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MINERAL-POLYMER HYBRID COMPOSITION

BACKGROUND OF THE INVENTION
(a) Field of the Invention

The invention relates to the preparation and use of injectable
self-forming mineral-polymer hybrid compositions for repairing, replacing or
therapeutically treating tissues and body parts. More particularly, the
present invention proposes self-gelling mineral-polymer  hybrid
formulations. More specifically, the present invention comprises self-gelling
mineral-polymer hybrid formulations that comprises osteoconductive or
osteoinductive agents, drugs or therapeutic and/or healing-accelerator
components.

(b) Description of Prior Art

A large quantity of bio-materials have been introduced for hard-
tissue repair and formation, including natural or synthetic materials, pure
organic or inorganic materials, and organo-inorganic biohybrid or hybrid
materials.

Conductive hard-tissue implants are passive bio-materials that
provide a matrix to favor and support a new hard-tissue ingrowth and
repair. They generally do not provide any osteogenesis property, in the
meaning that such materials do not supply, by themselves, any
osteogenesis or hard-tissue inductive factors, or any hard-tissue healing
accelerators. Conductive structures have typically to favor the own
ingrowth and reorganization of hard-tissues (Ex: osteoconductive
materials).

The main constituent of hard-tissues is biological apatite that is
commonly found in bone and teeth (65-98%). Calcium and phosphate ions
are commonly contained in body fluids and mineral contents of hard
tissues, including bones, dentine and dental enamel. They may also
additionally contain other constituents such as carbonates, magnesium or
sodium. Hydroxyapatite is generally recognized as being a calcium
phosphate material with a crystal structure very close to biological apatite.
Calcium phosphates, and some other ceramics, were found to be very
useful biocompatible materials for hard-tissue repair. Today, a large family
of ceramic bio-materials having different forms is available for repairing
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hard-tissues, and includes calcium phosphates, calcium carbonates,
bioglasses and pure natural minerals.
Bone Repair and Formation

Conductive matrices for hard-tissue repair are designed to
provide adequate compositions and architectures that favors the ingrowth
of hard-tissue by its own. These matrices are inserted into a defect, thus
contacting mature hard-tissue cells that are capable of invading the
repairing matrix and forming mineral networks to complete tissue ingrowth.
Typical examples are generally related to osteoconductive materials for
bone tissues.

Conductive hard-tissue implants have received a considerable
attention, particularly in bone surgery. Grafting materials for defect filling
and bone repair include autografts, xenografts, demineralized bone matrix,
porous ceramics such as calcium phosphates, calcium carbonates, coral,
nacre, bioglasses, organic matrices (polymers, collagen and other
biological macromolecules) as well as organo-inorganic biohybrid or hybrid
materials such as organo-apatites.

Implants for filling and repairing defects are currently solids,
sometimes gels and hydrogels that enable the ingrowth and conduction of
the hard-tissue. Porous or plain solids may be used. Plain solid implants
stimulate hard-tissue ingrowth through their own resorption. Porosity may
be inherent to the material architecture (true porosity), or be interstitial.

Calcium phosphates have been the preferred bone bio-
materials. In a large number of animal and human studies, they have been
shown to be biocompatible, and bone growth promoters. Targeted calcium
phosphate ceramics are tricalcium phosphates, amorphous calcium
phosphate, octacalcium phosphate, and apatitic compounds.
Hydroxyapatite [Caio(PO4)s(OH)2], calcium-deficient apatite, fluorinated
apatite  [Caio(PO4)sFz], and carbonated apatite [CasoxHax(POu)s-
(CO3)x(OH),] are the most representative apatitic compounds. Synthetic or
sintered apatites may be prepared.

Most calcium phosphate ceramics are prepared as granules or
block materials. Block materials can be prepared with various geometries
such as rods, cylinders, rectangular shapes, etc. However, ceramic blocks
must be re-shaped before implantation to fit exactly the defect size and
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geometry, which makes heavier and longer the handling and clinical
application. Furthermore, calcium phosphate blocks are very brittle and
difficult to shape, and consequently the interface between the bone tissue
and ceramic implant is not perfectly continuous which may impair the
osteoconduction efficiency. Calcium phosphate granules are currently
produced with a wide size distribution, and available from 10 microns to
2.5 mm, but preferably used with a size between 90 and 400 microns.
Granules can be injected, or at least administered through less invasive
techniques, so as to fulfill the tissue defect. But granules have a mobility
problem in situ, which limits their use and efficiency.

Ceramics such as calcium carbonates, coral or nacre are equally
proposed under granular or block form, and present similar problems.
Bioglasses are generally under granular or microspheric form (Bioglass®,
USBio-materials; Biogran®, Orthovita; Perioglass®).

Typical commercial ceramic materials used as osteoconductive
materials are for example apatite such as SurgiBone® (Unilab),
Osteogen® HA Resorb (Impladent), Periograf®, Alveograft®, ProOsteon®
(Interpore), Cerapatite® (Ceraver-Osteal), Ossatite® (MCP), Synatite®
(SBM), Ceros®, interpore® 200 (Interpore), OrthoMatrix™ HA-1000™ and
HA-500™, Bio-Oss® (Osteohealth), Calcitite 2040®, Ceros 80® (Matthys),
Durapatite®, Apafi-G® (Biomat), HAP Coralina®, Endobon® (Merk),
Pyrost® (Osteo), or tricalcium phosphate such as Ceros 82®,
Synthograft®, Bioresorb® (SBM), Calciresorb® (Ceraver-Osteal), or a
mixture of hydroxyapatite and tricalcium phosphate (biphasic caicium
phosphate) such as Triosite® (Zimmer), Ceraform® (Teknimed), Eurocer®
(Bioland), BCP® (Bioland), Ostilit® (Howmedica), or coral such as
BioCoral® (Inoteb).

Collagen, a component of soft- and hard-tissues, and Bone
Demineralized Matrix (BDM) are the current organic materials for filling
hard-tissue defects. Collagen was associated with mineral to form hybrid
materials such as Collagraft® (NeuColl), Cerapatite-Collagen® (Ceraver-
Osteal), Ossatite® composite (MCP) or Collapat® (Osteo).

Polymeric materials such as polylactic acid, polyglycolic acid,
polylactic-co-glycolic acid microspheres, and the like, were also proposed
for bone defect filing and repair, but are less current than calcium
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phosphate granular materials. One new development is Immix®
(Osteobiologics) bone grafting material based on polylactic acid/glycolic
acid (PLA/GA).

Osteoinduction

Osteogenesis factors are generally supplied by surrounding
living tissues and blood supply in the vicinity of the hard-tissue implant. It
would be highly desirable to propose a hard-tissue repair matrix that
combines the ingrowth promotion of newly-formed hard-tissue tissue and
the inductive action, for example, an implant material that allows
osteoconduction and osteoinduction. The exact mechanism of hard-tissue
formation is complex and not perfectly understood, but it is clear that a
certain number of biochemical factors are involved in hard-tissue formation
and mineralization. Repair of hard-tissues is induced by the maturation of
progenitor cells into the expected functional tissue cells. For bone,
osteogenesis is reached when osteoprogenitor cells are converted into
bone cells that are active to form mineralization and bone tissues. It can be
stated that osteogenesis can be obtained in situ through different actors: a)
the osteoprogenitor cells that once converted will form bone repairing-
forming cells ; b) the inductive biochemical environment that will stimulate
the conversion and maturation of osteoprogenitor cells and modulate the
bone formation and repair response; and c) the conductive bone repairing
matrix that will support the formation of new bone tissues and mineralized
networks.

Osteogenic stimulation can be first elicitated by bone progenitor
cells (osteoprogenitors). Marrow Stroma Cells (MSCs) are recognized as
being the precursor cells of hard and connective tissues. Hematopoietic
stem cells from bone marrow are also providers of osteoprogenitor cells
and promoters of osteogenesis. The injection of bone marrow
preparations, with or without carriers, has been described to stimulate
osteogenesis and bone repair. The ability of bone marrow to form bone is
well-known, and clinically used. Administration of bone marrow through
demineralized bone matrix, collagen or hydroxyapatite materials is also
observed for repairing bone defects. Retransplantation of MSCs into poorly
healing bone is currently viewed as potentially enhancing the repair
process.
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Cytokines are bioactive proteins that act on cells adjacent to the
cell where is it elaborated. Cytokines and bone proteins have been
intensively studied in terms of inductive or healing accelerating effects on
hard-tissues, and especially on bone, including “bone-derived
osteogenesis proteins” (bOP), “bone morphogenic proteins” (BMP) and
“growth and differentiation factors” (GDF). BMPs and GDFs from the
Transforming Growth Factor-beta gene super-family have been extensively
investigated and used for bone formation and repair. Transforming Growth
Factor-beta (TGF-beta), Fibroblast Growth Factors (FGF, a-b), and
Platelet-Derived Growth Factors (PDGF, A-B) have been proven useful
during fracture healing, thus acting at different steps of fracture healing,
including the initial injury response, the intramembraneous ossification, the
chondrogenesis or the endochondreal ossification.

Commercial developments in osteoinductive or osteoregulating
agents comprise rhBMP-2 (Genetic Institute), Ne-Osteo (Sulzer
Orthopedics, Biologics), OP-1 (Stryker Biotech), Indian Hedgehog inducing
molecule (Ontogeny) and Plasmid DNA (Matrigen).

One key-step in using biological inductive actors is the clinical
administration and dosing. Furthermore, bio-materials development for
reaching minimally-invasive administration, easiness of application and
optimal induction-conduction of hard-tissues is still running, and is a matter
of great interest.

The administration to bone of DNA or genetically-modified cells
such as MSCs are potential avenues to treat durably hard-tissue
deficiencies. When released in-situ, DNA is taken up by the granulation
cells which become drug dispensing agents and stimulate formation of
hard-tissues. DNA can be dispensed during the granulation component of
healing, thus enabling the control of the protein expression for days and
weeks and allowing a control of the sequence of events that normally take
place in hard-tissue formation. It may be particularly attractive for patients
with hard-to-heal fractures or imperfect bone healing. Genetic
reprogramming of MSCs so as to express specific proteins may be used
therapeutically for hard-tissues as well as for other connective tissues as in
the case of deficiencies in circulating proteins. Re-transplantation of
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genetically-modified MSC cells is a way to control or cure diseases at the
genetic level.

Diseases and/or deficiencies associated to hard-tissues may
necessitate both a filling, a repair and a local therapeutic treatment, e.g. a
partial resection of bone tissue and/or a localized application of
therapeutics.  Antibiotic,  anti-inflammatory, anticancer, antiviral,
antimicrobial and/or antibacterial agents may be administrated to hard-
tissue sites, e.g. anticancer/antitumor agents introduced in a defect
surgically made for resecting a bone tumor. The agent will act so as to
prevent or control the recurrence of the tumor in bone.

Injectable Bone Substitutes

Injectable systems were introduced for healing, repair and
formation of bone through less invasive and traumatic techniques such as
percutaneous methods. Different bio-material concepts have been
proposed, and may be classified as follows: a) the pharmaceutical vehicles
for bone treatment (Ex: gels); b) the hybrid bone filling/grafting materials
(Ex: injectable ceramic/polymer composites); and c) the self-setting bone
substitute (Ex: injectable bone cements).

Hyaluronic acid-based gels were proposed for delivering growth
factors (OssiGel™) such as basic FGF, thus acting to accelerate fracture
healing. Matrigel and Collagen gels were introduced to support and deliver
DNA (gene therapy) for hard-tissues (Matrigen™). Those materials are
pure organic vehicles, with no mineral content, and no self-forming action.

Particulate solids made of polymers, ceramics or inorganics are
currently known as potential injectable materials for defect filling, and to
some extent, carrying and delivering systems for soft- and hard-tissues.
But injectable granular materials are highly mobile causing problems in
situ.

Injectable hybrid bone materials were proposed from granular
solids such as, and particularly with, calcium phosphate ceramics
dispersed and homogenized in an organic fluidic matrix. Blood and
physiological fluid were currently used as the carrier, but do not form really
a matrix. Biological sealants such as the fibrin glue were proposed as a
matrix to develop a ceramic composite bone material (Sedel et al., J.
Biomed. Mat. Res. (Appl. Biomat.), 43:38-45, 1998; and Wilson et al., Bio-
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materials, 15:601-608, 1993). Poly(propylene fumarate) [PPF] based
matrix was also promoted to carry ceramics and form bone composite
materials (Mikos et al., J. Biomed. Mat. Res., 44:314-321, 1999). Gelatin
was used similarly in Ossatite® (Medical Calcium Phosphate Laboratories,
France) injectable bone product (Griffet et al., Bio-materials, 20:511-515,
1999). Cellulosics, and especially cellulosic ethers such as hydroxypropyl
methylcellulose (HPMC), are currently investigated as a promising
carrier/matrix in injectable bone composite materials (Daculsi et al., J.
Biomed. Mat. Res., 47:28-35, 1999; Dupraz et al., Bio-materials, 20:663-
673, 1999; and Grimandi et al., J. Biomed. Mat. Res., 39:660-666, 1998).
Daculsi et al. (US Patent No. 5,717,006) was promoting cellulosics for
processing composite bio-materials that contain 40 to 75% by weight of a
mineral content. This mineral content was a blend of hydroxyapatite
[Caio(PO4)s(OH)2] and beta-tricalcium phosphate, or calcium titanium
phosphate [Ca(Ti)s(PO4)s].

