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ABSTRACT

The invention relates to a process for the crosshinking of polysacchandes.
The process of the invention is a process for the crosslinking of at least one
polymer selected from polysaccharides and their denivatives, under the action of at
least one polyfunctional crosshnking agent, characterized i1n that said
polyfunctional crosslinking agent is reacted with said polymer, 1n the sohd state,
during hydration. The invention is applied to the manufacture of hydrogels and

gels that can be used, in particular, 1n plastic or cosmetic surgery.

NO FIGURE
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-osslinking of polysacchande sreparation of hvdrogel(s), polysacchande
and hvdrogel(s) obtained and their

The present invention relates to:

- a novel process for the crosslinking of at least one polymer selected from
polysaccharides and their dervatives;

- a process for the preparation of an injectable hydrogel of at least one such
polymer;

- the crosslinked polymers and injectable hydrogels obtainable respectively
by each of said processes; and

- a filling material, useful in plastic surgery or cosmetic surgery, based on
such hydrogels.

Hydrogels, especially injectable hydrogels, have been prepared from
polysaccharides and their derivatives - particularly from hyaluronic acid, its salts
and their mixtures - which have a zero, low or high degree of crosshinking. Patent
application EP-A-0 161 887 thus describes the use of such injectable hydrogels for
the treatment of arthritis. Patent applications WO0O-A-96/33751 and WO-A-
00/01428 describe injectable biphase compositions whose continuous phase 1s
based on such a hydrogel. Said continuous phase serves as an injection vehicle.

According to the teaching of these documents (according to the teaching of

- the prior art, to the knowledge of the Applicant), the crosslinking of the polymer,

particularly that of sodium hyaluronate fibers, 1s effected in the presence of a
crosslinking agent, especially a polyepoxide, a controlled amount of said
crosslinking agent reacting with said polymer dissolved in a basic medium. The
reaction in question is a gel/liquid reaction. Its purpose is to generate a crosslinked
product of maximum possible homogeneity as the precursor of a viscoelastic gel
that is readily injectable and as far as possible devoid of “flakes”™, or local
overcrosslinking.

The presence of these “flakes” 1s highly detrimental to the injectability of
the gel in question. When it is injected, greater forces have to be applied when
such a “flake” becomes blocked in the injection needle. This problem is all the
more critical because the 1njection needles used may have very small diameters.

It 1s with reference to this technical problem of optimizing the injectability

of hydrogels based on such crosslinked polymers that the present invention was
developed.
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Said present invention in fact proposes a novel method of carrying out the
crosslinking such that the crosslinked polymer produces, after hydration, a very
homogeneous hydrogel (virtually) devoid of local overcrosslinking, which can be
injected with high precision.

CA-A-949 965 has described another novel method of crosslinking to give
starch granules, according to which the operation comprises three main steps:

- a first step for hydrating starch granules, during which said granules become
charged with sodium hydroxide solution and crosslinking agent (epichlorohydrin);
- a second step for recovering the charged granules, particularly by filtration or
centrifugation; and

- a third step for crosslinking said recovered charged granules by heating.

Said crosslinking is carried out on granules after they have been hydrated.
The granules obtained are homogeneous in their bulk, but together they do not
constitute a large volume perfectly homogeneous 1n its bulk.

According to the invention, to obtain a polymer crosslinked very
homogeneously in its bulk, the crosslinking is carried out at the same time as the
hydration, more precisely as said hydration is taking place. According to the
invention, it is thus possible to obtain large volumes perfectly homogeneous 1n
their bulk (1sotropically crosslinked).

The first subject of the present invention is therefore a process for the
crosslinking of at least one polymer selected from polysaccharides and their
derivatives. Conventionally, the crosslinking in question is carried out 1n the
presence of at least one polyfunctional (at least bifunctional) crosslinking agent.

According to the invention, the process is characterized in that said
polyfunctional crosslinking agent is reacted directly with said polymer, in the sohd
state, during hydration.

