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COMPOSITIONS CONTAINING CHONDROITIN SULPHATE,

PROTEOLYTIC ENZYMES AND SULPHYDRYL COMPOUNDS FOR

IMPROVING THE BIOAVAILABILITY OF CHONDROITIN SULPHATE

SUMMARY OF THE INVENTION

The present invention relates to compositions comprising chondroitin
sulphate (CS), enzymes or enzymatic mixtures possessing proteolytic activity,
either alone or in the presence of sulfhydryl compounds, and their use in the
treatment and prevention of osteoarthritis and correlated acute and chronic
inflammatory processes, or as nutraceutical compositions for the maintenance of
musculoskeletal well-being in humans and animals.

Said combinations increase the intestinal absorption of CS when
administered orally. The effect of said combinations is exerted on a wide range of
molecular weights of CS, including samples consisting of oligosaccharides
characterized by very low molecular weights (1-10 kDa), for which bioavailability
greater than that of samples with a higher molecular weight is already known.

TECHNICAL BACKGROUND

CS is recommended by EULAR (the European League against Rheumatism)
as a symptomatic slow-acting drug for osteoarthritis (SYSADOA) in the treatment
of osteoarthritis of the knee, hip and hand on the basis of extensive clinical
evidence. CS is also used as a nutraceutical, either alone or combined with other
ingredients, in compositions that perform an anti-inflammatory activity at both
local and systemic levels.

Chondroitin sulphate (CS) is a polysaccharide belonging to the class of
glycosaminoglycans (GAGs), which is present in both vertebrates and
invertebrates and consists of disaccharide sequences formed by a residue of
glucuronic acid (GlcA) alternating with a residue of N-acetyl-D-galactosamine

(GalNAc), bonded together by beta 1-3 bonds and sulphated in different positions.
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The disaccharides are in turn bonded together by beta 1-4 bonds. CS mainly
consists of monosulphated disaccharide units in the 4 position or the 6 position of
GalNAc (called disaccharide A and C respectively). CS A and C are represented in
different percentages, depending on the origin of the polysaccharide.
Non-sulphated disaccharide and disulphated disaccharides bearing two sulphate
groups bonded to the oxygen atom in various positions are also present in CS to a
lesser, variable extent, depending on the specific animal sources: in the 2 position
of GIcA and the 6 position of GalNAc (disaccharide D), in the 2 position of GIcA
and the 4 position of GalNac, or in the 4 and 6 positions of GalNAc (disaccharide
E) (Volpi N.J. Pharm. Pharmacol. 61, 1271, 2009. Volpi N.J. Pharm. Sci. 96, 3168,
2007. Volpi N. Curr. Pharm. Des. 12, 639, 20006).

CSs of different animal origins are also characterised by different molecular
weights.

CSs originating from land animals, for example, have molecular mass
values similar to one another but different from those originating from fish species,
which have higher molecular mass values. CSs of land origin have a mean
molecular weight ranging between 14 and 26 kDa, whereas CSs of marine origin,
from squid, cartilaginous and bony fish, have a mean molecular weight exceeding
50 kDa.

In addition to CSs of animal origin, some CS products are described which
are based on polysaccharide backbones of bacterial origin subsequently modified
by synthesis to obtain polymers analogous to natural CS. These biotechnological
CSs of bacterial-synthetic origin overcome some of the drawbacks associated with
the animal origin of extracted CSs, such as the possible presence of viruses and/or
prions or other potentially allergenic macromolecules among the residual
impurities; the high animal protein content in the end product; the incompatibility
of animal products with religious or dietary restrictions; and the limited sources

available to meet growing worldwide demand.
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Examples of CS of bacterial-synthetic origin are described, for example, in
EP 1304338, wherein the capsular polysaccharide of E. coli strain O5:K4:H4 is
chemically sulphated after extraction and hydrolysis of the original polymer. Other
examples of bacterial-synthetic CS are disclosed in WO 2012/152872, WO
2012/159655 and WO 2013/174847, wherein a bacterial capsular polysaccharide is
chemically sulphated to obtain CS similar to that of animal origin.

