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NON ANTI-COAGULATIVE GLYCOSAMINOGLYCANS COMPRISING
REPEATING DISACCHARIDE UNIT AND THEIR MEDICAL USE

Field of the invention

The present Invention relates to new modified glycosaminoglycans with low
anticoagulant activity and method of their production. The method of production Is
specifically adapted to produce modified heparins and heparin sulphates with high
bioavallability following for example parenteral injection and high structural stability

resulting In favourable storage and handling properties.

Background

Heparin 1S a polydisperse, naturally occurring polysaccharide that nhibits
coagulation, the process whereby thrombosis occurs. Heparin consists of
unbranched polysaccharide chains of varying lengths and molecular weights. Chains

of molecular weight from 5000 to over 40,000 daltons, make up pharmaceutical-

grade heparin.

Heparin, derived from natural sources, mainly porcine intestine or bovine lung tissue,
can be administered therapeutically for prevention and treatment of thrombosis.
However, the effects of unfractionated heparin can be difficult to predict. During
treatment of thrombosis with unfractionated heparin, coagulation parameters must be

monitored very closely to prevent over- or under-anticoagulation.

Numerous brands of heparins and low molecular weight heparins (LMWH), such as
dalteparin and enoxaparin are available for the treatments that rely on their anti-
coagulant activity. A large number of In vitro and animal experimental investigations,
and even clinical trials, indicate that heparin and its derivatives have beneficial
properties others than those related to its anticoagulant effect. However, existing
heparins and LMVWH are not suitable for treating other medical conditions because of
the bleeding risk associated with the anticoagulant effect. Although LMVWWHS represent
significant clinical advantages compared to heparin, this class of substances, by
definition, still retain high anticoagulant activity that can give rise to potentially life

threatening side-effects.
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Because it can be given subcutaneously and does not require APTT monitoring,
LMWH permits outpatient treatment of conditions such as deep vein thrombosis or
pulmonary embolism that previously mandated Inpatient hospitalization for

unfractionated heparin administration.

The LMWH dalteparin has been shown to decrease protracted labor in women
receiving prophylaxis for deep venous thrombosis. The mechanism Is believed to
INnvolve dalteparin-induced Increased levels of interleukins resulting In a favourable
iInflammatory reaction that promotes ripening of the cervix. Further, dalteparin has
been shown to increase contractility of the uterus (Acta Obstetricia et Gynecologica,
2010; 89:147-150).

However, heparin and LMWH are not suitable for preventing or treating such
maladies for a number of reasons. First, heparin and LMWH have significant, well-
known anti-coagulant effects that restrict their use In late pregnancy and during
delivery, both for prophylactic and acute use, due to the bleeding risk. For example
the use of dalteparin i1s strictly contraindicated when epidural anesthesia Is given, a
measure frequently taken during child birth. Second, heparin has been associated
with heparin-induced thrombocytopenia, a severe iImmune-mediated drug reaction
that can occur In any patient exposed by heparin. It Is a potentially devastating
prothrombotic disease caused by heparin-dependent antibodies that develop either
after a patient has been on heparin for 5 or more days or If the patient has had
previous heparin exposure. Another untoward possible effect of long term treatment

with heparin Is that it may induce demineralization of bones and cause osteoporosis.

There have been many attempts to eradicate or reduce the anticoagulant activity of
heparins or low molecular weight heparins In order to provide low anticoagulant
heparins (LAHS) which aim to benefit from other potential clinical effects from the
heparin chains than the anticoagulant effect, without carrying the risk of untoward
effects associated with heparin, predominantly bleeding. However, there iIs limited
clinical experience of this type of heparins and so far no such products are allowed

for clinical use
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European Patent 1059304 discloses enzymatically degraded or oxidized heparin
resulting In a product with low anticoagulant effect, having an average molecular
weight of 9 to 13 kDa, which Is suggested for the treatment of neurodegenerative

diseases.

US Patent 4,990,502 demonstrates one way of treating native heparin to cleave
residues of the pentasaccharide residues responsible for the anticoagulant effect and
a following depolymerization that results in a low anticoagulant, low molecular weight
heparin with a an average molecular weight 5,8 to 7,0 kDa. In US 4,990,502 time
consuming methods, such a dialysis for about 15 hours, are used to terminate the
oxidation process. Such processes could affect the molecular weight distribution of
the final product. Controling the molecular weight and the length of the
polysaccharide chains IS crucial to obtain the desired biological effect of the

compound.

The bioavallability of long chain heparins after subcutaneous dosing 1s low and the
possibility of heparin induced thrombocytopenia (HIT) induction 1s also positively
correlated to the chain lengths. To reduce these clinically undesired properties the
heparin derivative should not be of full length. Heparin chains of certain molecular
welight can be obtained by fractionation of standard heparin. However, the production
of heparin derivatives of Intermediate or low molecular weight by fractionation
methods such as gelfiltration, alcohol precipitation and ion exchange chromatography
IS assoclated with a significant waste of raw material as high molecular mass

heparins are thus discarded.

The present invention, as outlined Iin the following sections describes a new process
wherein the polysaccharide chains are shortened and a suitable average molecular
weight distribution will be achieved favoring its clinical use and reducing the risk
associlated with the largest polysaccharide chains together with a minimal loss of raw

material.
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Short description of figures
Figure 1 shows a scheme of the synthesis of a low anticoagulant heparin according

to the invention.

S5 Figure 2 shows the results of stability study on the drug substance.

Figure 3 shows the results of stability study on the drug product.

10 Summary
The present invention relates to chemically modified glycosaminoglycans selected
from heparins and heparan sulfates with an antifactor |l activity of less than 10 [U/mg,

an antifactor Xa activity of less than 10 IU/mg and an average molecular weight

(weight average, Mw) from about 4.6 to 6.9 kDa, wherein:

15 - the polysaccharide chains have from 2 to 20 (n in Formula |) polymer

disaccharide units corresponding to molecular weights between 1.2 and
12 kDa;

-the predominantly occurring saccharide 1s (Formula |)

CH, 080, | CH,0S0,

® O ®

COO
OH

OH o \

NHSO, 0SO, NHSO,

— _in
20
wherein

COO-
? /I‘\/OH /LOH
R'= or

n Is an integer from 2 to 20

25 The invention further relates to uses thereof and method for its production.
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Detailed description of the invention

In general terms, the present invention relates to chemically modified heparins and
heparan sulfates that are selectively prepared to retain therapeutic effects from the
polysaccharide chains and to produce an optimal size distribution of the
polysaccharide chains to ensure high bioavailability and stability while also having a

low anticoagulant effect and thereby essentially eliminating the risk of bleeding.

The present invention will also ensure a high yield process which can be scaled up to
produce a marketed product with a favorable cost of goods. Both the cost of
production and the availability of raw materials become important factors in procuring
a drug product. The possibility of modifying unfractionated heparins Into a
pharmacologically acceptable derivative with a favorable chain length distribution
enables parenteral administration with a high bioavailability. Further this would
enable off clinic treatment, such as self-treatment, which I1s beneficial from a socio-

economic perspective.

A number of terms and definitions are used In the following context of describing the

iInvention in a general and In a detailed or experimental context.

It must be noted that, as used In this specification and the appended claims, the

P

singular forms “a,” "an,” and "the” include plural referents unless the context clearly

dictates otherwise.

Also, the term "about” Is used to Indicate a deviation of +/- 2 % of the given value,
preferably +/- 5 %, and most preferably +/- 10 % of the numeric values, where

applicable.

Heparin i1s a naturally occurring glycosaminoglycan that i1s synthesized by and stored
iIntracellulary in so-called mast cells In humans and animals. Prepared industrially,
mostly from porcine intestinal mucosa, heparin I1s a potent anticoagulant and has
been used clinically for more than 60 years as the drug of preference for prophylaxis
and treatment of thromboembolic disorders. The major potential adverse effects of

heparin treatment are bleeding complications caused by its anticoagulant properties.
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Heparin 1s highly polydisperse and composed of a heterogeneous population of
polysaccharides with molecular weights ranging from 5 to 40 kDa, with the average

being approximately 15 to 18 kDa.

