VL

Universit
s of Glasgowy

https://theses.gla.ac.uk/

Theses Digitisation:

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/

This is a digitised version of the original print thesis.

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses
https://theses.qgla.ac.uk/
research-enlighten@glasgow.ac.uk



http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk

PLASMINOGEN ACTIVATION AND ITS INHIBITION
by

Anne ¥H,C. Dubber
M.B,,Ch.B. (Glasgow)

Honorary Sexnior HMouse Officer, University

Department of Medicine, Glasgow Royal Infirmary

Volume 1



ProQuest Number: 10646019

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uesL

ProQuest 10646019

Published by ProQuest LLO (2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLO.

ProQuest LLO.

789 East Eisenhower Parkway
P.Q. Box 1346

Ann Arbor, M 48106- 1346



PREFACE

The work presented in this thesis was carried out in the
laboratory of Professor A.S. Douglas, in the University Department
of Medicine, Glasgow Royal Infirmary. While performing the work,
I have held the post of honorary senior house officer, supported by
a grant made for this appointment to Professor A,S. Douglas by
.the Medical Research Council. I was directed in the experimental
work for this thesis by Professor K. M. McGirr, Professor A,S.
Douglas and Dr. G.P. McNicol. Specific mention must be made of
some portions of the work which 1 did not personally perform. Miss
P. Wilson carried out column chromatography (chapter 6); Dr. B.M.
Rifkind and Miss M. Gale performed lipid assays (chapter 7); and .
Dr, B. Sweet prepared rabbit anti~human fibrin serum (chapter 8).
Some of the . work described in the thesis has been published, as
detailed below, and the remainder is being prepared for publication:~

Dubber, A.H.C., McNicol, G.F., Douglas, A.S.,

Melander, B., (1964),

Some properties of the antifibrinolytically active

isomer of amino-methylcyclohexane carboxylic

acid, Lancet, 2, 1317,

Dubber, A;H.C.. McNicol, G.P., Douglas, A.S., (1965),

Amino methyl cyclohexane carboxylic acid (AMCHA) a new
synthetic fibrinolytic inhibitor, Brit. J. Haemat., 11, 237,
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CHAPTER 1

INTRODUCTION

Interest in the components and functions of the fibrinolytic
enzyme system or plasminogen-plasmin system has been stimulated
largely by the availability of activators and inhibitors of this system,
an preparations suitable for use in man. Administration of these
substances as therapeutic agents in man has lead to more fundamental
rmdemté,nding of the physiological function of the fibrinolytic enzyme
system and the blochemical abnormalitiéa which accompaﬁy pathological
activity of this aystem, This thesis is concerned with the study of
certain aspects of plasminogen activation and its inhibition.

Acute am-i frequently life~threatening haemostatic defects may
be precipitated in part or wholly by disordered activity of the
fibrinolytic enzyme system and there is increasing evidence that
inhibitors of the systom may have value in the therapy of such states,
Gtudies made for this thesis included investigation of two compounds
which possess activity as fibrinolytic inhibitors (chapters 4 and 5),

A number of clinical trials and individual well-documented
cases have served to establish the feasibility and usefulness of
plasminogen activators in the treatment of thrombo~embolic vascular

disease. Up to the present time, the most frequently employed



activator has been the bacterial protein, streptokinase, This
activator has certain disadvantages, in particular its antigenicity.
On the other hand, urokinase, the activator prepared from human
urine, has presumed non-antigenicity. However, early preparations
possessed marked thromboplastic activity. Recently a commercial
preparation of urokinase has been made available for trial by
clinical investigatbrs. One of the chapters of this thesis describes
studies made with this preparation with a view to defining any
coagulative properties it might possess and includes investigation of
its effect on plasminogen activation in vivo (chapter 6).

The physiological role of the fibrinolytic enzyme system is
considered by many authorities to be the maintenance of a patent
vasculature. One hypothesis concerning the development of
atherosclerosis links plasma lipid levels with it'he coagulation system
and the fibrinolytic enzyme system. The hypothesis suggests that
high plasma lipid levels may accelerate clotting and inhibit lysis
thus permitting the increased occurrence and persistence of
intravascular fibrin, It is thought that such fibrin can become
incorporated.in the subendothelial layer of the arterial wall leading

to the development of atherosclerotic plaques. The effect of fat



feeding on blood clotting, fibrinolysis and platelet aggregation
wag investigated as part of the work for this thesis (chapter 7).

In chapter 8 of this thesis, an account is presented of
detailed'investigation of the biochemical abnormalities occurring in
the defibﬂn.at‘;ion' syndrome; tﬁe patienfa studied had a vé.riety of
associated élinical disorders. it is generallyibelieved that abnormal
fibrinoiysié‘ may contribute in paft at least té the coagﬁiation defect
associét’ed With some defibrina.tion syndromes.

The thesis is presented in 2 volumes, The {first contains
the text and references and the second figufea and tables, The
text beginé with an historical introduction to the fibrinolytic enzyme
system and an account of current concepts of its components and
functions. There follows a description of the methods used in the
work for this thesis and thereafter the presentation and discussion
of the investigative work mentioned above, The figures are numbered
in order of their introduction in thé text and the tables are arranged

similarly.



CHAPTER 2

THE FIBRINOLYTIC ENZYME SYSTEM

Historical Introduction

Current extensive knowledge of components and functions of
the fibrinolytic enzyme systemn has largely accumulated over the past
two decades although the carliest observations of fibrinolysis appear to
have been made nearly 200 years ago by Morgagni (1769) and Hunter
(1794), 1In their writings is recorded the finding of post-mortem
_fluidity of blood in cases of sudden death. Half a century later, Denis
(1838) noted that washed human fibrin clots would dissolve in alkaline
solution., Plgsz (1873) demonstrated that fibrin was rendered insoluble
following repeated salt extraction and concluded that the substance
responsible for dissolution had been eluted during the process. He
suggested that the dissolving agent might be a tryptic enzyme, Dastre
(1893) called the spontaneous dissolution of whole blood clots, fibrinolysis,
and attributed the phenomenon to enzymes attached to fibrin.

Delezenne and Pozerski (1903) confirmed the earlier observations
of Denys and de Marbaix (1889) that proteolytic activity appeared in serum
mixed with chloroform and also found that this activity disappeared on
addition of untreated serum, They concluded that the effect of

chloroform might be to destroy proteolytic inhibitors,



Nolf (1904) reported that the incoagulability of blood observed
after peptone injection was associated with a marked increase in
fibrinolytic activity and suggested that the source of the substance
producing fibrinolysis might be the vasculayr wall,

- 1t will be seen that these early observations and hypotheses
copcerning the nature of fibrinolysis foreshadowed findings made after
the lapge of many yeavs.

A fundamental discovery in the field of fibrinolysis was made
by Tillett and Garner (1933) who showed that rapid lysis of human plasma
clots occurred if they were formed in the presence of culture filtrates of
certain strains of haemolytic streptococci, They thought that such culture
filtrates contained an ensyme with a divect proteolytic effect on fibrin,
However, Milstone (1941) demonstrated that the effect of the streptococcal
suhgtance was dependent on a factor contained in the globulin fraction of
human serum since pure human fibrin was resistant to lysis by the
streptococcal substance alone but was rapidly lysed in its presence on
addition of a sxaall amount of human serum globulins, He named this
accassory component contained in human serum globuling 'lytic factor',

Kaplan (1944) thought that "lytic factox’ was the same agent as

the proteolytic substance which appeared in serum on addition of chloroform



Christensen (1945) and Christensen and MacLcod (1945) extended this
observation and postulated that the streptococcal substance was a kinase
which activated a globulin precursor of the fibrinolytic enzyine of
human blood,

These workers also proposed the terminology now most widely
used by workers in the field of fibrinolysis. They called the streptococcal
substance, streptokinase. The globulin precursor of the active
fibrinolytic enzyme was named plasminogen and the active enzyme, plasmin.
The enzyme system responsible for the phenomenon of fibrinolysis was
called the plasminogen~plasmmin system or flbrinolytic enzyme sysiem.

Compenents and Functions of the Fibrinolytic

Enzyme System
There are four principal components of the fibrinolytic enzyme
system: plasminogen, plasmin, activators and inhibitors (figure 1).

Plasminogen. Plasminogen is the circulating plasma precursor of the

proteolytic enzyme plasmin, Kowalski et al, (1958) have suggested that
pllasminogen thought to be identical with plasma plasminogen, is present
in various tissues; Christensen (19534) has demonsivated plasminogen in
certain exudates and transudates and Lodi et al, (1961) its presence in



The site of plasminogen synthesis in the body is not definitely
known although Barxnhart and Ridd}.e (1963) using a fluorescent antibody
technique, have shown that eosinophils contain and may produce
plasminogen,

FPlasminogen is a beta globulin but since absolutely pure
preparations have not yet been obtained, its characterisation remains
inadequate. Shulman et al. {1958) and Singher (1960) have shown that
the plasminogen molecule contains about 8 hexose groups suggesting
that it is a glycoprotein. The former workers have found a molecular
weight for plasminogen of 143, 000. More recently Davies and Englert
(1960) and Hagan et al. (1960) have reported it to be 83,000,

The most widely used methods of preparation of plasminogen have
been evolved from that of Kline (1953). This method is based on two
properties of plasminogen, its marked acid resistance (von Kaulla,
1949) and its concentration in Cohn fraction III (Christensen and Smith,
1950)which is used as starting material. Such acid-fractionated
plasminogen is sparingly soluble and unstable at neutral pH, More
recently, Alkjaecrsig (1964), has produced, using DEAR«cellulose
chromatography, a stable plasminogen preparation of high specific

activity which is readily soluble at neutral pH. Reports on similar



preparations have heen made by Davies and Englert (1960), Hagan

et al. (1960), Derechin (1962), Derechin et al. (1962), Wallén

(1962 a, b). Hink and McDonald (1963). and Robbins and Summaria
(1963). 1In this method basic amino aczds. such as lysine or epsilon
aminocaproic acid (BACA) ave used as selective effluems or to renhance
solubzhty and prevent LQ*pi‘eﬁlpit&thXl of plaswminogen dm iné, the
purincation'pro dedure, A. commermal preparation of th:.s type has
been mad@ a,vﬁila.ble recently'(A.B. Kabi. Stockholm).' |

Conversion of Plasminogen to Plasmin Twroll and Sherry (1955) and

Alkjaeréig et ai. (1958 a,b) have shown that the conversion of
plasmindgeﬁ to piaamin (plaéminogen activation) is a firsﬁ-order
enzymatic step; Whicl;x involves the splitting of peptide bonds, probably
lysine Aa.ndl or arginine bonds since the éstera of theaé amino 'acids are
also éplit by pla"sminogen _activa;tors and they act as competitive
inhibitors of plaéminogen activation, |
Activators and procedures which activate plasminogen to plasmin
may be dividedA into four main groups., Certain activators, including
urokinase and tissue activators, bring about direct conversion of
plasminogen to plasmin., Some substances appear to convert an inert

proactivator to activator. This group includes streptokinase and tissue



lysokinases, Proactivator has been postulated as an activity and has

not yet been identified. It is thought that proactivator may be plasminogen
iteelf (De Renzo, 1960), Verstraete (1966) has suggested that plasmin
ig the ,1?:r6$tctivator and that a wtreptbkinaae~p1asmin complék possesses
the prolaeﬁ;;ty of pla.aminageix activation. M#éfariane .(1“964:) .ha,s suggested
that tizé; hyﬁ;éthesis c:onc@rningi 'ﬁroaeti—v-atox.' arises out ‘.'o‘f diffé'rences in
sspecié"a sgxecificity of a.ctivat;:)r, . The third group of a,ct‘:i..vatiz'lg |
p.ﬂ:oc.:édure‘é inéludeé a&miniséré;tion §£ certain 's‘ubsmnéés, among them
advenaline and nicotinic acld, wnvot' ;&:hems elves plasminogen acii%raio::s.
which’.,‘a‘_ppea:r to trigger actiﬁrator réievase into fhe blooé. af:;veam. The
fourth gmup csompricaes a variéty of procedures which b’riﬁg aﬁout
plasminogén activation in vitro, These procedures include ‘diht.ion of
plasma, .'additianiof chloroforiﬁn to ;':la,srria and trypsin activétion.

