WO 2011/104133PCT/EP2011/052020 AN INTRA -ARTICULAR SUPPLEMENTATION METHOD

FOR TREATI%% ﬂﬁE%IIB'SEASES AND INJURIES Field of the inventig&%&;g&%invention
relates to a method of producing spherical hydrogel beads comprising a mixture ot chitosan and

alginate. The present invention also relates to a new supplementation method and composition for
treating joint diso{fefigrRAMIGUANOSkeaarthHisE Backaraund nidierorentionriNesieparthritis (OA) is
a progressive degenerative disorder accaygmiied bympmu@agsharacterized by a breakdown of
cartilage in articular joints, a deterioration 150f 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
20therapy is gerresailnfeHbasdbatpeutic 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

add) lubricant tha{depkices FHEQnARE RBEoZPEERRS UPRISMRIHEUPRdR USR] gsIPPIEment synovial
fluid that lubricaies 0 ATRERGTS el BAg et {@A patient, the synovial fluid is modified

with a decrease of concentration and molecular weight (Mw) of hyaluronan (or salt of hyaluronic acid
HA) . WO .201 710413 ChieRR6 A5 202@s to a new supplementation method and
composition for treating joint disorders, particularly osteoarthritis.

10

Background of the invention

Osteoarthritis (OA) is & progréssive 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-
infliammatory agents or a surgical therapy with partial or total joint replacement.
An alternative approach is viscosuppiementation which is an injection into the
joint of a biocompatible viscous (e.g. Hyaiuronic 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
Aw&th a decrease of concentration and molecular weight (Mw) of hyaluronan (or
salt of hyaluronic acid HA) .



Infra-articular injections comprising high molecular weight of HA preparations are Currently available
and used to treat knee, hip, carpometacarpal joint of the thumb or ankle. These pregarations require
one (Durolanm[}}(lﬂmg AB, Uppsala, Sweden), three (Synvisc(r), higﬂ?m@&yﬁ %?aight
cross-linked HA, 50rthovisc(r)) to five (Hyalgan(r), Supartz(r)) 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 Tré@?@n@ﬁ@'é’d%@?&%%@éﬁ@hﬂﬁ%@@?ﬁ@@ﬁ? rEGREIRARrix (Canada)
6.000-7.000 Healen@reharmasiabie) piahnseawe des) neo (30 artditas ek ABikeo(tA)

thumb or ankie. 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 mi
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
SupArtz®, Ariz®, Seikagaku (Japan) 600-1.200
Artzal®
Osienil® Chemedica (France) 1.200
Hyalgan® Fidia (ltaly) 500-730
Durolane™ Q-Med AB (Sweden) = 8000

10 HA preparations vary in a number of characteristics, including for exarmpie, 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 o 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 o placebo injection. Others observed that 3-5 weekly iniections of
one of the above products, significantly improved the pain and functional status

20 of patients with OA and that, alihough the onset of improvement was deiayed by
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1.700-2.900 Arthrum@ LCA (Fraﬁce) 2.000 AdantO Meiji Seika (Japan) 900-1.200 SupArtz@, Artz0,

Artzal@ Seika‘%aku gJa an) 600-1.200 Ostenil0 Chemedica (France) 1.200 Hyalgan@ F dia (Italy)
500-730 O 2011/104133 PCT/EP20117052020

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 W02007/135114,

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 o 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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preparations, pnce iniﬁcted have residence half-life between hours to several days. is Several studies
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reduction of pain and improved function of patients with knee OA. Some concluded that at best there is
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weeks, the effect can last at least six mont atment her observed
benefigjal effects.on OA symptoms, nog only.for knee OA but also for ankle or ometacarpal joint of
the 1D B N BB LR S (RSP EHER oy BB SIP woek and may
last fongixntomiés damed, 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. Endly, W02007/135114 describes viscosupplementation with polysaccharides
compositions of a mixture of alginate and chitosan without generating insoluble coacervates.

Coacaymesare due to the polycationic nature of chitosan that makes compatibility difficult with other
polysaccharides such as hyaluronic acid (a polyanion) or alginate. According to W02007/135114,

One aspect of the present disclosure relates to a method of producing a hydrogel for
intra-articular supplement comprising the steps of:

- providing a solution of alginate,

- providing a solution with chitosan having a Mw lower than 60 kDa,

- 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

- isalating gellified beads from the solution with cations.

in certain embodiments of methods of the present disclosure, the droplets of the mixed
solution are introduced in a solution of Sr** jons.

