeah@roﬁnﬁsmmowrbr efbyimtestiey BDVE at

0C. Histiding.erbyl es! e ianddiymooham eidy! e8Leboaymedr aldied o thi s

activated polyner pol ynmer obtained is characterized by a |evel
acid functi oﬁa@r@%@psz%dwl adlByeloof- asiist ifgingd il Etws d‘i*OdFO’f%ed
tryptophan ethyl ester of 30% The level of unnodified acids is zero.
Exanpl e 5: Synt he5| S of a car }yrret hyl dextran nodified 25 by histidine
ethyl ester and7tryp ﬁ]eeﬁ"?&l ESTET e %4&+d functional groups of a

car boxy- mnet hyl dexttrr@/@t(dﬁﬁ@m aeihd 1degree par 4glgy.coside unit of 0.7)

The level of unmodified acids 1is zero.

10 Example 6: Synthesis or a carboxymethyldextran modified
by histidine ethyl ester and benzylamine

The acid functional groups of a carboxymethyldextran

(mean acid degree per glycoside unit of 1.0) are activated

in the presence of N-MethylMorpholine and of isobutyl

15 chloroformate in DMF at 0°C. Histidine ethyl ester and

benzylamine are grafted to this activated polymer. The

polymer obtained has the following structure:

.}

//Ei;;::$¥““’f \ *

. RO R=Hecr CH,CO0H
OR|

0 am

1. Coupling agent
2. HisOEt, BriNM,

R=H or CH,CONHBn or CH,COHISOEL

. /Y \j . HisOEt = ',ﬁ Ycozﬁt

The level of acid functional groups modified by:

20 — histidine ethyl ester is 10%,
— benzylamine is 45%.

The level of unmodified acids is 45%.



are activated in the presence of - 21 N Methyl Mrpholine and of isobutyl
chloroformate in DMF at O0C. Hi stidine ethyl ester and tryptophan ethyl

ester are grafted to this activated polynmer. The polyner obtained is
characterized by a level of acid functienat groups nodified 5 by: histidine
ethyl ester of 60% tryptophan ethyl ester of 40% The |level of unnodified
acids is zeeraﬂﬁléxanplesﬁntﬁyﬁthesfSa0baabcayhexygﬁﬁbxtdentmaﬂlﬁmdﬂfb@d

by hi stidine ethyl ester g b§n2§ Eh aC|d fgnctlﬁnal groups of a

car boxynet hyl dext r an Shtfd"degr8E p%? §Fy2B8gi 48N e5F%1. 0) are
activated in the pr@henaeldffuhmbnhyhmbgphopsnefaadcatbpsgmatyylméxtran

chl orof ormat e, | 0, vaté% re:é' féérd' %Séﬂ%j e%% A 13?2%’ 8ralE i¥aked

grafted to this ac obt ai nel OW ng
structure RO\ nhe* Rr&SHlW @@mMthal@@erO@nm andCoapl i hgokgént 2.

HI s DEt . RnN"@hlérgfgrﬁétg"%.cp\lﬁﬁ'? Oétc}@g}k ﬁgékldgng ! eﬁ%§pztes‘teer @@ EE

;- d ps z OR N The | evel acid functional groups nodif

hi stidine etfghiBatent| §lIC%¥GSP§€ﬁz¢Paﬁﬁﬁé i%lﬁ%bbaﬁ%ebﬁéﬁéﬂa@#nﬁnﬁﬁdﬁﬁled
acids is 45%gquivalent with respect to the acids) are grafted to this

activated polymer. The polymer obtained has the following

10 structure:

R =H or CH,COOH

O_.'m

? 1. Coupling agem
l 2. HisOEt, BnNH,

R = H or CH,CONHBn or CH,COHisOEt

H
HisOEt= N, ~CO,E!l

TZ Ve

The level of acid functional groups modified by:
— histidine ethyl ester is 30%
— benzylamine is 45%.

15 The level of unmodified acids is 25%.

Example 8: Synthesis cf a carboxymethyldextran modified
by benzylamine
The polymer 1is ©prepared according to Patent
20 US 6 646 120. The level of acid functional groups modified

by benzylamine is 40%.

Example 9: Study of the solubility of the polymers as a
function of the pH



22 Exanple 7: Synthesis of a carboxynethyl dextran nodified by histidine
et hyl ester and benzyl am ne The acid functional groups of a

car boxynet hyl dextran (nean acid degree per glycoside unit of 1.0) are
activated 5 in the presence of N Methyl-MaBpkol i ne and of i sobutyl
chloroformate in DMF at 0OC. Hi stidine ethyl ester (0.2 equivalent with
respect to the acids)ygnd ui e h re%ﬁgﬁﬁ O;the
acids) are grafted to ? gQﬁ'ctﬁ%glgﬁségféﬁ%r%%'Hgﬁéo %GW%Blggalne as t he
following 10IstkucBureere diRplred Hrbr acHdOcORHRPH PL Yess 1thamupl i ng

agent 2. Hshil 58%@ %fH £he CH, SANHBM <01 o EHEORIneE! aBOa!ﬂl%g%t pHN {X2Et
ROOF21 f D~m/n' The |l evel of acid functlonal o%gs nodi fi ed by:

- histidine éFﬁﬂr%QQQqust@%@§econﬁeﬁ?}P§ﬁI%Q|§Pqﬁﬁ% h% THePF e bty
unnodi fi ed aciHdssd ss38b%tibxampite 8ci8yot hasi aref @i gesboxymatrhybkdexddamm

nodi fied by be | am ne The pol cor |ng to Patent 20 US
6 646 120. Tﬁénﬂé%ﬁﬁ OFOac?%ug itﬂgﬁalEgﬁ gg%ﬂ865f|e y &2y Pam HeSi s
40% Exanpl e sl uStiuths aft mh@t&@uumHlu&yd@bdﬂuquﬂnnnﬂhezﬂhﬁrd column in

the table.
Bifunctionalized | At acidic pH @ At neutral pH
. Polymer , ’
) dextran (<6) C {pH = 7.2)
_ o Homogeneous Two-phase
( 1-5 Catiornic R ,
z and fluid medium
Homogensous
5-7 Aniomic <
{ and fluid
Homogeneous Homogeneous
8 s o ;
and £luid end fluid
10 In the case of the polymers obtained in Examples 1

to 5, two phases coexist at neutral pH, one of solidified
polymer and a clear aqueous solution. In the case of the
polymers obtained in Examples 6 and 7, there 1is only a
single phase, which 1s a homogeneous and more dilute
15 solution of ©polymer. The absence of or the 1low
functionalization of the polymer by the imidazole rings

does not make possible solidification at neutral pH.

Example 10: Study of the solidification in the presence of
20 ZnC12
The polymers described in the preceding

Examples (1 to 8) were dissolved in water, at acidic pH for
the polymers 1 to 5 and at neutral pH for the polymers 6 to
8. For the polymers 1 to 5, ZnCl, is added to the polymer
25 solution at acidic pH. The ZnCl, number 1is 1 per 2
imidazoles. The solutions at acidic pH of the polymers 1 to
5 comprising ZnCl, are dispersed in a medium buffered to
neutral pH (PBs buffer). The solutions of the polymers 6 to

8 at neutral pH are dispersed in a medium buffered to



function of the pH 23 The polyners described in the preceding Exanples (1
to 8) were dissolved at acidic pH pH of less than 6. The state of the
solutions of polynmers at acidic pHis described in the second columm in the
tabl e. Subsequently, 5 these solutions at 2aci-dic pH are dispersed in a

medi um buffered to neutral pH (PBS buffer) The state of the solutions at
neutral pH isddesen had ipptheuthekd cnpym dithg ti’t@:lzabhﬂle 3state bfBiHt d
tlUnci i:e CL At- acidic DH At. neutrai PH _Polyner -extran ( %‘)en%g{ﬁs?
7.2) Hormger?&&d)stlﬁ}\ﬁ PHae 1M s Gt T I SHn P 141 cf%d?{ﬁﬁe%

8-7 Anioni ¢ anrd ddsuird bddonmgesreo ush iHahmegeneousin atce fdabidk and fluid 10 In
the case of the polynmers obtained in Fxanples 1 to 5 two phases coexist at
neutral pH, onerph li digfyd riand a gheal agquequs;:sed uthen. Inithe
case of the of ynﬁ‘% ULJLAO?I %g:u C?LS;I QMWWGWT ‘ I
phase, which i|s_alhénpgeempsenmP ifora @i futed 15 solly : ' ey
absence of or thebl ow flunctional i zati on of the poly
rings does ndt—meke—pessible—set-dification—at—rett
Study of the golidificatiion in the presence of 20 wmmﬁmwyms
described in tlhe pfecediing Exanples (1 to 8) were clgsgoli/ed in water, at
acidic pH for : A -

5 The physical crosslinking by coordination of the
zinc by the 1imidazoles of the polymers which are obtained
in Examples 1 to 5 results in an as effective, indeed even
enhanced, solidification. The polymers 6 and 7 precipitate
in the presence of the zinc 1ons at neutral pH, whereas

10 they do not precipitate in the absence of these ions. The
polymer obtained in Example 8, which was soluble whatever
the pH, is insensitive to the presence of transition metal
salt. The 1low functionalization of the polymer by the
imidazole rings makes possible solidification via the ZnCl,

15 at neutral pH. On the other hand, the absence of the
functionalization of the polymer by the imidazole rings
does not make possible solidification via the ZnCl, at

neutral pH.

20 Example 11: Study of the distribution of the transition
metal salts between the solid and the solution

The distribution of the zinc(II) chloride was

studied in order to be able to demonstrate that all the
metal salts were indeed trapped in the polymer phase which

25 has solidified at physiological pH. The solution of this
salt 1is colourless. The polymer obtained 1in Example 1,
dissolved at acidic pH, 1is treated with half an equivalent

of ZnCl, with respect to the imidazoles. The solution is
homogeneous and colourless. This solution is then dispersed

30 in a medium buffered to neutral pH (PBS buffer). The
precipitate which instantaneously forms is white and the
supernatant is clear and colourless. The latter is analysed

by solids content and confirms the absence of zinc salt in



the polyners 1 to 5 and at neutral pH for the polyners 6 to 8. For the
polynmers 1 to 5, ZnC 2 is added to the polyner 25 solution at acidic pH The
ZnCl12 nunber is 1 per 2 imidazoles. The solutions at acidic pH of the
polynmers 1 to 5 conprising ZnCl2 are di-spérsed in a nediumbuffered to
neutral pH (PBs buffer). The solutions of the polynmers 6 to 8 at neutral pH
are di spersedrins apm@esk UnThubf elednise rat2d taut gadnptt §PBSbutbebling of

conprising ZnCl2. The_state of the_ _solutions of polyners at neutral pH.in
thrempr ese%ce S zZReis! i§a§5§cr]irbe&hien Fﬂélahifﬁrﬁ%ﬁl‘ ﬁrl?ﬁ’ i ﬁg?hep? W%?pat