Injectable hybrid compositions for hard-tissues were proposed
(US Patent No. 5,352,715), where a ceramic matrix comprising particles
between 50 and 250 microns was dispersed in the fluid carrier. Fluid
carrier and nonceramic compounds were selected from collagen,
polyethylene glycol, glycerol or succinylated collagen. Collagen was
promoted in many systems (US Patent No. 4,795,467, and US Patent No.
5,071,436). Ceramic was generally calcium phosphates such as apatites
or tricalcium phosphate (US Patent No. 6,027,742). Bioactive agents were
potentially incorporated in the hybrid composition. Another injectable
system was presented by Hench et al. (US Patent No. 5,840,290),
consisting in a suspension of bioglasses in a Dextran aqueous solution.
Bioglass particles were 90 to 250 microns in size, consisting in 45S5
(Orthovita) glass composition. Fibrin glue and PPF organic matrices were
self-forming in situ, but none of these composites were self-setting or self-
hardening materials in situ.

Chitosan was admixed in many liquid components of calcium
phosphate cement compositions. Chitosan in citric, malic, or phosphoric
acid agueous medium was the liquid component of a self-setting tricalcium
phosphate (TCP) or ftricalcium phosphate/tetracalcium phosphate
(TCP/TTCP) cement (US Patent Nos. 5,281,404 and 5,180,426). Chitosan
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in bone cements or substitutes was also studied in the scientific literature,
as reported by Leroux et al. (Bone, Vol. 25, No 2, supplement, 1999:31S-
34S), Hidaka et al. (J. Biomed. Mat. Res., 46:418-423, 1999), and lto (Bio-
materials, 12:41-45, 1991).

Osteoconduction and osteogenic performances of chitosan
based materials were reviewed, and applied to bio-materials development.
Chitosan with immobilized polysaccharides such as heparin, heparan
sulfate, chondroitin sulfate and dextran sulfate was reported for stimulating
hard-tissue regeneration by Hansson et al. (International Patent
Publication WQ096/02259). Osteoinductive compositions were also
developed by admixing hydroxyapatite and bone-derived osteoinductive
gelatin to chitosan solutions (US Patent No. 5,618,339).

The osteoconduction and osteogenic performances of chitosan
was also investigated in vitro and in vivo (Hidaka et al., J. Biomed. Mat.
Res., 46:418-423, 1999; and Klokkevold et al., J. Periondot., 67:1170-
1175, 1996).

It would be highly desirable to be provided with an in situ self-
forming mineral-polymer hybrid composition containing genetically-
modified MSCs for treating specific hard-tissue deficiencies or diseases
such as brittle bone disease, osteoporosis, Paget's diseases, dysplasia,
osteogenesis imperfecta, and the like.

it would be highly desirable to be provided with self-forming
mineral-polymer hybrid compositions that are applied to substances,
defects or cavities of (soft- or hard-) tissues, or to any anatomical
structures of tissues, or any body cavities, thus enabling the formation in
situ of a group of bio-materials having distinct compositions, functions and
properties.

SUMMARY OF THE INVENTION
One aim of the present invention is to provide a self-forming

mineral-polymer hybrid compositions that are applied to substances,
defects or cavities of (soft- or hard-) tissues, or to any anatomical
structures of tissues, or any body cavities, thus enabling the formation in
situ of a group of bio-materials having distinct compositions, functions and
properties.
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In accordance with the present invention there is provided a new
injectable in situ self-forming mineral-polymer compositions that can be
conveniently used for tissue repair, replacement or treatment in mammals
or humans. lts simplest form is a polymeric aqueous solution composed of
an acid-soluble polymer and a water-soluble organic mono-phosphate
source having the special property of being endo-thermally sensitive. It
forms the basis of the liquid component of all compositions and resulting
materials described in the present invention. This endothermally sensitive
property results in intrinsic thermo-gelling property, excluding any use of
covalent crosslinking or organic solvent, has been presented by Chaput et
al.

In accordance with the present invention there is provided an in
situ self-forming mineral-polymer hybrid composition comprising:

a) a water-based and thermo-gelling liquid component comprising
at least one hydrosoluble cationic polymer, one organic mono-
phosphate source, and optionally one water-soluble organic
mono-sulfonate, mono-sulfate or mono-carboxylate source; said
liguid component having a pH between 6.5 and 7.4; and

b) a water non-soluble solid component comprising at least one of
calcium, fluoride, strontium, carbonate and phosphate salts,

wherein said liquid component and solid component are admixed together
intimately to form a non-hardening thermo-gelling hybrid composition; said
hybrid composition gelling at the body temperature.

The liquid component can be prepared from organic and/or
inorganic acids, including malic acid, propionic acid, phosphoric acid,
organophosphoric acid, glycerophosphoric acid, lactic acid, hydrochloric
acid, ascorbic acid, formic acid, acetic acid, and the like.

The polymer can be a cationic hydrophilic polysaccharide
bearing amino groups, including partially-deacetylated chitosans, and pure
chitosan.

The polymer can be a partially-deacetylated chitosan with a
degree of deacetylation between 30 and 99%.

The liquid component can comprise a second soluble polymer
selected among polypeptides, cellulosics and synthetic polymers, including
collagen, methyl cellulose, hydroxyethyl cellulose, hydroxypropyl cellulose,
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hydroxyethyl propylcellulose, hydroxymethy! propylcellulose, poly(ethylene
oxide), poly(propylene oxide), poly(ethylene glycol), poly(vinyl pyrrolidone)
poly(vinyl alcohol), or derivatives thereof, or a mixture thereof.

The organic mono-phosphate, mono-sulfonate, mono-sulfate
and mono-carboxylate sources of said liquid component may have a basic
character and a pKa between 6.0 and 7.4.

The organic mono-phosphate source can be selected from the
group consisting of NaoPO4C3Hs(OH),, Feo,PO4C3Hs(0OH),,
K2PO4C3Hs(OH),, MgPO4CsHs(OH)a, MnPO4C3Hs(OH).,
CayP0O4C3Hs(OH),, Na PO;CzH7, Na,PO;C4H7, KoPO7C4H;, NaPO;C4Hs,
KoPO,CsHg, Na,POgCsHg, KoPOsgCsHg, NaPOgCsHig, KPOgCsH1o,
Na,POgCsH11, NaPOgCsHiz, KoPOgCsHii, KPO¢CeHiz, NaPOgCeHi3,
KoPOgCeHyz, NaPOgCeH1s, KPOgCsH14, NazPOgCgsH1z, KoPOgCeHio,
NaPQOgCsH13, KPOgCgH1s, NasPOgCioH11, KaPOgCioH11, NaPOgCioH1z,
and KPOgC1oH12 and the like, and derivatives, or mixtures thereof.

The organic mono-phosphate source can be alpha-
glycerophosphate, beta-glycerophosphate, glucose-1-phosphate, glucose-
6-phosphate, fructose-1-phosphate, or fructose-6-phosphate salt, or a
mixture thereof.

The organic mono-sulfonate  source can be N-
[carbamoylimethyl]-2-aminoethanesulfonate (ACES), N,N-bis[2-
hydroxyethyl]-2-aminoethane-sulfonate (BES), 3-[N,N-bis(2-
hydroxyethyl)amino}-2-hydroxypropane-sulfonate (DIPSO), N-[2-
hydroxyethyl]piperazine-N’-3-propanesulfonate (HEPES), 2-[N-
morpholino]ethane-sulfonate (MES), 4-[N-morpholino]-butanesulfonate
(MOBS), 3-[N-morpholino]-2-hydroxypropanesulfonate (MOPSQO), or N-
tris[hydroxymethyl] methyl-2-aminoethanesulfonate (TES), or the like, or a
mixture thereof.

The liquid component may further comprise bis[2-
hydroxyethyl]iminotris [hydroxymethyllmethane (BIS-TRIS), or
Tris[hydroxymethyl] aminomethane (TRIZMA), or the like, or a mixture
thereof.

The liquid component may further comprise amino-acid residues
or sequences, including histidine (HIS) or lysine (LYS) residues or
sequences.
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The liquid component may comprise organic polyol ingredient including
sugar-polyols, saccharide-polyols and glycols, such as glycerol, mannitol,
sorbitol, ethylene glycol oligomers, propylene glycol oligomers, fructose,
glucose, maltose, and the like.

The liquid component may comprise water-soluble phosphate or
carbonate salts, or a mixture thereof.

The liquid component preferably has an intrinsic viscosity
ranging between 5 and 100,000 mPa.s at 21°C.

The liquid component preferably forms a homogeneous solid
aqueous gel-like material at a temperature between 25 and 60°C.

The solid component may comprise calcium phosphate, calcium
sulfate, calcium carbonate, calcium titanate, calcium acetate, calcium
glycerophosphate, calcium gluconate, calcium propionate compounds, or
the like, or a mixture thereof.

The solid component can comprise at least one calcium
phosphate selected from the group consisting of Ca(H2PQO4)2.H20,
CaHPOQ4.2H,0, CaHPQ,, CaZnz(P0O,)., CaznPQ,, CaNaPQO,, Ca,PO4CI,
alpha-Caz(POys)2, beta-Caz(PQys)o, Caz(P0O,)2.H20, Cas(P0Oy)20,
CagHg(PO4)6.5H20, Cag(HPO4)(PO4)50H, Ca1O(PO4)5(OH)2.2xOx, and
Cay0(PO4)s(OH)2, and derivatives thereof.

The solid component may comprise hydroxyapatite and
tricalcium phosphate.

The solid component can comprise hydroxyapatite and alpha- or
beta-tricalcium phosphate, or any combination thereof.

The solid component can comprise from 5 to 95% wt. of
hydroxyapatite and 90 to 5% wt. of alpha- or beta-tricalcium phosphate.

The solid component preferably comprises from 45-65% wt. of
hydroxyapatite and 35-55% wt. of alpha- or beta-tricalcium phosphate.

The solid component can comprise natural mineral components
including hard-tissue, enamel or dental apatite, coral or nacre.

The solid component can additionally comprise a carbonate
compound selected from Na,COjz;, CaCOj; KyCOs;, MgCOs;, ZnCOs,
CagK(PQO4)s(CO3)2, CagsNai5(PO4)s5(COs)25, Cag(PO4)45(CO3)15, and the
like.
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The solid component can additionally comprise a carbonated
calcium phosphate.

The solid component can additionally comprise a fluoride
compound selected from NaF, Na.SisF, KF, KSigF, CaF,, MgF,, ZnF,,
sodium fluorophosphates, and the like.

The solid component can additionally comprise a fluorinated
calcium phosphate.

The solid component can additionally comprise a strontium
compound.

The solid component can additionally comprise a strontium
containing calcium phosphate.

The solid component preferably comprises natural or synthetic
solid components including mineral or ceramic materials, bioglasses,
polymeric or biopolymeric materials, and the like.

The solid component and said liquid component preferably have
a solid/liquid weight ratio between 0.05 and 2.0 g/mL.

The solid component can consist in dry ingredients with a size
ranging from 5 to 1000 micrometers.

The hybrid composition is preferably at least partly resorbable in
situ over time such as over a period of 18 months.

The hybrid composition or liquid component or solid component
can be admixed with autologous materials selected from a group
comprising cortical or cortico-cancellous bone, whole blood and blood
components, bone marrow, cells isolated from tissues, stroma cells, or
hematopoietic cells.

The composition of the present invention may further comprise
osteoinductive agents selected from the group consisting of growth factors,
hormones, individual osteoinductive proteins and mixtures of
osteoinductive proteins.

The composition of the present invention may further comprise
bone derived materials including demineralized bone matrix (DBM) or
powder (DBP).

The composition of the present invention may also further
comprise at least one growth factor selected from the group consisting of
IGF, EGF, a-FGF, b-FGF, PDGF-A, PDGF-B and TGF-beta.
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The composition of the present invention may further comprise
at least one bone morphogenic proteins (BMP), sialoproteins, osteonectin,
osteopontin, osteocalcin, calcitonin, or a mixture thereof.

The composition of the present invention may also further
comprise  anti-resorptive, antibiotic, antiviral, antitumor, and/or
immunosupressive agent.

In accordance with the present invention, there is provided the
use of a composition as defined above as a gelling composition to correct
a defect, cavity or interface of a tissue, or in a body cavity, and turned in
situ into a gel-like filling material.

The composition may also be used as a gel-like material to fulfill
a defect, cavity or interface of a tissue, or in a body cavity.

The hybrid composition is preferably administered and is
completely self-formed in a defect, cavity or interface of one or more
bones.

The hybrid composition is preferably administered and is
completely self-formed in a defect, cavity or interface of a cortical,
corticocancellous or cancellous part of a bone.

The hybrid composition can be administered and completely
self-formed in a defect, cavity or interface between tissue parts or
fragments of a fractured bone.

The hybrid composition can be administered and completely
self-formed in a defect, cavity or interface at the metaphyseal or
diaphyseal region of a bone.

The hybrid composition can be administered and is completely
self-formed in a defect, cavity or interface of a hyaline cartilage tissue.

The hybrid composition can be administered and completely
self-formed in a defect, cavity or interface of a fibro-cartilage tissue.

The hybrid composition is preferably injected or extruded
percutaneously or endoscopically into a defect, cavity or interface of a
tissue or a body cavity through a cannula, catheter, trocar or needle.

The hybrid composition can be applied and gelled during the
course of an open surgical operation.
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The hybrid composition can be administered during the course
of a repairing, reconstructing or replacing treatment in dental, plastic,
cranio-maxillofacial or orthopaedic surgery.