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

In particular embodiments of methods of the present disclosure 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.



is precipitation/coarcervation of polysaccharides such as chitosan and alginate prevents any
formulation thereof as an injectable composition. In W02007/135114 a composition with an aqueous
mixturg phehdgiareafbiofedgont erefidetyaiizatoprofatienstidelvatitbachitginateas thdiefae

descripel,asiiony visegusuithaul0enRing igsolbleraageratespfidAantned fegd pists to
develop new intra-articular supplement product that protect cartilage against niechanical strains,
provid¥'@ffective 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

algindie SfeenragigHianeraikerineRals iobmeinediedlidPa apreHdtsslosBedhe R el fting
alginafierghitosanhesadsobttinabkadyy thef nawixingthdderemaibesutprisinghahotheganeessitivestable

when Hast (. HRRSHUIRLY SHRP SEIRREHOBAK "ake NAYMIBHBr R R TBRRgIanBaamBsiion for

single Intra- supplementation of chitosan/alginate béads with a long-term residence (at least
two waekeph 1t ik ﬁSUt#&:%@/& viscosity of the synovial fluid. The foregoing summary and
the following description are not restrictive of the invention as claimed. SUMMARY One aspect of the
present disclosure relates to a method of producing a hydrogel for intra-articular supplement
comprisina?téll_e steps of: providing a solution of alginate, providing a solution with chitosan having a

Mw lolle?thin RS gy RRBRATMESELAbMEIRAG &6 BRAIRS LBl AISH BF iRt dag fofmatem He mixed
solutitreadmprises petfvesed.5 apd (haLbity/v)dboketssanhanddietwaen ieadtbl.4t86 atgitate (w/v),

introdyecingdropiets ff thetgrixedsalutiongntoa §autign with Ca2+ or Sr2+ cations and isolating

gellified beads from the solution with cations. In certain embodiments of methods of the present
disclosure, the droplets of the mixed solution are introduced in a solution of Sr2 ions.

Another embodiment of the present disclosure refers to a spherical hydrogel bead
comprising a homogeneous mixture of chitosan and alginate, wherein said bead is
obtainable by the methods as described above.

Another aspect of the present disclosure refers to a spherical hydrogel bead with a
diameter between 0.01 and 5 mm, comprising a homogeneous mixture of
chitosan and alginate of Mw lower than 60 kDa, characterised in that the bead comprises
between 1 and 1.4 % alginate and between 0.5 and 0.7 % chitosan. As an example, the
bead comprises 1.2 % alginate, or for example the bead comprises 0.6% chitosan.

In particular embodiments of beads of the present disclosure, 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 disclosure the chitosan has a Mw
between 35 and 45 kDa and/or is of animal or vegetable origin.

In another aspect, there is provided an intra-articular supplement comprising spherical
hydroge! beads with a diameter between 0.01 and 5 mm, comprising a homogeneous
mixture of alginate and chitosan of Mw lower than 60 kDa,



In particular embodiments of this method the mixed solution comprises 0.6 % chitosan and or
comprises 1.2 % alginate. In particular embodiments of methods of the nt disclosure the ratio
between algin‘g{‘ézgﬁél%f?osan in the mixed solution is between 1.4 anop é@%&ﬁgg\%ﬁsn 1.75and 2.25
or is about 2. In particular embodiments of methods of the present disclosure the chitosan has a Mw
of between 35 and 45 kDa and/or is of animal or preferably of vegetable origin. In other particular
embodiments o AEBRRISER fﬁ@ﬁF@%‘P%Q@IG@W’?ﬁ?WﬁB&%%ér‘gc rﬁ%;ﬁi'%%t? step of mixing
the beads in a thetwmsedsitivel hytitogeitasenein the ratio between beads and hydrogel is for example
between 5/1 and 1/1, or between 4/1 and 2/1. In other particular embodiments of methods of the
present disclosure the formation of beads is performed by passing droplets through a needle to obtain
beads with a diameter between 0.01 and 5 mm. Another embodiment of the present disclosure refers
to a spherical hytiregéiitseadicdanmisiplgadis mey dudtricaibatise dMgRysdheaneetyittte, wherein
said bead iSSOthBT%@?‘on@%E@eJ%%@&ﬁ'&%@H?Qrﬁ@él\,/ﬁav‘%ieﬁl@lﬂfa’iéﬁmﬁf,@f Hyerpgesent disclosure
e

refers to a spherical hydrogel bead with a diameter between 0.01 and 5 mm, comprising a -

