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@ Non-activating polyelectrolytes for separation of blood coagulation factors.

@ The invention relates to polyelectrolytes and their use in
the separation of biood proteins.

Blood coagulation factors such as Factor VIii are sepa-
rated from admixture with other blood proteins without pro-
ducing activation of said coagulstion factor by contacting
with a water-insoluble, cross-linked polyelectroiyte
copolymer of (a) C2-18 unsaturated monomer and (b) Cs-12
unsaturated polycarboxylic acid or anhydride, in which
2-100% of the carboxy! sites are substituted with amine-
imides and substantially all the free anhydrides are blocked
with alkoxyalkylamine to form alkoxyalkylimide units.
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NON-ACTIVATING POLYELECTROLYTES FOR SEPARATION OF

BLOOD COAGULATION FACTORS

This invention relates to blood fractionation and
more particularly to the fractionation of blood coagul-
ation factors with certain unique polyelectrolytes,

The process of blood coagulation is a complicated
physiological 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 or seriously deficient
in certain individuals. Thus, in those patients suffering
from classical hemophilia, antihemophilic factor A (AHF,
Factor VIII) is deficient. In those patients suffering
from hemophilia B, plasma thromboplastin component (PTC,
Factor IX) is missing from the blood. A small percentage
of ‘hemophiliacs also are lacking in the so-called Von
Willebrand's Factor which is related to Factor VIII.
Several other factors which are important in the coagul-
ation mechanism, the absence of which can also lead to
bleeding disorders, are, for example, Factors II, VII and
X. The latter three factors together with Factors IX are
frequently referred to as the prothrombin complex factors.,

In the development of modern blood banking programs
involving the collection and storage of large quantities-
of blood components, the establishment of adequate
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preservation systems is critical. Since World War 1I it
has been common practice to collect blood in a solution °
of citric acid, sodium citrate and dextrose, known as ACD
blood. The problem of preserving blood is much simplified,
however, when it is reduced to preservation of various
blood components since it is easier to meet the environ-
mental requirements of the separate componénts than of
whole blood.--
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Moreover, it is wasteful and even detrimental
_to the patient to administer more blood components than
béquired. Thus, the hemophiliac needing certain blood
coagulation factors ideally should be given only those
5 factors required or at least a'purified concentrate of
those factors.

The Irectionation of blcod coagulation factcrs,
particularly Factor VIII and those factors associated with
the prothrombin complex, is well-known, as can be seen

10from U.S. Patent 3,682,881 and numercus other patents and
publications. Various materials used in such fractionation
are, for example, barium sulfate, aluminum hydroxide, .
polyethylene glycol, rivanol (6,9-diamino 2-ethoxy-
acridine lactate),glycine, DEAE-cellulose and DEAE-
15Sephadex.

. Another group of substances’ which have been
found useful in the fractionation of blood components
are the water-insoluble, cross-linked polyelectrolyte
copolymers described in U.S. Patent 3,554,985. These

20substances are described as cross-linked copolymers of an
(a) unsaturated monomer of 2 to 12 carbon atoms and
(b) a monomer selected from the group consisting of
(1) a mixture of an unsaturated polycarboxylic acid cor
anhydride and an unsaturated polycarbéxylic acid amine-
25imide, and (2) an unsaturated polycarboxylic acid amine-
imide, the polymeric units containing a defined minimum
percentage of an amine-imide group which is a dilower-
alkylamincloweralkylimide group wherein loweralkyl has
1 to § carbon atoms. Each of the polymeric units
30contains reactive sites in the form of an anhydride
group oy two carboxyl groups or derivatives of these
groups. At least 3 percent of these reactive sites are

converted to the diloweralkylaminoloweralkylimide.
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The foregoing polyelectrolyte ccpoﬂ§mers are
known to be useful for preparation of varioud blood
components such as albumin, gamma globulin, lipoproteins,
hemcglobin arnd anti-trypsin factor as described in U.S.
atent 3,555,301. In <the fractionation of these compon-
ents, the adscrotion of a charged protein species to
a chargad Insoluble substrate surface is accomplished
h elec*rnstatic interactions between sites of
s, and this in turn is related to the
iscelectric pH (IZpH)
pH of the medium.

of the protein species and the

In the fracticnation cf coagulaticn factors,
such as Facter VIII, with certain of the polyelectrolytes
described in U.S. Patents 3,555,001 and 3,554,985, it
has been Zound that use of the separated blood factor

»

in standard clotting time +ests causes a marked reduction
in clotting time. This pre-activation. of ths separated
Factor VIII component rssrasents a sericus deficiency

in the cliniczl usefulne

U

= of this material. Such pre-
activation has also been observed by reaction in dogs
when the separa+ted Factcr VIII was injected intravenously
in the dogs. These reactions ccnsisted of:

(1) a behavior change whereby

; the dog rctates in its cage
for 24% hours,

(2) a hemolysis reaction evidenced
by hemoglcbinuria, and

(3) a marked lowering of blood
platelet count accompanied by rise
in blood pressure.

This pre-activation has been found to be related
to the structure and ccmpesition of the adsorbincr
polyelectrolyte in which there may be free hyaroxyl groups
capable of hy rogen bending reactions. Thus, the poly-

elec PO*jii c;:ljn;r mey Inciude the fcllewing polyme-

a
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20U.S. Patent 3,555,001 discloses that the polyelectrolyte
may possess from 2-100% amine-imide linkages, with the
remaining carboxyl groups being in the anhydride form
(col. 5, lines 28-31). It is further stated that the
residual, non-modified polymer anhydride units may be

25converted .€o neutral groups or units by reaction of the
unreacted ahnydride units with compounds such as alkyl-
amines, aminoalcohols and alcohols (col. S5, lines 54-6C).
In the illustrative formula, above, the functional amine-
imide linkages are shown at I, the cross-linking imino- -

30imide linkages are shown at III, and the remaining carboxyl
groups in the anhydride form are shown to be converted
to nedfral groups by blocking or reaction with an amino-
alcohel at II thereby giving rise to hydroxyalkylimide
units.
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Notwithstanding the foregoing blocking of
residual anhydride groups with aminocalcohol at II, it
nas been found that the free hydroxyls thus intreduced
on the polymer backbone in the form of hydroxyalkyl- )
5 imide groups as shown at II in the above formula con-
tribute tc the aforesail pre-activation of Factor VIII
which has been fracticnated with this type of polyelec-
trolyzte.

It has been further found that the pre-formation
1007 the salt form of this type of pclyelectrolyte, for
example the hydrochloride salt, further accentuates the
aforesaid pre-activaticn. Although the free amine form

does not necessarily prcduce activation, the salt form
o)

)

the polyelecirolyte is preferred from the standpoint
1507 stability and the processing ability to remove water
soluble extractable material which could find its way

into the fractionated blcocd component.

