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Title: "Synthesis of an injectable multiphasic gel containing free and

cross-linked monophasic hyaluronic acid and biphasic

hyaluronic acid combined with hydroxyapatite with

microencapsulated hyaluronidase inhibitor".

Description

Field of invention

The present invention relates to the field of the cosmetic medicine and, more

specifically, the injection products to be used for filling wrinkles and

restoring volume to the face and body or as a bone tissue substitute, and it

concerns a synthesis of an injectable multiphasic gel containing cross-linked

monophasic hyaluronic acid, biphasic hyaluronic acid combined with

hydroxyapatite and a microencapsulated hyaluronidase inhibitor that offers

better tissue filling ability due to combination of biphasic hyaluronic acid

with hydroxyapatite, its better distribution and adhesion in the tissues due to

the presence of free and cross-linked monophasic hyaluronic acid and its

longer time in situ due to the presence of a microencapsulated hyaluronidase

inhibitor.

Background

At present, a variety of syntheses of products for the correction of wrinkles

and to give volume to the face are known in the field of cosmetic medicine,

however without any of the said syntheses including a combination of

multiphasic hyaluronic acid and hydroxyapatite and inhibition of slow-

release hyaluronidase. In the same way, many bone fillers and bone inducers

are known in the orthopaedic and dental field, however without combination

of multiphasic hyaluronic acid and hydroxyapatite and inhibition of slow-

release hyaluronidase.



Hyaluronic acid is a polysaccharide consisting of chains of thousands of

saccharides made up of residues of glucuronic acid and N-acetylglucosamine

and is one of the basic components of human connective tissues.

Hydroxyapatite is a mineral belonging to the apatite group and is produced

and absorbed by organic tissues and is the main mineral constituent of bone

tissue.

The term hyaluronidase refers to a group of enzymes belonging to the class

of hydrolases able to catalyse the hydrolysis of hyaluronic acid and to resolve

it into its basic constituents that are glucuronic acid and N-Acetyl-D-

glucosamine.

The injection products for the medical-cosmetic treatment of wrinkles and

restoration of facial volume are aimed at performing a filling action, i.e.

correcting facial imperfections so as to give a younger appearance.

The known products made with the current syntheses can be monophasic or

biphasic, re-absorbable or permanent, but they do not have a synergic

correlation of the action of monophasic hyaluronic acid with biphasic

hyaluronic acid combined with hydroxyapatite and do not perform a slow-

release hyaluronidase inhibiting action.

The term monophasic filler refers to a gel consisting of a single physical fluid

(gelatinous) phase with no visible particles present.

The term biphasic Hyaluronic Acid based filler refers to a product containing

a fluid phase usually made up of free hyaluronic acid and/or water and a solid

particle phase made up of highly cross-linked and fragmented hyaluronic

acid.

In the state of the art mentioned later in the present patent, the cross-linking

of polysaccharides with high and low molecular weight for the formulation of



a monophasic hydrogel is mentioned in patent WO/2004/092222 but, unlike

the present invention, in the said prior invention no combination of

multiphase gels with hydroxyapatite is described or claimed and no mention

is made of hyaluronidase inhibitors.

The contemporaneous combination of a biphasic gel with hydroxyapatite and

a monophasic gel, as described and claimed in the present invention, allows

better distribution of a monophasic gel in the tissues and exploits the greater

structural properties concerning the greater density, consistency and

persistence of a biphasic filler combined with hydroxyapatite.

In patent WO 02/06350, a new method for the cross-linking of

polysaccharides is described, in which, as in the present invention, there is

hydration and cross-linking of hyaluronic acid at the same time by mixing it

with an aqueous solution containing sodium hydroxide and BDDE (which

stands for 1,4-butanediol diglycidyl ether) as the cross-linking agent.

The differences from the present application are that the gel obtained in the

prior patent mentioned is preferentially monophasic and that no mention is

made in it of combinations of the gel with hydroxyapatite or with slow-

release hyaluronidase inhibitors.

The cross-linking of polysaccharides using BDDE and the combination with

active substances incorporated in the structure of the cross-linked gel is

mentioned in patent US 5827937, but in the said prior patent no mention is

made of hydroxyapatite or of slow-release hyaluronidase inhibitors.

In patent US 7385052, the multiple cross-linking of hyaluronic acid using

BDDE and other cross-linking agents is described with no mention of the

multiphasic structure with hydroxyapatite or of hyaluronidase inhibitors.