homogeneous ngxiLieof £AAgEE BRE ﬁ@ﬂ@%ﬂ&%%%dhag BRkR ¢ hakaciesisessin that the
bead comprises betwéen 1 and 1.4 % alginate and etvve(gn 0.5and 0.7 Aéoﬁhltos n. As an example,
0

the bead compria®¥ng 598 aign AN RRE LD RO TROBRA S BHIHFEUS #7895 8kftBSan. In particular
embodiments ofgheadanirdegesestaidcosesan 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 oftdrerdanikthepiiesedtiatidelasisly theittbte sandias aihinbetwesredicaind 45 kDa
and/or is of animal_or o]l : . is, Drov intra-articular
suppIemen%%onn%?%%yé&%%fg}%ﬂgﬁégﬁ B@@?s‘rp %ﬁ%&%gﬁﬁﬁﬁ%ﬁgﬁ ?%?ggﬁ‘g?éﬂr%m comprising
a homogeneousviigrsTermigmEHSHRaTERIGEaN 5F SATPRERRS 8h SHobrResming enits and
2011/104133PCi/ER2ATLAIG2A$hpRaiarserised in that said beads comprise between 1 and 1.4 %
alginate and between 0.5 and 0.7 /.9 chitosan.  The intra-articular supplement may further comprise
a viscous thermagglling-Sark s feusramale maplracehnpas:hy dogrinpartizisatiyarehitosan

hydrogel. By polysaccharides, one means biopglymers such as hyaluronic acid known.as having
repeating disacc grﬂfgll?n?%négm%erﬁ)g?s ?r@l@%ﬁi@tﬁﬁdﬁﬁ-@% K@“‘ anaes%e{?c &

ucdsamine, alg’ircl)g{es and
chitosan. 15 analgesics, corticosteroids, antineoplastic, monocional antibodies, chimeric

monocional antibodies, vitamins, minerais, nuiraceuticals.

The inira-arﬁcﬁiar supplement may also contain additional active or inactive
com;jonents including for example, the non-steroidal anti-inflammatory drugs

20 (NSAIDS) e.g diciofenacTM, 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-articutar injectable suppiements 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.



Chitosan is a polysaccharide widely available in nature obtained by chemical 10 deacetylation of chitin
and the principal constituent of crustacean exoskeletons but also from the mushrooms wall. It is

compasrididoglueosrmingtodicead hbeleatdragbrcassimineionitealing joir-didister sfiaplement
may %ﬁ%ﬁﬁg@%&ﬁ%ﬂ@ﬁ@% RISRPdiLmie %é%%%‘?@&'&ﬂﬂﬂﬁ?ﬁw‘?°“‘Ster°'da' anti-inflammatory

drug, an tic, opiol ralgesics, corticosteroids, antineoplastic, monoclonal antibodies,
chimekRURoPTaSIEY SispatRzIBS UAiampricAARbS AR HaMmalin caHEaae 2 8i8RSIar supplement may
also contain additional active or inactive components including for example, the non-steroidal
anti-inBEATRIER) srchdaint dispases)iacdrIorinaatiritisdpronary idisipakiahPM; anesthetics, e.g.
Lidocaisedid amil Bupivestiredithirtigigdianijyesits, et aotsiveanspatitiphineytzotticosteroids, e.g.,
dexa 0 i ; ir}g‘%q{ ICAQEIUS S . anti-viral agents, e.g.
Acycmigm élr%ﬁ \%gfgﬁﬂgﬁgﬁ g&%oclon?l%ﬁtibodie%’e%%@nﬁﬁ%%&ﬁ%a%%%ric monoclonal
antibcRfik¥ 1Sy DB ARHABRITUARE AR fGs mathass e&gﬁw@ﬁ@%ﬁg&@&%\mt O?HB%nents
such aliseslte primteapdN\banaiasdats vilg e lesiom askdatisiov dtasmins e.g tocopherol, nutraceuticals
e.0.CUjfssREL s BlKeL Ry rable biologically active material. The disclosure also relates to a
supplementation method for treating joint disorder of a subject, and for reducing pain and discomfort

associgiethwith IBLIRIPINIBUEHISRARSSURC hifing RSIRBaTIIIES AL HaYmaiRRRBdAIRRSIONS.
Example of such joint diseases inclyde osfeogrthntls prim r\ol (|d|o§a,th|c or secondara/), rheumatoid
it 7% TP B GHEB Yh R BB TSt CE RO B LS e
chondnydadgsi dieacisorrdr vn siagle) os eptitiplerrire-Ticwrcribuniaialrgtionprovides methods of

reducing pain associated with such diseases, to repair bone and cartilage lesion and to slow down
diseasepregredsivanmtioth enetbpdovict eadinges ivintidslysiaeaetepsseshe hydrogel beads as defined

abOVeaf@ﬁalilﬁ%tESHHPaéW%ﬂf@%Wi%@?J%%&B%@%F}%’é&é@@%é&@ﬂiﬁ@%%%@@&é@d hydrogel
beads are for single or multiple intra-articular administration.