Altncugh the inventors are not bound by theory,
iz is believed that the above activation of Factor VIII
20may be due, in part, to the presence of plasma zymogens
or enzymes resulting from zymogen activation in the separ-
ated Factor VIII fraction. These zymogens are known to
be activated by negatively charged surfaces or hydroxylated
surfaces capable of- hydrogen bending such as collagen.
25The aforesaid polymers having the free hydroxyl are
capable of intra- and interchain hydrogen bonding with
proteins with resultant areas of partial negative charge.
In order to overcome this overall process of activation,
the present inventors have synthesized new polyelectrolytes
300f the foregoing general type in which the aforesaid
hydroxyl group is blocked (thereby minimizing hydrogen
bonding capability).
Accordingly, the polyelectrolyte of the present
jnvention is a water-insoluble, cross-linked polyelectrolyte
35copolymer characterized by (a) an unsaturated monomer having
from 2 to about 18 carbon atoms and (b) a monomer selected
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from the group consisting of unsaturated polycarboxylic
acid or anhydride having from 4 to about 12 carbon atoms,
said copolymer having from 2-100% of its éarboxyl groﬁps
substituted with amine-imides selected from the group
consisting of diloweralkylaminoloweralkylimide and
loweralkyliminodi(loweralkylimide), and said copolymer
further having substantially all of its free anhydrides
blocked whereby said polyelectrolytes can be used for
the separation of specific blood coagulation factor from
other blood proteins in a fluid medium without thereby
causing any substantial pre-activation of said coagulation
factor.

The method of the invention is one for separating
specific blood coagulation factor from admixture with
other blood proteins in a fluid medium characterized by
contacting said medium with a Water—ingoluble, cross-
linked poiyelectrolyte copolymer of (a) unsaturated
monomer having from 2 to about 18 carbon atoms and (b) a
monomer selected from the group consisting of unsaturated
polycarboxylic acid or anhydride having from 4 to about
12 carbon atoms, in which 2-100% of the carboxyl sites
are substituted with amine-imides and substantially all
the free anhydrides are blocked, to thereby selectively
adsorb saild specific coagulation factor to the substantial
exclusion of said other blood protéins without producing
any substantial pre-activation of said coagulation factor,

Thus, in accordance with the present invention,
polyelectrolytes of the general type described herein-
before are modified in structure whereby they can be used
for the fractionation of coagulation factors, especially
Factor VIII, which are not pre-activated, Briefly stated,
this modification consists in blocking the above-described
hydroxyl groups introduced onto the polymer backbone.

This blocking can be carried out by alkylation, acylation,
estefification_and the like procedures known for blocking

nydroxyl groups in general, An alternative and preferred
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method of accomplishing the same end result is to
convert unreacted anydride units during synthesis to
alkoxyalkylimide units using an alkoxyalkylamine such as,
for example, methoxypropylamine. This anhydride blocking

can be carried out in any sequence of the polyelectrolyte
synthesis,

In general, the polyelectrolytes whiéﬁ can be
modified by blocking of the anhydride groups on the
polymer backbone in accordance with this invention in-
clude those disclosed in the aforementioned U.S. Patents
3,554,985 and 3,555,001,

1
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For purposes of convenience, the polymers described

in said patents wilil be refarred to as EMA—fype polymers
‘(ethylene/maleic anrhydride or acid). These polymers

are illustrated by the gereral examples in the following
5 sections I and II: '

The polycarboxylic acid polymers can be of the
nonvicinal-type including those containing monomer units,
such as acrylic acid, acrylic anhydride, methacrylic

15acid, crctoric acid or their respective derivatives,
including partial salts, amides and esters or of the
vicinal type, including malieic, itaconic, citraconic;
A-dimethyl maleic, A-butyl maleic,sA-phenyl maleic,
fumaric, aconitic,CK—chlcrOmaleic,ds-Bfomomaleic, and

20d-cyanomaleiz acids including their salts, amides and
esters. Anhydrides of the foregoing acids are also
advantageously employed.

Co-monomers suitable for use with the above
polycarboxylic acid monomers include A-olefins, such as
25ethylene, 2-methylpentene-l, propylene, isobutylene,
l1- or 2-butene, l-hexene, l-octene; l-decene, l-dodecene,
l-octadecene, and other vinyl monomers, such as styrene,
Gk-methyl styrene, vinyltoluene, vinyl acetate, vinyl
chloride, vinyl formate, vinyl alkyl ethers, e.g. metﬁyl-
30vinyl-ether, alkyl acrylates, alkyl methacrylates,
acrylamides and alkylacrylamides, or mixtures of these
monomers. Reactivity of some functional groups in the
copolymers resulting from some of these monomers permits
formation of other useful functional groups in the
35formed copolymer, including hydroxy, lactone, amine and
lactam groups.-
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Any of the said carboxylic acids or derivatives
may be copolymericzed with any of the other monomers
described abecve, znd any other monomer which forms a
copolymer with unsaturated carboxylic acids or de-

ivatives. Althcugh these copolymers can be prepared
by direct poiymerization of the various monomers, fre-
quently they are more easily prepared by an after-re-
acticn modificazion of an existing copolymer. Copoly-
mers are conveniently identified in terms of their mono-
meric constituents. The names so applied refer to the
molecular structure and are not limited to the polymers

prepared by the copolymerization of the speciiied monomers.

Representative EMA-type carboxylic acid or anhy-
dride-olefin polymers, especially maleic acid or anhydride-
olefin polymers of the foregoing type are known, for
example, from U.S. Pats. 2,378,629; 2,396,785; 3,157,595;
and 3,3u40,683. Generally, the copolymers are prepared
by reacting ethylene or other unsaturated monomer, or
mixtures thereof, with the acid anhydride in the pre-
sence of a peroxide catalyst in an aliphatic or aromatic
hydrocarbon solvent for the monomers but nonsolvent for
the interpolymer formed. Suitable solvents include
benzehe, toluene, xylene, chlorinated benzene and the
like. While benzoyl peroxide is usually the preferred
catalyst, other peroxides such as acetyl peroxide, butyryl
peroxide, ditertiary butyl peroxide, lauroyl peroxide and
the like, or any of the numerous azo catalysts, are
satisfactory ‘since they are soluble in organic solvents.
The copolymer preferably contains substantially equimolar
quantities cf the olefin residue and the anhydride residue.
" Generally, it will have a degree of polymerization Fof
about 38 to 100,000, treferably about 100 to 5,000 and a
molecular weight of about 1,030 to 1,000,000 preferably
about 10,000 to 500,000.

x
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The properties of the polymer, such as molecular

weight, for example, are regulated by suitable choice

(o}

f the catalyst and control of one or more of the vari-

ables such as ratio of reactants, temperature, and

wn
0
fu

atalyst concentration cr the addition of regulating
chain transfer agsnts, such as diisopropyl benzene,
propionic acid, alkyl aldehydes, and the like.

Mumerous of these polymers are commercially available.