In accordance with the present invention, there is provided an in
situ self-forming mineral-polymer hybrid composition comprising:

a) a thermo-gelling liquid component, comprising at least 0.5% w/v
of a chitosan, 2.0% w/v of a glycerophosphate; said liquid
component having a pH between 6.5 and 7.4; and

b) a solid component comprising at least one apatite and one
tricalcium phosphate,

wherein said liquid component and solid component are admixed together
intimately to form a non-hardening thermo-gelling hybrid composition; said
hybrid composition gelling at the body temperature.

The liquid component may additionnally comprise 0 to 10% w/v
of at least one of glycerol, sorbitol, mannitol, ethylene glycol oligomers or
polymers, and propylene glycol oligomers or polymers.

The liquid component can be admixed with autologous blood,
blood component or bone marrow, said autologous blood, blood
component or bone marrow being at a concentration ranging from 0 to
25% wiv.

The solid component is preferably a dry mixture of at least
hydroxyapatite and beta-tricalcium phosphate.

The solid component can additionnally comprise at least a
strontium containing calcium phosphate.

The solid component can additionnally comprise 0 to 25% w/v of
dry crunched autologous spongy bone.

The solid component can additionnally comprise 0 to 55% w/v of
dry demineralized bone material.

in accordance with the present invention, there is provided a
method of preparation of an in situ self-forming mineral-polymer hybrid
composition as described previously. The method comprises the step of:

a) preparing a first water-based liquid sub-component comprising
at least one hydrosoluble cationic polymer, and preferably at
least 0.5% w/v of a chitosan, said first sub-component being
stable and stored below 10°C;
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b) preparing a second water-based liquid sub-component
comprising at least one organic mono-phosphate source, and
optionally one water-soluble organic mono-sulfonate, mono-
sulfate or mono-carboxylate source;

¢) preparing a solid component comprising at least one of calcium,
fluoride, strontium, carbonate and phosphate salts, such as
apatite and one tricalcium phosphate;

d) admixing homogeneously said second liquid sub-component
with said solid component into a stable water-based dispersion,
said dispersion being stable and stored at room temperature or
below; and

e) admixing said first liquid component and said stable dispersion
together intimately to form a non-hardening thermo-gelling
hybrid composition,

said hybrid composition having a pH between 6.5 and 7.4, being
injectable, gelling at the body temperature and being applicable to any
defect, cavity or anatomical structure of body’s tissues.

For the purpose of the present invention the following terms are
defined below.

In the present invention, the term “endothermally sensitive”
solution refers herein to a solution turning into a gel material with an
increasing temperature. In that meaning, endothermally sensitive may be
easily replaced by “endothermally gelling”.

“Hydrosoluble” refers to any chemical or compound that dissolve
readily in a water-based (aqueous) medium.

In the present invention, the composition comprises a liquid
component and a solid component, such components being intimately
mixed together; said liquid component being endothermally sensitive as
previously defined.

The term “mineral-polymer composite” refers herein to a
biphasic system where a mineral component is associated to a polymer
component, whatever said mineral and polymer components are liquid or
solid.

The term “liquid component” refers herein to a water-based
solution, and particularly a water-based polymeric solution.
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The term “solid component” refers herein to a solid material, said
solid materials being preferably a powder, particulate, microsphere or
granular material. Also used for solid component is a “mineral component”.

The term “dry ingredient” refers to a dry solid material that enters
in the preparation of the solid component and mineral-polymer hybrid
composition. In most cases, it is a solid particulates made of minerals or
organics, or a mixture thereof.

“Bioactive agent” refers herein to a substance which presents an
established biological activity of interest for the use of the hybrid
composition. “Non-bioactive agent” corresponds to any substance used
without any consideration for a possible biological activity of the hybrid
composition.

“Self-gelling” refers herein to the sol-gel transition associated to
the liquid component, resulting in the formation of uniform three-
dimensional hydrated network (mainly organic). The self-gelling reaction is
a reaction intrinsic to the polymer in the liquid component. Herein, gelling
excludes hardening.

The term “Gel-like” refers to a substance which has the
appearance of a homogeneous highly-hydrated gel. Gel-like excludes solid
in the meaning of poorly or non hydrated solid materials (hard solid).

In the present invention, the term “polycationic” or “cationic
polymer” refers to a polymer, natural (biological), artificial or synthetic, that
has positively-charged chemical groups. The preferred groups include
amines (free amines). Typical polycationics of the invention include non-
exclusively polyamines such as poly-lysine, chitosan or polyethyleneimide,
or zwitterian polymers such as collagens.

In the present invention, the new in situ self-forming mineral-
polymer hybrid composition refers especially to an injectable self-forming
mineral-polymer hybrid composition and bio-material wherein the material
formation in situ is related to those of gel-like materials; the material
formation is related to a sol-gel transition that occurs intrinsically within the
liquid component (self-gelling); the compositions or bio-materials are
defined herein by “self-gelling mineral-polymer hybrid compositions or bio-
materials” or “self-gelling hybrid composition” or “self-gelling composition”.
This composition can however be used prior to gelling or at a gelled state.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates a light microscopy view of CaP particulates,
such as Durapatite (>125 mic.) (Fig. 1A), Durapatite (125-250 mic.)(Fig.
1B), TCP (Fig.1C), synthetic HAP (100-300 mic.)(Fig. 1D), Coralline HAP
(300 mic)(Fig. 1E) and DAP microspheres (Fig. 1F) that can be
incorporated into the CGP systems;

Fig. 2 illustrates the viscosity of DAP-CGP hybrid systems
(chitosan 2% w/v; GP 8.2% w/v) as a function of the shear rate (20°C);

Fig. 3 illustrates the viscosity of TCP-CGP hybrid systems
(chitosan 2% w/v; GP 8.2% w/v) as a function of the shear rate (20°C);

Fig. 4 illustrates the sedimentation tendency of DAP particles in
a CGP solution and water wherein CGP was 2.3% w/v chitosan and DAP
load was 3g;

Fig. 5 illustrates the sedimentation tendency of DAP particles in
a CGP solution and water wherein CGP was 2.3% w/v chitosan and DAP
foad was 1g;

Fig. 6 illustrates the thermo-gelling the elastic modulus with the
temperature (Fig. 6A) and the phase angle with the temperature (Fig. 6B)
between two different liquid component, the chitosan-glycerophosphate
system that spontaneoulsy gels around 40°C, and the hydroxypropy!
methyicellulose (HPMC) system that gels around 60°C, the chitosan-
glycerophosphate systems gel stronger that HPMC ones;

Fig. 7 illustrates the rheological characteristics of DAP-CGP
hybrid systems (chitosan 2% w/v; GP 8.2% w/v), the elastic modulus (G’) is
given during the gelling (37°C);

Fig. 8 illustrates the rheological characteristics of DAP-CGP
hybrid systems (chitosan 2% w/v; GP 8.2% w/v), the viscous modulus (G”)
is given during the gelling (37°C);

Fig. 9 illustrates the evolution of the G’ modulus of CGP systems
loaded with TCP (chitosan 2% w/v; GP 8.2% w/v) for a gelling at 37°C;

Fig. 10 illustrates the evolution of the G’ modulus of CGP
systems loaded with HAP (chitosan 2% w/v; GP 8.2% w/v) for a gelling at
37°C.
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Fig. 11 illustrates the evolution of the G’ modulus of CGP
systems loaded with BCP (chitosan 2% w/v; GP 8.2% w/v) for a gelling at
37°C;

Fig. 12 illustrates the compression modulus of DAP-CGP hybrid
systems as measured from stress-relaxation tests, such as comp. modulus
at peak (maximal, 25% compression, 1.0%/s rate)(Fig. 12A) and comp.
modulus at equilibrium (Fig. 12B);

Fig. 13 illustrates the compression load for a 10 mL syringe
injectability for a composition of chitosan 1.5%, GP 8.0%, HAP 30%;

Fig. 14 illustrates the gelling with an increasing temperature of a
hybrid formulation after being prepared by a two-syringes mixing for a
composition containing 5 g BCP in 5 mL H,O/GP (Fig. 14A) and 5 mL
chitosan 4% w/v (Fig. 14B) where final concentrations were chitosan 2.0%,
GP 9.0% and BCP 50% w/v

Fig. 15 illustrates the scanning electron microscopic view of BCP
granules sieved at 100-250 microns (Fig. 15A) and the corresponding
hybrid materials with a chitosan-glycerophosphate liquid component (Fig.
15B), where concentrations were chitosan 2.0%, GP 8.0% w/v;

Fig. 16 illustrates the macroscopic view of the thermo-gelling
polymer-mineral composition (chitosan-glycerophosphate-BCP) ready-to-
use in a syringe, the composition being highly injectable, when in its liquid
(ungelled) state, the composition being easily shaped and gelled in any
recipient (gel state in the petri dish); and

Fig. 17 illustrates the gel stability expressed by the modulus G’ and
G” versus the frequency, demonstrating gel formation of chitosan-
glycerophosphate system mixed with rabbit whole blood (blood content:
15% v/v), the gelling being controlled rheologically at 37°C.

DETAILED DESCRIPTION OF THE INVENTION

In the invention, self-forming mineral-polymer hybrid
compositions are prepared as filling vehicles based mainly upon a self-
forming neutral polymeric aqueous composition. They are mainly thermo-
gelling polymeric systems, comprising a solid mineral (or ceramic)
component, and are first transformed in ceramic/gel-like materials at the
body temperature. The polymeric compositions are ideally applied to fill
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defects, cavities or anatomical structures as well as at the interface with
prostheses or implants. This composition carries, osteoconductive
materials, osteoinductive agents, drugs, therapeutics and/or healing
accelerators such as growth factors, synthetic molecules or tissue proteins.

This composition may have a non-neglictible mineral or ceramic
content that may enable mineralization and stimulate formation of hard-
tissue minerals, for example by conversion in situ into bone apatite, but it
does not self-harden in situ, and must not be considered as a self-setting
bio-material. This hybrid composition is administered in situ as an
injectable self-gelling liquid slurry or an extrudable hybrid gel-like paste.
Preparation of the liquid component

In the invention, the liquid component is an endothermally
sensitive solution, and comprises a polymeric aqueous solution. In one
embodiment, the liquid component comprises water, an organic and/or
inorganic acid, at least one hydrosoluble cationic polymer, and at least one
water-soluble phosphate source. In another embodiment, the composition
comprises water, an organic and/or inorganic acid, at least one
hydrosoluble cationic polymer, at least one water-soluble phosphate
source, and at least one water-soluble sulfonate or carboxylate salt. The
hydrosoluble cationic polymer is an hydrophilic polymer that has charged
cationic groups, and is soluble in an aqueous medium. This polymer is
preferably soluble in aqueous media with a pH inferior to 6.5. Typical
hydrosoluble cationic polymer includes polysaccharides, for example chitin
and chitosan derivatives such as partially-deacetylated chitins and
chitosans, non-substituted partially-deacetylated chitins and chitosans,
partially-deacetylated chitins and chitosans N-susbtituted with specific
groups such as typically N-alkyl chitosans, N,O-alkylchitosans, N,N-
dialkylchitosans, N-halochitosans, chitosans substituted with hydrophilic
groups, etc. Hydrosoluble cationic polymers also comprises those related
to polypeptides, collagens and synthetic polymers.

The liquid component is characterized by its endothermal
sensitivity which means generally that it presents a sol-gel transition
temperature (SGTT), a liquid state (sol state) at a temperature lower than
the SGTT, and a gel state In which a gel is substantially water-insoluble at
a temperature higher than the SGTT.
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In the liquid component, the polymer is dissolved by using
organic and/or inorganic acids, including malic acid, propionic acid,
phosphoric acid, lactic acid, hydrochloric acid, ascorbic acid, formic acid,
acetic acid, and the like. Poly-acids such as polyacrylic acid are not used
in the present invention. The polymer is dissolved in an acidic aqueous
medium having a pH ranging between 1.0 and 5.0, preferentially between
1.0 and 4.0. The polymer is a hydrosoluble cationic polymer, typically a
water-soluble hydrophilic polysaccharide bearing amino groups, including
chitin, partially deacetylated chitins and chitosan, or an aminated
polysaccharides having the desired characteristics. The content in polymer
is ranging between 0.1% and 10% wl/v, preferentially between 0.5 and
5.0% w/v, and more preferably between 0.5% and 3.0% w/v. The polymer
may be optionally combined with another polymer selected from the group
consisting of polysaccharides, polypeptides, cellulosics and synthetic
polymers, including modified chitin, modified chitosans, collagen,
methyicellulose, hydroxyethyl cellulose, hydroxypropylcellulose,
hydroxyethyl propylcellulose, hydroxymethyl propylceliulose, poly(ethylene
oxide), poly(propylene oxide), poly(vinyl alcohol), and the like, or a mixture
thereof. The content in the second polymer varies between 0.01% and
5.0% wl/v, preferentially between 0.01% and 2.5% w/v, and more
preferably between 0.01% and 1.0% w/v. A typical example of second
polymer is  N,O-carboxymethyl-chitosan or N,O-glycolic-chitosan,
poly(ethylene oxide), poly(ethylene oxide-co-propylene oxide-co-ethyiene
oxide), or methyl cellulose. In another embodiment, the preferred other
polymer is a collagen that is solubilized at a concentration between 0.5 to
10% Ww/v.

