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(54) Title: PROCESS FOR PREPARING A CROSSLINKED GEL

(57) Abstract: The present invention relates to a process for preparing a crosslinked gel of at least one polysaccharide or a salt there -
of, comprising at least the steps consisting in: a) providing at least one aqueous gel of said polysaccharide in a noncrosslinked form,
b) bringing said aqueous gel into contact with an effective amount of at least one crosslinking agent, ¢) subjecting the mixture
formed in step b) to conditions suitable for the crosslinking of said polysaccharide, and, if need be, d) recovering said crosslinked
hydrogel, wherein said process comprises, prior to step c), at least one step e) consisting in circulating the aqueous gel of polysac-
charide of step a) and/or the mixture of step b) through at least one extrusion device which has at least one filter with a porosity ran -
ging from 2 to 100 microns and capable of retaining any particle with a diameter greater than 100 microns,
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Process for preparing a crosslinked pel

The present invention sims to propose & process for preparing hvdrogels based on
a crosslinked polysaccharide, and preferably on hyalwonic acid or a salt thereof,

Hyvaluronic 'acid} which 1s natorally present in the skin, 15 known for s
viscoelastic properties and also its high propensity to absorb water. His properties explain to 8
large extent the elasticity of the skin, Its blocompatibilities, tolerance and lack of toxicity are
such that, for more than 10 yvears, this molecule bas been used in medical and cosmetic fields,
and ju particular for ﬁiling wrinkles. Thus, the injéction info the dermis of a crosslinked
hydrogel of polysaccharide at the wrinkles to be treated makes it possible to reduce, or even
climinate the local weakening of the structure of the dermis represented by a wrinkle,

Generally, the polysaccharide, and more particnlarly the hyshwonic acid, is used
in & crosslinked form given the Increased vesistance of this particular form to degradation and
0 beat

These crosslinked polyssccheride gels can be prepared by various preparation
processes, Generally, these processes require two main steps, the first consisting in
rehydrating the polysaccharide under consideration so as to convert it into an agueous gel snd
the second aimed at bringing said aqueous gel info contact with an agent capable of inducing
the crosslinking thereof. Depending on the specific conditions selected for the crosshinking, it
proves to be possible to adjust the viscosity or else the theological properties of the
crosslivded hydrogel formed,

By way of illustration of these processes, mention may particidarty be made of the
processes described in US 2006/0103022, which comprises the use of a mixture comprising at
feast 10% of hyahwonic acid, 8 crosslinking agent and water, Luﬂd&i‘ acidic or basic conditions,
in WO 2006/056204, which comprises 8 step of treating the gel of hyaluronie acid crosslinked
with divinylsulphone, and in US 2007/0036745, which resulls in a cohesive gel from s
hyaluronane polymer crosslinked with divinylsulphone (DV3).

For obvious reasoms, the improvement of the mechanical properties of the
nydrogels for applications in the medical and cosmetic fields is a constant objective,

The present invention aims precisely to propose s process for obiaining
crosslinked gels having particularly advantageons mechanical properties,

Against all expectations, fhe inventors have noted that one origingl mode of
preparation of crosslinked gels makes it possible to significantly improve the properties of

said gels.
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Thus, according fo a first of iis aspects, the present invention relates o a process
for preparing a crosslinked gel of at least one polysaccharide or a salt thereof, comprising st
least the steps consisting in

a)  providing at loast one aguecus gel of said polysaccharide in 2 noncrosstinked
form,

b}  bringing sgid aqueous gel into contact with an effective amount of at least one
crosslinking agent,

¢} subjecting the mixture formed in step b) to conditions suitable for the
crosslinking of said polysaccharide, and, if need be,

d)  recovering said crosslinked hydrogel,
wherein sald process comprises, prior 10 step ¢), at least one siep e} consisting in cirenlating
the aqueous gel of polysaccharide of step a) and/or the mixture of step b} through st least one
extrusion device which has at least one filter with a porosity ranging from 2 to 100 microns
and aapéb]ia of retaining any particle with a diameter greater than 100 microns.