Finally, some examples of low-molecular-weight CS have been obtained by
depolymerisation of extracted polysaccharides (Cho SY et al. Biol. Pharm. Bull.
27, 47, 2004, Das A. et al. Osteoart. Cartil. 8, 343, 2000), and polysaccharides of
bacterial origin (WO 2013/174847, WO 2012/152872). The small molecular
dimensions of these types of CS lead to better oral absorption, while maintaining
many of the known activities of natural CS.

When administered orally, CS is absorbed by the intestinal mucosa in the
small intestine and the distal tract. CS is partly absorbed as high-molecular-weight
polysaccharide in the small intestine, while the majority is absorbed in the form of
oligosaccharides in the caecum and colon (Lauder R.; Compl. Ther. Med. 17,
56-62, 2009). These oligosaccharides are generated by partial depolymerisation of
the original polysaccharide by hydrolytic enzymes produced by the intestinal flora
in the lower tract of the digestive apparatus.

Although the mechanism involved in the intestinal absorption of the
polysaccharide constituting CS is not entirely clear, it is believed that absorption
through the paracellular space of the intestinal epithelium is quantitatively
significant, as is the case for most macromolecules; the oligosaccharide fragments
of CS are also absorbed by this route. The tight junctions, which form a barrier that
limits the absorption of large molecules whose transport does not involve
mediation by specific molecular carriers through the intestinal mucosa, are present
at this level.

The absorption of high-molecular-weight CS is estimated to amount to
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around 1-5%. As previously stated, the majority of CS absorbed consists of
oligosaccharides deriving from its enzymatic digestion by chondroitinase produced
by the intestinal microbial flora. Taking account of the absorption of
oligosaccharides, however, the total uptake of CS by the intestinal mucosa
amounts to no more than 20-23% of the polysaccharide ingested (Lauder R.;
Compl. Ther. Med. 17, 56-62, 2009 - Barthe L. et al. Arzneimittelforsch./Drug
Res. 2004; 54: 286-92).

In general, the absorption of CS after oral administration remains a problem,
and any method able to increase the intestinal absorption of said
glycosaminoglycan is highly topical.

Bromelain is a cysteine protease mixture extracted from the fruit and stem
of the pineapple (Ananas comosus), a plant belonging to the Bromeliaceae family.
The primary source for its extraction is the stem of the fruit, where its
concentration is highest. Four separate fractions of this mixture can be
distinguished or, according to a more elegant analytical characterisation conducted
by mass spectrometry, eight proteolytic constituents, all with comparable
proteolytic activity. The mixture in the natural form is normally used for this
reason. Bromelain is classed as an endopeptidase belonging to the sub-family of
C1A peptidases (MEROPS nomenclature). In addition to the protease mixture, the
extract contains peroxidase, acid phosphatase and glycosidase. The molecular mass
of the ingredients ranges between 8 and 28.5 kDa. The bromelain concentration is
often expressed in proteolytic units (GDU units or international units, [U) rather
than weight units.

In view of its proteolytic characteristics, bromelain has a similar activity to
pancreatic protease, and therefore promotes digestion. It is used for dyspepsia in
combination with pancreatic extracts. Bromelain also splits long-chain fats.

Bromelain also possesses other pharmacological activities, the most

important of which are a potent anti-inflammatory activity that makes it effective
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in the treatment of inflammatory states of the soft tissues associated with traumas
or post-operative reactions and local inflammations. It has been demonstrated that
bromelain expresses this activity by increasing the biosynthesis of
anti-inflammatory prostaglandins (such as E2 prostaglandins), and conversely by
inhibiting the biosynthesis of pro-inflammatory prostaglandins.

Other pharmacological activities of bromelain include an anti-thrombotic
and pro-fibrinolytic action, hypotensive activity and the ability to induce the
regression of atherosclerotic plaque. Its synergic capacities in antibiotic and
antitumoral treatments have also been described.

