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PURIFYING PROCESS FOR
PHOSPHATIDYLSERINE

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

The present invention relates to a purifying process for
phosphatidylserine, a phospholipid which 1s usetul in particu-
lar for the preparation of pharmaceutical compositions used
in the treatment of ivolutional brain syndromes of various
nature, but also in the preparation of particular liposome

formulations and of dietetic compositions based on natural
lecithins.

STATE OF THE ART

Phosphatidylserine 1s a phospholipid widely present in
nature; 1t 1s one of the main components of cell membranes in
amimal organisms and 1s present 1n particularly large amounts
in mammals’ brain tissues. Medical literature mentions 1nter-
esting properties of phosphatidylserine, among which the
most significant relates to 1ts effectiveness 1 improving mne-
monic abilities.

The trans-phosphatidylation of phosphatidylcholine with
serine in presence of the enzyme D-phospholipase according
to the following scheme 1s the most convenient reaction for
the industrial production of phosphatidylserine.

OCOR,
SERINE
OCOR; D-PHOPHOLIPASE
CaCl,

0 |
Ni— -
O I‘) O/\/

o
OCOR,

OH ‘

O Nt —

| COOH  *+ o NS
Ny I" - O/\/

O NH,

1/2Ca™

The reaction can be carried out both 1n an aqueous ambient,
as described 1n the EP 1 048 738, and 1n a system containing
beyond an aqueous phase also an organic solvent unmixable
with water, preferably toluene; this second method 1s
described 1n U.S. Pat. No. 5,700,668.

Whatever the method of trans-phosphatidylation used, the
phosphatidylserine which can be 1solated at the end of the
process contains 1n any case large amounts ol hydrophilic
impurities, such as serine, choline and their salts which are
present 1n the aqueous phase.

Another aspect which should be remarked 1s that, by mea-
suring the enzymatic activity of the type D-phospholipase of
the products according to the method described 1n related

literature (Biotechn. Techn., 7, 795 (1993)), every gram of
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2

product 1s found to have about 2 international units of enzy-
matic activity. In compliance with the general request of strict
criteria for purity, the removal of said impurities from the
product 1s highly important.

The methods which are commonly used to remove hydro-
philic substances from organic solutions of phospholipids
have proved to be 1inefiective. As a matter of fact, by extract-
ing a toluene solution of the phospholipid mixture obtained as

described 1n U.S. Pat. No. 5,700,668, with the same amount
ol water, and then by separating the phases, 1t 1s found that the
content of serine in the organic phase and the activity of
D-phospholipase are practically unchanged with respect to
the values found before the extraction with water.

Similarly, the elution of the same organic solution on a
chromatographic column containing chromatography silica
conditioned with toluene, 1n which the product elution 1is
completed with toluene, results 1n a very small removal of
serine and of the enzymatic activity from the phospholipid.

In another experiment the organic solution of phosphati-
dylserine to be purified because of serine 1s added with
acetone: the precipitated product shows, after being analyzed,
a ratio of serine to phosphatidylserine substantially
unchanged with respect to the starting product.

Therefore, there 1s always the problem related to the avail-
ability of an eflective purilying process for phosphati-
dylserines prepared by trans-phosphatidylation of phosphati-
dylcholine with serine 1 presence of the enzyme
D-phospholipase, and containing as impurities hydrophilic
compounds, proteins and inorganic salts.

SUMMARY OF THE INVENTION

The Applicant has now surprisingly found that hydrophilic
impurities, proteins and inorganic salts can be successiully
removed from a solution of phosphatidylserine 1n an organic
solvent by extraction with water, provided that a polar organic
solvent 1s added to the system.

The object of the present invention is therefore a purilying
process for phosphatidylserines having formula (I)

(1)
CH-OR,

CHOR,

CH,0— P(=0)— OCH,— CH(NH,)— COOH

X

where R, ¢ R, 1dentical or different, are a C, ,-C;, acyl group;
X 1s OH or OM,

where M 1s chosen from the group of alkal1 metals, alkaline-
carth metals, ammonium and alkyl ammonium,

and where the serine portion 1s 1n D, L or racemic form, and
preferably in L form, comprising the extraction of said phos-
phatidylserines from a solution 1n a hydrocarbon solvent with
a mixture of water and a polar organic solvent.