The water-soluble phosphate source of the liquid component is
defined as being an organic mono-phosphate basic salt. It has a moderate
basic character, and a pKa (referred as being the acidity constant)
between 6.0 and 7.4. This phosphate source is preferentially a (di)sodium,
(di)potassium, magnesium, manganese or (di)ferric salt, and more
preferably a disodium, dipotassium or magnesium salt, or a mixture
thereof. The concentration of the phosphate source of the liquid
component is between 0.1% and 20% w/v, and ideally between 1.0% and
10% w/v. The said phosphate source is preferably selected in a group
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comprising NaxPO;CzHs(OH),, FeoPO4CsHs(OH),,  KoPO4CsHs(OH),,
MgPO4C3H5(OH)2, MnPO403H5(OH)2, CaQPO4C3H5(OH)2, NagPO703H7,
Na,PO;CsH;, KoPO;CsH;, NaPO;CsHs, KoPO7CsHs, NasPOgCsHg,
K2P08C5Hg, N&POngHm, KPOgC5H10, NaQPOgCeHﬁ, NaPOgCGH12,
KoPOgCsH11, KPOgCsHi2, NagPOgCsHiz, KoPOgCgHiz, NaPOsgCgHys,
KPOgCgH14, NaPOgCeHiz2, KoPOgCeHiz, NaPOgCgHiz, KPOyCgHig,
NasPOgCioH11, KoPOgCioH11, NaPOgCyoH12, KPOsCioHi2 and the like,
derivatives, or a mixture thereof. Ideally, the phosphate source is alpha or
beta glycerophosphate (glycerol-2-phosphate, glycerol-2-phosphate),
glucose-1-phosphate, glucose-6-phosphate, fructose-1-phosphate or
fructose-6-phosphate disodium or dipotassium, magnesium, or a mixture
thereof.

The liquid component may optionally comprise at least one
sulfonate source, in a proportion of 0.1 to 10% w/v, selected among N-
[carbamoyl methyl]-2-aminoethanesulfonate (ACES), N,N-bis[2-

hydroxyethyl]-2-aminoethane-sulfonate (BES), 3-[N,N-bis(2-
hydroxyethyl)amino]-2-hydroxypropanesulfonate (DIPSO), N-[2-
hydroxyethyl]piperazine-N’-3-propanesulfonate (EPPS), N-[2-

hydroxyethyl]piperazine-N’-3-propanesulfonate (HEPES), 2-[N-morpholino]
ethanesulfonate  (MES), 4-[N-morpholinolbutanesulfonate  (MOBS),
Piperazine-N,N'-bis[2-ethanesulfonate] (PIPES), Piperazine-N,N’-bis[2-
hydroxypropane-sulfonate]  (POPSQO),  N-tris[hydroxymethyllmethyl-2-
minoethanesulfonate (TES), and the like, or a mixture thereof.

The liquid component may optionally comprise other molecules
such as water-soluble molecules having one acid and at least two amino
groups, or more amino groups than acid groups, or at least one amino
groups and multiple alcohol groups; said molecules having a moderate
basic character and a pKa between 6.0 and 7.4. This molecule is generally
selected among amino-acid residues or sequences, including histidine
(HIS) or lysine (LYS) residues or sequences, and/or among a group
comprising bis[2-hydroxyethyl]iminotris  [hydroxymethyllmethane (BIS-
TRIS), Tris[hydroxymethyl]Jaminomethane (TRIZMA), and the like, and any
mixture thereof.

The final chitosan-based liquid component has a pH above the
pKa of chitosan (6.3-6.4), generally between 6.5 and 7.4, and a reduced
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content in acid. Typically, chitosan-glycerophosphate solutions at pH = 7.0,
prepared from chitosan, hydrochloric acid and disodium glycerophosphate,
mainly contain water, chitosan-glycerophophate and NaCl.

All proposed liquid components have a pH ranging between 6.5
and 7.4, and an intrinsic viscosity ranging between 5 and 100,000 mPa.s
at 21°C. All liquid components, being endothermally sensitive, have a sol-
gel transition temperature, and form homogeneous solid aqueous gels at a
temperature, between 15°C and 60°C, preferably between 25°C and 45°C,
and more preferably at 35-40°C.

The liquid component may also comprise a certain amount of
water-soluble salts such as phosphate salts or carbonate salts, or a
mixture thereof. Typical salts are sodium phosphate or carbonate salts.
This phosphate or carbonate salt concentration is generally ranging from 0
to 0.1 mole/l, generally below 0.05 mol/l.

Other organic compounds being nonbioactive may be admixed
to the liquid component so as to provide specific chemical or physical
properties. Representative compounds include polyols, sugar-polyols,
saccharide-polyols and glycols, including glucose, fructose, maltose,
saccharose, glycerol, mannitol, sorbitol, ethylene glycol oligomers,
propylene glycol oligomers, and the like.

Incorporation of bioactive agents in the liquid component

Other ingredients can be incorporated to the liquid component to
give specific biological actions to hard-tissues, either treating deficiencies
or diseases, inducing or accelerating hard-tissue formation and repair, and
the like. They are pharmaceuticals, chemicals, or biologically-active
agents, or mixtures of agents, that can be totally or partially dissolved in
the liquid component, or are water-insoluble artificial materials or living
biologicals that can be dispersed in the liquid component. Those agents do
not impair the endothermal sensitivity of the liquid component.

In one embodiment, the agents are inductive, protective or
therapeutic agents, being water-soluble or partially water-soluble, and
comprise osteoinductive agents such as growth factors, growth hormones,
osteoinductive proteins and mixtures of osteoinductive proteins, genes and
pharmaceuticals or drugs. Cytokines and growth factors (GF) may be
selected typically from Epidermal GF, acidic Fibroblasts GF, basic
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Fibrosblast GF, Platelet-Derived GF AA, Platelet-Derived GF BB, Platelet-
Derived GF AB and Tumour GF-beta. Osteoinductive agents may also be
demineralized bone matrix, osteopontin, osteocalcin, sialoprotein,
calcitonin, or a mixture thereof, or hard-tissue (bone) derived organic
preparations, preferentially non-immunologic organic preparations.

Moreover, a suspension of living cells may be used to prepare
the liquid component. Living cells may also adhered and be cultured onto
the solid component such as on the calcium, fluoride, strontium, carbonate
and phosphate salts under granular form. They also may be adhered and
cultured on other solid materials that are added to the solid component
(Ex: bioglass). They may also come from body’s fluid or component such
as the blood, bone marrow. Living cells may be selected among the cells
that constitute the tissues or are precursors of the tissue cells.

Biological cell sources of bioactivity may be from allogeneous or
preferably autogeneous tissue or fluid, such as cortical or cortico-
cancellous bones, whole blood and blood components, bone marrow, cells
isolated from tissues, stroma cells or hematopoietic cells, and the like.

Optionally, molecules being phophorylated amino acids or
sequences of carbohydrate with phophorylated amino acids may be
incorporated in the liquid component.

Bioactive agents can be incorporated at a soluble or non-soluble
state. They can be complexed with other chemical molecules into a solid
that is incorporated to the liquid component. They can be added to the
liguid component as a non-soluble or sparingly soluble ingredient.

Representative biological additives to the liquid component are
the patient’'s whole blood or blood components (autologous, soluble or
non-soluble), the patient's bone marrow (autologous, soluble or non-
soluble), the crunched patient’'s spongy bone (autologous, non-soluble),
and antibiotics (gentamycin, vencomycin, tobramycin, etc).

Preparation of the solid component

The solid component comprises at least one of calcium, fluoride,
strontium, carbonate and phosphate salts that are not easily soluble
(sparingly or more likely insoluble) in aqueous media.

In the invention, the solid component is generally dry mineral
powders or particles, or any mixtures of dry mineral powders or particles,
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also called “dry ingredients”. It has a calcium composition, and preferably a
calcium phosphate composition, having a good stability in aqueous
environment at pH 6.5-7.4.

The size of the particles is not particularly crucial in the
invention, although there exist preferred ranges of sizes to have optimal
particle surface area, surface reactivity, biological reaction, dissolution
rate, etc. Particle size, herein defined as an average particle size, may
range from 0.1 microns to 1000 microns, preferably below 500-600
microns, and more preferably from 100 to 300 microns. Dry ingredients are
sized and combined together by physico-mechanical milling/mixing
technigues and instruments. This may be reached by a single
milling/mixing and sieving step, or by a series of milling/mixing and sieving
steps. The physico-mechanical mixing is not critical, may be operated with
various techniques and instruments, but has to provide an intimate sizing
and mixing of the dry ingredients.

Physico-mechanical milling/mixing techniques include mortar, or
ball planetary mixing, and the like. A selection of the dry powder mixture
may be operated following the dry milling/mixing, for example by sieving
into an appropriate ingredient size. Shaker (rotary) mixing and ball mixing
was preferentially used in the present invention. It is important that the dry
ingredient milling/mixing is achieved without chemically altering the
ingredient reactivity and without contamination. Mixing must be performed
until occurrence of a uniform dry mixture. To ensure anhydrous conditions,
the mixing of dry ingredients may be operated under strict anhydrous
conditions (gas, environment control), or in anhydrous non-aqueous
liquids, for example solvents such as hexane or absolute alcohols, all
traces of water being preliminarily eliminated from this liquid. Identically,
the dry mixture is preferentially stored under strict anhydrous conditions so
as to avoid any contamination or cross-reaction with water. Solid additives,
being organic or inorganic, may be admixed with the dry ingredients at the
dry mixing step. Incorporation of bioactive agents in the solid component
may be performed during the dry mixing, or later, during a second mixing
step.

Sterilization of dry ingredient can be reached by current
industrial sterilizing techniques such as gamma-irradiation at doses from
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2.0 to 3.5 Mrad. Other sterilizing techniques and conditions can be
performed such as high-temperature (>175°C) or steam sterilization.
Self-forming hybrid compositions/bio-materials: Preparation

In the present invention, self-forming hybrid compositions are
prepared by first intimately mixing together the liquid component and the
solid component. Mixing may be performed manually by kneading, or
physico-mechanically by using homogenizers, mixers or mills, and the like.
Alternatively, two syringes with or without a mixing tip are used to mix liquid
and solid components of the composition. There is no special preference
for the mixing instruments, but the composition must be homogeneous
with as few agglomerations as possible, being a dispersion of the fine
mineral particles of the solid component in the liquid component.

The liquid component is one selected among those previously
described. One preferred basic liqguid components comprise water, acid,
chitosan and a soluble source of an organic mono-phosphate salt. Acid is
generally selected among hydrochloric acid, phosphoric acid, acetic acid,
lactic acid, and the like. The starting acidic aqueous medium is generally a
0.05 to 1N acid/water solution, and preferably a 0.05 to 0.5N solution.
Chitosan is generally selected among partially N-deacetylated
poly(glucosamine) having a deacetylation degree between 60 and 100%,
preferably between 30 and 99% and more preferentially between 84 and
98%. Chitosan is present in the liquid component at a concentration
ranging from 0.1% to 10% w/v, preferentially between 0.5 and 5.0% w/v,
and more preferably between 0.5% and 3.0% w/v. The source of
phosphate is generally an organic monophosphate dibasic salt, such as
glycerol-2-phosphate and/or glycerol-3-phosphate sodium or magnesium
salts, at a concentration between 0.1% and 20% w/v, and ideally between
1.0% and 10% w/v. The pH of said liquid component varies between 6.5
and 7.4, and preferably between 6.8 and 7.2. The viscosity of said liquid
component is ranging between 5 mPa.s to 100,000 mPa.s, and preferably
between 10 mPa.s and 1,000 mPa.s.

As previously described, additional reagents may be an organic
mono-sulfonate salt and/or a second hydrophilic polymer, and/or an
organic molecules, and/or a bioactive agent. The liquid component is
preferably stored at cool temperatures, ideally between 0 and 4°C. Water-
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soluble salts such as carbonate or phosphate salts, or a mixture thereof,
can be added to the liquid component, at concentrations below 0.1 mol/l.

The solid component is a solid mineral ingredient or a mixture of
solid mineral ingredient that contains at least one of calcium, fluoride,
strontium, carbonate and phosphate salts, and preferably at least one
calcium phosphate. The calcium (phosphate) may consist in
Ca(H2P0O4)2.H,O0 (MCPM), CaHPO42H,O (DCPD), CaHPO, (DCPA),
CaZn3(POy)2, CaZnPO,, CaNaPO,, Ca,PO4Cl, alpha-Cas(PO,). (alpha-
TCP), beta-Cas(PO,). (beta-TCP), Caz(PO4)2.H:O (ACP), Cas(P0O,4).0
(TTCP), CagHa(PO4)s.5H.0 (OCP), Cag(HPO4)(PO4)sOH  (CDA),
Ca10(PO4)s(OH)2.2x0x (SHA), Cayo(PO4)s(OH)2 (PHA), and the like or
derivatives thereof. The powder component is a calcium phosphate such
as a hydroxyapatite [Caio(PO4)s(OH),], or a derived apatite (calcium
deficient apatite, carbonated apatite, and the like), or a tricalcium
phosphate [alpha-Casz(PO4), or beta-Cas(POy).], or an octacalcium
phosphate [CagH»(POs)s.5H20], or an amorphous calcium phosphate
[Cas(PO4)2.H20], and the like, or a mixture thereof. Any carbonated and
fluorinated, and strontium-containing calcium phosphates, as previously
described, and the like or a mixture thereof, may be also used, including
carbonated fluorinated strontium-containing, carbonated strontium-
containing, fluorinated strontium-containing, and carbonated fluorinated
calcium phosphates. Any amorphous form of the previously described
calcium phosphates, and the like or a mixture thereof, may be incorporated
as well.