The supplementation method may comprise a singie or mulitiple intra-articular
injections or implantation of the supplement in an amount sufficient to provide a
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 adminisiration sites include the knee, shoulder, ankle, temporo-
madibular and carpo-metacarpal joints, elbow, hip, wrist, intervertebral disc.

Another aspect of the present disclosure refers to a supplementation device containing
the hydrogel beads as defined above.

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

Brief description of the figures :

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

7



The supplementation method of treating a joint disorder comprises administering an intra-articular
supplement prepared according to the disclosure. The supplementation method may comprise a single
or multiple intra-articular injections or implantation of the supplement in an amount sufficient to provide
a 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. Egansple stajvasimisstiatronfsie sigohade Hemdnde, st u deitesddda kgingper drmadlibular

and carpo-metacarpal joints, elbow, hip, wrist, intervertebral disc. Another aspegt of the present
disclosure re?e% %ﬁfos%?ﬁ]plgﬁ{erﬂﬁ%mr%(]%%?géa&rﬁr 'ﬁllﬁ? trﬁg%ﬂ'}%ﬂ% Ceﬁga%%éﬁiefined above. The
disclosure further provides a supplementation device comprising a pre-filled, sér‘;%e use syringe having
a single dosefdgH#E stipiemR it | aNendssdiralinnoF e SRRlginpigUPE e BN BEERR dbidined

according to a5l @fdhs invention Figure 2 shows a section of an alginate bead (A) and a
chitosan/alginate bead (B) [chitosan: dark grey trabeculae; alginate: light grey background]. Figure 3

shows at low [ficati itosan/alQi ds ' hitosan hydroge igure 4
shows th‘ré implan I:agtio‘éir? o%jlf h%rmigﬂ%é?%ﬁﬁﬁ%sgf %ﬁ%%%%é%%&%ﬁ% éhé} }é% %ﬁitbﬁ\%
%alginate beads(AisbigpdiiS chitivsaan(d02kiba)yiRiefierbEasisdvis tigphistd lohjicsicavel(ation)df the
implant 15 days after implantation. A: Subchondral Bone; B: Cell-colonized hydrogel; C: cell colonized

Chitosan/algir@giReasl; Brhdvall enbeaddribgicitesanlaggnaes Dawilpdiescriptiogaidhaftavention

implantation.

A: Subchondral Bone; B: Cell-colonized hydrogel; C: cell colonized

10  Chitosan/alginate bead; D: Cell embedded in chitosan lacunae.

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 60kDa,

- mixing the solution of aiginate 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.



One aspect of the present invention relates to a method of producing a hydrogel 15matrix. This
method comprises the following steps: - providing a solution of alginate, providing a solution of
chitosan with ¥ ¥AIGWEFthan 60kDa, - mixing the solution of alginate? GHAY EBit8n of chitosan ,
wherein the mixed solution comprises between 0.5 and 0.7 % (w/v) of chitosan and between 1 and
201.4 % alginate, - introducing droplets of the mixed solution into a solution with Ca2+ or Sr 2+ ions
isolating gellified BRARRITORS PRIABRHIIH RAPEIGHRVENtINR ard JOrhAI RTOBRIIRSS by this
method results iwrachompgeneaisanatrixadofeauinenialgioatedandichiosarer WOanother
2011/104133PC&I&/J?@%%H/OSZOZO The matrix as obtained in the present invention differs from prior art
matrices which have a core of one component, coated with a layer of another component. The matrix

as obtained in t pres nt inventgon hoas the advantage that the 5 parosity of %he ﬁtri can be more
, matrix as oblained in iffe prese IF}VS(} 1%n.ha e agdvaniage inal ihe
accurately defined compared to matrices which are first lyophilised to obtain a certain degree of

porosity. Thé mERTRAY SHtHiAcTaHINEaPrESeMOTR aflvIniehs tednadleemrarad ifcrediigrRsed with a low
molecular weighksiaitesamearissiarkdriweam tocandibaddde whishemgntaneously forms an

homogenous network in the alginate 10matrix. As indicated in the examples section, the alginate and