DETAILED DESCRIPTION OF THE INVENTION

In the specific case of phosphatidylserines prepared
according to the description contained 1n U.S. Pat. No. 5,700,
668 by trans-phosphatidylation 1n a two-phase system made
ol an aqueous phase and a toluene phase, the process accord-
ing to the ivention can be carried out directly on the toluene
phase aiter separating the latter from the aqueous phase at the
end of the reaction.



US RE43,764 E

3

In the case of phosphatidylserines prepared following
other methods, the purifying 1s process can be advanta-

geously carried out by stirring the product 1n a mixture con-
taining a hydrocarbon solvent, water and a polar organic
solvent.

Also 1n this case the concerned phospholipid 1s present 1n
the hydrocarbon phase, whereas hydrophilic impurities are to
be found 1n the aqueous phase.

After separating the phases phosphatidylserine can be 1so0-
lated using known methods such as precipitation with
acetone.

According to the present process aromatic or aliphatic
solvents can be used as hydrocarbon solvent; among aromatic
solvents toluene or xilene are preferred; among aliphatic sol-
vents 1t 1s preferable to use n-heptane, n-hexane or cyclohex-
ane.

As polar organic solvent alcoholic solvents can be used,
contaiming for mstance 1 to 5 carbon atoms. According to
preferred embodiments of the mvention, said alcoholic sol-
vent 1s chosen among secondary and tertiary alcohols; more
preferably 1sopropanol 1s used.

The extraction according to the invention can be carried out
at temperatures between 0 and 70° C., and preferably between
20 and 30° C.

The amount of hydrocarbon solvent 1s between 4 and 30
liters/kg of phospholipid to be purified, and preferably
between 6 and 12 liters.

The volume ratio between water and hydrocarbon solvent
1s between 0.2 and 3, and preferably between 0.3 and 1. The
volume ratio between polar organic solvent and hydrocarbon
solvent 1s between 0.2 and 2, and preferably between 0.3 and
1.2.

The method described can be applied to phosphati-
dylserines with different acyclic chains and allows to purity
both products deriving from the trans-phosphatidylation of
phosphatidylcholines of natural origin such as soybean, rape
or egg yvolk, and phosphatidylcholines synthesized with fat
acids, both saturated such as myristic acid, palmitic acid or
stearic acid, and unsaturated such as oleic acid or linoleic
acid.

The following examples merely aim at disclosing the
present invention without limiting its object.

EXAMPLE 1

Preparation of Phosphatidylserine in a Two-phase
System

400 g of a non de-oiled fraction of soybean lecithin, con-
taining 32% of phosphatidylcholine and 50% of triglycerides,
are charged 1nto a flask together with 3 1 of toluene. A solution
of 22.7 g of calcium chloride, 27.6 g of trihydrated sodium
acetate and 62.5 g of L-serine1n 1.3 1 of a solution of D-phos-
pholipase with an activity of 3 KU/1 1s separately prepared.
The solution 1s brought to pH=4.2 with acetic acid. The two
solutions are united and kept under stirring at 25° C. for 8
hours. After filtration the phases are separated, one tenth of
the toluene phase 1s concentrated under vacuum (the remain-
ing part 1s used for the experiments described 1n examples 2,
3, 4, 35); the residue 1s added to 300 ml of acetone at room
temperature. The product 1s filtered and dried, thus obtaining,
2’7 g of a mixture of phospholipids with a content of phos-
phatidylserine of 50%.

TLC analysis (eluant: mixture of chloroform, methanol,
water and 28% aqueous solution of ammonia 300:100:10:12;
detector:ninhydrin) shows the presence o1 1.5% of L-serine 1in
the final product.
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The presence of D-phospholipase 1n the product 1s deter-
mined with a method described 1n related literature (Bio-
techn. Techn., 7, 795 (1993)); an activity of 2.1 IU/g 1s found.

EXAMPLE 2

Puritying of Phosphatidylserine by Extraction with
1-propanol and Water

330 ml of the toluene solution prepared as described 1n
Example 1 are used. This solution 1s added with 240 ml of
1-propanol and 150 ml of water. The whole 1s stirred at room
temperature and settled, then the phases are separated. The
toluene phase 1s concentrated and its residue 1s added under
stirring to 500 ml of acetone.

