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Description

FIELD OF INVENTION

[0001] The presentinventionrelates to pharmaceutical
compositions in the form of hydrogels for use in the treat-
ment of intervertebral disc degeneration, in particular the
forms of dehydration and emptying of the nucleus pulpo-
sus known as "black disc disease".

TECHNICAL BACKGROUND

[0002] The generic term "back pain" comprises a wide
range of disorders, whose definition is often uncertain
and whose etiology is difficult to classify, characterised
by a common symptom: "backache". The lumbosacral
section of the spinal column is a crucial structure; of all
the transitional hinges, it is certainly the one that comes
under most stress, but is also the most mobile, which
exposes it to continual overloads and imbalances. The
focal point of the spinal column is the intervertebral disc.
It is contained between all types of vertebrae, and com-
prises two concentric sub-structures: the external annu-
lus fibrosus, which surrounds the internal nucleus pulpo-
sus. The annulusfibrosus s a stratified elastic tissue con-
sisting of extracellular matrix enriched with a series of
protein fibres (mainly type Il collagen) arranged in a zig-
zag pattern, i.e. not vertically oriented. Specifically, the
ring consists externally of type | collagen fibres (known
as Sharpey’s fibres), while the central part consists of
type Il collagen and chondrocytes. The nucleus pulposus
is a gelatinous tissue mainly consisting of water (about
85% in volume in healthy young people), imbibed by a
proteoglycan matrix (mostly consisting of hyaluronate,
chondroitin and keratan sulphate) produced by the
chondrocytes that reside in the innermost part of the an-
nulus fibrosus. The nucleus pulposus acts as a bearing,
which supports and distributes the compressive forces
to which the spinal column is continually subjected; the
annulus fibrosus supports the tensile forces and provides
mechanical support and stability for the spine. The in-
tervertebral disc is an avascular structure, which obtains
its nourishment from the blood vessels that supply the
adjacent bone structures.

[0003] As aresult of microtraumas, or more simply ad-
vancing age, especially atlumbosacrallevel, the interver-
tebral disc undergoes structural modifications that give
rise to the disorder known as "intervertebral disc degen-
eration" (Yong-Soo, Asian Spine Journal, 2009, 3,
39-44). It involves a set of complex phenomena, whose
etiology is not always uniform, and which has different
clinical characteristics. It ranges from asymptomatic de-
generation, found in younger people, to particularly pain-
ful forms complicated by major postural alterations. The
latter usually (but not always) occur in elderly people,
and can be caused by trauma, wear and tear, malnutrition
or simply, as stated, aging of the structures that make up
the intervertebral disc. The various forms of intervertebral
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disc degeneration include one characterised by a reduc-
tion in water content, leading to a reduction in and mod-
ification of the structure of the proteins and proteoglycans
that make up the nucleus pulposus; it becomes dehy-
drated, empties, and loses its gelatinous structure and
the clear demarcation from the annulus fibrosus. The de-
generative alteration of the disc is clearly shown on NMR
scans; it appears globally thinner than healthy discs and
shows a change of colour to various shades of black, due
to the reduction in the water content of the nucleus pul-
posus. This pathological situation is known as black disc
disease. The thinning, as well as reducing the ability of
the disc to absorb shocks and provide stability for the
spine, is nearly always accompanied by the release of
inflammatory factors, which generate intense pain (Ren-
gachary et al., Neurosurg Focus, 2002, 13, E14).
[0004] In the later stages of disc disease, the nucleus
pulposus may also press on the annulus fibrosus ("bulg-
ing"), which may rupture, giving rise to a hernia.

[0005] Inless serious cases, a conservative approach
is taken, based on physiotherapy associated with pain
control, as the pain is very acute and disabling. As the
classic painkillers have little or no effect, treatment with
ozone, administered by injection, has been successfully
used for some time; this treatment exploits the powerful
antioxidant, anti-inflammatory and therefore painkilling
action of ozone.

