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Process for the production of heparin The present invention relates to the
preparation o eparin. More 5 particularly, it relate Leaal i fied
process %‘?9?’%@% enoval of proteins present in an ani nal tisctggréﬁs?@ﬁégge of
heparin. Heparin is a very conplicated gl ycosam noglycan conposed of
alternating sequences of differently sulfated residues of uronic acid and
a-D- glucosanmine linked by [err] and [err] (1-4) bonds. Due to the
conplexity of its 10 priPmesssforitheproduction of heparirpol ydi sper se

het er opol ysacchari de which is strongly heterogeneous in ternms of nolecul ar
wei ght, physi co-chem cal properties and biological activities. Heparin has
been used for already a long tine as an anticoagul ant and antithronbotic
agent in the treatnment and prevention of venous thronbosis. It 15 S
present in a variety of animal tissues and may be obtained by isolation
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5, 607, 840, Reasentin ae aneg! issyaser At hepaser i bes a process 20 for
hydr ol ysi s of Hucosa t.issue. The rretpugg I nvol ves hydrol ysis of an aqueous
m xture cont ai APRE Rardfald aNeM.c6RPlFaled, glyepeaminaglyearn yremposgd  of
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salts in the forme an gxggen sciven erf or bacteri ocg&ﬁs are 1 ntroduced
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medi um i s vproperties and biclogiogli aotivities.ar ge anounts of nucosa tissue have to

be processed. Therefore, for econom c reasons, the hydrolysis process is
carried out inHaparin hasabeénusedsoe aireatlyrmieng tiave 28 arj entitoagutahhanthe
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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 °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®. 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.
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-2- Usually heparin extraction plants are not |ocated at a short distance
from the sl aughterhouses where the nucosa is collected and transportation
over long distances is required. Especially in renote areas this results in
a del i vBiO9%B8¥0w qual ity material at the production pl anPCERESMBhcr ease
of 5 costs. The present invention provides a new and easy way of

I sol ating heparin fromnucosa tissue. Tt?Has been found t hat protein in an
aqueous m xture conprising mammal i an nmucosa tissue can al so be di gested
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carrsi ed ogbstsa containers with internedi ate 15 capacity. Thus, the

process according to the invention conprises the step of raising the
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hours at &igniieanthenpleatbecraise on tempemturenbydmlysis cansbe 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 °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 fransportation 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 °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 °C.



b) further incubating after the raise in tenmperature whilst the solution is
all owed to cool down to anbient tenperature. 30 The incubation tine

at 50-75 [ er referably is less than 4 hours. Preferablypichfpogeidati on
time is rT%l?)er](oggﬁ 1 hour. The tenperature is raised preferably tg

approxi mately 60-70 [err]C. -3- The tenperature can easily be raised by
di rec]t heating of the container containing the agueous nucosa sol ution. For
exanpl e, a tenperature of about 60-70Q0 [err can, be reached, rapidly with an
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solution with a tenperature béetween 80 and 100 {_err] C . X
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 °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



Preferably water is used but also dilute salt solutions can be used.

Preferably, the tenperature of the water is the boiling tenperature. Due to
25 t he vol une enl argenent the heat capacity increases. %’_F,% %&or t he
t enper aMr ¥/03883F be nmi ntai ned at the desired tenperature ¥ g W1 ci ently
| ong period of tinme whereas sinmul taneouslé t he cooling down process

progresses slowy. An additional advantagé of the addition of water is that
the viscosity of the solution is reduced resulting in a better sievability
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conmponents. Heparin is pr f . n, una, .Intestine, skin liver from
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that they possess’a proteolytic activity. Suitable enzynes are well known

in the 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
tc 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.