This step €}, consisting in clrcudating the aqueous gel of polysaccharide and/or the
mixture obtained at the end of step b} through an extrusion device as mentioned above, can
also be denoted, in the rest of the present description, as an “extrusion step”.

In the vest of the present description, the device which has at least one filter that is
ased for carrving out extrusion step ¢} may alse be denoted by the expression “exrusion
device™.

More specifically, the present invention results from the vnexpected observation,
by the inventors, that the implementation of an extrusion step makes it possible to obiain
crosslinked  polysaccharide gels having significantly imeproved viseoelastic properties,
compared with the conventional crosslinking processes.

In view of the fragility of the polyeaccharide chains, this observation is all the
more surprising sinee such an extrusion step could, on the contrary, contribute to 3 significant
alteration of the polysaccharide chains and, in this respect, of the viscoelastic propertios of the
srogshinked gels.

The improvement in the viscoelastic properties of the crosshinked gels ohtained by
implementing a process according to the invention can be explained by the fact that the
extrusion step mostly contributes fo a better organization of the polysaccharide chains or
even, in addition, as appropriate, 1o protecting the aqueous gel of step 8) and/or the mixture of

step b} ageinst a significant amount of residual particles or sgglomerates which, for shvious
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reasons, are prejudicial to good homogeasity theroof and therefore to the homogeneity of the

crosslinked gels relating thersto.

Ascording to one particular embodiment of the invention, the process can also
comprise a step f} of stopping the crosslinking, consisting in exposing the crosstinked gel to
conditions suitable for stopping its crosshinking, it being possible for this step to be carvied ot
prior to, jointly with or afer the recovery step d).

According 1o one preferred embodiment variant, step §) is carried out prior to step
d}.

Advantagecusly, the crosslinked gel oblained at the end of the process described
gbove is 2 sinple-phase gel and more particularly a predominantly elastic viscoelastic gel, e
a gel with a reduced ability, or even devoid of the ability, to flow in the absence of stresses
other than its own weight, Hke, for example, a gum.

According {o another of its aspects, the present nvention relates to the use of 8
crosstinked gel obtained by implementing 3 process as defined sbove, for the longlasting

filling of vohume defbots of the skin, and in particular the filling of wrinkles.

H Process

=

A process according to the invention reguires, firstly, providing at least one
aquecus gel of at least one polysaccharide in a noncrosslinked form in scoordance with the
invention.

This relates more particularly to step a).

For the purpose of the present invention, the term “noncrosslinked” is intended to
denote an aguecus gel of polysaccharide which is nuncrosslinked or weakly crosslinked, i.e. 2
gel of which the phase shift angle 8, measured by dynamic rheology of 1 Hz, is greater then
40° when it is subjected to a stress greater than 1 Pa.

Such an aqueous gel can be obtained by bringing together at least one agueous
medium and polysaccharide, in an appropriste receptacle; snd homogenizing jointly with
and/or subsequent to the addition of said polysaccharide to said agueous medinm, or vice
versa.

For obvious reasons, the homogenization step considered above should be carried
out it such a way as to form homogeneons structures.

Secondly, a process according to the nvention requives the addition, to said
aquecus gel of polysaccharide obtained fn step a), of an effective amount of crosslinking

agent.
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This relates more particnlarly to step bl

For the purpose of the present invention, the term “effective amount” i intended
to mean an amount of crosslinking apent which, in relation to the amount of polysaccharide
under consideration, allows satisfaciory crosslinking of the aqueous gel of polysaccharide,

‘the determination of this effective amount of crosslinking agent is part of the
general knowledge of those skilled in the ant.

Advantageously, step b) is carried out over g perind of greater than 5 minutes,
preferably ranging from 15 to 180 minuies.

For obvious reasons, this step b} can also be scoompanied by at least one further
step of homogenizéiian joinily with and/or subsequent to the addition of said crosslinking
apent.

Advantageously, step b of bringing an aqueous gel of polvsaccharide in
noncrosslinked form into contact with 2 crosslinking agent is carried owt under conditions not

suitable for effective tmplementation of the crosslinking.

