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Bioactive composite and process for the production of the bioactive composite

The present invention relates to a bioactive composite and process for
production of the bioactive composite .

Ceramic materials have been used for a long time as matrices for bone defects
filling in orthopaedics and maxillofacial surgery. This so called bioceramics include
materials based on calcium phosphates, especially hydroxyapatites (HAp) and
whitlockits ((B-TCP — B-tricalcium phosphate) and also biphasic materials (BCP)
composed of HAp and TCP. Other ceramic materials used as implantable ones are
based on aluminium, zirconium and titanium oxides and calcium carbonate (corraline
exoskeleton).

HAp bioceramics is extremely important among the modern implantable
materials. It is widely applied in maxillofacial surgery, for enlargement of atrophied
edge of alveolar process bone, for filling of bone defects after hemisections,
radectiomies, amputations of the root of the tooth or after cysts excisions, in
stomatology in treatment of deep gingival pockets, in orthopaedics for filling of bone
defects resulting from trauma or neoplasms and during reconstructions of hip and
knee joints. Hydroxyapatite is a preferred material for its chemical and mineralogical
similarity to inorganic compounds of bone and teeth and for lack of cytotoxic and
oncogenic effect on human organism. HAp bioceramics is also characterized by high
osteoconductivity and biocompatibility with bone tissue and cartilage. Calcium and
phosphate content enables the beneficial effect of hydroxyapatite on the process of
healing and regeneration of bones. Hydroxyapatite preparations applied for medical
purposes have usually porous structure and are used in a form of granules or
scaffolds.

HAp bioceramics, for the mentioned features, is a good implantable material
for bone defects substitution. Its porosity, in case of treatment of such defects, is a
beneficial feature because - after the implantation - pores of the material are
overgrown by living bone tissue, which contributes to closer biological connection
between implant and bone (Lu J.X. et al., J. Mater. Sci. Mater. Res. 10, 111-120,
1999; Liu D.M., Sci. Forum 250, 183-208, 1997). An important condition of durable

connection between the implant and bone tissue, obligatory for an effective



WO 2010/123389 PCT/PL2010/050015

placement of HAp in a defect, is an appropriate dimension of open macropores
(minimum 100 pm), enabling the living tissue to grow into. Macropores contribute to
osteogenesis by facilitation of osteoblasts and ions into porous granules (Bignon A.
et al., J. Mater. Sci. Mater. Med. 14, 1089-97, 2003; Hulbert S.F. et al., J. Biomed.
Mater. Res. 6, 347-374, 1972) or scaffolds. Moreover, the macroporous
microstructure of implants is a condition for neovascularity (Henno S. et al,,
Biomaterials 24, 3173-3181, 2003; Freyman T.M. et al., Prog. Mater. Sci. 46, 273-
282, 2001; Jones J.R. et al., J. Sol-Gel Sci. Tech. 29, 179-188, 2004). Microporosity
(pores of several micrometers) - -characteristic also for HAp ceramics - also plays an
important role in the implants healing, because the micropores provide attachment
points for osteoblasts (Bignon A. et al., J. Mater. Sci. Mater. Med. 14, 1089-1097,
2003) and increase the surface area for protein adsorption (Hing K. A. et al., J. Mater.
Sci. Mater. Med. 16, 467-475, 2005). There are reports concerning the negative
effects of small particles of hydroxyapatite powder. Some authors note that particles
of 1 um in size may stimulate macrophages to secrete the proinflammatory factor -
TNFa - thus stimulating the inflammatory process in the implantation site. Particles
of 15 um in size do not exert such a harmful effect (Nadra I. et al., Artheriosclerosis
196, 98-105, 2008).

Despite numerous advantages, HAp granules are not perfect implantable
material. For their friability, they show the lack of so called surgical handiness and
are difficult to handle and to maintain in the surgical sites leading to translocation
within the implantation site. Mechanical parameters of HAp ceramics, especially the
porous one, are also not advantageous. It concerns both granules and sintered
scaffolds.. They are too brittle and not clastic enough to become a satisfactory
implantable material. Young's modulus for human bone is approx. 20 GPa while for
HAp material - about 5-10 times higher, which confirms low elasticity of this
material.