chitosan which aiguae-ie REeBBIRABE ydrRopieair: dissatvied iRaireng atkalnger @cisic buffers
which have a sterilisin% effe_?t : 'I;his is(??n aldditional aﬁl_\{antagge of ti}e EEresent inv%ltion. ﬁs In the
methods in accdtdaRe %HH ﬂ@ B%gé PRI ThE éféﬁﬁﬁt AP & o%%ﬂ'%%fﬂ ﬁEdCQ be mixed to
obtain beads wi#tDdiffenait capoatarahonly. Rertcuar bonhogimearstsiefwioekpiediat algeation relate to
beads whergin thgsgmposition, 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 A (w/v) chitosan, and

As indicated in the examples section, the aiginate 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 aiginate and
chifosan solutions can be mixed to obtain beads with different concenirations.
Particuiar 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, 055, 060, 065 070, 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,
(.13, 0.135, 0.14, 0.145 or 1.5 % {w/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 particuiar embodiment of hydrogel comprises

25 about 0.6 % chitosan and about 1.2 % aiginate.

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 soiution is between 1.4 and 2.8,
more particularly between 1.5 and 2.7, more particularly between 1.6 and 2.8,



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% (w/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 A alginate. Further embodiments of methods and compositions of the
present inverdgiopetelatantd. Agdindel 2ompaditolanndlbeadd thitaintd therebbuthefein e aflo between
alginate and %flg:ﬁsan in the mixed solution is between 1.4 and 2.8, more particularly between 1.5 and

2.7, more pa b1e'tween 1.6 and 2.6, or between 1.75 and 2.25. Particular values of this ratio

are about 1.9, 1.95, 2.0, 2.05 and 1. In the methods of the present inventign the average size of the

beads can bdhditatehiadeAbireanyarst iMRRLR) d0RAHR5a0e Sizmelci s SeAB&HR BSvhich is
used to form the, draplelsivbiaBiAEa I TesiesRiBE Ble £HIcHIMPO IR AMiBLEPIUfiQRe Ewizaged herein

are beads with a diameter between 0.01 and 5 mm. These dimensions provide a compromise between

the ease of mdhipulisicseh denamiER s e Nihid R BEIHYCHH R e PRIGH T Cpresent

invention maypsrgotatedifieem diEferRRIRIRINMalM SHdreR\UCHIBS STdMATSRIASDEMNEh Shels) or
squids. Alternativeély the chitosan may be of vegetal, more of particularly fungal origin, such as

Mucoralean S¥¥in8, Mifbor RRMELNERFHANSURMINGIfaR Y BRGNS SCRRYYBRRIESuRESe Abergillus

niger, Rhizo pHaRRAa6e - aRtNke JFFase R lsURelve 8 neditheygagaccharomyces rouxii, Candida
alb/cans or Agaricus bisporus. 15 Chitosan further exists in diverse types of molecular weight. Herein,

the chain length o ghitasan iy ERIILIS (9. e RURSAUp S AL SIFE Bfdhe dydpggls: Typical

chitosans, for use In the present invention can have an rage molecular weight between 15 and 50
kDa, mdi@ pastivitasysbetwaenrastaneats kDavaoshedshereguid smalaractivily beackiesarscribed

o T SR SRRl e ROI A A A BAEMP SRR ATRERRAKS Mure o

chitosan and ate. [n pa ar embo nts, sup tsare formulated as a biphasic
supplement rstt@irial fhfused bydesadsiendndvisuoudigbpmiiasemuensntsigenieds Lpteeric

matrix ('gel) 06 2Pnaries! epealimensionab bead pruPesii e tenan Rl algipatey, This
allows to formulate ‘an implantable or injectable gel which upon implantation, ensures an optimal space
distribution infngdsesiclisgampeesganxii, Candida albicans or Agaricus bisporus.
15  Chitosan further exists in diverse types of molecular weight. Herein, the chain
length of chitosan may confribute to the three dimensional structure of the
hydrogels. Typical chitosans, for use in the present invention can have an
average molecular weight between 15 and 50 kDa, more particularly between

35 and 45 kDa.

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 aliginate .

