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Polysaccharides derivatives with high antithrombotic activity in plasma
FIELD OF THE INVENTION

The Invention field is the preparation of sulphated polysaccharides with
anticoagulant antithrombotic activity starting from polysaccharides with microbial
origin.

PRIOR ART

Natural heparin is a polymer having glycosaminoglycanic structure, with variable
molecular weights between 3,000 and 30,000 Da, made up of the sequence of
repeated disaccharide units made up of uronic acid (L-iduronic or D-glucuronic)
and of an amino sugar (glucosamine) bond to each other by 3-1-4 bonds. Uronic
acid can be sulphated in position 2 and glucosamine can be N-acetylated or N-
sulphated and 6-=-sulphated. Furthermore, glucosamine can also contain a
sulphate group in position 3.

These substitutes are essential for the creation of the binding region with high
affinity to antithrombine (ATIIl) and to explicate the anticoagulant and
antithrombotic activity of the polymer.

Heparin is the basic anticoagulant and antithrombotic agent for therapeutic use
and, even up-to-date, is obtained by extraction from animal organs. In the attempt
to substitute this supply source and, therefore, to satisfy the increasing material
requests, eliminating at the same time any accidental contamination from infective
agents, prncipally virus or prions, were developed in the last years, vary
processes for the preparation of molecules with an heparin-like structure as ell as
alike characteristics, starting from N-acetylheparosans polysaccharides having
bacterial origin and, therefore, available without quantity limit.

The N.acetylheparosan polysaccharide isolated from a few natural or recombinant
K5 Escherichia Coli or from Pasteurella multocida bacterial stocks, has the same
basic structure of the natural heparin precursor made up of a repeated sequence
of D-glucuronic acid and N-acetyl glucosamine bond to each other by a 14 bonds.
The bond between the disaccharidic units is, on the contrary, 8 1-4.

The uronic acid can be sulphated in two different positions and the glucosamine
can be N-acetylated or N-sulphated and 6-O-sulphated. Furthermore glucosamine

can contain also a sulphate group in position 3.
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The N-acetylneparosan polysaccharide isolated from E.Coli K5 (Vann W.F.,
Schmidt M.A., Jann B., Jann K. (1981) in Eur. J. Biochem 116, 359-364) was
chemically modified as described by Lormeau et al. in US patent n. 5,550,116 and
by Casu et al (Carb. Res 263-1994-271-284) or chemically and enzymatically in
the aitempt to obtain products endowed with biological activity comparable 1o the
one of extractive heparin.

Furthermore the semi synthetic products must undergo a depolymerization
process 10 decrease molecular weight which makes the product more suitable in
the different therapeutics applications in particular it improves the bio availability
and reduce the bleeder risk associated to their use and other side effects.
Chemicals and enzyme modifications of the bacterial polysaccharide are
described for example in the ltalian patent N° IT1230785 where the K5
polysaccharide is

N-desacetylated and N-sulphated; then it undergoes C5 enzymatic epimerization
of the glucuronic acid. These transfers are followed by other transfers of enzymatic
sulphation both on uronic acid and on the aminosugar.

The patent application W092/17509 describes a method for heparin like products
preparation starting from K5 polysaccharide by means of N-desacetylation, N-
sulphation and C5 enzymatic epimerization passages, followed by chemical O-
sulphation and optionally by a N-sulphation.

The patent application WO 96/14425 and the patent US n° 5,958,899 describe a
method for the preparation of K5 polysaccharide derivatives having high content of
iduronic acid obtained by N-desacetylation and N-sulphation, enzymatic
epimerization to iduronic acid of more than 50% of the glucuronic acid using
modified buffers 10 obtain a critical viscosity, followed by sulphation of at least
some of the free hydroxyl groups of the uronic acid and of the glucosamine
groups.