As far, the research concerning the improvement of mentioned parameters of
ceramic hydroxyapatite is limited to its modification by plasticization of
hydroxyapatite powder using hydrous suspension of curdan, incubated at 40°C
(United States Patent 5132255). The above method allows to obtain plastic

composition which is, however, non-resistant to mechanical load. Moreover, the use
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of powder composed of particles of 1 p in size does not allow to obtain the porosity
in obtained composite microstructure. Modification of this method, based on firing of
obtained plastic mass at temperature 800°C or higher, leads to obtaining of hard
scaffolds (United States Patent 5132255). The authors of the patent do not give the
data concerning the compressive strain of such prepared samples, however, in sight
of such a high production temperature, it is likely that samples are deprived of fired
and evaporated biopolimeric fraction, therefore they lack plasticity and elasticity.
Similar method of firing leading to obtaining of ceramic scaffolds was elaborated for
composition of calcium-phosphate granules with methylcellulose as binding
compound, evaporating during the firing (United States Patent 6187046).

Other conception of combining the ceramic granules into compact mass
concerns fibrin glue, known for its angiogenesis-stimulating properties (Takei A. et
al., In Vitro Cell Dev Biol Anim 31, 467-472, 1995). Relevant experiments were
performed by - among others - Nakamura et al., (Biomaterials 19, 1901-1907, 1998
who cemented the hydroxyapatite thermal decomposition product with fibrin glue
and showed the osteogenic properties of such obtained composite. However, they did
not give the information concerning its mechanical resistance. Similar experiments
were performed by Abiraman S. et al. (Biomaterials 23, 3023-3031, 2002), who
obtained the composition of fibrin glue and hydroxyapatite granules and implanted
intramuscularly to mice. They did not either give the information on mechanical
parameters of their composite. However, it should be noted that long-term (up to 8
years after the operation) evaluation of implantation effects in case of biomaterial
composed of porous HAp granules and fibrin glue showed the good ingrowth of bone
tissue into the implant structure (Fortunato G. et al., J. Cranio-Maxillofacial Surg. 25,
124-135, 1997).

Other experiments concerning the application of fibrin glue for combining the
bioceramics were performed on hydroxyapatite-related calcium phosphate granules
made of TCP (Le Nihouannen D. et al., Biomaterials 27, 2716-2722, 2006). It was
found that such prepared composite induced the mineralization of fibrin fibrils.
However, the authors do not give the information concerning the mechanical
properties of obtained composite and the sole information concerns Young's

modulus after 1,5-month post-implantation period, when implants were subjected to
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overgrowth by human bone. Young’s modulus from sample collected from the
implants in this case was approx. 7 GPa (Le Nihouannen D. et al., J. Mater. Sci.:
Mater. Med. 18, 225-235, 2007).

In case of the composite mentioned, its preparation was not so beneficial
because biphasic fibrin glue required separate pre-sterilization of both compound and
mixing with HAp granules before the implantation. Another disadvantage concerns
the relatively long polimerization period. These factors affect the critical evaluation
of created composites, especially that risk of post-operative bacterial contamination
of the implant increases in such case.

The aim of the presented invention is preparation of implantable biomaterial
of high surgical handiness and optimal mechanical and biological parameters,
resembling those of natural human bone.

The aim was obtained by creation of new composite formula of calcium-
phosphate-polysaccharide, containing porous calcium-phosphate granules and p-1,3-
glucan, further called curdlan, in appropriate proportions.

The composite related with the invention is characterized by this that it
contains B-1,3-glucan, further called curdlan, and calcium-phosphate bioceramics in
a form of microporous granules (HAp,. HAp-TCP, TCP, modified HAp) of size: 0.1-
1.0 mm and open porosity: 50-70 %, where the compounds are in amounts (grams

per 100 g of H,0) according to proportion:

X 8,1 +25
y 2+ (0,0701x* - 5,8175x + 120,68)"
where :

x — mass of curdlan (in g per 100 g water)
y — mass of granules (in g per 100 g water)
) _ experimentally obtained formula for calculation of maximum amount of

granules introduced into composite: (0,0701x* — 5,8175x + 120,68)
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To obtain composites with good mechanical properties, it is most profitable when the
mass of granules marked as "y" makes 95-100% of amount calculated from formula
©: y=0.0701x" - 5.8175x + 120.68.

