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Studies with plasminogen activators.

George P. McNicol,
M.D. Glasgow, M.R.C.P. {Glasgow and Edinburgh)
Lecturer in Medicine, University Department of Medicine,

Glasgow Royal Infirmary.

Thesis submitted for the degree of Doctor of Philosophy.

In the past decade, stimulated by the availability of fibrinolytic
agents suitable for use in man in the treatment of thrombo-~-embolic
vascular occlusien, there has been a great increase in interest in the
components and functions of the fibrinolytic enzyme or plasminogen-plasmin
system, This thesis reports studies with plasminogen activators, that is
substances which activate the plasminogen-plasmin system and so bring about
fibrinolysis.

The thesis begins with a brief historical review of the development
of ideas in fibrinolysis, and an account of current concepts of the
components and functions of the plasminogen-plasmin systems There follows
an account of the laboratory methods used in the thesis, including the
euglobulin lysis and fibrin plate tests for plasminogen activator,
plasminogen and fibrinogen assays, and as an index of the fibrinolytic
coagulation defect, the thrombin clotting time. A description is given
of a simple original method of preparing fibrinogen tagged with radioactive
iodine, and of the electrophoretic and chromatographic properties of this
tagged fibrinogen. Its use in a modified plasminogen-enriched radiocactive
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clot assay system for plasminogen activator is described.

The thesis continues with an account of the biochemical effects of
administration to man of a variety of plasminogen activators. Streptokinase,
an activator of bacterial origin, was given to six subjects and intense
plasminogen-plasmin system activity was induced, with a serious associated
coagulation defect., The need for individualisation of initial dosage
because of varying levels of antibody to streptokinase was confirmed.

A commercial preparation of urckinase, a physiological plasminogen
activator present in human urine, was studied. Serum was found to inhibit
urokinase and the preparation studied had coagulative properties in vitro
and in vivo.

Actase, a commercial "plasmin" preparation found to consist largely
of streptokinase, was given to two subjects and the fibrinolytic response
investigated; 1little activity was produced by administration of the
manufacturer's recommended dosage.

Complamin, a nicotinic acid-theophylline ester, fibrinolytically
inert in vitro, was found to be a potent stimulus to production of plasma
fibrinolytic activity when injected intravenously. However, the fibrinolytic
response was transient and resistance to Complamih developed rapidly.
Experiments involving study of the fibrinolytic responses to Complaminland
exercise are described, which suggest that resistance todComplamin was not
due to exhaustion of the body's reserve of fibrinolytic activity.

Most of the tissues of the body are rich in plasminogen activator,
and tissue activator is an obvious possible source of plasminogen activator
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for therapeutic use. For this reason, plasminogen-plasmin system
activity in surgical operations, in which tissue activator may be released
inte the circulation, was studied. A similar pattern of fibrinolytic
activity to that produced by streptokinase was found, with liability to

a serious coagulation defect. Tissue activator does not therefore appear
on the basis of these observations to have unique merits as a potential
therapeutic agente

The thesls concludes with an account of experiments with artificial
thrombi prepared in vitro by a modification of the method of Chandler
(Chandler, A.B., 1958, Lab. Invest., 7, 110). Such thrombi were perfused
with streptokinase in an artificial circulation and factors affecting
their response were studied. Thrombi made from blood with normal or raised
platelet counts were found to release platelet emboli into the circulation,
whereas thrombi made from thrombocytopenic blood were almost completely
dlgested.

The findings suggest that in vivo thrombolytic agents might cause
breakdown of thrombi into platelet emboli, which would represent an obvious
hazard in the case of coronary and cerebral thrombosise. Thrombi made from
hyperlipidaemic blood were markedly resistant toc lysis, an observation
supporting the view that hyperlipidaemia may predispose to thrombotic
vascular occlusion.

Despite intensive efforts in many laboratories, the goal of routine
therapeutic use of plasminogen\activators has not yet been achieved. Some
of the biochemical considerations involved in their use are presented in

this thesis. From attempts made to solve the many problems which still
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remain should emerge more understanding of the components and functions

in health and disease of the fibrinolytic enzyme system.

Much of the data in this thesis has already been published, or
accepted for publication, as shown below:-

1. McNicol, G.P,, Douglas, A.S., Bayley, C. (1962)

BExperience with streptokinase infusions. Lancet, 2, 1297.

2+ McNicol, G.P., Gale, S.B., Douglas, A.S. (1963)

In vitro and in vivo studies of a preparation of urokinase,
Brit. med. J., 1, 909.

3. McNicol, G.P., Reid, W., Bain, W.H., Douglas, A.S. (1963)
Treatment of peripheral arterial occlusion by streptokinase
perfusion. Brit. med. J., 1, 1508.

L, McNicol, G.P., Douglas, A.S. (1964)

The fibrinolytic enzyme system, in, Recent Advances in

clinical pathology, series IV, Churchill, London, p. 187.
5. McNicol, G.P., Douglas, A.S. (1964)

Urokinase and non-enzymatic fibrinolytic agents.

Scand. J. Lab. clin. Invest., 16, suppl. 78, 34.

6. McNicol, G.P., Douglas, A.S. (1965)

Studies with Complamin, a nicotinic acid-theophylline
ester, as a fibrinolytic agent. Brit. med. J., 1, 1149,

7. McNicol, G.P., Bain, W.H., Walker, F., Rifkind, B.M.;(bﬁuglas, A.S.(1965)

Thrombolysis studied in an artificial circulation.

Thrombi prepared in vitro in a Chandler's tubes Lancet, 1, 838.
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McNicol, G.P., Barakat, A.A., Douglas, A.S., Bayley, C. (1965)
Plasma fibrinolytic activity in renal disease.
Scot. med. J., 10, 189,
Clement, W.E., McNicol, G.P. (1959)
The preparation and use of 1311 tagged fibrinogen to
demonstrate fibrinolysis. J. clin. Path., 12, 54k,
Douglas, A.S., McNicol, G.P. (1964)
Thrombolytic therapy. Brit. med. Bull., 20, 228,
McNicol, G.P., Browne, M.K., Bayley, C., Douglas, A.S.
Pathological fibrinolytic states and their treatment with

epsilon aminocaproic acid (EACA). Brit. J. Surg, (in press).
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Studies with plasminogen activators.
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Liecturer in Medicin_eb, Universit;y Department ﬁf Mediecine,
| Glasgow Royai Infirrﬁary.

Thesis submitted for the degree of Doctor of Philosophy.

In the past decade, stimulated by the availability of
fibrinolirtic agents suitable fox usé in man in the treatment of
t_}:u‘ombe*embolic vasculay occlﬁaion. there has been a great
increase in interest in the components and functions of the fibrinolytic
enzyme or plasminogen-plasmin system, This thesis reporta
studies with plasminogen activators, that is substances which
activate the plasminogen=plasmin systéem and so bring about
fibrinolysis.

The thesis begins with a brief historical review of the
development of ideas in fibrinolysis, and an account of current
concepts of the components and functions of the plasminogen-plasmin
system, Thevre follows an account of the la‘boratary methods used
in the thesis. A description is given of an originai method of
preparving fibrinogen tagged with radicactive iodine, and of the

properties of this tagged fibrinogen, ‘It use in a modified

plasminogen~enriched/
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plasminogen«enriched vadioactive clot assay system for plasminogen
activator is described.

The thesis continues with an ac;::ount of the biochemical
effects of administration to man of a Yariet& of plasminogen
activators., Stréptekinase.. an activator of bacterial origin, waso
given to six subjects and the intense plasminogen=-plasmin system
activity induced is described. The serious associated coagulation
defect was also investigated, and the need for individualisation
of initial dosage because of varying I.evels of antibody to streptokinase
was confirmed.

A commercial preparation of urokinase, a physiological
plasminogen activator present in huﬁan urine, was studied. Serum
was found to inhibit urokinase and the preparation studied had
coagulative ;'pro;perties in vitro and in vivo,

Actase, a commercial "plasmin' preparation found to
consist largely of streptokinase, was given to two subjects and the
fibrinolytic response investigated; little activity was produced by
administration of the manufacturer's recommended dosage.

Complamin, a nicotinic acid-theophylline ester, fibrinolytically
inert in vitr(a‘,- was found to be a potent stimulus to production of
plasma fibrinolytic activity when injected intravenously, However

the/



the fibrinolylic response was transient and resistance to
Complamin developed rapidly., Ixperiments ave described
which suggeot that resistance to Complamin was not due o
exhaustion of the body's veserve of fibrinolytic activity.

Most of the tissues of the body are vich in plasminogen
activator, and tissue activator is an obvious possible source of
pla_sminagen aétivator for therapeutic use, For this reason,
plasminogen~plasmin system activity in surgical operations, in
which tissue activator may be released into the circulation, was
studied, A similar pattern of fibrinolytic activity to that
produced by streptokinase was found, with liability to a serious
coagulation defect, Tissue a.c;i;i.vator does not thevefore appeay
on the basis of these observations to have unigue merits as a
potential therapeutic agent,

The thesis concludes with an account of experiments with
artificial thrombi prepared in vitro by a modification of the method
of Chandler (Ghandler:.- A.By.‘.- 1958, Lab, Invest., 3..'.. 110}
Such thrombi were perfuseri with streptokiné.se in an artificial
circulation and factors affecting their response were studied,

‘hrombi made from blood with normal or raised platelet counts

were/



were found to release platelet emboli inte the circulation,
wheraas thrcm‘bi made from thrombocoytopenic bleod were almost
corapletely digested, Thrombi made from hyperlipidacmic blood
were markedly resista.x;t to lysis. The possible bearing of
these findings on therapeutic use of plasminogen activators is
di scussed,

Desgpite intensive efforts in many laboratories, the goal
of routine therapeutic use of plasminogen activators has not yet
been achieved. Some of the biochemical considerations invelved
in their use have been presented in this thesis. From attempts
made to solve the many problems which still remain should emerge
more understanding of the components and functions in health and
disease of the fibrinolytic enzyme system,

Much of the data in this thesis has already been published,
or presented for publication, as shown below:-

1. McNicol, G.P., Douglas, A.S., Bayley, C. (1962)

Experience with streptokinase infusions, Lancet, 2, 1297.

phm—

2. McNicol, G.P., Gale, S.B., Douglas, A.8. (1963)
In vitro and in vivo studies of a preparation of urokinase.
Brit, med, J. 1y 909.

3, MeNicol; G.P., Reid, W., Bain, W.H., Douglas, A.5, (1963) ‘

Treatment of peripheral arterial occlusion by streptokinase
perfusion. Brit, med, J. 1, 1508,



wlya

4, MocNicol, G.P., Douglas, A.S. (1964)
The fibrinolytic epzymé system, in, Recent Advances in

clinical pathology, series IV, Churchill, Loxudon, p, 187,

5. MeNicol, G.P., Douglas, A.S. (1964)
Urokinase and non-enzymatic fibrinolytic agents.

Scand, J. Lab, clin. Invest., 16, suppl. 78, 34,

6. McNicol, G.P., Douglas, A.S. (1965)
Studies with Complamin, a nicotinic acid~theophylline

ester, as a fibrinolytic agent, Brit, med. J,, 1, 1149,

7. MeNicol, G.P,, Bain, W.H., Walker, ¥., Rifkind, B.M.,
Douglas, A,.S. (1965)
Thrombelysis studied in an artificial circulation.
Thrombi prepared in ‘vit'r‘din a Chandlexr's tube.

Lancet, 1, 838,

8. McNicol, G.P., Barakat, A.A., Douglas, ALS., Bayley, C. (1965)
Plasma fibrinolytic activity in renal disease. Scot. med. J.,
10, 189.

9, Clement, W.E,, McNicol, G.P, (1959)
The preparation and use of 131 tagged fibrinogen to
demonstrate fibrinolysis, J. clin, Path,, 12, 544,

10-; Eouglas;. AiSe, MQN&GQI; G, (1964)
Thrombolytic therapy. Brit, med. Bull., 20, 228.

11, McNicol, G,P,, Browne, M.K., Bayley, C., Douglas, A.S.
Pathological fibrinolytic states and their treatment with

epsilon aminocaproic acid (EACA), Beit. J. Surg, (in press).



PREFACH,

The experiments presented in this thesis were carried out
in the University Department of Mediciﬁa.. Glasgow Royal
Infirmary, in the laboratory of Professor A, S, Douglas, The
work was performed while I Was in turn a registrar, then an
honorary senior registrar éupported by an individual research
grant from the Medical Research Council'. and finally a lecturer
in medicine. Colleagues who collaborated in the atudies included
Professor Douglas, Mr. W, H. Ba.in.. Miss B. C. Bayley,

Mr. M. K. Bx;aw:ze», Miss W. E, Clement.. Miss S. B. Gale,
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CHA¥TER 1.

INTRODUGTION.

In the past decade, stimulated by the availability of
fibrinolytic agente suitable for use in man in the treatment
of thré:@bo-emboiic vascuiar occll.zsvieim, there has been a
gréat incfease in interest in the componenﬁs ?111& functions
of the Ifibl’illél?‘tic énzyme ox pl.aﬁmilnogen--plasmin aysiein.
This th“esis' reports studiés witﬁ plasminogen activators,
that ié sﬁbatances which ‘ac‘tivai:e tlie plasminégeﬁ-ﬁlaémin
system and iso bfing about fibrifmlysis.

"’.l’hrembalytic therapir, whicl‘; ?zlay be defined as the u:«:é
of islasminogen activatovs ox 6ther fiba:inolytié subsfances to
induce the lysis of preférmed throwmbi in vivo, has obvi;aﬁs
concep’tuai attraétionez in the r;nana\.ge.ment of thrombo=embolic
vascular occlusion compared with conventional anticoagulani:
drugs; at best anticoagulants caﬁ only prevent extension of
thrombosgis and restoration of vascular patency de];a;ends on

relatively/



relatively slow natural processes, whereas with
thrombolytic therapy speedy removal of thrombi
might be able to restore vascular patency quickly
before distal tissue necrosis has taken place,

In view of the encouraging results which have been
obiained with thrombolytic enzymes in animal and human
experiments, and from individual well=studied patients
with vasculay occlusion, intensive efforts are needed
to place this approach to treatment on a basis from which
large~scale, well designed clinical trials can be carried
out. With this object in view, a long=-term programme of
investigation of the problems involved in thrombolytic
therapy is being carried out in the Unive rgity Department
of Medicine, Glasgow Rajal Infirmary, and the studies
presented in this thesis were perforwaed as part of this
programime,

The thesis begins with a brief historical review of the
development of ideas in fibrinolysis and an account of
current concepts of the components and functions of the

plasminogen~plasmin system., There follows an account

ofl



of the appraisal' and development of 1a.boratory methods
used in this thesis in the study of thrombolytic activity;
this in turn is followed by chapters on the biochemical
effects and advantages and disadvantages of a variety of
plasminogen activators, l‘r‘inally-. a report is given of
certain factors, particularly platelet and lipid content,
which influence the patterns of response of artificial
thrombi to plasminogen activator in vitro, and which may
have a bearing Aon the thrombolytic process iﬁ vivo.

Plan of the thesis,

The thesis is presented in two volumes; volume 1
contains the text and references, and volume 2, figures
and tables. The tables are in two parts; those in
appendix 2 are those to which reference is made in the
text, and those in appendix 3 are detailed tables from

which, as indicated in the legends, the figures were compiled.
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CHAPTER 2.

THE PLASMINOGEN=-FPLASMIN SYSTEM,

Historical Introduction.

It has been known for more than a century that under
certain circumstances clots in shed blood may undergo
gpontaneous lysis, but it is only in the past 10 ox 15 years
that detailed knowledge of the enzyme system responsible
for such fibrinolytic activity, the plasminogen-plasmin
system has accumulated.