The patent application W0O97/433117 and the patent US 6,162,797 describe the
preparation of K5 derivatives with high anticoagulant and antithrombotic activities
obtained by means of N-deacetylation and N-sulphation, enzymatic epimerization

of the glucoronic acid, and by O-supersulphation and N-risulphation.
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The patent application WO 98/42754 and the patent US n® 6,197,943 and Naggi
A. et al. Carbohydrate Research 336 (2001) 283-290, describe a methodology for
the preparation of sulphated glycosaminoglycans including K5 polysaccharide

derivatives having high antithrombotic in vitro activity, by means of solvolitic

- desulphation of supersulphated precursors and optional 6-O risulphation.

The patent application WO 0172848 and WO 02/50125 describe a method of
preparation of glycosaminoglycans derivative from K5 polysaccharide having high
anticoagulant and antithrombotic activity. The process comprises the following
passages: a) N-deacetylation b) N-sulphation c) enzymatic epimerization of the
glucuronic acid in iduronic acid d) supersulphation e) partial chemical desulphation
f) optional selective 6-O risulphation. The process is characterized by the use of a
C5 glucuronil epimerase enzyme in a truncated form, in solution or immobilized.
Moreover, the patent application US n® 09/732,026 and Li et al. J. Biol. Chem, vol
276, 213 (2001) 20069-20077 have led to the discovery of a new mouse gene for
the expression of the C5 epimerase enzyme containing the additional sequence at
the N-terminal end which allow the production of complete forms of the enzyme
having higher activity/stability with respect to the former.

SUMMARY

The present invention refer to a process for the preparation of sulphated
glycosaminoglycans derived from acetyl N-heparosane which comprises the

following steps:
a) N-deacetylation and N-sulphation of a N-acetylheparosan polysaccharide

isolated from natural or recombinant bactenal source,

b) enzymatic epimerization through the C5-epimerase glucuronil enzyme,

¢) partial O-sulphation combined to a partial O-desulphation,

d) partial 6-O sulphation

e) N-risulphation

further comprising an intermediate controlled depolymerization step carried out
alternatively after step b), c) or d) and wherein such process is characterized by
the fact that the partial O-sulphation in step c) is carried out using a molar ration

between the sulphating agent and the hydroxyls of the N-acetylheparosan
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lower than or equal to 5, more preferably lower than 2.5 or even more preferably
lower than 1.5 and that the partial 60-sulphation in step d) Is carried out using a
molecular ratio between the sulphating agent and the hydroxyls of N-acetyl
heparosan equal to or lower than 2.

According to a preferred embodiment the intermediate depolymerization is carried
out after the epimerization step b).

Both partial O-sulphation and partial 60-sulphation are carried out with sulphating
agents selected among: triethylamine-SO3, trimethylamine-S03, pyridine-SO3; in an
aprotic polar solvent preferably non-donors of formyl groups, such as
tetramethylen-suffone, 2,4-Dimethylsulfolane, N,N,-Dimethylacetamide or N,N,-
diethylacetamide. Optionally the process comprises an affinity selection step on a
matrix carrying antithrombine 1l or its fragments.

The invention also concerns the sulphated glycosaminoglycans KSOS60OSNS-ept
obtained according to the described process for pharmaceutical use. These
products are characterized by a 60-sulphation degree higher than 40% and
preferably comprised from 50% to 85% very close to the values of extractive
heparin and by the presence, at the reducing end, of a anhydrous mannitol
residue, preferably sulphated in positions 1, 3 and 6. They are also characterized
by a sulphation degree of the hydroxyl group in position 1 and 6 of the anhydrous
mannitol equal to or higher than 20% and according to a preferred aspect by the
complete absence of formyl groups on the amino sugar.

According to the invention the sulphated glycosaminoglycans show a biological
activity anti-factor Xa in plasma higher than that of the biotechnological heparins
obtained according to prior art methods and a ratio between antiXa and anti lia
activity equal to or higher than 1, alike the extractive heparins.

