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Hyaluronic acid esters, threads and biomaterials containing them, and
their use 1in surgery

TECHNICAL FIELD

The present invention concerns the preparation of a new series of
ester derivatives of hyaluronic acid, biodegradable threads
essentially constituted by such derivatives, and their use in the
fields of medicine and surgery.

BACKGROUND ART

suture threads are now widely used in modern surgical practice and can
be made of a wide range of materials, according to the type of surgery
to be performed (Abraham R. Katz et al. "A new synthetic monofilament
absorbable suture made from polytrimethylene carbonate" Surgery,
Gynecology & Obstetrics, September 1985, vol. 161, pages 213-222:
Abraham R. Katz et al. "Evaluation of tensile and absorption
properties of polyglycolic acid sutures" Surgery, Gynecology &
Obstetrics, October 1970, vol. 131, pages 701-716). It is possible,
therefore, to imagine different types of suture thread with different
characteristics of gauge, tensile strength, biocompatibility and
biodegradability, according to whether they are intended for extensive
lacerations (abdominal wall, thorax, lower limbs), or for small cuts
and wounds as on the face, mouth and soft tissues. Some conditions
require the material to be biocompatible but not biodegradable (as in
cardiovascular surgery), while others necessitate both these
characteristics (as in surgery to the urinary tract). The suture
threads currently on the market vary first and foremost in the type of
polymer with which they are made. Indeed, they vary from non-

reabsorbable threads based on polyester, polypropylene, nylon and
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silk, such as Surgilene®, Surgilor@. Novafi@ and Dermalog® by DG
(Davis + Geck - American Cyanamid Company), to reabsorbable threads
based on glycolic acid and collagen, such as Vicryl® and Catg'u® by
Ethicon (A. Pavan et al. "A Comparative Study of Poly Glycolic acid)
5 and Catgut as Suture Materials. Histomorphology and Mechanical
Properties”, Journal of Biomedical Materials Research, vol. 13, pages
477-496, 1979). As these materials all have a synthetic polymeric
matrix, they are poorly biocompatible and only some of then are
biodegradable, so they may cause inflammatory reactions at the lesion
10 site where they are applied (E. A. Bakkum et al. "Quantitative
analysis of the inflammatory reaction surrounding sutures commonly
used in operative procedures and the relation to postsurgical adhesion
formation” Biomaterials 1995, vol. 16, No. 17, pages 1283-1289) and
may necessitate a second surgical operation to remove them from the
15 application site. Lastly, the use of ester derivatives of hyaluronic
acid is known in the preparation of biomaterials, including suture
threads, 1in the medical-surgical sector (European Patents EP 341745
and EP 216453)
BRIEF DESCRIPTION OF THE FIGURES
20 Figure 1: Testing the tensile properites of hyaluronic acid esters
according to the present invention.
"Eicosanyl": hyaluronic acid derivative with 75% of its carboxy
functions esterified with benzyl alcohol, 20% esterified with
eicosanyl alcohol (arachidyl alcohol: CH3(CH2)18-CH2-OH) and the
25 remaining 5% salified with sodium. (obtained in example 4)
"Octadecyl”: hyaluronic acid derivative with 75% of its carboxy

functions esterified with benzyl alcohol and the remaining 25%
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esterified with octadecyl alcohol (stearyl alcohol: CHS-(CH2)16—CH2-
OH) (obtained in example 3).

"Hexadecyl": hyaluronic acid derivative with 75% of its carboxy
functions esterified with benzyl alcohol {(and the remaining 25%
esterified with hexadecyl alcohol (cetyl palmityl alcohol:; CH3-
(CHz)lu-CH2~OH) (obtained in example 2).

"Dodecyl”: hyaluronic acid derivative with 75% of its carboxy
functions esterified with benzyl alcohol (C6H5-CH20H) and the
remaining 25% esterified with dodecyl alcohol (Lauril alcohol; CH3-
(CHZ)IO-CHZ-OH) (obtained in example 1).

HYAFF1l: total ester of hyaluronic acid with benzylic alcohol
(reference compound).

Figure <: testing the tensile properites of hyaluronic acid esters
according to the present invention.

Figure 3: Testing the dry tensile resistance of the multifilament made
with the ester derivative prepared according to Example 3, compared
with that of the multifilament based on the totally esterified benzyl
ester (Hyaff 11).

Figure 4: Testing the wet tensile resistance of the threads made with
the ester derivatives prepared according to Examples 1 and 3 compared
with that of the threads based on totally esterified benzyl and ethyl
esters (Hyaff 11 and Hyaff 7, respectively).

Figure 5: comparing the tensile resistance of hyaluronic acid
derivatives.

"HYAFF 11": multifilament thread made of the total benzylic ester of

hyaluronic acid.

"EICOSANOL": multifilament thread made of the ester of hyaluronic acid
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obtained in example 4.

"CATGUT" chromic collagen monofilament for surgical suture.

Figure 6: resistance to tension one week after implant.

Figure 7. resistance to tension two weeks after implant.

DISCLOSURE OF THE INVENTION

The present invention describes new ester derivatives of hyaluronic acid,
wherein the first part of the carboxy functions is esterified with an
araliphatic alcohol, such as benzyl alcOhoi, and the second part with at
Ieast one long-chain, straight (unbranched) aliphatic alcohol with
between 10 and 22 carbon atoms, i.e., in the range Ci-Css.