Curdlan, according to the invention, serves as a glue combining the granules
to obtain compact composition.

The composite, prepared according to the invention, which possesses much
better biological and mechanical parameters when compared with calcium-phosphate
granules alone, becomes good, new generation of implantable material for bone
defects filling. The prepared composite can be cut into appropriate dimensions using
a lancet or a knife. The dried composite (24 hours at 40°C) is not susceptible to
mould overgrowth and can be stored for at least 12 months without change in its
properties. The dry composite, after soaking with liquid (water, physiological salt,
gentamicin solution, protein solution) for 1-60 minutes (depending on dimensions
and shape of sample) absorbs it, thus restoring its low ductile properties and can be

further stored, if sterilized.

The procedure for preparation of calcium-phosphate-curdlan composite is
also the subject of the invention..

The procedure, according to invention, consists in the idea that water
suspension of -1,3-glucan, further called curdlan, in amount of 8.1 + 25 g per 100 g
of water, is combined with calcium-phosphate bioceramics in a form of microporous
granules, in size of 0.1-1.0 mm and open porosity of 50-70% (in a range of 0.05-1.0
um) and subjected to precise mixing, in addition to which the compounds are used in

proportions described in the formula:

X 8.1+ 25
y 2+ (0.0701x* - 5.8175x + 120.68)""
where:

x — mass of curdlan (in g per 100 g water)

y — mass of granules (in g per 100 g water)
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while the most beneficial effect is when the mass of granules marked as "y" makes
95-100% of amount calculated from formula : y = 0.0701x* — 5.8175x + 120.68
and afterwards the mix of chosen compounds is placed in chemoresistant dishes,
carefully beating down to avoid introduction of air bubbles, closed and heated for 5-
30 minutes at temperature 80-100°C.

The advantage of this invention is an easy preparation procedure of composite
implantable material made of calcium-phosphate and curdlan for filling of bone
defects, which possesses, according to invention, advantageous value of Young's
modulus and good handiness and compactness without the risk of translocation
within the implantation site. Such a composite is bioactive because it contains
calcium-phosphate ceramics, which - after the implantation - may release the calcium
and phosphate ions into the environment, serving afterwards as a source for synthesis
of native inorganic phase of the bone. The composite is also characterised by good
compactness due to microporosity of ceramic phase, which enables the biopolimeric
phase to migrate into the granule pores, thus binding the whole structure of the
composite. The material become beneficially plastic, thanks to which it can be fit to
the some extent to shape of defect and seal the site of implant-bone joint
(compressive strain for composite was 20-42%). Calcium-phosphate-curdlan
composite, in case of implantation, will increase the rate of natural living bone tissue
regeneration. This can be performed by mechanical interactions with edges in trauma
site and biostimulation of angiogenesis, cell proliferation and differentiation

processes.

The following examples illustrate the invention in more detail.

Example I. Curdlan in amount of 0.625 g was mixed with 5 ml deionized
water and further combined during 10 minutes with 3 g microporous HAp granules
(mix of granules 0.2-0.3 mm:0.5-0.6 mm in proportion 1:3). Carefully mixed portion
of the composite was placed in closed glass tubes (8 mm in diameter) and heated for
10 minutes at 95 °C. The composite was cooled down to room temperature, taken out
of tubes and dried at 45 °C for 24 hours. Young's modulus for dried and soaked
samples for 1 hour in physiological salt solution was approx. 0.8 GPa and 0.2 GPa,

respectively. Compressive strain for these samples was approx. 23 % and 42%,
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respectively, and compression strength approx. 6 MPa and 0.3 MPa, respectively.
The composite, in a dried form, was stored at room temperature and remained
untouched by bacterial or fungal colonization.