The products obtainable according to the process of the invention:

a) are able to release a tissue factor inhibitor (TFPI) from the cells of the vascular

endothelium just like the extractive heparins or even more,

b) are particularly resistant to degradation with hydrolythic enzyme such

heparinase |,

c) are able to inhibit thrombin and Xa factor protease release,

d) show a low affinity for the PF4 factor (platelet factor 4).
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~According to a further aspect, the invention refers to biotechnological heparins
(modified N-acetyl heparosans) obtained according to the process of the invention
for therapeutic use and to the pharmaceuticals compositions comprising such
products as active principles. According to a further aspect the invention regards
the use of the products obtained for the preparation of drugs with antithrombotic
and anticoagulant heparin-like activities, for the preparation of profibrinolytic and
anti-aggregant medicaments and for the preparation of medicaments for the
prophylaxis and the treatment of thrombo-embolytic disorders caused by
congenital or acquired lack of antithrombine Ill.
A further aspect of the invention concerns the preparation of O-sulphated,
K5OSNH.-epi and KSEOS60SNHs-epi intermediates carrying the amminic group of
the amino sugar free, preferably free from formyl groups wherein such
intermediates can be isolated and used for the preparation of N-sulphated and/ or

N-acetylated heparosan derivatives.
DESCRIPTION OF THE DRAWINGS

Fig. 1 spectrum 'C-NMR of the anomerical region of the polysaccharide K5 N-

sulphate- epimerised as described in example 1.
Fig. 2 spectrum "H-NMR of the product obtained in example 1.
Fig. 3 spectrum "H-NMR of the product obtained in example 2.
Fig. 4 spectrum “C-NMR of the product obtained in example 3.
Fig. 5 spectrum “C-NMR of the product obtained in example 4.
Fig. 6 spectrum ®C-NMR of the product obtained in example 5.
Fig. 7 spectrum C-NMR of the product obtained in example 6.
Fig. 8 spectrum "C-NMR of the product obtained in example 7.
Fig. 9 spectrum “C-NMR of the product obtained in example 8.
Fig. 10 spectrum >C-NMR of the product obtained in example 9.
Fig. 11 spectrum "C-NMR of the product obtained in example 10.
Fig. 12 spectrum C-NMR of the product obtained in example 11.
Fig. 13 spectrum °C-NMR of the product obtained in example 12.
Fig. 14 spectrum ">C-NMR of the product obtained in example 13.
Fig. 15 spectrum ">C-NMR of the product obtained in example 14.
Fig. 16 spectrum >C-NMR of the product obtained in example 15.
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Fig. 17 spectrum C-NMR of the product obtained in example 16.

Fig. 18 spectrum "H-NMR of the product obtained in example 18.

DETAILED DESCRIPTION OF THE INVENTION

According to a main aspect, the invention is related to a process for the

preparation of sulphated glycosaminoglycans derived from N-acetylheparosan

and called for the purpose of this invention, “Biotechnological Heparins”, which

comprises the following steps:

a) N-deacetylation and N-sulphation of a N-acetylheparosan polysaccharide
isolated from a natural or recombinant bacterial source,

b) enzymatic epimerization by a glucuronyl C5-epimerase enzyme,

c) partial O-sulphation combined to partial O-desulphation,

d) partial 6-O selective sulphation,

e) N-risulphation,

wherein this process furhter comprises an intermediate step of controlled

depolymerization carried out alternatively after step b) or ¢) or d) and wherein

said process is characterized by the fact the O-sulphations are partial, wherein in

step c) this is achieved using a molar ratio between the sulphating agent and the

substrate hydroxyl groups (epimerised N-acetyl heparosan) lower than or equal

to 5, more preferably lower than or equal to 2,5 or, even more preferably, lower

than or equal to 1.5 and a sulphation time lower than 10 hours. A partial 60-

sulphation according to step d) is obtained by using a molar ratio between the

sulphating agent and the hydroxyl groups of the substrate (epimerised heparosan

N-acetyl) lower than or equal to 2, or more preferably lower than or equal to 1,5

and sulphation time lower than 2 hours or, even more preferably lower than or

equal to 90 minutes, or, even more preferably, lower than or equal to 60 minutes

at a temperature comprised between 4°C and 30°C, preferably between 10°C and

25°C.