Other mineral or inorganic solid component can be selected
among non-phosphate calcium salts such as typically calcium sulfates,
calcium titanates, calcium carbonates, calcium acetate, calcium
glycerophosphate, calcium gluconate, and the like.

Other mineral may be added to the calcium compound of the
solid component. Such other mineral can be Calcium, Strontium, Barium,
Magnesium compounds, and the like, or titanate, sulfate, silicate
compounds, and the like, or fluorinated, carbonated, strontied compounds,
and the like, or a mixture thereof. Examples of such solid component
composition may be a calcium phosphate with a sodium
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monofluorophosphate addition, or a apatite with a certain amount of a
fluorinated or strontied apatite.

In a preferred embodiment, the solid component is preferentially
100% HAP [Caig(PO4)e(OH):], or 100% TCP [Cas(POs)z], or 100% OCP
[CagH2(PO4)s.5H20], or a dry mixture of HAP, TCP and/or OCP. Typical dry
mixture of the powder component is a HAP/TCP powder mixture (from
10:90 to 90:10). Preferentially, HAP/TCP contains the beta phase of TCP,
but alpha phase can be used similarly.

The size of mineral solid varies between 0.1 and 1000 ym,
generally between 20 and 300 um, and is preferentially selected between
100 and 300 um. For calcium phosphates, the calcium to phosphate ratio
of the solid component varies from 1.0 to 2.0, and more generally from 1.3
to 1.7, and more preferentially from 1.5 to 1.7. The solid is a powder, a
particulate, granules of any shape, or micro-spheres, and the like.

The solid component and the liquid component are intimately
mixed together, with a liquid/solid (L/S) weight ratio between 0.05 g/mL
and 2.0 g/mL, and preferentially between 0.1 g¢/mL and 1.2 g/mL, and
more preferentially between 0.1 g/mL and 0.9 g/mL. The resulting ungelled
slurry is injectable, and has a viscosity ranging between 5 and 1,000,000
mPa.s, and preferentially between 5 and 200,000 mPa.s. The hybrid
composition can be partially gelled and remained injectable. Complete
thermal gelling of such mineral-polymer composition does not exclude at
all injectability and extrudability.

The liquid component is endothermally sensitive, and the
resulting slurry is identically endothermally sensitive. This is shown by
monitoring rheologically the viscoelastic parameters of the slurry, and more
typically by monitoring the viscous and elastic moduli, and tan §, of the
liquid component and resulting slurry. Self-forming hybrid compositions are
mainly self-gelling systems, with no self-hardening properties. The hybrid
compositions form at 37°C and 100% humidity a hybrid material that looks
like a consistent gel-like material. The compression strength of resulting
gel-like materials is low, typically below 1.0 MPa. This hybrid gel-like
material can be remodeled in situ, and is resorbable as are its constitutive
ingredients.
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The resulting thermo-gelling slurry can be administrated to the
body site:

a) at an ungelled state, as a liquid, and it will gel in situ.

b) at a partial gelled state, and it will end its gelling in situ.

c) at a gelled state, being gelled in vitro, and it is delivered to the
body site.

Mode of administration - Application

The administration of the composition to hard-tissue defects,
cavities, or any anatomical structures is performed percutaneously by
injection through a catheter, cannula, trocar or needle of a gauge ranging
from 7 to 27, preferably from 14 to 22, and more ideally from 16 to 22, and
with the use of a syringe or any pressure injecting device, or by the use of
endoscopic technique and instrument or during the course of an open
surgical operation.

The compositions may be useful for medical and dental
indications, in human or veterinarian procedures. They may be used in
various known procedures such as:

a) to favor and promote regeneration of bone lost due to local or
systemic diseases, disorders or deficiencies (periodontal
diseases, abscess, tumour resection, osteoporosis), to fill bone
defects or cavities;

b) to replace bone that is surgically removed or lost during a
trauma,

c) to favor and promote formation of bone in non-osseous sites, or
in the vicinity of bone (intervertebral disks);

d) to augment alveolar ridges, to fill extraction socket, to favor
osteointegration of dental devices;

e) to ensure retention and strength in situ of other orthopaedic
devices (pin, prosthesis, fixation);

f) to ensure percutaneous delivery of therapeutic agents to tissues
(drug delivery);

g) to favor the anchorage and interface between bone and articular
cartilage; and
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h) to repair the reconstruction, repair and function recovery of
musculo-skeletal tissues such as bones, cartilages and
fibrocartilages.

More generally, the compositions may be useful for all repair,
regeneration, filling, replacement procedures associated to hard-tissues as
well as for delivering drugs or bioactive agents to hard-tissues. It can also
be administered to soft-tissues such as cartilages and fibrocartilages.

The composition can be mixed with patient's blood or bone
marrow or crunched spongy bone prior to injection on the site. This
addition increases the osteogenic potential of the composition and bio-
material.

The composition can be injected for filling and repairing internal
bone cavity, for local treatment of osteoporotic bones, for demineralized
bones and bone demineralization disorders; for bone defects or cavities,
for example in the case of periodontal defects with bone loss,
augmentation of the alveolar ridge or surgically-performed hard-tissue
defects following resection of diseased hard-tissue parts; for bone
fractures for delivering agents that accelerate the sequence of fracture
healing; as well as for bone fusion, such as vertebral bone fusion.

Typical applications of the self-forming mineral-polymer hybrid
composition consists in solitary bone lesions such as those observed with
osteomyelitis, round cell lesions, fibrous displasia, bone cyst,
chondromyxioid fibroma, osteosarcoma, non-ossifying sarcoma,
endochondroma, chondroblastoma, joint revision osteolysis, or the like.

In another application, the mineral-polymer composition is
applied at the interface with a prosthesis or an implant (orthopaedic) such
as a prosthetic joint (hip, knee) or a screw (pedicular). It can be used for
joint revisions.

Another application is the treatment of metaphyseal and
diaphyseal fractures in association with a fixation device. Said mineral-
polymer composition can be associated with osteoinductives such as
autologous blood or bone marrow, growth factors, etc to accelerate the
phase sequence of fracture/bone healing.
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The present invention will be more readily understood by
referring to the following examples which are given to illustrate the
invention rather than to limit its scope.

EXAMPLE |
Preparation of Liquid Component

The liquid component of bone composition is an endothermally
self-forming aqueous solution comprising one hydrophilic cationic polymer
and one water-soluble organic mono-phosphate source. A representative
liqguid component is a chitosan/glycero-phosphate [chitosan-GP] aqueous
solution. An acidic chitosan aqueous solution (2.0% w/v) was made with a
chitosan previously deacetylated at 83-97%, filtered and dialyzed, and was
prepared from a 0.097M (0.10M) HCI solution. A
chitosan/glycerophosphate aqueous solution was prepared from the 2.0%
(w/v) chitosan in HCI aqueous solution and a 54% (w/v) disodium
glycerophosphate in distilled water solution. Final concentrations (w/v) in
the self-gelling chitosan/glycerophosphate systems was approximately 1.6-
2.0% (chitosan) and 6.75-8.2% (glycerol-phosphate) (see Table 1).

Table 1

Buffering/thermo-gelling agents for liquid components having 1.0-
2.0% by weight of chitosan.

Buffering/Thermo-gelling Example Remarks
agents contents
(% wiv)

Glycero-phosphate salts 4-10

Glucose-phosphate salts 6-12

Fructose-phosphate salts 1-6

Histidine 2-10 Histidine and glucosamine used as co-

Glucosamine 2-10 buffering agent with glycero-phosphate.

BIS-TRIS 1-8 Used alone or mixed with glycero-
phosphate.

MES (sulfonate) salt 1-4 Used alone or mixed with glycero-
phosphate.

HEPES (sulfonate) salt 1-4 Used alone or mixed with glycero-
phosphate.

TES (sulfonate) salt 1-4 Used alone or mixed with glycero-
phosphate.
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Glycerophosphate (GP) salts act herein as buffering/thermo-
gelling agents for the chitosan solution. Other buffering/ thermo-gelling
phosphate sources may be used, typically organic monobasic phosphate
salts, such as glucose-phosphate or fructose-phosphate salts. Other
buffering agents may be also associated with glycerophosphate salts so as
to enhance the buffering/ thermo-gelling action such as amino acids or
organic sulfonate salts. Table 1 summarizes the potent composition of
liquid components. Histidine was typically admixed with GP in the chitosan
solution (Ex: 1.5% w/v chitosan, 4.0% w/v GP + 4.0% w/v histidine). BIS-
TRIS may be used alone as a buffering/ thermo-gelling agent (Ex: 1.5%
w/v chitosan + 2.0% w/v BIS-TRIS). HEPES, TES or MES sulfonate agent
may be used alone as a buffering/thermo-gelling agent (Ex: 1.5% w/v
chitosan + 2.0% w/v HEPES, TES or MES).

a) Addition of a second water-soluble Polymer in the liquid
component

A second water-soluble polymer may be dissolved in the
chitosan-GP aqueous solution. Table 2 gives the composition of liquid
component consisting in chitosan-GP plus a water-soluble polymer.
Glycerophosphate may be added prior to the dissolution of the second
polymer, or after the dissolution of the second polymer. Thermosensitive
polymers such as the methyl cellulose, hydroxypropyl methylcellulose or
Pluronic® were found to be the more sensitive to the concentration in
glycerophosphate salts. Those salts were found to affect the gelling or
precipitating temperature of the polymer, thus leading to a precipitation of
the chitosan/GP/polymer(2) system (Fig. 6).

All polymers (2) were dissolved in a prepared chitosan-GP
solution, except for collagen, and more generally other polycationics, that
are dissolved in combination with the chitosan.
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Table 2

Liquid component compositions having an admixed second water-
soluble polymer.

Polymer (2) Polymer | Chitosan GP Remarks
content | content content
(W/v) (W/iv) (W/v)

Hydroxyethyl 1.0% 2.0% 8.0% Form gels.

Cellulose

Hydroxypropyi 0.55% 1.0% 4.5% Form gels.

Methyl Cellulose

Polyethylene glycol 1.0% 2.0% 8.0% Form gels.

Methyl Cellulose 1.0-2.0% | 1.0-2.0% | 4.0-6.0% | Form gels. Precipitation
may occur with higher GP
contents.

Pluronic® 1.0% 2.0% 2.0% Form gels. Precipitation
may occur with higher GP
contents.

Collagen (type |) 1.0% 1.0% 8.0% Form gels.

All presented concentrations (%, mol/l) are final.

b) Addition of water-soluble ingredients of interest

Some organic molecules that are soluble or miscible with water
may be added to the chitosan-based liquid component to give modified or
improved physico-chemical characteristics, mechanical or handling
performances, or biological properties. This includes without limitation
polyols, sugars, amino-acids, saccharides, and polysaccharides.
Polyols & Sugars

Of particular interest may be the polyols such as polyols having
diol hydrocarbon moieties which may be useful for the processing or the
performances of the liquid component (see Table 3). Among those polyols,
sugar-polyols, saccharide-polyols and glycols are preferred: glycerol,
mannitol, sorbitol and ethylene glycol compounds such as the triethylene
glycol, tetraethylene giycol were found to be good representative
examples, being attractive and bringing modifications or improvements to
the liquid component or resulting thermo-formed gel. Sugars such as
fructose, glucose, etc may be used similarly.
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Table 3

Liquid component compositions having added water-soluble non-
polymeric ingredient (Polyols)

Polymer (2) | Ingredient | Chitosan GP Remarks
content content | content
(W/v) (wiv) (wW/v)

Glycerol 0.1-1.0 2.0% 8.0% | Form gels. Changed rheological

parameters of gels. Stabilize
chitosan sol viscosity.

Sorbitol 0.1-1.0 1.0% 4.0% Form gels. Changed rheological

{Mannitol) parameters of nonsterile gels.
Stabilize chitosan sol viscosity.

Ethylene 0.1-1.0 2.0% 8.0% Form gels. Changed rheological

glycol parameters of nonsterile gels.
Stabilize chitosan sol viscosity.

Tri- (Tetra-) 0.1-1.0 2.0% 8.0% Form gels. Changed rheological

Ethylene parameters of gels. Stabilize

glycol chitosan sol viscosity.

5 All presented concentrations (%, mol/l) are final.
Polysaccharides (GAGs)

Other water-soluble (bio)chemical ingredients may be of interest
to be added to the chitosan-GP liquid component. However, such
ingredients must not disturb the chitosan-GP composition (ingredient) and

10 its thermo-gelling property. Glycoaminoglycans may be added to the
chitosan-GP solution to a certain extent. It must be taken care of not
inducing precipitation of chitosan. In Table 4, heparin was used as the
GAGs to be added. Chitosan solutions were 4.0% w/v chitosan
(deacetylation 95%) in 0.19M HCI. GP solutions were 54,6 % w/v in water.

