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METHOD OF SEPARATING A FACTOR IX PREPARATION FROM
BLOOD PLASMA

This invention relates to blood fractionation and
more particularly to the separation of a blood
coagulation Factor IX preparation from plasma by the

.8elective adsorption cf Factors II, IX and X.

The process of blood coagulation is a complicated
phfsiological activity that involves the interaction of
numerous substances found in normal whole blood. It is
known that certain factors associated with the blood
coagulation mechanism are absent oz,éeriously deficient
in certain individuals. In those patients suffering
from classical hemophilia, antihemophilic factor A
(AHF, Factor VIII) is deficient., In those patients
afflicted with hemophilia B, plasma thromboplastin
component (PTC, Factor IX) is missing from the blood.

Several other factors which are important in the
coagulation mechanism are Factors II, VII and X. As
with Factors VIII and Ix; these other factors also are
deficient or absent in certain individuals. Factors II,
VII and X are usually associated with Factor IX in the
fractionation of blood plasma into various fractions,
and a concentrate of these four factors has come to be
known. as the prothrombin complex.
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In the development of modern blood banking programs
involving the collection and storage of large quantities
of blood and blood components, the establishment of
adequate preservation systems is critical. Since World
War II it has been common practice to collect blood in a
solution of citric acid, sodium citrate and dextrose

known as ACD blood. -—-
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21 The problem of preserving blood 1s much simplified,
however, when 1t is reduced to preservation of various
blood components since 1t 1s easier to meet the envliron-
mental requlirements of the separate components than of

5 wnole ploocd.

Moreover, 1t is wasteful and even detrimental
to the patient to administer more blood components than
required. Thus,the hemopniliac needing certain blood
coagulation factors ldeally should be given only those

10factors required or at least a purified concentrate of
these factors containing a reduced level of unneeded
factors.

The fractionation of blood to obtain blood co-

agulation Factors VIII and IX and the prothrombin complex

15is well known. Most fractlionatlion methods require the
separation of Factor VIII from the plasma or other
starting material prior to the separation of Factor IX or
the protnrombin complex. For example, Factor VIII 1is
frequently first separated from plasma as a cryoprecipitate

200r by precipltation with glycine or polyethylene glycol as
deseribed in U.3. Patents 3,631, 018 and 3,652,530 and
references clted thereln.

Various prior methods of blood fractionation
for the preparation of the protarcmbin complex include
25the barium sulfate adsorption method described oy
Fowell in U.S. Patent 2,999,791 and the tricalcium
phosphate adsorption method disclosed by Souller et al,
La Presse Medicale 72, 1223-28 (1964). Tullis discloses
the use of DEAE-cellulose ion exchanger for the production
30°f 2 prothromblin complex, New England Journal of ledicine’
273, 667-74 (1965) while the corresponding use of DEAE-
Sepnadex 1s descrived by Wado and lMozen in U.S. Patent
3,717,705. Andersson etal in U.S. Patent 3,920,625
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further describe the use of DEAE-Sephadex specifically
for the preparation of Factor IX concentrates. Use of
polyethylene glycol for the production of prothrombin
complex is taught by Fekete and Shanbrom in U.S, Patents
3,560,475 and 3,682,881, Aluminum hydroxide and other
such gel materials also are known as useful in the
concentration of prothrombin complex factors as seen
from Bidwell, U.S. Patent 2,867,567,

As distinguished from all of the foregoing methods,
in the present invention a Factor IX preparation is
separated from plasma such that it also contains Factors
ITI and X but not Factor VII which is usually contained
in the prothrombin complex concentrates of the prior art.
Moreover, the Factor IX preparation of this invention
advantageously can be separated from the plasma prior
to the separation of Factor VIII,

The method of the present invention is one of
separating a Factor IX preparation from plasma
characterized by contacting liquid blood plasma at a pH
of from about 7,5 to about 8.5 with from about 0,025%
to about 0.1% by weight of the plasma of a water-
insoluble, cross-linked polyelectrolyte copolymer of
ethylene and maleic anhydride containing pendant
diloweralkylaminoloweralkyl functional groups whereby
Factors 1I, IX and X are selectively adsorbed by the
polyelectrolyte copolymer to the substantial exclusion
of Factors VII and VIII which are unadsorbed and remain
in the liquid plasma,

In accordance with the present invention, a Factor
IX preparation containing Factors II, IX and X is
separated from liquid plasma with a water-insoluble,
cross-linked polyelectrolyte copolymer of ethylene and
maleic anhydride containing pendant diloweralkylamino-
loweralkyl functional groups. By use of the polyelectrolyte
copolymer at a relatively low concentration of from about
0.025% to about 0,1% by weight of the plasma and a pH of
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from about 7.5 to about 8.5, a Factor IX preparation
containing Factors II, le and X surprisingly is
selectively adsorbed by. the polyelectrolyte copolymer
to the substantial exclusion of Factors VII and VIII
which are unadsorbed and remain in the liquid plnajlsma.;
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If desired, the adsorbed Factor IX preparation
can then ve eluted {rom the polyelectrolite oy washing
witn an aguecus soclution of a physiolecgically acceptable
salt sucnh as NaCl, for example a solution of about one

5 to three molar WaCi. The elution preferably 1is carried
cut at a pH of from about 5.5 to about 6.5 although
nigner pn's also can be used.