Example II. Curdlan in amount of 0.625 g was mixed with 5 ml deionized
water and further combined during 10 minutes with 3 g microporous HAp-TCP
granules (fraction 0.2-0.3 mm). Carefully mixed portion of composite was placed in
closed glass tubes (8 mm in diameter) and heated for 7 minutes at 95 °C. The
composite was cooled down to room temperature, taken out of tubes and dried at
45°C for 24 hours. Young's modulus for dried and soaked samples for 1 hour in
physiological salt solution was approx. 0.6 GPa and 0.2 GPa, respectively.
Compressive strain for these samples was approx. 24 % and 32%, respectively, and
compression strength approx. 5 MPa and 0.2 MPa, respectively.

Example III. Curdlan in amount of 0.625 g was mixed with 5 ml deionized
water and further combined during 10 minutes with 3 g microporous TCP granules
(fraction 0.3-0.4 mm). Carefully mixed portion of composite was placed in closed
glass tubes (8 mm in diameter) and heated for 15 minutes at 90 °C. The composite
was cooled down to room temperature, taken out of tubes and dried at 45°C for 24
hours. Young's modulus for dried and soaked samples for 1 hour in physiological salt
solution was approx. 0.6 GPa and 0.2 GPa, respectively. Compressive strain for these
samples was approx. 24 % and 22%, respectively, and compression strength approx.
5 MPa and 0.3 MPa, respectively.

Example IV. Curdlan in amount of 0.5 g was mixed with 5 ml deionized
water and further combined during 10 minutes with 3.5 g microporous HAp granules
(mix of granules 0.2-0.3 mm:0.5-0.6 mm in proportion 1:3). Carefully mixed portion
of the composite was placed in closed glass tubes (12 mm in diameter) and heated for
9 minutes at 100°C. Composite was cooled down to room temperature, taken out of
tubes and dried at 45°C for 24 hours. Young's modulus for s dried and soaked
samples for 1 hour in physiological salt solution was approx. 0.5 GPa and 0.2 GPa,
respectively. Compressive strain for these samples was approx. 23 % and 42%,
respectively, and compression strength approx. 5 MPa and 0.25 MPa, respectively.
Composite was subjected to sterilization by autoclaving (20 minutes at 121 °C)

without change in its mechanical properties.
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Example V. Curdlan in amount of 1 g was mixed with 10 ml deionized water
and further combined during 10 minutes with 7 g microporous carbonated HAp
granules of open porosity 60 % and average pore diameter 0.25 mm (fraction 0.2-0.3
mm). Carefully mixed portion of the composite was placed in closed glass dish (38
mm in diameter) and heated for 15 minutes at 95°C. The composite was cooled down
to room temperature, taken out of dish and dried at 45°C for 24 hours. Young's
modulus for dried and soaked samples for 1 hour in physiological salt solution was
approx. 0.4 GPa and 0.2 GPa, respectively. Compressive strain for these samples was
approx. 20 % and compression strength approx. 3 MPa and 0.15 MPa, respectively.
The composite was subjected to sterilization by ethylene oxide (55 °C, 5 hours, with
overnight ventilation for post-process gas removing) and it did not change in its
mechanical properties .

Example VI. Curdlan in amount of 0.5 g was mixed with 5 ml deionized
water and further combined during 10 minutes with 3.5 g microporous HAp granules
(mix of granules 0.2-0.3 mm:0.5-0.6 mm in proportion 1:3). Carefully mixed portion
of the composite was placed in closed glass tubes (10 mm in diameter) and heated for
10 minutes at 95°C. The composite was cooled down to room temperature, taken out
of tubes and dried at 45°C for 24 hours. Young's modulus for dry samples was
approx. 0.4 GPa. Compressive strain 23 % and compression strength approx. 4 MPa.
Such obtained composite was soaked for 2 hours in physiological salt solution and
retained its low-ductile properties.