Bromelain is characterised by good oral bioavailability, estimated at around
40%, a rare characteristic for proteins. Moreover, the majority of unabsorbed
bromelain remains intact, and able to express its enzymatic activity in the intestinal
lumen, as it is not strongly attacked by the gastric juices or the cystatins present in
saliva. In view of its characteristics it resembles papain and ficain, similar extracts
deriving from papaya (Carica papaya) and figs (Ficus carica) respectively.

Nattokinase is an enzyme initially isolated from natto, a traditional Japanese
food based on boiled soybeans fermented with a particular variety of Bacillus
subtilis, B. subtilis natto.

Nattokinase is a serine protease of approx. 32 kDa which possesses potent
fibrinolytic activity. Its homology with subtilisin exceeds 72%. Its fibrinolytic
activities comprise a direct action in fibrinolysis together with the ability to induce
an increase in the production of urokinase and plasmin. Nattokinase is
characterised by relatively high stability to temperature and low pH values; this
characteristic gives the protein good resistance to the gastric environment,
allowing its use by oral administration.

Its characteristics of relative stability to the gastric environment and its
proteolytic activity make it an enzyme which can present analogies with bromelain

in the use illustrated here.
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US 5679344 discloses nutrient compositions for use in joint disorders which
contain glucosamine and proteolytic enzymes having anti-inflammatory properties.
The compositions contain at least one protease and at least one acid-stabilised
protease.

US 5888514 discloses compositions containing cartilage, proteolytic
enzymes, glucosamine sulphate and chondroitin sulphate, together with vitamins
and plant extracts, for use in the treatment of inflammation of the bones and joints.

DESCRIPTION OF THE INVENTION

It has now been found that the combination of CS with bromelain and the
simultaneous presence of a bromelain activity enhancer such as cysteine,
methionine, glutathione or other sulthydryl compounds increases its absorption in
the small intestine.

It has also been found that nattokinase has an even more surprising effect on
the bioavailability of CS, which is increased to over 250%.

The object of the present invention is a composition comprising chondroitin
sulphate and one or more proteases, and optionally a sulthydryl compound,
provided that when the protease is other than nattokinase, the sulfthydryl compound
1s present.

“Sulphydryl compound” here means a natural or synthetic amino acid, or a
small peptide or other compound comprising at least one sulphydryl group. The
sulphydryl compound 1is preferably selected from methionine, cysteine,
homocysteine, S-adenosylmethionine, acetylcysteine, reduced or oxidised
glutathione and S-acetyl-glutathione.

In the compositions according to the invention, the chondroitin
sulphate/protease/sulphydryl compound ratio is 1.0/0.05-0.8/0.001-0.05.

Chondroitin sulphate preferably has a molecular weight ranging between 1
and 95 kDa, more preferably between 4 and 50 kDa.

Chondroitin sulphate is preferably of extracted animal origin. CS can be
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obtained by chemical sulphation of capsular polysaccharide K4 from E. coli after
removal of the fructose residues by hydrolysis, as described in EP 1304338,
WO 2012/152872, WO 2012/159655, or by chemical sulphation and subsequent
acid or radical depolymerisation of capsular polysaccharide K4 from E. coli after
removal of the fructose residues by hydrolysis as described in WO 2013/174847
and WO 2012/152872. Alternatively, CS can be obtained by chemical sulphation
of capsular polysaccharide from a genetically modified strain of E. coli (e.g.
DSM23644), wherein the polysaccharide is originally devoid of fructose residues
(WO 2012/159655). The molecular dimensions of the CS thus obtained can also be
reduced subsequently by acid or radical depolymerization, as in WO 2013/174847.

The protease is preferably selected from bromelain, papain, ficain and
nattokinase. Nattokinase is preferred. A preferred embodiment of the invention
accordingly provides compositions comprising chondroitin sulphate and nattokinase,
in the absence of sulphydryl compound. The invention also concerns the use of
nattokinase for improving the intestinal permeability of chondroitin sulphate.