The hyaluronic acid which can be used in the present invention may be
derived from any source, for example it may be obtained by extraction .
from rooster combs (EP 0138572; WO 92/18543), by fermentation (WO
95/04132) or by biotechnological means (WO 95/24497), and its

molecular weight can range from 10,000 to 10,000,000 Da, particularly

from 150,000 to 1,000,000 Da.

The long-chain aliphatic alcohols are those with a straight chain of 10 to
22 carbon atoms. The increase in the number of carbon atoms in the
alkyl chain and the number of carboxy functions involved ' in the
esterification with the abovesaid alcohols, vields ester derivatives of
hyaluronic acid with an increasingly high degree of lipophilia generally
leading to hydrophobic interactions when they come into contact with
solutions or biological fluids, with the result that the tensile strength

varies from one product to another as does the biodegradability time,

according to the length of the lipid alcohol introduced.

.Moreover the combination of the aliphatic and araliphatic estefs on the
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hyalufonic acid molecule allows to obtain compounds showing good
biodegradability and at the same time a significant medium-term tensile
strength.
The extent of esterification with aliphatic alcohols may vary from 1 to
5 50%, and in particular from 10 to 25%. The extent of esterification with
‘araliphatic alcohol may vary from 50 to 75%. A preferred araliphatic
alcohol is benzylic alcohol.
The esterification with aliphatic and araliphatic alcohols may involve the
totality or part of the available carboxy functions of hyaluronic acid. fn
10 the latter case, the remaining non-esterified carboxy functions are
salified with alkaline, alkaline earth metals and quaternary ammonium
salts. Sodium in particular is used.
The long alkyl chains introduced, with 10 to 22 carbon atoms, give the
ester derivatives of hyaluronic acid tensile properties never observed
15 Dbefore and not foreseeable in other hyaluronic acid-based thread forms.
Indeed, besides having a biocompatible and biodegradable
polysaccharide matrix, thus belonging to that class of compounds which,
like hyaluronic acid, have bioplastic and pharmaceutical properties, they
can be given varying degrees of lipophilia according to the use they are'
20  intended for. Their lipophilia can be adjusted by modulating the insertion
of a lipid chain starting from the ester matrix itself (benzyl ester of
hyaluronic acid, 50 to 75% esterified). Indeed, the increase in the lipid
chain of the polymer (from C10 to C22) gives the material a structure

with greater hydrophobic characteristics and modulates its degradation

25 over time.

The present invention also comprises biodegradable threads essentially
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constituted by the esters described above.
The preparation of these threads first involves the synthesis of such
esters. This can be done by esterification of a first part of the carboxy
functions of hyaluronic acid with araliphatic alcohol, esterification of a
5 second part of the carboxy functions of hyaluronic acid with C10-C22
straight akyl chain alcohols, and salification of the possible remaining
carboxy functions not involved in the esterification steps.
The remaining steps to form the esters into threads are those commonly
available in the field of thread preparation, e.g. via extrusion techniques.
10  An application of these techniques is shown in the experimental part,
example 6.
The threads can be used as suture, or for the prepération of gauzes, '
non-woven fabrics, meshes, tubes, and products composed of
associations of such forms, which present different degrees of
15 biodegradability and residence times, as needed. Given the excellent
biodegradability"of threads made of these esters, it is possible to avoid
operating a second time to remove them, as is normally the case with
the suture tHreads on the market.
Especially when present in the form of surgical suture threads, the
20 threads are preferably characterized by a multifilament conformation, a
diameter which varies in the range of 75 to 800 microns and a tensile
strength which varies, according to the ester derivative used, in the
range of 300 to 1800 g/cm?.
The main characteristic of these materials is their tensile strength which
25  can be obtained on the basis of the following parameters:

- the molecular weight of the starting hyaluronic acid ;
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- the type of 1long-chain aliphatic alcohol used in the second
esterification step;

- the percentage of carboxy groups involved in the esterification
reaction with the long-chain lipid alcohol.

Figure 1 shows the different tensile properties of an ester derivative
with benzyl alcohol of hyaluronic acid (Hyaff 11) from those of the
derivatives of the present invention (examples 1-4) in a wet
environment (saline solution), particularly as the substituted alkyl
chain increases (dodecyl alcohol; hexadecyl alcéhol; octadecyl
alcohol; eicosanyl alcohol).

The threads thus constituted can be used to advantage in surgery, such
as 1in maxillofacial surgery, in suture to tissues requiring a long
degradation time, as in the case of materials which come into constant
contact with biological fluids, or tissues requiring rapid
degradation, as 1n the case of contact with soft tissues such as
occurs in plastic surgery, as fillers in aesthetic surgery, and in
dentistry.

Moreover, due to their content in hyaluronic acid derivatives, the
threads according to the invention are able to act as bacteriostats
and to limit the proliferation of inflammatory cells.

EXPERIMENTAL PART

The tensile properties of the ester derivatives of hyaluronic acid
have been assessed using a computerized tensiometer T-10 fronm
MONSANTO, an instrument which can control the tensile stress applied
to a given material. Generally speaking, the tensile properties of a
material are measured according to its resistance to stress. When

calculating tensile resistance, three main correlated values must be
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considered: load at break, elongation at break and shear modulus.
load at break gives the amount of stress necessary to cause the thread

to break.

- elongation at break is the extent to which the thread is stretched

5 when it breaks.

The shear modulus is, therefore, correlated with the elongation of the

thread. Indeed, the greater the elastic properties of the thread, the
10 higher the percentage of elongation at breaking point.