Therefore, within the framework of the process of the invention, said
polymer is not preconditioned, in the sense of the prior art, by dissolution/swelling.

Totally surprisingly, under the conditions of the invention the crosslinking
is a solid/liquid reaction which generates a homogeneously crosslinked polymer,
said polymer being the precursor of a hydrogel of pertectly homogeneous structure.

Preferably, said polyfunctional crosslinking agent 1s reacted with said solid
polymer in basic solution. Thus said polyfunctional crosslinking agent can be

. either dissolved or suspended in a basic solution, this solution or
suspension then being reacted directly with said polymer 1n the sohd state,
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. or reacted directly with said polymer in the solid state, the basic agent
being added simultaneously with the crosslinking agent, but by a separate means of
introduction, to said polymer in the solid state.

Generally, when said crosslinking agent is in basic solution, this basic
solution has a pH of between 10 and 12.

As crosslinking agent it is possible to use any agent known for crosslinking
polysaccharides and their derivatives via their hydroxyl groups, said crosslinking
agent being at least bifunctional and especially an epoxide or its derivatives.

Such crosslinking agents which can be used in particular are 1,4-butanediol
diglycidyl ether (or 1,4-bis(2,3-epoxypropoxy)butane or 1,4-bisglycidyloxybutane
= BDDE), 1,2-bis(2,3-epoxypropoxy)ethylene and 1-(2,3-epoxypropyl)-2,3-epoxy-
cyclohexane.

The use of several crosslinking agents is not excluded from the framework
of the invention.

It is very particularly recommended to use 1,4-butanediol diglycidyl ether
(BDDE).

Said polymer(s) in question is (are) selected from polysacchandes, their
derivatives and their mixtures. It is (they are) selected especially from hyaluronic
acid and its salts, chondroitin sulfates, keratan sulfates, heparin, alginic acid,
starch, carbomethyl cellulose, hydroxypropyl methyl cellulose, chitosan and their
mixtures.

Hyaluronic acid, its salts and their mixtures are particularly preferred.

Sodium hyaluronate is very particularly recommended.

The crosslinking to be carried out on said polymer is within the scope of
those skilled in the art. For each polymer those skilled in the art will know how to
optimize the conditions of this crosslinking according to the nature of said
polymer, and how to carry out said crosslinking to an optimized degree. '

In fact, the degree of crosslinking must be sufficient for the hydrogel
obtained from this crosslinked polymer to remain implanted at the injection site
without excessive diffusion away from this injection site, but it must remain
reasonable for use, particularly by injection.

According to the invention, however, the polymer 1s preferably crosslinked,

via its hydroxyl groups, by means of said crosslinking agent to a degree of
crosslinking defined by a ratio
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Total number of reactive groups in said crosslinking agent
R =

Total number of disaccharide units in the hyaluronic acid molecules

5 ofbetween 0.10 and 0.50.

The second subject of the invention is the crosslinked polymer obtainable
by carrying out the crosslinking process of the invention as described above in each
of its variants.

The third subject of the invention is a process for the preparation of an

10  injectable hydrogel of at least one crosslinked polymer selected from poly-
saccharides and their derivatives.

Characteristically, this process comprises the crosslinking of said polymer
by the crosslinking process of the invention described above in all its variants, said
crosslinking being followed by the swelling of said crosslinked polymer by

15 hydration.

The process for the preparation of an injectable hydrogel of the invention is
optimized in terms of the presence of crosslinking or local overcrosslinking within
said hydrogel. ‘

Said process for the preparation of said hydrogel is furthermore optimized

20  per se in terms of the time taken to carry 1t out.

According to the invention a crosslinked hydrogel can thus be obtained 1n 2
to 3 hours by means of a solid/liquid phase reaction, whereas according to the prior
art a crosslinked hydrogel is obtained in about 5 h by means of a gel/liquid phase
reaction.