The first observations on the solution of fibrin clots
appear to have been made in the middle of the 19th century
by Denis (1838) and Ziramerman (1846) who found that fibrin
from huraan and bovine blood dissolved under certain
circumstances., Dastre (1893) suggested that this phenomenon
was not golution in the true sense but was due to digestion of
the fibrin, a process for which he suggested the term
‘fibrinolysis'. Denys and de Marbaix (1889) showed that
proteolytic activity could be found in serum after tveatment
with chloroform, Delezenne and Pozerski (1903) observed

that/



that chloroform-induced proteolytic activity disappearved

if untreated serum was added and suggested that the

action of chlovoform was {0 remove or destroy inhibitors

of proteolytic activity, Hedin (1904) showed the presence

of a proteolytic enzyme in the globulin {raction of human

serum which itself had no demonstrable proteolyiic activity;

the albumin f{vaction obtained from serum on ammonium

sulphate fractionation inhibited the proteolytiic activity of

the globulins., In 1946 Christeng"én confirmed the effect of
L

chloroform on the inhibitors of proteolysis and presented

evidence that chloroform activation of serum is an

autocatalytic activation of a proenzyme,

A major advance in understanding of plasma fibrinolytic
activity, from which most subsequent knowledge has arisen,
was the observation of Tilleit and Garner (1933) that the
culture filtrate of certain strains of haemolytic streptococci
contained a factor which caused rapid lysis of fibrin from
human plasma. Milstone (1941) showed that purified human
fibwin was resistant to the streptococcal product, but if a small
amount of the euglobulin fraction of human serum was added,

lysis/




lysis ensued rapidly. Kaplan (1944) and Christensen
(1945) showed that the streptococcal factor and the
euglobulin fraction of serum when mixed together gave
rise to a proteolytic enzyme; this was produced by
conversion to an active form of a normally inert enzyme
precursor in the globulin fraction. A new and now
generally accepied nomenclature was proposed by
Christensen and Macl.eod (1945); the streptococcal
factor was named streptokinag ey, the inert globulin,
plasminogen and the active enzyme to which it is converted,
plasmin; the enzyme system as a whole is named the
plasminogen~plasmin or fibrinolytic enzyme system,

Components and F'unctions of the Plasminogen-Flasmin System.

Though of considerable complexity, the plasminogen-plasmin
system has four main components: plasminogen, plasmin,
activators and inhibitors,

Flasminogen, a plasma globulin inactive in its native state,
is converted by activators to plasmin, a proteolytic enzyme

which/



which under suitable circumstances digests fibrin to give
soluble products (figure 1),

It is not knovén where .in the body plasminogen is
ay;xthesised. Using a fluorescent antibody technique,
Banhart and Riddle (1961) have produced evidence to suggest
that eosinophils mai transport and possibly alse synthesise
plasminogen, Pure preparations of plasminogen have not
yet been produced and accordingly characterisation is
inadequate. Plasminogen is é, heta globulin and is
concentrated in Cohn fraction III (Cohn et al, .. 1946), Two
molecular weights have beeﬁ sht‘:.‘ggested - 143,000 (Shulfnan
et al., 1958) and 83,000 (Davies and Engelert, 1960).
Plasminogen is gstable in ﬁilute mineral acid and advantage
is taken of this property in the most commonly used method
of preparation, that of Kline (1953), which uses Cohn fraction
IIl as starting material, Such acid~fractionated plasminogen
is very poorly soluble at neutral pH. Also starting with
Cohn fraction III, Alkjaersig (1964) using DEAE chromatography
with lysine or .éi;eilon aminocéproié acid (EACA) as stabilisers
and solubilisers, has prepared a preparation which is freely
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soluble at pH 7, Similar preparations have been made
by among others, Derechin et al. (1962), Wallen and
Bergstrom {(1960) and Cole and Mexiz (1961), and a
prepavation of this type is now commercially available

(A.! B, Kabi) 5‘(.001(1101!1‘1).

Activation of Plasminogen,  Activation of plasminogen,

that is its conversion to plasmin‘, is a proteolytic phenomenon,
Alkjaersig et al, (1958) found that the process is analogous

to the formation of other proteolytic enzymes from their
inactive precursors (e.g. trypsin, pepsin, thrombin), Three
factors are common to the activation process (i) the activation
is itself an enzymatic reaction; (ii) it is irreversible; and

(iii) it involves the splitting of a limited number of peptide bonds.
Plasminogen activators possess the property of splitiing lysine
and arginine esters and such esters act as competitive inhibitors
of plasrainogen activation; it would therefore appear probable
that lysine and arginine bonds ave split during the activation
process, Alkjaersig et al, (1958) also studied the release of
trichlaragetie acid (TCA) soluble material after spontancous
activation of plasminogen in glycerol, and after activation

with/



with streptokinase and urokinase (see below)., After
strepiokinase and urokinase activation‘. TCA soluble
material accounted for about 16 per cent of the protein

in the original plasminogen preparation; after spontancous
activation the figure was about 25 per cent, Shulnﬁan et
al. (1958) observed a decrease in molecular weight af%:er
activation of plasminogen which was in accord with above
data,

At the present time, little is known about the interactions
of activators and plasminogen but as the proteins invoived
become available in mowre purified forms, their precise
inter~velationships at a molecular level will no doubt become
better understood,

Activators of Plasminogen,

Plagminogen activation can be brought about in four main
ways:
(1) By substances which activate plasminogen directly, e.g.
urokinase, tissue activator.
(2) By substances which convert a normally inert proactivator

tol
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to activator, e.g. streptokinase, tissue lysokinase.
FProactivator has only been demonstrated as an
activity and not as a molecular identity; it may be
plasminogen itself (see chapter 5), and the need to
postulate proactivator activity has probably arvisen
because of differences in species gpecificity of
activator (Macfarlane,1964),

(3) By procedures.. e, g, dilution or addition of chloroform,
which can bring about activation in vitro,

(4) By administration of substances, not themselves plasminogen
activators,; which can bring about the release of activator
in vivo e, g. nicotinic acid, bacterial pyrogen,

Tissue Activator. Plasminogen activator activity can be

extracted from almost all body tissues except liver and placenta
(Albrechtsen, 1957). High concentrations are found in the
prostate, uterus, thyroid, lungs, ovarvy, adrenals and lymph
nodes. Red cells also contain a plasminogen activator

(K{;,nze:«: and Haberhausen, 1963),

Al



A tissue activatcrl. which can easily be extracted from
pig heart with 2 Molar potassium thiocyanate, has been
shown to produce activation of plasminogen by a slow,
probably stoichiometric reaction (Abe and Astrup, 1960),
Bachman :;md Sherry (1964) have also exiracted and partially
purified and characterised a pig heart activator,

Astrup (1956) believes that tissues contain lysokinases
which like streptckinasev, require proactivator to produce
plasminogen activation.

Liack (1964) has found considerable amounts of tissue
activator in t};e lysosomal fraction of tissue homogenates.
He suggests that anoxia may be an important cause of release
of thié activator from lysosomes, and he algo speculates that
release of lyosomal activator may be a cause of the
excessive plasma fibrinolytic activity found following local
vasoconstriction, ischaemia, anoxia, anaphylaxis and
sudden death,

Todd (1964) has presented evidence to suggest that

fibrinolytic/
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fibrinolytic activity in the tissues is concentrated vound
blood vessels, particularly veins.

Plasma activator. Plasminogen activator activity present

in trace quantities in normal plavsma. is found in increaséd
amounts after exercise'e', emotional stress, adrena;iine and
nicotinic acid injectionn. electric shock and administ\ration
of bacterial pyrogen (Sawyer et al., 1960a). The low levels
of plasminogen activator preseﬁt i;i shed blood are probably
respongible for the clot lysis activity seen in the dilute clot
lysis technique of Fearnley and Tweed (1953), Caution
must be observed in assuming from the demonstration of
fibrinolytic aciivity in plasma samples in vitro that the same
activity was present in vivo; the traunma of venepuncture or
manipulation after the withdrawal, may have initiated the
activity found in the test~tube,

Fearnley et al, (1952) found that in viiro plasma activator
is labile at room temperature, less labile at 4°C. and apparently
stabilised by fibrin formation. Fletcher et al. (1964a) have
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shown that plasma activator activity induced in vivo by
nicotinic acid injection has a hali-life in the circulation
of about 15 minutes.

Source of plasma activator. This is uncertain., Kwaan

ot al, (1957) have shown that plasma activator levels rise
in isolated venous segments in response to paravenous
injection of merntoni.ﬂ, acetyl choline and adrenaline,
This response, and the appearance of activator in the venous
blood of ischaemic limbs-, is blocked by atropine, and Kwaan
and his associates suggest that a cholinergic effector mechanism
may be involved. Though they did not identify the effector
cells, they concluded that circulation through the vasa vasorum
hag a significant role in the production of fibrinolytic activity
within veins. It is an attractive hypothesis that local activator
release from the vessel \%tall may he a response to intravascular
thrombosis, with serotonin from aggregating platelets as the
trigger (Kwaan et al., 1958).

Support for the view that vein walls are in part at least
the source of plasma activator has been provided by Todd (1958)
who, using a histochemical technique, found that plasminogen
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activator was concentrated round veins, venules and
pulmonary arteries, and appeared to be closely related
to their endothelium. Warren (1964), using a similar
histochermical method, found evidence of plasminogen
activator round both arteries and veins; the activity
appeared to avise from the endothelium, and from vasa
vasorum,

Chakrabazti et al. (1963) also found in experiments
on unobstructed veins exposed at opervation, that trauma to
the vein wall resulted in a release of fibrinolytic activity into
the lumen; non-fibrinolytic plasma introduced into the lumen
also rapidly developed considerable fibrinolytic activity. The
authors consgidered that their results were best explained by
the release of plasminogen activator from the vein walls,

Urokinase, Urokinase, the physiological plasminogen activator

present in normal urine, is considered in chapter 6.

Bacterial Activators., Strveptokinase is considered in chapter 5.

Staphylococci have also been shown to produce an exotoxin named

staphylokinase/
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staphylokinase which is a plasminogen activator {(Gerheim
et al., 1948).

Autocatalytic Activation. Alkjaevsig et al, (1958) have

demonsirated that if the veaction is stabilie»eﬁ in 50 per cent
glycerol, plasmin itself can produce activation of activator~free
plasminogen in a fivst~ovder reaction, There is evidence,
already cited, that the plasmin so produced may differ from
that arising from siveptokinase and urckinase activation. As
has alresdy been discussed, chloroform probably produces
plasminogen activation in vitro by destruction of inhibitors,
thus permitting autoc¢atalytic activation to occur,

Trypsin can also activate plasminogen, the activation
kinetics being those of a firgt~order enzymatic reaction
(Alkjaersig et al., 1958).

Hageman Factor. Theve is évidence to suggest that activation

of lHageman factor (factor XII) may promote fibrinolysis
(Niewiarowski and Prou~Wartelle, 1959; latridis and Ferguson,
1962).

Non-Engymatic Agents. By a mechanism which is not

understood/
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understood, tolbutamide and chlorpropamide (Pearnley
et al., 1960), testosterone and nandrolone (Féarnley and
Chakrabarti, 1962), phenformin (Fearnley énd Chakrabarti,
1964) and corticosteroids (Ghakra}iarti et al., 1964) all
increase plasma fibrinolytic activity in vivo, though all ave
fibrinolytically inert in vitro, |

When injected intravenously nicotinic acid causes a
sharp but not sustained rise in plasma activator levels, an
effect which is shared with other vaso-active substances and
which is discussed in chapter 8, Bacterial pyrogen when given
intravenously also causes an intense but transient rise in plasma
fibrinolytic activity; resistance to the effect develops rapidly
(Meneghini, 1949).

Von Kaulla (1962) has studied in vitro a large number of
compounds, many of which are urea or urethane derivatives,
and others are hydrotropic, e.g. 2,4~dimethyl benzene sulphonate
and p-~iodobenzoic acid, sodiumn salt, which when incubated in
the presence of human plasma produce plasminogen activation.
Von Kaulla has suggested that, like chloroform, they may do

sof



s0 by destroying an inhibitory mechanism,

Activator in Secretions, Plasminogen activator activity

is present in milk, (Astrup and Sterndoxff, 1953), tears
(Storm, 1955), saliva (Albrechisen and Thaysen, 1955) and
seminal fluid (von Kaulla and Shettles, 1953),

Plasmin,

Plasmin is the proteolytic enzyme which evolves from
plasminogen by the activation procedures already discussed,
Ag already mentioned, different methods of activation may
produce a varviety of molecular species of plasinin, Plasmin
can digest many proteins including fibrinogen (figure 2) and
fibrin, Other substrates include glucagon, ACTH and growth
hormone (Miveky et al., 1959), factor V (Alagille and Soulier,
1956), antihaemophilic globulin (Lewis et al., 1949) and certain
components of complement (Pillemer et al., 1952), In vitvo,
plasmin has equal affinity for fibrinogen as for fibrin (Ratnoff,
1953). Plasmin may also be involved in the production of
physiclogically active polypeptides, e.g. bradykinin (Eisen, 19064).

Inhibitors of the Plasminogen-Plasmin System,
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Inhibitors of the plasminogen~plasmin system are
of twc.main types; those which inhibit plasminogen
activation (antiactivators) and those which inhibit formed
plasmin (aﬁtipl asmins).

Plapma Antiactivator. The evidence to support the existence

of antiactivator in plasma is suggestive but not conclusive,
as the methods used have not fully distinguished between
antiplasmin and antiactivator activity (L.ewis and Ferguson,
1961 Mullextz, 19587; Jacobssen, 1955; Nileson et al,,
1961a; Paraskevas et al,, 1962). Further evidence to
suggest the presence of antiactivator activity in plasma is
presented in chapter 6.

Other Antiactivators. A variety of aliphatic amino compounds

including lysine and owrnithine (Mulleriz, 1954) are competitive
inhibitors of plasminogen activation, the most potent being
EACA (Alkjaersig et al.,, 1959a; Ablondi et al., 1959)., Other
antiactivators include p~aminomethylbenzoic acid (l.ohmann

et al., 1964) and aminomethyl cyclohexane carboxylic acid
(Ckamoto and Ckamoto, 1962), the antifibrinolytically active

isomen/



isomer of which is about 10 times more potent than KACA,
as an antiactivator (Dubber ot al., 1964),

Trasylol, a polypeptide with a molecular weight of
6,200, commercially prepared from bovine lung, and
marketed as a trypsia inhibitor, also has antiactivator
properties (Steichele and Herschlein, 1961),

Plasma Antiplasmin, Flagma and serum exert a substantial

inhibitory action oa plasmin. Norman and Hill (1958) have
shown that there are at least two antiplasmins in serun,
One in the alpha~2 globulin fraction reacts quickly as a
competitive inhibitor of plasmin, The othewr, in the alpha-1
fraction reacts more slowly but firmly with plasmin to produce
an inactive complex, ¥Flatelets also show antiplasmin activity
(Tohnson and Schneider, 1953).

Fletcher (1960) reports that there is in plasma about
60 per cent more antiplasmin activity than plasminogen, i.e.
than potential plasmin, but according to Norman (1960) theve
is about 30 {imes mmore antiplasmin than plafsminéé_en. The
discrepancy probably arises because of the diffevent assay
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methods used by the two authors: antiplasmin estimations
vary greatly undeyr differing experimental conditions.

In any event there is agreement that antiplasmin levels
considerably exceed potential plasmin levels,

Other Antiplasming, Numerous substances have been shown

to possess antiplasmin activity including TACA (Alkjaersig

et al,, 1959a), aminomethyl cyclohexane cavrboxylic acid

(Dubber et al., 1965a), Trasylol (Steichele and Herschlein,

1961), basic amino acids (Mullertz, 1954), soya«bean trypsin
inhibitor (Chvistensen and MaclLeod, 1945), heavy metals {(Kowalski
and Liatallo, 1956) and toxic phosphorus compounds (Mounter

and Shipley, 1958).