15 art, e.g. mcrobial protease's, trypsin, chynotrypsin. A suitable
enzyne for use in alkaline hydrolysis is commercially avail abl e under the

tradeer& se . The enzyme to substrate ratio usually dcsefyglogedonat el y
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0.02- 0. preservative normally present in the nucosa tissue solution
can al so be added in the process according to the present invention.
Preferably 20 as a preservative sodiumnetabisulfite is used but al so
ot her preservatives such as e.g. cal cium propionate or phenol will suffice.
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Such ani on exchange resins are commercially availab an anount of
2 liter permucosajyssallyralaesesenvativesiand alkalh metahsaits of pnymopiuse salts
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sol ution. The toteﬂ concentration of the hydrol ysate should be
sel ect ed W t hiAfter 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 heparih 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.



a range to insure alnpst quantitative uptake by the resin inportant for the
10 efficiency of binding of the polyanions to the ion exchange resin
and usually varies between 0.1 and 0.5 nolar. In addition %'EEW@@?NS
pr esent wioe9td3g93mucosa, usually al so preservatives and al KEF T salts or
ammoni um sal ts are added during the hydraol ysis process. After the
hydr ol ysis process the adsorbent is si eved of f. 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 conprises the further steps of
sieving off the adsorbent with the heparin and elution of the heparin from
t he adsorbent. 20 To insure optimum recovery of heparin, it is
desirabl e thaE;@@lg@I t solution used for elution is of sufficiently high
lonic strength to 1 nsure substantially conplete rel ease of heparin fromthe
adsorbent. One way of recovery of the heparin fromthe heparin-anion
exchange conplex is elution with NaCl at a concentration of 2-4 nolar. 25
It wsl| be cl Exampbatl t he procedure according to the invention nakes it
possi ble to process the non adsorbed material i.e. the nucosa at the site
where it is pilod2a@ kgsdhpercine npreasad stabilizedadth 05% addivmmetabisulfife, a
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process accoratn 0 thé present invention can be carried out even in a |ow
30 t echtempen @elﬁﬂ%‘{) hogesothe miucasa was heatedteb9 W vt apasBamres are

i ting ¢ hesidhin dbut 0%l REs MAOH'RHS addod (1500rafe) Teglihgif =, A,

kg afo por cPhd. 3nabdsd D literpof ianien gxchangenwerriiadded: dhestmbitute wasdbesr ans

of maxat asfep\gs cBEHBH GVtinight Whild SHRINE T ddiltate e 88P4afiton 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® was added and the mixture was stirred at ambient
temperature. After 2 hours the mucosa was heated to 65°C by the addition of
120 liters of boiling hot water in about 10 minutes. The pH was changed by
adding 630 mi of a 33% NaOH solution (measured value 7.3) and 3.5 liters of

25 anion exchanger were added. The starting temperature was 65°C, after one
hour this was 61°C, after two hours 56 and after three hours 52°C. The
mixture was left to cool off overnight. The ion exchanger was sieved off at a
temperature of 28°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 .



tenperature. After 4 hours the nucosa was heated to 69[err]C with a gas
flame heater in about 70 m nutes. NaOH was added (1500 grams) resulting in

a pH 10 of 7.3 and 3.5 liters of anion exchanger were ad p Xt ure
was then VY&P®¥3co0l of f overnight while stirring. To faci ??’gtp-ggfﬁ?
separation of the ion exchanger, the m xturg 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 el uted heparin was
precipitated w Exaftple 3 nethanol. The heparin yield was 36100 U kg nucosa
in the eluate and 34300 U kg in the precipitate. The activity and quality
wer e conpar abl e Twi 4 5nkg muaoser stabilized Wﬁg g.o¥nsadisimmetabiswifies80. grarmeml e
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standard proméPHa}% ang?Sﬁ@ﬁmgiﬂhEOpr k@téﬁ nmucosa stabilized with 0.5%

sodi um net abi'su grans xat ase added at a tenperature of
30[err]C while stirring. After 4 hr. another 55.5 kg of nucosa was added
and the m xture was stirred for another

Example 4

To 3 kg of porcine mucosa in an insulated flask, stabilized with 0.5%

15 sodiummetabisulfite, 2.3 grams of maxatase® were added and the mixture

was stirred at ambient temperature. After 5.5 hours at 30°C the mucosa was

heated to 64°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°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® was added and the mixture was stirred at ambient
temperature. After 2 hours the mucosa was heated to 65°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°C, after one hour this was 60°C, after two hours 57 and
after three hr. 54°C. After 3 hours the ion exchanger was sieved off. The
washed ion exchanger was eluted and the heparin was precipitated. The