The stvarting piasma used in the fractiocnation

method of this invention 1s generally obtalned fresh
10frozen. Thls plasma should be thawed before fractiona-

ion with the polyelectrolyte copolymer, preferably by

heating to a temperature of at least about 35°C.

The approprizte polyelectrolyte copolymer can then be

adnixed with the plasma at a concentration of from about
150.025% to about 0.1% and preferably about 0.035% to

about 9.35%, and the pH adjusted to a range of from about

7.5 to about 8.5. The mixture is stirred for a sultable

time, for example at least about 10 minutes, during

which time the Factor IX preparation 1s selectively
20adsorbed by tne polyelectrolyte copolymer and the remain-

ing liquid plasme 1s made deficient in Factors II, IX and

x.

In general, the water-insoluble, cross-linked
polyelectrolyte copolymers employed in this invention
osare copolymers of ethylene and malelic anhydride contain-
ing pendant diloweralkylaminoloweralkyl functlonal groups.
By the term "loweralkyl" is meant an alkyl havingafrom

about 1 to about 4 carbon atoms. 8

-, S NE
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The base copolymer of ethylene and maleic
'fanhydride (éMA) can be prepared, for example, by re-
~ acting ethylene and maleiec anhydricde in the presence of
a peroxlde catalyst in a suitable solivent. The copoly-
5 mer wlll preflerably contaln substantially equimolar
quantitles of the ethylene residue and the anhydride
residue.

The base EMA copolymer can be reacted witn a

loweralkyliminobisloweralkylamine which has two primary

1l0amine groups and leads to a cross-linked EMA copolymer.
Tne desired pendant diloweralikylaminoloweralkyl function-
al groups can then be incorporated into the cross-linked
copolymer by reaction of dileweralkylaminoloweralkylamine
with part of all of the remaining anhydride groups of

15the ZiiA polymer. The polyelectrolyte copolymer also
desirably 1s converted to the dCl salt form to provide
better handling characteristies. Further details on tne
preparation of these polyelectrolyte copolymers can be
had by reference to the disclosure in U.S. Patent

203,554,985 which 1s 1Incorporated nerein by reference. Use
of these polyelectrolyte ccpolymers in blood fractiona-
tion is described in U.S. Patent 3,555,001.

A preferred diloweralkylaminoloweralkyl
functional group 1is dimethylaminopropyl and a preferred
25cross-1inking agent 1s methyliminobispropylamine.

A preferred polyelectrolyte copolymer for use
in this invention contalins about five methyliminobispropyl-
' anine cross~-linking groups and about 90 pendant dimethyl-
aminopropylamine functional groups per 100 maleilc
30anhydride units in the EMA copolymer.

. e
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Otner cross-linking agents, for example,
divinylbenzene and ethyliene diamine, and other functional
groups, for example, dimethylaminoetnyl and diethylamino-
outyi, aiso can be used in the polyelectiroliyte copolymers

5 wnicn are emgloyed in the method of separating the Factor
IX preparatvion nerein.

Foliowing the adsorption of the Factor IX pre-
paration, the Factor VIII remaining in the plasma
solution can be further ccncentrated and recovered by

10«nown technigues. The adsorbed Factor IX preparation
can oe conveniently reccvered by elution from the
polyelectrolyte copolymer by washing with an aqueous
solution of iaCl having a molarity of from about one to
about three.

15 In a preferred embodiment of the invention,
about 0.035% by weight of the polyelectrolyte copolymer
containing about five methyliminobispropylamine cross-
linking groups and about 30 dimethylaminopropylamine
functional groups per 100 malelc anhydride units in the

a0iiA copolymer is employed for selec;ive adsorption of
the Pactor IX preparation at a pH of about 8. The
adsoroed Factor IX preparation 1s then eluted from the
polyelectrolyte copolymer by washing with 1.7 molar NaCl
at pd 6. The eluant can then be dialyzed against 0.1

25nolar Nall at 49C and freeze dried for storage.

