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ABSTRACT

Coagulation factor VIII is needed for the

treatment of patients with haemophilia. Requirements

for factor VIII are important in determining the numbers

of blood donations to be collected in Scotland. The

final yield of factor VIII:C in products prepared from

blood plasma, when prepared either in the Transfusion

Centres or the National Fractionation Centre, is relatively

low (30-40%). Improvements in these processes would have

major implications for the Transfusion Service.

Present technology requires the freezing of

plasma from blood donations prior to the preparation of

cryoprecipitate; this may then be processed further to

produce factor VIII concentrate. In this study, the

effects of using different anticoagulants (citrate,

heparin), of varying the rate of freezing and the

duration of storage on the factor VIII content of plasma

and subsequent products have been investigated. The

influence of ABO blood group and of drug induced enhance¬

ment on levels of factor VIII in starting plasma were

also studied.

Improvements in the mode of preparing cryo¬

precipitate from plasma have been made on the basis of

the observed effects on processing plasma of different

quality (collection procedure, age, etc.) and by various

methods. Investigation of the mechanism of cryoprecipi-

tation has led to the development of a high-yield method
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for the preparation of factor VIII from unfrozen plasma

by precipitation with hydrophilic polymers.

In the course of this work, methods were

developed for the isolation of factor VIII and fibronectin

and immunological assays for these and other proteins

(fibrinogen), based on immunoprecipitation and immuno-

radiometric methods, were set up. The immunoradiometric

methods were used to follow the recovery and survival of

factor VIII components following infusion into patients

deficient in this protein.

Based on the work described in this thesis,

recommendations will be made on the possibilities for

improved procurement of factor VIII from blood donations.
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CHAPTER I

INTRODUCTION
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(A) DEVELOPMENTS IN THE UNDERSTANDING OF HAEMOPHILIA

Writings from the 2nd century A.D. in the

Jewish Talmud (Rosner 1969) mention rulings exempting a

woman's third son from being circumcised if his two

elder brothers had died of bleeding after circumcision.

Similar rulings forbid a boy to be circumcised if the

sons of his mother's sisters had died after circumcision

(Rothschild 1882 qu. Bulloch and Fildes 1911). These

features of fatal bleeding after minor surgery in

brothers or in maternally related boy cousins are

characteristic of the disorder called haemophilia. Down

the years there are other scattered records of bleeding

disorders more or less closely agreeing with the

clinical picture of the disease (Ingram 1976). By the

19th century an extensive literature had developed,

which noted the mode of inheritance of the disease as

well as the nature of the bleeding disorder. The name

'haemophilia' - literally 'love of blood' - occurred

first in the title of Hopff's treatise in 1828 (Ingram

1976). The characteristic bleeding and subsequent

arthropathy in the joints was first described by Kftnig in

1890. The famous 'Royal haemophilia' (McKusick 1965)

originated from Queen Victoria, who was a carrier of the

disease. Two of her daughters proved to be carriers,

and one of her sons, Leopold Duke of Albany, was a

haemophiliac, dying of a cerebral haemorrhage at 31 after

falling and hitting his head. History's most famous

haemophiliac, Alex Tsarevich of Russia, was the son of
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a grand-daughter of Queen Victoria, Alix of Hesse. The

boy's tragic history of illness and near brushes with

death led to the rise of Rasputin, whose influence rose

after apparently resolving some of the boy's bleeding

episodes. Thus, haemophilia might be said to have had

a crucial role in the subsequent events which led to the

overthrow of the Tsar in 1917 and brought about the

modern Soviet Union.

The work of Addis (Addis 1911) showed that a

component of the globulin fraction of normal plasma

corrected the prolonged clotting time of haemophilic

blood. Addis thought that this was prothrombin but

because this factor was found to be normal in haemophilia

(Govaerts and Gratia 1931), his important observation

was not pursued. Although the classical blood

coagulation theory of Morawitz only acknowledged four

coagulation factors - prothrombin, thromboplastin,

calcium ions and fibrinogen (Morawitz 1905) - the concept

of an 'antihaemophilic globulin' essential for normal

coagulation slowly evolved. The work of Patek and

Taylor confirmed Addis' observation of a plasma fraction

capable of correcting the coagulation defect (Patek and

Taylor 1937) and Brinkhous (Brinkhous 1939) showed that

it accelerated the conversion of prothrombin to thrombin

in haemophilic blood. Development of better test

systems such as the Prothrombin time and the Thrombo¬

plastin Generation Test led to the identification of

numerous other components necessary for normal blood
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coagulation (reviewed by Macfarlane 1976) which were

organised in a series of clotting factors designated by

Roman numerals - antihaemophilic globulin was named

■factor VIII*. In the classic 'cascade' scheme for

blood coagulation reactions (Macfarlane 1964, Davie

and Ratnoff 1964) factor VIII was assigned an enzymatic

role, but subsequent work (Suomela et al 1977, Neal and

Chavin 1979, van Dieijen et al 1981) has demonstrated

a cofactor role of factor VIII in the enzymatic

conversion of factor X to Xa by factor IXa (Figure 1-2).

Investigation of the defect in haemophilia

was complicated in the 1950's by the demonstration that

von Willebrand's disease, a haemostatic disorder

characterised by autosomal inheritance and a prolonged

bleeding time (seldom found in haemophilia) was also

associated with a low level of factor VIII (Alexander

and Goldstein 1953, Nilsson et al 1957). Developments

in the immunological investigation of haemophilia

revealed the presence of an antigen associated with

purified factor VIII fractions that could be used to

raise heterologous antisera after injection of such

preparations in animals (Zimmerman et al 1971). Sub¬

sequent testing using the electroimmunoassay technique

of Laurell (Laurell 1966) revealed normal levels of this

antigen in the plasma of haemophiliacs but low levels in

the plasma of patients with von Willebrand's disease.

Thus it seemed that factor VIII was composed of two



TABLE1-1NOMENCLATUREANDBIOLOGICALCHARACTERISTICSOFTHEHUMANFACTORVHI/vonWILLEBRANDFACTORCOMPLEXES NameofComponent (Abbreviation)

Characteristicsand PhysiologicalFunction
DiseaseAssociated WithDeficiency

Methodsof Detection/Assay

FactorVIII ProcoagulantActivity (VIII:C)

Proteinwhichcorrectsthe coagulationabnormalityin haemophiliaA.Mrs 200,000(Weinsteinetal 1981).Synthesisedin liver(Steletal1983). Concentrationinplasma 50-100ng/ml.Cofactorin theactivationofFXby FIXa(vanDieijenetal 1981)

HaemophiliaA:sexlinked recessivetrait.Incid¬ enceabout5-10per 100,000population (Bloom1982)

Coagulationassaysusing one-stageortwo-stage methods(RizzaandRhymes 1982)

FactorVIII CoagulantAntigen (VIII:CAg)

Antigenicexpressionof VIII:C

HaemophiliaA.Mostly foundashaemophiliaA" withtotallackof VIII:CAg,about10-20%of patientshavedetectable VIII:CAg-haemophiliaA+
a)Immunoradiometricassays usinghumanantibodiesto VIII:C;liquid(Lazarchick andHoyer1978)andsolid phaseassays(Peake1982) canbeused. b)Inhibitionneutralisa¬ tionassays(Denson1967)

vonWillebrand FactorProtein (vWF)

Proteinwhichcorrectsthe bleedingtimeabnormality
invonWillebrand's disease.Multimeric proteinMr=8xl05-12xl06, subunitsize220,000 (Hoyer1981).Synthesised

vonWillebrand'sdisease- varioustypesdueto deficiencyand/orabnormal¬ ityofvWF(Zimmermanand Ruggeri(1982).Usually autosomaldominanttrait. Incidenceaboutthesameas
Prolongationofthebleed¬ ingtime.Semi-quantit¬ ativemethods-platelet retentioninglassbead columns(Salzman1963); plateletadhesionto perfusedsubendothelium



TABLE1-1(Cont)NOMENCLATUREANDBIOLOGICALCHARACTERISTICSOFTHEHUMANFACTORVlll/vonWILLEBRANDFACTOR COMPLEXES

NameofComponent (Abbreviation)

Characteristicsand PhysiologicalFunction
DiseaseAssociated WithDeficiency

Methodsof Detection/Assay

vonWillebrand FactorProtein (vWF)

invascularendothelium (Bloometal1973). Concentrationinplasma 5-10ug/ml.Mediationof plateletadhesiontosub- endothelium(Weissetal 1978)

haemophiliaA

(Sakariassenetal1979)

FactorVIII RelatedAntigen (VIIIR:Ag)

Antigenicexpressionof vonWillebrandFactor
vonWillebrand'sdisease (V.W.D.)

a)Electroimmunoassay (Zimmermanetal1975) b)Immunoradiometricassay liquid(Hoyer1972)or solidphase(Peake1982) usingheterologousantisera c)Radioimmunoassayusing radiolabelledVIIIR:Ag (Paulssenetal1975)

Ristocetin Cofactor (VIIIR:RCF)

Apropertyofvon WillebrandFactorwhich promotesagglutinationof plateletsinthepresence oftheantibioticristo¬ cetin.Theequivalent propertyinbovineand porcinevWFagglutinates humanplateletswithout ristocetin

vonWillebrand'sdisease
VIIIR:RCFassayusingfixed plateletsandristocetin (Macfarlaneetal1975); doesnotalwayscorrelate withassaysforvWF activity(Ogataetal1983)
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entities - 'Factor VIII antigen" - measured by reaction

with heterologous antisera raised against purified

factor VIII fractions and needed for a normal bleeding

time; and 'Factor VIII coagulant', measured by coagu¬

lation assay and needed for normal plasma clotting.

The different mode of inheritance of the two disorders

argued for the separate identity of the two components,

but for many years the question as to whether they were

one or separate molecules was vigorously debated

(reviewed by Bloom 1977).

(B) THE FACTOR VIII/von WILLEBRAND FACTOR COMPLEX.

STRUCTURE AND FUNCTION

Present knowledge about the various components

of the factor VIII complex, together with the clinical

conditions associated with their deficiency, is

summarised in Table 1-1.

Factor VIII:C and von Willebrand factor

usually circulate together in plasma and a number of

techniques such as gel filtration point to their close

association. This has prompted suggestions that they

are properties of the same macromolecule (Ratnoff et al

1976, Switzer and McKee 1976). However, the existence

of independent genetic control for the two proteins has

long provided compelling evidence that they are distinct.

In addition, the two proteins can be separated from one

another by procedures that do not disrupt covalent bonds

(Weiss and Hoyer 1973, Tuddenham et al 1979). von

Willebrand Factor has been purified by various groups



FIGURE 1-1

DIAGRAMATIC REPRESENTATION OF THE ROLE OF FACTOR

VIII-RELATED ANTIGEN/von WILLEBRAND FACTOR IN

PLATELET AND VESSEL WALL INTERACTION.

AA = arachidonic acid

PGI2 = prostacyclin

GP = glycoprotein

TXA2 = thromboxane A2
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PLATELETS



FIGURE 1-2

SIMPLIFIED SCHEME OF THE COAGULATION SEQUENCE.

For the sake of this simplicity important control

systems such as feed-back mechanisms and humoral

inactivators and inhibitors, for example,

protein C and antithrombin III, are omitted. The

'extrinsic' and 'intrinsic' systems are separated

for descriptive purposes and their many possible

points of interaction are omitted.

The dashed lines indicate the activation

activities of thrombin considered to be the most

important at the present time.

PL = phospholipid
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(Legaz et al 1973, Olson et al 1977, Beck et al 1979) and

has been well characterised as an oligoraeric protein

consisting of a series of multimers (Hoyer and Shainoff

1980). Factor VIII:C, which contributes about 1% to the

mass of the VIII/VWF complex (Hoyer 1981) is less well

characterised but present evidence points to it being a

single chain polypeptide with Mr = 8 x lO1*-^ x 105

(Weinstein et al 1981, Fulcher and Zimmerman 1982, Fay

et al 1982).

While Figure 1-1 shows the role of von

Willebrand Factor in mediating platelet adhesion to

exposed subendothelium, Figure 1-2 shows the role of

factor VIII:C in the coagulation sequence, (both

figures are taken from Bloom (1982)).

(C) EARLY DEVELOPMENTS IN THERAPY FOR THE FACTOR VIII

DEFICIENCY DISORDERS

Current therapy has resulted in haemophiliacs

having an almost normal life expectancy (Ikkala et al

1982), a situation in sharp contrast to the efforts at

therapy outlined in the early literature (Birch 1937).

The present position has developed over the past forty

years but the modern treatment of replacing the missing

component in blood dates from 1840 when the first blood

transfusion for a case of haemophilic bleeding was given

(Lane 1840). Rather fortuitously, no incompatibility

problems were recorded, but further use of this form of

treatment had to await Landsteiner's discovery of blood

groups in 1901. Subsequent claims of benefit from the



use of a variety of measures, ranging from the admini¬

stration of lime to the use of egg white (Ingram 1976)

must today be viewed very sceptically.

Macfarlane's use of Russell's Viper venom

(Macfarlane and Barnett 1934) as a topical application on

wounds was one of the first efforts based on a scientific

appreciation of the defect. By 1938 however,

Macfarlane (Macfarlane 1938) had realised that only blood

transfusion offered effective treatment for a bleeding

episode, by replacing the missing essential component.

Patek's group showed this to be present in the cell free

plasma (Patek and Taylor 1937) and in Cohn's classic

fractionation scheme it was shown to be in Fractions I

and II of normal, but not haemophilic plasma (Minot and

Taylor 1947). These fractions and similar fibrinogen-

rich components from ether-fractionated plasma (Kekwick

and Wolf 1957) were recognised as potentially therapeutic

materials. These early products were relatively crude

and insoluble due to their high fibrinogen content and

tended to be unstable. The Blomb&ck modification of

Cohn Fraction I (Blombdck 1958) led to a product that was

much improved in stability and purity.

The introduction of cryoprecipitate as a thera¬

peutic blood product by Pool and co-workers (Pool and

Shannon 1965) was a big step forward. Although the

gelatinous residue that remains undissolved when frozen

plasma is allowed to thaw at a low temperature was known

to be rich in fibrinogen and factor VIII (Ware et al 1947,



TABLE1-2SOMEEARLYTYPESOFTHERAPEUTICMATERIALSFORTHETREATMENTOFFACTORVIIIDEFICIENCY Nameof Preparation

MethodofProduction
Purification OverPlasma(X)

GeneralComments

CohnFractionI(F-I) (Cohnetal1946)
Precipitationofplasmapro¬ teinswith8%ethanolat -3°C,pH7-mostofthe fibrinogenandfactorVIII areprecipitated

7-20

CarefultechniqueallowsfactorVIIIto beharvestedathighyields;however, F-Iispoorlysoluble,ratherunstable andcannotbesterile-filtered,andso hastobepreparedbyelaborate steriletechniques

FI-0 (Blomback1958)

ExtractionofF-Iat0°Cwith aglycine-citratebufferand resolutionoftheprecipi¬ tateinisotonicsaline
10-30

Extractionprocedureimprovesgreatly thesolubilityandstabilityofF-I; materialstillusedextensivelyin Scandinavia

Ether-FractionF-I (Kekwick&Wolf1957)
Precipitationofplasmapro¬ teinswith11%etherat0°C
25

Samecharacteristicsanddrawbacksas CohnF-I

FI-O-Ta (Simonettietal 1969)

TreatmentofF-I-0with tannicacidtoremove fibrinogen

40-160

Experienceiswithsmallbatches;at¬ temptstoreplicateinitialfindings producedwidelyvaryingresults,prob¬ ablyduetowidevariabilityin batchesoftannicacid

Bentonite-F-I (Soulier1959)

TreatmentofF-Iwithben- tonitetoremovefibrinogen
40-160

AswithFI-O-Ta

Glycine-Precipitated Fraction (Wagneretal1964)
Additionofglycineto plasmatoaconcentration of2.3Mat0°Ctoprecipi¬ tatefactorVIIIwithsome fibrinogen

20-30

Useofglycineathighconcentrations expensiveandwastefulasitprecludes theuseofthesupernatantplasma- techniquesstillusedtoprepare'high purityconcentrates(Table1-6A)



Brinkhous 1954) Pool developed this as a clinical

product which could be produced by small centres. This

made the widespread adequate treatment of haemophilia

feasible.

Despite the benefits of cryoprecipitate, it

has several limitations: it must be stored frozen, it

has only about five times the potency of plasma, it is

not standardised and it may induce reactions following

administration. Cryoprecipitation was used by Johnson's

group (Johnson et al 1969) in the bulk preparation of an

intermediate purity factor VIII concentrate (classification

of Smith and Bidwell 1979 - Table 1-5). This method,

allowing production of a standardised bulk product, still

forms the basis of most available factor VIII concentrates.

Other methods, involving treatment of plasma or plasma

fractions with chemicals, were used to prepare

concentrates of varying quality. These are summarised

in Table 1-2. Nowadays most of these products, with the

exception of Fraction 1-0, have been superseded by

concentrates prepared by other techniques.

The production of animal factor VIII concentrate

(Bidwell 1955) played a role in providing therapy when

human products were scarce. Such products were

associated with problems due to antigenicity and side

reactions were common, as was thrombocytopenia from the

Platelet Aggregating Factor associated with bovine and

porcine factor VIII. Nowadays such products have been

mostly superseded, although they still play a role in the



TABLE1-3VARIABLESINVOLVEDINCRYOPRECIPITATEPRODUCTIONANDTHEIREFFECTONPRODUCTQUALITY (A)Anticoagulant

CPDgiveshigheryieldsthanACD(RegionalTransfusionDirectors'Committee1978); somegroupsfindnodifference(Slichteretal1976)orevenbetteryieldswithACD (Vermeeretal1976)
(B)PlasmapH

Acidificationreducesyield,optimalpH=6.9(Pool1967)
(C)PlasmaFreezing
Moststudiesclaimfastfreezingimprovesyieldandpurity(Vermeeretal1976)

(D)PlasmaThawing
Moststudiesclaimrapidthawingimprovesyield(Brownetal1967)andpurity (Vermeeretal1976)

(E)Blood-Group

HigherVIII:CingroupAplasmaisreflectedinhigheramountsincryo(Regional TransfusionDirectors'Committee1978);onegroupclaimsahigheryieldincryo fromgroupAplasma(Prowseetal1982)
(F)IonicComposition ofPlasma

MaintenanceofphysiologicalCa2+levelsisclaimedtoimproveyield(Rocketal 1979)

(G)AdditivesinPlasma
Someworkersclaimincreasedyieldsbyaddingethanol(Newmanetal1971)orpoly¬ ethyleneglycol(Johnsonetal1979)butothersdisputethis(Fosteretal1982). Onegroupclaimsincreasedyieldsbyaddingheparin(Rocketal1980)

(H)ConditionsofStorage ofFrozenPlasma
Moststudiesadvocatestoragebelow-30°C(RockandTittley1979),theperiodof storagedoesnotappeartobecrucial(Kasperetal1975)

(I)StorageofBlood Priorto Processing

Generalagreementthatupto6hrsatroomtemperaturehasnoeffectonyield (Avoyetal1978);longerperiodsresultinloweryieldsaccordingtosomegroups (Vermeeretal1976),othersclaimnodifferencebetweenbloodprocessedat6and 18hrsafterdonation(RegionalTransfusionDirectors'Committee1978)
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management of patients with inhibitors to human factor

VIII (Rizza 1976b). Fractionation using 'polyelectro-

lyte' chromatography (see Table 1-6B) removes most of the

Platelet Aggregating Factor from porcine factor VIII and

lessens the risk of thrombocytopenia.

(D) SURVEY OF AVAILABLE PRODUCTS USED IN TREATMENT OF

HAEMOPHILIA A AND von WILLEBRAND'S DISEASE

1. Cryoprecipitate ('cryo'):

Although being gradually superseded by

freeze-dried concentrates, blood bank cryoprecipitate

is still important due to its ease of preparation

and the relatively high yield of factor VIII which is

obtained. The original technique (Pool and Shannon

1965) was designed to allow the harvesting of cryo¬

precipitate while allowing the recovery of other

blood components. Blood was collected into the

primary bag of a double bag system, and after centri-

fugation platelet poor plasma was expressed into the

secondary bag and frozen. Overnight thawing of the

plasma was achieved in a normal blood bank cold room

or refrigerator and the cryoprecipitate was then

harvested by centrifugation. This allowed the

supernatant plasma to be transferred back to the

cells or used for further fractionation.

A large number of variables have been

studied with respect to the yield and quality of

cryoprecipitate and the results are summarised in

Table 1-3. Table 1-4 lists some of the types of



TABLE 1-4 SOME TYPES OF CRYOPRECIPITATE PRODUCED BY VARIATIONS OF

THE ORIGINAL TECHNIQUE

Name of

Preparation
Method of

Preparation
Improvements Over
Conventional Product

Freeze-dried

Cryoprecipitate
(Milligan et al
1981)

Small numbers of

individual cryos are
pooled into stabilis¬
ing buffer, aliquoted
and lyophilised

Product can be stored

at 4°C and can be

subjected to more
rigorous quality control

'Thaw-siphon'
Cryoprecipitate
(Mason 1978)

Cryoprecipitate
produced by fast-thaw
in 4°C water bath
with continuous

removal of thawed

plasma supernatant by
siphoning.

Marked improvements in
yield and purity
(Prowse and McGill
1979); however only two
centres (Edinburgh and
Brisbane) produce it
routinely - careful
attention to detail is

required to produce
good results.

'Cold-Insoluble
Globulin'

Cryoprecipitate
(Smit-Sibinga
et al 1981)

Cryoprecipitate
harvested from plasma
derived from blood

collected in heparin;
cryo is then subjected
to a cold precipi¬
tation at 0°C,
solubilised in buffer
and lyophilised.

Collection in heparin
claimed to greatly
improve yields; the
second (cold) precipi¬
tation doubles the

specific activity of
the original cryo.
Material gave good
clinical results

(Smit-Sibinga et al
1983).



TABLE 1-5 CLASSIFICATION OF FACTOR VIII CONCENTRATES

(Smith and Bidwell 1979)

Group 1 Concentrates of low purity - < 0.2 i.u./mg protein

soluble at = 5 i.u./ml, contain 50-80% fibrinogen,
obtained at a yield > 300 i.u./litre fresh frozen

plasma

Group 2 Concentrates of intermediate purity - 0.2-0.5 i.u./

mg protein soluble at 5-20 i.u./ml, contain 40-60%

fibrinogen, obtained at a yield of 200-300 i.u./
litre fresh frozen plasma

Group 3 Concentrates of high purity - > 0.5 i.u./mg protein

soluble at > 20 i.u./ml, contain < 50% fibrinogen,

obtained at a yield of less than 200 i.u./litre
fresh frozen plasma



FIGURE 1-3

PRODUCTION OF INTERMEDIATE PURITY FACTOR VIII CONCENTRATE FROM FRESH

FROZEN PLASMA (NEWMAN et al 1971). ALSO INCLUDED ARE MODIFICATIONS

AT CERTAIN STEPS INTRODUCED BY SUBSEQUENT WORKERS.

NEWMAN PROCEDURE SUBSEQUENT MODIFICATIONS

Crushed Frozen Plasma

bulk thawed to slurry
ethanol added 3% v/v
cryoethanol precipi¬
tate harvested

V
Cryoethanol Precipitate

washed in 20 mM Tris/
HC1 pH 7 containing
8% ethanol, -2°C

V
Washed Precipitate

extracted in 2.5-10%

plasma volume of
20 mM Tris/HCl pH 7
for 30 min at 25°C

V
Factor VIII Rich Extract

adsorbed with 5% v/v
Al (OH) 3 gel for 5 min
at 25°C; gel spun off
and solution clari¬

fied by filtration

1. Ethanol addition omitted as

this compromised purity without
improving yield (James and
Wickerhauser 1972).

2. Plasma blocks mechanically
crushed to 'snow' to increase

surface area and rate of thawing
(Foster et al 1982).

3. Continuous instead of bulk

thawing to improve yield and
purity (Foster et al 1982).

Washing with 20 mM Tris/HCl pH 7
without ethanol improved purity
and solubility (Wickerhauser et
al 1978).

1. Extraction into lower volume

of buffer to increase potency
(James and Wickerhauser 1972).

2. Cold precipitation at acid
pH of contaminants to improve
solubility and filterability
(Smith et al 1979).

3. Extraction time optimised to
improve purity (Smith et al
1979).

Proper pH control during
adsorbtion improves filtrability
and solubility of final solution
(Liu et al 1980).



FIGURE 1-3 (Cont)

I
Adsorbed Factor VIII Rich

Solution

citrate added to

20 mM,filtration and
lyophilisation

Intermediate Purity
Factor VIII Concentrate

1. Addition of Ca2+ to prevent
VIII:C lability due to citrate
(Foster et al 1983b).

2. Adjustment of pH of final
solution to 6.6 to improve
stability (Liu et al 1980).
3. Addition of dextrose and
celite to improve solubility and
remove activation products
(Margolis and Rhoades 1979).



cryoprecipitate produced.

Factor VIII Concentrates;

Following the classification of Smith and

Bidwell (Smith and Bidwell 1979) these can be defined

as in Table 1-5.

Group 1 concentrates include FI and cryoprecipitate,

which have been discussed.

Group 2 concentrates are mostly derived from further

processing of bulk cryoprecipitate. The process

described by Newman et al (Newman et al 1971) is out¬

lined in Figure 1-3 in some detail, as it is the most

widely used procedure for manufacture of clinical

concentrates at present.

The 'Newman' method and its modifications

superseded nearly all previous techniques for

producing factor VIII concentrates. Cryoprecipitation

for large scale processing had the advantage that the

fraction harvested was a by product and its production

did not interfere with subsequent Cohn fractionation

of the plasma to immunoglobulin and albumin. Also,

the processing of frozen plasma to cryoprecipitate

had an inherent advantage over the previous precipi¬

tation methods (alcohol, ether,etc.) which involved

the use of plasma which had to be fairly fresh if a

good product was to be obtained. This was because

these precipitation techniques were only suitable for

liquid plasma; processing of frozen-thawed plasma was

not satisfactory. The use of freeze-thawing as a



TABLE1-6APRODUCTIONOFHIGH-PURITYFACTORVIIICONCENTRATES-PRECIPITATIONMETHODS StartingMaterial
FractionationProcedure

ProductCharacteristicsandYield

'Newman' Intermediate Type Concentrate

FractionalprecipitationwithPolyethylene Glycol(P.E.G.)(Newmanetal1971)-first precipitationatabout4%P.E.G.4000pre¬ cipitatesfibrinogenwhichisremoved, factorVIIIisprecipitatedandconcentrated byincreasingP.E.G.concentrationto11%
Dependingonnatureofstartingmaterial (plasmaage,durationofstorageetc.) productis125-300foldpurifiedoverplasma Yieldisusually<20%.

Solubilised Cryoprecipitate
FractionalprecipitationwithP.E.G.to removefibrinogen,followedbyglycinepre-' cipitationinthecold(ShanbromandFekete 1971)toprecipitatefactorVIII.Heparin addedinprocessingbufferstoincrease yieldandpurity(Feketeetal1974)
Productis110-380foldpurifiedover plasma,yield=17%.

'Newman' Intermediate Type Concentrate

AdditionofZn2+tofinal[ImM]atpH6.6 and1u/mlheparinprecipitatesabout90% ofthefibrinogenandfibronectinandleaves factorVIIIinthesupernatant(Fosteret al1983a)

Producthasroughlytwicethespecific activityofnormalconcentrateandisob¬ tainedatayieldof>90%fromcryoprecipi¬ tate.Productcanbesubjectedtoheat treatmenttoinactivatecontaminating viruses(Macleodetal1983)

Solubilised Cryoprecipitate
Precipitationwithglycineat30°Cpre¬ cipitatesfibrinogenbutleavesfactorVIII insolution,fromwhichitcanbesubse¬ quentlyconcentratedbyprecipitationwith P.E.G.orNaCl'(BlombMckandThorell1982)
Finalproductisobtainedatayield=60% fromcryoprecipitate(Torma&Myllyla1983) specificactivityisbetween3and7u/mg dependingonthefinalprecipitating conditions(Thorelletal1983).Product correctsthebleedingtimedefectinV.W.D. (Thorelletal1983)

tsj
Ln



TABLE1-6BPRODUCTIONOFHIGH-PURITYFACTORVIIICONCENTRATES-CHROMATOGRAPHICMETHODS StartingMaterial
FractionationProcedure

ProductCharacteristicsandYield

Plasmaor Cryoprecipitate
Ionexchangechromatographyon'Polyelectro- lyte'resin-VIII:Cisadsorbedbatchwise andelutedwithhighionicstrengthbuffers containinglysine(Johnsonetal1978). VIII:CisthenconcentratedbyP.E.G.
' Polyelectrolyte'VIII:Cis=50foldpurified overplasmaandisalmostfreeofvonWille- brandFactor.Theprocessyieldovercryo¬ precipitateis=40%.Theconcentrate producedfromporcineplasmahasbeenused successfullytotreatpatientswithVIII:C inhibitors(Kernoffetal1981).Thehuman productgavegoodclinicalresultsinhaemo¬ philiaAbutpoorresultsinV.W.D. (Tuddenhametal1982)

Intermediate Purity Concentrate

FiltrationonControlledPoreGlass(C.P.G.) column(MargolisandRhoades1981).Fibrin¬ ogenisretainedandsubsequentlyadsorbed bythegel,whilefactorVIIIiscollected inthevoidvolume

Concentrateis=90foldpurifiedoverplasma andisobtainedat=90%yieldoverthe intermediatepuritymaterial.Clinical resultsaregood

Intermediate Purity Concentrate

Columnchromatographyoveraminohexyl Sepharose(AustenandSmith1982)isclaimed toremovemuchofthefibrinogenwith possiblereductionofhepatitisBvirusand bloodgroupisohaemagglutinins
Finalconcentrateis=90foldpurifiedover plasmaatayieldof=43%ofthestarting material.Noclinicalusereported-still insmallscaleresearchstage

Solubilised Cryoprecipitate
AdsorbtiontoandelutionfromTris-Acryl matrix.FactorVIIIiselutedathigh ionicstrengthafterlowsaltwashto removefibrinogen(Levietal1982)
FinalfactorVIIIfractionhasaspecific activityof>5u/mgandtheyieldoverthe initialcryois=70%.Noclinicaluse reported-stillinsmallscaleresearchstage

fo (T»



fractionation step without any reagent addition was

thus much more suitable. A recent report describing

the production (Casillas and Simonetti 1982) and

clinical use (Simonetti et al 1981) of a concentrate

produced by precipitation with the synthetic polymer

polyvinylpyrrolidone indicates that this approach

might be feasible on a small scale, provided that the

plasma can be obtained fairly fresh.

Group 3 concentrates are usually produced by further

fractionation of Group 2 materials. A variety of

procedures are utilised, which are summarised in

Table 1-6A.

A number of recent developments have

utilised chromatographic techniques for the production

of high purity concentrates. These are summarised

in Table 1-6B.

It is worth noting that the term 'high-

purity concentrates' is a misnomer, the specific

activity of pure factor VIII:C being about 2000 u/mg

(Tuddenham 1983). The only major advantage of high

purity concentrates is that of high potency which may

be required in clinical situations needing high doses

and less fibrinogen to avoid associated 'dysfibrino-

genaemia' with high dose therapy. Otherwise, the

loss of factor VIII that is associated with the manu¬

facture of high purity concentrates makes their

production difficult to justify.



(E) BIOCHEMICAL ASPECTS OF FACTOR VIII FRACTIONATION

The development of more sophisticated assays to

measure the different factor VIII related activities have

led to several studies on the levels of these activities

in therapeutic materials (Nilsson and Hedner 1977, Allain

et al 1980, Nilsson et al 1980, Barrowcliffe et al 1981).

Studies showed that all concentrates examined had higher

levels of factor VIIIR:Ag than factor VIII:C (Yang and

Duffy 1978, Nilsson et al 1980) suggesting a selective

loss of clotting activity during fractionation.

Furthermore, the VIIIR:Ag/VIII:C ratio was highest for

the more purified products (Yang and Duffy 1978). Other

studies confirmed these results, although an increase in

VIIIR:Ag/VIII:C ratios for more purified material was not

always found (Allain et al 1980).

Use of the VIII:CAg assay increased the scope

of such investigations. The ratio VIII:CAg/VIII:C was

found to be much closer to unity than VIIIR:Ag/VIII:C

suggesting that rather than inactivation of clotting

activity, mechanical loss of VIII:C molecules is occurring

during fractionation (Barrowcliffe et al 1981). Other

studies indicate that both inactivation and mechanical

loss are occurring, as evinced by increasing VIII:CAg/

VIII:C and VIIIR:Ag/VIII:CAg ratios (Prowse et al 1981).

The development of more sophisticated assays

for VIIIR:Ag led to greater understanding. Using immuno-

radiometric assays (I.R.M.A's) the levels of VIIIR:Ag in

concentrates were shown to be much lower than when measured
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by electroimmunoassay (Laurell) (Nilsson et al 1980).

The increased levels detected by Laurell assays were shown

to be due to a higher electrophoretic mobility of the

VIIIRrAg in concentrates compared to that found in plasma,

due to the loss of higher molecular weight VIIIR:Ag

multimers. VIIIR:Ag in concentrates also had an abnormal

antibody binding capacity in some I.R.M.A's (Nilsson et

al 1980). A lack of large VIIIR:Ag multimers in concen¬

trates was shown by the two-dimensional Laurell technique

(Barrowcliffe et al 1981) and by sodium dodecyl sulphate

polyacrylamide gel electrophoresis (S.D.S.P.A.G.E.)

(Jakab et al 1978). It seems that molecular changes

during fractionation are generating a population of

VIIIR:Ag molecules of lower molecular weight, by selective

removal or/and degradation of higher molecular weight

multimers.

The failure of certain high-purity concentrates

to correct the bleeding time defect in V.W.D. had been

previously noted (Blatt et al 1976). Since these concen¬

trates also lacked higher VIIIRrAg multimers, which had

been shown to be associated with VIIIRrRCF activity,

(Over et al 1978), such a lack was seen to be the reason

for failing to correct the bleeding time in V.W.D. This

explanation however assumes a direct relationship between

the 'bleeding time factor' of V.W.F. and VIIIRrRCF.

Other studies indicated that the question is more complex.

It was shown that high VIIIRrRCF in some concentrates did

not result in these materials correcting the defect in
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V.W.D. (Nilsson et al 1980). One study indicated that

the technique used for measuring VIIIRrRCF was of

importance, a platelet counting technique giving lower

values for most concentrates than the usual aggregometric

method (Barrowcliffe et al 1981). Moreover, recent

findings show that the VIIIR:RCF assay does not always

correspond to von Willebrand activity (Ogata et al 1983).

It is possible that V.W.F. activity and even VIIIR:RCF

(Martin et al 1983) could be a function of some specific

polypeptide chain rather than being solely dependent on

molecular size. One study showed that concentrates

cannot correct the abnormal retention to subendothelium

of platelets in V.W.D. plasma, but no relationship to

multimer size was shown (Sixma et al 1981). It thus

seems that for concentrates, unlike cryoprecipitate,

higher molecular weight VIIIRrAg multimers are lost during

production, and this loss leads to decreased VIIIRrRCF

activity. However, the loss of V.W.F. activity and the

inability to correct the bleeding time defect in V.W.D.

is likely to be the result of an accompanying, less well

characterised, molecular change.

Some reports have claimed that highly purified

concentrates give in vivo recoveries and half-lives for

VIII:C that are lower than for less purified fractions,

suggesting a detrimental effect on the integrity of VIII:C

upon further processing (Smith et al 1972, Nilsson and

Hedner 1977). Other reports find no difference, however

(Weiss et al 1976). One study claims a normal recovery
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and half-life for VIII:C, but greatly reduced values for

VIII:CAg (Holmberg et al 1981) but another study shows

identical in vivo behaviour for VIII:C and VIII:CAg

(McLellan et al 1982). Differences in assay techniques

may account for these discrepancies.

(F) HAZARDS OF REPLACEMENT THERAPY

A life-long dependence on blood products almost

inevitably results in some complications. These will be

briefly reviewed below.

I. Viral Infections:

Liver disease in haemophiliacs.

Using sensitive radioimmunoassays the

incidence for Hepatitis B virus (HBV) exposure in

haemophiliacs approaches 100 percent as assessed by

presence of antibodies to surface antigen (anti-HBsAg)

(Enck et al 1979). The prevalence of the antigen

(HBsAg) ranges from 4 to 9 percent (Self and Hoofnagle

1976). Lack of suitable markers renders difficult a

detailed study on the exposure to non-A, non-B

viruses (NANB), but strong evidence suggests that they

are found in clotting factor concentrates and can be

transmitted to haemophiliacs (Mannucci et al 1982,

Tabor et al 1983).

In the light of these facts, the relatively

low incidence (6-26 percent) of clinical hepatitis in

haemophiliacs is surprising (Self and Hoofnagle 1976).

However, a number of studies have shown a history of

abnormal liver function tests and liver biopsy



histology in the majority of haemophiliacs (Hruby

and Schauf 1978). A recent report (Mannucci et al

1982) indicates that in patients with chronic liver

disease the disease was non-progressive in individuals

having no evidence of hepatitis B or 6 virus markers.

This indicates that NANB might not pose as big a

threat as these other agents.

Acquired immunodeficiency syndrome (AIDS) and

haemophilia.

AIDS is a recently recognised and relatively

poorly understood syndrome associated with abnormali¬

ties of immunoregulation and a profound susceptibility

to opportunistic infections. It is eventually fatal

in many patients (Marx 1982). One report has

included three haemophiliacs among cases of the

disease (Centers for Disease Control 1982) and the

number has subsequently grown. More disturbingly,

other reports (Lederman et al 1983, Menitove et al

1983) have reported abnormalities in the immune

status of haemophiliacs as revealed by laboratory

tests that are similar to but not of the same degree

as found in AIDS patients.

These reports have shown abnormalities in

lymphocyte function in patients receiving freeze-dried

concentrate with normal values in patients receiving

cryoprecipitate (Lederman et al 1983). The most

commonly measured parameter is the ratio of helper to

suppressor cells and as far as abnormalities in this
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ratio are concerned, the plasma source - voluntary or

commercial - does not seem to matter (Cable et al 1983,

Froebel et al 1983). However, data from this rather

non-specific test cannot be extrapolated to the actual

clinical manifestation of AIDS and there seems little

doubt that American concentrates now constitute a

high-risk product. Although more patients need to

be studied before definite conclusions can be drawn,

it seems that AIDS poses a potentially major threat

for haemophiliacs.

Measures to decrease the possibility of viral

contamination of therapeutic products.

The dangers of hepatitis transmission and

the new threat posed by AIDS, necessitate measures to

decrease the possibility of viral contamination of

factor VIII concentrates. Some recent studies cast

doubts on certain long-held beliefs in this area.

Although early reports suggested that plasma from

paid donors exhibits a higher incidence of hepatitis

transmission than plasma from voluntary donors

(Sgouris and Wickerhauser 1973) a recent survey on

Australian haemophiliacs cast some doubt on this

assumption (Rickard et al 1982). All blood products

in Australia are furnished from a voluntary donor

system, yet liver abnormalities were found in 67% of

severe and 45% of mild haemophiliacs. A study on

Edinburgh haemophiliacs showed that the introduction

of sensitive assays for HBsAg for screening donor



plasma also had no effect on the prevalence of

infection as determined by liver function tests

(Ludlam et al 1982).

Heat treatment at 60°C is the traditional

way of sterilising the main plasma protein fraction -

albumin - but is not such a straightforward option

with a protein as labile as factor VIII. Both

VIII:C and VIII:CAg have been shown to be extremely

labile at high temperatures (Furlong and Peake 1983)

and for pasteurisation to work, ways of protecting

the molecule must be found. The first heat-treated

factor VIII concentrate had sucrose added to the

solution to stabilise the factor VIII:C (Heimberger

et al 1981). Yields achieved, however, are of the

order of 5%. Some success has been claimed in

heating lyophilised concentrate (Rubenstein 1981) with

retention of activity. Infectivity studies with

chimpanzees (the only suitable model for hepatitis as

it is the only mammal in which the infection has been

described) tend to support claims that these procedures

result in reduction in infectivity. A new method

involving sorbitol and glycine stabilisation of a

fibrinogen-depleted cryoprecipitate extract has been

described (Macleod et al 1983). This has allowed

the standard pasteurisation of 60°C for 10 hours to

be carried out with retention of 75% of the starting

VIII:C, while inactivating several model viruses

added to the system (Foster et al 1983c).



Alternatives to heat treatment include the

addition of HBsAg immunoglobulin to concentrates

(Brummelhuis et al 1983) and combined treatment with

ultraviolet irradiation and chemical agents and

detergents (Prince et al 1983). The AIDS problem

has highlighted the necessity for developing general

ways of inactivating viruses rather than specific

removal of one type of virus. The well-tried

method of heat-treatment seems to be the best approach

in this regard, but other less well validated methods

may be acceptable provided they lead to a product

with the same characteristics.

Other Hazards;

Development of VIII:C inhibitors.

It is still not known why about 10% of

haemophiliacs develop inhibitors to factor VIII:C

following replacement therapy (Deykin 1974). Develop¬

ment of such inhibitors constitutes an obvious

therapeutic problem. The use of massive doses of

conventional high-purity concentrate in an attempt to

overcome inhibitors puts a strain on the supply of a

limited resource, and such therapy often induces an

anamnestic response (Rizza and Matthews 1982). The

recent development of 'polyelectrolyte' porcine

factor VIII:C (Hyate, Speywood Laboratories) has had

some success while avoiding the problems previously

associated with animal concentrates. Complications

using the product have been reported however (Exner
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and Rickard 1983).

The use of activated prothrombin complex

concentrates first reported in 1972 (Fekete et al

1972) has led to intensive investigation of such

materials for this purpose (Abildgaard et al 1980).

Normal prothrombin complex concentrates have been

shown to be equally effective (Lusher et al 1983) and

this finding is difficult to reconcile with hypotheses

linking the effectiveness of these products with their

content of activated clotting enzymes. Recently it

has been shown that the significant amounts of

VIII:CAg found in these concentrates (Onder and Hoyer

1979) is bound to phospholipid at a site close or

identical to the antibody binding site (Barrowcliffe

et al 1983). This finding suggests a mechanism for

the action of these products, and has implications in

devising better concentrates for tackling this

problem.

Blood group antibodies.

Haemolysis due to the presence of anti-A

and anti-B in factor VIII preparations has been

reported (Orringer et al 1976) but does not necessarily

depend on the concentrations of these antibodies

(Seeler 1976). Some companies supply 'isoagglutinin-

free' or group-specific concentrates but such a policy

adopted generally would be too restrictive.

It has been shown that prior mixing of

multiple ungrouped donations of plasma resulted in
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TABLE 1-7 AVAILABILITY OF FACTOR VIII PRODUCTS

Countries Reporting Cryo-
precipitate

Concentrate

Sufficient Products Available 25 19

Insufficient Products Available 16 18

Not Used 2 6

Total Number of Countries

Reporting
43 43

TABLE 1-8 SOURCE OF FACTOR VIII FOR COUNTRIES SUFFICIENT IN

CONCENTRATE

Source
Number of
Countries

Domestic 6

Imported 3

Domestic and Imported 10

Total 19

Both tables taken from Britten (1983)



high concentrations of anti-A in the final concentrate,

whereas processing of single donations to cryopreci-

tate resulted in much lower concentrations (Smith et

al 1980). This suggests that formation of a macro-

molecular A substance - anti-A complex results in such

a complex being concentrated in the final product,

possibly by cryoprecipitation during fractionation.

Resolution of the dried concentrate then dissociates

the complex releasing the antibody. Processing of

single donations or group specific pools avoids this

problem.

(G) THE PRESENT STUDY

Despite the advances which have been described,

there is a world-wide shortage of factor VIII products

for haemophilia treatment. Tables 1-7 and 1-8 show the

results of an investigation carried out by the World

Federation of Haemophilia (Britten 1983). It can be

seen that less than half the countries reported having

sufficient factor VIII concentrate, and only 14% of

countries reported producing enough concentrate themselves

to meet their needs.

Moreover, 80% of the world's factor VIII

concentrate is produced from plasma collected in the

United States by plasmapheresis of paid donors. Countries

which lack the technology to produce their own materials

have to rely on importation of these expensive products.

In the writer's own country of Malta a population of 25

haemophilia A patients and 3 von Willebrand's disease
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patients is supplied with one million units of factor VIII

yearly in the form of imported concentrate, at a cost of

about 150,000 U.S. dollars. Such an outlay of scarce

foreign currency on a small number of patients provides

a heavy burden on the limited resources of underdeveloped

nations. These financial considerations ignore the

ethical problems associated with providing patients with

materials derived from commercial plasma sources, problems

which are once again highlighted by the AIDS problem.

The range of concentrates now available are

usually manufactured by bulk processing of frozen plasma

on the 1000 kg scale. After the preliminary extraction

of factor VIII, such plasma is then further fractionated

to immunoglobulin and albumin by industrial Cohn

fractionation. These procedures are carried out by

large industrial plants, both for commercial and state-

funded concerns. Small scale processing is still largely

made up of single donation or small pool cryoprecipitate

made by blood banks. The disadvantages of cryoprecipi¬

tate have already been outlined. Some attempts have

been made to overcome some of these by e.g. lyophilisation

to enable more convenient storage and reprecipitation in

the cold to improve purity (Milligan et al 1981, Smit-

Sibinga et al 1981). However, freeze-dried concentrates

in use by technologically unadvanced countries are still

mainly supplied through large scale industrial

fractionation in the developed countries, in the form of

materials derived from commercially acquired plasma.
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There thus exists a need to develop approaches

for producing factor VIII concentrates that do not rely

on present methods based on industrial fractionation of

bulk plasma. These methods need to have the following

characteristics:

(1) They have to be adapted to small scale processing

(5-50 kg scale) such that they can be carried out in

local blood banks.

(2) They must be able to produce factor VIII at a high

yield, in order to make the most out of the limited

plasma available.

(3) They must be based on technology that is simple and

cheap to set up and maintain.

(4) They must fulfil all the pharmaceutical criteria for

a good product, such that they are an acceptable

substitute for commercially produced materials.

(5) They must allow use of the residual plasma after

factor VIII extraction as a volume expander or

possibly to be used to derive other products.

It is the object of this study to examine the

possibilities for improved procurement of factor VIII with

the above considerations in mind, ie. to make possible a

level of self-sufficiency in factor VIII concentrates for

countries without access to high technology. In the

course of this work, optimal conditions for processing

plasma to cryoprecipitate have been derived after investi¬

gation of such variables as storage temperatures, storage

periods, anticoagulants, freezing rates etc. The use of



alternatives to cryoprecipitation as a means of concen¬

trating factor VIII have been examined and a new method

involving the use of hydrophilic polymers to precipitate

factor VIII from unfrozen plasma has been developed.

Methods of further purification have also been investi¬

gated. The influence of ABO blood group and of drug

induced enhancement on levels of factor VIII in starting

plasma have also been studied.

Based on these findings, recommendations will

be made for improved procurement of factor VIII from

blood donations.



CHAPTER II

GENERAL MATERIALS AND METHODS
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(A) PREPARATION OF NORMAL POOLED PLASMA STANDARD

The plasma was prepared for use as a routine

coagulation control in the South-East Scotland Blood

Transfusion Service. Each of 12 dry Fenwal double

blood bags were injected with 50 ml of trisodium

citrate/Hepes anticoagulant (106 mM citrate, 210 mM Hepes)

on the morning of collection. 450 ml of blood were

collected into each bag. Selection of donors was on the

basis of blood group only; 6 group A and 6 group 0 were

chosen. Plasma was separated at 4°C by centrifugation

in a Damon (IEC) GPR 6000 centrifuge at 4,200 r.p.m. for

10 minutes. Plasma was expressed into the secondary

packs which were then centrifuged at the same speed for

10 minutes to obtain platelet poor plasma. This was

pooled into a 5 litre pack and mixed thoroughly. A

platelet count was performed at this stage and was

typically less than 5 x 109/litre. The plasma was

aliquoted (0.8 ml ) into prelabelled polypropylene

test tubes using a Watson Marlow 10 channel peristaltic

pump, silicone rubber tubing being used throughout.

Screw caps were fitted and all tubes placed in

the vapour phase of a liquid nitrogen refrigerator.

Several coagulation parameters including assays for

factor VIII related activities were tested at least

5 times and a mean value was calculated. A supply of

the material was placed in -40°C storage every week for

routine use. A fresh preparation was made every 4

months.



(B) ASSAY OF FACTOR VIII COAGULANT ACTIVITY (VIII:C)

The assay used in this study was the one-stage

assay based on the partial thromboplastin time (Hardisty

and Macpherson 1962). In this assay system, dilutions

of test material are used to clot samples of plasma

totally deficient in VIII:C. The substrate plasma

supplies all the factors required for the formation of

fibrin except VIII:C which is supplied by the sample.

The first stages of the coagulation sequence (see

Figure 1-2) are initiated by addition of a negatively

charged surface and phospholipid acts as a substitute for

the platelet surface. Both these reagents were added

in the form of the General Diagnostics APTT reagent,

which provides these components as a mixture of micro-

nised silica and cephalin. Calcium chloride was added

to initiate the later stages of coagulation. Reagent

addition and optical detection of the end point (fibrin

formation) were done using a automated clot-detector,

the Coag-a-pet (General Diagnostics). The assay can be

summarised as follows:

*0.1 ml test dilution (in 50 mM Tris, 60 mM NaCl pH 7.4)

*0.1 ml substrate plasma

+ 0.1 ml activator (Silica / Cephalin)

Incubated 5 minutes

+0.1 ml 33 mM CaCl?

FIBRIN CLOT detected optically

* dispensed manually

+ dispensed automatically



FIGURE 2-1

ESTIMATION OF VIII:C CONTENT IN COAGULATION ASSAY

Standard and test lines are shown, with intrapolation

from test to standard to obtain test VIII:C content

as a % of standard.
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Calculation of sample potencies; A standard of known

VIII:C content was assayed at 3 dilutions (1/10, 1/20

and 1/40) along with 3 dilutions of each sample. Clotting

times obtained for each dilution were plotted on semi¬

log graph paper with log concentration being plotted

against clotting time. Straight lines were drawn

through the points for each sample. Lines for standard

and test samples should be parallel - Figure 2-1.

By interpolation from test to standard lines,

the potency of the test samples relative to the standard

was estimated. As shown in Figure 2-1, this results in

112% for test 1 and 72% for test 2 samples. Using

these and the assigned standard potency, the test

potency was estimated e.g. if in Figure 2-1,

standard = 0.7 u/ml

then test 1 = 112% of standard = 0.78 u/ml

test 2 = 72% of standard = 0.5 u/ml

Dilutions of test samples were chosen so as to

result in clotting times which overlap with those of the

standard. Thus in samples containing low VIII:C

levels, e.g. cryosupernatants, lower dilutions were used

e.g. 1/5, 1/10, 1/20. The opposite was done with samples

of high VIII:C content. When assaying concentrates, a

concentrate standard supplied by the National Institute

of Biological Standards and Control, London, was used.

This was first diluted to 1 u/ml and then diluted as for

plasma. Samples of concentrate for assay were also

pre-diluted to about 1 u/ml.
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Repeated assay of the same sample gave a between

run geometric coefficient of variation for the assay of

5%.

Preparation of artificial factor VIII deficient substrate

for use in the one-stage assay.

As congenitally deficient substrate plasma was

not always available, assays were sometimes performed with

artificial factor VIII deficient substrate. This

material was generously provided by Mrs. Brenda Griffin

of the Headquarters Unit Laboratory of the Scottish

National Blood Transfusion Service and was prepared as

follows:

Components

1. Serum: Serum was obtained from human blood donations

and supplied by the Reagents Laboratory of the South-

East Scotland Blood Transfusion Service. To each

100 ml of serum, 1 ml sodium azide (20% solution)

was added to prevent bacterial growth. The serum

was incubated at 37°C for 72 hours, citrated with

1 part 0.55 M trisodium citrate to 24 parts serum, and

kept for a further 72 hours at 4°C. It was then

centrifuged at 15,000 r.p.m. for 2 hours at 4°C to

allow removal of lipid and the infranatant was

collected. Tests found no detectable VIII:C in the

material. Batches were also tested for prothrombin

content, as a final level of > 20% average normal was

necessary for satisfactory results in the VIII:C assay.

2. Factor V preparation: (Nyman 1970) Oxalated bovine
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plasma was obtained from the West of Scotland Blood

Transfusion Service or from the local abattoir. It

was kept frozen at -40°C until used. The plasma was

thawed at 37°C and recalcified with 1/4 of its volume

of 0.1 M CaC^. It was incubated at 37°C for 4
hours. The clot was loosened from the sides of the

bottle and removed by centrifugation at 13,000 r.p.m.

for 10 minutes at 20°C. The serum was then adsorbed

with barium sulphate (50 mg/ml) for 45 minutes at room

temperature with constant stirring. The barium

sulphate was removed by centrifugation at 13,000

r.p.m. for 10 minutes at 0°C. In later preparations,

the barium sulphate step was omitted. The serum was

immediately brought to 35% saturation with ammonium

sulphate (i.e., 19.4 g (NH4) SO4 per 100 ml super¬

natant) . Mixing was carried out for 30 minutes at

0°C (in ice-water mixture in a 4°C cold room) and the

precipitate was then removed by centrifugation at

13,000 r.p.m. for 15 minutes at 0°C. The supernatant

was brought to 55% saturation with ammonium sulphate

(i.e., 11.8 g (NH4) SO4 per 100 ml 35% supernatant),

mixed for 45 minutes at 0°C and centrifuged at 13,000

r.p.m. for 15 minutes at 0°C. The precipitate was

dissolved in a minimum amount of 1 part physiological

saline to 4 parts distilled water and dialysed for

24 hours at 4°C against 50 mM Tris, 150 mM NaCl

pH 7.4. The factor V preparation was citrated with

1/24 of its volume of 0.55 M trisodium citrate and



FIGURE 2-2

COMPARISON OF ARTIFICIAL AND CONGENITAL SUBSTRATE

PLASMA IN VIII:C ONE-STAGE ASSAY

Plasma samples were assayed against a known standard

using both types of substrate.

Also shown is the statistical analysis of the data

obtained.
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CONGENITAL SUBSTRATE

ns57 Congenital Mean s o-767 ± o>165 U/ml

Artificial Mean = o772 ± o«142 U/ml

rro-7434 (p< o-ool) yr 0642x ♦ o-28o



concentrated on an Amicon cell (YM 10 membrane) to

10 mis. Factor V estimation revealed that the

preparation had about 34 times the potency of normal

pooled plasma. Factor VIII:C content was about 7%

of normal pooled plasma but as the preparation was

diluted 1/50 in the final substrate, VIII:C content

was only 0.14%. Assay for thrombin revealed levels

of less than 0.01 u/ml.

3. Fibrinogen: Lyophilised human fibrinogen (Kabi

Grade L) was dissolved in the serum preparation to

give a concentration of 2 g/litre. The VIII:C level

was 0.3%.

Preparation of substrate.

Fibrinogen was dissolved in serum and the

mixture was centrifuged to deposit any undissolved

material. 7 ml of the factor V preparation was added

and the mixture was aliquoted, frozen at -40°C overnight

and then cooled further in liquid nitrogen. The

aliquots were then freeze-dried for 2 days. One sample

of freeze-dried material was reconstituted with distilled

water and had a VIII:C level of 0.75% of normal pooled

plasma (assayed using congenitally deficient substrate)

and a factor V level of 82%.

Validation of the VIII:C assay using artificial substrate.

Figure 2-2 shows the results of an exercise

designed to assess the behaviour of the VIII:C assay using

artificial substrate plasma. A good agreement with the

assay using congenital substrate was obtained, showing the



TABLE2-1REMOVALOFHEPARINFROMPLASMAUSINGECTEOLA**CHROMATOGRAPHY Sample

n

ProteinContent(mg/ml)

VIII:C
(u/ml)

Pre-Chromato- graphy

Post-Chromato- graphy

Pre-Chromato- graphy

Post-Chromato- graphy

Plasma

11

59±6

57±4

0.92±0.19

0.89±0.23

Cryosupernatant
5

53±7

51±11

0.25±0.06

0.22±0.09

Concentrate*

3

12±2.8

11±3.5

5.7±0.9

5.9±1.4

Resultsshowmean±standarddeviation.SampleswereassayedforVIII:C andtotalprotein,andheparinwasthenaddedtoafinalconcentrationof 10u/ml.ECTEOLAchromatographywasthenperformedasdescribed,andsamples wereagainassayedforVIII:Candtotalprotein.
*Concentratesamplesconsistedofcoldprecipitatesofcryoprecipitate preparedasinChapterVI.

**EpichlorohydrinTriethanolamineCellulose
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suitability of the artificial substrate.

Assay of VIII;C in samples containing additives.

1. Heparin: In studies utilising heparin as a plasma

anticoagulant or additive (Chapters III, V and VI) it

was necessary to remove heparin from the samples prior

to VIII:C assay. This was done using either of two

methods.

(a) ECTEOLA - cellulose chromatography (Thompson and

Counts 1976): ECTELOA-cellulose (100 g, SIGMA) was

suspended to form a slurry and then poured into a

sintered glass funnel. It was washed alternately

with 200 ml* of 0.5 M NaOH, 0.5 M HC1 and 0.5 M NaOH.

Between these washes, one litre washes with distilled

water were applied. Following the last water wash,

the cellulose was equilibrated with 50 mM Tris,

150 mM NaCl pH 7.4 and stored at 4°C. For use in

removing heparin from samples, the cellulose was

packed into 3 ml plastic columns placed vertically

into glass tubes and the buffer wash was allowed to

flow into the bed. 1 ml samples containing heparin

were then applied to the top of the cellulose and

allowed to flow into the bed. When pigmented plasma

was visible in the effluent, another 1 ml of the

sample was applied. The first 1 ml of pigmented

effluent was discarded, as it was found to be diluted

with column buffer. The second 1 ml was collected

and assayed for total protein and VIII:C. Table 2-1

shows that this method effectively removed heparin
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FIGURE 2-3

TITRATION OF HEPARIN-CONTAINING PLASMA WITH

PROTAMINE SULPHATE

Plasma contained 10 u/ml of sodium heparin and was

titrated with a 1 mg/ml protamine solution as

described in the text.



CLOTTINGTIME(S)



from samples of varying VIII:C content. However, it

was rather laborious and needed at least 2 mis of

sample per assay. The method was furthermore

unsuitable for samples containing high amounts of

fibrinogen, which tended to adsorb to the cellulose

and clog up the column. For assay of large numbers of

samples, the method involving protamine neutralisation

was found preferable.

(b) Protamine-titration: This was performed as

described by Rock (1983a) with some modifications.

Plasma samples containing heparin at concentrations
%

of 2 to 12 u/ml were processed as follows: 0.1 ml

aliquots of the plasma samples were placed in 2 ml

plastic tubes. Amounts of 2 to 24 |il of a stock

solution of 1 mg/ml protamine sulphate were added to

12 such tubes, so that tubes with 2, 4, 6.... 24 p,l

of protamine sulphate were thus made up. The

contents were then mixed and made to 1 ml with

50 mM Tris, 60 mM NaCl pH 7.4. 0.1 ml of each of

these mixtures was then assayed for VIII:C in

duplicate as described above. For each sample, the

12 individual mixtures containing heparin and different

amounts of protamine were assayed together, with a

series of dilutions of standard plasma being included

in the assay run. The clotting times shortened and

reached a plateau with increasing amounts of protamine

sulphate, excessive amounts tending to increase the

clotting time (Figure 2-3). In general, the shortest



TABLE2-2ASSAYOFVIII:CINPLASMACONTAININGHEPARINANDHEPARIN/CALCIUM Sample

VIII:C(u/ml) NoHeparin

VIII:C(u/ml) +5u/mlHeparin +ProtamineTitration
VIII:C(u/ml) +2u/mlHeparin+10mMCa2+ +ProtamineTitration

PlasmaPool1550

0.88

0.84

0

-

PlasmaPool11

0.95

0.98

-

PlasmaPool12

0.92

0.91

-

PlasmaPool13

1.1

1.2

1.1

1stScottishPlasma
Standard

0.69

0.71

0.71

11thBritishPlasma
Standard

0.73

0.72

0.74

Ln CO
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clotting time was found at a heparin:protamine ratio

of 1 u of heparin: 15 iig of protamine. The shortest

clotting time was used to derive the VIII:C value from

the standard curve. Although this method utilised

single point determinations instead of parallel line

interpolation, assay of known plasma standards, to

which heparin had been added, using this technique

gave results corresponding closely with the assigned

values (Table 2-2). The presence of added calcium,

as well as heparin, did not affect the VIII:C

determination.

%

2. Zinc salts: In fractionation experiments using zinc

ion precipitation (Chapter VI) it was important to

determine whether the added zinc salts had any effect

on the VIII:C assay. Addition of 1 mM zinc acetate

to samples of concentrate of known potency had no

effect on the VIII:C content as determined by the one-

stage assay. Linearity and parellelism with respect

to the standard curve were also y.naffected. It should

be noted that 1 mM zinc acetate in the sample was

diluted about 600 fold as a result of the assay

procedure.

(C) ASSAY OF FACTOR VIII COAGULANT ANTIGEN (VIII:CAg)

To measure VIII:CAg, a one-site fluid phase

immunoradiometric assay (IRMA) was used, based on the

method of Rotblat and Tuddenham (1981). The principle

of the assay is shown in Figure 2-4.

Preparation of stock anti-VIII:CAg reagent: 2 ml of
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Figure g - 4 ; Principle of the VlliiCAg assay.

^ ^ VMIlCAfl
^ IN SAMPLE

► ►_ >

INCU BATED 18 HOURS
37°C

VIIIJ CAg
WITH BOUND

FREE Fab

125
loc- Ag Fab

PRECIPITATED WITH
38% S-A.S.

PRECIPITATED BOUND 125|oC-CAg Fab

WASHED WITH 38% S.A.S.
TO REMOVE UNBOUND Fab

WASHED PRECIPITATE

COUNT RADIOACTIVITY
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plasma from a patient with an inhibitor to VIII:C (2400

Bethesda units/ml) was clotted by incubation at 37°C for

18 hours with 1 u/ml of thrombin. The clot was removed

and the serum was dialysed for one hour against 2 litres

of 10 mM phosphate buffer, pH 6.5. 20 g of DEAE A25

Sephadex (Pharmacia) were swollen overnight in 0.5 M

phosphate, packed into a column and washed with 10 mM

phosphate pH 6.5 until the conductivity equalled that of

the wash buffer. The serum was pumped through the

column which was eluted with wash buffer. 2 ml fractions

were collected and the absorbence at 280 nm was measured.

Fractions containing unbound protein were pooled, and the

protein content was estimated from absorbence at 280 nm,

assuming an extinction coefficient of 14 for IgG. The

pool was concentrated in an Amicon cell (YM 10 membrane).

4 ml of concentrate were dialysed against 0.1 M acetate

buffer pH 4.2 for 3 hours. The IgG was then digested

with pepsin at a concentration of 2 mg/100 mg IgG. This

was added as a solution of 1 mg/ml in 0.1 M acetate

buffer pH 4.2. Cysteine was then added to a final

concentration of 10 mM. The mixture was incubated at

37°C for 22 hours after which it was neutralised with

solid Tris and the protein content was estimated. The

digest was mixed with Protein A Sepharose (Pharmacia)

(1 ml packed gel in 50 mM phosphate pH 7.4) for 15

minutes at room temperature. The mixture was centrifuged

to deposit the gel with the bound Fc fragments of the IgG.

The supernatant protein represented 64% of the total



TABLE 2-3 PREPARATION OF STOCK ANTI-VIII:CAg Fab FROM

INHIBITOR PLASMA

Stage of Purification Volume

ml)

Total Protein

mg

1. Inhibitor Serum 2.9 112

2. DEAE Unbound Fraction 27.5 24.8

3. Concentrate of (2) 6.7 21.8

4. Pepsin Digest 4 13.8

5. Protein A Unbound Fraction 3.4 8.8

6. (5) Post Dialysis
%

12.6 8.8



digest, which is the proportion expected if the Fc was

removed by protein A and the Fab was left in the super¬

natant. The supernatant was then dialysed against 50 mM

phosphate pH 7.4. The stock Fab reagent thus prepared

was stored frozen at -40°C in 20 ul aliquots. Table 2-3

summarises the various stages of the procedure.

Radiolabelling of stock Fab reagent: Labelling of Fab

with 125Iodine was done using the chloramine-T method

(Greenwood et al 1963) as follows:

Reagents:

Chloramine-T - 50 mg in 10 ml> of 50 mM phosphate pH 7.4

KI - 0.1 g in 10 ml of 50 mM phosphate pH 7.4

Na2S2C>5 - 160 mg in 10 ml of 50 mM phosphate pH 7.4
then 0.1 ml of this in 10 ml of 50 mM

phosphate for use.

Method:

20 ul Fab reagent

20 nl 125I (2 mCi)

10 nl Chloramine-T

mixed for 10 seconds

add 0.85 ml Na2S2C>5

0.1 ml KI

Separate iodinated Fab by gel filtration (Figure 2-5a)

Purification of labelled Fab by immunoaffinity chroma¬

tography: 10 ml of intermediate purity factor VIII

concentrate (15 u/ml VIII:C, Protein Fractionation Centre

Edinburgh) were coupled to 7.5 g of cyanogen bromide

activated Sepharose 4B (Pharmacia). The beads were



FIGURE 2-5

PREPARATION OF STOCK 1251 ANTI-VIII:CAg Fab

(A) shows the gel filtration of the mixture obtained
%

after iodination. Fractions 6 and 7 were pooled

and immunopurified as described in the text.

(B) shows the elution of specific 125i anti-VIII:CAg

Fab off the immobilised factor VIII column,

following application of the acidic buffer.
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swollen in 500 ml of 1 mM HC1, stirred at room temperature

for 30 minutes and sedimented by centrifugation. The

hydrated beads were resuspended in 1 M NaCl and the pH

was adjusted to 7 with 0.1 M NaHCC>3. • The factor VIII

concentrate was added, and the pH was brought to 7.8.

The gel was mixed end over end at room temperature for

24 hours and was then filtered and washed on a glass

sintered funnel with normal saline. The gel was

equilibrated in 0.5 M NaCl, 50 mM phosphate pH 7.5 prior

to use in immunopurification.

The pool containing the peak fractions of

protein-bound radioactivity was mixed with 10 ml of

Sepharose-coupled factor VIII concentrate for 2 hours at

room temperature. The gel was then packed into a small

column and washed with 0.5 M NaCl, 50 mM phosphate pH 7.5.

Fractions were collected and the eluted radioactivity was

monitored. When the radioactivity had reached a base¬

line, elution was continued with 50 ml of 0.1 M glycine-

HC1 pH 2.5. 1 ml fractions were collected. Fractions

containing peak radioactivity were pooled (Figure 2-5b)

and incubated at 37°C for 30 minutes. The pH of the

pool was adjusted to 7.2 with solid K2 HPO4 and 1 ml of

turkey serum was added. For use in the assay this stock

1251 anti-VIII:CAg Fab was diluted with 50 mM Tris,

150 mM NaCl 1% turkey serum pH 7.4 until a count of about

2000/100 n,l/minute was registered in an NE 1600 gamma-

counter.

Assay of factor VIII:CAg: The assay was performed as



FIGURE 2-6

STANDARD CURVE OF THE VIII:CAg IMMUNORADIOMETRIC

ASSAY

To estimate sample potency, normal pooled plasma was

assumed to contain 1 u of VIII:CAg per ml.
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follows:

0.1 ml 1251 anti-VIII:CAg Fab

0.1 ml test sample

0.1 ml turkey serum

incubated 18 hours at 37°C

0.3 ml 76% saturated (NH4)2SC>4 added
mixture incubated 30 min. at 22°C, centrifuged

for 36,000 g min.5*-

precipitates

washed with 1 ml 38% saturated (NH^^SC^
centrifuged for 35,000 g min.

count radioactivity of washed precipitate.

A standard curve was constructed using normal pooled

plasma (Figure 2-6). In general, the assay was sensitive

to levels of about 2% of the VIII:CAg level of normal

plasma. In assaying samples, 2 dilutions were usually

used, suitably estimated to fall on the linear part of

'the standard curve. The amount present in 1 ml of

pooled plasma was taken as 1.U. The assay gave a between

assay coefficient of variation of 21% when assaying

repeatedly the same sample.

(D) ASSAY OF FACTOR VIII RELATED ANTIGEN - VIIIR:Ag

Initial assays in this study used the Laurell

technique with a commercial antiserum to VIIIR:Ag

(Hoechst). During the course of the work, an antiserum

to VIIIR:Ag was raised and used to set up Laurell and

IRMA assays for this protein.

Purification of VIIIR:Ag for use as an immunogen; Several

* Except where i£ is otherwise specified, in this thesis total
centrifugal force is expressed as g min, being the centrifugation
in g per minute multiplied by the time in minutes. Speeds and
times ranged from 1200 to 5000 g per minute and 10 to 60
minutes respectively.



FIGURE 2-7
%

GEL-FILTRATION OF 4% FICOLL-70 PRECIPITATE

Gel filtration was performed on Sepharose CL-4B as

described in the text.

Fractions containing VTIIR:Ag without detectable

fibrinogen were pooled and used for immunisation.
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TABLE2-4PURIFICATIONOFVIIIR:Ag StageofPurification
Volume ml

VIII:C u/ml (Yield)

VIIIR:Ag u/ml (Yield)

Fibrinogen mg/ml (Yield)

Fibronectin mg/ml (Yield)

Protein mg/ml (Yield)

PooledPlasma

1755

0.95(100)
0.84(100),
2.5(100)

0.36(100)
52.3(100)

4%FicollSupernatant
1742

0.18(20.3)
0

1.6(65)

0.05(13)

44.7(92)

4%FicollPrecipitate
45

28.9(78)

31(95)

25.3(26)

11.2(80)

45.4(2.2)

VQPeakFromGelFiltration
46

N.D.

3.5(11)

<0.02

<0.004

0.04

FinalPreparation

15

N.D.

7.5(7.6)

<0.02

<0.004

0.09

N.D.=notdetermined



FIGURE 2-8

SDS-PAGE OF PURIFIED IMMUNOGENS

Factor VIIIRrAg and fibronectin were purified as

described in the text. Samples of each protein were

electrophoresed in the presence of SDS. The

preparations were reduced with 1% mercaptoethanol.

The gels were 6% acrylamide.

The respective tracks from left to right were:

(1) Pharmacia low molecular weight marker proteins

(2) Protein sample not relevant to the present study

(3)

} Factor VIIIR:Ag
(4)

(5) Fibronectin

(6) Pharmacia high molecular weight marker proteins.
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preparations of VIIIR:Ag were made utilising cryo-

precipitate or plasma as starting material. A typical

preparation is described below:

Six donations of blood were taken from routine collection

sessions and the plasma separated by centrifugation for

90,000 g min. at 4°C. The plasma was pooled into poly¬

carbonate bottles and precipitated with 4% Ficoll 70 at

0°C for 2 hours (Chapter V). The resulting precipitate

was harvested by centrifugation for 30,000 g min. at 0°C,

dissolved in 35 ml of 15 mM citrate, 150 mM NaCl pH 6.9.

The dissolved precipitate was applied to a column (2.5 x

65 cms) of Sepharose CL-4B (Pharmacia) equilibrated with
(ftftTWOff e.1 «<- 1164)

citrate-saline-3 mM sodium azidejl Figure 2-7 shows the

elution profile for this column. Fractions were screened

for VIII:C by coagulation assay, for VIIIR:Ag, fibrinogen

and fibronectin by Laurell assay and for total protein by

absorbence at 280 nm. Fractions containing VIIIR:Ag

without detectable fibrinogen were pooled. The pool was

concentrated by dialysis against 50% PEG 6000 in citrate-

saline, and the concentrate was stored frozen at -40°C.

Prior to immunisation, samples were dialysed against

150 mM NaCl, 50 mM phosphate pH 7.5 without any azide.

Table 2-4 summarises the purification procedure. SDS-

polyacrylamide gel electrophoresis in the presence of

reducing agent confirmed that the VIIIR:Ag had a subunit

molecular weight of 220,000 (Hoyer 1981) (Figure 2-8).

Production of antiserum: The purified VIIIR:Ag was used

to immunise 6 New Zealand white rabbits. Immunisation



FIGURE 2-9

IMMUNOELECTROPHORESIS USING RABBIT ANTISERA TO

VIIIR:Ag

2DIEP and Laurell electrophoresis are shown for

bleeds from three different rabbits.

In Laurell electrophoresis, samples were four

dilutions each of normal plasma and factor VIII

concentrate respectively.

Normal plasma was electrophoresed in 2DIEP.
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was by subcutaneous 4-site injections consisting of 150 p,g

of antigen in Freund's complete adjuvant. Boosts were

given 2 months and 3 months after the primary injection

and consisted of 65 jig of antigen in Freund's incomplete

adjuvant. The rabbits were bled at intervals to test

the sera for reactivity with VIIIR:Ag. This was done

by incorporating the antisera in agarose and testing them

in the Laurell technique with pooled plasma and factor

VIII concentrate (Figure 2-9). Specificity was tested

using two-dimensional Immunoelectrophoresis (2DIEP) and

immunodiffusion. In 2DIEP, the antisera produced only

one precipitin arc against normal pooled plasma

(Figure 2-9). Using immunodiffusion one or two faint

precipitin lines were sometimes observed in addition to

the main line due to VIIIR:Ag. However, a validation

exercise carried out by the Coagulation Laboratory of the

South-East Scotland Blood Transfusion Service demonstrated

good agreement between Laurell assays using a commercial

anti-VIIIR:Ag antiserum and the pooled antiserum from the

rabbit bleeds (Mackay 1984, personal communication)^" The

antisera were thus considered suitable for use. The

pooled antiserum was heat inactivated at 56°C for 30

minutes, aliquoted and stored frozen at -40°C for use.
£ 1 » M M e A MrtM

Assay for VIIIR:Ag - Laurell assay I: Commercial and later

on locally produced antisera to VIIIR:Ag were used to set

up an electroimmunoassay using the technique of Laurell

(1966). Agarose (Bio-Rad) was dissolved to a final

concentration of 1% in buffer consisting of 0.1 M Tris,

* In this exercise, the anti-serum failed to produce a precipitin
'rocket' with plasma from a patient with severe von Willebrand's
disease, thus demonstrating specificity towards VIIIR:Ag.



FIGURE 2-10

STANDARD CURVE OF THE VIIIR:Ag LAURELL ASSAY
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3.2 mM ethylenediaminetetraacetic acid (disodium salt)

15 mM boric acid pH 8.9, by heating to 80°C. The agarose

was then cooled to 56°C and antiserum to VIIIRrAg added

and mixed. The volume of antiserum was 0.4% and 0.09%

v/v of agarose for the commercial and locally produced

antisera respectively. The agarose was poured onto a

piece of Gel-Bond (Miles Laboratories) to a thickness of

2 mm and allowed to set. Wells were punched along one

end of the plate and filled with 10 y. 1 of sample.

Electrophoresis was then carried out at 120 V for 18

hours using a Pharmacia 2000/300 power supply with the

plate on a Pharmacia 3000 flat-bed support. Wicks at

each end of the plate consisted of 3 thicknesses of

Whatman No.1 filter paper and connected the plate to

two 300 ml reservoirs of the buffer used for making up

the agarose.

After electrophoresis, the plate was dried

under a stream of warm air and stained using 0.25%

Coomassie Blue R in 14% methanol, 7% acetic acid. The

plate was then destained using 14% methanol, 7% acetic

acid. The height of the 'rockets' (see Figure 2-9) were

measured and a standard curve was plotted using dilutions

of normal pooled plasma (100%, 50%, 25%, 12.5%). Rocket

height was plotted against the logarithm of the concen¬

tration. The standard curve was linear for VIIIR:Ag

concentrations of between 100% and 25% of normal pooled

plasma (Figure 2-10). Samples for assay were pre-

diluted to levels of about 1 u/ml and then assayed using
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two separate dilutions. The coefficient of variation

of the assay was 8%.

Two-dimensional Immunoelectrophoresis^: An example of
this is shown in Figure 2-9. Agarose was dissolved to a

concentration of 1% in buffer composed of 22 mM Tris,

45 mM glycine, 28 mM barbitone, 15 mM sodium barbitone

pH 8.6 and poured on Gel-Bond as in the Laurell assay.

A 40 |il well was punched at one laterial edge of the plate

and was filled with sample. The plate was then subjected

to electrophoresis at 200 V until a 4% bovine serum

albumin (BSA) - bromophenol blue marker had migrated

5 cms from the well. The flat-bed support was cooled

internally with running tap water throughout the

procedure. Electrophoresis was then discontinued and a

strip of gel was removed from above the strip adjacent to

the sample well. This was replaced by agarose into which

antiserum to VIIIR:Ag had been incorporated. The anti¬

serum concentration was 2.5 fold that used in the Laurell

assay. The plate was then electrophoresed for 18 hours

at 120 V as for the normal technique, with the first

dimension strip running along the cathode edge. The

plate was then stained as described above.

IRMA: Rabbit antiserum to VIIIR:Ag (DAKO antibodies)

was used to develop an IRMA for VIIIRrAg using the same

principle as for the VIII:CAg IRMA. Production of

immuno-purified 125i anti-VIIIR:Ag Fab fragments was

exactly as for the production of the VIII:CAg reagent.

The assay was also similar, except that 125I anti-VIIIR:Ag



FIGURE 2-11

STANDARD CURVE OF THE VIIIRrAg IMMUNORADIOMETRIC

ASSAY
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Fab was used in the incubation mixture. The assay was

sensitive to levels of VIIIR:Ag of 0.5% of normal plasma

(Figure 2-11) and was thus 50 times more sensitive than

the Laurell technique. Another advantage over the

Laurell assay was the ability of the IRMA to measure

VIIIR:Ag in samples which produced faint immunoprecipitates

notably cryosupernatants.

(E) ASSAY OF FACTOR VIII-RELATED RISTOCETIN COFACTOR

(VIIIR:RCF)

The assay used was based on the method of

Macfarlane et al (1975). Platelets fixed with form¬

aldehyde are aggregated with ristocetin in the presence

of factor VIII. The rate and extent of aggregation

depend on the amount of VIIIR:RCF present.

Reagents - Fixed platelets: 72 hour old platelet

concentrates were centrifuged for 6000 g min. at room

temperature to remove residual red cells. The platelet

concentrates were then incubated for one hour in plastic

tubes at 37°C after which an equal volume of 2% formalin

in 10 mM Tris, 1 mM EDTA, 150 mM NaCl pH 7.5 was added

(giving a final formaldehyde concentration of 0.4%). The

fixed platelets were stored at 4°C for 45 hours, after

which they were washed 3 times in 0.15 M phosphate pH 7.3.

After the third wash the platelets were resuspended in

phosphate buffer at a concentration of 100 x 109/litre and

an equal volume of 20% dimethyl sulfoxide (DMSO) in

phosphate buffer was added. The suspension was kept at

room temperature for one hour and was then frozen in 20 ml



FIGURE 2-12

STANDARD CURVE OF THE VIIIR:RCF ASSAY
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aliquots in a -40°C freezer. For use, the platelets were

thawed at 37°C, centrifuged for 27,000 g min. at room

temperature and resuspended for 30 minutes in phosphate

buffer. This procedure was repeated 4 times and the

platelets were resuspended in Tris-EDTA-saline buffer at

a concentration of 300 x 109/litre.

Ristocetin; A 30 mg/ml solution in normal saline was

used.

Buffer for dilutions was Tris-EDTA-saline made 4% w/v

with BSA.

The assay was performed as follows:

0.7 ml platelets

30 p.1 ristocetin

stirred in 37°C heating-block

transferred to aggregometer

^ test sample added (0.1 ml)
aggregation recorded on Mallin aggregometer.

The initial rate of aggregation was calculated by

determining the slope of the steepest portion of the

recorded trace. This was plotted against concentration

using a log-log plot. A standard curve consisting of

doubling dilutions of normal plasma was constructed

during each run of assays, (Figure 2-12) and sample

potencies were estimated from the linear part of the

standard curve. Samples were assayed at 2 or more

dilutions. The assay coefficient of variation was 10%.

(F) ASSAY FOR FIBRINOGEN

In this study, two different fibrinogen assays
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were used. Plasma samples could be assayed by the
.ON

Ellis and Stransky (1961) method, based/the opacity of a

clot generated by addition of thrombin. This technique

was found to be unsuitable for samples containing low

fibrinogen levels e.g. column fractions, which tended to

produce wispy clots that could not be quantitated.

Concentrates containing high fibrinogen levels also could

not be assayed accurately by this method as spuriously

low levels were obtained (see below). Therefore, in

assessing fibrinogen distribution during fractionation, a

Laurell assay using a commercially purchased antiserum

was used throughout.

Ellis and Stransky method: In this technique, 0.5 ml

of the sample being assayed was diluted in 5.5 ml of

28 mM sodium barbitone, 50 mM NaCl pH 7.2 and well mixed.

50 y.1 of calcium-thrombin reagent (0.56 M CaCl2 and 5 u/ml

thrombin) were then added to 3 ml of the mixture in a

plastic cuvette and mixed by inversion, care being taken

not to allow any air bubbles in the mixture. The

residual 3 ml were placed in a plastic cuvette without

any reagent. After 20 minutes at room temperature, the

absorbence of the test mixture at 470 nm was read using

a CECIL spectrophotometer. The control mixture was used

as blank. The absorbence was multiplied by 8.63 to

obtain the fibrinogen concentration in g/litre.

Electroimmunoassay: A commercial antiserum to human

fibrinogen (Hoechst) was used to set up a Laurell assay

as described previously for VIIIR:Ag. Antiserum



TABLE 2-5 COMPARISON OF FIBRINOGEN ESTIMATION METHODS

Sample Type n Ellis & Stransky

mg/ml

Electroimmunoassay

mg/ml

Plasma 13 2.8 ± 0.35 (100)* 2.6 ± 0.52 (100)

Cryosupernatant 5 2.2 ± 0.2 (70) 2.1 ± 0.4 (70)

Cryoprecipitate 5 3.7 ± 1.4 (16) 5.3 ± 1.8 (25)

Plasma was fractionated using the thaw-siphon technique.

Results show mean ± standard deviation.

* Figures in brackets show fibrinogen yield relative
to starting plasma.
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concentration was 0.53%. Standards were dilutions of

1/50, 1/100, 1/200 and 1/400 of normal pooled plasma.

Samples were assayed at two dilutions.

Table 2-5 shows a comparison between the two

fibrinogen estimation methods for assays on plasma

fractions derived by cryoprecipitation (Chapter IV).

Using the Ellis and Stransky technique tended to give low

fibrinogen estimates in the cryoprecipitates, although

good agreement between the two methods was observed for

plasmas and cryosupernatants. In order to use the same

method for each step of fractionation procedures, the

Laurell assay was used throughout.^

(G) ASSAY FOR FIBRONECTIN

As with VIIIR:Ag, initial assays for fibronectin

used a Laurell technique with a commercially purchased

antiserum. During the course of the study, fibronectin

was purified and used to raise an antiserum.

Preparation of purified fibronectin: The method used was

based upon that of Hayashi and Yamada (1982) employing

sequential affinity chromatography on immobilised gelatin

and heparin. These were coupled to cyanogen-bromide

activated Sepharose (see purification of 125i anti-

VIII:CAg Fab above). Several purifications were done

during the course of the study, using plasma or fibro-

nectin-rich fractions as starting material. A typical

preparation is described as follows:

A litre of thaw-siphon cryoprecipitate prepared in the

Components Division of the South-East Scotland Blood

* Although the antiserum used could have cross-reacted with
fibrinolytic products of fibrinogen/fibrin, this was not
considered a major handicap as (for the purpose of this thesis),
such products had characteristics similar to fibrinogen.
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Transfusion Service was thawed and thoroughly mixed.

PEG 6000 (SIGMA) was added, as solid flakes with constant

stirring, to a final concentration of 5% w/v. Stirring

was continued for 15 minutes at room temperature and the

precipitate was harvested by centrifugation for 22,500 g

min. at 20°C. The precipitate was dissolved at 37°C in

100 ml of 150 mM NaCl, 10 mM Tris, 5 mM EDTA pH 7.5.

Insoluble material was removed by centrifugation and the

supernatant was applied to a column of gelatin-agarose

(bed volume 90 ml ) which had been pre-washed with 200 ml

of 4 M urea, 10 mM Tris pH 7.5 followed by 500 ml of

150 mM NaCl, 10 mM Tris, 5 mM EDTA pH 7.5. After the

sample had passed through, the column was washed with

300 ml of 500 mM NaCl, 10 mM Tris, 5 mM EDTA pH 7.5 and

washing was continued with 150 mM NaCl, 10 mM Tris, 5 mM

EDTA pH 7.5 until the absorbance at 280 nm of the effluent

had reached a constant basal level. The gelatin-agarose

column was then eluted with 4 M urea, 10 mM Tris pH 7.5

and the eluted protein was applied to a heparin-agarose

column (bed volume 170 ml,) which had been pre-washed

with 400 ml of 500 mM NaCl, 10 mM Tris, 5 mM EDTA pH 7.5

followed by 400 ml of 150 mM NaCl, 10 mM Tris, 5 mM EDTA

pH 7.5. Bound fibronectin was eluted off the column

with 500 mM NaCl, 10 mM Tris pH 7.5, concentrated by

addition of solid (NH4)2S04 to 40% saturation and dialysed

against 150 mM NaCl, 10 mM Tris pH 7 for 18 hours at 4°C.

It was stored in polypropylene (Nunc) tubes in liquid

nitrogen. Yields were typically 55% from cryoprecipitate.



