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Process for the production of heparin The present invention relates to the
preparation of heparin. More 5     particularly, it relates to a simplified
process for the removal of proteins present in an animal tissue source of
heparin. Heparin is a very complicated glycosaminoglycan composed of
alternating sequences of differently sulfated residues of uronic acid and
a-D- glucosamine linked by [err] and [err] (1-4) bonds. Due to the
complexity of its 10     primary structure, heparin is a polydisperse
heteropolysaccharide which is strongly heterogeneous in terms of molecular
weight, physico-chemical properties and biological activities. Heparin has
been used for already a long time as an anticoagulant and antithrombotic
agent in the treatment and prevention of venous thrombosis. It 15    is
present in a variety of animal tissues and may be obtained by isolation
therefrom. Currently a large part of the heparin used for these purposes is
isolated from porcine intestinal mucosa. The isolation process involves
hydrolysis of the mucosa followed by extraction of the heparin. US Patent
5,607,840, hereby included by reference, describes a process 20    for
hydrolysis of mucosa tissue. The method involves hydrolysis of an aqueous
mixture containing mammalian mucosa with a proteolytic enzyme at a
temperature of about 55 [err]C, adsorption of polyanions to an anion
exchange resin and subsequent recovery of the anions from the resin and the
protein hydrolysate from the digested aqueous solution. In order to
stabilize the raw 25     mucosa material and to prevent bacterial growth,
salts in the form of an oxygen scavenger or bacteriocides are introduced
into the solution. The heparin content in the mucosa-containing aqueous
medium is very low and consequently large amounts of mucosa tissue have to
be processed. Therefore, for economic reasons, the hydrolysis process is
carried out in 30    reaction vessels of more than 50 m[err]. During the
reaction time the temperature is kept at a constant level for more than 24
hours and the mixture is stirred vigorously using advanced equipment. 



-2- Usually heparin extraction plants are not located at a short distance
from the slaughterhouses where the mucosa is collected and transportation
over long distances is required. Especially in remote areas this results in
a delivery of low quality material at the production plant and an increase
of 5     costs. The present invention provides a new and easy way of
isolating heparin from mucosa tissue. It has been found that protein in an
aqueous mixture comprising mammalian mucosa tissue can also be digested
with a proteolytic enzyme at a temperature between 50-75 [err]C for up to
approximately 6 hours. 10     A simple "pre-hydrolysis" step at ambient
temperature can optionally be included. This was shown to improve the
efficiency of the proteolysis significantly. After the raise in temperature
hydrolysis can be continued preferably in the presence of polyanion
adsorbent material at a temperature below 50 "C. The digestion can be
carried out in containers with intermediate 15     capacity. Thus, the
process according to the invention comprises the step of raising the
temperature of the mucosa to approximately 50-75 [err]C and incubating the
mucosa within that temperature range for up to approximately 6 hours in the
presence of a proteolytic enzyme. 20        The process has the advantage
that it can be carried out at a relatively small scale. The process is very
well suited to be carried out at places where the raw mucosa material is
produced and thus no transportation of raw material is needed. Furthermore,
no special skills are required. According to the present invention also one
or both of the following 25    incubation steps can be included in the
method: a) incubating the mixture in a container for up to approximately 8
hours at ambient temperature prior to the temperature raise 