In particular, according to the variations in the lipid chain which

was 1introduced, the ester derivatives of hyaluronic acid reported

hereafter showed more marked elongation as the number of carbon atoms

1in the alcohol increased. Indeed, processing of the data reported in
15 Figure 2 showed that the various hyaluronic acid ester threads

presented various degrees of elongation. In the case of the benzyl

ester derivative, elongation was virtually nil, while the dodecyl and

hexadecyl derivatives showed an increase in elongation of the material

which was proportional to the lipid chain introduced
20 (hexadecyl>dodecyl).

Example 1

Preparation of a hyaluronic acid derivative with 75% of its carboxy

functions esterified with benzyl alcohol (C6H5-CH20H) and the

remaining 25% esterified with dodecyl alcohol (lauryl alcohol: CH3-
25 (CHZ)lo-CHZ-OH).

6.21 gr of tetrabutyl ammonium salt of hyaluronic acid with a

molecular weight of 180,000 Da (10 meq) is solubilized in 248 ml of
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dimethylsulfoxide (DMSO) at room temperature. This solution is
supplemented with 0.89 ml of benzyl bromide (7.5 meq) and then warmed
to 30°C for 12 hours. It is then allowed to return to room temperature
and supplemented with 0.62 gr of dodecyl bromide (2.5 meq). It is
rewarmed to 30°C for 24 hours. A solution of 2.5% (w/w) of NaCl in
water is then added and the resulting mixture is poured into 750 ml of
acetone under agitation. A precipitate is formed which is filtered and
washed three times in 100 ml of acetone/water 5:1, three times with
100 ml of acetone and then vacuum-dried for 24 hours at 30°C. 4.8 gr
of the desired product is thus obtained. Quantitative determination of
the benzyl alcohol and dodecyl alcohol content is performed by gas
chromatography after alkaline hydrolysis. The total ester group
content is quantified by the saponification method described on pages
169-172 of "Quantitative organic analysis via functional groups” Uth
edition (J. Wiley & Sons Publication).

Example 2

Preparation of a hyaluronic acid derivative with 75% of its carboxy
functions esterified with benzyl alcohol (and the remaining 25%
esterified with hexadecyl alcohol (cetyl palmityl alcohol: CH3-
(CH,)44~-CH>-0H) .

6.21 gr of tetrabutyl ammonium salt of hyaluronic acid with a
molecular weight of 180,000 Da (10 meq) is solubilized in 248 ml of
dimethylsulfoxide (DMSO) at room temperature. This solution is
supplemented with 0.89 ml of benzyl bromide (7.5 meq) and then warmed
to 30°C for 12 hours. It is then allowed to return to room temperature
and supplemented with 0.76 gr of hexadecyl bromide (2.5 meq). It is

rewarmed to 30°C for 24 hours. A solution of 2.5% (w/w) of NaCl in
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water 1s then added and the resulting mixture is poured into 750 ml of

washed three times in 100 ml of acetone/water 5:1, three times with
100 ml of acetone and then vacuum-dried for 2.4 hours at 30°C. 5 gr of
the desired product is thus obtained. Quantitative determination of
the benzyl alcohol and hexadecyl alcohol content is performed by gas
chromatography after alkaline hydrolysis. The total ester group
content 1s quantified by the saponification method described on pages
169-172 of "Quantitative organic analysis via functional groups" 4th
edition (J. Wiley & Sons Publication).

Example 3:

Preparation of a hyaluronic acid derivative with 75% of its carboxy
functions esterified with benzyl alcohol and the remaining 25%
esterified with octadecyl alcohol (stearyl alcohol: CH3-(CH2)16—-CH2-
OH) .

6.21 gr of tetrabutyl ammonium salt of hyaluronic acid with a

molecular weight of 180,000 Da (10 meq) is solubilized in 248 ml of

dimethylsulfoxide (DMSO) at room temperature. This solution is

supplemented with 0.89 ml of benzyl bromide (7.5 meq) and then warmed
to 30°C for 12 hours. It is then allowed to return to room temperature
and supplemented with 0.83 gr of octadecyl bromide (2.5 meg). It is
rewarmed to 30°C for 24 hours. A solution of 2.5% (w/w) of NaCl in
water is then added and the resulting mixture is poured into 750 ml of
acetone under agitation. A precipitate is formed which is filtered and
washed three times in 100 ml of acetone/water 5:1, three times with
100 ml of acetone and then vacuum-dried for 24 hours at 30°C. 5.1 gr

of the desired product is thus obtained. Quantitative determination of
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the benzyl alcohol and octadecyl alcochol content is performed by gas
chromatography after alkaline hydrolysis. The total ester group
content is quantified by the saponification method described on pages
169-172 of "Quantitative organic analysis via functional groups" 4th
edition (J. Wiley & Sons Publication).

Example 4

Preparation of a hyaluronic acid derivative with 75% of its carboxy
functions esterified with benzyl alcohol, 20% esterified with
eicosanyl alcohol (arachidyl alcohol: CH3(CH2)18-CH2-OH) and the
remaining 5% salified with sodium.