The compositions according to the invention can also contain one or more
active ingredients used in the prevention or treatment of acute and chronic
inflammatory states and/or one or more nutraceutical substances used to maintain
musculoskeletal well-being in humans and animals.

The active ingredients can be selected, for example, from the group
consisting of glucosamine hydrochloride, glucosamine sulphate, N-
acetylglucosamine, hyaluronic acid, amino acids, collagen, hydrolysed collagen,
polyunsaturated fatty acids, keratin, methylsulphonylmethane, folates, reduced
folates, vitamins, Group B vitamins, S-adenosylmethionine (SAMe), ascorbic acid
and manganese ascorbate.

The compositions can also contain one or more pharmaceutically or
nutraceutically acceptable excipients.

All of the ingredients usually combined with chondroitin sulphate, such as



10

15

20

25

WO 2014/114706 PCT/EP2014/051308
8

glucosamine and methylsulphonylmethane (MSM), can also be added to said
preparations.

Pharmaceutically or nutraceutically acceptable excipients are, for example,
microcrystalline cellulose, stearic acid, magnesium stearate, colloidal silicon
dioxide, ethylcellulose, methylcellulose, hydroxypropyl methylcellulose, aqueous
shellac salts, sodium alginate, starch, modified starches, methacrylic acid
copolymers, maltodextrins and polyols.

The compositions according to the invention are preferably administered
orally, for example in the form of capsules, soft gel capsules, tablets, granulates,
drinks in liquid form or powdered drinks to be reconstituted. The daily dose of CS
can range between 400 mg and 3600 mg in the nutraceutical field, and the usual
daily dose as a medicament is 1200 mg.

DESCRIPTION OF THE FIGURE

The Figure shows the permeability through rat intestinal mucosa of bovine
chondroitin sulphate, 20 kDa (diamonds), LMW chondroitin sulphate, 9 kDa
(squares), and HMW chondroitin sulphate, 40 kDa (triangles).

EXPERIMENTAL PART

The permeability of CS has been tested in an in vitro model wherein rat
intestinal mucosa was excised from the animal immediately after euthanasia and
placed in an Ussing chamber immersed in a suitable buffer at the interface of two
compartments, with the side of the mucosa originally exposed to the intestinal
lumen facing one compartment, called the donor compartment, and the basal part
facing the other, called the acceptor compartment.

CS was placed in the donor compartment in the presence or absence of the
other ingredients of the combination, and the presence of polysaccharides was
determined in the acceptor compartment after an incubation period during which
the CS permeated the acceptor compartment through the membrane consisting of

rat intestinal mucosa.
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The experimental technique used to evaluate the intestinal permeability of
CS in its various combinations will now be described in more detail. Lewis rats
weighing 150-170 g were euthanised by CO; inhalation and the small intestine was
immediately excised, washed and mounted in an Ussing chamber filled with a
medium consisting of 125 mM sodium chloride (NaCl), 1.3 mM magnesium
sulphate (MgSQ,), 5 mM potassium chloride (KCl), 20 mM glucose and 25 mM
sodium carbonate (NaHCO;). The pH of the solution was adjusted to 7.4 with
HEPES. The permeation studies were conducted at the temperature of 37°C in an
atmosphere consisting of 95% O, and 5% CO,. The permeation test was performed
not more than 15 minutes after the excision of the intestinal mucosa.

The CS samples used in the test differed in terms of nature and molecular
dimensions. CS samples of bovine origin and biotechnological (bacterial-synthetic)
origin were subjected to the intestinal permeation test in the various combinations.
The CS samples used were also characterised by different molecular weights,
ranging between 1 and 95 kDa, or preferably between 4 and 50 kDa.

Chondroitin sulphate was added to the donor compartment at a concentration
of 3% (mass/volume). For the permeation studies in the presence of bromelain,
bromelain was added to the CS solution at the concentration of 1.5%. Alternatively,
a sulphydryl compound selected from methionine, cysteine, homocysteine,
S-adenosylmethionine, acetylcysteine, S-acetyl-glutathione and reduced or oxidised
glutathione was added at the concentration of 0.075% together with bromelain. For
the permeation studies in the presence of nattokinase, the enzyme was added to the
solution at the concentration of 1.5%, as for the bromelain.