FIGURE 2-13

IMMUNOELECTROPHORESIS USING RABBIT ANTISERA TO

FIBRONECTIN

2DIEP and Laurell electrophoresis were performed.

In 2DIEP, plasma (P) and purified fibronectin (C) were

electrophoresed with locally produced (upper strip)

and commercial (lower strip) antisera to fibronectin

incorporated in the second dimension.

In Laurell electrophoresis, samples were four

dilutions each of normal plasma and clinical factor

VIII concentrate respectively.
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Lane 5 in Figure 2-8 shows the reduced protein in SDS-

PAGE - a molecular weight of 205,000 was found which is

in agreement with the accepted subunit size for fibro-

nectin (Mosesson and Amrani 1980).

Assay for fibronectin: The purified protein was sent to

the Scottish Antibody Production Unit, Carluke, where it

was used to raise an antiserum in a rabbit. Upon

analysis of the antiserum in immunoelectrophoresis against

human plasma, multiple precipitin lines were obtained,

indicating multiple specificity. This was presumably

due to contaminating proteins in the immunogen. Further

preparations of immunogen were therefore made and the

resulting protein was adsorbed with immobilised antisera

to human albumin, fibrinogen and immunoglobulin, which

were thought to be the main potential impurities in the

initial preparation. These antibodies were prepared by

coupling sodium sulphate fractions of the appropriate

antisera to cyanogen-bromide activated Sepharose 4B. The

immunogen adsorbed with the immobilised antibodies was

used to immunise further rabbits. Antisera produced

proved to be monospecific in immunoelectrophoresis

against human plasma. The antiserum also gave a single

immunoprecipitin arc in 2DIEP against normal plasma and

was found to be suitable for use in a Laurell assay at a

concentration of 0.2% (Figure 2-13). In this assay,

normal pooled plasma at dilutions of 1/10, 1/20, 1/40 and

1/80 was used as standard and was assumed to contain

0.33 mg/ml of fibronectin (Mosesson and Amrani 1980)

* The antiserum did not give a precipitin 'rocket' with gelatin-
absorbed plasma (fibronectin level < 1 p.g/ml) indicating its
specificity.



FIGURE 2-14

STANDARD CURVE OF THE BIURET PROTEIN ASSAY
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(H) ASSAY FOR TOTAL PROTEIN

The Biuret technique (Gornall et al 1949) was

the main method used to assay protein in this study. In

some measurements of low protein levels (less than

5 mg/ml) and in solutions containing dextran (Chapter V)

which was found to cause precipitation of the Biuret

reagent, absorbance at 280 nm was used to estimate protein

content.

The Biuret assay: The reagent was prepared by dissolving

1.5 g of copper sulphate (CUSO4 5H20), 6 g of potassium

sodium tartrate and 300 ml of 10% w/v sodium hydroxide

in a total volume of 1 litre of distilled water. The

assay was performed as follows:

0.1 ml sample

5 ml reagent

10 minutes at room temperature

read absorbance at 540 nm

Protein content estimated from standard curve.

A standard curve was constructed using BSA of known

protein content (Figure 2-14).

Protein estimation by measurement of optical density at

280 nm: was performed by measuring the absorbance at

280 nm of the protein solution in a 1 cm deep quartz

cell. It was assumed that an absorbence of one was

equivalent to a protein concentration of 1 mg/ml unless

the extinction coefficient of the protein involved was

known.



(I) ANALYSIS OF PROTEIN COMPOSITION BY SODIUM DODECYL-

SULPHATE POLYACRYLAMIDE GEL ELECTROPHORESIS (SDS-

PAGE)

The principle of this technique has been

discussed by Weber and Osborne (1969). Proteins are

separated in polyacrylamide gel of a predetermined porosity

by migration in an electric field. Addition of the

anionic detergent sodium dodecyl sulphate (SDS) imparts a

uniform negative charge density on the proteins, so that

migration rate is dependent on their molecular weight.

The different proteins in a mixture thus separate on the

basis of their molecular weight and by running known

standards, the molecular weight of a component can be

determined and different components can be identified.

Method: The method outlined below was used to make gels

5% with respect to acrylamide. Different concentrations

can be made by adjusting the acrylamide concentration.

Two glass plates each 16 x 8 cms were rinsed in water and

then in ethanol. The plates were then placed on clean

tissue paper with the side which was to be in contact with

the gel uppermost, and swabbed with an acetone-soaked

tissue held in a gloved hand. After a final rinse with

ethanol, the plates were allowed to air dry. The plates

were then brought facing each other but held apart with

plastic spacers of 4 mm thickness. The spacers were

attached firmly to the plates using adhesive tape. The

plate assembly was then placed in a Pharmacia GSG8 gel-

casting apparatus and the spacer comb was placed on top.
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The following reagents were used to make poly-

acrylamide gel:

(a) 0.2 M phosphate buffer pH 7.1 (prepared by making

70 ml* 5 M NaOH and 12 ml H3PO4 up to one litre with

distilled water).

(b) 22.2% acrylamide (22. g + 0.6 g bis in 100 mis H2O).

(c) 10% SDS.

(d) 10% ammonium persulphate (made up fresh every time).

(e) TEMED (N,N,N',N',-Tetramethylethylenediamine).

To make 2 gels, 50 ml of (a), 22.5 ml of (b),

10 ml of (c), 1.5 ml. of (d) and 0.2 ml of (e) were

mixed and made up to 100 ml ■ with distilled water in a

measuring cylinder, with gentle mixing to avoid too much

air getting into the mixture. The mixture was then

poured into the casting apparatus, until the plate

assembly was covered. The gels were left for 2 hours at

room temperature, excess gel was trimmed away and the

gels were subjected to a pre-run for 45 minutes at 30 V,

150 mA in a Pharmacia GE-2/4 apparatus. The tank

buffer was 0.1 M phosphate 0.1% SDS pH 7.1. Samples for

analysis were mixed with an equal volume of 8 M urea,

0.2 M phosphate 1% SDS 1% bromophenol blue pH 7 and

incubated for one hour at room temperature. Mercapto-

ethanol (1%) was added when proteins were to be reduced.

50 \ig of protein in a volume of 8 0 nl was applied to each

sample well on the gel and electrophoresis was carried out

for 18 hours at 30 V, 150 mA. The gels were then

carefully removed from the glass plate assembly and fixed
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FIGURE 2-15

CALIBRATION CURVE FOR MOLECULAR WEIGHT DETERMINATION

USING SDS-PAGE

Marker proteins (Pharmacia) were electrophoreses! and

Rf values were measured

DISTANCE MIGRATED BY PROTEIN BAND
R =

DISTANCE MIGRATED BY DYE FRONT
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for 18 hours in 400 mis of 25% isopropanol, 10% acetic

acid. They were then stained for 4 hours in 0.1%

Coomassie Blue R, 25% isopropanol, 10% acetic acid and

destained with several changes of 14% methanol, 7% acetic

acid. If required, gels were scanned densitometrically

using a Bio-Rad densitometer. Molecular weight markers

(Pharmacia) were incorporated in each run and used to

construct a calibration curve (Figure 2-15), from which

the molecular weight of different components could be

inferred.

(J) STATISTICAL ANALYSIS

Statistical comparisons in this study utilised

mainly the student's t-test for paired and unpaired

comparisons as appropriate. Data presented in Chapter III

regarding the fibrinopeptide A content of blood donations

was analysed non-parametrically using the Wilcoxon rank

sum test, due to the fact that the results approached

zero and were thus not normally distributed.



CHAPTER 111

FACTOR VIII IN BLOOD DONATIONS

COLLECTED INTO DIFFERENT ANTICOAGULANTS

AND USING DIFFERENT TECHNIQUES
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INTRODUCTION

The ever increasing demand for factor VIII

concentrates has led to many studies into the stability
%

of this protein. Early work, although hampered by a

lack of accurate and sensitive assays, quickly established

the lability of VIII:C (Penick and Brinkhous 1956,

Goldstein et al 1964). This had led to blood banks

developing special procedures for processing donations

intended for factor VIII concentrate production. However,

uncertainty exists as to what factors involved in blood

donation and processing influence the stability of

factor VIII. The type of anticoagulant has been shown

to be an important variable, most studies reporting that

Citrate-Phosphate-Dextrose (CPD) improves VIII:C stability

compared to Acid-Citrate-Dextrose (ACD) (Schanberge et al

1972, Lane 1981) although some studies claim no difference

(Goldstein et al 1964, Slichter et al 1976), and one

study claims that ACD is better (Vermeer et al 1976).

There is agreement that citrate based anticoagulants are

better than oxalate or EDTA for preserving VIII:C (Spaet

and Garner 1955, Mustard 1958) and that an optimal

citrate concentration exists (Mustard 1958, Weiss 1965).

Recent studies have demonstrated marked stability of

VIII:C in blood collected in heparin (Rock et al 1979,

Smith 1 983b) and one group claims higher levels of VIII:C

in fresh heparin plasma (Rock et al 1979). Other workers

have failed to confirm this (Smit-Sibinga et al 1981).



The level of cellular contamination in the

plasma has also been the subject of disagreement; some

studies claim an improved stability of VIII:C in cell-
%

free (Nilsson et al 1983) or platelet poor plasma

(Mustard 1957), while others claim that cellular contamin¬

ation has no influence on VIII:C stability (Preston 1967,

Pepper et al 1978). High platelet contamination in

frozen plasma, however, has been shown to result in low

VIII:C levels (Pepper et al 1978) and low yields due to

processing difficulties in producing factor VIII concen¬

trate (Smith et al 1977).

Discrepancies also exist regarding optimal

conditions for storing blood or plasma prior to the

freezing of plasma. The majority of reports indicate

retention of 75 to 85% of initial plasma VIII:C levels at

temperatures between 4° and 22°C 6 to 8 hours after

donation with a subsequent fall to 55 to 75% at 4°C by

18 to 24 hours (Penick and Brinkhous 1956, Rapaport et

al 1959, Stibbe et al 1972, Hondow et al 1982a). Losses

at room temperature have been reported to be similar

(Vermeer et al 1976, Kahn et al 1979) or greater (Pool

and Robinson 1959, Rock et al 1980a). Some reports show

losses of VIII:C in blood stored at low temperatures

(about 2° to 4°C) due to cryoprecipitation of cold

insoluble proteins, including the factor VIII complex,

and subsequent removal with the cells during centrifug-

ation (Vermeer et al 1976, Rock and Tittley 1979).

Other studies have not found this (Hondow et al 1982a,b,
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Carlebjftrk et al 1983). Although one study claims little

loss of VIII:C even at outdate in banked blood (Weaver

et al 1967) the many reports confirming lability have led
%

to stringent conditions being formulated for the

production of plasma destined for production of factor

VIII concentrate. Initial instructions by the American

Association of Blood Banks required that such plasma be

frozen within 4 hours of collection (American Association

of Blood Banks 1970), although this period was subsequently

extended to 6 hours (American Association of Blood Banks

1978).

Although most studies have investigated the

stability of VIII:C, some work has been published

regarding the other activities of the factor VIII complex.

VIII:CAg and VIIIRrAg have been reported to be stable in

plasma at room temperature (Rock et al 1983a). At 4°C,

VIIIRrAg in blood and plasma have been reported to be

stable in one study (Hondow et al 1982b), but another

group reports gradual degradation of VIIIRrAg over one

week at 4°C (Nilsson et al 1983). VIIIRrRCF has been

shown to be lost from banked blood (Hondow et al 1982b)

and plasma (Rock et al 1983a) after 3 weeks storage at

4 °C.

A recent study has emphasised difficulties of

processing blood to factor VIII concentrate from plasma

with high fibrinopeptide A (FpA) levels due to poor

donation procedure (Pflugshaupt and Kurt 1983). Inade¬

quate mixing of blood with anticoagulant has been claimed
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to lead to high FpA plasma levels, indicating thrombin

formation. This was associated with processing

difficulties and poor stability in the factor VIII

concentrate derived from such plasma. One other study

reports low VIII:C yields from plasma with high FpA

levels, induced by deliberate thrombin addition (TOrmS

and Myllyia 1983). An early study claims 15%

differences in VIII:C from mixed and unmixed blood

(Perkins et al 1962). Other studies, however, have

found no such differences (Preston 1967, Slichter et al

1976) .

It is necessary for blood banks to ensure that

plasma destined for factor VIII products has a high

initial content of factor VIII. Processing to cryo-

precipitate indicates that the yield of VIII:C is pro¬

portional to the amount in the starting plasma (Kasper et

al 1975, Pepper et al 1978). This is not always found

when factor VIII concentrate is produced, with equivalent

yields being obtained from 4 and 18 hour old plasma

(although 4 hour old has a higher initial VIII:C content)

(Smith et al 1978,1979). This is probably because the

large losses involved in large-scale production mask any

differences between the initial content of the various

plasma grades. Another manufacturer finds the difference

in VIII:C content between 4 and 18 hour old plasma is

reflected in higher yields in the final product (Foster

et al 1982). In the case of small-scale production by

blood banks, processing losses encountered in industrial



fractionation may be minimised by careful attention to

processing variables. The final yield may then be

expected to reflect more closely the initial VIII:C level

In this study, the storage lability of factor

VIII in CPD and heparin blood donations has been examined

with a view to finding optimal conditions for production

of plasma with a high factor VIII content. Addition of

calcium back to CPD plasma has been examined as an

alternative to heparin collection in maintaining the

levels of ionised calcium necessary for optimal VIII:C

stability. The amount of citrate in plasma compatible

with such stability has also been determined. The

effect of different mixing techniques during donation on

VIII:C and FpA was also investigated.



METHODS

Blood Collection

CPD donations: Three groups of 10 donations each, were

taken into Tuta single blood bags at regular donor

sessions. Each group was collected using one of three

mixing procedures:

(a) Fully mixed - with the bag inverted so that blood

entered through the anticoagulant and with continual

gentle manual mixing throughout the donation.

(b) Partly mixed - with the bag inverted and 3 or 4

manual mixes during donation, this being the standard

technique in this centre.

(c) Unmixed - with the pack upright and mixing only at

the end of the donation.

After donation the bags were mixed and a 10 ml blood

sample was obtained and centrifuged for 75,000 g min. at

4°C to give platelet poor plasma. Samples were frozen

and stored at -40°C for subsequent VIII:C and FpA assay.

Heparin donations: A group of 6 donations were taken

into Fenwal heparin bags (R0601), each containing 2250

units of sodium heparin in 30 ml of phosphate buffered

saline.

All donations involved withdrawal of 420 ml. of

blood from the donor. Donations were not selected for

blood group or venesection time although these were noted.

Factor VIII stability in CPD and heparin: Each donation

in the CPD partly mixed group was aliquoted into 10 ml

tubes; 16 such tubes were collected. The remaining
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blood was centrifuged for 75,000 g min. at 4°C and the

platelet poor plasma obtained was aliquoted into another

16 10 ml tubes. Tubes of blood and plasma were held at

various temperatures and periods of time as outlined in

Results. In a further experiment, 20 ml of blood were

collected from 3 different donors into CPD. The ratio

of blood to anticoagulant was the same as in normal

donations (7:1). Plasma aliquots from each donation

were incubated for 18 hours and then processed as shown

in Results. The heparin collections were treated in the

same manner to produce tubes of blood and plasma and held

under the conditions outlined in Results. At the end of

the stated periods, samples of blood and plasma were

centrifuged at the same temperatures as they were incubated

and the plasma thus prepared was rapidly frozen in 2 ml

aliquots and stored at -40°C for subsequent assay.

Samples of CPD plasma were frozen without any prior

centrifugation, while heparin plasma samples were centri¬

fuged prior to freezing.

Factor VIII:C stability in plasma with different citrate

concentrations: 10 ml aliquots from each of 6 donations

of heparin plasma were made to various concentrations of

citrate by addition of appropriate amounts of 1 M tri-
, i m med iate I y after collection and separation.

sodium citrate^ The various types of plasma were then

held for 18 hours at room temperature and rapidly frozen

for subsequent assay.

Factor VIII:C stability in recalcified CPD plasma: 10 ml

aliquots from a group of 6 donations of CPD plasma were
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made to various concentrations of calcium by addition of

different amounts of 1 M calcium chloride containing

heparin. In all cases, the amounts of heparin added

were such as to result in a concentration of 2 u/ml in

the plasma. The various plasmas were held for 18 hours

at room temperature and then frozen for subsequent assay.

Cooling rate of blood donations: A bag of outdated CPD

whole blood was placed in a 37°C water-bath. The

internal temperature of the bag was monitored by a thermo¬

couple (Comark Instruments), placed in the middle of the

bag. As soon as the temperature had reached 37°C, the

bag was placed in a 4°C cold room and 30 minute recordings

of the temperature were taken.

Assays

Factor VIII:C, factor VIIIR:Ag, fibronectin and fibrino-

peptide A were measured as described in Chapter II.

Ionised calcium was measured at the Protein Fractionation

Centre, Edinburgh, using an ion-specific electrode

calibrated with calcium solutions of known concentration.

The help of Mrs. Ida Dickson in carrying out these

measurements is acknowledged.

Statistical analyses were by the paired t-test or unpaired

t-test as appropriate. Logarithmic transformation of

data relating to VIII:C did not affect the significance

of any of the differences described, despite the reported

logarithmic distribution of VIII:C in the plasma from

normal individuals (Bangham et al 1971).
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FIGURE 3-1

STABILITY OF FACTOR VIII IN CPD DONATIONS

A,B,C,D show data for VIII:C

E,F,G,H show corresponding values for VIIIR:Ag

Results show the mean and standard deviation for

ten individual donations.

I
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TABLE3-1STABILITYOFFACTORVIIIANDFIBRONECTININCPDPLASMAAT0°C Parameter

Fresh Plasma Levels

Levelsafter18hoursat0°C
Centrifuge

Supernatant

dat0°C Precipitate

Centrifugedat20°C after30minat37°C

VIII:Cu/ml VIIIR:Agu/ml Fibronectin antigenu/ml

0.89 0.88 0.83

0.28±0.09(52)* 0.51±0.04(64) 0.4(53)

1.28±0.18(37) 2.12±0.37(41) 3.3±1.05(68)
0.54±0.12 0.80±0.13 0.76±0.14

Aliquotsofplasma(3.2ml,)wereheldinmeltingiceandprocessedasdescribed. Samplesheldandcentrifugedat0°Cshowedasmallprecipitatewhichwas dissolvedin0.5mlof15mMcitrate,150mMNaCl,pH6.9.
*Amountfoundasapercentageofthewarmedsample.
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RESULTS

(A) FACTOR VIII STABILITY IN CPD DONATIONS

Stability of factor VIII was investigated at

3 temperatures: 0°C (achieved by holding tubes in ice/

water); 10°C (using a controlled temperature water bath,

Grant Instruments) and room temperature (measured at

20°C). Figure 3-1 shows the results. Factor VIII:C

appears equally stable in plasma at all 3 temperatures

studied, and similar results were obtained at 10°C and

20°C in blood. In blood at 0°C VIII:C appeared less

stable. This loss, however, was shown to be due to

cryoprecipitation of VIII:C into the cell layer at this

temperature as warming samples at 37°C for 30 minutes

prior to plasma separation led to VIII:C recoveries very

similar to those observed at higher temperatures

(Figure 3-1A). Although this effect was not observed

in plasma at 0°C (Figure 3-1C,E), these samples were not

centrifuged prior to plasma freezing and storage.

However, a further experiment on a smaller group of donors

confirmed that cryoprecipitation of factor VIII occurs in

plasma held at 0°C (Table 3-1). Measurement of fibro-

nectin antigen showed precipitation of this protein.

Fibrinogen was not precipitated to the same extent.

Corresponding assays for VIIIR:Ag (Figure 3-1

E-H) showed great stability in both blood and plasma over

24 hours at all temperatures studied, with the same cryo¬

precipitation occurring in blood at 0°C as occurred for



FIGURE 3-2

COOLING OF BLOOD BAG AT 37°C PLACED IN 4°C AIR

The temperature probe was secured to a thin wooden

stick and placed in the middle of the bag through

an opening in the transfusion port. After

allowing the temperature to rise to 37°C in a

water-bath, the bag was placed in a 4°C cold-room

and regular temperature readings were taken.
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FIGURE 3-3

STABILITY OF FACTOR VIII AND FIBRONECTIN ANTIGEN

IN HEPARIN DONATIONS

A & B show data for VIII:C

C,D & E,F show corresponding data for VIIIR:Ag and

fibronectin antigen (1 u of fibronectin antigen was

taken as being the amount in 1 ml of normal pooled

plasma)

Results show the mean and standard deviation from

six individual donations.
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VIII:C. Warming to 37°C led to full recovery ofVIIIR:Ag.

The cooling rate of a blood donation at 37°C

placed in 4°C refrigeration is shown in Figure 3-2. It

took over 2 hours for the internal temperature to fall

to 6 °C.

(B) FACTOR VIII STABILITY IN HEPARIN DONATIONS

Stability of factor VIII was studied at two

temperatures: 4°C (blood bank cold room) and 22°C (room

temperature). Figure 3-3 shows the results.

Factor VIII:C in heparin blood showed no

significant instability over 18 hours at room temperature

(t=1.5, p > 0.1 compared to fresh plasma VIII:C) in

contrast with VIII:C in CPD blood, which showed marked

instability over the same period (t = 6, p < 0.01 compared

to fresh plasma VIII:C). This was confirmed for VIII:C

in heparin plasma. The starting VIII:C levels (0.9 ±

0.14 u/ml) were not significantly different from a group

of CPD donations with the same blood group distribution.

Striking losses of VIII:C were observed at low

temperatures in blood. Although a normal blood bank

refrigeration temperature of 4°C and not 0°C was used,

apparent cryoprecipitation of VIII:C was observed as was

seen for CPD blood. In this experiment warming at 37°C

was not performed. However, cryoprecipitation was

indicated as being the mechanism for VIII:C loss as

parallel losses were observed in VIIIR:Ag (Figure 3-3C)

at this temperature, with VIIIR:Ag being stable at room

temperature. Plasma samples in this series of



TABLE 3-2 IONISED CALCIUM IN PLASMA COLLECTED INTO DIFFERENT

ANTICOAGULANTS

Anticoagulant Calcium Ion-Specific Ionised Calcium

Electrode Reading
(mV) mM

Heparin (3 u/ml)+ - 90 0.56

CPD + Heparin (3 u/ml) - 50 < 0.01

+ Final heparin concentration in plasma



FIGURE 3-4

TITRATION OF CPD/HEPARIN PLASMA TO IONISED CALCIUM

LEVELS FOUND IN HEPARIN PLASMA

55 mM CaCl2 was added to a 4 ml plasma sample.
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experiments were centrifuged prior to sampling for assay,

unlike corresponding samples in the CPD experiments.

Figures 3-3B and 3-3D show loss by cryoprecipitation of

VIII:C and VIIIR:Ag in heparin plasma at 4°C, with

stability of both activities at room temperature.

Measurement of fibronectin antigen levels in

both blood and plasma showed cryoprecipitation of this

protein in the cold (Figures 3-3E and 3-3F) with stability

being observed at room temperature.

(C) IONISED CALCIUM IN PLASMA WITH DIFFERENT

ANTICOAGULANTS

Two samples of blood were collected from the

same individual into equal volumes of CPD/heparin and

heparin anticoagulant (final plasma heparin (about)

3 u/ml). The ratio of blood to anticoagulant was the

same as used in normal blood donation i.e. (about) 7:1.

Plasma was separated from both these samples. The

ionised calcium levels in the paired samples measured

with an ion-specific electrode and shown in Table 3-2.

A stock solution of calcium chloride (55 mM)

was then used to bring the ionised calcium level of the

CPD/heparin plasma sample as recorded by the electrode,

to the level of the heparin sample. The resulting

titration curve is shown in Figure 3-4. About 0.7 ml

of stock solution were needed to bring the ionised

calcium level of a 4 ml CPD/heparin sample to that of the

heparin sample. It can be seen that calcium had to be

added back to a level of about 8 mM to overcome the



TABLE 3-3 EFFECT OF RECALCIFICATION OF CPD BLOOD AND PLASMA

ON VIII:C STABILITY

Sample Hours Post-Donation Factor VIII :C u/ml*

Blood 6 0.83 ± 0.17

Blood Calcium/heparin+ added
3 hrs, separated 5 hrs

1.03 + 0. 27t

Blood 18 0.73 + 0.17

Blood Calcium/heparin added
18 hrs, separated 20 hrs

0.65 + 0.14§

Plasma 6 0.84 + 0.25

Plasma Calcium/heparin added
3 hrs, frozen 5 hrs

1.1 + 0.4 t

Plasma 18 0.69 + 0.12

Plasma Calcium/heparin added
18 hrs, frozen 20 hrs

0.77 + 0. 25§

* Mean and standard deviation for 10 individual donations

+ In each case, the calcium/heparin was added in an
amount sufficient to result in a plasma concentration
of 10 mM calcium, 5 u/ml heparin

t Significantly higher than control, p < 0.01 for blood,
p < 0.05 for plasma

§ Difference from control not significant



FIGURE 3-5

EFFECT OF RECALCIFICATION OF CPD DONATIONS

Results show the effect of addition of a calcium/

heparin solution to give final concentrations of

(about) 10 mM and 5 u/ml in the plasma.

Results show the mean and standard deviation of

ten individual donations.
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effect of the CPD.

(D) RECALCIFICATION OF CPD DONATIONS

On the basis of the calcium level measurements

just outlined, a CaC^/sodium heparin solution was added

to samples of CPD blood and plasma, held at room temper¬

ature, 3 and 18 hours post donation. The amounts added

were such as to result in a final concentration of 10 mM

calcium and 5 u/ml heparin in the plasma. Plasma from

such samples was separated and frozen for assay 5 and 20

hours post donation respectively. Subsequent VIII:C assay

gave the results shown in Table 3-3. It can be seen that

calcium/heparin addition 3 hours post donation led to

recovery of VIII:C activity, such that blood which had been

thus treated had higher VIII:C levels 5 hours post donation

than blood which had not been recalcified. This difference

was significant (t = 3.48, p < 0.01 - paired t-test

comparing recalcified sample with 6 hour post donation

sample in CPD alone). Likewise, plasma recalcified after

3 hours showed higher VIII:C levels after 5 hours than

plasma in CPD alone (t = 3.04, p < 0.05, comparison as for

blood). Figure 3-5 demonstrates this effect.

Addition to blood or plasma of calcium/heparin

at 18 hours resulted in VIII:C levels at 20 hours that

did not differ significantly from those in samples held

for 18 hours in CPD alone (Table 3-3).

(E) EFFECT OF RECALCIFICATION WITH DIFFERENT AMOUNTS OF

CALCIUM ON VIII;C STABILITY

Plasma from 6 CPD donations were made to



TABLE3-4EFFECTOFRECALCIFICATIONWITHDIFFERENTAMOUNTSOFCALCIUM ONVIII:CSTABILITYINCPDPLASMA
Calcium/(Heparin) AddedtoFinal Concentration mM(u/ml)

VIII:CAfterOvernight Incubationat22°C u/ml*

IonisedCalcium AfterOvernight Incubationat22°C mM

0(0)

(startinglevels)1.07±0.09
0(0)

0.67±0.17

<0.01

10(3)

0.86±0.18+

0.07

15(3)

0.78±0.13+

0.33

20(3),

0.89±0.16+

0.44

25(3)

0.82±0.15+

0.96

30§(3)

0.78±0.09+

0.78

*Meanandstandarddeviationof6individualdonations +Significantlyhigherthancontrol,p<0.01 +Differencefrom10mMvaluenotsignificant
§Precipitateformedafterovernightincubation



TABLE3-5DEPENDENCEOFVIII:CSTABILITYINHEPARINPLASMAONCITRATE CONCENTRATION
CitrateAdded FinalConcentration mM

VIII:CAfterOvernight Incubationat22°C u/ml*

IonisedCalcium AfterOvernight Incubationat22°C mM

(startinglevels)1.07±0.06
0

0.85±0.2

0.21

5

0.91±0.11

0.03

10

o

CO

u>

1+

o

H-k

<0.01

15

0.66±0.06

<0.01

20

0.58±0.04+

<0.01

0(+10mMcalcium)

1.03±0.19+

2

Alldonationstakenintostandardheparinanticoagulant,withafinal concentrationofabout8u/mlintheplasma *Meanandstandarddeviationof6individualdonations +Significantlylowerthancontrol,p<0.02 tSignificantlyhigherthancontrol,p<0.05



different calcium concentrations 5 hours post donation

and left overnight at room temperature. Table 3-4 shows

the effect of such addition on VIII:C stability. CPD

plasma showed the usual pattern, with 63% of the starting

VIII:C being left after overnight incubation. This

instability was corrected to a considerable extent by

calcium/heparin addition to 10 mM total calcium.

Addition to higher calcium levels did not improve

stability over that observed with 10 mM calcium and at

higher calcium levels, an insignificant drop in stability

was observed. At 30 mM calcium, a precipitate was

observed after overnight incubation. It is possible

that this represented precipitation of calcium phosphate

formed by reaction with phosphate ions derived from the

CPD anticoagulant.

(F) DEPENDENCE OF VIII;C STABILITY ON CITRATE

CONCENTRATION

Plasma collected into heparin was held over¬

night, together with aliquots of the same plasma that

had been made to different concentrations of tri-sodium-

citrate. Table 3-5 shows the results. VIII:C levels

remained high in heparin plasma after overnight

incubation. This was maintained at citrate concen¬

trations of 5 and 10 mM. At 15 mM citrate, however, a

loss of VIII:C was observed, although this only became

significant at 20 mM citrate (t = 3.52, p < 0.02). The

difference between 15 and 20 mM citrate was also

significant (t = 2.95, p < 0.05). Adding calcium to



TABLE3-6EFFECTOFMIXINGPROCEDUREONPLASMALEVELSOFVIII:CANDFpA Mixing Procedure*

VIII:C(u/ml) MeanandStandard Deviation(range)

FpAng/ml+

Median

Range

%Donation with<7ng/ml
%Donation with<30ng/ml

FullyMixed
0.97±0.21(0.74-1.37)
13.9

5.6-50

10

80

PartlyMixed
0.82±0.13(0.62-0.98)
15.5

3.5-25.8

20

70

Unmixed

0.87±0.31(0.41-1.5)
7.9

2.9-26.8

4o

100

*10donationsineachgroupwerestudied +Becauseofthewiderangeinvalues,statisticalsignificancewasassessedby theWilcoxontest
NosignificantdifferenceinVIII:CorFpAwasobservedbetweenthe3procedures.



TABLE3-7FACTORVIII:CINFRESHCPDPLASMA* Mixing Procedure

Group0

GroupA+B+AB

AllGroups

Unmixed PartlyMixed Mixed

0.74±0.23(0.41-1.12,7) 0.80±0.13(0.62-0.97,5) 0.84±0.18(0.74-1.1,4)
1.18±0.29(0.94-1.5,3) 0.83±0.14(0.63-0.98,5) 1.06±0.19(0.77-1.37,6)
0.87±0.31(0.41-1.5,10) 0.82±0.13(0.62-0.98,10) 0.97±0.21(0.74-1.37,10)

*Resultsshowmean±standarddeviation(range,numberofdonations)



heparin plasma improved VIII:C stability (t = 2.66,

p < 0.05) over that of plasma to which additional calcium

had not been added.

(G) INFLUENCE OF MIXING PROCEDURE DURING DONATION ON

PLASMA QUALITY

Factor VIII:C and FpA assays were performed on

frozen plasma samples derived from the donations collected

using different mixing techniques. The results are

shown in Table 3-6. Although a wide range in individual

FpA levels was found, this was not related to mixing

techniques; indeed no mixing gave the lowest levels.

Factor VIII;C was also unaffected by mixing technique,

the slightly higher VIII:C in the fully mixed group levels

being accounted for by a higher incidence of blood groups

A, B and AB in this group (Table 3-7).



DISCUSSION

This study confirms the lability of VIII:C

during storage under blood bank conditions. Results for

blood drawn into standard CPD anticoagulant indicate that

temperature of storage is not as crucial a factor as has

been previously thought; indeed storage at low tempera¬

tures can be detrimental because of the cryoprecipitation

described in this study and in others (Vermeer et al 1976,

Rock and Tittley 1979). However, it must be noted that

the data in such studies have been obtained from experi¬

ments with small volumes of blood - a blood donation

stored in standard donation bags takes much longer to

cool down (Figure 3-2) especially if large numbers of

bags are packed together (Rock and Tittley 1979). Thus,

low temperature storage of blood under standard blood

bank conditions might not result in loss of factor VIII

by cryoprecipitation. Indeed, data for VIII:C levels in

donations stored at 18 hours at 4°C prior to plasma

separation indicates VIII:C levels of about 0.6 u/ml

(Prowse 1984) in contrast to the value of 0.4 u/ml found

in this study. However, the finding that low temperature

storage is not essential for VIII:C stability might

remove some of the logistical difficulties in procuring

plasma suitable for factor VIII fractionation. Other

studies have indicated that a prolonged room temperature

hold is not detrimental for other blood components (Avoy

et al 1978, Snyder et al 1983).



No difference was observed in the stability of

VIII:C between CPD blood and plasma. Thus, any VIII:C

loss observed is not the result of cellular contamination

of liquid plasma as has been claimed in some studies

(Mustard 1957, Nilsson et al 1983). It has been shown

that adding a wide range of proteolytic inhibitors has no

effect on the lability of VIII:C stored under blood bank

conditions (Stibbe et al 1972, Rock et al 1983b) although

one study claims that some stabilisation was obtained by

adding diisopropyl-flouro-phosphate (D.F.P.) (Rock et al

1983b). It is thus unlikely that VIII:C loss is through

degradation induced by cellular proteases.

This study confirms that the decay of VIII:C

over the period studied (18 hours) is biphasic, with about

4.4% of the initial VIII:C being lost each hour up to

6 hours post donation, and about 1.1% being lost each

hour for the next 12 hours. Thus, rapid separation and

freezing within 6 hours of donation can produce sub¬

stantial improvements in plasma VIII:C content which would

be lost if further delay occurs. This implies that

blood donations collected in mid and late afternoon would

require processing by staff working on an overtime or

shift basis, with resultant increased costs. Any factors

which would help stabilise VIII:C would thus allow blood

banks to extend the time period between donation and

separation. This would increase substantially the amount

of plasma suitable for factor VIII fractionation without

excessive additional costs.
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Given the above as the current situation,

improvements in plasma quality are suggested by the

findings in this study and others (Rock et al 1979,

Krachmalnicoff and Thomas 1983, Mikaelsson et al 1983a)

which demonstrate the stability of VIII:C in blood

collected in heparin. It has been known since the work

of Weiss (1965) that VIII:C is stabilised by ionised

calcium. Collection of blood in heparin - a non-

chelating anticoagulant - permits maintenance of ionised

calcium and stabilises VIII:C in both blood and plasma

(Figure 3-3) at room temperature. Losses of VIII:C,

VIIIR:Ag and fibronectin were observed in heparinised

blood and plasma stored at 4°C. These losses are

probably due to cryoprecipitation as was observed in CPD

blood and plasma at 0°C. Although the effect of warming

to 37°C was not assessed, parallel losses in antigen and

activity point to a physical removal of molecules. It

is possible that the heparin induced precipitation of

fibronectin and factor VIII in chilled plasma is also

contributing to the effect observed (Amrani et al 1982)

although in the present study VIII:C was also precipitated.

Amrani et al reported that VIII:C was not precipitated

from chilled heparinised plasma but they used different

amounts of heparin.

Several options are possible for exploiting the

improved stability of VIII:C in physiological calcium

levels. Collection of blood in heparin anticoagulant

would require that CPD be added back to the cells after



plasma separation, as otherwise the short shelf-life

(3 days) (Mollison et al 1942) of such red cell concen¬

trates would decrease their usefulness. This procedure

produces red cell concentrates with normal in vivo and

in vitro characteristics (de Jonge et al 1983); however,

in these studies separation and CPD replenishment was

effected shortly after donation. The effect, on red

cell concentrates, of prolonged storage of heparin blood

followed by CPD replenishment has not been assessed.

Plasma collection by plasmapheresis would avoid this

problem and allow collection of heparin plasma. However

plasmapheresis is expensive and cannot substitute for

whole blood collection to meet red cell concentrate needs

Addition of calcium/heparin mixtures to normal CPD blood

units after donation has been proposed (Rock 1982). The

present study shows that addition of calcium to a plasma

concentration of 10 mM 3 hours after donation gave

recovery of VIII:C in both blood and plasma (Figure 3-5).

Addition after 18 hours resulted in no significant effect

on VIII:C (Table 3-3). This data indicates that recal-

cification must be made shortly after donation. Other

studies (Rock 1982, Rock et al 1983b) indicate that

recalcification must be made within 4 hours of donation

for maximal recovery of VIII:C. This can be effected by

adding sufficient calcium and heparin to the standard

anticoagulant solution in the bag so as to result in

physiological levels of plasma ionised calcium. Such an

approach, however, would require that additional citrate



be added to the red cells after plasma separation. A

preferable option would be to add calcium/heparin to

plasma separated within 6 hours of donation and allow

recovery of VIII:C (2-4 hours) (Figure 3-5) (Krachmalnicoff

and Thomas 1983, Rock et al 1983b) prior to plasma

freezing.

The data in Table 3-5 suggests that citrate

concentrations of up to 10 mM in the plasma do not

affect VIII:C stability. It has been shown by Mishler

et al (1978) that using half-strength CPD anticoagulant

(final plasma citrate concentration about 14 mM) does not

affect the storage characteristics of banked blood.

Plasma collected by automated plasmapheresis with low

citrate anticoagulant has been shown to give greater

VIII:C concentrate yields than plasma collected manually

in normal anticoagulants (Robinson et al 1983). In

whole blood collection, however, use of low citrate

levels might result in coagulation of red cell concen¬

trates. The 10 mM plasma citrate concentration found in

this study to be compatible with VIII:C stability might

require supplementation with heparin to allow production

of stable red cell concentrates.

Measurement of ionised calcium in heparin

plasma supplemented with citrate (Table 3-5) gave values

lower than expected, considering the established normal

levels of plasma ionised calcium (about 1 mM) (Penny 1983).

It is known that the concentration of free ionised

calcium is markedly dependent on pH (Thode et al 1983)
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with levels dropping sharply with increasing pH. The

lack of a buffering anticoagulant in heparin and citrated

heparin plasma samples leads to marked increases in pH

as carbon dioxide is lost from the plasma (Krachmalnicoff

and Thomas 1983). This may explain the low calcium

levels which were measured.

Table 3-4 indicates that addition of 10 mM

calcium to CPD donations is sufficient to improve VIII:C

stability, further addition giving no additional benefit.

The residual ionised calcium levels measured by the

electrode were rather low compared to the amounts added.

This is probably the result of calcium ion sequestration

by other ions including phosphate in the CPD and by

binding to plasma protein. A precipitate was seen to

form after overnight incubation in the 30 mM calcium

sample and this might represent insoluble inorganic calcium

salts. Addition of further calcium to heparin plasma

did increase VIII:C stability (Table 3-5) a finding noted

in one other study (Mikaelsson et al 1983a). This suggests

that further calcium addition in CPD plasma is ineffect¬

ive in increasing VIII:C stability due to the sequestration

outlined above.

When all factors are considered, it is probable

that the best way to exploit the increased stability of

VIII:C in physiological calcium levels is to use this

effect to bring about recovery of VIII:C levels in plasma

separated up to 6 hours after donation. The data in this

and other studies indicates that recalcification during
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this period would lead to recovery of VIII:C activity

which would be preserved by subsequently freezing the

plasma. This procedure would require that calcium/

heparin be added to the plasma bag. Such an additive

system is at present not on the market but can doubtless

be manufactured if a demand for it exists. The extra

cost would be justifiable if a significant improvement

in plasma VIII:C content is achieved. However, use of

heparin as an anticoagulant has been observed to be

unsuitable for production of intermediate purity factor

VIII concentrate (Smith qu. Penny 1983) and other purifi¬

cation methods (Chapter V). Thus, the plasma VIII:C

content might not be the only factor to be considered.

The results of the study on different bag

mixing techniques indicate that the three methods of

mixing had no effect on FpA or VIII:C levels. The work

of Pflugshaupt and Kurt (1983) claims that inadequate

mixing results in thrombin formation and high FpA levels.

Further work in this laboratory (Prowse et al 1984a)

suggests that donation time and the stripping of the donor

lines are parameters that can affect plasma FpA. Plasma

quality may be further improved by pumping anticoagulant

into the donation line itself, rather than relying on

mixing in the bag. A device which ensures proportional

admixture of blood and anticoagulant in the donation line

has been reported to give plasma and platelets of better

quality than are obtained by routine methods (Unger et al

1983) .
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In summary, this Chapter concludes:

1 ) Mixing technique during donation using the current

plastic bag system is not a crucial parameter for

good quality plasma and the use of specially purchased

machines for this purpose is not justified. Adequate

stripping of donor lines and short venesection times

lead to plasma with a good VIII:C content and low FpA

levels, which is suitable for fractionation.

2) Plasma separation and freezing within 0 to 4 hours of

donation yields plasma with a high VIII:C content;

further delays lead to losses. However, plasma in

standard donations 18 hours after donation still had

about 0.65 u/ml in this study and is still acceptable

for fractionation. Storage temperature is not

crucial; as far as VIII:C goes, room temperature

(about 20°C) is satisfactory. Small scale experi¬

ments indicate that factor VIII may be lost by cryo-

precipitation in blood or plasma given prolonged

storage and sufficient cooling. However, in standard

donations stored at 18 hours at 4°C this effect is

not seen.

3) Use of anticoagulants which result in plasma ionised

calcium levels of 1 mM lead to enhanced VIII:C

stability and permit extension of the period between

donation and plasma separation/freezing. This would

require the use of special plastic bag systems and

would lead to the presence of heparin in the plasma,

which might affect fractionation.
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CHAPTER IV

EFFECT OF PLASMA FREEZING RATE

AND STORAGE CONDITIONS ON

CRYOPRECIPITATE QUALITY
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INTRODUCTION

Although being gradually superseded by lyophi-

lised concentrates, blood bank cryoprecipitate (cryo)

still constitutes an important source of therapeutic

factor VIII in developed nations such as Britain (Rizza

and Spooner 1983) and the United States (Aledort 1982).

In underdeveloped countries, cryoprecipitate and fresh

frozen plasma, when available, often constitute the sole

form of replacement therapy, unless expensive foreign

concentrates are purchased.

Thus, any factors influencing the quality of

cryoprecipitate have an important bearing on the logistics

of haemophilia care. Many studies have investigated the

optimal conditions for cryoprecipitate preparation

(Kasper et al 1975, Slichter et al 1976, Vermeer et al

1976, Regional Transfusion Directors' Committee 1978).

An early report claimed that fast-thawing of the plasma

in an 8°C waterbath resulted in much better VIII:C yields

than the original overnight thaw in air (Brown et al 1967).

This was denied by one study (Bloom et al 1969) which

claimed that slow-thawing was better. Subsequent

investigations, however, tended to support the benefits

of 'fast' versus 'slow' thaw (Vermeer et al 1976, Prowse

and McGill 1979, Wensley and Snape 1980) although some

find no difference between the two types of thawing

(Kasper et al 1975, Rock and Tittley 1977). In 1978,

Mason introduced a modified method of fast plasma thawing,



in which the thawed supernatant was continuously siphoned

over leaving the frozen cryoprecipitate in the original

plastic pack; this was claimed to improve markedly the

factor VIII yield. Studies comparing different thawing

techniques confirmed these results (Prowse and McGill

1979, Kang 1980).

Although much data has been published regarding

thawing methods, indicating the superiority of fast

thawing, less certainty exists regarding the mode of

freezing plasma. Early studies (Pool and Robinson 1959,

Britten and Grove-Ramussen 1966) suggest an inevitable

loss of around 15% of the VIII:C when plasma is frozen.

Freezing of small volumes of plasma has been reported to

reduce this loss (Britten and Grove-Ramussen 1966, Kasper

et al 1975) suggesting that fast freezing is necessary,

but other reports find no difference between large and

small volumes (Preston 1967). Placement of fresh plasma

packs in a -30°C or -20°C freezer results in complete

freezing taking over 6 hours, with resultant losses in the

plasma VIII:C (Fiets and Feitsman 1982) and decreased

cryoprecipitate yields compared to faster freezing

(Slichter et al 1976, Rock and Tittley 1979). On the

question, "How fast is fast?", Kasper et al (1975) report

no difference in cryo VIII:C yields between plasma frozen

in 30 minutes in -70°C ethanol dry ice and plasma frozen

in one hour between dry ice sheets. Smith (1983a) reports

no difference between the VIII:C content of 5 litre pools

frozen in a Grant plate freezer (90-120 minutes) and
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single packs frozen in a liquid nitrogen controlled rate

freezer (10-20 minutes) suggesting that the volume of

plasma frozen is not critical per se, as long as freezing

to about -30°C is achieved in about one hour. Different

freezing rates have been reported to affect the protein

composition of cryoprecipitate while not influencing

factor VIII yields (Vermeer et al 1976); slower freezing

resulting in a higher amount of fibrinogen in the cryo¬

precipitate (Carlebjork and BlombSck 1983).

Installation of liquid nitrogen controlled rate

freezers or airblast freezers would involve greater

capital and maintenance costs than simple chest freezers

or use of cold ethanol. Considerations of product

quality and safety are also important, freezing in dry

ice/ethanol, for example, although comparatively cheap,

has been reported to result in passage of ethanol into

the plasma resulting in fibrinogen deposition in cryo¬

precipitate being much increased (Lane 1981).

Controversy also exists regarding optimal

conditions for storing frozen plasma. Some early studies

suggest that plasma VIII:C is rather labile at -20°C

(Penick and Brinkhous 1956, Pool and Robinson 1959) while

other studies report no loss at -20°C for periods of up

to 12 months (Preston 1967, Koerner and Stampe 1982).

Newman et al (1971) state that storage of frozen plasma

for periods longer than 3 to 6 months affects proteins

other than factor VIII and can result in processing

difficulties during concentrate production, due to high



fibrinogen content.

Measurements based on the theory of eutectics

(Mackenzie 1982 qu. Foster 1983a) show that phase change

occur in plasma at temperatures of -27°C and -40°C (and

possibly as low as -80°C). Storage at temperatures

below these points might be expected to have advantages

Practical considerations, however, play a role in what

kind of storage temperatures are used in practice, the

relative costs of refrigeration to -50°C, -40°C and -30

being 4.5, 1.6 and 1.2 fold that of -20°C storage (Watt

1982).

In this chapter, the effect of changing the

rate of freezing plasma on the quality of thaw-siphon

cryoprecipitate has been investigated. The effect of

storage of plasma at different temperatures for varying

periods of time has also been determined, in order to

find optimal conditions for frozen plasma storage. In

this regard, plasma was also deliberately subjected to

large temperature fluctuations during storage.
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METHODS

Plasma used in this study was CPD plasma prepared from

normal donations within 3 hours of blood donation. Plasma

pools of 6 donations were used in each experiment, thus

avoiding the variations in factor VIII content found in

different individuals. The plasma was pooled in a 2 litre

bag and aliquots of 200 ml were distributed into 300 ml

Fenwal R2011 transfer packs. The plasma was then frozen

and stored as follows:

'Slow Freezing': Packs of plasma were placed in thin

aluminium cassettes and placed in a -40°C cabinet freezer.

The cassettes were placed vertically and the packs had

the outlet ports down.

'Fast Freezing': Packs were placed in cassettes as in

slow freezing but were frozen in a -70°C ethanol bath

which had been cooled using liquid nitrogen.

Freezing Rates: For both these modes of freezing,

plasma temperature was monitored by a thermocouple

(Comark Instruments) placed in the middle of a pack which

was connected to a pen-recorder (Vitatron).

Storage Studies: Plasma pools prepared as above were

aliquoted into 6 separate packs and the plasma was frozen

in -70°C ethanol. Three packs from each pool were then

placed in a -20°C chest freezer, while the other 3 were

placed in a -40°C cabinet freezer. Six pools of plasma

were prepared and stored in this way. Daily checks

ensured that the freezer temperatures were keeping to the

reasonable limits (± 4°C) of the temperatures stated.
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Temperature Insult Studies: Six donation pools were

again prepared and plasma was aliquoted into three 300 ml

packs. These packs were all frozen in -70°C ethanol

and placed in -40°C storage. One pack was stored for

one week. The other 2 were removed after 2 days and

placed in a 4°C cold room for 4 hours. They were then

replaced in -4 0 °C storage. One of these packs was

subjected to the same procedure a second time. One week

after starting the experiment the packs were all processed

to cryoprecipitate. This process was done for 6 plasma

pools; a separate pack with a temperature probe monitored

the fluctuations in the packs subjected to temperature

insult. The remaining 3 packs from each pool were

frozen in a -40°C freezer and used for storage studies as

outlined above.

Cryoprecipitate Preparation: This was according to

Mason et al (1981) with some modifications. The plasma

packs were taken and 2 elastic bands, each 15 mm wide,

were placed one-third and two-thirds of the way down the

pack. Two metallic rods were placed through the slits

along each of the 2 lateral edges of the pack and clipped

together. The rods were joined to each other by a piece

of string, and together with the elastic bands provided

tension on the pack during thawing. The outlet tube of

the pack was joined to an empty 300 ml pack, and the

plasma pack was immersed in a 4°C water bath (Grant

Instruments) with the outlet ports at the bottom (i.e.

inverted thawing). The pack was weighed down with a



FIGURE 4-1

PLASTIC PACK WITH FROZEN PLASMA SET UP FOR THAWING

1. Frozen plasma block

2. Pack margins with slits

3. Hinged metal rods passed through pack margins

4. String joining metal rods

5. Elastic bands

6. Lead weights

7. Outlet port of pack

8. Siphon tube connecting pack to empty satellite

pack
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lead weight. Siphoning of the thawed supernatant was

initiated after about 10 minutes by raising the pack

momentarily out of the water bath. Thawing was continued

until the residual mass of cryoprecipitate was enmeshed

in a lump of lightly-pigmented ice, usually when 20-30 ml

were still left in the pack. The cryoprecipitate pack

was then sealed off and the cryo dissolved in a water

bath at 37°C for about 5 minutes. The cryoprecipitate

and cryosupernatant plasma volumes were then measured,

the 2 components were sampled and the samples were frozen

and stored in 2 ml aliquots for subsequent assay.

Figure 4-1 shows the details of the plasma pack set up

for the thawing process. No attempt was made to remove

residual factor VIII e.g. by saline washing.

Assays:

Factor VIII:C, Factor VIII:CAg, Factor VIIIR:Ag,

Fibrinogen and Total Protein were assayed as described

in Chapter II. Factor VIIIR:Ag was assayed by electro-

immunoassay, except for samples of cryosupernatant plasma,

the VIIIR:Ag in which gives indistinct precipitin lines

(Over et al 1978). For these samples an immunoradio-

metric assay (IRMA, Ch.II) was used. Fibrinogen was

assayed by electroimmunoassay.



FIGURE 4-2

TEMPERATURE PROFILES OF PLASMA FROZEN IN DIFFERENT

MEDIA

Results show temperature changes recorded by probe

placed in middle of pack. Probe was connected to

a pen-recorder which traced the changes in temperature

shown.
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TEMPERATURE RECORDED IN A PLASMA PACK FROZEN IN DIFFERENT MEDIA

TIME (minutes) TIME(hours)
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RESULTS

(A) EFFECT OF PLASMA FREEZING RATE ON CRYOPRECIPITATE

QUALITY

Figure 4-2 shows the temperature profiles of

plasma packs frozen in a -70°C alcohol bath and a -40°C

deep freeze. Plasma frozen in -70°C alcohol took only

about 10 minutes to reach -30°C at the core of the pack,

while plasma frozen in the -40°C deep freeze took nearly

hours to reach this temperature. From these

recordings, it can be estimated that for fast freezing

(-30°C in 10 min), 23% of the time was needed for the

plasma temperature to reach 0°C, and 77% to drop further

to -30°C, while the corresponding figures for fast

freezing (-30°C in 2J hours) are 10% and 90%.

It was noticed that plasma that had been frozen

slowly had an even translucent appearance, while plasma

that had been frozen fast showed variations in pigment

density over the frozen surface. After overnight

storage at -40°C, plasma frozen under both these

conditions was processed to thaw-siphon cryo as described

in Methods. It was immediately noticed that plasma

frozen slowly produced a steady flux of particulate

material in the siphon lines during thawing. Plasma

frozen fast, however, produced a clear supernatant during

thawing, with no particles, unless thawing was actually

allowed to proceed until the residual cryo also siphoned

over.
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Figure 4-3 shows the distribution of factor VIII

related activities in cryoprecipitate and cryosupernatant

prepared from the 2 types of plasma. Slow freezing

results in a lower amount of VIII:C being recovered

(expressed as the sum of the VIII:C recovered in cryo and

cryosupernatant) upon thawing the plasma; the difference

however is not significant (paired t-test, t = 1.16,

p > 0.1). Furthermore, the VIII:C in slowly frozen

plasma seems to be less cryoprecipitable, with only 47%

of the residual VIII:C being recovered in the cryopreci¬

pitate. These two effects lead to a comparatively poor

yield of VIII:C when plasma is frozen slowly. Fast-

frozen plasma, however, gave much better results -

425 u/kg of plasma was recovered in the cryo, compared

with 318 u/kg for slowly frozen plasma, a difference that

was significant (t = 3.19, p < 0.05). The poor cryo-

precipitability of factor VIII in slowly frozen plasma

was confirmed by assays of other factor VIII related

activities in cryoprecipitate and cryosupernatant -

Figure 4-3.

Fibrinogen was measured in cryoprecipitates

produced from both types of plasma. Plasma frozen by

fast-freezing gave higher yields of fibrinogen in cryo

than plasma produced by slow-freezing - 824 mg/kg

plasma compared with 522 mg/kg plasma (t = 4.6, p = 0.01).

In general, the flow of particulate material coming over

during thawing of slow-frozen plasma seems to represent

cryoprecipitate that for some reason is not retained



TABLE4-1AEFFECTOFDIFFERENTSTORAGECONDITIONSONPLASMAFROZENIN-70°CETHANOL. RESULTSSHOWMEAN±S.D.FORSIXDIFFERENTEXPERIMENTS Temperature of Storage

Period of Storage

TotalVIII:C Recovered (Cryo+Super) u/kgPlasma

VIII:C CryoYield u/kgPlasma
Fibrinogen CryoYield mg/kgPlasma

-20°C

16hours

623±108

426±80

605±172

-20°C

3months

698±123

500±118

609±187

-20°C

6months

690±82

416±67

538±115

-40°C

16hours

698±125

493±116

607±292

-40°C

3months

718±102

522±77

577±51

-40°C

6months

730±101

449±47

542±47

Ln



TABLE 4-IB EFFECT OF STORAGE PERIOD ON PLASMA FROZEN IN -40°C DEEP

FREEZE. RESULTS SHOW MEAN ± S.D. FOR SIX DIFFERENT

EXPERIMENTS

Period Total VIII:C VIII:C Fibrinogen
of Recovered Cryo Yield Cryo Yield
Storage (Cryo + Super)

u/kg Plasma u/kg Plasma mg/kg Plasma

16 hours 610 ± 101 318 ± 111 522 ± 270

3 months 611 ± 183 306 ± 62 502 ± 79



during the siphoning process, leading to lower levels of

cryoprecipitated proteins in the cryo derived from such

plasma. The total protein yield in cryo was 4.3% and

5.9% for slow- and fast-frozen plasma respectively, a

difference which was not significant. In this regard it

must be noted that most of the cryo-protein comes from

the supernatant plasma left after siphoning is terminated.

The amount of this protein is thus expected to be

relatively unaffected by changes affecting the proteins

(such as factor VIII and fibrinogen) specifically

concentrated by cryoprecipitation.

(B) EFFECT OF PLASMA STORAGE CONDITIONS ON CRYOPRECIPITATE

QUALITY

The effect of different storage conditions on

plasma pools frozen in -70°C ethanol is shown in

Table 4-1A. Table 4-1B shows similar data for pools

frozen in a -40°C deep freeze.

Initial freezing rate can be seen to be a much

more important determinant for factor VIII yields than

storage conditions. As long as constant storage

temperature is maintained, there is no significant

difference in cryo factor VIII yields between plasma

stored at -20°C and -40°C. Cryo factor VIII yields did

not change during storage periods of up to 6 months for

plasma stored at both temperatures, the slight drop in

yield after 6 months storage being insignificant.

Fibrinogen content in cryoprecipitate likewise was unaf¬

fected at both temperatures throughout the period of
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storage. The same findings are apparent from the data

for slowly frozen pools of plasma.

(C) EFFECT OF TEMPERATURE FLUCTUATIONS DURING PLASMA

STORAGE ON CRYOPRECIPITATE QUALITY

Figure 4-4 shows the temperature fluctuations

recorded in the core of a plasma pack subjected to the

temperature insult described in Methods. The effect of

these fluctuations on cryoprecipitate production is shown

in Figure 4-5.

Although warming and refreezing frozen plasma

resulted in a 20% drop in the total amount of factor VIII:

recoverable from such plasma, this was not reflected by a

proportionate drop in cryoprecipitate factor VIII:C

yields. Rather, the amount of factor VIII:C in cryosuper

natant declined sharply upon temperature insult. The

fibrinogen content of cryoprecipitate was affected by

temperature changes, insulted plasma yielding twice as

much fibrinogen in cryoprecipitate (Figure 4-5B) a

difference that was highly significant (t = 4.31, p <

0.01). A second cycle of temperature insult produced no

further significant change. The specific activity of

cryoprecipitate factor VIII:C (expressed as u/mg of

fibrinogen) was thus halved upon temperature insult of

the stored plasma.
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DISCUSSION

In the thaw siphon technique, continuous

removal of thawed supernatant plasma maintains the cryo-

precipitate in the frozen state throughout the process,

thus ensuring that the temperature is kept close to 0°C.

This results in minimal loss of cryoprecipitate factor

VIII:C by dissolution and/or enzymatic degradation. On

the large scale production of bulk cryoprecipitate for

processing to factor VIII concentrate, a similar result

is achieved by plasma crushing and continuous thawing

with rigid temperature control (Foster et al 1982).

It was the intention of this study to investigate

the effects of two variables on cryoprecipitate quality,

(i) the rate of plasma freezing and (ii) the conditions

under which frozen plasma is stored. It was felt

important to use the high yielding thaw-siphon technique

as a thawing method, as a method involving high losses

during thawing might have masked any differences in yield

due to the other variables under investigation. At the

same time, it was the intention of the study to

investigate the effect of the two variables on the purity

of cryoprecipitate, so a modification of the original

technique ensuring a higher factor VIII specific activity

was used. Compared to the original technique, the

modified method produces a lower factor VIII:C yield -

about 500 u/kg plasma compared to about 600 u/kg plasma -

but gives a higher specific activity - 0.17 u/mg protein

versus 0.08 u/mg. The drop in yield was felt acceptable
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in order to obtain a higher purity. The specific

activity obtained in this study is lower than that

reported by Mason et al - 0.17 u/mg compared to 0.5 u/mg.

This is probably because of less efficient tensioning

during thawing with subsequent retention of excess plasma

protein with the cryoprecipitate. This is confirmed by

measuring the ratio of cryoprecipitate fibrinogen to total

protein using the present method - 0.16 compared to 0.7

in the method described by Mason et al.

Previous studies using the thaw-siphon technique

all used plasma frozen by fast-freezing methods. The

importance of fast-freezing is shown by the results of

this study. Following slow-freezing, a continuous flux

of particulate matter in the siphon lines is accompanied

by a marked decrease of all the factor VIII related

activities in the residual cryoprecipitate, with a

corresponding increase in the cryosupernatant

(Figure 4-3). The loss of cryoprecipitated material is

also reflected by lower levels of fibrinogen in the cryo¬

precipitate. Thus, although the total recoverable VIII:C

content was not different using the two freezing methods,

the loss of cryoprecipitate led to factor VIII recoveries

comparable or inferior to yields obtained by less optimal

thawing techniques (see Chapter V). Attempts to assay

the contents of the observed particles were unsuccessful,

as these dissolved by the end of the thawing period even

when the supernatant was collected in a flask placed in

melting ice.
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The different results obtained with slow and

fast-freezing suggest a different distribution of cryo-

precipitate in the plasma pack obtained by the two

methods. In fast-frozen plasma, cryoprecipitate appears

to be concentrated in the final 20 mis or so of siphoning

material. Slow-freezing seems to result in cryoprecipi¬

tate formation throughout the whole plasma block, as

evinced by the appearance of particles in the siphon lines

as soon as thawing commences, leading to loss of cryo-

precipitated proteins such as factor VIII and fibrinogen

in the supernatant. Mason et al (1981) have proposed

that fast-freezing involves a primary precipitation of

cryoglobulins (including fibrinogen and factor VIII)

followed by precipitation of other proteins as the

concentration of electrolyte in the liquid phase increases.

Upon thawing, the various proteins then elute in the

reverse order to that in which they separated during

freezing. It is possible that with slow-freezing

precipitation of cryoglobulins occurs throughout the

freezing process, leading to cryoprecipitate formation

through the whole plasma block. Elution of factor VIII

and other cryoglobulins would then occur throughout

siphoning, resulting in the losses observed.

The results of this study show that as long as

steady storage conditions are maintained, plasma can be

stored for long periods without affecting the quality of

cryoprecipitate. The work of Mackenzie cited above

suggests that complete freezing in plasma is achieved at



below -80°C. Although it has been suggested that storag

below the temperature of complete freezing is to be

preferred (Watt 1976), a temperature of -20°C was found

to be adequate. This finding has important implications

as the cost of -20°C refrigeration is considerably lower

that that of -40°C. Storage period also did not have a

crucial effect, the slight drop in VIII:C yield after 6

months being insignificant. There was no change in the

total fibrinogen and total protein in cryoprecipitate

after 6 months storage, and no difference between the two

temperatures studied.

Storage involving deliberate temperature insult

resulted in a marked drop in the total factor VIII:C

recoverable from plasma after processing to cryoprecipi¬

tate and cryosupernatant. This drop, however, was not

reflected in the amount of VIII:C recovered in cryo¬

precipitate, which remained relatively constant, but was

due to a sharp drop in VIII:C recovered in the cryo¬

supernatant. The increased lability of cryosupernatant

VIII:C compared to cryoprecipitate VIII:C has been

documented (Over et al 1978) and it seems that the

deleterious effects of temperature insult result in loss

of this form of VIII:C.

The marked increase in cryoprecipitate fibrin¬

ogen that results from temperature insult may be one of

the reasons for the variation in cryoprecipitate mass

that has been noted during bulk plasma fractionation

(Hershgold et al 1966, Newman et al 1971). Foster (1983



169

has reported similar increases in cryo-fibrinogen in

plasma that has been stored at constant temperature for

increasing periods. The present results indicate that

temperature fluctuations are more likely to be the reason,

no increase in fibrinogen being apparent when a constant

storage temperature was maintained. Fluctuations may

occur during storage and/or transportation of bulk frozen

plasma, although warming of large plasma blocks is bound

to be less rapid than for the single donations used in

this study. It is uncertain why the cryoprecipitated

fibrinogen should increase after temperature insult.

Increased aggregation of fibrinogen molecules leading to

greater insolubility could be one explanation (Newman et

al 1971). Increased cryoprecipitate fibrinogen is

responsible for difficulties in extracting and further

processing factor VIII concentrates and results in poor

filterability and solubility. Maintenance of steady

temperatures during frozen plasma storage is therefore

important.

In summary, this study concludes :

1) Cryoprecipitation using the thaw-siphon technique

requires plasma that is frozen fast for good factor

VIII yields. The results of this and other studies

suggest that attainment of -30°C in the core of the

pack in about one hour should be sufficient.

Ethanol cooled to -70°C with dry ice can achieve this

very efficiently. Placing the packs in a plastic

bag should decrease any risk of ethanol leaking into
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the pack, although this was never encountered in the

course of this work.

2) Storage of frozen plasma at -20°C until processing is

perfectly adequate in terms of product quality and is

much cheaper than refrigeration at lower temperatures.

3) Maintenance of refrigeration equipment is very

important to avoid temperature fluctuations leading

to the effects outlined in Results. This is

especially important if -20°C storage is used, as

minor breakdown of such equipment is more likely to

result in rapid temperature rises. Daily or

continuous monitoring of temperature is recommended.



CHAPTER V

APPROACHES TO PRODUCING A

FACTOR VIII CONCENTRATE FROM

HUMAN PLASMA IN BLOOD BANKS
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INTRODUCTION

At present, about 98% of the world's production

of factor VIII concentrates starts off with the production

of cryoprecipitate (De Vreker 1980). Cryoprecipitate

yield and quality depend on many variables (Chapter I)

and yields of 20 to 85% of the plasma VIII:C have been

reported (Masure 1969). By modifying the thawing

technique and using optimal freezing methods, yields of

about 500 u/kg of plasma can be obtained on a blood bank

scale (Chapter IV). Such thaw-siphon cryoprecipitate,

however, cannot substitute, in terms of convenience and

ease of storage and administration, for lyophilised

concentrate, which is produced at much lower yields.

Although cryoprecipitation is widely utilised,

the mechanism of the process is poorly understood.

Poison (1972) has proposed that the well known salting-

out of proteins is involved. In this theory, the

increasing salt concentration in the intercrystalline

spaces of frozen plasma causes precipitation of the most

insoluble proteins, including factor VIII and fibrinogen.

An alternative explanation proposed a steric exclusion

mechanism (Owen and Wagner 1972), in which exclusion of

high molecular weight proteins from volumes of solvent by

increasing concentrations of plasma protein leads to their

precipitation. A better understanding of the mechanism of

cryoprecipitation might allow improvements in product

quality and yield.
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The ease and simplicity of cryoprecipitation

have led to few investigations into alternatives for

concentrating factor VIII from plasma. The early

observations of Poison et al (1964) suggested that polymer

precipitation might provide a method of plasma protein

fractionation, but in the case of factor VIII, polymers

such as polyethylene glycol (Newman et al 1971) have

only been used in the later stages of purification. Use

of such polymers, which act through a steric exclusion

mechanism (Poison and Ruiz-Bravo 1972), might enable the

high molecular weight difference between factor VIII and

other plasma proteins to be exploited. So far, this

difference has mainly been used, in gel filtration, for

separations on an analytical scale (Chapter II, Ratnoff

et al 1969).

It is the purpose of this Chapter to develop

a simple and reliable process for the concentration of

factor VIII from plasma using methods applicable in

blood banks. The method sought after needed to give a

high yield of factor VIII with the product characteristics

of current lyophilised concentrates. In addition, the

method had to allow utilisation of other blood components

after concentration of factor VIII.

In this regard, some attempts were made to

improve cryoprecipitate yield by adding heparin (Rock et

al 1980b) or P.E.G. (Johnson et al 1979) to plasma which

was then thawed by different methods. Studies were

made on the mechanism of cryoprecipitation, in order to
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delineate conditions for better VIII:C yields. As an

alternative to cryoprecipitation, polymer precipitation

of unfrozen plasma was examined. Conditions derived

for factor VIII purification on the small scale were

then utilised on medium scale plasma volumes, thereby

modelling factor VIII concentrate production under blood

bank conditions.



METHODS

Cryoprecipitate production: Plasma for these experiments

consisted of pools prepared as in Chapter III or as

described in Results. All plasma was frozen by fast-

freezing as in Chapter IV.

Thawing: Two basic thawing methods were used:

1 . Fast-thawing. 200 ml packs of frozen plasma were

placed in a water bath at 4°C. The plasma was

allowed to thaw until visual inspection showed that

only a few ice crystals were left. This took about

100 minutes from the start of thawing. The cryo¬

precipitate was then sedimented either by (a)

centrifugation of the bags in a Mistral 6L centrifuge

for 36,000 g min. at 0°C. All but 20 ml of

supernatant plasma was then expressed out of the pack

using a Fenwal plasma expressor and 3 ml of 15 mM

citrate, 150 mM NaCl, pH 6.9 (citrate-saline) were

added to the cryoprecipitate (cryo) bag. The cryo

was then solubilised in a 37°C water bath, its

volume was measured and small aliquots (2 ml)

sampled, fast frozen and stored at -40°C until

assayed; or (b) transfer of the thawed plasma to

polycarbonate bottles and centrifugation in a Sorvall

RC-2B centrifuge for 80,000 g min. at 0°C. The

supernatant was then decanted and the cryoprecipitate

was dissolved in 10 ml of citrate-saline.

2. Thaw-siphoning and centrifugation. This was

performed according to Rang (1980). Packs of frozen



plasma were placed in a 4°C water bath. The outlet

tubing was attached to an empty 200 ml bag and

clamped. After about 10 minutes in the water bath,

the clamp was removed and 2 elastic bands were placed

around the pack as described in Chapter IV. The

pack was replaced in the water bath and siphoning was

initiated using a pair of Fenwal (R4415) tube-

strippers to force air out of the siphon line.

Siphoning was allowed to continue until about 60 ml

of frozen material remained in the bag. This point

was reached about 60 minutes from the start of

thawing. The siphon line was the clamped and the

residual material was allowed to thaw in the bag

until a few ice crystals remained. The thawed

plasma was then transferred to polycarbonate bottles

and centrifuged for 80,000 g min. in a Sorvall RC-2B

centrifuge. The supernatant was decanted completely

and combined with the supernatant obtained from

siphoning. The cryoprecipitate was dissolved in

10 ml of citrate-saline.

Small scale cryoprecipitation of plasmas of different

composition:

1. Preparation of plasma of different ionic strengths.

Low ionic strength; 10 ml plasma aliquots were

dialysed against 5 litres of distilled water for

4 hours at room temperature. Control samples were

held at room temperature for the same period, and

then adjusted to the same volume with isotonic saline.
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High ionic strength: 10 ml plasma aliquots were

made to 2% NaCl by addition of solid crystals of NaCl

and stirring until dissolution was observed.

2. Preparation of plasma of low albumin content.

Albumin poor plasma was prepared by gel filtration

of 20 mis of plasma on a column (70 x 1.5 cms) of

Sepharose CL-4B (Pharmacia). The column was eluted

with citrate-saline pH 6.9. 6 ml fractions were

collected and assayed for VIII:C, VIIIR:Ag, fibrin¬

ogen and fibronectin as described in Chapter II.

Total protein was assayed by measuring the absorbance

of fractions at 280 nm. Fractions containing the

bulk of VIIIR:Ag, fibrinogen and fibronectin were

pooled and concentrated to 20 ml by ultrafiltration

on an Amicon PM-10 membrane. A control sample was

allowed to stand at room temperature for the length

of the procedure, which took about 22 hours from

when the plasma was collected.

3. Preparation of fibrinogen-depleted plasma. 10 ml

plasma aliquots were clotted with 0.5 mis of

Reptilase reagent (Pentapharm) at 37°C for 1 hour.

The resultant clots were removed with a thin wooden

stick, the clot being squeezed to express any

entrapped fluid. Controls were incubated for the

same period with 0.5 ml V of saline.

4. Preparation of fibronectin-depleted plasma. 10 ml

plasma aliquots were batch adsorbed with gelatin-

agarose (3 ml settled gel; prepared as in



Chapter II) for 3 hours at room temperature. Control

were adsorbed with 3 ml of Sepharose 4B. The

plasma was separated after centrifugation for 20,000

min.

The small aliquots of plasma prepared as

described above were frozen in a -40°C cabinet freezer.

Cryoprecipitate was prepared by thawing in a 4°C water

bath, centrifugation for 20,000 g min. at 4°C and

solution of the cryo in 1 ml of citrate-saline.

Salt precipitation of plasma (Poison and Ruiz Bravo 1972)

Aliquots of plasma were made 20% (w/w) NaCl by

addition of solid NaCl at room temperature with constant

stirring. After 15 minutes at room temperature, the

mixtures were centrifuged for 13,000 g min. and the

precipitate was dissolved in 0.1 of the plasma volume of

citrate-saline.

Polymer induced precipitation of plasma:

Polymer stock solutions were made by dissolving 40% w/w

of polymer in isotonic saline. The following polymers

were used: polyethylene glycol (PEG) Mn = 6000 (Union

Carbide); polyvinylpyrrolidone Mn = 10,000 and Mn =

40,000 (PVP 10, PVP 40) (Sigma); Dextran T 70, Dextran

T 150 and Ficoll 70 (Pharmacia Fine Chemicals); hydro-

xyethyl starch Mn = 40,000, Mn = 350,000 and Mn = 450,000

(HES 40, HES 350, HES 450) were generously supplied by

the Army Blood Supply Depot, Aldershot. A 40% stock

solution of human albumin was made by concentrating a

20% solution (Immuno) by ultrafiltration on an Amicon



179

PM-10 membrane.

Polymer induced precipitation: Dilutions of stock

polymer solutions were added to plasma until the desired

final concentration was reached. The mixtures were

then held under the conditions described in Results,

after which the precipitates formed were sedimented by

centrifugation for 13,000 g min. Experiments were

performed on small scale (20 ml volumes of plasma) and

the conditions derived were used to process medium scale

volumes (200-1500 ml ).

Plasma concentration and cold precipitation: Plasma

was concentrated by ultrafiltration on an Amicon PM-10

membrane or by dialysis against 50% PEG 6000 in 20 mM

Tris, 150 mM NaCl, pH 7.2 as described by Owen and

Wagner (1972). The concentrated plasma was then held

at 0°C (melting ice bath) for 30 minutes, centrifuged

for 13,000 g min. at 4°C and the resultant precipitate

dissolved in 0.1 of the original volume of buffer as

specified in Results.



TABLE5-1EFFECTOFHEPARINONFAST-THAWCRYOPRECIPITATE Conditions

n

VIII:CYield u/kgplasma

VIIIR:AgYield u/kgplasma

FibrinogenYield mg/kgplasma

SpecificActivityVIII:C u/mgprotein

Noheparinadded
3

364±53.5

529±55

678±73

0.13±0.03

Heparinaddedto plasma,1u/ml

3

347±74

519±58

678±89

0.12±0.03

Heparinaddedto plasma,5u/ml

1

435

680

690

0.11

Heparinaddedto bloodbagpre- donation,2u/ml inplasma*
2

475

608

730

0.18

Cryoprecipitatewasproducedbyfast-thawingandcentrifugationofplasmabagsfor 36,000gmin.asdescribedinMethods Resultsshowmeanandstandarddeviationofexperimentsusingplasmapoolsof6donations *HeparinwasintroducedinthebloodbagwithCPDanticoagulantbeforedonation, soastoresultinaconcentrationofabout2u/mlintheplasma



TABLE5-2EFFECTOFHEPARINONTHAW-SIPHON/CENTRIFUGECRYOPRECIPITATE Conditions

n

VIII:CYield u/kgplasma

VIIIR:AgYield u/kgplasma

FibrinogenYield mg/kgplasma

SpecificActivityVIII:C u/mgprotein

Noheparinadded

3

637±150

690±165

505±84

0.74±0.19

1u/mlheparinadded 1hourpostdonation
3

625±126

699±142

512±123

0.70±0.1

1u/mlheparinadded 3hourspostdonation
3

637±163

672±128

537±83

0.71±0.14

Resultsshowmeanandstandarddeviationofexperimentsusingplasmapoolsof
6donations



TABLE5-3EFFECTOFANTICOAGULANTONCHARACTERISTICSOFFAST-THAWCRYOPRECIPITATE Anti¬ coagulant

n

VIII:CYield u/kgplasma

VIIIR:AgYield u/kgplasma

FibrinogenYield mg/kgplasma

SpecificActivityVIII:C u/mgprotein

CPD

6

386±120

580±135

680±136

0.12±0.04

Heparin*

6

533±156

641±150

735±187

0.09±0.02

Resultsshowmeanandstandarddeviationofexperimentsusingsingle,unpooled donations
*Heparininthebloodbagwasatanamountwhichgaveaconcentrationof5u/ml intheblood



TABLE5-4EFFECTOFPEG6000ONCHARACTERISTICSOFFAST-THAWCRYOPRECIPITATE Conditions

n

VIII:CYield u/kgplasma

VIIIR:AgYield u/kgplasma

FibrinogenYield mg/kgplasma

SpecificActivityVIII:C u/mgprotein

NoPEGadded

5

591±153

796±284

490±111

0.6±0.15

PEGaddedto1% w/winplasma

6

563±123

667±172

906±210*

0.32±0.04*

Cryoprecipitatewasproducedbyfast-thawingandtransferofthawedplasmatobottles forcentrifugationfor80,000gmin.asdescribedinMethods Resultsshowmeanandstandarddeviationofexperimentsusingsingle,unpooleddonations
*Significantlydifferentfromnon-PEGassistedcryoprecipitationp<0.01



RESULTS

(A) EFFECT OF HEPARIN ON CRYOPRECIPITATE FACTOR VIII

YIELDS

Table 5-1 shows that addition of heparin to

CPD plasma had no effect on the factor VIII yield in

fast-thaw cryoprecipitate. Increasing the amount of

heparin added did not improve yield and neither did

adding heparin to the anticoagulant in the blood bag

instead of addition to the plasma after separation.

Using the thaw-siphon/centrifugation technique

VIII:C yields were significantly increased compared to

yields using the fast-thaw method (p < 0.05) (Table 5-2)

Addition of heparin to the plasma did not affect yields.

Delaying addition of heparin until 3 hours after the

initial donation also did not affect yields.

Collection of blood in heparin anticoagulant

resulted in increased yields of cryo VIII:C compared to

collection in CPD (Table 5-3) but the difference was not

significant.

(B) EFFECT OF POLYETHYLENE GLYCOL (P.E.G.) ON CRYO¬

PRECIPITATE FACTOR VIII YIELDS

Table 5-4 shows the characteristics of cryo¬

precipitate prepared by the fast-thaw technique with

hard centrifugation and complete drainage of the super¬

natant. Addition of PEG 6000 to plasma to a final

concentration of 1% w/w did not increase VIII:C yields,

but the amount of fibrinogen in the cryoprecipitate was



TABLE5-5SALTPRECIPITATIONOFPLASMA Numberof Experiments
Plasma Volume

VIII:CYield u/kgplasma

VIIIR:AgYield u/kgplasma

FibrinogenYield mg/kgplasma

SpecificActivityProtein VIII:Cu/mg

3

253±75

378±85

812±23

2350±424

0.14±0.02

Resultsshowcharacteristicsofprecipitatesobtainedbyplasmaprecipitationwith 20%NaCl Resultsarethemeanandstandarddeviationofexperimentsusingplasmapoolsfrom
6differentdonors



TABLE5-6CHARACTERISTICSOFPLASMAOFDIFFERENTCOMPOSITION Variable Investigated

VIII:C u/ml

VIIIR:Ag u/ml

Fibrinogen mg/ml

Fibronectin mg/ml

Total Protein mg/ml

Conductivity mMho

A)IonicStrength:
Control* Low

0.96±0.18 1.1±0.22
1.0±0.25 1.1±0.28
2.3±0.8 2.3±0.6

0.36±0.10 0.38±0.15

56±9 54±7

7.65±0.2 1.27±0.05

B)ProteinContent: Control Low

0.73 <0.05

1.04 0.72

2.85 1.57

0.24 0.16

47 14

7.5 7.7

C)Fibrinogen Content:
Control Low

1.23±0.3 1.23±0.14
1.24±0.2 1.1±0.21
3.1±0.15 1.4±0.4xl0-2
0.49±0.21 0.33±0.11

61±10 59±6

7.7±0.1 7.6±0.1

D)Fibronectin Content:„
Control Low

0.98±0.14 1.1±0.2

1.07±0.14 1.21±0.14
2.31±0.35 3.24±1.29

0.25±0.03 4.6±0.5xl0-3
63±12 63±17

7.6±0.3 7.5±0.2

PlasmaandcontrolswerepreparedasdescribedinMethods.Allresultsshowthemeanand standarddeviationof6differentplasmaexcept(B)where2separateexperimentswere performed,eachfromaplasmapoolof6donations. *Highionicstrengthplasmahadthesamecharacteristicsbuthadaconductivityof24.8mMho +Assumingmormalpooledplasma=0.33mg/ml(MossesonandAmrani1980).



TABLE5-7EFFECTOFPLASMACOMPOSITIONONCRYOPRECIPITATE PlasmaType

VIII:C

VIIIR:Ag

Fibrinogen

Fibronectin

YieldinCryo
YieldinCryo
YieldinCryo
YieldinCryo

%plasma

%plasma

%plasma

%plasma

PhysiologicIonicStrength
47±4

64±12

34±17

56±22

LowIonicStrength

60±13

51±6

42±14

34±12

HighIonicStrength

5±2

32±19

19±7

89±47

PhysiologicProteinContent
53

84

50

94

LowProteinContent

*

10

2

2

PhysiologicFibrinogenLevel
47±8

73±24

55±28

68±26

LowFibrinogen

11±6

11±6

92±33

13±26

PhysiologicFibronectinLevel
42+4

48±20

32±6

88±23

LowFibronectin

3±1

5+3

2±1

25

Cryoprecipitatewaspreparedbythawingina4°Cwaterbath,centrifugationandsolution oftheprecipitatesin1mlof15mMcitrate,150mMNaCl,pH6.9 *PlasmaVIII:Clevelwasinitiallyverylowandyieldscouldnotbemeasured
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significantly increased (p < 0.01). The specific

activity of cryo VIII:C was also significantly lowered

(p < 0.01) when PEG was added to the plasma.

(C) PLASMA PRECIPITATION WITH NaCl

Table 5-5 summarises the characteristics of the

precipitate obtained by adding NaCl to a final plasma

concentration of 20% w/w. Although most of the VIIIR:Ag

precipitated, the VIII:C yield was comparatively poor.

Most of the plasma fibrinogen also precipitated, leading

to a low specific activity of VIII:C in the precipitate.

It was also noticed that the precipitates showed great

instability, with clotting occurring after one cycle of

freeze-thawing.

(D) CRYOPRECIPITATION OF PLASMAS OF DIFFERENT

COMPOSITION

Table 5-6 lists the characteristics of 'plasma'

of different composition prepared as described in

Methods. Table 5-7 shows the effect of these differences

on the characteristics of cryoprecipitate.

1. Plasma of different ionic strengths:

Decreasing the ionic strength of plasma by

dialysis increased the yield of VIII:C in cryo but

the difference compared to an untreated control was

not significant. Increasing the plasma ionic

strength by salt addition however resulted in signi¬

ficantly decreased yields of cryo VIII:C (p < 0.001)

and fibrinogen (p < 0.05). Cryo VIIIRrAg was also



FIGURE 5-1

GEL FILTRATION OF 20 mis POOLED CPD PLASMA ON

SEPHAROSE CL-4B COLUMN (70 x 1.5 cm)

Elution was with 15 mM citrate, 150 mM NaCl, pH 6.9

at 35 ml /hour. 6 ml fractions were collected.

The positions of elution of VIIIRrAg, fibrinogen and

fibronectin are shown. Fractions containing the

bulk of these proteins were pooled as shown and

concentrated as described in Methods.
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decreased, although not to the same extent as VIII:C,

while fibronectin yield was unaffected. It was

noted that some degree of clotting had occurred in

the cryo from high ionic strength plasma after

removal of the cryosupernatant.

Plasma of low protein content:

Gel filtration of plasma on Sepharose CL-4B

gave the elution pattern shown in Figure 5-1. The

relatively large sample:column volume ratio did not

permit sharp separation of the main proteins

according to their molecular weights. Nevertheless,

by pooling the fractions shown and concentrating them

to the initial volume, a low protein plasma with the

characteristics shown in Table 5-6 was obtained.

Although this material was somewhat depleted in

fibrinogen and fibronectin, substantial amounts of

these cryoprecipitable proteins were present, as was

VHIR:Ag. The production method led to loss of

most of the VIII:C however. Such protein-poor

plasma gave a very small cryoprecipitate, with low

levels of all the normally cryoprecipitable proteins.

Fibrinogen depleted plasma:

Clotting with Reptilase allowed fibrinogen

removal without affecting VIII:C (Funk et al 1971)

(Table 5-6). Cryoprecipitation gave low levels of

the other cryo-proteins, factor VIII and fibronectin

(Table 5-7) in the precipitate.
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FIGURE 5-2

SMALL SCALE PRECIPITATION OF CPD PLASMA WITH

HYDROPHILIC POLYMERS

20 ml aliquots of plasma were made to the appropriate

polymer concentration and held for 2 hours in

melting ice. The precipitates were then recovered

by centrifugation for 13,000 g min. at 4°C,

dissolved in 2 ml of 60 mM NaCl, 130 mM glycine,

70 mM dextrose, 20 mM citrate, pH 6.8 ('glycine-

dextrose' buffer) and stored at -40°C

0 0 VIII: C

• • VIIIR:Ag

1 A Fibrinogen

□ □ Total protein
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4. Fibronectin depleted plasma:

Adsorbtion of plasma with gelatin-agarose

resulted in specific depletion of fibronectin

(Table 5-6). Subsequent cryoprecipitation led to

low yields of all the cryo-proteins in the precipi¬

tate (Table 5-7).

(E) POLYMER INDUCED COLD PRECIPITATION OF PLASMA

1. Small scale precipitation:

Preliminary observations indicated that

certain polymers formed precipitates when added to

plasma at low temperatures. Figure 5-2 shows dose

response results for the various polymers when

tested on 20 ml amounts of plasma under the conditions

described. All polymers tested produced selective

precipitation of VIII:C and VIIIR:Ag, but some

resulted in a better purification than others. In

particular, the various hydroxyethyl starches and

Ficoll 70 gave quantitative recoveries of VIII:C and

VIIIR:Ag at concentrations which produced minimal

precipitation of fibrinogen and total protein. At

higher concentrations, increased fibrinogen precipi¬

tation was observed and, in the case of HES 350 and

HES 450, the precipitates were somewhat insoluble.

At concentrations of between 2 and 4%, maximal

recovery and purification of factor VIII was obtained.

Other polymers were found to be less

selective. Except at the lowest concentrations

tested, PEG precipitated factor VIII and fibrinogen
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FIGURE 5-3

SMALL SCALE PRECIPITATION OF CPD PLASMA WITH HUMAN

ALBUMIN

Conditions for precipitation and recovery of

precipitates were as in Figure 5-2.



Recoveryinprecipitates (°/0initialvalue)
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TABLE5-8SMALLSCALE(20ml)POLYMERPRECIPITATIONOFFRESHPLASMA.CONDITIONSFOROPTIMALFACTORVIII PURIFICATION
Polymer

Final Concentration (%w/w)

n

VIII:C u(%yield)
VIIIR:Ag u(%yield)
Fibrinogen mg(%yield)
Total Protein mg(%yield)
Specific Activity u/mg

HES40

4

6

14.2(89)*

19.4(108)

5.4(9)

24(2)

0.59

HES350

3

6

14.9(93)

17.1(95)

5.4(9)

12(1)

1.24

HES450

2

3

13.6(85)

15.5(86)

5.4(9)

48(4)

0.28

DextranT-70

2

4

12.6(79)

13(72)

4.2(7)

36(3)

0.35

DextranT-150

3

4

11.7(73)

14.4(80)

4.2(7)

36(3)

0.33

PVP10

3

5

6.7(42)

15.8(88)

10.8(18)

48(4)

0.14

PVP40

2

4

9.8(61)

14.4(80)

4.8(8)

24(2)

0.41

Ficoll70

4

-5

14.6(91)

15.5(86)

4.8(8)

48(4)

0.30

PEG6000

2

3

9.8(61)

12.8(71)

18.6(31)

96(8)

0.10

Percoll

3.5

3

4.3(27)

9(50)

0.7(1.1)

12(1)

0.36

HumanAlbumin

6

7

14.2(89)

15.8(88)

4.8(8)

24(2)

0.59

Resultspresentedasthemeanamountsoftherespectiveactivitiesrecoveredinthe precipitates,withtherespectiveyieldsas%ofstartingplasmainbrackets
*Toallowclaritystandarddeviationshavenotbeenshownabovebutweretypically ±15percentfromthemeanvaluesshown



TABLE5-9MEDIUMSCALEPOLYMERPRECIPITATIONOFFRESHPLASMA Process

n

VIII:C u/kg

VIII:CAg u/kg

VIIIR u/kg

Ag

Fibrinogen mg/kg

Fibronectin mg/kg

Total Protein mg/kg

Specific Activity u/mg

A)TwoHour Incubation: 4%HES40

8

576±146
576±108
990±

250

448±84

168±92

744±186

0.93+0.21

4%Ficoll70
6

568±138
522±171
750±

230

420±112

N.D.

868±310

0.84+0.23

B)Overnight Incubation: 4%HES40

2

525

N.D.

960

616

N.D.

2604±806
0.24±0.06

4%Ficoll70
6

421±163
540±207
980±

170

840±336

N.D.

2170±1054
0.21±0.15

Resultsshowyieldsoverplasmavaluesimmediatelypost-donation.Precipitateswere harvestedaftertheappropriateincubationperiodat0°Cbycentrifugationfor80,000gmin. at0°Candwerethendissolvedin0.03plasmavolumesof0.06MNaCl,0.13Mglycine, 0.07Mdextrose,0.02McitratepH6.8 N.D.notdetermined



together and formed very insoluble precipitates.

Precipitates obtained by dextran addition were

sparingly soluble in the buffer used. Dextran

solutions tended to be very viscous and polymer was

retained in the precipitate. Since no attempt was

made to wash these precipitates, the insolubility

could be due to retention of dextran. Precipitates

obtained with PVP were unstable as some clotting was

observed upon freezing and thawing samples.

Precipitation of factor VIII from plasma

by albumin addition is shown in Figure 5-3. At

final concentrations of between 5 and 6% added

albumin, virtually complete precipitation of factor

VIII was obtained with little fibrinogen or other

proteins being precipitated.

Table 5-8 summarises the optimal

conditions for factor VIII precipitation on a small

scale (20 ml ) .

Medium scale precipitation:

The optimal conditions derived for small

scale precipitation were applied to plasma precipi¬

tation on a medium scale (between 400 and 1800 ml ).

The effect of an overnight incubation at 0°C as well

as the standard 2 hour one was also investigated.

The results are summarised in Table 5-9. Precipi¬

tations on a medium scale for 2 hours resulted in

concentrates containing the bulk of the factor VIII

with little contaminating proteins. Overnight



TABLE5-10EFFECTOFANTICOAGULANTONPOLYMERPRECIPITATIONOFPLASMA Anticoagulant
VIII:CYield
FibrinogenYield
SpecificActivityVIII:C

u/kgplasma

mg/kgplasma

u/mgprotein

CPD

590±85

525±180

0.82±0.±8

Heparin*

(630±120)+
(1525±295)

(0.32±0.16)

Sixdonationsofeachanticoagulantwereprocessed.Precipitation with4%Ficollwascarriedoutwithplasmainpolythenebottlesat 0°Cfortwohours.Thebottleswerethencentrifugedfor 80,000gmin.anddissolvedin0.05plasmavolumesofglycine- dextrosebuffer.Resultsshowmeanandstandarddeviation. *Bloodwascollectedinheparintoafinalconcentrationof5u/ml +Analyseswereonlypossibleonplasmaandcoldsupernatant samples,astheprecipitateswereinsoluble.Resultsshowthe estimatedprecipitatevaluesdescribedasthedifferencebetween theplasmaandthesupernatant.Thesedataarethusonly approximate.
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incubation, however, resulted in decreased yields of

VIII:C and increased precipitation of other proteins.

3. Medium scale precipitation of plasma collected in

different anticoagulants:

• Six donations of CPD plasma were made 4%

with respect to Ficoll 70, and incubated for 2 hours

at 0°C. The resulting precipitates had the charac¬

teristics shown in Table 5-10. Six donations of

heparin plasma were similarly processed, but the

precipitates obtained were observed to be much

denser than those from CPD plasma. These precipi¬

tates proved very difficult to dissolve even at 37°C,

and reprecipitation occurred at room temperature.

Table 5-10 shows that in heparin plasma, considerably

more fibrinogen was precipitated than from CPD plasma.

(F) USE OF HES 40 TO PRODUCE A BLOOD BANK FACTOR VIII

CONCENTRATE

Table 5-11 shows the characteristics of a

concentrate prepared from a plasma pool of 1800 mis by

cold precipitation with 4% HES 40. The resulting

precipitate was processed according to the method of

Newman et al (1971) for bulk cryoprecipitate, i.e. by

extraction into 20 mM Tris-HCl pH 7 at 20°C, addition of

20 mM citrate, pH adjustment to pH 7 and freeze-drying.

Adsorbtion with alumina was not performed in this

experiment. Upon reconstituting the freeze-dried

concentrate, only 60% of the VIII:C that was aliquoted

into the vial was recovered.



TABLE5-11PREPARATIONOFFREEZE-DRIEDFACTORVIIICONCENTRATEUSINGHES40 Sample

VI11:C u/ml

VIII:C
%yield

VIII:CAg u/ml

Fibrinogen mg/ml

Protein mg/ml

SpecificActivityVIII:C u/mg

Plasma

0.92

100

0.98

2.44

56

0.016

Supernatant

0.3

34.4

0.39

2.12

54

0.006

Dissolvedprecipitate
18.5

60.3

15.6

8.8

20.2

0.92

Driedprecipitate reconstitutedin dispensedvolume
10.9

36.2

14.9

8.4

21.7

0.50

A6donationpoolof1800misofCPDplasmawascoldprecipitatedwith4%HES40 for2hours.Theprecipitatewasrecoveredbycentrifugationfor45,000gmin. at4°C,extractedinto20mMTrispH7,made20mMcitrateandfreeze-driedover 3days.Thedriedpowderwasreconstitutedindistilledwatertotheoriginal dispensedvolume.



TABLE 5-12 PRODUCTION OF FACTOR VIII CONCENTRATES USING 4% HES 40

PRECIPITATION

Component
VIII :C

u/ml pH

1) Dissolved precipitate 10.5 ± 3.8 6.9 ± 0.1

2) Dried precipitate dissolved in 10.3 ± 4.5 7.2 ± 0.06

dispensed volume

3) Dissolved precipitate adsorbed 9.8 ± 2.4 6.8 ± 0.08
with A1(0H)3

4) Dried adsorbed precipitate 10.2 ± 3.5 7.3 ± 0.14
dissolved in dispensed volume

5) (1) after 24 hours at 22°C 8.2 ± 4.0 6.9 ± 0.17

6) (2) after 24 hours at 22°C 5.7 ± 2.6 7.4 ± 0.12

7) (3) after 24 hours at 22°C 8.3 ± 1.9 7.0 ± 0.03

8) (4) after 24 hours at 22°C 5.9 ± 3.6 7.5 ± 0.19

Six donations of CPD plasma were each precipitated with
4% HES 40. The precipitates were each dissolved in 16 ml.
of glycine-dextrose buffer pH 6.8. One portion (7 ml ) of
each dissolved precipitate was freeze-dried, the other
(7 ml) portion was adsorbed with alumina, the pH was
adjusted to about 6.9 and it was then freeze-dried.



TABLE 5-13 CHARACTERISTICS OF FREEZE-DRIED HES 40 PRECIPITATE

OF PLASMA

Freeze-dried material from 12 individual donations was

reconstituted to 10 u FVIII:C/ml and had the following

characteristics:

Factor VIII:C

Factor VIII:CAg

Factor VIIIR:Ag

Factor VIIIR:RCF

Fibrinogen

Fibronectin

Total Protein

PH

Conductivity

At Reconstitution

After 6 hours

After 24 hours

Recovery from Plasma

Specific Activity

9.6 ± 2.7 u/ml

9.2 ±1.9 u/ml

6.5 ± 2.4 u/ml

594 u/kg
0.67 ± 0.2 u/mg

8 ±2.8 u/ml

14 ±4.6 u/ml

14.3 ±5.2 u/ml

8.7 ± 3.2 mg/ml

3.2 ± 1.1 mg/ml

14.4 ± 1.5 mg/ml

6.8 ± 0.03

5 ±0.2 mMho

(Material from 4% HES 40 precipitation was dissolved in
0.06 M sodium chloride, 0.13 M glycine 0.07 M dextrose,
0.02 M citrate pH 6.5, and freeze-dried)



It was felt that the Tris buffer used for

extracting the HES precipitate might be unsuitable for

freeze-drying. The HES precipitate had a much higher

specific activity than the bulk cryoprecipitate which is

usually extracted into Tris buffer. A further experi¬

ment was performed in which 6 individual CPD plasma

donations were each precipitated with 4% HES 40 at 0°C.

The resulting precipitates were dissolved in a glycine-

dextrose buffer (Milligan et al 1981) at 37°C, and

freeze-dried. Table 5-12 shows the characteristics of

these precipitates. Stability over freeze-drying was

much improved using the glycine-dextrose buffer. However,

stability of the reconstituted material over 24 hours was

rather poor, with only 55% of the VIII:C immediately

after reconsititution remaining after 24 hours.

Adsorbtion of the initial dissolved precipitate with

alumina did not improve stability. The pH of the

reconstituted product was above 7 (Table 5-12) and rose .

further during incubation. It was felt that a lower

pH might improve VIII:C stability. In a further experi¬

ment, the pH of the dissolved precipitates was adjusted

to 6.6 prior to freeze-drying. This resulted in a pH

of about 6.8 upon reconstitution. Table 5-13 lists

the characteristics of concentrates from 12 individual

donations processed in this manner. As can be seen, pH

adjustment increased the 24 hour post-reconstitution

stability to 68%, a difference which was significant

(p < 0.05). Figure 5-4 shows the two-dimensional
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FIGURE 5-4

TWO-DIMENSIONAL IMMUNOELECTROPHORESIS OF VIIIR:Ag IN

FRACTIONS PRODUCED BY 4% HES-40 PRECIPITATION OF

PLASMA

Electrophoresis was at 200 V for 6 hours and 120 V for

18 hours in the first and second dimensions

respectively. The anode was to the right in the

first dimension and at the top in the second dimension.

Antiserum concentration in the second dimension was

0.2%.
The arc produced by the supernatant fraction was traced over wit

a pen in order to improve clarity.
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TABLE5-14PURIFICATIONOFFACTORVIIIBYCONCENTRATIONOFPLASMAPROTEINANDSUBSEQUENTCOOLING Methodof Concentration

N

VIII:C u/kg

VIIIR:Ag u/kg

Fibrinogen mg/kg

Fibronectin mg/kg

SpecificActivity u/mg

Dialysisvs50%PEG
1*

414

738

216

274

0.85

Ultrafiltrationon PM-10Membrane

4+

772±148

801±162

116

N.D.

1.53±0.41

*Plasmavolumewas1200ml, +Plasmavolumesaveraged320ml Plasmawasconcentratedtoabout55%oftheinitialvolume.Concentratedplasmawas heldat0°Cfor30min.andcentrifugedfor30,000gmin.at0°C.Precipitateswere dissolvedin0.03plasmavolumesofglycine-dextrosebuffer

o

co



immunoelectrophoretic pattern of the VIIIR:Ag in the 4%

HES supernatant and precipitate. It can be seen that

slower migrating forms of VIIIRrAg are concentrated in

the precipitate, with fast-migrating forms being left in

the supernatant.

(G) PLASMA CONCENTRATION AND COLD PRECIPITATION

Two methods were used to concentrate plasma

protein by water removal:dialysis against concentrated

PEG and ultrafiltration on a polycarbonate membrane.

The concentrated plasma was then incubated at 0°C and

the resultant precipitates were dissolved in glycine-

dextrose buffer. Table 5-14 shows the results. The

one experiment utilising dialysis gave a rather low

yield in VIII:C, although most of the VIIIR:Ag was

precipitated. Concentration using ultrafiltration gave

a very good purification of VIII:C at high yield, but

using the equipment available took over 6 hours to effect

a two-fold concentration of the plasma.
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DISCUSSION

Most studies reporting on the routine

production of cryoprecipitate agree that a yield of 40-

60% of the plasma VIII:C is the best that can be obtained

(Kasper et al 1975, Slichter et al 1976). Any factors

that increase VIII:C yields in cryoprecipitate without

affecting the production of other blood components are

bound to have a profound effect on the logistics of

haemophilia care. The recent association of develop¬

ment of the AIDS syndrome with use of commercial

concentrates has resulted in increased use of cryo¬

precipitate in the United States (Sandler and Katz 1984).

Thus, it is likely that efforts to improve cryoprecipitate

quality will continue.

This study does not support the claim that

addition of heparin to CPD plasma increases VIII:C cryo¬

precipitate yields (Rock et al1980b, Hanratty 1983).

Addition of heparin might be assumed to inhibit any

thrombin present in the plasma, and thus prevent the

long known degradation of VIII:C by thrombin (Rapaport

et al 1963). Indeed, the amount of heparin used

(1 u/ml) has been shown to inhibit totally the effect of

exogenously added thrombin on VIII:C in plasma (Sussman

and Weiss 1978). However, thrombin formation in fresh

plasma used in this study is minimal, as evinced by low

FpA levels (Chapter III) and heparin did not affect the

yield of VIII:C in cryoprecipitate. Collecting blood

directly into heparin/CPD anticoagulant also did not



affect VIII:C yields (Table 5-1), thus negating the

possibility that thrombin formation had occurred during

plasma production and heparin had been added too late to

prevent VIII:C degradation. It has also been observed

that antithrombin III is not concentrated in cryoprecipi-

tate (Cosgriff et al 1983) making it unlikely that heparin

can prevent VIII:C degradation even if thrombin generation

occurred during cryoprecipitate production. It is thus

difficult to explain the studies cited which claim

benefit in adding heparin. It has been suggested that

rather than working through a protective effect on VIII:C

from the action of thrombin, heparin acts by increasing

the physical cryoprecipitability of factor VIII and

other proteins (Rock 1983b). However, the results of

the present study show that provided cryo separation is

efficient, VIIIR:Ag yields approach 800 u/kg of plasma

without heparin addition (Table 5-4) suggesting that

VIII:C loss under these conditions is by inactivation.

Rock (1983b) claims that heparin increases the amount of

fibrinogen and total protein in the cryo, but the data

from the present study and others (Smit-Sibinga 1983) do

not confirm this. It should be noted that Rock reports

a yield of 9% in cryo-fibrinogen derived from CPD plasma,

a value that must be considered abnormally low. Yields

of 20 to 30% as found in the present study are the

normal range for cryo-fibrinogen. The study reported

by one of the groups (Hanratty 1982) uses the thaw-siphon/

centrifugation technique to produce cryoprecipitate. As



shown in this study, use of this technique leads to

increased VIII:C yields without heparin addition. It

has been claimed that addition of heparin to CPD plasma

must be made immediatley after donation if good results

are to be obtained. The data in this study, however,

find no effect of heparin addition upon donation, or one

hour and 3 hours after (Tables 5-1 and 5-2).

One factor resulting in low VIII:C yields is

loss by redissolving into the cryosupernatant. This is

shown by decreased yields in VIII:C and VIIIR:Ag using

fast-thawing compared to thaw-siphon/centrifugation

(Tables 5-1 and 5-2). Using the latter technique,

supernatant plasma is removed continuously throughout

most of the thawing period, thus minimising loss of

cryoprecipitate through redissolving. In the fast-

thawing method, cryoprecipitate remains suspended in

supernatant plasma throughout thawing, allowing re¬

dissolving. The conditions for the final separation of

cryoprecipitate are however also of importance. Thus,

when centrifuging bags of thawed plasma after fast-

thawing, it was observed that the cryoprecipitate often

failed to sediment fully, with fragments of precipitate

remaining floating in the supernatant. This is probably

due to an insufficiently hard centrifugation using the

Mistral machine, and to cryoprecipitate fragments being

trapped in creases in the plasma bag. Substantially

improved yields were obtained by transferring fast-

thawed plasma to polycarbonate bottles and using harder



z IJ

centrifugation. Using this latter technique, drainage

of the supernatant could be effected much more efficiently

than in bags, so that the cryo obtained had a much higher

specific activity (Tables 5-3 and 5-4).

Collection of blood in heparin led to increased

VIII:C yields in cryo, although compared to a group of

CPD donations the difference was not significant (Table

5-3). In this experiment, sedimentation was achieved

by spinning the bags of thawed plasma, with the problems

noted above. This might explain why the yields are

lower than reported by other studies (Rock et al 1979,

Smit-Sibinga et al 1981).

Transferring of thawed plasma from plastic

bags to bottles for centrifugation would involve

abandoning the closed plastic bag system. At the same

time, adoption of bottles for the whole process of plasma

processing to cryo cannot be recommended, as freezing

and thawing plasma in bottles would greatly prolong

freezing and thawing times, with possible resultant loss

in yield. Use of the plastic bag has the advantage

that the plasma is frozen and thawed as a flat slab, and

the thin bag ensures quick freezing and thawing. It

might be possible to adopt the approach described of

transferring thawed plasma to bottles but checks for

sterility would be essential. Hanratty (1982,1983) has

shown that use of such an open system can maintain

sterility, using a sterile room and laminar flow cabinets.

Addition of PEG to 1% did not result in



improved VIII:C yields, in contrast to the findings of

Johnson et al (1979). Fibrinogen in the cryoprecipitate,

however, was greatly increased and specific activity of

VIII:C was reduced. PEG addition led to the formation

of heavier cryoprecipitates, which might sediment better

during low speed centrifugation and lead to higher

yields. Using adequate centrifugation, however, no

benefit was obtained.

The findings shown in Table 5-7 do not support

the suggestion of Poison (1972) that cryoprecipitation

involves a form of salting-out of proteins. Decreasing

the salt content of plasma had no effect on cryoprecipi¬

tate composition, while increasing the ionic strength

depressed cryoprecipitation, possibly by dissolution of

cryo-proteins into plasma, after thawing at this salt

concentration (Smith et al 1979). Decreasing the

protein content of plasma greatly decreased cryoprecipi¬

tation. Owen and Wagner (1972) have suggested that a

steric exclusion of high molecular weight proteins by

increasing concentrations of low molecular proteins

during freezing is responsible for the precipitation of

cryo-proteins such as factor VIII, fibrinogen and fibro-

nectin. This is also supported by the precipitation of

factor VIII upon addition of albumin to plasma (Figure

5-3), and by precipitation of cryo-proteins upon

increasing the plasma protein concentration (Table 5—14) -

The findings in this study indicate that both of the

other major cryo-proteins (fibrinogen and fibronectin)
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are necessary for efficient factor VIII cryoprecipitation

to occur, a finding noted in one other report (Mazurier

et al 1983). The cold precipitation of plasma factor

VIII and fibronectin (Chapter III) also points to a cold

induced association of these proteins.

Alternatives to cryoprecipitation as a means

of concentrating plasma factor VIII were investigated.

Addition of NaCl to plasma, as described by Poison and

Ruiz-Bravo (1972) was not an effective method, as low

yields of VIII:C associated with unstable precipitates

were obtained. This method is also unsuitable because

it would preclude use of the supernatant plasma as a

volume expander or for further fractionation, due to the

high salt content.

Use of hydrophilic polymers led to more

promising results (Figure 5-2). Precipitation of

chilled citrated plasma with albumin, HES or Ficoll 70

was particularly effective and allowed a single-step

purification of factor VIII at a specific activity of

0.5 to 1.0 units/mg protein in greater than 80% yield,

in 2 hours. Casillas and Simonetti (1982) have reported

that the use of PVP also results in good factor VIII

purification. In the present study, however, precipi¬

tates obtained with PVP tended to clot, possibly due to

the presence of impurities in the polymer (Zuber and

Morgenthaler 1982). The other polymers tested, while

resulting in selective precipitation of factor VIII,

gave inferior results to those described above. Previous
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studies by Alexander et al (1975,1978) with low concen¬

trations of polymers added to chilled plasma indicated

that prolonged incubation (48 hours) resulted in

precipitation of fibrinogen and factor VIII with

dextran. Although no data was given, HES was stated to

be a less efficient precipitant, while albumin was found

to be ineffective. In the present study, both HES and

albumin were found to be effective agents for precipi¬

tating factor VIII selectively. The experimental

conditions used by Alexander et al differed from those

used in this study and this could explain these

discrepancies.

It seems likely that the mechanism of precipi¬

tation by the polymers described in this study is a

molecular exclusion process similar to that described

for dextran (Laurent 1963) and PEG (Juckes 1971). In

this regard, it may be significant that the discrimin¬

ation between factor VIII and fibrinogen/total protein

was worst with a linear flexible polymer - PEG - while

compact polymers such as Ficoll 70 and albumin gave much

better discrimination. HES has a branched structure

leading to a more compact shape, and this polymer was

also found to be a selective precipitant of factor VIII.

Another factor influencing discrimination between factor

VIII and fibrinogen is the incubation period at 0°C;

2 hours gives significantly better discrimination than

20 hours. It appears that factor VIII is rapidly and

completely precipitated within 2 hours, whereas fibrinogen



is slowly (and incompletely) precipitated over 20 hours.

Fibronectin is also precipitated by the polymers

(Table 5-13). As shown in this study (Chapter III)

incomplete precipitation of factor VIII and fibronectin

occurs in chilled plasma without polymer addition. It

appears that polymer addition results in equilibrium

between precipitate and supernatant phases being reached

sooner. Cold precipitation of fibrinogen without

polymer addition is very low, but 20 hour incubation in

the presence of polymer results in substantial precipi¬

tation of this protein. Figure 5-4 shows that precipi¬

tation with HES preferentially precipitates the slower-

migrating forms of VIIIR:Ag from plasma. Zimmerman et

al (1975b) have shown that these forms represent the

higher molecular weight multimers of VIIIRrAg. This

supports the hypothesis that polymer precipitation works

through a steric exclusion mechanism with higher

molecular weight proteins being precipitated first as

the polymer concentration is increased.

HES 40 was used to further develop polymer

induced cold precipitation of plasma factor VIII into a

method for producing a blood bank factor VIII concen¬

trate. This polymer is already used in haematological

practice for several purposes, including the preparation

of leucocyte-poor blood and the freezing of red cell

concentrates (Mishler 1982). Use of a glycine-dextran

buffer to dissolve the precipitates allowed lyophili-

sation with retention of the VIII:C activity (Table 5-12).



Loss of activity was observed with use of the Tris citrate

solution used to dry conventional intermediate purity

concentrate (which is of lower purity than the precipi¬

tates produced by HES precipitation). It is known that

higher-purity materials are less stable to freeze-drying

than materials of lower-purity (Bidwell 1955). The

reconstituted products showed rather poor VIII :C stability

over 24 hours, which was not improved by alumina

adsorbtion (Table 5-12). Stability was improved by

adjusting the pH of the solubilised precipitate to 6.6

prior to lyophilisation. As has been shown by Liu et al

(1980), carbon dioxide loss during drying results in a

higher pH in the reconstituted product, leading to

lowered VIII:C stability. In fact, adjustment of pH to

6.6 prior to drying resulted in a pH of 6.8 in the

reconstituted precipitate and the stability over 24 hours

was improved from 55% to 68%. Foster et al (1983b)

have shown that citrate addition, while being necessary

for adequate solubility and filterability, destabilises

VIII:C during processing; improvement of VIII:C

stability was attained by addition of ionised calcium

to levels existing prior to citration. The buffer used

to dry the starch precipitates contained 20 mM citrate

and further stabilisation may well be attained by calcium

addition. In this study, however, this was not

evaluated.

Table 5-13 shows that concentrates belonging

to the 'high-purity' grade (Smith and Bidwell 1979) can



be produced from CPD plasma donations at yields of about

600 u/kg. HES precipitation represents an attractive

alternative to cryoprecipitation as factor VIII is

obtained at a high yield and purity without the need for

freezing plasma. The concentrate can easily be obtained

using the multiple plastic bag system, as plasma can be

separated into a secondary or tertiary bag containing

enough concentrated HES to result in about 4% concen¬

tration in the plasma. Cold precipitation and centri-

fugation would allow harvesting of the precipitate. It

is suggested, however, that such single donation 'wet'

products suffer from several disadvantages as does

cryoprecipitate, notably lack of standardisation and the

need for frozen storage. High speed centrifugation

would also be necessary for harvesting the precipitates,

and the use of plastic bags might lead to the problems

described for cryo. A standardised dried product can

easily be produced, provided that special precautions

are taken to ensure sterility. Cold precipitates

produced from single donations could be stored frozen

until a sizable number have been collected. These

could then be solubilised and pooled in freeze-drying

buffer, ampouled and lyophilised to give standard units

of dried concentrate. Sterile filtration of the

solutions would be necessary but should not present a

problem in view of the low fibrinogen content. A

sterile freeze-dryer would also be necessary. However,

the fact that the final product can be subjected to
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standard pharmaceutical quality control and can be

labelled with the factor VIII content may justify the

capital expenditure involved in purchasing the required

equipment.

The presence of 4% HES in the supernatant

plasma might be seen as a disadvantage. However, such

plasma can be safely used as a blood volume expander as

HES itself has been used for this purpose (Mishler 1982).

Although it is probable that 4% HES will interfere with

the Cohn fractionation process to produce gamma-globulin

and albumin, this process is unlikely to be used by blood

banks with a small scale component programme. New ion-

exchange chromatographic techniques (Curling 1980,

Suomela 1980) are likely to be much more suitable for

production on a blood-bank scale. The presence of an

uncharged polymer like HES should still allow such

procedures.

An attractive alternative to additive-induced

cold precipitation is shown by the data in Table 5-14.

Concentration of plasma followed by cold precipitation

led to concentrates of high-purity and at good yields.

This study did not pursue this approach further, as the

equipment available did not allow fast concentration of

the plasma. Use of more efficient systems, e.g. hollow

fibres might be expected to effect concentration much

more quickly. It is possible that the high initial

capital costs might be justified if this method can be

adapted as a process to produce factor VIII concentrate.
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In summary, this Chapter concludes:

1) Cryoprecipitate yields by good technique are unaf¬

fected by addition of heparin or PEG to plasma, but

are improved if loss of factor VIII by dissolution

and/or inactivation are minimised. This can be

achieved by thaw-siphoning, but attention to the

final separation of cryo from supernatant plasma can

improve yields in fast-thawing.

2) Cryoprecipitation cannot be ascribed to a salting-

out mechanism, and salt-induced plasma precipitation

is an unsatisfactory method for factor VIII concen¬

tration. Cryoprecipitation appears to involve a

precipitation of the cryo-proteins - factor VIII,

fibrinogen and fibronectin - induced by low temper¬

atures and by high concentrations of other plasma

proteins produced during freezing.

3) Polymer induced precipitation of chilled unfrozen

plasma is an attractive alternative to cryoprecipi¬

tation and can be adapted to produce a standardised

dried factor VIII concentrate in a blood bank.

Simple concentration and cold precipitation of

plasma without any additives is also an attractive

possibility, but would require high initial capital

costs (Chapter VIII).



CHAPTER VI

PRODUCTION OF FACTOR VIII

CONCENTRATES OF HIGHER PURITY
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INTRODUCTION

More than 80% of infusions which haemophiliacs

receive are for the so-called 'spontaneous' bleeds not

associated with any obvious trauma, (Biggs 1978). The

level of VIII:C desired in a patient's blood to treat

such bleeds is 15 to 20% of normal. It is estimated

that a dosage of 10 u/kg body weight should have the

desired effect. This would imply infusion of about

700 units of VIII:C for a 70 kg man. Correspondingly,

less would be needed for boys, for whom, however, the

frequency of such bleeds is often higher (Rizza 1976a).

Factor VIII concentrates of intermediate purity can

usually be dissolved at about 15 to 20 units per ml.

This potency is enough to ensure that for the majority

of bleeds treatment can be administered by syringe

infusion, by the patient himself if on home therapy, in

volumes which have no appreciable effect on the blood

volume.

For dealing with major trauma and for surgery,

levels of 100 to 150% of normal are desirable (Rizza

1976b). The volumes of concentrate would be corre¬

spondingly larger if material of intermediate purity were

used, necessitating lengthy infusions by drip. This can

present problems if high levels are required immediately.

Massive doses are also sometimes used to overcome VIII:C

inhibitors (Rizza 1981). Thus, a minority of clinical

situations exist in which high-purity concentrates,
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which can be dissolved in concentrations of 30 to 50 units

per ml, are needed.

The tendency among commercial manufacturers

appears to be to produce concentrates of ever increasing

purity. Such products are often attractive to patients

due to their high solubility and conveniently small size,

allowing easy storage. Indeed inducements such as the

ability of a haemophiliac to carry 'his concentrate in

his pocket' are sometimes used in marketing these

products. However, present methods for the industrial

production of high-purity concentrates result in yields

which are far smaller than those obtained for intermediate

purity concentrates. Published data shows that yields

of less than 200 u/kg of plasma are obtained (Smith and

Bidwell 1979). High-purity concentrates are produced

by further purification of intermediate purity materials.

Quantitatively, the most important impurity is fibrinogen.

Most high-purity production methods consist of two steps -

the first to selectively remove fibrinogen and the

second to concentrate factor VIII (Chapter I). The

first step usually involves heavy losses of factor VIII,

which can be as high as 50%. Such losses in yield are

generally of lesser importance for commercial manufact¬

urers who obtain their starting plasma from paid donors

and can 'pass on' any additional costs in its procure¬

ment, in the interest of obtaining a purer, more

attractive product. For state owned concerns who rely

on a limited voluntary system of blood donation, losses



of this kind are unacceptable.

In addition to the reasons described above,

another reason exists for developing an efficient method

of fibrinogen removal. Sterilisation of factor VIII

concentrates by heat or chemical treatment has been

extensively investigated recently (Heimburger et al 1981

Prince et al 1983). Fibrinogen is rapidly denatured by

high temperatures and is precipitated by a variety of

chemical agents such as ether, which has been proposed

as a viral inactivating agent (Prince et al 1984). Thus

fibrinogen reduction is a necessary preliminary to

current methods designed to reduce the viral infectivity

of factor VIII concentrates.

In this Chapter, methods of further

purification of intermediate purity concentrates have

been investigated. The main scope has been the removal

of as much fibrinogen as possible, while retaining

factor VIII yields, in order to produce a solution that

might be sterilised by heating (Chapter VII).
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METHODS

Source materials for these studies consisted of cryo-

precipitates prepared as described below. In some

experiments, conditions derived for purifying cryo-

precipitate were used to process other materials as

outlined in Results.

Cryoprecipitate ('cryo'): Two types of cryo were

prepared:-

1. Small-scale cryo was prepared from 200 ml of fresh

plasma derived from 6 donation pools or single

donations. The cryo was prepared by thaw-siphoning

or fast-thawing, as described in Chapters IV and V,

and was dissolved for processing in its own super¬

natant plasma or in 15 mM citrate, 150 mM NaCl pH 6.9

(citrate saline) as specified in Results.

2. Tris extract of bulk cryo was prepared as described

by Newman et al (1971). 250 ml donations of fresh

plasma were frozen in dry ice/ethanol as described

in Chapter IV and stored at -40°C. For processing,

2 to 3 kilograms of this plasma were allowed to

soften in a 4°C cold room for 5 hours. The bags

of plasma were then placed in a 4°C water bath and

allowed to thaw. When thawing was complete, the

plastic bags were opened and the contents were

transferred to polycarbonate bottles and centrifuged

as described in Chapter V. After complete decant-

ation of the cryosupernatant plasma, the cryo was

extracted at 22°C with 20 mM Tris-HCl pH 7. The



TABLE6-1PRODUCTIONOFTRIS-EXTRACTEDCRYOPRECIPITATE Component

Yieldin
Component%ofStartingPlasma
SpecificActivity VIII:Cu/mg Protein

VIII:C

VIIIR:Ag

Fibrinogen
Fibronectin
TotalProtein

Plasma

100

100

100

100

100

0.014±0.002

Cryosupernatant

15±7

12+3

62±18

19±7.5

TrisExtractofCryo
56±12

72±18

30±5.8

72±27

2.1±1.2

0.44±0.23

Residuefrom

<1

6.8±2.5
3.5±0.7

4.6±1.9

0.002

Extraction Resultsshowmean±standarddeviationof4individualbatches
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volume of extracting buffer was 30 ml for each

kilogram of starting plasma, and extraction was

performed by stirring the cryo-buffer mixture with

a magnetic stirrer for 10 minutes. The mixture was

then centrifuged for 40,000 g min. at 22°C and the

factor VHI-rich supernatant was decanted and stored

at -40°C. The residue from extraction was solubilised

at 37°C in citrate-saline and stored at -40°C.

Table 6-1 summarises the various stages of the

production of this material.

Purification Methods

Cold insoluble globulin precipitation: Small-scale

cryo was solubilised at 37°C in the residual supernatant

plasma or in buffer as described in Table 6-2 of Results.

The cryoprecipitate solution was then placed in 40 ml

polycarbonate tubes and held for 2 hours in a melting ice

bath. The pH of the solution was 7.1 ± 0.2 in all

instances. After 2 hours the tubes were centrifuged

for 60,000 g min. at 0°C in a Sorvall RC2B centrifuge.

The supernatant was removed and sampled. The precipitate

was dissolved at 37°C in 10 mis of citrate-saline.

The solubilised precipitate and samples from each step

of the process were stored at -40°C prior to assay.

Polymer induced precipitation: Stock solutions of

various polymers were prepared as described in Chapter V.

Precipitation of small-scale cryo and extracted cryo was

performed under various conditions as specified in

Results.
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Glycine induced precipitation; This was performed

according to BlombSck and Thorell (1982). Small-scale

cryo prepared by fast-thawing and complete drainage of

the supernatant was used as starting material. The cryo

was dissolved in 20 ml of 55 mM citrate pH 6.8. 40 ml

of a buffer containing 3 M glycine, 125 mM NaCl and

25 mM imidazole pH 6.8 were then added to the cryo

solution. The addition was carried out in a 30°C water

bath with continuous mixing. The mixtures were allowed

to equilibrate for 15 minutes, after which the resultant

precipitate was harvested by centrifugation for 60,000 g

min. at 22°C, and dissolved in 20 ml of citrate-saline

at 37°C. The supernatant was then adjusted to pH 7.5

with 0.1 M NaOH and was cooled to 0°C in a melting ice

bath. Sufficient 40% w/w PEG 6000 was added to produce

a final concentration of 6.5% w/w PEG. The mixture was

left at 0°C for 30 minutes, after which it was centrifuged

for 60,000 g min. at 0°C. The supernatant was removed

and the precipitate was dissolved in 5 ml of glycine-

dextrose buffer (Chapter V). Samples of every stage of

the procedure were stored at -40°C for subsequent assay.

Extraction in the presence of glycine: Cryo was

extracted into buffer as described above for preparation

of Tris extract with the exception that instead of Tris,

glycine-imidazole pH 6.8 (2 M glycine, 83 mM NaCl, 17 mM

imidazole) was used. The extraction was performed at

30°C on a stirrer/hot plate with careful temperature

monitoring. The extraction was performed for 15 minutes
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and the mixtures were then centrifuged for 60,000 g min.

at 22°C. The extract was removed and the residue was

dissolved at 37°C in citrate-saline. Samples of all the

fractions were stored at -40°C for assay.

Zinc-induced precipitation: (Foster et al 1983a). Tris

extract of cryo was brought to 1 mM zinc by addition of

a 5 mM zinc acetate solution. The addition was made

slowly, with continuous stirring, at room temperature

(Foster et al 1983a). The mixture was allowed to

equilibrate for 15 minutes. The gelatinous precipitate

which formed was removed with a thin wooden stick; in

some cases small pieces of precipitate were removed by

centrifugation for 60,000 g min. at 22°C. The

precipitate proved to be poorly soluble. Some solubili-

sation was achieved by warming the precipitate to 40°C

in a volume of citrate-saline equal to 2 to 3 times the

volume of the initial extract. Insoluble material was

then removed by centrifugation. Samples of all the

fractions were stored at -40°C for subsequent assay.

Extraction in the presence of zinc: Cryo was extracted

into Tris buffer as described above, but 1 mM zinc

acetate was included in the extraction buffer.

Extraction was carried out for 15 minutes, after which

extract and residue were separated by centrifugation.

The residue was partly solubilised as described above.

Samples of extract and residue were stored at -40°C until

assayed.



FIGURE 6-1

DIAGRAMATIC REPRESENTATION OF A PRECIPITIN ARC IN A

TWO-DIMENSIONAL IMMUNOELECTROPHORESIS, TO ILLUSTRATE

THE MIGRATION DISTANCES MEASURED
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Analysis of factor VIIIR:Ag in two dimensional Immuno¬

electrophoresis (2DIEP); Details of this technique are

found in Chapter II. 2DIEP was performed on samples of

various concentrates, the samples being analysed together

on one plate so that conditions were uniform for all the

samples. The precipitin arcs obtained were then

analysed as described by Ekert and Chavin (1977). The

arcs were divided into 3 electrophoretically different

regions, as shown in Figure 6-1. Tracings of the

individual arcs were made and migration distances were

measured and interpreted as follows:

1. Perpendicular and horizontal lines V and H were

drawn through the centre of the sample well.

2. A perpendicular line C was drawn between the centre

of the peak and line H, and the distance p was

recorded.

3. The length of the ascending and descending arms of

the precipitin arc were measured from the perpendicular

C to the end of the visible precipitin line. A

vertical line was drawn through the middle of the

ascending and descending arms to intersect with

line H; d^ and d2 were then measured and recorded
in mm.

An increase in distance d^ is interpreted to be the
result of a decrease in the amount of antigen with slower

electrophoretic mobility. An increase in d2 is the
result of a larger proportion of antigen with faster

mobility. An increase in p reflects an increase in the



mobility of the median fraction of antigen. Decreases

in these measurements are taken to be the result of the

opposite changes in the antigen population.

All other assays and analytical procedures are

described in Chapter II.



TABLE6-2PURIFICATIONOFCRYOPRECIPITATEUSINGCOLDINSOLUBLEGLOBULINPRECIPITATION YieldofProtein*
CryoProducedbyFast-Thaw,Dissolvedin 10misofResidualPlasma,andHeldfor 2Hoursat0°C

CryoProducedbyThaw-Siphon/ CentrifugationwithComplete DrainageofPlasma,Dissolvedin 10misofCitrate-Saline,and Heldfor2hoursat0°C

CPD(6)

Anticoagulant(n) CPD/Heparin+(3)
Heparinf(6)

Anticoa
CPD(3)

gulant(n) CPD/Heparin+(3)

VIII:CYields:1
2

42.5±17 74.2±11.8

45±12.5 69±23.7

58±17.5 73.8±25

71±7.5 22.8±5.6

76±12 23.7±5.9

VIIIR:AgYield:1
2

63±12.3 65.5±17

65±17 74.6±18

64±15 71.2±15.8

82±10.5 19.7±8.6

79±13 25±7.5

FibrinogenYield:1
2

32.5±7.8 57.3±12

38±12.5 48.9±12

41±15 41.6±6

28±6.8 10.6±4.8

31±4 12.3±10

FibronectinYield:1
2

71±16.8 95.6±38

78±22.4 92.6±32

76±25 95.1±17

84.5±18.5 54.6±18

91±23 78.7±23.5

SpecificActivityCryo SpecificActivity FinalPrecipitate
0.12±0.04 0.32±0.11

0.12±0.03 0.31±0.12

0.09±0.02 0.35±0.14

0.74±0.19 0.51±0.12

0.7±0.1 0.38±0.22

Resultsshowmean±standarddeviation.Cryoprecipitateswereproducedfrom200ml;ofplasma,using eitherofthetwomethodsdescribedindetailinChapterV.Finalprecipitatesobtainedbycold precipitationweredissolvedin10mlofcitrate-saline. *Twostageyieldsareshown:1referstotheyieldincryoprecipitateasa%ofstartingplasma 2referstotheyieldinthefinalprecipitateasa%ofcryoprecipitate
+Plasmaheparinconcentration=1u/ml tPlasmaheparinconcentration=10u/ml



FIGURE 6-2

POLYMER PRECIPITATION OF THAW-SIPHON CRYOPRECIPITATE

Incubations at 0°C and 10°C were carried out for

2 hours in melting ice and a thermostated water bath

respectively. Precipitates were dissolved at 37°C in

0.5 volumes of glycine-dextrose buffer (Chapter V)

• • VIII: C

V V VIII :CAg

O 0 VIIIR:Ag

A A Fibrinogen

[] [] Total Protein



237

ALBUMIN O'C HES A SO O'C

100

60
Ui

60

to1

S§ 20
•

g
sE 100
a
of 80
3E

• a J
60

II 1

«_>
■ 1 1

40
Q£

20

FINAL POLVMER CONCENTRATION Ig'/o)



RESULTS

(A) COLD PRECIPITATION OF SOLUBILISED CRYOPRECIPITATE

Table 6-2 shows that a significant purification

of cryo solubilised in residual plasma can be achieved

by a second precipitation at 0°C. The cold insoluble

fraction that formed contained most of the factor VIII

and fibronectin of the initial cryoprecipitate.

Fibrinogen was also precipitated to a lesser extent. As

described in Chapter V, the 'fast-thaw' cryo gave lower

factor VIII yields than cryo produced by the thaw-siphon/

centrifugation method, which is also purer because of

complete drainage of the supernatant plasma. This type

of cryo was therefore subjected to cold precipitation,

in an attempt to improve the yield and purity of the

final fraction. However, using this method, precipi¬

tation of cryo proteins was significantly decreased

(p < 0.02) compared to fast-thaw solubilised in super¬

natant plasma.

Incorporation of heparin into the system,

either by processing heparin plasma or adding heparin to

CPD plasma, did not affect factor VIII yields. Heparin

addition, however, resulted in a significant increase in

the amount of fibronectin precipitated when cryo dissolved

in buffer was held at 0°C (p < 0.05).

(B) POLYMER INDUCED PRECIPITATION OF CRYOPRECIPITATE

Figure 6-2 shows the results of polymer assisted

precipitation of cryoprecipitate at low temperatures. It



FIGURE 6-3

PRECIPITATION OF CRYO EXTRACT AT DIFFERENT IONIC

STRENGTH

Cryo extract was prepared from FFP and precipitated

at 0°C with albumin. Ionic strength was increased by

making the 20 mM Tris extract 0.2 M with respect to

NaCl

• • VIII :C

0 O VIIIR: Ag

A A Fibrinogen
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FIGURE 6-4

PRECIPITATION OF CRYOEXTRACT AT DIFFERENT pH VALUES

Cryo extract was prepared from FFP and precipitated

0°C with Ficoll-70. pH was varied by addition of

0.1 N NaOH

• • VIII: C

A A Fibrinogen
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can be seen that, in contrast to plasma (Chapter V)

cryoprecipitate fibrinogen tended to precipitate with

factor VIII. Precipitation of reconstituted lyophilised

concentrate (Protein Fractionation Centre, Edinburgh)

produced similar results.

Attempts were made to suppress fibrinogen

precipitation at low temperatures. Increasing ionic

strength has been shown to increase fibrinogen solubility

at pH values between 6 and 7 (Leavis and Rothstein 1974,

Smith et al 1979). However, increasing the salt content

of extracted cryo by 0.2 M (Smith et al 1979) did not

improve discrimination between factor VIII and fibrinogen

in albumin-induced precipitation (Figure 6-3).

Increasing the pH of the mixture in order to work as far

from the isoelectric point of fibrinogen as possible did

not improve the separation of factor VIII from fibrinogen

in Ficoll-induced precipitation (Figure 6-4).

Fractional precipitation with PEG at room

temperature according to the method of Newman et al (1971)

(Chapter I) led to high losses of factor VIII in the

first precipitate (4.5% w/w PEG) designed to remove

fibrinogen, although a two-fold purification of VIII:C

in the second precipitate (11% w/w PEG) was achieved.

(C) PURIFICATION USING GLYCINE

Table 6-3 shows that addition of glycine to a

concentration of 2 M at 30°C precipitates most of the

fibrinogen in cryoprecipitate while leaving most of the

factor VIII in the supernatant. Addition of PEG to the



TABLE6-3PURIFICATIONOFCRYOPRECIPITATEUSINGGLYCINE StageofPurification
YieldinFraction,%ofStartingCryo
SpecificActivity VIII:Cu/mgProtein

VIII:C

VIIIR:Ag

Fibrinogen
Fibronectin

SolubilisedCryo 2MGlycinePrecipitate 2MGlycineSupernatant
100

24±6 89±24

100

21±4 76±13

100
76±7 18±5

100
32±12 60±15

0.6±0.2 1.1±0.3

Cryoswerepreparedbythawing200mlfrozenplasmadonationsina4°Cwaterbath, transferringthethawedcontentstopolycarbonatebottlesandharvestingtheprecipitate bycentrifugation.Resultsshowthemeanandstandarddeviationofexperimentswith 5separatedonations.
TABLE6-4CONCENTRATIONOFGLYCINE-PURIFIEDFACTORVIII StageofPurification

YieldofVIII:C

SpecificActivity

%ofGlycineSupernatant
VIII:Cu/mgProtein

2MGlycineSupernatant
100

1.1±0.3

6.5%PEGPrecipitate
92.5±9.3

1.4±0.45

Cryosweresubjectedtoglycineprecipitationandtheprecipitateremovedby centrifugation.Thesupernatantswerebroughtto6.5%PEG6000at0°Candheldfor 30minutes.Themixtureswerethencentrifugedandtheprecipitatesweredissolved inglycine-dextrosebuffer.
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plasma prior to freezing was unnecessary (Chapter V) for

optimal factor VIII yields, and so this part of the

original technique (Blomb&ck and Thorell 1982) was

omitted. In order to concentrate the factor VIII and

remove glycine, the 2 M glycine supernatant was cooled

to 0°C, as this procedure has been used to precipitate

factor VIII in glycine-rich solutions (Shanbrom and

Fekete 1971). However, no precipitate formed under

these conditions. Concentration and further purification

of factor VIII was achieved by precipitation of the

glycine supernatant with 6.5% PEG at 0°C (Table 6-4).

It was estimated that the average VIII:C yield using

this procedure was about 83% from cryoprecipitate, with

an average 2.1 fold purification over cryoprecipitate

being achieved.

Direct extraction into glycine-containing

buffer was attempted as an alternative to cryo solubili-

sation/reprecipitation. Using this approach however,

lower VIII:C yields were obtained as considerable amounts

of VIII:C were retained in the insoluble fibrinogen-rich

residue.

(D) PURIFICATION USING ZINC

Preliminary experiments on zinc precipitation

showed that addition of zinc acetate crystals to give

1 mM final concentration of zinc resulted in precipitation

of most of the fibrinogen in cryo extract; however up to

40% of the VIII:C was also precipitated. Addition of

the salt as a 5 mM solution led to near quantitative



TABLE6-5APURIFICATIONOFCRYOPRECIPITATEUSINGZINC StageofPurification

YieldinFraction,%ofCryoExtract
SpecificActivity VIII:Cu/mgProtein

VIII:C

VIIIR:Ag

Fibrinogen
Fibronectin

CryoExtract
1mMZincAcetateSupernatant

100
87±6

100
84±12

100
24±4

100
76±29

0.44±0.23 0.85±0.17

Resultsshowthemeanandstandarddeviationof4experiments.Zincacetatewasslowly- addedasa5mMsolutionwithconstantstirring,togiveafinalconcentrationof1mM.
TABLE6-5BPURIFICATIONOFHES40PLASMAPRECIPITATESUSINGZINC StageofPurification

YieldinFraction,%ofHES40Precipitate
SpecificActivity VIII:Cu/mgProtein

VIII:C

VIIIR:Ag

Fibrinogen
Fibronectin

HES40Precipitate
1mMZincAcetateSupernatant

100
89±16

100
78±12

100
21±8

100
64±22

0.7±0.18 1.3±0.22

Resultsshowthemeanandstandarddeviationof4experiments.Zincacetatewas addedasinTable6-5A.

fO -t. CTN
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FIGURE 6-5

PROTEIN COMPOSITION OF FACTOR VIII CONCENTRATES

5% SDS-PAGE was done as described in Chapter II. The

gels were dried and analysed by densitomery

A. Cryoprecipitate dissolved in buffer

B. 2 M glycine supernatant of cryoprecipitate

C. 4% HES 40 precipitate of plasma

D. 1 mM zinc acetate supernatant of 4% HES precipitate

E. Clinical intermediate-purity concentrate

F. 1 mM zinc acetate supernatant of intermediate-

purity concentrate

G. Cryoprecipitate solubilised in supernatant plasma

H. Cold insoluble fraction of cryoprecipitate

I FIBRONECTIN

II ALBUMIN AND a-CHAIN OF FIBRINOGEN

III B-CHAIN OF FIBRINOGEN

IV y-CHAIN OF FIBRINOGEN
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recovery of VIII:C and VIIIR:Ag in the supernatant,

with over 70% of the fibrinogen being precipitated

(Table 6-5A). Experiments using HES 40 precipitates

(Chapter V) instead of cryo extracts produced similar

results (Table 6-5B).

Direct extraction of cryo into 1 mM zinc

acetate-20 mM Tris buffer did not give recoveries that

were as good as the above precipitation technique.

Assay of the partially dissolved residue indicated that

factor VIII as well as fibrinogen was retained in the

precipitate, resulting in lower yields in the extract.

(E) EFFECT OF PURIFICATION PROCEDURE ON CONCENTRATE

PROTEIN COMPOSITION

Figure 6-5 shows the protein components of the

various concentrates described in this Chapter determined

by SDS-PAGE and densitometric scanning of the bands

produced. It is apparent that glycine- and zinc-

precipitation lead to a great reduction in fibrinogen,

with the other main components - fibronectin and

albumin - being relatively unaffected (Figure 6-5A and B,

C and D, E and F). Figure 6-5G shows the pattern for

cryoprecipitate solubilised in its own plasma. The

protein composition is similar to that of normal plasma

except that the fibrinogen and fibronectin bands are

stronger, showing the concentration of these proteins in

cryoprecipitate. Cold precipitation led to a further

concentration of fibronectin and fibrinogen, with

reduction of other proteins including albumin (Figure 6-5H).



FIGURE 6-6

TWO-DIMENSIONAL IMMUNOELECTROPHORESIS OF VIIIR:Ag IN

FRACTIONS OF DIFFERENT PURITY

Electrophoresis was carried out at 200 V for 6 hours

and 120 V for 18 hours for the first and second

dimensions respectively. The anode was to the right

in the first dimension and on top in the second dimension.

Antiserum concentration in the second dimension was 0.3%.

The precipitin arc produced by solubilised cryo was

partly traced over with a marker pen to improve visual

discrimination from background protein
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TABLE 6-6 ANALYSES OF VIIIR:Ag BY TWO-DIMENSIONAL IMMUNO-

ELECTROPHORESIS

Sample dl P d2

Solubilised Cryo 6 12 19

Cold Precipitate of Cryo 6 12 16

Glycine-Purified Cryo 7 12.5 17.5

Extracted Cryo 10 12 18

Zinc-Purified Extracted Cryo 9.5 12 16

4.5% PEG Fraction of Extracted Cryo 6 10.5 18

11% PEG Fraction of Extracted Cryo 11.5 17 19.5

Samples were analysed by 2DIEP as described in Methods,
d^, p and d2 denotes the respective nigration distances
in mm.
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Thus, purification with this method involves mainly

removal of albumin, while with the other techniques

fibrinogen is the main component removed.

(F) FACTOR VIIIRsAg IN PURIFIED FRACTIONS

Figure 6-6 shows the immunoprecipitin arcs of

the various concentrates subjected to two-dimensional

Immunoelectrophoresis with antiserum to VIIIR:Ag.

Table 6-6 summarises the electrophoretic data obtained,

as described in Methods, from these arcs. The electro¬

phoretic pattern of solubilised cryo is similar to that

of plasma (see Figure 5-4) with slow-moving VIIIRrAg

forms that are conserved upon glycine - or cold - precipi¬

tation. Cold precipitation results in a decrease in

the amount of fast moving VIIIR:Ag (as witnessed by a

drop in d2>. Compared to solubilised cryo, extracted
cryo shows a decrease in the slowest moving VIIIRrAg

forms (as seen by an increase in d^), with no further
decrease in slow moving VIIIRrAg occurring as a result

of zinc-precipitation. Fractional PEG precipitation

leads to a loss of VIIIRrAg of slow and medium mobility

(as seen by increases in d^ and p) in the final (11% PEG)
precipitate, compared to the initial cryo extract. The

first precipitation with this technique - 4.5% PEG,

designed to remove fibrinogen - leads to loss of VIIIRrAg

in the fraction. The electrophoretic analysis indicates

that this precipitate (usually a waste fraction in large-

scale fractionation) is rich in slow and medium moving

forms of VIIIRrAg.



TABLE6-7SUMMARYOFCHARACTERISTICSOFHIGHER-PURITYFACTORVIIICONCENTRATES Product

SpecificActivity VIII:Cu/mg Protein

Fibrinogen %ofTotal Protein

YieldofVIII:C

Purification Over Intermediate Material*

%of Intermediate Material

U/kg Starting Plasma

ColdInsolubleGlobulin PrecipitateofCryo

0.35

40

75

310

3.9

PEGPrecipitateof Glycine-PurifiedCryo

1.4

16

79

420

2.6

Zinc-PurifiedCryoExtract
0.9

25

87

370

1.9

Zinc-PurifiedHESPrecipitate
1.3

19

90

530

1.9

PEG-PurifiedCryoExtract
0.9

12

50

210

2.3

*Definedasspecificactivityoffinalconcentrate/specificactivityof intermediatematerial.



Table 6-7 summarises the characteristics of

the various concentrates produced by the methods

described in this Chapter.
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DISCUSSION

The growing realisation that despite intensive

donor screening the majority of haemophiliacs develop

liver abnormalities (Mannucci et al 1982) has made the

inactivation of the probable viral contaminants in

coagulation factor concentrates a priority. However,

present methods of sterilisation require fibrinogen

removal for the reasons outlined above. Since fibrinogen

is also the major contaminant of extracted cryoprecipitate,

its removal also results in a significant purification

and allows higher solubility and potency.

Two recent studies (Rock et al 1980b, Smit-

Sibinga et al 1981) have made use of a two-step method

to produce a higher-purity factor VIII concentrate on a

blood bank scale. These groups have claimed that

collection of blood in heparin or heparin addition to

CPD plasma allows factor VIII yields in cryoprecipitate

to be significantly increased, and also permits the

utilisation of a second precipitation at 0°C which

precipitates and concentrates the factor VIII. They

postulate that this second cold precipitation is possible

because heparin induces precipitation at 0°C of fibro-

nectin, which is often associated with factor VIII during

fractionation (Chapter V). The results of the present

study, however, do not support this hypothesis. As can

be seen (Table 6-2) cooling of solubilised cryoprecipitate

results in precipitation of fibronectin and factor VIII,

together with some fibrinogen, irrespective of the



presence of heparin. These results indicate that what

is necessary for cold precipitation to occur is not the

presence of heparin, but a high protein concentration in

the cryoprecipitate. This is shown by the relatively

small precipitate and low factor VIII yields obtained

from cryo totally drained of supernatant and dissolved

in buffer, compared to cryo dissolved in its own super¬

natant plasma. These results are not surprising in

view of the findings discussed in Chapters III and V

regarding the spontaneous and polymer induced cold

precipitation of plasma factor VIII fibrinogen and

fibronectin. As I have shown, increasing the plasma

protein concentration by albumin addition or simple

concentration allows near quantitative precipitation of

factor VIII and fibronectin in the cold. It is

suggested that the cold insoluble precipitation reported

by previous workers (summarised in Lane et al 1983) is a

result of this phenomenon. The initial cryoprecipitation

concentrates factor VIII and fibronectin to a level which

results in a further albumin-induced precipitation when

the cryo is dissolved in supernatant plasma and chilled.

It is noteworthy that the other groups using cold preci¬

pitation (Lane et al 1983) all reported a protein concen¬

tration of about 60 mg/ml in the initial cryoprecipitate,

suggesting that considerable plasma protein was left with

the cryoprecipitate. The starch gel electrophoresis

reported by one group (Welbergen 1981) also demonstrates

a high albumin content in the initial cryo. This high
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content of residual supernatant plasma protein is almost

unavoidable using the plastic bag system (Chapter V).

Using centrifugation and drainage (Chapter V) results in

a cryo which when dissolved in buffer has a protein

concentration of 20 to 30 mg/ml, compared to 60 to 70 mglml

when dissolved in a similar volume of supernatant plasma.

Heparin addition to this material increased the amount of

fibronectin precipitated but did not affect factor VIII

yield.

The use of hydrophilic polymers to effect

further purification of cryoprecipitate did not give

results as promising as those obtained with plasma

(Chapter V). In general, it was found that factor VIII

and fibrinogen precipitated together during polymer

induced precipitation (Figure 6-1). Varying pH

temperature or ionic strength did not improve separation.

It is possible that aggregation of fibrinogen molecules

during processing (Newman et al 1971) is responsible for

the poor separation observed. Fractional precipitation

with PEG at higher temperatures, although removing much

of the fibrinogen, gave low VIII:C yields. Thus, it

seems that with the classical PEG fractionation scheme

that is used by a number of manufacturers, substantial

fibrinogen removal is only possible at a considerable

sacrifice in yield (Bidwell et al 1976).

The use of the recently described warm glycine

precipitation technique (BlombSck and Thorell 1982) gave

very promising results (Table 6-3). The precipitation
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of fibrinogen with glycine was first noted by Edsall and

Lever in 1951. Wagner et al (1964) showed that precipi¬

tation of plasma at 0°C with 2.3 M glycine gave factor VIII

rich fractions. Subsequently this principle was utilised

in Hyland's Method IV to purify cryoprecipitate (Shanbrom

and Fekete 1971). In these early methods, precipitation

was carried out at low temperatures resulting in co-

precipitation of factor VIII and fibrinogen. It seems

that utilisation of higher temperatures results in

selective fibrinogen precipitation. Concentration of

the supernatant factor VIII is necessary to remove

glycine and produce a more potent solution. This can

be readily achieved by subsequent PEG precipitation in

the cold (Table 6-3). It is of interest that simple

cooling to 0°C of the factor VIII rich glycine super¬

natant failed to precipitate factor VIII, thus high¬

lighting the role of fibrinogen as a 'carrier' in such

precipitations.

Foster et al (1983a) have utilised zinc ion

precipitation of extracted bulk cryoprecipitate to

remove fibrinogen from intermediate purity concentrate.

Zinc ion fractionation of plasma proteins was described

by Cohn et al (1950) and Maeda et al (1983) have

investigated the mechanism of zinc-induced fibrinogen

precipitation. The interaction between zinc and

fibrinogen has also been studied by metal-chelate

chromatography (Scully and Kakkar 1982). The results of

the present study confirm that 1 mM zinc precipitates
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fibrinogen selectively. Careful reagent addition as a

dilute stock solution was found to be crucial for good

results, as addition of the salt as crystals resulted in

precipitation of VIII:C along with fibrinogen. It is

probable that this is a result of local over-concentration

of the reagent, as Foster et al (1983a) have shown that

addition of amounts exceeding 1 mM also precipitate

factor VIII. One minor disadvantage of this method is

the insolubility of the fibrinogen-rich precipitate

obtained, making it difficult to retrieve fibrinogen as

a by-product.

An attempt was made to incorporate glycine and

zinc directly into the buffer used in the 'Newman'

procedure for extraction of factor VIII from cryo. It

was hoped that this would result in retention of fibrin¬

ogen in the insoluble residue with factor VIII being

recovered in the extract. This would eliminate the

need for a second step to precipitate the fibrinogen.

However, use of extracting buffers incorporating reagents

at a concentration known to selectively precipitate

fibrinogen led to much VIII:C being retained as well.

Analysis of VIIIR:Ag by two-dimensional Immuno¬

electrophoresis (Figure 6-6 and Table 6-6) revealed that

solubilised cryo had a population of VIIIRrAg rich in

slow moving forms. Slow moving forms of VIIIR:Ag are

known to represent the higher molecular weight multimers

of the protein (Zimmerman et al 1975b) and are associated

with high VIIIR:RCF activity (Over et al 1978). It has
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been suggested that the presence of these forms of

VIIIRrAg is necessary for the ability of concentrates to

correct the bleeding time defect in von Willebrand's

disease (Weinstein and Deykin 1979). Cryoprecipitate

has this ability, whereas higher purity materials

lacking higher molecular weight forms of VIIIR:Ag do not

(Nilsson and Hedner 1977). It can be seen from my

results that glycine precipitation of solubilised cryo

preserved the latter's higher molecular weight forms of

VIIIR:Ag and this product has been reported to correct

the bleeding time defect of von Willebrand's disease

(Thorell et al 1983). Extracted cryo can be seen to

show some depletion of higher molecular weight VIIIRrAg;

this might be due to the use of low ionic strength

extraction buffers, as VIIIRrAg is known to be more

susceptible to proteolysis under these conditions

(Hellings 1981). Fractional PEG precipitation of

extracted cryo, which is one of the commonest techniques

in industrial factor VIII fractionation, removes sub¬

stantial amounts of higher molecular weight VIIIRrAg in

the discarded 4.5% PEG precipitate. The VIIIRrAg in the

final 11% PEG fraction showed a marked anodal mobility.

Thus it can be postulated that loss of higher molecular

weight multimers having high VIIIRrRCF activity during

fibrinogen removal is the cause for the inability of PEG-

fractionated concentrates to correct the bleeding time in

von Willebrand's disease. As has been pointed out,

however, (Chapter I and references therein) correction of
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the bleeding time is known to be more dependent on some

other less well characterised activity than on VIIIR:RCF.

Table 6-7 summarises the options for further

purification investigated in this Chapter. It is

suggested that zinc precipitation under the described

optimal conditions is the best alternative available.

Cold insoluble globulin precipitation works through albumin

removal and leaves considerable amounts of fibrinogen

in the product (Table 6-7 and Figure 6-5). The final

product is thus unsuitable for heat treatment.

Fractional PEG precipitation although efficient for

fibrinogen removal, gives low factor VIII yields. Both

glycine and zinc precipitation result in fibrinogen

removal with high VIII:C yields. The glycine technique

however requires high concentrations of glycine and

temperatures of 30°C are necessary. Zinc salts are

cheaper than glycine and the addition can be carried out

at room temperature. Furthermore, the residual zinc

in the supernatant increases viral inactivation during

subsequent heat treatment (Foster 1984: personal

communication).

In summary this Chapter concludes:

1. Of the options investigated for removal of fibrinogen

from cryoprecipitate, glycine or zinc precipitation

under the conditions described results in adequate

purification with high factor VIII yields.

2. Combination of the HES precipitation method

(Chapter V) with subsequent zinc precipitation appears
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to be the method of choice for producing a high-

purity factor VIII concentrate.



CHAPTER VII

ADDITIONAL APPROACHES TO

OPTIMAL USE OF DONATED FACTOR VIII
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(A) PASTEURISATION OF FACTOR VIII CONCENTRATES

INTRODUCTION

As has been outlined (Chapter I) viral infection

is the major hazard of factor VIII replacement therapy.

Several studies have demonstrated asymptomatic liver

damage in haemophiliacs treated with factor VIII concen¬

trates (summarised by Mannucci 1981). The increased

likelihood of viral contamination in large plasma-pool

concentrates has led to some clinicians advocating the

use of single-donor or small-pool materials such as

cryoprecipitate (Gabra et al 1982). The use of

accredited donors is an additional method of reducing

such risks. However, single-donor materials cannot be

standardised for their factor VIII content and precise

dosage is thus impossible. Small-pool materials such

as lyophilised cryoprecipitate necessitate a large

proportion of the product being sacrificed for quality

control if complete pharmaceutical testing is to be

carried out. Moreover, some doubt exists as to whether

such products reduce the risk of hepatitis viral infection

as evinced by liver dysfunction (Levine et al 1977).

Studies employing classical plasma fractionation

schemes show that contaminating hepatitis virus is

concentrated in the albumin fraction, with other fractions

including coagulation factor products being relatively

less contaminated (Hoofnagle et al 1976). However,

albumin solutions have an excellent record of non-
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infectivity, while coagulation factor concentrates are

high-risk products. This is undoubtedly due to the

ability to subject albumin solutions to heat in the

presence of stabilisers, thus inactivating contaminating

viruses. The lability of coagulation factors has

resulted in approaches other than heat treatment being

attempted to remove or decrease potential viral contamin¬

ants. Thus, Einarrson et al (1981) have successfully

decreased hepatitis virus contamination of prothrombin

complex concentrates by hydrophobic affinity chromato¬

graphy on alkylated agarose. These adsorbents

selectively removed the virus while showing minimal

affinity for coagulation factors II, VII, IX and X.

Such an approach, however, is not applicable to factor

VIII as Morgenthaler (1982) has shown that these

adsorbents bind factor VIII irreversibly as well as the

virus. Johnson et al (1976) have used PEG precipitation

to remove hepatitis virus from albumin and prothrombin

complex solutions. Precipitation with 20% PEG allowed

removal of virus in the precipitate, thus utilising the

large molecular weight difference between the proteins

and the viral particles. The high molecular weight of

factor VIII however would result in co-precipitation with

the virus under these conditions.

Recently, Brummelhuis et al (1983) have shown

that addition of specific human immunoglobulin to

hepatitis B to blood products (including factor VIII

concentrate) produced from deliberately contaminated
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plasma neutralised the infectivity of these preparations.

This approach, however, is specific to infectivity with

hepatitis B virus. Similarly, Prince et al (1983,1984)

have shown that lipid extraction techniques, such as

detergent or ether treatment, result in a decrease in

infectivity, an approach which is restricted to lipid-

coated viruses.

As far as hepatitis B goes, the application of

sensitive radioimmuno techniques in screening donations

and final products can cut down considerably on the

infectivity risk. However, given that the sensitivity

of present day techniques is 3 or 4 orders of magnitude

greater than the minimal infective dose, a similar

reduction in viral titre is required to eliminate

infectivity. This consideration determines the extent

of viral inactivation/removal that a particular process

has to effect.

The possibility that the agent responsible for

the AIDS syndrome is a virus emphasises the need to

develop general methods of viral inactivation. In this

regard, the well tried heat treatment is an attractive

option. Heat treatment has been used by one manufacturer

to produce a factor VIII concentrate with reduced

hepatitis infectivity, the factor VIII being stabilised

during heating in a sucrose-glycine solution (Heimburger

et al 1981). Although no stage yields were given,

factor VIII losses of about 80% over the starting material

(cryoprecipitate) occurred. Prior to heating, the
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concentration of contaminating virus and other proteins,

including fibrinogen, was decreased by glycine and salt

precipitations. Losses of factor VIII in these steps

are likely to have contributed to the low yields. The

final concentrate had factor VIII antigen/activity ratios

similar to the starting material, suggesting that

physical loss of factor VIII molecules was occurring over

the process. If such losses could be prevented, yields

would be improved. This can be done by using a higher

yielding method of removing fibrinogen (Chapter VI).

Heat treatment would also require the use of stabilisers

to effect selective preservation of factor VIII while

allowing inactivation of contaminating viruses.

In this section, a new method of viral inacti-

vation-heat treatment in the presence of sorbitol-

glycine (Macleod et al 1 983)-has been applied to produce -

a factor VIII concentrate with decreased risk of viral

infectivity. The characteristics of the product have

been examined, both as regards its in vitro properties

as well as its behaviour upon infusion to a haemophilic

patient.
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METHODS

Materials for heat treatment were cryoprecipitate

extracts and HES 40 plasma precipitates prepared as

described in Chapters V and VI. Fibrinogen content was

reduced by zinc precipitation (Chapter VI).

Heat treatment was performed as follows: (Macleod et

al 1983). The solution for heat treatment was placed

in a plastic beaker on a magnetic stirrer/heater. With

constant stirring, solid glycine was added to a final

concentration of 50 g/litre of solution. The pH of the

solution was monitored and kept above 7 by addition of

1 M NaOH as necessary. The final pH was adjusted to

7.5. Solid sorbitol was then added slowly to the

solution, addition being made by scattering sorbitol

lightly over the surface with constant stirring. As the

sorbitol went into solution, the temperature of the

mixture dropped. The temperature was kept above 30°C

by heating with careful monitoring using a thermocouple.

Care was taken to ensure that the temperature did not

exceed 40°C. Sorbitol was added to a final concentration

of 1850 g/litre of original solution. When the sorbital

addition was complete, the mixture was transferred to a

glass bottle and stoppered. The bottle was then placed

in a water bath and heated under the conditions stated in

Results. After heating, the mixture was treated (see

Results) to remove the heat-stabilising additives.

Samples from the various stages of the procedure were

frozen at -40°C for subsequent assay.
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Clinical evaluation of heat-treated factor VIII concen¬

trate : A heat-treated factor VIII concentrate was

produced at the Protein Fractionation Centre, Edinburgh,

by the method of Newman et al (1971) (Chapter I) with

fibrinogen reduction by zinc precipitation of the cryo-

precipitate extract (Chapter VI). This material had the

characteristics shown in Table 7-2 and passed all the

quality control criteria for a clinical product. The

concentrate was infused into a haemophilic patient in the

Haematology Department of the Royal Infirmary of

Edinburgh. Blood samples were taken before and at

sequential time intervals after the infusion.

Recovery of infused factor VIII:C was calculated using

the formula:

amount of VIII:C recovered in plasma
recovery (%) =

amount of VIII:C infused

To calculate the amount of VIII:C recovered in the patient's

plasma, the VIII:C content 20 minutes after infusion was

multiplied by the plasma volume, assuming 41 ml of

plasma per kg body weight.

Half-life of infused VIII:C was calculated froma semi-

logarithmic plot of plasma activity versus time, as

shown in Figure 7-3.

All other assays and analytical methods were

as described in Chapter II.



TABLE7-1RECOVERYOFFACTORVIIICONCENTRATEPROTEINSAFTERHEAT-TREATMENT Starting Material

Heating Conditions
Methodof Reagent Removal

n

RecoveryofProteins(%ofStartingMaterial) VIII:C

VIIIR:Ag

Fibrinogen
Fibronectin

Cryoextract
12h,60°C
Dialysis*

2

56

89

97

92

HES-40ppt.
12h,60°C
Dialysis

2

52

81

84

96

HES-40ppt.
30min70°C
Dialysis

2

52

95

92

88

HES-40ppt.
30min70°C

Precipitation"1"
1

71

82

61

52

Solutionswereheatedinthepresenceofglycine/sorbitol.Heatingwascarriedout inawaterbathadjustedtotheappropriatetemperature.Temperaturemeasurement indicatedthatthesolutionreachedwaterbathtemperatureinoneminute. *Solutionsweredialysedagainst100volumesof15mMcitrate,150mMNaClpH6.9 (citratesaline)for7hours.Thedialysatewaschanged3timesduringthe procedure.
+Theheatedsolutionwasdilutedwithanequalvolumeof20mMcitrate,60mMNaCl pH6.9.Thesolutionwasthenmade26%W/VwithrespecttoNaClandcentrifuged for60,000gmin.at22°C.Theprecipitatewasdissolvedincitratesaline.



FIGURE 7-1

TWO-DIMENSIONAL IMMUNOELECTROPHORESIS OF FACTOR VIII

CONCENTRATE PRE AND POST HEAT TREATMENT

Electrophoresis was carried out at 200 V for 6 hours

and at 150 V for 18 hours in the first and second

dimensions respectively. Antisera to VIIIR:Ag,

fibrinogen and fibronectin were incorporated into

the second dimension at concentrations of 0.2%, 2%

and 2% respectively.
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FIGURE 7-2

SDS-PAGE OF FACTOR VIII CONCENTRATE PRE AND POST

HEAT TREATMENT

Gels were 5% polyacrylamide. Electrophoresis was

at 30 V for 18 hours.
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TABLE 7-2 ANALYTICAL PROFILE OF CLINICAL HEAT-TREATED FACTOR VIII

CONCENTRATE

Factor VIII:C Content 145 i.u/vial

Total Protein 14.4 g/litre

Fibrinogen 5.2 g/litre

Sodium 40.4 mmol/litre

Potassium 0.01 mmol/litre

Chloride 11.9 mmol/litre

Citrate 12.3 mmol/litre

PH 6.8

Sorbitol 54 g/litre

Osmolality 509 mOsM

Zinc 3.6 ppm

Cellulose Acetate Electrophoresis Normal

Rabbit Pyrogen Test 3.8°/6 rabbits

Limulus Pyrogen Test
(Endotoxin equiv.)

£ 0.5 ng.ml

Acute Toxicity Pass

HBsAg RIA Negative

Sterility Test Pass

Isoagglutinin (Indirect Coombs Test) Aj A2 B 0
1/8 1/4 1/8 Negative

Data for vials reconstituted in 25 ml of distilled
water.

Data supplied by Quality Control Department of the
Protein Fractionation Centre, Edinburgh.



RESULTS

A. PASTEURISED FACTOR VIII CONCENTRATE: In vitro

Characteristics.

Table 7-1 confirms the findings of Macleod et

al (1983) regarding the stability of factor VIII heated

in the presence of sorbitol-glycine. The use of 50%

sucrose and 2 M glycine as stabilisers (Heimburger et al

1981) was also examined but the procedure resulted in low

VIII:C yields and was not persued further. An attempt

to stabilise factor VIII with citrate, as has been

proposed for antithrombin III (Wickerhauser et al 1979)

was unsuccessful as addition of citrate to 0.5 M caused

immediate precipitation of the majority of the protein in

the concentrate.

Figure 7-1 shows that heat-treatment did not

affect the properties of the main proteins in the concen¬

trate, as determined by two-dimensional Immunoelectro¬

phoresis. The primary structure of the proteins was

also unaffected, as seen on SDS polyacrylamide gels

(Figure 7-2).

B. PASTEURISED FACTOR VIII CONCENTRATE: In vivo

Characteristics.

Table 7-2 lists the characteristics of the

heat-treated factor VIII concentrate that was infused

into a haemophilic patient. Table 7-3 summarises the

in vivo results of this infusion, together with data

for similar infusions using other factor VIII products.



TABLE 7-3 IN VIVO STUDIES WITH VARIOUS FACTOR VIII PRODUCTS

Preparation Infused Recovery Half-Life
(%) (hours)

A) Frozen Cryoprecipitate* 100 8

B) Intermediate Purity Concentrate* 122 10.5

C) Heat-Treated Concentrate+ 92 12.3

Data shows results of infusions to one patient (K.M.)
given at different times.

Recovery data for A & B were calculated using a
concentrate standard, a method which gives higher
recoveries than when using a plasma standard, as in C.
Data for similar infusions of A & B to other patients
were similar.

* Data taken from Toolis et al (1980)

+ Data from the present study



FIGURE 7-3

FACTOR VIII RELATED ACTIVITIES FOLLOWING INFUSION

OF HEAT-TREATED CONCENTRATE

VIII:C

VIII:CAg

VIIIR:Ag (IRMA)

VIIIR:Ag (Laurell)

Half life was estimated by measuring the time it took

for the VIII:C level to decline by half, as shown in

the Figure.
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In vivo recovery and half-life of the heat-treated

material compared well with those obtained with materials

that had not been heat-treated. Figure 7-3 shows the

in vivo behaviour of various factor VIII related activities

after infusion. VIIIRrAg measured by Laurell assay

tended to give higher values than when measured by IRMA,

possibly due to antigenic breakdown with subsequent

increased electrophoretic mobility, as has been noted for

other, non-heated concentrates (Chapter I) (Prowse et al

1981). Figure 7-1 indicates that the heating step had

no effect on the mobility of VIIIR:Ag.



TABLE7-4THEEFFECTOFHEATINGONVIII:CANDMODELVIRUSES Solution

HeatTreatmentinSolution
(A)60°Cfor10Hours
(B)As(A)Followedby 70°Cfor30Minutes

BeforeHeating
AfterHeating
BeforeHeating
AfterHeating

FACTORVIII(Fibrinogen- DepletedConcentrate) FactorVIII:C(%,Mean&S.D.(m))
100

89±22.5(20)

100

76.9±7.2(5)

VIRUSES Vaccinia(pfu/ml) inFactorVIII(sorbitol/glycine)
108.5

105

107,5

<101

inAlbumin(sorbitol/glycine)*
>—*

o

00

•

cn

10^.5

N.D.

N.D.

inAlbumin(standardsolution)"1"
107*5

0

N.D.

N.D.

Mumps(pfu/ml) inFactorVIII(sorbitol/glycine)
105,5

103•5

105.5

102*5

inAlbumin(standardsolution)
105.5

0

N.D.

N.D.



TABLE7-4ContTHEEFFECTOFHEATINGONVIII:CANDMODELVIRUSES Solution

HeatTreatmentinSolution
(A)60°Cfor10Hours
(B)As(A)Followedby 70°Cfor30Minutes

BeforeHeating
AfterHeating
BeforeHeating
AfterHeating

HerpesSimplex(pfu/ml) inFactorVIII(sorbitol/glycine)
106*5

<101

106.5

<101

inAlbumin(standardsolution)
106*5

N.D.

N.D.

Polio2(pfu/ml) inFactorVIII(sorbitol/glycine)
106

<101

106

A

h*

O

inAlbumin(standardsolutiion)
106

0

N.D.

N.D.

DatatakenfromFosteretal(1983c)andreproducedbypermission *Clinicalalbuminsolution +Stabilisedasinroutineproductionwithsodiumcaprylate N.D.Notdetermined
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DISCUSSION

The present study confirms that heat-treatment

is a practical option to effect sterilisation of a

factor VIII concentrate. Use of the sorbitol-glycine

stabilisers allows heating to be carried out with

retention of VIII:C activity. The protection from

thermal denaturation of proteins by sugars has been

extensively studied (Lee and Timasheff 1981 and

references within). Thermodynamic measurements have

suggested the hypothesis that stabilisation is due to

the increase in solvent surface tension by sugar

addition, making protein unfolding with subsequent

increased surface area thermodynamically unfavourable.

The stabilisers also protect model viruses added to the

system (Table 7-4) and the modified heating conditions

(70°C for 30 minutes following the standard 60°C for 10

hours) are necessary to effect selective viral inacti-

vation. The same workers have found that heating at

70°C for 30 minutes results in a viral kill equivalent

to that obtained when this procedure is followed up by

60°C for 10 hours (Foster 1984, personal communication).

In vitro analyses of the product showed that

no changes were induced in the proteins in factor VIII

concentrate by heat-treatment. Whereas heat-treatment

has been shown to result in changes in two-dimensional

Immunoelectrophoresis in antithrombin III concentrate

(Wickerhauser et al 1979) no such changes were apparent
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in the factor VIII concentrate. Other studies by Dawes

et al (1983) also confirm the antigenic identity of the

proteins pre- and post-heating, suggesting that formation

of neo-antigens did not occur. Studies of in vivo

behaviour are more important in demonstrating the suita¬

bility of the heat-treated material. In vivo recovery

and half-life of VIII:C were similar to those obtained

with other products not subjected to heat-treatment.

Since heating appears to have no deleterious effects on

the characteristics of the product, it can readily be

used clinically, prior to confirmation of its decreased

infectivity. As far as hepatitis B is concerned, a

decrease in infectivity can be tested by challenging the

concentrate with virus prior to the inactivation

procedure, followed by infusion into chimpanzees

(Brummelhuis et al 1983, Prince et al 1983). Since the

heated product carries no greater risk of infectivity and

is hopefully much safer than the current material, such

studies are not mandatory prior to its issue for clinical

use.



(B) ASSOCIATION OF FACTOR VIII WITH BLOOD GROUP

INTRODUCTION

It has long been known that persons of blood

groups A and B have higher factor VIII levels than

persons of group 0 (Preston and Barr 1964, Wahlberg et al

1980). This higher activity results in higher amounts

of factor VIII being recovered in single donation cryo-

precipitate from group A compared to group 0 donors

(Regional Transfusion Directors' Committee 1978). One

study has reported higher relative yields in thaw-siphon

cryoprecipitate prepared from group A as compared to

group 0 plasma (Prowse et al 1982). Oligosaccharide

structures characteristic of blood group A, B/O have

been shown to be associated with the factor VIII molecule

although the question of whether they are covalently

linked is uncertain (Sodetz et al 1979, Samor et al 1982)

In this study, the association of factor VIII

with blood group activity has been investigated using

purified factor VIII concentrates prepared from group

specific plasma. The aim was to define more closely

the nature of the association.



METHODS

Factor VIII concentrates: Non-group specific inter¬

mediate purity concentrate was obtained from the Protein

Fractionation Centre, Edinburgh. Group A- and group 0-

specific high purity concentrates were obtained from

Kabi Vitrum, Sweden.

Solid phased antibodies: Rabbit anti-A substance, immuno

globulin (affinity purified on Synsorb A) and non-immune

immunoglobulin were supplied by the Reagents Laboratory,

Edinburgh Blood Transfusion Service, and were coupled to

cyanogen bromide activated Sepharose 4B (Chapter II).

Factor VIIIR:Ag and factor VIII:CAg were isolated from

the group specific concentrates by the method of

Tuddenham et al (1979) using immunoadsorbent chromato¬

graphy. Briefly, sheep anti-VIIIR:Ag immunoglobulin

was coupled to Sephacryl S-1000 (Pharmacia) and the gel

was mixed with group specific concentrate for 18 hours at

room temperature. The gel was then packed into a column

was washed sequentially with 300 ml of 15 mM citrate,

150 mM NaCl pH 7.2 and 300 ml of 50 mM imidazole/HCl

pH 7.2, 0.01% Tween 80. VIII:CAg was then dissociated

from the bound VIIIRrAg by elution with 300 mM CaCl2,
50 mM imidazole/HCl pH 7.2, 0.01% Tween 80, 0.1% turkey

serum. VIIIR:Ag bound to the antibody was eluted 3 M

KSCN in imidazole buffer. The peak protein-containing

fractions were then dialysed against two changes of

5 litres of 50 mM Tris, 150 mM NaCl pH 7.2, 0.01% Tween

80. Pools of VIII:CAg- and VIIIR:Ag-containing fractions



FIGURE 7-4

PRINCIPLE OF IMMUNOADSORBTION OF BLOOD GROUP

ASSOCIATED FACTOR VIII

Immobilised anti-A antibody was incubated with

factor VIII solutions. Group A substance present

binds to the antibody, along with any associated

factor VIII. The antibody beads are then removed

and the supernatants assayed for residual factor VIII.
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PRINCIPLE

IMMOBILISED FACTOR VIII SOLUTION
ANTIBODY v

INCUBATED AT
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WITH CONTINUOUS
MIXING

BEADS SPUN OFF
SUPERNATANTS
COLLECTED
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were stored frozen for subsequent experiments.

Reaction of factor VIII with immobilised antibodies:

The principle used is shown in Figure 7-4. Solutions

of factor VIII were incubated with solid phased anti¬

bodies or buffer (50 mM Tris, 150 mM NaCl, pH 7.2).

Incubations were performed at room temperature with

continuous mixing. After one and four days of

incubation, the beads were removed by centrifugation and

the supernatants were collected and frozen for subsequent

assay.



FIGURE 7-5

ADSORBTION OF FACTOR VIII BY IMMOBILISED ANTIBODIES

Results show the mean and standard deviations of 3

experiments. The percentage adsorbtion compared to

the initial values was estimated by subtracting the

residual activities from the starting activities.



RESULTS

A. FV11IR Aq -1 DAY INCUBATION
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specific

Concentrate
A 0

Rag pool
A 0
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RESULTS

Figure 7-5 summarises the results obtained.

A. GROUP A CONCENTRATE;

Anti-group A antibody adsorbed 75.2% of the

VIIIR:Ag and 79.6% of the VIII:CAg from the group A

concentrate, while non-immune rabbit IgG adsorbed 16.7%

of the VIIIR:Ag and 25.9% of the VIII:CAg. The

difference between incubations carried out with anti-A

and non-immune IgG was significant, (p < 0.001) using an

unpaired t-test, for both VIIIR:Ag and VIII:CAg.