Example VII. Curdlan in amount of 0.5 g was mixed with 5 ml deionized
water and further combined during 10 minutes with 3.5 g microporous HAp granules
(fraction 0.5-0.6 mm). Carefully mixed portion of composite was placed in closed
glass tubes (8 mm in diameter) and heated for 20 minutes at 86°C. The composite
was cooled down to room temperature, taken out of tubes and dried at 45°C for 24
hours. Young's modulus for dried and soaked samples for 1 hour in physiological salt
solution was approx. 0.6 GPa and 0.2 GPa, respectively. Compressive strain for these
samples was approx. 19 % and compression strength approx. 4 MPa and 0.2 MPa,
respectively. Dried samples of the composite were soaked for 30 minutes in PBS pH

7.4 and retained its low-ductile properties.
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Example VIII. Curdlan in amount of 0.81 g was mixed with 10 ml deionized
water and further combined during 10 minutes with 7.81 g microporous HAp
granules (fraction 0.3-0.4 mm). Carefully mixed portion of the composite was placed
in closed glass tubes (8 mm in diameter) and heated for 15 minutes at 90°C.
Composite was cooled down to room temperature, taken out of tubes and dried at
45°C for 24 hours. Compressive strain for dried and soaked samples for 1 hour in
physiological salt solution was approx. 13 % and 20%, respectively, and
compression strength approx. 3.3 MPa and 0.2 MPa, respectively

Example IX. Curdlan in amount of 0.81 g was mixed with 10 ml deionized
water and further combined during 10 minutes with 3.3 g microporous HAp granules
(fraction 0.3-0.4 mm). Carefully mixed portion of the composite was placed in closed
glass tubes (8 mm in diameter) and heated for 10 minutes at 95°C. The composite
was cooled down to room temperature, taken out of tubes and dried at 45°C for 24
hours. Compressive strain for dried and soaked samples for 1 hour in physiological
salt solution was approx. 21 % and 52%, respectively, and compression strength
approx. 6.7 MPa and 0.2 MPa, respectively. Dried samples of the composite were
soaked for 15 minutes in PBS pH 7.4 and retained its low-ductile properties.

Example X. Curdlan in amount of 2.5 g was mixed with 10 ml deionized
water and further combined during 10 minutes with 1.9 g microporous HAp granules
(fraction 0.3-0.4 mm). Carefully mixed portion of the composite was placed in closed
glass tubes (8 mm in diameter) and heated for 12 minutes at 95°C. The composite
was cooled down to room temperature, taken out of the tubes and dried at 45°C for
24 hours. Compressive strain for dried and soaked samples for 1 hour in
physiological salt solution was approx. 35 % and 47%, respectively, and
compression strength approx. 27.8 MPa and 0.3 MPa, respectively. Dried samples of
the composite were soaked for 2 hours in PBS pH 7.4 and retained its low-ductile

properties.
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Patent claims

1. Bioactive composite on a base of calcium-phosphate, characterised in that
it contains B-1,3-glucan, further called curdlan, and calcium-phosphate bioceramics
in a form of microporous granules of size: 0.1-1.0 mm and open porosity: 50-70 %,

where the compounds are in amounts (grams per 100 g of H,O) according to

proportion:
X 8,1+25
y 2+ (0,0701x* - 5,8175x + 120,68)"
where :

x — mass of curdlan (in g per 100 g water)

y — mass of granules (in g per 100 g water)

To obtain composites possessing good mechanical properties it is most profitable
when the mass of granules marked as "y" makes 95-100% of amount calculated from
formula .

2. The composite, according with claim 1 is characterised in that the mass of
granules marked as "y" makes 95-100% of amount calculated from formula ®,

3. Procedure for preparation of calcium-phosphate-curdlan composite is
characterised in that water suspension of B-1,3-glucan, further called curdlan, in
amount of 8.1 + 25 g per 100 g of water is combined with calcium-phosphate
bioceramics in a form of microporous granules, in size of 0.1-1.0 mm and open

porosity of 50-70%, and subjected to precise mixing, in addition to which the

compounds are used in proportions described in formula:
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X 8.1+25

y 2+ (0.0701x* - 5.8175x + 120.68)"

where:

x — mass of curdlan (in g per 100 g water)

y — mass of granules (in g per 100 g water)

while the most beneficial effect is when the mass of granules marked as "y"
makes 95-100% of amount calculated from formula ”; y = 0.0701x* — 5.8175x +
120.68 and afterwards the mix of chosen compounds is placed in chemoresistant
dishes, carefully beating down to avoid introduction of air bubbles, closed and heated

for 5-30 minutes at temperature 80-100°C.
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