6.21 gr of tetrabutyl ammonium salt of hyaluronic acid with a
molecular weight of 180,000 Da (10 meq) is solubilized in 248 ml of
dimethylsulfoxide (DMSO) at room temperature. This solution is
supplemented with 0.89 ml of benzyl bromide (7.5 meq) and then warmed
to 30°C.for 12 hours. It is then allowed to return to room temperature
and supplemented with 0.72 gr of eicosanyl bromide (2 meg). It is
rewarmed to 30°C for 24 hours. A solution of 2.5% (w/w) of NaCl in
water 1s then added and the resulting mixture is poured into 750 ml of
acetone under agitation. A precipitate is formed which is filtered and
washed three times in 100 ml of acetone/water 5:1, three times with
100 ml of acetone and then vacuum dried for 24 hours at 30°C. 5 gr of
the desired product is thus obtained. Quantitative determination of
the benzyl alcohol and eicosanyl alcohol content is performed by gas
chromatography after alkaline hydrolysis. The total ester group
content 1s quantified by the saponification method described on pages
169-172 of "Quantitative organic analysis via functional groups" U4th

edition (J. Wiley & Sons Publication).
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Example 5:

Preparation of a hyaluronic acid derivative with 75% of its carboxy
functions esterified with benzyl alcohol, 15% esterified with
docosanyl alcohol (CH3-(CH2)20-CH2-OH) and the remaining 10% salified
with sodium.

6.21 gr of tetrabutyl ammonium salt of hyaluronic acid with a
molecular weight of 180,000 Da (10 meq) are solubilized in 248 ml of
dimethylsulfoxide (DMSO) at room temperature. This solution is
supplemented with 0.89 ml of benzyl bromide (7.5 meq) and then warmed
to 30°C for 12 hours. It is then allowed to return to room temperature
and supplemented with 0.58 gr of docosanyl bromide (1.5 meq). It is
rewarmed to 30°C for 24 hours. A solution of 2.5% (w/w) of NaCl in
water 1s then added and the resulting mixtﬁre 1s poured into 750 ml of
acetone under agitation. A precipitate is formed which 1s filtered and
washed three times in 100 ml of acetone/water 5:1, three times with
100 ml of acetone and then vacuum-dried for 24 hours at 30°C. 4.9 gr
of the desired product is thus obtained. Quantitative determination of
the benzyl alcohol and docosanyl alcohol content is performed by gas
chromatography after alkaline hydrolysis. The total ester group
content 1s quantified by the saponification method described on pages

169-172 of "Quantitative organic analysis via functional groups" 4th

edition (J. Wiley & Sons Publication).

Example 6:

25 Preparation of a multifilament from the hyaluronic acid derivative

prepared according to Example 3.
The ester derivative prepared according to Example 3 is solubilized in

DMSO to a concentration of 150 mg/ml at a temperature of 30°C. The
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solubilized derivative is filtered through a 20 micron mesh and placed
in an extrusion reactor connected to a spinneret with 100 80-micron
holes. The product is extruded in a coagulation bath containing a
solvent which allows the DMSO to be extracted from the product (for
example, ethanol), and the material coming out of the spinneret is
wound onto a series of drafting bobbins and blown dry.

Example 7

Testing the dry tensile resistance of the multifilament'made with the
ester derivative prepared according to Example 3, compared with that
of the multifilament based on the totally esterified benzyl ester
(Hyaff 11)

The ester derivative prepared according to example 3 is processed
according to the procedure described in Example 6 and the
multifilament thus obtained is placed under stress to measure its
tensile resistance. A T10 Tensiometer from Monsanto is used for this
purpose. The results obtained are shown in Figure 3. As can be seen.
the "lipid" derivative presented better resistance to stress than the
multifilament based on the totally esterified benzyl ester did.
Example 8

Testing the wet tensile resistance of the threads made with the ester
derivatives prepared according to Examples 1 and 3 compared with that
of the threads based on totally esterified benzyl and ethyl esters
(Hyaff 11 and Hyaff 7, respectively).

The ester derivatives prepared according to Examples 1 and 3 are
processed according to the procedufe described in Example 6. The
threads thus obtained are immersed for 15 hours in an aqueous solution

of 0.9% NaCl w/v and then placed under stress to measure their tensile
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resistance. A T10 Tensiometer from Monsanto is used for this purpose.
The results obtained are shown in Figure 4. As can be seen. the
"lipid" derivative presented different resistance to stress, as the
chain introduced was varied (dodecyl<octadecyl), from that shown by
5 the threads obtained with the Hyaff 11 and Hyaff 7 derivatives.
Example 9:
Testing the tensile resistance of the threads constituted by a
hyaluronic acid derivative with 75% of its carboxy functions
esterified with benzyl alcohol, 20% esterified with eicosanyl alcohol
10 (arachidyl alcohol CH3-(CH2)18-CH20H) and the remaining 5% salified

with sodium following in vivo implantation in an animal model

-Materials:
- multifilament thread of total benzyl ester of hyaluronic acid (HYAFF
11);
15 - multifilament thread of the hyaluronic acid derivative according to
Example 4 (HYAFF11/p7S5+eicosanyl alcohol):
- chromic monofilament for surgical suture, CATGUT_ (collagen);
- biocompatible and biodegradable lubricant SQUALANO, Aldrich:

- T-10 Tensiometer by Monsanto.

20 Description:

Subcutaneous implant was performed on 14 S. D. Harlan rats using the
following types of suture on each rat: HYAFF 11, HYAFF 11 1lubricated
with Squalane, HYAFF 11/p75+eicosanyl alcohol. HYAFF 11/p75 +

eicosanyl alcohol lubricated with Squalane and CATGUT commercial

25 sutures.

The threads were lubricated with a lipophilic substance such as

Squalane, a saturated aliphatic hydrocarbide of natural origin with 30
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carbon atoms, to assess whether this type of treatment affords better
protection from biological liquids.