Following the focrmation of the initial EMA-type
15 polymer, the polymer is pra=ferably aggregated by
heating in inert crganic solvent at a temperature of
from about 155°C to 160°Cbut lower than the softening
point of the pclymer for at least about 15 minutes.
This aggregation improves the filterability, drying
20 characteristics and physical form of the polymer used
in making the polyelectrclyte without significantly
diminishing the protein adsorption capacity of the
polyelectrolyte. However, said aggregation is not essential

to the present invention.

25 The aforesaid initially prepared polymer,
either aggregated or unaggregatedy ié cross-linked and
substituted with the amine-imide groups in whatever
sequence optimizes the properties being sought by
tailoring the distribution of specific groups within the
30 particles. These groups are essentially basic groups
which can be aliphatic straight chain groups or can be
alicyclic or aromatic groups. The aliphatic straight
chain groups preferably are diloweralkylaminoloweralkyl-
imide groups or loweralkyliminodi(loweralkylimidexalink—
. 35 ages as described previously in U.S. Patents 3,554,985
::; ard 3,55,001. Such products are further illustrated by'

the general examples in the following section II:
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e initiazl copolymers of anhydridss and
another moncmer can be converted to carboxyl-containing
copolyrers by reaction with water, and to ammonium,

5 alkali and alkaline earth metal and alkylamine salts
therzof by reaction with alkali metal compounds, alkaline
earth metal ccmpounds, amines or ammonia. Other suitzble
derivatives ¢f tThe above polymers include the alkyl or
other esters, alkyl amides, dialkyl amides, phenylalkvl

10 amides or phenyl amides prepared by reacting carboxyl
groups on the polymer chain with the selected amines or
alkyl or phenylalkyl alcohol, as well as amino esters,
amino amides, hydroxy amicdes and hydroxy esters, wherein
the functional groups are separated by alkylene, phenyl,

15 phenylalkyl, phervlalkyvlphenyl, or alkylphenylalkyl or
other aryl grcups. Moleties bearing amine or amine salts
including quaternary salt groups are conveniently formed

by reaction of the carboxyls of their anhydride precursors
where applicable with polyfunctional amines such as

20 dimethylamincpropylamine at higher temperatures forming
an imide linkage with vicinal carboxyls. Such pendant
free amine grcups can then be converted, if desired, to
their simple or gquaternary salts.

Partial imides cf a starting carboxyl or carboxylic
25 acid anhydride containing polymer, e.g. EMA, are pro-
‘duced by:

- (A) Heating a limiting amount of a secondary or
tertiary aminoloweralkylamine with the anhydride or

carboxyl-containing form cf the polymer in a suitable sol-08
30vent (e.g. xylene) at a temperature of about 140-150°C.,

until water is no longer given off. Such a reaction

simul*anecusly results in formation of imide groups in
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proportion to the amount of amine added and in the re-
formaticn of anhydride groups for the remainder of the
polymer units.  In this manner,inide-polymer products

are formed which typically pcssess 2-100% imide linkages,
the remaining carboxyl groubs, when present, being in the
anhydride form. '

(B) Alternatively, a partial amide polymer
product can be converted to the partial imide polymer
product by heating a partial amide-polymer product in vacuo
at 140-150°C until water is no longer given off. Such an
imide polymer product likewise possesses comparable pro-
portions of imide and anhydride groups depeniing upon
the number of amide groups originally contained in the
starting partial amide-pclymer product.

Partial seccniary or tertiary amincloweralkyl-
amides of the starting carboxyl or carboxylic acid anhydride-
containing polymer, e.g. EMA, are obtained by contacting
the polymer with a limiting amount of the selected amine
in suspension in a solvernt such as benzene or hexane,
resulting in formation of a partial amide-acid anhydride
derivative of the pclymer, or a corresponding amide-
carboxylate derivative thereof. The number of amide groups
is dependent upon the quantity of the amine used as compared
with the quantity of polymer employed. Such amide-polymer
products typically comprise 2-100% amide groups, with
reﬁaining carboxyl groups being ﬁresent as acid or
anhydride groups.

Suitable blocking and unblocking of the amine
moiety of the reactant employed in preparing amines or

30imides may be 'sffected when required. Residual, non- . - .-

‘modified polymer units or anhydrides may optionally be

converted to neutral grcups or units by reaction with
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certain nonfunctional compounds including alkylamines,
aminoalcohols and aleochols.

Aiternatively, adé¢itional cationic character
can be provided in the polymer through incorporation of
5 monomers which impart a basic or cationic character such
as C-vinyl pyridines, vinyl amine, the several amino-
substituted vinyl benzenes (or toluenes ard the like),
amine-bearing acrylates (or methacrylates and the like),
vinyl imidazole and such similar monomers.

10 Thus, in any event, the polymer product will
have residual active or reactive groups which can be of
various types, including mixtures, but these residual
active or reactive groups-or residual "reactive sites" in
the polymer will in one way or another comprise a certain
15percentage which are of a basic nature, so as to impart the
féquisite basic nature to the polymer product.

Especizlliy preferred polymers subject to the
previously referred to requirements are selected from the
group consisting of ethylene/maleic acid or anhydride

20copolymers, styrene/maleic acid or anhydride copolymers,
methylpentene/maleic'acid or anhydride copolymers, and .
isobutylene/maleic acid or anhydride copolymers.

As will be apparent from tﬁeéfcregoing, the

essential basic groups of the polycationic or polyampholy-

25tic polyelectrolyte (PE) employed are of an imide nature
involving dilcweralk ylaminoloweralkylimide groupings,e.g.,as
produced by reacting a diloweralkylaminoloweralkylamine
with the carboxyl groups of a pre-formed polymer or by
polymerizing an unsaturated olefin with an unsaturated

30anhydride or acid having such pre-formed imide groups in
at least a portion of the unsaturated polycarboxylic acid
reactant. According to the invention, such groups are
preferred for purposes of the inventicn.
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_ Alternatively, whether such pre-formed groups are
or are not present, imide groups can be provided by cross-
linking the polymer with a lcweralkyliminobis(loweralkyl-
amine) which in the process of cresslinking by reaction
5 between the terminal amine grsups of the crosslinker and
d

mido
ation
s

-

carboxyl grcups in the polymer chain is productive of

.
o

groups at beth ends of the crosslinking chain with fors

»

of the desired Loweralkylimincobis(loweralkylimide) linkage

-1

Other groups, such as diloweralkylaminoloweralkylamide.:

10 groups, from which the desired imide groups can be obtained
by heating at elevated tamperatures, can also be present.
Also, dilowerzlkylaminoloweralkyl ester groups can be
present, as well as other grcups, so long as the prescribed
percentages of imide groups of the prescribed type are

15 also present in the polyelectrolyte molecule as well as fhe
residual acid - groups of the starting unsaturated acid or
anhydride when the polyelectrolyte is a.polyampholyte.

As will be reccgnized, both the acid groups and the imide
groups need nct neceésarily be present in the polyelec*trolyte

20 as such, but can be present in the form of their simple

derivatives, e.g. salts, as already indicated.