The product has a content of L-serine o1 0.3%. D-phospho-
lipase 1s below the determination limit used in the method (0.1

IU/g).

EXAMPLE 3

Purifying of Phosphatidylserine by Extraction with
1-propanol and Water 1in Diflerent Ratios

330 ml of the toluene solution prepared as described 1n
Example 1 are used. This solution 1s added with 150 ml of
isopropanol and 240 ml of water. The whole 1s stirred at room
temperature and settled, then the phases are separated. The
toluene phase 1s concentrated and its residue 1s added under
stirring to 500 ml of acetone.

The product has a content of L-serine o1 0.2%. D-phospho-

lipase 1s below the determination limit used in the method (0.1
IU/g).

EXAMPLE 4

Puritying of Phosphatidylserine by Extraction with
Ethanol and Water

330 ml of the toluene solution prepared as described 1n
Example 1 are used. This solution 1s added with 150 ml of
ethanol and 150 ml of water. The whole 1s stirred at room
temperature and settled, then the phases are separated. The
toluene phase 1s concentrated and its residue 1s added under
stirring to 500 ml of acetone.

The product has a content of L-serine o1 0.2%. D-phospho-
lipase 1s below the determination limit used 1n the method (0.1

IU/g).

EXAMPLE 5

Preparation of Phosphatidylserine in a Two-phase
System Water/n-heptane and Purifying with
1-propanol and Water

40 g of the same type of soybean lecithin used as raw
maternial in Example 1 are charged into a flask together with
300 ml of n-heptane. A solution of 2.3 g of calcium chloride,
2.8 g of trihydrated sodium acetate and 6.3 g of L-serine 1n
0.13 1 of a solution of D-phospholipase with an activity of 3
KU/l 1s separately prepared. The solution 1s brought to
pH=4.2 with acetic acid. The two solutions are joined and
kept under stirring at 25° C. for 24 hours. After filtration the
phases are separated; the heptane phase 1s added with 150 ml
of 1-propanol and 150 ml of water. After stirring and settling
the two phases are separated. The heptane phase 1s concen-
trated at low pressure. The residue 1s added to 500 ml of
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acetone at room temperature. The product 1s filtered and
dried, thus obtaining 26.5 g of a mixture of phospholipids
with a content of phosphatidylserine of 48%.

The product has a content of L-serine 01 0.2%. D-phospho-
lipase 1s below the determination limit of the method (0.1
IU/g).

EXAMPLE 6

Preparation of Phosphatidylserine by
Trans-phosphatidylation 1n Absence of Organic
Solvent

40 g of a mixture of phospholipids obtained by extraction
with ethyl alcohol of soybean lecithin, whose main compo-
nent 1s phosphatidylcholine (65%), are charged 1nto a repa-
ratory funnel together with a solution prepared by dissolving,
60 g of calcium chloride 1n 800 ml of water; the mixture 1s
kept under stirring at 25° C. for an hour. After 4 hours at rest
700 ml of aqueous phase are unloaded from the bottom tap. A
solution containing 64 g of L-serine in 130 ml o1 0.1 M acetate
butiler at pH 4.5 1s separately prepared. This solution 1s added
with 300 mg of D-phospholipase 1n lyophilized form with an
activity of 1.0 IU/mg. The resulting solution 1s added to the
aqueous dispersion ol phospholipids previously prepared.

The mixture 1s kept under stirring at 45° C. for 3 hours. The
reaction product 1s separated by filtration; after being washed
with water 1t weighs 60 g.

An aliquot 1s drnied to determine serine and D-phospholi-
pase. The result 1s that the content of serine 1s of 7% by weight
and the activity of D-phospholipase 1s of 2 IU/g.

EXAMPLE 7

Puritying of Phosphatidylserine as Obtained 1n
Example 6

5 g aliquots of the moist product obtained as described 1n
Example 6 are used for purifying tests by dissolution 1n a
mixture of solvents containing water, a hydrocarbon solvent
(solvent 1) and an alcohol solvent (solvent 2).