In patent WO 2006/020994, a synthesis comprising hyaluronic acid,

hydroxyapatite, a hyaluronidase inhibitor including ascorbic acid 6-

hexadecanoate and lidocaine as anaesthetic is mentioned, but no mention is

made of the multiphasic structure that is obtained by incorporating

hydroxyapatite in biphasic hyaluronic acid as described and claimed in the

present invention. The encapsulation of hydroxyapatite within particles of

biphasic hyaluronic acid has the effect of considerably prolonging the

duration of the product because degradation of the hydroxyapatite starts only

when the previous process of degradation of the biphasic hyaluronic acid

particles in which it is encapsulated finishes.

In patent WO 2005/051446, a composite multi-layer material comprising

esterified hyaluronic acid and hydroxyapatite used as a bone tissue substitute

for its regeneration is described and claimed, but no mention is made of the

etherification of hyaluronic acid that guarantees its greater resistance to

enzymatic degradation and neither is any mention made of the hyaluronidase

inhibitor or of the multiphasic structure of the gel.

Compared to the above-mentioned invention, the hyaluronic acid cross-

linked by means of BDDE together with the microencapsulated

hyaluronidase inhibitor, as described and claimed in the present application,

allows longer permanence of the product in situ to be obtained, so improving

bone tissue regeneration.

In patent US 2007/0196426, mention is made of a new production process

that allows a cohesive, polydensified, cross-linked monophasic gel to be

obtained, but without the multiphasic structure, the combination with

hydroxyapatite and the hyaluronidase inhibitor.



In patent US 2010/0041788 Al, a composition for tissue augmentation

consisting of carboxymethylcellulose and hydroxyapatite is described with no

mention of the multiphasic structure of the gel or of hyaluronidase inhibition.

Compared to the above-mentioned invention, the incorporation of

hydroxyapatite in hyaluronic acid particles and the presence of hyaluronidase

inhibitor allow longer persistence of the product and a greater

biocompatibility since hyaluronic acid is used instead of a cellulose

derivative extraneous to the human body.

Disclosure of invention

It is an object of the present invention to synthesise a formulation resulting

from mixing cross-linked monophasic hyaluronic acid and biphasic

hyaluronic acid combined with hydroxyapatite and a hyaluronidase inhibitor

(Ascorbic Acid 6-Hexadecanoate incorporated in Alpha-Lecithin micelles) to

be used for filling wrinkles and restoring volume to the face and body or as a

bone substitute.

It is another object of the present invention to synergize the filling action and

longer persistence of biphasic hyaluronic acid combined with hydroxyapatite

with better distribution in the tissues of free and cross-linked monophasic

hyaluronic acid and with the action of the hyaluronidase inhibitor to further

increase the time the product stays in the injection site compared to currently

known products.

It is a further object of the present invention to synthesis a product in which

the hyaluronidase inhibitor is microencapsulated in micelles to protect it and

slow its degradation.

Detailed description



These and other objects are obtained by the synthesis that is the subject of the

present invention consisting of a solution comprising water, as solubilizing

and diluting medium, free hyaluronic acid having mainly a moisturizing

action, cross-linked monophasic hyaluronic acid, which mainly performs a

cohesive function, (particle) biphasic hyaluronic acid containing

hydroxyapatite with mainly a filling and bone inducing action if it is used in

bone tissues, ascorbic acid 6-hexadecanoate as hyaluronidase inhibitor,

alpha-lecithin with emulsifying-microencapsulating function, lidocaine with

anaesthetizing function.

This synthesis has allowed the following to be obtained:

a) better tissue filling capability due to the combination of biphasic

hyaluronic acid with hydroxyapatite;

b) its better distribution and adhesion in the tissues due to the presence of

free and cross-linked monophasic hyaluronic acid;

c) the longer time it stays in the site due to the presence of hydroxyapatite

incorporated in biphasic gel particles and microencapsulated

hyaluronidase inhibitor.

The synthesis that is the subject of the present invention is therefore a "basic

solution" for the filling and correction of skin blemishes or as bone

replacement in all cases where there is a deficiency of this tissue and can be

used in combination with specific medical devices for the correction of facial

and body wrinkles and volume or to replace bone tissue in variable

concentrations according to the use to which it is to be put.