Erespective of the embodiment under consideration, steps &) and/or b)Y involve(s)
at least one homogenization.

The objective of this operation, optionally carried ont in the presence of the
crosslinking  agent, is more particulwly to completely hydrate and homogenize the
polysaccharide in the agueous medium and, where appropriate, the crosslinking agent, and
thus to contribute to the optimization of the qualities of the expected crosstinked gel.

Tndoed, for obvicus reasons, the homogeneity of the crosslinked gel is closely
linked to the homogeneous nature of the gel before crosslinking,

The homogenization is considered to be satisfactory when the solution obtained
has a homogeneous coloration, without agglomerates, and 8 uniform viscosity, I can
sdvantageously be carried out under mild operating conditions in order to prevent degradation
of the polysaccharide chains.

This step is alf the more important when the polysaccharide has a high molecular
weight. The hydration of such a mmjmund then in fact has a tendency to generate the
formation of a solution of high viscosity within which the appearance of égglmmerates 1%
commonly observed,

The duration of this homogenization siep therefore depends on the nature of the
polysaccharide, and more particularly on its molecular weight, on its concentration, on the

operating conditions within the agneous medium and also ou the homogenization device used,



i5

25

30

WO 2012/077055 5 PCT/IB2011/055496

The adjustment of the duration of homogenization suitable for obiaining a
sufficiently homogeneous aqueous gel of polysaccharide is part of the geners! knowledge of
those skilled in the art.

Az many howogenization cycles as are necessary are applied for aslmg as the
dissotution of the polysaccharide or mixture of polysaccharides in the agusous medivm is not
completely satisfactory.

Preferably, s homogenization siep according to the present invention can be
carried out over a period of less than 200 minutes, preferably less then 150 minutes, or even

between 15 and 100 minutes.

As emerges from the aforementioned, the agueous gel of step 3} and/or the
mixture of step b} is {are} subiected to at least one extrusion step e).

This extrusion step ) conslsts In cirenlating the agueous gel of polysaccharide of
step a} and/or the mixture obtained at the end of step b} through at least one extrusion device
which has at least one filter with a porosity renging from 2 fo 100 microns and capsble of
retaining any particle with s dlameter of greater than 100 microns.

The objective of this step is to organize the polysaccharide chains and, if need be,
o protect the gel from possible residual particles prejudicial to ifs homogeneity, before
crosslinking step ¢).

Moreover, this step is also advantageous in that it allows an improvement in the
homogenization of the aquecus gel of step &) and/or of the mixture of step b

It thas contributes to significantly improving the guality of the crosslinked gels
obtained al the end of the process of the invention,

As mentioned ghove, extrusion step ¢ takes place prior to step ¢} Thus, &t can
ke place prior to, jointly with and/or afler step B} of bringing the agueous gel of
polysaccharide into contact with the crosslinking agent.

According to one preferred embodiment variant, extrusion step e} is carried owt
after step b} of bringing the aqueons gel of polysaccharide of step a) into contact with the
crosslinking agent or, in other words, on the mixture of step bl

Advantageously, step e}, in particular when it takes place after step b), is carried
out under conditions suitable for keeping the gol in the noncrosslinked state, as defined shove.

To do this, step o} is carried out at a temperature of less than 25°C, preferably at a

temperature ranging from 13 to 25°C, and better still at ambient temperature.
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The implementation of extrusion step e} is part of the general knowledge of those
skitled in the art.

Those skilled in the art wonld be able to define the appropriate characteristics in
terms of porosity, geometry, resistance and retention capacity of the filter characterizing the
extrusion device in such a way that the latter allows the aqueocus gel of stop a) and/or the
mixture obtained at the end of step b} to pass through, while at the same time ritaining
particles with a diameter greater than 100 microns,

In particular, the characteristics of the filter are determined from the viewpoint of
the molecular weight(s} of the polvsaccharide(s) used.

Advantageousty, the filter consists of al least one screen or fabric, which is
preferably metallic, composite or polymeric in pature,

Advaniagecusly, extrusion step €} is carried out by means of at least one extrusion
device mmprismg at feast one filter with a porosity ranging from § to 50 microns, better still
trom 8 to 30 microns, and more particularly with a porosity of 10 microns.