Pol ymer At acieditergiH gi£6) It Zh€l 2aAk neuttled pobyhenogenedusdaric fElx;a!m;ple
Two- phase meqj um . 0= 7 Tugphase redi um  torpoengous jand @ flyirauid B The
or e By the im f

physi cal crosslinking by ¢ i'nati on o zinc azoles o he
pol ynmer s @hi cloranrs soist adimedd sdlisExanples 1 to 5 results in an as effective,
i ndeed even enhanced, solidification. The polyners 6 and 7 precipitate in
the presence of the zinc ions at neutral pH, whereas 10 they do not

preci pi tat e ifxampE cabsenceSofdit helset honsearpetrpblignepfolst dinvddim BExavmpte

8, which was sol ubl e what ever; 4 thedd dy 1Sens e 40 fde pesgnce of
transition metal salt. The |ow functionalization of the polynmer by the

i mi dazol e rings nakedNFoSSBIes tERAGIAY iILatG 6P PR 2t 22 A P Bt qidut r Al
pH. On the other Bandmetheppbsencetof phheiofvgethonabi zatd-onsefiqtibe . pokyper
by the imdazole rings _does not_make possible solidification via the ZnCl2
at neutral pHiS0 ExEMUE PR St udPSofPThE"i sPPFBURFEN 1dF FRETPF&ndi tfbn
metal salts hefiwsen tdie swhéd ppdpthedsol(gbi omg/the .di stydduHridae ofct hgas
zinc(l1) ChIQ{fég%fggé at 10 mg/ml. The solution of this protein is red.
2 mg of the protein are added to 30 mg of the polymer
15 obtained in Example 1 dissolved at acidic pH. The solution
is homogeneous and red. This solution is then dispersed in a
medium buffered to neutral pH (PBS buffer). The precipitate
which instantaneously forms is red, whereas the supernatant
is clear and colourless. This demonstrates the quantitative
20 sequestration of the protein in the solid formed by the
polymer at neutral pH.
This experiment was successfully repeated for ©other
polymers. On the other hand, in the case of the polymer
obtained in Example 8, the solution at neutral pH is red and

25 does not comprise precipitate.

Example 13: Study of the sequestration of a protein in the
solid formed by the polymer at neutral pH in
the presence of ZnCl,

30 The sequestration of cytochrome C in solids at
physiological pH was studied in the presence of 7ZnCl, For
this, a solution of the polymer obtained in Example 1 at

acidic pH was prepared (30 mg/ml) . Cytochrome C



studied in order to be able to denonstrate that all the netal salts were
i ndeed trapped in the polynmer phase which 25 has solidified at

physi ol ogi cal pH. The solution of this salt is colourless. The pol yner
obtained in Exanple 1, dissolved at aci-di2g pH, is treated with half an
equivalent of ZnCO2 with respect to the i mdazoles. The solution is
honogeneous and col ourl ess. This solution is then dispersed 30 in a nedium

buffered to neutr S buffer). The recipitate i nst ant aneously
forms is whi twé‘sa Stﬂvg% p%?ngbaﬁgg/' -chéger i UEJO‘P%u\fI’VEeg SISTRFQHR T eriT s
anal ysed by rsel.i dsheomrent? ands carifsisoiwecheaabsende /2l nc 2sahy iof -t
N the solid TEred by Pha mol Jier ot Lrhadtr&FCpHTTT Lig cdde 1 Phe TE
pol ynmer obt aipwddmiax Exlatmpileed 8,int ixammygehedds ssdlvedi art obtafned pét. nBue r al
pH 5 conpri inc Ex: y t sequest ratii - :
protein in tﬁa:csidz_r %Ig?{é%?r% ﬂhgméém%ggataq{ndeu rgzca1 gﬁ%e@t&?&%@e@h gﬁon
of cytochronghgn adneéepsetﬂer moien medivke lp@f?ﬁeedphaswealttr]@ﬁyspal ogPBal

pH was st udi %q,rff%qr C?raecS_LcﬂlLttdtQé)] B mné)&} d}?% s E@”Pé& 1

at acidic pH was prepare toc rome C was di ssol ved at
mg/ M . The soihfttiesrd ofthehi SURDE tRlits rleij clray oind heprotelasare 'é]@il-j%d

to 30 nyiof thaendRelomereslSepbt au@aqle@tli&ewmé‘qdes%sas@w@do@t M %EopéhnThe

solution is honobgeneous and red. This solutron is then dispersed in a
medi um buf f erléd F]Benéﬂlrlai PRFTPBS BUf Fi2f ) POLTHE Tpraki pitatel whilcHn the
i nst ant aneousdbége@{d’gs dfs argd,, .whereas the supernatant is cl ear and

col ourl ess. ]}ih S denonst r at £s t he quantitative 20 sequ s'ttlr atr L
protein in t He Sol FPTRHHER" bYSFhe SRoIyiet 1t FeRes ot pEOCTHIE eRphrTaent
was successf Wdosirepeatad fosmpiber 1-pol ymees. m@janhesaartthertmﬁldmarkest het

case of ng %%§Q¥gle to form a solid which traps the protein by virtue
of the physical crosslinking of the polymer chains by

zinc/imidazole coordination.