Tissue Activator Astrup and Pormin (1947) demonstrated that

fib:rinolyti.c activity present in tissues is due to plasminbg'en aciivator
activity and hnt to a fibrinolytic: ezﬁzyzﬁe‘ Tissue activator may be
prepared by potassium thiocyanate extraction of human or animal tissue
(Astrup and Stage, 1952), Tissue activator is relatively stable
especially at acid pil (Astrup and Sterndorff, 1956). Mullertz (1953)
considers that tiseues contain lysckinases which, like streptokinase,

activate an inert proactivator. Abe and Astrup (1960) have shown that
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conversion of plasminogen to plasmin by a thiocyanate activatoy

extract of pig heart in a slow, poseibly stoichiometric, wreaction.
Activator activity is present in most tissues, Uterus, aclrenél‘s,

lymph nodes, prostate and lung ave périieulazfly rich in activator

s:ontént whil-e there is none in ﬂérma}. 1iver' and plac:entaH(Albrmhsten,
1937),: ~t_}’ éing ‘ai:. aut&::raéibgraﬁ:hic té;‘:hni(iue. 'Tad& (1:959') has demonstrated
the preaenae of activafor in tigsues 4c:1'9se'z1y‘ related to the eﬁd@thelium

of Q@ins and' ibﬁirﬂonary arteriéé; Bé,z;aﬁ and Bametth(l%o) ha{ré shown
that plésmiﬁogé# activator is pfodﬁéé& by a contiﬁuéus 1ﬁetabulie
p:::e:cesé and. réiéased into the’.:supernat'éﬁt by a variety of primary and
mntinﬁéxis human celﬁ!.‘culturesl . Lack and Ali (1964) have produced
evidence to sﬁgg:aét that tisaué ya.ctivatéx;‘is‘ concentrated in i;he lysosomal
fraction of tissue homogenates, Lack (-1964) suggests that local anoxia
may influence the release of tissue activator and that this release may
be respansiblé for the increased plé,sma fibrinolytic activity found after
sudden death, in response to local i'schaemi.a. and after anaphylaxis.

Blood Activator Under physiological conditions, plasminogen activator

activity can be detected in shed blood (Fearnley and Tweed, 1953).
Plasminogen activator can be separated from plasma by precipitation

of the euglobulins which also contain plasminogen, a quarter of the
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fibrinogen but with only traces of fibrinolytic inhibitory activity
(Kowalski et al., 1959), Flute (1960) isolated by electrophoresis a
fraction of normal plasma which behaved as a labileplasminogen
activator: Fearnley et al, (1952) showed that theve wag a rapid logs
of fibrinolytic activator activity .‘fr'c;m blood samples stored at room
temperature, The loss was lesc at 4°G; and the activity stabilised by
fibrin formation. Plute (1963) considers that blood activator is a
lysokinase,

Increase in physiological fibrinolytic activity' ma.§ he brought
""&béuﬁ by, among others, exercise and adrenaline injoction (Biggs et al.,
1947; Ogaton and Fullerton, 'i% 1), ~eiéctric shock (Fantl and Simon,
1948) 'andan'aiesthe:sia- (von Kﬁélﬁia{ 194%). The concept of streds as a
stimulant to increase physiological fibrinolytic activity is now generally

accepted, Fletcher ot al, (1964) have shown that the iincreased plasma

§ !.'I?

activator activity induced in vive by nicotinic a,e:sid injection has a halfw
life in the circulation of bet'ar’;reen 14 and 15 minutes.

The source of blood activator has not been established., Kwaan
et al, (1957 a, b) found an increase in fibrinolytic activity in isolated
venous segments following the pavavenous injection of acetyl: choline,

adrenaline and serotonin and concluded that the activity was released
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from vein walls by a cholinergic-effector mechanism since the effect
was blocked by atropine, Kwaan et al. (1958:a,h have put forward the
hypothesis that local activator release from the vessel wall may be a
response to intravasedlar thrombosis. They suggest that sevotonin
released from aggregating platelets woay be the stlmulus for its
production. The work of Todd (1959), mentioned previously, lends
‘auppcrt to the view that vein walls may be the source of activator
appearing in blood. Chakrabarti et al. (1963) found that trauma to the
wall of an unobsirucied vein exposed at operation resulted in increased
plasma activator activity upstream from the site of trauma, These
workers alse showed that non-fibrinolytic plasma introduced into the
lumen of an isolated venous segment rapidly developed fibrinolytic
activity, They considered that release of activator from the vein walls
was o veasonable explanation for their resuliz. More recently Warren
(1964), using a histochemical technique similar to that of Todd (1959),
found evidence of activator activity in close association with the endothelium
of velns, venules and simall arteries including the vasa vasorum,

Urokinase Urokinase is the physiological activator which has been

igolateéd from human urine, Investigation of a preparation of urokinase

was part of the work for this theds and the properties of this activator
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are discussed in chapter 6,

Activators in Secretions Plasminogen activator activity has been

demonstrated in milk (Astrup and Sterndorff, 1953), seminal fluid

(von Kaulla and Shettles, 1953), saliva (Albrechsten and Thaysen, 1955)

and teavs (Storm, 1958).

Bacterial Activators These include streptokinase and staphylokinase.

Streptokinase Streptokinase is present in culture filtrates of certain
atraiﬁs’of haemolytic stmpm‘cocci.y Flatchér and Johﬁson (1957)
descoribed a purification process which made possible the intravascular
administration of streptokinase preparations in man, 8treptokinase is
a bacterial protein of mnolecular weight about 50,000 and exhibits
antigenic properties (I"letcher et al,, 1958).

Clifx”ftan and Downie (1950) demonstrated the marked species
Variabiiity which occurs in response to streptokinase administration,
Sireptokinase readily bringas ébout the activation of human plasminogen,
is less effective with rabbit, dog, cat and monkey plasminogen and bovine
and porcine plasminogen are almost totally resistant to it,

Streptokinase first acts stoichiometrically with blood proactivator
(Troll and Sherry, 1955), The concept of proactivator has been

mentioned earlier, This reaction is rapid and the activator so formed



converts plasminogen to plasmin by a first~order enzymatic reaction
with release of ‘nitrogen*centaini_ng moieties {(Alkjacrsig et al,,1958 b).

It has been used exteﬁsivaly as % thrombolytic agent in man
{sce later). Its cffectiveness in this respect was establiéhed by
J ehz:z:mn‘a#d Mcﬂarty (1959). In a comtrolled trial, monitored by
venography, _fi;hey demonstraied the disappearance of artificially induced
.;;hmmbi in the forearn: veins f;:ai’ humanvolmntee,m. £m1§lo§viﬂg systemic
th'egatolgiﬁaae irzfusi§n. Veinss aéﬂt‘&imiug thrombi in control subjects
not given strgptokinam went on to fibfoaifs.

Antibodies to strepiokinase are distributed widely in the
population and depending on receni or remote streptococceal infection,
thelr level varies considerably, A priming dose of streptokinase, which
can be assayed, ls required to neuiralize antistreptokinase antibody before
streptokinase can exert its plasminogen activating effect {Johnson et al,,
195%).

Staphylokinase Staphylokinase is a staphylococcal exotoxin, and was

shown to be a plasminogen activator (Gerhelm and Ferguson, 1949). In
certain respects it diffevs from streptokinase. Although it produces
rapld activation of plasminogen at sufficiently high concentrations

{Davideon, 1960), there iz a limiting concentration above which it exerts
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an antiplasmin-like effect (Sweet et al,, 1968), It also appears to
activate plasminogen dirvectly in conivast to streptokinase., Liack

and Towers (1962) have demonstrated that staphylokinase is antigenic,
Because of the antiplasmin«~like -effect of currently avallable
preparations and because in Qiher rvespects it has no advantages
compared with streptokinase, it seems unlikely that staphylokinase will
have value as a thrombolytic agent,. .

Non=enzymatic Agents Adrenaline has already been mentioned as

increasing spontaneous fibrinolytic activiiy on intravenous injection
(Biggs et al,,1947). Another vaso-active substance, nicotinic acid,
has been fouad to have a similar effect when administered systemically
(Weiner et al, ,1958). Both these substances produce intense but
transient rises. In this group must be included bacterial pyrogen
since, when administered by the intvavenous route, it has an effect on
plasia fibrinolytic activity closely resembling that of adrenaline and
nicotinic acid (Meneghini, 1949},

Fearnley and his colleagues have reeently investigated various
drugs in a search for a substance which would enhance physiological
fibrinolytic activity. Tolbutamide and chlorpropamide were found to

increase plasma fibrinolytic activity in patients with atherosclerosis
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("earnléy et al., 1960) although the effect is temporary in many
people, resistance developing after several ﬁreeka' treatment
(Fearnley and Chakrabaxti, 19:64')‘.' Another oral antidiabetic agent,
phenfnrmm; héé been found tc. éi\?&: an iﬁzcrease in fibrinolytic activity
without p:t:mvﬁkingl resistance (i“eérnléfi and Cha;lqla*abaz'ti;; 1964)‘..
'I?astcvéai:émné zlm.ci androlone, ‘.:given i:y frequent‘ intramﬁam;iar injection,
' e:ﬂaanée ﬁbr‘invc;'iytic activi’cy aim"i.a'. éhdi‘t‘-‘:lived effect )l‘la.s- béen found
using anabolic steroids, mcludmg alefxbrate (Fcarnley et al. ,1963)
The most potent effect has been demonstraﬁ;ed with c,,ortmo.stermds
(Chakféba:eti et al., 1964). All these ﬁubutanws are fibrinalytmallv
inert in vitro and the mechanism of their action in xgm; has nﬂt been

elucidé,ted,.

Spontaneovs Activation Plasminogen dissolved in phosphate buffer,

PEL 7.6, and 50 per cent glycerol and maﬁntainad at ?‘aOQG undergoes
virtually campleﬁla spontancous activation, in a firstworder reé,c:i:ion. in
about 4 days. The veaction is thought to be autocatalytic since it is said
to occur with activator~free preparvations (Alkjaersig et al., 1958 a).
Astrup (-1960) has suggested that spontaneous activation is due to the
presence of gmall amounts of activator which contaminate the preparation,

The mechanism of chlovoform~induced activation is thought to be
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destruction of inhibitors to fibrinolysis with subsequent autocatalytic
activation {Chyristensen, 1946).

Von Kaulla (1962) has augge’ﬁ;ted that the in vitro plasminogen
activation produced by many urea or urethane derivatives and
hydrotropic compounds is due to a similar mechanism,

Teypsin Activation Purifled plasminogen is activated by trypsin, I

the reaction is stabilized in glycewrol, the activation kinetics are those

of a first~order enzymatic reaction (Alkjaersig et al,,1958 b), This
mechanism has not been proved to oceur in vivo,

Plismin Plasmin is the proteolytic enzyme which is produced from its
inactive precursor plasminogen by the activation procedures alrveady
discussed, Alkjaersig et al, (1958 a, b) studied the releasc of
trichlovacetic acid (TCA) soluble moieties afier autocatalytic activation
in glycerol and after strepiokinase and urokinase activation. Aftewr the
former, TCA soluble material represented 25 per cent of the original
protein and after the laiter, the figuve was 16 per cent. These
observations suggest that different activation procedures may produce
differing molecular species of plasmin., The wolecular weighi of plasmin
formed spontaneously from plasminogen has been suggested to be 107,000

(Shulman et al., 1960),
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In vitro, plasmin has equal affinity for fibrinogen and fibrin
(Ratnoff, 1953). Among othexr plasma proteins susceptible to digestion
by plasmin are ACTH, glucagon, growth hormone (Mirsky et al.,1959),
prothrombin (Alagille and Soulier, 1956), factor V (Greenwalt and
T riantaphyllopoulos, 1954) antihaemophilic globulin (A.¥,.G.) (Lewis
et al,,1949) and certain components of complement (Pillemer et al,,
1953)., Eisen (1964) has suggested that plasmin may be involved in the
fo‘rmaticn of plasina kinins, such as bradykinin, from their inactive
alpha=2=globulin precursors,

Inhibitors of the Fibrinolytic inzyme System There are two groups of

inhibitors of the fibrinolytic enzyme system: ‘those which inhibit the
activation of plasminogen called antiactivators, and those which inhibit
the proteolytic activity of formed plasmin, called antiplasmins.