Its formulation requires the preparation of weighed quantities of the

components, so as to obtain the required total mass, with the said components

added one after the other, starting with the mixing of Hyaluronic Acid 1



million daltons with hyaluronic acid 2 million daltons and hydroxyapatite

with a solution consisting of BDDE (1,4-butanediol diglycidyl ether), NaOH

and water as solubilizer in a mixer at a temperature of between 20° and 25°

C, mixing everything together for about 60 minutes at a speed of around 30

rpm and then heating the mass at 45°- 50° C for about 3 hours with mixing

every 30 minutes, and then adding hydrochloric acid to stop the reaction and

adjust the pH and mechanically crushing the polymer produced so as to

obtain particles of approx. 100-200 microns and finally carrying out

purification by dialysis. This procedure leads to the formation of a biphasic

gel in which the particle part consists of cross-linked hyaluronic acid

containing within it hydroxyapatite and the fluid part made up of water. The

weighing of the components for the production of the monophasic part is

carried out separately. These components are added one after the other,

starting with the mixing of Hyaluronic Acid 1 million daltons with

hyaluronic acid 2 million daltons with a solution consisting of BDDE (1,4-

butanediol diglycidyl ether), NaOH and water as solubilizer in a mixer at a

temperature of between 20° and 25° C, mixing everything together for about

15 hours at a speed of around 30 rpm, then adding hydrochloric acid to stop

the reaction and adjust the pH and finally carrying out purification by

dialysis.

Once the two solutions have been obtained, one monophasic and the other

biphasic, they are mixed together in the following proportions:

from 50 to 70% biphasic solution and from 30 to 50% monophasic solution

for bone replacement products;

from 5 to 20% biphasic solution and from 80 to 95% monophasic solution for

tissue augmentation products;



A gelatinous solution consisting of water and free hyaluronic acid 500 k

daltons, prepared separately at 10% of the final weight, is added to both the

solutions obtained.

Finally, the microencapsulated hyaluronidase inhibitor and lidocaine are

added with final homogenization.

The raw materials used and suitably modified in the present synthesis are:

• Hyaluronic acid that is the main component of the synthesis having the

function of chemically binding to the cross-linking agent so as to form a

polymer with optimal characteristics for skin filling or bone replacement,

because it is plastic, biocompatible and highly moisturizing. Its

concentration in the finished synthesis is between 1 and 4%.

• ,4-butanediol diglycidyl ether (BDDE), whose function is to cross-link

the hyaluronic acid molecules to slow their degradation.

• NaOH that has an alkalizing function to activate the hydroxyl groups and

promote the cross-linking reaction, in a 0.25 molar aqueous solution.

• Hydroxyapatite, whose function is to increase the filling power of the

solution and extend the time it stays in the tissues, and also, in the case

where the solution is used as bone substitute, to promote the formation of

new bone.

· Ascorbic acid 6-hexadecanoate, whose function is to inhibit hyaluronidase

so slowing the degradation of hyaluronic acid and consequently extending

the duration of the implant. Its concentration in the finished solution is

between 0.1 and 0.5%.

• Alpha-lecithin having a hyaluronidase inhibitor protection action by

forming microcapsules (micelles) inside which the inhibitor is located



thanks to a micro-emulsifying process. Its concentration in the finished

solution is between 0.1 and 0.5%.

• Lidocaine having an anaesthetizing action. Its concentration in the

finished solution is between 0.3 and 0.4%.

· Phosphate buffer at pH 7 .4 having a pH buffer action.

The described product may be used in the "pure" state with percentage

quantities of biphasic, monophasic and free product depending on the action

that it is planned to obtain.

In particular, a greater percentage quantity of biphasic gel combined with

hydroxyapatite will be chosen if the product needs to be used for volume

filling and for bone replacement; a higher percentage quantity of cross-linked

monophasic gel and free hyaluronic acid will be chosen if the product needs

to be used for the treatment and correction of more superficial imperfections.

The objectives for use are directed mainly at the following:

· "Face", for restoring or increasing the volume of cheeks, lips, facial

depressions, in order to obtain the correct volume balance.

• "Wrinkles and folds or scars" in order to obtain the filling of these and

therefore a younger and more pleasing appearance.

• "Body" in order to fill depressions of various origin such as scars or

stretch marks or for localized volume augmentation of breasts or other

anatomical areas.

• "Bone cavities" in order to obtain the filling of these cavities and promote

the formation of new bone.