Example 14: Study of the sequestration of PDGF-BB in the
20 solid formed by the polymer at neutral pH in
the presence of ZnCl2

The sequestration of PDGF-BB in the solid at
physiological pH was studied in the presence of ZnCl2. For
this, a solution of the polymer obtained in Example 1 was

25 prepared at acidic pH (20 mg/ml). 0.02 mg of PDGF-BB and 6.5
mg of ZnCl, are added to 100 pl of the solution of polymer

at acidic pH. The acidic solution is homogeneous and clear.
This solution is then dispersed in a medium buffered to
neutral pH (10 volumes of 30 mM PBS buffer). The precipitate

30 rapidly forms. The PDGF-BB present in the supernatant is
quantitatively determined by ELISA after centrifuging the
heterogeneous medium. The concentration of PDGF-BB 1in the
supernatant is less than 0.2 pg/ml, whereas it is 2 pg/ml in

the polymer-free control. There 1s therefore indeed

35 wvirtually quantitative sequestration of the protein, of
greater than 90%, in the solid formed by the polymer at

neutral pH in the presence of ZnCl;



obtained in Exanple 8, the solution at neutral pHis red and 25 does not
conprise precipitate. Exanple 13: Study of the sequestration of a protein in
the solid formed by the polyner at neutral pHin the presence of ZnCl2 30
The sequestration of cytochrone Cin sol-igy at physiological pH was studied
in the presence of ZnCl2 For this, a solution of the polyner obtained in
Exanple 1 at acidic pH was prepared (30 ng/m ). Cytochrone C - 26 was

di ssolved at 10 ng/m . The solution of this proteinis red. The ZnCl2 was
di ssolved at 13.6 ng/m . 2 ng of the protein and 6.8 ng of ZnCl2 are added
to 30 ng of theamppel yrer obiwheed igbtExamy e 1ndi ssoimete at laci tli ¢ B -2The
acidic solution is honpgen .red. This solution is then dispersed in
a medium buffered to neutrgfyﬁﬁﬁ%g§%§ buffer). The precipitate which

i nst ant aneously fornsAisotedlonwNer easofhéhsuperdivarantobits iglegari rafgkample

colourless. Thig:10Q, degppshfatesohhe ruamt hhahhve seguegtrali oi ofythe p
protein 1n the solid forned bg t he golyner at neutral pHin the presence
of Znd 2. Thisobxpb?h nbAt Waso5uBMEsSf Al ya r EpESEBETRGHE OPhe ol yRErEL 1is

obtained in Bxpophesdl-o& The metalnsal bshbusrimkesckt «dénpossi bt £of o fHrm
a solid which traps the rotelndgi virtue of thegﬁ_yslcal crasslinki ng of
the pol ymer cAaiwst®y %9 nc? 9% dA2H e Rboridiatdbh i sanitle PRC ISt udy™ic t he
sequestrati ons@IutPDQst BBrénsﬁ:bﬁedZQtSOdciCﬂ f@ﬁmﬂ?by bbeeopel m%L ity dml dtdral
pHin t presence _of ZnCl 2 The sequestration of PDGF-BB in_.the so
physioloE call%?nggespﬁ&%Lé”%hgh%egﬁ?%Eeﬁ%eaoﬁmfﬁéi - P%rsoﬁHFé?naN%bIS%ion
of the pol ynetsoptapaeddi byExarphe D .wWasn2oprepar edlatiaai doc pHA2D 0.1
Ty ). 0,02 i of POGF-BB.ahd.0of 18, Of ZNCRAT S A0S 1 © A0 Rl ot 1e
homogeneous and has a pH close to 5.

15 Example 16: Polymer obtained in Example 1 + ZnCl, + BMP-2
formulation

The solutions Nos. 1 and 2 as described in Example

15 have their osmolarity adjusted by addition of ZnCl,. The

final solution No. 3 is then prepared at the time of use in

20 the way described in Example 15.

Example 17: Polymer obtained in Example 1 + BMP-2
formulation

The final solution No. 3 as described in Example 15

25 can be prepared at the time of use from the lyophilized
polymer obtained in Example 1 and from lyophilized BMP-2.

The osmolarity of the final solution is adjusted to 300 mOsm

by addition of NaCl. The polymer has a buffering power and
results in a solution having a pH close to 5. This final

30 solution is clear.

Example 18: Polymer obtained in Example 1 + ZnCl, + BMP-2
formulation

The final solution No. 3 as described in

35 Example 15 can be prepared at the time of use from the

lyophilized polymer obtained in Example 1 and from

lyophilized BMP-2. In this case, the osmolarity of the



at acidic pH The acidic solution is honbgeneous and clear. This solution
is then dispersed in a nediumbuffered to neutral pH (10 volunes of 30 MM
PBS buffer). The precipitate 30 rapidly forns. The PDG--BB present in the
supernatant is quantitatively determ nedobpy-ELI SA after centrifuging the
het er ogeneous nedi um The concentration of PDG--BB in the supernatant is

| ess than O. &ﬁgimsolme}_ro@aaslstauguat@g/ Mo i Moot hespolyyrerdhii eeosomnal, .

There is therefor feed 35 virtual quantltatlve sequestration of t he
protein, of lgtéa é?a hanlebesnihSth %%1|d formed by the pol ymer at
neutral pH in the presence of ZnCl2 . Exanpl e 15: Pol ynmer obtained in

Exanple 1 + BMP-2 fornulation A solutlon No. 1 of the polymer obtained in

Exanple 5 1 @tyd,concent batipaof SOum/Hdg is prepakgdnghePH S A pgelytion
No. 2 of BMP-2 at a concentration of 1 nmg/ml is prepared at pH 7. The
osnol arity of each sol uti 8ATME124dPlsted to 300 nOsm by the addition of

NaCl . Ihese kso:c ut Lom?@r@ﬂmae@&t n kg@epf‘@yér@@f gt ethBbe tiRkeei degetljo
i ng 0. 8 mPYof NSO NA L 10 ahd®. £ B b W ch 1. L2 M he
sol uti on obt afn@s@IMSzlohOrﬂngmeQuﬁerandbhaﬁn@dpHnClEB@@;il@ 51 ab Exarmj/aml]ﬁ

Pol ynmer obt ai ned nCl2 formul ati n The s S
Nos. 1 and 22 g scr@%gp §%u%&%%p 8 3§§ H&&glﬁﬁél?h%sﬁg aFiey gﬁjﬁ%ﬁ@d by
addi t i onl®f ZhC&Zflﬁhe sbinblosolsit¢bemaNo. 3 is then prepared at the tinme of
use in 20 the way described in Exanple 15. Exanple 17: Pol ynmer obtained in

Exanple 1 + BMP-2 formulation The final solution No. 3 as described in
Exanpl e 15 ZXxaagnde (pr epalguecat tdietdimeed of inse Exampide llyophi | iZoed ,+

BMP-2 formulation
The solution of polymer obtained in Example 1 at 45
15 mg/ml and at pH 5 as described in Example 17 is adjusted to
300 mOsm by the addition of ZnCl,. 0.1 mg of lyophilized
BMP-2 is dissolved in 1 ml of polymer solution at the time

of use. This final solution i1s also clear.