In all tests phosphatidylserine 1s present, after stirring and
settling, only in the hydrocarbon phase. The hydrocarbon
phase 1s concentrated and precipitated from acetone. The
dried products are analyzed by measuring the content of
serine and the activity of D-phospholipase.

The following
Table 1 shows the purifying conditions used for phosphati-
dylserine and the amounts of serine and D-phospholipase
which are present 1n the final product.

TABL.

L1l

1

Puritving of phosphatidylserine

Test 1 2 3 4 5 6
Solvent 1 n- - n- - - n-
heptane heptane heptane heptane heptane heptane

Amount of 50 50 50 50 50 50

Solvent 1 (ml)

Solvent 2 meth- 1-pro- 1-pro- 1-pro- 1-pro- 1-pro-
anol panol panol panol panol panol

Amount of 60 15 15 30 30 50

solvent 2 (ml)

Amount of 25 15 30 15 30 40

water (ml)

Serine in final 1.0 0.8 0.2 1.3 0.3 0.6

product (%)
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TABLE 1-continued

Purifvine of phosphatidvlserine

Test 1 2 3 4 5 6
D- <0.1 <0.1 <0.1 0.1 <0.1 <0.1
phospholipase

in final

product (IU/g)

EXAMPLE 8

Preparation and Purifying of
Dioleoylphosphatidylserine (DOPS)

40 g of dioleoylphosphatidylcholine (DOPC) are charged

into a flask together with 0.3 1 of toluene. A solutionof 2.3 g
of calcium chloride, 2.8 g of trihydrated sodium acetate and
6.3 g of L-serine 1n 0.13 1 of a solution of D-phospholipase
with an activity of 3 KU/1 1s separately prepared. The solution
1s brought to pH=4.2 with acetic acid. The two solutions are
joined and kept under stirring at 25° C. for 8 hours. The phases
are then separated, the upper phase 1s added with 240 ml of
1-propanol and 150 ml of water. The whole 1s stirred at room
temperature and settled, then the phases are separated. The
toluene phase 1s concentrated and its residue 1s added under
stirring to 500 ml of acetone. The solid 1s filtered and dried
under vacuum, thus obtaining 39 g of DOPS as calcium sallt.

The product has a content of L-serine o1 0.2%. D-phospho-
lipase 1s below the determination limit used 1n the method (0.1

IU/g).

What 1s claimed 1s:

[1. Purifying process for phosphatidylserine having for-
mula (I)

(D)
CIH,OR,

CHOR,

CH,0— P(=0)— OCH,— CH(NH,)— COOH

X

where R, and R,, identical or different, are a C,,-C,, acyl
group; X 1s OH or OM, where M 1s chosen from the group of
alkali metals, alkaline-earth metals, ammonium and alkyl
ammonium,

and where the serine portion 1s 1 D, L or racemic form,
comprising the extraction of said phosphatidylserines from a
solution 1n a hydrocarbon solvent chosen among aromatic
and aliphatic hydrocarbon solvents, with a mixture of water
and an alcohol solvent.]

[2. Process according to claim 1, in which said hydrocar-
bon solvent 1s selected from the group consisting of toluene,
xylene, n-heptane, n-hexane and cyclohexane.]

[3. Process according to claim 1, in which said hydrocar-
bon solventis used 1n an amount between 4 and 30 liters/kg of
phosphatidylserine to be purified.]

[4. Process according to claim 3, in which said hydrocar-
bon solventis used 1n an amount between 6 and 12 liters/kg of
phosphatidylserine to be purified.]

[5. Process according to claim 1, in which said alcohol
solvent 1s chosen among alcohols containing 1 to 5 carbon
atoms. ]
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[6. Process according to claim 1, in which said alcohol
solvent is chosen among secondary and tertiary alcohols.]
[7. Process according to claim 1, in which said alcohol

solvent is isopropanol.]

[8. Process according to claim 1, in which said polar
organic solvent 1s used 1n an amount between 0.2 and 2
liters/kg of hydrocarbon solvent used.]

[9. Process according to claim 8, in which said polar
organic solvent 1s used 1n an amount between 0.3 and 1.2
liters/kg of hydrocarbon solvent used.]

[10. Process according to claim 1, in which the amount of
water used 1s between 0.2 and 5 liters/kg of hydrocarbon
solvent used.]