The partial O-sulphation according to step ¢) and the partial 60-sulphation

according to step d) are carried out with known sulphating agents in an aprotic

polar solvent preferably non-donor of formyl groups, more preferably selected

from: N,N, dialkylacetamide (more preferably N,N,-Dimethylacetamide or N,N,
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diethylacetamide) and sulpholans (preferably tetramethylen-sulfone or 2 4-

Dimethylsulfolane).

The use of an organic solvent non donor of formyl groups combined to partial
sulphation conditions leads to products characterized by the lack of formyl groups
or their derivatives on the amino sugar and to a distribution of sulphate groups
similar to the one of extractive heparins.

According to the process of the invention, controlled depolymerization is carried
out as an intermediate step, which means alternatively after step b), ¢) or d) and
not in a final phase as described in the prior art. It Is preferably carried out on the
epimerised N-sulphate heparosan polysaccharide before or after step c) of partial
O-sulphation. It can be carried out by physical methods including a gamma rays
treatment or by chemical methods including a beta-gamma treatment with nitrous
acid or its salts or a treatment with periodic salts or a free-radicals treatment.
According to a preferred aspect, the depolymerising agent is nitrous acid used in
a quantity comprised from 1 to 100 mg salt/g of polysaccharide. The reaction is
performed at a temperature comprised from 4 to 10°C. More preferably,
controlled polymerisation is carried out for less than 30 minutes in the presence of
sodium nitrite and it is terminated by adding a molar excess of borohydride

sodium.

The intermediate depolymerization allows to obtain a low molecular weight

product, preferably with a molecular weight lower than or equal to 15000 Da, more
preferably con'iprised from 3000 to 9000 Da, carrying an anhydromannitol residue
at the reducing end which shows, besides the hydroxyl sulphation in position 6,
like in the extractive heparins, the hydroxyls sulphation in position 1 and 3.

However the process is compatible also with a further depolymerization carried out
at the end of the process. It has been observed that, when the depolymerization is
carried out in an intermediate phase, the final products have anticoagulant and

antithrombotic activity and a ratio between antiXa and anti lla, unexpectedly higher

than those found in products with the same molecular weight but obtained after a

depolymerization performed after sulphation/desulphation and 6O-sulphation
steps, as demonstrated by the data shown in table 1.
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According to a preferred process embodiment, the N-acetyl polysaccharide
heparosan is preferably derived from E.coli K5.
The process can further and optionally comprise a final phase of enrichment of the

products resulting from steps a)-e), consisting in an affinity-chromatography on
antithrombine [l as described in Hook et al. FEBS Lett 1976, 66:90-93.
N-deacetylation and N-sulphation are carried out according to prior art methods
which comprise an alkaline hydrolysis performed at a temperature comprised from
30 to 80°C, preferably from 40 to 60°C, for a period of time comprised between 10
and 30 hours, preferably between 15 and 20 hours, followed by a treatment, for a
time of up to 12 hours at 20-65°C with a sulphating agent, preferably pyridine-
sulphotrioxide in sodium carbonate.

The epimerization in step b) is carned out with the natural or recombinant
glucuronil C5 epimerase enzyme preferably in an immobilized form.

The enzyme is preferably the recombinant one described in W0O98/48006 or even
more preferably the one described in US n°09/732,026 and is preferably
expressed and purified from insect cells or from yeast strains such as for example
Saccharomyces Cerevisiae, Pichia methanolica, Hansenula polymorpha,
Saccharomyces pombe, Kluyveromices lactis, Kluyveromices fragilis.

The enzyme immobilization is preferably carried out on resins CNBr Sepharose 4B
(Pharmacia) or polymethacrylic or polystyrenic resins, with epoxidic groups or
diolic groups activated with CNBr, in buffer NaHCO3 100-300 mM or in phoshate
buffer 10-50 mM at pH 7.0-8.3, more preferably at pH 7.2-7.8, at a temperature of
4-25° for 12-72 hours.

According to a more preferred aspect, the epimerization reaction occurs at a
temperature not higher than 35°C, preferably at a temperature comprised from 15
to 30°C, more preferably comprised from 20 to 25°C.

The epimerization is performed according to known methods, such as the ones

described in WO 01/72848, preferably at a temperature not higher than 35°C,
more preferably between 15 and 30°C, or even more preferably between 20°C and
295°C.

The epimerization buffer is preferably a HEPES solution (preferably in

concentration 25 mM) with pH comprised between 5,5-8.0, more preferably
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between pH 6,5-7,0, and further comprises the N-deacetylated and N-sulphated
polysaccharide, EDTA 10-30 mM, preferably 15-25 mM, CaCl; (or alternatively
salts of other divalent cations such as Zn?* , Ba**, Mg?*, Mn*")) in concentration
comprised between 70 and 150mM, much more preferably between 75-100 mM.
The solution is thermostated at a temperature comprised between 15° and 30° C
(preferably 20-25° C), preferably recycled at a flow of 30-240 ml/hour, for a time
between 1 and 24 hours. The column contains preferably from 1,2 x 10" to 3 x 10"
cpm equivalents of the immobilized enzyme on inert thermostated support.

The above defined operative conditions, in particular the preselected temperature,
stabilize the epimerase C5 enzyme for thousand hours, allowing a remarkable
saving of time and of the reagents for the preparation of the epimenzation column.
The partial O-sulphation in the process (step c) is performed by using known
sulphating agents such as triethylamine-SO;, trimethylamine-SO3, pyridine-SO3 in
an aprotic polar solvent, preferably non-donor of formyl groups. it is performed
using a molar ratio between the sulphating agent and the substrates hydroxyi
groups lower than or equal to 5 or preferably lower than or equal to 2,5 or more
preferably lower than 1,5, for a period of time equal to or lower than 10 hours,
more preferably equal to or lower than 8 hours, preferably comprised from 1 to 6
hours at a temperature from 20 to 70°C, preferably from 30 to60°C.

The partial O-sulphation is followed by a partial desulphation performed by
treatment with a desulphating agent such as DMSO in methanol, for a pernod of
time comprised from 10 to 240 minutes at a temperature comprised from 45 to
90°C.

Each process step can also comprise precipitations and/or intermediate
polysaccharide desalifications according to known methods.

The partial 60-sulphation (step d) is obtained by adding a sulphating agent in
molar ratio with the substrate hydroxyl groups equal to or lower than 2 or
preferably lower than 1,5 for a period of time equal to or lower than 2 hours, or
preferably equal to or lower than 90 minutes, even more preferably between 4°C

and 30°C, preferably 10°C and 25°C in solution with an aprotic polar solvent,

oreferably non donor of formyl groups. According to an alternative embodiment of
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the process, the partial 60-sulphation (step d) is performed after the N-
risulphation and steps d) and e) are performed in an inverted order.

The N-risulphation (step e) is preferably performed in carbonate buffer by adding a
known sulphating agent, such as for example trietylamine-SO; trimethylamine-

5  SO0s3, pyridine-SO;.
In conclusion, the process of the invention shows the following innovative
elements: partial O-sulphation (O-sulphation and 60-sulphation), depolymerization
performed in an intermediate and not as a final step and, furthermore, a partial O-
sulphation and 60 sulphation performed in a aprotic polar organic solvent
10 preferably non-donors of formyl groups.