The rats were subdivided into two groups and sacrificed after 7

and 14 days respectively to assess the tensile characteristics of the
threads.

Figure 5 compares the tensile resistance of derivatives HYAFF 11 and
HYAFF11/p75 + eicosanyl alcohol, both lubricated and not lubricated,
with that of CATGUT_ commercial suture before implant.

The tensile characteristics of the materials are similar.

Figure 6 shows the decreased resistance to tension one week after
implant. The commercial suture and that of HYAFF1ll/p75 + eicosanyl
alcohol presented similar behaviour and the lubricated threads were
the most resistant.

Figure 7 shows the results two weeks after implant. As can be seen, it
was impossible to remove the CATGUT suture from the site in order to
test it for tensile resistance because it was completely degraded. The
threads of HYAFF11l/p75 + eicosanyl alcohol, on the other hand,

presented tensile resistance which was 60% greater than that of the

- HYAFF 11 threads.
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CLAIMS:

1. Ester derivatives of hyaiuronic acid, wherein a first part of the

carboxylic functions is esterified with an araliphatic alcohol, a second

- part is esterified with at least one unbranched long chain aliphatic

alcohol having 10 to 22 carbon atoms, and wherein non-esterified
carboxylic functions, if present, are salified provided that:

when the araliphatic alcohol is benzyl alcohol, and the at least one
aliphatic alcohol is an unbranched long-chain aliphatic alcohol having
between Cig-Cyp carbon atoms, the carboXyIic functions of hyaluronic
acid esterified with benzyl alcohol are lower than 75%.

2. Ester derivatives of hyaluronic acid according to claim 1, wherein
the araliphatic alcohol is benzyl alcohol.

3. Ester derivatives of hyaluronic acid according to claim 1 or 2,
wherein the unbranched long chain alcohol is selected frcm the group
consisting of decyl, dodecyl, hexadecyl, octadech, eicosanyl and
docosanyl! alcohol.

4. Ester derivatives of hyaluronic acid according to any oné of claims
1-3, wherein the percentage of the carboxylic functions of hyaluronic
acid esterified with araliphatic alcohols varies from 50 to 75%.

5. Ester derivatives of hyaluronic acid according to any one of ‘claims~
1-4, wherein the percentage of carboxylic functions esterified with long-
chain aliphatic alcohols is from 10 to 25%.

6. Ester derivatives of hyaluronic acid according to any one of claims
1-6, wherein the remaining carboxylic functions are salified with alkaline,
alkaline earth metals, or quaternary ammonium salts.

7. Ester derivatives of hyaluronic acid according to claim 6, wherein

the remaining carboxylic functions are salified with sodium.

8. Ester derivatives of hyalurohic acid according to any one of claims
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1-7, wherein the starting hyaluronic acid has a molecular weight of
10,000 to 10,000,000 Da.

0. Ester derivatives of hyaluronic acid according to claim 8, wherein
hyaluronic acid has a molecular weight of 150,000 to 1,000,000 Da.

10. Biodegradable threads having a multifilament conformation and a
tensile strength of 300 to 1800 g/cm? consisting essentially of ester
derivatives of hyaluronic acid, wherein a first part of the carboxyli.c
function is esterified with an araliphatic alcohol, a second part is
esterified with at least one unbranched long chain éliphatic alcohol
having 10 to 22 carbon atoms, and wherein non-eSterified carboxylic
functions, if present, are salified. '
11. Biodegradable threads according to claim 10, wherein the
araliphatic alcohol is benzy! alcohol.

12. Biodegradable threads according to any one of claims 10-11,
wherein the unbranched long chain aliphatic alcohol is chosen from the
group consisting of decyl, dodecyl, hexadecyl, octadecyl, eicosanyl and
docosanyl! alcohol. ' '
13. Bilodegradable threads according to any one of claims 10-12,
wherein the percentage of the carboxylic functions of hyaluronic acid
esterified with araliphatic alcohols varies from 50 to 75%.

14. Biodegradable threads according to any one of claims 10-13,
wherein the percentage of carboxylic functions esterified with long-chain
aliphatic alccjhols is from 10 to 25%. ‘

15. Biodegradable threads according to any one of claims 10-14,
wherein the remaining carboxy functions are salified with alkaline,
alkaline earth metals, and quaternary ammonium salts.

16. Biodegradable threads according to claim 15, wherein the

remaining carboxylic functions are salified with sodium.
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17. Biodegradable threads according -to any one of claims 10-16,
wherein the hyaluronic acid has a molecular weight of 10,000 to
10,000,000 Da.

18. Biodegradable threads according to any one of claims 10-16,

wherein hyaluronic acid has a molecular weight of 150,000 to 1,000,000

Da. '

19. Biodegradable threads according to any one of claims 10-18,

having diameters which vary from 75 to 800 microns.

20. Biodegradable threads according to claim 19, in the forrﬁ of

surgical suture threads.

21. Biomaterials, health-care products, and surgical articlas in the

form of gauzes, meshes, non-woven fabrics, tubes and association

thereof containing the threads according to any one of claims 10-19.

22. A process for preparing the biodegradable threads according to

any one of claims 10-19, comprising the following steps:

a) esterifying a first part of the carboxylic functions of hyaluronic acid
with an araliphatic alcohol,

b) esterifying the remaining carboxylic functions with at least one
unbranched aliphatic long chain alcoho! having 10 to 22 carbon
atoms: |

C) salifying any remaining carboxylic functions of hyaluronic acid not
involved in the preceding esterification steps, \

d) subjecting the hyaluronic mixed esters obtained in step c) to a
conventional thread-forming process.