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 f{ogether with the

i0



The gel which is typically used herein in the supplement together with the WO
2011/104133PCT/EP2011/052020 beads prepared by the method of the inyentiaon, |

thermo-sensitiVg ﬁé}f”fﬂé%e gels remain liquid at ambient temperature (?r‘# %&gzeé}clz%%%szgd for
introduction in to the patient), but become solid upon introduction into the body at about 37C. This in
situ gelification maintains the beads in their siﬁ)atial 5 distribution. In vitro tests have demPnstrated that
beads were horR68EhGRRPRLeLTRG MR &G JOEWRBN HR Rt B 7S IELNA Si8s of
thermosensitiveThydrogels ineludia paty(- o propigsic damédat (RN A AM)eogantgrdafdype hereof is
chitosan. WithouhpeingBeunthirdhenenls i Aliexsieluahig.chiaman el B Bl 10

microbeads confers particular mechanical properties at the beads such that they are less compressible
and more resistahekPpredStre Thisn'he beidiFRliRd sraigiaie BinyPaais iatheESBRlR present
invention previdgisfigrennacie ebipshavisahenotasraiitithanmgiateegehsemgtngusian
environment whigch is fayourable for cellular culture rovidi agueou wmwith a neutral
pH. Such trabecdﬁl%te“g%{ %%tg?nséaﬁy ?néj Iéﬁ?ggh|¥)2§§ V@églt]%%?r%s coacél%g;égrg ‘e@rré:ischétgreate a
basket-like strudhsrenaeensiiohyainsslat ol PalXEdRaPraRyiaatsl eTHASEBEENAE &ré of varying

thickness and lengthandpevisiedoiteneads particular biological and mechanical properties such as
phenotype 70stabilisation, deformability, elasticity and compressive modulus. Examples Example 1.

Preparation of algipaie/sbitesssReaysrRends arednespareditagchilbeairgenreKsymktyre of chitosan
(0.6 % final) and 25 al%inate él.Z % flnalégThe tw so,Iut'Lons areé%%eﬁta{ed s\elzé)grateé% li)ﬁ;f?re being
0

mixed. The SolufbHoRF2GiFaReIR P R IfOLAn RS RIS SR TH IRGY A

OWI 8 af’: AR alginate solution
2.4 % (WIV) in Oty rdllaSi-bamgdrassohigiondohohitossistan BBBveSEue ined. BECOREERNGaH® prepared.

To 10 volumes ¢ e Alingte, SohEiaRlLRlWMAOhA M HRRSRion provide inter-connected
(4-(2-hydroxyeth)r/1l)- -piperazineethanesulfonic acid ) o . o
chitosan trabeculae within an alginate gel, resulting in an environment which is

favourable for cellular culture by providing an aqueous medium with a neutral
15 pH.

Such trabeculae are obtained by insoluble chitosan which forms coacervates

which create a basket-ike structure network or trabeculae when mixed with

alginate. The trabeculae are of varying thickness and length and provide fo 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 % (wiv) in 1.666 M HAc are prepared. To 10 volumes of the alginate
solution, 1 volume of a 1M Hepes (4-(2-hydroxyethyi)-1-piperazineethanesulfonic acid )

11



WO 2011/104133PCT/EP2011/052020 solution is added. After homogenization, 9 volumes of chitosan
solution are pro ressivelg added, while mixing regularly and vigorously. The chitosan/alginate solution
is slowly passg %?Eﬁﬁ‘&ﬁ 425 gauges needle in a dropwise fashion into& TE2MM2EE12 solution
(Sigma-Aldrich, Bornem, 5 Belgium). After instantaneous gelation, the beads are allowed to gellify
further for 10 min in this CaCl2 solution. At microscopic scale, the chitosan (stained in red by the

eosin) forms a BREKERNIKE 8H0R%uraTRLARIBLBRNiARSBe Sukat- Brsfo Al LBROR YIS kR fEEs and length
(see figure 2 angrayrddwvimjersiiggsdherainiiare fitiemdy atgjoriey (hematoxitorstaiged Mheiolet). 10
Example 2. For i heads | er Siti b re _mixed. with a
vegetable (Aga%@ %/éc?){ﬁtﬁs %:k%f@s%rﬁb hi/%%i%%@(?%lg{%%rﬁé?% hu%, elgﬂ'ﬁﬁg T‘iﬁgﬁs?tée%\{é performed

below 27C to avéiePMjerofshipalifibiRion. 107atitMbf bekldsAndiege(Sasa-NNrhaSpEE M used.
Example 3. implgatatien. infen ariEabmedel dsiAiaelns Besesibes anpiriexagapls Ludas been