• "Extracted tooth cavity" in order to promote the healing process and the

formation of new tissue.

• Maxillary and mandibular "cystic cavities".



• "Elevation of the maxillary sinus".



CLAIMS

Synthesis of an injectable hyaluronic acid based gel to be used for filling

wrinkles and restoring volume to the face and body or as a bone tissue

substitute characterized by obtaining an injectable multiphasic gel

containing free and cross-linked monophasic hyaluronic acid and biphasic

hyaluronic acid combined with hydroxyapatite with microencapsulated

hyaluronidase inhibitor, obtained from a solution comprising:

= water as solubilizing and diluting medium,

= free hyaluronic acid having mainly a moisturizing action,

= cross-linked monophasic hyaluronic acid for the cohesive function,

= (particle) biphasic hyaluronic acid combined with hydroxyapatite with

mainly a filling and bone inducing action if it is used in bone tissues,

= ascorbic acid 6-hexadecanoate as microencapsulated hyaluronidase

inhibitor in alpha-lecithin micelles,

= lidocaine with anaesthetizing function.

Synthesis of an injectable hyaluronic acid based gel according to claim 1

characterized in that the synergic action of free and cross-linked

monophasic hyaluronic acid and biphasic hyaluronic acid combined with

hydroxyapatite and microencapsulated hyaluronidase inhibitor allows the

compound to have an optimal distribution and adhesion in the tissues and

to stay in the injection site for a long time.

Synthesis of an injectable hyaluronic acid based gel according to claims 1,

2 characterized by being determined by the combination of a biphasic

gel, in which the particle part consists of cross-linked hyaluronic acid with

hydroxyapatite inside it and the fluid part consists of water, with a



monophasic gel in turn consisting of a single physical fluid (gelatinous)

phase with no visible particles present.

4. Synthesis of an injectable hyaluronic acid based gel according to the

previous claims characterized in that the formulation of the biphasic gel

is obtained by the mixing of hyaluronic acid 1 million daltons with

hyaluronic acid 2 million daltons and of hydroxyapatite with a solution

consisting of BDDE (1,4-butanediol diglycidyl ether), NaOH and water as

solubilizer in a mixer at a temperature of between 20° and 25° C for about

60 minutes at a speed of around 30 rpm and, after heating the mixed mass

for about 3 hours up to 45°- 50° C with mixing every 30 minutes,

hydrochloric acid is added to stop the reaction and adjust the pH, and then

the polymer produced is mechanically crushed so as to obtain particles of

approx. 100-200 microns and finally purification by dialysis is carried out.

5. Synthesis of an injectable hyaluronic acid based gel according to the

previous claims characterized in that the formulation of the monophasic

gel is obtained by the mixing of hyaluronic acid 1 million daltons with

hyaluronic acid 2 million daltons with a solution consisting of BDDE

(1,4-butanediol diglycidyl ether), NaOH and water as solubilizer in a

mixer at a temperature of between 20° and 25° C, mixing everything

together for about 15 hours at a speed of around 30 rpm, and adding

hydrochloric acid to stop the reaction and adjust the pH and finally

carrying out purification by dialysis.

6. Synthesis of an injectable hyaluronic acid based gel according to the

previous claims characterized in that the monophasic hyaluronic acid

and biphasic hyaluronic acid solutions are mixed in the following

proportions:



= from 50 to 70% triphasic hyaluronic acid solution and from 50 to

30% monophasic hyaluronic acid solution for bone replacement

products;

= from 5 to 20% biphasic hyaluronic acid solution and from 80 to

95% monophasic hyaluronic acid solution for tissue augmentation

products.

7. Synthesis of an injectable hyaluronic acid based gel according to the

previous claims characterized in that the following are added to the

monophasic hyaluronic acid solution and biphasic hyaluronic acid

solution mixture:

= a gelatinous solution consisting of water and free hyaluronic acid

500 k daltons prepared separately at 10% of the final weight.

= microencapsulated hyaluronidase inhibitor (ascorbic acid 6-

hexadecanoate);

= lidocaine with final homogenization.

8. Synthesis of an injectable hyaluronic acid based gel according to the

previous claims characterized in that the hyaluronidase inhibitor

(ascorbic acid 6-hexadecanoate) is microencapsulated in alpha-lecithin

micelles to obtain better protection against hyaluronidase inhibitor

degradation and the consequent effect of increasing the time the

multiphasic filler stays in the injection site.
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