25 This time saving is appreciable per se. It actually affords a better quality of
final product by limiting the degradation of the polymer which takes place
particularly in a basic medium. It also guarantees a better reproducibility of the
synthesis of the gels ultimately obtained.

Characteristically, said process comprises the following successive steps:

30 - the crosslinking of a polymer or mixture of polymers, selected from
polysaccharides and their derivatives, by the crosslinking process described above,

- the swelling of said crosslinked polymer(s),

- the purification of said swollen crosslinked polqur(s), and

, - the sterilization, if necessary, of said purified swollen crosslinked
35  polymer(s).
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The crosslinking, purification and sterilization steps are known per se to
those skilled in the art. Said purification is necessary to remove the unreacted or
incompletely reacted products such as the polymer(s) and the crosslinking agent(s).
Said sterilization step is obviously necessary if the upstream steps have not been
carried out under sterile conditions.

The fourth subject of the invention is the injectable hydrogel obtainable by
carrying out said process for the preparation of an injectable hydrogel according to
the third subject of the invention as described above in its different vanants. This
hydrogel is characterized by the presence of little or no local overcrosslinking.

The injectable hydrogel as described above, and as obtained by the above
process, is perfectly suitable for the manufacture of a filling gel useful in plastic or
cosmetic surgery. _

The fifth subject of the invention is therefore a filling gel, useful in plastic
or cosmetic surgery, which is based on a hydrogel according to the fourth subject
of the invention and/or as obtained by the process according to the third subject of
the invention.

The hydrogel of the invention constitutes at least the continuous phase of
said filling gel of the invention. |

Thus said filling gel can consist of a single phase which is the crosslinked
hydrogel of the invention.

It can also be biphase or multiphase, i.e. it can consist of several phases of
which at least the continuous phase is the crosslinked hydrogel of the invention.

The second and other phases can be beads, for example, which themselves
consist of the crosslinked hydrogel of the invention, except that in this case the
hydrogel constituting the beads has a higher degree of crosslinking than the
crosslinked hydrogel constituting the continuous phase of the filling gel of the
invention. The beads can also be made of acrylic or acrylic polymer.

Preferably, the filling gel according to the invention consists of a
crosslinked hydrogel according to the invention. It 1s monophase.

The more or less crosslinked hydrogel(s) forming the base of the filling gel
of the invention may or may not be charged. For example, they can be charged
with antiseptics and optionally other substances whose presence i1s advantageous 1n
the zones of the human or animal body in question.

Thus said hydrogel constituting at least the continuous phase of a filling gel
of the invention advantageously contains deoxyribonucleic acid (DNA). This
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product is known to reduce the inflammatory reaction and promote tissue
regeneration.

The filling gel of the invention has the advantage of being readily
injectable, 1.e. injectable through very fine needles of 26G to 30G without the need
for pressure peaks; this 1s because the degree of crosslinking is homogeneous
throughout the bulk of the crosslinked hydrogel used, which 1s obtained by the
process of the mvention.

This crosslinking homogeneity, coupled with the degree of crosslinking,
results from the total or virtual absence of more highly crosslinked “flakes” in the
gel, so this gel can be injected into the desired site with a constant force and hence
with better precision.

The filling gel of the invention can be used in cosmetic surgery, for
example for filling wrinkles in a more precise, more reliable and easier manner
because, in contrast to the filling gels of the prior art, it has a very uniform
injectability level.

Other objects, charactenistics and advantages of the invention are now
1llustrated by means of the Examples below, which describe, with reference to
Figures 1 and 2 attached, the preparation of a preferred filling gel according to the
invention, the preparation of a filling gel of the prior art and the injectability tests
performed on these gels.

In the Figures:

- Figure 1 shows the injectability curve of the filling gel according to the
invention prepared in Example 1, 1.e. the force required to inject this gel as a
function of the injection time; and

- Figure 2 shows the inj ectability curve of the filling gel according to the
prior art prepared in Example 2, i.e. the force required to inject this gel as a

- function of the injection time.

