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Osteoarthritis (OA) is a progressive degenerative disorder accompanied by pain
and characterized by a breakdown of cartilage in articular joints, a deterioration
15 of the synovial fluid present in the articular joints, and a resulting

osteosclerosis.

Osteoarthritis increases with age, with a probability higher than 60% of those
60 years old or older.

Today, to remediate to the mechanical pain accompanied with OA, the present

20 therapy is generally, either therapeutic with administration of analgesic or anti-
inflammatory agents or a surgical therapy with partial or total joint replacement.
An alternative approach is viscosupplementation which is an injection into the
joint of a biocompatible viscous (e.g. Hyaluronic acid) lubricant that reduces
friction and pain.

25  Viscosupplementation is used to supplement synovial fluid that lubricates and
protects the articular joints. Indeed, in OA patient, the synovial fluid is modified
with a decrease of concentration and molecular weight (Mw) of hyaluronan (or
salt of hyaluronic acid HA) .



Uppsal a, Sweden), three (Synvisc(r), high nolecular weight cross-linked HA
5Othovisc(r)) to five (Hyalgan(r), Supartz(r)) intra-articular (lA)

i nj ecti orwOQM1W4B3mM containing 5 to 20 ng/ M HA per i rCe&@PR@n/05e@r di ng
the joint). Table 1: Hyaluronic acid (HA) preparations Trade nane

Cor poration Average Mv (kD) SynviscO (Hylan G 20) Biomatrix (Canada)

6. 000- 7. 000 Heal on0Q Phar maci a/ Upj oh Sweden) 1.900-3 Ot hovj scO Ani ka
(USA) 1.70 nt@@-@@t%;u ar inj%cﬂgns compPiJsingrhiéh mo ecJIar welig to?IQI%\ preparat’ons

are currently available and used to treat knee, hip, carpometacarpal joint of the
thumb or ankle. These preparations require one (Durolane TM, Q-Med AB,
Uppsala, Sweden), three (Synvisc®, high molecular weight cross-linked HA,

5  Orthovisc®) to five (Hyalgan®, Supartz®) intra-articular (IA) injections (1 to 3 ml
containing 5 to 20 mg/ml HA per injection according the joint).

Table 1: Hyaluronic acid (HA) preparations

Trade name Corporation Average
Mw (kD)
Synvisc® (Hylan G-20) Biomatrix (Canada) 6.000-7.000
Healon® Pharmacia/ Upjohn 1.900-3900
(Sweden)
Orthovisc® Anika (USA) 1.700-2.900
Arthrum® LCA (France) 2.000
Adant® Meiji Seika (Japan) 900-1.200
SupAriz®, Artz®, Seikagaku (Japan) 600-1.200
Artzal®
Ostenil® Chemedica (France) 1.200
Hyalgan® Fidia (ltaly) 500-730
Durolane™ Q-Med AB (Sweden) > 9000

10 HA preparations vary in a number of characteristics, including for example, the
source of HA (animal-derived or bacterial), the concentration and Mw of HA and
the type and degree of chemical crosslinking used, if any. Usually, most
injectable HA preparations, once injected, have residence half-life between
hours to several days.

15 Several studies have compared the efficacy of the above-mentioned products
and differently concluded to a marked reduction of pain and improved function
of patients with knee OA. Some concluded that at best there is small effect
compared to placebo injection. Others observed that 3-5 weekly injections of
one of the above products, significantly improved the pain and functional status

20 of patients with OA and that, although the onset of improvement was delayed by

2



ArthrunD LCA (France) 2.000 AdantO Meiji Seika (Japan) 900-1.200 Su pArtzO,
Artz0O, Artzal O Sei kagaku (Japan) 600-1. 200 Gsteni 10 Chenedi ca (France)
1. 200 Hyawvoan/®Wugsa (ltaly) 500-730 Durol aneTM Q Med ABCTSrea 052020

3-4 weeks, the effect can last at least six months and up after treatment
cessation. Other observed beneficial effects on OA symptoms, not only for
knee OA but also for ankle or carpometacarpal joint of the thumb OA, but also
adverse effects.

5 Moreover, clinical effect may be rapid at 1 week and may last for six months or
more, but in all cases, multiple injections are essential for a prolonged (six
month to one year) effect on osteoarthritic pain primarily because of the short
residence half-life of most HA preparations.

10 Endly, WO2007/135114 describes viscosupplementation with polysaccharides
compositions of a mixture of alginate and chitosan without generating insoluble
coacervates. Coacervates are due to the polycationic nature of chitosan that
makes compatibility difficult with other polysaccharides such as hyaluronic acid
(a polyanion) or alginate. According to WQ02007/135114,

15 precipitation/coarcervation of polysaccharides such as chitosan and alginate

prevents any formulation thereof as an injectable composition.

In WO2007/135114 a composition with an aqueous mixture of chitosan of a
high degree of derivatization of at least 40% and an alginate is therefore
described as highly viscous without generating insoluble coacervates.

20

A continued need exists to develop new intra-articular supplement product that
protect cartilage against mechanical strains, provide effective relief to OA
patient without necessitating multiple injections and to avoid adverse effect.

25  We have now found a new method of producing a homogenous hydrogel matrix
comprising alginate and chitosan wherein chitosan is of low molecular weight

and coacervates. The resulting alginate/chitosan beads obtainable by the new
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- providing a solution with chitosan having a Mw between lower than 60 kD,

15 - mixing the solution of alginate and the solution of chitosan, wherein the mixed
solution comprises between 0.5 and 0.7 % (w/v) of chitosan and between 1 and
1.4 % alginate (w/v),
- introducing droplets of the mixed solution into a solution with Ca** or Sr**
cations and

20 - isolating gellified beads from the solution with cations.

In certain embodiments of methods of the present invention, the droplets of the

mixed solution are introduced in a solution of Sr** ions.

In particular embodiments of this method the mixed solution comprises 0.6 %
25 chitosan and or comprises 1.2 % alginate.

In particular embodiments of methods of the present invention the ratio between
alginate and chitosan in the mixed solution is between 1.4 and 2.8, or between
1.75 and 2.25 or is about 2.
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beads with a diameter between 0.01 and 5 mm.

Another aspect of the present invention refers to a spherical hydrogel bead
comprising a homogeneous mixture of chitosan and alginate, wherein said bead

15 is obtainable by the methods as described above.

Another aspect of the present invention refers to a spherical hydrogel bead with
a diameter between 0.01 and 5 mm, comprising a homogeneous mixture of
chitosan and alginate , characterised in that the bead comprises between 1 and
1.4 % alginate and between 0.5 and 0.7 % chitosan, for example, the bead
20 comprises 1.2 % alginate, or for example the bead comprises 0.6% chitosan.

In particular embodiments of beads of the present invention, the ratio of
alginate/chitosan is between 1.4 and 2.8, preferably between 1.75 and 2.25,
most preferably between 1.8 and 2.2.

In other particular embodiments of beads of the present invention the chitosan
25 has a Mw between 35 and 45 kD and/or is of animal or vegetable origin.

The invention also relates to an intra-articular supplement comprising spherical
hydrogel beads with a diameter between 0.01 and 5 mm, comprising a

homogeneous mixture of alginate and chitosan of Mw lower than 60 kD
5



25chitosan and or conprises 1.2 "Yo alginate. In particular enbodi nents of
net hods of the present invention the ratio between alginate and chitosan in
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chitosan 25 has"a Mv between 35 and 45 kD and/or is of aninmal or vegetable
ori gi n. Thééut alsenrersrihainushreoms el & iacomposad af O-glucasainspliriteean

conpri si ng g | B2 I ads with a dianeter between 0.01 and 5 mm
conpri sing @Bﬁg%ﬁgﬁ'b!gﬁ%’ﬁ?@ﬁlﬁ "of alginate and chitosan of Mwv | ower than
60 kD, 5 WD 2011/104133PCT/ EP2011/ 052020 characterised in that said beads
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the group consisting of non-steroidal anti-inflammatory drug, anaesthetic, opioid
15 analgesics, corticosteroids, antineoplastic, monoclonal antibodies, chimeric

monoclonal antibodies, vitamins, minerals, nutraceuticals.

The intra-articular supplement may also contain additional active or inactive
components including for example, the non-steroidal anti-inflammatory drugs

20 (NSAIDS) e.g diclofenacTM, ibuprofenTM, piroxicamTM; anesthetics, e.g.
LidocaineTM and BupivacaineTM; opiod analgesics, e.g codeine and morphine;
corticosteroids, e.g., dexamethasone and prednisone; antineoplastic agents
such as MethotrexateTM; anti-viral agents, e.g. AcyclovirTM and VidarabineTM;
monoclonal antibodies e.g.HumiraTM and chimeric monoclonal antibodies e.g

25 infliximabTM. Intra-articular injectable supplements may also contain
components such as cells, protein, DNA, minerals e.g selenium, strontium,
vitamins e.g tocopherol, nutraceuticals e.g.curcumin or other desirable

biologically active material.



The intra-articul ar supplenent may further conprise a viscous thernogelling
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injections or implantation of the supplement in an amount sufficient to provide a

15 therapeutic effect.

The intra-articular injection or implantation is done directly in bone and/or
cartilage defect of human or non-human mammals for example by arthroscopy

or with an injection device such as a syringe.

Examples of administration sites include the knee, shoulder, ankle, temporo-
20 madibular and carpo-metacarpal joints, elbow, hip, wrist, intervertebral disc.

The invention further provides a supplementation device comprising a pre-filled,
single use syringe having a single dose of the supplements.

Brief description of the figures :

25 Figure 1 shows beads obtained according to the method of the invention



injury), cartilage pathol ogy (e.g. chondrocal consis, chondronual aci a),
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Figure 2 shows a section of an al ginate bead (A) and a chitosan/al gi nate
bead (B) [ dtiguessdh:shoarsk the eistalegiealulexatuadipgi ahttee iMpjant gredayscrEeound] .
Figure 3 s% n ticl ow magni fication chitosan/al gi nate beads enbedded in a
chi t osan hydrogert. 5 i gure 4 shows the inplantation of a thernosensitive
chi tosan hydrogel conprising 0.6 (:)/0 chitosan/1.2 %l gi nate beads (A

bi sporus cHi:t dSarchomdirdD) Bofe,guBe Sedtoolenizett hiydragebgi Cal celalootnrized of

cor 1 - coponApeAp et Bead TLf EhidRogenn oarEEREE Gi nat e bead:

Cell enbedded in chitosan | acunae.

Detailed description of the invention
One aspect of the present invention relates to a method of producing a hydrogel
15 matrix. This method comprises the following steps:

- providing a solution of alginate,

- providing a solution of chitosan with a Mw lower than 60kD,

- mixing the solution of alginate and the solution of chitosan , wherein the mixed

solution comprises between 0.5 and 0.7 % (w/v) of chitosan and between 1 and
20 1.4 % alginate,

- introducing droplets of the mixed solution into a solution with Ca** or Sr** ions

- isolating gellified beads from the solution with cations.

The hydrogel which is obtained by this method results in a homogeneous matrix
25 of calcium alginate and chitosan.



Det ai | ed description of the invention One aspect of the present
I nvention relates to a nethod of producing a hydrogel 15matrix. This nethod
conpr i seswohelifoki3esw ng steps: providing a sol ution of par@pre@®52020

providing a solution of chitosan with a Mv | ower than 60kD, m xi ng the
sol ution of alginate and the solution of chitosan , wherein the m xed
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1 and 201. 4 Dopgiqhigiged in t Prﬁrﬁéﬁ tc'l HEITERTS Tem thior Ak BREERt i on

into a sol yiiign Mhid £adsreObr SBRe é&ﬂ@onent '&%{;@8' Matnog! ||égére§f oy i e,from

the solution with cations. dr ogel Ich 1s obtalne
met hod r eswonypanend honmobgeneous mat ri x 25o0f cal cium al gi nate and chi tosan.
WO 2011/ 104133PCT/ EP2011/ 052020 The matri x as obtained in the present
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i ndi cat ed |CH Rese Mﬂbﬁgg elecyler wﬁﬁwﬁuﬁ%wa& %rI'ME? $@Hda'7'rAi used
to prepare o] I r | ffers
whi ch have ?N;t\@?,lgﬁl g?dn%tér?folﬁlfsf&m?gar? Q‘OZ‘I}‘]‘S ltgl ﬁ%ﬂ%d@aﬁ@igﬂg@?%’he

pr esent10i nveaitixkon. 15l n the nethods in accordance with the present

i nvention the al ginate and

As indicated in the examples section, the alginate and chitosan which are used
to prepare the hydrogels are dissolved in strong alkaline or acidic buffers which
have a sterilising effect . This is an additional advantage of the present

invention.

15 In the methods in accordance with the present invention the alginate and
chitosan solutions can be mixed to obtain beads with different concentrations.
Particular embodiments of the present invention relate to beads wherein the
composition, prior to the gelification by calcium or strontium ions comprises 0.4,
0.45, 0.5, 0.55, 0.60, 0.65, 0.70, 0.75 or 0.80 % (w/v) chitosan, and

20 independently thereof comprises 0.9, 0.95, 0.1, 0.105, 0.11, 0.115, 0.12, 0.125,
0.13, 0.135, 0.14, 0.145 or 1.5 % (wl/v) alginate. In particular embodiments the
concentration of chitosan ranges from 0.5 to 0.7 %, or from 0.55 to 0.65 %. In
other particular embodiments the concentration of alginate ranges from 1. to 1.
4 % or from 1. 25 to 1. 35 %. A particular embodiment of hydrogel comprises

25 about 0.6 % chitosan and about 1.2 % alginate.

Further embodiments of methods and compositions of the present invention
relate to hydrogel composition and beads obtained thereof wherein the ratio
between alginate and chitosan in the mixed solution is between 1.4 and 2.8,

more particularly between 1.5 and 2.7, more particularly between 1.6 and 2.6,



chitosan solutions can be m xed to obtain beads with different
concentrations. Particular enbodi nents of the present invention relate to
beads wheweiznitttee13donposi tion, prior to the gelificati oRCHEPC@EILOF2920 OF
strontiumions conprises 0.4, 0.45, 0.5, 0.55, 0.60, 0.65, 0.70, 0.75 or
0.80 % (wv) chitosan, and 20 independently thereof conpri ses 0 9, 0.95,
0.1, 0.105, 0.11, 0,115, 0.125 0.13, 135, 14, O. 0 %
(W v) al gi @é?vg%wwn 6;75 P25, ERHAT AoV 5% REIS PRSP ARl 8, TP 2Ban
ranges frorg@% q 0.7 % or from0.55 to 0.65 % In other partlcul ar
enbodi nents the concentratlon of alginate ranges from1. to 1. 4 %or from

1. 25 to 1. 35 % A particul ar enbodi nent of hydrogel conprises 25 about
0.6 % chi t dadhe srrihads @ the @re@%tgnmt@n iher avRIAge vl Phitie Beads ganHRis and

COMpOsi t | O%agf toL'éﬁd %r‘ﬁéﬁl&%ll |HQ? tg) %H@shﬂﬂht}ﬁ?r%ﬁ{etépw C%He%'&l@”d

beads obt ai ne er €o ere I nate and itosan in
the m xed sdiighiioisied tbe‘bmehtneldn@pdmhs Rhigh artermtmmuaeduhm tlye oatoiemnorl. 5

d 2.7, t | het 1.6 2.6, WO
011/ 10413 Ser s Y ey S DETER ATe bHcR it B diamelet beiyesn 9fles of

this ratio ggesafest TheSe d]m'r%ﬁS|o?1s,0|z)r02ncﬂ-,5 aaﬂgmbrom&et Bétv!?@@rf“?r‘i’é e%fset 8¢

present invention the average size of beads can be adapted and
enpi ri cal | ynaigpelatibn@adihe siffusion a’gntutnenta inteetherbesfdst he needle 5 which is
used to formthe droplets which are introduced into the cal ci um or

strontium euéhlgﬁanﬁ?drinstﬁ@ eE@ﬁtanQeﬁﬁ&w Ee"‘%élgte% ﬁbﬁ”@ﬁ?f@Ferﬁeérﬁﬁ%P 0.01

and 5 nm These di nensions provide a conpro et ween the ease
mani pullat i cousces suoh ab Cmskaaeanef(pnw\trr sleeilsg or sqoidshAltérpatigely The chitosars an

fromthe prese vent i ma d from di.fferen | 10 sources
Con he P R te ot \Edietdin vty PE PaRe by JUhOR, Ptdheisith: 55, MRtarvedtan
may be of %%H@'Mu@&r PacBimdls B! GinbheINB)a LIBgA, CuRdroRsIMLRA ean
strains, Micor racempsus and Cunni nghanel | a el egans, Gongronella butleri,

Asper gi | ugispegailiys ngeropBbIZ@pyza@ryza@nthemlyugded@des PPé&uretuss sgij-e3joaj u,

T8t osan DAPeRayIbes (bl GePaRery RSB ARBELF AR er cin, tne

chain length of chitosan nay contribute to the three dinmensional structure
of the 1BydrG@ytsisan nytpKacakis&ﬂrt d)'warﬁ tyjpes afseolecutanaveigletk dtgreimiedicheim can

h I 15, and t I
bot eon 35 T5A1 481 KGNSS FHY HETIEU S0 HaRulEE P MRS BEAbS THELaREh b
above, restyHfoddls.t Mepitar eptdshsOffop RRE it #he Mydsaraeinvbrisls cadi BBvE rpr i se
a honpgeneous m xture of chitosan and al ginate. In particul ar enbodi nents,

suppl enent ﬁﬂﬁgwﬁm%ﬂ@w@ghhbﬁi\ﬂm&biﬁand AP wee parfiguiariyretiveerstb by
beads and %nw%c%gs gel . This suppl enent 25includes a polyneric matrix
("gel"), and"the spherical three-dinensional beads conprising chitosan and
al gi nat e .

20 The method of manufacturing beads as described above, results in the

formation of spherical hydrogel beads which comprise a homogeneous mixture
of chitosan and alginate.

In particular embodiments, supplements are formulated as a biphasic
supplement material formed by beads and a viscous gel. This supplement

25 includes a polymeric matrix (“gel”), and the spherical three-dimensional beads
comprising chitosan and alginate .

This allows to formulate an implantable or injectable gel which upon
implantation, ensures an optimal space distribution in the host tissue or organ.

The gel which is typically used herein in the supplement together with the

10



This allows to fornulate an inplantable or injectable gel which upon

i npl antation, ensures an optimal space distribution in the host tissue or
organ. Theogell/mhissh is typically used herein in the suppr@reet/osmget her
with the WD 2011/104133PCT/ EP2011/ 052020 beads prepared by the nethod of
the invention, is a thernp-sensitive gel. These gels remain liquid at

anbi ent tenperature (ip,a device use or.introduction in to the patient),

Ut becon EGE TERated o B CHTBM G Bt YeBly o AHDEMeFenSTKESH <1t u
gelificati [ ' Saofl ' ' i Strgdptd I itro
tests haveqz]ee%ng%?atm égﬁﬁ}ﬁa{t ea%t's%@@gh%gﬁ@ggt‘aﬁhg{¢%%td}%ét 315!3 e|dnrfgtxtjch a
hydr ogel whtrodiedioadn tto tig QatiErinplitdsecnime Belicropendntroductiopdntagiklesbadic| ude

pol y(N-i sopr.opyl olam . de . (PNl PAAM.. A part.icular, type heregf .i s _chitosan.
B thout  bediatsl a5y THEdhy i setenifob ainfaind o ady beliet Sedfnl

wi thi n the dl&riBLa6APRAATOREBICH Svd abhidHstRite dBehasE 4t wBF®RBRIdRMoALIV he
beads such that they are | ess conpressible and nore resistant to pressure

t han the beékatibaieddn avughnathy digel wie minadtess tofdtHe. feveries mient i on

Pesul 1 ng teEERRSEaniootR o & Pellfradbiotefid TN RRG. Ay
providi ng m_rml@qgsemed@cgmswhﬁdss@_neutral 15pH. Such trabecul ae are
obt ai ned by insol uble chitosan which forns coacervates which create a

basket-1ik trycture network or trabhecul a ixed with algi.nate. The
Cr abecul ae RS EAE PR Bl iy dl RS A B S b BBk B iy
parti cubbar rRicedPEdRtotieds Maehanbe & edWPRedItirop i abthePPea@S ¥Den that
20stabilisation, deformability, elasticity and conpressive nodul us.

Exanpl ez F)Efé\%pﬁ@ less ppapsestiPleranst marg reristantisl presavren8anshebgads arade
i ' 6% f
prepare %??@5{%@@?”?@%}%%&'@? & g?@éérﬂ%ﬁv”er{t%n o Tdenﬁltér-%eég%d

al ginate ( WO SOl utionsS are prepared separat ore
bei ng m xechitdsen srabstulasswittin aingalgmiate gel resultiog am aarenvivoep@nedviich idie
foll owi ng way: An al ?i nate solution 2.4 % (Wv) in 0.16 M NaOH and a
sol ution of@irabl§aler £esylar guiture, by infoYidigsanaquecys anedisphiil. a fsurel
vol unes, sof e al ginate solution, 1 volune of a 1M Hepes
(4-(2-hydroxyet hyl) - 1- pi perazi neet hanesul fonic acid) WO
2011/ 104133PCT/ EP2011/ 052020 . , , ,
Such trabeculae are obtained by insoluble chitosan which forms coacervates
which create a basket-like structure network or trabeculae when mixed with
alginate. The trabeculae are of varying thickness and length and provide to the
beads particular biological and mechanical properties such as phenotype

20 stabilisation, deformability, elasticity and compressive modulus.

Examples
Example 1. Preparation of alginate/chitosan beads

Beads are prepared from a homogeneous mixture of chitosan (0.6 % final) and
25 alginate (1.2 % final). The two solutions are prepared separately before being
mixed. The solutions of alginate and chitosan are prepared in the following way:
An alginate solution 2.4 % (W/v) in 0.16 M NaOH and a solution of chitosan
1.333 % (w/v) in 1.666 M HAc are prepared. To 10 volumes of the alginate
solution, 1 volume of a 1M Hepes (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid )

11



solution is added. After honobgeni zation, 9 volunes of chitosan solution are
progressively added, while m xing regularly and vi gorously. The

chi t osan/abgonatel3gol ution is slowy passed through a 2BCyarg@s/onmedl e in a
dropwi se fashion into a 102 mM Cad 2 solution (Sigma-Aldrich, Bornem 5

Bel gium . After instantaneous gelation, the beads are allowed to gellify

further for é'O. mn ig t hi Caﬁ 2 solution. At mcroscopic scale,. the

chi t osan ( SPHUQRJIS AdFed %{ﬁe'f OMAPENIHAtCRY Fs ValUFRK @ -OF‘itR%a%t Yy 8re
conposed of e i bregiof vd N |Lkne ang;; (s

figure 2 ar?dré%r%.ggﬁr/ﬁh/ai rﬁagregfi c\g@l erﬁg?(ﬁlﬂgar grepihﬁ%gd %@dal g/ildﬁg?%l?herr-gfeoxyl in
st ai ned i n chitosan/plginaie Bohmmire 2. sl@ehynpassadothrofigiheads dgaugest megdieserssiti ve

hyd |. The b i xed wmith tabl e, (Agar i i

chit osan’ nyEPBYBR" (Rt s By 12, mfal e o Suad SR AEAET BSfdem: bet ow

27C to @VOiBbcljélMﬁT)QAﬂbr ddtanthhedtd gelatdr, #ié Bellls lée@%ﬁbwdrt@@nifwfuﬁhér (viv)
Ex le 3 del 15 A gel as

has been used. anple 3. Inplantation in an ani mal nodel . .
descri bed (@d&P nEiRdmihis QaChaolwiam Atrpicseraepia acaler HigoehitaganHstaimethandr al

bone and c i j Ol Lau .

i npl ant at i 2%& b& ﬁggiegg{nﬁém*ﬁaé rﬂ%\sl,géﬁg&%e%ﬁ{c@r&Péﬁ%%%g&?)ﬁﬂ’%‘fﬁ%g@%ﬁ of «I\'R’Eﬁsns
filled wtlhoftvaeyingmhiekiessBead ferryidl (sés Ggue Rymidogie Theeintdrsticadnisérait afs

| east two weeks after injection in the injured joint, while maintaining a
saf ety 20prided by alginptendiematoxyinoHaiedda vidkeh- the inplant is colonised with
cells originating fromthe underlying bone marrow. Cells were encountered

i n the 1get Exmplee2 Msenglationcofbed s ina iigfmesensiBiveasydidgel.as in the
chitosan al gi nate beads (C) (chitosan trabecul ae are indicated by D). This

test confir hat, t he bi phasijc inplant c 25 be easil ndl e nd
raf ted, ThE®R8aE5 A ABNECn G A veaclabis Phasris asaarisl chigRastnudose: y
resorption (thb?&m'eMl%??Bb%m??ﬁPé Stép iEiePfrnéd W bRs AR ALV RS
wei ght in beads” formation. 011/ 104133PCT/ EP2011/ 052020 Di fferent

mol ecul ar Vwdgpget gefificaiiony & rakio od deadshydragebal 3ded/v) masHeer ursss s
according to the invention. Different physical paraneters such as pH and

viscosi 1Y ehaisled Nfhiaftatidroih AitlahimahARSIACY L es vere measured.,

Csnol arity of the resulting hydrogel is neasured according to a well-known
technique in 5the art. Table 1 Sol utions BH , , o
5 A gel as described under example 2, has been implanted in a rabbit with

subchondral bone and cartilage defect joint . (Figure 4).

After 15 days of implantation, the implant was evaluated (Figure 5 ). The lesion
remains filled with the implant. Beads and viscous hydrogel remain constant at
least two weeks after injection in the injured joint, while maintaining a safety

20 profile.

Further it is observed that the implant is colonised with cells originating from the
underlying bone marrow. Cells were encountered in the settled thermosensitive
chitosan hydrogel (B) as well as in the chitosan alginate beads (C) (chitosan
trabeculae are indicated by D). This test confirms that the biphasic implant can

25 be easily handled and grafted. The biodegradable nature of the implant ensures
a progressively resorption after implantation.

Example 4 . Effect of chitosan molecular weight in beads formation.

12



Viscosity (Cps) Gsnolarity (nOsmkg) Alginate 1.2%/ chitosan 22 kDa 0.6%
7.8 110.7 324 Alginate 1.2%/ chitosan 30 kDa 0.6% 8.3 230 305 Al gi nate
1.2%/ chwoasanodB3kDa 0.6% 7.8 192 308 Al gi nate 1.2% / PChiEPo&a05%20 k Da
0.6%8.0

Different molecular weights of native chitosan have been used in the process
according to the invention. Different physical parameters such as pH and
viscosity of the mixed solution (with chondrocytes were measured., Osmolarity
of the resulting hydrogel is measured according to a well-known technique in

5 the art.
Table 1
Viscosity | Osmolarity
Solutions pH
(Cps) (mOsm/kg)
Alginate 1.2% / chitosan 22 kDa 0.6% 7.8 110.7 324
Alginate 1.2% / chitosan 30 kDa 0.6% 8.3 230 305
Alginate 1.2% / chitosan 32 kDa 0.6% 7.8 192 308
Alginate 1.2% / chitosan 55 kDa 0.6% 8.0 279 290
Alginate 1.2% / chitosan 55 kDa 0.6% 8.2 336 302
Alginate 1.2% / chitosan 91 kDa 0.6% Impossible to mix
Alginate 1.2% / chitosan 146 kDa 0.6% Impossible to mix
10

We concluded that mixed beads can be made with native chitosan below 55
kDa. For example, at 91 kDA, beads cannot be made using the process
described in our invention and at the ratio alginate 1.2% and chitosan 0.6%, the
chitosan solution is too viscous. Therefore, the selection of chitosan molecular

15 weight is an essential element in our invention.

Example 5: A supplementation method for treating an articular joint of a human

subject or an animal with a needle.

13



279 290 Alginate 1.2%/ chitosan 55 kDa 0.6% 8.2 336 302 Alginate 1.2%/
chitosan 91 kDa 0.6% | npossible to mx Alginate 1.2%/ chitosan 146 kDa

0. 6% | nposei2bigoss3m x 10 We concl uded that m xed beadgCrar2dig/onmde w th
native chitosan bel ow 55 kDa. For exanple, at 91 kDA, beads cannot be nade
usi ng the process described in our invention and at the ratio al gi nate 1. 2%

and chitosan 0.6% the chitosan so|lution is toq, viscous. Theref
sel ection &f NERF! tey%%ﬁm edef Foﬁﬁl)\)é?gtﬁ irdrasarticylatly, supplemenk t°r 'H%ur

i nventi on. Binuraton] STBARAIN®s TAINRA G hee8iidWelBadty) bW ar

joint of a human subject or ‘an animal wth a nee
2011/ 1041331@6§ft3ERﬁUILD,O@5121)20 WO eedlds dfa@.1beed.2iged ger delinverotldrae of

intra-articularly supp For intraarti cul dninjs ra,t enent
is deliver @@prﬁ’?('%ﬁééi {qgvmgpe&dmppyorét & &éﬁ@Pfley ﬁfmlloﬁéBy%le %E@Bweads
of 0.1 to i I ion.
Por exatrSrpI %oﬁaeﬁﬁnﬂ jy p(?](?/gleg?éégf gg“ |SW§E@8 iR §lk¥ed GinflisiRG a fifd GEY!

14-22 gauge, preferably 18-22 gauges) needle.

Example 6: A supplementation method for treating an articular joint of a human

subject or an animal with a trochar

A trochar has been used to deliver the supplement in the small to medium

10 cartilage defect (less than 1 cm2). For implantation, supplement is delivered in
the cartilage through the trochar at a density of 5 to 50 beads of 1 to 5 mm
diameter. For example, 4 beads of 1 mm diameter are implanted in a traumatic
cartilage lesion of 0.5 cmdiameter and 1 mm depth diameter.

15

20
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5cont ai ni ng 10, 000 beads of 0,2 mis injected into a knee joint using a
fine (e.g. 14-22 gauge, preferably 18-22 gauges) needle. Exanple 6: A

suppl erernwatzoonomsthod for treating an articul ar joint eCTa&Phammsogubj ect

or an animal with a trochar A trochar has been used to deliver the
supplenment in the small to nmedium io cartilage defect (less than 1 cn®R).
For inplantation, supplenent is delivered in the cartilage through the
trochar at a density of 5 to 50 beads of 1 to 5 mmdianeter. For exanple, 4
beads of 1 mmdianmeter are inplanted in a traumatic cartilage lesion of 0.5
cm di amet elCLAIS 1 nm dept h dianeter. 15 20 WO 2011/ 104133PCT/ EP2011/ 052020
CLAIMS 1. A nethod of producing a hydrogel for intra-articular suppl enent
conpri sing thé & methast of odpeingialhydyogekior intianartictilal slipaement provi ding a
solution with chitosan h%vi%g a_Mv bet ween | ower than 60 kD, m Xi ng
t he sol ution of Cgmrlﬁ(lﬂge P h& sol uti on of chitosan, wherein the nixed

sol utiog conpri sesongingersoldtion anbighate? (W v) of chitosan and iobetween 1
and 1.4 %alginate (wvVv), introducing droplets of the m xed solution into

a sol ution w t h-Caeuwding ssolutieawibrehitgsan haysigaa Myybglveart loser Hear80f r om
the solution w th cations. 152. The nmethod according to claim1, wherein
said m xed sol ution conpri ses

- mixing the solution of alginate and the solution of chitosan, wherein the

mixed solution comprises between 0.5 and 0.7 % (w/v) of chitosan and
10 between 1 and 1.4 % alginate (w/v),

- introducing droplets of the mixed solution into a solution with Ca** or

Sr?* cations and

- isolating gellified beads from the solution with cations.

15 2. The method according to claim 1, wherein said mixed solution comprises

0.6 % chitosan.

3. The method according to claim 1 or 2, wherein said mixed solution

comprises 1.2 % alginate.

20
4. The method according to any one of claim 1 to 3, wherein alginate and
chitosan in said mixed solution are present in a ratio between 1.75 and
2.25.
25 5. The method according to any one of claims 1 to 4, wherein said chitosan

has a Mw of between 35 and 45 kD.

15



0.6 % chitosan. 3. The nethod according to claim1l or 2, wherein said m xed
solution conprises 1.2 %alginate. 20 4. The nethod according to any one of
claim1l two2p1nmieersgi n al gi nate and chitosan in said m xedTErRatios2var e
present in a ratio between 1.75 and 2.25. 255. The nethod according to any
one of clains 1 to 4, wherein said chitosan has a Mv of between 35 and 45

kD. WD 2011/104133P P2011/ 052020 6. The neth cordi ng t. n ne of
claim 1 to 55 érr@g%ogawoaﬁﬂlaa BEYEne BEGSRE (P ereneetif TodeBbt ai n
a bead with a di %P@%ﬁg :Qn%d%”ﬁl) SotafR a bead with-a df ﬁ?éfSF Befveen

according to any one o cl al wherein chitosan 1s sani mal or
veget al origin. 801 and@ham.cal hydrogel bead with a dianeter between O. 01

d5 h t f d chi.t
ower han_ 60 KB CaE R4 SRLERAS 1 AMAYTSE! Gobtnd o PEde BUPRRLHE 9 and
1.4 i0%sal gi nat enangl &e\pé%@é] dlign.and 0.7 %chitosan. 9. The bead according

to claim8, wherein said bead conprises 1.2 % al ginate 1510. The bead
according to claim8 or 9, wherein said bead conprises 0.6 % chitosan. 11

The bead accer ol udLec ANy BREeCheS UM Laldhadflr BFEEH D bRCaRYS RN has

a Mv bet ween
comprising a homogeneous mixture of alginate and chitosan of Mw lower

than 60 kD, characterised in that said bead comprises between 1 and 1.4

10 % alginate and between 0.5 and 0.7 % chitosan.

9. The bead according to claim 8, wherein said bead comprises 1.2 %
alginate

15 10.The bead according to claim 8 or 9, wherein said bead comprises 0.6 %
chitosan.

11.The bead according to any one of claims 8 to 10, wherein the chitosan
has a Mw between 35 and 45 kD.
20
12.Use of bead according to any of claims 8 to 11, for intra-articular

supplementation.

13.An intra-articular supplement comprising spherical hydrogel beads with
25 a diameter between 0.01 and 5 mm, comprising a homogeneous mixture
of alginate and chitosan of Mw lower than 60 kD , characterised in that
said beads comprise between 1 and 1.4 % alginate and between 0.5 and
0.7 % chitosan.

14.An intra-articular supplement according to claim 13 further comprising a
30 viscous thermogelling gel, preferably a chitosan hydrogel.
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12. Use of bead according to any of clainms 8 to 11, for intra-articular
suppl enentation. 13.An intra-articul ar suppl enent conprising spherical
hydr ogel weads/mi#t3d 25 a di aneter between 0.01 and 5 mMMPCTEPRI1IIHFING a
honbgeneous m xture of al ginate and chitosan of Mv | ower than 60 kD ,
characterised in that said beads conpri se between 1 and 1.4 % al gi nate and

between 0.5 and % chi t osa An intra-articular s plenent
according to &P ﬁ%ni@? ?rﬁ'FFlﬁér SHBWﬁmeﬁt r?é’cﬁrcé@gnt%@dﬁ'so@%@% ElS ﬁjﬁ

preferably a chiyigsan IN@sHR of aliRarB1 @I BEIAdRAGR52020 s

intra-articular supplenent according to any one ainms 13 to 14 wherein
chitosan is of animal or preferably of vegetal origin. 16. An

intra-articul up t accordl any one, of cl ai 3to

fur ther conpr 16Ty BrecHioan s bR dtpete fRBe b aRe i ants 1 t8r>

non- st exoi dal aﬂ&ﬂthér“éérﬂﬁﬂ‘é’ih?rlé @Bmgonéﬁﬁgabla@d BonOfie0y dupnEErEesti P of
corticosteroids, antineoplas nonocl onal anti bodi es,” chineri c nonocl onal

anti bodi es, vi tmr@ermdaieuaatlsnﬂarmmmwuﬂmgal enapsthetiay mdeﬁﬁavg@smn

ot hod LSLpi < iegShoBlbrBlck. or elinddbiftuicr n, ProtpERRa araiachis fr b 1"
hydrogel beads assrsolbriy) dntibadigengtarhing! aimgrals, hatradeutidals. A

suppl ement ati on devi ce containing t he hydrogel beads according to any one
of claims 8 to 11.

10 17.A supplementation method for treating an articular joint of a human
subject or an animal, the method comprising a single or multiple intra-
articular administration of hydrogel beads according to anyone of claims
8 to 11.

15 18.A supplementation device containing the hydrogel beads according to

any one of claims 8 to 11.
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