20 Example 21: Polymer obtained in Example 1 + PDGF-BB
formulation

This case concerns the preparation of a formulation
formed of polymer obtained in Example 1 and of PDGF-BB.
This formulation is prepared according to one of the six
25 methods described in Examples 15 to 20. The formulation
comprises 45 mg of polymer and 0.1 mg of PDGF-BB per 1 ml
of solution. This solution is clear and has a pH close to

5.
This formulation 1is employed 1in the treatment of foot

30 ulcers of diabetic patients.

Example 22: Polymer obtained in Example 1 + hGH
formulation

This case concerns the preparation of a formulation

35 formed of polymer obtained in Example 1 and of hGH. This

formulation is prepared according to one of the six methods

described in Examples 15 to 20. The formulation comprises

45 mg of polymer and 5 mg of hGH



pol ynmer obtained in Exanple 1 and from|yophilized BMP-2. The osnolarity of
the final solution is adjusted to 300 nOsm by addition of NaC . The pol yner
has a buffering power and results in a solution having a pH close to 5.
This final 30 solution is clear. ExanplLe;38- Pol yner obtained in Exanple 1
+ ZnCl2 + BWP-2 fornulation The final solution No. 3 as described in 35
Exanpl e 15 can be prepared at the tine of use fromthe |yophilized polyner
obtained in Exanple 1 and from |yophilized BMP-2. In this case, the
osnolarity of the 28 final solution is adjusted to 300 nOsm by addition
ZnCl2. Thisddmal mblafi enlisicheafhiBxawplug 109 iRPol ghearr obtdi hed EnpH
Exanpl e 1 BMR2 5 formulation The fornmulation can be prepared at the tine
of use by the_éﬁssolution of 0.1 ng of |yophilized BMP-2 in 1 m of
solution cf poliyndorahtlataed it Erafpledilat Pasiagral oncatwWeekbyand adj usted
to 300 nMsm by the addition of NaCl. 10 This final solution is clear.
Exanpl e 20: Pol yner obtained in Exanple 1 + ZnCl2+ BMP-2 fornmul ation The
solution of polyner obtained in Exanple 1 at 45 15 ng/m and at pH 5 as
described in Exanple 17 is adjusted to 300 mOsm by the addition of zZnd 2.
0.1 ng of lyophilized BMP-2 is dissolved in 1 m of polyner solution at the
time of use. This final solution is also clear. 20 Exanple 21: Pol yner
obtained in Exanple 1 + PDG--BB fornulation This case concerns the
preparation of a fornmulation formed of polynmer obtained in Exanple 1 and of
PDG--BB. This fornulation is prepared according to one of the six 25

nmet hods described in Exanples 15 to 20. The formul ation



conprises 45 ng of polyner and 0.1 ng of PDG~-BB per 1 m of solution. This
solution is clear and has a pHclose to 5. This formulation is enployed in
the treatment of foot 30 ulcers of diabetic patients. Exanple 22: Pol yner
obtained in Exanple 1 + hGH fornul ati on 3his case concerns the preparation
of a formulation 35 fornmed of polyner obtained in Exanple 1 and of hGH
This formulation is prepared according to one of the six nmethods described
in Exanples 15 to 20. The fornul ati on cominisses 45 ng of polynmer and 5 ny

of hGH - 29 _per of solution, This sqlution.is clear and has_a pH
lose to 5 This PORRERa O e T ey TR bATT skt s nencTadrral 255y
CLAIM5S 1. Dextraraahd/ onedexinidazdeylvatadecdl f uhct iomdl ized Inast |eest

one i m dazol radi.cal I | e ydy- ohic. g p t id
radi cal and %kgrggﬁ%?q?ﬁ%%% gsesf’ngg@%c%g?genr}ta?%%%qa% %r{:‘géﬁlf fsg?ignt&g)n
grafted o} bbeded eechhedgaxtican and/eor déiticarnderindatingd tgida agndwrdatbr e

connecting arps {Re RicQF R and funcid.anal, 9roupPsaFivEl A% &k or more
characterized in that: R represents a connecting arm conposed of a 10

chemi cal bon&°drestiadcRams Conprli SthgRbetiRehUBCt 4AH2189E9PB6N Fat 65 0T

optional |y branchedr-apdter zednsat uhated conprising one or nore heteroatons,
such as 0, Nand/or S_ Rwll be denoted R when it carries an 15

i mi dazol yl radicaf an8 RASRAER SN Scafr i E8TREFydPopRdBi ¢ YBHFER Hnd Rn
being idemtical or dichktereal, bond or of a chain comprising between 1

and 18 carbon atoms, optionally branched and/or
unsaturated comprising one or more heteroatoms,
such as 0, N and/or S,
R will be denoted Ri when 1t carries an
15 imidazolyl radical and Rh when it carries a
hydrophobic group, Ri and Rh being identical

or different,

° F represents a functional group chosen from the
20 ester, thioester, amide, carbonate, carbamate,
ether, thioether or amine functional groups,
F will be denoted Fi when it carries an
imidazolyl radical and Fh when it carries a
hydrophobic group, Fi and Fh being identical
25 or different,

e Im represents an imidazolyl radical, optionally
substituted on one of the carbons by a C; to C4

alkyl (Alky) group, of formula

Ri Ri
N*“g N“"QL
H H Alky

30

e Hy represents a hydrophobic group chosen from the

groups:



F represents a functional group chosen fromthe 20 ester, thioester, amde,
carbonate, carbamate, ether, thioether or am ne functional groups, F wll
be denoted Fi when it carries an imdazolyl radical and Fh when it carries
a hydrophobic group, Fi and Fh being idegntical 25 or different, Im
represents an imdazolyl radical, optionally substituted on one of the
carbons by a C1 to &4 alkyl (A ky) group, of formula RR R AIRY--N H Al ky
30 Hy represents a hydrophobic group chosen fromthe groups: - 31 | i near
or branched C8 to C30 aIkyI optionally unsaturated and/or conprising one

or nmore 5 heteroatons ng Ona?fyglrgﬁcf?‘ed chi ’%%agl i A)f%{“fheg?ﬁoﬁglﬁo

al kyl aryl or arylalkyﬂ unsat urated
conprising a heteroatom Um}ﬁtwﬁiﬁﬁﬁpoﬁydﬁérlccqmmfkﬂkﬂly<mh%at9¥at@ﬁre 10

the saidy dextran and/or dextdad derd vatiyekebngy gaphi philic when it is in
solution. 2. Dextran and/or dextran derlvatlve accordlngoto Caiml, 15

characterized in that thel He&d¥ arPidedinAitanfss &fe ERosEROf r BRkY&arEdxyPALt ed

derivatives. 3. Dextran apg)pg)gextrancdeninatinve acayinihiay A abah/dr
characterized in that the carbox | at ed dextran derivatives 20 are chosen

from car boxynet hyl dext r an@P kR # heY r e&BRT b1 NPrdduetr Bt Men succi nic
anhydride and dextran.. c8 to C30 polycyclic, optionally unsaturated,

10
the said dextran and/or dextran derivative being

amphiphilic when it is in solution.

2. Dextran and/or dextran derivative according to Claim 1,
15 characterized in that the dextran derivatives are chosen from

carboxylated derivatives.

3. Dextran and/or dextran derivative according to Claim
2, characterized in that the carboxylated dextran derivatives
20 are chosen from carboxymethyldextrans and the reaction

products between succinic anhydride and dextran.

4. Dextran and/or dextran derivative according to Claim
1, characterized in that 1t corresponds to the general

25 formula I:

é Dextran

2
73737

Formula I

n is between 1 and 3,
i represents the molar fraction of imidazolyl
30 radical with respect to one monosaccharide unit, of between
0.1 and 0.9,



4. Dextran and/or dextran derivative according to Claim 1, characterized in
that it corresponds to the general 25 formula I: Dextran Fi Fh Rn 1ImiIn L
Hy h Formula | nis between 1 and 3, i represents the nolar fraction of

i mdazolyl 30 radical with respect to-orse monosaccharide unit, of between
0.1 and 0.9, - 32 h represents the nolar fraction of hydrophobic group

W th respect to one npnesgeehantde tRét, mofabetimeei 0brandy@-Sphébbe
Dextran and/ or dext rg}g derivative according to Claim 1, .char ed in

terjiz
that it corESPEndsity FREPGEher® ©For RANESFFChabEREr #A1t10 qéfc{beﬁi”e?rﬁ%
'ml ~Im Hyyk.ion aharouba IT nis between 1 and 3, 15 i represents the nolar
fraction of imdazolyl radical with respect to one nonosaccharide unit, of
between 0 and 0.9, k represents the nolar fraction of hydrophobic group
with respectS.t o onBerbnasaeohbdpirdelesniran oferbeweer REGdihanth G 5116.

Dextran a”dGQr gﬁé&é@@eg?EEMatiHetﬂﬁﬁperngcéfkéggbnds to the general

formula ITI:

Dextran |
H = ;—' ! 3
Ri AN
b | tim Hy
lﬁHn L k.
e i
Formula IT
n is between 1 and 3,
15 i represents the molar fraction of imidazolyl

radical with respect to one monosaccharide unit, of between
0 and 0.9,
k represents the molar fraction of hydrophobic

group with respect to one monosaccharide unit, of between
20 0.01 and 0.5.

0. Dextran and/or dextran derivative according to any
one of the preceding claims, characterized in that the Ri

group, when it is not a bond, is chosen from the groups:
im R1

Fin_ _RY H w .
j/ | R Nj/‘rrf:i

1 H
im O

n= 46

2 Ri= H, COOH, CDOR2, CONHZ .R3=H, R2, H‘,’
5

R2 being chosen from alkyl radicals comprising from

1 to 18 carbon atoms.



one of the preceding clains, characterized in that the R group, when it is
not a bond, is chosen fromthe groups: irn O Rl ri tm _FH, ,~r F) 3mO0 R
n=1-6 Rl = H COON. COORZ, CONK2 R3 = H R2, Fly 25 R2 being chosen from
al kyl radicals conprising from 1 to 18 cagben atons. 33 7. Dextran and/or
dextran derivative according to any one of the preceding clains,

Shar acterized, i nd; baktthe Fﬁndwmf@e&ﬁranbw@%l@&xf@eﬁd@&ﬁm@/ Ot o dext an
erivative accordin 0 an ne of .t e_pregeding clai c act

Chat | the. Rh Oigr o, Sifers toae S B ot Lo B CRQSERELaaoT i | Mo or cle.

d. Hy rtY QtdadldD.a bexiad.an and/ or dextran derivative accordi ng to any
one of the preceding clains, characterized in that the Rh group is a bond.