Exampie 1: Preparation of a filling gel according to the invention

- 1 g of predried fibers of sodium hyaluronate (NaHa, of molecular weight
M, = 2.10° Da) is weighed out into a first receptacle.
-In a separate receptacle the chosen crosslinking agent, 1,4-butanediol

diglycidyl ether (BDDE), is diluted in 1% sodium hydroxide solution to give a
basic BDDE solution diluted to 1/100.
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. 6.8 g of the previously prepared BDDE solution diluted to 1/100 are then
added to the NaHa fibers, still in the solid state, and the mixture is homogenized
mechanically with a spatula.

. The mixture is then placed in a water bath at 50°C + 2°C for 2 to 3 hours,
with further homogenization after 15 minutes of immersion, to cause the NaHa
polymer to crosslink.

. The resulting crosslinked NaHa polymer is then immersed in a phosphate
buffer (PB) to stabilize the pH. This step corresponds to the step in which the
crosslinked NaHa polymer is swollen by hydration to give the hydrogel of the
invention.

. The swollen crosslinked NaHa polymer is then purified by immersion I
different baths of phosphate buffer to remove unreacted crosslinking agent and

NaHa.
. The hydrogel obtained is then homogenized mechanically to ensure the

final homogeneity, and packed into syringes which are sterilized in an autoclave.
As can be seen in this Example, the filling gel of the invention consists
solely of the hydrogel obtained or obtainable by the process of the invention.
The gel obtained is injectable with a 27G1/2 or 30G1/2 cannula to increase

volumes under the skin.

Example 2: Preparation of a filling gel by the process of the prior art

. 1 g of predried fibers of sodium hyaluronate (NaHa, of molecular weight
M, ~ 2.10° Da) is weighed out into a receptacle.

. 6.7 g of 1% sodium hydroxide solution are added to the same receptacle
containing the NaHa fibers and the mixture is left to stand at room temperature for
2 h 30 min to 3 h 00 min with homogenization every %2 hour.

This step corresponds to the step in which the NaHa fibers are hydrated.
The uncrosslinked NaHa polymer is obtained in the form of a gel.

. 60 mg of the same crosslinking agent as that used in Example 1, namely
BDDE, are then added to the same receptacle containing the NaHa gel and the
sodium hydroxide solution, and the BDDE is homogenized mechanically 1n the
NaHa gel.

. The mixture is then placed in a water bath at 50°C £ 2°C for 1 h 45 min to
2 h 30 min.
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This step corresponds to the step in which the NaHa polymer is crosslinked.

. The resulting crosslinked NaHa polymer is then immersed in a phosphate
buffer (PB) to stabilize the pH. This step corresponds to the step in which the
crosslinked polymer is swollen by hydration.

. The swollen crosslinked NaHa polymer is then purified by immersion 1n
different baths of phosphate buffer to remove any unreacted crosslinking agent and
NaHa.

The hydrogel obtained is then homogenized mechanically to ensure the
final homogeneity ... packed into syringes which are sterilized in an autoclave.

In this Example the filling gel again consists solely of the purified and
stabilized, swollen crosslinked hydrogel obtained by the process of the prior art.

Example 3: Injectability tests on the filling gels obtained

To compare the injectability of the filling gel obtained by the process of the
invention with that of the filling gel obtained by the process of the prior art,

~ Injectability tests were performed on each of them.

These injectability tests were performed on a VersaTest tension/
compression tester (marketed by Mecmesin). The gels were each 1njected through
a 27G1/2 needle at a compression rate of 12.5 mm/min. The force required to
inject the gels, expressed in Newtons, is characteristic of the degree of crosslinking'
and the NaHa concentration of the gel, and the uniformity of this force is
characteristic of the ease of injection of the gel and its homogeneity.