The alicyclic or aromatic groups which can be
substituted on the EMA-type polymers (preferably aggregated)

are for . N . s 22 . .
fexample, aminoloweralkyl-pyridine, piperidine, plperazine,

25 piccoline, pyrrolicine, morpholine and imidazole. These
groups can be substituted on the polymer in a
manner analogous to the aliphatic chain amines but by

using, instead, cyclic amines such as, for example:

(i
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2-aminopyridine
2-amino-4-methylpyridine
é-amino-s-methylpyridine
2-(2-aminoethyl)-pyridine

5 L-(aminoethyl)-piperidine
3-amino-N-ethylpiperidine
N-(2-amincethyl)-piperidine
N-(2-aminoethyl)~piperazine
3-picolylamine

10 L-picolylamine
2-{aminomethyl)-l-ethylpyrrolidine
N-(3-aminoprecpyl)-2-pyrrolidine
N-(2-aminoethyl)-morpholine
N-(3-aminopropyl)-morpholine

15 b-imidazole

The anhydride blocking groups can be introduced
in any desired sequence during the prSduction of the
‘aforesaid polyeiectrolytes. However, they are preferably
introduced after the cross-linking and substitution with

20 the desired functional amine-imide group. Any free
anhydride groups will thus be blocked by employing an
excess of the blocking agent.

Preferred anhydride blocking agents are alkoxy-

alkylamines having from about 2 to about 4 carbon atcms

25 in the alkyl group and from about 1 to 4 carbon atoms
in the alkoxy group. The most preferred blocking agents are
methoxypropylamine and methoxyethylamine. By way of
comparison, anhydride-blocking agents such as hydroxy-
propylamine and hydroxyethylamine are ineffective for

30 preventing the pre-activation of the coagulation factors
fractionated with the polyelectrolytes.
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Other illustrative agents for blocking the
hydroxyl group of hydroxyalkylimide units can be used in
accordance with this invention such as alkylating

(e.g. diazomethane), acylating (e.g. acetylhhloride), and
5 esterifying agents (e.g. acetic acid).

The following.specific examples will further
illustrate the production and use of the polyelectrolyte
polymers of this invention although it will be understood
that the invention is not limited to these specific examples.

10 The results obtained in several examples are set forth
in convenient tabular form following the respective .
examples. In these examples, abbreviations of several
materials are defined as follows: "

MIBPA = methyl-imino-bis-prcpylamine
15 DMAPA = dimethylaminopropylémine

DEAEA - diethylaminoethylami%e

HOEtA = moncethanolamire

HMDA = hexamethylenediamine

EXAMPLE 1

20 A 5-liter reaction flask, equipped with reflux
condenser, Dean-Stark water take-oﬁf; stirrer, reagent
addition vessel, thermometer and nitrogen-purge attachments,
was charged with 193.05 g. ethylene/maleic anhydride
copolymer (EMA)(1l.5 moles, anhydride basis) and 2700 ml.

25 xylene. The charge was stirred at 200 r.p.m. with a
6.5 inch blade-type stirrer whilevit was heated to the
reflux temperature. This reflux temperature will vary
from 135 to 139°C depending on the water content of the
EMA and upon whether this water was azeotropically removed

3oduring the ensuing reflux period. In this case the slurry
was maintained at total reflux for 60 minutes under total,
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reflux return at a temperature of 135°C. After 1 hodr
the reactor was cooled to 125°C. under nitrogen and
7.68 g. (9.075 mcle) dimethylaminopropylamine (DMAPA)
was added. Stirring was mainzained for 1 hour a

5 125°C. withcut reflux after which 10.89 g. (0.075 mole)

of methyilimincbdisgcropyvlaminre (MIBPA) was added, following

ct

whnich Th2 *total mix*ure was stirred for an additicnal hour

at 125°C. The mixiure was heazted to reflux {134°C.) and

maintained at raflux for 7 hours while removing the

10water of reaction continuously by azeotropic dlS;lllat on.
The final tempera*ture was 138°C. and 5.3 ml. of water
was cocllected. The slurry temperature was lowered to
115°C. and 127.02 g. (1.u2 moles) of methoxypropylamine
(MOPA) was adfed. The mixture was stirred for 1 hour

15without reflux at 115-118°C. and then the temperature
was raised tc 120°C. where refluxing cf the xylene-
water azeotrope began. Refiux was maintained for 6 hours
while removing the watsr of reacticn continuously by
azectropic distillation, final temperature was 138°C.

lec

20and 23.6 m2. water was ccl

The product was rscovered as the free amine form
using the fcllowing procedure. The final slurry from
abcve was filtered het (100°C.) and the product cake was
reslurried in 2700 mi. of a 3:1 mixture of xylene and

25ethanol, stirred at reflux temperature for one hour and
filtered. This step was repeated a second time using a
3:1 xylene-alcchol extraction mixture. After again
filtering, the product cake was reslurried in xylene
(2700 ml.) ard stirred 1 hour at reflux and filtered.

30The xylene extraction was repeated a second time and the
final product cake was reslurried in 2700 ml. hexane for
1 hour at rocom temperature and filtered. The hexane
extraction was repeated three additicnal times and the
final filter cake air dried in a pan for 1 hour, screened

35through a 100 mesh seive without grinding and vacuum dried



0000650

- 19 -
overnight at 50°C. There was obtained 165 g. of fine
" product (through 10C mesh) and 1% g. of coarse product
tén 100 mesh). The fine product assayed for 8.09%
nitrogen and wazs Immediately and easily dispersable in
5 0.04M. saline. The pH of such a dispersion (0.2 g.

product in 20 ml. C.3uM saline) was 8.10.

EXAMDPLE 2

For work-up as the hydrochloride salt form,the
final reaction slurry frcm Example 1 was filtered hot and
10the product cake reslurrizd at reflux in 3:1 xylene-alcohol
two times, reslurried at reflux in xylene twc times as in
Example 1, and follcwed by Two l-hour room +temperature
extractions with 2700 ml. acetone. The filtered product

was converted to the hydrochloride by reslurrying in
152700 ml. acetone and gracually adding with stirring (cver
10 min.) 14 ml. cone. (12N) hydrochloric acid and stirring
at room temperature for t~ss hours. The filtered product
was subsequently washed (slurry with stirring) three
ccnsecutive times with 10 liters of water {(deionized) for
202 hours each time and finally filtered. The filtered salt
cake was reslurried four times in 2700 ml. acetone (1 hour
each time) *to remove the water, filtered, air dried for

30 minutes and vacuum oven dried at 55°C.

The final dried product was scresned without
25grinding with 95% of the product going through a 100 mesh
screen before bottling for use. The product analysed for
7.79% nitrogen and 2.62% chlorine as ionic chloride. 186 g.
of salt form product (through 100 mesh) was obtained. It
was dispersed in 0.04M saline (5 g. per 120 ml.) and the
SOdispersion had a pH of 3.85.
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DXAVDPLE 3

=

The orocedure of Example 1 was repeatad wherein
tha product cemposition was changed by adding different

£ the zmines employed in ZIxample 1. The same

no case was anv water addad to the amines to facilitate

reaction. All of the products were finished as the free
amine derivatives as in IZxample 1. The initial il-hour
re

flux period of E¥A in xylene slurry was performed under

~

e
flux as in EZxamzl2 1 (no water removal) or as
with acectropic reflux removing any

e
wazer whizh may have been sndogenous to the IMA.
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EXAMPLE 4

When the initial i-hour EMA-xylene reflux

period is performed under conditions of azeotropic

10

15

distillation, i.e. removing all water from these reactants
before subsequent amine reactions, then the subsequent
amine reactions are sluggish to start so that total '
reaction times are prolonged to accomplish complete
reaction. Addition of small amounts of water with the
various amines overcomes this difficulty. Several runs
were made using the general method of Example 1 but
with the EMA#xylene reflux water removed during the
initial 1 hour period as in Example 3, Run No's 7, 8,
10 and 11. In these runs additional water was added
variously with the three amines as indicated in the
following table. All runs were finished as the free
amine as in Example 1.
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EXAMPLE 5
The eculpment used in Example 1 was charged
with 193.05 g. (1.5 mole) EMA and 2700 ml. xylene
and the charge was brought to reflux (137°C.) with
stirring at 209 rpm and refluxing was maintained for

i hour during which time any water in the mixture was
continuously remcoved by eazeotropic distillation. A

total of 1.6 mi. water was collected in the Dean Starx
trap. After 1 hour the slurry was cooled to 125°C. and
7.65 g. (0.575 mole) DMAPA was added and this mixture

was meintained for 1 hour at 125°C., after which a
nmixture of 21.70 g. (0.15 mcle) MIBPA and 1.5 ml. water was
added. After an additional hour at 125°C. the slurry

was heated to reflux (136°C.) and maintained at reflux
while continuously removing water in the Dean Stark

trap for 15 hours, thereby removing a total of 6.3 ml.
water at a final temperature of 138°C{. The slurry

was cooled to 128°C. and 113.65 g. (1.25 moles) MOPA

was added and the resulting slurry held at 120° ‘or

an additional hour. The temperature was then raised

to 136°C. and reflux with azeotropic remcval of water
continued for 6 hours tc collect 21.5 ml. water. The
prcduct was converted to the hydrochloride salt following
the procedure cf Example 2. A total of four runs were made
using varying amounts of concentrated hydrochloric acid
(12N) in order to test the effect of both deficient and

excess HC1l on the final product properties.
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ne drccedure of Zxemple 5 was rereated

except That afiter reaction of DMAPA ard MIBPA there was
added 233.77 g. (.27 moles) methoxyethylamine(MOEA)

instead cf the methoxydropviamine (MOPA). Two products
werse DSregaref. one as the free amine by the work-up

%zmple I and the other as the HCl sait

5 the work-up procedurs of Zxample 2.
Cone. ECL Yield
Run addi=Z, mi. g. $N $C1
h fionz 206 8.51 --
2 i5.¢C 2065 8.15 2.18

EXAMPLE 7

The procedure of Example 1 was used to prepare
products in which excess anhydride groups remaining after
actizsn of DMAPA and MIBPA were tctally reacted
with ei+ther hydroxyethylamine, 3-hydrcxvpropylamine cr
2 propyl amine as shown in the following tabla.
The products were prepared both as the Iree amine forms
g the procedure in Example 1 and as the HCl salt

using the prccedure in Example 2. The initial hour
egation pericd of EMA-xylene reflux was carried out
under azeotropic removal of water and in each case

~he MI32a was zdéded es a mixture with 1.5 ml. water.

]

U
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EXAMPLE 8

A series of polyelectrolytes were prepared
in which the crosslinker (MIBPA) was maintained at §
mole% and the blocking amine to react with excess
5 anhydride grouds was always ethanolamine at the 85 moliz %
level. The functional molety, that which provided poten-

;o1
a. C

)

ticniz function, was maintained at 5 mole %

Al
v

oy
[

et
(-f
oy

i@ nature and structure of the functional moiety

d by use of sixt=zen different reactive amines

)

as ter

({3

o
.-—l

L Y

T

S 5

fu

10 orth in the follcowing table. A general procadure

was used as follows:

All preparations utilized the same equipment

fu

nd the same EMA and xyléne charge as in Example 1. The
slurry was heatad to 90-25°C. and 10.88 g. (0.075 mol=)
15 MIBPA was added and.stirred at 95°C. for 1 hour. Thern
0.C75 mole cf =he functicnzl amine (see table below) was
added and stirred at $5°C. for 1 hour. The slurry was
heated to reflux (134°C.) and water of reaction was
completely removed by azeotropic distillation to a final
20 temperature cf 139°C. The slurry was then cooled to
§5°C. and 87.05 g. of hydroxyethylamine was added and
the slurry stirred at 55°C. for 1 hour. The slurry
Temperature was then raissed to 134°C. and the total water
of reaction was completely removed by azeotropic
25distillation to a final temperature of 139 to 140°C. The
final slurry was filtered hot and worked up as the free
amine by the procedure of Example 1, dried, éround by
ball milling and screened through a 100 mesh screen.
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In the above series, the zmines in runs 1

<hrough 7 are examples of dialkylamincalkylimide

'(

substituticn on the pciyelectrolyte while those in runs
15 ars zxampl2s of heterccyclic aminoalkyl-
imids substitution. Three of the above were also *then
The precarative method <¢f bExemple I was follicwed and the
n To the sait “ollowed the procecdure in Exzmple

o
The dims+hylaminocropylamine (run 3 above) was

substituticn and the 3-amino-N-ethyl piperidine and N-
3-amincoropyl morphcline (runs 2 and 13 above) were
cselected 2s represenztasiva of the nete volic aminc-

lkylimiZe substituticon. 1In all three cases, poly-
C

lectroiv=zes in the salt form were preparz2 using toth
hvdroxyethylamine and masthoxypropylamine as the third
emine *c react with all sxcess anl ydrlde grcups. These
run treparations are givan in Example g.

![) \:—DLE 9

The methedclcgy of Examples 1 and 2 were used
to prepars preformed hydrochleride salts of pely-

z

electrclytes having the general compocsition of 5 mole %

crosslink as MIBPA, 5 mole % of =<hres different Ifuncticnel

amincelkyvlimite moietizs and 25 mole% of ncn-functiocnal
+

95 imide mo ie ies a2s shown in the table belcw.

aral as crefcrmed tvdrochloride salts for evaluation.

.
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TXAMFLE 10

’»?3

N

ls example illustrates the preparation of

nmethoxvoropylimide derivatives of styrene-maleic

arhydride copolymer following the procedure of Example

5. Eguipment utilized was the same as in Example 1.

Tne Initial charge of 101.1 g. (0.5 mole) styrene-maleic
7 liters xylens was refluxed at 135°C

¢ distillation of water for 1 hour ar< then

cooled to 125°C. whereupon 2.55 g. (0.025 mole) DMAPA

as added and the mixture heated without reflux for

1 hour. Afzer 1 hour a nmixture of 2.91 g. (0.025 mole)

hexamethvlene diamine (HMDA) and 1.0 ml. water was
added and heating without reflux was continued for one
hour. After 1 hour a second addition of 2.55 g. DMAPA

(8.025 mole) was made fcllowed by a 1 hour heating
pericd at 125°C. The slurry was then heated to 135°C.
and refluved % hcurs under azeotropié distillation of

(1.25 ml. collected). After cooling to 125°C.,

43.50 g. metﬁcxypropylamine was added and the slurry
heated at 125°C. for 1 hour. The slurry was then
heated to reflux (136°C.) under azeotropic distillation
fer 6 hours thereby removing 8.2 ml. water in the Dean

tark trsp. The final temperature was 138°C. The
preduct was obtained as the hydrochloride salt using
the procedure of Example 2 employing 5.0 ml. concentrated
(12N) hydrochloric acid. The final washed and dried
product collected was 113.0 g. and analysed 5.27%
nitrogen and 1.00% chlorine.
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EXAMPLE 11

e,

This example illustrates the preparation
of'methoxyprc;ylimide derivatives of isobutylene-
maleic anhydride copolymer following the procedure

f Example 5 and using the ecquipment of Zxample 1.

The initial charge of 154.18 g. (1.0 mole) of
isobutylene-maleic anhydride and 2.7 liters was
refluxed at 135°C. uncder azeotropic removal cf water
Zor 1 hour and then cooled to 125°C. 5.11 g. (0.0S
mole) DMAPA was then added arnd the slurry was heated
a+t 120-128°C. withcut refluxing for 1 hour. To this
slurry 7.26 g. (J3.05 mole) MIEPA and 1.3 ml. water
was added and again the mixture was heated for 1 hour
at 120-125°C. without refluxing. The slurry was then
heated to reflux (135¢C.) and water removec by
azeotropic distillaticn over a pericd. of 4 hours. The
final temﬁerature was 137°C. and 1.20 ml. water was
collected. After lowering the slurry temperature to
120°C. there was added 84.7 g. methoxypropylamine and
this mixture was heated at 120-125°C. without reflux

for 1 hour. The slurry temperature was raised to

reflux (135°C.) and water of reaction was azeotropically

~

removed over a 8 hour period. The final temperature
was 137°C. ard 16.3 ml. water was-cbtained. The

product was obtained as the hydrochloride salt using

-the procedure of Example 2 employing 10.0 ml.

concentrated (12N) hydrochloric acid. The final
washed and dried product collected was 186 g. and

-~

analysed 6.44% nitrogen and 1.25% chlorine.
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.

E-Xiter resaction flask, equipped with reflux

g
n

ccondenser, Dean-Stark water Take-off, stirrer, reagent
addition wvessz2l, thernoneter and nitrogen-purge
5 attach :

hments. was charged with 193.05 g. ethylane/malzsic
no )

o
I
0

las, arhydricde ba

and 2709 mi. wylene. The charge was stirred a*t 290 r.p.m.

th a 8.5 Inch blades-tyge stirrer while it was heazad

t3 the reflux temperatur2. The slurry was maintairzd

s under total reflux

5°C. After 1 hour the

°C. urder nitrogen and a sciution
(G.075 mole) and 1.5 mi.

water w2z ziied. The mixture was heated tc reflux

15 (134°C.) anld maintained at reflux for 1 hour while

continuously r2mouvin ater azeotrope (iinal tempera=zure

g
EN

was 137°C.). Tre reacticn rmixture was again lowerecd 1o
125°C. undzr nitrogsn and a solution mixture of 153.3 g.
DMAPA (1.5 moiss) and 4.5 ml. water was added. The
20slurry was then heavted tc 133°C. and held at this
temperature (1-10 min.) until refluxing began as a
ccnsequence of water being formed during the chemical
reacticn. Stirring and refluxing of the reacting slurry

was continusi until water removed by azeotropic distili-
e

ct
(]
g]

25ation was ccnpl e final temperature was 1.33°C.
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work-up as the hydrochloride salt form,

the above slurry was filtered hot and the product ceake
d

and alconoli,

5 and then filt

for a *two r:o

ml. ¢ a 3:1 mixiure orf xylerne

reliluxing ;ericd, in each case fcllowed by not filtraticn.
X

The resultin

ml. acetone for 1 hour at room temperature and filt:

10and the caks

1 hour at room Ten

g €

tractad product was res;;-rled in 2700
re

was again slurried in 270¢ ml. acetone for
mas

erature and filtzred. This extracted

cake was slurried in 2700 ml. alcohol at room tamperzture

and converted to the hydrochloride salt by adding over a

period of 10

15 hydrochleric

minutes 112 ml. of concentratad (12N)

acid and stirring at room temperature for

f=

2 hours. The filtered prcduct was subssguently washed

(slurry with stirring) three consecutive tTimes with 10

liters of deicnized water for 2 hours sach time and

filtered. The salt form caks was reslurried 4 times

20in 2700 ml.

acetone (1 hour each time) to remove the

water, filtered, air dried for 30 minutes and vacuum

oven dried at 55°C. overnight. The final product

consisted cf

333 g. screened through 100 mesh (not ball-

milled or grcund) with an analysis of 1C.65% Nitrogen
25and 13.03% chlorine as chloride ion.
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EXAMPLT 13

«
0w

inz the same ecuipment and essentially <the
sam2 prccedure &s in Zxanple 1, a sample of poly-

red containing only MIBP&

of
t3
(o]
|.J
N
(14
2
3
w
'}
'3
(%)
Iyl
fu

d MJPA (methoxypropylimide) moieties.

0 ZMATA or o2ther Ffunc*tional emines.

The chargze of 183.05 g. of EMA and 2700 ml.
xylene was relfiuxed 1 hour under water Takecff at
Z mi. water. This slurry was cooled
=2 125°C. and 12.37 g. (0.150 mole) MOPA was added
[}

C. fer 1 hour. Then the MIBPA was

(0.150 mecie) plus 1.5 mi. water and stirring for 1
hour withcut reflux 2% 125°C. followed by raising the
T2ED

C. and taking off water by azeotroping
hcurs, thereby removing 7.4 ml.
-ter'cooling to 125°C. a seconé addition of
21.73 g. MIBPA (0.150 mole) plus 1.5 ml. water was made

e slurry heated at 125°C. for 1 hr. without reflux-
ing. A seccnd azeotropic reflux water removal was then
arried cut at 138°C., thereby removing 5.7 ml. watsr
over 7 hours. The slurry was again cooled to 125°C.
and 80.23 g. MOPA was added, stirred at 125°C. for I
hour and then azeotropically refluxed (135°C. to 138°C.)
for 8 hours, thereby removing 16.2 ml. water. The
final slurry was filtered hot and finished as the free
amine using the procedure of Example 1. The product

consisted of 260 g. with a Nitrogen content of 8.575%.
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EXAMPLE 1u

This example illustra*es the methods used

r YIIT clotting factor frcm human

cl
Lio BN ®)

plasma to va clyelectrolytes described in

5 Examples I through 13, eldting and recovering the
Factor VIII from the nolvmer - Factor VIII ccmplex fcr
assay of (1) recovery cr yield of ractor VIII, and
(2) content c¢f activating snzymes which infiuence
(shorten) the zlotting time properties of the Factor

107III. The methods of assay are given in Example 15.