implanted in a rabbit with suhch | bgne and cartilage defect joint (Figure 4), After 15 days of
implantation, th Ol'frﬁaam'tnv% é%@ﬁ%@eﬁ@ﬁ'&ﬂregg T“]‘ch%%'ﬁ)ﬁcﬁéj?ng?ésﬁ%% avr\‘/)it(ﬁ%%réefjm'[qlant. Beads
and viscous hydtesyy tsmebsicpiostes b dtaelait ivecsinediics atem yjeetioh iakheviapipe dijoist, while
maintaining a safehaiiy A8erzLEtaRk b sssuath thabiha dmplaniisralaniss AER epdls originating

from the underlying bone marrow. Cells were e%%?auntered in the settled thermosensitive chitosan
hydrogel (B) as W& 2% AARRRAIBTAIP Y AR TREEY RS chitosan trabeculae are indicated by D).
This test confirms that the biphasic implant can 25 be easily handled and grafted. The biodegradable

nature of thi imFEFEIR GrESUMaH R of BRAASBY BB BrRs SAT R RSk OBSbimple 4. Effect of
chitosan molecular weight in beads formation. WO 2011/104133PCT/EP2011/052020 Different

molecular weights'6f PRAAERITHEEN Nile H¥esERRIA (AIREGHOCEROXTSHIRGHD HE AR ntion.
Different physic@kpatamelex8sauchD algyiukh prithvéssasitysob éréominat iselitiop 7(Withochooidrocytes were

measured., OsmQlariyof o BRHIINSLRY 5P dS GRS 3FERITIR LB lkgown technique in

Sthe art.

Example 3. Implantation in an animal model

15 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 tmfo weeks afier 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.

1z



Table 1 Solutions pH Viscosity ('Cps) Osmdlarity (mOsm/kg) Alginate 1.2% / chitosan 22 kDa 0.6% 7.8

110.7 324 AI%]

10

15

ate 1.2%! chitosan 30 kDa 0.6% 8 3 230 305 Alginate 1.2% / chitosan 32 kDa 0.6% 7.8

O 2011/104133 PCT/EP2611/052020

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
the art.

Table 1
. Viscosity | Osmolarity
Solutions pH
(Cps) (mOsmikg)
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

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 molecuiar

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



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% ImpossiBi@ 8% 1D We concluded that mixed beads can be madé& WA Thitosan 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 chitdsBR&HEIEASIdpeen used to deliver the intra-articularly suppiement. For intra-

articular administration, supplement is delivered in the synovial cavity at a
density of 1,000 to 20,000 beads of 0.1 to 0.5 um per ml in a volume of
approximately 1-2 mi per injection. For example, 1 ml of physiological liquid

5 containing 10,000 beads of 0,2 um is injected into a knee joint using a fine {e.g.
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 (iess than 1 cm?). 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 exampie, 4 beads of 1 mm diameter are implanted in a fraumatic

cartilage lesion of 0.5 cmmdiameter and 1 mm depth diameter.

15

20
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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. WO
2011/104133PCT/EP2011/052020 A needle has been used to deliver the intra-articularly supplement.
For intraarticular administration, supplement is delivered in the synovial cavity at a density of 1,000 to
20,000 beads of 0.1 to 0.5 um per ml in a volume of approximately 1-2 ml per injection. For example, 1
ml of physiolggigmkquid Scontaining 10,000 beads of 0,2 !Am is injected into a knee joint using a fine
(e.g. 14-22 gauge, preferably 18-22 gauges) needle. Example 6: A supplementation method for

treating an articujar joinkeeiedvfpasosidinecs dryaroaisiniad mtita aattothar Auppibarenas been used to
deliver the supplement in the small t medgjm cartilage defect (less than 1 cm2). For implantation,
supplement is delivé“l%'@ﬁ’ﬁ’?l‘fégctgﬁilﬁ%ﬁl‘ﬁ ugh the trochar at a density of 5 to 50 beads of 1 to 5 mm

diameter. For examplgscdiBeasls eblution diamgtetare implanted in a traumatic cartilage lesion of 0.5
cm diameter and 1 mm depth diar?ﬁter. 15_§g C AIMSbl. A mezkgpd o{qpro%ucir@q( drogel for
intra-articular supplériEREEIa ARG WELSYOSALURNINE £ MBS Bihate 5 %providing a
solution with chitosanhigiiagiseMsilgvecthanifatkRamd thixingutiersofuttttoeba)giteteinithéhe solution

ofchitosan, where e mixedcoluon comeTses BENESD 0.3 517 (o4 aliesag ond

between 1 and 1.4 % alginate (w/v),
- introducing droplets of the mixed solution into a solution with Ca®* or
10 Sr?* cations and

- isolating gellified beads from the solution with cations.