23. Use of threads consisting essentially of ester derivatives of

hyaluronic acid,. wherein a first part of the carboxylic functions is

esterified with an araliphatic alcohol, a second part is esterified with at

least one unbranched long chain aliphatic alcohol having 10 to 22 carbon
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_19_

atoms, and wherein non-esterified carboxylic functions, if present, are

salified, said use being in general surgery, maxillofacial surgery, plastic

surgery, and dentistry.

24. Use of threads consisting essentially of ester derivatives of
hyaluronic acid, wherein a first part of the carboxylic functions is
esterified with an araliphatic alcohol, a second part is esterified with at
least one unbranched long chain aliphatic alcohol having 10 to 22 carbon

atoms, and wherein any non-esterified carboxylic functions are salified,

said use being as fillers in aesthetic surgery.

RIDOUT & MAYBEE LLP
Toronto, Canada
Patent Agents



02264085 1999-02-24

CA

PCT/EP97/04684

WO 98/08876

1/7

OCl| 001

| 8.1nbi4

(493s@ (Azuaq |e10]) Lid44VAH

08

uoljebuoj3y

09

:_._,: x3) (A2epogq- —-

o

Ot 0¢ 0

(2ou x3) (Aoapexap—- - ——

(Ecu x3) |Ad8peDQ = -~ - -

(poU x3) JAuesoog—

0°0

0°0V

0°08

0°0C1

0°081

0°00¢

wo/swesh

¢

R a6 Ll s el = %as & & mf ot 22 20 A = o o o - L . L _

T Py —

A amide s ooy erwe e e . A0 n ou rennnd W 8 BSSY

e M AL e OO 3Aad O Al A e A e ol ol e ol anan o L o

Ot o AR A Dk - + 1 0 bt A £LE+ AOCARM 4. & ARSI CAN AMNCTAT ! * = =1t dow

-l o, v R Mo it d



02264085 1999-02-24

CA

PCT/EP97/04684

WO 98/08876

2/7

uonebuo|g <4
09 0% O¢v O¢ 0¢ Ol O

Z 2Inb14

wo/swelb

- o= | 0°00¢€
- 0°0GE

0°00V
(z.u x3) jAospexay—---—

(L.u x3) jAospog

(1e1sa jAzuaq |8)01) L144VAH

I A M O AR A T e AR i Y et

* =4 oty el D, b



02264085 1999-02-24

CA

PCT/EP97/04684

WO 98/08876

3/7

¢ ainbi4

08

uoljebuojz 9,
0L 09 06 Ov 0€ 02 01l

(€,u X3) 1A09PRIOO+ L AH s s mns
(191s@ |Azuaqg (e10l) Lid44VAH

00

0°001t

0°00¢

0°00¢

0°00vV

0°00S

0°008

0°004

wo/swelb

¢

P LT L L

' - AT T e ARSI 24 R A s v vy i b N I s & 1 St AR REINS Ut T ARSI CHI P A S AR S S TR PR PR L



02264085 1999-02-24

CA

PCT/EP97/04684

WO 98/08876

4/7

uonebuojz o
08 0L 09 0SS Oy 0f o0z

7 94nbi4

'll"'

-

-

n
wo/swesb

0°08

¢

0001

— 0°02!

0 0Vl

(€.u x3) JAQBPEBIIOH L [AH ™= e (19153 |Azuaq aje10 1) LIddVAH - - - - -

(LU X3) jA22pOp+ L LAH —- - - — (431s3 JAy1a 8j8j0 L) J4JVAH—

TTTA 0 SOy i ] gy i O Sl O £ O Bl naa ] A o O ke A e Ve [T Re T Bes W .

A e e i ey 4 B s B AL AL L2 WA RIS A FENAOITD [N At oo L GTLICSME ML Fln b © s 0 AV A & 3 2 sl e tp, Anilers 4 2 hasd daatam



PCT/EP97/04684

02264085 1999-02-24
5/7

CA

WO 98/08876

U3 LLONX
O3 L1ONM a8 o O3L1ONM
b JdVAH LL JIVAH i1 J3VAH b} JAVAH ®LADLVD

. e AOOOENA - e " . O
"o e’ AP - -
AR Eons AR SRR SRR, I D400 P 0
- ' & ) )
fetisioner: A el et Lo
\.M‘M.q.!h oquy an Qo.ﬂouo RO A -a.q.ﬁﬂ R Qyﬂsoo..“
* ot e?ee’ COOC) 0 o o o“vo M ) Lo 4 Vo' y .
c\h.?ﬂ\ o \-no. DO OO S a ON.Q o PG D
% - - o hhe - '. » LA OO
"W 8‘ [ « \l! QYA.-' \NOO * w Al
.l.l “‘66"0
aasateletgs
i S .
’ .n’ovq . OO ..”-lt |
P um%hﬁﬁﬁ 4
i te b RS \\
Seivies ORI P

p——- cm-s w

L ]
OO0 xS - ‘%.l —— . iy
CaC 0 a'a *eduoapt . ¥ N— e S - ——
Yeser RO R - .
CI“

"ata’