The total incubation period was three hours, during which 100 ul samples
were taken every 30 min from the acceptor compartment, and the volume removed
was replaced with fresh medium. The samples taken were analysed for the
presence of the disaccharides making up CS by HPLC, using the method described

below, after digestion of the polysaccharide with chondroitinase ABC (specific
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activity: 0.5 U/ml).

The HPLC method employed involved the use of a strong anion-exchange
column (SAX), an eluent based on acidulated water at pH 4, and a linear gradient
with 1.2 M NaCl from 0% to 100% in 25 min, after a first isocratic elution for 5
min in acidulated water only. The flow rate used was 1.0 ml/min, and detection of
the disaccharides was effected at 232 nm with a UV detector.

The quantity of CS in the acceptor compartment was calculated with an
eight-point calibration curve of standard chondroitin sulphate, corresponding to a
range between 0.78% and 100% of the initial CS concentration C. The chondroitin
sulphate standards had been pre-incubated with chondroitinase ABC, diluted in the
same medium as used for the experiments. On the basis of the CS found in the
acceptor compartment, the apparent permeability coefficient (P,,,) was calculated
with the formula P,,, (cm/sec) = Q/A-C-t, wherein Q is the total quantity of CS
permeated (Lg), 4 is the diffusion area of the Ussing chamber (cm?), C is the initial
concentration of CS in the donor compartment (ug/cmS), and ¢ is the incubation
time (30-180 min). The incremental ratio R was calculated on the P, as (P,,, CS
+ protease) / (P,,, CS alone). P,,, was calculated when each sample was taken,
namely at 30, 60, 90, 120, 150 and 180 min. The average of the different P,,
values obtained at these points was then calculated to obtain a mean permeability
coefficient of every sample in the entire experiment. The CS permeation data were
expressed as the average of the concentration peaks of disaccharides Adi-0S,
Adi-6S and Adi-4S, measured separately.

The statistical value of the data was analysed with Student’s “t” test, with p
< 0.05 as minimum significance.

The validity of this experimental model is confirmed by the fact that three
samples of CS of different molecular weights, namely 9, 20 and 40 kDa, presented
a permeability to the intestinal membrane which is a function of the molecular

weight, as occurs iz vivo. This is demonstrated by a graph showing the cumulative



10

15

20

25

WO 2014/114706 PCT/EP2014/051308
11

transport of CS at all time intervals considered within the 180-min period of the
experiment (Figure).

Samples of CS of non-animal origin with a low (9 kDa) or high (40 kDa)
molecular weight were then used in the permeability test in the presence or
absence of the protease and, in the case of bromelain, with or without adding the
enhancer compound.

The results of the permeation over time of the CS samples were obtained in
the absence of other adjuvants or in the presence of bromelain, bromelain and
methionine, or nattokinase.

Although the ability of bromelain to promote paracellular permeation of many
macromolecules is known, this ability being associated with its ability to weaken the
tight junctions (Grabovac et al., Int. J. Pharm. 326, 153-159, 2006), in this test, the
use of bromelain alone, without the intervention of other factors, did not increase the
absorption of low-molecular-weight CS. This can be seen from the comparison
between the mean P,,, values found, shown in table 1. However, an appreciable
increase was observed for the combination of low-molecular-weight CS, bromelain
and methionine. A surprising increase in the permeability of the intestinal mucosa
was also observed in the case of the combination of low-molecular-weight CS and
nattokinase (Table 1). The incremental ratios R have values exceeding 1 for the
combination of CS/bromelain/methionine, and definitely higher than 1 for the
combination of CS/nattokinase, whereas R is less than 1 for the combination of
CS/bromelain (Table 2). Methionine therefore exhibits a surprisingly favourable
effect on the action of bromelain as an enhancer of the intestinal permeability of CS,
while even more surprisingly, nattokinase, without the intervention of other factors,
nearly doubles the intestinal permeability of low-molecular-weight CS. It is
interesting to note that the bioavailability of a low-molecular-weight CS, which is
already more bioavailable than the corresponding large polysaccharide, can be