The N-acetyl-heparosane derivatives obtained from the process of the invention
present characteristic structure and biological differences with respect to the
biotechnological heparins obtained according to well-known prior art processes.
From a chemicat point of view the polysaccharides of the invention are defined as

15 a polysaccharidic chain mix represented by the following general formula (I)

CH2OR3

OR2

NHR1

Formula (I)

where n ranges from 3 to 150, R1 can be a hydrogen, a group SO3 or an acetyl
20 group. R1 does not present other functional groups such as formy! groups. R2, R3,
R4 and R5 can be hydrogen or a SO3- group where preferably R1, R2, R3, R4, R5
are substituted as follows:
- R1 from 85 to 97% with SO3" groups and/or from 3% to 15% of acety!
groups and/or from 0 to 12% of H”
25 - R2 from 15 to 60% with SO3
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R3 with SO3" groups to at least a 40%, preferably from 50% to 85%

at least 20% of the glucuronic acid units are non sulphated in positions

R4 and RS.

5 In particular the depolymerised polysaccharides according to the process of the

invention, show at their reducing extremity an anhydromannitol residue with one

ore more of sulphated hydroxyl.
This occurs when the depolymerization is carried out in presence of nitrous acid or

its derivatives, such as the sodium nitrite, followed by the borohydride sodium

10 treatment, to obtain the compounds according to the following structure (1)

Formula (ll)

OR2

H,R1

where R1, R2, R3 can be hydrogen ora SO3 group and preferably whiere :
R1 ranges from 0 to 100% of SO3

15 - R2 from 0 to 100% of SO3°

- R3 from 0 to 100% of SO3"
Preferably R1 and R3 comprise from 20% to 85% of SO3 and R2 from 15 to 60%

of SO3
The preferred products are those with a molecular weight lower than or equal to

20 15000 Da, or preferably comprised from 1500 and 15000 Da, even more

preferably from 3000 to 9000Da.
The products obtained according to the invention are different from a structural

point of view as compared to the products of the prior art, because of the presence
of multiple signals in the >C NMR spectrum region comprised from ppm 79 to 89

25 in particular from 80 to 86 ppm, which are in excess with respect to the
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characteristic signals of the anhydromannitol (see figure 10 which shows the '°C
NMR spectrum at high resolution of the sample prepared in example 9) and which
indicate the presence of anhydromannitol variously sulphated in particular on the
hydroxyls in position 1 and 6, in low molecular weight products prepared according
to the process of the invention with an intermediate depolymerization.

More particularly the products obtained according the invention process are
different because of sulphation of the hydroxyls in position 1 of the
anhydromannitol as showed by the increase of the signal in the region at ppm 67-
68 and by the decrease of the signal disappearance in a region at ppm 61-63 in
spectrum °C NMR.

The difference is showed by comparing the spectrum of figure 11 (corresponding
to the polysaccharide produced as described in example 10) and the one shown in
figure 9 (polysaccharide produced as described in example 8). These differences
are more evident by means of two-dimensional NMR according to the method
described in Guerrini et al. Seminars in Thrombosis and Hermostasis, vol 27, 5.
473-482, 2001.

The main characteristic of these regions derive from the partial or total sulphation
of the available hydroxyl groups of the anhydromannitol which are formed at the
reducing extremity of the polysaccharide during depolymerization, when this is
carried out before the sulphation step and in particular by the sulphation of the
hydroxils in position 1 and 6.

A further characteristic of the products of the invention with respect to the products
and procedure of the prior art (such as i.e. the ones showed in the experimental
example 6 and 7 comparative of the present application) is the absence of the
signals at 7-9.5 ppm in the spectrum 'H NMR and at 51 and 165 ppm In the
spectrum °C NMR which indicates the absence of chemicals groups different from
a free aminic group or from an acetyl group or from the sulphate group on the
glucosamine in all the products derived with low and high molecular weight.

On the contrary these signals are usually present in products derived from
processes wherein sulphation of N-acetyl heparosan is performed in organic

solvents donors of formyl groups such as N,N, dialkyl formamides.
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Sulphated glycosaminoglycans obtained according to this invention show an
anticoagulant activity measured as anti-factor Xa in presence of plasma, higher
than that of biotechnological heparins obtained according to known modification
methods. Moreover, they show a ratio between antiXa and anti lla act:ivity equal to
or higher than 1, very similar to the one of extractive heparins.