Moreover, the rate at which the agqueous gel of step a) and/or the mixture obtained

t the end of step b} passes through said device is also a pémmetﬁfr that is part of the general
knowledge of those skilled in the art,

Advantageously, the linear rate of extrusion of the aquecus gel of step al and/or of
the mixture obtained a‘é the end of step b) through the extrusion device(s) is slow o as not fo
degrade the polysaccharide chains during their passage therethrough.

Thus, the linear rate of extrusion of said agueons gel of step a) andfor mixture
obtatned at the end of step b} through the extrusion device(s) is between § and 100 arn per
minute, preferably betweon 1 and 4 om per minute,

This rate depends on the porosity and the nature of the filter, on the
polysaccharide under consideration and also on the amount of material to be treated.

By way of extrusion step ¢), reference may in particular be made o the following
protocod.

An aquecns gel of step a) and/or of mixture of step b) can be placed in a system
comprising a tank fitted with a piston and, at the outlet of sald system, with at least one
extrusion device as described above,

The aqueous gel of step a} and/or mixture of step b} is then passed through the
extrusion dovice by placing the piston under pressure, it being possible for the placing under

pressure to be carried owt manually, mechanically, preomatically or kydrautically.
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According to one particular emsbodiment, exirusion step ¢) can result from the use
of extrusion devices in a cascade, having filters with different, and prefersbly decreasing,
porosities,

This particadar embodiment is particularly advantageons in so far as § malkes it
possible to achieve crosslinked hydrogels having further mproved viscoelastic properties.
This is because this cascade systom allows the polysaccharide chains to be organized and also
allows an extrusion that ie gradual and, consequently, less aggressive with respect to the
degradation of said polysaccharide chains.

In this respect, extrusion step e} is io be distinguished from a conventional
filtration which results, for purification purpeses, in the separation of components initially

meluded in the composition to be purified.

As emerges from the aforementioned, the mixture obtained at the end of step b),
whether or not it is subjected to an intermediste extrusion step ). is then subjecied to
conditions suitable for crosslinking.

The objective of the crosstinking is to create bridges between the polysaccharide
chatgs, and in particular hyaluronic acid chains, allowing 2 solid and dense three dimensional
network o be obtained from a viscous solution.

The crosslinking step requires particular conditions which depend simultanesusty
on the nature of the polysaccharide, on its molecular weight, on the aqueous medium and on
the nature of the crosslinking agent.

The term “conditions” is ntended to denote the component which inftiates the
crosshinking, such as, for example, heating or UV exposure,

The choice of the initiating means suitable for obtaining a crosslinked gel is part
of the genersl knowledge of those skilled in the ast.

Advantageously, an initiating component can be implemented by

- immersion of the veceptacle comprising the “polysaccharide/erosslinking
agent” mixture in 8 bath containing a hot fluid;

- exposure thereof to radiation of certain wavelengths of UV type, for example
1 miorewave radiation or to infrared;

- irradiation by means of ionizing rays, like the process described in US
2008/0139796; and

- enEymatic crossiinking.

Preferabiy, the crosslinking step is carried out thermally.
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The heating means and the intensity of said heating means are of course adjnsted
from the point of view of the mode of crosslinking, the degree of crosslinking and the
viscosity of the pel that are desired,

A temperature particularly suitable for crosslinking step ¢} depends on the nature
of the polysaccharide under consideration,

When the polysaccharide is hysluronic acid, a temperature particularly suitable
for crosslinking step ) is between 25 and 607C, preferably between 45 and 55°C, and hetter
gtill betwoen 48 and 52°C.

The degree of crosslinking also depends on the durstion of crosstinking to which
the mixture obleined at the end of siep b} is subjected, whether or not, prior to crosshinking
step ¢}, it is subjected to an extrusion step €). The longer the time, the greater the degree of
crosslinking will be, with however an optitman not to be exceeded, otherwise there is a risk of
the polysaccharide being degraded.