[0006] In the most serious cases, in addition to pain
control, strategies which are effective from the functional
standpoint and are curative of black disc disease are
sought, i.e. strategies which at least partly reduce the
cause, and restore the structure and functionality of the
nucleus pulposus. Inthe vast majority of cases black disc
disease is accompanied by postural defects, which in
turn generate further stiffness and pain.

[0007] One approach is to administer cells able to pro-
duce proteoglycan matrix, such as mesenchymal stem
cells from bone marrow, possibly combined with mole-
cules that promote the formation of matrix by the residual
cells (such as growth factors) and with inflammatory cy-
tokine inhibitors, into the nucleus pulposus. This ap-
proach attempts to restore the proteoglycan matrix and
to control the pain.

[0008] However, these treatments are still experimen-
tal, and require thorough verification, because they are
particularly problematic (as regards the number of cells
to be used, the active substances and their concentra-
tions and the type of carrier, for example). However, the
usefulness of administering cells to the nucleus pulposus
is somewhat controversial; as previously stated, this
structure does not originally contain cells, and is avas-
cular, which means that the proliferation of the cells in-
troduced depends on the blood supply of the surrounding
structures, which is sure to be impaired in pathological
situations.

[0009] The technique thatinvolves introducing into the
nucleus pulposus a "bearing" able to absorb and distrib-
ute compressions, thus recreating a condition similar to
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the physiological condition, is much more promising.
US2008/075657 A discloses a method of treating degen-
erative disc disease or discogenic pain, comprising form-
ing a biocompatible hydrogel by gelation of a liquid
premix, wherein the hydrogel comprises an alkylated chi-
tosan and an oxidized polysaccharide such as hyaluro-
nan. The Applicant has found and demonstrated that a
"bearing" consisting of a hydrogel with the following char-
acteristics is particularly suitable for this type of applica-
tion:

e itcanbeimplanted by minimally invasive, preferably
injectable techniques, and is therefore easily extrud-
able;

e itremains in situ without slipping away from the site
of implantation because it has precise rheological
characteristics;

* it possesses mechanical properties (elasticity, com-
pressibility) suitable to support and redistribute com-
pressions;

e itis highly hydratable;

e it is absolutely safe, both in its unmodified form and
as degradation products, inevitably originating from
physiological enzyme activity.

[0010] The hydrogel whose efficacy is demonstrated
by the Applicant below consists of a hyaluronic acid de-
rivative. Hyaluronic acid (HA) is a linear-chain heteropol-
ysaccharide consisting of alternating residues of D-glu-
curonic acid and N-acetyl-D-glucosamine. It is present
in nature in pericellular gels, in the ground substance of
the connective tissue of vertebrates (of which it is one of
the main constituents), in the synovial fluid of the joints,
and in the vitreous humour and umbilical cord. HA there-
fore plays an important role in the biological organism,
both as a mechanical support for the cells of many tis-
sues, such as skin, tendons, muscles and cartilage, and
as a viscous fluid that absorbs shocks and ensures that
the joint surfaces can slide over one another.

[0011] Native hyaluronic acid has an extremely varia-
ble average molecular weight (MW), depending on the
source from which it is obtained and the preparation
methods used, ranging from 50 to 13 x 108 Da.

[0012] It should be noted that "average molecular
weight" here means the weight-average molecular
weight, calculated by the "intrinsic viscosity" method
(Terbojevich et al., Carbohydr Res, 1986, 363-377).
[0013] One of the fundamental characteristics of HA is
that it can be variously modified from the chemical stand-
point, to transform its rheological and mechanical char-
acteristics while maintaining its biological characteristics
unchanged.

[0014] The Applicant has surprisingly found that of the
numerous HA derivatives known to the prior art (esters,
N- and O-sulphated derivatives, inner esters, etc.), the
most suitable for the application described here are those
obtained by formation of an amide bond between the
carboxyl of the glucuronic acid residue and the hexade-
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cylamine. The Applicant has also demonstrated that
these derivatives notonly cause a considerable reduction
in pain symptoms, evaluated by comparison with the
ozone treatment conventionally used in black disc dis-
ease, but also produce a wholly unforeseeable functional
improvement.