Plasma Antiactivator The separate existence of a physiological

antiactivator in plasma has not been established since assay systems
at present available do not distinguish activator inhibition from anti-
plasmin a.ctivity; There is some evidence to suggest that compounds
which inhibit a;ctivatnr activity are present in the circulating blood
(Liewis and Fergusan. 1951; Jacobssw, 1955; Mullertz, 1957;

Paraskevas et al.,1962; McNicol at al., 1963 a).
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Other Antiactivators A number of aliphatiec amino compounds, of which

the most potent is RACA, competitively inhibit plasminogen activation.
These are reviewed in chapter 4 in which an account is given of
aminomethyl cyclohenane carboxylic acid (AMCA), a more potent
antiaétivatm:r than BACA. Tim investigation of AMCA formed part of
tl;;e work fé:r this thesis, A brief account is also given in chapter 4 of
p-‘&xminomefhyl benzoic aé-id .(PAMBA),: which also has an#iaetivator
@xopéitieé. | - N

Another compound, the ‘paiypeptide Trasylol, possesses anti~-
activator activity and its iﬂvestigation is described in chaptexr 5 as part
of t:hé 'woz;k for this thesis. |

Plasma Antiplasmin The existence of two separate antiplasmins in

plasma has been established by the work of Norman (1958) and Norman
and Hill (1958). According to electrophoretic migration patterns, they
have been designated alpha-l-globulin antiplasmin é,nd alpha=2«globulin
antiplasmin., The alpha~2~protein is heat~stable, acts rapidly and
behaves as a competitive inhibitor of plasmin, The aipha*l-;pmtein is
heat«labile and reacts more slowly and non~dissociably. It is generally
agreed tﬁat antiplasmin levels in plasma exceed potential plasmin levels.

Fletcher (1960) has reported that plasma antiplasmin levels are 60 per
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cent greater than potential plasmin levels, while Norman (1960) has

spuggested that antiplasmin levels are. about 30 times greater,

Platelet Ant;pla.smm Johnson and Schneider (1953} have shown that
piatvlc:ta pmﬁsess antiplasmin activﬂ.}'.

Other Amipiasmins There are aumerous compowxda with antiplasmm

aa:twity Which are chiefly of thecmtical interest, 'I‘heso include
panwesa.tiq trypsin inhibitor ami saya, be:ean trypain inhibitm* (Ghnawmen
and Maclecd. 1945), quaternarv aminea {Astrup and Alkjaarmg. 1951),
laur yl amine (Astrup and Alkjaers:,g. 1953). basic aminc acids
(Mullcartz. 1954}. their astms (Troll et al., 1954), heavy metale
(Kowaleki and' Latalle:r, 1956), heparin (von Kaulla and McDonald, 1958)
and mluiéixie .-I;alué. (Los:ﬁbardo, 195.8)‘ Other antiplasmins include EACA
and AMCA, These ave discussed in c:hapter 4. Their ut&lity as antiw
plasmins is restricted to in vitro wnrk.( Trasylol, the palypaptxde
proteolytic inhibitor, may be a therapeuﬁicall-y useful antiplasmin. it
is discussed in chapter 5.

The Antifihrinolyti«: Lffect of Lipids This effect was investigated as

part of the work for thie thesis and is discussed in chapter 7,

Physiological Fibrinolysis Sherry and his co~workers have postulated

an hypothesis to account for the largely specific in vivo effect of the
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fibvinolytic enzyme syatem « that of lysis of fibrin (Alkjaersig et al.,
1959 a; Sherry et al,, 1959 a,b; Fletcher et al,, 1962 a). Figure 2

is a schematic representation of the hypothesis which has been called
the dual ph«':;.s@ concent of plaémiﬁagen activation. Acéordixig to the
concept, plasminogen, in a Qiéﬂ@aéclct systermn, exists, ih a

phyaié:.al séﬁée in a soluble and a gel phase. Plasmihcﬁgeﬁ‘iﬁ plasma
cons‘tiﬁﬁmé‘m@ éé}.uble phase az‘;d:piasxriinogen in a;lat‘thet g'él phase,
Because of this physical distribution of pléssminagan,' the biochemical
effects -'of 'piasminagen a.ctliva.tiahn' 'iiz'éa;ch phase diff@r."" W'h:en soluble
phé,ae p.l'asmiﬁogen is a,ctivated.fo piasmin. it is rapidiy neﬁtralized by
plasma éntipléamin go that no "aﬁppreci'a‘bl'a proteolysis of plagma proteins,
mmt;eﬁt’imé‘ to digestion by plalémih. is detectable, It is only when
plasma‘ plasmihogen ie rapidly converted to plasmin and the antiplasmin
mechainiam is temporarily overwhelmed that gystemic proteolysis with a
haemdrrhagic state occurs, Such hyperplasminaemic states are
diracmaaed Below; In the gel phase, activator, adsorbed to fibrin during
ite formation, also diffuses into the clot where plasminogen is in
Cintimate spatial relationship with fibrin and levels of antiplasmin are
sald to be low (Sawyer et al.,1961), Thus free plasmin is formed in

close proximity to ite substrate fibrin which is then lysed,
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There iz experimental evidence which, though not conclusive,
lends supposrt to this hypothepls., Fibrinogen and fibrin have strong
affinitics for plasminogen {Blomback and Blomback, 1956). The
preparvation of fibrinogen free from plasicinogen is exceedingly
difficult unless specific plasminogen~solubilizing agents ave used
(Bergstrom and Wallén, 1961). Fibrinous deposits or thrombi ave
found to contaln considerable quantitics of plasminogen. Clots
rendered plasminogen~poor rapidly take up plasminogen when exposed
to plasma. - Plaamiﬁagenwcanriched radioactive clots lyse rapidly when
immersced in a medium containing activator and clot lysis rates arc
linearly related to the logarithm of either clot plasminogen concentration
or activator concentzation (Alkjaersig et al. 1959 a), Using isotopically-
labelled sireptokinase Gwvoss, (19632) has reported that this activator
rapidly and deeply penetrates thrombue in contact with it.

It io suggested by Sherxy ot al, (1959 a) that an important
funetion of plasma plasminogen xay be to endow fibrin with a mechanlsm
which can proynote its subsequent lysis.

Axnother hypnthetlcal explanation of the mechanism involved in
lysis of throwbus is that of Ambrus and Markus (1960). These authors

beliove that specliicity of plasmin for flbrin is conferred by means of a



plasmin-antiplasmin corvaplex, which may function as a reservolr of
plasmin in the circulation. Circulating proteins ave protected from
proteolysis by plasmin when it is bound to antiplasmin. Plasmin
becomes available when required at sites of intravascular fibrin
formation.

The Relationship between the Fibrinolytic Enzyme System and

the Coagulation Bystem Astrup (1956) has suggested that in health, the

fibrinolytic erizyme system may be in dynamic equilibrium with the
coagulation system, Ile cons'idex's that the latier system is constantly
laying down fibiin deposite {0 seal any sites of tissue damage in the
vascular tree and that, in ovrder to maintain vascular patency, the
former system constantly removes such fibrin once the integrity of the
vessel wall has beea restored.

Duguid (1955) has argued that presisting mural deposits of fibrin
can become incorporated in the arterial wall thus forming the basis of
an atherosclerotic plague,

- Astrup extended Duguid's theory by suggesting that in diseased
states accompanied by reduction in fibzinolytic activity, resolution of
fibrin deposits could be delayed thus permitiing the pathological process

proposed by Duguid.



Evidence in favour of a dynamic equilibrium of clotting and lysis
is conflicting. Fearnley and Tweed (1953) and Sawyer et al. (1960).
have demonstrated fibrinolytic activity in plasma from normal subjects
which supports the view that the fibrinolytic ensyme system is constantly
active in vli'vo. A minor raduc:ticm in fibrinolytic activity has been
described in éﬁzrtain diseased states hssoeia@;ed with thrombosgis, Hume
(1958).vLa,cknm‘: and Merskey (1960) and James et al, .(1‘361) have reported
decreased fibrinolytic activity af.i:er cardiac infarction, Nestel (1959)
has :a:epwwd simila# findinge m patients with intermiitent.
clandication; Franz et al. (1961) in yoaﬁ»qperative paﬁiezfnts and [earnley
st al. (19{33) in patients suffering from ﬁiabates mellitus, Smywrniotis
ot al. (1959) have found a éiez:nrewa in urinary acﬁvator excretion in
patients wii;h cancer. |

If the concept of a dynaynic equilibrium were true, it might be
expected that patients with haemorvrhagic diatheses due tavdeficiencies
of clotting ‘faetars would have diminished plasma fibrinolytic activity
to compensate for their impaired coagulation. However, Kamel et al.
(1963) have reported that fibrinolytic activity is nornal in patients
with haemophilia, Christmas digecase and von Willebrand's disease

and Rausen et al, (1961) have found that 1311‘-1&1)&3116('1 fibrinogen
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survival is normal in llagzxzaphilie patients, In addition, Gordon ef al.
(1965) found that prolonged administration of the fibrinolytic inhibiter,
BACA, to a group of haemophiliacs did not bring about an increase in

plasma éi%;l'inmgen levels,

From these obaervationa » it will be seen that Astrup's
hypm:}aeﬁié z’enﬁéin& UNProven, \'I"h'm;e is accumulating e#idexacé to
suggest i_:}z‘ai: fl%e coagulation aystem‘énd the fibrinoly.tic enzyme system
have a‘ ;:Qmﬁ};ﬁ;x}in‘herwx‘{alationahip,. This evidence, veviewed in chapter
8 which is concerned with a number of defibrination syndromes of differing
aetiologieﬁ, includes the find;ings that Hageman factor may activate
both systems; platelets possess antiplasmin activity; prothrombin
factor V, antihaemophilic globulin (A.;H.C}.) and fibrinogen ave
susceptible :i:c; digestion by plasmin and fibrinogen breakdown products
may have an antith‘:romhin effect and inhibit fibrin polymerisation.

Therapeutic Thrombolysis The earliest observations that administration

of plasminogen activator might bring about lysis of in vivo thrombi were
made by Johnson and Tillett (1952) who found that thrombi produced

in the marginal ear vbins of rabbite could by lysed by intravascular
administration of stra};ﬂznkiﬁasé. | In man, the work of Johnson and

McCarty {(1959) previously mentioned, established the value of systemic



streptokinase infusion in lysing artiii,giallv produced thrombi in

the forearm veins of human **ml*c;sm;«aa=:=:36':se The feasibility and
effectiveness of thrombolysis in man with streptokinase infusion has
heen emtabiished by clinical trials kﬁ‘letcher et al., 1959&. b;‘_Deutsch.
and Fiéc:hér, 1960) and in iﬁdi;idal,all ‘Wéllwiocumented t;.é.ses‘ cﬁ
pemphc,.ml vasaular occlusion (Amery et al., 1963; MrNical et al., 1963 b;
Ver %eaete et al.; 1963). Campared with wtl!?(?ptﬂklnaﬂ@ which is
ani,::.gemc:. nxakmaso has cxbvimus attractmms as a tlaroﬁmbolytic agent

and in chapterc b of this i:hems is deacribed investigation of a commercial
pre _pa::a,ﬁicn of umkinafm with a view to establishing ifq guitability for
this pm’pasa.

Hyﬂperplmmmaemic States I)mardcmd fibrinolytic states with a

resultant coagﬁlation defect occur when large amounts of plasminogen
activator are :z;e‘leaaed into th‘c‘a r;:i:rculatien so that ¢onversion of
plasminogen to plasmin is rapid and complete, The plasmin-antiplasmin
'‘buffering'oystem is texaporarily overwhelmed and free plasmin
clrceulates -~ hyperplasminaemia, The ensuing coagulation defect it

due in pant to digestion of prothrombin, factor V and antihaemeophilic
globulin (A.H.G.): in pavt to defective fibrin polymerisation brought

about by eirculation of fibrinogen and fibrin breakdown products and in
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part t0 accelerated lysis of such fibrin thrombi as do form (Alkjaersig
et al.,1962; Bang et al, 1962; Pletcher et al, 1962 D).