Thus, crosslinking step ¢} can be carried out over & period ranging from 30 to 300
minutes, weferentially from 100 to 200 minutes, and better still from 150 to 190 minutes.

Advantageously, the crosslinking conditions are adjusted so as fo obtain a
maximum  crosslinking efficiency, ie. the obtaining of 2 maximum level of sctual
crosslinking for a minireum amount of crosstinking agent used.

In other words, the crosslinking conditions are adjusted in order to obtain a degree

of crosshinking such that the product formed is viscoelastic, or even solid.

According o one particularly preferred embodiment, croselinking step ¢) is
carried out in a basic medium, the receptacte containing the corresponding gel, in particular of
hyaluronic acid, belng placed in a thermostatic bath brought to a temperatore of shout from 50

10 33°C, for a period af least equal to 1 ) 30, and proferably between 2 1 30 and 3 % 10

As described sbove, the crosslinking can be stopped {step 1)) prior to, jointly with
or after step d) of recovering the gel.

Such a step, according fo a process according to the invention, requires exposing
the crosslinked gel or gel undergoing crosslinking, or even the receptacle containing it, to
conditions suitgble for stopping said crosslinking, or else to conditions capable of stopping the
formation of bonds between the various polysaccharide chains,

According to one preferred embodiment variani, step 1} is carried out prior to step
d).
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For example, in view of the thenmnal conditions that will have been applied in
order to inftiate the crosstinking process, the crosslinking can be stepped:

- by sitply removing the receptacie from the thermostatic bath, and then by
cooling until the temperature refurns fo mnbient temperature;

- by placing the recepiacle in a hath of cold water, preferably at 2 temperature
below ambient temperature, until the temperature inside said recoptacle is close to ambient
iempergture; or even

- by extracting the gel from said receptacle.

In the case of crogslinking by radiation, said crosslinking is stopped by stopping

the exposure of said gel to the radiation.

Agcording to a further particular embodiment, a process of the invention can be
carried out at least partly within a specific receptacle having a deformable wall, such as, for
example, 8 pouch.

This is because the deformability properties of such a receptacle and is
hermeticity make it possible to carry out the homogenization and crosslinking steps under
optimun conditions which result in an gven further improved crosslinked gel being obtained,
Le. a gel having injectability properties superior to those displayed by a pol obtained
according 10 a process using a conventional receptacie of the pot or tank type,

Advantageously, the specific receptacle can be fitled with a closable opening
system or gate, suitable for introducing any compound of use in the production of 2 gel in
gecordance with the invention.

However, the extrusion step deseribed above requires the agueous gel of step a)
and/or the mixture obiained at the cnd of step b} to pass through at least one extrusion device.
This step comsequently implies that said gel and/or mixture is {are) no longer included in the
specific receptacie described above.

Thus, in order to preserve the advantages linked to the implementation of the
process of the invention within a specific receptacle as described above, and in particular in
ordex to limit any risk of contamination, the presence of the closable opening system or pate

as mentioned sbove on the specific receptacle allows a contivuous system. Such a sysiem can,

~ for example, be characterized by use of st least two specific receptacles, the first receptacie,

devoted in particular to the preparing of the sgueouns gel of polysaccharide of step 8} and,

where appropriate, of the mixture obtained at the end of step b}, and also the homogenization

thereof, being connected to the extrusion device, iiself connected to the second receptacle,
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devoted fo the recovery of the agueous gel of step 8} and/or misture of step b} afier the
extrusion step, and to the jmplementation of the step ¢} for crosslinking and, where

gppropriafe, for stopping the crosslinking.

The crosslinked gel obiained at the end of the process as described above cannot
generally be injected directly, in particular because of its polysaccharide concentration is too
high and becauss of the possible presence of crosslinking agent residues or else because of iis
physiological or pH conditions.

The gel obtained st the end of the implementation of the process as deseribed
above can in particular have too groat & stiffness to be injected as such into z patient.