further increased by the combinations described.
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Table 1
P,pp (cm sec™) x 107
LMW chondroitin sulphate 2.13£0.61
LMW chondroitin sulphate + bromelain + methionine 2.65+1.36
LMW chondroitin sulphate + bromelain 1.41 £0.76
LMW chondroitin sulphate + nattokinase 3.56 £ 0.04

Mean Papp values determined for the permeation of low-molecular-weight
(LMW) chondroitin sulphate, either alone or combined with bromelain, bromelain

5  + methionine; nattokinase

Table 2
Incremental
Ratio (R)
" n — .
LMW chondroitin sulphate + bromelain + methionine/ 195 4 0.18

LMW chondroitin sulphate

LMW chondroitin sulphate + bromelain/ LMW chondroitin sulphate | 0.66 + 0.35

LMW chondroitin sulphate + nattokinase/ LMW chondroitin sulphate | 1.67 + 0.20

Incremental ratios of the combinations v. standalone low-molecular-weight

(LMW) chondroitin sulphate
10 A comparable effect was observed for the absorption of high-molecular-
weight CS (40 kDa), also of non-animal origin (Tables 3 and 4). In this case, the
enhancing effect of the combinations is even more evident, almost triple the
absorption of CS alone, indicating that the enhancing effect also takes place in the

case of polysaccharides of large dimensions, for which absorption is more critical.

15 Table 3
P,pp (cm sec™) x 107
HMW chondroitin sulphate 0.53+0.25
HMW chondroitin sulphate + bromelain + methionine 1.27 + 0.80
HMW chondroitin sulphate + nattokinase 1.57 £ 1.10

Mean Papp values determined for the permeation of high-molecular-weight
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(HMW) chondroitin sulphate, either alone or combined with bromelain,; bromelain

+ methionine; nattokinase

Table 4
Incremental
Ratio (R)
" n :
HMW f:hopdr01t1n sulphate “t‘)romelaln 242+ 036
+ methionine/HMW chondroitin sulphate
HMW chondroitin sulphate + nattokinase/HMW chondroitin sulphate | 2.86 & 1.64

S Incremental ratios of the combinations v. standalone high-molecular-weight
(HMW) chondroitin sulphate

A sample of CS of animal origin (molecular weight: 15-20 kDa) was also

subjected to the permeability test in the absence or presence of the cocktail of

bromelain and methionine, confirming the ability of the combination to increase

10 the permeability of CS from any source (Table 5).

Table 5
P,pp (cm sec™) x 107
Reference chondroitin sulphate 1.34 + 1.24
Reference chondroitin sulphate + bromelain + methionine 1.45 £0.45

Mean Papp values determined for the permeation of bovine chondroitin
sulphate, either alone or combined with bromelain + methionine
15 The following are examples of compositions according to the invention.
Example 1
A composition was prepared by mixing:
1200 mg of bovine chondroitin sulphate,
600 mg of bromelain,

20 30 mg of L-methionine.
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Example 2
A composition was prepared by mixing:
1200 mg of bovine chondroitin sulphate,
600 mg of nattokinase.
Example 3
A composition was prepared by mixing:
1200 mg of biotechnological chondroitin sulphate with a molecular
weight of 9 kDa,
600 mg of bromelain,
30 mg of L-methionine.
Example 4
A composition was prepared by mixing:
1200 mg of biotechnological chondroitin sulphate with a molecular
weight of 9 kDa,
600 mg of nattokinase.
Example 5
A composition was prepared by mixing:
1200 mg of biotechnological chondroitin sulphate with a molecular
weight of 40 kDa,
600 mg of bromelain,
30 mg of L-methionine.
Example 6
A composition was prepared by mixing:
1200 mg of biotechnological chondroitin sulphate with a molecular
weight of 40 kDa,