Low molecular weight/ mass heparins (LMWH) according to European pharmacopeia
are defined as “salts of sulfated GAGs having a mass-average molecular mass less
than 8 kDa and for which at least 60 per cent of the total mass has a molecular mass
less than 8 kDa. They display different chemical structures at the reducing or the
non-reducing end of the polysaccharide chains. The potency is not less than 70 |U of
anti-factor Xa activity per milligram calculated with reference to the dried substance.
The ratio of anti-factor Xa activity to anti-factor lla activity 1s not less than 1.5
Clinically used LMWHs have molecular weights ranging from 3 to 15 kDa with an
average of approximately 4 to 7 kDa. Produced by controlled depolymerization of
heparin, LMWHSs exhibits more favorable pharmacological and pharmacokinetic
properties compared to unfractionated heparin, including a lower tendency to induce
hemorrhage, Increased Dbioavallability and a prolonged half-life following

subcutaneous Injection.

Heparan sulfate is a linear polysaccharide, overall less sulfated than heparin, which
can be prepared from porcine intestinal mucosa or from bovine lung, from heparin
side fractions using cetylpyridinium chloride fractionation and sequential salt
extraction as described by Fransson et al., Structural studies on heparan sulfates,
Eur. J. Biochem. 106, 59-69 (1980). Heparan sulfate I1s composed of alternating
glucosamine and uronic acid residues, the resulting disaccharide units being either
N-acetylated, N-sulfated or (to a minor extent) N-unsubstituted, and arranged mainly
In domain-wise manner. Some heparan sulfates possess anticoagulant activity
depending on the presence of a specific anticoagulant pentasaccharide, however

considerably less than heparin.

Heparin exerts its anticoagulant activity primarily through high-affinity binding to and
activation of the serine proteinase Inhibitor, antithrombin (AT). AT, an important
physiological inhibitor of blood coagulation, neutralizes activated coagulation factors

by forming a stable complex with these factors. Binding of a specific pentasaccharide
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within the polysacharide chains of heparin causes a conformational change in AT
that dramatically enhances the rate of Inhibition of coagulation factors, thereby

attenuating blood coagulation and the formation of blood clots.

The unique, specific pentasaccharide sequence, distributed randomly within heparin
polymers, i1s essential for the binding to AT. Several structural characteristics of this
sequence have been shown to be crucial for the interaction of heparin with AT.
Notably, the iduronic acid residue present In this pentasaccharide sequence Is
consistently sulfated at the C-2 position; whereas the hydroxyl groups at both C-2

and C-3 of the glucuronic acid are unsubstituted (Formula Il).

Formula Il

Structural variants compatible with anticoagulant activity include N-acetyl rather than
N-sulfate substitution of the GIcN unit toward the non-reducing terminal, and
unsubstituted rather than 6-O-sulfated C6-hydroxyl groups at the other two GIcN

residues.

By applying the herein disclosed process the interaction with AT Is disabled and thus

the anticoagulation activity is essentially depleted

In the context of the present Invention, anti-coagulant activity of the
glycosaminoglycan relates to the clinical function of potentiating inhibition of
coagulation factors Xa and lla (thrombin) by AT. In one embodiment there iIs
essentially no anticoagulant activity of the chemically modified glycosaminoglycans

according to the invention.
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In the process of preparing a low anticoagulant heparin it 1s important to avoid, or
counteract non-specific depolymerization, 1.e. depolymerization effects not
attributable to the predictable results obtained from the hydrolysis from the alkaline
beta-elimination, the depolymerization step per se. Non-specific depolymerization
may result in unpredictable loss In molecular weight, discolored products (with
unstable absorbance values), other stability I1ssues and the appearance of
unidentified residues and residues not predicted to arrive from processing of heparin
or low molecular weight heparins. Products subjected to non-specific
depolymerization may obtain unfavourable and unstable molecular weight distribution

of the polysaccharides.

One important aspect of the invention is to control depolymerization in order to obtain
a product with optimal chain distribution and favorable stability features. In one
aspect the depolymerization is controlled by controlling the conditions under which
periodate and also the resulting 1odate are admitted to exert their oxidative attack on
heparin. The method according to the invention has been optimized to minimize non-

specific depolymerization that negatively affects the chain distribution and stabillity.

Other terms will be defined in relevant contexts in the following description.

In one aspect, the Invention relates to a method of preparing chemically modified
glycosaminoglycans selected from heparins and heparan sulfates with an antifactor ||
activity of less than 10 [U/mg, an antifactor Xa activity of less than 10 [U/mg and an
average molecular weight (weight average, Mw) from about 4.6 to about 6.9 kDa.
The method generally comprises a step of selectively oxidizing unfractionated
heparin or heparan sulfate present in an agueous solution by subjecting it to an
oxidizing agent capable of oxidizing non-sulfated uronic acids and reducing the
resulting oxidized saccharides. The method also generally comprises depolymerizing

the heparin chains by basic hydrolysis.

In one aspect the method comprises the following steps:

¢ oxldation of glucuronic and iduronic acids by treatment with periodate.
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¢ e¢liminating or minimizing the effects of oxidizing i1odine-containing

compounds,

¢ depolymerization of polysaccharide chains under alkaline conditions(a

beta elimination process), and

O ¢ reduction and stabilizing of terminal aldehyde groups through a

reaction with a reducing agent, such as NaBHa.

In a further aspect the method also comprises one or more of the following steps:

¢ final purification of the product by means of removing borate (oxidized
10 NaBH4), removal of small glycosaminoglycan fragments, addition of

counter-ions and isolation of the product in a solid form.

¢ drying of the product under vacuum and heat or as a lyophilization

process to enable long term storage of product

e dissolution and formulation of product In an agueous phosphate
15 buffered solution, adjustment of pH to 6-8. Addition of excipients for

the purpose of tonicity adjustment,

e aseptic filling of product into vials or syringes or lyophilization In the

Same

20 In one aspect, the method 1s performed In the sequence of oxidizing, depolymerizing
with hydrolysis and reducing and more specifically comprising the following steps:
a) oxidation of glucuronic and iduronic acids by treatment with

periodate.

b) eliminating or minimizing the effects of oxidizing 1odine-containing

25 compounds,

Cc) depolymerization of polysaccharide chains under alkaline

conditions(a beta elimination process), and

d) reduction and stabilizing of terminal aldehyde groups through a

reaction with a reducing agent, such as NaBHa.

30
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In a further aspect the method also comprises one or more of the following steps:

e) final purification of the product by means of removing borate
(oxidized NaBH4), removal of small glycosaminoglycan fragments,

addition of counter-ions and isolation of the product in a solid form.

f) drying of the product under vacuum and heat or as a lyophilization

process to enable long term storage of product

g) dissolution and formulation of product in an aqueous phosphate
buffered solution, adjustment of pH to 6-8. Addition of excipients

for the purpose of tonicity adjustment,

h) aseptic filling of product into vials or syringes or lyophilization In

the same

In a preferred aspect of the method the chemically modified glycosaminoglycan is
unfractionated heparin and unsulfated iduronic and/or unsulfated glucuronic acids
Is/are selectively oxidized, thereby inhibiting the anticoagulant effect mediated by the
Interaction between ATIlll and the specific pentasaccharide. The oxidation splits an
unsulfated uronic acid with 2 vicinal free hydroxyls, at C2 and C3 in the
pentasaccharide responsible for AT binding. As a non-limiting example the
composition of unfractionated heparin s ftreated with periodate such as
metaperiodate, e.g. unfractionated heparin dissolved In de-ionized water and sodium
metaperiodate in suitable proportions. Other oxidation agents would be useful If they
have the same chemical impact on oxidation efficacy and on the non-sulfated

residues, without affecting other structures or the stability of the final product.

According to a different aspect, the chemically modified glycosaminoglycan according

to the Invention comprises glycol-split residues with the chemical structure (Formula
[11):
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CH,OH CH;OH

Glycol-split residues appear in polysaccharide chains of the chemically modified
heparins, as a result of the oxidation and reduction processes, as earlier discussed In
the context with the method and the specific hydrolysis step. The depicted glycol spilt
residue arrives from oxidation and reduction of unsulfated iduronic acid and

glucuronic acid.

In order to obtain complete oxidation the oxidation step Is preferably performed at a
temperature of above 10°C, preferably at about 15 + 2°C, and carried out for at least

15 hours, and preferably for about 18-24 hours.

In the embodiment the periodate oxidation 1s performed In a solution with an initial
glycosaminoglycan (e.g. heparin) concentration of about 10-20 % w/v, preferably
about 15% w/v. This high concentration of raw material 1s contributing to a favorable
process economy since the precipitation steps subsequently performed In the

process are based on volumes of solvent/volume of product.

In a specific embodiment the oxidation step I1s carried out by the addition of
metaperiodate, at a temperature of about 15 + 2°C, with a glycosaminoglycan (e.g.

heparin or heparan sulfate) concentration of about 15% and at a pH of about 5 for
about 18-24 hours.

The employment of unfractionated heparin in the process Is regarded as generally
advantageous for the invention since it will contribute towards reducing waste of
material and increasing cost efficacy and support the provision of a composition

product with intermediate polysaccharide chain length and favorable bioavailability.
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Following periodate oxidation, the methods according to the invention can further
comprise at least one step of terminating oxidation and eliminating remaining
oxidizing agent. The at least one elimination step includes removing reduced forms of
the oxidation agent. In this context reduced forms means oxidation agent
transformed to reduced forms contributing to oxidation of targeted saccharide
residues In the glycosaminoglycans of the invention. Also In this context, the reducing
step can comprise addition of a reducing agent which apart from reducing the
oxidized glycosaminoglycan contribute to consume (reduce) remaining oxidizing

agent.

Accordingly, the Invention 1s generally directed to a method with the steps of
selectively oxidizing an unfractionated glycosaminoglycans, such as heparin or
heparan sulfate, by subjecting 1t to an oxidizing agent capable of oxidizing non-
sulfated saccharides; eliminating remaining oxidizing agent and reduced forms of
oxidizing agent; and depolymerizing the glycosaminoglycan chains under alkaline
condition. For these purposes the elimination step can comprise adding an alcohol,
such as an aqueous alcohol; In an amount sufficient for the chemically modified
glycosaminoglycan to precipitate. The alcohol can be methanol, propanol, ethanol or
similar alcohols and admits the chemically modified glycosaminoglycan to precipitate,
while the oxidizing agent and its reduced forms are removed with the alcohol. The
precipitation can be performed once or repeated one or several times In order to
optimise the removal. However, performing the precipitation only once might be
beneficial as It Is less time consuming and reduces the exposure time between

residual iodine containing compounds and the glycosaminoglycan.

The elimination step can also include addition of a quenching agent capable of
chemically inactivating the oxidizing agent to further exert oxidizing effects on the
glycosaminoglycan. Any quencher having two vicinal hydroxyl groups can be used.
Non-limiting examples of suitable quenchers are ethylene glycol and glycerol. By
adding a quencher containing vicinal dihydroxyl groups, periodate is converted to

less harmful 10date directly at the end of the oxidation step.
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It IS generally considered by the inventors that the so described elimination step or
elimination steps contribute to counteract or minimize non-specific depolymerization
of the glycosaminoglycan, 1.e. depolymerization effects not attributable to the
predictable results of the alkaline depolymerization process. As mentioned above,
non-specific depolymerization may result in unpredictable reduction in molecular
weight, discolored products (with increasing absorbance values upon storage), other
stablility problems and the appearance of unidentified residues not predicted to arrive

IN glycosaminoglycans such as heparin or low molecular weight heparins.

The Introduction of an elimination step enables an improved control over any non-
specific depolymerization. Another way of controlling non-specific depolymerization,
applicable with any earlier described method, Is to reduce the temperature
significantly below ambient (room) temperature during the previous precipitation step
or steps when adding an alcohol. For example, the temperature can be reduced to
about 5 °C In order to prevent from unwanted reactions resulting in non-specific

depolymerization.

As an alternative, the process steps a), b) ¢) and d) are performed In one direct
sequence, preferably without any delay. In “direct sequence” In this context means
that the steps are performed without any Iintermediate precipitation step. It iIs
particularly important to minimize the time passing from the end of the oxidation step

to the Initiation of the reduction step,

In one aspect of the Invention, the process steps a), b), ¢) and d) are performed In
one direct sequence, preferably without any delay. In “direct sequence” In this context
means that the steps are performed without any intermediate precipitation step. In
this aspect, the step of eliminating or minimizing the effects of oxidizing iodine
compounds comprises controlling the exposure time for any remaining oxidizing
lodine compounds to exert any uncontrolled chemical effect on the polysaccharides
between the termination of the selective oxidation step and the start of the reduction

step.

It Is therefore an aspect of the invention to minimize the time passing from the end of



10

15

20

25

30

CA 028b649%2 2014-05-21

WO 2013/095279 PCT/SE2012/051433
14

the oxidation step to the initiation of the reduction step, 1.e. from the onset of the de-
polymerisation (addition of a base) to the addition of the borohydride. In one aspect
the time passing between the end of the oxidation step to the addition of the
pborohydride 1s from about 1 hour to about 6 hours. In another aspect the time
passing between the end of the oxidation step to the addition of the borohydride Is
not more than about 5 hours, preferably not more than about 4 hours, more
preferable not more than about 3 hours, and most preferable not more than about 2
hours. The minimum time required would be determined of the progress of
depolymerization which I1s controlled by the pH of the reaction. In one aspect the
minimum time required I1s about 1 hour. The lower pH as disclosed for example In
Example 3 would result in the longest required time and vice versa for a higher pH.
The three steps can advantageously be performed In the same container. This
alternative process has the advantage of reducing the exposure time of the heparin
or heparan sulfate to the 1odine containing compounds from the end of the of the
periodate oxidation until they are eliminated by the reducing borohydride In the
reduction step. Addition of the borohydride will immediately quench residual
periodate and convert it to other, for the product less harmful, inert forms such as
lodide and i1odine. The borohydride should be added In such an amount to efficiently
pboth quench the residual periodate and reduce terminal aldehyde groups. The

positive outcome of compacting the process in this way 1s demonstrated in Tables |l
and lll.

Following termination of the oxidizing step the polysaccharide chains are
depolymerized under alkaline conditions. The de-polymerization Is preferably
performed at a temperature about 5-25° C in order to obtain suitably fractionated
chains with desirable molecular weights. The pH of the de-polymerizing reaction iIs
between about 10-12, to preserve 2-O-sulfate groups of sulfated uronic acid residues
and prevention of increasing yellow coloration of the product at an increasing pH. The
latter would impact the shelf life of the product since this I1s a quality/stability indicator
of the product. The requirement to characterize the color as being an indicator of
degradation of the product applies. The pH should preferably not reach 13 (O.1N
NaOH or higher) due to the risk de-sulfation of 2-O-sulfated uronic acid and even

further coloration of the product. The reaction time i1s preferably about 15-95 minutes
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to achieve an appropriate reaction with regards to sufficient cleavage of the oxidized

non-sulfated uronic acids.

The oxidized glycosaminoglycans are subsequently treated with a reducing agent, for
example sodium borohydride, to reduce terminal aldehyde groups. This process Is
designed to reduce the aldehyde containing end terminals and convert them to
primary alcohols to such an extent that the aldehydes would not be detectable by, for
example, >C-NMR analysis. This high degree of reduction of reducing end terminals
contributes to a high stability of the product since aldehydes are inherently chemically
labile. Another reason to eliminate the aldehydes Is that they may be potentially toxic.
Other reducing agents are conceivable if they are capable of performing a similarly
specific reducing step of oxidized glucuronic/iduronic acid residues as sodium
borohydride without unnecessarily modifying or destroying the sulfate groups of other
saccharides. The so reduced chains can be Iisolated, for example by alcohol

precipitation.

In order to support selection of desirable chains, the method can also include a step
of enriching heparin or heparan sulfate derivatives in polysaccharide chains having a
molecular weight of about from >3 to about 12 kDa. The enrichment step generally
INncludes conventional precipitation, chromatographic, filtering or molecular sieving

procedures well known to those skilled in biopolymer manufacturing.

Parameters for the precipitation steps (product concentration, concentration of
organic solvent, pH, and additional counter Ions) were optimized to retain

polysaccharides greater than 3 kDa.

We have developed a high yield novel methodology wherein non-specific
depolymerization i1s minimized. In one aspect simultaneous termination of the
oxidation reaction, removal of 1odine compounds and precipitation of the modified
heparins or heparan sulfates occur. This I1s advantageous as the 1odine compounds

which may be detrimental to the product remain soluble In the agueous ethanol
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solution and are thereby removed at the precipitation. This I1s In contrast to earlier
methods, for example the method in the US patent 4,990,502, wherein dialysis or ion
exchange I1s used which are time consuming methods. Dialysis IS a cumbersome
technique rarely practiced. The sanitation of the equipment would have to be

comprehensive to prevent microbial contamination.

In an aspect of the iInvention, from 4 to 15 % of the polysaccharide chains of the

chemically modified heparin have a molecular mass of at least 10kDa.

In an aspect of the invention, from 10 to 25 % of the polysaccharide chains of the

chemically modified heparin have a molecular mass of at least 8 kDa.

In an aspect of the invention, from 22 to 45 % of the polysaccharide chains of the

chemically modified heparin have a molecular mass of at least 6 kDa.

In an aspect of the iInvention, at least 70 % of the polysaccharide chains of the

chemically modified heparin have a molecular mass of at least 3 kDa.

By performing the process steps according to the present Invention a low
anticoagulant heparin with a polysaccharide molecular weight specification falling

within the distribution disclosed in Table |.

Table |. Distribution of polysaccharides and their corresponding molecular mass as

cumulative % of weight for several batches.

Molecular mass, | Cumulative weight,
kDa %
>10 4-15
>8 10-25
>6 22-45
>3 >70
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The corresponding value for weight average molecular weight, Mw, falls in the range
4.6-6.9 kDa.

In one aspect of the Invention, the chemically modified glycosaminoglycan has a low,

controlled content of chemically modified glucosamine residues as a result of the

process steps of its manufacturing.

In one aspect of the Invention the chemically modified glycosaminoglycans comprise
glucosamines present as signals in the interval of 5.0 to 6.5 of a 'H-NMR spectrum
with the Intensity (% ratio) of less than 4 % In relation to the signal at 5.42 ppm from

native heparin.

In one aspect, such signals from modified glucosamine signals are present at 6.15

opm and 5.95 ppm in the "H-NMR spectrum.

In one aspect of the Invention, the glycosaminoglycan comprises less than 1 % of
modified glucosamines of the total glucosamine content. Such modified
glucosamines may be located at the non-reducing ends of the polysaccharide chains
and may Iinclude a C4-C5 double bond In the residue structure. Such modified

glucosamines can produce signals at 5.95 ppm and 6.15 ppm in a 'H-NMR spectrum.

Chemically modified glucosamines arrive from glucose amine residues liable for
modification during production method steps and may contribute to the phenomena
discussed with non-specific depolymerization and unpredictable characteristics of the

glycosaminoglycan product.

It IS an aspect of the Invention It Is provided a method that minimizes both non-
specific depolymerization and the appearance of chemically modified glucosamines
by controlling the exposure of the glycosaminoglycans to the agents in the process

steps which contribute to modify liable glucosamines.
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Accordingly, the inventive methods contribute to mimimize modification of liable
glucosamines to unpredicted or unknown residues on the polysaccharide chains. The
methods thereby contribute to generate products suitably close to heparin or low
molecular weight heparin that they may comply with present acceptance criteria for
heparin set out by EDQM (European Directorate for the Quality of Medicines &
HealthCare), Council of Europe, 2012 (H -NMR Acceptance Criterion).

For this purpose one aspect of the inventive method comprises a step of eliminating
or minimizing the effects of the oxidizing agent used to selectively oxidize the
glycosaminoglycan. When the oxidizing agent Is periodate compound, the elimination

step comprises removing reduced forms of the oxidizing agent (1odine compounds).

In one aspect, the step of eliminating or minimizing the effects of oxidizing 1odine-
containing compounds can comprise controlling the exposure time to any oxidizing

agent between the termination of oxidation step to the start of the reduction step.

The so described method yields an overall enrichment of polysaccharide chains with
optimal size distribution so as to ensure a product with the desired pharmacological
properties, minimized adverse properties, a high bioavailability and handling and
storage stability. The method accordingly Involves conditions that guarantee
complete oxidation and also yields chains with an advantageous size distribution
which supports a desirable therapeutic efficacy and iIs considered to improve the
therapeutic iIndex compared to other described low anticoagulant heparins (LAHS).
The Invention does In general terms extend to glycosaminoglycan derivatives

prepared with the recited methods.

In another aspect, the present invention Is directed to chemically modified heparins
or heparan sulfates with an antifactor Il activity of less than 10 [U/mg, an antifactor
Xa activity of less than 10 IU/mg and an average molecular weight (Mw) from about
46 to about 6.9 kDa. Such derivatives are possible to produce with method
according to the Invention. The chemically modified heparins or heparan sulfates

according to the invention are further characterized in that:

- the polysaccharide chains have from 2 to 20 (n In formula |) disaccharide units
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corresponding to molecular weights between 1.2 and 12 kDa;

- the predominantly occurring disaccharide is (Formula 1)

CH,0S0, CH,0S0,

O

OH

O

NHSO,

wherein

COO-

/I‘\/OH /LOH
R’= or

n IS an integer from 2 to 20

The predominant disaccharide has a molecular weight of about 600 Da.The term
‘predominantly” does In this context have the meaning of "the frequently most

present” polysaccharide chains.

Further, In glycosaminoglycans modified according to the above disclosed method
the polysaccharide chains retain at least /0%, preferably at least 80%, more
preferably at least 90 %, and even more preferably essentially all of the sulfate
groups of the corresponding native glycosaminoglycan. It i1s another characterizing
feature that the polysaccharide chains essentially lack chemically intact
pentasaccharide sequences mediating the anticoagulant effect, when compared to

the chains of the corresponding native glycosaminoglycan.

Further, In the modified glycosaminoglycans according to the Invention, the
predominant size 1s 6-12 disaccharide units corresponding to molecular weights of
3.6-7.2 kDa. The term “predominantly” does In this context have the meaning of “the

frequently most present” polysaccharide chains.

In one aspect of the Invention the chemically modified glycosaminoglycan is
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essentially free of intact non-sulfated 1duronic and/or glucuronic acids. Essentially

free in this context means not detectable in a "“C-NMR spectrum. Typically the

detection IImit 1s setto 0.1%.

S5 It Is also preferred that the modified glycosaminoglycans are derived from heparin
and that the chains are essentially free of non-sulfated iduronic and/or non-sulfated
glucuronic acids, preferably D-glucuronic acid resulting In deletion of chemically

iIntact pentasaccharides mediating the anticoagulant effect, when compared to the

chains of corresponding native heparin.

10

It Is further preferred that the chemically modified glycosaminoglycans comprise

chains with reducing end terminals alternatives R’ as disclosed In fig. 1. The non-

reducing terminals are predominantly GIcN, sulfated glucosamines.

15 It I1s also preferred that the chemically modified glycosaminoglycans have at least 70
% of the polysaccharide chains with a molecular weight above 3 kDa. It I1s also

suitable that less than 5%, preferably less than 3% and more preferably less than 1%

of the polysaccharide chains have a molecular weight above 15 kDa.

20  Preferably the chemically modified sulfated heparins of the invention have molecular
weight averages that are stable for at least 36 months at 5 °C as an aqueous

phosphate buffered solution, preferably for at least 48 months and more preferably
for at least 60 months. The molecular weight average remains stable when stored as

a powder for at least 5 years at a temperature of 25°C. Further details on the stability

25  characteristics can be found in example 2.

The present invention also relates to chemically modified glycosaminoglycans

produced with the method disclosed above.

30 The Invention further relates to pharmaceutical compositions, useful In treating the
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mentioned complications and preferred therapeutic embodiments, comprising
therapeutically effective amounts of the described chemically modified
glycosaminoglycans and a therapeutically acceptable carrier. Such compositions can
be administered systemically by parenteral administration, such as by subcutaneous
or Intravenous Injection. The pharmaceutical compositions may also be given by oral
administration. For parenteral administration the active compounds can be
iIncorporated into a solution or suspension, which also contain one or more adjuvants
such as sterile diluents such as water for injection, saline, fixed oils, polyethylene
glycol, glycerol, propylene glycol or other synthetic solvents, antibacterial agents,
antioxidants, chelating agents, buffers and agents for adjusting the osmolality. The
parenteral preparation can be delivered in ampoules, vials, disposable syringes or as

Infusion arrangements, also for self administration.

The modified glycosaminoglycans according to the invention are well adapted for
subcutaneous administration and thereby with suitable self-administration tools, such
as Injectors, since they have a molecular weight distribution favorable for resorption
from a subcutaneous depot and In this way resemble commercially available low

molecular weight heparins.

Further, due to the favorable molecular weight distribution, the modified
glycosaminoglycans according to the Invention are well suited for topical
administration, including penetration of mucus membranes such as, but not limited

to, vaginal, rectal, intra uterine, and nasal administration.

The present Invention also relates to chemically modified glycosaminoglycans as
described above for use In medical treatments not dependent on an anticoagulant

effect.

The present Invention further relates to the use of a chemically modified
glycosaminoglycan according to the invention for the manufacture of a medicament

for medical treatments not dependent on an anticoagulant effect.
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Non-limiting examples of such medical treatments are prevention and treatment of
protracted labor (dystocia) and protein leakage in for example Gorham Stout
syndrome. Protein leakage from endothelial or epithelial linings also occurs In
disorders such as sepsis and protein-losing enteropathy. The chemically modified
glycosaminoglycans according to the invention are administered to the patient in a

therapeutically effective amount.

LMWH as well as low anticoagulant heparin augment oxytocin induced myometrial
contractility both In vitro and in vivo In term pregnant women. Addition of LMWH or
low anticoagulant heparin according to the invention to cervical cell culture raised
from human cervical biopsies sampled at vaginal delivery increases the synthesis of
Interleukin-6 and-8. This finding supports LMWH and low anticoagulant heparin to
Induce cervical ripening. Thus LMWH and low anticoagulant heparin has an
INnflammatory action in the cervix in opposition to its documented anti-inflammatory
effect in other organs. Thus, the chemically modified GAG according to the invention

can be used for prevention and treatment of protracted labor.

It has been hypothesized that the administration of low anticoagulant heparin to a
patient will decrease the ablility of proteins to pass through the cellular barrier and
thereby treat or prevent protein leakage from endothelial or epithelial linings. It Is
further hypothesized that the low anticoagulant heparin as defined above bind factors
such as cytokines and growth factors (such as VEGF) and thereby modulate the
activity of these factors. Another such factor, heparin-binding protein (HBP,
azurocidin) 1s Involved In endothelial leakage and was recently suggested to be the
prime marker of early sepsis. Given the fact that HBPs seem to be involved in both
the pathological angiogenic process in for example Gorham stout syndrome and In
conditions with leaky vessels (HBP), and that loss of heparan sulfate can lead to
leakage of proteins over the intestinal epithelium, it iIs hypothesized that giving a low
anticoagulant heparin according to the Invention In conunction with more
conventional therapies, would be beneficial and that the heparin will slow the process
down. (Acta Paediatrica 2011 100, pp. 1448-1453).



10

15

20

29

30

CA 028b649%2 2014-05-21

WO 2013/095279 PCT/SE2012/051433
23

In summary, the in-vivo effect of the chemically modified glycosaminoglycans
according to the invention derives from a combination of suitable molecular weight
distribution and strong polyanionic properties. The Inventive process has been
optimized, scaled up and produced according to GMP, allowing the product to be

administered to humans.

The invention will now be further described In the following non-limiting examples.

Examples

Detailed description of the manufacturing process of a chemically modified heparin

according to the invention.

The substance is prepared from Heparin Sodium. The preparation involves selective
oxidation of non-sulfated uronic acid residues In heparin by periodate, including the
glucuronic acid moiety In the pentasaccharide sequence that binds AT. Disruption of
the structure of this residue annihilates the high-affinity interaction with AT and,
consequently, the anticoagulant effect (measured as a-FXa or a-Flla) i1s essentially
depleted. Subsequent alkaline treatment, beta-elimination reaction results in
cleavage of the polymer at the sites of non-sulfated uronic acids that have been
oxidized by periodate. Together, these manipulations lead to a loss of anticoagulant

activity along with adequate de-polymerization of the heparin chain.

Further, the resulting reducing end terminal at the site of cleavage Is reduced by
NaBH4 which converts the terminal aldehyde to the corresponding diols which are
more stable. Subsequently, additives, impurities and side-products are removed by
repeated precipitations with ethanol, filtration and centrifugations. Thereafter the
substance Is obtained In powder form by drying with vacuum and heat. The drug
substance will be dissolved In a sterile aqueous buffer to yield the drug product,

which 1S Intended for intravenous or subcutaneous administration.

The processes so far described generally include the steps of oxidation, polymer

cleavage (alkaline hydrolysis) and reduction. The processes according to the present
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Invention are developed In order to counteract or eliminate any type of non-specific
depolymerization of the heparin chains. Non-specific polymerization in this context
means generally such depolymerization that i1s not related to the specific alkaline
beta-elimination reaction. Non-specific depolymerization results in structural
iInstabllities of the product that may result in further depolymerisation and
discoloration during storage of the purified product. In addition, it may contribute to

the appearance of atypical species appearing in NMR spectra not normally found in

heparin.

The processes described and exemplified In the following section include different

aspects of counteracting or eliminating non-specific depolymerization.

Example 1

Oxidation of non-sulfated glucuronic- and iduronic acid (residues), deletion of AT-
binding pentasaccharide and anticoagulant activity

A quantity of about 3000 grams of Heparin 1s dissolved In purified water to obtain a
10-20 % wi/v solution. The pH of this solution Is adjusted to 4.5-5.5. The sodium
metaperiodate (NalO,4) is subsequently added to the process solution; quantity of
periodate 15-25% of the weight of heparin. The pH Is again adjusted to 4.5-5.5. The
reaction i1s protected from light. The process solution Is reacted during the 18 — 24

hours with constant stirring maintenance of the temperature at 13 — 17 °C, while the

temperature is reduced to 5 °C during the last two hours.

Termination of the oxidation reaction and removal of 1odine-containing compounds
Ethanol (95-99.5%) 1s added to the reaction mixture over a period of 0.5 — 1 hour,
with careful stirring and at a temperature of 5 — 25 °C. The volume of ethanol to be
added is In the range 1-2 volumes of ethanol per volume of process solution. The
oxidized heparin I1s then allowed to precipitate and sediment for 15 — 20 hours, after

which the mother liquor Is decanted and discarded.

Next, the sediment Is dissolved In purified water to obtain a 15-30% w/v process
solution. NaCl is added to obtain a concentration of 0.15-0.30 mol/liter in the process
solution. Stirring continues for another 0.5 — 1 hour while maintaining the temperature

of 5 — 25 °C. Subsequently 1.0-2.0 volumes of ethanol (95-99.5%) per volume of
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process solution are added to this solution with stirring, during a period of 0.5 — 1

hour. This precipitates the product from the solution.

De-polymerization of polysaccharide chains by an alkaline beta elimination process
After the mother liquor has been decanted and discarded, the sediment Is stirred In
approximately 7 litres of water until completely dissolved, the concentration of the
solution is now 15-30%. While maintaining the temperature at 5 — 25 °C a4 M NaOH
solution 1s added slowly until a pH of 10.5 -12 Is obtained. The reaction is initiated
and proceeds for 15 — 95 minutes. At this time, the pH of the solution I1s recorded and
4 M HCI is added slowly until a pH of 5.5 — 7 1s obtained.

Reduction of reducing end terminals
While maintaining the temperature at 13-17 °C, the pH of the solution is adjusted to

0.9-6.5. A quantity of 130-150 grams of sodium borohydride iIs then added to the
solution while the pH will increase to 10-11, the reaction is continued for 14-20 hours.
After this reaction time, a dilute acid is added slowly In order to adjust the pH to a
value of 4, this degrades remaining sodium borohydride. After maintaining a pH of 4
for 45 — 60 minutes, the pH of the solution is adjusted to 7 with a dilute NaOH
solution.

The purification continues according to example 5

Example 2

Oxidation of glucuronic and iduronic acid (residues), deletion of anticoagulant activit
A quantity of about 3000 grams of Heparin 1s dissolved In purified water to obtain a
10-20 % wi/v solution. The pH of this solution Is adjusted to 4.5-5.5. The sodium
metaperiodate (NalO,4) is subsequently added to the process solution; quantity of
periodate 15-25% of the weight of heparin. The pH Is again adjusted to 4.5-5.5. The
reaction 1s protected from light. The process solution Is reacted during the 22 — 26
hours with constant stirring and maintenance of the temperature at 13 — 17 °C, while
the temperature 1s reduced to 5 °C during the last two hours. The pH at the end of the

reaction period IS measured and recorded.
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Termination of the oxidation reaction and removal of iodine-containing compounds
Ethanol (95-99.5%) 1s added to the reaction mixture over a period of 0.5 — 1 hour,
with careful stirring and at a temperature of 5 — 25 °C. The volume of ethanol to be
added Is In the range 1-2 volumes of ethanol per volume of process solution. The
oxidized heparin Is then allowed to precipitate and sediment for 15 — 20 hours, after

which the mother liquor Is decanted and discarded.

De-polymerization of polysaccharide chains by an alkaline beta elimination process
After the mother liquor has been decanted and discarded, the sediment Is stirred In
approximately 7 litres of water until it appears visually to be completely dissolvea.
While maintaining the temperature at 20 — 25 °C 4 M NaOH is added slowly until a
pH of 10.5-12 Is obtained and the reaction thus initiated 1s allowed to proceed for 15
— 95 minutes. At this time, the pH of the solution is recorded and 4 M HCI is added
slowly until a pH of 5.5 — 7 1s obtained.

Reduction of reducing end terminals
After the mother liquor has been decanted and discarded, the sediment Is dissolved

by addition of purified water until a concentration of the process solution of 15-30%
w/v IS obtained. While maintaining the temperature at 13-17 °C, the pH of the solution
IS adjusted to 5.5-6.5. A quantity of 130-150 grams of sodium borohydride Is then
added to the solution and dissolved, the pH will iImmediately increase to a pH of 10-
11, the reaction Is continued for 14-20 hours. The pH of the solution, both prior to and
after this reaction period, Is recorded. After this reaction time, a dilute acid is added
slowly In order to aqjust the pH to a value of 4, this degrades remaining sodium
borohydride. After maintaining a pH of 4 for 45 — 60 minutes, the pH of the solution Is
adjusted to 7 with a dilute NaOH solution.

Purification continues according to Example 5.

Example 3

Oxidation of glucuronic and iduronic acid (residues), deletion of anticoagulant activit
A quantity of about 3000 grams of Heparin 1s dissolved In purified water to obtain a

10-20 % wi/v solution. The pH of this solution Is adjusted to 4.5-5.5. The sodium

metaperiodate (NalO,4) is subsequently added to the process solution, quantity of
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periodate 15-25% of the weight of heparin. The pH Is again adjusted to 4.5-5.5. The
reactor Is protected from light. The process solution Is reacted during the 18 — 24
hours with constant stirring maintenance of the temperature at 13 — 17 °C, while the

temperature is reduced to 5 °C during the last two hours.

De-polymerization of polysaccharide chains by an alkaline beta elimination process
While maintaining the temperature at 5 — 25 °C, 4 M NaOH solution is added slowly
until a pH of 10.5 -12 Is obtained. The reaction Is Initiated and proceeds for 15 — 95
minutes. At this time, the pH of the solution is recorded and 4 M HCI is added slowly

until a pH of 5.5 — 7 Is obtained.

Reduction of reducing end terminals
While maintaining the temperature at 13-17 °C, the pH of the solution is adjusted to

0.9-6.5. A quantity of 130-200 grams of sodium borohydride is then added to the
solution while the pH will increase to 10-11, the reaction is continued for 14-20 hours.
After this reaction time, a dilute acid is added slowly In order to adjust the pH to a
value of 4, this degrades remaining sodium borohydride. After maintaining a pH of 4
for 45 — 60 minutes, the pH of the solution is adjusted to 7 with a dilute NaOH

solution.

Precipitation of reduced product and initial removal of iodine-containing compounds
Ethanol (95-99.5%) 1s added to the reaction mixture over a period of 0.5 — 1 hour,
with careful stirring and at a temperature of 5 — 25 °C. The volume of ethanol to be
added is In the range 1-2 volumes of ethanol per volume of process solution. The
oxidized heparin Is then allowed to precipitate and sediment for 15 — 20 hours, after
which the mother liquor I1s decanted and discarded.

Next, the sediment Is dissolved In purified water to obtain a 15-30% w/v process
solution. NaCl is added to obtain a concentration of 0.15-0.30 mol/liter in the process

solution

Purification continues according to Example 5.
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Example 4

Oxidation of glucuronic and iduronic acid (residues), deletion of anticoagulant activit
A quantity of about 3000 grams of Heparin Is dissolved In purified water to obtain a
10-20 % w/v solution. The pH of this solution Is adjusted to 4.5-5.5. The sodium
metaperiodate (NalO,4) is subsequently added to the process solution, quantity of
periodate 15-25% of the weight of heparin. The pH Is again adjusted to 4.5-5.5. The
reactor Is protected from light. The process solution Is reacted during the 18 — 24
hours with constant stirring maintenance of the temperature at 13 — 17 °C, while the
temperature is reduced to 5 °C during the last two hours. Next, glycerol is added to
guench the reaction, 1.e. to convert residual periodate to iodate, 150-200 ml of a 85%

glycerol solution Is added and reacted for 30-60 minutes while stirring.

Precipitation of product removal of 10odine-containing compounds and

guencher/reaction products
Ethanol (95-99.5%) Is added to the reaction mixture over a period of 0.5 — 1 hour,

with careful stirring and at a temperature of 5 — 25 °C. The volume of ethanol to be
added Is In the range 1-2 volumes of ethanol per volume of process solution. The
oxidized heparin Is then allowed to precipitate and sediment for 15 — 20 hours, after

which the mother liquor Is decanted and discarded.

Next, the sediment Is dissolved In purified water to obtain a 15-30% w/v process
solution. NaCl is added to obtain a concentration of 0.15-0.30 mol/liter in the process
solution. Stirring continues for another 0.5 — 1 hour while maintaining the temperature
of 5 — 25 °C. Subsequently 1.0-2.0 volumes of ethanol (95-99.5%) per volume of
process solution are added to this solution with stirring, during a period of 0.5 — 1

hour. This precipitates the product from the solution.

De-polymerization of polysaccharide chains by an alkaline beta elimination process
After the mother liquor has been decanted and discarded, the sediment Is stirred In
approximately 7 litres of water until it appears visually to be completely dissolved.
While maintaining the temperature at 5 — 25 °C 4 M NaOH is added slowly until a pH
of 10.5-12 1s obtained and the reaction thus initiated Is allowed to proceed for 60 — 95
minutes. At this time, the pH of the solution is recorded and 4 M HCI is added slowly

until a pH of 5.5 — 7 Is obtained.



10

15

20

25

30

CA 028b649%2 2014-05-21

WO 2013/095279 PCT/SE2012/051433
29

Reduction of reducing end terminals
After the mother liguor has been decanted and discarded, the sediment Is dissolved

by addition of purified water until a concentration of the process solution of 15-30%
w/v Is obtained. While maintaining the temperature at 13-17 °C, the pH of the solution
IS adjusted to 5.5-6.5. A quantity of 130-150 grams of sodium borohydride Is then
added to the solution and dissolved, the pH will iIimmediately increase to a pH of 10-
11, the reaction Is continued for 14-20 hours. The pH of the solution, both prior to and
after this reaction period, Is recorded. After this reaction time, a dilute acid Is added
slowly In order to adjust the pH to a value of 4, this degrades remaining sodium
borohydride. After maintaining a pH of 4 for 45 — 60 minutes, the pH of the solution Is
adjusted to 7 with a dilute NaOH solution.

Purification proceeds according to Example 5.

Example

Purification of the product
Removal of process additives and impurities, addition of counter-ions and filtration

Process solutions according to Examples 1-4 arriving from the final chemical
modification step of reducing the end terminals by borohydride I1s worked up

according the methodologies outlined below.

One volume of process solution is then added to 1.5-2.5 volumes of ethanol (95-
99.5%) followed by centrifugation at >2000 G, at <20°C for 20 — 30 minutes, after

which the supernatant is decanted and discarded.

The product paste obtained by centrifugation is then dissolved In purified water to
obtain a product concentration 10-20% w/v. Then NaCl is added to obtain a
concentration of 0.20-0.35 mol/liter. Next 1.5-2.5 volumes of ethanol (95-99.5%) are
added per volume of process solution which precipitates the product from the
solution. Centrifugation follows as described above

Next the remaining paste I1s added purified water to dissolve. The product
concentration would now be In the range of 10-20% w/v. The pH of the product

solution Is now adjusted to 6.5-7.5. The solution Is then filtered to remove any
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particulates. Then, to one volume of process solution I1s added 1.5-2.5 volumes of
ethanol (95-99.5%). Centrifugation follows at >2000 G, and at <20°C for 20 — 30

minutes after which the supernatant is decanted and discarded.

Dewatering of precipitate paste and reduction of particle size.
A reactor is filled with ethanol, volume about 2 liters. While stirring the ethanol, the

precipitate paste I1s added. The mechanical stirring solidifies the paste and replaces
the water present by the ethanol giving a homogenous particle suspension. The
stirring I1s discontinued after 1-2 hours after which the particles are allowed to
sediment. After removal of excessive liquid, the particles are passed through a sieve

or a mill to obtain smaller and uniform sized particles.

Drying of product
The product Is distributed evenly onto trays, and placed in a vacuum cabinet.

Vacuum is applied and heating is performed at 35 — 40°C.A stream of nitrogen is
passed through the drier at this time while maintaining the low pressure In the dryer.
When a constant weight is obtained of the product, i1.e. no further evaporation Is

noticed, the drying Is considered complete. The product Is packed and protected from

humidity.

Example 6

Oxidation of glucuronic and iduronic acid (residues), deletion of anticoagulant activit
A quantity of about 3000 grams of Heparin is dissolved In purified water to obtain a
10-20 % wi/v solution. The pH of this solution Is adjusted to 4.5-5.5. The sodium
metaperiodate (NalO4) i1s subsequently added to the process solution, quantity of
periodate 15-25% of the weight of heparin. The pH Is again adjusted to 4.5-5.5. The
reaction Is protected from light. The process solution Is reacted during the 18 — 24
hours with constant stirring maintenance of the temperature at 13 — 17 °C, while the

temperature is reduced to 5 °C during the last two hours.

De-polymerization of polysaccharide chains by an alkaline beta elimination process
While maintaining the temperature at 5 — 25 °C 4 M NaOH is added slowly until a pH

of 10.5-12 1s obtained and the reaction thus initiated is allowed to proceed for 15 — 95



10

15

20

25

30

CA 028b649%2 2014-05-21

WO 2013/095279 PCT/SE2012/051433
31

minutes. At this time, the pH of the solution is recorded and 4 M HCI is added slowly

until a pH of 5.5 — 7 Is obtained.

Reduction of reducing end terminals
After the mother liquor has been decanted and discarded, the sediment Is dissolved

by addition of purified water until a concentration of the process solution of 15-30%
w/v Is obtained. While maintaining the temperature at 13-17 °C, the pH of the solution
IS adjusted to 5.5-6.5. A quantity of 130-200 grams of sodium borohydride Is then
added to the solution and dissolved, the pH will mmediately increase to a pH of 10-
11, the reaction Is continued for 14-20 hours. The pH of the solution, both prior to and
after this reaction period, Is recorded. After this reaction time, a dilute acid Is added
slowly In order to adjust the pH to a value of 4, this degrades remaining sodium
borohydride. After maintaining a pH of 4 for 45 — 60 minutes, the pH of the solution Is
adjusted to 7 with a dilute NaOH solution. Purified water is now added to the solution

until a conductivity of 15-20 mS/cm is obtained of the reaction solution.

Purification of product by Anion Exchange Chromatography
A column with a diameter 500 mm is packed with media, DEAE-Sepharose or QAE-

Sepharose to a volume of 25-30 liters corresponding to a bed height of 10-15 cm.

The chromatography Is performed In 3-4 cycles to consume all the product.

Next buffers are prepared,

Equilibration buffer, Buffer A, 15 mM phosphate, 150 mM NaCl
Elution buffer, Buffer B, 2 M NaCl solution

Sanitation buffer, 0.5 M NaOH

The chromatography step is performed at 15-25 °C, at flow rate of <200 cm/hour or

approx. 350 liters/nour.

The column Is equilibrated with the equilibration buffer until the eluent has a
conductivity of 15-20 mS/cm. Next the oxidized heparin solution is pumped into the
column. The quantity of crude product to be applied corresponds to < 40 g/ liter of

chromatography media.

An Isocratic wash follows with equilibration buffer and 1s discontinued when the
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UV 210-254 nm has reached a baseline. Typically 5 bed volumes of buffer are
required to reach baseline. Chemicals added to the process and products formed of

these are removed.

Next, the 1onic strength of the buffer applied onto the column is linearly increased by
performing a gradient elution. The Buffer A decreases from 100% to 0% replaced by
100% Buffer B over 5 bed volumes. The product, eluate is collected when the UV
absorbance is >0.1 AU and is discontinued when the signal is < 0.1 AU. Sanitation of
the column Is then performed after which it iIs again prepared for the next cycle of

chromatography. Eluates from all runs are combined and stored at 15-25 °C.

De-salting of the product
One volume of the combined eluates from previous step is added 3 volumes of 95-

99.5% ethanol, 15-25 °C, under constant stirring. This precipitates the product out of
solution. The product is allowed to sediment for >3 hours. Next, the sediment is
dissolved In purified water to a concentration of 15-25%. The solution Is now added
to cold ethanol (<-5 °C) 95-99.5%, typically 5 volumes of ethanol per one volume of
product solution are consumed. Next follows centrifugation in a continuous mode,

>2000 G, the product paste is thereafter collected and prepared for drying.

Drying of product
The product Is distributed evenly onto trays, and placed in a vacuum cabinet.

Vacuum is applied and heating is performed at 35 — 40°C.A stream of nitrogen is
passed through the drier at this time while maintaining the low pressure In the dryer.
When a constant weight is obtained of the product, 1.e. no further evaporation Is
noticed, the drying i1s considered complete. The product i1s milled and made

homogenous, thereafter packed and protected from humidity.

Example 8
Low anticoagulant heparin produced according to the examples 1 and 3 was

subjected to 1TH-NMR analysis and compared to the spectrum of native heparin.

Table Il demonstrates signals in the interval 5.00 ppm to 6.50 ppm not present In

native heparin generated from non-reducing end unsaturated glucosamines. The
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results of Table |l show that it Is possible to reduce the presence of such compounds
not predicted to be present In spectrum from native heparin to low levels. In
comparison, the current IIimit applicable to heparin quality control, monograph 7,
EDQM is <4% compared to the signal at 5.42 ppm for any signal in the region 5.70-
8.00 ppm.

Table Il. Qualitative results of a low anticoagulant heparin with regards to unusual

signals. Signal intensity for signals 6.15 and 5.95 ppm in a 1TH-NMR spectra

Sample Production Intensity (% ratio) to 5.42 ppm signal of a native
method heparin following EDQM, monograph 7
6.15 ppm 5.95 ppm
% of ref. signal % of ref. signal
Batch 1 Example 1 11 12
Batch 2 Example 1 13 16
Batch 3 Example 3 2 2

Further, the presence of non reducing end unsaturated glucosamines was also
quantified by combined 1H-NMR and 13C-NMR spectra evaluation(HSQC) and

demonstrated as mol% of total glucosamines (see Table lll).

Furthermore, the sample was analyzed by following the NMR two-dimensional (2D)
method involving the combined use of proton and carbon NMR spectroscopy (HSQC)

as previously described (see Guerrini M., Naggi A., Guglieri S, Santarsiero R, Torr
G. Anal Biochem 2005; 337, 35-47.)

Table Ill demonstrates the fraction (%) of modified glucosamines compared to the

total amount of glucosamines of the low anticoagulant heparin as present as signals

at 5.95 ppm and 6.15 ppm in the "TH-NMR spectrum.
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Table lll: Results from quantitative determination of unusual signals 5.95ppm, 6.15

ppm of total glucosamine

Sample Production 6.15 ppm signal 5.95 ppm signal
method mol % of mol % of
glucosamine glucosamine
Batch 1 Example 1 S 3
Batch 2 Example 3 <1 <1
S5 Example 9

The product manufactured according to any one of the examples above can
prepared as drug product by a conventional aseptic process, such as solution
comprising 150 mg/mL of active product and Na phosphate to 15 mM, pH 6-8. The
SO obtained drug product Is intended primarily for subcutaneous administration but

10  suitable for intra-venous administration.

The resulting product is a depolymerized form of heparin with a projected average

molecular weight of 4.6-6.9 kDa and with essentially no anticoagulant activity.

15  The product has a size distribution of polysaccharide polymers, with a range for n of
2-20 corresponding to molecular weights of 1.2 - 15 kDa. The predominant size Is 6-

16 disaccharide units corresponding to molecular weights of 3.6-9.6 kDa.

The molecular weight was determined by GPC-HPLC carried out with a TSK 2000
20 and TSK 3000 SW columns In series. Refractive index was used for evaluation. First

international calibrant for LMVWH was used.

Below Is presented the molecular mass distribution and the corresponding part of the

cumulative percentage of total weight.
25



10

15

20

CA 028b649%2 2014-05-21

WO 2013/095279 PCT/SE2012/051433
33

Table V. Distribution of polysaccharides and their corresponding molecular mass In

as cumulative % of weight for several batches

Molecular mass, Cumulative weight,
kDa %
>15 <1
>10 4-15

>0 /-20
>8 10-27
>/ 15-35
>6 22-45
>5 34-56
>4 47-70
>3 >70
>2 >85

The corresponding value for weight average molecular weight, Mw falls in the range
4.6-6.9 kDa

Example 10
The stability of the drug substance (powder) and drug product dissolved in agqueous

phosphate buffered solution of a chemically modified GAG produced according to the

iInventive method was studied. The results are disclosed In fig 2 and fig 3.

Example 11
Subcutaneous administration

Tritium labeled chemically modified heparin produced by the method disclosed In

example 1 was administered to Sprauge Dawley rats and dogs.

Results:

Following subcutaneous administration at 2, 8 and 24 mg heparin /kg/day in the rat
and 3, 15 and 45 mg heparin/kg/day In the dog, absorption was rapid and maximal
plasma levels were generally reached within 0.5 and 1.5h In the rat and dog,
respectively. The subcutaneous bioavailability was around 90% In both the rat and

the dog. Interestingly, the corresponding bioavailability for heparin is about 10%.
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Although particular embodiments have been disclosed herein In detall, this has been
done by way of example for purposes of illustration only, and is not intended to be
limiting with respect to the scope of the appended claims that follow. In particular, it Is
contemplated by the inventor that various substitutions, alterations, and modifications

may be made to the invention without departing from the spirit and scope of the

Invention as defined by the claims.
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1. A chemically modified glycosaminoglycan selected from the group
consisting of heparin and heparan sulfate, with an antifactor |l activity of less
than 10 1U/mg, an antifactor Xa activity of less than 10 IU/mg and an

average molecular weight (Mw) from about 4.6 and 6.9 kDa, wherein:

- the polysaccharide chains have from 2 to 20 (n in Formula Ill)

disaccharide units corresponding to molecular weights between 1.2 and
12 kDa;

- the polysaccharide chains are essentially free of chemically intact

saccharide sequences mediating the anticoagulant effect; and

- the predominantly occurring disaccharide I1s (Formula |)

CH,0SO, CH,0SO,

O O O

CQOO
OH

OH OH \

NHSO, 0SO, NHSO,

— . 1n
wherein
COO

/L/OH /E/OH
R’= or

n IS an integer from 2 to 20

2. The chemically modified glycosaminoglycan according to claim 1, wherein
the predominantly occurring polysaccharide chains have between 6 and 12

disaccharide units with molecular weights from 3.6 -7.2 kDa.

3. The chemically modified glycosaminoglycan according to any one of
clams 1-2, wherein at least /0 % of the polysaccharide chains have a

molecular weight above at least 3 kDa.

4. The chemically modified glycosaminoglycans according to any one of the

preceding claims having a distribution of polysaccharides and their
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corresponding molecular mass expressed as cumulative % of weight

according to the table:

Molecular mass, Cumulative weight,
kDa %
>10 4-15
>8 10-25
>6 22-45
>3 >70

5. The chemically modified glycosaminoglycan according to any one of
claims 1-4, wherein the polysaccharide comprises saccharide chains having

the reduced end residue as shown in Formula |.

6. The chemically modified glycosaminoglycan according to any one of
claims 1-5, comprising non reducing end unsaturated glucosamines present
as signals in the interval of 5.0 to 6.5 in an 'H-NMR spectrum with an
iIntensity (% ratio) of less than 4 % in relation to the signal at 5.42 ppm from

native heparin.

/. The chemically modified glycosaminoglycan according claim 6, wherein

the glucosamine signals are present at 6.15 ppm and 5.95 ppm.

8. The chemically modified glycosaminoglycan according any one of claims

1-5, wherein less than 1 % of the total glucosamine content iIs modified.

9. The chemically modified glycosaminoglycans according to claim 8,

wherein the modified glucosamines comprise non-reducing end unsaturated

glucosamines.
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10. The chemically modified glycosaminoglycans according to clam 9,
wherein the modified glucosamines are present as signals at 5.95 ppm and

6.15 ppm in an "H-NMR spectrum.

11. The chemically modified glycosaminoglycan according to any one of the
preceding claims, wherein the chemically modified glycosaminoglycan is

essentially free of intact non-sulfated iduronic and/or glucuronic acids.

12. The chemically modified glycosaminoglycan according to anyone of

claims 1-11, wherein the chemically modified glycosaminoglycan is heparin.

13. A method of preparing a chemically modified sulfated glycosaminoglycan
selected from the group consisting of heparin and heparan sulfate with an
antifactor Il activity of less than 10 IU/mg, an antifactor Xa activity of less
than 10 IU/mg and an average molecular weight (Mw) from about 4.6 t0 6.9

kDa, comprising the steps of:

(a) oxidation of glucuronic and iduronic acids by treatment with
periodate,
(b) eliminating or minimizing the effects of oxidizing 1odine-

containing compounds,

(C) depolymerization of polysaccharide chains under alkaline

conditions, and

(d) reduction and stabilizing of terminal aldehyde groups

through a reaction with a reducing agent.

14. Method according to claim 13, wherein step b) 1s performed by a
method selected from the group consisting of precipitation in one or two
steps, quenching, and performing step a), b) ¢) and d) In one direct

sequence.

15. Method according to claim 14, wherein step b I1s performed by
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precipitation of the product from step (a).

16. The method according to clam 15, wherein the precipitation Is

accomplished by addition of ethanol.

1/7. Method according to claim 14, wherein step a), b) ¢) and d) are

performed In direct sequence.

18. The method according to claim 17, wherein the time passing between
the end of step a) and the Initiation of step d) Is not more than about 5

hours.

19. Method according to clam 14, wherein step b) 1s performed by

addition of a quencher.

20. Method according to clam 19, wherein the quencher IS any

compound comprising two vicinal hydroxyl groups.

21. The method according to claim 13, wherein the periodate oxidation Is

performed at a temperature of above 10°C.

22. The method according to any one of clam 13-21, wherein the
periodate oxidation Is performed In a solution with an Initial

glycosaminoglycan concentration of about 10-20 % w/v.

23. The method according to any one of claims 13-22, wherein the

oxidation process Is carried out for at least 15 hours, preferably for about
18-24 hours.

24. The method according to claim 13, wherein the periodate oxidation Is
performed at a temperature of about 15 + 2°C, with a glycosaminoglycan

concentration of about 15% and at a pH about 5 for about 18-24 hours.

25. The method according to any one of the claims 13-24, wherein

depolymerizing is performed at a temperature above about 20° C.

26. The method according to any one of claims 13-25, enriching
glycosaminoglycans derivatives In of polysaccharide chains having a

molecular weight of from about 1.2 to about 12 kDa.

2/7. The method according to any one of claims 13-26, wherein the

glycosaminoglycans Is heparin.
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28. The chemically modified glycosaminoglycan, produced with the

method according to any one of claims 13-27.

29. Chemically modified glycosaminoglycan according to any one of
claims 1-12 and 28, wherein the molecular weight average Is stable for at

least 36 months at 5 °C as an aqueous phosphate buffered solution,

preferably for at least 48 months.

30. Chemically modified glycosaminoglycan according to any one of
clams 1-12 and 28, wherein the molecular weight average remains
stable when stored as a powder for at least 5 years at a temperature of
25°C

31. A pharmaceutical composition, comprising a therapeutically effective
amount of chemically modified sulfated glycosaminoglycans according to

any of claims 1 to 12 and 28 and a therapeutically acceptable carrier.

32. Chemically modified glycosaminoglycan according to any one of
claims 1 to 12 and 28 for use In medical treatments not dependent on an

anticoagulant effect.

33. Chemically modified glycosaminoglycan according to any one of
clams 1 to 12 and 28 for use In the treatment and prevention of a
condition selected from the group consisting of dystocia and conditions
wherein protein leakage from endothelial and epithelial linings Is a

complication.

34. Use of a chemically modified glycosaminoglycan according to any
one of clams 1 to 12 and 28 for the manufacture of a medicament for

medical treatments not dependent on an anticoagulant effect.

35. Use of a chemically modified glycosaminoglycan according to any
one of claims 1 to 12 and 28 for the manufacture of a medicament for the
treatment and prevention of a condition selected from the group
consisting of dystocia and conditions wherein protein leakage from

endothelial and epithelial linings I1s a complication.

36. Method for the treatment of a condition not dependent on an

anticoagulant effect wherein a chemically modified glycosaminoglycan



CA 028b649%2 2014-05-21

WO 2013/095279 PCT/SE2012/051433
42

according to any one of the claims 1-12 1s administered to a patient in an

therapeutically effective amount.

37. The method according to claim 36, wherein the condition I1s selected
from the group consisting of dystocia and conditions wherein protein

leakage from endothelial and epithelial linings Is a complication.
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Figure 1
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