B. GROUP 0 CONCENTRATE:

Anti-group A and non-immune IgG both adsorbed

small amounts of VIIIR:Ag and VIII:CAg; the difference

between the two antibodies were not significant.

C. NON-GROUP SPECIFIC CONCENTRATE:

Four day incubations resulted in clotting of

the samples and thus no assays could be performed. Small

amounts of VIIIR:Ag and VIII:CAg were adsorbed by both

types of antibody after one day incubations; the

difference between the two antibodies was not significant.

D. FACTOR VIIIR:Ag POOLS:

These were prepared from both types of group

specific concentrates:

1. Group A pool.

One day incubations produced adsorbtion of 17.2% by

immobilised anti-A and 15% by the non-immune IgG

compared to starting values; the difference was not



significant. Four day incubations led to

adsorbtion of 54% by the anti-A and 22% by the non¬

immune IgG, a difference which was significant

p < 0.005.

2. Group 0 pool.

For both incubation periods, the two antibodies

adsorbed small amounts of VIIIR:Ag; the difference

was not significant.

E. FACTOR VIII:CAg POOLS:

The VIII:CAg activity isolated proved very

labile to freeze-thawing and no activity was measurable

when the samples were assayed.
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DISCUSSION

Previous studies on the association of blood

group activity with factor VIII have relied on haem-

agglutination inhibition techniques to demonstrate the

association (Sodetz et al 1979, Samor et al 1982). Such

an approach,, however, will not distinguish between blood

group substance associated with factor VIII or present

as a contaminant in the factor VIII preparation. The

use of immobilised specific antibody avoids this

possibility, as any factor VIII removal must be through

a close association with the blood group substance

recognised by the antibody. It is acknowledged that

this approach will not determine whether the association

is covalent (Sodetz et al 1979) or is the result of

adsorbtion of blood group substance to the factor VIII

molecule during purification (Samor et al 1982).

However, this study confirms that blood group A substance

remains associated with the factor VIII molecule during

the production of a high purity concentrate from group A

plasma. Such plasma is known to have higher levels of

factor VIII related activities than group 0 plasma. The

reason for this is unknown at present, but could be

related to a possible increased in vivo half-life for

factor VIII due to incorporation of group A substance in

the molecule. Confirmation of this hypothesis would

require in vivo survival studies of factor VIII derived

from group specific plasma into haemophilic patients.

Association of group A substance with
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factor VIII might have been expected to result in some

specific depletion from non-specific concentrate, which

is made from plasma pools presumably containing a

considerable number of group A donations. It is possible

that this was not observed due to the lower purity of

the non-specific concentrate, leading to blockage of the

anti-A antibody with free group A substance in the

preparation. The higher purification of the group

specific concentrate would lead to removal of such un-

associated blood group substance, allowing reaction of

the antibody with blood group substance linked to

factor VIII.

It has been suggested that group A plasma

donations be preferentially used to derive cryoprecipitate,

in order to increase the potency of this material

(Tomasulo et al 1980). Such a practice, however, would

be too restrictive. A more practical option would be to

increase plasma levels of factor VIII using external

stimuli, an aspect that is studied in Section C of this

Chapter.
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(C) RESPONSE OF FACTOR VIII TO DDAVP INFUSION, VENOUS

OCCLUSION AND EXERCISE

INTRODUCTION

Factor VIII levels in blood are known to be

increased by a number of external stimuli, including

venous occlusion, physical exercise and infusion of

hormonal agents such as vasopressin and its synthetic

analogue 1-desaminocysteine (8-D-arginine) vasopressin

(DDAVP) (Bloom 1977). DDAVP has been used clinically

to treat patients with mild factor VIII deficiency,

whose low factor VIII levels may be raised to levels that

can support haemostasis by DDAVP infusion (Mannucci et al

1977). However, some concern has been expressed due to

the anti-diuretic action of the analogue (Lowe et al 1977).

DDAVP has also been used to raise VIII:C levels in blood

donors prior to donation, the resulting high levels being

recoverable in a concentrate and subsequently in vivo

(Nilsson et al 1979). This approach has also been

attempted in exploiting the increase in plasma VIII:C

following exercise; cryoprecipitate produced from

exercised donors however did not result in higher in vivo

VIII:C levels when infused into haemophiliacs (Gastel et

al 1973).

In this study, different factor VIII related

activities were measured following DDAVP infusion, venous

occlusion and exercise of male volunteers, with the aim

of defining the factor VIII response in normal



individuals following these stimuli. The relative

benefits of the 3 stimuli in raising factor VIII levels

in blood donors can then be assessed.



METHODS

Studies were performed on 6 male volunteers,

who were subjected to the 3 different stimuli as

described by Prowse et al (1984b) (Appendix of this

thesis). All assays were performed on frozen citrated

plasma samples and were as described in Chapter II.

The Laurell technique was used for measuring VIIIR:Ag.



FIGURE 7-6

CHANGES IN FACTOR VIII FOLLOWING DDAVP INFUSION

0.3 ug/kg was infused. Results are shown as mean

standard deviation.

Significant (p < 0.05) increases are shown as

filled symbols.
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FIGURE 7-7

INDIVIDUAL AND MEAN (± standard deviation) INCREASES

IN THE VARIOUS FACTOR VIII ACTIVITIES 30 MINUTES AFTER

DDAVP INFUSION AND IMMEDIATELY AFTER VENOUS OCCLUSION

AND EXERCISE

Average basal levels of the activities were

VIII:C 101, VIII:CAg 83, VIIIR:RCF 97 and

VIIIR:Ag 98 u/dl.
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RESULTS

Figure 7-6 shows that during DDAVP infusion

VIII:C rises significantly before VIIIRrAg, although such

differences were marginal. The rise of VIIIR:RCF

following DDAVP infusion paralleled the increased in

VIII:C more closely than that of VIIIR:Ag. Maximum

levels of these activities did not occur until 30 minutes

or more after infusion. All subjects showed at least

a 2.3 fold increase in VIII:C 45 minutes after infusion

(mean 2.63 fold; p < 0.01) and at least a 1.6 fold

increase in VIIIRrAg 75 minutes after DDAVP infusion

(mean 2.49 fold; p < 0.01).

In contrast venous occlusion produced a lower

response in both VIII:C (1.4 fold, p < 0.05) and VIIIRrAg

(1.48 fold; p < 0.05) and one subject gave no response at

all. Similar results were obtained following exercise,

although in this case the increase in VIIIRrAg of 1.24

fold (p < 0.05) was less than that of VlllrC (1.47 fold;

p < 0.05) and a different subject was a non-responder.

Figure 7-7 summarises the response of the

different factor VIII related activities to all 3 stimuli

tested. In each case, assay of VIII:CAg confirmed the

results obtained by VIII:C measurement and in each case

the rise in VIIIRrRCF was significant (p < 0.05).
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DISCUSSION

The principle of administering an external

agent to blood donors with the aim of increasing the

procurement of a particular component is already

established in blood transfusion practice. Thus, donors

are injected with glucosteroids prior to leucapheresis

in order to increase the blood level of granulocytes

(French 1980). The immunisation of rhesus-negative

volunteers with rhesus-positive cells to product anti-D

immunoglobulin is also well known (O'Riordan 1973). The

present study confirms that a similar principle can be

used to increase the concentration of factor VIII in

donor plasma. It was felt important to measure changes

in all the different factor VIII related activities, in

order to ensure that the VIII:C rises observed represented

an actual increase in factor VIII, rather than a spurious

increase through e.g. activation. It has been claimed

that the VIII:C rise following exercise is a result of

activation, possibly by thrombin (Kopitsky et al 1983)

but the present study shows that following this and the

other stimuli, VIII:CAg also increases, confirming an

increase in the mass of this protein.

Of the 3 stimuli studied, DDAVP infusion

produced the highest increase in plasma factor VIII

related activities. It has been shown that the high

factor VIII levels in plasma following DDAVP infusion can

be recovered in low purity (Nilsson et al 1979) and high

purity (Mikaelsson et al 1 983b) factor VIII concentrates.
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This high in vitro yield is reflected in the in vivo

recovery of these products. In contrast, cryoprecipitate

from exercised donors, while containing higher levels of

factor VIII than normal cryoprecipitate, does not show

the higher in vivo recoveries expected from the in vitro

yield (Gastel et al 1973). It has been shown that

intra-nasal administration of DDAVP can also increase

factor VIII levels that are recoverable in concentrates

(Mikaelsson et al 1982). Although the dosage required

is an order of magnitude greater than the intra-venous

dose, this might be a more practical way of increasing

the factor VIII levels of plasma intended for concentrate

production. Donors would have to inhale the analogue

and then be bled 1-2 hours after, in order to allow a

maximal rise in factor VIII levels. Good donor

organisation would thus be required. Recently, another

vasopressin analogue has been described which is claimed

to increase factor VIII levels without the anti-diuretic

effect of DDAVP (Cort et al 1981). If this effect can

be confirmed in blood donors, it might be more acceptable

in transfusion practice to use this agent as a means of

increasing the factor VIII content of blood donations.

It is suggested that administration of such substances,

if found acceptable to donors, is a valuable way of

improving factor VIII procurement.



CHAPTER VIII

GENERAL DISCUSSION AND CONCLUSIONS



(A) INTRODUCTION

It is expected that the near future will see

factor VIII concentrate overtaking albumin products as

the driving force for plasma procurement in industrialised

nations (Curling 1982). This ever increasing demand for

factor VIII has resulted in local production in blood

banks remaining a crucial factor in the overall supply.

This is because such materials, mainly in the form of 'wet'

cryoprecipitate, produce a much higher yield of factor

VIII than concentrates from fractionation centres. This

situation is even more accentuated in countries which

depend totally on this form of production due to lack of

fractionation facilities. Great efforts are continuously

being made to increase the supply of plasma delivered to

fractionation centres in a form that is suitable for

factor VIII production (i.e. fresh frozen plasma) in

order to phase out such local, non-standardised products.

The recent introduction of a dedicated plastic pack for

this specific purpose is a case in mind (Lane 1981).

However, so long as yields by present day fractionation

techniques remain below 300 u/kg of starting plasma, a

voluntary blood donor system which produces 'recovered'

plasma is unlikely to supply all the material needed.

The question thus arises whether plasma needs to be

treated in a special way for factor VIII production and

whether small-scale, local and regional production of

high yielding products can substitute for the low yielding

large scale production of conventional fractionation.
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The question of yield relating to plasma supply

and quality, while ever predominant in state-backed

voluntary blood programmes, is less relevant for commercial

manufacturers of plasma fractions. In these concerns,

"Source Plasma" from paid plasmapheresis donors is the

raw material, in contrast to the "Recovered Plasma" which

forms the bulk of the supply for national blood services.

Product presentation and attractiveness to patients and

clinicians are more important than yield, as the plasma

source can be increased by buying more material and

passing on the price to the consumer. Recently, it has

also been shown that such high-potency concentrates may

also be pasteurised, thus having the added attraction of

a potentially reduced active virus content. It is not

the purpose of this study to enter into a discussion of

the ethics involved in the commercialisation of blood

donation. However, the ever increasing price of these

materials alone may be sufficient grounds to justify a

programme of self-sufficiency. The limitation of the

plasma supply to a pool of dedicated voluntary blood

donors, with a fully documented and satisfactory medical

history, also increases the safety of the product,

compared to materials derived from large numbers of a

continuously changing paid donor panel.

It has been the aim of this study to explore

ways in which local or regional blood banks can generate

enough factor VIII for self-sufficiency while retaining

the product characteristics currently only obtained in
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large-scale production. The results achieved in this

study will be discussed in relation to work done by others

in this area.

(B) IMPROVEMENT OF THE SUPPLY AND QUALITY OF PLASMA AS

A RAW MATERIAL

Increasing the number of blood donors will

obviously increase the potential supply of plasma available

for factor VIII production. It has been estimated that

an annual rate of 50,000 donations per million population

is required to cover the needs for blood transfusion in

an industrialised nation (Hassig and Lundsgaard-Hansen

1978). The same study reveals that proper management of

a blood component programme should result in the generation

of sufficient plasma to satisfy factor VIII needs in the

form of intermediate-purity concentrate. In developing

countries with a less sophisticated health service, the

level of blood donation/requirement is much less, but can

be expected to rise as general health care is improved.

Achievement of the level of donation described above,

coupled with the use of an 80% component programme,

should lead to a balanced level of self-sufficiency with

regards to factor VIII and red cells. However, recent

developments, particularly progress in sterilising

factor VIII concentrates, lead to decreased process

yields and make it more difficult to achieve the necessary

plasma input through a standard blood donation service.

In this regard, rather than increasing the number of

blood donors (and thus wasting red cells) several options



31 1

are possible:

1. Plasmapheresis of donors with the specific aim of

increasing the amount of factor VIII produced by blood

banks has been described (Andronescu et al 1983).

This approach has also been used to procure plasma

destined for large-scale fractionation - currently,

such plasma costs about £46 per kg to produce

(Robinson et al 1983). Although expensive, this

option allows measures which cannot be achieved

easily in whole blood collection e.g. use of different

anticoagulants to improve VIII:C stability (Chapter

III). However, it must be emphasised that procuring

sufficient quantities of whole blood should be the

first priority for a developing blood transfusion

service.

2. Use of red cell concentrates instead of whole blood

releases considerable amounts of plasma suitable for

factor VIII production. The Swiss experience

(H&ssig and Lundsgaard-Hansen 1978) has shown that it

is possible to issue up to 80% of blood requests in

the form of red cell concentrates. An essential

feature of this programme is the acceptance of the

policy by clinicians and a judicious use of plasma

substitutes as volume expanders (Mellstrand 1983).

The preparation of such substitutes should thus be

included in any programme aiming for self-sufficiency

in plasma fractions.

3. Increasing the volume of plasma per blood donation.
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Use of the red cell additive SAGM (saline, adenine,

glucose, mannitol) has allowed the volume of plasma

obtainable from a 450 ml blood donation to be increased

from 220 mis to 280 mis (Httgmann et al 1983). The

optimal additive system has now been incorporated into

the standard multiple plastic bag systems for whole

blood collection. The increase in cost relative to

the old single or double bags is partially offset by

the increased volume of plasma that can be harvested.

4. Increasing the VIII:C content of plasma destined for

factor VIII production. It has been suggested that

the long known association of blood group A with

increased factor VIII levels (Chapter VIIB) be used

in selecting plasma donations for cryoprecipitate

production (Tomasulo et al 1980). This practice,

however, must be considered unnecessarily restrictive.

Treatment of donors to increase factor VIII levels,

such as administration of the vasopressin analogue

DDAVP (Chapter VIIC) is a more promising option and

has been used successfully (Nilsson et al 1979,

Mikaelsson et al 1982). Combining this option with

a plasmapheresis programme on a relatively small

number of dedicated donors could well reduce the

necessary donor panel for factor VIII procurement to

a few hundred donors. The benefits of this are

numerous, particularly in the patient-safety aspect

mentioned above.

5. Improving plasma VIII:C stability. The lability of



313

FIGURE 8 - I : PLASTIC BAG SYSTEMS FOR OPTIMAL PRESERVATION

OF DONATED FACTOR VIII
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VIII:C in blood donations has resulted in many studies

designed to improve VIII:C stability so that more

plasma can be processed to factor VIII concentrate.

On a blood bank scale recent attention has focused on

the stability of VIII:C at physiological ionised

calcium levels, achieved either by collection of

blood in heparin or by recalcifying standard donations.

The results of this study and others published

recently indicate that a significant stabilisation of

VIII:C in the crucial first few hours after donation

is attainable by modification of the standard anti¬

coagulants so as to result in higher ionised calcium

levels (Chapter III, Krachmalnicoff and Thomas 1983,

Mikaelsson et al 1983a, Rock et al 1983b). The

present day anticoagulant formulations have been

based mainly on considerations of red cell viability

and safety upon transfusion. Given the growing

demand for factor VIII, an anticoagulant composition

which is more compatible with VIII:C stability and

which does not interfere with other components would

be attractive. Two possible options, based on the

results of the present study, for exploiting the

calcium-induced stability of VIII:C by modifications

of present day anticoagulants/multiple bag systems

are shown in Figure 8-1 .

a) Collection into anticoagulants of lower citrate

concentration: In this approach, the standard CPD

formulation would be altered so as to result in a
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final plasma citrate of 10 mM, rather than the 25 mM

attained by the usual anticoagulant. This citrate

concentration would allow VIII:C stability to be

preserved (Chapter III) . In order to maintain anti¬

coagulation, this 'low-citrate CPD' could if necessary

be supplemented with heparin, and if required

additional citrate could be added to the red cells

after plasma separation. A possible plastic bag

system for this option is shown in Figure 8-1A.

Although provision is made for citrate supplementation

of red cells following plasma removal, further

research is needed to determine whether 10 mM citrate

is adequate to preserve red cell viability. Mishler

et al (1978) have previously shown that a concen¬

tration of 14 mM citrate is sufficient for this

purpose.

b) Recovery of plasma VIII:C by recalcification:

Recalcification to 10 mM calcium within 4 to 6 hours

following donation results in recovery of plasma

VIII:C, which is stable for up to 18 hours (Chapter

III). Separation of plasma can thus be delayed

until transportation to the regional centre. Plasma

can then be separated and expressed into a calcium/

heparin solution. After allowing VIII:C to recover

to higher levels (2 hours - Chapter III), plasma can

be processed to concentrate the factor VIII. This

option can also be carried out within an enclosed

plastic bag system - Figure 8-1B. In this system,
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additional citrate is not necessary for the red cells

as collection is effected in standard CPD anti¬

coagulant. A tertiary pack with citrate is included

for receiving residual plasma after factor VIII

extraction, to allow continued anticoagulation after

the heparin has degraded.

Both these approaches might result in

heparin being present in the plasma being processed.

The fractionation of plasma derived from heparin

donations (about 12 u/ml of heparin in the plasma)

has been shown in this study to result in processing

difficulties. Smith (qu. Penny 1983; personal

communication) has shown similar difficulties in

processing such plasma to intermediate-purity concen¬

trate. Further studies are necessary to determine

whether the lower amounts of heparin resulting from

the above options would result in similar difficulties.

It is suggested that the necessity for

preserving VIII:C until plasma separation/processing

can take place justifies the use of potential new

collection systems as outlined in Figure 8-1. A

similar system has already been commissioned by a

Dutch blood bank for producing cryoprecipitate from

heparin donations (Smit-Sibinga et al 1983). Further

bag modifications would allow for subsequent extraction

of the factor VIII (Figure 8-2). Stabilisation of

VIII:C until regionally-collected donations can be

processed at the main centre will have marked effects
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on the amount of therapeutic material that can be

derived. It can be estimated that an extra 300 units/

kg of plasma may be obtained in plasma processed

18 hours after donation, an increase over present

procedures of 50%.

(C) PROCESSING OF PLASMA TO BLOOD BANK FACTOR VIII

CONCENTRATES

Cryoprecipitate:

The characteristics of blood bank cryo have

been discussed (Chapters I, IV and V). Despite its

inconvenience from the point of view of storage and

administration, the material still enjoys widespread use,

primarily because of the ease of preparation and the

relatively high factor VIII yield which is obtained.

Efforts to improve its quality have therefore continued

and include the following:

1. Lyophilisation of small (5 to 20) pools of single-

donation cryos by pooling aseptically into a stabil¬

ising buffer and then freeze-drying (Milligan et al

1981). The product thus prepared can be stored at

4°C instead of having to be deep-frozen. Because of

the low purity, however, the potency is only about

5 u/ml when reconstituted, and syringe infusion is

thus not possible.

2. Plasma additives have been proposed as a way of

increasing yield. The present study does not support

claims that PEG (Johnson et al 1979) or heparin
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(Rock et al 1 980b) increase factor VIII cryoprecipi-

tability (Chapter V). It has been shown that the

physical separation of cryoprecipitate is more

important in this regard, fast centrifugation being

necessary (Chapter V, Foster 1983b). Practical

difficulties in centrifuging bags of frozen plasma

might make transfer into bottles for centrifugation

a better option, but this would involve loss of

sterility.

3. Thaw-siphoning as introduced by Mason (1978)

undoubtedly improves markedly the yield of the

preparation, and if combined with a terminal centri¬

fugation step can also greatly enhance the purity

(Kang 1980, Chapter V). As has been found in this

study, however, plasma freezing has to be rapid to

effect maximum yield, a feature that does not seem as

crucial when using standard thawing techniques (Rock

and Tittley 1979). Care is required in storage of

frozen plasma prior to processing, as temperature

fluctuations result in increased fibrinogen deposition

in the cryo, making subsequent processing difficult

(Chapter IV).

4. Double precipitation of heparin cryoprecipitate has

aroused much interest as a means of increasing the

purity of blood bank cryo at high yield (Lane et al

1983). A variant of the technique employing a closed

system throughout has been successfully tested in vivo

(Smit-Sibinga et al 1984). Heparin collection has
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been claimed to a) increase factor VIII cryo yields

and b) permit utilisation of a second cold precipi¬

tation with a resultant increase in purity. The

present study has examined in detail the behaviour of

factor VIII in the cold in various components (plasma

and cryoprecipitate, both in heparin and CPD anti¬

coagulants) and can find no evidence of a specific

heparin effect (Chapters III and VI). The increase

in specific activity which is obtained upon chilling

blood bank cryoprecipitate (irrespective of plasma

anticoagulant) might be of some advantage, but this

study shows that the final preparation has a fibrin¬

ogen content that precludes sterilisation by heat-

treatment .

Alternatives to cryoprecipitate:

A large number of variables can influence the

freezing and thawing of plasma, and thus the final cryo

yield. Strict attention to every stage of the process

is thus essential, requiring a high level of technical

skill that might not be possible in a developing blood

transfusion service. The processing of unfrozen plasma

would avoid some of the variables affecting cryo yields.

Rapid processing or VIII:C stabilisation would allow the

use of liquid plasma as a raw material. This study has

therefore investigated alternatives to cryoprecipitation

as a means of concentrating factor VIII (Chapter V). Two

options are suggested from the results:

1. Polymer induced cold precipitation. Chilling plasma



FIGURE 8 - 2 : PLASTIC BAG SYSTEMS FOR OPTIMAL HARVESTING

OF BLOOD COMPONENTS

A .

Scheme I - Triple bap- system

Blood Is collected Into A, platelet-poor plasma Is expressed

into B, (red cell additives are expressed from C to A), the

plasma is chilled and the factor VIII rich precipitate is

harvested and the factor VHI-poor plasma is expressed from

B to C .

Products: red cell concentrate (p.naemia)

factor VHI-poor plasma (plasma expansion eg: shock)

factor VIII HES-precipitate (further processing)
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FIGURE 8-2 Cont:

B .

Scheme II - Quadruple bap system

Blood is collected into A, platelet-rich plasma is expressed int<

D, (red cell additives are expressed from C into A), platelet

concentrate is harvested in B, platelet-poor plasma is

expressed into B, the plasma is chilled to produce the

factor VIII rich precipitate and the factor VHI-poor plasma

is expressed into C.

Products: red cell concentrate (anaemia)

factor VHI-poor plasma (shock)

factor VIII HES-precipitete (further processing)

platelet concentrate (thrombocytopenia)

Use of the additional bag allows harvesting of platelet-

concentrate, but the volume of plasma available for Factor VIII

production is lesB than for Scheme I as (1) production of

platelet rich plasma does not allow hard centrifugation in
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order to remove the maximum volume of plasma in the SAG

procedure, (11) a volume of about AOmls of plasma has to be

left with the platelet concentrate.
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in the presence of hydrophilic polymers results in

precipitation of factor VIII and other proteins

(Chapter V, Casillas and Simonetti 1982). By

selecting the appropriate conditions, a selective

concentration of factor VIII is achieved. Yield and

purity of the resultant fraction are better than

normal cryoprecipitate. The precipitate obtained

by HES 40 precipitation has been further treated to

obtain a freeze-dried concentrate (Chapter V). It

is suggested that this simple technique can provide a

superior alternative to cryoprecipitation as a means

of concentrating factor VIII. Processing of in-house

donations immediately after collection allows precipi¬

tation of the plasma to give a factor VIII rich

fraction in less than 3 hours. A similar concentrate

using PVP as a plasma precipitant has been shown to

give good in vivo results upon infusion to haemophilic

patients (Casillas et al 1983). This study suggests

that HES is a preferable reagent in this regard, both

in terms of the results obtained in plasma precipi¬

tation and the clinical acceptability. Figure 8-2

proposes a scheme for component production in a blood

bank, incorporating polymer-precipitation of factor

VIII and allowing other blood components to be

harvested. The plastic bag system shown is based on

the circular multiple bag configuration described by

Lovric (1982) which is already available. Included

are potential anticoagulant combinations in order to



preserve VIII:C as well as red cell additives such as

SAGM, to increase the volume of plasma that can be

harvested.

Plasma concentration and cold precipitation. Amongst

other polymers, albumin is an effective selective

precipitant of factor VIII (Chapter V). The same

result can be achieved by concentrating the total

plasma protein by water removal and chilling the

concentrated plasma obtained. This process can

easily be done in a blood bank using equipment which

can rapidly concentrate litre volumes of plasma. A

hollow fibre system capable of this task can be

expected to cost about £10,000. The procedure would

obviously involve abandoning the closed plastic bag

system and thus any final products derived would have

to be rendered sterile by filtration at the end of

processing. The concentrated residual plasma would

require treatment to allow its use as a volume

expander. It is possible that adequate sterility

precautions would allow production of uncontaminated

products, although this method presents greater

practical difficulties than polymer-induced precipi¬

tation. It is suggested that the method might be

more applicable as a preliminary step in full-scale

plasma fractionation, rather than in a programme for

component production, as the final products derived

can then all be subjected to sterile filtration as

part of the fractionation procedure.
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(D) FURTHER PROCESSING OF BLOOD BANK CONCENTRATES

1. Scale of operation. Single donation products such

as 'wet' cryoprecipitate, suffer from the inherent

disadvantage of lack of standardisation. The

requirement of full-scale pharmaceutical quality

control gives freeze-dried concentrates an advantage

in this respect. Concentrates may be dispensed in

multiple vial lots from a single resevoir of pooled

material. If care is taken to ensure batch homo¬

geneity, single vials from each pool can be assumed

to be representative, and the characteristics of a

batch can be defined by tests on individual vials.

A proportion of each batch would thus be used for

quality assurance. This factor argues against

products such as small-pool lyophilised cryoprecipitate,

as a large proportion of the product would have to be

sacrificed for quality control. Although it has been

argued that a restriction of pool size decreases the

risk of viral exposure (Gabra et al 1982) this is

likely to be true only for patients who are treated

very infrequently. While pooling in industrial

fractionation is done at the stage of preliminary

extraction of factor VIII from plasma, blood bank

procedures can effect pooling at the later stage when

the preliminary concentrate is processed to the final

solution. The high yield of the HES 40 precipitation

technique developed in this study means that pooling

on a 100-200 donation scale would produce an adequate



TABLE 8-1 MEASURES TO ENSURE STERILITY IN BLOOD BANK

CONCENTRATE

Process in sterile room (filtered air, 4°C) with laminar flow

cabinets (Hanratty 1983).

Sterilise all vessels and buffers used in processing

(Gabra 1980).

Filter final solution through appropriate filters (0.22 |im)

(Margolis and Rhoades 1981).

Lyophilise using sterile dryer (MyllylS 1983).

Quality assurance on final product - tests for sterility, toxicity

and pyrogenicity (WHO, 1978).



batch size and enable the necessary tests to be done

on representative samples. As described above,

production to the preliminary concentrate stage can

be done within a closed system. Further processing

requires the use of an open system and additional

measures are necessary to ensure sterility. Table 8-1

summarises these. Although these precautions were

not taken during the present study, as the products

were not destined for patient use, the HES 40

concentrate described in Chapter V could easily be

produced using these precautions. In particular,

sterile filtration should be possible due to the low

fibrinogen content. In this regard, it is worth

noting that the double cold precipitate obtained from

heparinised plasma cannot be sterile-filtered

(Hanratty 1982, personal communication) presumably due

to its high level of fibrinogen (Chapter VI).

Additional costs are obviously accrued by taking these

measures. These would be proportional to the scale

of the operation - MyllylS. (1983) reports a cost of

£80,000 per sterile dryer in the Finnish Red Cross

Blood Transfusion Service plant, but these machines

had to dry a whole range of fractions in addition to

factor VIII concentrate. Precise prior costing for

a blood bank starting a concentrate-producing programme

is difficult, particularly when the equipment has to be

imported. Against these costs has to be taken into

account the consequence of a reliance on imported



material.

Further purification. The main reason for further

purification is fibrinogen depletion with the aim of

sterilising the material (Chapters VI and VIIA).

Further purification on a blood bank scale has seldom

been attempted, probably due to the low yields obtained

using classical precipitation techniques. A chroma¬

tographic approach has been used successfully in blood

banks in Australia and New Zealand, in which cryo-

precipitate was produced from single donations, pooled

and purified by passage through a column of controlled

pore glass (CPG) (Margolis and Rhoades 1981, Woodfield

et al 1983). The resulting fibrinogen-depleted

material was obtained at a yield of 90% of the VIII:C

relative to cryoprecipitate. From the results of the

present study (Chapter VI) it is clear that separation

methods based on molecular exclusion and cold precipi¬

tation, while very successful on plasma, are much less

promising when further purifying concentrates.

Selective removal of fibrinogen however can be rapidly

achieved by glycine or zinc ion precipitation

(Chapter VI, BlombSck and Thorell 1982, Foster et al

1983a). Of these options, zinc ion precipitation is

to be preferred as glycine precipitation would require

dilution of the factor VHI-rich fraction prior to

heat treatment. Zinc ions in the factor VHI-rich

fraction can be removed by PEG precipitation (Foster

1983, personal communication), but this is not
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FIGURE 8-3 PRODUCTION OF A BLOOD BANK FACTOR VIII CONCENTRATE

WHOLE BLOOD DONATION

Separate Plasma

Express into HES 40 Solution

Chill and Harvest Precipitate

FACTOR VIII-RICH PRECIPITATE

Store Frozen

\y

Pool 100-200 Precipitates into
Buffer

POOLED CONCENTRATE SOLUTION

Filter (0.22 jam)

Dispense

Lyophilise

FACTOR VIII CONCENTRATE

Add Zinc Acetate

Remove Precipitate

FIBRINOGEN-DEPLETED CONCENTRATE

Add Glycine/Sorbitol

Adjust pH

Heat 70°C, 30 min.

STERILISED CONCENTRATE

Remove Reagents (Precipitation)
Filter (0.22 pm)

Dispense

v,^ Lyophilise

FACTOR VIII CONCENTRATE



necessary as subsequent heat-treatment would remove

zinc in the reagent-removal operation (Chapter VII).

Figure 8-3 describes the various stages for production

of a factor VIII concentrate as described in this

Thesis (Chapters V, VI and VII).

Product safety - sterilisation. No fractionation

process can totally eliminate the risk of viral

infection associated with products derived from human

plasma. Heat-treatment (Chapter VII) appears to be

the best option at present available, being a general

viral inactivation method rather than a specific

approach such as immuno-adsorption or lipid extraction.

The data reproduced in Chapter VII (Foster et al

1983c) indicates that a range of viruses are inacti¬

vated using this technique. A heat-sterilised

concentrate can therefore be expected to decrease

significantly the risk of infection. Further

measures in this regard include the restriction and

characterisation of the donor pool as discussed above,

the introduction of sensitive screening assays for

viral markers and the holding of frozen plasma in

quarantine to allow follow-up of donors (Lane 1981,

Smith 1983a). This last option cannot be applied

for processes, such as those described in this Thesis,

relying on liquid plasma, and also assumes a level of

organisation that is difficult to achieve in a

developing blood transfusion service. Further

research in viral screening/inactivation is necessary
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as long as human plasma remains the raw material for

factor VIII products.

(E) BLOOD TRANSFUSION AND FACTOR VIII IN DEVELOPING

COUNTRIES

The main theme of this study has been the

procurement of factor VIII in countries without access to

modern technology. A recent forum recommended the

following order of priorities for transfusion services in

such countries:

(a) Provision of whole blood

(b) Provision of components

(c) Plasma fractionation (UNIDO 1982)

The adequate provision of whole blood for

general hospital use is obviously the first priority of a

transfusion service. The estimation of 50,000 donations

annually per million inhabitants mentioned above is based

on the level of hospital care in a major industrial nation

and includes services such as cardiovascular surgery,

transplants etc., which are not provided in developing

countries. It can be expected that the development of

the health service will include provision of some of these

services, although not to the extent found in industrial

nations. As an adequate blood donation rate is achieved,

plasma will become available, through judicious use of red

cell concentrates, for producing factor VIII. Staging

the development of a blood transfusion service as

recommended above would involve, using present day methods,

the production of single donation frozen cryoprecipitate.
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The unsuitability of this product as far as administration

and storage are concerned, however, precludes its use as

a substitute for imported concentrates. Cryoprecipitate

production is a satisfactory first step in a situation

where treatment was non-existent or was limited to whole

blood or plasma transfusion. The product, however, would

be unacceptable to a haemophiliac population used to

adequate home-therapy with imported concentrates provided

by the state health service. In this situation, which

exists for example in the author's country, development

of the transfusion service as far as factor VIII production

goes must be geared to the production of concentrates

with the same basic characteristics as the imported

materials.

Use of the appropriate technology, as described

in this study, should allow the provision of factor VIII

concentrate in the required amounts. It has been

estimated that the amount of factor VIII needed for

haemophilia care in a population is 1-2 international

units per capita per annum (Smit-Sibinga 1983). Assuming

that a total blood intake of 30,000 donations per million

population is achieved to cover red cell needs, then an

80% component programme will produce about 5,000 litres

of plasma, although a proportion of this would be required

for clinical use as fresh frozen plasma and platelet

concentrate.

Rapid processing or VIII:C stabilisation will

allow liquid plasma to be processed for factor VIII



production. Processing of 4,500 litres of fresh plasma

by the HES 40 precipitation technique can be expected to

yield about 2} million units of factor VIII concentrate,

which are adequate to cover needs. Processing by thaw-

siphon cryoprecipitation can be expected to produce the

same amounts, with the disadvantages associated with this

non-standardised product. This, albeit simplistic,

estimation does not take into account certain factors,

e.g. loss of yield by sterilisation, inability to achieve

the required level of red cell usage, which would decrease

the amount of factor VIII produced. However, the

additional options discussed, such as increasing the

volume of plasma available per donation through the use

of SAGM, pharmacological stimulation of donors etc., can

all contribute towards offsetting these losses.

The technical problems of producing on a blood

bank scale as opposed to the laboratory scale experiments

conducted in this study are considerable. However, it is

believed that the advantages of blood bank production of

factor VIII concentrate can allow developing countries to

attain self-sufficiency in this product within a compre¬

hensive programme for the development of the blood

transfusion service. The necessary capital expenditure

is not excessive, considering the present cost of imported

concentrates, and can be partly offset by aid programmes

for this purpose (UNIDO 1982).
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(F) CONCLUSIONS

This study has focused on optimising the

procurement of factor VIII from donated blood. Other

plasma fractions, at present available commercially

through industrial fractionation, can also be derived in

blood banks using the appropriate technology. The use

of chromatographic techniques has already enabled the two

main plasma fractions - albumin and immunoglobulin - to

be prepared in regional or local blood banks (Curling

1983). Although the clinical safety of such products

requires further verification, particularly as regards

transmission of viral hepatitis, it is possible that the

Cohn (alcohol precipitation) fractionation system,

predominant in industrialised countries, will be substi¬

tuted by such techniques in developing nations. The

preliminary extraction of factor VIII from plasma, using

the methods described in this study, should not interfere

with the fractionation of other proteins using these

alternative techniques. The possibility thus exists that

small-scale processing on a local or regional level will

allow developing nations to become self-sufficient in all

blood products once the supply of raw material is assured.

Much interest has been generated recently on

the use of genetic engineering for the production of

plasma proteins, including factor VIII (Newswatch 1982,

Maddox 1983). It is obvious that the commercial companies

are acquiring a monopoly on the expertise and the

technology involved. Although vast problems must be
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surmounted before factor VIII can be successfully produced

with this technology, the commercial stimulus will

doubtless produce a clinical product in a few years time.

This will alleviate greatly many problems presently

hampering the procurement of factor VIII, particularly

the risk of viral contamination of the product. However,

the need for purifying, concentrating and sterilising the

product will still exist, and techniques to perform these

operations will still be needed. It is suggested that

the use of processing methods similar to those described

in this Thesis for small-scale processing of plasma will

be more relevant in this regard than the Cohn system for

fractionating bulk plasma. Transfusion services also

need to examine the possibilities for such non-plasma

derived production methods. Thus it seems that studies

in the field of factor VIII fractionation are going to be

of relevance to the future as much as they are today.
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LettertotheEditor
VoxSang.46:55-57(1984)©1984S.ICargerAG,Basel
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DonationProcedure,FibrinopeptideA,andFactorVIII
C.V.Prowse",H.Bessos",A.Farrugia",A.Smith",J.Gabrab "EdinburghandSouth-EastScotlandBloodTransfusionService,RoyalInfirmary,Edinburgh; bGlasgowandWestofScotlandBloodTransfusionService,LawHospital,Carluke,Lanarkshire,UK Theconsensusofarecentforum[1] showedalimiteddonationtimeandade¬ quatemixingwereregardedasimportant parametersinthecollectionofgoodquality plasma.Evidenceforthisisprovidedin termsofplasmalevelsoffactorVIII[2]and, morerecently,fibrinopeptideA(FpA)[3], Morestringentcontrolofthedonationpro¬ cedureisrequiredtoensurealowplasma FpAthananormalfactorVIIIlevel,andit hasbeensuggestedthatregularmixingdur¬ ingdonationisnecessarytoensurelowFpA levels[3,4],HighFpAlevelshavebeenasso¬ ciatedwithdifficultiesinprocessingplasma

tofactorVIIIproducts[3], Wehaverecentlydeterminedtheeffectof donationprocedureonplasmaqualityusing thesetwoparameters.Inthefirststudy,three groupsoften420-mldonationswerecol¬ lectedinCPDanticoagulant:(1)mixed:with aninvertedpack,sobloodenteredthepack throughtheanticoagulant,withcontinuous gentlemanualmixing;(2)standard:withan invertedpackandmanualmixingtwoor threetimesduringdonation,and(3)un¬ mixed:withanuprightpackandmixing onlyattheendofdonation.