* P

LK
RO IO . )
MO NS » alelatnyinly
v .I. a '0 0" Y -
OO ol - f
- .«
(] -
Y . 'or
Prvemv. & s . 4 - () -y
o wis == e ———— . - (] Yy "0
L — — L)
-uca o —— — s
RS e
.. - a
e oc-!
4 - OO 0%
a4 v & L) - e
» c.-“ cu- “--t-.tvo
i.bac * * -6 h‘.l‘l‘ )
J l..v.l -0. » .!0")
O ) v OO
\J * | ] (OO )
Q2 < e N
»'nTe » u&vo
-Q! - 00 +
* \d L -
[ V—— w»amny () s
+ 49 -— —
v . — —— .
) a-t — P . ——
()
LMK
» (J 4
*
R .
LA B Y T v v v - 4 Ot‘lﬂ.".n‘.
SOOORN ..- fate Tt L % Ioo' 0.1.0”0
v%v.‘.’eas-r.o * 1 8 80 .‘CQI’C..Q
IR AU PN IE ACTE DE UL O.. OO (0O
LR NN AN N AL I )
9 L/ * 0
o 0..0.‘ o ne
P (aCRCol w "
. . .C !' 0‘ C.
R A S
L e - U]
——— LI l’ L
L L) a-
- .- v —— —
ey
-
4 g 9. = ’ ‘ >
Oniltcanl-voonq v'-vor!l-vuu O N P
a b mgrarerrrN P “Vs
PRI APy
DO BRI MO0 LA/
OOICOOOOOOA-OQQ .09
et 0“. SN R X RNy
Y LN ] !.ro rv- . li..t.l.«btrv c-n.o.
p— — [ ] [] e AL bA s g upanpr
- . —y—— - . e . fees ' pruarvelban
y— - ——— - -— T epp——— -.. . . . -I!v
- 0"0 4 i !vv -
s-b LY !c por
— . m N | P
R
-
AU L U N A e Y P ov F
-o.’uuc‘Qa.cv.-bsuu-tr-v.\rc b/
......... occc.cn-voo\nnnlov--t-v--oo
A1 PP o b v d re vt L a
. TR, % . O
) dn L N -4 - +
. LN D L L E DL N
- . _ _ a- . - . - - L) O-I-l.n ll)"b'.rt'sd..tls-l
SSSSSass S S i Se—— - . +8 I Y= .S &= WA ——id w wrw - - - - “ sm e et gwm - - - -1 * sl metaete i e e e s " * -0-4.--‘Il-'-lé-.-\lav..u
. e 3 - . e = ——  — L VAU —— M= WA M e e e b ————— 1w ow — AL AR - s s W W VW S— - . . al.-o P U—— I em cema - et e . . - ...‘.
* 4 -I v & o o -' LU A N : y
T4 1S3 )bt apapun RN N - -
DN 0--- . -
" e ey .
n-n.n-clo. .
r b 4 9 aa - o -
T
- - - - - - - - - - - - — — - —
bl - " - . * -~ - w—— . .~ - - - . .

—— . e Ay -y S —— O S S — . .
. - WSS - . e i e - — - ' e - — . ——— . W . —— . i = — _— e — - ——— s s i e - o . 8- —— —— S ——— —— - - — - -
. - - ——————

S3 1dIAVS JT1HI LS NO SNOILIANOD AHG NI S1S3L NOILOVHL

G 2.nbi4

4T R e Dol E F e M B T V] AL 1 Lt L shaa ra i P 3 A A s,

SRR

b b 1 3 5 e A L ST O AR S IV O RO 5 TR b - = e s

C e el



PCT/EP97/04684

6/7

dM1TONVYSOOI3 JONVYSOOI3 ant Ll 4J4VAH b1 J4VAH ®1NO1VD

- . ey
T R O S
‘" "vul l..-.l.l!. lo.\icl.caio

R

] 000

ID' ( L) .—0
l.‘..‘b’.lt..\ ot
L a0) e d
RS KR A

K o

&

S0°0

R AR O
B eI R
“.”‘“Ql 't”l ‘t‘ .. 'l"’c
R

S
R IR
A ] l‘ .. o

Yetes ”.un.u ..H.M“....u.("

: . )
R R s

< '... -
pm e _ N 37 s
e ocnocoo‘-“?t-r Te’els
v oraelens .(omrc.n..a...o
co.ocoﬂﬁo"b S
3 0% % % I\\ Petate®s”
e
unno”ami- ..“.
!"00 ."“ L) -"
. t-vo..n s ._.u 505 ao..uun
R A XA
”tt - 0 tuoﬂ- l...“l -
rl’..' .00..“0.0..%."\
SO CECHUNOMOES 0 a%%0% %% e 0" 'conoO'-.o..o-|-Oot--00 P e o Ny - - AT
o e SN
- » OSSO S M I M M Mt e - ltll'l
o ox LI LI S e S L R M RO OCK e o ¢
20 T Srrer— T s R et
.!ll ﬁ.QOc-a...nacotolc-ousOUQQ-’-DlQCI.-!1-.!-!! 0-:-! nt' . loc-ll......l-.l(ll‘(.’l"‘ﬂl'ﬁ.’ﬁ-IUOOOOOODJC ll.l.lo ..OOI.HUOIOI‘,'
B b.ao.n.n.cl-.c.b.l.-lb.bblbipvru-votontn - 4N A SSSs b jupgar Pabaa, -.lt".f.t.t"’
"4 4= pr s LU Y O ) -4 - - - “an
. " L] ; “ s . »c.c” ” ” : e’ ".cunt-t ML) Qacncnc..- G C MO e e e et ot et lo-VO..'OO 9.0‘.‘ l-.o
A -.n-o--co-"ccqo--vo“vccnou. ah.nﬁnﬂo..vhﬂ.-...«.» . " -.ﬂaa-“- Qﬂoﬂa.lv.- ocf.c)on?vbu(’.f. a
: R MO M oS IR RN . ”0n.u-| v&Oocnqc » OOPO.V ot ”
» [ ”l- () W !l.'l-lvuvlov.ovvo.f.aa.-.u.-.v.ac.-- %" o' el el » W .-_l-_?l. " b“l'a .
ﬁl‘i — — U“““.““"o‘.tou.”ﬂ""“lt % M.-.“o -U.-.-.-.oOM-“.HOM-"-.-“nv.v...n-.o“-“-q.- _ DI R RO XS m P o e . - lcil.l!ﬂlﬂ.”a..ﬂ.ﬂ.“.ﬂt' .,
e . J‘. . . . - - LA B I Y L] .ltl..- t‘!-. Il - 5 - LJ I"!lit
e R e o SRR
R BRI i > R
lolo-lcr L OO RO IO s