Tne following examples will further lllustrate
tne invention although it will be appreciated that the
invention is not limited ‘o these specific examples.
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EXAMPLE I

In this example, the polyelectrolyte copolymer
ccnslsted of the reaction product of substantially
equimolar parts of etiylene and malelc annydride (EMA)
cross-linked with methnyliminooispropylamine ({IIBPA) and

5 then further reacted with dimethylaminopropylamine (DIiIAPA)
sucn as to provide acout five MIBPA cross-linking groups
and apbout 90 DiMAPA pendant groups per 100 maleic anhydride
unlits in the EIA copolymer and converted to the HC1l salt
form. One liter of normal human plasma was adjusted to

10 pH 8 wita 1 molar NaOH and 0.35 zrams cof ths aforesaid
polyelectrolyte copolymer was added theretc and the mix-
ture was stirred for 20 minutes. The mixture was thnen
filtered and the fiitrate was retained as a PFactor IX
depleted plasma. The fllter cake was washed with dis-
15 t111ed water to remove entrained protein.

A Factor IX preparation containing Factors II,

IX and X was then eluted from the polyelectrolyte copoly-
mer by washing with 25 ml. of 1.7 molar NaCl at pH 6.0

20 (the pH being adjusted with 0.1 molar citric acid) for
20 minutes. Tne copolymer slurry was then filtered and
the filtrate was retained as the desired Factor IX
preparation. In a serles of seven one-lliter replicate
fractionations using the above procedure, an average of

25 483 * 48 units of Factor IX per liter were obtained having
a purification index of 1738 ¥ 33. One unit of Factor IX
is defined as the amount of said factor in one ml of pooled
‘normal whole plasma. The purification index 1s calculated
-as the ratio of the amount of total protein 1In the start-

30 ing plasma to the amount of total protein in the final
‘Factor IX preparation multiplied by the ratio of the units
of Factor IX in the final Factor 1IX preparation to the
units of Facter IX in the starting plasma.
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SXAMPLE 2

Using 0.4 mg/ml of the polyelectrolyte
copolymer of Exampie 1 for admixture with normal numan
plasma for 20 minutes at pH 7.4 to separate a Factor IX

5 preparaticn, as in Example 1, the adsorption of Factors
II, VII, VIII, IX and X was measured with the following

results:

Factor % Adsorbed *
i T . . 83
10 VII 0
ViIiI 5
IX 96

X ‘ 83

¥ pased on amount in starting plasma'

15 These results show a high selectivity for
adsorption of Factors II, IX and X to the substantial
exclusion of Factors VII and VIII bpased on the correspond-
ing amounts of these factors in the starting plasma.

Conventional one-stage assays were used for
oadletermining tne coagulation factors in the foregoling
examples. The one-stage assay system for Factor VIII
sold commerc;ally by Dade Division of American Hospital
Supply Corporation was employed in tnese examples. This
assay system 1is based on the activated partial thrombo-
25plastin time {PTT) used to determine deficiencles 1n
factors necessary for the intrinsic methed of clot
formation. The PTT test was devised by Brinkhous
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and co-workers and reporéed in J. Lab. Clin; Med. 41, G637
(1953). In these assays .for the various coagulation
factors, the uninown sample was reacted with a partial
thromooplastin reagent and the appropriate factor-

S deficient substrate plasma which did not contain the fac-
tor to be determined, and the time for clotting was
observed. The partial thromboplastin reagent contains
crude cephalin obotalned from rabbit brain which 1s known
to clot normal plasma faster than it clots nemophilic

10plasma. Such reagents are well-known and described, for
example, in U.S. Patents 3,395,210, 3,486,981 and 3,522,148.
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CLAINS

1. A method of separating a Factor IX preparation
from plasma characterized by contacting liquid blood
plasma at a pH of from about 7.5 to abhout 8.5 with from
about 0.025% to about 0.1% by weight of the plasma of a
water-insoluble, cross-linked polyele&trolyte copolymer
of ethylene and maleic anhydride containing pendant
diloweralkylaminoloweralkyl functional groups whereby
Factors II, IX and X are selectively adsorbed by the
polyelectrolyte copolymer to the substantial exclusion of
Factors VII and VIII which are unadsorbed and remain in
the liquid plasma,

2. A method of Claim 1 characterized in that the
diloweralkylaminoloweralkyl functional group is dimethyl-
aminopropyl.

3. A method of Claim 1 or Claim 2 characterized in
that the copolymer of ethylene and maleic anhydride is
cross—~linked with methyliminobispropylamine.

4. A method of Claim 1 characterized in that the
polyelectrolyte copolymer contains about five methyl-

“iminobispropylamine- cross-linking groups and about 90

(.

©»
~

dimethylaminopropyl pendant groups per 100 maleic anhydride-

groups.,
5, A method of any of the preceding claims .

characterized in that the absarbed Factor IX preparation
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is eluted from the polyelectrolyte copolymer by washing
with an aqueous solution of NaCl having a molarity of
from about one to about three. B
6. A method of any of the preceding claims
5 characterized in that the concentration of the polyelect-
rolyte copolymer is from about 0.035% to about 0,05% by
weight of the plasma, '

1Y
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