A number of steps are involved in fibrin gel fmrmatian.' Thrombin,
a highly specific proteolytic enmylfna (Blomback and Yamashina, 1958),
splits off speclfic peptides from fibrinogen, thus c:ozwérting it to fibrin
mmwméi' (Scl‘xe:faga and Laskowski, 1987). The .’»;"‘brin-ﬂ pély?neris
foz:aneerl‘ by ébndcfznsaﬁion of anumlﬁ v of fi?arin MONOINGY S aﬁd the visible
fibriu clot is then formedin a gmlatiaﬁ step, The clot is ‘:vr'(sr.nda:fed
:t'.nseluﬁle by the ensymatic actién of factor XIll, which has been
postulated ao.briﬁg aboﬁt the i‘orﬁmatien of sulphydryl 1imﬁi{a.ges between
the 1301#1’1’1@1%; (1.aki and C%ladnei:. 1964). Bang et al, (1962) have showan,
using the electron micro:scope'; 'S;l;iat clote formed in tﬁe presence of
fibrinogen and fibrin breakdown products are loose ahcl friable and have
an abnm*mai ‘frayed-rope' appearance, The abnarvmaﬁty is due to
inamrpcxfaﬂon within the fibrin polymer of breakdown products which
lack the correct cenfiguration for a structurally sound polymer. An
antithrombin effect of the products of fibrin and fibrinogen proteolysis
has also been observaed (Niewiavowski and Latallo, 195q;

T riantaphyllopoulos, 1958).

Hyperplasminaemic states have been reported {0 oceur when
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tissues rich in activator have been handled especially during pulmonary
surgery (Soulier et al., 1952) and surgery with extracorporeal circulation
(von Kaulla and Swan, 1958); in association with prostétic carcinoma
particularly with metastases (Tagnon et al., 1952) and in cirrhosis of
the liver (Kwaan et al., 1956). Systemic proteolysis by plasmin may
contribute to the coagulation defect which majr complicate certain obstetric
accidents, most commonly amniotic fluid embolism, intrauterine death
and accidental haemorrhage (Schneider, 1959). As will be discussed in
chapter 8 of this thesis, the genesis of defibrination syndromes may be
in part due to hyperplasminaemia and it is possible that 'pure' hyper=
plasminaemic states are rare, with the exception of that which is
probably inevitable in patients receiving thrombolytic therapy.

As has been mentioned, the work for this thesis has involved
the investigation of two compounds which exhibit antifibrinolytic
properties (AMCA. and Trasylol), one of which also possesses anti=
coagulant and antitryptic activity., A commercial preparation of
urckinase has been screened for thromboplastic activity. The effect of
fat feeding on clotting, lysis and platelet aggregation has been examined
and finally a number of patients with the defibrination syndrome have
been studied in an attempt to elucidate further the problem of its diagnosis

and therapy.



CHAPTER 3

MATERIALS AND METHODS

In this chapier js presented an account of the materials and
standard fibrinolyiic and coagulation methods used in the work for
this thesis, A brief explanaiion éf the basls fov each %ﬁeﬂmd. and
sources of 'Cbx;l’OI‘ in intexpretation <;£ Aremﬂtﬂ, ig also gilven, In certain
izmtanéw, ik wars neaasslm'y 1:{:‘; modify a number of the i;ers-‘:‘tﬁ: for
pawticuléw éayﬁez&imenﬂ:s; Such meodifications and methé:ds dm;risnéci
or used for a.ne. pérticmar aspaeé of tﬁé ﬁﬁi’lﬁ in this thesis are set
out in the mei;h.ods section of i,"he %a.pi;nrcpriate chapter.

A‘Sﬁay‘systems aré deécribed: fm"ﬁlasminogen,‘ 1§laﬁzminogen
activators ana fér fibrinogen, which, as }fib:cin;« ig the physiclogical
substrate far plasmin, Pla;arﬁa ,fib:;:iiwlyt;icz i:nhibitm:. a,c:i:ivity was also
measured, | A method for amay:of streptokinase antibody is given and
the thrombin clotting time,; widely used as 2 measure of the coagulation
defect due to hyperplasminaeinia, .is described,

A brief account is given of the one~stage prothrombin time, the
plasma recalcification time and the thromboplastin generation test,

The assay systems used to determine levels of factor V, antthaemophilic
globulin (A.H.G.), Christmas factor and Hageman factor are outlined,

The method used to count plateleis is given and details of the system
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employed to assess speed of platelet aggregation are provided.

Materials

Stweptokinase Strepiokinase » Streptodornase Varidase (Lederle)

was the ,px'v,epéra’ciom employed. with the exceptlion of one series of
experiments, described in ch&ptér T, in.which the preparvation of
streptokinase used was Kablkinase provided by A.B. Kahi, Stockholm.
The stock solution of the Varidase ‘pral:lna,:mtion comaiﬁed streptokinase,
10,000 N.i.ﬁ. units/ ml, of 0,9 per Acelni; saline., This was stored at
4°C. and diluted in 0,9 per cent saline as required. The Kabikinase
preparation was highly purified streptokinaese intended for intvavascular
administration and supplied as a powder in armpoules of 250,000 W, I.H,
units. For the series of experiments in chapter ¥, one ml, amounts
contalning 8,000 N, I,H, units were required. Accordingly, one
ampoule was dissolved in 0.9 per cent saline to give a concentration

of 8,000 N.I.H, unite/ml. and this volume was stored at -20°C. in one
ml. amounts and thawed immedlately before use,

Urokinase Two preparations were used, one provided by Leo

Laboratories Lid., Copenbkagen, and one by Abbott Laboratovies,
North Chicago, Illinois., The latter prepavation is described in detall

in chapter 6, Urokinasge (Leo) was a purified preparation isolated from
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human urine. It was a sterile yellowish white powder, freely

gsoluble in 0.9 per cent saline., The potency of the preparation used

in the work for this thesis was 5,000 Ploug units per mg. protein

(Ploug and Kjeldgaard, 1957). The fibrinolytic and cdagulative properties
of this preparation have been described by McNicol et al. (1963 a).

Human Plasminogen This was a purified preparation, soluble at

neutral pH, containing 0.3 casein units/mg. protein, supplied by A. B,
Kabi, The casein unit of activity is defined below,

Human Plasmin This was prepared by the method of Alkjaersig et al.

(1958 a), by spontaneous activation of Kabi human plasminogen. To
each flask of human plasminogen was added 10 ml, of 50 per cent
glycerol-saline. The spontaneous activaticnl to plasmin at 37°C, was
98 per cent complete after 6 weeks., Completion was assessed by
caseinolytic assay, described below, of the preparation with and without
the addition of streptokinase, 2,000 units/ml. Without streptokinase
activation, the preparation contained 6.1 casein units/ml, and with
streptokinase activation, 6.2 casein units/ml,

Thrombin This was Thrombin Topical (Parke, Davis). A stock
solution of concentration 100 N.I.H. units/ml., was stored in 50 per

cent glycerol=-saline at-20"C.and diluted in saline to the required working



concentration.
Trypsin This was bovine trypsin (L. Light and Co. Lid,, Colnbrook),
The preparation was twice crystallized and salt-iree.

Casein Solution This was prepared as described by McNicol and

Douglas (1964}, by boiling 25 gm. casein {L.. Light and Co. Ltd.) in
500 ral. phosphate buffer, 0.1 Molar, pi 7.6, for 20 minutes. While
hot, the pH of the solution was adjusted to 7,6 and the solution filtered.
it was then dialysed for 24 hours with constant stirving at 4°C.against

4 litres of phosphate buffer, 0.1 Molar, pH 7.6, The dialysate was
changed once at 12 hours. The pH of the casein solution was checked
at the end of dialysis and readjusted, if necessary,tc 7.6. The solution

o
was stored at 4 C.

Phosphate Buffer The phosphate buffer of 0.1 Molar, pH 7.6 was made

up as follows:w NaHZP04. 2.028 gim. Na2}1P04; 14. 964 gm.;

NaCl, 9.0 gm.; distilled water to 1,000 ml,

Human Fibrinogen This was prepared from expired pooled bank plasma
by a phosphate buffer method (Biggs and Macfarlane, 1962 a). The
final concentration of fibrinogen was about 4 mg,/ml. of citrate~saline

solution.
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Radiocactive lodine ("7 1) This wae obtained from the Radidchemical

Cenire, Amersham, as sodium iodide, in 0.1 ml, dilute sodium
thiosulphate.

Radivoactive lodine~tagged Human Fibrinogen Human fibrinogen was

labelled with radioactive iodine by a modification of the method of
Clement and McMicol (1959), (McNicol and Douglas, 19641, To one to
two me. radioactive iodine were added 0.025 ml, , N, stable iodine in

methanol; 0,025 ml,, 0,01 N, H_SO,; 0,025 ml, heparin (25 unite/ml,)

2774

and 5 ml, of human fibrinogen in citrate«saline. The mixture was
allowed to ix;cﬁba‘t@ for 5 minutes ét room femperature, It was then
passed through a chloride~phase ion~exchange resin column, (Amberlite
IRA 400 (C1), B.D.H. Laboratory Chemicals Division, Poole) with 5 ml.
phﬂﬂjph&té; i:ﬁffer.- 0,1 Molar, pH 7;.6. The tagged fibrinbgen was stored

in small amounts at «20°C. Clottable radioactivity of this preparation

varied from 89 to 94 pex cent.

Acetyl=l=Lyeine Methyl Ester (Acha) This was a préparation dried
with phosphate buffer, pH 7.6, and Naal {Cyclo Chemical Corporation,
Los Angeles, Calif,). Twenty mg./ml. in distilled water‘gave a
solution of pH 7.6 containing 0‘6.16 Molar Acl.Me in 0,066 Molax

phosphate buffer and 0,6 per cent NaCl.
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Chromotropic Acid Reagent In a 1,000 ml, volumetric flask

containing 200 ml. cold distilled'water were added 100 ml,, 2 per cent
chromotropic acid (4, S*dihydroxy’wz, 7-~naphthalene disulphonic acid,
disodium salt (Kodak Ltd., London)). This snixture was placed in an
ice bath and 600 xol. cold concentrated HZS-Q 4 added in 50 wl, aliquots,
allowing 20 minutes between each addition, This was allowed to stand
16 hours at 450(:3, bhrought up to room temperature, distilled water to
1,000 ml, added and then filtered through a medium=pore, sintered
glase funnel, The solution was stored in the dark at 4°C and was
discarded if it turned brown on standing.

Lpsilon Aminocaproic Acid (EA(JA) This was a 25 per cent solution

provided by Boots Pure Drug Co. Ltd., Nottingham.,

Plasma Samples FPlasma samples were obtained by mixing, without

frothing, 9 volumes of whole 'blgmci-. c-eilected by clean venepuncture,
with 1 volume of 3.8 per cent sodium citrate and the plaérna separated
by mmrifuga.tion (600 g. for 10 minutes at 4:0\::)« Where plasma was
used in assays, no cerrection of results was made for dilution by
citrate.

Exgire& Pooled Bank Plasma used in the work for this thesis had a

fibrinogen content of 220 mg. /100 ml, and a plasminogen content of

2.2 casein units/ml.



Silicone (Glassware Glassware was siliconew-coated by the method

described by Dacie (1956 a), using a 10 per cent (V/V) solution of

silicone M 441 (I,C.I. Ltd.,, Manchester) in petroleum ether. The

glassware was washed and re-treated for each experiment.
Methosds

Plasminogen Assay The method used was the caseinolytic assay of

Remmert and Cohen (1949), as modified by Alkjaersig et al. (1959 a).
In this assay, plasma is incubated with acid to destroy antiplasmin.
The acid is neutralized with alkali and buffer, ‘Htreptokinase is added
to convert plasminogen to plasmin, Casein is employed as substrate
for the plasmin so formed. The enzymatic action of plasmin on casein
iz stopped by precipitation of protein with trichloracetic acid (TCA4).
TCA=soluble moieties, including tyrosine, released by the proteolytic
activity of plasmin on casein, are in the supernatant. The amount of
tyrosine released from the casein is a measure of the amount of plasmin
presant.