The Antifibrinolytic Activity of Lipids. It would seem probable

that in some circumstances lipids exert an inhibitory effect on
fibrinolysis; the evidence, which is conflicting and confused, has
recently been veviewed by Howell (1964).

Fibrinolysis in vivo ~ The Sherry Hypothesis,

Sherry and his associates (Sherry et al., 195%9a; Fletcher
et al., 1959; Alkjaersig et al., 1959b; Sherry et al., 1959h)
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have proposed a dual-phase concept of plasminogen activation
which is now widely accepted as thé probable mechanism by
which in vivo the relatively non=-specific proteolytic enzyme
plasmin is lavgely remtricfed to a single highly specific action,
that of fibrin lysis., The suggested mechanism is schematically
illustrated in figure 3. According to this hypothesis,
plasminogen in a system including botﬁ plasma and clot exists,
in a jéhysical sense, in a dual phase, plasminogen in the plasma
constituting the soluble phase and, in the clot, the gel phase.

As a conseguence of this physical distribution, the results of
plasminogen activation in the two phases ave entively different,
Plasminogen activation in the soluble or plasma phase, provided
that it is not unduly rapid, produces no appreciable effect on
suscepiible substrates in the plasma, for plasma antiplasmin
rapidly inhibits plasmin as it is formed (figure 3, left hand
section), However rapid \plasma plasminogen activation may

by a tempovary overwhelming of the antiplasmin mechanism
permit the appearance of free plasmin in the circulation with
digestion of susceptible substrates including fibrinogen and
othel" coagulation factors, and hence produce a haemorrhagic

state/
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state (see below). Plasminogen activation in the clot ox
gel phase, 'whe:rfe effective antiplasmin levels are said to

be relatively low (Sawyer et al., 1961), produces a different
result (figure 3, right hand section); in this civcumstance,
because of the intimate spatial »elationship of plasminogen
and fibrin, {ibrin lysis or thrombolysis results.

The Sherw hypothesis is supported by the in vitro
observations that using the plasminaggn enriched radioactive
clot ﬁyatgnm (sce chapter 4) lysis ig readily produced by
activator in the surrounding medium, lytic activity being a
function of clot plasminogen content. Morcover such clots
are resistant to lysis by plasmin in the surrounding medium
(Alkjaersig et al,, 1959b). Sheryy et al. (1959a) have
auggested }:hat the main function of plasma plasminogon is to
endow any clots which may form with the means to meadiate theiv
subsequent lysis when activator diffuées into them, Plasminogen
is known to have a streﬁg affinity foxr fibrinogen and fibrin
(Blomback and Blomback, 1956) and indeed it is difficult without
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ppecific solubilising agents for plasminogen to prepare
plasminogen-free fibrinogen (Mosesgon, 1962), Activator
is also absorbed on fibrin in the process of cloiting, and
Gross (1963) has shown, using an autoradiographic technique,
that isotopically labelled streptokinase can penetrate deeply
inte thrombus within a short time of contact.

According to the Sherry hypothesis, the ideal approach to
therapeutic thrombolyeis would be so to elevate plasma activator
levels as to produce vapid activation of intrinsic thrombus
plasminogen, with soluble-phase plasminogen activation
proceeding at a rate within the capacity of the plasma antiplasmin
mechanism to keep pace with plasmin production; this ideal can
probably never be realised.

Systemic Hyperplasminaemic States,

The consequence of excessively rapid plasma plasminogen
activation is temporary overwhelming of the antiplasmin
mechanism with the appearance of free plasmin in the circulation -
hyperplasminaemia, A major component of the haemostatic
defect which occurs following hyperplasminaemia is the presence
in the circulation of products of proteolysis of fibrinogen by

plasmin, /



plasmin., Noxrmally in the final stage of blood coagulation
thrombin, a highly specific proteclytic enzyme, converts
fibrinogen to fibrin monomer by splitting oif specific

peptides (Scheraga and Laskowski, 1957), Afiexr polymerisation
of fibrin monomer, the final visible clot is formed in a

gelation step; in the presence of factor XIII the final clot

is stable unless exposed to proteolytic enzymes. Sherry and
his associates (Fletcher et al,, 1962a; Alkjaecrsig et al,,

1962; Bang et al., 1962) have shown that in the presence of
fibrinogen breakdown products, clot formation is delayed and
defective, due to a defect in fibrin polymer formation. On
naked~eye examination, clots formed in the presence of
fibrinogen breakdown products are loose and friable, and their
abnorreal structure has also been demonstrated with the electron
microscope., The abnormality is due to incorporation with
fibrin monomer as it poiymerises of breakdown products of
fibrinogen proteolysis by plasmin; the breakdown products lack
the correct structure to form a sound polymer, The main
breakdown product responsible for the defect has been identified

and/
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and charactericed. Niewiarowski and Latallo (1957),
Niewiarowski and Kowalski (1958) and Triantaphyllopoulos
(1958) have observed an anti-thrombin effect of the producte
of fibrinogen proteolysis; Alkjaersig et al, (1962) who
originally challenged this view, are now said to accept that
under certain circumstances fibrinogen breakdown products
may show anti=-thrombin properties (Hirsch, 1965).
Qther factors in the genesis of the haemostatic failure
of hyperplasminaemia are digestion of factor V and antihacmeophilic
globulin, and accelerated lysie of such clots as do form,

Causes of Hyperplasminaemic States, Hyperplasminaemic

states may occur when plasma activator levels are sufficiently

high to cause plasma plasminogen activation at a rate in excess of
the capacity of the antiplasmin mechanism to neutralise the plasmin
80 formed., Such high plasma activator levels may arise when
tissues rich in activator have been handled or damaged, e.g.

during surgical operation, especially cardiac surgery with an
extracorporeal cirvculation (von Kaulla and Swan, 1958; Gans

et al., 1962), Hyperplasminaemia may also complicate obstetric
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accidents, e.g. amniotic fluid embolism, accidental haemorrhage,
intravterine death with a vetained dead foetus (Schneider,
1959), Proteolytic states have also been reported in
prostatic carcinoma, especially if metastases are present
(Tagnon et al,, 1952)‘. pancreatic neoplasm (Ratnoff, 1952),
leukaemia (Mikata &t al;.., 1959):5 and cirrhosis of the liver
(Grossi et al., 1961). The genesis of naturally occurring
hyperplasminaemic states is probably often extremely complex.
It may be in some cases at least that the initial event ia release
into the circulation of thromboplastic substances, with
intravascular clotting, and that hyperplasminaemia ensues
as a homeostatic response which 'overshoots' (Fletcher et al.,
1962b; Sharp, 1964), |

Ags will be seen later in this thesis, some degree of
hyperplasminaemia is probably inevitable in pétients in whom a

thrombolytic state has been induced for therapeutic purposes.
/

Fibrinolysis and the Hae;;mstatic Mechanism.

1t is attractive to spﬂeculate that the plasminogen~plasmin
gystem, which when fully activated in vivo by streptokinase is
sufficiently potent to produce total digestion of circ;ula.tiixg

fibrinogen/



fibrinogen (chapter 5), may under physiological circumstances
be in dynamic equilibrium with the coagulation system to
maintain an intact patent vascular tree, This hypothesis,
whose proponents have included Copley (1957), Astrup (1956)
and Fearnley (1961) would suggest that the coagulation system
is constantly active laying down a thin layer of fibwin on the
endothelium to geal any deficiencies which may occcur, and that
in order to maintain vascular patency the plasminogen-plasmin
system is also constantly active to remove such fibrin deposits
after they have served their haemostatic function. It has also
been propesed (Mole, 1948; Biggs and Macfarlane, 1962a;
Nilsson et al,, 196la; Fletcher et al., 1962Dh) that a reduction
in plasma fibvinolytic activity might permit accumulation of
fibrin on the endothelium, thus forming the basis of an
atheromatous plaque (Duguid, 1949).,

Though theve can be no doubt as to the ability of the
coagulation system to produce fibrin in vivo, the physiological
role of the plasminogen-plasmin system is not go firmly
eastablished. Evidence to support the view that it is constantly
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active in vivo includes the demonstration of fibrinolytic
activity in plasma obtained from normal subjects under
physiological circumstances (Fearnley and Tweed, 1953;
Sawyer et al,, 1960a2). Indirect support for a role for the
plasminogen~plasmin svstem in vivo can be found in the
ohservations that in general plasma fibrinolytic activity
appears to be somewhat reduced in patients suffering from
diseases associated with thrombosis (Hume, 1958; Lackner
and Mersky, 1960; Nesteli. 1959). Further, urckinase
excretion is veduced in diseases in which thrombotic episodes
are common, e.g. carcinomatosis, though it is increased after
myocardial infavction, a conilicting observation (Smyrniotis
et al., 1959).

On the other hand if a dynamic equilibrium between clotting
and lysis does obtain, then a change in one of the components
of the equilibrium state, for example the impaired coagulation
in certain haemorrhagic disovders might be expected to lead to
a compensating diminution in the other component and hence to
a decrease in plasma fibrinolytic activity, However,
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fibrinolytic activity in patients with haewmophilia, Christmas
disease and von Willebrand's discase has been reported as
normal (Kamel et al,, 1963). Moreovesr, 131; labelled
fibrinogen survival is normal in patients with haemophilia
(Rausen et al.-. 1961), and prolonged administration of KEACA
to a group of haemophiliacs did not result in an increase in
plasma fibrinogen levels (Gordon et al,, 1965).

Until more conclusive observations have been made,
the concept of a dynamic equilibriwm between clotting and lysis
must remain an attractive but unproven hypothesis; at the present
time all that can be said with certainty is that each system can
interact with the activity of the other at many levels, e¢.g. both
systems may be activated by activation of Hageman factor;
platelets have antiplasmin activity; fibrinogen and factors V,
VIII and prothrombin are digested by plasmin; fibrinogen
breakdown products, which may have an anti-thrombin effect,
inhibit fibrin polymerisation,

Thrombolytic Therapy.

There is now good evidence that intravascular administration
of plasminogen activators to increase levels of plasma
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thrombolytic activity can bring about the lysis of preformed
thrombi in man and experimental animals., Johnson and
Tillett (1952) found that thrombi p:;*oduced in the marginal ear
veins of rabbits could be lysed by a systemic infusion of
streptokinase, and Sherry et al. (1954) showed that in dogs
streptokinase and a variety of proteolytic enzymes could lyse
peripheral arterial thrombi, Similar observations in relation
to urokinase have been made by Tsapogas and Flute (1964).
The key observations in man are those of Johnson and McCaxzty
(1959) who reported that it was possible to lyse artificially
produced thrombi in the forearm veins of human volunteers by
systemic infusion of streptokinase; in control subjecis not given
streptokinase the veins went on to fibrosis, The effectiveness
of thrombolytic therapy in man has also been demonstrated in
individual well-studied cases of peripheral vascular occlusion
treated by plasminogen activator infusion (Verstreate et al., 1963;
MeNicol et al., 1963).,

In view of the conceptual attractions of thrombolytic
therapy, and the initial clinical successes, intensive efforts are
needed to extend knowledge of the biochemical effects of
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plasminogen activators and to improve methods used in their
study, in ovder to place this approach to treatment on 2 routine
basis so that large well designed clinical trials may be carrvied
out to assess ite general applicability in the treaiment of thrombo«
embolic occlusive vascular disease,

The majority of the investiga,tiona presented in this
thesis were carried out during therapeutic administration of
plasminogen activators. A few of the studies were primarily
pharmacological and were periormed to elucidate certain of the
biochemical effects of thrombolytic activity in vivo, and the
remainder were concerned with methodology, ox with the response

of thrombi in vitro to plasminogen activators.



CHAPTER 3.

LABORATORY METHODS,

It is the purpose of this chapter to give an account of
the mc;re important laboratory methods used in this thesis,

In the study of the effects of plasminogen activators it
is necéssary to have assay systems for plasminogen activator
activity in plasma and other fluids; the methods which are
available ave discussed below., Test systems must also be
available to measure the coagulation defect produced by plasmin
activity; in most cases the thrombin clotting time or the one-stage
prothrombin time are suitable for this purpose, though in some
circumstances a whole blood clotting time, recalcification time
or assay of specific coagulation factors may also be helpful.
Finally, to give understanding of the mechanisms of production
of fibrinolytic siates and the assoclated coagulation defect,
plasminogen and fibrinogen must be assayed.

Activator Assays. No specific assay system for activator in

biological fluids is available. The fibrin plate test and the 131;

labelled clot system measure the ability of the plasma or other
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fluid under test to lyse preformed fibrin, a property which
is lavgely dependent on the activator content of the fluid under
test, though both systems arve partially sensitive to plasmin
in the fluid being assayed, The radioaciive clot sysitem, which
is described in detail in chapter 4, is relatively insensitive,
and is somewhat complex. The fibrin plate test, in which
sensitivity can be increased by the use of resuspended ecuglobulin
precipitates in place of native plasma, requires overnight
incubation and so is not suitable for concurrent control of
thrombolyiic therapy. The euglobulin lysis technique is prirmaarily
a measure of plasma activator content, but it alsc depends on
plasminogen levels and prohably also on fibrinogen levels., As
discussed in chapter 5, when plasminogen is low, euglobulin
lysis times may be long even in the presence of increased
concentrations of activatowr,

In a group of 40 patients with renal discase, euglobulin
lysis resulis correlated well with those of the fibrin plate test
(figuve 4), but there was no correlation between ;augl'obu'lin lysis
activity and plasminogen levels (figure 5) ox fibvinogen levels
(figuve 6).

Description of Methods, /




Degeription of Methods, -

Tibrin Plate Test. In the fibrin plate test, a fibrinogen

selution, rich in pla.s.minagen. is clotted with thrombin in a
Petri dish., If a small amount of a solution containing activator
is placed on the suriace of the plate, the plate plasminogen is
converied to plasmin and afier incubation the holes made in

the plate where the {ibrin is lysed are measured. Areas of lysis
are usually expressed in square millimetres as the product of
iwo perpendicular diameters of the areca of lysis., Aveas of
lysis are not lincarily related to activator concentration and
where the resulis are to be subjected to statistical analysis a
standard curve should be run with each batch of plates, activity
in the test sample being vead off the curve {Smyraiotis et al.,
1959).

Such a fibvin plate is primarily sensitive to activator but
it is also susceptible to digestion by plasmin, Response to
activator can be eliminated by heating the plate to destroy
plasminogen (80°C. for 45 minutes; Lassen (1952) ). Because
of partial denaturation of the fibvin, response to plasmin in a
heated plate is gbout 50 per cent of that found in a comparable
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unheated plate (Alkjaeveig ot al., 1959a),

Agsay technique, The method used in this thesis was slightly

modified from that of Nilggon and Qlow (1962). The fibrinogen
wag bovine fibrinogen‘, Blomback fraction 1 = 0 (Blgmhack and
Blgmback,« 1956) kindly S‘uppléed by Dz, I, N. Grondhal,
Stockholmn, 2,5 ml, of O 1 per cent boﬁne fibrinogen in tris
buffe:r; 0,15 Momr‘, pHl 7.8 were clotted with 0.5 ml, thrombin,
50 N.I.H. units/ml, (Parke Davis thrombin topical), in a perspex
dish, intermnal d?:ameta's: 11,5 cms,  Aftew application of samples
{(30p1, of plasma or resuspended euglobulin precipitate), the
plates were incubated for 18«20 hours at 37°C, Resuspended
euglobulin precipitates were preparved by adding 0.1 ml, plasma
to 1,9 ml, 0,014 per cent acetic acld, pH 5.4; the mixture was
kept at 4°C, for 10 minutes and then centrifuged ot 500 g, for 10
minutes, The precipitate was disselved in 0,1 ml. citrate paline
(3.8 per cent sodium citrate in 0.9 per cent godium chlozide
solution). Resuepended eugl#bulin precipitates produced larger
aveas of lysis than the native plagma from which they were
prepared.