[11. Process according to claim 10, in which the amount of
water used 1s between 0.3 and 1 liter/kg of hydrocarbon
solvent used.]

[12. Process according to claim 1, in which said extraction
is carried out at a temperature between 0 and 70° C.}

[13. Process according to claim 12, in which said extraction
is carried out at a temperature between 20 and 30° C.}

[14. Process according to claim 1, in which said phosphati-
dylserines having formula (I) are prepared by trans-phos-
phatidylation of phosphatidylcholines of natural or synthetic
origin.]

[15. Process according to claim 1, in which the said serine
portion is in L form.}

[16. A purifying process for phosphatidylserine having
formula (1)

(D)
CH,OR,

CHOR,

CH,O— P(=0)—OCH,—CH(NH,)— COOH

X

where R, and R,, identical or different, are C,,-C,, acyl
groups;

X 1s OH or OM, where M 1s chosen from the group con-
sisting of alkali-earth metals, ammonium and alkyl
ammonium; and

where the serine portion 1s 1n D, L or racemic form; which
comprises stirring said phosphatidylserine in a mixture
comprising water, an alcohol solvent, and a hydrocarbon
solvent selected from the group consisting of aromatic
and aliphatic hydrocarbon solvents.]

[17. The process of claim 16, in which said hydrogen
solvent 1s selected from the group consisting of toluene,
xylene, n-heptane, n-hexane and cyclohexane.]

[18. The process of claim 16, in which said hydrogen
solvent 1s used 1n an amount between 4 and 30 liters per
kilogram of phosphatidylserine to be purified.]

[19. The process of claim 18, in which said hydrogen
solvent 1s used 1n an amount between 6 and 12 liters per
kilogram of phosphatidylserine to be purified.]

[20. The process of claim 16, in which said alcohol solvent
in an alcohol containing 1 to 5 carbon atoms. ]

[21. The process of claim 16, in which said alcohol solvent
1s selected from the group consisting of secondary and ter-
tiary alcohols.]

[22. The process of claim 16, in which said alcohol is
isopropanol.}

[23. The process of claim 16, in which said polar organic
solvent 1s used 1 an amount between 0.2 and 2 liters per
kilogram of hydrocarbon solvent used.]
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[24. The process of claim 23, in which said polar organic
solvent 1s used 1n an amount between 0.3 and 1.2 liters per
kilogram of hydrocarbon solvent used.]

[25. The process of claim 16, in which the amount of water
used 1s between 0.2 and 5 liters per kilogram of hydrocarbon
solvent used.]

[26. The process of claim 25, in which the amount of water
used 1s between 0.3 and 1 liters per kilogram of hydrocarbon
solvent used.}

[27. The process of claim 16, in which said stirring is
carried out at a temperature between 0 and 70 ° C.]

[28. The process of claim 27, in which said stirring is
carried out at a temperature between 20 and 30 ° C ]

[29. The process of claim 16, in which said phosphati-
dylserine 1s prepared by transphatidylation of phosphatidyl-
cholines of natural or synthetic origin.}

[30. The process of claim 16, in which said serine portion
is in L. form.]

[31. The process of claim 1, further comprising precipita-
tion of phosphatidylserine with acetone, after separation of
the solvent phases.]

[32. The process of claim 16, further comprising precipi-
tation of phosphatidylserine with acetone, after separation of
the solvent phases.]

33. Purifving process for phosphatidylserine having for-
mula (1)

)
CH,OR,

CHOR,

CH,0 —P(=0)—OCH> —CH(NH,) —COOH

X

where R, and R,, identical or different, are a C,,-C;, acyl
group; X is OH or OM, where M is chosen from the group of
alkali metals, alkaline-earth metals, ammonium and alkyl
ammonium, and wheve the sevine portionisin D, L or racemic

form, which consists of:

a) stirring said phosphatidylserine in a mixture of water, an
hvdrocarbon solvent chosen among aromatic and ali-
phatic hydrocarbon solvents, and an alcohol solvent,
selected from the group consisting of secondary alco-
hols containing 3 to 5 carbon atoms;

b) settling the mixture; and

c) isolating phosphatidyviserine after separation of the
hydrocarbon phase and the agueous phase;

wherein said phosphatidylserine is prepaved by transpho-
sphatidylation of phosphatidyvicholine of natural ov syn-
thetic origin with sevine in the presence of D-phospho-
lipase, and further wherein said purifyving process
removes the phospholipase and sevine which remain in
the agqueous phase.