The human plasma used for fractionation studies
was fresh frozen plasma Ircm whole blood donations,
obtained frcm the St. Lcuils Red Cross. he total protein
content cf such plasmas varied from 60 to 3T grams per

151iter, higher concertrations being observed in the summer
than in the winter. The units received were either 0

positive or A positive in type.

U

Although not absolutely necessary, clotting
Factor IX was removed from the plasma as an initial step
20prior to adsorbing Factor VIII. The following steps

describe the over all process.

1. Thaw 5 units of fresh frozen plasma in a
37°C. water bath. o
2. Pool the thawed plasma in a polyethylene or
25 polypropylene beaker. Measure 1 liter into a
polyethylene graduated cylinder and pour intoc
a 2-liter polyethylene beaker.
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3. Add 0.35 to (.59 grams of polyelectrolyte from
Txample 12, and adijust the H to 8.0 with 1.0 :

nolar MafH on a magne*ic stirrer. Stir 20

mirutes maintainirng the tH =2t 8.0. )
S 4, Fil=er cn a 12.5 om. Buchner funnel with Whatman
NO. 34 pater intc & polvethvlene bottle inside a

4 1lze2y botrtomless vacuum flask on a glass tlate.
a .

at
. Szrape the filtered polymer from the filter Daper

[#2]

10 ints & 1CQ ml. zclyethylene beaker, wash the
filter pagar wi*h 20 ml. distilled water and add
the polvmer in the beaker. Stir & minutes on a

magnetic stirrer. Filter through a Whatman Yo. 1
D

paper in = 4.25 cm. Buchrer funnel zs before into
15 a co.yvethylana C2axer.
€. Combine the filtrates from s*teps ¢ and § as

20 For screening purposes 10 ml. aliquets of this
7 ficient plasmz were used in the following

vy

c
actor V fracticnation precedure. With proper ecuip-

ment modifications the same general procedure was used
to renove Factor VIII from l-liter portions of Factor IX
1

25 deficient undiluted plasma.
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Disperse 0.50 grams of the polyelectrolyte to
be used in 10 ml. of 0.154M. saline and adjust
the pH to 4.0 with either 1.0N HCl-or 1.0M
citric acid. Citric acid generally is preferred
because of its stabilizing effect on Factor
VIII. If the amine form of the polyelecirolyte
is used the PH is adjusted with either HC1l or
citric acid, however if the prefoémed HC1l salt
form is used the pH will be close to 4.0 ugon
dispersion. All of the following operations
using this 10 ml. size ‘aliquot were done in
50 ml. polypropylene or polycarbonate centrifuge
tubes. Stirring was done with very small
magnetic bars.
Centrifuge the dispersion from Step 7 for 5 min.
at 2000 r.p.m. and discard the supernate.
Add 10 ml. of 0.154M saline and carefully adiust’
the pH to 5.8 with either 1.0 or 0.1N NaOH.
Centrifuge the dispersion from Step 9 for § min.

.. at 2000 r.p.m. and discard the supernate.
11.

Carefully adjust the Factor IX deficient plasma
from Step 6 to 5.8 with 1.0M citric acid.

Add a 10 ml. aliquot of the plasma from Step 11
to the sedimented polyelectrolyte from Step 10.
Stir for 20 minutes maintaining the pH at 5.3.
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r 5 min. at 2000 r.p.m.
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Sten 12 fer Factor YIII (non-adsorbed)

assays (See asszay m=*thods In IZxample 15).
Discard the rest of the supernate.

15. Add 13 mI. of 7.15u8M saline to the polymer-
racTtor VII :C.;lex from Step 13. stir S mir.,
zentriuge zrd Ziscard the sugernate.

15, Add 1% mi. of 1.7 saline tc the polymer-Fectcr

ex Srom Step 15 and adjust the pH

.3 with C.12M citric acid tc elute tha

17. Szir Zor 20 minuzes keeping the pH at 5.0.
13. Centrifuge 5 min. at 2000 r.p.m. and remove

¢ <I *the supernate Ior Factor

overed) assays. Discard the

With prorer eguicment modificatisns To filtraticn-
tyoe operaticn and using mincer modifications in washing
and elution methods the above methed was used for l-liter
of rzctor VIII, from Step 6, using

0 oly*z per liter of plasma. Again,
assay for Factor VIII was performed cn Step 14 filtrate
n

a2cter VIII) and on Step 18 filitrate for
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XAMPL,

Two evaluations were used to compare the
resins previously described with respect to (1) recovery
(éomparative yield) of ractor VIII (AHF) from undilu+ed
human plasma by the methédology of Example 14 and
(2) the comparative level of activation of the Factor

YIII so obtain=d.

f1s

1) Recovery or yield of Factor VIII

A two~-stagz assay for measurement of AHT wes
used as a modification of the thromboplastin generation
test as described by R. J. Biggs and A. S. Douglas,
"The Thromboplastin Generation Tes*t (TGT",

J. Clin. Pa+hol. 1, 15-22 (1953). Essentially, this

tesT measures the time Eo.clot a standard substrate
plasma ({resh-platelet-pocr)alfter generaticn of an
intermediate lavel of clotting activity by the time
controlled addition of raguired clotéing factors from
other socurces. The factors required for normal TGT

in vitrc clotting times (12-20 sec.) are Facters XII,
XI, IX, VIII, V, phospholipid and CaClz. These factors
are provided by the initial charges of CaClz, human
serum for Factors XII, XI and IX, bovine serum for
Factor V and a chlcroform human brain extract for
phospholipid on a time schedule followed by additicn of
platelet poor substrate plasma. The time of clotting

of the final substrate plasma is measured automatically.
Fresh plasma control (same plasma used for Factor VIII
fractionation) or final AHF eluents, at proper diluti&n,
are added as the measurable Factor VIII source before
the final addition of substrate plasma.
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@ using a plasma of

xncwn AHT ccntent stardardized against & Squibb
sreparzticn cistrituted through the Bureau of Biologics
which zcontalned T unilt of AHF per ml. The standard

5 =zurves tiotzed 2lotting time in seconds agzinst units
of AHF =z2c=ivity zer mli. (Ziluticns <f above zlasma
-onTrceil) on Log-log pajper.  AHT content in units/ml.
“or Test samzlaes wers chrained Ircom these standard zurves.
Standar? curves were srapared for ezch deays run of AET

10 jfeterminzticons.
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AHF (Factor VIII) outside the plasma
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Faster clotting times below 150 seconds are indicative
.-of activation or the presence of activating enzymes.
Two controls of fast clotting time preparations as well
as a plasma and blank buffer control ware run with each
n

5 series of ac*ivation determinations.

Reccvery assays were run cna superriates from
Steps 1% and 18 of EZxample 14 while activation assays
were run on Step 13 supernates. All supernates were
properly diluted in imidazcle buffer to give final

10saline levels below (.08 Molar.

EXAMPLE 15

_AHF yield and Activation of materials crepared by

-
-

Examples using 10 ml. Plesma Tractionation cf Example 14.

The wide variety cf materials prepared by
15 Examples 1 through 13 were evaluated for Tactor VIIT
fractionation and activation by the procedure in Example
14 and assayed for these parameters by Zxample 15
assays. The results given below are for fractionations
using 10 ml. plasma and using from 0.1 to 0.8 g. PE per
2010 ml. plasma. Pre-pHing, for PEs prepared and used
as the amine form (see Step 7, Example 1u4) formed the
"in situ" salt during the fractionaticn procedure and was
done either with HCl or citric acid as noted.
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The plasma, as indicated in Example 1%, varied
fvon bazfch-to-batch, z2ré winter to summer in total
protein content. Likewise the various units of plasma
used for these studies varied in AHF (Factor VIII)
content from $.8 to 1.3 units per ml. as assayed under
Example 15 --Assay - 1. The clotrting time of the
olasma, 2sing the ectivziion test (Example 15 - Asszv-2)

e

r 185 and 2:0 seconds.

In the Following table:

free Amine

y
"
1"

-

43C1 salt form

:1:

O
[
H

-
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Several polyelec

trolytes prepared with methoxy-

; propyl amine znd described in the trevicus Examples 1
5 through 13 were used tc fractionate the Factoar VIII from
5 liter size plasma pocls using the procedure described
- in Example 1t tut with prorer modifications in eguipment
and reagent amcunts na2cessary to accomcdate the largar

size operation.
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EXAMPLE 18

Two samples of AHF (Factor VIII) prepared using poly-
e 1 and Example 7 run 2 were
stations by I.Y. injecticn
ogs. Dcgs of 8-9 kg. weight were used and
the AHI was prepared in sterile water at 10 units per
c

ml. Single 10 ml.) were given to

'_I
{D
[}
[
s}
[4
rt
-
~

t3 were noted.

Dog 1 2
10Polyelectrolyts Zrom: Example 1 Exampla 7 run 2
Behavior after injection: Normal Rotated in cage
(CNS disturbance)
]
Blocd Pressure” Normal Raised
Eematocrit Normal . Lewered substan-
(1-24 hr) tially
2
Platelet count” No change  Lowered 60%
(1-24% hr)
15?uls§l Normal -———
White Cells2 . . No change -
' (1-24 hr)
Red Cells2 No change ———
(1-24% hr) .
Hemoglobin No change -—-
(1-24 hr)
Blood Chemistry Normal -—-
(1-24% hr)

1, Via Ffemoral cathetor connected to a recording
physiograph for blcod pressure and pulse.

%2, Via a Coulter counter

3. Via a Hemocytometer

4. Run on a Technicon SMAC system (18 assays).
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The abovs resulis show a tctal lack of
s fcr +the polyelectrolyte derived Factor

VIZT using Zxample 1 which employed methoxyrropylamine
= . 4
c cntrast To several severe toxic effects

wizh Tacztor VIIT lerived freom pelyelectrolyta using
Twamtle T run I whlch e:j_vje* hydrcxyethyvlamine and
was ow.Sormed as the hyir:ichloride salz:. .

0
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CLAIMS

l. A water-insoluble, cross-linked polyelectrolyte
copolymer characterized by (a) an unsaturated monomer
having from 2 to about 18 carbon atoms and (b) a monomer
selected from the group consisting of unsatufated poly-
carboxylie acid or anhydride having from 4 to about 12
carbon atoms, said copolymer having from 2-100% of its
carboxyl groups substituted with arine-imides selected
from the group consisting of diloweralkylaminoloweralky-
limide and loweralkyliminodi(loweralkylimide), and said
copolymer further having substantially all of its free
anhydrides blocked whereby said polyelectrolytes can be
used for the separation of specific blood coagulation
factor from other blood proteins in a fluid medium with-
out thereby causing any substantial pre-activation of
said coagulationvfactor.

2. A polyelectrolyte of Claim 1 characterized in’
that the copolymer is a copoiymer of maleic acid or
anhydride and monomer selected from the group consisting
of ethylene, styrene and isobutylene,

3. A polyelectrolyte of Claim 1 characterized in
that the copolymer is a copolymer of ethylene and maleic
acid or anhydride,

4. A polyelectrolyte of any of Claims 1 to 3
characterized in that the free anhydrides are blocked with
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an alkoxyalkylamine blocking agent.

5. A polyelectrolyte of Claim 4 characterized in
that the alkoxyalkylamine blocking agent is methoxypropy-
lamine.

6. A polyelectrolyte of Claim 4characterized in that
the alkoxyalkylamine blocking agent is methoxyethylamine,

7. A method for separating specific blood coagul-
ation factor from admixture with other blood proteins in
a fluid medium characterized by contacting said medium
with a water-insoluble, cross-linked polyelectrolyte
copolymer of (a) unsaturated monomer having from 2 to
about 18 carbon atoms and (b) a monomer selected from the
group consisting of unsaturated polycarboxylic acid or
anhydride having from 4 to about 12 carbon atoms, in
which 2-100% of the carboxyl sites are substituted with
amine-imides and substantially all the free anhydrides
are blocked, to thereby selectively adsorb said specific
coagulation factor to the substantial exclusion of said
other blood proteins without producing any substantial
pre-activation of said coagulation factor.

8. A method of Claim 7 éharacterized in that the
copolymer is a copolymer of maleic acid or anhydride and
monomer selected from the group consistihg of ethylene,
styrene and isobutylene,

9. A method of Claim 7 characterized in that the

'c0polymer is a copolymer of ethylene and maleic acid or
‘anhydride.

10. A method of any of Claims 7 to 9 characterized
in that the aminé—imide is diloweralkylaminoloweralky-
limide, |

11. A method of any of Claims 7 to 10 characterized
in that the free anhydrides are blocked with an alkoxy-
alkylamine,

12, A method of Claim 11 characterized in that the
alkoxyalkylamine blocking agent is methoxypropylamine,

13. A method of Claim 11 characterized in that the

-
*

<
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alkoxyalkylamine blocking agent is methoxyethylene.
14, A method of any of Claims 7 to 13 characterized
in that the specific coagulation factor is Factor VIII
and the contacting with the polyelectrolyte is carried
out at a pH ranging from about 5.5 to about 9.5,
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