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(57) Abstract: The subject of the present mmvention 1s a process of preparing a crosslinked gel of at least one polysaccharide or one
of 1ts salts, comprising at least the steps consisting 1n: a) providing, at a temperature below 35 °C, an aqueous gel comprising at least
one polysaccharide in an uncross Linked form together with at least one difunctional or multifunctional epoxy crosslinking agent; b)
maintaining the mixture of step a) at a temperature below 35°C for at least one hour; ¢) stimulating the crosslinking reaction of the
mixture obtained after step b), and if need be: d) recovering said crosslinked gel formed.
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The object of the present invention is to wovide a process of wreparing
hydrogels based on a crosshinked polysaccharide, and preferably based on hyaluronic acid,
or one of s salis,

Natugally present in the skin, hysluronic acid is known for ite viscoelastic
propertios and also for Us very grest propensity to absorb water. Iis properties largely
explain the elasticity of skin. Its biocompatibility, tolerance and lack of toxicity are such
that, for more than a decade, this molecule has had appii;catioﬁs i the medical and
cosmetic felds, and m particular for filling wrinkdes, Thus, the injection of 8 crosslinked
polysaccharide hydrogel info the dermis at the wrinkles to be treated helps to lessen, or
even eliminate, the local sag in the sfructie of the dermis that is a wrinkle,

In genersi, the polvsaccharide and more particularly hyaluronic acid, is used in
a crossiinked form owing to the grealer resistance in this particular form to degradation and
o heatl.

These crosslinked polysaccharide gels may be obisined by various methods of
preparation. These methods generally regquire two main steps, the first consisting in
hvdrating the polysaccharide m gquestion, o convert it into an agueous gel, and the second
auning {0 crossiink said aguecus gel o the presence of an agent typical of causing the
crosslinking thereof

Conventional crosslinking methods for hyalwronic acid are vsually carried om
at a temperasture of around 40°C, of gven 50°C, for a time of less than 3 bours, thereby
making it possible for the polysaccharide gel to be crosslinked satisfactorily. It is for this
reason that tins method of preparation 18 widely nused in the industry,

As  illpstrations  of  these  processes, the processes  descrtbed  in
Uk E{}{}ﬁ,rfﬁi%{}i?;l which comprises the use of 8 mixture cornmmising at least 1094
hyalurconic acid, a crosslinking ageni and waler under acid or bhasic conditions, in
WO 2006/056204, which comprises a step of treating the crosslinked hyalwronic acid gel
with divinyl sul phﬁm gid in US 2007/00367435, which resalls in a cohesive gel starting
from a hyaloronane polvmer crosslinked with divinyl sudphone (DVS) may especially be

mentioned.
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For obvicus reasons, i 18 a constant objectve o improve the mechanical

properties of the hydregels for applications in the medical and cosmetic fickds,

The aim of the present mvention 18 specifically o provide 2 process for
ohtaining crossiinked gels having particularly advantageous mechanical properties.

Against all expectation, the inventors have found thst s novel method of
preparing crossimked gels ensgbles the properties of said gels {o be significantly improved
i comparison with the propertiss manifested by those obtained by means of a
conventionsal process.

Thus, the present invention relates, according (o a Hrst of iis aspects, to &
process of prepating a crosslinked gel of at least one polysaccharide or one of its salls,
comprising at teast the steps consisting i

33 providing, at 2 iemperatire below 35°C, an agueous gel comprising
at least one polvsaccharide in an unerossiinked form fogether with at least one difunctional
or muliifimctional epoxy crosshinking agent;

b} maintsining the mixturs of step a) at & temperature below 35°C for at
feast one howr '

¢y stimulating the crosslinking reaction of the mixture obiained after
step b}, and if need be

-

4y recovering said crosshinked gel formed.

b

More precisely, the invention relates from the unexpected observation by the
mventors that the use of two different crosslinking rates one afier the other, the frst being

particidarly slow and the second significantly more rapid, makes it possible fo obtain

crosshinked polyvsaccharide gels having viscoelasfic properties that are significantly
improved in comparnison with those gels obtained by means of conventional processes
cploying & singie crosslinking rale.

As is apperent from Exsmple 3 below, the novel viscoelastic properties

margfested by the crosslinked gels obtained via the implementation of g process of the
invention can m ne way be reproduced with a gel oblained according o 2 conventional
crossiinking process, that is o say emploving, for carrving out said crosslinking reaction, g
cingle rate applied af a tempersture ahove 40°C, even when this single regetion rate is

apphied for prolonged pericds of time,
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According fo one particular expbodiment, & process of the mmvendion may
furthermore include a step €} of stopping the crosslinking, consisting in expusing the

crosslinked gel to condibions propitious for siopping the crosshinking thereof, this step

possibly being carried out before, during or aler the recovery step d}.

According to g preferred embodiment, step €} i1s carried out before step d).

Advantageously, the crosshinked gel obtuined afier itmplementing & process
according to the inveption is a single-phase gel and more particularly a predominantly
elastic viscoelastic gel, that 18 {0 say with Iittle or even no ability to flow 1 the absence of
stresses other than ifs own weight.

According {0 another aspect of the present invention, ths relates (o the use of 3
crosshinked gel oblained by implementing a process as defined above for the lasting filling

of volunse defects of the skin, and sspecially the filling of wrnkdes,

i} SYOLOES

A process of the invention comprises, m g first step, providing an aquecus gel
comprising at leasst one polysacchande in an uncrosshnked form fogether with g
difunctional or multtfunchional epoxy crossbinking agent.

The term “uncrossiinked” 18 undersiood in e contexd of the present invention

0 mean an aguecus polyeaccharide gel which {8 not crossiinked or shightly crosshinked,

that is fo say a gel having a phase-shafl angle §, measwred wnder dynamic rheology
conditions at 1 Hz, that 15 grealer than 40° when subjected to a stress above 1 Pa.

hMore precisely, the aguecus gel considered in step 8) mayv be obtained
heforehand by bringing together, in an appropriate receptacle:

{1} an aguecus medinm;

(i1} at lsast one polvsaccharide, or one of its sglts, in an uncroashinked formy;
syud

{(i1)  at least one difunctional or mudtifunctional epoxy crosslinking agend,
and
by homogenizing the mixture thus obiained, the order of addition of said compounds (i},
{11} and {11} into the recépiacle being mdifferent.

According o a first embodiment vanant, this agueous gel may be formed by

introducing, into the receplacle, the aguecus medhunn and the poivsacchande, the mixiure
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thus formed being simulianeously and/or subsequently homogenized, and then by adding
the crosslinking agent with simulisneous and/or subsequent homogenization.

According to g second embodiment variand, s aguecus gel may be gbtained
by introducing, into the receplacle, the aqueous medium, the polysaccharide and the
crosslinking agent, with the motiure thus formed being homogenized simultansously
and/or subsequently, -

This second embodiment variant is advaniageous i that a single
homogenization siep 18 carried out

Advantagecusly, this siep of forming the agueous gel may be carried out at a
ternperafure below 35°C, prefergbly at a temperature ranging from 15 to 25°C, and betier

siitl at room temperature.

Whatever the cmbodiment in gquestion, fhe formation of an agueocus gel as
considered in step a) involves at least one homoegenization operation.

The purpose of this operation, whether or not carried out in the presence of the
crosslinking agent, is more particularly for the polysaccharide in the agueous medium and,
if need be, the crosslinking agent, to be hydrated and homogenized perfectly and thus to
heip to optimize the properties of the crossiimked gel expected.

For thess reasons, the homogeneity of the crossiinked gel 13 closely dependent
on the homogeneity of the gel betore crosshinking,

The homogenization 15 considered to be satisfactory when the solution obtained
13 umtformly ooloured, with no agglomerates, and bas 3 umfonm viscosity. The
homogenization may advaniageousiy be cagried out under muld operating condiions S0 as
o prevent degradation of the polyssccharnide chaing,

This step 18 more imporiant when the polysaccharide has a high molecular

weight, because the hydration of such a compound tends to resull in the formation of 2

L 2
v
3 N

high-viscostty solution within winch the appearance of aggiomerates is commouly

o
FEFS
A AL

observed.

The duration of this homogemzation sitep depends on the natwe of the
polysaccharide, and more particularly the molecular weight and the concentration thereof,

on the operation conditions within the agueous medium and the homogemizing device used.
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Adjusting the homogenization time suilsble for obtaining a sufficiently
homogensous gquecus polysaccharide gel falls within the general knowledge of 3 person
skilled in the art,

Pretorably, a bomogenization step according to the present invention may take
place over a time of less than 200 minutes, preferably less than 150 minutes, or even
between 15 and 100 minutes.

As {oilows from the forsgoing, two different crosshinking rates are applied, one
after another, to the agueous gel of step g, these being illustrated by stepe b} and ¢} of the
process of the mvenbion respectively.

The purpose of the crosshinking is {o creale bridges between the polysaccharide
chains, and especially the hvaluronic acid chains, making it possible to obtain a dense solid

three- dimensional network Bom g viseous soiution,

1} Conditions for carrving out siep

Stﬁp v} entals keepmng the muixiuee of step g} at 8 temperature below 35°C for s
time of at lgast one howr.

Thus, step b}, under the environmenial conditions in which it s carried out, 13
compatible only with a slow crosstinking rate.

Preferably, step b} is carried out at 8 temperature ranging from 15 o 25°C, and
better stiil at room temperature.

The slow crosslinking rate considered in step b} mayv especially be
characterized by the rate of disappearance, within the mixture obtained after step a), of the
epORY crossimiking agent.

Thugs the average rate of disappearance of the epoxy crosslinking agent doring
step b} 18 less than 5 ppm/mun, preferably less than 2 ppm/min, for 3 hyvsluronic acid
concentration of 20 mg/s.

Preferably, step b} takes place at g thme of longer than one howr, preferably
fonget than two hours.

Preferghly, step b) may be carried out over a time ranging from § o 2 hours 30
mmiuies, and better still from | howr 30 minutes {6 2 hours,

Conditions for carrvinge out step ¢
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step ¢} entails however the stimulation of the crosslinking reaction.

Thus, the torm “stimulation” 18 undersiood to mean, n the context of the
present invention, a significant incresse in the rate of the crosslinking reaction.

The particudar conditions to be adopted in order to stimulate the crosslinking
reaction may depend on the natire of the polysaccharide, on its molecular weight, on the
agueous medivm and on the nature of the crossHoking agent,

In general, this stimmulation may be achieved by bringing the mixture obtained
afier step b} info contact with s triggering element, or stinmdant, such as, for example by
heating or exposnre (o0 UV, or even by hringing said mixture into contact with a2 material of
the catalvs! type.

The choice of such g triggering element falls within the general knowledge of
a person skilled in the art,

Thus, a triggering eloment may be applied by:

- mraersion of the receptacle comprising the mixture oblained afler step b)

o 2 bath containing a hot fluid;

- gxposure of said mixiure o radiation of ceriain wavelengths, for example

i the UV, or to microwave or even mfrared radistion:

- irradiadion by means of iopnizing rays, as per the process described in
document US 2008/0139796; and
- enzymatic crosslinking.
In the confext of the preseni invenbtion, this {riggering element 1
advantagecusly represented by an increase o tempersture imposed on the mixture obiained
after step bl

A particularly suitable temperatwre for step ¢) depends on the nature of o

N
2 tb*

polvsaccharide in question.

If the polvsaccharide is hyaluronic acid, a particularly spitable femperature for
step ¢} is between 35°C and 60°C, preforsbly between 45 and 55°C, and better still
between 48 and 52°C.

in the case of siep b} described sbove, the rapid crosslinking rate considered in

siep ¢} may i parbicudar be characterized by the rate of disappearance, within the mixture

obfained after step b, of the epoxy crosshinking agent,
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hus, {he mean rate of disappearance of the crosstinking agent during step ¢} 18

s,

greater than S ppen/nmn, preferably gregier than 7 ppww/onin, for a hvalurome acd
concentration of 20 mg/s.

The degree of crosslinking also depends on the crosslinking time imposed on

the mixtwre obtammed after step bl The longer the time, the In ghér the degree of

crosshinking, with however an optimun not 10 be exceeded withou! running the risk of
degrading the pﬁiyszims:haﬁde.

Thus, step ¢} may be carried out over a time vanging from 30 to 300 minutes,
preterably 100 to 200 nunutes, and betler still 150 to 190 minutes.

Advaniageously, the crosshinking conditions sre adjusted so as o maxinize the
crosslinking efficiency, that is o say to obtain a maximum effective degree of crosshinking

tor & minimn amount of crosslinking agent used.

According to one particularly preferred embodiment, crosslinking steps b) and
o} are carried out in basic mediom, the receptacle containing the mixiure obiained after
step &) being maintained for one hour af room femperature and then placed in g
thermostatied bath heated to g temperature of around 30 to 35°C, for a time of at least

{ howr, and preferably of between | howr 30 minutes and 3 bowrs 30 minutes.

As explained above, stopping {he créssiiaﬁ{ing {gtep )} may be carried out
before, during or aiter step d} of recovering the gel.

Such a step, in 8 process gccording o the nvention, rf:quirés cxposing the
crossiinked gel or, ﬂ'uﬁng crossiinking, even the recepiacle containing i, to conditions
propitious for stopping the crosshinking or else to conditions capabie of stopping the
formation of bonds between the various polysacchanide chains.

According 10 a pretorred embodument variand, slep ¢ is camried owl before
step ¢},

For exmﬁle:, with rogard o the thermal conditions that will be apphed o
stimulate the crosshinking process, the crosslinking may be stopped:

- by simply removing the receptacie from the thermostatted bath and cooling it

until i returns 1o room temperature;
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- by placing the receptacle in a bath of cold water, prefersbly al & temperature
below room temperature, until the tempersture, within said recentacle is close to room
temperature; Or éven

- by extracting the gel from said recepiacie.

In the case of radgiation crosshinking, this is stopped by stopping the exposure of
said gel to the radiation.

@ mvention may

\
N

.

According o one particolar embodiment, a process of

oy

further inchuade at least one step consisting in making the mixture oblained afier step al, or
even obtained after step b)), pass through at least one device capable of retaining any
particle with a digmeter greater than 100 microns.

This specific step, also called in the rest of the desoription “extrusion step”,
thus takes place afler step 3} and befors step b) and/or after step b) and before step b

As will emerge from the examples below, the advantageous effect associated
with this extrusion step 15 that a crosstinked gel having further improved viscoelastic
properiies is obtained.

Choosing the type of extrusion device falls within the general kvowledge of a
person skilled in the art.

Advantageounsly, the extrusion step is carried cut by using at least one device
comprising at least one filier. '

A person skilled i the ant is capable of defining the sudtable characteristics in

terms of porosity, geomelry, strength and retention capability of such g filter so that the
tatter lets through the mixture obtained afler step a), or even after step b}, while retaining
any parbicies wilh a diameter greater than 100 microns.

In the rest of the present description, the device comprising af least one filter

used tor carrying out the extrusion step may also be denoted by the expression “extrusion
deviee”.

Advantageously, the extrusion step is carried owt by means of st lsast one
device comprising at least one filter having 2 porosity ranging from 2 to 100 microns,
preforably from 5 to SO mucrons, better still 8 to 30 microns, and more particulardy

1} microns.,
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Advantageously, the lincar rate of extrusion of the mixture obtained afler step
a) and/or b} through the extrusion device(s) 15 slow so as not to degrade the polvsaccharide
chains during their passsge therethrough,

1hus, the inear rate of extrusion of said mixture(s) obtained after step a) and/or
step by through the extrusion device(s) is between 1 snd 100 am/min, preferably between |
and 4 om/man.

According to yet another particular embodiment, the process of the invention
may be camied ot at ieast partly within a 3p@biﬁ@ receptacie having a deformable wall,
such as, for example, a pouch.

This i1z because the defommbiiity properiies of such a receptacle and ity
hepmeticity make it possible to carry out the various steps of a provess of the invention,
and especiaily the homogenization and crosslinking steps, under optimal conditions that
result i an even better orosslinked gel being obtained, that 8 1o sav one having
mjectabilily properiies superior to those displayed by a gel obtained according to a process

emnploving g conventional receplacle of the pot or tank type.

The crosslinked gel obtained after the process of the invention as described
above, cammol in general be injected divectly, in particular because of s high
polysaccharide concentration and/or of the possible presence of crosslinking agent residues
oY eise because of i physiclogical and/or pH conditions incompatible with use in the
fields of gpplications considered above.

Furthermore, the gel oblained afler the process of the invention may especially
have too high g stitthess (o be imjecied as such into 3 patient.

- Theretore, several additional steps, known to those skilled in the art, can be
carried out 1o obtain an igectable hydrogel,

More particularly, a step of neniralizing and expanding this gel s reguired in
order to give it its implant qualities. The chains of the polyssccharide network are then
stretehed and hvdrated, while the pH s brought o that of the dermis,

A step of protecting and redensifying the gel can also be carried out for farther
umproving the qualiies of the mmplant, sccording to the know-how of a person skilled in
the art. The gel wmust be physiclogically formulated by virtue of the presence of salls in

equivalent amounts 1o those of the mediom injected.
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For even higher purity, an additional purification step may alse be carried out.
Finally, the hyvdrogel thus obfained mav be used fo fill syringes under
controlled abmosphere conditions, sad synnges then possibly undergoing a sterilization

step, preforabiy a thermal sterihization step.

EE) Polvsaccharide
The ferm “polysacchanide”™ s understood 0 mean any polymer consisting of

several monosaccharides Hoked together by glycoside bonds and having the general
tormula; -[C{H00 e

A polyssccharide according to the invenfion 1s more particularly selscied with
regard to the properties that it is desired o seethe crosslinked gel oblained according to the
wvention  display. More parbiculariy  such a  polysscchande must have  good
'?l'ii.@cc}mpatibﬂity,

Thus, a physiclogically acceplable polyssccnande or polysaccharide salt may

be of natural or synthetic ongin,

The 'pﬁiys;as:ﬁhaﬁdeg suiiable for the mwvention may especially be chosen from
the .&ﬂl@'wing: chondroitin sulphate, kevatan, keoratan sulphate, heparin, heparin sulphate,
xanthan, carrageenan, hyaluronic acid, chifosan, cellulose and dertvatives thereot, alginate,
starch, dextran, pullulan, galactomannan and biclogicaily acceptable salts thereod

The polvsaccharide salis m accordance with the invention are more particolarty
chosen from physiclogeally acceptable sslls such ax the sodium salt, the potassium sali,
the zine salt, the siiver sait and mixtures thereof, pmfﬁra&iyth@ sodinn salt.

Preferably, 2 polysacchande or polysacchanide salt according {o the mvention
has a high molecular weight, preforably 8 molecular weight greater than or egual to
100 000 Da, better still greater than or equal 0 1 MDa {or 1.10° Dia), or even greater than
3 MI¥a {or 3.10° Da), depending on the application in question.

One particularly preferred polveacchande iz hysluronic acid or one of 18 salts,
preferably sodium hyaluronate (NaHA)

Advantagegously, the polysaccharide may be present within the agueous gel of
sait polveaccharide i 2 noncrpssiinked form in & content ranging fom 5 to 15% by
weight, preforably in a content preater than 10% by weight, relative o the total weihght of

said agueous gel.
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As mentioned above, the mixing of step a) of the process according to the

inveniion results in at least one gguecus polysaccharide gel in an uncrosshinked form., or

one of s salls, being combined with at least one epoxy crossiinking agent.

Now, said agupeons polysaccharide gel may iself result fom bringing

betorehand said polysaccharide, or one of its salts, into conisct with an agueous medium.

The term “aguecus medium” is undersiood in the conlext of the present

invention fo mean any lguid medium contaiming water snd having the property of

dissolving & polysaccharide or one of its salts, -

The pature of the aqueous medium is more particularly dependant on the type
of crosstinking envisaged, iy also on the tvpe of polymer used.

in this regard, 3 suitable agueous medium may be either acid or basic,

Une pariculacty preferred gquecus medium is an alkaline medium, preferably

AN A

sodinm hydroxide (NaQOH}, more particulardy a sodium hydroxide solution having a pH

greater than 12,

The term “crosslinking agent” is understood to mean any compound capable of
nducing crosstinking befween the various polysaccharide chains,

The choice of this crosshinking agent for ﬁié polysaccharide o be crosslinked
clearly falle within the competencs of a person skifled in the art.

* J

A crossinking sgend in accordance with the invention is chosen fom

difunctional or multifunctional epoxy crosslinking agents, such as butanediol diglvoidvl
ether {BRDE), diepoxyoctane or E3»’&'}?1s{..?.,f:’%;apaxwmpyi}uz,ﬁ%ueth viene, and muxiores
thereof '
Preferably, a crosshinking aperd asccording o the invention is butanediol
dighveidyl ether,
Adjusting the smount of crosslinking agent to carry out the crosslinking
reaction also falls within the competence of a person skilled in the ant.

According to one parbicwdarly preforred embodiment, the process according to

the mvention uses sodinm hyaluronate in alkabine mediom with butanediol diglyeidy! ether

as crosstinkang agent.
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Throughout the description, including the claims, the expression “comprising

& should be understood as being synonymous with “comprising at least one” unless
specitically stated otherwise,
The expressions “between... and ...” and “ranging Hom ... 1 ...” showld be
5  ungderstood fo mean that the mits are inchusive, unless specified otherwise.
The following examples and figures are presemted by way of non-limiting :

ustration of the invention,

FHURES:

s
vt
'-d'_' Iv'"

- Figure 1o illustrates the wviscoelastic properties of hvaluronic acid gels
measured by their elastic mododus G (in Pa).
- Figure 2: illustrates the variation in elastic modudus G {in Pa) of hydrogels

obtained after 3 crosshinking step charvacterized by a first step of maintaining a mixture of g

12% agueous hyaluronic acid gel with BDDE for two hours at room temperature followed

15 by asecond step of incubating said mixture at 52°C for various Hmes.
~ Figure 3 iliusirates the variation in the elastic modulus G7 (n Pa) of
nydrogels obtained after a crosslinking step characterized by a single step of incubating a

muxture of 2 12% agueons hvaluronic acid gel with BDDE at 52°C for various times.

20 EXAMPLES:
Example §
For each of the crosshinked gels described below, 10 g of hysluronic acid
(1.5 MI¥a}, 73 g of 1% sodivm hydroxide and 1,2 g of butanedio! digiveidyl ether (RDDE)

Were empioyed,

25 The particular conditions applied for each gel were the following:
Product A {confrol)

The preparation projocol was as follows;

i homogenization at room temperature of the hyaluronic acid/1% sodium
3¢ hydroxide mixiure for about | hour 30 minutes in order to obtsin a perfectly homogeneous

viscous solution:
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2. addition of the crossiinking agent (BDDE) and fusther homogerization at

room temperatugre for about 20 minutes;

3. incubation of the hyvalurenic acid/1% sodium hydroxide mixtee/BDDE
visoous solution for 3 howrs af 32°C; and

4. neutralization, swelling and homogemzation of the solid oblained
{crosstinked hyalurome acid solution) in an acidified phosphate buffer solution so a5 to

obtain a hydrogel containing 20 my/g of hvaluronic acid with a pH close to neutrality,

the invention

Proguct B {according o

The protocol was the same as that described for product A but carried out with,
between steps 2 and 3, an intermediate step during which the mixture obtained aller step 2
was mainiained 8! room temperature for 2 houss.

This intermediate step may alss be denoted, in the rest of the present

description, by the expression “rest step”.

The total “hyahwonic actd/BDIIE” contact time hefore incubation at 52°C was

therefore abowat 2 hours 20 minutes,

Product

The protocol was the same as that described for product A but carried o, after

siep 2 of adding BDDE and homogemizing for 15 minudes, with an extrusion step followed
by the ntermediate step, in which the product B was maintained for 2 hours at room
temnpersiure, and then the iwncubation step 3 at 52°C {or 3 hours.

This extrusion step was carmied out by means of a circular screen of the
extruder screen pack type, having a 10 micron mesh size,

The total hyvaluronic acid/BRDE contact time before incubation at 52°C was

again about Z hours 20 wimutes,

.

Syringes were all filled with producis A, B and €. The viscoelastic properties
of these three products were megsured using a rheometer {Haake RS6G0G)Y with a
cone/piate geornetry {1%cone angle/33 mm diameter plate), A strain scan was carried out
and the clastic modulus G (n Pa) and the phase-shifl angle 8 (n ®) were measweed for a

stress of 5§ Pa
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Hesults

Figure 1 below shows the measwred clastic modulus & values (in PA). For
indication, the value of the phase-shuft angle 8 is indicated (in %) af the top of each column,
to the right of the G value.

The messured phase shifl is extremely small, which means that these gels

exhibit a maindy elastic characier,

.f
,p':r
i

The resulis of Figure 1, and especially that of product B, show a significant
,. " f * = v w - . A ) o ' 0 n .
werease m & when the crosshinking regction is cmwd oul viz a process of the mvention,
that s to say by emploving two different rates for carrving ot the crosslinking reaction,
ante ghier another,

This effect is even more pronounced when an extrusion step is caried out by

N
33

nsing g device comprising a flter of 18

ﬂw

micron poresity,

Example 3: Bvalostion, at various stages, of the amount ¢t crosshinking agent
i a hyaluronic acid gel subjected to a process according to the invention.

Several erosslinked hydrogels were prepared in parallel using a process of the
invention via the use of a specific receptacle, namely a deformable pouch as defined above.

12% hyvaloromie acid solufion in 1% NaOH was thus prepared. Affer

hvdrating the hyaluronic acid, 2 BDDE solution diloted fve-fold in 1% NaQOH was added.

The total amount of BDDE used therefore correspondad to a theoretical content
souivalent (o 1.8 mgfg in 8 20 mg/g hyaluronic acid hvdrogel,

Several fractions A, B and C were then prepared from the mixture obiained
aBove.

Fraction A corresponds to g hvaluronic acid gel maitained for | how at room
temperature (RT) belore the incubafion step desenibed below,

Fraction B corresponds o a hvaluronie acid gel maintained for 2 hours at room
temperature before the mcubstion step described below.

Finally, Fraction C corresponded to a hyaluronic acid gel maintained for 1 hour
gt roomn. femperature belore the incubabion step desonived below, this rest siep being

furthermore combimed with a step of exirusion through a screen of 10 pm mesh size.
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After the various treatments described above, fractions A, B and € were

incuhated at 32°C for 3 hours,

i
Ty

The solids respectively obtained afler this incubation step {crosslinked

hyaluronic acid solutions) were then neutralized, swelled and homogenized w2 7.3 pH

X

phosphate buffer selution 50 as to oblain g 20 my/g hyvaluronic acid hydrogel,

To monitor the greount of crosslinking agent conswmed at various steps of the
process of the invention, s BDDE analysis was carried out at various sieps.

Thus, sampige T1 and T2 correspond o gel samples taken after maintainmg,
prior to the incubstion step for 3 hours at 52°C, the hysluronic acid/BDDE mixtures at
room temperaturs for 1 and 2 hours respectively.

The samples T1 and T2 then wnderwent the same neutralization, swelling and

~ homogenivation steps as those described above for fractions A, B and C, 50 a8 to obtain

20 mg/g hvaluronic acid hydrogels.
The samples A, B and C corresponded 1o gel samples tken from the
corresponding fractions affer incubation for 3 bowrs at 52°C and conversion to a 20 mg/g

hvdrogel.

Resulis

Table 1 shows the messured amounts of crosslinking agent and the elastic
modulus (& in Pa) values of the hydro gels oblained.

For indication, values of the complex viscosity I and the phase-shift angle &

L o o o
r

are aiso mentioned.
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Table |
Saraples:
T1
o T sofutions of low elasticity owing
T 143 o the gbsence of crossiinking,
L 3 >45°)
: Fraction A ‘ i E
e . v 5 1 (.20 i 36 ' 3
- {maintamed at KT for 1 h) T e P &
E, Fraction 2 ;
_fmaintgined at RY for 2 h B
' Fraction C
(maintained at KT for 1 b, and an
— : ~ .20 25 5
extrusion step through a 10 wm s
Sy A T T E..,..

® MO = not carried oul

non-sterilized and non-purified gels.

The measured contenis of crosslinking agent {(BDDE) in samples T and T2 are
of the same order of magnitude. The small reduction in BDDE content observed compared
with the theoretical content indicated above iz explained by a slow rate of the crosslinking
reaction, as the case may be, associated with the degradation of the BDDE because of the
nstability of the epoxy functional groups.

In conirasi, the reduction o BDDE content is greatly accentuated after the
52°C incubation step for 3 hours, this substantial consumption of BDDE thus
corresponding {0 a rapid rate of the crosslinking reaction.

in respect of the mechanical properties of the gels oblained (Factions A, B and
3, it 18 worthwhile pointing out that (1) the measured phase shift 1o extremely small,
meaning that these gels have mainly an elastic character, (1) the highest elastic modulus G
is obiained for the gel resulting from fraction B, that is to say with g siep of maintaining at
room temperature for 2 hours before tncubation at 52°C and {1} fraction €, extruded
hefore crosshinking, has s significantly tnorgased elastic modulus G in comparison with
the same hydrogel buf not extruded (fraction Al

Points (i1} and (i1i} above thus corroborate the advantageous effects due to

using two different crosshinking rates, one afler another, tor the crosslinking reaction hwt
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also due to the extrasion step in He context-of a process for preparing a crosshinked gel

gecording 1o the mvention.

Exampie 3
An agueous polysaccharide gel/crossiinking agent mixture identical to that

aescribed 1o Example Z above was prepared.

Two tests were then carried out

- In the first case, several factions A, B, C and I were prepared froum the
ahove muxture. The crosslinking reaction was camried out by leaving said fisctions for
2 hours at room temmperature before placing themn at 52°C for various times.

~ in the second case, several fractions A, B, " and I were also prepared.
Unlike fractions A, B, € and 13, these were directly incubated at 52°C for vanous times,

The incubation times gt 52°C for the vapous fractions considered were the

followmg:

Fractions & gnd A" 2 hours 40 manutes
¥ Fractions B and B 2 hours 50 minutes
= Fractions Cand {2 3 h{mrs

= Fractions B angd ' 3 hours 10 minuies.

The crosshinked hyaluronic acid geds obtained aller the moubation sieps were

then noutralized, then swelled and homogenized in a 7.3 pH phosphate bulter (PB) solution
90 as to obtain 20 mg/g hvaluronic acid hydro g@h, The foliowing characienzations and

anslyzes were carried ot on the hydrogels thus obtained.

Kesulis
Table 2 below gives the values of the elastic moduli G (in Pa} of the hydrogels
obtained. Por indication, the value of the complex viscosity inlY and the phase-sbuft angle &

are also given.



A%

s
FCEEN
g

£3

CA 02817837 2013-05-13

WO 2012/077054 PCT/IB2011/055495
18

Figures 2 and 3 below illusirate the reyulls given in Table 2 above.

The optumum effectiveness of the 32°C incubation step on the crosslinking
therefore occurs at about 3 hours with or without the prior step of maintaining the aqueons
polvsacchanide gel/crosshinking agent mixture at room temperature.

The hydrogels obtained by a process emploving 2 maintenance step at room

temperature tor 2 hours, before the 52°C incubation step, have viscoelastic propertics that
are significantly better than the waximum values observed for the hydrogsls obtained by a
protocol with the step of maintaining at room temperature being absent.

These resulls demonstrate that the beneficial effect due to the presence, for
carrying out the crosslinking reaction, of a step of maintaining an agueous polysaccharide
gel/crosshinking agent mixture at ambient tompersture for a long time cannot be simply
reproduced by extending the crosslinking time at 52°C.,

It is because the optitnurn & measured on the hydrogels obtained according to
a crossinking process of the ivention has never been achicved by the hydrogels obtained
according to & conventional crosslinking process, whatever the duration of the incubation

step at 52°C.
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1. Process of preparing a crosslinked gel of at least one polysaccharide or one of
its salts, comprising at least the steps consisting in:

a) providing, at a temperature below 35°C, an aqueous gel comprising at least one
polysaccharide in an uncrosslinked form together with at least one difunctional or
multifunctional epoxy crosslinking agent;

) maintaining the mixture of step a) at a temperature below 35°C for at least one
hour;

¢) stimulating the crosslinking reaction of the mixture obtained after step b), step c)
being carried out thermally, at a temperature between 4835 and 5260°C, and if need be ;

d) recovering said crosslinked gel formed.
2. Process according to Claim i, wherein the polysaccharide is hyaluronic acid or
one of its salts.
3. Process according to Claim 1 or 2, wherein steps a) and b) are carried out at a
temperature ranging from 15 to 25°C, and better still at room temperature,
4, Process according to any one of the preceding claims, wherein the step b} is
carricd out for a time longer than 1 hour; preferably longer than 2 housrs.
5. Process according to any one of the preceding claims, wherein the mixture
obtained after step a) is obtained by bringing together, in an appropriate receptacle:
1. an aqueous medium;
i1.  at least one polysaccharide, or one of its salts, in an uncrosslinked form; and
iil.  at least one difunctional or multifunctional epoxy crosslinking agent, and
by homogenizing the mixture thus obtained, the order of addition of said compounds (i), (ii)
and (iii) into the receptacle being indifferent.

6. Process according to the preceding claim, wherein the homogenization step
takes place for a time of less than 200 minutes, preferably less than 150 minutes, or even
between 15 and 100 minutes.

7. Process according to any one of the preceding claims, wherein the step c¢) is
carried out at a temperature between 435 and 55°C, or even between 48 and 52°C.

AMENDED SHEET (ARTICLE 19)
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3. Process according to any one of the preceding claims, wherein the step ¢) is
carried out for a time ranging from 30 to 300 minutes, preferably from 100 to 200 minutes,
and better still from 150 to 190 minutes.

9. Process according to any one of the preceding claims, wherein the crosshinking
agent is butanediol diglycidyl ether (BDDE).
10. Process according to any one of the preceding claims, wherein the

polysaccharide has a molecular weight greater than or equal to 1 MDa.

i1. Process according to any one of the preceding claims, wherein the
polysaccharide is present withun the aqueous gel of said polysaccharide in 3 noncrosslinked
form in a content of between 5 and 15% by weight, preferably greater than 10% by weight,
relative to the total weight of said aqueous gel.

12.  Process according to any one of the preceding claims, wherein it employs
sodium hyaluronate in alkaline medium and butanediol diglycidyl ether (BDDE), as
crosslinking agemnt,

13.  Process according to any one of the preceding claims, wherein the crosslinked
gel is a predominantly elastic viscoelastic single-phase gel.

id, Use of a crosslinked gel obtained by implementing a process as defined
according to any one of the preceding claims, for the lasting filling of volume defects of the
skin, and especially the filling of wrinkles.

AMENDED SHEET (ARTICLE 19)
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