5 2 hr. at anbient tenperature (26[err]C). Then the m xture was heated
in 40 mnutes to 65/ err]C by introducing hot steaminto the m xt.ure. ‘The pH
was changed to 7.2 with 550 grans NaOH and after stirring for one hour one
liter oWOMM38%hanger was added. The starting tenperatur #CREPI#498P ] C

after one hour this was 62[err]C, and after two hours 53[err]C The mxture .
was left to cool 10 of f overnight, the tenperature was 27[err]C.
Heparin yield was 40000 Wkg in the eluate and 38700 U kg in the
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addi ng 880 grans ters of anion exc nger was 30
added. Subgé‘éhﬁnﬂﬁfwaé8agﬁﬁﬁs e raRdurgs &aﬁaéha@dl@it toneoak gfft uptjl the

Lenper at ur @ifigraffbesarhé bedw B0 D etrivhtaudiibRarAsaif Wasl Sppifdd 8 kbip hour s

57 and after three hr. 54[e ours the ion exch anger was si eved

Af
of f. The mﬁﬁmmﬁt@ﬁ@b&f\(ﬁd‘bﬁs ﬁ;rejtmeemrﬁ e iprpexehanges wassieyedat ed.

The - 8- off. The ion exchanger was washed and stored at 5°C for transport to the
processing plant.
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heparin el uate contai ned 20500 U kg nucosa and the precipitate 17565 U kg.
The activity and quality were corrparabl e with heparin crude derived froma

st andard_proce nple 6 To 100 kg of porcine

stabiliz d’%"?’ﬁ”l%s ﬂllmmmmll Mﬂll maxat ase[err] was agﬁeg Anet he

m xture was stirred atucreg Then the nucosa was heated to

68[err] Cwith a gas f1 afre heater® in 60 nminutes. NaOH was added resul ting

in a pHof 7.2. Thereafter 2.1 liters of anion 10 exchanger was added.
The m xture wa&laimsi | eft to cool off until the tenperature cane bel ow 60C,
t hen addltlonal heatin was applied to keep the tenperature above 60[err]C
After threeThousmetod far enaymatirchydiglysis @fxecptefrffrornrmanmnalmmmgea was

o e arme: 1" TRsfibinah da e phid %%P%Meorﬁéﬂéﬁéﬁbﬁﬁt% o ran mmml ' an
nucosa tissue | PaRThcAHECRINSpETiaklire! 18 éﬁﬂr@xx‘?@ét@gﬂ?e” L‘Cb‘;%a |ng sal i 5

ra|S|ngtheterrperatureto approxi mately 50-7
m xtuse within sraxtu:reemﬁun said tempergdureoiange fboumiprappronmat;ly% hourssini n

wher o1 n the. i nclhaPree e  SREEIRE eI A four s 3. The met hod accordi ng
poron e a7 o H0TPUR BESoEANBE ki Whetly o et Gier,,
met hod opti onal Itlyamédmﬂrsj ng one or both of the steps of: a) incubating
said m xt urg PT 'T?\e rtngtl'%oh acco d?rgga%oucr:lglrﬁg I1Soer é thaer&%ntthgltgr%rperature is

10 raised to approximately 60-70 °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 °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.



at anbient tenperature up to 8 hours 15 b) further incubating after
the raise in tenperature whilst the solution is allowed to cool down to
anbi ent tenperature. 5. The nethod according to claim1-4 wherein raise in
t enper atwio®9403893bt ai ned by direct heat transfer. 6. The RIMBRPIAETEr di ng
to claim1-4 wherein the raise in tenperature is 20 obt ai ned by the
addition of 1-3 volunes of an aqueous sol¥rit with a t enperature of between
80-100 [err]C to the agueous m xture conprising the nmucosa tissue. 7. The
met hod acco{gli naebariﬁyéﬁa@qumgtthnam_ac&mﬁﬁng. i s boiling water.
25 8. A nethod for the solid phase adsorption of heparin conprising
protein hydrolysis according to claim1-7 wherein adsorbent in an anpunt
sufficient to bind the heparin present in the hydrolyzing solution is added
to the m xture during hydrolysis. 9. A nmethod for the extraction of
heparin according to claim8 which 30 conprises the further steps
of sieving off the adsorbent with the heparin and recovery of the heparin

fromthe adsorbent. - 10 - 10. Heparin prepared according to the nethod
of claim?9.
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