DETAILED DESCRIPTION OF THE INVENTION

[0015] The presentinvention relatesto pharmaceutical
compositions in the form of hydrogels for use in the treat-
ment of intervertebral disc degeneration, in particular the
forms of dehydration and emptying of the nucleus pulpo-
sus known as "black disc disease". In particular the phar-
maceutical compositions according to the present inven-
tion are effective in the treatment of pain in black disc
disease and in the treatmentrequired to correct the pelvic
incidence angle and postural alterations associated with
black disc disease.

[0016] Said compositions comprise a hyaluronic acid
derivative which forms hydrogels with precise rheological
characteristics that make it ideal for filling the nucleus
pulposus. Specifically, the HA derivative used is hexa-
decylamide.

[0017] As previously stated, HA can have a MW rang-
ing from 50 to 13 x 106 Da. The HA used in the present
invention can derive from any source, such as extraction
from rooster combs (EP138572), fermentation (from
Streptococcus equi or zooepidemicus, EP716688), or bi-
osynthesis (from Bacillus, W02012032153, WO
2012032154), and have a weight average molecular
weight ranging between 400 and 3x108Da, in particular
between 105 Da and 108 Da, and even more particularly
between 500,000 and 730,000 Da.

[0018] The amide derivative used in the present inven-
tion is prepared from the latter fraction.

[0019] Hyaluronic acid amides are known to the skilled
person; for example, the preparation of a wide range of
hyaluronic acid amides (benzyl, octyl, dodecyl, etc.) is
disclosed in EP1095064.

[0020] Only hexadecylamide prepared as described
below is used according to the presentinvention. Briefly,
hyaluronic acid pre-derivatised to a tetrabutylammonium
salt (TBA) is solubilised in dimethylsulphoxide (DMSO),
and methanesulphonic acid is added to the resulting so-
lution. Carbonyldiimidazole is then added, and the mix-
ture is left to react under stirring for one hour at room
temperature. Hexadecylamine is then added, and the
mixture is left to react for about 16-24 hours at 40°-42°C.
A saturated solution of NaCl is then added to stop the
reaction, and absolute ethanol is added to isolate the
derivative by precipitation. The precipitate is washed first
with a mixture of water and ethanol and then with ethanol
alone, and finally dried under high vacuum.

[0021] The degree of derivatisation is modulated by
varying the quantity of the reagents used and adapting
the reaction times; the degree of derivatisation can be
measured by methods known to the prior art, such as
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HPLC. In the ambit of the present invention, the degree
of amidation used ranges from 0.1% to 10% molar, pref-
erably from 1% to 3% molar, measured by HPLC after
hydrolysis of the amide and conjugation of the hexade-
cylamine released with a fluorophoric substance.
[0022] Starting with the derivative thus obtained, a hy-
drogel can be formulated at a concentration ranging from
0.1 to 30 mg/ml, preferably 3 to 20 mg/ml, and even more
preferably 5 to 15 mg/ml. The carriers preferably used
are saline solution or phosphate buffer.

[0023] In the preferred pharmaceutical composition
according to the present invention, the hyaluronic acid
has an average MW ranging between 500,000 and
730,000 Da, the degree of molar amidation ranges be-
tween 1% and 3%, and the hyaluronic acid hexadecyla-
mide concentration ranges between 5 and 15 mg/ml.
[0024] Thehydrogel obtained undergoes a sterilisation
process according to known techniques, for example in
an autoclave, after being introduced into prefilled dispos-
able syringes.

[0025] Regardless of the concentrations, the hydrogel
obtained is easily extrudable, viscous to ensure that it
remains in situ after application, elastic to ensure that it
absorbs and redistribute loads, and highly hydratable; it
also retains the biological characteristics of the starting
polymer, hyaluronic acid, and is therefore biocompatible,
bioresorbable and totally harmless to the body, both in
its unmodified state and after enzymatic degradation.
[0026] Inview of its particular characteristics, hydrogel
can be associated with biologically or pharmacologically
active substances (such as steroidal and non-steroidal
anti-inflammatory drugs, cytokine inhibitors and local an-
aesthetics) deemed able to improve the symptoms of
black disc. These substances can be inserted in the sy-
ringe on an extempore basis before application to the
patient, sothat the hydrogel functions both as a treatment
for black disc and as a carrier of active substances.
[0027] Some preparation examples are set out below,
for descriptive purposes only.