o L 3
St

X
F
&
el
=
S
L J
e,
et
R0
0"‘!

o
4
Xk

L)
e
[ )
b
.
o’:
.

02264085 1999-02-24

CA

4 v d »
P ll.fo’..'. \.‘l‘a‘l ICII
oo-o-looo-o.o ottt "a ", -
s ODJ‘DOOA » ..0
\ L ...0 40 4 =i 8 4 F %" 4, s u d mb e oso.aehym
. .lll.l’.l L) C L N I R A N N N
. 10.!0]00 I E O I I N M R N M M X S
* "ESEDPELY - LR B L U R N A A R N R N N
* Ol..i-..(.l CUL IR I A N R N N O
- 4 R/ L 0 * & 1 & 4wy =md P 1 d+da7vvvoer1 8 '3 8 8 08 8 444w
L% ) v SN W ) LR O M O N R O M NN N N
D - Yatate* - A s e Ve e ca g =t trrmmynar ettt g
.ltt‘ttl!l.l.!.. 00 ) SR AL ) LU O R R A R e
OO N SO N A . o ‘o - 9 LR R R M R MO OO N R R O
x X ‘s’ e e LR U R S R M O N T X
C’.“.O.G - OO R ) BELL ARt d Pl PPl taduasvatuvas
v 9 v hudp C L N I M e M R N R R N N N M
L LI ) -“g e L L N R L I e e O A MO N N N EN RN
0..{ s dwn CE I I R M N e M T e S
..ci”. = - .lolobo -l-qtv.v-hqu-aac--v-norull.o.ovlt
> X R “w " e'gatatatat Y, e v 4 o'y
. i , . AR IR ML UL e R LN
eletatatan MM NS y - u et e e "o"t..v.- - ey
OO o-c“-vouo-rna WM R . . . OO U O S g ot
Tttt M S T— o —— — . . - . vr o b ar te st an ey . "
L L N e S R R N - b
L U R O N N v
L L N O U R M Y
L L O Py uway
Da..v...!.ta.qovco ..
LR S e B A N O | - . . e
I S e N S N A O T N .
EN U B M ) 4 . . -
LR N R O R N N N N TN N
Cr T PN Lt LA A me s
- - Rt » S
e -y
v b - - -
-’ . .
LR LA
-
- m“ mw o..-v
-
o
_ e . e _ N} \

WO 98/08876

INVIdWI H31dV XI3IM INO OAIA NI S1S3L NOILOVHL

0 aJnbi4

PN TR AL L TG 3y AR 125 1 i b A A L AR A A I - -BAMLE A NI ¥ A M M O Pl ST o4 AP AT W ru il il -A Y b s ine o ot o

au Ajad 1144 R b .

A bl L Rl Ll BT L [T S L7



02264085 1999-02-24

CA

PCT/EP97/04684

WO 98/08876

7/7

8N71TI1ONVYSODI3 TONVSO2I3 N1 1 43VAH b1 d4VAR

PLADLIVD

llllllllll

. 4
-

-
-w
vy
-~ &

L] -
¢
-
- &
»

.:‘:.-! -
*en
L0 L] (]
L L g
....'c'. -
funne

»
-

.c
-

’’’’’
v

-
-
-
XX
v L
- '...!
4
v~

LR ]

Py
-5
0'6"
- e
-.a
> 2u"
..9 -.
L] - a
-
*re
- .
[3
(]
»
".
L)
-
O
[
-
L)

lllllll

l’.ﬂ..fll‘”(”l. -y

Pl e t'l!nSl....’. Qﬂv ..t

ke, ovn\tooooo{oac Tote’ |.f

-80°0
\
|

e s es e s sy oc”-u-

-
->
‘O'Q'I‘ .
v

-----
O

- e

& .
o
L)
S
l.'.-.:
L) C.Q.O
L AL
..0.0.0
.ﬁ 0.-
\J ‘.‘.
"i_‘
-
L)
*
T
L)
- a
-
S
“e
"
"
e
’,
-
l.-o
| 4
.0

-
-4 9 -
o"“'q
* ‘C.‘ ’
- h
[J

*fwaw
-‘0:
S
l.v

LNVIdNI 313V SHI3IM OML OAIA NI S1S31 NOILOVHL

/ 8inbi4

\rmfo

00°0

010

~P10

J o A bl s ek g P § ks m s nm an

WA A SN AR A A = L4 ey A0 il

S SRR M O 8 A I AN K T U AL A A S A0 |8 e et VAT AT TR IO e -



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings

