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SUMMARY

The plasma concentration of platelet specific

releasable proteins, as measured in vitro, might reflect the

degree of platelet aggregation and release within the circulation.

One such protein, p-thromboglobulin, has recently been isolated.

The aim of this study was to develop an assay to measure the

plasma concentration of p-thromboglobulin in normal subjects

and patients. Although quantitative immunoelectrophoretic,

radialimmunodiffusion and haemagglutination inhibition assays

were set up, these were insufficiently sensitive to detect

p-thromboglobulin in plasma and a sensitive and specific

radioimmunoassay was therefore developed.

Using the radioimmunoassay, further evidence for the

platelet specificity of p-thromboglobulin was obtained.

To measure the concentration of p-thromboglobulin in platelet

poor plasma its release in vitro was inhibited by collecting

blood into tubes containing EDTA, prostaglandin E^ and

theophylline at 0-if°C, and centrifuged for one hour at

1900g.
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With this sample collection procedure the mean

plasma p-thromboglobulin concentration from 160 healthy-

subjects was 30.50 - 12.59ng/ml and the individual results

were normally distributed. The plasma levels in males were

similar to those in females and they were not related to

the whole blood platelet count. Of interest was the

observation that the plasma p-thromboglobulin concentration

51
rose with age. When Chromium platelet survival studies

were undertaken in 10 healthy subjects the platelet mean

lifespan was positively correlated with the reciprocal

of the plasma p-thromboglobulin concentration.

Studies in patients with a variety of disorders

revealed several differences when compared with normal

individuals. In patients with myeloproliferative disorders

a positive correlation was noted between the whole blood

platelet count and the plasma p-thromboglobulin concentration;

further, a change in the platelet count during treatment

was accompanied by a corresponding alteration in the plasma
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p-thromboglobulin concentration. Some patients with

thromboembolic disease had raised plasma concentrations

of p-thromboglobulin, but these did not correlate with the

Chromium platelet mean lifespan estimations. Raised

plasma levels were also observed in some patients with

rheumatic heart disease and prosthetic cardiac valves,

but the significance of these was not clear.

The studies reported in this thesis suggest that

knowledge of the plasma p-thromboglobulin concentration

may, in future, be useful in the diagnosis and

management of a variety of disorders in which platelets

participate.
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AIMS OF THE STUDY

During platelet aggregation a specific release

reaction results in the liberation of a variety of

intra-platelet constituents. |3-thromboglobulin is one

of the products released, and following its isolation and

the production of a specific antiserum, preliminary

studies suggested that it might be a platelet specific

protein (Moore, Pepper and Cash 1975b). If the platelet

specificity could be substantiated, and if a sensitive

and specific assay could measure its plasma concentration,

then this might reflect the degree of platelet aggregation/

release occurring in vivo. As there are few tests which

assess platelet function in the circulation, the development

of a technique which would reflect intravascular platelet

aggregation might provide new insight into platelet

kinetics, both in normal subjects and in a variety of

disease processes. For these reasons this project was

initiated with the following aims:-
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1. To develop an immunological assay for (3-thromboglobulin

of sufficient sensitivity to measure its concentration

in platelet poor plasma.

2. To measure the concentration of p-thromboglobulin

in platelets, erythrocytes and leukocytes, as well

as other tissues, to determine whether [3-thromboglobulin

is unique to platelets.

3. To develop a technique to inhibit the release of

(3-thromboglobulin from platelets during the

preparation of platelet poor plasma, so that the

measured plasma concentration in vitro might

truly reflect the circulating concentration in vivo.

if. To establish a normal range for the concentration

of (3-thromboglobulin in platelet poor plasma from

apparently normal healthy subjects and to see whether

this is dependent on the whole blood platelet count.



To see if the plasma concentration of p-thromboglobulin

is related to platelet survival and turnover in

normal subjects.

To undertake preliminary studies in patients with,

or at risk from, thromboembolism, to see if the

plasma concentration of p-thromboglobulin is raised.

If so, does this relate to platelet survival or

turnover and might it prove useful for the identification

of patients at particular risk of having a clinical

embolic episode?
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INTRODUCTION

.1. HISTORICAL

First reports describing the presence of platelets in blood

have been attributed to Gerber (l8if2) and Addison (l8if2) studying

in'England, and Simon (l8if?) and Zimmerman (18A6) working in

Germany. Schu'ltze (1865) noted the coalescence of platelets to

form granular masses, Osier (187^), described their

ability to form pseudopodia, and Bizzozero (1882) observed their

adherence to damaged vessel walls. Krauss (1883) recorded

a relationship between thrombocytopenia and bleeding. Their

structural features were further defined by Wright (1906)

when he described the presence of azurophilic granules and

this was confirmed by electronmicroscopy (Wolpers and Ruska

1939)« The structure of these granules, as well as other

subcellular components, the microtubules and the open

cannulicular system have been intensively investigated

recently (White 1971)• Megakaryocytes (Robin l8if9) were first

described as marrow precursors of platelets by Wright (19O0).
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During the past 20 years, platelet biochemistry

has been extensively studied following the initial report

by Hovig (1963) that platelets contained large amounts of

adenosine diphosphate (ADP). This nucleotide causes platelet

structural changes (Hovig 1962; Rodman, Mason and

Brinkhous 1963) and may be important in platelet plug

formation at the site of haemorrhage (Hardisty and Hutton

1967; Weiss 1967).

2. PLATELET PARTICIPATION IN HAEMOSTASIS

Following disruption of a small blood vessel,

platelets adhere to exposed collagen and subendothelial

fibrils and more platelets aggregate with those already

present to arrest haemorrhage. This platelet-collagen

interaction, like that with ADP, adrenaline thrombin and

other reagents, has been studied by observing changes in

stirred platelet rich plasma (O'Brien 1962; Born 1962).

The addition of an aggregating substance results in a series

of well defined structural changes in which the platelet



may undergo disk to sphere transformation with the

development of pseudopodia. The circumferential band of

microtubules make a centripetal migration to surround

the tightly gathered storage granules which discharge

their contents, via the open canalicular system, to the

suspending medium (White 1971)- A similar secretory

process has been observed in the adrenal medulla (Douglas

1968), the pancreas (Lacy, Howell, ^oung and Fink 1968)

and during the degran ulation of leukocytes (Woodin and

Wieneke, 196^). The substances released include small

molecular weight chemicals, e.g. ADP and 5HT, as well as

proteins e.g. fibrinogen and platelet factor ^ (Holmsen,

Day and Stormorken, 1969). The physiological significance

of this reaction and the functions of the liberated granule

contents remain controversial, but it is important for

haemostasia (Hardisty and Hutton 1967) Weiss 1967) Pareti,

Day and Mills 197^). Leukocytes, particularly in

thrombocytopenic individuals, may also be important for the

maintenance of haemostasis (Guest, Bond and Crawford 1973)•
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The platelet aggregates responsible for initial

haemostasis are further strengthened by the formation of

fibrin strands formed from soluble fibrinogen. As

illustrated in Fig.0.1, this is the last step in

a series of reactions in which an activated protein causes

activation of a subsequent protein in the presence of

appropriate cofactors, in a chain reaction (Macfarlane 1972).

This series of reactions is important to platelets as many

of the proteins which participate in coagulation are

associated with the platelet membrane, particularly factors

V and XI (Horowitz and Fujimoto 1965)1 and during platelet

aggregation coagulation may occur on the platelet surface,

resulting in the production of thrombin (Ardlie and Han 1971)•

This enzyme induces platelet aggregation and release, as

well as the formation of fibrin from plasma and platelet

fibrinogen. Aggregation may require fibrin monomer formation

and this becomes irreversible when factor XIII causes

fibrin polymerisation (Ardlie and Han 197l). Coagulation is

further promoted by activation of factors V and VIII, and the

fibrin stabilising factor (XIII) by thrombin. The components



INTRINSIC SYSTEM

Contact Product
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Fig.0.1. A diagramatic outline of some of the
reactions in the coagulation mechanism.
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of the coagulation system may form special structural

relationships with one another on the platelet surface

both to hasten the reaction sequence and prevent

inactivation by plasma inhibitors (Walsh I97Z+).

Digestion of the haemostatic plug may be inhibited by

platelet antiplasmin and antiplasminogen activator

(Kwaan 1971; Ogston, Murray and Douglas 1973)•

The corollary to coagulation on the platelet

surface promoting platelet aggregation, is the observation

that coagulation of plasma is hastened by the presence of

platelets. This property, traditionally called platelet

factor 3, potentiates the activation of factor X by factors

IXa and VIII and the conversion of prothrombin to thrombin

by factors Xa and V and is due to phospholipid in the

platelet membrane that is made 'available' during

platelet aggregation (Lundblad and Davie 196'+; Hardisty

and Hutton 19o5; Spaet and Cintron 1965).
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Recent studies have suggested that exposure

of platelets to ADP may cause activation of factor XII,

while following collagen platelet interaction,

factor XIa is formed in the absence of factor XII

(Walsh 1972c and d), This observation has assumed

greater importance not only because factor Xlla initiates

the intrinsic coagulation cascade, but also because

it causes the conversion of prekallikrein to kallikrein

and plasminogen proactivator to plasminogen activator.

Thus both the kallikrein system is initiated (Figure 0.2)

and the fibrinolytic mechanism activated. Several of the

activated intermediaries in both these systems, e.g.

plasminogen activator and kallikrein along with

fibrinopeptide B are chemotactic for leucocytes

(Austen 197A-; Ray and Kaplan 1975)* Along with

the plasma and endothelial cell fibrinolytic system,

these leukocytes promote clot lysis with the aid of

their lysosomal enzymes liberated under the influence of

factor Xlla (Showell, Hsu and Becker 1973)* Platelets

possess both plasminogen activator, antiplasmin and an

activator inhibitor (Kwaan 1971)• ^he presence of these



Fibrinolysis

Fig.0.2. Some interactions between the coagulation,
fibrinolytic and kallikrein systems
(adapted from Austen, 197^)
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antifibrinolytic components may explain why

the lysis of clotted platelet rich plasma is slower than

that of platelet poor plasma (Hume 1958) and why arterial

thrombi, which are mainly composed of platelets, are more

resistant to lysis than venous thrombi.

3. STRUCTURE OF PLATELETS

Platelets are anucleate, negatively charged cells

approximately 2P- in diameter. They are surrounded by a

plasma membrane which is covered by an amorphous coat that

can be visualised by electron microscopy with phospho-

tungstic acid staining (Bull 1966). This contains many

plasma proteins e.g. fibrinogen and factors V, VIII, IX,

XI and XII (Horowitz and Fujimoto 19^5 and Walsh 1972a).

Three major glycoproteins have been identified in the membrane

and treatment of platelets with neuraminidase alters their

reactivity. (Gasic, Gasic and Stewart 1968; Pepper and

Jamieson 1971; Nurden and Caen 1974)• Membrane associated

enzymes include adenyl cyclase, ATP'ase and collagen glycosyl
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transferase (Salzman, Kensler and Levine 1972; Krishna,

Harwood, Barber and Jamieson 1972; Jamieson 1974)-

Invaginations of the membrane penetrate the

interior of the cell forming the open canalicular system.

This is derived from the megakaryocyte demarkation system

and acts as a conduit for the uptake and release of

granule constituents (White 1974)• The dense tubular

system is composed of subunits which, following activation

of the platelet assemble into filaments. This structure

has been observed in close proximity to the open canalicular

system and it has been suggested that it may be analogous

to the sarcoplasmic reticulum and transverse tubular system

of muscle. It is possible that it functions as an

intra-cellular transmission mechanism (White 1972).

Immediately beneath the membrane lies a circumferential

band of microtubules that are probably responsible for
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maintaining the discoid shape of the non-activated

platelet. Each microtubule is composed of 13 subunits

of the protein tubulin, and during platelet aggregation

there is a centripetal migration to form a tight band

around the cytoplasmic organelles (White 1971)-

Extensive studies have revealed the importance of these

microtubules for maintaining the normal structure and

function of platelets, for example, chilling the cells

to if°C causes sphering and reversible loss of this

structure, probably due to passive relaxation (White and

Krivit 1967); a similar effect was observed with

colchicine and vincristine (White 1968; White 1969).

Sphering without loss of microtubules occurs in the

presence of EDTA which also causes the tortuous tubules

of the open canalicular system to straighten^ This is not

due to chelation of calcium ions, as these changes do

not occur when EDTA is added to citrated platelet rich

plasma (White 197^-). Cytochalasin B and cyclic AMP tend to

maintain microtubular structure even in the cold (Behnke

1970); neither aspirin, prostaglandin E , nor adenosine
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have this ability. Although aggregation and release

are usually associated with platelet sphering,

cytochalasin B does not prevent release by trypsin

(White and Estensen 1972).

At least two types of granules have been observed

in platelets from many species. The more numerous

a granules contain a variety of enzymes, including acid

hydrolases, and they have therefore been likened to

lysosomes. Some of these granules, however, do not contain

acid phosphatase, an enzyme considered to be a hall mark

for lysosomes (Bay, Holmsen and Hovig.1969). The second

type of granules, known as dense bodies, are so called because

they are more electron dense when viewed by electron

microscopy. They contain serotonin, adenine nucleotides

and calcium. In human platelets dense bodies are

much less numerous than a granules, and their isolation

has proved more difficult, although they can be partially

separated from acid hydrolase containing granules

(Holmsen, Day and Storraorken 19o9; Broekman, Westmoreland

and Cohen 1970° The contents of both types of granule



are discharged via the open canalicular system

(David, and White 1968; Pletscher, Da Prada, Berneis

and Tranzer 1971; Skaer, Peters and Emmines 1970-

Platelets contain mitochondria, but no DNA

and ribosomes are only occasionally seen, although

the ability to synthesise proteins and phospholipids

has been demonstrated (Booyse and Rafelson 1967»1971;

White 1971; Ts'ao 1971; Majerus, Baenziger and

Brodie 1971)-

Zf. PLATELET METABOLISM

Platelets require energy, not only to maintain

their discoid shape (Karpatkin 1967)? but also to

undertake their specialised functions, e.g. shape

change, release (Holmsen, Setkowsky and Day 1970

and clot retraction (Luscher 1956). Energy is derived

from catabolism of plasma glucose which enters the cells

by an energy dependent transport mechanism. Pentose
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sugars, however, penetrate the membrane by diffusion

only. Cytoplasmic granules of glycogen, synthesised

in the marrow megakaryo.cytes, can be observed

by electron microscopy. These act as a reservoir

for metabolic glucose. Platelets, however, can also

synthesise this polysaccharide after their liberation
Charmatz and Longer

into the blood stream (Karpatkin 1970), This glycogen

acts as a reservoir for metabolic glucose. Catabolism

of glucose to yield energy is by metabolic pathways

ly . •

common to most cell types i.e. glyccsis, oxidative

phosphorylation and the hexose monophosphate shunt

(Gross and Schneider 1971).

The production of energy by platelets is related

to their metabolic needs but the regulatory mechanisms

involved are poorly understood. Glycogenolysis is

initiated by phosphoryiase a, and the regulation of its

enzytnic activity illustrates the complexity of one of the

possible control mechanisms operating in platelets,

Phosphoryiase a is converted from an inactive precursor
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phosphorylase b by phosphorylase b kinase. This

latter enzyme is activated by an ATP dependent protein

kinase which can be stimulated by cyclic AMP, calcium

ions and various proteolytic enzymes. This may be of

physiological significance, as both cyclic AMP and calcium

may function as intracellular messengers (Schneider 1970•

Following stimulation of platelets, for example

by thrombin, ATP is utilised and metabolised to hypoxanthine,

which accumulates extracellularly. The rate of increase

in its extracellular concentration reflects ATP

consumption (Holmsen, Day and Setkowsky 1972), however

recent studies suggest that hypoxanthine may not be an

end-product metabolite (Rivard, McLaren and Brunst

1973). The increase in glucose oxidation necessary to

synthesise more ATP may occur by allosteric alteration

of regulatory enzymes in the glycolytic,

hexosemonophosphate shunt and tricarboxylic acid

cycle (Holmsen 1972) and this may be related to the



adenylate energy charge of the system. Thus a

reduction in the energy level tends to increase the

rate of ATP production. Thrombin causes a transient burst

of oxygen consumption (Murer 1968); this may be due

to an increase in the hexosemonophosphate shunt, as

neither this pathway, nor the burst of oxygen uptake,

is inhibited by cyanide or antimycin (Chaudhry,

Sagone, Metz and Balcerzak 1973)• Phagocytosing

leukocytes demonstrate a similar increase in oxygen

utilisation (Stossel 197^-).

For platelets to perform their specialised

functions, certain energy levels must be present;

the lowest for shape change and highest for the release

reaction. Thus if the platelets are progressively

depleted of energy, they lose their ability to

undergo the release reaction first and shape change last

(Holmsen, Setkowsky and Pay 197l)- Energy is consumed

during shape change and release, but not aggregation,

although a higher energy level must be present for



aggregation to take place than for the production

of shape change (Mills 1973)•

Cyclic AMP metabolism has been extensively

studied in platelets and it would appear to have a role

in the regulation of platelet function (Salzman,

Kensler and Levine 1972; Schneider 197^)• ATP is

converted to cyclic AMP by membrane bound adenyl cyclase

and the activity of this enzyme can be increased by

a variety of agents including prostaglandin E, and

adenosine. Phosphodiesterase catabolises cyclic

AMP and inhibition of this enzyme, for example by xanthine

tends to increase the intracellular concentration of

cyclic AMP. The actions of cyclic AMP can be studied

further by using its less polar derivative dibutyryl

cyclic AMP which can penetrate intact platelet membranes

and produce similar metabolic effects to endogenous

cyclic AMP.
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The intracellular concentration of cyclic AMP

is increased by a variety of substances which inhibit

platelet aggregation (see page 35 )• ^t may also

have an important function in the regulation of

glycogenolysis. Studies by Schneider on the role of

cyclic AMP in the regulation of energy production have

revealed that an increase in its intracellular

concentration is associated with increased glycogenolysis

by activating protein kinase, but paradoxically cyclic

AMP also inhibits uptake of glucose into platelets

(Schneider 197A)•

Major anabolic pathways are present in platelets.

Gluconeogenesis has been reported (Gross and Schneider

1971). Thrombosthenin and fibrinogen are synthesised

by platelets, and this is of particular interest

because platelets are anucleate (Warshaw, Laster and

Schulman 1966; Booyse and Rafelson 1967). Ribosomes

have occasionally .been seen, (Hovig 1968; )

and a stable rnRNA has been described (Booyse and Rafelson



1967). Mitochondria in other tissue? possess small

amounts of DNA, probably coding for proteins synthesised

by these organelles. Platelets, however, are sparsely

populated with mitochondria. Further, mitochondrial

isolation is complicated by their sedimentation along with

other subcellular particles during ultracentrifugation.

5• ADHESION OF PLATELETS TO SUBENDOTHELIAL

COMPONENTS.

The initiation of haemostasis, particularly in

small vessels, is dependent on platelet plug formation

at the site of injury. Following disruption of the

endothelium, platelets adhere to various subendothelial

components of the vessel walls and"discharge their granule

contents. More platelets are recruited and the mass

of platelets that accumulates tends to plug the breach

in the vessel and prevent further haemorrhage. The

reactivity of the various subendothelial components with

platelets e.g. basement membrane, microfibrils and
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elastin differ markedly (Stemerman 197k)-

mechanism of platelet adhesion to collagen has received

much attention, not only because this glycoprotein is

extremely reactive towards platelets, but also because

collagen induced aggregation can be easily studied

in an aggregometer (O'Brien 1962; Born 1962). Platelets

also adhere to artificial surfaces and this is of clinical

importance when these materials are used in the manufacture

of prosthetic heart valves and arterio-venous shunts

(St emerman 1974).

I

Platelet-collagen interaction, which is independent

of calcium ions, (Hovig 197k) has been likened to

platelet-platelet interaction and both may be due to an

enzyme-substrate complex between the galactosyl--50H

lysine residues on collagen and collagen:galactosyltransferase

in the platelet membrane (Jaraieson 197k)- Further evidence

for this mechanism is the observation that galactose

oxidase treatment of collagen diminished its capacity to
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aggregate platelets (Chesney, Harper and Colman

1972).. Recently the validity of this hypothesis

has been questioned by the observation that collagen

from an ascaris cuticle, which does not contain

galactosyl hydroxylysine, still aggregates platelets

(Jaffe and Deykin 197^). Further, oxidation

of collagen carbohydrate does not inhibit its ability

to aggregate platelets (Puett, Wasserman, Ford and

Cunningham 1973)-

Tropocollagen (monmeric collagen) does notA

aggregate platelets and some degree of polymerisation may

\

be required to induce aggregation and release (Brass

and Bensusan 197^)- Polymerisation is inhibited by

galactose oxidase treatment of collagen (Muggll and

Baumgartner 1973)> and this may explain why such collagen

does not cause platelet aggregation (Chesney, Harper

and Colman 1972).
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Collagen, when added to citrated platelet

rich plasma in vitro induces platelet shape

change,aggregation and release. The mechanism,

however, remains controversial (Izrael, Zawilska,

Jaisson, Levy-Toledano, Caen 197k). Part of the

reaction is mediated by liberation of ADP, as

aggregation, but shape change, is inhibited by the presence

of creatinine phosphate and creatinine phosphokinase

or 2 chloroadenosine (Hugues 1970). Despite this

apparent lack of aggregation, a significant amount of

5-hydroxytryptamine is liberated. Other workers

suggest that ADP plays very little part in collagen

induced platelet aggregation (Nunn 1972).

Patients with two rare haemostatic defects,

von Willebrand's syndrome and the Bernard Soulier

Syndrome, have prolonged bleeding times due to defective

adhesion of platelets to components of the vessel wall

(Tschopp, Weiss and Baumgartner 197h? Weiss, Tschopp,

Baumgartner, Sussman, Johnson and Egan 1974!). Von
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Willebrand's syndrome, may represent a series of

related disorders, characterised by reduced factor VIII

coagulant activity, a reduced concentration of factor

VIII, as assayed immunologically, and reduced platelet

aggregation by ristocetin. These abnormalities are

due to a deficiency of a plasma component necessary for

platelet function, as the bleeding tendency can be corrected

by plasma or cryoprecipitate infusions (Howard and.

Firkin 1971; Bimmermann, Ratnoff and Powell 1971;

Weiss, Rogers and Brand 1973)- The exact nature of the

plasma defect is unknown, but it is probably related to

defective synthesis of factor VIII.

The Bernard Soulier syndrome, on the other hand,

is a primary platelet abnormality. Like von Willebrand's

syndrome, this disorder is characterised by a prolonged

bleeding time and defective platelet aggregation to

ristocetin and bovine factor VIII (Bernard and Soulier

19^8; Bithell, Parekh and Strong 1972; Caen, Levy-
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Toledano, Sultan and Bernard 1973)» but these

abnormalities cannot be corrected by plasma or cryo-

precipitate infusions. The plasma factor VIII

coagulant activity, factor VIII related protein

and von Willebrand factor activity are all normal-

The primary abnormality lies in the platelets, which

are larger than normal (Bernard and Soulier 19i8),

have a reduced sialic acid content and a decreased

electrophoretic mobility (Grotturn and Solum 1969).

No shape change is observed with ADP, although they

aggregate normally with this nucleotide (Bithell,

Parekh and Strong 1972). Bovine factor VIII and human

factor VIII treated with neuraminidase, will aggregate

normal and von Willebrand platelets, but no aggregation is

observed if the human factor VIII is subsequently

treated with galactose oxidase (Vermylen, Donati,

Be Gaetano and Verstraete 1973)- bn addition,

sialyl transferase has been identified in platelet

membranes (Bosman 1972/ and it is possible that factor

VIII platelet interaction may require the formation of a
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factor VIII - sialyl transferase complex with the

transfer of a sialic acid. Exposure of galactosyl

residues in this way may result in platelet aggregation

(Vermylen, Donati, DeGaetano and Verstraete 1973)- It

has been suggested that a plasma component

is required for platelet vessel wall interaction and

that this same factor is needed for ristocetin induced

platelet aggregation. The vessel wall component

responsible for inducing primary platelet plug formation

may have structural similarities to ristocetin, as

receptors for both these appear to be absent in the

Bernard Soulier syndrome (Weiss, Tschopp, Baumgartner,

Sussman, Johnson and Egan 197^).

6. PLATELET SHAPE CHANGE AND AGGREGATION

1. ADP

When platelet rich plasma is stirred with ALP,
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the platelets undergo a series of energy-dependent

reactions including shape change, pseudopodia formation

and release. Interest in this reaction has been

heightened following the observation that the

platelet very dense granules contain ADP which is

liberated during secondary aggregation (MacMillan 1966).

Aggregation in response to collagen may in part be

mediated by released ADP. The initial ADP induced

shape change can be observed, not only by an increase

in optical density of the platelet suspension, but also

by a change in light scattering (Michal and Born 1971)•

This shape change is independent of the calcium ion

and fibrinogen concentrations and is not accompanied

by any change or increase, in volume of the platelets

(Born 1971; Holmsen 1972). ADP induced primary

aggregation, however, is dependent on the presence of

calcium and fibrinogen. Its rate depends upon the time

after venepuncture, the pH of the plasma as well as the

platelet count. In citrated but not heparinised platelet

rich plasma it may be succeeded by the release reaction
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during second phase aggregation (Mills and Roberts

1967; Mustard and Packham 1970; Holmsen 1972;

Mustard, Perry,'KinLough-Rathbone and Packham 1975)•

The membrane receptor for ADP induced activation

of platelets remains unknown, although several theories have

been expounded. A reduction in the negative change of

platelets has been observed in the presence of ADP,

and this, along with calcium ions, might allow the formation

of ionic bridges between adjacent cells. ADP binds to

actomyosin (Nachman and Ferris 197V and inhibits

its ATP'ase activity; thus adenosine triphosphate (ATP)

consumption required to maintain the platelets in an

activated state is reduced (Salzman, Chambers and Neri

1966). Alternatively, inhibition of ATP destruction

may increase its intracellular concentration above a critical

threshold, allowing dissociation of actomyocin and the

formation of actomyosin. bridges between platelets (Booyse

and Rafelson 1971)- Nucleotide diphosphate kinase, which
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transfers a terminal phosphate from ATP to ADP,

has also been implicated as the membrane receptor

(Guccione," Packham, KinLough-Rathbone and Mustard 1971).

During ADP induced aggregation, coagulation may

take place on the platelet surface resulting in the

conversion of fibrinogen to fibrin monomers;

polymerisation of these causes irreversible platelet

aggregation (Ardlie and Han 197^). Well washed platelets

did not respond to ADP unless fibrinogen, calcium and

traces of thrombin were added, and this response

could be prevented by an inhibitor of the esterase

activity of thrombin. Furthermore, irreversible

aggregation could be induced by adding polymerising

fibrin to platelets undergoing only primary aggregation.

Inhibitors of fibrin polymerisation e.g. sodium sulphite,

reduced glutathione and sodium thioglycolate prevented

irreversible aggregation. Irreversible platelet

aggregates were insoluble in 5^ urea or 2% monochloracetic
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acid suggesting involvement of factor XIII.

This view has been challenged (Macfarlane, Walsh, Mills,

Holmsen and fay, 1975) as ADP induced platelet aggregation

is not inhibited by heparin or hirudin.

Besides its action in promoting aggregation,

ADP activation of the platelet membrane may both initiate

and enhance the intrinsic coagulation mechanism.

Exposure of fresh platelets to ADP stimulates

'contact product-forming activity' on the platelet

membrane which activates factor XII (Walsh 1972c).

ADP stimulated platelets are also capable of promoting

the reaction between factors XIa, VIII, IX and X to form

factor Xa, as well as catalysing the reaction between

factors Xa and V to activate prothrombin in the presence

of calcium. These latter two reactions are due to

a lipoprotein fraction in platelets (Marcus 1969).
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2. Thrombin

Thrombin induces platelet shape change,

aggregation and release, converts fibrinogen to fibrin,

activates factor XIII and participates in a positive

feedback mechanism in the intrinsic coagulation cascade

by activating factors V and VIII (Macfarlane 1972).

Controversy surrounds the receptor for thrombin

on the platelet membrane; fibrinogen, thrombosthenin

and a series of thrombin sensitive proteins have been

described. Thrombin may produce its effect on platelets

by converting fibrinogen to fibrin. This has, however,

been questioned (Davey and Luscher 1965). Platelet

aggregation with thrombin has been observed in individuals

with afibrinogenaemia, but platelets from these patients

do contain fibrinogen. Aggregation however, is greatly

potentiated by adding small amounts of fibrinogen

(Nachman and Marcus 1968). Davey and Luscher (1965)5
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using a series of snake venom, were unable to

demonstrate a parallelism between the ability of some

venoms to clot fibrinogen and their ability to aggregate

platelets. Ankistirodon rhodostoma venom caused rapid

clotting of fibrinogen but no platelet aggregation

or release. On the other hand, venom from Trimeresurus

purpureomaculata only clotted fibrinogen slowly but

it was a potent aggregator of platelets. These differences

may be related to the observation that the former venom

released fibrinopeptide A, whereas the latter liberates

only fibrinopeptide B, and this may cause platelet aggregation.

Release of this latter fibrinopeptide alone is not sufficient

for polymerisation of fibrin, and therefore irreversible

platelet aggregation, but it does affect other biological

systems (Axisten 197^5 Kay and Kaplan 1975) •

Recent studies, using both kinetic and physico-

chemical techniques have attempted to identify other specific



30

thrombin receptors on the platelet membrane

(Ganguly 1971; Phillips and Agin 1973; Tollefsen,

Feagler and Majerus 197*+) • When the enzymic activity

of thrombin is inhibited by aspirin, it still binds to

a platelet membrane protein, although this is not followed

by aggregation. This membrane component reacts

with antibody to thrombosthenin and has ATP'ase

activity. Thrombasthenic platelets also have a receptor

for ADP and adrenaline, although these reagents do not
Green and Price

induce aggregation (Boullin A1972; Nachman and Ferris

1974)• This mechanism would provide a simple pathway

between inducer, aggregation and release, as thrombosthenin

participates in both these reactions. Its interaction

with aggregating agents would be facilitated by its

extrusion from the platelet surface, which has been

observed, following treatment with low concentrations of

thrombin.

Incubation of lactoperoxidase-iodinated platelets

with thrombin has revealed that a glycoprotein (M.W.118,000)
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is lost from the surface membrane, and it has been

postulated that this membrane component may be a thrombin

receptor (Phillips and Agin 1973)- These observations

were not confirmed by Nachman, Hubbard and Ferris (1973)•

A thrombin sensitive protein has been described (Ganguly

1971) which has partial immunological identity with

plasma factor XIII. Its electrophoretic mobility

is increased following treatment with thrombin, although

it is unlikely to act as a thrombin receptor, as it is found

in the cytoplasmic compartment of platelets (Broekman,

Handin and Cohen 1975)•

Adenyl-cyclase is another possible receptor

for thrombin. A fall in the intracellular concentration of

cyclic AMP, following inhibition of this enzyme by thrombin,

may induce platelet aggregation (Brodie, Baenziger and

Chase 1972).
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A variety of anti-thrombin compounds have been

used to study the mechanism of action of thrombin on

platelets. Heparin inhibits thrombin induced shape

change and secondary aggregation, but potentiates

primary aggregation (Zucker 1970 • Tosyl-

arginine methyl ester inhibits the esterase activity

of thrombin, and when added to platelet rich plasma,

causes a decrease in light transmission, possibly

due to dis-aggregation of small platelet aggregates.

This chemical also inhibits aggregation by ADP

although shape change with, this nucleotide still takes

place (Ardlie and Han 1970- The possible close

relationship between ADP and thrombin induced

aggregation is further exemplified by the observation

that although ADP is not required for thrombin induced

shape change, it may be needed for thrombin induced

primary aggregation. When an ADP destroying system

is added to citrated platelet rich plasma before thrombin,

no aggregation is seen, but there is still a significant
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liberation of 5 hydroxytryptamine (Izrael, Zawilska,

Jaisson, Levy-Toledano and Caen 197^)• Using purified

reagents, the role of ADP as a mediator of thrombin

induced aggregation has been questioned (Macfarlane,

Walsh, Mills, H'olrnsen and Day 1975)•

3• Hydroxy!ryptamine.

Very dense granules in platelets contain

5-hydroxytryptamine which is liberated during the release

reaction. Exogenously added 5-hydroxytryptamine induces both

primary and secondary aggregation (White 1970) following

an initial shape change and this is very dependent on the

plasma calcium concentration (Mitchell and Sharp 196if).

Serotonin potentiates aggregation by ADP and adrenaline,

but exposure of platelets to 5-hydroxytryptamine for

several minutes makes them refractory to the usual

aggregating reagents (Baumgartner and Born 1968).

Diphenhydramine, reserpine and lysergide inhibit serotonin

induced platelet aggregation, and Michal has suggested
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that platelets possess Type D receptors like those

in guinea pig ileum (Michal 1969). The function of

platelet serotonin is unknown but as it constricts small

blood vessels this may help prevent haemorrhage.

k' Adrenaline

Aggregation of platelets by adrenaline was initially

observed by O'Brien (1963) and Mitchell and Sharp (196A)

and it has been proposed that this is due to stimulation

of platelet alpha-receptors (Mustard and Packham, 1970).

Aggregation by ADP, collagen and thrombin are all potentiated

by adrenaline (Ardlie, Glew and Schwartz 1966;

Thomas 1968). Part of the response to adrenaline may be

mediated by released ADP as inclusion of an ADP destroying

system in citrated platelet rich plasma diminishes the

response (Israel, Zawilska, Jaisson, Levy-Toledano and

Caen 1974)- Initial observations suggested that platelets

did not undergo shape change after the addition of adrenaline,

but recent studies have demonstrated sphering and pseudopodia

formation (White 1971).
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7. CYCLIC ADENOSINE 5'5' MONOPHOSPHATE

(CYCLIC AMP)

Although Marcus and Zucker in 1965 described an

inhibitory action of cyclic AMP on platelets, it was

not -until some years later that this observation was

followed up. The working hypothesis is that cyclic AMP

may be the final common mediator of aggregation induced by

many different reagents, and that a fall in its intracellular

concentration may initiate aggregation. A rise in its

intracellular level is associated with the inhibition of

aggregation. The evidence for the former proposition is

less conclusive than that for the latter (Marcus and

Zucker 1965; Salzman, Kensler and Levine 1972).

Liddle and Hardman (1971) have defined the following

criteria which should be fulfilled before an intracellular

compound can be considered to be a secondary messenger,

firstly, that aggregating agents or inhibitors must produce
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changes in intracellular cyclic AMP concentrations

which precede the metabolic effect. Secondly, the dose
*

response relationship between stimulator and cyclic

AMP concentration must parallel the metabolic effect.

Thirdly, dibutyryl cyclic AMP should mimic the

effect of increasing concentrations of cyclic AMP.

Fourthly, in broken cell preparations, the stimulator

should have appropriate actions on adenyl cyclase

or phosphodiesterase.

A variety of chemicals of diverse structure which

inhibit platelet aggregation are associated with a rise

in the intracellular concentration of cyclic AMP.

This can either be accomplished by stimulating

adenyl cyclase or by inhibiting phosphodiesterase.

Prostaglandin E^ is a potent stimulator of adenyl cyclase

(Salzman, Kensler and Levine 1972) and in micromolar

concentrations the maximum rise in cyclic AMP occurs

within ten seconds and is accompanied by an inhibition

of platelet aggregation. Inhibition of phosphodiesterase,
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for example by papaverine, caffeine or pyrimido-

pyrimidine compounds e.g. dipyridamole, increases the

cyclic AMP level and this is paralleled by inhibition

of aggregation (Emmons, Harrison, Honour and Mitchell

1965*, Ardlie, Glew, Schultz and Schwartz 1967).

Furthermore, a rise in cyclic AMP has been associated

with inhibition of the release reaction and PF3

availability. Intravenous infusion of cyclic AMP

produced a slight but significant inhibition oJ

aggregation by ADP and collagen when tested in vitro

(Mannucci and Pareti 1973)-

While prostaglandin E is a potent inhibitor

of platelet aggregation and a stimulator of adenyl

cyclase, no synthesis of this compound has been

demonstrated in platelets (Smith, Ingerman, Kocsis and

Silver 1973) and it is unlikely to be present in adequate

concentrations in the circulation. That cyclic AMP

is the true mediator of the prostaglandin E^ effect,
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is further complicated by the observation that,

whilst maximum elevation of cyclic AMP occurs

within ten seconds, its inhibitory effect on platelets

increases for up to four minutes. (Ball, Brereton,

Fulwood, Ireland and Yates 1970). Moreover, mixtures

of prostaglandin E^ and theophylline, in concentrations

that almost completely inhibit platelet aggregation,

caused little or no increase of cyclic AMP.

Despite prostaglandin apparent potency1- it has

not been possible to modify platelet function significan

following its intravenous infusion in man (Elkeles,

Hampton and Harrison 1969).

Platelets can synthesise prostaglandin but

not prostaglandin E^ (Smith, Ingerman, Kocsis and Silver

1973)- The effect of this chemical, however, on platelet

depends on its concentration. At low concentrations

(0.1pg/ml) prostaglandin E^ potentiates aggregation,

whereas at higher concentrations platelet aggregation
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is inhibited (Salzman, Kensler and Lsvine 1972)

which may be due to contamination of prostaglandin E^

by prostaglandin E . Arachoidonic acid is a potent

stimulator of aggregation and release. This, however, is

dependent on its conversion by cyclo-oxygenases to labile

cyclic endoperoxide; this is the precursor for the

synthesis of prostaglandin E^ and prostaglandin E^a.

Cyclic endoperoxide may mediate platelet aggregation and

release along with prostaglandin E . The inhibition of

cyclic oxygenase by aspirin offers an explanation of the

mechanism of action of this drug (Smith and Willis 1971;

Willis, Vane, Kuhn, Scott and Petrin 197^+)-

8. THE PLATELET RELEASE REACTION

Since the beginning of this century platelets have

been known to possess intracellular granules (Wright 1906).

It is only in the past 20 years however, that the importance

of the contents of these structures has been appreciated.

Grette (1962) coined the term "release reaction" and

demonstrated the rapid and selective liberation of a variety



of intraplatelet constituents from these granules by

thrombin. Following this observation, an increasing

number of substances have been shown to cause the platelet

release reaction (Mustard and Packham 1970). Interest

was heightened after the observation that platelet

granules contained stores of releasable ADP and that this

nucleotide is a specific inducer of platelet aggregation

(Gaarder, Jonsen, Laland, Hellem and Owren 1961;

Haslem 196^). A similar secretory mechanism has been

described in the pancreas (Lacy, Howell, Young and Fink

1968), adrenal medulla (Douglas 1968), leukocytes

(Woodin and Weineke 196^) and mast cells (Mongar and

Schild 1962).

Holmsen, Day and Stormorken (1969) in a review

of the platelet release reaction suggested criteria that

should be fulfilled before an intraplatelet constituent

can be said to be liberated in the release reaction.

These criteria were that -



1) The substance was stored in the a granules or

very dense bodies

2) Cytoplasmic and mitochondrial contents must be

retained.

3) Maximum release must have occurred within 60 seconds

at 37°C.

if) The process was energy dependent.

5) After release the platelet participated in other

reactions normally e.g. clot retraction.

They emphasised not only the importance of

demonstrating the accumulation of a released substance in

the plasma, but also its quantitative decrease within the

cell. An example of the importance of this was observed

when studying lactate metabolism; during the release

reaction this accumulated extracellularly but its

intracellular concentration did not fall. Further, they

stressed the importance of including control samples of
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platelets (without the release inducer) that were

treated under identical conditions so as to measure

non-specific release or cell lysis.

Types of Release Reaction

The releasable constituents of platelets are

stored in the dense bodies and the a granules. The

dense granules contain ADP, ATP, serotonin and calcium

and their contents are liberated in a Type I release

reaction in response to ADP, adrenaline and low

concentrations of thrombin and collagen (Table 0.1)

(Holmsen, Day and Stormorken 1969). The intracellular

messenger causing release may be cyclic endoperoxide,

and its synthesis may be inhibited by aspirin which

abolishes the liberation of dense body, but not a granule

contents (Smith, Ingerman, Kocsis and Silver 197^-) •

This release reaction occurs most rapidly at 37°C

in stirred citrated platelet rich plasma, but it is not

promoted by the addition of calcium to the medium (Holmsen

1965).



TABLE Q.1

Substances liberated during the platelet release reaction
and their subcellular location.

Dense granules

5-Hydroxytryptamine
ADP and ATP

Calcium

Pyrophosphate

Antiplasmin

Holmsen, Day and Stormorken (1969)

Joist, Niewiarowski, Nath and Mustard
(1975)

a-granules

Acid hydrolases
Potassium

Fibrinogen

Permeability factor
Chemotactic factor

Holmsen, Day and Stormorken (1969)

Broekman, Handin and Cohen 0975)
Nachman, Weksler and Ferris (1972)
Weksler and Coupal (1973)

Unknown

Growth factor

Bactericidal factor

Platelet factor if

(3-thromboglobulin

Ross, Glomset, Kariya and Harker (197^f)
Weksler and Nachman (197J)
See text

See text
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Liberation of a granule contents by thrombin

and collagen has been termed Type II release when

various acid hydrolases e.g. (3 glucuronidase,

are secreted into the suspending medium (Table 0.1).

This reaction is stimulated by the addition of calcium

to the suspending medium. These a granules have been

likened to lysosomes but only some contain acid

phosphatase, a lysosomal marker, and this enzyme

is not released during a Type II reaction (Siegal and

Luscher 1967; Holmsen and Lay 1968; Mills, Robb and

Roberts 1968).

A mild haemorrhagic diathesis has been described

(Hardisty and Hutton 1967 and Weiss 1967) in which,

despite a normal platelet count, the bleeding time

was prolonged. Aggregation studies revealed a lack

of second phase aggregation, electron microscopy, a paucity

of dense bodies; and chemical analysis, a reduced

quantity of releasable ADP, ATP, serotonin and calcium
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(Hardisty and Hutton 1967; Weiss 1967;

Weiss and Rogers 1972; Holmsen and Weiss 1972;

Weiss and Ames 1973; Weiss, Tschopp, Rogers and

Brand 197^; ^ages, Scrutton, Holmsen, Day and Weiss

1975)* A similar defect has been reported in patients

with oculo-cutaneous albinism (Hardisty and Mills

1972; Pareti, Day and Mills 197^1-). Although the amount

of acid hydrolases and other a granule constituents

is normal in storage pool disease, their release

is defective (Holmsen, Setkowski, Lages, Day,

Weiss and Scrutton 1973)• Thus these studies have

demonstrated the importance of the release reaction in

normal haemostasis and have provided evidence that the

dense bodies are the storage sites for releasable

nucleotides and serotonin. Synthesis of cyclic
I

endoperoxide from arachi donic acid is normal (Weiss,

Willis, Kuhn and Brand 1976), but it does not cause

a release reaction and this suggests that the endoperoxide
t re a ted

receptor is also defective. Aspirin ^ platelets

are unable to synthesise cyclic endoperoxide, but
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when mixed with storage pool platelets they aggregate

and release normally, presumably because they are

responsive to the endoperoxide synthesised by the

storage pool platelets (Weiss, Willis, Kuhn and

Brand 1976). Thus patients with storage pool disease

appear to have a dual abnormality of the storage

and release mechanism.

*

1. Structural changes during; the release reaction

A well defined sequence of events takes place

following interaction of thrombin or other releasing

agents with platelets. As viewed on an aggregometer

tracing, these can be divided into three phases:

shape change, primary aggregation and secondary aggregation

occurring concom itantly with the release reaction.

If sequential aliquots are removed from an aggregometer

cuvette, fixed and viewed by electron microscopy, then

the following events are observed. Immediately after



the addition of an inducer e.g. ADP, the

platelets change from a disc to a sphere with the

extrusion of pseudopodia (MacMillan and Oliver,1965;

Born 1972). The cytoplasmic organelles become

clustered in the centre of the cell and are closely

surrounded by a band of microtubules. The contents of

the vesicles are then discharged into the open

canalicular system (White 1972).

During the aggregation-release reaction these

various structural changes always occur in the same

order; they are not, however, all essential for the

release reaction. Following interaction between

thrombin and platelets in EDTA anticoagulated plasma

for example, shape change and release are seen without

any platelet aggregation; a similar sequence is observed

with thrombasthenic platelets (Caen, Castaldi, Leclerc,

Inceman, Larrieu, Probst and Bernard 1966). Thrombin

treated platelets from individuals with storage pool
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deficiency, change shape and aggregate normally but

only undergo Type II release (Hardisty and Mills 1972).

The centralisation of platelet organelles following

addition of thrombin does not occur if the microtubules

and microfilaments are disassembled by vincristine or

colchicine (White 1968, 1969). Secretion, which involves

a relationship between organelle membranes and the open

canalicular membrane, can take place even in the absence

of microtubules. Despite this lack of microtubules,

the cells are still able to undergo primary aggregation

and clot retraction (White 1968).

2. Metabolic reactions

The platelet release reaction is dependent on

a continuous supply of ATP derived from oxidative

phosphorylation and glycolysis (Gross and Schneider

1971). The "energy" requirements for each phase of

the platelet shape change - aggregation - release reaction

have recently been assessed (Holmsen, Setkowsky and



Day 197*).) • Platelet metabolism was studied after
s\ i

labelling the platelets with C_adenine and then

Si I /I I

determining the conversion of C-ATP to C-hypoxanthine.

Primary aggregation did not stimulate hypoxanthine

production, but in the presence of metabolic inhibitors

shape change was accompanied by a small but significant
■ 1 J

decrease in C-ATP. The release reaction, however,

s\ I

was accompanied by the appearance of C-hypoxanthine

in the extracellular medium. With the addition of

inhibitors of cytochromes (antimycin D) and glycolysis

(2-deoxy-glucose), the rate of synthesis, and hence

intracellular concentration, of A'TP decreased.

As the intracellular concentration of ATP fell, the

Type II release reaction was abolished first, followed

by the Type I reaction, then primary aggregation,

and finally shape change was prevented. These

observations were interpreted as demonstrating that disc

to sphere transformation required the lowest energy

level and Type II release the highest. These studies,
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related to the energy levels in the platelets,

and not to the metabolic requirements; for example,

shape change required the lowest energy level, but

consumed energy, whereas primary aggregation was only

observed at a higher energy level, but no ATP

was catabolised.

The sequence of events between interaction of

a release inducer with the cell membrane and the

secretion of granule contents is poorly understood.

The cell surface is presumed to possess receptors

for different inducers, although the nature of these

remains obscure.

Actomyosin constitutes approximately 15-20

percent of the platelet protein and is of particular

interest as it may be responsible for platelet shape change,
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pseudopodia formation, aggregation and release,

as well as clot retraction. Although platelets undergo

these apparent contractile reactions, it has been

difficult to ascribe them to actomyosin. Actin

is rarely seen in resting platelets. Nevertheless

after aggregation, filaments which polymerise with

skeletal muscle meromyosin to form 'arrowheads'

have been observed (Zucker-Franklin and Grusky 1972).

Similarly myosin is only readily seen in stimulated

platelets. It has been suggested that G actin (monomeric)

is in equilibrium with F actin (filamentous; polymerised)

and monomeric myosin is in equilibrium with filamentous

myosin. In the resting cell the equilibrium favours the

monomeric forms.

Calcium ions stimulate the release reaction and

may also act as an intracellular 'messenger'. The release

reaction is associated with an increase in its cytoplasmic
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concentration, but the site from which it is

released into the cytoplasma remains in doubt. This

ion is also present in the mitochondria, dense granules

and membranes as well as extra-cellularly. It has been

suggested that the increase in cytoplasmic calcium,

associated with the release reaction, may be derived from

membrane bound stores similar to skeletal muscle

sarcoplasmic reticulum (Robblee, Shepro, Belamarich

and Towle 1973). It is of interest to note, however,

that in similar reactions in endocrine cells the

calcium is derived from mitochondria, whereas in

leukocytes and mast cells it is derived from the

extra-cellular fluid (Stormorken 1969; White, Rao

Gerrard 197A-).

Prostaglandins have been implicated as mediators

in the release reaction as prostaglandin is

synthesised from arachidonic acid (probably derived from

membrane phospholipids under the influence of phospholipases)
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in association with this secretory mechanism.

Cyclo-oxygenase converts arachidonic acid to labile

cyclic endoperoxide (precursor of prostaglandin E^
and prostaglandin E^oc) which is a potent inducer of

Type I but not Type II release. Aspirin, an inhibitor

of cyclo-oxygenase, only inhibits Type I release and

this is further evidence that the mechanism of release

from dense body and a granules may be different (Smith,

Ingerman, Kocsis and Silver 197^+) • Prostaglandin E^
is a stimulator of the release reaction, and in other cells

has been shown to influence calcium movement (Ramwell

and Shaw 1970). Thus it may serve as an intermediary

or modifier of the release reaction.

9. INHIBITORS OF PLATELET AGGREGATION

AND RELEASE

Many chemicals have been shown to modify platelet

function. Some can only be used in vitro e.g. N-ethylmaleimide,
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and these have assisted in the understanding of platelet

function. The effects of a variety of drugs have been

studied, both in vitro and in vivo, in the hope

that one or more could be used pharmacologically

to modify platelet function, for example to reduce

thrombus formation, as well as to further the understanding

of platelet function.

ADP has a central role in platelet aggregation

and many attempts to modify platelet function, therefore,

have centred on the metabolism of this nucleotide.

ADP induced aggregation is inhibited by its analogues

e.g. ATP, AMP, adenosine and 2-chloroadenosine

(Born 196if). This latter chemical is the most potent

and its action in plasma is stable for i+0 minutes,

whereas inhibition with adenosine increases during

the first few minutes of incubation before decreasing.

Cyclic AMP inhibits ADP induced aggregation, but this

is by a different mechanism and is discussed elsewhere

(page 35 )• Calcium is necessary for ADP induced



aggregation and this is inhibited by EDTA (Born and

Cross 1963)* Tosyl arginine methyl ester and other

esterase inhibitors behave like non-competitive

inhibitors of ADP mediated aggregation; this has been

cited as evidence for the importance of thrombin in

this reaction (Ardlie and Han 197^).

Membrane modifying chemicals reduce platelet

aggregation. Tricyclic anti-depressants e.g.

imipramine and amitryptyline, have been described

as 'membrane stabilisers' and these drugs together with

chlorpromazine and promethazine are inhibitors of ADP

mediated aggregation (Rysanek, Svehla, Spankova and

Mlejnova 1966). A variety of local anaesthetic

agents e.g. coc aine, lidocaine and dibucaine, also inhibit

aggregation, but they cause platelets to swell and liberate

potassium (O'Brien 1961; Aledort and Niemetz 1968).

Several sulphydyl inhibitors eg. N_ethylmaleimide, by
A

interacting with the platelet membrane, prevent aggregation
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and release. Several antihistamines e.g.

diphenhydramine and chlorpheniramine, inhibit

aggregation and the release of 5-hydr^ryptamine and

adenine nucleotides. The concentration required to

produce this inhibition in vitro is sufficient to

cause haemolysis of red cells (Mustard and Packham 1970).

Although many anti-platelet reagents inhibit

primary aggregation, they also prevent subsequent release

e.g. metabolic inhibitors, adenosine and prostaglandin E^

(Mustard and Packham 1970). Some reagents are of

particular interest for they only inhibit the release

reaction and have no effect on first phase aggregation.

This interesting group of reagents include the non-steroidal

anti-inflammatory drugs (discussed below), colchicine

and the vinca alkaloids. These latter chemicals cause the

microtubules to disassemble and the platelets to sphere

without pseudopodia formation. Primary aggregation is normal,

but no centralisation of the granules or release is observed;
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however the platelets are still able to cause clot

retraction (White 1968, 1969).

1. Non steroidal anti-inflammatory drugs

Aspirin, phenylbutazone and indomethacin are

examples from a range of non-steroid drugs with anti¬

inflammatory properties. That one tablet of aspirin

(300mg) will lengthen the bleeding time and inhibit

second phase aggregation for several days, has been known

for a long time. Collagen-platelet interaction is reduced

in the presence of aspirin (Bowie and Owen 1968).

Aspirin also inhibits cyclo -oxygenase and prevents

formation of prostaglandin E^ and prostaglandin F^cx
and the labile intermediate, cyclic endoperoxide,

which may cause release (Willis and Kuhn 1973)•

Cyclic AMP concentrations are not altered by aspirin

(Ball, Brereton, Fulwood, Ireland and Y.ates 1970).

Collagen induced platelet aggregation,in vitro, is

inhibited for a longer period than aspirin apparently

remains in the circulation; this is in contra-distinction
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to other drugs in this group e.g. indoraethacin, which

only modifies platelet function as long as the

drug is circulating (O'Brien, Finch and Clark 1970).

2. Heparin.

Heparin modifies the functions of several plasma

proteins. Thrombin activity is inhibited by large

concentrations of heparin. With much lower concentrations,

however, inhibition of Xa by anti-Xa is potentiated.

Confusion has surrounded the effect of heparin on

platelets. Eika has demonstrated, that at equal concentrations,

eight different commercial preparations of heparin had

very different effects on platelets (Eika 1972a).

Further confusion has arisen because when whole blood is

anticoagulated with heparin, platelet clumping and release

occur, rendering the platelet refractory to further

stimulation. High' concentrations of heparin 30-100u/ml

induce platelet aggregation probably due to the release

of ADP, since aggregation can be inhibited by adenosine,
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apyrase and inhibitors of glycolysis (Eika 1972b).

When low concentrations of heparin are added to

citrated platelet rich plasma immediately before ADP

or adrenaline, primary aggregation is potentiated and

this enhancement is not inhibited by acetyl salicylic

acid (Zucker 197^). Ardlie and Han have reported that

ADP failed to induce release in heparinised platelet

rich plasma (Ardlie and Han 197*f)j but this may be due

to the relatively high concentration of calcium, as ADP

induced release is only observed at unphysiologically low

concentrations of ionised calcium (Mustard, Perry,

Kinlough-Rathbone and Packham 1975). Heparin ifu/ml does

not affect platelet adhesion to glass beads (O'Brien,

Shoobridge and Finch 1969).

Following intravenous heparin, enhancement of ADP

and adrenaline induced aggregation has been demonstrated in vitro,

(Thomson, Forbes and Prentice 1973) but these observations do

not concur with those of Besterman and Gillot (1973)-

They showed a reduction in aggregation potential and attributed
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this to lysolecithin which was formed in the plasma.

O'Brien has reported that post-operatively platelets

are refractory to ADP, but this was not seen in the

patients who were treated by subcutaneous heparin

(O'Brien, Etherington, Jamieson, Klaber 1972).

Thus the apparent actions of heparin are complex and the

molecular basis for its effects on platelets is unknown.

3. Dipyridamole and related compounds.

A variety of vaso-dilators e.g. theophylline, and

some pyrimido-pyrimidines e.g. dipyridamole and RA233 (Emmons,

Harrison, Honour and Mitchell 1965) inhibit platelet

aggregation. All these compounds inhibit phosphodiesterase

activity and hence tend to increase cyclic AMP

concentrations. Further evidence for the importance

of cyclic AMP in platelet function is the observation of a

synergistic effect of prostaglandin E and RA233 on

platelet function (Mills and Smith 1971)•
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Zf. Catecholamine antagonists

n 0

Alpha adrergic receptors are involved in
A

induction of platelet aggregation by adrenaline and its

analogues (O'Brien 1963) and this is accompanied

by a fall in the cyclic AMP concentration in platelets

(Salzman, Kensler and Levine 1972). This sequence

of events is discussed more fully elsewhere (see page 35 )•

It is more generally accepted that stimulation of (3

receptors e.g. by isoprenaline, as well as inhibiting

platelet aggregation also increases the intracellular

concentration of cyclic AMP (Abdulla 1969) and that this

could be further increased by the addition of phentolamine

an ot blocking drug (Salzman and Levine 1971).

5. Cyclic AMP

The evidence that an increase in cyclic AMP

inhibits platelet aggregation and release is more substantial

and convincing than the converse; i.e. that platelet

aggregation is mediated via a decrease in cyclic AMP
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concentration. ADP, adrenaline, thrombin and

collagen all decrease the intracellular concentration

of cyclic AMP. This may be due to liberation of

cyclic AMP from platelets during aggregation or

centrifugation (Marcus 1969). In broken cell preparations,

however, adrenaline, thrombin and collagen inhibit adenyl

cyclase. The investigation of this problem is further

complicated by the observation that phosphodiesterase

activity, although remaining bound to the platelets,

can also be demonstrated in platelet rich plasma

following the release reaction (Salzman and Levine 1971).

Attempts to assess adenyl cyclase activity, and its

inhibition by aggregating reagents, by incubating platelets

y\ I

with C-adenine or adenosine and measuring the rate of

appearance of C-cyclic AMP have been made. Although

Salzman, Kensler and Levine (1972), initially demonstrated

reduced adenyl cyclase activity with adrenaline, when

1 I
C adenosine was used as the precursor for cyclic AMP,

1L 11f
if C adenine was used instead of C adenosine, no

difference in adenyl cyclase activity was detected. This
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could be due to the presence of two different metabolic

pools of cyclic AMP in the platelets.

Aspirin inhibits the release reaction, but does

not modify the primary wave of platelet aggregation. Ball,

Brereton, Fulwood, Ireland and Y ates (1970) failed to

find any effect of aspirin on either adenyl cyclase ,

phosphodiesterase activity or cyclic AMP concentration.

10. PLATELET PROTEINS

Many proteins, most of uncertain function, have been

identified in platelets, Table 0.2 (Roskam 1922; Solum and

Lopacuik 1969; Nachman 1971; Luscher and Bettex-Galland

197l)« Some of these proteins are thought to be unique

to platelets e.g. platelet factor if (Moore, Pepper and

Cash 1975a) while others are probably identical to plasma

components e.g. albumin and fibrinogen (Ganguly 1971)•



Identification and characterisation has depended

on their function e.g. platelet factor if, or their

specific reaction with anti-platelet antiserum, e.g.

albumin. Plasma coagulation factors are associated

with the platelet membrane, however, factors VIII,

IX, X and XII are easily removed (Horowitz and

Fujimoto 1965)• Factor V, both procoagulant (Horowitz

and Fujimoto 1965; Walsh 1972a) and immunological

activity (Bloom, Giddings and Shearn 1975) can be

demonstrated despite repeated washings.

1. Intracellular localisation of platelet proteins.

Evidence for the subcellular localisation of

various platelet proteins comes from cell fractionation

experiments (Buckingham and Maynert 196^-; Marcus,

Zucker-Franklin, Safier and Ullman 1966; Pay, Holmsen

and Hovig 1969; Broekman, Westmoreland and Cohen 197^)*

study of the release reaction (Holmsen and Day 1968;

Holmsen, Day and Stormorken 1969; Holmsen and Day 1970)

and its inhibition (Barkhan and Youseff 1968; Cronberg
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Kubisz and Caen 1970), and the use of a ferritin labelled

platelet specific antibody (Stolzner, Dzoga and

Wissler 1972). Patients with storage pool disease

have also been used to study the intracellular

location of proteins (Weiss, Tschopp, Rogers and

Brand 1974; Luscher and Kaser-Glanzmann 1974;

Walsh and Gagnatelli 1974)•

Diverse techniques have been described for the

separation and washing of platelets from plasma factors

including centrifugation (Horowitz and Fujimoto 1965),

albumin density gradient separation (Walsh 1972a)

and gel filtration (Tangen, Berman and Marfey 1971)•

Membranes and other subcellular organelles have been isolated

following freezing and thawing (Schulz and Hoepler 1959)5

sonication (Maupin 1959), homogenisation (Marcus,

Zucker-Franklin, Safier and Ullman 1966; Day, Holmsen

and Hovig 1969), glycerol lysis (Barber, Pepper and

Jamieson 1971)and nitrogen decompression (Broekman,
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Westmoreland and Cohen 197^). The localisation of

platelet constituents depends upon the technique used

(Day, Stormorken and Holmsen 1973) and their structure

may be modified during the process, particularly by

intracellular enzymes (Ganguly 1971)•

Of the intracellular platelet proteins, factor

XIII, platelet factor 2 (fibrinogen activator),

are cytoplasmic components, whereas cationic permeability

factor, antiplasmin and anti-urokinase, thrombin

sensitive protein, platelet factor k and p-thromboglobulin

are released and are therefore probably derived

from granules (Nachman and Marcus 1968; Nachman,

Weksler and Ferris 1970; Nachman 1971; Hagen 1975;

Moore, Pepper and Cash 1975a and b). Factor VIII

related antigen and von Willebrand factor, but not

factor VIII procoagulant activity, have been identified

in platelet granules (Nachman and Jaffe 1975)-



2. Fibrinogen

Platelet fibrinogen, as a thrombin clottable

protein, was first described by Roskam (1922) and its

presence in megakaryocytes noted by Gokcem and Funis

(1963). It can also be detected by immunological technique

(Nachman and Marcus 1968). Washing of platelets

removes fibrinogen associated with the outer membrane

(Salmon and Bounameaux1958). The presence of

fibrinogen within platelet granules has been repeatedly

demonstrated (Nachman, Marcus and Zucker-Franklin 1967;

Day and Solum 1973; Broekman, Handin and Cohen 1975)

and its liberation during the release reaction has been

described (Grette 1962; Davey and Luscher 1968;

Keenan and Solum 1972). Intra-platelet- fibrinogen is

probably identical to that found in plasma (Ganguly 1971)-

During extraction, however, granule fibrinogen may be

degraded by lysosomal enzymes, and if enzyme inhibitors

are not included, proteolysis is observed. Surface

associated fibrinogen, unlike that located in the granules,
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is in equilibrium with that found in plasma

(Castaldi and Caen 1965)* This compartmentalisation

is further demonstrated by the presence of granule

fibrinogen in afibrinogenaemic individuals (Nachman

and Marcus 1968).

3. Albumin.

Albumin constitutes 2% of the platelet protein

and when extracted, in the absence of enzyme inhibitors,

it has a different electrophoretic mobility, in 5M urea

and at a pH of less than 3-5i than serum albumin.

These differences disappear in the presence of an enzyme

inhibitor (Ganguly 1971)•

if. Glycoproteins.

Studies on isolated platelet membranes has drawn

attention to the presence of three major classes of

glycoproteins accessible on the outer surface,

as demonstrated by labelling with fluorescent dyes
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(Peppsr and Jamieson 1971), concanavalin A (Kaplan

and Nachman 1975) and lactc-peroxidase lodination

(Phillips and Agin 1973)- One of these glycoproteins

(MW 118,000) may act as a receptor for thrombin

(Phillips and Agin 1973) and further in Bernard-

Soulier and thrombasthenic platelets decreased

concentrations of two different glycoproteins have

been described (Nurden and Caen 197^,1975)- Kemoval

of sialic acid residues with neuraminidase decreases

platelet survival (Gasic,Gasic and Stewart 1968);

treatment with trypsin, to remove glycoprotein I (Wilson,

McNic ol and Douglas 1967)* increases their tendency

to aggregate and papain enhances the cells sensitivity

to quinidine dependent antibodies (Aster and Enright

1969).

5. Thrombosthenin.

The contractile properties of platelets as

demonstrated by pseudopodia formation and clot retraction
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have been ascribed to an actomyosin containing protein

called thrombosthenin (Bettex-Galland and Luscher 1959;

Luscher and Bettex-Galland 1971). Its purification

by precipitation at low ionic strengths and gel

filtration enabled the presence of actin and myosin

in the molecule to be demonstrated (Zucker-Franklin and

Grusky 1972). Synthesis of thrombosthenin by platelets

has been reported. (Booyse and Rafelson 1967).

Thrombosthenin is not seen on electron microscopy
*

in resting cells, but following platelet activation,

it can be visualised. The viscosity of thrombosthenin

decreases at low ionic strength and in the presence of

ATP, which produces contraction of the molecules.

Globular (G) and fibrillar (F) actin are in equilibrium;

in the resting platelet this favours the globular form.

Myosin is a larger molecule with ATP'ase activity

which is activated by calcium. Thrombosthenin has been

demonstrated in platelet membranes, cytoplasm and granules

(Nachman, Marcus and Safier 1967). Platelet ecto-ATP'ase

activity may be due to thrombosthenin in the membrane and
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this can be inhibited by sulphydryl reagents and an

anti-thrombosthenin antibody which will also reduce

clot retraction (Nachman, Marcus and Safier 1967).

Thus thrombosthenin- might act as a receptor for ADP

and provide a direct link between an aggregating reagent

and a protein intimately associated with the aggregation

and release mechanism. It has been proposed that

inhibition of actomyosin ATP'ase by ADP might allow an

increase in the cellular content of ATP, and this, along with

the additional ATP generated during the burst of energy

production during aggregation, might allow dissociation of

membrane actin and myosin with the reformation of actomyosin

bridges between adjacent platelets (Booyse and Rafelson 1971)•

Alternatively, Salzman has suggested that ADP inhibits

platelet ecto ATP'ase activity thereby inhibiting an ATP

consuming reaction necessary for maintaining the platelet

in a normally non-sticky state (Salzman, Chambers and

Neri 1966).
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6. Platelet specific proteins.

Proteins unique to platelets have received

increasing attention in recent years (Bezkorovainy

and Rafelson 196^-; Nachman 1965; Nachman, Marcus

and Zucker-Frahklin 1967; Niewiarowski, Farbiszewski

and Poplawski 1971; Davey and Luscher 1968;

Lopaciuk and Solum 1969; Moore, Pepper and Cash 1975a5b).

The criteria for platelet specificity in most studies

rests on detection of the protein in platelets,

but not in plasma or other circulating blood cells,

although there have been few attempts to assess their

presence in other tissues (Lopaciuk and Solum 1969;

Moore, Pepper and Cash 1975b)• Proteins currently considered

to be platelet specific are listed in Table 0.2.

Identification depends upon, either the possession of

a specific function e.g. cationic permeability factor,

or characterisation of their physiochemical properties

e.g. thrombin sensitive protein and (3-thromboglobulin.



TABLE 0.2

Platelet Proteins

Proteins not unique to platelets

Albumin

Fibrinogen

Immunoglobulin (igG) Holmsen, Day and Stormorken (1969)
Acid hydrolases
Elastase

Factor XIII Ganguly (1971)

Proteins possibly unique to platelets

Platelet factor k

p-thromboglobulin
Thrombin sensitive protein
Bacteri cidal protein

Chondroitin-4-Sulphate
Anti-plasminogen activator

Antiplasmin

Cationic permeability factor
Chemotactic factor

Tissue culture

stimulation factor

Moore, Pepper and Cash (1975a)
Moore, Pepper and Cash (1975h)
Hagen (1975)
Weksler and Nachman (l97i)
Riddell and Bier (1965)
Moore, Pepper and Cash (1975b)
Joist, Niewiarowski, Nath and

Mustard (1975)

Nachman, Weksler and Ferris (1972)
Weksler and Coupal (1973)

Ross, Glomset, Kariya and Harker (197^f)
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Platelet factor 2 (fibrinogen activator)

is a small molecular weight protein precipitated in the

presence of zinc ions (Niewiarowski, Fabiszewski

and Poplawski 1971)• It accelerated the clotting of

fibrinogen by thrombin, aggregated platelets and neutralised

antithrombin III. A cationic platelet protein which

increases vascular permeability biphasically and is

chemotactic for polymorphonuclear leukocytes has been

described (Nachman, Weksler and Ferris 1972). It has a

molecular weight of 30,000. Antihistamines block the first

phase of the increase in vascular permeability and this

may therefore be dependent on the liberation of histamine

from mast cells.

A serum factor, released from platelets, promotes

the proliferatlon of arterial smooth muscle cells in vitro

(Ross, Glomset, Kariya and Harker 197^-) • A basic protein,

of molecular weight 13,500, stimulates the growth of
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fibroblasts in vitro (Harker, Ross and Slichter

1975) and may be important for the development of

atherosclerotic lesions in vivo.

The 'thrombin sensitive protein' of molecular weight

1/f5,000 released from platelet granules may be a platelet

specific protein (Baenziger, Brodie and Majerus 1971;

Hagen 1975)• Its function remains unknown.

7. Platelet Factor if.

Platelet anti-heparin activity, following its first

description (Conley, Hartmannand Lalley 19^8), was

originally thought to be associated with platelet

coagulant activity (van Creveld and Paulssen 1952),

but these activities, platelet factor if and 3 respectively,

were subsequently separated (Jurgens 195^; Beutsch,

Wawersich and Franke 1957)* Studies to isolate
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platelet factor if include those by Deutsch, Wawersich

and Franke (1957)» Farbiszewski, Niewiarowski

and Poplawski (1966) using zinc acetate precipitation

and Ka^r-Glanzman, Jakobova and Luscher (1972) and

Moore, Pepper and Cash (1975a) using release products

from thrombin treated platelets. The detection of platelet

factor if depends upon its heparin neutralising property

(Conley, Hartmann and Lalley 19^+8; Niewiarowski,

Farbiszewski and Poplawski 1971; O'Brien, Finch and

Clark 1970) although more recently a radioimmunoassay

has been described (Bolton, Ludlam, Pepper, Moore and

Cash 1976).

During the platelet release reaction platelet

factor if is liberated as a platelet factor if proteoglycan

complex (M.W. 358,000) which dissociates at high ionic strength

(p. = 0.75) into low molecular weight protein (platelet

factor if, M.W. 27,100) and a proteoglycan carrier (M.W.39,000)
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composed of if chondroitin sulphate residues (M.¥.12,000)

and a peptide moiety (M.W.11,000). Each chondroitin

sulphate residue combines with one molecule of

platelet factor if. In sodium dodecylsulphate platelet

factor if dissociated into subunits (M.W. 1 if,000) and at

pH 3 into smaller subunits (6,900). The molecular weight

of the platelet factor if carrier complex, calculated

by addition of the molecular weights of the components

gives a value (approximate M.W.170,000) half that

observed (M.W. 358,000) and it is therefore possible

that it is released as a dimer (Kaser-Glanzman, Jakabova

and Luscher 1972; Luscher and Kaser-Glanzman 197if;

Moore, Pepper and Cash 1975a)*

Both free and carrier bound platelet factor if

possess anti-heparin activity, as does protamine sulphate,

although these two proteins have very different amino acid

compositions (Moore, Pepper and Cash 1975a)• Heparin
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displaces platelet factor 4 from its proteoglycan

carrier as can other glyco-saminoglycans (Barber,

Kaser-Glanzman, Jakobova and Luscher 1972).

Membrane-associated antiheparin activity has also been

described (O'Brien, Finch and Clark 1970; Moore, Pepper

and Cash 1975a).

The release of platelet factor if during platelet

aggregation occurs in parallel with serotonin and adenine

nucleotides (Niewiarowski, Poplawski, Lipinski and

Farbiszewski 1968; Youssef and Barkhan 1968;

Niewiarowski and Thomas 1966). Using washed platelets

and measuring platelet factor if by an assay based on factor

Xa inactivation by heparin and antifactor Xa, Walsh

and Gagnatelli (1974) demonstrated that platelet factor 4

was liberated after serotonin. Aspirin inhibits platelet

release (Barkhan and Youssef 1968; O'Brien 1969).
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The physiological function of platelet factor 4

is uncertain. Initial studies suggested that it

possessed para-coagulant properties (Farbiszewski,

Lipinski and Niewiarowski 1968) but preparations have

now been isolated devoid of this activity (Kaser-

Glanzman, Jakabova and Luscher 1972). Although the

concentration of circulating heparin is low its inhibition

by a relatively high concentration of released platelet

factor if at the site of haemorrhage, might promote

haemostasis further as the protoglycan carrier

may activate the intrinsic coagulation system (Moskowitz,

Schwartz, Michel, Ratnoff and Astrup 1970). The function

of membrane associated platelet factor if is also unclear,

but if, during platelet aggregation, coagulation takes place

on the platelet surface (Ardlie and Han 197if), then

this might be potentiated in the presence of antiheparin

activity. Rat platelet a granules contain a protein-

mucopolysaccharide complex which binds histamine, 5^T

and Na+ (Anderson, Slorach and Urnas 197if). Mast cell

granules contain a heparin-protein complex which binds
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histamine (Urnas, Aborg and Bergendorff 1970).

These observations suggest that a proteoglycan molecule may

act as a storage mechanism for biogenic amines.

Interest in platelet factor k has been further

stimulated because it might act as a marker for

intravascular platelet aggregation since it is

thought to be a platelet specific protein liberated during

the release reaction. Raised plasma factor 1+

concentrations have been demonstrated in conditions

associated with excessive platelet consumption (Farbiszewski,

Niewiarowski, Worowski and Lipinski 1968; Fuster, Bowie,

Kazmier and Owen 197^; Gjesdal 197^; Bolton, Ludlam,

Pepper, Moore and Cash 1976).

8. B-thromboglobulin.

Bovine (Salmon and Bounameaux 1958) and human

(Sokal 1962; Bezkorovainy and Rafelson 196if) platelet



79

specific (3-globulins have been identified. Studies

by Nachman (1965)5 Davey and Luscher (1968) and Stolzner,

Dzoga and Wissler (1972) demonstrated the release of a

human (3-globulin during the clotting of whole blood or the

treatment of platelets with thrombin. During studies designed

to prepare platelet factor if (Moore, Pepper and Cash 1975a)

a human platelet |3-globulin of molecular weight 36,000

was isolated. Besides albumin and platelet factor if,

these workers were also able to identify platelet

antiplasmin, antiplasminogen activator and IgG. Although the

initial preparation of the (3-globulin also contained albumin

and several other minor antigens these contaminates were

removed by reduction of the buffer to pH 3-2'. This caused

the 'minor antigens' to precipitate and the [3-globulin

to dissociate into six subunits, each with an approximate

molecular weight of 6000; this allowed its separation

from al bumin by gel filtration (Moore and Pepper 1976).

While attempting to isolate platelet factor if by heparin

affinity chromatography, these same workers noted that the

(3-globulin bound to heparin and that it eluted at O.5M NaCl,
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whereas platelet factor if eluted at 1.^M NaCl

(Moore and Pepper 1976). Both because of its structural

similarity to p lactoglobulin, and its platelet origin,

it has been called (3-thromboglobulin.

A specific antiserum to p-thromboglobulin was

produced in a rabbit, and using Ouchterlony gel

diffusion, the immunogen was identified in serum

(prepared from clotted whole blood) and the supernatant

plasma from platelet transfusion concentrates stored

at room temperature (Moore, Pepper and Cash 1975b).

None was detected in platelet poor plasma or in an

erythrocyte haemolysate. These results suggested that

(3-thromboglobulin might be a platelet specific protein;

however no attempts were made to demonstrate its absence

from other tissues.
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Interest in the assessment of platelet

kinetics has increased recently, particularly in the

field of thromboembolic disease, following both

the demonstration of shortened platelet survival

in clinical conditions associated with intravascular

platelet aggregation and their lengthening by a

variety of drugs. The performance of platelet

51survival studies, using radioisotope labels, e.g. Cr,

are tedious and extremely time-consuming. An alternative

simpler technique that would allow the identification of

individuals with shortened platelet life spans would

be extremely useful. Studies with one platelet

specific release protein, platelet factor if, have been

very encouraging (Farbiszewski, Niewiarowski, Worowski

and Lipinski 1968.) Fuster, Bowie, Kazmier and Owen

(l9?if) and Gjesdal and Abrahamsen (1976) have demonstrated

raised platelet factor if levels in conditions associated

with excessive platelet consumption (Harker and Slichter

(1970). These studies suggested that the measurement of
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the plasma concentration of p-thromboglobulin

might also be useful. This thesis describes the

development of immunological assays for p-thromboglobulin.

Using one of these, a radioimmunassay, which was

sufficiently sensitive to detect its presence in plasma,

it rapidly became apparent that considerable quantities

of p-thromboglobulin were liberated during the

preparation of platelet poor plasma. This release

in vitro was systematically investigated and conditions

were defined to reduce it to a minimum. After confirming

the platelet specificity of p-thromboglobulin, studies

were undertaken in normal subjects and in patients in an

attempt to define some of the factors that determine its

plasma concentration.



CHAPTER I

ASSAY OF p_THR0MB0GL03ULIN BY

RADIALIMMUNODIFFUSION
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CHAPTER I

ASSAY OF b-THROMBOGLOBULIN BY

RADIALIMMUNODIEFUSION.

SUMMARY

By incorporating absorbed anti p-thromboglobulin

antiserum into agarose gel, a radialimmunodiffusion assay
(

was developed for p-thromboglobulin. It was linear

over the range 25-2^0hg/ml p-thromboglobulin and

had a detection limit of 1OPg/ml. Plasma from an

outdated platelet transfusion concentrate contained

120Pg/ml, serum 20pg/ml, but no p-thromboglobulin

could be detected in platelet poor plasma.
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INTRODUCTION

In the radialimmunodiffusion technique

(Mancini, Carbonara and Heremans 1965) antigen is placed

in a well cut in an antibody containing gel. The antigen

diffuses into the gel and reacts with the antiserum

producing a precipitin line. This migrates outwards

until there is no longer antigen excess at the site of the

precipitate. The area enclosed by the precipitate is

proportional to the antigen concentration. The technique

is simple and sensitive and it has been used to measure the

plasma concentration of various proteins (Hobbs 1970).

Using purified (3-thromboglobulin and its

specific antiserum, this study attempted to devise

a radialimmunodiffusion technique to measure

(3-thromboglobulin.
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METHOD ,

On to a 10 x 10cm glass slide were placed

10mls of 1% agarose in 0.05^ barbitone buffer pH 8.6

containing 0.1ml antiserum. Anti-albumin activity

in the antiserum was absorbed before use by adding

5mg of pure human albumin to 1ml of antiserum.

After incubating at room temperature for 30 minutes,

and Jf°C for 15 hours, it was centrifuged to remove the

precipitate. Wells J>mm in diameter were cut in the gel and

5hl of standards or sample were carefully added. The

plate was stored in a box containing damp filter paper

for two days at i)°C to allow diffusion to take place.

Filter paper, moistened with 0.3% saline,

was placed on the gel, covered with absorbant tissues,

and pressed with a iKg weight for 30 minutes. The gel

was reswollen by immersion in saline for 30 minutes and

the pressing process repeated. The gel was dried under

a hot air fan and stained by immersion in Coomassie blue



stain for 20 minutes followed by three washings

in a water-acetic acid-methanol wash solution.

Supernatant plasma was obtained from outdated

platelet transfusion concentrates, which had been stored

at room temperature for two days, by centrifugation

at 2000g for 30 minutes at 20°C. Serum was prepared

from clotted whole blood and platelet poor plasma

obtained by centrifuging whole blood (9 vol) anticoagulated

with 3-8$ trisodium citrate (1 vol) at 2000g

for 30 minutes at room temperature.

RESULTS

A typical gel diffusion plate is illustrated

in Fig.1.1. The square of the diameter of the precipitin

ring was proportional to the concentration of (B-thrombo-

globulin over 25-2^0Ug/ml (Figure 1.2). The detection

limit was approximately 10Ug/ml. The precipitin ring



Fig.1.1

Radialimmunodiffusion assay for [3-thromboglobulin in a gel
containing anti (3-thromboglobulin antiserum.

The well in the top left corner contained 5^1 of 2^f0pg/ml
purified (3-thromboglobulin; sequential doubling dilutions
of this standard were added to other wells in the top two rows
(left to right). The wells in the bottom row contained
(left to right) plasma supernatant from a platelet transfusion
concentrate, serum prepared from clotted whole blood and platelet
poor plasma.



Fig.1.2. Relationship between concentration of purified
p-thrpmboglobulin in the standards and the
diameter squared of the precipitin rings.
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with the platelet concentrate supernatant was

equivalent to 120lJ.g/ml p-thromboglobulin and that

with serum approximately 20kg/ml. No precipitin

ring was observed with platelet poor plasma.

DISCUSSION

This radialimmunodiffusion assay had a sensitivity

between that of the haemagglutination inhibition and the

quantitative immunoelectrophoretic technique described

later. Like these other techniques this radialimmuno¬

diffusion assay detected the antigen in platelet concentrate

supernatants and serum but not in plasma. Although the

sensitivity could probably have been increased by using

a lower concentration of antiserum, this would result in

fainter precipitin lines which would have been harder

to measure (Mancini, Carbonara and Heremans ^65)-

The use of radiolabelled p-thromboglobulin as a tracer or

fluorescein tagged antirabbit immunoglobulin might

have increased the sensitivity of the assay. Even if this



technique had been of sufficient sensitivity

to detect the antigen in plasma, it would not be

able to provide a quick result which might be

useful for the immediate management of patients.



CHAPTER II

ASSAY OF p-THROMBOGLOBULIN BY

QUANTITATIVE IMMUNOELECTROPHORESIS
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CHAPTER II

ASSAY OF b-THROMBOGLOBULIN BY

QUANTITATIVE IMMUNOELECTROPHORESIS

SUMMARY

A one dimensional quantitative immunoelectro-

phoretic assay for (3-thromboglobulin is described.

Incorporation of heparin in the gel increased the

sensitivity of the technique which had a sensitivity

of 5Ug/ml p-thromboglobulin. No (3-thromboglobulin

was detected in platelet poor plasma, but a serum

sample contained 9«5Ug/ml and plasma from a platelet

transfusion concentrate 120Ug/ml. A two dimensional

technique was also set up. The presence of heparin

in the first dimension increased the mobility of

p-thromboglobulin.



INTRODUCTION

The technique of one dimensional 'rocket'

Immunoelectrophoresis was described by Laurell (1966)

and is a simple and quick technique for the quantitation

of antigens. During electrophoresis the antigen

migrates, reacts with the antibody in the gel and forms

a precipitate. In antigen excess this re-dissolves,

but when antigen and antiserum are present in equivalent

amounts, a permanent precipitate forms. The height of this

precipitate is proportional to the antigen concentration.

This technique has been used successfully to measure

the concentration of many plasma proteins e.g. Factor VIII

(Zimmerman, Ratnoff and Powell 1971).

Two dimensional Immunoelectrophoresis (first

dimension in agarose only, second dimension in agarose

containing antiserum) has been useful for demonstrating

mixtures of antigens (Clark and Freeman 1968) as well as



91

variants (Peake, Bloom and Giddings 197^+; Sas,

Pepper and Cash 1975b).

METHODS

One dimensional quantitative

Immunoelectrophoresis.

Wells of 3™ diameter were cut 15mm from one edge

of a 10 x 10cm glass plate coated with 10mls of 1%

agarose in 0.05^ barbitone buffer pH 8.6 containing 0.1ml

of antiserum (adsorbed with human albumin). A second

similar plate was run simultaneously in which the

agarose also contained 100u heparin. Immediately

after 5hl of standards and unknowns were added to the

wells, electrophoresis was carried out for 8 hours with

5 volts per cm across the plate in a cold room at if°C.

The antigen migrated towards the anode. The plate was

washed and stained as previously.
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The height of the precipitation peak was

measured from the centre of the sample well to the

top of the precipitate peak.

Two dimensional immunoelectrophoresis in

presence of heparin.

First dimension.

Glass plates (10 x 10cm) were coated with 10mls

agarose in buffer pH 10.6 containing 0,10,25,50,

100,200 u heparin. To 3mm diameter wells was added 3hl

purified p-thromboglobulin (2if5hg/ml). Electrophoresis

was carried out at 0.9 volt/cm for 3 hours.

Second dimension.

Following electrophoresis in the first dimension,

a strip of agar 1.5cm wide containing the electrophoresed
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protein was placed along the side of another 10 x 10cm

glass plate. To 10mls of 1% agarose in the same buffer

was added 100pl of antiserum and this was poured onto

the glass plate. Electrophoresis in this second dimension

was at 0.25 volt/cm for 18 hours.

RESULTS

One dimensional quantitative immunoelectrophoresis

Precipitation peaks were observed in both the

heparin and non-heparin containing gels (Fig.2.1), although

the shape of these in non heparin containing gels suggested

that electrophoresis had not run to completion.

In both gels the peak heights were proportional to the

concentration of p-thromboglobulin in the standard solutions

(Fig.2.2). The detection limit of this assay, in the

presence of heparin, was approximately 5kg/ml while in

its absence was only 10pg/ml. Precipitation peaks

were obtained with plasma from a platelet concentrate
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supernatant and serum, but no peak was seen with

a platelet poor plasma sample. In the heparin

containing gel the apparent concentration of

(3-thromboglobulin in plasma from a platelet concentrate

was 120kg/ml and serum 9-5kg/ml. In the non-heparin

gel it was possible to identify the tops of the

peaks in the standards but not in the plasma from a

platelet concentrate or serum.

Two dimensional Immunoelectrophoresis in presence of heparin.

By increasing the concentration of heparin in the

agarose the anodal mobility of the purified (3-thromboglobulin

was increased in the first dimension (Fig.2.3)• The

area enclosed by the precipitin arc in the second

dimension also increased with increasing heparin concentrations

in the first dimension.



Fig.2.1a

Quantitative immunoelectrophoretic assay for p-thromboglobulin
in gel containing anti p-throraboglobulin antiserum.

In each well (from right to left) was placed 5pl of standard
(3-thromboglobulin (100, 50, 12.5 and 25^/1111), plasma from
a platelet transfusion concentrate 0/^ dilution), serum
prepared from clotted whole blood and platelet poor plasma.
In (a) the gel was prepared without heparin; in (b) overleaf)
100u of heparin was added during the preparation of the
10ml gel.



Fig.2.1b

Quantitative Immunoelectrophoresis in heparin containing
gel (for details see Fig.2.1a).
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Height of peak (mm)

Fig.2.2 Standard curves for quantitative immunoelectro-
phoresis of p-thromboglobulin (Fig.2.1) in antibody
gel (without heparin) and in a similar gel also
containing heparin (with heparin).



Fig.2.3 Two dimensional Immunoelectrophoresis of
p-thromboglobulin with 0,10,25,50,100, 200u heparin
(top left to bottom right) per. 10ml gel in first
dimension only. The same amount of antibody was
added to the second dimension gel in all experiments.



DISCUSSION

Like the haemagglutination inhibition and

radial immunodiffusion assays, this quantitative

immunoelectrophoretic technique was suitable for

measuring (3-thromboglobulin (at least in standard solutions).

No attempt, however, was made to demonstrate parallelism

between the plasma from a platelet concentrate and serum

and the standard curve. This assay is slightly

more sensitive than the radial immunodiffusion technique

and approximately four times more sensitive than

haemagglutination inhibition and it is much easier to

perform than the latter technique. The serum concentration

of [3-thromboglobulin, assayed by the quantitative

immunoelectrophoretic method, was similar to that measured

by the other immunological techniques, although the

concentration in platelet concentrate plasma was greater

by this technique than by haemagglutination inhibition.

This Laurell rocket assay was not of sufficient sensitivity

to detect [3-thromboglobulin in plasma and it was therefore
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unlikely that it would be sensitive enough to detect

platelet aggregation in vivo. The sensitivity

might have been increased further either by the addition

of radiolabelled. antigen and autoradiography (Hochwald,

Thorbecke and Asofsky 1961) or by fluorescein labelling

of the antigen and examination of the plate under ultra¬

violet light (Franq, Eyquem and Grabar 1959).

The two dimensional experiment with heparin

was carried out because Moore and Pepper (1976) found that

p-thromboglobulin bound to heparin. While attempting to

isolate platelet factor k from platelet release products,

using heparin-sepharose affinity chromatography, these

workers noted that (3-thromboglobulin also bound to

the heparin. The other stimulus to this experiment was

the results from the studies of Sas, Pepper and Cash (1975a)

which demonstrated that different forms of antithrombin

III could be identified by two dimensional Immunoelectro¬

phoresis in heparin containing gels. The study described

here has shown that p-thromboglobulin in the presence of
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heparin had a higher anodal mobility, presumably

due to the formation of heparin-p-thromboglobulin

complexes having a higher net negative charge than the

native protein. Other plasma proteins e.g. factor

IX (Gentry and Alexander 1973) have also been shown

to bind to heparin.



CHAPTER III

HAEMAGGLUTINATION INHIBITION ASSAY

FOR p-THROMBOGLOBULIN
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CHAPTER III

HAEMAGGLUTINATION INHIBITION ASSAY FOR

B-THROMBOGLOBULIN

SUMMARY

A haemagglutination inhibition assay was set up

for p-thromboglobulin using formaldehyde fixed

and tannic acid treated human erythrocytes. To

optimise the coating of erythrocytes, varying concentrations

of tannic acid and p-thromboglobulin were used. Coating

of the erythrocyte was also studied at different pH's

and with heat treated p-thromboglobulin. Using the

best conditions, the assay had a sensitivity of 50ligAil

p-thromboglobulin. Although p-thromboglobulin was detected

in platelet transfusion plasma and serum, the amount

could not be quantitated because of the diffuse end points

and the low sensitivity of the assay.
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INTRODUCTION

Haemagglutination inhibition assays (HAI) have

been devised for many different plasma proteins. In this

technique erythrocytes coated with antigen are agglutinated

by the specific antiserum and this agglutination

can be specifically inhibited by homologous antigen.

Such a method is simple, reasonably robust and, because

it is an inhibition assay, is more specific and

sensitive than a direct agglutination system. For these

reasons this study was initiated to attempt to set up a

HAI for p-thromboglobulin.

Salk (19^) and Boyden (1951) described some of the

original studies using erythrocytes which were first

fixed with formaldehyde, treated with tannic acid and

then coated with an antigen. The technique was reviewed

by Herbert (1973)« Investigations were performed to find
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the optimum conditions for fixing, tanning and coating

the erythrocytes in order to attempt to devise an

assay of high sensitivity to measure the plasma concentration

of p-thromboglobulin. The experiments described in this

study are similar to those undertaken to develop a HAI

for plasminogen (Ludlam and Das 1971).

METHODS

Collection of blood. Human group 0 rhesus negative

blood was collected in acid-citrate-dextrose and stored

at ^°C. Before use, approximately 30mls of erythrocytes

were washed three times with a total volume of 1,200mls

of 0.9^ NaCl.

Measurement of packed cell volume. The washed

erythrocytes were centrifuged at 1,000g for 5 minutes in

10ml graduated centrifuge tubes to measure the packed cell

volume.
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Formaldehyde treatment of cells. An 8%

suspension of washed erythrocytes was made in 0.9%

NaCl. To this was added an equal volume of 3°/° formaldehyde

the suspension was o„solution and placed in a 37 C incubator with a magnetic
Ax

stirrer for 22 hours. The fixed cells were washed three

times in phosphate buffered saline (pH 6.if) with a total

volume of 1,200mls and then three times with the same volume

of distilled water. The packed cell volume was measured

as before.

Tanning of formaldehyde fixed cells. Freshly made

solutions of 1/20,000, 1/if0,000 and 1/60,000 (weight:volume)

tannic acid were made in phosphate buffered saline

(pH 7*2) and one volume of each concentration was added to

an equal volume of a 2% suspension of washed formaldehyde

fixed erythrocytes in the same buffer. The suspensions

were each placed in a ^6°C water bath and gently mixed

at 10 minute intervals for 30 minutes. Each batch of tanned

cells was washed three times with phosphate buffered saline



102

(pH 6.if) made up to a final concentration of in

distilled water. These tanned cells were stored at if°C

for several days before use in the following sensitisation

experiments.

Sensitisation of tanned, formaldehyde fixed

erythrocytes with B-thrombop:lobulin.

From the 10% suspensions of cells tanned at three

different concentrations ifmls were taken, washed once with

phosphate buffered saline and the volume was made up to

20mls to give a 2% suspension. Each was divided into two

and 10mls of 25 or 75P-g/ml (3-thromboglobulin in phosphate

a nd
buffered saline (pH 6.if) was added to suspensions of

A

cells tanned at 1/20,000, l/if0,000, 1/60,000. Following

incubation at 37°C for 30 minutes, with a gentle mixing

every ten minutes, the cells were washed three times in

phosphate buffered saline and resuspended in 10mls of diluting

fluid. The cells were allowed to settle overnight at if°C

and the supernatant decanted and replaced by fresh diluting
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fluid. After storing the (3-thromberglobulin coated cells

Q
at 1+ C for a further 3 days, they were tested for specific

and non-specific agglutination.

Sensitising of tanned formaldehyde treated

erythrocytes at different r>Hs.

Cells treated with 1/60,000 tannic acid were

sensitised with 25iLg/ml (3-thromboglobulin as described

above in phosphate buffered saline at a range of pH from

5.0 to 8.0. After washing 3 times with phosphate buffered

saline (pH 6.1+) they were resuspended in diluting fluid

at pH 6.1+ and stored as described previously.

Sensitising of tanned formaldehyde treated

erythrocytes with heated antigen.

A solution of 50P-g/ml (3-thromboglobulin was

maintained at 56°C for 30 minutes. This heated antigen

and an equal volume of unheated (3-thromboglobulin were
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each used to coat tanned formaldehyde treated

cells at pH 6.A- as described above.

Assessment of treated cells.

Cells from each stage of the preparation process

were tested for non-specific agglutination. With a

calibrated dropping pipette, 0.05ml of diluting fluid

or distilled water was added to a series of wells in a

Microtitre U plate, followed by 0.025ml of a 2% cell

suspension. The plates were kept at A°C for 15 hours

before the settling patterns were assessed.

Antiserum titration.

The p-thromboglobulin antiserum was absorbed with

an equal volume of tanned cells for 15 hours at A°C.

To each well in a microtitre plate was added 0.025ml of

diluent and 0.025ml of a 1/10 dilution of antiserum was

added to the first well and doubly diluted 8 times.
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0.025ml of a 2% suspension of sensitised erythrocytes

was placed in each well and the plates shaken gently.

The precipitation pattern of the cells was assessed

after 15 hours at £f°C.

Haemagglutination Inhibition Assay

To each well in a Microtitre plate was added

0.025ml of diluent. 0.025ml of standard or sample

was placed in the first well and doubly diluted 10 times.

A 1/80 dilution of antiserum (ie. the highest

concentration that would give complete agglutination

of the sensitised cells - see Antiserum titration)

was made and 0.025ml was added to each well. Following

incubation for k hours, 0.025ml of a 2% suspension

of erythrocytes prepared with 1/^0,000 tannic acid and

coated with 25hg/ml (3-thromboglobulin was added and left

at 2f°C for 15 hours.
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A positive control consisting of 0.025ml of 2%

suspension of sensitised cells, 0.025ml diluent and

0.025ml of antiserum was included in each experiment.

A negative control consisted of 0.025ml of the same

suspension and 0.050ml of diluent.

RESULTS

The precipitation pattern of erythrocytes was

assessed visually and ranged from a mat of cells covering

the whole of the base of the well (++) representing

agglutination, to a small dense button of cells (-) when

no agglutination occurred; intermediate patterns were

scored as (+) and (i).

Assessment for non-specific agglutination of cells.

When suspended in distilled water, neither the

formaldehyde fixed nor any of the cells treated with

increasing concentrations of tannic acid demonstrated
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non-specific agglutination. Suspending the tanned

cells in diluting fluid resulted in a small amount

of non-specific agglutination. Following sensitisation,

however, the cells did not demonstrate any non-specific

agglutination in diluting fluid.

Antiserum titre of sensitised cells.

The antiserum titre of cells treated with three

different tannic acid and two different (3-thromboglobulin

concentrations is shown in Table The antiserum

titre was recorded of the well containing the highest

titre of antiserum in which complete agglutination

(++) was observed. Although slightly greater titres

were observed at both higher tannic acid and p-thrombo-

globulin concentrations, this was not a significant increase.
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A higher antiserum titre was observed when

the cells were coated at a higher pH (Table 3«2),but the

benefit from coating under more alkaline conditions

was minimal.

Heating the p-thromboglobulin to 56°C for 30

minutes before coating with tannic acid (l/if0,000)

treated cells at pH 6.if, was not associated with

any increase in antiserum titre. The endpoints for

heated and native antigen were identical (1/32).

Haemagglutination Inhibition Assay.

The optimum conditions for preparing cells

were to use tannic acid 1/20,000 and 75hg/ml p-thrombo¬

globulin at pH 7.5. These conditions, therefore, were

used to prepare cells for the inhibition assay (Fig.3.1).
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Inhibition of the agglutination pattern by

purified p-thromboglobulin was observed, but the

linearity of the assay was not investigated. If it

was linear, then the sensitivity was approximately

50p.g/ml p-thromboglobulin. Sensitivity was

calculated as follows:

Sensitivity = concentration of purified

p-thromboglobulin of standard x titre of

standard.

Agglutination inhibition was seen with serum

and plasma prepared from platelet concentrates prepared

for transfusion and stored at room temperature for 2 days,

but none was observed with plasma. As the end points

were diffuse, it was difficult to quantitate the amount

of p-thromboglobulin in these samples. Thus although

no p-thromboglobulin was detected in plasma, this assay

demonstrated its presence in serum and platelet transfusion

concentrates.



Fig.3.1

Photograph of haemagglutination inhibition assay for
p-thromboglobulin.

Top row: standard p-thromboglobulin, 200pg/ml (no
agglutination in first three wells).

Second row: platelet poor plasma (all cells agglutinated).
Third row: plasma from platelet transfusion concentrate
(no agglutination in first 2 wells).

Fourth row: serum prepared from clotted whole blood (partial
inhibition of agglutination in first cup).

The wells on the right of the plate contained cells and sample,
but no specific antiserum and therefore acted as negative
controls.



TABLE3.1 Sensitising Concentration of(3-throrabo- globulin. ng/ml

Concentration oftannicacid
1/10

1/20

1/40

1/801/1601/320 Antiserumtitre

1/640

1/1280

25

1/20,000

++

++

++

++

+

-

-

iAo,ooo

++

++

++

++

+

-

-

1/60,000

++

++

++

++

-

-

-

75

1/20,000 1/40,000

++ ++

++
++

++ ++

++ ++

++ ++

1/60,000

++

++

++

++

+

-

-

Negative Controls



TABLE5.2 Antiserumtitreofsensitisedcellscoatedatdifferentx>Hs
Antiserumtitre

pHof1/161/321M1/1281/256 coating 5.0++++++ 5.5+++ 6.0++--- 6.5++++__ 7.0+++++_ 7.5++++++++++ 8.0+++++++■'"
1/5121/I02ifNegative

Controls
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DISCUSSION

This study demonstrated that it was possible

to measure p-thromboglobulin concentrations by a

haemagglutination inhibition assay. It was

disappointing that the antiserum titre was low compared

with other similar assays (Das 1970) and this was

probably due to a relatively small amount of antigen

becoming attached to the erythrocytes (Herbert 1973)•

Several of the variables known to influence the coating

of cells were investigated, but none resulted in a

dramatic increase in the antiserum titre.

Tannic acid not only increases assay sensitivity,

but it also tends to cause non-specific agglutination

of fixed cells (Herbert 1967). This can usually

be inhibited by adding protein to the buffer solution

(Atkin 1909). It was therefore an unexpected observation

that tanned cells, in this study, exhibited less non¬

specific agglutination in distilled water than in the
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diluting fluid containing 2% normal heat

inactivated rabbit serum. This study was only able

to demonstrate a small, but not significant, increase

in antiserum titre by raising the concentration of

tannic acid.

During coating only a small proportion

of the protein is adsorbed onto the cells. This

can be increased, however, by raising its concentration

(Scheibel 1956). Some proteins will only adsorb if slightly

denatured by heating or urea (George and Vaughan 1962).

The antiserum titre was slightly raised by increasing

the concentration of antigen but not by heating the

p-thromboglobulin.

Some proteins will only adsorb to tanned

erythrocytes over a narrow pH range (Bjorkland and

Paulsson 1962), whereas the binding of others is

independent of pH (Herbert 1967). With p-thromboglobulin
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the antiserum titre was highest in the pH range

7-5 - 8, but under these more alkaline conditions

the negative controls demonstrated slight agglutination.

The temperature and duration of the sensitising

process are probably not critical and were therefore

not investigated (Herbert 1967).

Using the optimal conditions for sensitising

erythrocytes with p-thromboglobulin, a haemagglutination

assay was successfully devised. Although the antiserum

contained anti-albumin activity, this was removed by

absorption with purified human albumin. The absence of

haemagglutination inhibition with plasma demonstrated that

albumin did not cross react in the assay. This technique

could measure the purified antigen in standard solutions

as well as detect p-thromboglobulin in plasma from

platelet concentrate supernatants and serum but not in



platelet poor plasma. This is in keeping with the

observations of Moore, Pepper and Cash (1975b), who

used the much simpler technique of gel immunodiffusion.

This latter technique had a sensitivity of similar

magnitude to the haemagglutination inhibition assay and

therefore was not able to demonstrate the presence of

p-thromboglobulin in plasma.
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CHAPTER IV

A RADIOIMMUNOASSAY FOR

B-THROMBOGLOBULIN

SUMMARY

A radioimmunoassay was developed using

125
I-p-thromboglobulin as tracer and its specific

antiserum. The standard assay had a sensitivity

of 0.7ng/ml (assay diluent) but this could be increased

to O.Oifng/ml by working with more dilute reagents

and by delaying addition of the tracer. The suitability

125
of the I-p-thromboglobulin for use as a tracer

was studied. The specificity of the assay was demonstrated

by showing that other purified human plasma proteins did

not displace tracer from antiserum; neither did sera

from a variety of animals.
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Carefully prepared platelet poor plasma contained

19ng/ml p-thromboglobulin, while serum had a level of

17V-g/ml and plasma from outdated platelet transfusion

concentrates 2V7bg/ml. Because of its high

sensitivity and specificity, all subsequent studies

were carried out using this radioimmunoassay.

INTRODUCTION

Using iodination techniques that cause minimal

antigenic damage, sensitive radioimmunoassays

have been developed for many different proteins. Originally

devised to measure the plasma concentration of hormones,

the technique has recently found a much wider application.

In this competitive binding assay a fixed amount of

radio-labelled antigen and standard or unknown antigen are

mixed with the specific antiserum. During incubation,

the radio-labelled and unlabelled antigen compete for the

limited number of antiserum binding sites. Antigen

bound to the specific immunoglobulin is separated from
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free antigen and the antibody bound radioactivity

measured. A standard curve is set up and unknown samples

diluted such that they lie on, and are parallel to

this curve (Hunter 1973).

The three immunological assays for p-thrombo-

globulin already described in this study were found to be

insufficiently sensitive to measure the plasma concentrat

of this platelet specific protein. It therefore seemed

logical to attempt to develop a radioimmunoassay. Such

an assay was set up using the chloramine T method

(Greenwood, Hunter and Glover 1963) for iodination

of purified p-thromboglobulin. Further studies were

undertaken to assess damage to the p-thromboglobulin

during iodination, cross reactivity with other plasma

proteins and non-specific interference by various anti¬

coagulants and antiplatelet reagents. In addition the

assay was modified further to allow the concentration of

p-thromboglobulin in urine to be measured.
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METHODS

lodination of B-thromboglobulin.

125
|3-thromboglobulin was labelled with I

using the chloramine T method (Greenwood, Hunter and

Glover 1963) and the iodinated protein was separated from

free iodide by gel filtration on a Sepharose G50 column.

Into a 12 x 75mm polystyrene tube, containing a small

magnetic stirrer and 0.01ml of 0.25^ phosphate buffer pH 7^5?

was placed 500P-Ci of ^Nal (specific activity .> 1ifCi/mg)

followed by 5«0Pg purified p-thromboglobulin (see Appendix 1) in

0.01ml and 50P<g chloramine T in 0.01ml. This was immediately

followed by 120pg of sodium metabisulphite in 0.1ml of 0.05^

phosphate buffer pH 7.5 to quench the reaction

and 200p.g potassium iodide in 1ml of assay diluent

(0.05^ phosphate buffer pH 7.5 containing 2% heat

'12*5
inactivated normal horse serum). The total I in the

tube was measured in a ^-counter, the contents were
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quantitatively applied to a Sephadex G50 column

(9 x 200mm) (previously saturated with 20mg bovine

serum albumin in 0.05^ phosphate buffer pH 7.5 and eluted

with assay diluent). The tube was washed with a further

0.5ml of potassium iodide which was also applied to the

125column. The residual I in the tube was measured.

The protein was eluted with assay diluent and 1ml fractions were

125-r
collected and counted for I.

Antiserum titration.

The rabbit antiserum to (3-thromboglobulin was the same

as that used for the other immunological assays (see

Appendix 1 for method of preparation).

In 12 x 75®m polystyrene tubes, containing 1ml of assay

diluent, doubling dilutions were made of the antiserum from

an initial concentration of 1/1000. To each tube was added

125
1ng I-p-thromboglobulin in 0.05ml diluent. A further



119

aliquot was added to each of k empty tubes for use

as 'counting standards' . After mixing on a vortex

mixer, the tubes were incubated at if°C for 2 days.

To separate free (3-thromboglobulin from that bound to

antiserum, heat inactivated normal rabbit serum (final

concentration 1/1000) and precipitating donkey anti-rabbit

antiserum (final concentration 1/200) in 0.05^ phosphate

buffer pH 7.5 containing 0.01M EDTA and 0.1% sodium

azide (as recommended by the manufacturer) was added to

each tube. After mixing and a further incubation period of

18-2/+ hours, 2mls of assay diluent was added to each tube

as a wash solution. The tubes were centrifuged immediately

at 1700g for minutes at /f°C and the supernatant

discarded.

The mean time taken to count 10,000 counts (to reduce

counting error to less than 1%) in the counting standards,

which represents 100% radioactivity, was recorded.

All antiserum titration samples were counted for this time
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125
and hence a direct measure of the percentage of I-

p-thromboglobulin binding to the antiserum was obtained

and the concentration that would bind 50% of the 1ng/ml

tracer was found.

Standard Curve.

Ten doubling dilutions of purified p-thromboglobulin

from 128ng/ml to 0.25ng/ml were made in duplicate in a

125
volume of 1ml of diluent. To each was added 1ng I

(3-thromboglobulin in 0.05ml and antiserum to give a final

dilution of 1/50,000 (i.e. that dilution which

bound 50% of a 1ng/ml concentration of tracer).

'Zero standards' contained tracer and antiserum, but no

unlabelled antigen and represented the maximum binding

of tracer to antiserum. 'Non-specific binding' was

measured by incubating tracer alone (without antiserum)

and was a measure of non-specific binding of tracer to

tube and precipitation by the double antibody. 'Counting

standards' were set up as previously. All tubes, except

the counting standards, were mixed and incubated at i+°C
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for 2 days. The antibody bound tracer was separated

from free p-thromboglobulin by the double antibody

method.

Sensitive Assay for B-thromboglobulin.

The sensitivity of a radioimmunoassay can be increased

by reducing the concentration of tracer and using a

corresponding dilution of antiserum. A reduction in the

detection limit can also be obtained by incubating the

standards and unknown samples with antiserum for a period

before the addition of labelled antigen. Both these

techniques were applied in devising a more sensitive

assay. A series of antiserum titrations were set up at

different tracer concentrations. It was found that there

was no further increase in antiserum titre when the tracer

concentration was reduced below 200pg/ml. At this

1 PR

concentration, 30% of the I-p-thromboglobulin was

bound to an antiserum titre of 1/300,000 and this was

used to set up the sensitive assay. Standards and unknown

samples were incubated with antiserum for 2b hours before



addition of tracer at a final concentration of 200pg/ml.

After a further 2^ hours, the antibody bound

p-thromboglobulin was separated by the usual double

125
antibody method. The I in the precipitate was measured

(antibody bound fraction).

Separation of free from immunoglobulin bound

B-thromboglobulin by the double antibody.

The separation of free from antibody bound

p-thromboglobulin using a double antibody method was

originally carried out according to the manufacturers

instructions. "In this part of the study the optimum

conditions were defined to obtain maximum precipitation

of antibody bound p-thromboglobulin. To a series of

'zero standards' incubated for 2 days, heat inactivated

normal rabbit serum at final concentrations of 1/500,

1/1000 and 1/2000 was each added to four tubes and donkey

anti-rabbit immunoglobulin (final dilution 1/100, 1/200,

1/300 and l/^00) was added to one tube of each dilution

of rabbit serum. After 2if hours, the bound antigen was
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washed and separated as described previously and the

precipitates were each counted for a fixed time.

Assessment of R-thromboglobulin as tracer.

125The I-(3-thromboglobulin after separation from

free iodide on a Sephadex G50 column was further

chromatographed on Sephadex G200 (55 x 0.9cm column).

The fractions were each counted for a fixed time and

reacted with a 1/10,000 (final concentration) of the

125antiserum. The antigenicity of this repurified I-

p-thromboglobulin was assessed by the technique of Hunter

(I97Z4.). Standard curves were set up with non-radiolabelled

and radiolabelled |3-thromboglobulin at equal concentrations.

To each tube antiserum (1/50,000) and I-p-thromboglobulin

(ing) were added. The double antibody and normal rabbit

serum were added (as described previously) after 2k hours.

Before separation, after a further 2k hours, the tubes

containing increasing concentrations of tracer were counted

for a fixed time. Following separation, the precipitates



12*f

were recounted and the percentage of tracer bound

in each tube calculated. The standard curve was

counted by the usual technique.

Assessment of Assay Specificity.

To investigate the specificity of the assay for

p-thromboglobulin a variety of purified human proteins,

animal sera and other substances were added to zero

standards at final concentrations given in Table 5»^»

Doubling dilutions of the 'minor antigens' (see Appendix

1) were also made to test for cross reactivity between these

and the purified p-thromboglobulin. To further test the

specificity of the assay for p-thromboglobulin, purified

p-thromboglobulin, serum, plasma and urine (from a patient

with a renal transplant during a rejection episode) were

chromatographed on a Sephadex G.100 (55 x 9cm) column.

Eluates (1ml) were assayed in the radioimmunoassay.
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Assay of plasma, serum and platelet concentrate

supernatant samples.

Appropriate dilutions were made of carefully

prepared platelet poor plasma (as described in Chapter 6),

serum (prepared from clotted whole blood) and plasma

supernatants from 2 day old platelet concentrates

prepared for transfusion and stored at room temperature.

Each was assayed in the radioimmunoassay.

RESULTS

Calculation of Yield and Specific

125
Activity of I-B-thromboglobulin.

Following iodination of p-thromboglobulin by the

chloramine T method,the specific activity and concentration

125
of I-p-thromboglobulin were calculated from the

125
results set out in Table ^.1. The I-p-thromboglobulin

in tube 7 was diluted and used as tracer.
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Reaction mixture

1 PR
Salt peak ( I recovered

quantitatively)

125
I-p-thromboglobulin

Percent in salt peak

Yield (i.e. amount of original
125t i 125t 01 present as 1—(3—
thromboglobulin)

500pCi

l80.76p.Ci

319.2ifP.Ci

180.76

500

63.8^

= 36.2^

Radioactivity in tube 7 69 «56pCi

Tube 7 contained 69.56 = 1.09P-g

319.*

Specific activity of
125

I-p-thromboglobulin

65.8 500 = 63.8p.Ci/pg
100 5

All subsequent samples of p-thromboglobulin were iodinated

with ^^1 to a specific activity of 50-120p.Ci/y,g.
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Antiserum titration

The antiserum titration curve obtained using

125
I-(3-thromboglobulin as a tracer at a final

concentration of 1ng/ml is illustrated in Fig.if.1.

The antiserum titre was defined as that concentration

of antiserum that would bind 50% of the - tracer, and in

this experiment was 1/50,000. To measure the time to

reach equilibrium, four similar antiserum titration

curves were set up and incubated at if°C. After 1, 2,

3 and if days, precipitating immunoglobulin was added to each

set of tubes and the precipitates washed and separated

2if hours later. The results obtained show that the

system equilibrated within 2k hours (Table if.2) and

that after this time there was no further increase in

the binding of the tracer.

Standard Curve.

A typical standard curve is shown in Fig.if.2.

To estimate the time for the standards and plasma samples

to reach equilibrium three identical standard curves
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were set up along with carefully prepared plasma

samples (see Chapter 6 ) and each was separated at

daily intervals.

Equilibrium was reached within 24 hours (Table 4*3)•

Plasma gave inhibition curves parallel to the standard

curve.

Sensitive Assay

With a final antiserum concentration of 1/300,000

and delayed addition of the 200pg tracer, a standard

curve for the sensitive assay was obtained. Its shape

was similar to that for the standard assay and it had

a log-linear relationship over the range 50-1500pg/ml

(3-thromboglobulin.
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Separation of antibody bound from free

B-thromboglobulin.

The results of the experiment to define the

optimum concentrations of anti-rabbit immunoglobulin

antiserum and non-immune heat inactivated rabbit

serum are illustrated in Figure if.3- Maximum

precipitation, along with minimum variation with changes

in reagent concentration, occurred at a final concentration

of 1/200 of the precipitating antiserum and 1/1000

of the non-immune carrier serum. These observations

were in agreement with the manufacturers recommendations.

Assessment of B-thromboglobulin as tracer.

125Fractionation of the I-|3-thromboglobulin on

Sephadex G100 revealed approximately 10% of the radioactivity

associated with a high molecular weight fraction which
•_o

eluted in the void volume (as defined by dextran blue)

(Figure if.if). This did not bind to the antiserum and

125
may have been non-immunoreactive denatured I-p-thrombo-
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125 125
globulin. The second I peak contained I-

p-thromboglobulin of which 90% could be bound in the

presence of excess antiserum. The third peak was probably

„ 125tfree I.

In the experiment to assess the immunoreactivity

of the tracer (Hunter 197*f) the curve obtained with

125
I-p-thromboglobulin was superimposable on, and

parallel to, the standard curve i.e. there was no loss

of immunoreactivity during iodination.

Assay Specificity

None of the substances listed in Table k-k displaced

125
the I-j3-thrornboglobulin from the antiserum. Doubling

dilutions however of the 'minor antigens' gave an

inhibition curve approximately parallel to the standard

curve, but displaced approximately 100ng to the right

(Fig.If.5). This indicated an approximate 1% in the apparent
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cross reactivity between purified p-thromboglobulin

and the 'minor antigens'. Purified p-thromboglobulin,

plasma, serum and urine containing p-thromboglobulin,

all eluted in the same fractions when chromatographed

on Sephadex G100 (Figure if.6).

Assessment of the Radioimmunoassays.

The sensitivity and reproducibility of each

radioimmunoassay was as shown in Table if.5. Sensitivity

can be defined as that concentration of standard

protein that depresses the 'zero standard' by a

significant amount; however this depends not only upon

the slope of the standard curve, but also on how many

duplicate samples are assayed. Instead sensitivity

was defined as that concentration of standard that depressed

the 'zero standard' by 10% of 'counting standard';

this is a much more conservative estimate and was more

than 3 standard deviations below the mean of the 'zero

standards'.
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Using a lower concentration of antiserum and

delayed addition of tracer (200pg), sensitivity was

increased approximately 20 fold when compared with the

standard assay. Addition of normal urine to this

sensitive assay, up to 1+0% of the assay volume, did not

inhibit the binding of tracer to antibody; and

therefore this assay could measure as little as

100pg/ml urine.

B-thromboglobulin concentration of plasma, serum

and platelet concentrate supernatants.

Doubling dilutions of platelet poor plasma, serum

and plasma supernatants of platelet transfusion

concentrates after storage at room temperature for two

days were assayed for p-thromboglobulin. All inhibition

curves were parallel to the standard curve. Plasma

from 10 normal individuals contained 19ng/ml (range

11-33) while serum for 8 similar subjects had a

concentration of 17• JfP-g/ml (range 9.8 - 1+5- 1). Plasma
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from 8 platelet transfusion concentrates contained

2if7V-g/ml (range 66 - 390).

Normal urine contained less than 100pg/ml

p-thromboglobulin.

Computer Programme.

*

A computer programme was used to calculate the

results from data punched onto tape direct from the

Y-counter. A log-logit transformation was made and

the standard curve optimised (Rodbard and Lewald 1970).

When 270 values were calculated by this method, they

correlated well (p<0.00l) with those obtained by hand.

Not only was this method much faster, but, whilst

calculating the results by hand, A values were misread

from the standard curve and thus the computer provided more

accurate results.



ANTISERUM TITRATION CURVE

ANTISERUM CONCENTRATION

Fig.if. 1 Antiserum titration curve. Final concentration
of 125j (3-thromboglobulin 1ng/ml.
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Fig.if.2 Standard curve for (3-thromboglobulin
radioimmunoassay. 'i25j_p„thromboglobulin
1ng/ml and antiserum 1/50,000 (final concentration),
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Minor antigens

Fig.4.5 Standard curve for p-thromboglobulin and the
inhibition curve with 'minor antigens'.



GEL FILTRATION OF p -THROMBOGLOBULIN
IN SERUM PLASMA & URINE

Elution Peak Of
Purified pTG

Void Volume 1

IO 20 30 40
COLUMN ELUATE (ml)

Fig.6 Chromatography of plasma, serum and urine
on Sephadex G100. One ml eluates were
collected and assayed for p-thromboglobulin.



TABLE Z*.1

125
5.0pg (3-thromboglobulin was reacted with 500pCi Na I
by the chloramine T method; one ml eluates were collected

125
from a Sephadex G50 column; I p-thromboglobulin (first

125
peak) was separated from free I (second peak). Readingswere
in pCi after subtraction of background.

Total reaction mixture

Residual activity in reaction tube

Activity applied to column

500
1 pr

6.76 (protein bound I)
2+93. 22+ (calculated)

Eluates 1 0.0

2 0.0

3 0.0

2+ 1.01
125

5 2+9.62 I-p-thromboglobulin
6 93.56 288.38p.Ci

7 69.56
8 38.26
9 36.37

10 2*8.00
11 53.13

12 37.32

13 18.11 Salt peak of

12* 8.2+5 free ^^1
15 5.00 l80.76p.Ci
16 5.32+

17 2.23

18 1.76

19 1.01

20 0.2+1

Total 2*69.12+

Retained on column = 2*93.22+ - 2*69.12+ = 22+.10pCi
(protein bound ^25j)



TABLE 1+.2

Antiserum titration curves separated after 1, 2 and 3

day incubations

125Antiserum Percent binding I-B-thromboglobulin
Concentration. (mean of 2 values)

Day 1 Day 2 Day 3

1/2000 60.3 60.0 59.8
1A000 68.3 68.9 68.1

1/8000 6^.0 6if .5 63.3

1/16,000 6if .if 63.7 62.8

1/32,000 60.0 60.5 57.2

i/6if,ooo 50.5 V7.6 50.1

1/128,000 34.0 3k.k 3^.7

1/256,000 21.6 22.3 21.2

1/512,000 1^.7 13.9 13.8

1/102^,000 9.7 9.0 9.7



TABLE 4.5

Standard curves 'zero standards'non-specific binding'
and plasma samples separated after 1, 2 and 3 day incubations

125Percent binding I-B-thromboglobulin
(mean of 2 values)

Sample Day 1 Day 2 Day 3

Standard 128ng/ml 3.6 3-8 if.6

6if k-3 if.if 5

32 8 5-1 5-4

16 6.3 6.2 6.2

8 7.2 7.9 8.0

k 10.1 10.5 10.9

2 13.8 lif.6 13.6
1 19.1 19.6 18.7

0.5 23.5 26.2 2if.8

0.25 28.7 29.7 29.3

Zero standards 38.9 if0.3 if1.6

Non-specific binding 3.5 3-6 3-k

Plasma C 1/20 15.1 lif-9 lif.if

Plasma D 1/20 11.if 11.1 10.9

Plasma E 1/20 11.1 11.0 11.1



TABLE l+.k

Substances tested for cross reactivity in the assay for

|B-thromboglobulin.

Final concentration in

assay/ml

Albumin (human) 0.1mg

IgG (human) 0.1mg
Platelet factor L+ (human)
(as chondroitin ^ sulphate complex) 5P-g
Growth hormone (human) 5Pg
Chorionic gonadotrophin (human) 5Ug

Heparin 1 unit

Citrate 38mg
EDTA/Prostaglandin E^/theophylline 1/(as used in sample collection tubes) 10 dilution

Triton 1%

Animal sera

Foetal calf

Pig 1 /

'10

Sheep 1/
'
10

Rat 1/
'
10

Dog 1/
/
10



TABLE k.5

Variability and detection limits of radioimmunoassays for

p-thromboglobulin

Standard Sensitive
assay assay

Percent binding of tracer in:

'Zero-standards' l+9.2-L\-.8 2^8.ifiif8
(Inter-assay mean - SD) (n=10) (n=8)

'Non-specific binding' 5*7-0.8 2.7-1-0
(inter-assay mean i SD) (n=10) (n=8)

Detection limit 0.71-0.22 0.0^2^0.009
(ng/ml 1 SD) (n=10) (n=8)

Inter-assay coefficient of 1^.5 1if-3
variation (%) (n=9) (n=7)

Intra-assay coefficient of 13»7 13*6
variation (%) (n=13) (n=7)



DISCUSSION

This study demonstrated that it was possible to

design versatile radioimmunoassays for p-thromboglobulin.

Following iodination of the purified protein, approximately

10% of the antigen was denatured, but this was unimportant

as it was immunologically unreactive. The remaining

125
I-p-thromboglobulin had equal immunoreactivity

to purified non-radiolabelled protein and it therefore acted

as a good tracer.

The specificity of a radioimmunoassay depends upon

the purity of the tracer and specificity of the antiserum.

The antiserum was raised against impure p-thromboglobulin

and it was therefore important to test for cross reactivity

by the impurities in the final assay. Anti-albumin and

'anti-minor antigen' activity were present in the antiserum,

but these impurities were separated from the p-thromboglobulin

(before use as a tracer) by reduction of the pH to 3-5 an^
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rechromatography (see Appendix 1). Albumin when added

to zero standards did not depress the binding of label

whilst addition of the 'minor antigens' caused

displacement of the tracer at the 1% level (Fig.b-5)•

This was probably due to a small amount of [3-thromboglobulin

co-precipitating along with the 'minor antigens' at pH 3-5-

None of the other proteins, anticoagulants or platelet

reagents listed in Table displaced label from the

antiserum or interfered with the assay.

Inhibition of tracer binding by plasma, serum and urine

was parallel to the standard curve. This, along with the

observation that purified (3-thromboglobulin and the substance

assayed in plasma eluted in the same fractions by molecular

sieve chromatography (Fig.Z|.6), was evidence that the assay

measured (3-thromboglobulin in plasma. Purified [3-thrombo¬

globulin and plasma samples both reached equilibrium within

twenty four hours at if°C and all standard assays were

incubated for at least this time.



136

The standard assay proved reproducible (Table if.5)

and was used to measure p-thromboglobulin in plasma samples

(prepared under carefully defined conditions; see

Chapter 6). This assay was capable of processing up to

200 samples in a day, each one at three dilutions.

With the help of the computer programme, the results

could be more rapidly and accurately calculated

and this proved to be of great value.

The sensitive assay was similar in design to the

standard assay, except that the reactants were incubated

at greater dilutions and the tracer was added after

2if hours (Hales and Handle 1963). This assay was almost

20 times more sensitive than the standard assay. Its

reproducibility, as defined by the inter and intra assay

coefficents of variation, was similar to the standard

technique. This assay was used to measure p-thromboglobulin

in urine samples.
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Studies to detect the presence of deep venous

thrombosis by measuring plasma concentrations of

p-thromboglobulin found raised levels only in those

patients with thrombosis (Chapter 11). As the standard

assay took 2 days, a further rapid radioimmunoassay

was developed that would provide a result within 2-y hours

of the blood sample being taken (ludlam, Bolton, Moore

and Cash 1975)- 7he measurement of plasma p-thromboglobul

concentrations might therefore have immediate clinical

application. This rapid non-equilibrium assay

used a higher concentration of antiserum than the standard

technique and the antibody bound fraction was separated

using a solid phase coupled antibody. The sensitivity

was similar to the standard assay; both the inter

and intra assay coefficients of variation however were

smaller and this was probably due to good separation of

antibody-bound from free p-thromboglobulin with the

Sepharose coupled antiserum.



CHAPTER V

EVIDENCE FOR THE PLATELET

SPECIFICITY OF p-THROMBOGLOBULIN
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CHAPTER V

EVIDENCE FOR THE PLATELET SPECIFICITY

OF B-THR0MB0GL03ULIN

SUMMARY

The platelet origin of p-thromboglobulin

was demonstrated by following its release during

collagen induced platelet aggregation in vitro.

Further evidence showing that it was released from

platelets was the observation that platelet poor plasma

contained only 19ng/ml, while the level in serum

was 17. bV-g/ml.

To demonstrate the platelet specificity of

p-thromboglobulin, its concentration was measured in

erythrocytes, leukocytes and in samples of many body

organs and was shown to be very low. The small amounts

detected may have been due to contamination of these

organs by platelets.
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INTRODUCTION

Preliminary results using a Ouchterlony gel

diffusion technique, an electroimmunoassay and a

radialimmunodiffusion assay suggested that p-thromboglobulin

was probably unique to platelets (Chapters 1 and 2,

Moore, Pepper and Cash 1975b). With the development of the

more sensitive radioimmunoassay, a study was undertaken

to obtain further evidence for the platelet specificity

of p-thromboglobulin.

Most studies have considered that a platelet

protein was unique to that cell if it could not be detected

in platelet poor plasma (DaVey and Luscher 1968;

Wolf 1967; Moore, Pepper and Cash 1975b). The concentration

of p-thromboglobulin was therefore measured in platelet

poor plasma, serum and plasma supernatant from platelet

transfusion concentrates, as well as in clotted and Tritonated
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platelet rich plasma. The release of p-thromboglobulin

from collagen aggregated platelets was also studied.

Further evidence for its platelet specificity

was sought by measuring its concentration in samples of

other circulating cells and body tissues.

METHODS

Platelet poor plasma was obtained from 2.7ml

of whole blood collected into siliconised glass tubes

(75 x 12mm) containing 100P-1 10$ disodium EDTA,

100P-1 theophylline and 100pl 1pg/ml prostaglandin E .

The tubes were maintained at 0°C, centrifuged for 60

minutes at 1900g and the platelet poor plasma harvested.

Clotted platelet poor plasma was prepared

by adding 0.2ml of 0.50M calcium chloride to 0.5ml of

platelet poor plasma in a glass tube and incubating

the mixture at 37°C for 15 minutes before removing the
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the clot with an orange stick. In the control

experiment 0.2ml of saline was added to 0.5ml sample

of the same platelet poor plasma.

Serum was prepared by allowing native whole

On
blood to clot m a glass tube at 37 G for four hours.

Platelet transfusion supernatants were obtained

by centrifuging 2-day old platelet transfusion concentrates,

stored at room temperature,at 1900g for 60 minutes.

Preparation of platelet rich plasma to estimate

total B-thromboglobulin content and the percentage

released during clotting.

Whole blood was collected from 10 normal control

subjects in 3-8% trisodium citrate (9 vol: 1 vol) and

platelet rich plasma prepared by centrifuging at 15 0g for
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for 10 minutes at L\°C. A platelet count was performed

on each sample (Bull, Schneiderman and Brecher 1965).

To assess total p-thromboglobulin in the platelets

0.9ml of platelet rich plasma from each subject was

mixed with 0.1ml 10$ Triton X-100 and incubated at 37°C

for 2 hours. To measure p-thromboglobulin released during

clotting, 0.9ml aliquots of the same platelet rich plasma

were mixed with 0.1ml of O.50M calcium chloride in

glass tubes and incubated at 37°C for 15 minutes before

separation of the clot by centrifugation at 1500g for

10 minutes. The p-thromboglobulin concentration from the

clotted and Tritonated platelets was measured and

corrected for dilution.

Preparation of platelets to estimate

B-thromboglobulin per gram wet weight of

platelets.

Platelets from four outdated platelet transfusion

concentrates were separated at 1900g for J>0 minutes from
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their plasma of measured volume, and weighed. A film

of the platelet concentrate before centrifuging

was prepared and showed that more than 95^ of the cells

were platelets; the remainder were leukocytes and a few

erythrocytes. To each platelet button 10ml of 1%

Triton X-100 was added and the platelets mixed.

After 1 hour, the previously separated plasma was

returned and mixed with the Tritonated platelets.

This was assayed for (3-thromboglobulin and the amount contained

within 1 gram of wet platelets calculated. e

Aggregation of platelet rich plasma by

collagen.

Whole blood, 9 volumes, was collected into

1 volume 3-8% sodium citrate and cooled to 0°C. Platelet

rich plasma was prepared by centrifuging at 300g for

10 minutes at 4°C. To a siliconised aggregometer tube

6ml of platelet rich plasma was added and an aliquot of 0.5ml

was put into the first of a series of siliconised 75 x 12mm glass
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30mM theophylline and 33hl 1hg/ml prostaglandin E^
maintained at 0°C. After the temperature of the platelet

rich plasma in the aggregometer had risen to 37°C,

a further aliquot was taken and cooled in the anticoagulant/

antiplatelet mixture and a stirrer added to the platelet

rich plasma0 Two minutes later a further aliquot was taken

before 0.5ml of a collagen suspension, prepared by the

technique of Hardisty and Hutton (1967) was added.

Sequential aliquots were removed as aggregation proceeded.

At the end of the experiment all aliquots were centrifuged

at k°C for 60 minutes at 1900g to obtain platelet poor

plasma, which was assayed for (3-thromboglobulin. The

results were corrected for dilution by the collagen suspension.

Preparation of erythrocytes and leukocytes.

Erythrocytes were separated from leukocytes by mixing

9ml of defibrinated blood with 1ml of 3°/° dextran (molecular

weight 200,000) and incubating at 37°C for if5 minutes. The
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sediraented erythrocytes were washed three times

with phosphate buffered saline pH 7-45 frozen and

thawed three times and then assayed for p-thromboglobulin.

The supernatant (5ml) remaining after

sedimentation of the erythrocytes, contained the leukocytes.

After sedimentation of these cells by centrifugation at

1000g for 15 minutes, the cells were washed three times

in 5°/° bovine albumin in phosphate buffered saline. After

resuspension in 1ml of the latter solution, the leukocytes

were counted and a preparation made using a cyto

centrifuge to examine their morphology. The remainder of

the same was frozen and thawed three times before being

assayed for p-thromboglobulin.

Tissues.

Small samples (2-3 gms) of a variety of organs

were obtained from two patients at post mortem. Patient 1

had a normal whole blood platelet count and died of
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bronchopneumonia and pulmonary embolism following a

fractured femur, while patient 2 died of acute myeloid

leukaemia and a cerebral haemorrhage due to thrombocytopenia

(whole blood platelet count less than 10,000/pl).

The tissue samples were finely sliced and washed three

times with saline and weighed. Specimens from patient 1

were homogenised for 1 minute (Ultra-Turvax 10 TP)

and made up to 10ml with saline before being frozen at

_^0°C. Tissue from patient 2 was homogenised using

a pestle and the volume made up to 10ml with 1% Triton X-100.

All specimens were then frozen to -20°C before being assayed

for p-thromboglobulin.

RESULTS

Platelet poor plasma from normal individuals

(Fig.5-1) contained 19ng/ml (range 11 - 35;

n = 10). Further, the concentration of p-thromboglobulin

in clotted -platelet poor plasma (n = 8) was 19»9ng/ml

(range 12-32) which was not significantly different (p>0.l)
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from platelet poor plasma plus saline, 22*.8ng/ml

(range 10-30). Serum had a concentration of 17.^hg/ml

(n = 8, range 9.8 - 2*5 «1), platelet transfusion

concentrates contained 22*7.0P'g/ml (range 66-390,

n = 8).

A good correlation was seen between the

platelet count in platelet rich plasma and the
6

p-thromboglobulin following the addition of Triton

(Fig.5.2, p< 0.01, Spearman), while the correlation

between platelet count and p-thromboglobulin liberated by

clotting was convincing (p<0.0l). The mean p-thromboglobulin

concentration in the tritonated platelet rich plasma

was 12.37lig/ml, whereas that when a further aliquot

was clotted contained 8.87tLg/ml. Thus approximately

71$ of p-thromboglobulin was liberated by clotting.
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Fig.5.1 (3-thromboglobulin concentrations in platelet
poor plasma, serum (prepared from clotted whole
blood) and plasma from platelet transfusion
concentrates stored at room temperature for
2 days.
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Fig.5.2 p-thromboglobulin concentrations in clotted
(A) and Tritonated (B) platelet rich plasma
related to the platelet count.
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Fig.5.3 Release of p-thromboglobulin during
collagen induced platelet aggregation.



TABLE 5.1

p-thromboglobulin
ng/gram wet weight

Patient 1 Patient 2

Psoas muscle 7^f *f«0

Left ventricle 37 9-0

Liver 1,^30 ifO.O

Spleen 33,900 92.0

Kidney 2,500 5.6

Lung 680 30.*+

Ileum 3,600 2

Platelets 1,2^0,000

p-thromboglobulin concentration in various human

tissues.
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The release of p-thromboglobulin during collagen

induced aggregation is illustrated in Fig.5.3.

During warming platelet rich plasma from 0°C to

37°C, some p-thromboglobulin was liberated and the

plasma concentration increased further after the

addition of the stirrer. When collagen was added the

plasma concentration rose from 80ng/ml to approximately

7kg/ml. In another experiment of similar design,

the intra platelet p-thromboglobulin was also measured

during collagen induced aggregation. Concomitantly with

the rise in the extracellular plasma concentration,
i

there was an equivalent fall in the intracellular

p-thromboglobulin level.

The concentration of p-thromboglobulin in various

tissues are shown in Table 5*1• Erythrocytes contained

less than 10ng per ml packed cells and leukocytes

contained 0.21ng p-thromboglobulin per 10^ cells.
The morphology of more than 95% of the leukocytes in the

cyto centrifuge preparation was well preserved.
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DISCUSSION

These results provide substantial evidence

that p-thromboglobulin is probably unique to blood

platelets. The amount of (3-thromboglobulin per gram of

wet platelet was at least thirty times higher, and for

most tissues more than 1000 times higher, than in the

other tissues examined in patient 1. Despite repeated

washings, the tissues from this patient may have been

contaminated by platelets in the blood vessels. In

patient 2, however, the whole blood platelet count

was less than 10,000/Vl at the time of death, due to
<,

acute myeloid leukaemia and the tissue |3-thromboglobulin

concentrations in this latter patient were one tenth

to one twentieth those in patient 1 who had a normal

platelet count. It is likely, therefore, that the

higher concentrations in the first patient were due

to contamination of the various tissues by platelets

remaining in the capillaries despite repeated washings.
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It is particularly interesting that the spleen

contained the highest concentration of p-thromboglobulin

and this may either reflect the high blood content

of this organ, or it may be a measure of platelets

phagocytosed by the splenic reticuloendothelial cells.

The observations that carefully prepared platelet

poor plasma had a very low concentration of p-thromboglobulin,

and that the amount in tritonated platelet rich plasma was

proportional to the platelet count, strongly supports

its platelet origin. The high concentration of

p-thromboglobulin in serum was derived from platelets,

firstly because its concentration was related to the platelet

count, and secondly it could not have been derived from

activated coagulation factors, as there was no rise

in the concentration of p-thromboglobulin in platelet

poor plasma when it was clotted. The regression lines

of platelet count on total and releasable p-thromboglobulin

(Fig.5.2) both intersected the platelet axis. Does this
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indicate that a proportion of the circulating platelets

do not contain p-thromboglobulin?

The high concentration recorded in serum and the

observation that p-thromboglobulin appears in the plasma,

and disappears from the platelets, following the mixing

of collagen with platelets, strongly supports the view

that p-thromboglobulin is a released protein. This

would be in keeping with the original studies (Moore,

Pepper and Cash 1975b) in which p-thromboglobulin was

prepared by treating washed platelets with bovine

thrombin.



CHAPTER VI

PREPARATION OF PLATELET POOR

PLASMA FOR p_THROMBOGLOBULIN ASSAY
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CHAPTER VI

PREPARATION OF PLATELET POOR PLASMA FOR

B-THROMBOGLOBULIN ASSAY

SUMMARY

During preliminary experiments to measure the

plasma level of p-thromboglobulin with the radioimmunoassay,

it became apparent that its concentration was critically

dependent on the method used to prepare platelet poor

plasma. A systematic study was therefore undertaken to

define the optimum conditions for inhibition of release

of p-thromboglobulin in vitro. The effects of collecting

the blood into different anticoagulants and antiplatelet

reagents and of storing and centrifuging the samples

at varying temperatures were examined. The lowest

p-thromboglobulin levels were observed when whole

blood was collected into EDTA, prostaglandin E^
and theophylline at 0°C and centrifuged at 0-lf°C

for 60 minutes at 1,900g.
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INTRODUCTION

With the development of a radioimmunoassay

for p-thromboglobulin, it became apparent that its

plasma concentration was dependent on the technique

used to prepare platelet poor plasma. Centrifugation

is accompanied by both platelet morphological changes

and the release reaction (O'Brien 1968). This problem

of release in vitro was studied systematically in order

to define the optimum conditions for its inhibition both

during storage of whole blood samples and the preparation

of platelet poor plasma. These studies revealed that

it was possible to reduce the plasma concentration by

a factor of 100 so that the concentration of p-thrombo-

globulin in carefully prepared plasma in vitro might

reflect its circulating concentration in vivo.

METHODS

Blood was collected from apparently healthy

hospital personnel using a polypropylene syringe and a

gauge 19 or 21 needle. Siliconised glass sample
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collection tubes 75 x 12mm contained 0.1ml of

anticoagulant 0.1ml of antiplatelet reagent(s)

(except aspirin 20pl and antimycin 5P-1), and

the volume was made up to 0.3ml with tris-saline

buffer pH T7.where appropriate. To each tube 2.7ml

of whole blood was added, and the tubes mixed gently

by inverting five times after capping. The final

concentrations of the anticoagulants and antiplatelet

reagents are listed in Table 6.3. Unless otherwise stated,

all tubes were centrifuged at 1,900g for 60 minutes at

0-if°C, and the top 0.8ml of platelet poor plasma was

carefully removed. All plasma samples were assayed

for (B-thromboglobulin using the standard radioimmunoassay

125
with I-p-thromboglobulin at a final concentration of

1ng/ml and the antiserum at a dilution of 1/50,000

(Chapter if).

Preparation of Platelet Poor Plasma.

The following experiments were undertaken to study

the effect of a number of variables on the plasma concentration
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of (3-thromboglobulin.

a) Anticoagulant and temperature: Blood was

collected into duplicate tubes containing either

EDTA, citrate or heparin (Table 6.1). One

set was centrifuged at 20°C and the other maintained

in an ice/water bath and centrifuged at 0-^°C.

b) Centrifugation speed and time:

i) Blood was added to 5 tubes each containing

EDTA, theophylline and prostaglandin E^ (final
concentrations as in Table 6.1 and 6.3) and centrifuged

for 30, 60 and 120 minutes at 0-J+°C respectively.

ii) Platelet poor plasma was prepared from whole

blood at 0-if°C in the presence of EDTA, theophylline

and prostaglandin E and a platelet count performed

at a 1/100 dilution of the plasma using a Coulter

•7

Thrombocounter; this counts particles of 3-30V1 .

An aliquot of the platelet poor plasma was diluted 1:9

with ice cold saline containing a 1:10 dilution of the
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EDTA/theophylline/prostaglandin E^ mixture

(high spun plasma dilute, H.S.P.dil) and this

was centrifuged along with a further aliquot of

undiluted platelet poor plasma at 100,000g for

1 hour at 0-^°C (high spun plasma neat,' H.S.P.neat).

Repeat platelet counts were performed, after

centrifugation on the neat high spun plasma only-

To see if plasma contained any particles which

did not liberate [3-thromboglobulin despite

the hypotonic conditions of the assay 0.1ml

of 1% Triton X-100 was added to a 0.9ml aliquot

of the same platelet poor plasma as used above

(PPP + Triton).

c) Antiplatelet reagents: Blood was collected into

tubes containing EDTA and the various antiplatelet

reagents (final concentrations in Table 6.3).

One set of tubes (27 samples) was maintained and

centrifuged at 0-^°C and in a second study (9 samples)

the tubes were processed at 20°C.
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d) Depth from meniscus to which plasma could

be removed: Whole blood was collected from

5 normal subjects into tubes containing EDTA/

prostaglandin E^/theophylline and centrifuged

at 1,900g for 60 minutes at 0-^°C. From the

meniscus, sequential 0.3ml aliquots of plasma were

removed with a pipette, until the buffy coat was

reached, and these were assayed for p-thromboglobulin.

Technique for taking and storing venous blood.

a) Time in syringe: From a syringe containing 30mls of

venous blood kept at room temperature, sequential

2.7ml aliquots were transferred at one minute

intervals after the beginning of the venepuncture

into tubes containing EDTA/prostaglandin E /

theophylline at 0°C. They were immediately capped,

mixed and centrifuged, and the platelet poor plasma

was separated and assayed for p-thromboglobulin.
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Time in sample tube before cooling: With. 20ml

of whole blood from one normal subject, 7 sample

collection tubes containing EDTA/prostaglandin E /

theophylline were filled and mixed immediately

following venepuncture. One tube was transferred

to an ice/water bath immediately after mixing

and subsequent tubes were cooled at if, 6, 8, 10

and 12 minutes. Platelet poor plasma was prepared

by the normal technique and assayed for p-thrombo-

globulin.

Time in sample tube before mixing: An experiment

similar to the one described in (b) above was

undertaken except that instead of delaying the

cooling for up to 12 minutes, the tubes were all

kept at 0°C and one tube was capped and mixed

at if, 5i 6, 8, 10 and 12 minutes after the

beginning of the venepuncture.
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Storage of blood samples in collection tubes at

different temperatures.

Blood was transferred immediately after venepuncture

from 6 subjects into 18 tubes containing EDTA/

prostaglandin E^/theophylline; 6 tubes were each

kept at if, 10 and 20°C respectively. Immediately

following venepuncture and at 6,2if,if8, 72 and 96

hours thereafter, one tube from each temperature was

cooled, centrifuged at 0-if°G and the plasma

harvested and assayed.

Effect of high pressure passage of blood through

different syringe needles.

Immediately following venepuncture, the needle

(gauge 19) was removed from the syringe and 2.7ml of

blood was added to a tube containing EDTA/prostaglandin E /

theophylline at 0°C. In turn, needles of gauge 23, 21

and 19 were put on the syringe and further aliquots

of 2.7ml were squirted, in approximately 5-10

seconds, into similar sample collection tubes. Finally,
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a fifth tube was prepared without a needle

on the syringe; this, together with the first

tube served as a control. All tubes were

centrifuged at 0-^°C and 1900g for 60 minutes.

RESULTS

Preparation of Platelet Poor Plasma.

Anticoagulant and temperature: Plasma p-thrombo-

globulin concentrations obtained with blood collected
o

into various anticoagulants and at 0-k C

and 20°C are shown in Table 6.1. Blood anticoaguldted

with EDTA and maintained at 0-L\°C gave the lowest

concentrations. There was a correlation p<0.01,

between the plasma (3-thromboglobulin concentrations

in blood collected into citrate and heparin

(at 0-^°C) but there was no correlation with either

of the plasma levels with these anticoagulants and

plasma prepared with EDTA.
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b) Centrifugation time and speed.

i) Centrifugation at 1900g for 60 minutes gave the

lowest (3-thromboglobulin concentration (21.7ng/ml,

range 11-5^+) which was less than centrifugation

for 30 minutes (28.7ng/ml, range 15-71) (p<O.Ol).

No further fall in the plasma concentration occurred

with centrifugation for 20 minutes (2if. 5*ig/ml, range

ii) After centrifugation of platelet poor plasma

for 60 minutes at 100,000g (H.S.P. neat) there was

a small, but significant reduction (p^0.06, Wilcoxon)

in the (3-thromboglobulin concentrations and particle

count (Table 6.2). The (3-thromboglobulin level

could be further reduced by dilution before centrifugation.

The plasma concentration increased (p\0.06) with the

addition of Triton X-100.
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Anti-platelet reagents: Using EDTA as an anti¬

coagulant, prostaglandin E^ db-cyclic AMP and

theophylline all reduced the plasma concentration of

p-thromboglobulin in the cold (Fig.6.1a).

Moreover, a mixture of prostaglandin E^ and theophylline

gave a greater reduction in plasma (3-thromboglobulin

than either when used separately (p<( 0.02, Wilcoxon).

Of the other antiplatelet reagents tested, only

2-chloradenosine, aspirin, colchicine and TAME caused

a significant reduction; prostaglandin E , NEM

2 deoxyglucose and antimycin A did not reduce the

plasma concentration either in the cold or at room

temperature (Fig.6.1b).

Depth from meniscus to which plasma could be removed:

The mean results from five experiments are illustrated

in Figure 6.2 and demonstrate that plasma can be

taken to within a few millimetres of the buffy coat

without a rise in the (3-thromboglobulin concentration.
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Technique for taking and storing; venous blood.

a) Storage of blood in syringe: Liberation of

p-thromboglobulin from platelets from native blood

(from if subjects) kept in a syringe is shown in

Figure 6.3- This became significant by the seventh

minute (p<0.05, Wilcoxon).

b) Time in sample tube before cooling: There was neither

a rise nor fall in the plasma concentration of

|3-thromboglobulin while the tube was maintained at

room temperature for up to 12 minutes before cooling

(Table 6.if).

c) Time in sample tube before mixing;: With tubes

maintained at 0°C it was not necessary to mix

them immediately as there was no rise in the plasma

p-thromboglobulin during the first 12 minutes

(Table 6.if).
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Storage of whole blood samples at different

temperatures: Using the optimum anticoagulant

preparation (EDTA, theophylline and prostaglandin

E^), a significant release of p-thromboglobulin

was observed at 6 hours when the blood was stored

at 10°C or 20°C in vitro (Fig.6.4). When stored

at 0-4°C, however, significant release did not

occur for 72 hours (p^0.05, Wilcoxon).

Passage of blood through different sized

venepuncture needles: No p-thromboglobulin

was apparently liberated when native venous whole

blood was forced under pressure through needles as

small as a gauge 23 (Table 6.5).
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The effect of various anti-platelet reagents on the platelet poor
plasma concentration of (3-thromboglobulin (mean i 1 S.E.). Whole
blood anticoagulated with EDTA was collected and centrifuged at
0-if°C (•) (27 samples) and room temperatures ( A ) (9 samples) in the
presence of various anti-platelet reagents (for concentrations see
Table 6.3).
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See Fig.6.1a for details.



0.3ml A LIQUOTS OF PLASMA

From the top of the platelet poor plasma (meniscus)
prepared in the sample collection tubes, 0.3ml
aliquots of plasma were sequentially removed until
the buffy coat was reduced. Mean of 5 samples.
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Fig.6.3 Release of p-thromboglobulin from blood in the syringe.
Venous blood was collected in a 30ml syringe from
^ control subjects and at minute intervals, after
the beginning of venepuncture. 2.7ml aliquots were
transferred to tubes containing EDTA/PG /theophylline
at 0-if°C and centrifuged at 1900g for
60 minutes.



Fig.6.^ Liberation of (3-thromboglobulin from blood stored
in sample collection tubes at different temperatures.
Whole blood from each of 6 control subjects was
added to 18 tubes containing EDTA/PG^/theophylline
and 6 were each stored at A°C (-•-), 10°C(-X-) and
20°C (-0-). At 0,6,, if8, 72 and 96 hours samples
from each temperature were cooled to 0-A°C,
centrifuged at 1900g for 60 minutes, and the PPP
assayed for [3-thromboglobulin.



TABLE 6.1

[3-thromboglobulin concentrations (ng/ml; mean i 1 S.E.
range) in platelet poor plasma prepared by centrifuging
whole blood, collected in various anticoagulants (final
concentration per ml of blood ) at 1900g for 60 minutes
at 0-if°C and 20°C.

Anticoagulant 0-l±°C 20°C

EDTA 3.3 mg/ml 35-2^8.0 (8-181) 2330^507 (2^0-^700)

Citrate 3.3 mg/ml 61.3-7-9 (1^-185) 907-283 (178-2140)

Heparin 10 p/rnl 210.3-30.2 (29-619) N.T.

No. of samples 27 9



TABLE6.2

|3-thromboglobulinconcentrationsandparticlecounts(withranges)inplateletpoorplasma (PPP)preparedfrombloodcollectedfrom5controlsubjectsintoEDTA/ProstaglandinE^/theophylline andcentrifugedat1900gfor60minutesat0-4°C.TritonX-100wasaddedtoanaliquotofthisPPP (PPP+Triton).AthirdaliquotofthisundilutedPPPwashighspunat100,000gfor60minutes (HSPneat)alongwithafourthaliquotwhichwasfirstdilutedwithsalinecontainingEDTA/ ProstaglandinE/theophylline(HSPdil).(3-thromboglobulinconcentrationsinthelattersamples werecorrectedfordilution.
PPPPPP+TritonHSPneatHSPdil.

(3-thromboglobulin(ng/ml)17-9(16.0-18.8)21.3(17-0-24-2)14-7(11.7-15.5)10.3(6.3-13.2) Particlecount(ml)9-17x105(7.12-12.0)N.T.7-47x105(3.19-13-0)N.T.



TABLE 6.3

Antiplatelet reagents assessed for their inhibitory effect on

(3-thromboglobulin release during preparation of platelet

poor plasma.

anticoagulated whole blood

1. Antimycin A 1.67hg/ml
2. Aspirin 800hg/ml
3- 2 Chloroadenosine if. ifOOV-g/ml
if. Colchicine 330bg/ml
5. 2-deoxyglucose 1.3ng/ml
6. Dibutyryl cyclic AMP 0.83hg/ml

(db-cyclic AMP)

7. N-ethyl maleimide (NEM) 0.83hg/ml
8. Prostaglandin E^ and E^ 33ng/ml

(PGE1 and PGE2)
9. Theophylline 0.l8pg/ml
10. Tosyl arginine methyl ester (TAME) 3»83mg/ml



TABLE 6«if

Venous blood was added to 1if sample collection tubes

containing EDTA/theophylline/Prostaglandin E .

One set of 7 was immediately mixed and one tube
transferred to an ice/water bath at the times stated (A).
The other set (B) were kept at 0°C, but were capped
and mixed sequentially at the times stated. Concentrations
of (3-thromboglobulin (ng/ml).

Time after A B

venepuncture
(mins)

3 20 -,12.9

17-if 12.0

5 20.if 11.2

6 1if.O 16.8

8 19.if 10.6

10 13.if -

12 13.if 15



TABLE6.5

Nativewholeblood,immediatelyfollowingvenepuncture,wassquirtedthroughgauge23521 and19venepunctureneedlesintotubescontainingEDTA/Prostaglandin/theophylline at0-l+°C,andafurthertubewasfilledwithbloodwithoutavenepunctureneedleandserved asacontrol.Followingcentrifugationat1900gfor60minutes,theplateletpoorplasma (3-thromboglobulinconcentration(ng/ml)wasmeasured. SubjectControlGauge23Gauge21Gauge19
118.916.922.617.2 221.019.121+.226.5 318.216.517.012.0 k15.8i6.it-11+.217.1+
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DISCUSSION

During the platelet release reaction, platelet

granule contents are liberated (Holmsen, Day and Stormorken

1969). This reaction, which takes place at 37°C,

may occur without platelet aggregation; it does not arise

at ^°C. Release can also occur during the centrifugation

of blood (O'Brien 1968). p-thromboglobulin is liberated

during the preparation of platelet poor plasma and this

study was undertaken to reduce this phenomenon to a

minimum in the hope that the plasma concentration, as

measured in vitro, would reflect the true circulating level

in vivo.

The importance of collecting, storing and centrifuging

blood at 0-4°C has been demonstrated (Table 6.1). This

temperature range reduced the plasma p-thromboglobulin

concentration more than any other variable investigated.

Although cooling may promote platelet aggregation, this is

not associated with the release reaction, probably due to
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inhibition of cellular metabolism (Kattlove and

Alexander 1971).

The second most important factor determining the

release of (3-thromboglobulin during platelet poor

plasma preparation, was the type of anticoagulant used

(Table 6.1). EDTA was found to be the most effective

and it is of interest that, like cooling, it has been

shown to induce platelet sphering, but without loss of the

microtubules. EDTA also causes the canalicular system to

straighten, so possibly inhibiting release, but this

property is not related to the chelation of calcium

ions (White 197^). EDTA may prevent platelet aggregation

by raising the intracellular concentration of cyclic AMP

following the inhibition of phosphodiesterase, as has

been reported in the amoeba Dictyostelium discoideum

(Klein and Bracket 1975)• At 37°E, however, EDTA

causes the loss of granule contents (White 1968) and this

may account for the observed higher mean (3-thromboglobulin
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value with EDTA, compared with citrate, when

platelet poor plasma was prepared at 20°C. Heparin

has a variety of effects on platelets, including the

promotion of aggregation, and our observation of a high

(3-thromboglobulin concentration with this anticoagulant

was not unexpected (Zucker 197^f).

The addition of some anti-platelet reagents was

associated with a further reduction of the plasma concentration

of p-thromboglobulin (Fig.6.1). This was seen in the

presence of chemicals that inhibit platelet aggregation

(e.g. prostaglandin E^ and 2 chloroadenosine), as well

as inhibitors of the release reaction only e.g. colchicine

and aspirin (Mustard and Packham 1970). The lowest

plasma concentrations of p-thromboglobulin were observed

with chemicals that raise the intracellular concentration

of cyclic AMP, such as prostaglandin E_^ which stimulates

adenyl cyclase, and theophylline, which inhibits

phosphodiesterase (Salzman, Kensler and Levine 1972).

Furthermore, when these compounds were used together, an
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additive effect appeared to be present. Dibutyryl

cyclic AMP also reduced the plasma concentration of

(3-thromboglobulin. It is interesting to note that

prostaglandin E^ and db-cyclic AMP when used together,

have been shown to inhibit the cold induced loss of

microtubules, but they did not prevent disc to sphere

conversion (White 197^)•

Prostaglandin E , at relatively high concentrations

(^1p-g/ml), inhibits platelet aggregation; but at lower

concentrations, as used in this study, it potentiates

aggregation by ADP (Salzman, Kensler and Levine 1972).

This was reflected in a higher mean plasma (3-thromboglobulin

level when the plasma was prepared at room temperature

(20°C) (Fig. 6.1a).

Metabolic poisons, such as 2-deoxyglucose and antimycin

A, inhibit platelet aggregation and release (Murer 1968),

but they did not prevent the liberation of (3~thromboglobulin
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during sample preparation, either at room temperature

or in the cold. Moreover, the mean plasma

concentration at room temperature was greater

with these reagents. This could represent cell lysis

following inhibition of oxidative phosphorylation

and glycolysis which would be enhanced at this

temperature.

Platelet poor plasma, prepared by centrifugation at

1900g for 1 hour at 0-ifOC, contained very few

countable particles, possibly as a result of the formation

of platelet aggregates at this temperature. Additional

centrifugation at 100,000g produced a further small

reduction in their number and also in the concentration

of p-thromboglcbulin (Table 6.2). It is difficult

to estimate accurately the platelet count of platelet

poor plasma, even using a Thrombocounter, as when viewed by

microscopy, many of the particles were smaller than normal

platelets. The phenomenon of 'platelet dust' has been
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studied by Wolf (1967), who demonstrated that these

particles contain platelet specific proteins. It is

possible that some of these small particles contained

p-thromboglobulin and were derived from platelets.

The concentration of p-thromboglobulin rose significantly

after the addition of Triton to the platelet poor plasma

and this suggested that some of these particles remained

intact despite 3 days in the hypotonic medium of the

radioimmunoassay.

p-thromboglobulin is not liberated during the passage

of blood through venepuncture needles (Table 6.5)• Tt

is, however, released after the blood enters the syringe

(Fig.6.3); this becomes significant only after 7 minutes -

the time believed necessary to generate sufficient

thrombin to induce release and liberate fibrinopeptide A

from fibrinogen (Nossel, Yudelman, Canfield, Butler,

Spanondis, Wilner and Qureshi 1975)• After the blood

had been added to the sample tube, it could be kept at
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room temperature for up to 12 minutes before mixing

without any liberation of p-thromboglobulin. Once

anticoagulated, the blood must be stored at O-if C,

but at this temperature the plasma concentration only

rose after Jf8 hours (Figure 6.if).

Plasma samples taken from the meniscus after

centrifugation may have a slightly higher (B-thromboglobul

concentration than plasma removed from further down the

tube (Figure 6.2). This may be due to the accumulation

of platelets or their fragments with a density less than

that of plasma at the plasma-air interface. Of practical

importance when removing plasma from the tube after

centrifugation, was the observation that plasma could

be taken to within a few millimetres of the buffy coat

without a rise in the p-thromboglobulin concentration

due to contaminating platelets (Figure 6.2).
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From these series of investigations it was

possible to select an optimum anticoagulant/antiplatelet

mixture and a simple technique for preparing platelet

poor plasma, and to undertake further experiments

which had profound practical significance for future

clinical studies. Thus it was shown that the rate

at which blood was withdrawn, even through small gauge

needles, did not influence the plasma (3-thromboglobulin

levels. Once in the syringe, however, the native blood

must be transferred to the cooled anticoagulant mixture

as soon as possible, that is, within 5 minutes for

normal subjects. This spontaneous release may be

associated with the formation of traces of thrombin,

because Nossel, Yudelman, Canfield, Butler, Spanondis,

Wilner and Qureshi 1975) demonstrated a similar time

sequence for the release of fibrinopeptide A in

identical conditions. Further experiments revealed that

in order to minimise liberation of p-thromboglobulin

in vitro, even when in the most satisfactory anticoagulant

mixture, the blood must be maintained at 0-if°C. It was
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interesting to note, however, that if kept at this

temperature, no undue haste was necessary for centrifugation

and processing, as further release did not occur for

as long as if8 hours.
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CHAPTER VII

PLASM b-THROMBOGLOEULIN CONCENTRATIONS

IN APPARENTLY HEALTHY ADULTS

SUMMRY

The plasma concentration in 160 apparently healthy

subjects was 30.50- 12.59 ng/ml p-thromboglobulin. The

mean plasma levels in males and females were similar,

but the concentration rose with increasing age. The

weekly variation in 16 subjects was studied and was found

to have a mean coefficient of variation of 26.3%.

The plasma p-thromboglobulin in A-8 of the subjects was

not related to the whole blood platelet count.
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INTRODUCTION

Plasma B-thromboglobulin concentration

in apparently healthy adults.

Platelet survival shortens with advancing

years (Abrahamsen 1968). Plasma coagulant activity is

enhanced in the elderly, particularly those with

atherosclerosis (Banerjee, Sah mi and Kumar 1973)- Because

of these observations it was important to measure the

plasma concentration of (3-thromboglobulin in a

normal population. As well as relating the plasma level

to the age, sex and platelet count of the subjects, its

normal weekly variation was also estimated.

SUBJECTS

The apparently healthy control subjects were

blood donors, hospital personnel (all under 60 years old)

and residents of two old peoples homes (all over 60 years old).

Single samples were taken from all persons except 5 adult

males, 5 pre and 6 post menopausal females who gave weekly

samples for 5-6 consecutive weeks. No subject was taking
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any drug known to affect platelet function

in vivo.

METHODS

Whole blood was collected using a gauge 21 needle

and a polypropylene syringe, 2.7ml was added to siliconised

glass tubes containing the EDTA/theophylline/prostaglandin E^

mixture, and platelet poor plasma prepared as described

in Chapter 6. Whole blood platelet counts were performed

with a Technicon platelet counter.

RESULTS

The mean plasma concentration in the 160 subjects

j _j_
taken as a whole was 30.50-12.59 ng/ml(mean - 1 S.D.)

and was normally distributed by the Kblmogorov-Smirnov test

(Fig.7.1). In the 100 males the mean level (31.66^10.06)

was not significantly different from the mean concentration

in 60 females (29.02-15.16, p 0.1, Student's t test).

When related to age, the concentration increased with
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increasing years (Fig.7.2). Although the mean plasma

p-thromboglobulin level for each twenty year cohort

increased with age, this rise only became statistically

significant in the elderly (71-90 years, p^0.01,

Student's t test). Three patients were excluded

from these calculations as they had plasma concentrations

greater than 100ng/ml and, a priori, they were considered

to be abnormal. Their ages were 25 (female), 56 (male),

8^f (female) and their (3-thromboglobulins were 1A95 118,

185 ng/ml respectively.

The p-thromboglobulin concentrations in the

serial weekly samples measured in consecutive tubes in one

assay are shown in Table 7.1. The mean coefficient

of variation was 26.3% and there was no statistical difference

(p>0.1, Wilcoxon) between the coefficient of variation

between the groups.
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TABLE 7.1

Weekly variations in plasma B-thromboglobulin (ng/ml)

Week

Subject 1 2 3 if 5 6 Mean Coefficient
of variation

%

1 2Zf.1 13.2 16.6 17.9 15.7 17.5 23

2 23.7 22.0 21.7 21.0 32.6 15.6 22.8 2if

3 2lf.6 25.0 18.2 16.8 - - 21.2 19

if 15.1 13.0 9.9 22.2 1if.1 8.8 13.9 3if

5 25.0 19.7 19.3 15.8 lif.if - 18.8 21

Pre-menonausal females.

6 15.7 13.0 19.9 12.2 23.7 lif.3 16.5 27

7 15.9 18.1 19.if 22.6 20.7 16.9 18.9 13

8 12.0 19.5 13.0 23.8 26.1 if2.lt 22.8 if8
9 16.5 12.1 2if.7 12.0 15.if 13.3 15.7 27

10 16.2 17.5 2tf.if 15.3 21.1 25.it 19.9 21

Post menopausal females

11 15.7 23.5 29.if 2if.7 19.9 - 22.6 22

12 25.2 19.6 (Hf9.0) 16.6 22.6 - 21.0 18

13 21.2 19.2 17.5 20.3 12.8 - 18.2 29

14 16.0 25-6 12.0 22.2 16.2 - 18. k 29

15 12.0 12.3 20.5 22.8 16.5 - 16.8 28

16 23.1 38.if 22.7 19.7 15.2 - 23.8 37

MEAN 28.6 26.3
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No correlation was noted between the plasma

p-thromboglobulin concentration and the whole blood

platelet count (Fig.7.3) in 48 individuals (p^O.1).

The mean platelet count in these 48 subjects was

194-46,000/p.l whole blood.

DISCUSSION

This study has defined the plasma concentrations

of p-thromboglobulin in apparently healthy Caucasian individuals.

The standard deviation of the mean is high and this may

reflect the large variation in platelet function

and survival found in apparently normal subjects as assessed

by other techniques. No difference was noted between

males and females and this was a little surprising in view

of the higher incidence of clinical symptoms of arterial

thrombosis in males (Royal College of Physicians 1976). The

distribution of the individual levels around the mean

concentration could not be distinguished from that of a normal
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distribution using the Kolmogorov-Smirnov technique

(Fig.7.1.).

Three individuals had plasma concentrations

of 118,1if9 and 185 ng/ml and these appeared not to be

in the same population as the other 160 persons. Further

as they were not all associated with one sex or age

group they were discounted when calculating the mean

plasma concentrations. It would have been interesting to

have had further measurements on repeat blood samples

but these were not available. Subject 12, in Table 7.1,

had on one occasion a very high (3-thromboglobulin level out

of keeping with the other values. The cause of very

high levels in normal people is open to speculation; it

could have been due to poor technique in collecting and

processing the blood, but careful records were kept

of all such difficulties and none were noted with these

particular samples. It is possible that one or more of

the subjects had a transient, clinically silent, thrombo¬

embolic episode, or some other pathology associated with
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a raised plasma [3-thromboglobulin level. As there

were only single estimations in three of the four

persons, it could be that these three had permanently

raised concentrations due to an undiagnosed disease.

Within each healthy subject plasma p-thromboglobulin

concentrations vary little between weeks (Table 7-1 )•

The coefficient of variation for each individual was very

similar and did not appear to be related to the age or

sex of the subject. In the pre-menopausal women the

highest concentrations tended to occur around menstruation,

again the mechanism causing this remains uncertain,

but could be associated with the maintenance of uterine

haemostasis.

Platelets are important in the pathogenesis of

atherosclerosis (Mustard and Packham 1975) and arterial

and venous thromboembolism (Barker and Slichter 197A), and



181

the incidence of these common conditions rises with age.

Whether platelets initiate the development of these

processes, or whether they are only secondarily involved,

is uncertain (see Chapter 11). The observation that

platelet survival decreases with age (Abrahamsen 1968)

is compatible with either mechanism. In this context

the rise in [3-thromboglobulin with age is of interest

and may reflect platelet participation in vascular

disease with the concomitant shortening of platelet

lifespan. This rise in (3-thromboglobulin may merely

reflect increased activation of platelets and the coagulation

system with advancing years (Banargee , Sahmi and Kumar 1973)•

The population samples were not homogenous, those less than

60 years were healthy persons (hospital personnel and blood

donors) whereas those greater than 60 were residents of old

peoples homes. This latter group would be less mobile and it is

possible that some may have had occult venous thrombosis

(see Chapter 11).
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No correlation was noted between whole blood

platelet count and the plasma p-thromboglobulin

(Fig.7.3). This is of interest because a correlation

was noted in patients with myeloproliferative disorders.

The relationship between plasma p-thromboglobulin and the

whole blood platelet count is discussed more fully in

Chapter
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CHAPTER VIII

THE ASSESSMENT OF THE PLATELET ECONOMY IN

NORMAL SUBJECTS AND ITS RELATIONSHIP TO THE

PLASMA b-THROMBOGLOBULIN

SUMMARY

Platelet survival and turnover, using autologous

51
Cr labelled platelets, was measured in 10 healthy subjects

and compared to their plasma p-thromboglobulin levels. A

correlation was demonstrated between the reciprocal of the

plasma p-thromboglobulin level and the platelet mean lifespan.

The plasma p-thromboglobulin was not related to platelet

turnover, whole blood platelet count, percentage of

megathrombocytes or bleeding time.
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INTRODUCTION

The assessment of platelet survival within the

circulation provides useful information about the platelet

economy. Increased destruction of platelets may cause

thrombocytopenia, but a 'compensated thrombocytolytic

state' may also be seen when platelet production is

increased to maintain the peripheral platelet count

(Karpatkin 1972); this can only be detected by measuring

their lifespan in vivo. In addition a study of platelet

kinetics allows the response to treatment with anti¬

platelet drugs to be objectively measured (Genton,

Gent, Hirsh and Harker 1975)•

Raised concentrations of platelet factor k,

have been described in conditions associated with

excessive intravascular platelet aggregation and presumed

reduced platelet survival (Farbiszewski, Niewiarowski,

Worowski and Lipinski 1968; Fuster, Bowie, Kazraier and

Owen 197^5 GjesJal 197^)• This study, therefore, was
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initiated to see whether the plasma (3-thromboglobulin

concentration reflected platelet lifespan or turnover

in vivo.

The most reliable techniques to measure platelet

survival depend upon the use of radiolabels. An ideal

label is one that does not damage the cell, is not eluted,

exchanged, metabolised or neutralised. The amount of isotope

incorporated into each plateLet should be independent of

51 32the cell age. Chromium and P-Diisopropylfluorophosphate

(32P-DFP) have been used to tag platelets in vitro,

while 32P-DFP and ^3-Se~Selenomethionine will label

platelets in vivo. Following intravenous injection,

32P_DFP becomes attached to the platelet while ^3Se-

Selenomethionine is incorporated in megakaryocytes and only

subsequently appears in circulating platelets as well as

other blood cells and plasma proteins (Aster 1971).

75Following pulse labelling with Se-Selenomethionine, this

isotope is not only incorporated into developing megakaryocytes,
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but it may also be taken up directly into circulating

platelets as these cells can synthesise proteins

(Booyse and Rafelson 1967). As these in vivo labels

are also incorporated into erythrocytes to follow the decay

75
with time of platelet associated Se, these cells

must first be separated from other components of the blood.

Another disadvantage of these in vivo labelling techniques

is that it is impossible to estimate organ sequestration

by external 1-irradiation monitoring. For these reasons

techniques depending upon labelling of platelets in vivo

have received only limited application (Brodsky, Siegel,

Kahn, Ross and Petkov 1970; Aster 1971)•

Most studies have relied upon labelling of platelets

with a radioisotope in vitro. The disadvantage of

this approach is that the blood must be anticoagulated

before separating the platelets from other cellular elements

by differential centrifugation. This in itself may induce

platelet sphering and release (Mourad 1968) while cooling
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causes disc to sphere transformation and aggregation

(Zucker and Borelli 195^; White and Krivit 1967).

The choice of anticoagulant is critical, for although

citrate may be associated with platelet clumping

in vitro, EDTA is associated with a very low recovery

in vivo, immediately after infusion although their

survival may be normal (Aas and Gardner 1958).

The type of plastic container used for collection of the

blood may be important (Murphy and Gardner 1969).

Even if all cells are labelled equally, irrespective of

age, young platelets may be sequestered preferentially

in the spleen for 2 days before reappearing in the

circulation, making the survival curves difficult to

interpret (Shulman, Watkins, Itscoitz and Students 1968).

1 knOf the various in vitro labels, C-5-hydroxytrypt-

amine is unsatisfactory as it exchanges readily with extra

platelet serotonin pools (Zucker, Hellmanand Zumoff 196^).
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or "^P-DFP are good platelet labels but they

may be toxic to platelets. Most studies have used

51
Chromium labelled platelets. This isotope is taken up into

the platelet by an active transport mechanism, which

predominates at low chromate concentrations «0.01mM,

as is used in most labelling procedures); at high ion

concentrations it enters the platelet by passive

diffusion. Active transport is more rapid in young

platelets but passive diffusion is independent of platelet

age (Tsukada and Steiner 1970). During incubation

of platelets with sodium chromate, labelling increases

in the first thirty minutes, and this is more rapid if

plasma is replaced by ringer-citrate-dextrose (Kattlove

and Spaet 1970; Kutti and Safai-Kutti 1975)- At 57°C

more chromate is taken into the cells, but the platelet

damage at this temperature is greater compared with

room temperature (Kattlove and Spaet 1970). Uptake

also increases with platelet count, but seldom exceeds

25% of that available (Abrahamsen 1968). Once within

the platelet, 20% is stroma bound and the remainder is
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associated with low molecular weight dialysable substances

(Aster and Enright 1969). Only 10% of the platelet

associated radioactivity is liberated during the release

reaction. Once labelled, platelets probably retain most

51 o
of their Or Chromium. When stored at 5 0 for one week,

15% of the radioactivity is eluted mainly during the first

few hours (Baldini, Costea and Dameshek i960).

-r 51^Is Cr a good label for measuring platelet

51
lifespan in vivo? Survival curves using Cr Chromium

labelled platelets parallel the fall in platelet count when

infused into thrombocytopenic individuals (Flatow and

Freireich 1965). When platelets are labelled

32 51
simultaneously with P-DFP and Cr the survival of

these two radiolabels is similar (Bithell, Athens, Cartwright

and Wintrobe 1967)- After leaving the circulation

51
most of the platelet bound Cr Chromium is deposited in

the liver and spleen from which it is excreted at about
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y/o per day in the urine; none is reincorporated

into circulating platelets (Aster and Jandl 196^5

Aster 1969).

The interpretation of the survival curves

has been extensively studied (Paulus 1971) and many

aspects remain unresolved. The normal survival curve

can be divided into three portions. In the first,

lasting up to 2b hours, there may be large changes

in the platelet bound radioactivity occurring in the

circulation. The most stable portion of the survival curve

lasts from approximately day 1 to 6 and this is followed

by a 'tail' when only 10-30% of the original radioactivity

is present in the blood. It remains uncertain whether

platelets are destroyed in the circulation by a random

process or whether they have a finite life span. Mean

lifespan can be defined as the intercept on the time axis

of the tangent from the survival curve at time zero

(Dorrhorst 1951)-
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Platelet survival estimations by radiolabelling

techniques are very time consuming and other approaches

for assessing platelet kinetics have been explored.

Platelets are a heterogeneous population of cells

(Karpatkin 1972) and one aspect of this is their

variation in size (Hirsh 1972). This may arise as

the cells age in the circulation (Karpatkin 1972),

or it may occur during megakaryocytic fragmentation

(Paulus 1975)» The volume of circulating platelets

has been estimated using Coulter electronic particle

counters and the results correlate well with cell diameters

measured on EDTA peripheral blood smears (Garg, Amorosi and

Karpatkin 1971)• This electronic technique has limitations

particularly as the apparent cell volume may be determined in

part by the cell shape (Born 1970), although this does not

change during disc to sphere transformation with

promethazine (Paulus 1975)•

Platelet volume is increased in disorders

associated with both normal and decreased survival (Paulus
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1975)• In idiopathic thrombocytopenic purpura

platelet volume is increased (Karpatkin, Garg and

Siskind 1971)5 however, there are also an increased number

of small platelets circulating (Le Tohic, Prost-Bvojak vie

and Samama 1975; Kahn, Zucker-Franklin and Karpatkin

1975)• Megathrombocytes are increased in disseminated

lupus erythematosus even in individuals with normal

platelet counts, and it has been suggested that this

represents a "compensated thrombocytolytic state".

When platelet survival however, was measured in these

patients, it was found to be normal. (Bergstrom and

Kutti 1975). Platelet volume is increased in Mediterranean

macrothrombocytosis, despite normal platelet survival (Paulus

1975); in the May-Hegglin anomaly defective megakaryocyte

fragmentation may be responsible for the megathrombocytosis

(Godwin and Ginsburg 197^-). In myeloproliferative disorders

platelet volume may be increased, but platelet survival is

often normal (Paulus 1975)- Finally in the Wiskott-Aldrich

syndrome, characterised by small circulating platelets, their
and Eitzman

mean lifespan is reduced (Pearson, Schulman OskiA1966;

Grottum, Hovig, Holmsen, Abrahamsen, Jeremic and Seip .1969).
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Thus although initial reports suggested that platelet

size was related to their survival, the general

application of this concept to all patients cannot be

recommended.

Another approach to the measurement of platelet

survival has been to follow the recovery of normal

platelet function after the ingestion of a single

tablet of aspirin. Acetyl salicylic acid inhibits the

second phase of ADP induced platelet aggregation when

tested in vitro. If samples of platelet rich plasma are

aggregated at daily intervals, in vitro, the second

phase is gradually seen to reappear. The time taken

for the platelet aggregation curve to return to its

pre-aspirin shape may reflect platelet lifespan (or

possibly megakaryocyte maturation time). Schwartz (197^)

reported that although platelets from normal individuals

tockif-7 days to recover, those from patients with chronic

idiopathic thrombocytopenic purpura became normal much

more quickly (1.8-2.6 days).
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Aggregating reagents, such as adrenaline and thrombin,

induce lipid peroxidation in platelets, and this can be

irreversibly inhibited by aspirin. Following aspirin ingestion,

platelets when tested in vitro with aggregating reagents,

exhibit diminished synthesis of lipid peroxides which

becomes normal after several days (Stuart, Murphy and

Oski 1975)» This normalisation was seen to occur more

rapidly in patients with chronic idiopathic thrombocytopenic

purpura with shortened platelet survivals. One potential

drawback to this approach is that often the patients who most

need assessment of their platelet lifespan have either altered

platelet function (Clancy, Jenkins and Firkin 1972), or

thrombocytopenia, and aspirin ingestion is contraindicated

in such patients.

METHODS

Subjects. Details of the 10 apparently healthy

hospital staff studied are outlined in Table'8.1.
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51Chromium Platelet Survival and Turnover.

Platelet survival was assessed by labelling

51
with ' Chromium in vitro by a technique based on that

of Aster and Jandl (196^) and Harker (1970). From

normal control subjects and patients, JfOOmls of

venous blood was collected into a Fenwall triple pack

(ZpR302l) containing ACD (NIH formula A). Following

centrifugation at room temperature in a Mistral 6L

centrifuge at 500g for 18 minutes, the platelet

rich plasma was squeezed into the first transfer

pack. The erythrocytes were returned to the donor. The pH

of the platelet rich plasma was reduced to 6.5 (to reduce

aggregation) with 0.15M sterile citric acid before

being centrifuged at 2,200g for 25 minutes to produce

a platelet button. All the platelet poor plasma was

transferred to the second transfer pack except for

5mls. Incubating the platelets at room temperature for

a few minutes allowed them to be re-suspended easily in

51this remaining plasma. Approximately 500li.Ci, Cr
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(sodium chromate, 100-if00mCi/mg Cr) was added

and the platelets were incubated for J>0 minutes at room

temperature. The platelet poor plasma (except for two

aliquots each of 23mls kept in syringes) was returned

to the platelets which were centrifuged at 2,200g

for 30 minutes, following which the platelet poor plasma

was discarded. The transfer pack and platelets were

carefully washed with one 25ml aliquot of the

previously saved plasma, before the platelets were re-

suspended in the second aliquot of non-radioactive

plasma. Exactly 20mls of this was reinjected into the

donor along with 1ml (approximately 20P-Ci) of I-

fibrinogen (homologous) to measure the whole blood

volume and, if necessary, fibrinogen survival (see

Chapter 10). For 10 days, starting the day before

125
injection of the I-fibrinogen, potassium iodide tablets

(60mg) were given twice daily to block the uptake of

by the thyroid.
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Standards were prepared as follows.

m 51„To measure the amount of Or attached to

platelets, erythrocytes and plasma proteins, aliquots

(0.3ml) of-the reinjected platelet suspension were

added, in duplicate, to tubes containing the following

reagents:

A. Plain tube only.

B. 2mls of 0.9^ sodium chloride solution.

C. 2mls of 1% ammonium oxalate.

Tubes B and C were centrifuged at 1500g in a MSE minor

for 20 minutes and the supernatants carefully removed

and retained.

Sample A was used to calculate the total amount of

radioactivity injected.

Sample B precipitate represented radioactivity in platelets

and erythrocytes.

51Sample B supernatant contained free Or as well as that

attached to plasma proteins.
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Sample C precipitate represented radioactivity in

platelets only.

Sample C supernatant contained the radioactivity liberated

from lysed red cells and that attached to plasma proteins.

Samples from donor.

Venous blood samples (25mls) were collected

at 15j60 and 120 minutes after infusion, into a

universal container with O.^mls of 10$ potassium EDTA.

Twice daily samples (or more frequently if considered

to be appropriate) were then collected. A whole blood

platelet count was performed on each occasion by the

technique of Bull, Schneiderman and Brecher (1965).

From the anticoagulated blood platelets were

extracted as follows. A 5ml sample (in duplicate) was put

into a 10ml polystyrene tube along with 2mls of 0.9$
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saline and gently mixed. After centrifugation at

150g for 7 minutes in a MSE minor centrifuge, the

platelet rich plasma was carefully removed and a further

ifmls of saline added. After mixing and centrifugation

as before, the second supernatant was added to the first

and the platelets were pelleted at 1500g for 30 minutes and

51
the supernatant discarded. The Cr in the platelet

buttons and standards was measured in a Wallac Y counter.

From the remainder of the 15, 60 and_120

minute blood sample platelet poor plasma was made by

centrifuging at 1500g for 30 minutes. To small plastic

tubes a,0.5ml aliquot of plasma was added (in duplicate)

125and counted for I. These samples were used to measure

the plasma and hence whole blood volume (Dacie and

1 PS
Lewis 1975). This commercial preparation of I-

fibrinogen contained less than non-trichloracetic acid

precipitate material, and thus as the majority of

radioactivity was protein bound, it was suitable for
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for measuring plasma volume.

CT -I

In quadruplicate, 10pl of both Cr (sodium chromate) and

125
I-fibrinogen standards were counted.

Calculation of Results.

Total Blood Volume was calculated from the plasma volume

and venous haematocrit.

125

Plasma volume (P.V.) = counts per min per ml of plasma (extrapolated
Total counts -per min. I-fibrinogen injected

to t = 0)

100
, misTotal blood volume (TBV) = PV x . ,,— r r~—r—r

100 - tO.91 Venous haematocrit;

Reinjected Platelet Suspension

51% Cr bound to platelets

51% Cr bound to plasma protein

51% Cr bound to erythrocytes

51Total reinjected Cr

= Cppt/A x 100

= Bsuper/A x 100

= C super -'B super
^ X I \j\J

= 20.0 A■ ■ 1 x A counts per min
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Platelet bound radioactivity (injected) x Cppt
0.3

51
Recovery Cr platelets in vivo =

+ Platelet bound ~^Cr per ml(sample) x TBV x 100

R1
Platelet bound Or (injected) x 85++

+ Extrapolated to t = 0 from survival curve.

++ 85% of platelets were extracted from whole blood during

differential centrifugation to prepare platelet button

(mean of 10 extractions on if individuals).

Platelet mean lifespan (days) was calculated

51
from the decay curve of Cr labelled platelets (excluding

values obtained in the first 12 hours)by the technique

of Murphy and Francis (1971).

Platelet turnover (platelets/hl/day) =

Whole blood -platelet count (hi) x 90++ +

Platelet mean lifespan (days)x% Recovery

+++ Platelet recovery in asplenic subjects = 90%
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Megathrombocytes were measured using a

Coulter ZB1 electronic particle counter (Garg,

Amorosi and Karpatkin 1971)• The instrument was

calibrated with latex particles 2.03V- diameter

according to the manufacturers instructions. A

dilution of citrated platelet rich plasma, obtained

by 1g sedimentation of whole blood was made in Isoton

so as to give a total platelet count (3-30 cubic microns)

of approximately 5^000 per 100pl of Isoton. Particles

of a volume 13-30 cubic microns were then counted

and expressed as a percentage of the total platelet count.

Bleeding time

The bleeding time was measured by a modification

of the Ivy technique (Mielke, Kaneshiro, Maher, Weiner

and Rapaport 1969) in wnich a standard incision 9mm

long by 1mm deep was made in the flexor surface of the

forearm with a sphygmomanometer cuff at IfOmmHg. Whatman

No.1 filter paper discs were carefully dabbed on the
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exuding blood every 20 seconds until bleeding ceased.

RESULTS

The results are summarised in Table 8.1.

There is an inverse correlation between p-thromboglobulin

and platelet mean life span (Fig.8.1) when the group

is considered as a whole (p'CO.OI, Spearman). Subjects
t

OS and DB had the shortest platelet survival times

(5.5 and 5-9 days) and highest p-thromboglobulin

concentrations (71-8 and 35«3ng/ml respectively), and

it is possible that they may have had some platelet

abnormality, or some as yet undiagnosed disease as their

p-thromboglobulin concentrations were above the upper

limit of the normal range. When the correlation

coefficient was re-calculated, excluding OS and DB, the

p-thromboglobulin and platelet survival were still related

(p<^ 0.05) but the regression line was different (Fig.8.1).

There was no correlation between p-thromboglobulin

concentration and platelet turnover (Fig.8.2 p>0.l).



I 23456789
Platelet Mean Lifespan (days)

Fig.8.1 Correlation between the reciprocal of the plasma
p-thromboglobulin concentration and platelet mean
lifespan. Line A was calculated using all the points
while the two individuals with the shortest
platelet survival times were excluded in the
calculation of line B (see text).
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TABLE8.1 Sex

Age

Platelet Count Tierul.

%Mega- thrombocytes.
Bleeding time(mins)

(3-thrombo- globulinng/ml
%Recovery51cr■ Platelets.
Platelet MeanLife¬ span(days)
Platelet turnover/ ul/day.

%51Cr Platelets.

%51Cr RBC

MB

M

28

243,000

18.2

4.3

26.2

48.1

6.7

67,900

95.2

3-3

DP

M

34

330,000

4.4

4-3

22.0

55.4

8.3

64,600

82.8

10.7

DC

M

66

244,000

-

4.7

25.8

68.6

CO

CO

36,400

87.3

8.5

MC

F

6b

168,000

-

7.3

18.1

63.9

10.0

23,700

81.5

11.5

CD

M

bO

229,000

20.0

8.3

17.0

60.0

10.3

33,300

79.8

10.8

SU

M

' 30

234,000

20.9

5.0

24.1

70.5

7.9

37,800

85.1

1.8

SM

M

27

340,000

-

4-3

20.5

73.5

8.8

47,300

82.8

0.3

CS

M

28

176,000

20.0

'9.0

71.8

55.3

5-5

52,100

87.4

0.3

D3

M

32

159,000

5.2

4.0

57.3

44.6

5-9

42,100

67.0

6.8

DP

M

27

280,000

13.5

6.0

24.6

69-7

7.0

51,600

91.0

4.9

Mean

37.6

247,000

14.6

5-1 .
>

30.7

61.0

7.92

46,600

84.O

5-9
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No correlation (p^O.1) was demonstrated between the

following: platelet count and the plasma (3-thrombo-

globulin concentration; platelet count and bleeding

time; percentage megathrombocytes and platelet mean

life span; percentage megathrombocytes and platelet

turnover.

DISCUSSION

Platelet mean life span has been assessed in

apparently normal subjects using platelets labelled

51
in vitro with Cr. The mean survival time (7-9 days)

agrees with that found in other studies using similar

techniques (Kutti and Weinfeld 1971), but slightly

shorter than in other reports (Harker and Slichter 1972).

Platelet survival decreases with age and the population

studied here were older than those "reported elsewhere

(Abrahamsen 1968, Kutti and Weinfeld 197d). Two
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individuals (CS and DB) had platelet lifespans between

5 and 6 days and the mean platelet life span of the

other control subjects, when these two individuals

were excluded, rose to 8.5 days.

Recovery of the radiolabelled platelets after

infusion was G^, in agreement with other studies

(Abrahamsen 1968; Kutti and Weinfeld 1971; Harker

and Slichter 1972). In asplenic subjects recovery

is approximately 90% (Kutti and Safai-Kutti 1975)5 and

the difference between this value and that in normal

individuals is attributed to equilibration of the

infused platelets with the splenic pool. No subjects

studied in this series had undergone splenectomy.

Whole blood platelet counts and bleeding times

were within the normal range (Dacie and Lewis 1975;

Mielke, Kaneshiro, Maher, Weiner and Rapaport 1969)-
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The percentage of megathrombocytes found in this study

was higher than in other reports (Garg, Amorosi

and Karpatkin 1971)• The definition of a megathrombocyte

(i.e. platelets 13-30 cubic microns) was similar in

both studies and the values found in this small control

population were similar to results found when a larger

normal population was studied (Ludlam, unpublished

observation).

The mean values for platelet recovery, turnover

and life-span were similar in this study to that in ether

reports, as were whole blood platelet counts and

bleeding times. This suggests, therefore, that not

only were the control subjects normal (with the possible

exception of CS and DB), but also that the techniques

used were properly performed.

The plasma concentration of p-thromboglobulin

was within the normal range in 8 out of the 10 normal
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control subjects, but high concentrations were found

in two (OS and DB). These individuals were apparently

healthy with normal full blood counts, urea and

electrolytes and liver function tests.

When p-thromboglobulin concentrations were

compared with the platelet turnover no correlation

was seen (Fig.8.2). This was rather unexpected for,

a priori, it was anticipated that increased platelet

consumption would be reflected by a raised plasma

p-thromboglobulin concentration. As this was not

observed, it is possible that platelet destruction occurred

intracellularly, probably in the liver, spleen or

endothelial cells without liberation of p-thromboglobulin

into the circulation.

The inverse correlation between p-thromboglobulin

and platelet mean life span was unexpected and difficult

to explain. The mechanism that determines platelet

life span or ageing may be the same mechanism that
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causes liberation of (3-thromboglobulin in vivo.

Alternatively the platelet factors determining their

survival in vivo may promote, or not inhibit so well,

the liberation of p-thromboglobulin during preparation

of the platelet poor plasma in vitro. An alternative

51
explanation is that these Cr survival curves are not

a true estimate of the platelet life span and that

51
there is parallel loss of Cr and p-thromboglobulin

from platelets within the circulation. If these are valid

observations and a similar correlation exists in patients,

then the measurement of the plasma p-thromboglobulin

concentration might be a simpler technique for assessing

platelet survival.

Platelet heterogeneity both in size, structure and

function is well established. Whether this arises during

ageing in the circulation, or, as seems more likely, during

megakaryocyte fragmentation, remains unresolved. This

study does not support the suggestion of Karpatkin (1972)
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that platelet size is related to their survival.

A recent study by Paulus (1975) failed to find such

a relationship either in normal control subjects

or in patients with thrombocytopenia, and Bergstrom

and Kutti (1975) have not been able to confirm the

'compensated thrombocytolytic' state that Karpatkin,

Garg and Siskind (1971) reported in individuals with

disseminated lupus erythematosus. A more likely

explanation is that during stimulated thrombopoiesis,

e.g. in idiopathic thrombocytopenic purpura, megakaryocyte

maturation and fragmentation alter to produce platelets

with a larger mean cell volume, but with a greater

range of sizes i.e. there is an increase in both small

and large platelets (Khan, Zucker-Franklin and

Karpatkin 1975)•

Platelets are essential for the establishment

of primary haemostasis and it has been reported that when

the peripheral blood platelet count is reduced below
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100,000/pl by a hypoplastic process then the bleeding

time is proportionately prolonged. Further,

patients with a presumed excessive turnover of

platelets and an increase in megathrombocytes have

haemostatically more effective cells and this is reflected

in a shorter than expected bleeding time (Harker and

Slichter 1972a; O'Brien, Jamieson, Etherington,

Klaber and Ainsworth 1973)* No such relationship

was observed, however, in this very small study.
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CHAPTER IX

RELATIONSHIP OF PLASMA b-THROMBOGLOBULIN

CONCENTRATION TO WHOLE BLOOD PLATELET COUNT

IN PATIENTS V/ITH MYELOPROLIFERATIVE DISORDERS,

HYPOPLASTIC ANAEMIA AND IDIOPATHIC THROMBOCYTOPENIC

PURPURA.

SUMMARY

In patients with chronic granulocytic leukaemia,

polycythaemia rubra vera, essential thrombocythaemia

and hypoplastic anaemia the plasma (3-thromboglobulin was

positively correlated with the whole blood platelet count.

Further changes in the platelet count in these patients,

or following splenectomy, were accompanied by a

corresponding alteration in the plasma (3-thromboglobulin

concentration. In thrombocytopenic patients with hypoplastic

anaemia the plasma (3-thromboglobulin level was lower than

in individuals with idiopathic thrombocytopenic purpura.

Some of the possible mechanisms contributing to these

observations are discussed.
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INTRODUCTION

Preliminary studies in patients with platelet

counts outwith the normal range suggested that the

plasma p-thromboglobulin concentration was related

to the whole blood platelet count. A series of patients

with myeloproliferative disorders were therefore

investigated because of their great range of platelet

counts. In addition, patients with changing platelet

counts were studied to see if there was a corresponding

alteration in the plasma p-thromboglobulin concentration.

Plasma samples were also collected from individuals

with idiopathic thrombocytopenic purpura and hypoplastic

anaemia to see if the plasma p-thromboglobulin concentration

would distinguish between decreased production and

excessive destruction of platelets in vivo.

PATIENTS

The diagnoses of the patients studied were made

by commonly accepted criteria by the clinician-in-charge.
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Details of patients with atypical presentations and the

investigative findings are outlined below. (The number

of patients with each diagnosis is shown in parenthesis).

1. To compare the plasma (3-thromboglobulin level

and the whole blood platelet count in patients with

myeloproliferative disorders and hypoplastic anaemia,

patients with the following diagnoses were studied:

»

I. Chronic myeloid leukaemia (17)

II. Polycythaemia rubra vera (16)

III. Essential thrombocythaemia (5)

IV. Hypoplastic anaemia (6)

2. To study the effect of a changing whole blood

platelet count on the plasma p-thromboglobulin the following

patients were studied:
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a) Change in platelet count due to treatment

I. Chronic myeloid leukaemia (6)

II. Polycythaemia rubra vera (l)

III. Essential thrombocythaemia (l)

b) Change in platelet count following

splenectomy for

I. Chronic lymphatic leukaemia (l)

II. Idiopathic thrombocytopenic purpura (2)

III. Lymphoma (2)

IV. Hereditary spherocytosis (l)

3. To see if the plasma p-thromboglobulin could be

used to distinguish between decreased platelet production

and increased consumption, patients with idiopathic

thrombocytopenic purpura and hypoplastic anaemia were

studied:
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I. Aplastic anaemia (9)

II. Idiopathic thrombocytopenic purpura (20)

As can be seen from the platelet counts of the

patients with idiopathic thrombocytopenic purpura

(fig.9.4) many were not thrombocytopenic and had their

symptomatic illness long before the blood sample was

taken.

Patient A (Fig.9.^) was a man aged 50 in whom

an initial diagnosis of idiopathic thrombocytopenic

purpura was made,but whose subsequent course was atypical

of this syndrome. Spontaneous bruising was first

noted in 1973 when his platelet count was 25,OOO/pl.

Investigations at this time were compatible with a

diagnosis of idiopathic thrombocytopenic purpura and

treatment with prednisone, for 2 months, raised his

platelet count to 150,OOO/pl. Following this short

course of steroids, he developed marked persistent muscle
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weakness of unknown aetiology. After withdrawal of

prednisone, the platelet count fell to 25,000/pl and

treatment was changed to cyclophosphamide, but this

failed to raise the platelet count. At this time, a

suspected small tumour of unknown aetiology at his

left hilum was noted on a chest X-ray. For the

following three years there was little change in his

condition; his thrombocytopenia (without bruising or purpura)

and muscle weakness persisted and he received no further

therapy.

Sample collection and B-thromboglobulin assay.

The optimum blood collection procedure described

in Chapter 6 was used for the collection of samples.

Plasma (3-thromboglobulin concentrations were measured by

the standard [3-thromboglobulin radioimmunoassay (Chapter

if), which had a sensitivity of 2.5ng/ml plasma.



217

RESULTS

The relationship between plasma (3-thromboglobulin

and whole blood platelet count in patients with

myeloproliferative disorders and hypoplastic anaemias

is illustrated in Fig.9.1. The regression line (p^ 0.01)

was calculated using all patients except those

with a platelet count below 10,000/Vl or plasma

p-thromboglobulin concentrations less than 2.5ng/ml (i.e.

below the detection limits). The change in plasma

p-thromboglobulin together with platelet count during

treatment of patients with myeloproliferative disorders

and following splenectomy are illustrated in Figs.9.2

and 9.3.

Plasma p-thromboglobulin concentrations in patients

with aplastic anaemia were lower (p^O.01, Wilcoxon) than

in individuals with idiopathic thrombocytopenic purpura

(Fig.9. ). This difference was still significant

(p<0.01, Wilcoxon) when only patients with platelet counts

of less than 40,000/Vl were considered.



Fig.9.1 Correlation between plasma (3-thromboglobulin
concentration and whole blood platelet count in
patients with chronic myeloid leukaemia □ ,'
polycythaemia rubra vera ■ , essential thrombocythaemia •
and hypoplastic anaemia ▲«



Change in plasma (3-thromboglobulin concentration and
whole blood platelet counts when patients with
chronic myeloid leukaemia (CML), polycythaemia rubra
vera (PRV) and essential thrombocythaemia (ET)
were treated. (Arrow indicates direction of change).



Fig.9.3 Rise in plasma (3-thromboglobulin concentration
and whole blood platelet count following splenectomy.
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DISCUSSION

This study has demonstrated a relationship

between the plasma p-thromboglobulin concentration

and the whole blood platelet count in patients with

myeloproliferative disorders. Further changes

in the platelet count in these patients were

associated with a corresponding alteration in the

plasma p-thromboglobulin level (Fig.9.2). The

mechanisms controlling the plasma p-thromboglobulin

as measured in vitro are poorly understood. A high

platelet count in myeloproliferative disorders tends

to be associated with platelets of abnormal morphology

and function (McClure, Ingram, Stacey, Glass and

Matchett 1966), and it is possible that such platelets

might liberate more p-thromboglobulin during preparation

of platelet poor plasma in vitro. This explanation,

however, is not supported by the observation that the

plasma p-thromboglobulin level rises in parallel with the

rising platelet count after splenectomy, for these
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platelets may be young metabolically active platelets

of greater than average function (Karpatkin 1972),

and therefore might be expected to leak less in vitro.

These platelets, however, are also more sticky

(Hirsh, Glynn and Mustard 1968) and higher

p-thromboglobulin levels might be found because

of microaggregate formation in vivo or in vitro.

125
None of the patients had I-fibrinogen leg scans

and it is possible that some developed deep venous

thrombi post operatively which contributed to the raised

p-thromboglobulin level (Chapter 11). Thrombus

formation is a well recognised complication of myelo¬

proliferative disorders and the raised levels reported

here in chronic myeloid leukaemia, polycythaemia rubra

vera and essential thrombocythaemia could be a reflection

of this (Glass and Wasserman 1972). It is interesting

to note that patients with polycythaemia rubra vera

tended to have higher plasma p-thromboglobulin

concentrations at a given platelet count than individuals

with chronic myeloid leukaemia and this may reflect their
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particular tendency to thrombosis. Platelet survival

has been reported as normal or prolonged in chronic

myeloid leukaemia (Brodsky, Ross, Petkov and Kahn

1972), but short in patients with polycythaemia

rubra vera and essential thrombocythaemia especially

with thrombotic and haemorrhagic complications

(Baldini, Costea and Small 1959; Brown, Tauze and

Hagedorn 1961; Lander and Davey 196if).

Idiopathic thrombocytopenic purpura is a

diagnosis usually made after exclusion of secondary

causes for thrombocytopenia. The thrombocytopenia

results from a shortening of the platelet lifespan

(Najean, Ardaillou and Dresch 1969) and it was therefore

anticipated that the plasma p-thromboglobulin level would

be raised. Most of the subjects in this study, however,

had normal plasma p-thromboglobulin concentrations

(Fig.9.despite quite low platelet counts. Many of
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these patients lay above the regression line relating

p-thromboglobulin to platelet count in myeloproliferative

disorders (Fig.9.1 and 9-4) which suggested that

although the p-thromboglobulin was within the normal

range it was relatively high for the platelet count.

This may be a reflection of shortened platelet

survival. The plasma p-thromboglobulin, however,

is only relatively modestly raised and this may be a

reflection of the intra-cellular destruction of the

platelet by the splenic reticulo-endothelial system

(Tavassoli and McMillan 1975)-

In most of the thrombocytopenic patients

(platelet count less than 40,000/p-l) a plasma

p-thromboglobulin concentration distinguished between

those patients with diminished platelet production

(hypoplastic anaemia) and those with excessive platelet

sequestration (Fig.9.4). Seven patients with aplastic

anaemia and five patients with idiopathic thrombocytopenic

purpura had either platelet counts less than 10,000/p-l
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or p-thromboglobulin levels less than 2.5ng/ml, and thus

it was not possible to relate the p-thromboglobulin

to the platelet count in these subjects. Patient A

was thought on clinical grounds to have idiopathic

thrombocytopenic purpura, but without performing a

platelet survival study it was difficult to be certain

of the cause of the thrombocytopenia. This individual

also had a myopathy and an undiagnosed hilar mass,and

was thus not typical of idiopathic thrombocytopenic

purpura and the low platelet count may be secondary

to some, as yet, undiagnosed disease. It is of interest

that this patient had a very low plasma p-thromboglobulin

concentration which was more in keeping with those found

in aplastic anaemia. Despite some overlap, however,

in the p-thromboglobulin concentrations,the estimation

of its plasma concentration appears to distinguish

between thrombocytopenia caused by under production

of platelets and that associated with excessive peripheral

destruction.
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CHAPTER X

THE ASSESSMENT OF PLATELET ECONOMY IN PATIENTS

AND ITS RELATIONSHIP TO THE PLASMA B-THROMBO-

GLOBULIN CONCENTRATION.

SUMMARY

A relationship has been demonstrated between the

plasma p-thromboglobulin level and platelet mean lifespan

in normal individuals (Chapter 8). In order to see if

a similar correlation existed in patients, 5 subjects

with arterial insufficiency, 2 with abnormal heart values,

one with acute promyelocytic leukaemia, and one with

idiopathic thrombocytopenic purpura were studied.

No relationship was seen between the plasma p-thromboglobulin

and the platelet lifespan or turnover. Moreover no

correlation was noted between the plasma p-thromboglobulin

concentration and the following: the platelet count,

the pa" centage of megathrombocytes, and the bleeding time.
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Compared with normal subjects, those with arterial

thromboembolism had disproportionately high plasma

(3-thromboglobulin levels for their platelet lifespans,

while the patient with idiopathic thrombocytopenic

purpura had a lower than anticipated level. The possible

reasons for this are discussed.

INTRODUCTION

A relationship was demonstrated between platelet

mean lifespan and the plasma p-thromboglobulin

concentration (Chapter 8). To explore this association

further, patients were studied with a variety of

different diseases. Platelet kinetics, p-thromboglobulin

and some other aspects of platelet function were measured

in individuals with arterial ischaemic episodes,

idiopathic thrombocytopenic purpura and abnormal

cardiac valves.
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METHODS

The methods for studying platelet kinetics

and function have been described (Chapter 8).

125Fibrinogen survival was assessed using I-

fibrinogen (homologous) as described by Regoeczi (1971)«

Although this commercially prepared fibrinogen is not

recommended for tracer studies by the manufacturer

(as it is only approximately 80-90% clottable), a recent

report demonstrated that it was suitable for this purpose

(Bradley and Hickman 1975)• Fibrinogen survival, as

125clottable I-fibrinogen, was therefore measured as

follows. Platelet noor plasma from the EDTA anticoagulated

51
blood, used for assessment of Cr platelet survival,

was obtained by centrifugation at 1500g for 20 minutes

at room temperature. In duplicate, 0.5ml plasma was placed

in a 10ml tube and the following reagents were added:

1.5ml phosphate buffer pH 6.2, 0.1ml 0.025^ calcium

chloride and 0.1ml of bovine thrombin 50u/ml containing

2,000 units aprotinin. After standing at if°C overnight
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and centrifugation at 1,500g for 30 minutes, the

supernatant was separated from the fibrin clot which

125
was counted for I.

125
When log counts I-fibrinogen-vs-time

were plotted, the curve was seen to consist of three

sequential straight line portions. The first of these

lasted 2^-36 hours, and probably represented clearance of

125
denatured or aggregated I-fibrinogen. The second

part of the decay curve lasted from 36 hours to 100-130

hours, and probably represented the true decay of native

125I-fibrinogen. Some curves had a segment which formed

a tail beginning about day 5; the mechanisms producing

this are unknown. The t-, for fibrinogen was calculated
2

from the second portion of the curve after it had been

projected to t = 0.
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PATIENTS

Abnormal Cardiac Valves.

1. A.R. (55)1 female. This patient had mitral

stenosis and atrial fibrillation due to rheumatic heart

disease. Despite warfarin therapy, controlled to

give a prothrombin ratio of 2, she had two major

saddle emboli. Her platelet survival was measured

two years after her most recent clinical embolic

episode.

2. I.H. (^5)) female. Starr-Edwards aortic and mitral

prostheses were inserted following the development

of rheumatic heart disease. She was taking warfarin and

had no history of embolic episodes.

Arterial Insufficiency.

3. J.M. (62), male. During the year prior to

study, this patient had repeated small cerebral ischaemic
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episodes resulting in progressive neurological

impairment. No site for the generation of platelet

emboli was demonstrated.

if. F.C. (78), male. This patient was investigated

two days after the onset of a hemiparesis, presumed to be

due to cerebral thrombosis.

*

5. F.J. (60), male. This man had several transient

cerebral ischaemic episodes in the year prior to

investigation, but was otherwise well.

6. S.R. (60), male. Amaurosis fugax occurred six times

during the year prior to study. No platelet emboli

were seen in the retinal arteries, nor could their source

be identified.
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7. B.S. (lf8), female. Severe peripheral arterial

disease due to occlusion of small arteries was

present in both legs and a below right knee amputation

had been performed for gangrene in the foot. This patient

had a red cell mass of 38mls per Kg (control 22-29)

and a platelet count of ^50,000 per pi and was probably

developing polycythaemia rubra vera although her

leukocyte count was normal.

Miscellaneous Diseases.

8. D.M. (55)j female. A diagnosis of idiopathic

thrombocytopenic purpura was made in this patient who

had a whole blood platelet count of 91)000/pl, an

increased number of megakaryocytes in her marrow and

a spleen that was just palpable on deep inspiration.

She also had aortic stenosis. Tests for autoantibodies

were negative.
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9. A.H. (2^), female. This patient with acute

promyelocytic leukaemia presented with bruising and

the following coagulation abnormalities:- Partial

thromboplastin time (kaolin) i+8s, (normal 36s),

30%> normal plus 50% patient mixture 3ks, prothrombin

consumption index 3% (normal not more than 20%),

one stage prothrombin ratio 1.if/l, thrombin time 16s,

(normal 11s), 30% normal plus 30% patient mixture 1ifs.

Plasma fibrinogen 0.39g/l (normal 1.5-4g/l).

E.L.T. 20min. (normal value not less than 120),

plasminogen 2.9 caseinolytic units/1 (normal 1.5-Jf.O),

fibrinogen degradation products (FDP) 80-l60mgm/l

(normal value less than 10). Treatment with cytosine

arabinoside and daunorubicin induced remission and

platelet transfusions were given to control haemorrhage.

After five months, relapse occurred and partial

remission was re-induced with cytosine and daunorubicin.

At this time, platelet and fibrinogen survivals were

measured when the whole blood platelet count was

165x10^/1, partial thromboplastin time 3^s (control 36s),
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one stage prothrombin time 1.2/1, plasma fibrinogen

1.25g/l, plasminogen caseinolytic units, serum

FDP's i+0-80mg/l and the ethanol gelation test was

negative. The platelet count and fibrinogen concentration

remained stable for three weeks from the beginning

of these survival studies.

RESULTS

The results are set out in Table 10.1. No

correlation (p^O.l) was seen between the inverse of

the plasma (3-thromboglobulin concentration and the

platelet mean lifespan (Fig.10.1) or between the plasma

p-thromboglobulin level and whole blood, platelet

count or turnover (Fig.10.2). The plasma

(3-thromboglobulin concentration was not related to

the whole blood platelet count. No correlation (p^O.1)

existed between the whole blood platelet count and

bleeding time, or between percentage megathrombocytes

and platelet turnover or mean lifespan.
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Fig.10.1 Relationship between platelet mean lifespan and the
reciprocal of the plasma p-thromboglobulin concentration
in the patients (o) and controls (•). Subjects
1 and 2 had abnormal heart valves, 3-7 arterial
thromboembolic episodes, 8 idiopathic thrombocytopenic
purpura and 9 acute promyelocytic leukaemia (see
Table 10.1).



I

100

90

80

70

= 60
E

50

•g, 40
2
E
o

30

m.

20

10

o 4 '(235) 7

o 8

5 15 25 35 45 55 65 75 85 95

Turnover Platelets /^il /day x 1000

Fig. 10.2 Relationship between plasma (3-thromboglobulin
and platelet turnover in patients (o) (diagnosis
as in Fig.10.1 and Table 10.1) compared to
control subjects (•).



TABLE1Q.1
Diagnosis

Platelet Count uerul

%Mega- thrombocytes
Bleeding time(mins)

p-thrombo- globulinng/ml
%Recovery51Cr Platelets

Platelet MeanLife¬ span(days)
Platelet turnover/ ul/day

%51Cr Platelets

' °/51Cr RBC

1.AE

EHD

11+6,000

15.9

-

61+.7

71+.6

If.3

1+1,000

89.6

1.1+

2.IH

AVEMVR

131+,000

-

-

1+8.3

25.6

6.2

76,000

78.1+

9.3

3.JM

TIA

286,000

9.0

3.7

45.2

81.7

7.5

1+2,000

89.1+

3-9

1+.FC

CVA

217,000

21+.0

2.0

102.0

72.5

6.6

1+0,800

61.9

26.5

5.FJ

TIA

-

-

-

98.2

-

9.3

-

97.8

0.8

6.SE

Amaurosis Fugax

108,000

-

6.0

60.2

38.5

7.9

32,000

83.5

8.0

7.BS

prv

1+50,000

11.0

6.7

235.0

77.9

5.7

91,200

-

-

oo

ITP

91,000

31.6

20.0

20.3

34.6

2.2

108,000

90.9

1.8

9.ah

APL

192,000

-

-

83.O

61.0

6.6

1+2,900

90.8

8.9

Mean

203,000

18.30.

7.75•

81+.1

58.3

6.25

59,100

85.3

6.7

Normals21+7,000H+.65.130.761.07.921+6,6008i+.05-9 (Table8.1)
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Fibrinogen half life in patient 7 (B.S.) was

a pc

23 hours. (The I fibrinogen vs.time group consisted

of only one log-linear straight line portion and this

was used to calculate the survival time. After i+8 hours

a per
less than 5% of the I fibrinogen was present

in the plasma). In ten normal subjects the mean t
2̂

for fibrinogen was 85.6 hours (range 68.0 - 105.6).

DISCUSSION

In this study platelet kinetics were measured

in a very heterogeneous group of patients and it was

therefore difficult to draw conclusions from the limited

data. In normal control subjects a relationship

was demonstrated between (3-thromboglobulin and

platelet survival, but not platelet turnover (Chapter 8).

When the patients in this study were considered as

a whole, no such correlation was observed.
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Four patients with symptoms due to cerebral

or retinal ischaemia were studied. Two had a history of

repeated transient cerebral ischaemic episodes and one

of amaurosis fugax. Both these conditions may be

caused by platelet emboli, and treatment with antiplatelet

drugs has been reported to reduce the severity of

symptoms (Genton, Gent, Hirsh and Harker 1975)•

Platelet survival and turnover in all three patients

was normal, but their plasma (3-thromboglobulin concentrations

were raised. This might be explained as follows.

Platelet aggregates were formed on the atheromatous

arterial wall with the liberation of p-thromboglobulin.

Dislodged fragments of aggregates formed emboli which

were swept away in the blood stream and caused temporary

occlusion of cerebral and retinal end-arteries with

resultant symptoms. Dis-aggregation of these emboli would

have allowed individual platelets to re-circulate for their

normal lifespan. It has been demonstrated that platelets

treated with thrombin in vitro have a normal lifespan

when reinfused (Mustard, Rowsell and Murphy 1966).

It is possible, therefore that platelets are continually
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aggregating and disaggregating in the circulation,

even in normal individuals, and the (3-thromboglobulin

liberated may be contributing to the plasma

p-thromboglobulin concentration as measured in vitro.

A p-thromboglobulin level, therefore, may be a more

sensitive index of this phenomenon than a platelet

survival measurement.

4

One patient was studied two days after a

hemipar>esis (F.C.) and he, like the previous patients,

had a normal platelet survival and a raised p-thromboglobulin.

Following his stroke, it is likely that he developed

a deep venous thrombosis in his paralysed leg (Warlow,

Ogston and Douglas 1976) and this alone might have

accounted for his high p-thromboglobulin (Chapter 11).

This raised p-thromboglobulin persisted for several

weeks until the patient left hospital, and it was therefore

unlikely that the p-thromboglobulin could have been derived

from platelets within the cerebral thrombus. It may



have been derived from circulating platelets undergoing

a small release reaction induced by activated

clotting factors diffusing out of the thrombus

or by thromboplastic substances being liberated

from the brain.

Rheumatic heart disease and the possession

of prosthetic heart valves predisposes to arterial

thromboembolic episodes (see Chapter 12). Left atrial

thrombi are the probable source of emboli in rheumatic

heart disease and treatment with warfarin reduces their

incidence. Patient A.R., despite warfarin therapy,

however, developed two major arterial emboli and it was

interesting to note that she had a reduced platelet

survival and a raised (3-thromboglobulin whilst taking an

oral anticoagulant. An estimation of the fibrinogen

survival in this patient would have been interesting

but unfortunately this was not measured. It is thus
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possible that platelets may have initiated thrombus

formation and that this was not inhibited by warfarin

therapy. If treatment with an anti-platelet drug

lengthened platelet survival, this might be reflected

by a fall in the plasma (3-thromboglobulin concentration.

If this occurred, then a plasma p-thromboglobulin level

would be a good way of monitoring the efficacy of therapy.

The patient with two prosthetic heart valves (I.H.), had

no history of thromboembolism, a platelet survival

at the lower limit of normal and a p-thromboglobulin

that was slightly raised. These findings may reflect occult,

clinically insignificant, platelet thrombo-embolism arising

on the valve surface. In Fig.10.1, these two patients

are seen to lie close to the regression line for normal

subjects. It is therefore possible that the relationship

between the inverse of the plasma p-thromboglobulin

concentration and the platelet lifespan may also hold for

these patients.
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Circulating platelets in polycythaemia rubra

vera and essential thrombocythaemia may have abnormal

function. Patient B.S. presented, although only

kO years old, with arterial insufficiency in both legs

of such severity that a below knee amputation became

necessary because of gangrenous change. Although her

platelet count was ^50,000/1-1, no abnormality

of platelet function determined by bleeding time or platelet

aggregation studies could be demonstrated. Similar

patients with myeloproliferative disorders have been

described in which the platelets aggregated spontaneously

in an aggregometer without addition of an aggregating

reagent (Vreeken and van Aken 1971; Preston, Emmanuel,

Winfield and Malia 197^). This could not be demonstrated

in our patient. A very high p-thromboglobulin was recorded

in B.S.although her platelet survival was only slightly

reduced. This either reflected excessive intravascular

platelet aggregation in vivo, or abnormal platelet

function allowing more p-thromboglobulin to be liberated
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either in vivo or during the centrifugation necessary

to prepare platelet poor plasma. Treatment of the patient

32with P reduced the platelet count and ischaemic

symptoms and her plasma (3-thromboglobulin concentration

returned to within the normal range.

Platelet survival is reduced in idiopathic

thrombocytopenic purpura (Branehog, Kutti and Weinfeld

197^) and patient P.M. with this diagnosis had a platelet

mean lifespan of 2.2 days. In spite of this and a high

platelet turnover, her plasma p-thromboglobulin

was normal. The antibody coated platelets in this

disorder are phagocytosed by splenic macrophages

(Tavassoli and McMillan 1973) and hence little or no.

p-thromboglobulin would be liberated into the circulation.

Plasma p-thromboglobulin concentrations in other patients

with idiopathic thrombocytopenic purpura are described

in Chapter 9 and most were within the normal range.

Thus it is anticipated that patients with idiopathic
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thrombocytopenic purpura will form a group above

and to the left of the graph relating platelet lifespan

to the plasma (3-thromboglobulin concentration in

normal subjects (Chapter 8, Fig.8.1).

Disseminated intravascular coagulation (DIC)

is a common complication of acute promyelocytic leukaemia

and may have been present when A.H. presented (Gralnick

and Sultan 1975)- The studies reported here, when the

patient was in partial remission, do not support this

view. At presentation, her coagulation parameters

strongly suggested DIC. When platelet and fibrinogen

kinetics were assessed later in her disease however,

she only had a reduced fibrinogen survival. This is not

in keeping with a diagnosis of DIC, when both the platelet

and fibrinogen survivals should be reduced in parallel

(Harker and Slichter 1972b). The mechanism responsible

for her reduced fibrinogen survival is unclear but a
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primary fibrinogenolytic state is supported by a

short E.L.T., raised F.D.P's and a negative ethanol

gelation test. Furthermore clinical improvement has been

reported following treatment with E.A.C.A. (Nilsson,

Sjoerdsma and Waldenstrom, i960). It is difficult

to explain her raised p-thromboglobulin; this may have

reflected occult intravascular aggregation, possibly

associated with mild DIC, or the platelet function may

have been abnormal and more (3-thromboglobulin was liberated

during preparation of the platelet poor plasma.

General conclusions are hard to draw from this

limited study. It is clear, however, that in these patients

platelet survival is not related to plasma p-thromboglobulin

concentrations. Further, more extensive investigations

are needed. But it is tempting, on the basis of Fig.10.1,

to suggest that three groups of patients may exist.

Firstly, those in whom there is the same correlation
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between (3-thromboglobulin and platelet survival

as in the control subjects (i.e. those with abnormal

heart valves). Secondly, those who have a

disproportionately high p-thromboglobulin level for

the platelet lifespan and who lie below the normals

(arterial thromboembolism); these individuals have excessive

intravascular platelet aggregation. Patients falling

above the line may represent a third group in whom

platelet destruction is predominantly intracellular

(idiopathic thrombocytopenic purpura) and whose

plasma p-thromboglobulin concentration is relatively

low compared to the platelet mean lifespan.
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CHAPTER XI

PLASMA B-THROMBOGLOBHLIN CONCENTRATIONS IN PATIENTS

WITH ARTERIAL AND VENOUS THROMBOSIS.

SUMMARY

As intravascular platelet aggregation occurs during

thrombus formation, plasma p-thromboglobulin concentrations

were measured in patients with cerebro-vascular accidents

and in patients presenting with symptoms or signs

suggesting a possible diagnosis of venous thrombosis.

125These patients were investigated by venography or I

fibrinogen scanning. Raised plasma levels were seen

in most patients with arterial thrombosis investigated.

Patients with a venous thrombus, proven by a reference

technique, had higher plasma p-thromboglobulin

concentrations than those in whom no thrombus could be

demonstrated. The results suggest that the measurement

of plasma p-thromboglobulin may be useful for the

diagnosis of deep venous thrombosis.
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INTRODUCTION

Arterial and venous thromboses are increasing

phenomena , particularly in affluent communities

(Registrar General 1973)i and many different factors

contribute to their development (Walsh, Rogers, Marder,

Gagnatelli, Escovitz and Sherry 1976; Royal College of

Physicians 1976). Changes in the haemostatic system

predispose to a thrombotic tendency and it is customary

to subdivide this system into coagulation, platelet

and fibrinolytic components. Other blood components,

however, may predispose to thrombosis by increasing

viscosity e.g. polycythaemia or macroglobulinaemia.

On the other hand, the vessel wall may change the composition

of the blood, e.g. plasminogen activator is liberated from

the endothelial cells (Nilsson 197^). Furthermore,

hyperactive connective tissue has been found in patients

prone to recurrent venous thrombosis (Hedner, Nilsson,

Bergentz and Cronberg 1972/3).
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The mechanisms leading to thrombosis are poorly

understood, although a number of clinical entities are

associated with thrombosis e.g. Bechet's syndrome and

homocystinuria. In a few individuals a well described

coagulation abnormality can be defined, e.g. recurrent

thrombosis associated with antithrombin III deficiency

(Sas, Pepper and Cash 1975b).

c

In an arterial thrombus platelets are the

predominant haematological component and antiplatelet

drugs may be more effective in preventing thrombosis

than anticoagulants (French 1971; Harker and Slichter

1972f). Venous thrombosis has, until recently, been

considered to involve primarily the coagulation system,

although histologically all cellular elements of the blood

along with fibrin are well represented. It is important

to distinguish between initiation and propagation of a

thrombus, for although a propagating venous thrombus

contains many red cells and fibrin, the nidus from which it

originates consists only of platelet and leukocyte aggregates
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in a valve pocket (Sevitt 1973)* Accumulation-of ADP

from red cells and activated coagulation factors

(both potent aggregators of platelets) may occur in

these valve pockets which are sites of turbulence and

stasis. Changes in the vessel wall are probably

secondary to thrombosis and not the initiators(Sevitt

1973)« Thus platelets may play a crucial role in the

initiation of venous as well as arterial thrombi, and this

may explain why some anti-platelet drugs may be useful

in the prevention of venous thrombosis (Carter and Eban
and De Sanctis

197Harris, Salzman, Athanasoulis, Waltman,. Baum
A A

197^)• Extensive evidence, however, has accumulated

to suggest that during platelet aggregation coagulation has

to occur on the cell surface, and hence substances

considered primarily as anticoagulants may inhibit platelet

function (Ardlie and Han 197^5 King and Joffe 197^;

Walsh 197^; Walsh, Rogers, Marder, Gagnatelli, Escovitz

and Sherry 1976). An alternative hypothesis is that

anti-platelet reagents inhibit nidus formation while

anticoagulants prevent propagation of the thrombus.
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Venous thrombosis.

Venous thrombosis is more common during

pregnancy, in women taking the contraceptive pill, in

patients with carcinoma and in those recovering

from operations (Vessey 1973)• Coagulation, platelet

and fibrinolytic systems have been found defective

in certain patients, particularly those with recurrent

veno-occlusive episodes. Raised concentrations of

factors V, VII and VIII and fibrinogen are associated

with thrombosis, and pre-operative activated partial

thromboplastin times are shorter in those patients who

subsequently develop a post-operative thrombus

(Gallus, Hirsh and Gent 1973), although this is not

supported by other studies (Walsh, Rogers, Marder, Gagnatelli,

Escovitz and Sherry 1976).

Fibrinolysis, as assessed by the euglobulin lysis

time, following venous occlusion and by the Todd technique

(Todd 196if) has been reported to be reduced in patients



prone to idiopathic recurrent venous thrombosis.

In one study, 73°/° of the patients studied had either

defective plasminogen activator content in the vessel

wall and/or a poor response to venous occlusion

(Nilsson 1974). Following operation, there is an

apparent decrease in fibrinolytic activity and this may

contribute to thrombus formation. In addition, those

with the greatest inhibition of fibrinolysis are most

at risk of developing a thrombus (Mansfield 1972).

Thromboembolic states are sometimes associated with

increased concentrations of antiplasmins (Nilsson, Krook,

Sternby, Soderberg and Soderstrom 1961).

A high platelet count predisposes to thrombosis,

particularly if their function is abnormal (McClure,

Ingram, Stacey, Glass and Mafchett 1966). However, venous

thrombosis does occur in profoundly thrombocytopenic

patients. A number of tests, thought primarily to assess

platelet function, give abnormal results in the post-
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operative period when thrombosis may occur in 30% or more

of the patients. For example, ADP and thrombin induced

platelet aggregation are reduced and platelet retention

in glass beads is increased (O'Brien, Etherington, Jamieson

and Klaber 1972). This can be prevented by subcutaneous

heparin, which suggests that the platelet changes may ■

be secondary to the presence of thrombosis.

Based on the assumption that there may be an underlying

tendency to thrombosis in some individuals, various studies

have attempted to identify those persons who are at

greatest risk of developing a post-operative thrombus.

Using a test of platelet coagulant activity, King and

Joffe (I97*f) were able to predict pre-operatively eight

out of ten patients who subsequently formed a thrombus post¬

operatively. These and other studies suggest that certain

individuals are hypercoagulable, but at present we do not

know which coagulation parameters best identify those at

greatest risk.
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By measuring platelet, fibrinogen and

plasminogen survivals, several investigators have

demonstrated not only an increased turnover of

fibrinogen in acute venous thrombosis (Harker and

Slichter 1972b), but in patients with recurrent

thrombosis, shortened platelet and fibrinogen survivals

have been noted during clinically quiescent periods

(Steele, Weily and Genton 1973; Harker and Slichter

197J+). After treatment with oral anticoagulants, both

platelet and fibrinogen survivals are lengthened and this

does not occur with dipyridamole or aspirin; this is

interpreted as demonstrating a primary coagulation

abnormality and that platelets are secondarily involved.

Steele, Weily and Genton (1973) however, have identified

a group of 15 patients, who despite oral anticoagulants,

continued to have venous thromboembolic episodes, and of

these, 1k had shortened platelet survivals. The

patients responding to anticoagulants had normal platelet

survivals while in .those with a reduced platelet mean

lifespan, sulphinpyrazone lengthened the platelet

survival and reduced the incidence of symptoms. This
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type of investigation is gaining in importance, for,

as well as measuring the lifespan of components of the

haemostatic system, it assesses turnover, and is

able to identify sub-groups of patients (who may require

different therapy) from the large population of

patients with idiopathic recurrent venous thrombosis.

Arterial thrombosis.

An arterial thrombus often arises at a site

of endothelial damage where platelets adhere to the

subendothelial tissues. A mass of densely packed

platelets subsequently accumulates along with fibrin

strands, leukocytes and a variable number of

erythrocytes (French 1971)• Embolism may cause

ischaemic symptoms and circulating platelet aggregates

have been seen in fundal vessels in Amaurosis fugax

(Fisher 1959) and in cerebral arteries of patients dying
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with transient ischaeraic attacks (Gunning, Pickering,

Robb-Smith and Russell 196^). Many factors predispose

to arterial thrombotic disease, e.g. smoking,

hyperlipidaemia, hypertension and a sedentary life,

but the mechanism by which these lead to the clinical

event remains controversial (Royal College of

Physicians 1976).

The results of many different in vitro tests

thought to assess one or more aspects of platelet

function have been reported in patients with arterial

disease. These studies claim to demonstrate increased

platelet reactivity in patients particularly at risk

from a clinical event, as well as during and after a

thrombotic episode (Tschopp and Zucker 1973)• Few

techniques, however, are available to measure platelet

function in vivo. Platelet survival studies are

probably a valid reflection of the platelet economy,
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and several interesting studies have demonstrated

shortened lifespans in patients prone to clinical

epidodes due to arterial disease (Murphy and

Mustard 19^2; Abrahamsen 1968; Harker and Slichter 1972b).

These studies imply chronic increased utilisation of

platelets in a "hyper-coagulable" state. It is the

interaction of this thrombotic tendency with an

atheromatous plaque that initiates a clinical event

at a particular site in the vascular tree. Antiplatelet
*

drugs, e.g. dipyridamole, unlike warfarin or heparin,

decrease platelet consumption in patients with recurrent

arterial thromboembolic disease, and this observation

serves as further evidence for the central role of

platelets in either initiation or the immediate

propagation of arterial thrombi (Harker and Slichter

197/+). Clinical response to such drugs has also been

reported (Genton, Gent, Hirsh and Harker 1975)-

As platelets participate in thrombus formation,

studies were initiated to see if raised (3-thromboglobulin
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levels could be detected in such patients. Individuals

with a clinical diagnosis of cerebro-vascular

accident were studied in the acute phase and after one

month. Also studied were patients who presented with

symptoms and/or signs of deep venous thrombosis, and who

125
were investigated by ascending venography or I

fibrinogen scanning. Finally, to see if it might be

possible to identify patients at risk of arterial

occlusion, individuals with severe atherosclerotic

peripheral vascular disease were investigated.

PATIENTS

Cerebro-vascular accidents.

Venous blood samples were collected from 10

patients within four days of developing a cerebro¬

vascular accident (having a clinical diagnosis only of

cerebral thrombosis) and from a further 8 individuals

who had had a stroke more than a month before the blood

sample was taken.
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Deep venous thrombosis.

In Table 11.1 details of the 22 individual patients

studied are summarised. Almost all patients were

investigated because of symptoms and signs suggesting

a deep venous thrombosis. The presence of thrombus

125
was confirmed or refuted by venography or I-fibrinogen

scanning (Kakkar and Corrigan 197^)•

Atherosclerosis.

Venous blood samples were collected from 9 patients

with severe peripheral atherosclerotic disease attending

the Peripheral Vascular Clinic of the Royal Infirmary,

Edinburgh. None was receiving an anticoagulant.

METHODS

Platelet poor plasma was prepared from venous blood

collected into EDTA/prostaglandin E^/theophylline at

0°C (Chapter 6).
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results

The mean plasma p-thromboglobulin concentration in

the 10 patients, taken within four days of a presumed

cerebro-vascular accident, was 113«5ng/ml (range 20-18o),

and this was significantly greater (p<0.01, Wilcoxon)

than in 8 patients (28.9ng/ml, range 15-50) who had their

strokes more than one month before the blood sample

was collected (Fig.11.1).

Patients with proven deep venous thrombosis had

a mean plasma p-thromboglobulin level of l65-3ng/ml

(range 54-5^0), and this was significantly greater
J

(p<^0.01, Wilcoxon) than in those in whom no thrombus

could be demonstrated who had a mean concentration

of ^.0.2 ng/ml (range 9-71) (Table 11.1, Fig.11.2).

All but one of the 6 patients with thrombus above the

knee had a plasma p-thromboglobulin concentration

greater than 95 ng/ml, whereas only one individual who had

a bilateral thrombus extending only as far as the knee,

had a concentration above this level.
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TABLE11.1 PATIENTSINVESTIGATEDFOEPOSSIBLEDEEPVENOUSTHROMBOSIS No.AgePresentingsymptomsandsignsOtherclinicaldetails 180NoneFrostatectomy 260PainandswellinginleftankleBedrestforsciatica 353Painandswellinginright calffortwoweeks
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InvestigationResult^-thrombo-
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A.V.Nothrombusseen42 A.V.Thrombusincalfand95 distalthirdof femoralvein.Ilio¬ femoralsegmentclear
A.V.Nothrombusseen42 A.V.Nothrombusseen48 A.V.Nothrombusseen40 F.S.Negative48 A.V.Thrombusinilio114 femoralsegment

A.V.Thrombustoiliacveins
116
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L.V.
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In 9 patients with severe atherosclerosis the

t -f-
mean plasma p-thromboglobulin concentration of 35-k -

l6ng/ml was not significantly different (p>0.1, Wilcoxon)

from a control population of similar age.

DISCUSSION

An accurate diagnosis of arterial thrombosis can

usually be made on clinical grounds; however, this

is not the case for venous thrombotic episodes.

The fact that many techniques have been developed

to assist in the diagnosis of deep venous thrombosis

serves to emphasise that each has significant limitations

1 PR
(vide infra). Ascending venography and I-fibrinogen

scanning are reliable methods (Kakkar and Corrigan 197^),

and for this reason they were chosen as reference

techniques in this study. In patients suspected of

having venous thrombosis this was proved or refuted by

i

one of these procedures. In patients with strokes the

diagnosis of a cerebral thrombotic episode was entirely
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clinical. It is, however, possible that the true

diagnosis might have been a cerebral haemorrhage

or embolus.

Raised plasma p-thromboglobulin levels

were observed in most patients during the acute

episode of a cerebro-vascular accident and in all but

one of the patients with a proven deep venous thrombosis.

Only in 3 patients, without a demonstrable thrombus,

was the p-thromboglobulin concentration slightly

elevated; one had had a cerebro-vascular accident

3 weeks previously, while another was undergoing

blast transformation of her chronic myeloid leukaemia

and the platelet count was not only slightly elevated

(^00,000/hl) but the platelets may also have had

abnormal function. The high plasma concentrations

in stroke patients, however, may merely have reflected

the presence of a deep venous thrombosis in the paralysed

leg (Warlow, Ogston and Douglas 1976).
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The mechanism giving rise to these high

plasma (3-thromboglobulin concentrations remains uncertain.

It is unlikely that all the (3-thromboglobulin

in the plasma would originate from platelets within the

thrombus undergoing the release reaction. The total

mass of platelets in the thrombus would be insufficient

to maintain a high plasma level, especially as

preliminary experiments suggest that its half life

within the circulation may only be a few minutes.

Another explanation is that activated clotting factors

diffusing out from the thrombus might induce a release

reaction in circulating platelets as they are swept past.

A third possibility is that in patients with

thrombotic episodes, inhibition of the release reaction

by cooling, EDTA, prostaglandin E^ and theophylline

during the preparation of platelet poor plasma from

whole blood may be less complete,and the raised plasma

concentration may represent release in vitro.
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Patients with severe atherosclerotic peripheral

vascular disease and patients more than a month following

a cerebro-vascular accident had plasma p-thromboglobulin

concentrations similar to age matched controls. It is

interesting to note that platelet survival decreases slightly

with increasing age, and in addition, patients with

atherosclerosis have minimally reduced platelet

lifespans (Abrahamsen 1968; Murphy and Mustard 1962).

If plasma (3-thromboglobulin levels reflect platelet

survival (Chapter 8), only a small increase therefore

would have been anticipated. If a larger number of

patients had been studied, such an increase might have

been observed. Patients in these two clinical groups

are at high risk of developing an arterial thrombotic

episode and, as their (3-thromboglobulin concentrations were

normal, it suggests that this platelet protein may not

be a good marker for the arterial pre-thrombotic state.

The most interesting observation of potential clinical

importance in this study was the demonstration that the
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plasma (3-thromboglobulin concentration was raised

in patients with proven venous thrombosis. Other

patients presenting with symptoms or signs suggesting

a deep venous thrombosis, but in whom no thrombus

could be demonstrated, had normal p-thromboglobulin

concentrations. Furthermore, all but one patient

with a thrombus in or above the iliac veins had plasma

(3-th.romboglobulin levels greater than 95 ng/ml. Thus the

plasma (3-thromboglobulin concentration may also be

related to the extent of the thrombosis.

Many other techniques are available for the diagnosis

of venous thrombosis in the leg and each has its

limitations. Ascending venography is reliable and

provides accurate information about the site and extent

of the thrombus. It is an invasive procedure, may

predispose to further thrombosis (Albbechtsson and

Olsson 1976), and requires the skill and time of a

radiologist. It is therefore not suitable for screening
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125
many patients. I-fibrinogen scanning is

reliable (Hirsh, Gallus and Cade 197^) but exposes

the patient to radioactivity and the risk of

hepatitis. False positives are seen with peripheral

oedema and calf haematoma and a false negative

may be found in the presence of an old established

thrombus. Although the ultrasonic technique and impedance

phlebography are non-invasive and can be used to screen

many patients, they may fail to detect clinically

significant thrombi.

The measurement of the plasma (3-thromboglobulin

level in patients suspected of having a deep venous

thrombosis may be useful for confirming the clinical

diagnosis. Further popliteal, femoral and ilio¬

femoral thrombi are more liable to embolise, and if

p-thromboglobulin levels are higher in these patients,

it may be possible to decide which patients require

treatment with heparin, without resorting to venography

(Kakkar 1972).
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For estimations of a plasma (3-thromboglobulin

concentration to be clinically useful, a rapid

assay was needed. This was developed using a non-

equilibrium radioimmunoassay in which the

antibody was coupled to a solid phase (Ludlam, Bolton,

Moore and Cash 1975)• A result was available, by this

technique, within 2y hours of taking the blood

sample.

Although in this study of a small number of

patients, a good separation was observed between those

individuals with and without a venous thrombus, as more

patients are studied further overlap between the two

groups is likely to emerge. This may be unimportant,

however, if patients with the most extensive thrombus

have the highest (3-thromboglobulin levels. It must

be remembered that raised plasma concentrations have

been found in patients with prosthetic cardiac valves,

arterial thrombosis, uraemia and myeloproliferative



disorders (Chapters 9 and 12), and therefore a

plasma (3-thromboglobulin level must always be

interpreted in relation to the clinical situation.
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CHAPTER XII

STUDY OF PLASMA b-THROMBOGLOBULIN CONCENTRATIONS

IN PATIENTS WITH RHEUMATIC .HEART DISEASE AND

PROSTHETIC CARDIAC VALVES

SUMMARY

Patients with rheumatic heart disease and

prosthetic cardiac valves are prone to clinical

episodes of arterial thromboembolism. Repeat

plasma p-thromboglobulin levels were therefore measured in

35 such patients on warfarin and these were related to

a past history of embolism and clinical parameters

known to predispose to this complication.

The results of this small study suggested that a

plasma p-thromboglobulin level might identify

individuals at high risk from thromboembolism, although
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many of the differences between groups did not reach

statistical significance, possibly because of the

small number of patients investigated.

INTRODUCTION

Clinical embolic episodes are a common

accompaniment of rheumatic heart disease, particularly in

patients with mitral stenosis or incompetence

(Coulshed, Epstein, McKendri k, Galloway and Walker

1970). Many arterial emboli, however, produce

no symptoms. In a survey of 51 patients dying with

mitral stenosis, 32 had post-mortem evidence of arterial

embolism, but this was only diagnosed ante-mortem in less

than half the patients (17)- Of the 15 with clinically

recognised arterial emboli before death, 1 If- had tv/o or more

emboli at post mortem (Jordan, Scheifley and Edwards

1951). Mitral valvotomy may reduce the incidence of

post-operative embolism (Hutchinson and Stock 1963),

although other studies have failed to demonstrate this
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(Lillicrap and Piesowicz 196^; Szekely 196^).

Furthermore, there is an operative and immediate

post-operative mortality (Adams 1961; Lillicrap and

Piesowicz 196if). Treatment, however, with oral

anticoagulants reduces the incidence of embolism

(Szekely 196^4-).

Rheumatic heart disease.

Mitral stenosis, the commonest long term cardiac

abnormality following rheumatic fever, is often

associated with atrial fibrillation; this

along with the reduced cardiac output predisposes to

the formation of red atrial thrombi. The incidence

of embolism from this thrombus is three times

greater when the left atrial appendage is large

(Madden 19^9)•

The overall incidence of arterial embolism in

patients with rheumatic heart disease is 1.5°/° per patient
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year. The onset of atrial fibrillation increases

the risk seven fold; one third of the patients

will embolise within one month of the onset of fibrillation

and two thirds within a year. Following a single clinical

embolic episode, the annual prevalence of emboli

rises to 8% irrespective of the cardiac rhythm

(Szekely 196^). The more severe the rheumatic heart

disease, the greater the tendency to embolise (Hutchinson

and Stock 1963).

Mitral valvotomy was associated with a 6% mortality

(Lillicrap and Piesowicz 1964) although this was lower

in more recent studies (Behrendt and Austen 1973)•

In patients with a pre-operative history of embolism

only 27$ gained a good functional result, whereas

k7°/° experienced a substantial improvement if there

was no previous history of thromboembolism. A particularly

poor outcome was noted in patients with a pre-operative

history of embolism who had minimal mitral stenosis
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(Lillicrap and Piesowicz 196^-; Szekely 1964).

A study by Hutchinson and Stock (1963) who investigated

neurological symptoms in rheumatic heart disease

found that mitral valvotomy reduced the incidence

of embolism.

Prosthetic cardiac valves.

Early studies demonstrated that prosthetic mitral

valves were associated with a high incidence (l+0%) of

embolic episodes. However, with the introduction of less

thrombogenic surfaces, this has now fallen to approximately

L\%. Embolism from the more recent types of Starr-Edwards

(2320) aortic prosthesis is so infrequent that some

physicians feel that there are greater risks from oral

anticoagulants,and these are sometimes therefore withheld

(Lennox 1973)• With prosthetic mitral valves there is a

higher incidence of embolism but this can be reduced by

warfarin (Duvoisin, Brandenburg and McGoon 1967).
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Platelet kinetic studies.

The pathogenesis of intra-cardiac thrombi in

patients with rheumatic heart disease and prosthetic

valves is ill understood. Red atrial thrombi

are composed of erythrocytes, platelets and fibrin,

whereas thrombi forming on prosthetic"valve surfaces are

mainly formed by aggregates of platelets. Interesting

results have come from platelet survival data using

51
Chromium tagged autologous platelets. Lander, Kinlough

and Robson (1965) demonstrated reduced platelet survival

in seven patients with prosthetic Starr-Edwards valves.

These observations have been supported by further studies

in patients with rheumatic heart disease and prosthetic

cardiac valves (Harker and Slichter 1970; Weily, Steele,

Davies, Pappas and Genton 197^; Steele, Weily, Davies and

Genton 197^)• Harker and Slichter (1970) reported that,

in patients with prosthetic cardiac valves, the degree

of shortening of platelet lifespan was proportional

to the valve area; the possession of two valves was
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associated with a shorter survival time than with the

presence of only one. With more recent less thrombogenic

valves, platelet survival has been reported to be normal

(Manohitharajah, Rahman, Donnelly, Deverall and Watson 197^;

Rajah 1976). Of further interest is the observation

that a pre-operative history of thromboembolism correlates

with both a tendency to embolise post-operatively

and a shortened platelet survival in patients with the

newer less thrombogenic prosthetic valves (Weily,

Steele, Davies, Pappas and Genton 197^f) • The number of

patients studied in this series, however, was small.

Other tests designed to assess platelet function, e.g.

platelet adhesion, did not identify individuals

particularly at risk from thromboembolism. Fibrinogen

survival was normal in patients with prosthetic valves

(Barker and Slichter 1970).

In addition to their studies on prosthetic valves,

Steele, Weily, Davies and Genton (l97^f) have assessed

platelet kinetics in patients with rheumatic heart disease. .
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Isolated aortic stenosis was associated with a

normal platelet lifespan and thromboembolism is not

a common complication of this disorder. Taken as a

group, platelet survival was slightly reduced

in mitral stenosis, but those with a history of embolism

had a shorter mean survival time than those who had no

embolic history.

Anti-thrombotic therapy.

Therapy with antiplatelet drugs has provided

further evidence for the participation of platelets

in the pathogenesis of thromboembolic disease associated

with abnormal heart valves. In a study of 163 patients,

with the older types of prosthetic heart valves,

dipyridamole was compared with a placebo in patients who

were also taking warfarin. Emboli developed in 1 L$

of the control group, but in only 1.3% of those also

taking dipyridamole (Sullivan, Harken and Gorlin 1968).

This observation was followed by a report that both
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dipyridamole and sulphinpyrazone lengthened platelet

survival in patients in whom it was previously reduced.

Platelet lifespan was also increased with sulphinpyrazone

in patients with rheumatic heart disease who had a history

of thromboembolism (Harker and Slichter 1970; Steele,

Weily, Davies, Pappas and Genton 1974)•„ Two further studies,

one poorly controlled and the other anecdotal, report

a reduction in embolic episodes with dipyridamole

(Arrants and Hairston 1972; Gunning, Pickering, Robb, Smith

and Russell 196^).

These limited studies provide evidence for the

importance of platelets in the pathogenesis of thromboembolic

disease associated with abnormal heart valves. The

relationship between platelet survival and p-thromboglobulin

concentration in normal control subjects (Chapter 8), and

the possibility that (3-thromboglobulin might be released

from platelets following their aggregation in vivo,

led to the initiation of this study of patients with abnormal

cardiac valves. If raised plasma (B-thromboglobulin levels
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correlate with a history of embolism then this might

provide a useful screening test for the identification

of patients at' particular risk of developing this

complication.

PATIENTS

Patients attending the anticoagulant clinic of the

Department of Cardiology, Royal Infirmary, Edinburgh

were studied for periods of up to one year, at

approximately monthly intervals. Four or more samples

for p-thromboglobulin estimation were collected from each

patient. All were taking warfarin to give a prothrombin

ratio of 2. Information about the patients was obtained

from the hospital notes without access to the

P-thromboglobulin results, to avoid prejudicing

interpretation and collection of clinical data. Patients'

disability was classified according to the criteria laid

down by the New York Heart Association (196^-). Clinical

details of the 20 patients with prosthetic valves and
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the 15 patients with rheumatic heart disease

are outlined in Tables 12.2 and 12.3-

RESULTS

The mean and coefficient of variation of repeat

samples of the plasma (B-thromboglobulin estimations

on each patient are recorded in Tables 12.2 and 12.3-

The results are summarised in Table 12.1 and Figures 12.1

and 12.2.

The mean plasma p-thromboglobulin in the 15 patients

with rheumatic heart disease was 45-2ng/ml (range 11.4-89.5) and

in the 20 patients with prosthetic cardiac valves was

58.8ng/ml (range 17.6-122.5); both these were higher

(p^0.05, Wilcoxon) than control subjects of similar age.

The coefficient of variation of repeat samples in patients

with prosthetic valves (mean 51%? range 21-73) were greater
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(p<O.Ol) than a control population (mean 26, range

13-/4.8, Chapter 7) whereas in individuals with

rheumatic heart disease (mean ifif$, range 13-1^5)

there was no difference (p^O.l).

The (3-thromboglobulin plasma concentrations

have been related to clinical parameters associated

with a tendency to thromboembolism viz. cardiac rhythm,

valves affected, history of embolism and degree of clinical

disability.

Cardiac rhythm.

All patients with rheumatic heart disease were in

atrial fibrillation and in Figure 12.1 and Table 12.1 they

have been compared with a group of apparently healthy

control subjects with a similar age;' the mean (3-thrombo¬

globulin level (if5»2ng/ml, range 11.if-89.50 was higher

(pCO.01) in these patients. Individuals with prosthetic

valves, in atrial fibrillation,.had a higher mean plasma
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p-thromboglobulin concentration (54*95 range 24.4 -

122.5) than those in sinus rhythm (31*4, range 17.6 -

53-5) but this just failed to reach statistical

significance (0.1>p> 0.05).

Valves affected.

In patients with rheumatic heart disease there

was no difference (p>0.l) in the plasma p-thromboglobulin

concentration between patients with only mitral disease

(mean if6.5ng/ml, range 11.4-89.5) and those with damaged

mitral and aortic valves (mean 39*0, range 32.1-44*9,

Table 12.1, Fig.12.1). The mean plasma concentration

in 4 patients with aortic prostheses alone (38.9ng/ml,

range 22.0-68.6) was not significantly less (p>0.l)

than in 13 with a mitral prosthetic valve (43«1ng/ml,

range 17.6-122.5)* Possession of two artifical valves

was associated with a higher mean plasma p-thromboglobulin

concentration than with either valve singly (mean

58.6mg/ml, range 53*5-67.2). (Statistical analysis was not

possible because of the small number of patients in the-

2 valve group).
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History of embolism.

All emboli recorded were arterial. When the •'

(3-thromboglobulin levels were related to a history

of embolism in rheumatic heart disease the mean

concentration in patients with a positive history

(52.3ng/ml, range 28.7-89.5) was higher than in those

in whom there was no such history (30.9ng/ml, range

11.if-ifO.0) but this difference just failed to reach

statistical significance (Table 12.1, Fig.12.1

0.1>p>0.05). For repeat plasma levels on each patient the

mean of the coefficients of variation for those with emboli

was 50.7% (range 17-1^5) and this was no different from those

without a history of embolism - 30.b°/° (13-57) (p^O.1).

In patients with prosthetic heart valves there was no

difference in the mean plasma p-thromboglobulin concentration

(p>0.l) between those who had a history of thromboembolism

(if5-5ng/ml, range 2^.^-67.2) and those who did not (iji*. 2ng/ml,

range 17-6-122.5) (Fig.12.2). The mean of the coefficients

of variation of repeat samples from each individual

was no different (p>0.l) between those with a history of

embolism (36.5^5 range 24-^6) and those without (37.5%, range

21-73).
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TABLE 12.1

Summary of Results of plasma (3-thromboglobulin concentrations
(ng/ml) in patients with Rheumatic Heart Disease and Prosthetic
Heart Valves.

Rheumatic Heart Disease 15 patients

Rhythm Number Mean Range

Sinus rhythm 15 26.0 .3-0 - .
51.0

Atrial fibrillation 13 45.2 11.4 - 89.5

Valve

Mitral 11 46.5 11.4 - 89.5
Mitral + Aortic 4 39.0 32.1 - 44.9

Embolism

No history 5 30.9 11.4 - 40.0

One or more episodes 10 52.3 28.7 - 89.5

Prosthetic Heart Valves

Rhythm Number Mean Range

Sinus 9 3^-4 17.6 - 53.5

Atrial fibrillation 10 54-9 24.4 - 122.5

Valve

Aortic 4 38.9 22.0 - 68.6

Mitral 13 43-1 17.6 - 122.5

2 prostheses 3 58.6 53-5 - 67.2

Embolism

No history 14 44.2 17.6 - 122.5

One or more episodes 6 45.5 24.4 - 67.2
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PatientAgeClinicalValve Stage

RhythmEmbolism
Mean B-thrornbo- globulin ng/ml

CoefficientNo.of ofSample£ Variation
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Clinical severity of symptoms.

Only one patient with rheumatic heart disease fulfilled

the Grade 1 class of disability (minimal) of the New York

Heart Association (Table 12.2); five were each in Grade 2,

with a mean plasma p-thromboglobulin level of if6.2ng/ml

(range 28.7 - 8l.lf), and Grade 3j with a mean level of 52.0ng/ml

(range 11.if-89»5); there was no difference between these

groups (p^O.1).

Patients with prosthetic cardiac valves (Table 12.3)

were confined to Grade 2 (mean 32.2ng/ml, range 22.0-53

n = 11), and Grade 3 (mean 57«^ng/ml, range 17.6-122.5> n = 6);

the p-thromboglobulin levels in these two groups were similar

(p^0.1).

DISCUSSION

The results reported in this small study must be

interpreted with caution. The history of thromboembolism was
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obtained retrospectively from the patients'

hospital records and was therefore likely to be an

under-estimate of the true incidence (Jordan, Scheifley and

Edwards 1951)• Many patients had only a single embolic

episode; in some patients this was several years

before measurement of their plasma (3-thromboglobulin

concentration. It is likely, however, that their

predisposition to thromboembolism persisted (Szekely 196^-)

even after insertion of a cardiac valve (Weily, Steele, Davies,

Pappas and Genton 197^)* All patients were receiving

warfarin and this may have reduced their (3-thromboglobulin

levels. Warfarin was only given to patients at high risk

of developing an embolus or after one had occurred. No

embolic episodes were recorded during warfarin therapy,

except in patient J.M.A., with rheumatic heart disease, who had

a normal (3-thromboglobulin concentration. Many of the patients

were followed up at approximately monthly intervals for up

to a year, and it is interesting to note" that most patients with

a raised (3-thromboglobulin on one occasion were likely to have a

similar level when next tested as reflected by the relatively
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small coefficient of variation. These variations were

similar to control subjects in patients with rheumatic

heart disease, but greater in those with prosthetic

valves.

Embolic episodes in rheumatic heart disease are more

common in patients with atrial fibrillation, with more severe

cardiac disability and with a previous history of embolism.

It is therefore interesting that higher (3-thromboglobulin

concentrations were observed in subjects with atrial

fibrillation than in controls; in patients with a history

of embolism the results just failed to reach statistical

significance. Patients with prosthetic valves and atrial

fibrillation, however, did not have higher concentrations

than those in sinus rhythm.

The simultaneous presence of aortic disease along with

an abnormal mitral valve does not increase the risk of
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embolism over and above that due to the mitral

pathology alone. If the plasma (3-thromboglobulin

level reflects a thrombotic tendency, then the finding

of similar concentrations in patients with mitral

disease, whether they have abnormal aortic valves

or not, may be relevant (Table 12.1).

Platelet survival is shortened in patients with

prosthetic aortic valves. A greater reduction, however,

has been reported in the presence of mitral prostheses,

and the possession of two prosthetic valves in one

individual is associated with a further shortening of the

platelet lifespan (Harker and Slichter 1970). This study

has demonstrated a similar relationship with p-thrombo-

globulin, the lowest plasma concentrations being in patients

with aortic prostheses, while the highest were in

individuals with two valves (Table' 12.1).



There was no correlation between severity of

clinical disability and p-thromboglobulin, but this

may partly be due to almost all the patients being

classed as Grades 2 or 3 and also that the New York Heart

Association criteria are imprecise and classification

is somewhat subjective. Had more patients been studied

with a greater range of disability, a correlation

with p-thromboglobulin might have emerged.

A plasma p-thromboglobulin estimation would appear

to distinguish a thromboembolic predisposition much better

in rheumatic heart disease than in patients with

prosthetic valves (Fig.12.1). Several possible explanations

must be considered. Firstly, the embolic episode may have

occurred pre-operatively and the plasma samples were collected

post-operatively, and the tendency to thromboembolism may have

changed, although the evidence is to the contrary (Weily,

Steele, Davies, Pappas and Genton 197^). Secondly, the

pathogenesis of thromboembolism in these two situations is

quite different. Patients with rheumatic heart disease are



283

predisposed to red thrombus formation in the left

atrium, while platelet thrombi form on prosthetic valve

surfaces.

Does a raised plasma (3-thromboglobulin concentration

in patients with abnormal heart valves detect a thrombo¬

embolic tendency? The results of this limited study

are encouraging. Higher plasma concentrations have

been observed in patients who, by clinical criteria,

are at greater risk of embolism. Thus, in individuals

with rheumatic heart disease, higher levels were found

with atrial fibrillation; 7 out of 10 patients with a

history of embolism had concentrations above those of

patients in whom there was no such history. Further, the

observation that the possession of two prosthetic valves

was associated with a higher plasma concentration than the

presence of one, suggests that p-thromboglobulin may be

relevant clinically. This was only a limited study in which

differences between groups did not reach statistical
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significance by vigorous criteria and a larger

prospective study is therefore needed.
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GENERAL DISCUSSION

As platelets participate in primary haemostasis

they contribute to one of the body's essential defence

systems. Secondary haemostasis is enhanced by their

presence because of their catalytic properties in

the coagulation cascade and their anti-fibrinolytic

activity (Introduction). In the absence of trauma they

may also maintain vascular integrity by an endothelial

support function; viz. purpura in thrombocytopenic
i

subjects (Johnson 1971)• Their phagocytic properties,

along with their cooperative interactions with leukocytes,

suggest that platelets also have an important role

in inflammatory reactions and removal of foreign particles

from the circulation (Clawson 1974 ', Weksler 1974) •

As a consequence of their basic reactivity to many

differing stimuli, platelets contribute to various

pathological processes. Arterial and venous thrombotic

diseases involve platelets, and thromboembolic phenomena
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associated with rheumatic heart disease, and particularly

prosthetic cardiac valves, may be initiated by

interaction of the platelet with a non-endothelial

lined surface (Chapters 11 and 12). Immunological

reactions, such as those occurring during renal

transplant rejection, are associated with platelet

aggregation in vivo and activation of the complement

and coagulation systems. Therefore, because of the

central role of platelets in many differing pathological
<f

processes, and because their behaviour can be modified

by a variety of drugs, it has become increasingly

important to find ways of assessing platelet function and

contribution to these different physiological and

pathological mechanisms in vivo.

With the techniques that are currently available

to assess the functions of platelets and the coagulation

system it is much easier to characterise a bleeding rather

thanahypercoagulable or thrombotic state. Platelet
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hypofunction, predisposing to haemorrhage, can be

demonstrated both by structural abnormalities,

e.g. Bernard-Soulier syndrome, as well as by functional

defects when tested in vitro. Platelet aggregation studies

are useful for the diagnosis of rare congenital

platelet defects, e.g. thrombasthenia, as well as

plasma-platelet interactions e.g. von Willebrand's

syndrome. Of the techniques to measure platelet function

51in vivo, the bleeding time and Cr platelet survival
t

are the methods that have been most widely studied. Platelet

turnover, and mean lifespan estimations are useful,

particularly in patients with intravascular platelet

aggregation, and the results correlate well with the

clinical status of the patient (Chapters 11 and 12). The

validity of this approach is further emphasised by the

observation that treatment of some patients with anti¬

platelet drugs not only improves their symptoms, but also

results in lengthening of the platelet mean lifespan.

The disadvantages of this technique are that it is time-



288

consuming, involves manipulation of the platelets

R1
in vitro and the uptake of Chromium (sodium chromate)

may be age dependent (Tsukada and Steiner 1970). A steady

state in the platelet kinetics must exist in vivo and,

if the platelet count is less than approximately 50,OOO/Vl,

homologous platelets must be used.

Platelets contain a variety of substances, which are

t

released when they aggregate, and one approach, therefore,

to the assessment of platelet aggregation in vivo has been

to measure the plasma concentration of released proteins

which are unique to platelets. One such protein, platelet

factor can be measured by its antiheparin activity, and

raised plasma concentrations have been observed in patients

with disseminated intravascular coagulation and thrombo¬

embolic disease, and reduced levels in patients with

idiopathic thrombocytopenic purpura (Fuster, Bowie, Kas mier

and Owen 197*1-; O'Brien, Etherington, Jamieson and

Lawford 197*f). It is possible that the assay used to
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measure platelet factor if concentrations may not

be specific for this protein as other macromolecules

may influence the heparin-thrombin clotting time

(Gjesdal 1974) • addition, platelet poor plasma,

for use in the heparin-thrombin clotting time assay,

is prepared under conditions that lead to release of '

platelet constituents in vitro (O'Brien 1968). Recently,

however, a radioimmunoassay has been developed and this

is specific for platelet factor 4; the protein however

was difficult to iodinate by the chloramine T method

and a conjugation technique had to be used instead.

With platelet poor plasma prepared by a method which

inhibits the release reaction in vitro, raised plasma

concentrations of platelet factor if were observed in

patients with thromboembolic disease (Bolton, Ludlam,

Pepper, Moore and Cash 1976).

p-thromboglobulin is another platelet specific

protein, which has been described in several reports
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during the past ten years, and has recently been isolated

(Moore, Pepper and Cash 1975b). Preliminary studies

demonstrated its platelet origin and that none was

detectable in plasma or erythrocytes. This protein has

a molecular weight of approximately 36,000 and many

properties which make it suitable for further studies.

It is easy to isolate from platelet release products

using heparin-affinity chromatography. It is stable.

In rabbits, it is very antigenic. As it possesses exposed

tyrosine residues, it can be iodinated by the chloramine T

method. Further, it is present in abundant quantities

in platelets and constitutes approximately one third of

released protein.

In this thesis studies are reported describing

the development of immunological assays for (3-thromboglobulin.

Unlike platelet factor k, (3-thromboglobulin does not have any

known functional properties and it can therefore only be
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assayed by an immunological method. Using absorbed

anti-p-thromboglobulin antiserum 'Laurell rocket'

Mancini radialimmunodiffusion and haemagglutination,

inhibition assays were set up. This latter technique

was the least sensitive of the three; it was tedious to

prepare the p-thromboglobulin coated erythrocytes which

were prone to non-specific agglutination. The linearity

of the assay with purified p-thromboglobulin was not

tested. The former two techniques, using agarose gels

containing anti-p-thromboglobulin antiserum, were simple

to perform and linear with purified p-thromboglobulin

as a standard. The sensitivity of the Laurell assay could

be increased by the addition of heparin to the gel.

p-thromboglobulin binds to heparin and in doing so becomes

more negatively charged and hence its mobility increases.

These two assays could detect p-thromboglobulin in serum

and plasma from platelet transfusion concentrates, but not

in platelet poor plasma. For this reason, a study was

initiated to develop a radioimmunoassay for p-thromboglobulin
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as this technique, at least when used for other proteins,

has a much higher sensitivity.

Iodination of p-thromboglobulin was accomplished

using the chloramine T method and the labelled protein

had a specific activity in the range 50-1001-iCi/^ig. Of the

labelled protein, approximately 70% became antibody bound

in the presence of excess antiserum. This immunoreactive

portion combined with the antiserum in an identical manner

to native p-thromboglobulin, i.e. iodination did not alter

125
its antigenic sites. The I-p-thromboglobulin was

usable as a tracer for up to one month when stored either

at -20°C or +^°C. Using this ^1-p-thromboglobulin

and anti-p-thromboglobulin antiserum a radioimmunoassay

was set up. Further, because of the versatility of the

technique, the basic assay has been modified in two ways

to provide firstly, a more sensitive method for the

measurement of p-thromboglobulin in urine and secondly,

a rapid assay, so that a result could be obtained within
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a few hours. The standard assay has proved of

sufficient sensitivity to measure the (B-thromboglobulin

concentration of carefully prepared platelet poor

plasma in normal subjects.

With the purification of p-thromboglobulin to

remove the contaminating albumin and 'minor antigens',

the specificity of the radioimmunoassay was enhanced,

because, although the antiserum was polyspecific, the

125
I-protein used as a tracer was of high purity.

A variety of purified plasma proteins did not cross

react in the assay, neither did the anticoagulants

nor antiplatelet reagents used for the collection of

the blood. In practice, the assay was robust and many samples

could be processed together. With the aid of a curve-

fitting programme, punched tape direct from the ^-counter

print-out could be fed into a computer and results quickly

calculated. These correlated well with values obtained by

working out the concentrations by hand.



29 if

Studies, by the relatively insensitive technique

of Ouchterlony gel diffusion, had failed to detect any

p-thromboglobulin in plasma and erythrocytes, and on this

rather tenuous basis it was described as a platelet specific

protein (Moore, Pepper and Cash 1975b). It was therefore

important to attempt to measure the p-thromboglobulin

content of other circulating cells and tissues. Very small'

amounts of p-thromboglobulin were detected in all organs,

despite repeated washings to remove blood contaminants. It

was interesting to note that the highest concentration was

found in the spleen and this may reflect the intracellular

destruction of platelets by this organ. Although

p-thromboglobulin was detected in leukocytes, the amount

was insignificant and may well have been due to contamination

of the leukocyte preparation by platelets. It is possible

that some platelets might have been phagocytosed by the

polymorphs, and thus it might appear that p-thromboglobulin

was not a platelet specific protein.
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Preliminary studies to measure the concentration

of p-thromboglobulin using the radioimmunoassay, in

platelet poor plasma revealed that the plasma level

was dependent on the technique used to prepare the sample.

A systematic study was therefore undertaken to define

the conditions which gave the lowest plasma p-thromboglobulin

concentration by inhibiting its release in vitro (Chapter 6).

The results showed that the most important single manipulation

o
was to cool the anticoagulated blood to O-if C and to

centrifuge it at this temperature. The second most important

variable was the anticoagulant,for at i+°C EDTA gave a lower

plasma concentration of p-thromboglobulin than either heparin

or citrate. Furthermore, there was a correlation between the

p-thromboglobulin levels with heparin and citrate, but neither

correlated with the EDTA values, suggesting that some release

was occurring in vitro with these two anticoagulants. The

plasma level could be further reduced by the addition of a

variety of chemicals which are known to inhibit platelet function;

the most effective were theophylline and prostaglandin E ,
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and when these were added in combination, a lower

plasma p-thromboglobulin level was observed than when

either was used separately. The mechanism by which these

substances reduce the release of p-thromboglobulin from

platelets is unknown. Theophylline and prostaglandin E^

are both known to raise the intracellular concentration of

cyclic-AMP, and this is associated with inhibition of

platelet aggregation and release (Salzman, Kensler and

Levine 1972). In normal individuals it has been difficult
*

to reduce the concentration in plasma to less than

approximately 20ng/ml, and it is uncertain whether this

represents the true circulating concentration in vivo,

or whether it reflects a small amount of release in vitro

during venesection and preparation of platelet poor plasma.

It seems likely that this is probably the true. circulating

concentration for the following reasons: firstly, forcing

the blood through even fine syringe needles, or keeping

the native blood in the syringe for up to five minutes, is not

associated with a higher plasma p-thromboglobulin concentration.
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Secondly, if a small quantity of p-thromboglobulin was

released from each platelet in vitro, then a correlation

between platelet count and plasma p-thromboglobulin

would have been observed; such a relationship, however,

could not be demonstrated in normal subjects. Thirdly,

the relationship between the plasma p-thromboglobulin

concentration and platelet lifespan suggests that the

observed concentration of plasma p-thromboglobulin is the

true level in vivo.

c

It is possible that the assay is measuring

p-thromboglobulin associated with platelets or their fragments

which remain in the plasma after centrifugation. From the

p-thromboglobulin concentration of tritonated platelet

rich plasma, it can be calculated that each platelet

contains approximately 30 fg p-thromboglobulin, and this,

multiplied by the particle count in platelet poor plasma,

gives a concentration of 30ng/ml p-thromboglobulin;

i.e. the observed concentration. Under phase contrast
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microscopy, however, many of the particles appeared

smaller than normal platelets and would be likely,

therefore, to contain less p-thromboglobulin. Thus the

observed plasma concentration cannot be accounted for

by p-thromboglobulin in these particles alone.

Several of the observations could be interpreted,

however, as showing that release of p-thromboglobulin occurs

during collection of the blood and its preparation to give

platelet poor plasma. For example, it is possible

that a population of abnormally labile platelets are present

in the circulation, and that these cells liberate

p-thromboglobulin during passage of the blood through

the syringe needle. That the plasma p-thromboglobulin

level was not related to platelet turnover within the

circulation, was unexpected and would be considered as

evidence in favour of its release during preparations of

plasma in vitro. At present, however, the balance of
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evidence favours the view that the plasma concentration,

as measured in vitro, is probably a true reflection of

the level in vivo. It would be interesting, however, to

prepare platelet poor plasma by an entirely different

method, to see if the plasma concentration in vitro

of p-thromboglobulin could be further reduced.

To establish a normal plasma range for p-thromboglobulin,

samples were collected from 163 apparently healthy

individuals, and plasma prepared at 0-l±°C with the EDTA,

prostaglandin E^ and theophylline mixture. Using the

data from 160 of the subjects, a normal range of approximately

10-50ng/ml was calculated and the values were shown to be

normally distributed about the mean (Chapter . The

concentration in males was no different from that in females.

The values in any one individual appeared to be remarkably

constant over a period of weeks. It is difficult to assess

the significance of single p-thromboglobulin values in
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apparently healthy subjects in excess of 50ng/ml.

In any normal distributed population of results

2.5 percent would be expected to be greater than two

standard deviations from the mean and therefore some

values of greater than 50ng/ml would be expected in

a sample' of 163 normal persons. Of the control subjects,

however, who gave serial weekly samples, one had a single

p-thromboglobulin determination of greater than

100ng/ml, whereas all her other samples were within the

normal range. The reason for this single raised value

is unknown, as the subject was apparently well and there

was no difficulty during venepuncture, it is possible

therefore that, in the three subjects from the normal

population with values of greater than 100ng/ml, these

were not representative of their normal levels and

for this reason they were excluded from the calculation

of the normal range. It would have been useful, however.,

to have had several further samples from each subject

but it was not possible to collect these. The observation
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that the plasma p-thromboglobulin concentration rose with

age could be explained by the decrease that takes place

in platelet mean lifespan with increasing years (Chapter 8).

In normal individuals, the plasma p-thromboglobulin was

not related to the whole blood platelet count. In patients

with myeloproliferative disorders, however, such a correlation

was observed. Furthermore, changes in the platelet count

in these patients were associated with a corresponding

alteration in the plasma p-thromboglobulin concentration.

This difference between normals and patients is difficult

to explain, but may be related to the platelet function and

survival. In some patients with myeloproliferative disorders,

platelet function is abnormal and their survival may be

decreased, particularly in polycythaemia rubra vera, and it may

be for these reasons that the plasma p-thromboglobulin was

raised. The rise in platelet count following splenectomy is also

accompanied by an increase in the plasma p-thromboglobulin

concentration. The mechanism for this is unclear, but again
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might be related to the decreased lifespan of the large

circulating platelets that are seen following splenectomy.

In an-attempt to relate plasma p-thromboglobulin

51
concentrations to other platelet parameters, Cr labelled

platelet survival studies were undertaken in ten apparently

normal adults (Chapter 8). The observation of a relationship

between the reciprocal of the plasma p-thromboglobulin

concentration and the platelet lifespan was unexpected,

intriguing and difficult to explain. It was anticipated

that a relationship might have been observed between the

plasma p-thromboglobulin level and platelet turnover, but this was

not seen. By what mechanisms could a plasma p-thromboglobulin

level be related to platelet survival? Is a little

p-thromboglobulin liberated from each platelet throughout its

lifespan in the circulation, or could it all be liberated at

once during a single major event involving a platelet? The

observation that some platelets may not possess p-thromboglobulin

suggests that they are able to remain in the circulation devoid
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of this protein and that its liberation is not a terminal

event. It is known that platelets with decreased stores of

ADP circulate with a normal lifespan (Mustard, Rowsell

and Murphy 1966). Is it possible that the same mechanism

that regulates platelet lifespan, also controls the plasma

concentration of p-thromboglobulin? For example, if

p-thromboglobulin is a membrane protein, then its loss from

the surface of the cell might alter its reactivity and hence

survival. In an analogous way, removal of sialic acid

residues from platelets greatly shortens their lifespan within the

circulation (Gasic, Gasic and Stewart 1968). Although there

is much evidence to the contrary (Chapter 8) is it possible

that Cr survival determinations do not reflect their true

lifespan, and that the ~^Cr is liberated from the cells

in the circulation by the same mechanism as p-thromboglobulin?

Preliminary experiments suggest that p-thromboglobulin has

a half life within the circulation of only a few minutes, but

nothing is known about its site of destruction or what variables

govern its rate of disappearance.
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Platelet kinetics and plasma p-thromboglobulin

concentrations have been compared in a group of patients

(Chapter 10). Unfortunately the number of patients was

small and as they had a variety of different diseases, it was

impossible to draw any definite conclusions. In the patients

with thromboembolic diseases, plasma p-thromboglobulin

levels appeared to be relatively high for the platelet .

lifespan. This might have been due to the temporary

formation of platelet aggregates (with liberation of

p-thromboglobulin) in vivo, without a significant

shortening of their lifespan. Thus a plasma p-thromboglobulin

level might be a more sensitive index of occult intra¬

vascular platelet aggregation than a platelet survival

estimation. In the one patient studied with idiopathic

thrombocytopenic purpura, the plasma p-thromboglobulin

concentration appeared relatively low compared with the

platelet mean lifespan, possibly due to the intracellular

platelet
site ofdestruction. It may be possible, therefore, by

knowing the platelet survival time and the plasma

p-thromboglobulin concentration, to decide whether platelet
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sequestration is primarily intra-vascular or extra-

vascular by the reticulo-endothelial system.

In what clinical conditions may a plasma

p-thromboglobulin estimation be useful? The high levels

in patients with acute symptomatic thromboembolic

episodes suggest that it may be of value in the diagnosis

or management (with anticoagulants or antiplatelet

reagents) of patients, particularly those in whom

a definitive diagnosis of venous thrombosis is sought.

Whether a plasma p-thromboglobulin level will identify

patients at high risk of developing a clinical embolus

(particularly those with abnormal heart valves) requires

the assessment of many more patients. The results

of the preliminary study reported here are encouraging

in this respect. In thrombocytopenic individuals, a

p-thromboglobulin estimation appears to distinguish

between those patients who have decreased platelet
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production (hypoplastic anaemia) and those with
w

excessive peripheral sequestration (idiopathic

thrombocytopenic purpura). It may therefore also be of

value in the assessment of patients suspected of having

disseminated intravascular coagulation and septicaemia,

for example, patients with acute leukaemia, thrombocytopenia

and a fever.

<

This study of platelet p-thromboglobulin has suggested

many interesting possible clinical applications for this

platelet specific protein. Much more, however, needs to

be known about p-thromboglobulin at the cellular level.

Where is it stored within the platelet? Is it a granule

constituent? What function does it serve within the

platelet, or is it liberated from platelets in order to

act upon some other tissue? Nothing is known about its

removal from the circulation, except that its half life

appears to be only a few minutes. Is it possible that a

reduced rate of clearance in some diseases might result
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in an elevation of its plasma concentration? Do animal

platelets possess p-thromboglobulin (Salmon and

Bounameaux 1938)? None of the animal sera that have

been tested cross react in the assay. This may however,

merely represent antigenic differences between species,

rather than the absence of a p-thromboglobulin like

protein. If a function for human p-thromboglobulin

could be defined, then it would be easier to search for the

equivalent protein in other animals. An assay for animal
«

p-thromboglobulin would allow an entirely new exper imental

approach to platelet kinetics.
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CONCLUSION

The radioimmunoassay that has been set up to measure

p-thromboglobulin has proved to be sensitive, specific

and versatile. With this assay only trace amounts of

p-thromboglobulin were detected in erythrocytes, leukocytes

and other body tissues and this has provided further evidence

for the platelet specific nature of this protein. When

studies were started to measure its plasma concentration

it rapidly became apparent that this concentration was very

dependent on the method used to collect the blood. A technique

was developed to prepare plasma in which antiplatelet reagents

were added to cooled blood before centrifugation. The

resultant plasma concentrations of p-thromboglobulin

probably reflect the circulating concentration in vivo.

The two most interesting observations relating to the plasma

p-thromboglobulin in normal subjects were that it rose with age

and that it was related to platelet mean lifespan, but

not turnover.
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The results of studies in patients with a variety

of disorders suggest that a plasma (3-thromboglobulin level

may be a more sensitive marker of intravascular platelet

aggregation and release, for example in thromboembolic

disorders, than shortening of the platelet mean lifespan.

In patients in whom excessive platelet destruction is taking

place intracellularly, for example in idiopathic thrombocytopenic

purpura, a plasma p-thromboglobulin estimation may be a less

sensitive index of excessive platelet turnover than a shortening

of the platelet survival time. Not only may a plasma

p-thromboglobulin level be useful for diagnosis, but it may

have a place in assessing the response to specific treatment.

The function of this platelet specific protein is

open to speculation. Little is known about the intracellular

storage site of p-thromboglobulin and whether it is reduced

in storage pool disorders. The value of knowing the plasma

concentration of p-thromboglobulin in patients with possible

excessive intravascular platelet aggregation, for example in
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disseminated intravascular coagulation or renal

transplant rejection is unknown. Whether (3-thromboglobulin

will prove to be a good prognostic index for the likelihood

of the development of clinical thromboembolism in patients,

for example those with rheumatic heart disease, must

await the results of further studies.
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APPENDIX 1

The preparation of B-thromboglobulin.

(B-thromboglobulin was prepared by the technique of

Moore, Pepper and Cash (1975b) and its subsequent modification

(Pepper, Moore and Cash 1975)* The protein was isolated from

thrombin release products of washed human platelets by a two

step gel filtration technique. Remaining 'minor'

contaminating antigens were separated from p-thromboglobulin

and gel filtration (Fig.A.l).

Methods.

Platelets were prepared by differential centrifugation

from acid citrate-dextrose anticoagulated whole blood within

2k hours of collection. After washing, the platelets were

suspended in Ringer lactate/giucose/citrate at 37°C, and

bovine thrombin and calcium chloride (final concentrations

1u/ml and 10mM respectively) were added and the platelets
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were seen to clump. The supernatant, containing

the release products, was separated from the

platelets by centrifugation at if°C. Fractionation

of the release products on Biogel Al^m separated high from

low molecular weight proteins. The fractions containing

the low molecular weight components (molecular weights

less than 100,000) were pooled, concentrated and

chromatographed on Sephadex G200. Three protein peaks

were obtained; I IgG, II albumin and III p-thromboglobulin

(Fig.A.2). Peak III also contained plasminogen anti-

activator activity.

In cellulose acetate electrophoresis, peak III

migrated between serum (3 and I-globulins; a trace

contamination by albumin (peak II) was also noted.

The sedimentation coefficient of protein from peak III,

on a sucrose gradient, was 3-05 which enabled a

molecular weight 35,800 to be calculated.
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Fig.A.2.

Sephadex G200 chromatography of low molecular weight release
products. Fractions were analysed for protein ( □—□ ),
antiurokinase (0-0) and antiplasmin (a—a). Peak II-albumin,
peak III~-[3-thromboglobulin. (From Moore, Pepper and Cash
1975b).
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Immunisation of a rabbit with peak III (Moore,

Pepper and Cash 1975b) produced precipitating antiserum.

This gave one major line (p-thromboglobulin, or possibly

two very close similar lines) and several minor lines

('minor' antigens) when tested by Ouchterlony gel

diffusion against the immunogen. This antiserum by gel

diffusion identified the (3-thromboglobulin in serum, the

plasma from a two day old platelet concentrate prepared for

transfusion and 28 day old acid-citrate-dextrose

blood stored at ^°C. No (3-thromboglobulin was detected in

platelet poor plasma. The antiserum reacted with albumin

in plasma and serum. The antiserum did not give a

precipitation line against bovine thrombin or red cell

haemolysates.

The pooled fractions from peak III therefore contained

(3-thromboglobulin.albumin and several 'minor' platelet



antigenic components. Reduction of the pH to 3-5 caused

the 'minor' antigens to precipitate and the (3-thrombo-

globulin to dissociate into six subunits, each of

molecular weight 6,000 (Pepper, Moore and Cash 1975b).

Rechromatography on Sephadex G200 under these acid

conditions allowed the separation of albumin from these

subunits which reassembled when the pH was raised

to 7«0. When this purified [3-thromboglobulin preparation

was tested against the original antiserum no minor

antigens could be detected. This preparation did not

contain plasminogen anti-activator activity; this must

therefore have been associated with the 'minor' antigenic

components. This purified (3-thromboglobulin and the

poly-specific antiserum were used to develop the

immunological assays.

Discussion.

Previous reports (Bezkorovainy and Rafelson 196^+;

Nachman 1965; Ganguly 1971) have described (3-globulins in

platelets however one of these is not platelet specific and is
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similar to plasma factor XIII (Ganguly 1971)• Davey

and Luscher (1968) studied soluble release products

and detected a and (3 globulins that were probably

platelet specific.

During experiments (which were undertaken after

the radioimmunoassay had been developed) designed to

isolate platelet factor k by heparin-sepharose affinity

chromatography, it was noted that p-thromboglobulin

also bound to heparin (Moore and Pepper 1976). It eluted

at O.5M sodium chloride whereas platelet factor if eluted

at a higher ionic strength (I.5M). This observation

allowed the subsequent preparation of p-thromboglobulin

by a much simpler technique than previously. The studies

reported in this thesis, however, were undertaken using

p-thromboglobulin and antiserum prepared by gel filtration

and acid precipitation as already outlined.
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The Ouchterlony immunodiffusion studies

provided preliminary evidence that p-thromboglobulin was

a platelet specific protein. Thus its presence in serum but

absence from platelet poor plasma suggested that it was

not a plasma component. During storage of platelets

at room temperature, p-thromboglobulin was detected in the

suspending plasma although its mode of liberation from

platelets was unclear. No p-thromboglobulin was

detected in an erythrocyte haemolysate nor did the antiserum

cross react with bovine thrombin used to induce the release

reaction, p-thromboglobulin was not sought in other cells

or tissues.

This preparation of p-thromboglobulin provided

the basis for the present study. The preliminary

experiments of Moore, Pepper and Cash (1973b) suggested that

it was a releasable protein, and that a sensitive

assay to detect its presence in plasma might prove to be a

simple technique for the assessment of platelet aggregation/

release in vivo as well as in vitro.



317

APPENDIX 2

Statistical Methods

Standard statistical tests were applied to the data

generated by this study. Results could have been analysed

by either parametric or non-parametric techniques. Before

using parametric methods it was essential to demonstrate

that the individual values were normally distributed

in the sample. This was accomplished using the

Kolmogorov-Smirnov test; however, to do this the number

of values in the sample must be large. In many of the groups

of data the number of results was small and non-parametric

methods, therefore, were used to test statistical

significance. This approach makes no assumptions about

the distribution of the results within the sample.

As is customary, results have been stated as being

statistically significantly different if p^ 0.05.
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Techniques

A. Non-parametric methods

1. Wilcoxon sum of ranks test - for non-paired

samples.

2. Wilcoxon ranked sign test - for paired samples.

3. Spearman's correlation test - for results

that were not appropriate for testing with the

Kolmogorov-Smirnov test.

if. Linear regression by least squares method.

B. Parametric methods

1. Mean and standard deviation.

2. Student's 't' test.

Sources

Diem and Lentner (1970)

Langley (1970)

Siegel (1956)
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APPENDIX 3

Reagents

All reagents were of "Analar" or "Laboratory Grade"

and were obtained from British Drug Houses, Poole, U.K.,

unless otherwise indicated.

The following were obtained from Sigma Ltd., London:

acetyl salicylic acid (aspirin), albumin (Human, crystallised

and lyophilised), antimycin A (Type III), 2-chloroadenosine,

dibutyrylcyctic AMP (Grade 11), p-tosyl-l-arginine methyl

ester HCl (TAME), M-ethyl-maliemide, colchicine,

theophylline (crystallised).

Agarose Indubiose Agarose Powder.

Micro-Bio Laboratories Ltd., London,U.K.

A-protinin Bayer, U.K.

Triton X-1QQ Hopkins and Williams (Essex, U.K.)