10. Dextran and/or dextran derivative according to any 15 one of the
precedi n§ cl&i ns, Bharasheramrdbi ndekatranhed R ivaygroup iescohosey f romarhe

gtOUpS It éﬂC£§£2t%§éﬁE§%%?ld%1é{élmi& c%argétEerEM‘QJ“tthSthB*iH =E6

group, when- it is not a bond, is chosen from the groups:

O
0. Fh .
Fh” " THy Hy
07 “Hy
10 9. Dextran and/or dextran derivative according to any

one of the preceding claims, characterized in that the Rh

group is a bond.

10. Dextran and/or dextran derivative according to any
15 one of the preceding claims, characterized in that the Ri

group is chosen from the groups:

im ) R1
: ﬁ r’-i\(ﬁ\ /K/lm
F]/m Rs’g" ﬁﬁﬂ j\ﬁ
tm O
PR

R1 = H, COOH, COOR2, CONH, R3 = H, R2, Hy

R2 being chosen from alkyl radicals comprising from 1

20 to 18 carbon atours,
and the Rh group is a bond.

11. Dextran and/or dextran derivative according to any
25 one of Claims 1 to 4 or 6 to 8, characterized in that the
imidazole-Ri group 1s chosen from histidine @esters,

histidinol, histidinamide or histamine.



R2 being chosen fromal kyl radicals conprising from1l 20 to 18 carbon
atours, and the Rh group is a bond. 11. Dextran and/or dextran derivative
according to any 25 one of Clains 1 to 4 or 6 to 8, characterized in that
the imdazole-R group is chosen fromhistiidine esters, histidinol,

hi stidi nam de or histam ne. 34 12. Dextran and/or dextran derivative
according to any one of the preceding clains, characterized in that Hy is
chosen fromihe grqup consisting of fatty acids, fatty 5 alcahols, fatt

G nes,  Ghol bt er oPSaEE Foas VLr | Hertiri Sehol 7 bkt d S, tPnel Ui ng
a-t ocopherolgnaandf hydr ophebediagi nd adoisds. ciBra Ehar ek utincat haondgsiid on
conprising one of t 10 ly arj des. accordi y e, of i 1
to 12 and art least q%r?én a(t:f{fgve(?%(?\l? ciép?qles'.slS%f%%hg&gnagéga??ca']gl)glc%rgrbogatadl%
conpri sifg amyconelnf fhetypoeiniseschachdbssaecol dirgivetamgsene roflu@iaigs 1
to 13 and a fransitjon nme t. 1% L pRCceuty itio
accordi ng tocréslallém 14%léi<ghara ?%P?%d i n%ﬁgp&ggg trtgngt%!ﬁo %rgr%%?él i sr}mc osen
from the griowpradrsiist iawgref adiws- iron, copper and cobalt. 20 16.

Phar maceuti cal conposition according to any one of Cains 13 to 16,
characterized in that it is provided in the formof a honpbgeneous sol ution
or of a suspehsi onPhArRarertigtla FAMEPSEESSNt h&AMEISS125 1PNePh&fnacéift i cal
conposi tjigon dﬁ&PyOé’éjdcf}gartiQieg admedfdinghes agher ibzed di ¢hatnd he hemgengous
solution and/or_ the suspension is conmposed of mcelles and/or of

nanoparti ci €8t SR S8, OTPh &SrcEuti ICAICE8Fposi ti on according to any one of
Clains 13 to 15, characterized in that it is provided in the

14. Pharmaceutical composition comprising any one of the
polysaccharides according to any one of Claims 1 to 13 and a

15 transition metal salt.

15. Pharmaceutical composition according to Claim 14,
characterized in that the transition metal 1s chosen from

the group consisting of zinc, iron, copper and cobalt.

20
16. Pharmaceutical composition according to any one of
Claims 13 to 16, characterized in that it is provided in the
form of a homogeneous solution or of a suspension in water
at a pH of less than 6.5.

25
17. Pharmaceutical composition according to Claim 16,
characterized in that the homogeneous solution and/or the
suspension is composed of micelles and/or of nanoparticles.

30 18. Pharmaceutical composition according to any one of
Claims 13 to 15, characterized in that it is provided in the
form of a suspension of microparticles in water at a pH
close to physiological pH.

35  19. Pharmaceutical composition according to any one of

Claims 13  to 18, characterized 1in that it can  Dbe



formof a suspension of mcroparticles in water at a pH close to
physi ol ogi cal pH 35 19. Pharmaceutical conposition according to any one of
Clains 13 to 18, characterized in that it can be 35 admnistered

i ntravenously, intranuscul arly, intraossegusky, subcutaneously,
transdermally or ocularly. 5 20. Pharnmaceutical conposition according to any
one of Cains 13 to 18, characterized in that it can be adm nistered
orally, nasally, vaginally or buccally. 21. Pharmaceutical conposition
according to any one of = 10 C ains 1f to. 15, chara teLized inthat it is
provided in PRELPSGFEGS ot 23 PHY ﬁacéDFFEQPSEBﬁ% Yti ORCELLDFEP Y Yo
Caim?2l, chabattenhkeredliyn thahsderinsldhtarnedubyrselidification 15
controlled by the pH at a pH of greater than 6. 23. Pharnaceutica
conposition according to Claim2l1, characterized in that it undergoes a
physi cal &ro2$l.i nki Pigarmedcainel sit e cofmpbrjeédbhomc@ir@hg Phar raceubineal of
conposition in o] ai 21, r rized int it.pake 0ssjl bl e
the retenti o%ﬁggntghegutact%e g.?i’ncic&%te}%é:'?%tghézeé telrgf ?ﬁ%%ct ﬁgﬁ. C%éPZSSé
Phar maceut i caldmdoposicedonraédyr dnagat oy abgirallychariaeterliked in that it
i s obtained by drying and/or |yophilization. 26. Pharmaceutical conposition
according to one of Clains 30 21 to 23, characterized in that it can be
admi ni stered2iln t B3 FRIE DIt ECxk eRPMPPBERLOR cOERIRLIBT iLApl Mt abne of

bi omat er i@l sciiARkant, tgeh sor caLeanrt c27zcBhapnaggut i cal sCOPPESEELOM the
according to one of Clains 35 13 to 24, characterized in that the active
principle isSodrEséR From the group consisting of proteins, glycoproteins,
pepti des and nonpepti de therapeutic nol ecul es.