15 Heparin in water solutions were at 1 mg/mL (A), 0.1 mg/mL (B), 10 yg/mL
(C) and 1 pg/mL (D).
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Table 4

Liquid component compositions having added water-soluble non-
polymeric ingredient (Heparin)

# Composition pH Remarks
1. 500 L chitosan + 150 uL GP 7.04 Gels.
250pL water + 100 pL Heparin (B)
2. 500 pL chitosan + 250uL water 7.01 Gels.
150 L. GP + 100 pL Heparin (C)
3. 500 L chitosan + 250uL water 6.87 Gels.
150 pL GP + 100 uL Heparin (B)
4. 500 pL chitosan + 250uL water 6.97 Reduced precipitation.
150 uL GP + 100 uL Heparin (A) Gels.

c) Addition of a Second water-soluble Phosphate source to the Liquid
Component

An acidic chitosan aqueous solution (2.0-4.0 w/v) was made with
a chitosan deacetylated at 83-85%, filtered and dialyzed, and was
prepared from a 0.1M HCI solution.

A chitosan-GP aqueous solution was prepared from a pre-
cooled (4°C) chitosan in HCI solution and a 54-55% (w/v) disodium
glycerophosphate (GP) in distilied water solution. The pH of the resulting
liquid chitosan-GP solution was measured at 21°C. A phosphate solution
(1) was prepared with 0.144 g/l KHoPO4.7H,0 potassium dihydrogen
phosphate hydrated) and 0.795 g/l Na,HPO, disodium hydrogen
phosphate) and had a pH of 7.4 at 20°C. Amounts of the chitosan-GP
solution and phosphate solution (1) were admixed homogeneously, then
the pH of the resulting solutions was measured. The solutions were finally
disposed at 37°C for gelation, all signs of precipitation being noted. In
Table 5, all chitosan-GP + phosphate solution (1) (80:20 to 50:50, vol)
showed no signs of precipitation, and gelled within 30 minutes at 37°C.
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Table 5

Composition of liquid components supplemented with a second
source of water-soluble phosphate.

Composition pH Chitosan:GP | [Phosphate] | Gelling | Precipitation
(% whv) mol/l time

(initial)

10 ml chitosan-GP 7.0 2.0:8.2 0 30 No
minutes

8 ml chitosan-GP + 6.9 1.6:6.6 0.0014 30 No

2 ml phosphate (1) minutes

7 ml chitosan-GP + 6.9 1.4:5.7 0.0021 30 No

3 ml phosphate (1) minutes

5 ml chitosan-GP + 6.9 1.0:4.1 0.0035 30 No

5 ml phosphate (1) minutes

8 ml chitosan-GP + 6.9 1.6:6.6 0.04 Slow No

2 ml phosphate (2) gelation

1:1

7 ml chitosan-GP + 6.9 1.4.5.7 0.06 Slow No

3 ml phosphate (2) gelation

1:1

5 ml chitosan-GP + 6.95 1.0:4.1 0.001 30-40 No

5 ml phosphate (2) minutes | precipitation

1:100

All presented concentrations (%, mol/l) are final.

A concentrated phosphate solution (2) was prepared from
283.92 g/l of NapHPO, (0.2 mol/l disodium hydrogen phosphate) and
239.96 g/l of NaH,PO, (0.2 mol/l sodium dihydrogen phosphate) and had a
pH of 7.4 at 37°C. This phosphate solution was used with dilutions at 1:1,
1:10, 1:100 and 1:1000. Equal volumes (50:50) of the diluted to
concentrated phosphate solution (2) and chitosan-GP solution were mixed
homogeneously. The pH of the resulting solutions was measured, and the
solutions disposed at 37°C for gelation, all signs of precipitation being
noted. All chitosan-GP/phosphate (2) gelled with various rates at 37°C.

A more concentrated phosphate solution (3) was prepared: 0.5
mol/l NaH,PQ4 (600 g/l) and 0.5 mol/l NazHPO, (709.8 g/l). Volumes of the
concentrated phosphate solution (3) was added to chitosan-GP solutions,
and mixed homogeneously. In Table 6, the pH of the resulting solutions
was measured, and the solutions disposed at 37°C for gelation, all signs of
precipitation being noted. Chitosan-GP is fully compatible with 5 mM PBS
solution at pH 7.2-7.4. Compatibility depends upon the phosphate content
(Tables 1a-1b): the addition of highly concentrated phosphate solutions
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(especially dibasic phosphates) renders the chitosan-GP system more
turbid and prone to precipitation or heterogenous gelation.
Table 6

Composition of liquid components supplemented with a second
source of water-soluble phosphate.

Composition pH Chitosan:GP | [Phosphate] | Gelling | Precipitation
(% whv) mol/l time
(initial)
10 ml chitosan-GP 7.0 4.0:8.2 0 30 No
minutes
9 ml chitosan-GP + 6.7 3.6:7.4 0.05 More turbid
1 ml phosphate (3)
8 ml chitosan-GP + 6.7 3.2.6.6 0.1 Highly turbid;
2 ml phosphate (3) Gels
heterogeneo
usly

d) Addition of a water-soluble Carbonate source to the Liquid
Component

The chitosan-GP solutions were prepared as in Example 1c.

A carbonate solution was prepared from a 0.2 mol/l solution of
monosodium carbonate, having a pH of 8.16 at 21°C. Equal volumes
(50:50) of the diluted (1/10) to concentrated carbonate solution and
chitosan-GP solution were mixed homogeneously. A carbonate (0.1 mol/l)
+ phosphate (0.1 mol/l) solution was also used. The pH was measured,
and the solutions were disposed at 37°C for gelation, all signs of
precipitation being noted (see Table 7). Chitosan-GP systems are fully
compatible with carbonate buffer such as a 5 mM phosphate/carbonate
buffer at a pH of 8.8. But, this compatibility will decline for too high
carbonate contents.
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Table 7
Composition of liquid components supplemented with a source of

water-soluble carbonate.

PCT/CA00/01492

Composition pH [Carbonate] | Gelling time | Precipitation/Remarks
mol/| (initial)

10 mi chitosan-GP 7.0 0 30 minutes No

8 ml chitosan-GP + 7.0 0.04 30 minutes No

2 ml carbonate

6 ml chitosan-GP + 74 0.08 30 minutes No. Some sparse

4 ml carbonate complexes may occur by
the surface.

5 ml chitosan-GP + 71 0.10 30 minutes No. Fibrous complexes

5 mi carbonate occur sparsely at the
upper level.

5 ml chitosan-GP + 6.95 0.01 30 minutes No

5 ml carbonate 1:10

All presented concentrations (%, mol/l...) are final.

in Example 1d, liquid chitosan-GP formulations supplemented
with water-soluble phosphates and/or carbonates present a reduced shell-
life and stability, even at low temperatures (4°C). This is dose-dependent,
the more concentrated is the content of water-soluble phosphate and/or
carbonate in the chitosan-GP formulation, the less stable is the resulting
solution.
e) Typical preparation of sterile Liquid Component
Sterilization method of Liquid components

Sterilization of liquid component can be performed during the
preparation and processing of the chitosan-GP solutions. The chitosan-GP
systems can not be sterilized by energizing methods, due to unexpected
and undesirable thermal gelling. Chitosan solutions (no GP) and GP
solutions (no chitosan) are to be sterilized separately. GP aqueous
solutions have no viscosity and are sterilized by filtration in all cases,
without any noticeable adverse effects. Chitosan materials (solid) or
chitosan solutions (acidic aqueous medium) must be sterilized while
avoiding the occurrence of significant degradative effects on both chitosan
polymer and chitosan-GP systems.

The preferred methods of sterilization of chitosan comprises
autoclaving chitosan powder or solution, and gamma-irrdiation of nonliquid
chitosan material (including frozen solution)(see Tablee 8).
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Table 8
Effects of sterilizing on Chitosan-GP systems (no additive)

Chitosan sterilization | Effects on chitosan | Effect of thermo-gelling Chitosan-
biopolymer GP systems.

Autoclaving of chitosan | Controlled Gels (slightly decreased gelling rate).

solutions in acidic modification;

media.

Autoclaving of chitosan | Controlled Modify gel properties.

suspension in water. modification;

{rradiation of chitosan Controlled Gels (slightly decreased gelling rate).

materials (4°C). modification;

irradiation of chitosan Stronger Gels (affect the gelling rate).

materials (20°C). modification;

Irradiation of chitosan No to nonsignificant | Gels (no changes).

solutions (-80°C). modification;
EXAMPLE I

Incorporation of Bone Healing and/or Inductive Agents into the Liquid

Component

a) Incorporation and compatibility of whole blood and bone marrow in
the Liquid of Mineral-Polymer Composites.

Blood component or whole blood from patient to be treated is
often used to mix with bone filling materials (Ex: calcium phosphate or
carbonate granules mixed with autologous blood).

A fresh blood sample was collected from auricular arteries and
from subchondral defects of rabbits. Blood was admixed with the liquid
component of the mineral-polymer composites (chitosan-GP). Bone
marrow was collected in rabbit from tibia and femur, and used fresh. Upon
complete and rapid homogenization, the gelling of this blood containing
liquid component was monitored at 37°C by rheological analyses (Fig. 17).
The gel has an elastic modulus (G’) about 800-1000 Pa after 9 hrs at
37°C.

This demonstrated that the thermo-gelling of the liquid
component is not affected by blood or marrow and enables to incorporate
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blood and its components, and bone marrow, within the thermo-gelling
hybrid formulation.

b) Incorporation and Release of Proteins (albumin) in the Liquid
and/or Solid Component of Mineral-Polymer Composites

Bovine serum albumin (BSA) was the protein used to model the
protein incorporation and release from hybrid formulations, either by the
liquid and/or solid component.

Incorporation of BSA in the liquid component was performed by
incorporating directly the BSA to the liquid component formulation. Using a
2-syringe procedure, a chitosan solution and a glycerophosphate solution
are admixed homogeneously, then the chitosan-GP solution is similarly
admixed with a BSA in PBS (x1) solution. The final chitosan content in
these gels were 1.44, 1.8 and 2.16% w/v. The final BSA content in these
gels was 250 pg/ml. Gels are molded in petri dishes (constant surface
area) (37°C, 1 h), then covered with 10 ml of PBS (x1). At the desired time,
a 1000 yl solution speciment is collected for titrating the BSA content, and
replaced by 1000 ul of fresh PBS solution. The BSA content is determined
spectrophotometrically by using a Coomassie Plus Protein assay (Pierce).
The BSA released from the chitosan-GP gels is determined at 1, 3, 6, 24,
48h, 4, 6 days, etc. The BSA release from chitosan-GP gels is rapid, and
by 24 hrs, at least 50% of the BSA is totally released from the gels.
Incorporation of BSA in the solid component was performed by contacting
Biphasic Calcium Phosphate granules (2 sizes : < 150 pm, 150-250 pm)
with Bovine Serum Albumin (BSA) solutions. The BCP/BSA weight ratio
was 50 mg of BCP for 500, 1000 or 2500 pg of BSA. Initial BSA solutions
were prepared in Phosphate Buffered Solution (PBS x1) at BSA
concentrations about 1, 2 or 5 mg/ml. A 500 ul of BSA solution was poured
onto 50 mg of the BCP granules. Adsorptions were performed in
centrifugation filters (Nanosep MF Microconcentrator) with a filter size of
0.45 um. Adsorption was done at 37°C for 24 hrs. Following adsorption,
BCP granules were collected by ultracentrifugation for 10 minutes at
13000 rpm. The remaining BSA solution is collected. BCP granules were
disposed in cell culture inserts (0.4 pym filter) of a 24-well plate, and
covered with 1.5 ml of PBS (x1). At the desired time, a 500 ul solution
speciment is collected for titrating the BSA content, and replaced by 500 pl
of fresh PBS solution. The BSA content is determined
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spectrophotometrically by using a Coomassie Plus Protein assay (Pierce).
The BSA released from the BCP granules is determined at 1, 3, 6, 24,
48h, 4, 6 days, etc. The BSA release from BCP granules is progressive.

The BSA releases are equivalent for both sizes, and correspond
to a total release about 40 micrograms after 700 hours (20 micrograms
after 200 hours).

c) Incorporation and Release of Bone Proteins (BP) in the Liquid
Component of Mineral-Polymer Composite.

The osteogenic agent was a bone protein (BP), in fact a pool of
bone morphogeneic proteins that were solubilized in an acidic aqueous
environment. The chitosan-GP aqueous solution was prepared as
described in Example 1. A BP solution was made by dissolving the
proteins in a 0.01M HCI (6.0 mg/ml). Three volumes of the BP solution
were sampled, and carefully admixed to chitosan-GP solutions to give
clear homogeneous chitosan-GP + BP compositions having distinct
contents in proteins. The volume of all prepared compositions was
completed with sterile water to 12.5 ml as required. All operations were
performed at 4°C under sterile conditions. The final BP content of the three
compositions was 33, 100 and 330 pg/ml. Gel formation of all BP
containing compositions was reached within few minutes at 37°C. The
incorporation of BPs did not interfer with the gel formation. Gelled
chitosan-GP/BP samples were tested in vitro by activity/release assays,
and evaluated in vivo by a rodent subcutaneous assay. A rodent
subcutaneous assay was used: Long-Evans rats (20) were anesthetized
with sodium pentobarbital (400 pg). Gel-containing samples (200 ul) were
injected sub-cutaneously in the absence of an incision. The gel formed a
sphere structure. Each group contained 5 animals. The gel compositions
were compared using variable BP doses (0, 10, 30 pg). The in vivo
subcutaneous assay demonstrates that the BP is active in the chitosan-GP
formulation, thus leading to induction of bone and cartilage neo-tissues.