b) further incubating after the raise in temperature whilst the solution is
allowed to cool down to ambient temperature. 30        The incubation time
at 50-75 [err]C preferably is less than 4 hours. Preferably the incubation
time is more than 1 hour. The temperature is raised preferably to
approximately 60-70 [err]C.    -3- The temperature can easily be raised by
direct heating of the container containing the aqueous mucosa solution. For
example, a temperature of about 60-70 [err]C can be reached rapidly with an
ordinary gas flame but also e.g. by the addition of steam. The thus
obtained temperature can be 5     maintained by moderate heating for
several hours. Alternatively, external addition of heat can be stopped as
soon as the desired temperature is reached allowing the mixture in the
container to cool down gradually. Because of the gradual temperature
decrease, the mixture will retain its temperature above 50 [err]C for
several hours. Thus, initially protein hydrolysis 10     occurs at a
temperature above 50 [err]C. After removal of the external heat source,
temperature decreases and hydrolysis continues at a lower temperature.
There is no limitation to the extent of incubation time at the decreased
temperature, however, incubation times of less than 24 hours are to be
preferred, more preferably the incubation is carried out over night. 15
Continuation of a prolonged incubation at ambient temperature is not a
prerequisite but it was shown to have influence on the heparin yield.
Similarly the "pre incubation" step at ambient temperature was shown to
improve heparin yields. The reaction vessel can e.g. be a steel container
but no specific 20    requirements are needed. Alternatively, the
temperature can be raised by the addition of 1-3 volumes of an aqueous
solution with a temperature between 80 and 100 [err]C. 



Preferably water is used but also dilute salt solutions can be used.
Preferably, the temperature of the water is the boiling temperature. Due to
25    the volume enlargement the heat capacity increases. Therefore the
temperature can be maintained at the desired temperature for a sufficiently
long period of time whereas simultaneously the cooling down process
progresses slowly. An additional advantage of the addition of water is that
the viscosity of the solution is reduced resulting in a better sievability
of the 30     adsorbent-heparin complex which is important in the
extraction of heparin. As no direct heating is required containers from
different materials e.g. plastic can be used. A convenient way of carrying
out the procedure according to the invention is to collect the mucosa
during a working day and to start with 35     hydrolysis by the addition of
proteolytic enzyme during storage of the raw    -4- material in a
container. At the end of the day the temperature can be increased to 50-75
[err]C, optionally kept at a constant level for a few hours, and then
further incubated over night whilst the temperature decreases gradually to
ambient temperature. 5        It is to be preferred that during the
hydrolysis process the mixture is stirred in order to obtain a homogeneous
solution and to have a good contact between the adsorbent and the
heparin-containing solution. The mucosa-containing solution can be obtained
by dispersing animal tissues in water. Tissues can be obtained from e.g.
beef, dog, hog and 10     sheep. The tissues have endothelial or mucosal
components. Heparin is present e.g. in lung, intestine, skin and liver from
a variety of animals. Preferably, intestinal mucosa from porcine origin is
used. A great variety of enzymes may be employed in the process provided
that they possess a proteolytic activity. Suitable enzymes are well known
in the 



15     art, e.g. microbial protease's, trypsin, chymotrypsin. A suitable
enzyme for use in alkaline hydrolysis is commercially available under the
trademark maxatase . The enzyme to substrate ratio usually is approximately
0.02- 0.2%. The preservative normally present in the mucosa tissue solution
can also be added in the process according to the present invention.
Preferably 20     as a preservative sodium metabisulfite is used but also
other preservatives such as e.g. calcium propionate or phenol will suffice.
The amount of bisulfite to be added is approximately 0.5-5 kg / 100 liters
of mucosa. The preservative is best added during the collection of the
mucosa tissue. The pH can be adjusted to pH 7-9 with an alkaline reagent.
Usually 25     sodium hydroxide is added in an amount of approximately
0.8-1.2 kg/100 liters of mucosa. Most commonly used proteolytic enzymes
exert their optimal activity at this pH. Adjustment can occur during the
"prehydrolysis" step as well as during the incubation step at the higher
temperature. It is also an object of the present invention to provide a
process for the 30    isolation of heparin. The hydrolysis process of the
present invention is important in the isolation of heparin. Heparin can be
extracted from the hydrolysate if adsorbent is added to the mixture during
one or more of the incubation steps to bind the heparin present in the
hydrolyzing solution.    -5- Preferably the adsorbent is added at the
beginning of the incubation at the higher temperature. The adsorbent
preferably is an anion exchange resin which is added in an amount
sufficient to bind the polyanions present in the mucosa solution. 5
Such anion exchange resins are commercially available. Usually an amount of
2 liter per 100 liter of mucosa is added. Also an affinity adsorbent
specific for heparin might be used to extract heparin from the digest
solution. The total salt concentration of the hydrolysate should be
selected within 



a range to insure almost quantitative uptake by the resin important for the
10     efficiency of binding of the polyanions to the ion exchange resin
and usually varies between 0.1 and 0.5 molar. In addition to the salts
present in the mucosa, usually also preservatives and alkali metal salts or
ammonium salts are added during the hydrolysis process. After the
hydrolysis process the adsorbent is sieved off. The adsorbed 15     heparin
is then eluted by a high salt solution and the heparin is further
processed. Thus, it is also an object of the present invention to provide a
process for the isolation of heparin which comprises the further steps of
sieving off the adsorbent with the heparin and elution of the heparin from
the adsorbent. 20        To insure optimum recovery of heparin, it is
desirable that the salt solution used for elution is of sufficiently high
ionic strength to insure substantially complete release of heparin from the
adsorbent. One way of recovery of the heparin from the heparin-anion
exchange complex is elution with NaCl at a concentration of 2-4 molar. 25
It will be clear that the procedure according to the invention makes it
possible to process the non adsorbed material i.e. the mucosa at the site
where it is produced since the procedure is easy to perform and only a
minimal equipment is required to perform the hydrolysis. Therefore, the
process according to the present invention can be carried out even in a low
30    tech environment with poor infrastructure. The following examples are
illustrative for the invention and should in no way be interpreted as
limiting the scope of the invention.    Examples 5        Example 1 To 250
kg of porcine mucosa, stabilized with 0.5% sodiummetabisulfite, 200 grams
of maxatase was added and the mixture was stirred at ambient 



temperature. After 4 hours the mucosa was heated to 69[err]C with a gas
flame heater in about 70 minutes. NaOH was added (1500 grams) resulting in
a pH 10    of 7.3 and 3.5 liters of anion exchanger were added. The mixture
was then left to cool off overnight while stirring. To facilitate the
separation of the ion exchanger, the mixture was heated the next day prior
to sieving off the ion exchanger. The ion exchanger was washed with a 3.5%
salt solution and eluted with a 14% salt elution. The eluted heparin was
precipitated with 15     methanol. The heparin yield was 36100 U/kg mucosa
in the eluate and 34300 U/kg in the precipitate. The activity and quality
were comparable with heparin crude derived from a standard process. Example
2 20        To 100 kg of porcine mucosa, stabilized with 1%
sodiummetabisulfite, 80 grams of maxatase[err] was added and the mixture
was stirred at ambient temperature. After 2 hours the mucosa was heated to
65[err]C by the addition of 120 liters of boiling hot water in about 10
minutes. The pH was changed by adding 630 ml of a 33% NaOH solution
(measured value 7.3) and 3.5 liters of 25     anion exchanger were added.
The starting temperature was 65[err]C, after one hour this was 61[err]C,
after two hours 56 and after three hours 52[err]C. The mixture was left to
cool off overnight. The ion exchanger was sieved off at a temperature of
28[err] C and the washed ion exchanger was eluted. The heparin yield was
30500 U/kg mucosa in the eluate and 26400 U/kg in the precipitate. 30
The activity and quality were comparable with heparin crude derived from a
standard process .    -7- Example 3 To 47.5 kg mucosa stabilized with 0.5%
sodium metabisulfite, 80 grams maxatase was added at a temperature of
30[err]C while stirring. After 4 hr. another 55.5 kg of mucosa was added
and the mixture was stirred for another 