Alldonationswerecollectedinunder
10min,themixedbloodwascentrifuged immediatelyafterdonationandcell-free plasmafrozenforthesubsequentassayof FpAandfactorVIII[5,6].Inthesedonations samplesfordonorgroupingwereobtained byreverseflowthroughthedonorlinebefore samplingfortheassayoffibrinopeptide. Theresultsshowednosignificantdiffer¬

enceinplasmaFpAlevelforthesethree donationprocedures(tableI).Norwasany differenceinfactorVlllfound(overallmean 0.89lU/ml),evenifgroupOandgroupA donationswereanalyzedseparately. Therewassomeindicationinstudy1ofa correlationbetweenplasmaFpAanddona¬ tiontime.Toclarifythisandtoconfirmthe originalobservations,asecondstudywas undertaken.Inthiscase450mlbloodwas collectedfromgroupAdonors,inCPDanti¬ coagulantusingthepreviousstandardand unmixedprocedures.Inaddition,athird groupoftendonationswastakenwitha reducedarm-cuffpressureandcarefulselec¬ tionofvenesectionsitetogivedonation timesbetween10and20min.Inallthree groups,particularcarewastakenthatthe
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TableI.FibrinopeptideAindonorplasmacollectedindifferentways Unmixed

Standard

Mixed

All

Study1

8(3-27)

15.5(3-258)

14(6-50)

12(3-258)

Study2 <10mindonation >10mindonation

4(2-7)

5(2-11) 27(15-400)

-

5(2-11)

Resultsareexpressedasmedian(range)innanogramspermilliliter.Eachgroupconsistsoftendonations.In
study183%ofdonationscontained<30ngFpA/ml,andinstudy2(<10mindonation)85%contained <7ng/ml.Datawereanalyzedusingnon-parameticstatisticaltests. donationlinewasstrippedintoanticoagu¬ lantimmediatelyafterdonation.Theresults confirmedthatmixingduringdonationhas nosignificanteffectonplasmaFpAorfactor V111andthatprolongeddonationcanresult

inanelevatedFpA.Bycombiningbothstud¬ ies,theoverallcorrelationofdonationtime withFpAwassignificant(r=0.3295;
p<0.02).Thiswasmoreobvious,ifthetwo studieswereconsideredseparately,butit shouldbenotedthatthelongestdonation taken(20min)onlycontained29ngFpA/ ml.Moreimportantly,ahighlysignificant difference(p<0.01for50donationscol¬ lectedinlessthan10min)wasfoundbe¬ tweenstudy1andstudy2plasmaFpAs whichweascribetotherapidstrippingof donationlinesinthelattercase. Duringthisworkwehavealsonotedthat

theadditionof100U/mlheparinandtrasy- loltoCPDplasmapriortofreezingisnot necessarytostabilizeFpAlevels,exceptpos¬ siblyinunmixedblood,andthatstorageof CPDbloodorplasmaat20'Cfor20hre¬ sultedinonlyaminorincreaseofFpA:from
14to20ng/ml.Sincetheaboveresultsrelate tospeciallytreateddonationswehavealso assessedtheFpAlevelinplasmaderived

from216donationscollectedunterthecon¬ ditionsofstudy1/standardmixingwithsim¬ ilarresults(median13ng/ml).Suchplasma hasbeenusedinpreparingcryoprecipitate andintermediatepurityfactorVIIIconcen¬ trateforthelastdecade. Onthebasisoftheseresultsweconclude
thatcareinstrippingthedonationlineisan importantpartofthedonationprocedurein ensuringlowplasmaFpAlevels.Ifattention

ispaidtothis,goodqualityplasmamaybe obtainedfromdonationscollectedinunder
10minwithoccasionalmanualmixingdur¬ ingdonation,andmorerigorousdonation protocolsresultinlittle,ifany,improve¬ ment.
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AComparativeStudyUsingImmunologicaland BiologicalAssaysoftheHaemostaticResponses
toDDAVPInfusionVenousOcclusionandExercise
inNormalMen C.V.Prowse,A.Farrugia,F.E.Boulton,J.Tucker*,C.A.Ludlam*,M.McLaren**,

J.J.F.Belch**,C.R.M.Prentice**,J.Dawes***andI.R.MacGregor**** FromtheEdinburghandSouth-EastScotlandBloodTransfusionService,andtheDepartmentof Haematology*,RoyalInfirmary,Edinburgh;theDepartmentofMedicine**,RoyalInfirmary,Glasgow; theMRC/SNBTSBloodComponentsAssayGroup***,ForrestRoad,Edinburgh,andtheScottishNational BloodTransfusionService****,HeadquartersLaboratory,ForrestRoad,Edinburgh,GreatBritain
Keywords Plasminogenactivator-FactorVIII-Prostaglandin- DDAVP-Venousocclusion-Exercise Summary Inagroupofsixnormalmalevolunteers,infusionofDDAVP, venousocclusionandexercisewereshowntoincreaseplasma levelsoffactorVIIIandplasminogenactivator,activityand antigen,todifferentextentsandatdifferingrates.Anymechan¬ ismssuggestedtoexplainreleaseoftheseproteinsbyvarious stimulishouldaccountforsuchdifferences. Allthreestimulicouldalsoincreaseplasmalevelsofprostacyc¬

linmetabolites,althoughthisv,usonlysignificantforhighdosesof DDAVP.Otherpotentialendothelialmarkers,suchasfibronec-
tinandthrombospondin,showednospecificincreaseafteranyof thestimuli. Introduction Theoriginalobservationthatthevasopressinanalogue,1- desamino-8-D-argininevasopression(DDAVP),causesarisein theplasmaleveloffactorVIIIandplasminogenactivator(1)is nowwellestablished(2,3,4,5).Asimilarresponseoccurs followingavarietyofacutestimuli(6).Intravenousorintranasal DDAVPhasbeenusedtopreventbleedinginfactorVIII deficiency(7,8)andtodeterminefibrinolyticcapacityinpatients (9).Indirectevidencesuggeststheriseinplasminogenactivator (PA)followingDDAVPinfusionandotherstimuliisdueto tissue-typePA(t-PA;3,10,11). Previousworkfromthislaboratory(5),andothers,has establishedadiscrepancyintheprocoagulantfactorVIII (VIII:C)andVHI-relatedantigen(VIIIR:Ag)responsesto DDAVPinfusion,andhasalsosuggestedthatDDAVPdoesnot actdirectlyonendothelium,theputativesourceofPAand VIIIR:Ag.Recentlydirectimmunoassaysfort-PA(12),aswell

asfortheantigensofthefactorVIIIcomplex,VIIIC:Agand VIIIR:Ag(13),havebeenestablished.Herewereportresults obtainedusingtheseassaysandcomparethemwithresultsofthe correspondingbioassaysfollowingstimulationbyDDAVPinfu¬ sion,venousocclusionandexercise,instudiesdesignedtodetect discrepanciesintheirmodeofreleasebydifferentstimuli.In addition,changesinotherpotentialmarkersofendothelial includingprostacyclinmetabolites(14,15)weredetermined. Correspondenceto:C.V.Prowse,BloodTransfusionCentre,Royal Infirmary.EdinburghEH39HB,GreatBritain
MaterialsandMethods Studieswereperformedon6malevolunteers,fullyinformedofthe

aimsofthestudy,startinginthemorningafteralightbreakfastandat least20minrest.Eachvolunteerwassubjectedtothreestimuli,at intervalsofatleast7days,inthefollowingorder: DDAVPInfusion 50mlsalinewasinfusedfrom-15to0minintoanantecubitalveinvia
abutterflyneedle.From0to15min0.3ugDDAVP/Kgin50mlsaline wasinfusedthroughthesameneedle.Bloodsampleswereobtainedfrom thecontralateralarmbyseparatevenepunctureat-15,0,5,10,15,30, 45,60and90min. VenousOcclusion(VO) VOwasachievedbyapplicationofasphygmomanometercuff,ata pressuremidwaybetweensystolicanddiastolicpressure,toanarmfor

20min.Bloodsampleswereobtainedfromtheoccludedarmattheendof thisperiod(+20min),controlsamplesbeingobtainedfromthecontra¬ lateralarmat-20,0and+20min. Exercise Exercisewasperformedonabicycleergometer,eachsubjectcycling
forsuccessive1minintervalsat120,150,180,210and240watts sequentially.This5minprogrammewaschosenasbeingthemaximum thatallsixsubjectswereabletocomplete. Inaddition,6femaleand3malevolunteerswereinfusedwith0.4ug/

KgDDAVPasabove,duringstudiesofprostacyclinmetabolites. Assays FreshcitratedplasmawasusedtodeterminePAbyeuglobulinclot
lysisandfibrinplateassays,andfrozencitratedplasmaassessedfor procoagulantfactorVIII:C(one-stage)andfactorVIIIR:Agasdescribed previously(16).Inadditionfrozencitratedplasmasampleswereusedin thedeterminationofristocetincofactor(VIII:RCF)(17),V1I1C:Ag(18), fibronectinbytheLaurellmethod(19)usingantiserafromBehringwerke, antithrombinIIIusingtheProtopathkit(Dade),fibrinogen(20),total protein(21)factorXIIbyone-stageassaycorrespondingtothatusedfor factorVIII:C;t-PAwasassayedbyradioimmunoassay(22)inplasmaand

inserum,obtainedbyclottingbloodat37°inglasstubesforonehour,in theabsenceofanyadditives. SampleswerealsoobtainedinEDTA-theophylline-prostaglandinEl
forassayofbeta-thromboglobulin,plateletfactor4andthrombospondin (23,24),andin0.013Mcitrate,3x10~5Mindomethacin,10~5M adenosine(finalconcentrations)forradioimmunoassayofprostacyclin metabolites.Thelatterassaywasperformeddirectlyonplasmawithout organicsolventextraction(15).Forcommentsonthisassay,seeDiscus¬ sion.

110

S40-

I:

a

_L

to

to

I: T

ifl

i:
to

Fig.1ChangeinplasminogenactivatorfollowingDDAVPinfusion. 0.3ugDDAVP/Kgwasinfusedto6subjectsfrom0to15minandPA levelsdeterminedbyeuglobulinlysislimeassay(OO)andt-PA immunoassay(□□).Resultsareshownasmean(±SD)and significant(p<0.05)increasesareshownbyfilledsymbols. Resultsareexpressedasmeanandstandarddeviations,thesignifi¬
canceofdifferencesbetweengroupsbeingassessedbytheStudentpaired t-testandcorrelationsbetweentheincrementinPAandFactorVIII determinedusingthePearsoncorrelationcoefficient.

prepostprepostcontrolprepost
Fig.2Plasminogenactivatorlevelsfollowingdifferentstimuli.Basaland maximumlevelsofPAdeterminedbyeuglobulinlysistimeassayand radioimmunoassay.Individualandmean(±SD)resultsareshownfor DDAVPinfusion,venousocclusionandexercise.Fortheimmunoassay meanserumlevelsarealsoshownbytheshadedportionofthehistogram. Resultsfortheunoccludedarmfollowingvenousocclusionarealsoshown (control).Post-DDAVPinfusionresultsrepresentamixtureofresults from15and30minasthemaximumlevelsachievedweretaken.TheythereforedifferslightlyfromresultsshowninFig.1.Allpost-stimulation levelsweresignificantlygreater(p<0.05)thanthecorrespondingbasal values.

Results PlasminogenActivalor-Activity PA,determinedbyclotlysisassay,increased4.5foldinplasma euglobulinfollowinginfusionofDDAVPat0.3ug/Kg.Therise wasmaximalimmediatelyafterinfusion(Figs.1and2)andall subjectsshowedatleasta3foldriseinPAactivity.FollowingVO theriseinPAactivityaveraged3.4fold(Fig.2)althoughtwo volunteers,classifiedaslowresponders,gavelessthan2fold increases.Asmall,butsignificant(average18%)riseinPA activitywasalsonotedintheunoccludedarm.Themeanrisein PAactivityfollowingexercisewas2.3fold(Fig.2)andagain2 subjectsgavelessthana2foldrise,onlyoneofthesebeingalow respondertoVO.Forallthreestimulithepeakresponseof activitywassignificant(p<0.01).Correspondingresults(not shown)wereobtainedusingthefibrinplateassay. PlasminogenActivalor-Antigen Byradioimmunoassaybasallevelsoft-PAantigenof7ng/ml
werefound.Thisrose1.95fold(p<0.01)followingDDAVP infusion,4.20fold(p<0.05)afterVOand1.33fold(p<0.05) afterexercise(Figs.1and2).Thisassayalsoconfirmedthe significantriseinPAintheunoccludedarmfollowingVO(1.31 fold,p<0.05).Fig.2alsoshowstheproportionoft-PAantigen whichcanbindfibrin,andisthusnotfoundinserum,differsfor eachstimulus. FactorVIII Fig.3showsthatduringDDAVPinfusionVIII:Crisessignifi¬

cantlybeforeVIIIR:Ag,althoughsuchdifferencesaremarginal. TheriseinVIIIR:RCFafterDDAVPinfusionparallelledthe increaseinVIII:CmorecloselythanthatofVIIIR:Ag.Max¬
imumlevelsoftheseactivitiesdidnotoccuruntil30minormore afterinfusion.Allsubjectsshowedatleasta2.3foldincreasein VIII:C45minafterinfusion(mean2.63fold,p<0.01)andat leasta1.6foldincreaseinVIIIR:Ag75minafterDDAVP infusion(mean2.49fold,p<0.01). IncontrastVOproducedalowerresponseinbothVIII:C(1.4

fold,p<0.05)andVIIIR:Ag(1.48fold,p<0.05)andone subjectgavenoresponseatall.Similarresultswereobtained followingexercise,althoughinthiscasetheincreaseinVIIIR:Ag of1.24fold(p<0.05)waslessthanthatofVIII:C(1.47fold; p<0.05),andadifferentsubjectwasanon-responder(Fig.4). ForallthreestimuliassayofVIIIC:Agconfirmedtheresults obtainedbyVIII:Cmeasurementandineachcasetherisein VIIIR:RCFwassignificant(p<0.05,Fig.4).ComparisonofPA activityandVIII:Crevealedasignificantcorrelation(p<0.05)betweentheincrementsinthesetwoproteinsfollowingVOand exercise,butnotDDAVPinfusion. OtherAssays Plasmaconcentrationsoffibrinogen,antithrombinIII,beta- thromboglobulin,plateletfactor4,thrombospondinandtotal proteindidnotchangeafterDDAVPinfusionorexercise.VO resultedinsomeincreasebutthesecouldbeaccountedforin termsofhaemoconcentrationasshownbya19%increaseintotal proteincontentofplasmaobtainedfromtheoccludedarm.Inthe twovolunteerswhogavethehighestfactorVIII:Cresponseto DDAVPnochangeinfactorXIIwasfoundfollowinganyofthe threestimuli. Directradioimmunoassayofplasmaprostacyclinmetabolites showedabasallevelof22±6pg/ml.Thisrose,butnot significantly,afterDDAVPinfusion(17±45%,n=3),VO(40 ±53%,n=4)andexercise(9±36%,n=5).
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Fig.3ChangesinfactorVIIIfollowingDDAVP infusion.FactorVIII(u/dl)determinedasVIII:C, VIIIC.Ag,VIIIR:RCFandVI1IR:Agafterinfu¬ sionof0.3ugDDAVP/Kg.SeeFig.1fordetails. Fig.4FactorVIIIincrementsfollowingdifferent stimuli.Individualandmean(±SD)increases(u/ dl)inthevariousfactorVIIIactivities30minafter DDAVPinfusion,andimmediatelyaftervenous occlusionandexercise.Averagebasallevelsofthe activitieswereVIII:C101,VIII:CAg83, VIIIR:RCF97andVIIIR:Ag98u/dl.Seetextfor significanceoftheseresults.

However,inninevolunteers,whoallflushed,infusedata
higher(0.4ug/Kg)doseofDDAVP,the66±54%increasein plasmaprostacyclinmetaboliteswassignificant(p<0.01).Atthis samedosea24%risewasnotedinapatientwithseverevon Willebrand'sdiseasewhohadnormalbasallevelsoft-PAantigen (5.5ng/ml)andactivity(4ELTunits)butexhibitednofactor- VIIIorPAresponsetoDDAVP. Preliminarystudiesin3subjectsshowedthatinfusionof

0.4ug/KgDDAVPhadnoeffectonthePAorfactorVIII responsetoVOdetermined2hrlater.In2ofthesearisein plasmaprostacyclinmetabolitesfollowingVOwasdemonstrated thepreviousday,butthiswasabolishedbyDDAVPinfusion priortoVO. Discussion Thethreestimuliusedinthisstudywerechosentoproducea maximalresponsewithinashortperiod,althoughtwoofthesix subjectswerenotexhaustedbythestandardexercise.Venous occlusionforlongerthan20minproducesnofurtherincreasein factorVIII(25).UsingthesestimulitheincreaseinplasmaPA andfactorVIIIdifferedineachcaseanddiscrepancieswere notedbetweenthechangeinactivityandantigenlevelsforeach protein.ThusDDAVPandVOproducedarapidriseinPA activitywhileexercisehadlesseffect.Incontrastt-PAantigen wasincreasedmostbyVO.Foreachstimulustheproportionof t-PAantigenfoundinserumalsodiffered.Thismaterialis apparentlyt-PA-inhibitorcomplexeswhich,unlikethefree enzyme(26),isinactiveandunabletobindfibrin(22,27).Inthe
presentstudy,theproportionofantigenboundtofibrinduring clottingvariedfrom8%underbasalconditions,to45%following VO.Theformationoft-PA-inhibitorcomplexesexplainsthe discrepanciesbetweenactivityandantigenassayssincethestimuli usedherehavenoeffectonintrinsicorurokinase-likePA(28, 29). FactorVIIIwasreleasedmoreslowlythanPAfollowing DDAVPinfusion,butdespitethis,DDAVPproducedagreater increaseinplasmafactorVIIIthanVOorexercise.Ineachcase, exceptVO,anexcessoffactorVIII:CoverfactorVIII:RAgwas observedafterstimulation.Thishasalsobeenreportedfor submaximalVO(30).TherapidincreaseinfactorVIIIR:RCF, relativetoVIIIR:Ag,afterDDAVPinfusionmaybeexplained bythereleaseofthehighermultimersofVIIIR:Ag,whichhave beenassociatedwithVIIIR:RCFactivity(31). SincePAandfactorVIIIR:Agareproducedbyendothelial

cells(32,33),DDAVP,VOandexercisemightalsobeexpected
toaffectotherpotentialendothelialmarkers.Infact,nochangein plasmalevelsoffibronectin(34),thrombospondin(35),anti- thrombinIII(36)orplateletfactor4(37)wasobservedafterany ofthesestimuli,althoughhighdosesofDDAVPproduceda significantriseinplasmaprostacyclinmetabolites.Thisisunre¬ latedtochangesinPAorfactorVIIIsinceapatientwithsevere vonWillebrand'sdiseasewhogavenoPAorfactorVIIIresponse followingDDAVPinfusionretainedsomeprostacyclinmetabo¬ literesponse.Furthermore,priorDDAVPinfusionhadnoeffect onthePAorfactorVIIIresponsetoVOinnormalsubjectsbut abolishedthepreviouslyobservedprostacyclinmetabolitere¬ sponse.
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Previousstudiesonchangesinplasma6-ketoprostaglandinFj during,orfollowingDDAVPinfusionhaveproducedcontrasting results(14,15,38,39,40).Someofthesediscrepanciesmayarise fromdifferencesinthespecificityofthevariousantibodiesusedin theradioimmunoassays(41).Theassayusedherewasperformed onunextractedplasmasamplesandhadasensitivityof5pg/ml, detecting95±9percentofadded6-ketoprostaglandinF,. Equivalentresultsareobtainedfollowingadditionofhydrolised prostacyclintotheassaysystem.Theassaydetectsadose- dependentincreaseinplasmaantigenduringinfusionofprosta¬ cyclintopatients,andanundetectablelevelofantigeninthe plasmaofpatientstakingnon-steroidalanti-inflammatorydrugs (Belch-inpreparation).Theassaythusdetectsmetabolitesof prostacyclin.Althoughitwasoriginallydescribedasanassayfor 6-ketoprostaglandinF,,inviewofthefactthatonly40percentof prostacyclinismetabolisedtothisproduct(42)andmassspec¬ trometryrevealsnochangein6-ketoprostaglandinFjafter DDAVP(40),thesomewhatcumbersometerm,prostacyclin metabolite,hasbeenusedinpreference. Insummary,DDAVPinfusion,venousocclusionandexercise produceaspecificincreaseinplasmaPAandfactorVIII,butthe extentofreleaseandtheantigen:activityratioforeachprotein differsforeachstimulus.Differentsubjectsalsogavelow responsestoeachstimulus.Suchdifferencesmustbeexplainedby anyhypothesisadvancedtoexplainthemechanismofreleaseby differentstimuli.Despitenumerousstudiessuchmechanisms remainunclear,althoughithasbeensuggestedthatDDAVPacts viaacerebralreceptor(5,43)andthatthefactorVIII,butnot PA,releasefollowingexerciseisinhibitedbybeta-adrenergic blockingagents,whereassuchdrugshavenoeffectonthe responsetovenousocclusion(44,45).Suchresultsimplythat,if factorVIIIandPAreleaseoccursfromacommontissuestore, differentstimuliactthroughdifferentpathwaysandthismight accountforsomeoftheresultspresentedhere. Acknowledgements TheassistanceofMr.G.McKay,Mr.1.AbbottandMrs.B.Griffinin performingfactorVIII:RCF,antithrombin111andVlILCAgassays respectivelyisgratefullyacknowledged.Dr.D.Collen(Departmentof MedicalResearch,CatholicUniversityofLeuven,Belgium)kindly suppliedspecificantiserumandmelanomaactivatorusedinsettingupthe radioimmunoassayfort-PA.A.FarrugiawassupportedbyaBritish CouncilCommonwealthScholarship(MLT/1/81). References 1CashJD,GaderAMA,DaCostaJ.TheReleaseofPlasminogen ActivatorandFactorVIIIbyLVP,AVP,DDAVP,ATIIIandOTin Man.BrJHaematol1974;27:363-364.
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StudiesontheProcurementofCoagulationFactorVIII: SelectivePrecipitationofFactorVIIIwithHydrophilic Polymers
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Keywords FactorVIII-Fibrinogen-Polymer-Protein-precipitation Summary EarlyworkonthepurificationoffactorVIIIusingpolyethy¬
leneglycol(PEG)indicatedthatotherpolymersmightalsobe usedtoprecipitatefactorVIIIleavingfibrinogeninsolution. Recentlypolyvinylpyrrolidone(PVP)hasalsobeenadvocatedfor thispurpose. Inthisstudy,differentconcentrationsandmolecularweightsof hydroxyethylstarch,dextran,PEG,PVP,Ficoll,Percolland albuminwereexaminedfortheirabilitytoprecipitatethefactor VIIIcomplexfromcooled(notfrozen)freshCPDplasma.At optimalconcentrationsnearquantitativerecoveryofVIIIR:Ag andVHfCTiAgwasachievedin2hrwithminimalprecipitationof fibrinogenortotalprotein.Thebestseparationswereobserved withhydroxyethylstarch,albuminorFicoll.PVPandPEGgave inferiorpurifications.Resultsforcryoprecipitateandintermedi¬ ate-purityfactorVIIIconcentratewereinferiortothoseobtained withplasma.Simplepre-concentrationofplasmapriortochilling

isanattractivealternativeforlargescalecontinuousproduction. Introduction Sinceitsintroduction,byPoolandShannonin1965(1), cryoprecipitationhasbecomethemajormethodforproductionof factorVIIIconcentratesfromplasmainbloodbanks.Bulk cryoprecipitation(2)isalsothestandardinitialstageinproduc¬ tionofintermediateandhighpurityfactorVIIIconcentratesfor clinicaluse(3). ImprovementsintheyieldandpurificationoffactorVIIIfrom plasmabycryoprecipitationmaybeachievedbymodificationof thethawingtechnique(4,5)orbycollectionofbloodinheparin (6).TheearlyobservationsofPoisonetal.(7)suggestedthat polymerprecipitationmightprovideamethodofplasmaprotein fractionation,butinthecaseoffactorVIII,polymerssuchas polyethyleneglycol(3,8)haveonlybeenusedinthelaterstepsof purification.Recently,polyvinylpyrrolidonehasbeenproposed asaselectiveprecipitantforfactorVIIIfromplasmaand cryoprecipitate(9). Despitethelargedifferencesinmolecularweightbetween
factorVIIIcomplex(ca.10x106)andfibrinogen(0.34x106)no high-yieldinglargescaleseparationhasbeenbasedonthisfact. Smallscaleseparation(bygelfiltration)isverysuccessfulbut cannotbeappliedonalargescale.Whenonelooksatthespecific requirementsofapurifiedfactorVIIIconcentrate,itisclearthat Correspondenceto:Dr.C.Prowse,S-EScotlandBloodTransfusion ^Service,RoyalInfirmary,Edinburgh,Scotland

removaloffibrinogenisthemajorunsolvedproblem.Iffibrino¬ gencanbelargelyeliminatedfromtheproductthen(a)asmaller reconstitutionvolumeispossible,(b)amorerapidresolutiontime ispossible,(c)thereconstitutedmaterialislesslikelytoclotor clogfiltersetc.,and(d)thematerialismoreeasilysterilisedbyfiltration,radiationorheat.Itwasthepurposeofthisworkto produceasimple,reliableprocessfortheconcentrationoffactor VIIIcomplexwithretentionofbiologicalactivitie(s)inhighyield andwiththeeliminationofasmuchfibrinogenaspossible. Theprecipitationofplasmaproteinsbyavarietyofhydrophilic polymerswasexaminedtodetermineiftheywouldallowpurifica¬ tionoffactorVIIIwithahighyieldandpurification.Theresults indicatethatthiscanbeachievedwithhydroxyethylstarch,Ficoll oralbumin,orsimplyconcentrationofplasma,withouttheneed forfreezing. MaterialsandMethods Humanplasmawasobtainedfromnormalbloodbankdonationstaken
intoCPDanticoagulant. Cryoprecipitatewaspreparedbythethaw-siphontechnique(10)from

singledonations.Insomeexperiments,cryoprecipitatewaspreparedfrom atwolitreplasmapoolandextractedinto0.03plasmavolumesoftris buffer(3). IntermediatepurityfactorVIIIconcentratewasobtainedfromthe ProteinFractionationCentre(Edinburgh)andwasafreeze-driedprepara¬ tion,preparedbythemethodofNewmanetal.(3).Forthesestudies,this materialwasdissolvedinonehalf^0therecommendedvolume.Or" CUratesaline(C-S)buffer0.015Mcitrate,0.15MNaCl,pH7.2.' Glycine-citrate-glucose(GCG)buffer0.06MNaCl,0.019Msodium
citrate,0.007Mglucose,0.013MGlycine,pH6.5. Polymerstocksolutionsweremadebydissolving40%w/wofpolymer

inisotonicsaline.Thefollowingpolymerswereused:polyethyleneglycol (PEG)*Mr=6,000(UnionCarbide);polyvinylpyrrolidone(PVP10, PVP40)Mr=10,000andMr=40,000(Sigma);dextranT70,dextran T150,PercollandFicoll70(PharmaciaFineChemicals);hydroxyethyl starchMr=40,000(HES40),Mr=350,000(HES350)andMr= 450,000(HES450)weregenerouslysuppliedbytheArmyBloodSupplyDepot,Aldershot.A40%stocksolutionofhumanalbuminwasmadeby concentratinga20%solution(Immuno)byultrafiltrationonanAmicon PM-10Membrane. Assays FactorVIII:Cwasassayedbyaone-stagetechniquebasedonthe activatedpartialthromboplastintime,usinganautomatedclotnetector (Coag-a-pet),andreagentssuppliedbyGeneralDiagnosticsInc.Factor Vll|!jf|\gwasassayedbyaone-sitefluidphaseimmuoradiometricassay;(11),factorVIIIR:Ag,fibrinogenandfibronectinwereassayedby electroimmunoassay(12)usingcommerciallyobtainedantisera(Behring- werke). TotalproteinwasassayedbytheBiurettechnique(13).Dextranwas
foundtocauseinterferenceinthisassay.Dextran-containingsolutions were,therefore,assayedbyabsorbanceat280nmfollowingsuitable dilution.

!Polymer-InducedPrecipitation Dilutionsofstockpolymersolutionswereaddedtotheprotein mixturesunderinvestigationuntilthedesiredfinalconcentrationwas
I reached.Themixtureswerethenheldundertheconditionsdescribedin Results,afterwhichtheprecipitatesformedwereseparatedbycentrifuga-

jtionfor13,000gminatthetemperatureusedforprecipitation.Precipi- ;tatesweredissolvedinG-C-Gbuffer,intheexperimentswithplasma,or !inC-Sbufferintheexperimentswithcryoprecipitateandconcentrates, iTheprecipitatesweredissolvedin0.1-0.03oftheoriginalvolumefor iplasma,0.5volumeforcryoprecipitateand1volumeforconcentrate. PlasmaPre-ConcentrationandColdPrecipitation PlasmawasconcentratedbyultrafiltrationonanAmiconPM-10 Membraneorbydialysisagainst50%w/wPEG6000intris-buffered
| salinepH7.2(14).Theconcentratedplasmawasthenheldat0°Cforj30min,spun,andtheresultantprecipitatedissolvedin0.1oftheoriginalj volumeofG-C-Gbuffer. Results PolymerPrecipitationofChilledPlasma Preliminarystudiesindicatedthatlowtemperatureswere necessarytoeffectprecipitationwithcertainofthepolymers.All experimentswerethereforeperformedbyaddingpolymersolu¬ tiontotheappropriateconcentrationandchillingthemixturesfor 2hronmeltingice. Fig.1showsthedose-responseresultsforthevariouspolymers

whentestedon20mlamountsofplasma.Allpolymerstested producedselectiveprecipitationoffactorVIII:CandVII1R:Ag,butsomeresultedinabetterpurificationthanothers. Thereissomeevidencethatpolymersattheirhighestconcent¬ rationsdemonstratedinhibitionofthefactorVIII:Cbioassay. Thiswasindicatedbythediscrepancybetweenbioassayand factorVIIIR:Agimmunoassay,aneffectthatwasparticularly noticeablewithHES450,dextranT150andPVP,althoughat lowpolymerconcentrationstherewasconcordancebetweenthe yieldsoffactorVIII:CandfactorVIIIR:Ag.Aninhibitionof factorVIII:CbioassaybyPVPhasbeendemonstratedbyZuber andMorgenthaler(15).Suchaninhibitionmightexplainthedrop
infactorVIII:C,butnotfactorVIIIR-.Agathighpolymer concentrations.SpecificinactivationoffactorVIII:Catthese concentrationscannotbediscountedanditwasnoticeablethat

PVPproducedclottedprecipitateswithlowfactorVIII:Cyields
inourhands.ThevirtuallycompleterecoveryofbothfactorVIII:CandfactorVIIIR-.Aginprecipitationobtainedwith,for example,HES40andFicoll70indicatethat,attheconcentra¬ tionstested,thesecompoundsdidnotdegradefactorVIII:Cor affectthebioassay.p ThevarioushydroxyihylstarchesandFicoll70gavequantita¬

tiverecoveriesofFVlH:CandFVIIIR:Agatconcentrations whichproducedminimalprecipitationoffibrinogenandtotal protein.Athigherconcentrations,increasedfibrinogenprecipita¬ tionwasobtainedand,inthecaseofHES350andHES450, somedegreeofinsolubility.At*concentrationsofbetween2and 4%,maximalrecoveryandpurificationoffactorVIIIwas obtained. Otherpolymerswerefoundtobelessselective.Exceptatthe
lowestconcentrationstested,PEGprecipitatedFVIIIandfibrino¬ gentogetherandformedveryinsolubleprecipitates.Precipitates obtainedbydextranadditionweresparinglysolubleinthebuffer used.Dextransolutionstendedtobeveryviscousandpolymer wasretainedintheprecipitate.Sincenoattemptwasmadeto washtheseprecipitates,theinsolubilitycouldbeduetoretention

ofdextran.precipitatesobtainedwithPVPwereunstableassome clottingwasobserveduponfreezingandthawingsamples. PrecipitationoffactorVIIIfromplasmabyalbuminadditionis
showninFig.2.Atfinalconcentrationsbetween5and6%w/w addedalbumin,virtuallycompleteprecipitationoffactorVIIIwas obtained,withlittlefibrinogenorotherproteinsbeingprecipi¬ tated.

Table1summarisestheoptimalconditionsforFVIIIprecipita¬
tionfromplasmaat0°C,usingthevariouspolymersonasmall scale(20ml).Theseoptimalconditionswerethenappliedto plasmaprecipitationonamediumscale(<1litre).Theeffectof

anovernightincubationaswellasthestandard2hronewasalso investigated.TheresultsaresummarisedinTable2.Ascanbe seen,precipitationsonamedium-scalefor2hrresultedin concentratescontainingthebulkofthefactorVIIIwithlittle contaminatingproteins.InsomecasestheyieldoffactorVIII:C wasconfirmedbyassayofVIIjgjjAg,thisassaybeingonly availableforthelatterpartofthisstudy.Between60and 90percentoftheprecipitatedproteinwasfibrinogenandfib¬ ronectin.Overnightincubation,however,resultedindecreased yieldsoffactorVIIIandincreasedprecipitationofotherproteins.
Inovernightincubationexperiments,plasmawassubjectedtoa

Dextran150

Ficoll70

123451234
Finalpolymerconcentration(g*/•)

o.60-

6789
Finalalbuminconcentration(g*/•)

Fig.IPrecipitatingeffectofvariouspolymersonhumanplasmaat0°C.Polymerstocksolutionswereaddedto20mlaliquotsuntiltheindicatedfinal concentrations(weight/weight)wereachieved.Themixtureswereheldinmeltingicefor2hr,centrifugedandactivitiesintheprecipitatesdetermined. (-•-FVIII:C;-O-FVII1R:Ag;-A-fibrinogen;totalprotein).Meanpercentprecipitationisshownfor3to6experimentsforeachpolymer. Fig.2Precipitationeffectofhumanalbuminonhumanplasmaat0°C.ConditionswereasinFig.1. 2052



Table1Smallscale(20ml)polymerprecipitationoffreshplasma.ConditionsforoptimalfactorVIIIpurification. PolymerFinal
n

VIII:C

VIIIR:Ag

FibrinogenTotal
SP.ACT.

concentration

protein

(%w/w)

u(%yield)

u(%yield)

mg(%yield)mg(%yield)u/mg

HES404

6

14.2(89)*

19.4(108)

5.4(9)24(2)
0.59

HES3503

6

14.9(93)

17.1(95)

5.4(9)12(1)
1.24

HES4502

3

13.6(85)

15.5(86)

5.4(9)48(4)
0.28

DextranT-702

4

12.6(79)

13(72)

4.2(7)36(3)
0.35

DextranT-1503

4

11.7(73)

14.4(80)

4.2(7)36(3)
0.33

PVP103

5

6.7(42)

15.8(88)

-10.8(18)48(4)
0.14

PVP402

4

9.8(61)

14.4(80)

4.8(8)24(2)
0.41

Ficoll704

5

14.6(91)

15.5(86)

4.8(8)48(4)
0.30

PEG60002

3

9.8(61)

12.8(71)

18.6(31)%(8)
0.10

Percoll3.5

3

4.3(27)

9(50)

0.7(1.1)12(1)
0.36

HumanAlbumin6

7

14.2(89)

15.8(88)

4.8(8)24(2)
0.59

Resultspresentedasthemeanamountsoftherespectiveactivitiesrecoveredintheprecipitates,withtherespectiveyieldsas%ofstartingplasmain brackets. *Toallowclaritystandarddeviationshavenotbeenshownabovebutweretypically±15percentfromthemeanvaluesshown.
Table2Mediumscalepolymerprecipitationoffreshplasma. Processn

VIII:C

VllfgKg

VIIIR:Ag

FibrinogenFibro-
TotalSP.ACT.

nectin

protein

(%yield)

(%yield)

(%yield)

(%yield)(%yield)
(%yield)u/mg

A.Twohoursincubation
4%HES408
67±17

64±12

99±25

16±351±28
1.2±0.30.93±0.21

3-4%HES3502
75±11

n.d.

106±18

25±8.4n.d.
2.6±0.70.51±0.21

4%Ficoll706
66±16

58±19

75±23

15±4n.d.
1.4±0.50.84±0.23

Concentrationx21
46

n.d.

82

883

0.61.27

(Dialysisvs.50%PEG) B.Overnightincubation

•

4.2±1.30.24±0.06

4%HES402
61±16

n.d.

%±13

22±8n.d.

3%Ficoll702
59±11

53±13

83±17

16±4n.d.
1.9±0.40.52±0.22

4%Ficoll706
49±19

60±23

98±17

30±12n.d.
3.5±1.70.21±0.15

Concentrationx24
83±17

n.d.

89±18

4±1.3n.d.
0.9±0.31.53±0.41

(Amiconmembrane) Resultspresentedaspercentageyieldsofstartlfplasma.Plasmavolumesrangedfrom400-1800mis. n.d.=notdetermined. secondspinpriortoprecipitationinordertominimisecellular contamination.Thiswasfoundtobenecessarytoensurethe precipitateswoulddissolveadequately. PlasmaConcentrationandColdPrecipitation SincealbuminadditionresultedinfactorVIIIprecipitation, simpleconcentrationofplasmawasalsotriedasameansof precipitatingfactorVIII(14).Inoneexperimentusingdialysis against50%PEGfor2hr,precipitationofVIIIR:Agwith minimalprecipitationofproteinswasaccomplished,butonlyhalf
oftheVIII:Cwasrecoveredintheprecipitate(Table2). Ultrafiltrationgavebetterresults,butatleastwithourequip¬ ment,tookapproximately8hrwhenprocessing400misplasma. PolymerPrecipitationofPlasmaFractions A.Crycprecipiiate.Thetwotypesofcryoprecipitateused differedintheircomposition:cryoprecipitatepreparedbythe modifiedthaw-siphontechniquehavingalowerprotein,factor VIIIandfibrinogencontentthanbulkcryoprecipitateextracted j0nto"5i2^risbuffer. Fig.3showstheresultsobtainedforthaw-siphoncryoprecipi¬

tatewithHES450andalbumin.PrecipitationoffactorVIIIand fibrinogenoccurredconcurrently,althoughsomediscrimination fromtotalproteinwasobserved.Separateexperimentswith
Finalpolymerconcentration(g"/•)

Fig.3PolymerprecipitationoLthaw-siphoncryoprecipitate.Conditions wereasinFig.1forincubatiorenO0C;incubationat10°Cwerecarried outinawaterbath.(-V-FVIljyjAg).

Fig.4PolymerprecipitationofintermediatepurityFVIIIconcentrate.ConditionswereasinFigs.1and3.
HES4500°C 123

Finalpolymerconcentration(g7«)
Albumin0°C

precipitationcarriedoutat10°and20°didnotimprovethe discriminationbetweenfactorVIIIandfibrinogen.Results obtainedwithtrisextractofbulkcryoprecipitateweresimilar (resultsnotshown). B.Intermediatepurityconcentrate.AlbuminandHES450
wereagainusedasprecipitationagents.AscanbeseeninFig.4,

nousefuldiscriminationbetweenfactorVIII,fibrinogenandtotal proteinwasobservedundertheconditionsstudied. Discussion Thisstudydemonstratesthatprecipitationofplasmawith hydrophilicpolymersallowsselectiveharvestingoffactorVIII. Precipitationofchilledcitratedplasmawithalbumin,hydroxy- ethylstarchesorFicoll70wasparticularlyeffectiveandalloweda singlesteppurificationoffactorVIIIataspecificactivityof0.5to 1.0units/mgproteiningreaterthan80%yield,in2hr.Inlarger scaleexperiments,theyieldoffactorVIII:Creducedtoabout 70%.PrecipitationwithPVPinourhands,didnotproduceas goodresultsasthosedescribedbyCasillasandSimonetti(9),but
itwasfoundthattheseprecipitatestendedtoclot,possiblydueto thepresenceofimpuritiesinthepolymer(15).Theother polymerstestedinthisstudy,dextran,polyethyleneglycoland Percoll,whileresultinginselectiveprecipitationoffactorVIII, gaveinferiorpurificationtothosedescribedabove. PreviousstudiesbyAlexanderetal.(16,17)withlow concentrationsofpolymersaddedtochilledplasmaindicatedthat prolongedincubationresultedinprecipitationoffibrinogenand factorVIIIwithdextran.Althoughnodatawasgiven,these papersalsoindicatedhydroxyethylstarchcanprecipitatefactor VIIIfromplasmawhilealbuminwasfoundtobeineffective.Such differencespresumablyarisefromthedifferentexperimental conditions.Itseemslikelythatthemechanismofprecipitationby thepolymersdescribedinthisstudyisamolecularexclusion processsimilartothatdescribedfordextran(18)andPEG(19), althoughthisdoesnotfullyexplainthedifferencesbetweenthe effectofthevariouspolymerstested.

Itmaybesignificantthatthediscriminationbetweenfactor
VIII:C/VIIIR:Agandfibrinogen/totalproteinwasworstwitha linearflexiblepolymer-PEG-whilecompactpolymerssuchas albumingavemuchbetterdiscrimination.Anotherfactor influencingdiscriminationbetweenfactorVIIIcomplexand fibrinogenisthetimeofholdingat0°C,2hrgivessignificantlybetterdiscriminationthan20hr,i.e.itappearsthatFVIII complexisrapidlyandcompletelyprecipitatedwithin2hr whereasfibrinogenisslowly(andincompletely)precipitatedover

20hr.
Withcryopfecipitateasstartingmaterial,discriminationbet¬

weenFVIIIcomplexandfibrinogenwasbetterat10°Cthan0°C, thoughitwasneverasgoodaswithplasmaasrawmaterial (Fig.3).However,asignificantdegreeofconcentration(ca. 2fold)couldbeachievedbasedonasimilarfinalconcentrationof fibrinogen(3%HES450,10°C).ZuberandMorgenthaler(15)havepresentedsimilarresultsforPVP.Discriminationininter¬ mediatepurityFVIIIconcentratesasrawmaterialwaseven poorerthanthatwithcryoprecipitate,howeverthesituationis complicatedbecausedepolymerisationofsomeoftheFVIIIR:Ag/C^J^complextolessthan1xlO6MWhasoccurred duringprocessingandthisislikelytoreducethepotential discriminationbetweenfibrinogenandFVIII. ItissuggestedthatpolymerprecipitationoffactorVIIIfrom plasmahasapotentialapplicationinatleastthreeareas.Namely,
inthepreparationofpurifiedfactorVIIIathighyieldforresearch investigationsandinthepreparationoffactorVIIIfromplasmaforclinicaluse,withoutthenecessityoffreezingplasmaeitherin bulk,e.g.fromlargepoolsofanimalplasma,oronasmallerscale atbloodbanklevel. Despitethelimitednumberofexperimentsitisclearthat

simplepre-concentrationofplasmaisanattractivealternativeto polymeraddition.Withaconcentrationfactorofx2(whichcould beachievedcontinuouslybyultrafiltration)followedbya2hr chillingperiodat0°C,itoughttobepossibletoproduce "cryoprecipitate"continuouslyonanindustrialscaleingoodyield andpurity(Table2).Itremainstobeshown,however,thatthis approachworksaswellwiththawedbulkfreshfrozenplasmaasit doeswithfresh(non-frozen)plasma. Acknowledgements A.F.istherecipientofagrantfromtheBritishCouncil(MLT01/81)
andisonstudyleavefromthePathologyDepartment,St.Luke's Hospital,Malta.Wearegratefulforsuppliesofhydroxyethylstarchfrom

theArmyBloodSuppliesDepot,Aldershot,andtoColonelParryfor unpublisheddataonhisworkwithHES. B.G.issupportedbyaScottishHomeandHealthDepartment researchgrantNo.K/MRS/50/C387. References 1PoolJG,ShannonAE.Productionofhigh-potencyconcentratesof antihaemophilicglobulininaclosed-bagsystem;assayinvitroandin vivo.NewEngJMed1965;273:1443-7.
2PoolJG,HershgoldEJ,PappenhagenAR.High-potencyanti¬ haemophilicfactorconcentratepreparedfromcryoglobulinprecipi¬ tate.Nature1964;203:312.

3NewmanJ,JohnsonAJ,KarpatkinM,PuszkinS.Methodsforthe productionofclinicallyeffectiveintermediateandhighpurityfactorVIIIconcentrate.BrJHaematol1971;21:1-20.
4MasonEC.Thaw-siphontechniqueforproductionofcryoprecipitate concentrateoffactorVIII.Lancet1978;2:15-9.

5ProwseCV,McGillA.Evaluationofthe'Mason'(continuous-thaw- siphon)methodforcryoprecipitateproduction.VoxSang1979;37: 235-43.
6RockGA,Cruikshanj(WH,TackaberryES,PalmerDS.Improved yieldsoffactorVIIIfromheparinizedplasma.VoxSang1979;36: 294-300.

2054



7PoisonA,PotgieterGM,LargierJF,MeanGEF,JoubertFJ.The fractionationofproteinmixturesbylinearpolymersofhighmolecular weight.BiochimBiophysActa1964;82:463-75.
8HaoYC,InghamKC,WickcrhauserM.Fractionalprecipitationof proteinswithpolyethyleneglycol.InMethodsofPlasmaProtein Fractionation.AcademicPress1980.pp.57-74.

9CasillasG,SimonettiC.Polyvinylpyrrolidone(PVP)-anewpre¬ cipitatingagentforhumanandbovinefactorVIIIandfibrinogen.BrJ Haematol1982;50:665-72.
10MasonEC,PepperDS,GriffinB.Productionofcryoprecipitateof intermediatepurityinaclosedsystemthaw-sipbonprocess.Thromb Haemoctas1981;46:543-6.

11RotblatF,TuddenhamEGD.ImmunologicstudiesoffactorVIII coagulantactivity(VIII:C).I.Assaysbaaedonahaemophilicandan acquiredantibodytoVIII:C.ThrombRes1981;21:431-45.
12Laurel]CB.Quantitativeestimationofproteinsbyelectrophoresisin agarosegelcontainingantibodies.AnalBiochem1966;15:45-52.

13GornallAG,BardawillCJ,DavidMM.Determinationofserum proteinbymeansoftheBiuretreaction.JBiolChem1949;177: 751-66.

14OwenWG,WagnerRH.Antihemophilicfactor.Anewmethodfor purification.ThrombRes1972;1:71-88.
15ZuberT,MorgenthalerJJ.Polyvinylpyrrolidoneasaprecipitating agentforfactorVIIIandfibrinogen.BrJHaematol1982;52:517-8.

16AlexanderB,OdakeK,LawlerD,SwangerM.Coagulation,hemos- tasisandplasmaexpanders:aquartercenturyenigma.FedProc1975;34:1429-40.
17AlexanderB.Effectsofplasmaexpandersoncoagulationand haemostasia:dextran,hydroxyethylstarchandothermacromolecules revisited.InBloodSubstitutesandPlasmaExpanders.A.R.Liss NewYork1978.pp.295-326.

18LaurentTC.Theinteractionbetweenpolysaccharidesandother macromolecules.Thesolubilityofproteinsinthepresenceofdcxtran. BiochemJ1963;89:253-7.
19JuckesIRM.Fractionationofproteinsandviruseswithpolyethylene glycol.BiochimBiophysActa1971;229:535-46. ReceivedMarch5,1984AcceptedMarch23,1984