Example 1

Preparation of hexadecylamide derivative of HA with
aweight average molecular weight ranging between
500 and 730 kDa and a molar amidation content rang-
ing between 1 and 3%

[0028] 2 g of HA pre-derivatised to a TBA salt is solu-
bilised in 200 ml of DMSO, and 64 .| of methanesulphon-
ic acid is added to the resulting solution; 52 mg of 1-I’-
carbonyldiimidazole is then added and left to react under
gentle stirring for one hour at room temperature. 544 mg
of hexadecylamine is then added, and the amidation re-
action is conducted for 16-24 hours at 42°C. A saturated
solution of NaCl is then added to stop the reaction, and
1.5 volumes of absolute ethanol are added after 15-30
minutes to isolate the derivative by precipitation. The pre-
cipitate is washed several times in 80:20 ethanol/water
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and then in ethanol alone, and finally dried under high
vacuum at 40°C.

[0029] 1.2 g of hexadecylamide derivative is obtained,
whose degree of amidation, measured by HPLC, is about
2-3% molar.

Example 2

Preparation of a hydrogel of the HA hexadecylamide
derivative at the concentration of 8 mg/ml, obtained
as described in Example 1

[0030] 2 g of HA hexadecylamide derivative, obtained
as described in Example 1, is placed in a suitable recip-
ient, and 250 ml of phosphate buffer (PBS) at pH 6.9 is
added. The buffer contains 8.5 mg/ml NaCl, 0.45 mg/ml
Na,HPO, x 12H,0, and 0.11 mg/ml NaH,PO, x 2H,0.
[0031] The mixture is left under stirring for at least 2
hours at room temperature, and for about 1 hour at 60°C.
After this time, the T is returned to 20-25°C, and the mix-
ture is left under stirring for 2-4 hours. The resulting mix-
ture, which contains 8 mg/ml of hyaluronic acid hexade-
cylamide, is divided between glass syringes, which then
undergo a damp heat sterilisation cycle (10 minutes) at
about 121°C.

Example 3

Treatment of patients suffering from black disc dis-
ease with HA hexadecylamide vs. ozone: pilot study

[0032] By means of an NMR scan used for other diag-
nostic purposes, 11 patients with black disc disease at
lumbar level (L3) were identified and treated according
to the following protocol.

[0033] Materials and methods:

* anaesthetic solution (1% carbocaine);

e ozone 27Yy;

¢ HAhexadecylamide hydrogel prepared as described
in Example 2 (8 mg/ml);

* technique: guided radioscopic infiltration, after cuta-
neous anaesthesia by infiltration; the puncture site
was identified by observing the lumbar region in the
two orthogonal projections;

[0034] The patients were divided into two groups:

A) 6 patients treated with 0.5 cc of hydrogel;

B) 5 patients treated with 3 cc of ozone 27 y (control).

[0035] After treatment the patients were made to rest
for several hours, and discharged with a paracetamol-
based painkilling treatment if necessary. All the patients
underwent a disability evaluation (RMDQ - Roland Morris
Disability Questionnaire) and a pain evaluation (VAS -
Visual Analogue Scale) and, after 6 months, a sagittal
NMR scan to evaluate any variations in the pelvic inci-
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dence angle.
[0036] Results:

RMDQ: all patients in both groups reported a reduc-
tion in disability in terms of mobility and an improved
quality of life, of comparable extents;

VAS scale: once again, all patients reported a defi-
nite reduction in pain, and this result, while expected
for the group treated with ozone, is certainly surpris-
ing for Group A, which was treated with the deriva-
tised HA hydrogel;

X-ray evaluation: in the patients in Group A, normal-
isation of the disc was observed; it appeared paler,
and therefore hydrated, on the NMR scan, and very
similar to the untreated healthy discs. The patients
in Group A also presented a definite improvementin
the pelvic incidence angle.