5     2 hr. at ambient temperature (26[err]C). Then the mixture was heated
in 40 minutes to 65[err]C by introducing hot steam into the mixture. The pH
was changed to 7.2 with 550 grams NaOH and after stirring for one hour one
liter of ion exchanger was added. The starting temperature was 65[err]C,
after one hour this was 62[err]C, and after two hours 53[err]C. The mixture
was left to cool 10     off overnight, the temperature was 27[err]C.
Heparin yield was 40000 U/kg in the eluate and 38700 U/kg in the
precipitate. Example 4 To 3 kg of porcine mucosa in an insulated flask,
stabilized with 0.5% 15     sodiummetabisulfite, 2.3 grams of maxatase[err]
were added and the mixture was stirred at ambient temperature. After 5.5
hours at 30[err] C the mucosa was heated to 64[err]C by the addition of 5.4
liters of boiling hot water. 35 ml of a 33% NaOH solution was added
resulting in a pH of 7.6 and 110 ml of anion exchanger was added. Then the
mixture was left to cool off. After approx. 16 20     hr. the temperature
was 41[err]C and the ion exchanger was sieved off. Heparin yield in the
eluate was 32200 U/kg mucosa. The activity and quality were comparable with
heparin crude derived from a standard process. Example 5 25        To 115
kg of porcine mucosa, stabilized with 1% sodiummetabisulfite, 88 grams of
maxatase[err] was added and the mixture was stirred at ambient temperature.
After 2 hours the mucosa was heated to 65[err]C by the addition of 133
liters of boiling hot water in about 10 minutes. The pH was changed by
adding 880 grams of NaOH (pH 7.75) and 4 liters of anion exchanger was 30
added. Subsequently 108 grams of maxatase was added. The starting
temperature was 65[err]C, after one hour this was 60[err]C, after two hours
57 and after three hr. 54[err]C. After 3 hours the ion exchanger was sieved
off. The washed ion exchanger was eluted and the heparin was precipitated.
The    -8- 



heparin eluate contained 20500 U/kg mucosa and the precipitate 17565 U/kg.
The activity and quality were comparable with heparin crude derived from a
standard process. 5        Example 6 To 100 kg of porcine mucosa,
stabilized with 1% sodiummetabisulfite, maxatase[err] was added and the
mixture was stirred at ambient temperature. Then the mucosa was heated to
68[err] C with a gas flame heater in 60 minutes. NaOH was added resulting
in a pH of 7.2. Thereafter 2.1 liters of anion 10     exchanger was added.
The mixture was then left to cool off until the temperature came below 60C,
then additional heating was applied to keep the temperature above 60[err]C.
After three hours the ion exchanger was sieved off. The ion exchanger was
washed and stored at 5[err]C for transport to the processing plant. 15    -
9 - Claims: 1.  A method for enzymatic hydrolysis of protein from mammalian
mucosa tissue in an aqueous mixture said method comprising the step of:
raising the temperature to approximately 50-75 [err]C and incubating said 5
mixture within said temperature range for up to approximately 6 hours in
the presence of a proteolytic enzyme. 2.  The method according to claim 1
wherein the incubation time is less than 4 hours. 3.  The method according
to claims 1 or 2 wherein the temperature is 10         raised to
approximately 60-70 [err]C. 4.  The method according to claims 1-3 said
method optionally comprising one or both of the steps of: a) incubating
said mixture prior to the temperature raise in a container 



at ambient temperature up to 8 hours 15         b) further incubating after
the raise in temperature whilst the solution is allowed to cool down to
ambient temperature. 5.  The method according to claim 1-4 wherein raise in
temperature is obtained by direct heat transfer. 6.  The method according
to claim 1-4 wherein the raise in temperature is 20         obtained by the
addition of 1-3 volumes of an aqueous solvent with a temperature of between
80-100 [err]C to the aqueous mixture comprising the mucosa tissue. 7.  The
method according to claim 6 wherein the aqueous solvent is boiling water.
25     8.  A method for the solid phase adsorption of heparin comprising
protein hydrolysis according to claim 1-7 wherein adsorbent in an amount
sufficient to bind the heparin present in the hydrolyzing solution is added
to the mixture during hydrolysis. 9.  A method for the extraction of
heparin according to claim 8 which 30         comprises the further steps
of sieving off the adsorbent with the heparin and recovery of the heparin
from the adsorbent.    - 10 - 10. Heparin prepared according to the method
of claim 9.    