In particular the new products show:

a) a factor Xa inhibitory activity higher than 50l1U/mg, more preferably
higher than 70 IU/mg in tests carried out in the presence of human plasma. The
anti Xa factor activity is preferably measured as described in Ten Cate H et al.
Clin. Chem 3,860-864 (1984) or in European Pharmacopoeia 1997 3" edition. In
the presence of plasma this biological activity is surprisingly higher than that of
biotechnological heparins produced with prior art processes, and is similar to the
one measured for heparins extractive with high or low molecular weight,

b) an activation capacity of the TFPI (Tissue Factor Pathway Inhibitor,
described in Bronze GJ Jr et al. Blood 71, 335-343, 1988) equal or higher than
that of extractive heparins,

€c) a ratio between anti Xa/anti lla activities equal or higher than 1 at
comparable molecular weight. More preferably the ratio is higher than 1.5,

d) a resistance to heparinase | digestion equal or higher than that of
extractive heparins,

e) capacity to inhibit the thrombin and Xa factor protease release,

f) low affinity for the PF4 factor (platelet factor 4)

The activation ability of TFPI from vascular endothelial cells enhance the
antithrombotic and antinflammatory activity of these products and extends and
improves the therapeutic indications to deep venous thrombosis in chirurgical
procedures, ischemic complications of the unstable angina and to myocardial
heart attack and to ischemic events.

The ability to inhibit the protease production, combined to the increased TFPI
production, allows the further extension of the therapeutic indications of these
products to the {reatment of sepsis and of its complications such as the
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disseminated intravascular coagulation (CID) and to the treatment of diseases
caused by congenital or acquired lack of antithrombine III.

The determination of the activity on TFPI factor after treatment with the products of
the invention is carried out for instance in Vitro on HUVEC cells according 1o the
process described in Gory AM. Et al. Thromb. Haemostasis:81:589-593 (1999).
The N-acetyl heparosan derivatives obtained according to the invention
(biotechnological heparins) are particularly resistant to degradation with hydrolytic
enzymes such as the heparinase . This characteristic together with the possibility
to obtain low molecular weight products that by itself increases the bioavailability
and decreases the hemorrhagic risk associated to their use and the collateral
effects with respect to high molecular weight heparins, together with a high Xa
anti-factor activity and with a low sulphation degree, allows their use not only for
the parenteral but also for the oral way of administration.

As before mentioned, the product obtained with the process invention show the
capacity to inhibit the thrombin protease generation and Xa factor.

The inhibition of proteases generation is preferably carried out in fibrinogen-
depleted plasma. The inhibition of both the thrombin (factor II) and the Xa factor
generation is preferably monitored using an amidolytic method both for the intrinsic
and exirinsic coagulation system.

According to both methods, in both the systems used, the products derived from
the invention show a strong inhibition activity both of the thrombin and of the Xa
factor and this characteristic improves the antithrombotic profile of these products.
The products obtained according to the process of the invention are furthermore
endowed with a low affinity for the PF4 factor (Platclet Factor 4) that can be
measured in plasma as residual anti-Xa activity after adding addition of a fixed
quantity of PF4 factor in the solution containing the biotechnological heparins.

The residual anti Xa activity calculated as percentage with respect the initial
activity is higher than the one obtained with extractive heparins or with extractive
heparins with low molecular weight which indicates a lower affinity for PF4.

This lower binding affinity improves the clinical profile of the producis obtained
according to the invention as it decreases the risk of thrombocytopenia onset
induced from heparin (HIT). Even if the preferred molecular weight of the
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obtainable products is lower than 15000 Da, or is more preferably comprised from
3000 109000 Da, molecular weight products >15000 Da are obtainable simply by
changing the depolymerization conditions, still maintaining their biological
properties such as the anti-Xa high activity, the heparinase resistance and the
factor TFPI liberation .

In conclusion the biotechnological heparins produced according to the invention
present the following main characteristics:

- a region comprised from 79 to 89 ppm or more precisely comprised
from 80-86 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>