[0037] However, none of these functional effects were
observed in the patients in Group B, treated with ozone:
not only was there no improvement (normalisation) in the
appearance of the disc, which actually worsened in 3
cases, but the treatment had no effect on the pelvic inci-
dence angle.

Conclusions:

[0038] Although thisis justone pilot study with a limited
number of patients, it is evident that treatment with hy-
aluronic acid hexadecylamide has a surprisingly favour-
able effect not only on the symptoms, but above all on
the functions, of patients suffering from black disc dis-
ease.

[0039] The data presented here unequivocally demon-
strate that treatment with hyaluronic acid hexadecyla-
mide not only has a painkilling effect comparable with
that of ozone, but above all has an unexpected curative
effect, which restores the hydration of the nucleus pul-
posus and corrects the postural defect manifested by all
patients suffering from black disc disease.

Claims

1. Pharmaceutical composition for use in the treatment
of "black disc disease", comprising a hydrogel of hy-
aluronic acid hexadecylamide.

2. Pharmaceutical composition for use according to
claim 1 wherein the hyaluronic acid has an average
molecular weight (MW) ranging between 100,000
and 1,000,000 Da, preferably between 500,000 and
730,000 Da.

3. Pharmaceutical composition for use according to
one of the preceding claims, wherein the degree of
molar amidation of the hyaluronic acid ranges be-
tween 0.1% and 10%, preferably between 1% and
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3%.

4. Pharmaceutical composition for use according to
one of the preceding claims, wherein the concentra-
tion of hyaluronic acid hexadecylamide ranges be-
tween 0.1 and 30 mg/ml, preferably between 3 and
20 mg/ml, and even more preferably between 5 and
15 mg/ml.

5. Pharmaceutical compositions composition for use
according to one of the preceding claims, wherein
the hyaluronic acid has an average molecular weight
MW ranging between 500,000 and 730,000 Da and
a degree of molar amidation ranging between 1%
and 3%, and the concentration of the hyaluronic acid
hexadecylamide ranges between 5 and 15 mg/ml.

6. Pharmaceutical composition for use according to
one of the preceding claims, containing pharmaceu-
tically or biologically active substances.

7. Pharmaceutical composition for use according to
claim 6, wherein pharmaceutically or biologically ac-
tive substances are chosen from steroidal and non-
steroidal anti-inflammatory drugs, cytokine inhibitors
and local anaesthetics.

8. Pharmaceutical composition for use according to
one of claims 1 to 7, for use in the treatment of pain
in black disc disease.

9. Pharmaceutical composition for use according to
one of claims 1 to 7, for use in the corrective treat-
ment of the pelvic angle ofincidence and the postural
alterations connected with black disc disease.

Patentanspriiche

1. Pharmazeutische Zusammensetzung zur Verwen-
dung bei der Behandlung von "Schwarze-Scheibe-
Krankheit" ("black disc disease"), die ein Hydrogel
von Hyaluronsaurehexadecylamid umfasst.

2. Pharmazeutische Zusammensetzung zur Verwen-
dung gemal Anspruch 1, wobei die Hyaluronsaure
ein durchschnittliches Molekulargewicht (MG) im
Bereich zwischen 100.000 und 1.000.000 Da, vor-
zugsweise zwischen 500.000 und 730.000 Da hat.

3. Pharmazeutische Zusammensetzung zur Verwen-
dung gemaf einem der vorangehenden Anspriiche,
wobei der Grad der molaren Amidierung der Hyalu-
ronsaure im Bereich zwischen 0,1% und 10%, vor-
zugsweise zwischen 1% und 3% liegt.

4. Pharmazeutische Zusammensetzung zur Verwen-
dung gemaf einem der vorangehenden Anspriiche,
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wobei die Konzentration von Hyaluronsdurehexade-
cylamid im Bereich zwischen 0,1 und 30 mg/ml, vor-
zugsweise zwischen 3 und 20 mg/ml und noch be-
vorzugter zwischen 5 und 15 mg/ml liegt.