Bone healing factors that are useful for fracture healing were
selected as representative bone healing agents to be incorporated into the
liquid component.
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c) Incorporation and Release of Fibroblast Growth Factor (FGF) in the
Liquid Component of Mineral-Polymer Composite

Fibroblast growth factor (basic, bFGF) was used here as a
Growth Factor member of the TGF-U GF family to be incorporated in the
liquid component and hybrid materials. bFGF and bFGF with Heparin were
added to the chitosan-GP solutions, bFGF and bFGF/Heparin alone being
used as controls. Heparin in the chitosan-GP solution was used at 10
ug/mL while bFGF was at 1 pg/mL. Chitosan-GP (1 mL) solutions were
disposed in dishes, with PBS and 50 ug/mL bovine serum albumin, at
37°C. A 1 mL of the medium was collected at 0, 6, 24, 48, and 72 hours.
The bFGF is quantified by ELISA (Quantikine FGF basic immunoassay).
The bFGF in Chitosan-GP gels (no heparin) is mainly released by 24 hrs.
When incubated with heparin, bFGF (+ heparin) remained within chitosan-
GP gels, and the release is clearly slowed down.

Additionally to the liquid component, bFGF and other GFs can
be immobilized by the way of the solid component, or incorporated directly
in the hybrid compositions.

d) Incorporation of Human Demineralized Bone Powder (HDBP) to the
Mineral-Polymer Composite.

Demineralized bone powder (DBP) is a demineralized bone
matrix (DBM) material transformed into solid powder, and is composed of
the non-mineral non-living organic bone components (collagen, bone
proteins...). Demineralized bone matrix is osteoinductive. A cortical
demineralized bone powder (CDBP) (Community Tissue Services, OH &
Impladent, NY, USA) from human allografts was selected for typical
examples. It is an allogenic cortical demineralized bone matrix that has
been crushed in particles about 0.3-0.5 mm in size. CDBP was sterilized
by irradiation and freeze-dried. As for allografts, CDBP was tested
negative for HBsSAG, anti-HBc, anti-HCV, STS, HIV 1/2, HTLV-I and HIV-1
antigen. A chitosan-GP formulation basis was obtained first by preparing a
2.3% w/v chitosan (84% deacetylation) in 0.10M HCI solution, and then by
admixing the desired amount of a 55% w/v disodium glycerophosphate in
distilled water solution. Final concentrations in the clear liquid chitosan-GP
formulation were around 1.8-2.0% w/v chitosan and 8.0% w/v
glycerophosphate.
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CDBP was incorporated in a solid state to the chitosan-GP
solution, thus resulting in a CDBP in chitosan-GP suspension. Loading of
chitosan-GP with CDBP (Impladent Ltd., NY, USA) was determined by
initial solid to liquid weight or volume ratio. The chitosan-GP/CDBP

5 compositions were gelled at 37°C, entrapping homogeneously the CDBP.

EXAMPLE Il
Self-forming hybrid composition and material

Different calcium phosphate materials were used to form self-
10 forming (gelling) hybrid compositions and materials (Fig. 1). All selected
calcium phosphates were recognized (clinically) as being osteoconductive.
Table 9 gives the corresponding compositions and S/L ratios.
Table 9
Corresponding Compositions And S/L Ratios

15
Liquid Chitosan- | Chitosan | chitosan- | chitosan- | Chitosan | chitosan-GP
Component GP -GP GP GP -GP
Solid Durapatite | B-TCP HA Apafill-G | Coralina BCP
Component Resorb
(< 125 ym) (100-400 | (400-800
(212-250 (300-400 | pm) pm)
Hm) um)
Composition HA B-TCP | Synthetic HA Coralline | HAP/B-TCP
HA HA
S/L ratio 0:10-7:10 |0:10-7:10}0:10-3:10]0:10-3:10 | 0:10-3:10 0:10-5:10
(load)
a) Composition with Durapatite hydroxyapatite
A chitosan-GP formulation basis was obtained first by preparing
a 2.3% w/v chitosan (84% deacetylation) in 0.1M HCI solution, and then by
20 admixing the desired amount of a 55% w/v disodium glycerophosphate in
distilled water solution. Final concentrations in the clear liquid chitosan-GP
formulation were 2.0% w/v chitosan and 8.0% w/v glycerophosphate.
Loading in solid Durapatite particles was determined by solid to liquid
weight ratio, e.g. 1:10, 3:10 & 5:10 S/L loading ratio. Typical experiments
25 were conducted with a 3:10 Ca-P loading (Tabie 9).

Durapatite particles were selected by sieving in 0-125 pm
diameter, 212-250 uym diameter and > 250 uym diameter size groups.
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Homogeneous mixing of Ca-P ceramics in chitosan-GP was achieved by
manual kneading and magnetic stirring during 2-3 hours. The resulting
slurries generally show greater extrudability or flowing properties which is
observed by the viscosimetric analysis. It shows that higher shear rates
result in lowering the viscosity (< 10,000 mPa.s), the higher viscosity being
observed at low shear rates (up to 60,000 mPa.s).

All hybrid compositions rheologically demonstrate a self-gelling
behaviour that is typical of the liquid component property. In nearly all
cases, the Durapatite loading induces more elevated viscoelastic
parameters such as typically the elastic and viscous moduli (G’ and G”).
Durapatite (212-250 uym) incorporation seems to be the most efficient in
improving G’ and G”. To some extent, the G’ and G” increasing rates
seems to be lineraly correlated with the S/L ratio. Mechanical
performances expressed by compression modulus (transient and
equilibrium) are not markedly enhanced by the Durapatite incorporation
although 3/10 to 5/10 loading seemed to provide hybrid gels with higher
compressive strengths (Figs. 2, 4, 5, 7, 8, and 12).

b) Hybrid materials with tricalcium phosphate (TCP)

The selected chitosan-GP solution was the same as previously
described in Example 3a above. Loading in tricalcium phosphate (TCP)
particles as determined by solid to liquid weight ratio varied, (1:10, 3:10 &
5:10 S/L). Typical experiments were conducted with a 3:10 Ca-P loading
(Table 9). All chitosan-GP/TCP compositions were monitored by
viscosimetric and rheologic methods, and formed solid hybrid gels at 37°C
(Figs. 3 and 9).

c) Hybrid materials with synthetic nonceramic hydroxyapatite (HA
Resorb Osteogen)

The selected chitosan-GP solution was the same as previously
described in Example 3a above. Loading in synthetic nonceramic
hydroxyapatite HA resorb Osteogen (Impladent Ltd., NY, USA) particles
was 1:10 & 3:10 S/L (Table 9). Osteogen hydroxapatite is a dental
hydroxyapatite material, about 300-400 pm in size. All chitosan-
GP/Osteogen compositions were monitored by viscosimetric and rheologic
methods, and formed solid hybrid gels at 37°C (Figs. 10 and 13).
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d) Hybrid materials with hydroxyapatite ceramic dense granules
(Apafill-G)

The selected chitosan-GP solution was the same as previously
described in Example 3a above. Loading in dense Apafill-G hydroxyapatite
(BIOMAT, Habana, Cuba) particles was 3:10 S/L (Table 9). Apafill-G
hydroxapatite is an orthopaedic and dental hydroxyapatite material, about
100-400 pm in size. All chitosan-GP/Apafill compositions were monitored
by viscosimetric and rheologic methods, and formed solid hybrid gels at
37°C.

e) Hybrid materials with coralline hydroxyapatite granules (Coralina)

The selected chitosan-GP solution was the same as previously
described in Example 3a above. Loading in Coralina hydroxyapatite
(Laboratorio de Biomaterales, Cuba) particles was 3:10 S/L (Table 9).
Corallina hydroxapatite is produced from marine coral materials, and is
used as an orthopaedic and dental nonresorbable hydroxyapatite material,
about 400-2400 um in size. All chitosan-GP/Corallina compositions were
monitored by viscosimetric and rheologic methods, and formed solid hybrid
gels at 37°C.

f) Hybrid materials with Biphasic Calcium Phosphate (BCP)

The selected chitosan-GP solution was the same as previously
described in Example 3a above. Particles of HAP/B-TCP (35-40:65-60)
biphasic calcium phosphate (Clarkson Chromatographic Products inc., PA,
USA; and Teknimed, Vic-en-Bigorre, FRANCE) were loaded at a solid to
liquid weight ratio from 1:10 to 5:10 (Table 9). BCP is about 40:60 (wt.)
powder mixture of a hydroxyapatite and a f-tricalcium phosphate. All
chitosan-GP/BCP compositions were monitored by viscosimetric and
rheologic methods, and formed solid hybrid gels at 37°C. All materials from
examples 2a to 2f gelled into solid hybrid gels or showed endothermic
signs of gelation for loadings ranging typically from 0/10 to 10/10, and
preferably from 0/10 to 7/10 (0 to 1 g/mL). Ideal Ca-P loading (injectability,
gel uniformity...) seemed generally to be around 3/10 to 5/10, however
changed slightly with the Ca-P chemical nature and granulometry (size,
density) (Figs. 11, 14, 15, and 16).

g) Osteoinductive bone hybrid compositions and bio-materials

A self-forming bone hybrid composition and bio-material was

composed of chitosan-GP, hydroxyapatite and CDBP. The chitosan-GP
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was prepared to 1.5% (w/v) of chitosan and 8.2% (w/v) of GP. A 1.0 ml of
human CDBP powder was admixed with a 10 ml of chitosan-GP solution,
then loaded with 3.0 grams of Durapatite particles (200-250 um).

The flowable resulting suspension was carefully mixed and
homogenized (manually and mechanically). Gel formation was reached
and controlled at 37°C.

EXAMPLE IV
In vivo study of bone compositions, bio-materials and related
components

a) Subcutaneous injections of pure Liquid Components

Liquid phases consisting in aqueous thermo-gelling solutions of
chitosan (2.0% w/v) and glycerophosphate (8.2% w/v) were prepared
sterile, by autoclaving chitosan solutions and filtering glycerophosphate
solutions. Adult albino Sprague Dawley rats were anesthezied for 40
minutes by intra-peritoneal injections of 2.7 mlU/kg of a Hypnorm® and
Midazolal (Versed®) mixture, made by mixing 1 ml of Hypnorm® and 1 ml
of 5 mg/ml Midazolal with 2 ml of sterile water. Sub-cutaneous injections
about 0.2 ml/injections were performed on each side of the spine mid-line.
The animals were returned to normal activities. Sacrifices by carbon
dioxide overdose were done at 3, 7, 14, 21, 30, 60, 90 and 120 days.
Implants were collected, macroscopically examined and analyzed by
histology (H&E staining on thin slides). Gross observations showed that
chitosan-GP systems formed in situ cohesive matrices having spherical to
ovoid shapes. Implants did not travel subcutaneously, at any times.
Histological analyses showed a reduced acute inflammation, and a
moderate chronic inflammation that was associated to the implant erosion.
Chitosan-GP systems were found to give cohesive, shaped, and resident
implants with a moderate associated inflammatory reactions. Erosion in
situ of the chitosan-GP implants was progressive and peripheric. The
implants and materials resided in situ for 120 days.
b) Intramuscular injections of pure Liquid Components

Intra-muscular injections in rats were performed with the
materials and protocols that were described in Example 4a, except that
injections were intramuscularly in the muscular tissues of lower limbs.
Gross observations showed that chitosan-GP systems formed in situ
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cohesive matrices having spherical to ovoid shapes. Implants did not travel
subcutaneously, at any times. Histological analyses showed a reduced
acute inflammation, and a moderate chronic inflammation that was
associated to the implant erosion. Chitosan-GP systems were found to
give cohesive, shaped, and resident implants with a moderate associated
inflammatory reactions. Erosion in situ of the chitosan-GP implants was
progressive and peripheric. The implants and materials resided in situ for
80 days.

c) Osseous injections of pure Liquid Components

Osseous injections in a rat trancondylar model were performed
with the materials and protocols described in Example 4a, except that
thermo-gelling materials were disposed in transcondylar cylindrical defects.

Gross observations showed that chitosan-GP systems formed in
situ cohesive matrices. Histological analyses showed a reduced acute
inflammation, and a moderate chronic inflammation that was associated to
the implant erosion.

d) Subcutaneous Injections of Hybrid Materials with HA Resorb

Subcutaneous injections in rats were performed with the
materials and protocols that were described in Example 4a. The hybrid
compositions were aqueous, and containing 2.0% w/v of chitosan, 8.2%
w/v of glycerophosphate, and 30% w/v (about 3 grs crystal per 10 grs
solution) of HA Resorb synthetic hydroxyapatite crystals. Chitosan-GP was
prepared sterile (chitosan autoclaved; GP filtered 0.22 pm). HA Resorb
crystals were sterile at admixing in the solution. Each injection was about
200 pl in volume. Hybrid implants formed in situ were cohesive, infiltrated
and did not travel in situ. The implants remained in place for a period of at
least 80 days.

While the invention has been described in connection with
specific embodiments thereof, it will be understood that it is capable of
further modifications and this application is intended to cover any varia-
tions, uses, or adaptations of the invention following, in general, the
principles of the invention and including such departures from the present
disclosure as come within known or customary practice within the art to
which the invention pertains and as may be applied to the essential
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features hereinbefore set forth, and as follows in the scope of the
appended claims.
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WHAT IS CLAIMED IS:

1. An in situ self-forming mineral-polymer hybrid composition
comprising: |

a) a water-based and thermo-gelling liquid component comprising

at least one hydrosoluble cationic polymer, one organic mono-

phosphate source, and optionally one water-soluble organic

mono-sulfonate, mono-sulfate or mono-carboxylate source; said

liquid component having a pH between 6.5 and 7.4; and

b) a water non-soluble solid component comprising at least one of

calcium, fluoride, strontium, carbonate and phosphate salts,

wherein said liquid component and solid component are admixed together
intimately to form a non-hardening thermo-gelling hybrid composition; said
hybrid composition gelling at the body temperature.