Consequently, several additions! steps, known o those skilled in the art, can be
carried out

More particularly, a step of neutralizing and expanding this gel is required in
order to give it its implant qualities, The chains of the polysaccharide network are thus
siretched and hydrated, while the pH is brought to hat of the & ormis,

A step of protecting and redensifying the gel can also be carried out in order to
further improve the qualities of the implant, according to the know-how of those skilled in the
art. The gel must be physiologically forrnulated by virtue of the presence of salis in gmounts
eguvalent to those of the medium injected.

For even higher purity, an additional purification step may also be carried out.

The final step consists in filling syringes with the gel, which is carried out under
controtled atmospheric conditions, followed by a final thermal sterilization which takes place

immediately after the filling of the syringes.

s

N Polvsaccharide

The term “polysaccharide” in accordance with the invention is intended to mean
any polymer consisting of several monosaccharides linked together by O-glyeoside bonds and
having the general formuola: -{C,0LO0L

A polysaccharide in accordance with the invention is more particalarly selected
with regard {0 the properties that it is desived to ses the crosslinked gel obtained according to
the invention display, More particularly, such a polysaccharide must have good
biocompatibility.

Thus, a physiclogically acceptable polysaccharide or polysaccharide salt may be

of natural or synthetic origin.
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[

The polysaccharide suitable for the Invention may in particular be chosen from
chondroitin  sulphate, kerstan, koratan sulphate, heparin, heparin sulphate, xanthan,
carragecnan, byakuronic acid, chitosan, cellulose and derivatives thereof, alginate, starch,
dextran, pullulan, galactomannan and biclogically acceptable salts thereof

The polysaccharide salts in accordance with the nvention are more particularly
chosen from physi@l@gimﬁy acceptable salts, such as the sodhwn salt, the potassium salt, the
zine salt and the silver salt, and mixtures thereof, preferably the sodinm salt.

Preferably, a polysaccharide or polysaccharide sall according to the invention has
a high molecular weight, preferably s molecular weight greater than or equal to 100 000 Da,
better still greater than or equal to 1MDa {or 1 3 10° Day, or even greater than 3 MDa {for3x
108 Day, depending on the application under consideration.

One particulardy preferred polyssecharide is hyaluronic acid or a sslt thereof,
praferably sodivm hyshuronate (NaHA),

Step a) of a process of the invention consists in providing an agueous gel of
polysaccharide, or of a salt thereof, in 2 noncrosstinked form.

Advantageously, the polysaccharide 18 present within the aqueous gel of said
polysaccharide in a noncrosslinked form in a content of between § and 15% by weight,
preferably in a content greater than 10% by weight, relative to the total weight of said
agueons gel.

Such an agueons gel is obtained by formulation of said pelysaccharide in an
agquecns mediom.

For the pwpose of the present invention, the tenm “agueons medivm’™ {3 intended
o mean any Hguid medium containing water and which has the property of dissolving a
polysaccharide or g salt thereof,

The nature of the aqueous medium is more particularly dependent on the type of
crosslinking envisaged, but also on the type of polymer used.

In this respect, an agueous medium that may be suitable may be either acidic or
bagsic.

A particularly preferred agueocus medivm is an slkaline medivm, preferably
sodinm hydroxide (NaOF), more particularly a solution of sodium hydroxide having a pH

greater than 12,

]

MY} Crosslinkine sgent
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The term “orosslinking agent” in accordance with the invemtion is intended o
mean any compound capable of inducing crosdinking between the various polysaccharide
chains.

The choice of this crosslinking agent In view of the polyssccharide to be
crogalinked is cloarly within the competence of those skilled in the art.

A crosshinking agent in accordance with the invention is chosen from epoxide,
aldehyde, polvasiridyl, divinvisulphone (DVE) and mixtures thereof,

Pz‘eferabiy, a crosslinking agent in accordance with the invention is chosen from
epoxy crosslinking agenis which are preferably bifumctional or multifunctionsl, snd more
particularly chosen from 1,4-butancdiol diglyeidyl ether {BR¥DE), depoxyoctane or 1,2-
bis{ 2, 3-epoxypropyi-2,3-ethvlens, 1 A-bis(2 3-epoxypropoxyibuiane, 14~
bisglveidyloxybutane,  1,2-bis(2,3-epoxypropoxyiethylens, and  1-(2,3-eposypropvi)-2,3-
spoxyeyciohexane, and mixtures thereof,

Preferably, the crosslinking agent is 1,4-bulanediol diglycidyl other. The
adjustment of the amount of crosslinking agent for carrying out the crosslinking reaction is
also clearly within the competence of those skilled in the ari.