34. Process according to claim 33, in which said hydrocar-
bon solvent is selected from the group consisting of toluene,
n-heptane, n-hexane and cyclohexane.

35. Process accovding to claim 33, in which said hvdrocar-
bon solvent is used in an amount between 4 and 30 liters/kg of
phosphatidylserine to be purified.

36. Process accovding to claim 33, in which said hyvdrocar-
bon solvent is used in an amount between 6 and 12 liters/kg of
phosphatidylserine to be purified.

37. Process accovding to claim 33, in which said hyvdrocar-
bon solvent is n-heptane.
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38. Process according to claim 33, in which said alcohol
solvent is isopropanol.

39. Process according to claim 33, in which said alcohol
solvent is used in an amount between 0.2 and 2 liters/kg of
hvdrocarbon solvent used.

40. Process according to claim 33, in which said alcohol
solvent is used in an amount between 0.3 and 1.2 liters/kg of
hvdrocarbon solvent used.

41. Process according to claim 33, in which the amount of

water used is between 0.2 and 5 liters/kg of hyvdrocarbon 10

solvent used.

42. Process according to claim 41, in which the amount of
water used is between 0.3 and 1 literv/kg of hvdrocarbon
solvent used.

43. Process according to claim 33, in which said purifica- 15

tion process is carried out at a temperaturve between 0 and 70°
C.

44. Process according to claim 43, in which said purifica-
tion process is carried out at a tempevature between 20 and
30° C.

45. Process according to claim 33, wherein isolation of
said phosphatidyviserine includes precipitation with acetone.

46. A purifving process according to claim 33 which con-
sists of:

a) stirring a solution of phosphatidyviserine in a hydrocar-
bon solution chosen among arvomatic and aliphatic
hvdrocarbon solvents with a mixture of water, and an
alcohol solvent selected from the group comsisting of
secondary alcohols containing 3 to 5 carbon atoms;

b) settling the mixture; and

c) isolating phosphatidylserine after separation of the
hvdrocarbon phase and the agueous phase;

wherein said solution in a hydrocarbon solvent of phos-
phatidviserine is prepared by transphosphatidylation of

5

20

25

10

phase system, and further wherein said purifyving pro-
cess removes the phospholipase and servine which
remain in the aqueous phase.

47. The process of claim 46, in which said hydrocarbon
solvent is selected from the group comsisting of toluene,
n-heptane, n-hexane and cyclohexane.

48. The process of claim 46, in which said hyvdrocarbon
solvent is used in an amount between 4 and 30 liters per
kilogram of phosphatidyiserine to be purified.

49. The process of claim 48, in which said hydrocarbon
solvent is used in an amount between 6 and 12 liters per
kilogram of phosphatidyiserine to be purified.

50. The process of claim 46, in which said hydrocarbon
solvent is n-heptane.

51. The process of claim 46, in which said alcohol solvent
is isopropanol.

52. The process of claim 46, in which said alcohol solvent
is used in an amount between 0.2 and 2 liters per kilogram of
hvdrocarbon solvent used.

53. The process of claim 52, in which said alcohol solvent
is used in an amount between 0.3 and 1.2 liters per kilogram
of hydrocarbon solvent used.

54. The process of claim 46, in which the amount of water
used is between 0.2 and 5 liters per kilogram of hvdrocarbon
solvent used.

55. The process of claim 54, in which the amount of water
used is between 0.3 and 1 liters per kilogram of hvdrocarbon
solvent used.

56. The process of claim 46, in which said purification

30 process is carried out at a tempevature between 0 and 70° C.

phosphatidyicholine of natural or synthetic ovigin with 35

sevine in the presence of D-phospholipase in a two-

57. The process of claim 56, in which said purification

process is carried out at a temperature between 20 and 30° C.

58. The process of claim 46, wherein isolation of said

phosphatidylserine includes precipitation with acetone.
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