To 0.5 ml, plasma was added 0.5 ml., Y6 n. HCL, The
plasma was incubated with the acid for 15 minutes at room temperature
and then 0,5 ml., 1/ 6 N, NaOH was added followed by 1.0 ml,

rhosphate buffer, 0.1 Molar, pH 7.6, Streptokinase, 0.5 ml, of a
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soluiion containing 2,000 units/ml., wae next added., After addition

of 2.0 ml,y, 5 per ceni casein solution and thorough wixing, the
digesiion minture was incubated at 37°C fov 62 minutes, Aliguots,
each éf 4.0 ml., were mme%red'from ﬁhe digestion minture a,t‘z,
minutes a.xxd-é’zfz mioutes and éa.cix added to 2 mi., 10 per céni: TCA.

The éupernat’am‘waa obtained by éanirifugation (‘}.,000 g+ for 10
mimﬁ:af&} a.nci tyrosine measured 'by 'za.ﬂdditie:m of 1.0 ml. of the supernatant
to 5,0 ml,, 0.5 M. NaQH; 1,5 ml,, b per cent TCA and 1 5 ml, dilute
(1:2) Folinl(;ioealteu reagent, After standing for 15 fnixmi:w for colour
devempmém; ihe optical rlenéiﬁy of mé 62 minute sample wa:s.é read in a
epeatrophota‘meter (3P500, Unicam Instrumentz, CGambridge) at 650 nyp
with the 2 mmute sample as blank. Ty'msine release was read off a
astandard éurve. One casein ﬁs;*zit a:éf plasminogen released 180 pgm.,
tyrosinel hour,

Activator Assays No direct assay for activator in biological fluids is

available, Five assay systems arce described. The aﬁglcbulin lysis
and dilute plﬁsma clot iwais tests measure primarily plasma activator
activity, The’ iibrin plate test and the vadioactive iodine (1311) labelled
clot aspay measure the ability ofl the test plasma or other biological

fluid to lyse preformed fibrin., An assay system for urokinase,



employing the synthetic ester AcL.Me, iz algo degcribed, This assay
system is ugeful as a blochemical atandandization for concentrated

solutions of pure urokinase,

Buglobulin Lysis Test In this test, the plasma euglobulin fraction is

precipitated at pH 5.4 and low ionic strength, The precipltate contains

plaaminagén activator and pla*ammog,an, a quartm of the 13]&61’1(16.
fr_bmnogcn, ‘but ‘wzth only traces of the plaama amtxplasmina which are
chm.d.y in the supexnatant (Kowalski et al., 1959). Because anti-
plwsm:.n i not present in the clotﬂ; made from the euglobuhﬁ
precipitate, lysis times ave much shorter than those found v?*ith clots
made from ﬁative: plasma, In the presence of normal concentrations
of plasmz; plasminogen and pmﬁahlf fibrinogen, the lysis time is a
measure of the plasma activator ac:tivity. Low plasminogen
concentrations, even in the presence of high activator activity, lead

to prolonged euglobulin lysis times because there is insufficient

protential plasmin to digest the fibrin of the clot (McNicol et al., 1962,

and there is evidence to suggest that an increased concentration of
fibrinogen, which ag fibrin is substrate for plasmin, may also
lengthen the lysis time of the quglobulin clot (Bang et al., 1960).

The method used was that of Nilsson and Clow (1962). A

)
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precipitate was formed by addition oi 0,5 ml, plagsma to 9.5 ml.,

0.014 per cent acetic acid, oH B.4. After standing for 10 minutes

ot 4°C, the precipitate was obtained by centrifugation (1,000g. for

10 m:inﬁi;% at %QC}). The supernatant was discarded and the precipitate
rem@spended in 0.5 ml, barkitone fmffe#. i 7, 3 {sodium Qiethyl
barbi@na. 11.75 gra.; HCIL, i)lN, fz‘.-vBOimi.; NaGl, 14,067 gm,;
diatilled water to 1, 000 :%nl.)r V‘I‘hav.-reﬁuéipmndad precipitate was éiotﬁ:ed
with 0,5 niml..‘ thrombin, a N.I..H-. unitef ml, , and the time for lysis of
the clot Qlwséz-Ved. at 37°C. Resulis o:f englobulin lysis tests may be
expressed in minutes but whe.;ee‘. gtatistical analysis Qf fesuits is
necesmar};;; in ﬁnitss of activity. Fihrinolytic activaﬁcas:' activity is
inversely proportional to lysis .time (Sherry and Allﬁjﬁawig, 1957)

amnd uzaing tﬁig relationship in a doﬁble 16garithmic: plot, observed

lysis timen are expressed as units of activity, a lysis time of 300
minutes being arbitrarily assigned a value of one unit of activity., To
convert lysis tixﬁ;es to units, the lysis time in minutes is divided into 300.

Dilute Plasma Clot Lysis Test This is a dilution technique which

depends on the fact that dilution favours fibrinolysis possibly by
depressing inhibitory activity (Fearnley and Lackner, 1955).

The method used in this thesis was that of Fearnley et al, (1957),
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modified to use plagsma instead of whole blood, To 1,7 ml.
phosphate buffer, pH 7.4, containing 0,1 m}, thrombin {50 N.I.H.
units/ml, saline) was added 0,2 ml, plasma. The thrombin was
added immadiately bhefore the p}aﬁma | 'i‘hc»s plagma was separvated
from citrated whole blood e.oli@‘ated a8 described p:ee%zim;sl% the
mitrai:ed wﬁéle hiaad having baejn’ kfept‘dn ice, mnﬁrifuga-d at 4°C and
i:h.é pla‘zsm:'a\!added to the bufﬁ@rtwithcgu‘t delay. Clotting occurred
within a minute a.;md the tuhims were ‘thenéf,ﬁmd for 30 mixsu;t;:ea at 4°¢
and t:mﬁsi@‘r?eéld‘ for B minutes to a' vwraterbath at 3‘?06; At this fime;
briok mtaﬁtioﬂ of the tube between t"hx% palmas of the hands freed the
clot at’:.z;'mm the wall of the tube, The éibt was then observed at 37°C
until its f:omlplém disappearance: ﬁv%:ié:h wae the end~point, Lysis times

$n healthy sublects during the day were greateyr than 400 rinutes.
Vi 8 ¥ g

Fibrin Plate Teéi; In this test a solution of {ibrinegen is clotied with
thmmbiu in a perspex dish vesembling a Petrd dish, Test flulds
are pipetted on to the fibrin surface, Plasminogen is always
associated with the fibrincgen used for the test, 1If the test {luid
containg activatoyr, pla,smiamg@ﬁ will be conwverted to plasmin which
then digests fibrin to produce holes in the fibrin filmy, The arveas of

lysis are not linearly related to activator concentration and where
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statistical analysis of results is required, a standard curve must be
run with each batch of test fluld, dctivity in each sample belong read
off the curve (Srayraiotic ot al,, 1959).

The method used in this thesis wasm modification of that of
Nilsson and Olow (1962). Bovine fibrinogen, Blombadk fraction I ~ 0
{Blomback and Blomback, 1956), wasz used, To 2%.7 ml, tvis buffer,
0.15 Molar, pH 7.8, was added 0.7 ml,, 0.1 per cent bavine fibrinogen,
The fibrinogen solution was clwtmd'v}ii:h 0.6 ml. thrombin {50 MN,1.H.
units!ml.), in ‘a j}:ampm; dish o’ internal ‘:‘iiémmei:er il; 5 cm. Samples
of human plasma, resuspended @ﬁgiobu}.in precipitate, | other bhiological
fluid or ‘hom@genmed tissue we&e app_z.im in 30 p litre amounts to the
‘mmf’ﬁaf,‘:e Qf the fibrin., The plate was then incubated at 37‘36} for 16 hours.
Holes Ima,de in the p‘iaie where fibrin had bheen lysed w;a:-are: then measured
and results expressed in sguare millimetyres as the 131’@:1&4:;1; of two
perpendicular diameters of the arvea of lysia.

R.ﬁséuspendeﬂ euglobulin psrécipitmﬁs produced larger holes than
the pia.émaés from which they were prepared hecanse plasma antiplasmin
iz largely cii&lc‘a.rdad with the supe%smt&n%; {(Rowalski et al., 1959).

| The precipitate was preopared by addition of 0,1 ml. plasma to

1.2 ml., 0,014 per cent acetic acid, pH 5,4, After gtanding for 10
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minuics at 4 C, the precipitate was obtained by centrifugation (1,000 g.
. LN o : :
for 10 minutes at 4 C) and resuspended in citrate-saline solution (one
volume 3.8 per cent sodium citrate and 9 velumes 0.9 per cent saline),

'{adieaC'tiV@ Clot Asszaay The method described is modified from that of

Alkjaersig et al.- (1959 a), (McNicel and 'f;muglas,‘ 19643, The assay
depends c;z'z. the release of radioactivity from mliwtaggml plasma clotg,
A en:f:ichéd with izla-.sminagen. when incubated in the presence of a
}gla,a»sa"niaogen activator. Pla:sminege;n is added to clots during thelr
formation to ensure that they remain sensiiive to activator afier they
have been washed to remove blank radicactivity. The clots are formed
round stailnless steel wire spivals, After washing, the clots ave
incubated at‘?a’?oc with the test plasma., Radioactivity released into
the test plasma from the clot in a standard time is a measuve of
agtivator conceniration in the test plasma,

Expired pooled bank plasma was trace labelled with 1311%&@;@;6&
fibrinogen sco that 10 ml, plasma gave approxzimately 2, 500 counts in 10
seconds, To 0,5 ml. labelled plasma was added 0.1 ml. plasminogen,
6 casein units/ml, The plasminogen was insoluble at neutral pH and

wag therefore not eluted during washing, The plasma was clotted

with 0.1 ml, thrombin, 10 N.I1.H. units/ml., round the corkscrew end
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of a stainless stesl wirve in o 75 x § mrn, test tube and washed in
phosphate buffer, 0,1 Molar, pH 7.6, The minivaum washing time

was 60 minutes, The test plasma, 0.5 ml., was incubated with a
1'adioactive clot for 30 minutes. The clot was then removed on its wire
spiral and radloactivity in the t{est solution counted. Resulis were
recorded after subtraction of backgvound radioactivity and the mean
count frowa two saline control tubes in which clots had been incubating.
Results were expressed elther as counts or, afier caluculation of the
specific vadioactivity of the fibrin as pgm. fibein lysed [ml, of test
solution [ hour,

Asgay of Urokinase with the Synthetic Ester, AclL.Me This assay

depends on the ability of urokinase to split: AcLMe into acetyl~l-lysine
and methyl alcohol., The amount of methyl alcohol liberated from the
synthetic substrate is measured colorimetrically. The method is not
sufficiently sensitive to measure urokinase in urine and is useful for
biochermical standardization of concentrated solutions of pure urokinase,

The assay system was that of Sherry et al. (1964). To 3.0 ml,
AcLMe, 20 mg./ml,, at 37°C was added 0.3 ml. urokinase disgolved
in phosphate buffer, 0.1 Molar, pH 7,6, The concentration of the

urokinase solution was not less than 1,000 C.T.A, unitse/ml, The C.T.A.



unit ie defined in chapter 6. At 1 minute, a one ml. aliquot was
remmoved into 0.5 ml., 15 per cent TCA and again at 15 and 30 minutes.
To 0.5 ml. of cach of these specimens was added 0,1 ml,, 2 per cent
potassivm pérzmanganatﬂz (KM:@ 4} and after one minuts, 0. I'm},. » 10

per cent Na

25:%(?.}3 which had been freshly prepared, After addition of

4,0 ml, civ.mmci;m;g)ic acid razxgeiﬁ: é,;m thorvough mi:}aing,' snecimens
were placed in a boiling water h;»:aﬁ: for 15 minutes. Affer a few minutes
for cobling, célm'sr intensity wéé r«:aﬁd :"Ln a spectrophotometer (8.7, 500,
Unicam :{ﬂsizyz;umenta} at 580 mayp, @gains;ﬁ the one minute s‘péaim;c-m as
blank, |

A #éamﬂ;.&rd curve was run with each test hatch, The stock
E:tandard was a solution of methyl alcohol can‘tfai.ning one 1 molel ml.,
rpade up in 0,066 Molar phosphate buffer containing 5 per cent TCA.,
The standarvds were treated £from the point at which KMn( 4 was added.
In the work for this thesis, 0,85 ml. of 2 solution containing onc p molef nal,
gave an opiical denaity reading of 0.150. The results were calculated
from the standard curve a.netl expressed ap p moles of methyl alcohol
liberated per ml, of enzyme solution per hour,

Fihrinogen Assay The method described is raodified from that of

Ratnoff and Menzie (1951) {(McNicol and Douglas, 19643, In this method

plasma fibrinogen is clotted with an excess of thrombin and the fibrin
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formed, after washing free from other plasma proteins, is hydrolysed

by boiling with sodium hydroxide. The tyrosine released during

hydrolysis is estimated colorimetrically, It is assumed that theve is

a constant proportion of tyrosine in the fibrinogen molecule (1.0:11.9).
Into a 15 ml. thick~walled glass test tube were plac‘ed)”O. 2 ml,"

glass beads, of diameter not greater than 0,15 mm,; 6.0 ml.,, 0.9 per

cent saline; 0.2 ml., 2,5 per cent Ga.Clzé 0.2 ml. plasma and finally

0,1 ml, thrombin, 100 N,I.H, units/ml. The tube was shaken without

inversion and the fibrin harvested on the glass beads., After standing

for 30 minutes at 400. any further fibrin formed was harvested on the glass

beads by shaking the test tube without inversion. The "tube was then

centrifuged (1,000 g, for 10 minutes), The supernatant was discarded

using a Pasteur pipette and the glass beads washed three times with

6.0 ml., 0,9 per cent saline, with centrifugation (1,000 g, for 10 minutes)

after each washing and careful decantation of the saline. To the glass

beads and adherent fibrin was then added 0.4 ml,, 10 per cent NaOH

and the tube boiled in a water bath for 20 minutes. The tube was gealed

with tinfoil to prevent evaporation. After cooling, the tyrosine releaséd

was estimated by addition of 2,0 ml., 0,5 N, NaOH; 0,6 ml,, 5 per

gent TCA and 0,6 ml. dilute (1:2) Folin Ciocalteu reagent, After



standing for 10 minutes to permit maximum colouy development, the
optical density was read in a spectrophotometer (8P 500, Unicam
Instruments) at 650 mop. agalinst a veagent blank, The chief sources
of ervor in this assay are fallure to wash the glass beads adequately,
careless decantation of saline washings and adhevence of fibrin to the
walls of the test tube., Optical density readings were converted from
a s‘tzmdard tyrosine curve to ﬂ’»g. fibrinogen/ 100 ml, plasmaa

Aggay for Fibrmolytm Inh:.bz.tor Activity: Urokinam Sensitivity Test

In this test, plasma is clotted in the presence of a standard amount of
the plasminogen activator urckinase. The lysis times of such standard
clots pxovidg a comparative measure of overall fibrinolytic inhibitor
levels. Urokinase is employed as activator in this system because of
its presumed non-antigenicity and the relative uniformity of the
fibrinolytic response which it produces {(Fletcher et al., 1965). It

is therefore agsumed that inhibitory activity against urokinase is due
to plasma antifibrinolytic activity and not to specific antibody to
urokinasge as may occur wi.thii;h@ bacterial protein activators
sireptokinase and staphylokinase, antibodies to streptokinase and
staphylokinase being present in very variable titres throughout the

population, Accordingly, in any one patient, in whom plasminogen and
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fibrinogen levels arve constant, changes in lysis time in the vrokinase
sengitivity test will reflect vaviations in fibrinolytic inhibitor levels.
The test is therefore useful in detecting any increase. in fibrinolytic
inhibition which may be imparted to plasma by adwministration of a
fibrinolytic inhibitor, Similarly in a population with plasminogen
and fibrinogen levels within the normal ranges, the scatter of lysis
times is a mweasure of the scatter of inhibitor levels.

The test does not distinguish between plasma antiactivator
activity and plasma antiplasmin activity though with the relatively high
concentration of urokinase incovporated in the test gystem, variations
in lysis times are more likely to be due to fluctuations in antiplasmin
activity.

In this assay system, modified slightly from that of McNicol
et al. (1963 a), to 0.2 ral. plasma was added 0,32 ml. urokinase containing
500 Plaug:g units/ml, The mixture was clotted with thrombin 0.1 ml.,
20 N.1.H, units/ml. The lysis tine of the plasma clot at 37°C was
observed. Results may be expressed as minuies or for statistical
analysis as unite of activity, one unit being defined as the reciprocal
of a lysis time of 10 minutes,

Streptokinase Sensitivity Test This test is designed to measure the




ekl e

concentration of streptokinase which would neutralize plasma
antibody to streptokinase and other inhibitors and leave sufficient
free sireptokinase to produce a plasma clot lysis time of about 40
mirmteé (’.:]"01:111&01;1 et al., 1957)‘.

To 0.2 ml. plasma in each of a series of test tuﬁas,
strept;t}kinaéé,‘ 500 N,I.H, unité/mi; » Was #drled in volumes raﬁging
Hom E.’.’t.c:.» 160 p litres as measured in a microburette (Miéroémetric
Instrument Go., Cleveland, Ohio)., l;i‘.a.ch plasmal strgﬁtaki‘nase
miz{.tur.él was clotted with i:hrmnbin.l 0.1 ml. (20 N.I.H‘. units/mi.),
and incubated at 37°C. The time ié:c clot lysis to occur‘ w#a observed,
The required concentration of étreptokina@:e was calculatéd on the basis
of the plasmé, volume to which it would be added.

Thrombin Clotting Time This test is used as an index of defective

fibrin pdlymériéation. However, evidence will be prexsented in
chaptér 8 that reduced concentration of fibrinogen m ma& prolong
the tlli*émbin‘ clotting tirae.

The method described is tha§ of Fletcher et al. (1959 a). To
0.1 ml, plasma was added 0,3 ml.. ‘thrombin titration mix' (Seegers
and Smith, 1942). Thrombin, 0. lml (6 N,I.H, units/ml,) was

added and the clotting time of this mixture recorded at 37°C. The
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thrombin titration mix was freshly prepared immedlately before use
as followsi= 6 ml.,, 0.9 per cent saline; 2 ml., 0,7 per cent Caﬂl?:
2 ml., 15 per cent acacia; 1 ml, tris buffer, 0.1 Molax, pH 7.5.

One~stage Prothrombin Time This test was carried out as described

by Douglas (1962). A frozen saline extract of human brain was the
brain extract used and the concentration of the 0.025 Molar GaClz
was a}iecked,by titration.

. Plasma Recalcification Time This was measured by the method of

Biggs and Macfarlane (1962 b);

Thromboplastin Generation Test This was the method of Biggs and

Douglas (1953). In most of the experiments, the method was modified
by using commercial platelet subéiitute (Bell and Alton; 1954),

supplied by Stayne Laboratories, Ltd., High Wycombe, Bucks.

Factor V Assay This was the method of Douglas and Biggs (1953)
with the modification that clotting times weve recorded at 5 and 6
minutes after the start of incubation,

Antihacmophilic Globulin (A..H.G.) and Christmas Factor Assays These

were carried out by a one~stage method (Douglas, 1965) which depends
on the clotting tinmie of plasma from patients with high~grade

haemophilia or Christmas disease, which has been maximally "contact~
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activated" by kaolin. Cephalin (Bell and Alton, 1954) was added to
the substrate system.

Hapeman Factor Assay This methé)d (Douglas, 1963) depends on the

recalm{ie:auon time of the test plasma mixed with Ilag,eman factox
deficient plé;énia. A diluticon c:uz:ve\ *;t:as made with pooled normal
plasmé; and élbtting times ofitlhe test piésma converted tu per cent
Hageman factor from the cu-r-v'e.' The .-aystem wag rzﬁ.é.ximally "econtact=
activated! with kaolin and cephaﬁn (Béii and Alton, 195‘4) wasg é.'cided.

Platelet Count The method used was that described by Dacie (1256 b).

Flatel—ei; Aggl‘egatian This wé,a meaaure& by a modification of the
Chandler's tube technique (Chandle:r. 1958) Chandler -shuw'ed that
when wlmle blocd wasg rotated in a closed loop of plastm tubmg. when

it solidified, its histelogical structure 03.0%613?‘ reaambled a pathological
in vivé arterial thrombus. This teaﬁniaue has been modified to use
plateletwrich plasma (Cunningham et al. 1965)., When platelet~rich
plasma is made to flow round a Chandler's tube, the first stage in
formation of the thrombue is a "snow=storm'' effect produced by platelet
aggregation. These platelet clumps eventually coalesce to form the
white head of the thrombus and after a further interval, a fibrin tail

forras. Under rigidly standardised conditions, the time between rve=
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caleification of the plasma and the appearance of the "snow-atorm"
effect is measured,

The method used in this thesis was slightly wodified from
that oﬁ‘Cunn.ingham ot al. (1965). Ni-x;e volumes of whole bl?)od were
collected in a silicone centvifuge t‘uba‘ containing 1 volume, 3.8 per
cent -sééium‘aitw.te and mixed Wi’*ﬁtl’;(‘)l;lt‘ frothing using a 1;,cn~wate1-~
wattable ‘séal to avoid contaat activation of the blood duriﬁg'n‘aixing.
After centrifugatima, (600 g, for *3 1ﬁinﬁté$ at 4°C, io'm,in..ut,es
after éc»ilec:tian), 5 ml‘, of the platele‘c;i*ich plasma, weré transferred,
using a sil'}.cenéz Pasteur pipette,. to a Chandler's tube., The tube was
made with transparent plastic vinyl tubing of length 70 cm, and internal
diameter 1.25 cm. (Portland Plastics Ltd., Hythe, Kent), The tube
contained 10 ml,, 0,9 per cent saline., This minture was recalcified
with 0.5 ml.»l » 0.25 Molar CaClZ and a stop=~watch started. The tvube was
made a continuous loop with a nylon adaptor and rotated on the turntable
of a blood~cell suspension min;eé (Matburn Ltd,, London), revolving at
28.5 v.p.m,. in a glass-fronted inc;.ubatm* at 37°C. The time for the
"sunow=storm' a‘,ppearanse to occur after recalcification wae noted and

taken as the time for platelet aggregation,



CHAPTER 4

CIN VITRO AND IN VIVO STUDIES OF AMINOMETHYL

CYCLOHEXANE CARBOXYLIC ACID, A SYNTHETIC

FPIBRINOLYTIC INHIBITOR

The possible use of inhibitors of the fibrinolytic enzyme
system for the treatment of haemostatic failure due to pathological
fibrinolytic activity (McNicol and Douglas, 1964) has stimulated the
search for potent inhibitors of fibrinolysis, In this chapter will be
described the results of a laboratory and clinical appraisal of the
synthetic ami'nq acid inhibitor l-(aminomethyl) cyclohexane=4~
carboxylic acid (Mitsubishi Kasei Kogyo Company, 1961), the anti~
fibrinolytic effect of which was discovered by Okamoto and Okamoto (1962).

A number of amino compounds have been shown to possess
antifibrinolytic effects, In vitro, lysine and ornithine inhibit the
activation of plasminogen (Mullertz, 1954) and arginine and lysine
esters conmpe;!:itively inhibit the proteolytic activity of plasmin and the
activation of plasminogen by urokinase, streptokinase and trypsin
(Alkjaersig et al., 1958 b). The synthetic amino acid ZACA, which
differs from lysine in the absence of the alpha~amino gmu;;;, was
discovered by Okamoto and his associates (Mitsubizhi Kasei Kogyo

Kabushiki Kaisha Company, 1957) and was shown to be an effective
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inhibitor of plasminogen activation by Ablondi et al. (1959) and
Alkjaersig et al. (1959 b),

Sjoerdsma and Nilsson (1960) investigated a number of aliphatic
amnino comp@und&: and found activity ae inhibitors of plasminogen
activation among those amino acids with a carbon chain length of
4«8 C atoms, The most potent was the 6»carbon compound, EACA.
The terminal position of the aminc group appears to be critical in 'that
while BACA. is a potent inhibitor, norleucine (alpha~aminocaproic acid)
is inactive. Likewise the carboxyl group probably is important
because the addition of an alpha~amino group to EACA (alpha-epsilon=
aminocaproic acid or lysine) results in impaired activity.

The search for a more potent fibrinolytic inhibitor lead to the
investigation of amino compounds with a cyclic structure. At the
present time, the most potent of these arve aminomethyl cyclohexane
carboxylic acid and p~aminomethyl bhenzoic acid, (PAMBA), (Lohmann
et al., 1964)., Okamoto and Okamoto (1962) initially reported that
aminomethyl cyclohexane carboxylic acid had 10 to 30 times the activity
of EACA,., Animaeal toxicity studies, including acute and chronic toxicity
studies and investigation of the effect of long~term administration on

conception and foetal development, were reported by Melander et al, (1965),
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whose results indicated that the compound was considerably less toxic
to administer than are the amounts of EACA in current use.

The use of EACA as a fibrinolytic inhibitor is now well~
documehteci. At concentrations é,bove 10“'4;M013.r. it competitively
inhibits piasminogen activatibn and at concentra.tiané ahm«"elﬂ-z Molar,
it non-'»-compétitively inhibits the protéolytic: activity of plésmin (Ablondi
et al; , 1959;"A1kjalamig et al,, 1959 b). Iﬁffeetié‘e blo§r1 leveis of
EACA are maintained by a da,.iiy dc\:a‘sa ofv'i;‘hﬁs orvder of ‘15"1;4.3 20 gm,
(McNicol et al., 1962y, The deéréaﬁe in toxicity and the alleged increase
1o poi:e-n‘il:ﬁ‘ oL‘ é.minomethyl cycl&ﬁexaﬁé carhoxzylic acid cbmﬁared with
BACA. wéuld i’épresenﬁ a cenéiéeféaﬁle advance in the éeﬁiéh for a more
poizeni ﬁb:vinolyﬁic inhibitor and for this reason, its in;veétigatioxz was
tnnclex‘talﬁeﬁ. Melander ot al, (1965) £oduixvldl that the synthetic pathways
desc:a:ibved in the chemical literature for éminamethyl; cyclohexane
carboxylic acid result in a mixture of isomers containing 10 1:025 per
cent azé one of these isomers wh.;ich possesses the entire antifibrinolytic
activity of the mixture. Groth and Hasoel (1965) have shown that the
transiisomey is the active form,

in this account the following aép’ects of the compound have been

studied: its mode of action as an inhibitor of the fibrinolytic enzyme



gystem; ite effect on the trypsinogen~trypsin systermn and on the
proteolytic activity of pepsin; its effect on the coagulation system;
and an appraisal of its in vivo potency.

I';n many of the experiments, the effect of the compound was
comparéd with that of EACA and in one in vitro experiméﬁt its potency

velative to PAMBA was demonstrated.

Materials

Aminomethyl Cyclohexane Carboxylic Acid There were two preparations.
A mixtu;'e éf the isomers containing between 10 and 25 per cent of the
antifibrinolytically active isomalr is obtained by a synthetic procedure
involving hydrogenation of aminomethyl benzoic acid. This mixture,
which has been called AMCHA, was provided as a 10 per cent solution.
The active isomer, separated from the mixture by chromatography,

has been called AMCA and was also provided as a 10 per cent solution.
The chemical formula of the compound together with that of EACA is
shown in figure 3.

Trypsinogen and Enterokinase These were purified bovine

preparations from L. Light and Co., Ltd.
Pepsin This was a three times crystallized preparation obtained

from the Sigma Chemical Co., St. Louis, Mo.



Urea~denatured Haemwoglobin This was a twice crystallized bovine

preparation from the Sigma Chemical Co,

\ Metholda

Caseinolytic Aﬁ;say In the expeximeﬁt carried out to measure
inhibition by AM(SHA and by BACA of caseinolytic activity of bank
plasma, the fmal volume. of the d&.geatiou mixture was increased to
6.0 :ﬁlw by addition of 1.0 ml, of varying concentrations of AMCHA or
.E)ACA. Saline was substituted fovinhi‘bitm: in the control experiment,
in :thé kinetic studies, the method was modﬁ:‘ieﬁ by using
pla.ﬁ;miﬁagen, plasmin, trypsinogen or trypsin instead of plasina., The
acidf alkali treatment was omitted and the final volume of the digestion
mixture was 5.0 ml, ’ AMCHA. or BACA oc-cu%mying a volume of 1,0 ml,
and saline replacing inhibitor in the cqﬁtml experiment.

The kineties of inhibition by AMCA of plasminogen aciivation
weve invesiigated using a modification of the technique described by
Alkjaersig et al. (1958 b). The digestion mixture was 0.5 ml. human
plasminogen of varying concentrations; 0.5 ml, streptokinase,

(50 N.I.H, units/ml,) and 0.2 ml. AMCA or saline in the control
exparl:fne:nt. The activation reaction was allowed to proceed for one

hour at 37°C and the reaction stopped by addition of 2 ml., 0.25N.HCl1



which lowers the pH of the digestion mixture to 2. At pH 2, plasmin
is stable, AMCA was removed by dialysis at 4°¢ against 0,01 N,HCI.
Streptokinase was denatured or inactivated by precipitation of plasmin
with 1.0 Molar NaCl at pi 2 (Troll and Sherry, 1955), The
precipitate was washed twice in 0.01 N,HC1 containing 1,0 Molar NaCl,
collected by cemtrifugation, dissolved in 3 ml. distilled water and
plasmin then agsayed by the caseinoiytic technique,

Urokinase Sengitivity Test This was modified in order to examine the

an‘i:ifibrinalytivc effect In vitro of AMCHA andeAMCA compared with EACA.
The final volume of the test mixture was increased to 0, 82 ml. to
accommodate inhibitor. In the control experiment, saline was
substituted f;or inhibitor.

Feimation of Plasma Lievels of AMCA.  This method was modified from

that of Nilsson et al. (1960) and is based on the urokinase sensitivity
test. To 0& ml., amounts of _ci’crated pia::arx;.a. withdrawn from the
subject immediately before ingeétion of AMCA., were added increasing
concentrations of AMCA in 0,2 ml., volumes., A saline conirol was
also prepared, After addition of 0.32 ml. urokinase (500 Ploug
units/ml.) and clotting with 0.1 ml. thrombin (20 N.I,H. units/ml.),

the lysis time at 37°C of ecach clot so formed was observed, A control



curve was prepared by plotting on the abscissa the Melar concentration
of AMCA in each plasma volume against the logarithm of the
corresponding lysis time in seconds on the ordinate. A linear
r@latic;nalmip v;ras found, The éancentrétion of AMCA in plasma
withdrawn {rom the subject at -differ’em times aftew ingeétion of the
drug was estimated by t'eming b()_.-z ml é,mounta of each plasma in this
systemv witﬁ 0.2 ml, saline a.d,ci‘?d,\t‘b édjﬁrﬁt the vmlum'e t;:s that’oi the
control curve system. The }c%nicentrﬁtion of AMCA was derived by
conversion of the clot lysis time in segzor;ds to the corrvesponding
logarithm éncl reading off the' §ontrol c;zrire the Molar conc’entration
of AMCA which, added to the p?e*ingeétion plastna, gave the same
logarithm,

Assay of Pepsin Activity The method used was described by McNicol

(1964) modified from that of Northrop et al, {1948), The substrate
used was urea-denatured bovine haemoglobin, In 80 ml,, 0,05 Molax
glycine solution were dissolved 2.5 gm., hovine haemoglobin, The pH
was adjusted to 2 with about 20 ml., O.a\N¢HCL The substirate was
prepared immediately before use, Pepsin was used in a concentration
of 0.005 mg./ml, To 4 ml, fs‘ubstrate was added 0,5 ml. inhibitor

diluted in saline. A saline control was also prepared, After the



addition of 0.5 ml. pepsin solution, the assay mixture was incubated
at 37°C for 62 minutes. Aligquots of 2.0 ml, were removed at 2 and
62 minutes and added to 2.0 ml., 10 per cent NaOH which arrests
engyrae activity, After centvifugation (1,000 g. for 10 -minutes),
1.0 mi. .Df the supernatant was added to 4.0 ml., 0. 5‘ N.NaCH; 1.5 ml.,
5 per cent TCA and 1.5 ml, dilute:-(l:Z)'-Folin Ciocalteu reagent. After
ﬁtanding for 15 minutes for maximal colour development, the optical
density of the 62 minute sample was read at 650 mp. ina
Spectrapﬁotometer (s®P500, UnicamL against the 2 minute saraple as
blank,

Glycine was used as a buffer because addition of EACA
or AMCHA to the acid~haemoglobin solution without glyéine S:aised
the pHl cut of the range in which pepsin is active, but with glycine,
addition of EACA or AMCHA. did not significantly alter the pH. The
details of these effects are shown in table 1. In this experiment,
0.5 ml, of varying concentrations of AMCHA or EACA was added to
4.0 ml. acid-haemoglobin substrate. The concentrations of AMCHA
and BACA shown in table 1 were calculated in the final volumes of 4.5 ml.

Thromboplastin Generation Test This was modified by increasing the

final volume of the incubation mixture by 0.3 ml, The additional 0.3 ml,
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voluime was occupied by varying concentrations of AMCHA and in
the control experiment, saline was substituted for AMCHA.

Other Materlals and Methods were described in chapter 3.

Results

AT gy s

Inhibitiog of th‘ra Cafs?inolytic Activi;y of Bank Plasma by AMCHA This
was mea.m-;.red‘i‘n a caéeinol’ytic assay system. Hxpired 1:501@:‘1 bank
plasma was the source of ‘lmm.an piasminogen. The activator was
streptokinase, .li)() NUIVH, u:nit‘sl- ﬁ:l. y a concentration which gave a
lysis timepf 7 minutes in the gt:eptokinaséssenaitiviiy test with the
plasma, Activ&tian of plasma plasminogen by streptokinaée was
allowed to proc;ead for 20 minutes at 3’?06.4 AMCHA. was added in
varying concam;rationss immeclié.telv before streptokinase or immediately
after streptokinase, but prior tp plasmin assay., The results of these
experiments are shown in figure 4, It can be seen that inhibition by
AMCHA of the caseinolytic activity of bank plasma was much more
marked when AMCHA. was added beiore activation than when it was
added after activation.

The similar results observed when EACA was tested in this
system are shown in figure 5.

Comparison of figures 4 and 5 shows that in this system, AMCHA
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had twice the potency of EACA. For example, when added prior

" to streptokinase, 2 x 10-4' Molar AMCHA or 4 x 10”4 Molar EACA.
produced 20 per cent inhibition of caseinolytic activity and when
added after streptokinase, 14 per cent inbibition wa.:s’ obae'rved at a
concentration of 3 x 107> Molar AMCHA ox 6 x 107> Molar EAGA.

Inhibition by AMCHA of the Proteolytic Activity of Plasmin:Kinetics

of the Reaction In this experiment, casein was used as substrate for

buman ;al‘aamin. The congentraﬁqn of casein in the digestion mixture
was vaxi?d sevenfold, the highe"st‘ concentration b@ing a per cent.

The concentraiion of plasmin was constantly 1.5 casein units/ml.

of the digestion mixture and that of AMCHA 0.2 Molar.