2. A composition according to claim 1, wherein said liquid
component is prepared from organic and/or inorganic acids, including
malic acid, propionic acid, phosphoric acid, organophosphoric acid,
glycerophosphoric acid, lactic acid, hydrochloric acid, ascorbic acid, formic
acid, acetic acid, and the like.

3. A composition according to claim 1, wherein said polymer is a
cationic hydrophilic polysaccharide bearing amino groups, including

partially-deacetylated chitosans, and pure chitosan.

4, A composition according to claim 1, wherein said polymer is a
partially-deacetylated chitosan with a degree of deacetylation between 30
and 99%.

5. A composition according to claim 1, wherein said liquid
component comprises a second soluble polymer selected among
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polypeptides, cellulosics and synthetic polymers, including collagen,
methy!l cellulose, hydroxyethyl cellulose, hydroxypropyl celiulose,
hydroxyethyl propylcellulose, hydroxymethyl propylcellulose, poly(ethylene
oxide), poly(propylene oxide), poly(ethylene glycol), poly(vinyl pyrrolidone)

poly(vinyl alcohol), or derivatives thereof, or a mixture thereof.

6. A composition according to claim 1, wherein said organic mono-
phosphate, mono-sulfonate, mono-sulfate and mono-carboxylate sources
of said liquid component have a basic character and a pKa between 6.0
and 7.4.

7. A composition according to claim 1, wherein said organic mono-
phosphate source is selected from the group consisting of
NayPO4C3Hs(OH), Fe,PO4CsHs(OH),, K2PO4C3Hs(OH)o,
MgPO4CsHs(OH)2, MnPO4C3Hs(OH);, CaxPOsC3Hs(OH),, Na,PO,CsH-,
Na,PO,CsH;, KyPO;CsH;, NaPO;C4Hg, KoPO;CsHs, NaPOgCsHo,
KoPOgCsHg, NaPOgCsHig, KPOgCsHio, NaPOgCeHi1, NaPOyCeHio,
KoPOgCsH11, KPOgCeHiz, NaPOgCeHiz, KoPOgCsHiz, NaPOgCeHis,
KPQOgCeH1s, NasPOgCeHiz, KoPOgCeHiz, NaPOgCeHiz, KPOgCeHys,
Na,POgC1oH11, KoaPOgCioH11, NaPOgC1oH12, and KPOgC1oH12 and the like,

and derivatives, or mixtures thereof.

8. A composition according to claim 1, wherein said organic mono-
phosphate source is alpha-glycerophosphate, beta-glycerophosphate,
glucose-1-phosphate, glucose-6-phosphate, fructose-1-phosphate, or

fructose-6-phosphate salt, or a mixture thereof.

9. A composition according to claim 1, wherein said organic mono-
sulfonate source is N-[carbamoylmethyl]-2-aminoethanesulfonate (ACES),
N,N-bis[2-hydroxyethyl]-2-aminoethane-sulfonate  (BES),  3-[N,N-bis(2-
hydroxyethyl)amino}-2-hydroxypropane-sulfonate (DIPSO), N-[2-
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hydroxyethyl]piperazine-N’-3-propanesulfonate (HEPES), 2-[N-
morpholino]ethane-sulfonate (MES), 4-[N-morpholino}-butanesulfonate
(MOBS), 3-[N-morpholino]-2-hydroxypropanesulfonate (MOPSQ), or N-
tris[hydroxymethyl} methyl-2-aminoethanesulfonate (TES), or the like, or a

mixture thereof.

10. A composition according to claim 1, wherein said liquid
component further comprises bis[2-hydroxyethylliminotris
[hydroxymethylimethane (BIS-TRIS), or Tris[hydroxymethyl]

aminomethane (TRIZMA), or the like, or a mixture thereof.

11. A composition according to claim 1, wherein said liquid
component further comprises amino-acid residues or sequences, including

histidine (HIS) or lysine (LYS) residues or sequences.

12. A composition according to claim 1, wherein said liquid
component comprises organic polyol ingredient including sugar-polyols,
saccharide-polyols and glycols, such as glycerol, mannitol, sorbitol,
ethylene glycol oligomers, propylene glycol oligomers, fructose, glucose,

maltose, and the like.

13. A composition according to claim 1, wherein said liquid
component comprises water-soluble phosphate or carbonate salts, or a

mixture thereof.

14. A composition according to claim 1, wherein said liquid
component has an intrinsic viscosity ranging between 5 and 100,000
mPa.s at 21°C.
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15. A composition according to claim 1, wherein said liquid
component forms a homogeneous solid aqueous gel-like material at a

temperature between 25 and 60°C.

16. A composition according to claim 1, wherein said solid
component comprises calcium phosphate, calcium sulfate, calcium
carbonate, calcium titanate, calcium acetate, calcium glycerophosphate,
calcium gluconate, calcium propionate compounds, or the like, or a mixture

thereof.

17. A composition according to claim 1, wherein said solid
component comprises at least one calcium phosphate selected from the
group consisting of Ca(H2PO4)2.H0, CaHPO4.2H,O, CaHPO,,
CazZn3(PQy)2, CazZnPO, CaNaPQ4 CasPO4Cl, alpha-Caz(POy),, beta-
Caz(POy)2, Ca3(PO4)2.H20, Cay(P04)20, CagHz(PO4)s.5H20,
Cag(HPO4)(PO4)sOH, Cai1g(PO4)s(OH)2.2x0x, and Caio(POs)e(OH),, and
derivatives thereof.

18. A composition according to claim 1, wherein said solid

component comprises hydroxyapatite and tricalcium phosphate.

19. A composition according to claim 1, wherein said solid
component comprises hydroxyapatite and alpha- or beta-tricalcium

phosphate, or any combination thereof.

20. A composition according to claim 1, wherein said solid
component comprises from 5 to 95% wt. of hydroxyapatite and 90 to 5%

wt. of alpha- or beta-tricalcium phosphate.
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21. A composition according to claim 1, wherein said solid
component comprises from 45-65% wt. of hydroxyapatite and 35-55% wt.
of alpha- or beta-tricalcium phosphate.

22. A composition according to claim 1, wherein said solid
component comprises natural mineral components including hard-tissue,

enamel or dental apatite, coral or nacre.

23. A composition according to claim 1, wherein said solid
component comprises additionally a carbonate compound selected from
Na,CO;, CaCO;,  KyCOz,  MgCO;,  ZnCO;  CagK(PO4)s5(CO3),,
CagsNay.5(P0O4)4.5(CO3)25, Cag(PO4)s5(CO3)15, and the like.

24. A composition according to claim 1, wherein said solid
component comprises additionally a carbonated calcium phosphate.

25. A composition according to claim 1, wherein said solid
component comprises additionally a fluoride compound selected from NaF,
NazSisF, KF, KSigF, CaF,, MgF,, ZnF,, sodium fluorophosphates, and the
like.

26. A composition according to claim 1, wherein said solid

component comprises additionally a fluorinated calcium phosphate.

27. A composition according to claim 1, wherein said solid

component comprises additionally a strontium compound.

28. A composition according to claim 1, wherein said solid
component comprises additionally a strontium containing calcium

phosphate.
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29. A composition according to claim 1, wherein said solid
component comprises natural or synthetic solid components including
mineral or ceramic materials, bioglasses, polymeric or biopolymeric

materials, and the like.

30. A composition according to claim 1, wherein said solid
component and said liquid component have a solid/liquid weight ratio
between 0.05 and 2.0 g/mL.

31. A composition according to claim 1, wherein said solid
component consists in dry ingredients with a size ranging from 5 to 1000

micrometers.

32. A composition according to claim 1, wherein said hybrid
composition is at least partly resorbable in situ over time such as over a

period of 18 months.

33. A composition according to claim 1, wherein said hybrid
composition or liquid component or solid component is admixed with
autologous materials selected from a group comprising cortical or cortico-
cancellous bone, whole blood and blood components, bone marrow, cells
isolated from tissues, stroma cells, or hematopoietic cells.

34. A composition according to claim 1, which further comprises
osteoinductive agents selected from the group consisting of growth factors,
hormones, individual osteoinductive proteins and mixtures of

osteoinductive proteins.

- 35. A composition according to claim 1, which further comprises
bone derived materials including demineralized bone matrix (DBM) or
powder (DBP).
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36. A composition according to claim 1, which further comprises at
least one growth factor selected from the group consisting of IGF, EGF, a-
FGF, b-FGF, PDGF-A, PDGF-B and TGF-beta.

37. A composition according to claim 1, which further comprises at
least one bone morphogenic proteins (BMP), sialoproteins, osteonectin,

osteopontin, osteocalcin, calcitonin, or a mixture thereof.

38. A composition according to claim 1, which further comprises
anti-resorptive, antibiotic, antiviral, antitumor, and/or immunosupressive

agent.

39. Use of a composition according to claim 1, as a gelling
composition to correct a defect, cavity or interface of a tissue, or in a body
cavity, and turned in situ into a gel-like filling material.

40. Use of a composition according to claim 1, as a gel-like material
to fulfill a defect, cavity or interface of a tissue, or in a body cavity.

41. Use of a composition according to claim 1, wherein said hybrid
composition is administered and is completely self-formed in a defect,

cavity or interface of one or more bones.

42. Use of a composition according to claim 1, wherein said hybrid
composition is administered and completely self-formed in a defect, cavity

or interface of a cortical, corticocancellous or cancellous part of a bone.

43. Use of a composition according to claim 1, wherein said hybrid
composition is administered and completely self-formed in a defect, cavity

or interface between tissue parts or fragments of a fractured bone.
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44, Use of a composition according to claim 1, wherein said hybrid
composition is administered and completely self-formed in a defect, cavity
or interface at the metaphyseal or diaphyseal region of a bone.

45, Use of a composition according to claim 1, wherein said hybrid
composition is administered and is completely self-formed in a defect,

cavity or interface of a hyaline cartilage tissue.

46. Use of a composition according to claim 1, wherein said hybrid
composition is administered and completely self-formed in a defect, cavity

or interface of a fibro-cartilage tissue.

47. Use of a composition according to claim 1, wherein said hybrid
composition is injected or extruded percutaneously or endoscopically into a
defect, cavity or interface of a tissue or a body cavity through a cannula,

catheter, trocar or needle.

48. Use of a composition according to claim 1, wherein said hybrid
composition is applied and gelled during the course of an open surgical

operation.

49, Use of a composition according to claim 1, wherein said hybrid
composition is administered during the course of a repairing,
reconstructing or replacing treatment in dental, plastic, cranio-maxillofacial

or orthopaedic surgery.

50. An in situ self-forming mineral-polymer hybrid composition

comprising:
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a) a liquid component, comprising at least 0.5% w/v of a chitosan,
2.0% w/v of a glycerophosphate; said liquid component having a
pH between 6.5 and 7.4; and

b) a solid component comprising at least one apatite and one

tricalcium phosphate,

wherein said liquid component and solid component are admixed together
intimately to form a non-hardening thermo-gelling hybrid composition; said
hybrid composition gelling at the body temperature.

51. A composition according to claim 50, wherein said liquid
component additionnally comprises 0 to 10% w/v of at least one of
glycerol, sorbitol, mannitol, ethylene glycol oligomers or polymers, and

propylene glycol oligomers or polymers.

52. A composition according to claim 50, wherein said liquid
component is admixed with autologous blood, blood component or bone
marrow, said autologous blood, blood component or bone marrow being at

a concentration ranging from 0 to 25% w/v.

53. A composition according to claim 50, wherein said solid
component is a dry mixiure of at least hydroxyapatite and beta-tricalcium

phosphate.

54, A composition according to claim 50, wherein said solid
component additionnally comprises at least a strontium containing calcium

phosphate.

55. A composition according to claim 50, wherein said solid
~component additionnally comprises 0 to 25% w/v of dry crunched

autologous spongy bone.
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A composition according to claim 50, wherein said solid

component additionnally comprises 0 to 55% w/v of dry demineralized

bone material.

57.

A method of preparation of an in situ self-forming mineral-

polymer hybrid composition as described in Claim 1 or 50, comprising the

step of:

a) preparing a first water-based liquid sub-component comprising

at least one hydrosoluble cationic polymer, and preferably at
least 0.5% w/v of a chitosan, said first sub-component being

stable and stored below 10°C;

preparing a second water-based liquid sub-component
comprising at least one organic mono-phosphate source, and
optionally one water-soluble organic mono-sulfonate, mono-

sulfate or mono-carboxylate source;

preparing a solid component comprising at least one of calcium,
fluoride, strontium, carbonate and phosphate salts, such as

apatite and one tricalcium phosphate;

admixing homogeneously said second liquid sub-component
with said solid component into a stable water-based dispersion,
said dispersion being stable and stored at room temperature or

below; and

admixing said first liquid component and said stable dispersion
together intimately to form a non-hardening thermo-gelling

hybrid composition,

said hybrid composition having a pH between 6.5 and 7.4, being
injectable, gelling at the body temperature and being applicable to any
defect, cavity or anatomical structure of body’s tissues.
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