600 mg of nattokinase.
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Example 7
A composition was prepared by mixing:
1200 mg of biotechnological chondroitin sulphate with a molecular
weight of 9 kDa,
600 mg of nattokinase,
30 mg of L-methionine.
Example 8
A composition was prepared by mixing:
1200 mg of biotechnological chondroitin sulphate with a molecular
weight of 40 kDa,
600 mg of nattokinase,
30 mg of L-methionine.
Example 9
A composition was prepared by mixing:
1200 mg of bovine chondroitin sulphate,
600 mg of nattokinase,

30 mg of L-methionine.
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CLAIMS

1. A composition comprising chondroitin sulphate, nattokinase and optionally
a sulphydrylated compound, the chondroitin sulphate/nattokinase/sulphydrylated
compound ratio being 1.0/0.05-0.8/0.001-0.05 by weight.

2, A composition according to claim 1, in the absence of a sulphydrylated
compound.

3. A composition according to claim 1, in the presence of a sulphydrylated
compound.

4. The composition according to any one of claims 1-3 wherein chondroitin
sulphate has a molecular weight ranging from 1 to 95 kDa.

s 5 The composition according to any one of claims 1-4 wherein chondroitin
sulphate is obtained by extraction from an animal source.

6. The composition according to any one of claims 1 and 4 wherein chondroitin
sulphate is obtained by chemical sulphation of the capsular polysaccharide K4 of E.
coli after removal of the fructose residues by hydrolysis.

e The composition according to any one of claims 1 and 4 wherein chondroitin
sulphate is obtained by chemical sulphation and subsequent acid or radical
depolymerisation of the capsular polysaccharide K4 of E. coli after removal of the
fructose residues by hydrolysis.

8. The composition according to any one of claims 1 and 4 wherein chondroitin
sulphate is obtained by chemical sulphation of the capsular polysaccharide of a
genetically modified strain of E. coli, in which said polysaccharide is originally free
from fructose residues.

g, The composition according to any one of claims 1 and 4 wherein chondroitin
sulphate is obtained by chemical sulphation and subsequent acid or radical

depolymerisation of the capsular polysaccharide of a genetically modified strain of
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E. coli, in which said polysaccharide is originally free from fructose residues.

10.  The composition according to any one of claims 1-9 wherein sulphydrylated
compound is selected from  methionine, cysteine, homocysteine,
S-adenosylmethionine, acetylcysteine, reduced or oxidized glutathione,
S-acetyl-glutathione.

11.  The composition according to any one of claims 1-10 further containing one
or more active principles used in the prevention or treatment of acute or chronic
inflammation and/or one or more nutraceutical substances used for maintaining the
musculo-skeletal wellness in men and animals.

12. The composition according to claim 11 wherein the one or more active
principles are selected from the group consisting of glucosamine hydrochloride,
glucosamine sulphate, N-acetyl-glucosamine, hyaluronic acid, amino acids,
collagen, hydrolysed collagen, polyunsaturated fatty acids, keratin,
methylsulphonylmethane, folate, reduced folate, vitamins, group B vitamins,
S-adenosylmethionine (SAMe), ascorbic acid and manganese ascorbate.

13. The composition according to any one of claims 1-12 further containing one
or more excipients pharmaceutically o nutraceutically acceptable selected from
microcrystalline cellulose, stearic acid, magnesium stearate, colloidal silica,
ethylcellulose, methylcellulose, hydroxypropyl methylcellulose, shellac aqueous
salts, sodium alginate, starch, modified starches, methacrylic acid copolymers,
maltodextrins, polyols.

14.  The composition according to any one of the claims 1-13 for the use in
prevention or treatment of acute and chronic inflammations.

15. The composition according to any one of the preceding claims in solid oral
formulations comprising capsules, soft gel capsules, tablets, granulates, liquid

beverages or reconstituted powdered beverages.

AMENDED SHEET
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