5. Pharmazeutische Zusammensetzung zur Verwen-
dung gemaf einem der vorangehenden Anspriiche,
wobei die Hyaluronsdure ein durchschnittliches Mo-
lekulargewicht MG im Bereich zwischen 500.000
und 730.000 Da und einen Grad der molaren Ami-
dierung im Bereich zwischen 1% und 3% hat und die
Konzentration des Hyaluronsdurehexadecylamids
im Bereich zwischen 5 und 15 mg/ml liegt.

6. Pharmazeutische Zusammensetzung zur Verwen-
dung gemaf einem der vorangehenden Anspriiche,
die pharmazeutisch oder biologisch aktive Substan-
zen enthalt.

7. Pharmazeutische Zusammensetzung zur Verwen-
dung gemal Anspruch 6, wobei die pharmazeutisch
oder biologisch aktiven Substanzen aus steroidalen
und nichtsteroidalen antiinflammatorischen Arznei-
mitteln, Zytokininhibitoren und Lokalanasthetika
ausgewahlt sind.

8. Pharmazeutische Zusammensetzung zur Verwen-
dung gemal einem der Anspriiche 1 bis 7 zur Ver-
wendung bei der Behandlung von Schmerz bei der
Schwarze-Scheibe-Krankheit.

9. Pharmazeutische Zusammensetzung zur Verwen-
dung gemal einem der Anspriiche 1 bis 7 zur Ver-
wendung bei der korrektiven Behandlung des Be-
ckeninzidenzwinkels und der Haltungsveranderun-
gen, die mit der Schwarze-Scheibe-Krankheit ver-
bunden sind.

Revendications

1. Composition pharmaceutique pour une utilisation
dans le traitement de la «discopathie
dégénérative », comprenant un hydrogel d’hexadé-
cylamide d’acide hyaluronique.

2. Composition pharmaceutique pour une utilisation
selon la revendication 1, dans laquelle I'acide hya-
luronique a un poids moléculaire moyen (MW) com-
pris entre 100 000 et 1 000 000 Da, de préférence
entre 500 000 et 730 000 Da.

3. Composition pharmaceutique pour une utilisation
selon l'une des revendications précédentes, dans
laquelle le degré d’amidation molaire de I'acide hya-
luronique est compris entre 0,1 % et 10 %, de pré-
férence entre 1 % et 3 %.
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4.

Composition pharmaceutique pour une utilisation
selon l'une des revendications précédentes, dans
laquelle la concentration d’hexadécylamide d’acide
hyaluronique est comprise entre 0,1 et 30 mg/ml, de
préférence entre 3 et 20 mg/ml, et encore plus pré-
férablement entre 5 et 15 mg/ml.

Composition pharmaceutique pour une utilisation
selon l'une des revendications précédentes, dans
laquelle I'acide hyaluronique a un poids moléculaire
moyen MW compris entre 500 000 et 730 000 Da et
un degré d’amidation molaire compris entre 1 % et
3 %, etla concentration de I'hexadécylamide d’acide
hyaluronique est comprise entre 5 et 15 mg/ml.

Composition pharmaceutique pour une utilisation
selon l'une des revendications précédentes, conte-
nant des substances pharmaceutiquement ou bio-
logiquement actives.

Composition pharmaceutique pour une utilisation
selon la revendication 6, dans laquelle les substan-
ces pharmaceutiquement ou biologiquement actives
sont choisies parmiles médicaments anti-inflamma-
toires stéroidiens et non stéroidiens, les inhibiteurs
de cytokines et les anesthésiques locaux.

Composition pharmaceutique pour une utilisation
selon I'une des revendications 1 a 7, pour une utili-
sation dans le traitement de la douleur dans une dis-
copathie dégénérative.

Composition pharmaceutique pour une utilisation
selon I'une des revendications 1 a 7, pour une utili-
sation dans le traitement correctif de I'angle d’inci-
dence pelvien et des altérations posturales liés a la
discopathie dégénérative.
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