2. The method according to claim 1, wherein said mixed solution comprises
0.6 % chitosan.

15
3. The method according to claim 1 or 2, wherein said mixed solution
comprises 1.2 % alginate.
4. The method according to any one of claim 1 to 3, wherein alginate and
20 . chitosan in said mixed solution are present in a ratio between 1.75 and

2.25.

5. The method according to any one of claims 1 o 4, wherein said chitosan
has a Mw of between 35 and 45 kDa.

15



- introducing droplets of the mixed solution into a solution with Ca2+ or 10Sr 2+ cations and - isolating
gellified beads from the solution with cations. 2. The method according to claim 1, wherein said mixed
solution comprises 0.6 % chitosan. 15 3. The method according to claim 1 or 2, wherein said mixed
solution comprises 1.2 % alginate. 4. The method according to any one of claim 1 to 3, wherein
alginate and 20chitosan in said mixed solution are present in a ratio between 1.75 and 2.25. 5. The

method according (o:3RY,00604 SREBRP S VERE SR A0SR MRS i Lol P LBRIviEAISHs and 45

. kDa. 6. The method according to any one of claims 1 to 5, wherein said droplets are passed through a
needle to obtain a basel pagsaditmasteh Feeedie00 PRI abeaY Witheantbthoaiec &sMiagno any

one of claims 1 to GQg?qrgg%c@iﬁqﬁan is of animal or vegetal origin. 8. A spherical hydrogel bead with a
diameter between 0.01 and 5 mm, comprising a homogeneous mixture of alginate and chitosan of Mw
lower 10than 60 kDa, characterised in that said bead comprises between 1 and 1.4 A alginate and

between 0.5 andD. 7, GHIARBH- S LIGRT S AFTUANBLERE By RiRBRANRRRLSPRRsISes 1.2

% alginate 15 .
animal or vegetal origin.

8. A spherical hydrogel bead with a diameter between 0.01 and 5 mm,

comprising a homogeneous mixture of alginate and chitosan of Mw lower

10 than 60 kDa, characterised in that said bead comprises between 1 and
1.4 % alginate and between 0.5 and 0.7 % chitosan.

Q. 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 fo 10, wherein the chitosan
20 has a Mw between 35 and 45 kDa.

12.The bead according to any of claims 8 to 11, for use in intra-articular

supplementation.

25 13.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 kDa, characterised in that said
beads comprise between 1 and 1.4 % alginate and between 0.5 and 0.7
% chitosan.

30 14.An intra-articular supplement according to claim 13 further comprising a

viscous thermogelling gel, preferably a chitosan hydrogel.

16



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 20has a Mw between 35 and 45
kDa. 12.The bead according to any of claims 8 to 11, for use in intra-articular supplementation.

2513.An intra-arficu uppl nt [ S ' ygrogel ’& iameter petween 0.01
and 5 mim, oo B o e AR o) et 50 kDo
characterised inwihears#idhiéesrcismpasitatacprefeeaitlyiof veaddimaégimd between 0.5 and 0.7 %
chitosan. 3014.An intra-articular supplement according to claim 13 further comprising a viscous
thermogelling gel, preferably a chitosan hydrogel. 15.An intra-articular- supplement according to any

one of claims! §30 _ imiwm“f@hl@him&méﬂérﬁmrdiw-ef@rabw Qi_‘@e@ét&l&iﬁ‘gi n138Ard intra-articular
supplement aCC‘ﬂEF}W&rt&ﬂ-ﬂ}Sa‘gﬁﬁg"f %'.a#’%\% Srient LR CRTR PO %88(?‘%%’3%%&‘?68@' from the
a iold analgesics,

group consisting of non-sterol nti-inflammatory drug, anaesthetic, o
corticosteroids, antingieptedat, arshadlenanateiyodissg chmnassiheliaclomdigntiboaigesizisamins,

minerals, nutracggﬁé&@gtélrgid—slydrogﬁ{ip%gg%éggordi%%@%e Okﬂﬂﬁgaié to 1%{9&1%§%in treating

an articular joint o uman subject or an nimal, wherein s ydrogel beads are for single or
multiple intra-artioalzeckananatdashes, vitarpinss applialsnrulsacgedicalgontaining the hydrogel beads
according to any 15o0ne of claims 8 to 11.

10 17.Hydrogel beads according fo anyone of claims 8 to 11 for use in treating
an articular joint of a human subject or an animal, wherein said hydrogel

beads are for single or muitiple intra-articular administration.

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

15 one of claims 8 to 11.
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