22. Pharmaceutical composition according to Claim 21,
characterized in that it 1s obtained by solidification

15 controlled by the pH at a pH of greater than 6.

23. Pharmaceutical composition according to Claim 21,
characterized in that it undergoes a physical crosslinking

at the site of injection.

20
24 . Pharmaceutical composition according to Claim 21,
characterized in that it makes possible the retention of the
active principle at the site of injection.

25  25. Pharmaceutical composition according to Claim 21,

characterized in that it is obtained by drying and/or

lyophilization.

26. Pharmaceutical composition according to one of Claims
30 21 to 23, characterized in that it can be administered in
the form of a stent, film or coating of implantable

biomaterials, implant, gel or cream.

27. Pharmaceutical composition according to one of Claims
35 13 to 24, characterized in that the active principle 1is
chosen from the group consisting of proteins, glycoproteins,

peptides and nonpeptide therapeutic molecules.



- 36 28. Pharmaceutical conposition according to Caim25, characterized
in that the proteins or glycoproteins are chosen fromgrowh factors, such
as the nmenbers of the superfamly of the Transform ng G owh Factors-(3 5
(TFG (3), such as Bone Mrphogenic Proteins (BMP), Platelet Derived G owh
Factors (PDGF), Insulin Gowh Factors (IGF), Nerve Gowh Factors (NGF),

Vascul ar Endgg hel i alhaGhawht ikaat oesmp¥ESE) onFi BEeblashg Gewdi fast ors,
(FGF), Epidermal G owh Factorﬁz]a E cyt oki nes of th(g%thge of the 10

G: 1
I nterl euki nsCLRrEFCORTH7E%r FéF o | NEYS 29O PhdiFraléut P bRposTEi G e
accordi ng tockbaém X#tom chavachertaedors, t katch hesacthe e memibreispl efi screhosen

from the group of peptides_chosen fromleuprolide or or 15.sequences of
par aThyr of 4 SERFONEPHA 30 Prarifaceut [Ear TCORbOSI £1 51 deCor di Fo 18 G/t m
27, charfact éFirze@) i nstibht atsheBauot | Merphogenpt ePrstehosen BMEom Rlwetqreaup of
t he nonpepti i e ch 1,630 r npl e
taxol or ci sg%é{t?%ﬁ a(glig&gﬁagr@rr%tg(gﬁ%l i%?é%)o’mﬁ?%lg%}]aé;%%or d?ﬁ%é%%g% 5%1@2'7
characteri zelervet Hatovte dardbeespriB&ifpl e Veschosen Frdathe hieayr depowth

consi sting of,tAsHLi NyeErgr Owh B RN HERE REE, 25 Bt cHealdmnl, et iad- ol

met hod for the fornulation of ~ nedi canents | ntended for the regeneration of
nervous tisSb@¥thchipratPEri zd&GM /1t hatytiakigedprisles the us&rsf dexthlzms

and/ or dgxtrancderiyRrihyesraccor dimge £ 0 ays onavef, 30 Clains 1 to 12 and/or
of conpositions according to any one of Cains 13 to 31. 33. Treatnent

met hod or method for the formulation of of nedicanents intended for the
regenerationzgar di eraseldcantidzilti ssuessiehanachecbzadngn thatcidiconpr) ses
t he use of delgl<trans and/gr .dexttr%n deri vagcl,ves according to either one of
dains 11 and ﬁﬁacterlze in that the active principle 1s chosen from
the group of peptides chosen from leuprolide or short

15 sequences of ParaThyroid Hormone PTH.

30. Pharmaceutical composition according to Claim 27,
characterized in that the active principle is chosen from
the group of the nonpeptide therapeutic molecules, such as

20 anticancers, for example taxol or cisplatin.

31. Pharmaceutical composition according to Claim 27,
characterized in that the active principle is chosen from
the group consisting of insulin or growth hormone hGH.
25
32. Treatment method or method for the formulation of
medicaments intended for the regeneration o©of nervous
tissues, characterized 1in that it comprises the wuse of
dextrans and/or dextran derivatives according to any one of
30 Claims 1 to 12 and/or of compositions according to any one
of Claims 13 to 31.

33. Treatment method or method for the formulation of of
medicaments intended for the regeneration cardiovascular

35 tissues, characterized in that 1t comprises the use of
dextrans and/or dextran derivatives according to either one
of Claims 11 and 12



37 and/or of conpositions according to any one of Clainms 13 to 31. 5 34.
Use of the dextrans and/or dextran derivatives and/or of the conpositions
according to any one of Clains 1 to 31 in the treatnment or the fornulation
of nmedi caments intended for the regenecatiyon skin tissues.

and/or of compositions according to any one of Claims 13 to
31.

5 34, Use of the dextrans and/or dextran derivatives and/or
of the compositions according to any one of Claims 1 to 31
in the treatment or the formulation of medicaments intended

for the regeneration skin tissues.