Samples were kept at 4°C, until assayed and were applied

tol



to the plates as goon as possible after withdrawal,

Buglobulin Lyais Activity, In this technigue the euglobulin

fraction of plasma, which inéiudea fibrinogen, plasﬁ'sinogén
and plasminogen aci:ivatar; is precipitated at pi 5.4 and
low ionic strength. The supernatant which contains antiplasmin,
is discarded, Accordingly lysis times of clois made from the
euglobulin precipitate are mwuch shorter than those found with
native plasma,
Thé technigue used was that of Nilsson and Olow (1962),
To 9.5 ml., of 0,014 per cent acetic acidA. pH 5.4, was added
0.5 ml, plasma. The mixture was kept at 4°C, for 10 minutes
and then centvifuged at 4°C. at 500 g. for 10 minutes, The
gupe rnatant wasdiscardec’l-aml?thé precipitate dissolved in 0.5
ml, of 0.1 Molar barbitone buffer, pH 7.3 (sodium diethyl
barbitone, 11,75 gm; I{(‘:ll,‘ 0.1 N, 430 ml; Na Cl, 14,67 gos
distilled water to 1000 ml.). After clotting with thrombin, 0.5
ml, of a 2 N,I.H, unit/ml, solution; the clot was incubated at
37°C. and thel time necessary for complete clot lysis was recorded,
Sherry and Alkjacrsig {1957) have shown that in fibrinolytic
assays, activity is proportional to the reciprocal of the lysis

timel



time and accordingly a logarithmic plot of lysis time against
units of activity shows a lineax relationship. Such a plot

can be used to express observed lysia times in terms of
arbitrary units of activity, as suggested by Shexry et al.
(1959b). Such units can be used for statistical purposes in
analysis of data. In the present studies, a lysis time of 300
minutes was assigned 1 unit of activity, Observed lysis times
can be converted to units by dividing the lysis time in minutes
into 300,

Radioactive Clot Assay. The method is described in chapter 4.

Thrombin Clotting Time, The thrombin clotting time was used

in this thesis primarily as an index of defective f{ibrin polymerisation,
but it is also prolonged by reduced fibrinogen concentrations
(figure 7).
The method used was that of Fletcher et al. (1959). To
0.1 ml. plasma was added 0,3 ml, of the "thrombin titration
mixture' of Seegers and Swaith (1942), This was made up fresh
on each occasion with 6 ml, saline, 1 ml, tris buffer, 0,1 Molavr,
pH 7.5, & ml, 0.7 per cent calcium chloride and 2 ml. 15 per
cent acacia solution. The clotting time of the plasma with "thrombin
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titration mixture" was estimated at 37°C, after addition of
0.1 ml., thrombin, 10 N,1.H. units/unl.

One=Stage Prothrombin Times were estimated as described by

Douglas (1962).

Plasminogen Assay. The method used was the caseinolyiic

assay of Remmert and Cohen (1949) as modified by Alkjaevsig

et al. (1959b). Antiplaswmin is first destroyed by incubating

the plasma with acid, The acid is neutralised with alkali and
buifer, and streptokinase is then added to convert the plasminogen
to plasmin, The plasmin so produced is assayed by a caseinolytic
technique, the amount of tyrosine released from the casein being
a measure of the amount of plasmin present. The casein
solution used was prepared by boiling for 20 minutes 25 gm,
casein (L, Light and Co, Ltd., Colnbrook) in 500 ml, phosphate
buffer, 0,1 Molar, pH 7.6 (sce below), The solution was
filtered while hot and after cooling, the pH was readjusted to

7.6. The golution was then dialysed overnight against a large
volume of constantly stirred phosphate buifer.

Assay technigue. To 0.5 ml, plasma was added 0.5 ml. 1/6 N,

hydrochloric acid, After standing for 15 minutes at room

temperature!
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temperature to destroy antiplasinin, 0.5 ml, /6 N. sodium
hydroxide was added, followed by 1.0 mil, phosphate buifer,
0.1 Molar, pH 7.6, 0.5 ml, streptokinase solution 2,000
wnitelml., (Varidase Lederie) and 2.0 mi, 5 per cent casein
soluiion, After addition of casein and thorough mixing,

the assay mixture was incubated at 37°C, for 62 minutes,

At 2 iinutes and 62 minutes, 2 ml., aliquots were taken and to
each was added 2 ml, 10 per ceni trichloracetic acid, After
centrifugation (500 g, for 10 minutes) 1 ml, of the supernatant
was added to 5 yal, 0.5 N, scdium hydroxide and 1,5 ml, 5 per
cent trichloracetic acid, followed by 1.5 ml, dilute (1:2) Folin
Ciocalieu reagent, After standing for 15 minutes fox colour
developmnent, the optical density of the 62 minute sample was
read at 650 rap with the 2 minute sample as blank, Tyrosine
release was read off a standard curve; 1 casein unit equals
180 pg. tyrosine veleased in 1 hour,

Fibrinogen Assay. The method described is that of Ratnoff and

Menzie (1951) as modified by Alkjaersig (1960). In this assay
fibrinogen is cloited with thrombin; the fibrin so formed is
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hydrolysed with sodium hydroxide and the tyrosine released
is estimated colorimetrically. A coastant proportion of
tyrosine in the fibrinogen molecule is assumed (1: 11.7),

Assay technigque, In a 15 ml. test tube were placed '"0,2 mi."

glass beads (diameter 0,15 mxm.), 6.0 wl, saline, 0.1 ml,
thrombin aolu_tion., 100 N.I.H. units/ml., 0.2 ml, 2.5 per

cent calcium chloride and k(). 2 ml, plasma, The tube was
shaken but not inverted and the fibvin was caught up on the glass
beads, After standing for 1 hour at 4°C. the tube was shaken
again and cenirifuged for 10 minutes at 500 g, The glass

beads and adherent {ibrin were washed 3 timnes with saline,
After final centrifugation and decantation of the washing fluid,
0.4 wal, 10 per cent sodium hydroxide solution was added and
the tube boiled in a water bath for 20 minutes. After cooling to
room temperature 0,6 ml, 5 per cent trichloracetic acid, 2 ml,
0.5 N. sodium hydroxide and 0,6 ml, dilute (1:2) Folin Giocalteu
reagent were added. After standing for 15 minutes for colour
development, optical density at 650 myp was vead against a reagent
blank, Readings were converted to fibrinogen concentration,
mg/ 100 ml,, from a standard tyvosine curve,

Collection of blood samples. In all the studies reported in this
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thesis, citrated blood was used; 9 volumes of blood collected
by clean venepuncture were mixed with 1 volume of 3, 8 per
cent sodium citrate in a graduated centrifuge tube, Plasma
was obtained by ceantrifugation at 500 g, for 10 minutes, and
in expressing vesults of plasma assays, no correction has
been made for dilution by ciirate,

Standard phosphate buffer, The standard phosphate buiffer used

in this thesis was a buffer of ¢.1 Molar, pH 7.6, made vp as
follows: Na Hp FPO,. 2H0, 2.028 gm.; Nag H POy, 2H 0, 14,964

gm. i 9,0 pm, Na CL; water to 1000 mi,
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CHAPTER 4.

PREPARATION AND PROPERTIES OF
131} PAGGED FIBRINOGEN, AND ITS USE AS A
SUBSTRATE IN A THROMBOLYTIC ASSAY SYSTEM,

This chapter describes a method of preparing fibrinogen
tagged with radiocactive iodinel. some of the properties of this
tagged fibrinogen, and its use in the assay of thrombolytic
activity, The method of fibrinogen~tagging, devised in
collaboration with Miss W. &, Clement (Clement and McNicol,
1959) has subsequently been modified as described by McNicol
and Douglas (1964),

Mate rials.

Radioactive Iodine (}311) was obtained from the Radiochemical

Centre, Amersham, as radioactive sodium iodide, in 0,1 ml,
dilute sodium thiosulphate solution. At various times the
quantity of radioactivity used varied from 1 to 6 mec.

Fibrinogen was prepared from expired bank plasma by a phosphate

buifer method (Biggs and Macfarlane, 1962b).

Thrombin../




Thrombin, Parke Davis thrombin topical,

Plasminogen, The plasminogen used to make radioactive

clots, prepared by the method of Kline (1953), was kindly
supplied by Miss M, Mackay, It was insoluble at neuiral

pH,

fi@fﬁi wag prepared by spontane.cma activation of plasminogen
in glycerol according to the method of Alkjaersig et al. (1958).
The plasminogen for this purpéme, soluble at neutral pH, was

supplied by A. B. Kabi,

lon Exchange Resin. Awmberlite IRA 400 CL.

Streptokinase, A highly purified preparation supplied by

A, B, Kabi,

Urokinase., Leo uvokinase was used (Leo Laboratovies, Copenhagen),

Methods,

A s

Buifer for electrophovesis. Bavbitone buffer 0.1 Molax, pH 8.6

(Flynn and de Mayo, 1951),

Paper electrophoresis was carried out in a horizontal electrophoresis

tank on Whatman No. 1 paper fox 16 hours at 130 volts. Strips
were stained for protein with bromophenol blue,

Cellulose acectate electrophoresis was carried out using oxoid
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celluloge acetate strips which were run for 2 hours at 150
volts in a Shandon horizontal electrophoresis tank, After
staining with Ponceau S.. strips were scanned in a recording
densitometer (Chromosecan, Joyce Loebl and Co,, Gateshead
on Tyne). |

Chromatography was carried out by ascending chromatography

with butanol acetic acid as solvent. Strips were stained for
amino acids with diazotized sulphanilic acid and 10 per cent
potassium carb@nate.. and with 1 per cent palladium chloride
for iodide, Monoiodotyrosine, diiodotyrosine and potassium
iodide were run as markers,

Scanning for radicactivity. Electrophoresis strips and

chromatograms were scanned for radioactivity by passing them
between two Geiger-Muller tubes linked through a rate meter to
a recording milliammeter.,

Autoradiography. Kodak 'Kodirex' film was used.

Tyrosine assay was carried out using Folin Ciocalteu's reagent,

optical density at 650 mp being recorded and tyrosine content of
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unknown solutions being read off a standard tyrosine curve.

Preparation of Radioactive Todine Tagpged Fibrinogen. To

6 me. of radicactive sodi&mﬁ iodide in 0,1 ml, dilute sodium
thiogulphate solution were added 0,025 ml, of a normal

solution of stable lodine in methanol, 0,025 mi, 0.01 N.
sulphuric acid and 5 ml, of human fibrinogen in citrate saline,
concentration 4 mg, [xl, After 5 minutes incubation at voorn
temperature, the fibrvinogen was passed through an ion-exchange
resin column with 5 ml, 0, 1 Molar phosphate buffer, pH 7.6.
After addition of heparin (0.1 xl. of 2 1 mg,/ ml., solution),

the fibrinogen was stored in small aliquots at. -20°C.

131

Properties of 1 Tagged Fibrinogen.

The quality of the 13 1i tagged fibrinogen produced is
dependent on the quality of ﬁhe starting fibrinogen. Figure &
shows a paper electrophoresis strip of a tagged fibrinogen
preparaticn, clottable radioactivity 94 per cent, with a control
strip of normal serum run simultaneously. The figure also
shows a scan for radioactivity, and it will be seen that all the
radioactivity was with the fibrinogen. The hazard of a poor

starting/



stavting fibrinogen is illustrated in figure 9, which shows an
electrophoresis strip of tagged fibrinogen prepared from a
fibrinogen soluiion which was contaminated with gamma
globulin; only 58 per cent of the radicactivity was thrombin=-
clotiable. In the siudies presented in this thesis using
radioactive 'iodine tagged fibrinogen, thrombin~clottable
radicactivity varied fvom 89 = 94 per cent, and trichloracetic
acid vadioactivity was always greatex than 97 per cent.

Figure 10 shows a cellulose acetate electrophoresis strip
of a normal plasma to which a trace of tagged fibrinogen had been
added. Above the electrophoresis strip is shown a densitometer
tracing from an optical scan of the stained strip, and below is
shown an autoradiogram with radicactivity well localised to the
fibrinogen peak.

Figure 11 shows a chromatogram of the tagged {ibrinogen
scanned for radioactivity which 'was all at the origin; no iodide
wag washed out, Ghramétography was rvepeated after trypsin
hydrolysis; figure 12 shows radicactivity, 63 per cent of which was
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opposite mon- and di~iodotyrosine markers,

Discussion.

The method of tagging fibrinogen with radicactive
iodine which has been described in this chapter was quickly
and easily carried out., If the initial fibrinogen was of good
guality, thrombin~clottable radicactivity was up to 94 per cent,
with at least 97 per cent precipitable by trichloracetic acid,
The specificity of the tag was demonstrated by eleeticphoresis
and by chromatography. Chromatography after hydrolysis
suggests that tagging was largely due to iodination of tyrosines.

The next section of this chapter presents the use of tagged
fibrinogen in the plasminogen enriched clot assay system for

plasminogen activator,

Activator assay with Plasminogen enriched 1311 labelled Clots.

The method described, slightly modified from that of
Alkjaersig et al, (1959b) is dependent on the release of radioactivity

from plasminogen~enriched 131

I tagged fibrin clots when incubated
~ in the presence of a plasminogen activator, Plasminogen
enrichment is intended to ensure that, after washing to reduce
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blank radioactivity, the clets retain sensitivity to activator.
Expired bank plasma trace labelled with 131 tagged fibrinogen
prepared as described above, and enriched with plasminogen,
is clotted with thrombin round stainless steel wire spirals,
After washing, the clots are incubated at 37°C. with the test
plagma. Radioactivity released from the clot in a standard
time is a measure of activator concentration in the test plasma.
Method.

To 0.5 ml, of pooled bank plasma trace labelled with 131y
tagged fibrinogen so that 1 mg. of fibrinogen gave approximately
2500 counts, was added 0, 1 ml, plasminogen, 6 casein units/ml;
this plasminogen being insoluble at neutral pH was not eluted
during washing, The plasma was clotted round a stainless steel
wire spiral in a 75 x 8 mun. test tube by addition of 0.1 ml,
thrombin, 10 N,.I.H. units/ml, The clots were incubated at
37°C. for 30 miﬁutea to ensure complete clotting. Still on the
wire spirals, the clots were removed from the tgg}_‘.%tubes and
washed at 37°C, in phosphate buffer, 0.1 Molar, pH 7.6., to
reduce blank radioactivity and remove serum with its high
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antiplasmin content. Washing was always carried out for at
least 1 hour and sometimes overnight. For any one experiment,
the washing period for all the clots was constant,

Activator Assay,

The activator assay was cairried out as follows. The
test solution (0,5 ml,) was incubated with a preformed clot for
30 minutes. The clot was then removed on ite wire spiral and
residual radioactivity counted in a well~type scintillation counter
with a pulse~height analyser, Results were recorded after
subtraction of (i) background and (ii) mean counts from two
control clots incubated with saline., Results were sometimes
expressed in terms of counts, and sometimes, knowing the
specific radioactivity of the fibrin, in terms of micrograms of

fibrin lysed per millilitre of test solution per hour,

Reproducibility of the assay system, and correlation of radioactivity

release with tyrosine release. Forty~two radicactive clots were

prepared as described above, and were incubated with a solution
of streptokinase in saline, 50 units/ml, Seven clots were
incubated for 10 minutes, 7 for 20 minutes, 7 for 30 minutes, 7
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for 40 minutes, 7 for 50 minutes and 7 for 60 minutes, and
radioactivity release was counted. Resulis are as shown
in figure 13. The coefficient of variation is 14,5 pex cent
(calculated by Dr, R. A. Robbh),

in this experiment tyrosine release from the radioactive
clots ﬁaa also estimated, Figure 14 shows the excellent
correlation found between tyrosine release and radioactivity

release (v = 40,954, p <0.001).

Effect of plasminogen content. As shown in figure 15,
susceptibility to lysis by streptokinase and urokinase was
dependent on clot plasminogen content.

Response to 