Siliclad Glay Adams, New Jersey, U.S.A.
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Prostaglandin E^ and E^

These were the gift of Dr.John Pike, Upjohn,

Kalamazoo, U.S.A. These were stored either as a

solid or in 95°/° alcohol at -80°C. The sample

collection tubes containing EDTA, prostaglandin E^

and theophylline were stored at -20°C and thawed

immediately before use.

Heparin (without preservative)

Weddel Pharmaceuticals Ltd.

Heat inactivated rabbit (TE69) serum and donkey antirabbit

antiserum (R.D.17 precipitating) were obtained from Wellcome

Reagents Ltd., Beckenham,U.K.

Platelet factor 4 was the generous gift of Dr.S.Moore and

Dr.D.S.Pepper.

Purified IgG, human growth hormone and animal sera (for assay

specificity experiments) were kindly donated by Dr.A.E.Bolton.
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Radioisotopes were obtained from the Radiochemical Centre,

Amersham,U.K.

Sodium Chromate *^Cr solution B.P. (CJS.1P).

Iodine-125 (IMS 30).

Iodinated (^^1) human fibrinogen (IM 53R)«

Isoton and latex particles were obtained from Coulter

Electronics Ltd.', Harpenden, U.K.

Buffers were made up in accordance with Diem and Lentner

1970 p.280. Wash solution for Coomassie stain, water

(7 vol), glacial acetic acid (1.25 vol) and methanol (3 vol).

Mjcrotitre plates Cooke Engineering Co., U.S.A.
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APPENDIX k

Ethical considerations

The clinical studies described in this thesis were

of a research nature and permission to undertake these, both

in normal control subjects and patients, was obtained

from each individual. The nature of the relevant procedure

was explained to each person.

Approval for these clinical studies was also obtained

from the Medical Ethics Committee, Royal Infirmary, Edinburgh,

and the Medical Research Council's Advisory Panel on the

Application of Radioactive Isotopes for Clinical Use, London.
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Summary. A platelet specific protein, /f-thromboglobulin, is liberated during the
preparation of platelet poor plasma. Using combinations of different anticoagulant
and anti-platelet compounds, this release can be significantly reduced. The best
results were obtained when native blood was collected as soon as possible into a
mixture ofEDTA, prostaglandin Ex and theophylline and maintained and processed
at a temperature between 0 and 4°C. These technical innovations have permitted
the use of a radioimmunoassay for jS-thromboglobulin on plasma samples in clinical
practice.

Recent studies reported from these laboratories have demonstrated the successful isolation
of a human platelet specific release protein, named /i-thromboglobulin (Moore et al, 1975)
and the development of a radioimmunoassay for the quantitation of this substance in body
fluids including plasma (Ludlam et al, 1975a). Preliminary clinical investigations revealed
that this assay may have potential use for the diagnosis of thrombo-embolic disorders
(Ludlam et al, 1975b). Initial studies demonstrated that /?-thromboglobulin was readily
liberated from platelets during storage and centrifugation ofwhole blood to prepare platelet
poor plasma, and that this was of sufficient magnitude to limit the clinical usefulness of the
assay. This communication describes a series ofexperiments designed to reduce this liberation
of/J-thromboglobulin in vitro, in order to provide a simple and practical method ofpreparing
platelet poor plasma, so that the measured /i-thromboglobulin might truly reflect its concen¬
tration in vivo.

MATERIALS

Anticoagulants
Solutions (final concentration 10 g/dl) of disodium ethylene diamine tetra-acetate (EDTA,

British Drug Houses) and trisodium citrate (British Drug Houses) were prepared in distilled
water and the pH adjusted to 7.4 with sodium hydroxide. Heparin (preservative free; Koch
Light) was prepared as a working solution of 300 u/ml at pH 7.4 in tris-saline buffer (25 mM
tris hydroxymethylethylamine, British Drug Houses, in 125 nrM saline).
Antiplatelet reagents were used at concentrations equal to, or greater than, those previously
Correspondence: Dr C. A. Ludlam, Department of Haematology, University Hospital ofWales, Cardiff CF4
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shown to inhibit platelet aggregation and/or release, in vitro (Mustard & Packham, 1970;
Salzman et al, 1972).
Prostaglandin E! and E2 (PGE! and PGE2, Upjohn) were prepared in an aqueous solution

of sodium carbonate (20 mg/dl) to give a final concentration of 1 yug/ml. Aspirin (British
Drug Houses), 120 mg/ml, and antimycin A (Sigma), 1 mg/ml, were dissolved in methanol.
2-Chloroadenosine (Sigma), 0.12 mg/ml; dibutyryl cyclic 3'5' adenosine monophosphate
(db-cAMP, Sigma), 25 mg/ml; 2-deoxyglucose (Sigma), 40 mg/ml; tosylarginine methyl
ester (TAME, Sigma), 115 mg/ml; N-ethyl maleimide (NEM, Sigma), 23 mg/ml; and
colchicine (Sigma), 10 mg/ml; were all prepared in tris-saline buffer. Theophylline (Sigma),
5.4 mg/ml, was dissolved in distilled water and the pH adjusted to 7.4.
All glass tubes (3 x \ in.) were siliconized with Siliclad (Clay Adams) before use. A 10%

solution ofTriton X-100 (British Drug Houses) was made in distilled water.

METHODS

Collection of venous blood. Using a polypropylene syringe and a gauge 19 or 21 needle,
venous blood was withdrawn from apparently healthy hospital personnel and 2.7 ml
immediately transferred to a glass sample collection tube. Each tube contained 0.1 ml of
anticoagulant and 0.1 ml of the appropriate (see Results) antiplatelet reagent (except aspirin
20and antimycin $ /d) and the volume made up to 0.3 ml with tris-saline buffer. The tubes
were centrifuged at 1900 g for 60 mi 11 (unless otherwise stated) and the top 0.8 ml platelet
poor plasma (PPP) was carefully removed and assayed for /i-thromboglobulin.
Radioimmunoassay for ji-thromboglobulin. All samples were assayed as described previously

using 12 5I-/?-thromboglobulin as a tracer at a final concentration of 1 ng/ml. The standards
and samples were incubated for 1-3 days before separation of the antibody bound from free
/J-thromboglobulin by a double antibody method (Ludlam et al, 1975a; Bolton et al, 1976).
Preparation ofplatelet poor plasma. The following experiments were undertaken to study the

effect of a number of variables on the plasma concentration of /i-thromboglobulin.
(a) Anticoagulant and temperature. Blood was collected into duplicate tubes containing

either EDTA, citrate or heparin (Table I). One set was centrifuged at room temperature and
the other maintained in an ice/water bath and centrifuged at o-4°C.

(b) Centrifugation speed and time, (i) Blood was added to three tubes each containing
EDTA, theophylline and PGEi and centrifuged for 30, 60 and 120 min at o-4°C respectively,
(ii) Platelet poor plasma was prepared from whole blood at 0-4°C in the presence ofEDTA,
theophylline and PGEi and a platelet count performed at a 1/100 dilution of the plasma using
a Coulter Throm'bocounter which counts particles of 3-30 f 1. The platelet poor plasma was
diluted 1:9 with ice cold saline containing a 1:10 dilution of EDTA/theophylline/PGE!
mixture, and this was centrifuged alone with undiluted PPP at 100 000 g for 1 h at o-4°C.
Repeat platelet counts were performed on the undiluted high spun plasma.

(c) Antiplatelet reagents. Blood was collected into tubes containing EDTA and the various
antiplatelet reagents (Figs ia and ib). In the first study the tubes were maintained and centri¬
fuged at o-4°C and in the second study the tubes were processed at 20°C.

Storags of blood samples. From a syringe containing 30 ml of venous blood kept at room
temperature, sequential 2.7 ml aliquots were transferred at 1 min intervals after the beginning
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of the venepuncture into tubes containing EDTA, PGEj and theophylline at o°C. They were
immediately capped, mixed and centrifuged and the platelet poor plasma separated.
In another experiment blood was transferred immediately after venepuncture into 18

tubes containing EDTA/PGE, / theophylline; groups of six tubes were each kept at 4, 10 and
20°C respectively. Immediately following venepuncture and at 6, 24, 48, 72 and 96 h there¬
after, one tube from each temperature was cooled, centrifuged at 0-4°C, and the plasma
harvested and assayed.
Effect of high pressure passage of blood through different sized syringe needles. Immediately

following venepuncture, the needle was removed from the syringe and 2.7 ml of blood was
added to a tube containing EDTA/PGEj/theophylline at o°C. In turn, needles of gauge 23,
21 and 19 were put on the syringe and further aliquots of 2.7 ml squirted, in approximately
5-10 s, into similar sample collection tubes. Finally, a fifth tube was prepared without a needle
on the syringe; this together with the first tube served as a control. All tubes were centrifuged
at o-4°C and 1900 g for 60 min.
Statistical analysis was performed using the Wilcoxon signed rank test for two related

samples where appropriate.

RESULTS

Anticoagulant and Temperature
Plasma /I-thromboglobulin concentrations using various anticoagulants are shown in

Table I. Blood anticoagulated with EDTA and maintained at o-4°C gave the lowest /?-
thromboglobulin concentration; however, at room temperature citrate was better than
EDTA. At o-4°C there was a correlation (r = 0.85) between the plasma /J-thromboglobulin
concentration using citrate and heparin, but there was no correlation with plasma collected
into either of these anticoagulants and plasma prepared with EDTA.

Centrifugation Time and Speed
(i) Centrifugation at 1900 g for 60 min gave the lowest /i-thromboglobulin concentration

(21.7+3.6 ng/ml, mean + 1 SE) which was less than centrifugation at 1900 g for 30 min
(28.7+3.6 ng/ml); (P<0.01). No further fall in the plasma concentration occurred with
centrifugation for 120 min (24.5 + 4.2 ng/ml).

Table I. /f-Thromboglobulin concentrations (ng/ml; mean+i SE, range) in
platelet poor plasma prepared by centrifuging whole blood, collected in
various anticoagulants (final concentration per ml of blood), at 1900 g for 60

min at o-4°C and 20°C

Anticoagulant o-4°C 20°C

EDTA 3.3 mg/ml 35.2+ 8.0 ( 8-181) 2530±507 (24o-47oo)
Citrate 3.3 mg/ml 61.3 ± 7-9(i4-i85) 907±283 (178-2140)
Heparin 10 u/ml 210.3 ± 30.2 (29-619) N.T.

No. of samples 27 9
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Table II. //-Thromboglobulin concentrations and particle counts in platelet poor plasma (PPP)
prepared from blood collected from five control subjects into EDTA/PGE1/theophylline and
centrifuged at 1900 g for 60 min at o-4°C. Triton X-100 was added to an aliquot of this PPP
(PPP + Triton). A third aliquot of this undiluted PPP was high spun at 100 000 g for 60 min (HSP
neat) along with a fourth aliquot which was first diluted with saline containing EDTA/PGEj/theo-
phylline (MSP dil.). //-Thromboglobulin concentrations in the latter samples were corrected for

dilution

PPP PPP+ Triton HSP neat HSP dil.

/?-Thromboglobulin (ng/ml) 17.9 21.3 14.7 10.3
Particle count (/ml) 9.17 x io5 N.T. 7.47 x io5 N.T.

(ii) After centrifugation of platelet poor plasma for 60 min at 100 000 g, there was a small
but significant reduction (P<o.o6) in the /3-thromboglobulin concentrations and particle
count (Table II). The /3-thromboglobulin level could be further reduced by dilution before
centrifugation.
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Fig 1. (a and b) The effect ofvarious anti-platelet reagents on the platelet poor plasma concentration of
/?-thromboglobulin (mean + i SE). Whole blood anticoagulated with EDTA was collected and
centrifuged at o-4°C (•) (27 samples) and at room temperatures (a) (nine samples) in the presence of
various anti-platelet reagents (for concentrations see text).
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Fig 2. Release of /1-thromboglobulin from blood in the syringe. Venous blood was collected in a 30
ml syringe from four control subjects and at minute intervals, after the beginning of venepuncture,
2.7 ml aliquots were transferred to tubes containing EDTA/PGEj/theophylline at o~4°C and centri-
fuged at 1900 g for 60 min.

Hours

Fig 3. Liberation of /?-thromboglobulin from blood stored in sample collection tubes at different
temperatures. Whole blood from each of six control subjects was added to 18 tubes containing
EDTA/PGEj/theophylline and six were each stored at 4°C (•), io°C (x ) and 20°C (o). At o, 6, 24,
48, 72 and 96 h samples from each temperature were cooled to o-4°C, centrifuged at 1900 g for 60
min, and the PPP assayed for /£-thromboglobulin.
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Anti-platelet Reagents
Using EDTA as an anticoagulant, PGEi, db-cAMP and theophylline all reduced the plasma

concentration of jS-thromboglobulin in the cold (Fig ia). Moreover, a mixture ofPGE, and
theophylline gave a greater reduction in plasma /1-thromboglobuhn than either used separ¬
ately (P<0.02). Of the other anti-platelet reagents tested, only 2-chloradenosine, aspirin,
colchicine and TAME caused a significant reduction; PGE2, NEM, 2-deoxyglucose and anti-
mycin A did not reduce the plasma concentration either in the cold or at room temperature
(Fig ib).

Storage ofBlood in Syringe
Liberation of /I-thromboglobulin from platelets from native blood kept in a syringe is

shown in Fig 2. This became significant by the seventh minute.
Table III. Native whole blood, immediately following venepunc¬
ture, was squirted through gauge 23, 21 and 19 venepuncture needles
into tubes containing EDTA/PGEPtheophylline at o-4°C and a
further tube was filled with blood without a venepuncture needle and
served as a control. Following centrifugation at 1900 g for 60 min the
platelet poor plasma /i-thromboglobulin concentration (ng/ml) was

measured

Subject Control Gauge 23 Gauge 21 Gauge 19

1 18.9 16.9 22.6 17.2
2 21.0 19.1 24.2 26.5
3 18.2 16.5 17.0 12.0

4 15.8 16.4 14.2 17.4

5 48.0 50.1 72.7 40.4

Storage of Whole Blood Samples at Different Temperatures
Using the optimum anticoagulant mixture (EDTA, theophylline and PGE!), a significant

release of /1-thromboglobulin was observed at 6 h when the blood was stored at 10 or 20°C
in vitro (Fig 3). When stored at 0-4°C, however, significant release did not occur for 72 h.

Passage ofBlood through Different Sized Venepuncture Needles
No /J-thromhoglobulin was apparently liberated when native venous whole blood was

forced under pressure through needles as small as a gauge 23 (Table III).

DISCUSSION

During the platelet release reaction platelet granule contents are liberated (Holmsen et al,
1969). This reaction, which takes place at 37°C, may occur without platelet aggregation; it
does not occur at 4°C. Release can also occur during the centrifugation of blood (O'Brien,
1968). /GThromboglobulinis liberated during the preparation ofplatelet poor plasma and this
study was undertaken to reduce the amount released to a minimum in the hope that the
plasma concentration would reflect the true circulating level in vivo.
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The importance of collecting, storing and centrifuging blood at o-4°C has been demon¬
strated. This temperature range reduced the plasma /J-thromboglobulin concentration more
than any other variable investigated. Although cooling may promote platelet aggregation,
this is not associated with the release reaction probably due to inhibition of cellular metabol¬
ism (Kattlove & Alexander, 1971). Moreover, in the cold, platelets are transformed from
discs to spheres with disappearance of their microtubules (White & Krivit, 1967).
The second most important factor determining the release of /J-thromboglobulin during

platelet poor plasma preparation was the type of anticoagulant used. EDTA was found to be
the most effective and it is of interest that, like cooling, it has been shown to induce platelet
sphering, but without loss of the microtubules. EDTA also causes the canalicular system to
straighten, so possibly inhibiting release, but this property is not related to the chelation of
calcium ions (White, 1974). EDTA may prevent platelet aggregation by raising the intra¬
cellular concentration of cAMP following the inhibition of phosphodiesterase, as has been
reported in the amoeba Distyostelium discoideum (Klein & Brachet, 1975). At 37°C, however,
EDTA causes the loss of granule contents (White, 1968) and this may account for the ob¬
served higher /f-thromboglobulin values with EDTA compared with citrate when platelet
poor plasma was prepared at room temperature. Heparin has a variety of effects on platelets,
including the promotion of aggregation, and our observation of a high /f-thromboglobulin
concentration with this anticoagulant was not unexpected (Zucker, 1974).
The addition of some anti-platelet reagents was associated with a further reduction of the

plasma concentration of/J-thromboglobulin. This was seen in the presence of chemicals that
inhibit platelet aggregation (e.g. PGE, and 2-chloroadenosine), as well as inhibitors of the
release reaction only (e.g. colchicine and aspirin) (Mustard & Packham, 1970). The lowest
plasma concentrations of /?-thromboglobu1 i 11 were observed with chemicals that raise the
intracellular concentration of cAMP, such as PGEj which stimulates adenyl cyclase, and
theophylline which inhibits phosphodiesterase (Salzman et al, 1972; Robison et al, 1971).
Furthermore, when these compounds were used together, an additive effect appeared to be
present. Dibutyryl cAMP also reduced the plasma concentration of /i-thromboglobulin. It is
interesting to note that PGEt and db-cAMP when used together inhibit the cold induced loss
ofmicrotubules, but do not prevent disc to sphere conversion (White, 1974).
Prostaglandin E2 at relatively high concentrations (> 1 /(g/ml) inhibits platelet aggregation

but at lower concentrations, as used in this study, it potentiates aggregation by ADP (Salz¬
man et al, 1972). This was reflected in a higher mean plasma /i-thromboglobulin level when
the plasma was prepared at room temperature (Fig lb).
Metabolic poisons, such as 2-deoxyglucose and antimycin A, inhibit platelet aggregation

and release (Murer, 1968), but do not prevent the liberation of /f-thromboglobulin during
preparation of PPP, either at room temperature or in the cold. Moreover, the mean plasma
concentration of ji thromboglobulin at room temperature was greaterwith these reagents than
with the others used. This could be due to cell lysis following inhibition of oxidative phos¬
phorylation and glycolysis which would be enhanced at room temperature.
Platelet poor plasma, prepared by centrifugation at 1900 g for 1 h at o-4°C, contained very

few countable particles, possibly as a result of the formation of platelet aggregates at this
temperature. Additional centrifugation at 100 000 g produced a further small reduction in
platelet number and also in the concentration of/i-thromboglobulin. It is difficult to estimate
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accurately the platelet count of platelet poor plasma, even using a Thrombocounter, because
by microscopy many of the particles were smaller than normal platelets. The phenomenon of
'platelet dust' has been studied by Wolf (1967), who demonstrated that these particles con¬
tain platelet specific proteins. We believe that some of these small particles containing /?-
thromboglobulin were derived from platelets and that they remained partially intact, even
after 3 days in a hypotonic medium, because the plasma concentration of /i-thromboglobulin
rises significantly after the addition ofTriton to the platelet poor plasma.
/?-Thromboglobulin is not liberated during passage of blood through venepuncture

needles. It is, however, released after the blood enters the syringe; this becomes significant
after 7 min—the time believed necessary to generate sufficient thrombin to induce release and
liberate fibrinopcptide A from fibrinogen (Nossel et al, 1974). Once anticoagulated, the blood
must be stored at o-4°C, but at this temperature the plasma concentration only rises after 72 h.
From these investigations it was possible to select an optimum anticoagulant/antiplatelet

mixture and a simple processing procedure, and to undertake further simple experiments
which had profound practical significance for future clinical studies. Thus it was shown that
the rate at which blood was withdrawn, even through small gauge needles, did not influence
the plasma /?-thromboglobulin levels. Once in the syringe, however, the native blood had to
be transferred to the cooled anticoagulant mixture within 5 min for normal subjects. This
spontaneous release of jS-thromboglobulin may be associated with the formation of traces of
thrombin, because Nossel et al (1974) have demonstrated a similar time sequence for the
release of fibrinopeptide A under identical conditions. Further experiments revealed that in
order to minimize liberation of/I-thromboglobulin in vitro, even with the best anticoagulant
mixture, the blood had to be maintained at 0-4°C. It was also found that blood kept at this
temperature required no undue haste for centrifugation and processing as further release of
/I-thromboglobulin did not occur for as long as 48 h.
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Summary. Three radioimmunoassays for the measurement of /i-thromboglobulin
are described. The standard method, using antiserum in solution, could he used to
measure plasma concentrations of /J-thromboglobulin with the results available
after 2-3 d. The use of a greater dilution of antiserum and tracer, with delayed
addition of tracer, resulted in a more sensitive assay suitable for measuring /?-throm-
boglobulin in urine. The use of a solid-coupled antiserum under non-equilibrium
conditions allowed the measurement ofplasma levels of jS-thromboglobulin after an
assay incubation time of 1 h. These three radioimmunoassay systems for /J-thrombo-
globulin cover the likely clinical requirements for the measurement of this platelet
specific protein.

The radioimmunoassay technique is a competitive protein binding assay system in which
unlabelled antigen (either a calibration standard or an unknown quantity in a sample to be
assayed) competes with radioactively labelled antigen for a limited concentration ofbinding
sites on a specific antiserum. The system is highly sensitive, precise, and sufficiently specific
to allow the measurement of a compound in unfractionated samples of plasma.
The measurement of the platelet specific protein /i-thromboglobulin (Moore et al, 1975a)

in plasma has been shown to be potentially useful in the diagnosis and investigation of
intravascular thrombosis (Ludlam et al, 1975a, b). The present paper describes in detail three
radioimmunoassay methods for the measurement of /i-thromboglobulin. The standard
system was designed to measure the plasma concentration of this protein in large numbers of
samples, with results available after 2-3 d. Such a method is ideal for screening plasma levels
in a large number ofpatients. This standard system was modified to provide a more sensitive
technique to measure the low concentrations of /f-thromboglobulin present in urine. Finally,
a rapid assay was developed to differentiate between normal and pathogenically elevated
plasma /f-thromboglobulin levels. Such an assay would be of immediate diagnostic value for
the management of patients.

MATERIALS

Na 125I (Batch No. IMS.30) was obtained from the Radiochemical Centre, Amersham,
Correspondence: Dr A. E. Bolton, MRC Radioimmunoassay Team, 2 Forrest Road, Edinburgh EHi 2QW.
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Bucks. Tween 20 was from Koch-Light Laboratories Ltd, Colnbrook, and Sephadex and
Sepharose-4B were from Pharmacia Ltd, Uppsala, Sweden. Horse scrum (complement-
inactivated, Type 5), non-immune rabbit serum (complement-inactivated, No. 1) and donkey
anti-rabbit antiserum (Batch 320) were obtained from Wellcome Reagents Ltd, Beckenham.
The diluent used in the assays was 0.05 m sodium phosphate buffer, pH 7.5, containing 2%

horse serum and 0.01% sodium azide.

METHODS

/?-Thromboglobulin, purified as described previously (Moore et al, 1975a; Pepper et al, 1975),
was used for iodination and as a standard in the radioimmunoassay. Radio-iodinated /?-
thromboglobulin tracer was prepared by the method of Greenwood et al (1963) to specific
activities of 60-150 /rCi//ig. Antisera were raised against purified /i-thromboglobulin in
rabbits by the subcutaneous injection of 500 /ig of protein in Freund's complete adjuvant.
Animals were boosted seven times at monthly intervals and bled 5 days after the last booster
injection. Antisera were assessed for titre (the dilution of antiserum that would bind 50% of
a stated concentration of labelled tracer under specified conditions), for cross-reaction with
various potentially interfering proteins, and for sensitivity of the resulting radioimmunoassay
system.
Standard radioimmunoassay method. To dilutions ofunknown plasma samples, or ofa standard

P-thromboglobulin solution, was added 125I-/i-thromboglobulin to give a final tracer con¬
centration of 1 ng/ml. Antiserum was then added to give a final dilution (1/50 000) to bind
about 50% of the tracer. The final incubation volume was 0.5 or 1.0 ml. After mixing, the
tubes were incubated at 4°C until equilibrium was reached (i.e. until 110 further change in
binding could be achieved by further incubation), the incubation time being a minimum of
24 h. Antibody-bound was separated from free /i-thromboglobulin as follows: after the
addition ofnon-immune rabbit serum (to act as a carrier for the precipitate ofanti-j8-thrombo¬
globulin antiserum) and donkey anti-rabbit antiserum the tubes were incubated for 18 h at
4°C and the precipitate containing the antibody-bound /?-thromboglobulin fraction collected
by centrifugation at 1700 g for 45 min. The 12 51 in the precipitate was measured.

Sensitive radioimmunoassay method. The incubation ofunknown plasma samples or standards
with antiserum for a time before the addition of tracer has been shown to improve the
detection limit (sensitivity) of radioimmunoassays (Hales & Randle, 1963). To increase further
the sensitivity of the /i-thromboglobulin radioimmunoassay system, a tracer concentration
of200 pg/ml was used with a correspondingly greater dilution of antisera to bind about 50%
of the tracer. Tracer was added after samples had been incubated with antiserum for 24 h
at 4°C. After a further 24 h, antibody-bound was separated from free /J-thromboglobulin
as described above.

Rapid radioimmunoassay method. Antiserum was covalently coupled to Sepharose-4B by
the method of Cuatracasas (1970). Plasma samples or standards were diluted to 0.2 ml, and
1 ng 125I-/?-thromboglobulin was added in 0.05 ml diluent. A suspension of solid-coupled
antiserum, diluted to bind about 50% of the tracer, was added in 0.25 ml ofdiluent containing
1% Tween-20. The tubes were mixed gently on a Multivortex mixer (Baird & Tatlock,
London) for 1 h at room temperature, and the antibody-bound separated from the free
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/f-thromboglobulin by centrifugation (1700 g for 10 min at room temperature) after the
addition of 3.0 ml of 1% Tween-20 diluent as a wash. After discarding the supernatants the
residues were washed with a further 3 ml ofTween-20 diluent, and following centrifugation,
the 125I in the residue (antibody-bound fraction) was counted.

RESULTS

Assessment ofAntisera
Two rabbits (J and M) were used for raising anti-/?-thromboglobulin antisera. The titres

(here defined for comparative purposes as that dilution of antiserum which bound 50% of a
1 ng/rnl concentration of tracer when incubated for 24 h at 4°C) of the two antisera obtained
from these rabbits were 1/50 000 (J) and 1/5000 (M). When used in the sensitive radioimmuno¬
assay described above, these two antisera yielded assays with detection limits (here defined
as that concentration of/?-thromboglobulin standard required to depress the binding of tracer
to antibody by 10%) of 40 pg/ml(J) and 200 pg/ml (M). Antiserum J having the highest titre
and giving the most sensitive assay system was selected for the /i-thromboglobulin radio¬
immunoassay.
The specificity of antiserum J was tested by investigating the cross-reactions of a variety

of human proteins in the assay. Albumin and y-globulin could not be detected by the assay
at a concentration 100 000 times that of the minimum detectable concentration of/i-thrombo-
globulin; platelet factor 4 (Moore et al, 1975b) in the presence of chondroitin-4 sulphate
carrier, a-fetoprotein, growth hormone and chorionic gonadotrophin could not be detected
at a concentration 5000 times that of the minimum detectable concentration of /f-thrombo-
globulin. Serial dilutions of urine, plasma, serum and platelet concentrate supernatants
resulted in inhibition curves parallel to the standard curves of purified /f-thromboglobulin.
As a further test of the specificity of the assay, plasma was chromatographed on a column of
Sephadex G-100 (55 x 0.9 cm), and the eluates measured by the radioimmunoassay. A single
symmetrical peak of/5-thromboglobulin was found corresponding to that ofpure /Gthrombo-
globulin.

Assessment of125I-fi-Thromboglobulin Tracer
After iodination, 125I-labelled /i-thrombinglobulin was separated from labelled iodide by

gel filtration on a Sephadex G-50 column (25x0.9 cm). The labelled /2-thromboglobulin
could be further purified by gel filtration on a Sephadex G-100 column (55 x 0.9 cm) which
revealed a labelled high molecular weight contaminant eluting with the void volume of the
column. This material, which comprised 10-20% of the total labelled protein, was found
not to bind to antiserum and was discarded.
The immunoreactivity of labelled /1-thromboglobulin was tested by its reaction with

excess antibody. Over 90% of the repurified label could be bound under these conditions,
indicating a high retention of immunoreactivity after the labelling procedure. The immuno¬
reactivity of the labelled material was also assessed by a method (Hunter, 1971) in which
labelled and unlabelled protein are compared directly by radioimmunoassay standard curves.
The results show that standard curves obtained with differing amounts of labelled protein
alone were superimposable on similar curves in which unlabclled standard was incubated
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with a tracer amount of label, indicating that the immunoreactivity of the /?-thromboglobulin
was not affected by the iodination procedure.

Assessment of the fi-Thromboglobulin Radioimmunoassays
The sensitivity and precision of each of the three radioimmunoassays are shown in Table I.

The inter-assay coefficient of variation was determined by assaying the same sample in a
series ofconsecutive assays. The intra-assay coefficient ofvariation was determined by assaying
the same sample repeatedly in a single assay. The minimum measurable concentration of
/f-thromboglobulin was taken as that concentration which depressed the binding of tracer
to antibody by 10%. This provides a conservative estimate of the sensitivity of radioimmuno¬
assay systems, and represented a depression of the binding of labelled tracer by 3.5-6 standard

Table I. Experimental details of the /J-thromboglobulin radioimmunoassays

Standard Sensitive Rapid
assay assay assay

/ binding of tracer in:
Zero standards* 49.2 ±4.8 48.4 + 4*8 48-3 ±3-7
(inter-assay mean+ SD) (n = 10) (» = 8) (n = 11)
Non-specific controlsf 5-7±o.8 2.7 ± 1.0 0.6 + 0.2

(inter-assay mean ± SD) (n = 10) (» = 8) (n = 11)
Detection limitf (pg/ml SD) 714 + 216 42 ±9 628 + 129

(« = 10) (« = 8) (» = 11)
Inter-assay coefficient of variation§ 14-5 14-3 8.9

(» = 9) (» = 7) (n = 11)
Intra-assay coefficient of variational 13-7 13.6 7.6

[n = 13) (» = 7) (n =10)

* Zero standards—tubes containing antiserum and tracer but no unlabelled /?-thrombo-
globulin standard.
t Non-specific controls—tubes containing no anti-/?-thromboglobulin antiserum.
% Detection limit here defined as that concentration of standard in pg/ml of assay

incuhate, required to depress the binding of tracer by 10% from the zero standard (see
text).

§ Calculated from results of a single plasma sample measured in duplicate in n consecu¬
tive assays.
If Calculated from results of a single plasma sample measured n times in a single assay.

deviations from the zero standard in the /i-thromboglobulin radioimmunoassays. The
detection limit of an assay may be defined as that concentration of standard protein which
causes a response in the assay significantly different (at P = 0.05) from a zero concentration.
However, a detection limit defined thus often lies on that part of the dose-response curve in
which the slope is shallow and the precision consequently poor.
It can be seen from Table I that increasing the dilution of antibody (sensitive assay) and

adding a correspondingly smaller concentration of label with delayed addition of the label
resulted in a considerable improvement in assay sensitivity. It was found that the addition of
unextracted undialyscd normal urine at a volume corresponding to 40% of the final assay
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incubate volume did not effect the binding of tracer by antibody; thus this sensitive assay
could detect /f-thromboglobulin in urine in a concentration of 100 pg/ml.
The rapid assay, a non-equilibrated system, had a similar sensitivity to the equilibrated

(standard) assay system. In non-equilibrated systems, it is important to check for the possibility
of assay drift caused by the addition of reagents at slightly differing times. In practice it was
found that when handling assays of up to 60 tubes (standard curves +15 unknowns in tripli¬
cate) there was no differences between control tubes placed at the beginning and at the end
of the assay. The high precision of this assay, reflected in the low inter- and intra-assay
coefficients of variation, also indicates that there is no problem of drift under these non-
equilibrium assay conditions.
Neither heparin (1 u/ml) nor a 1/50 dilution of the EDTA-prostaglandin Ej-theophylline

anticoagulant mixture used in the preparation of plasma samples (Ludlam et al, 1975a)
interfered in the assay. Triton X-100, at a final contentration of 1%, was also without effect
on the assay.

DISCUSSION

That the measurement of plasma concentrations of substances of clinical importance by
radioimmunoassay has great flexibility is well demonstrated by the example of /J-thrombo-
globulin. Using the same basic reagents (125I-labelled /J-thromboglobulin tracer and anti-jS-
thromboglobulin antiserum) the system can be adapted for different needs. The measurement
of /?-thromboglobulin in large numbers of samples can be carried out on a routine basis, and
different sensitivity ranges can be selected for measurements of concentrations in different
body fluids, for example plasma and urine. In addition, assays for smaller numbers ofsamples
can be performed rapidly to provide results within 90 min of preparation of the plasma
sample.
Alternative immunological methods for the determination of /J-thromboglobulin were

investigated. The haemagglutination inhibition technique (Boyden, 1951) yielded an assay
which was insufficiently sensitive even to measure reliably the relatively high levels of
/?-thromboglobulin in serum, and the assay required 20 h before the results were obtained.
Similarly, radial immunodiffusion (Mancini et al, 1965) and the elcctrophoretic rocket
immunoassay (Laurell, 1966) were not sufficiently sensitive to measure the relatively low
concentration of /i-tliromboglobulin in plasma.
For /i-tl 1rombog1obulin assays it is particularly important to minimize the intra-assay

coefficients of variation as the elevated plasma concentration found in patients with venous
thrombosis, for example, may be only if times higher than the upper limit ofnormal (Lud¬
lam et al, 1975b). One of the important sources of imprecision in radioimmunoassay pro¬
cedures are errors arising from incomplete separation of bound from free antigen, the so-
called misclassification error. In this regard it is of interest to note that the coefficient of
variation of the rapid assay which utilized solid-coupled antisera was smaller than that of the
equilibrated assay which utilized antisera in a liquid form. This improvement is presumably
due to the completeness of the separation which can be obtained with solid-coupled antisera
as these can be thoroughly washed to minimize the intrusion of free labelled antigen in the
bound fraction.
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Radioimmunoassay would appear to be the only practicable method of measuring
/2-thromboglobulin in plasma and urine samples of clinical importance. As so measured
/?-thromboglobulin levels appear to provide a useful means of assessing platelet aggregation
in vivo (Ludlam et al, 1975a, b).
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INTRODUCTION

Recent studies have demonstrated that it is possible to isolate and

characterise a protein released from human platelets during thrornbin-induced

aggregation. This protein appeared to be unique to platelets and was named

(i-thromboglobulin (/S-TG) (l). The following communication describes a

radioimmunoassay for the measurement of /!?-TG and gives an account of

preliminary studies to examine the potential application of this assay for

the detection of platelet involvement in thromboembolic disorders.

METHODS

Radioimmunoassay

The isolation of /3-TG and production of an antiserum in a rabbit have
already been described (l). A radioimmunoassay was set up using these

reagents. After removal of contaminating components of the antigen by
125

precipitation at pH 3.2, /3-TG was labelled with I by the chloramine-T
method (2). The antiserum was used at a final concentration (1/50,000)which

_ \
bound approximately 60% of the tracer (final concentration of 1 ng ml ).

Antiserum, sample (or standard /?-TG) and tracer were incubated at 4°C for
three days before antibody bound /#-TG was separated from the free antigen by

a double antibody method. The precipitate containing the bound antigen was
125counted for I in a gamma-counter.

5'+3
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Blood Samples

Venous blood was collected using gauge 21 needles and polypropylene

syringes. Of this 2.7 ml was transferred immediately to a siliconised glass
_ ^

tube containing 0.1 ml of 10% EDTA, 0.1 ml of 1 pg ml prostaglandin and

O.1 ml of 30 mM theophylline maintained at 0°C. After mixing, the sample

was centrifuged at 1900 g for one hour at 0°C and the top third of the

platelet poor plasma removed for assay.

Serum was prepared from whole blood clotted for four hours at 37°C in

glass tubes. Platelet transfusion concentrates (prepared from acid-citrate-

dextrose whole blood) were stored at room temperature for two days before

the top third of the supernatant plasma was removed after centrifugation at

1500 g for 30 minutes.

Platelet Aggregation

Citrated platelet rich plasma was aggregated (3) with collagen (4) at

37°C. Sequential aliquots (see Fig. l) were removed and centrifuged at

1900 g for one hour at 0°C to remove the platelets and the platelet poor

plasma assayed for /3-TG.
Patients

Venous blood samples were obtained from 12 patients who, within the

previous 4 days, had had an acute thromboembolic episode. The diagnosis of

tliromboembolism was entirely clinical and the subjects included patients with

either arterial or venous occlusion, e.g. cerebrovascular accidents and deep

venous thrombosis. Venous blood samples were also obtained from 17 patients

attending the Department of Cardiology Out-Patient Clinic. All had had at

least one prosthetic heart valve inserted. None had had a recent thrombo¬

embolic episode.

RESULTS

The working range of the radioimmunoassay as described was found to be

2.5 - 150 ng ml of plasma. However, by incubating the sample (or standard)
for three days with antiserum at a final concentration of 1/300,000, prior to

-1
the addition of tracer (final concentration 100 pg ml ) and then incubating

for a further three days before separation of antibody bound protein, the

detection limit could be decreased to 500 pg ml x of plasma. Human albumin

at concentrations up to 100,000 times that of the tracer did not cross react

in the assay.

The release of /3-TG following collagen-induced platelet aggregation is
shown in Fig. 1. As the platelet rich plasma was warmed from 0°C to 37°C
there was a small increase in plasma /3-TG, followed by a further small rise
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MINUTES

FIG. 1

Increase in plasma ^-thromboglobulin concentration (G—0) when platelet rich
plasma is warmed from 0 to 37°C, stirred and then aggregated by collagen (—)

when the platelets were stirred. After the addition of collagen the plate¬

lets aggregated and /?-TG was released in large amounts.

Platelet poor plasma from normal individuals contained 0.019 - O.O075

pg ml ~ (mean - 1 S.D., 13 samples) while serum (also from normal individuals)
+ — \

had a concentration of 17*4 - 6.3 pg ml (8 samples). The supernatant from
stored platelet transfusion concentrates contained 247.0 - 120.3 pg ml 1
(8 samples).

The plasma concentrations of /S-TG in the 12 patients with thromboembolic

episodes were elevated and, in the group studied, all were above the normal

range (Fig. 2). Nine of the 17 patients with prosthetic heart valves had

levels greater than the upper limit of the normal range (Fig. 3)»
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DISCUSSION

During platelet aggregation a variety of constituents are released;

most of these are not platelet specific and therefore might arise from other

cellular sources in vivo (5)> however, would appear to be unique to

platelets (l).

The results of these preliminary studies suggest that the movement of

/3 -TG from platelets occurs as part of the release reaction. Further

investigations will be required to analyse this phenomenon in more detail,

and the radioimmunoassay described should prove to be a useful instrument for

this purpose. We have shown that this aspect of our present studies is not

of academic interest only, as it had led us to adopt a sample preparation

procedure involving the use of low temperature, EDTA and antiplatelet reagents

which minimise the small but significant non-specific leakage of /S-TG which
can occur during sample preparation (6). This leakage must, therefore, be

borne in mind when considering the origin of the /3-TG in plasma from normal

subjects. At present we are uncertain whether the plasma concentration of

P-TG reflects low-grade platelet sequestration in vivo or whether it
constitutes an artefact occurring during or after withdrawal of the blood

sample.

The results of these limited studies on patients with recent thrombo¬

embolism and prosthetic heart valves were of particular interest. As

platelet aggregation occurs in both peripheral thrombosis and on some

prosthetic heart valves (7, 8) it would appear that the measurement of plasma

/3-TG may have a role to play as a diagnostic tool in these clinical disorders
and in monitoring the efficacy of specific therapy. Further extensive

investigation, however, is clearly required. If confirmed, this new

technical approach would offer significant advances over current methods of

diagnosis which require platelet survival and turnover studies, using

isotopically labelled platelets. The latter technique is expensive in terms

of reagents and man power, time-consuming for both patient and hospital staff

and currently restricted to a limited number of medical centres. Further

studies to assess the value of this assay are being carried out.
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