Thus, for the purpose of the present inymtiﬂn, the expression “effective amount” is
intended to denote an amount sufficient fo obtain the expected effoct,

According 10 one particularly preferred embodiment, the process according to the
invention uses soditm hyaluronate in an alkaline medism with | 4-butanediol diglyeidyt cther

ascrossiinking agent.

Throughout the deseription, including the claims, the expression “comprising a7
should be understood as being synonymous with “comprising at least one”, unless specifically
stated otherwise,

¥

The expressions “between ... and .7 and “ranging fom ... to ..” should be
understood to meau that the limits are inclusive, unless specified otherwise.
The following example and figure are given by way of nonlimiting illustration of

the invention,

~ Figure 1. illustrates the viscoelastic properties of hyaluronic acid gels

measured by their elastic modulos {7 in Paj.
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EXAMPLE

For gach of the crosslinked gels described hereinafter, 10 g of hyaluronic acid
(1.5 MBha), 73 g of 1% sodivm hydroxide and 1.2 g of butanediol diglyeidyl ether (BDDE)
are used. The crosslinking is brought about by incubating for 3 hours at 52°C.

The particular conditions for each gel are the following:

Product A {control)

The preparation profocol is as follows:

1. Howmogendzation gt ambient temperature of the “h}?’ﬁiﬁr@:ﬁc acid + 1% sodinm
hydroxide” mixture for abowt 1 h 30 in order to obtain a perfectly homogsueous viscous
seiution;

2. addition of the crosslinking agent (BDDE) and further homogenization at
ambient fempersture for showt 20 ming

3. incubation of the hyalwonic acid/1% sodium hydroxide/BDDE viscous
solution for 3 hours at 32°C s0 as to initiate the crosslinking step; and

4. neutrabization, swelling and hﬂmagmizaﬁﬁn of the solid obiained {crosslinked
hyaluronic acid solution) in an acidified phosphate buffer solution so as to obtain a hvdrogel

containing 20 myg/g of hysluronic acid, with a pH close to neutrality.

Produgts B and B’ (o accordanice with the invention)

The protocol is the smme a8 that described for product A, but carried out with,
atter step 2 of adding the BDDE and 15 min of homogenization, an extrusion step, at ambient
temperature, consisting in circulating the mixture obtained at the end of step 2 through an
extrusion device comprising a filier, respectively, of 1€ microns (product B) and 50 microns
{product 8L

This extrusion step is carried out over 8 maximum period of § minutes.

The mixtore obtained at the end of step 2 iz thus placed in a tank, the outlet of
which 18 a cylindrical section fitted with 2 soreen filter with a porosity of, respectively, 10 and
30 um, and a dismeter of 35 mm, in particnlar & screen filier such gs those sold by the
company Rubber Fab, under the name “Platinum Screen Gasket™

The pressure applied to the mixture, produced by means of a compressed air
piston, is adjusted such that the lnear rate of extrusion is sbowt 4 c/min, which represents a

flow rate of ghout 180 cm”/mun.
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All of the preducts A, B and B’ are packsged in syringes. The visceelastic
properties of these products are measured wsing a rhoometer (Hazke RS6000) with a
cone/plate geometry (1% 35 nun dlameter). A siress sweep is carried out, and the elastic

moduluos 7 {in Pa) and the phase shift angle § {°) are measured at | Hz for a sivess of § Pa.

Hesults

Figure 1 hereinatter represents the values of the olastic moduli G° (in Pa). By way
of indication, the value of the phase shifl angle 8 (¢} is indicated at the top of each column, to
theright of the value,

The results for products B and B are similar,

The phase shift angle measured is extremely small, which means that these gels
exhibit a mainly elastic {solid) nature.

However, in view of the resulis in Figure 1, a significant effoct on the increase in

@, of the pre-crosslinking extrusion step, is noted.
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CLAIMS
I, Process for preparing a crosslinked gel of at lesst one polysaccharide or o salt
thereof, comprising at legst the sleps consisting fn:
a) providing at least one aguecus gel of said polysaccharide in a noncrosshnked form,
b} bringing said agueous gel into contact with an effective amount of at least one
crosshnking agent,
¢} subiecting the mixture formed in step b) to conditions suiteble for the crosslinking
of said polysaccharide, and, if need b,
d} recovering said crosshinked hydrogsl,
wherein said process comprises, prior to step ¢, al least one step ¢} consisting in circulating
the agueous gel of polysaccharide of step a) and/or the mixture of :%tep 3 through at least one
gxirusion device which has at least one filter with a porosity ranging from 2 to 100 microns
and capable of refaining any particle with a diameter greater than 100 microns,

2, - Process according to Claim 1, whereln the polysaccharnide ie hyaluronic acid
or & salt thereot.

3. Process according to Clabm 1 or 2, wherein step ¢} is carried out on the
mixture of step b},

4. Process according to any one of the preceding claims, whersin the filter has s
norosity ranging from 5 to 50 microns, better still from § to 30 microns, and more particularly
a porosity of 10 microns.

5. Process according to any one of the preceding claims, whereln the linear rate
of extrusion of the aguecus gel of step a) and/or of the mixture of step b) through the device
capuable of retaining any particle with a dismster greater than 100 microns is between | and
100 om per minute, preforably between 1 and 4 om per minute.

&. Process sccording fo any one of the preceding claims, wherein the aguecus
gel of polysaccharide of step a) andfor the yuxture of step b) undergoes at least one
homogenization, prior to step o).

7. Process according to the preceding claim, wherein the homogenization step is
carried out over a period of less than 200 minutes, preforably less than 150 minutes, or even
berween 15 and 100 minutes.

% Process according to any one of the preceding claims, wherein crosslinking
step ¢) is carried out thermally st a temperature between 25 and 60°C, preferably between 45

and 55°C, and better still between 48 and 52°C.
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| 8. Process according to any one of the preceding claims, wherein crosslinking
step ¢} is carried out over 8 period ranging from 30 to 300 minutes, preferentially from 100 1o
200 munntes, and better still fom 150 {6 190 minutes.

10. Process according to any one of the preceding claims, wherein the
crosshinking agent is chosen from epoxy crosslinking agents which are preferably biftmetional
or rultifinctional,

11, Process according to any one of the preceding claims, wherein the
crosshinking agent is chosen from Ld-butanediol diglyeidyl ether (BDDE), diepoxyoctane or
1,2-b1s{2 3-epoxypropyl-2,3-sthylene, 1,4-bis(2,3-epoxypropoxyibutane, i4-
hidglycidyioxybutane,  1,2-bis{2 3-epoxvproposyiethyiene, and 1=(2,3-epoxypropyl-2,3-
spaxycyclohexane, and mixtures thereof, preferably 1 4-butanediol diglveidyl ether.

12, Process according o any ome of the preceding claims, wherein the
polysgecharide has a molecular weight greater than or egual to 1 MDa.

13. Process according to any one of the preceding colaims, wherein the
polysaccharide is present within the agqueous gel of said polysaccharide in a noncrosslinked
form in & content of between § and 15% by weight, preferably greater than 10% by weight,
relative to the total weight of said aquecus gel.

- 14, Process according o any one of the preceding claime, wherein it uses sodium
hyshoonate i gn alkeline medium, and 1 4-butanedicl diglyeidyl ether (BDDE) as
crosslinking agent.

15, Process according to any one of the proceding claims, wherein the crosslinksd
gol is a predominantly elastic single-phase pel.

16, Use af a crosshinked gel obtained by implementing a process as defined
according to any one of the precedmg claims, for the long-lasting flling of volume defecis of

the skin, and in particudar the filling of wrinkles.
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