In fact, if the gel comprises more highly crosslinked flakes, the force
required to inject the gel increases, and then decreases when the flake has passed
through the needle; this manifests itself as peaks in the force required to maintain
the injection rate of 12.5 mm/min.

The results of the measurements made on the filling gel of the invention are
shown 1n the graph of Figure 1 and the results of the measurements made on the
filling gel manufactured by the process of the prior art are shown in the graph of
Figure 2. |

In these graphs the force in Newtons (N) required to inject the gel is shown
on the ordinate and the injection time, represented by the chart run in mm, 1is

shown on the abscissa. It is pointed out that, in these Figures, an increase in the
force required to mject the filling gel manifests itself as a falling peak relative to
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the base line.
As can be seen in Figures 1 and 2, the force required to inject the filling gel

according to the invention is much more uniform: the mean force required is about
27 Newtons without the presence of peaks due to the presence of flakes. By
contrast, although the mean force for injecting the filling gel manufactured by the
process of the prior art 1s also about 27 Newtons, 2 significant peaks with
amplitudes of 30 to 42 Newtons appear when the gel according to thé prior art 1S
injected. These peaks are characteristic of local overcrosslinking.

Thus the crosslinking of the gel obtained by the process of the invention is
more homogeneous than that of the gel manufactured by the process of the prior
art.
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The embodiments of the invention in which an exclusive property or privilege

is claimed are defined as follows:

1. A process for the crosslinking of at least one polymer selected from
polysaccharides and their derivatives, under the action of at least one
polyfunctional crosslinking agent, wherein said polyfunctional crosslinking
agent is reacted with said polymer, in the solid state, during hydration.

2. The crosslinking process according to claim 1, wherein said
polyfunctional crosslinkling agent is in basic solution during reaction with the

polymer.

3. The crosslinking process according to claim 1 or 2, wherein said
polyfunctional crosslinking agent is an epoxide.

4, The crosslinking process according to claim 3, wherein said epoxide is
selected from 1,4-butanediol diglycidyl ether, 1,2-bis(2,3-
epoxypropoxy)ethylene and 1-(2,3-epoxypropyl)-2,3-epoxycyclohexane.

D. The crosslinking process according to claim 3 or 4, wherein
polyfunctional crosslinking agent consists of 1,4-butanediol diglycidy! ether.

0. The crosslinking process according to any one of claims 1 to 5,
wherein said polymer is selected from hyaluronic acid, its salts and their
mixtures.

/. The crosslinking process according to claim 6, wherein the said
polymer consists of sodium hyaluronate.

8. The crosslinking process according to any one of claims 1 {o 7,
wherein said polymer is crosslinked, via its hydroxyl groups, by means of said
crosslinking agent to a degree of crosslinking defined by a ratio

R = Total number of reactive groups in said crosslinking agent
Total number of disaccharide units in the hyaluronic acid molecules

of between 0.10 and 0.50.

0. A process for the preparation of an injectable hydrogel of at least one
crosslinked polymer selected from polysaccharides and their derivatives,
which comprises the crosslinking of said polymer according to any one of
claims 1 to 8, followed by the swelling of said crosslinked polymer by
hydration.

10.  The preparative process according to claim 9, further comprising the
purification of said swollen crosslinked polymer.
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11.  The process of claim 10 further comprising the sterilization of said
swollen crosllinked polymer.

12. A crosslinked polymer obtained by a crosllinking process according to
any one of claims 1 to 8.

13.  An injectable hydrogel obtained by a preparative process according to
any one of claims 9 to 11.

14. A filling gel used in plastic or cosmetic surgery, which includes a
charged or uncharged hydroge!l according to claim 13.

15.  The filling gel according to claim 14, which consists of a monophase
hydrogel according to claim 13.
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Key to Figures

Moyenne = Mean

Surface = Area

Position haute du marqueur = High position of the marker
Valeur haute du marqueur = High value of the marker
Position basse du marqueur = Low position of the marker

Valeur basse du marqueur = Low value of the marker
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