The data arve shown in figure 6 as double reciprocal plots
(Lineweaver and Burk, 1934), These plots fulfil the Lineweavey-
Eunk:%’ﬁ*zeria‘ﬁqr uncompetitive inhibition by AMCHA. of the
pwt@oﬁrtic activity of plasmin

Figure 7 shows the data obtained when HACA was incorporated
in this expe rim.ent at a concentration of 0.4 Molar. ‘The double
reciprocal plots of figure 7 fulfil the Lineweaver-Rurk criteria for

non-competitive'inhibition by EACA. of the proteolytic activity of plasmin,



Inhibition by AMCGHA. of Plasminogen Activation by Streptokinase:

Kinetics of the Reaction These were investigated in a caseinolytic

assay system in which purified human plasminogen was the substrate
for the activator streptokinase. The highest plasminogen concentration
added was 23 casein units/ml. ,» and the concentration was variéd tenw
fold., The concentration of streptokinase was 10 N,I,H. units/wml, of
the digestion mixture. The results are illustrated in figure 8 as double
veciprocal plots. AMCHA was incorporated at a constant concentration
of 0.05 Molar immediately before activation of plasminagen with
gtreptokinase, These plots fulfil the Lineweaver=Burk criteria for
competitive inhibition by AMCHA of plasminogen activation by
streptokinase,

At a sufficiently high concentration, the presence of AMCHA
would inte:éfere with the assay of vplasmin formed in this experiment
and hence the observed results would not represent the true kinetics
of inhihition of plasminogen activation. Tabkle 6 shows the resulis of
caseinolytic assays in which varying concentrations of plasmin were
assayed with AMCHA. 0.05 Molar and without AMCHA., It can be seen
that the proteblytic activity of piasmin, in a range of concentrations

approximately the same as that which could be produced by activation
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of the plasminogen concentrations used in the previous experiment,
wag not influenced by the presence of 0,05 Molar AMCHA.,

The vesults of the corresponding experiments for EACA are
shown in tables 5 and 6 and the double reciprocal plots of figure 9
illustrate that 0.1 Molar EACA competitively inhibits plasminogen
activation by streptokinase, This result is qualitatively in agreement
with that of Alkjaersig et al. (1959 b),

The kinetics of inhibition by AMCA of plasminogen activation by
streptokinase were studied using the technique, modified from that of
Alkjaersig et al. (1958 b), The highest concentration of plasminogen
added wase 23 casein units/ml. and the concentration was varied seven=
fold. Activation of the plasminogen with streptokinase 40 N.I.H, units/
ml. of the digestion mixture was allowed to proceed for 60 minutes at
37°C. The plasmin formed after thie tirne was assayed after removal
of AMCA and inactivation or denaturation of streptokinase. The results
are shown as double reciprocal plots in figure 10, AMCA was incorporated
at a constant concentration of 0.02 Molar, The plots fulfil the criteria
for competitive inhibition by AMCA of plasminogen activation. The
experiment also confirms the observations made with AMCHA.,

Inhibition by AMCHA of the Proté_olytic Activity of Trypsin: Kinetics

of the Reaction These were studied by the technique already described




for plasmin, in a caseinolytic ‘assay system, The range of concentration
of casein, the substrate for trypsin, was varied seveﬁfom, the masximum
concentration being 2 per cent. The concentration of trypsin was
0.08 myg./ml, of the digestion mixture and that of AMCHA, 0,2 Molar.
The resulis are shown in figure 11 as Lineweaver-Burk plots. The
plots demonstrate that AMCHA is a non=competitive inhibitor of the
proteclytic activity of trypsing

Figure 12 shows the resulte of this experiment with 0.4 Molar
TACA ag the inhibitor. The double veciprocal plots demonsirate the

BACA inhibits trypgin in a non-competitive manner,

Inhibition by AMCHA of Twypsinogen Activalicn by Enterokinase;

Rinetics of the Reaction 'The resulis of this experiment are shown in
figure 13, A caseinolytic assay system was used, The final concentration
in the digestion mixture of enterokinase was 1,25 mg,/ml. and the
concentration of trypsinogen wae varied fiftyfold, the maxirmum
concentration being 0,5 mg./ml., AMCHA was incorporated in a
concentration of 0,05 Molaxr., The experimént was also carvied out in

the presence of 0.1 Molar EACA and the similar results obtained are
shown in figure 14, The Lineweaver~Burk plots of figures 13 and 14

fulfil the criteria for competitive inhibition by AMCHA. and by EACA of
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trypsinogen activation by enterokinase,

The concentration of AMCHA and BACA used in these
experiments did not inhibit the proteolytic activity of trypsin in
concantratiam;l ranging from 50 mg, [ 100 ml, to 5 mgl.-/ 100 ml. of
the digestion mixiure, as shown .in vtabtle 10.

in all thease experimﬁmé it will be seen that AMCHA had
about twice the potency of BACA, It vﬂll be seen 100, in the kinetic
expezfimenis, that the modes of acfimﬁ of AMCHA and cs.{ EAC.A were

qualltatively gimilar,

The Effect of AMCHA on Pepsin Activity The resulis a.rev shown in
figﬁre 15, Inhiﬁitio:u of pepsin bagéﬂ at an AMCIIA concentration of
5% 10“3 Molar and 80 per cent inhibition was seen at an AMCHA.
conaentration?af 5 = li)mz Molazr.

Compariscn of the effect of AMCHA on pepsin actlvity was made
with EACA. and the resulte are shown in figure 16, Inhibition of pepsin
by BACA began at concentratiomsgireater than 4 x I.sz Molar BACA and

80 per cent inhibition was observed with § x 10““}' Molar BWACA.

The Antifibrinolytic Effect of AMCHA and AMCA In Vitro In the kinetic

studies, casein was the stibstrate emaployed to assay plasmin hecause the

use of the phyasiological substrate fibrin in such studies gives poowr



reproducibility, In ordewr to study the antifibrinolytic effect of

AMCHA and AMCA compared with that of EACA in a system incorporating
fibrin, varying concentrations of these compounds were added to bank
plasma and the lyesis times of these mixtures observed in the urokinase
sensitivity test. The vesults ave shown in figure 17. In this system,

in terms of Molar concentration, AMCA the active isomer was about

ten times movre potent than AMCHA, the mixzture of isomers, and about
one hundred times more potent than EACA.,

A similar experiment was carried out to compare the anti-
fibrinolytic effect of AMCA with that of PAMBA., These results are
illustrated in figure 18 where it will be seen that AMCA. was
approximately eighteen times more potent than PAMBA.

The Effect of AMCHA on the Coagulation System Because of the

comaplex inter-relationship of blood coagulation with the fibrinolytic
enzyme system, and to examine the possibility that AMCHA might
produce a haemostatic effect by influencing thromboplastin generation
or the thrombin~fibrinogen reaction, the effect of AMCHA on the
thromboplastin generation test, the one-stage prothrombin time and
the thrombin clotting time was studied,

Varying concentrations of AMCHA were added to fresh normal
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plasma which was tested in the one~stage prothrombin time and
thrombin clotting time. In the thromboplagtin generation test, AMCHA.
was added to the incubation mixture, The results are shown in

tables 14 and 15, where it will be' see;u that at con&antrations of
AMGCHA. greater than 2.5 x 10 -2 Molar, the onemstage prothrambin time
and the thrombm clotting time were prolanged and at a canaentration

of 2, 5 X 10“2 Molar, there was aiight impaizﬁmezit of thrombcplastin
generati;;;n. - | | ” |

In ‘Vivo prer:.ments with AMGHA. and AMCA

'I“he antiflbrmolytic eft‘ect of AMCHA and AMCA was investigated
in heélthy adult volunteers. In the first experiments, 2 gm. of AMCHA
were inge&;ted by the subjéct iminediately after withéx;awal of a control
specimén of venous blood, ;I‘hé'reafter s;ﬁeaimens we?é withéra.wn at
15 and 30 minutes and 1, 2, 3.”5. 7. 12.l and 24 hours following ingestion
of AMCHA., These plasma samples wére tested in t:he‘urckinaSe
sensitivity test and the clot lysis time of each specimen was taken as a
measure of the antifibrinolytic effect imparted to that plasma by the
AMCHA ingested, The results are shown in figure 19 along with the
results of a control experiment carried out on a different day. It can

be seen that, following the ingestion of AMCHA, there was a demonstrable



antifibrinolytic effect at 15 minutes, a peak effect at 2 hours and
thereafter a more gradual diminution of the effect over the succeeding
5 hours with return to the ~pre-inge‘stioﬁ lysis time between 7 and 12
hours, I—-zil.the r,;cntrol experixr;ent. thé.re was negiigible‘ diurnal
lvarmtmn af lysis time in the urokinase sens:ttw;tty test, -

All of the plasma aamples vwere dia.lysod a.t 4 C: wa.th cenatant
Btirring fo:r 36 hours against 0, 1 Mola.r ph%pha;te buffa,r. pH 7 6
with two 'changes of buffer. At the end of dialysis, there had been a
25 pe.r cent volu;*ne increase of all apecimena and each specimen
haqi a 1"3'85.3 txme f:,vf about 18 minutes in the urokmase seusxtzv:tty.tast.
Undialyaed aliquats of all eamplea were diited 25 per cent with 0.1
Molar phosphate buffer and also tested in the urokinase sensitivity test.
Dilution by. 25 per ceﬁt of the pre~ingestion sample resulted in a
urokinase sensitivity test of 18 minutes. The other.v undialysed,
~ diluted spécimens also gave prolonged lysis times compared with their
undiluted values, For example, the two hour specimen, that withdrawn
at the peak of the inhibitory effeét. had a lysis time of 42 minutes when
dilut®d and 39. 5 minutes dndiluted, Dialysis had therefore climinated
the substance producing the increased antifibrinolytic effect. These

results are shown in detail in table 16.



The same subject ingested on different days 2 gm, EACA and
1 gm, AMCHA., Specimens of venous blood were withdrawn at the
same times as in the previous experiment and the plasma samples
tegted as hefore, The results are shﬁwn in f:.guw 20, It can be seen
that the effect of 2 gm, TACGA and o£ 1 gro. AMCHA was clesely
mmilar. with the difference that there was poseibly a s:.gmfmantly
«rreater antiflbrmolytm effect at 7 hours in the AMCHA experzmen’c
compated with the 7 huur value in the EACA experiment. In this
experimex;t AMCHA had in vivo iaboﬁt twice the potency of EACA.

i:!:iai)'rsié éf these spétiména in the manner already described
elirainated the differences in ciot lysis timnes, as shown in table 18,

The active isomer, AMCA, Qas investigated similarly. Figure
21 shows :tﬁe éffect of ingestionﬁf 200 mg, AMCA caﬁxpared with the
offect of 2 gm. EACA ingested by the same subject on a different day.
With AMCA, there was demonstrable antifibrinolytic activity at 15
minutes in the urokinase sen.sitivity test, maximum inhibitory effect
between 1 and 8 hours, and a slow fall of inhibitory effect to pre~
ingestion lysis times between 12 and 24 hours. With EACA. on the
other hand, peak inhibitory activity was demonstrable at 2 hours and

return to pre~ingestion values occurred between 5 and 7 hours,
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Cormpared with EACA in this in vivo experiment, AMCA had a
tenfold increase in potency over HACA.,

Another subject ingested 200 mg, AMCA. and l‘gm. AMCHA. on
differen%. d#ys; The results are ﬁhmwn in figure 22, where it will be
seen iha-t ciosely similar effects were observed in the urékinase
sénsitivity test fclle)wing a,dmmistz ation of each prepaz Mficm.l AMCA,
in this ‘cxpmiment. therefore shows a fivefold increase in patvncy
over AMCI-IA. )

'I'he results of ingeatmn of 200 mg. AMCA by 5 other subjects
are shown i:n i:able 21, In these fmb,}ee,:ts, effective antifibrinolytic
mtiv.ity was demonstrable in the urokinase sensitivity test for about
12 hours afte:: ingeﬁtion of the compound

Bifect Of AMGA, in the Treatment of a I’atholsgical I—Iaemestata.c

Defect AMCA, in a dose of 200 mg., was given to a patient with
metastatic carcinoma of the breast which was associated with abnormal
bleeding into the skin and from venepuncture sites. Tiae abnormal
bleeding wag thought initially to be due, in part at least, to pathological
fibrinolytic activity, The evidence for this will be discussed in chapter 8,
wherve the patient's case history and investigation are dese¢ribed, One

of the features of the investigation of this patient was accelerated lysis



of Fearnley«type dilute plasma clots. igure 22 shows the effect
of 200 my., AMCA, administered orally to the patient, in inhibiting
plasma fibrinolytic aetivity., In the aaﬁa figure is shown the very
gimilar pattern, in duration and extent, seen on another day when the
patient was given 2 gm. of EACA by mouth, CObservations on a
control day, falling between the administraiion of AMCA and EACA,
are also shown.

No pgide effects were néfed by any of the subjects whvo took
either AMCEHA or AMCA,

Estimation of Plasma l.evels of AMCA An estimate was made of the

plasma levels of AMCA achieved in one patient following an oxral dose
of 200 mg, AMCA. Plasma samples were withdrawn frbm the subject
imm@diétely before ingestion of AMCA and at 15 and 30 minutes and

1, 2, 5, 8, 12, and 24 hours after ingestion, The concentrations of
AMCA dissolved in the pre~ingestion plasma are shown in table 23 and
the control curve in figure 24, The results of testing each of the post~
ingestion samples in the same system, together with their Molar
concentrations of AMCA, derived from the control curve, are also
shown in table 23, It will be seen that an estimated peak concentration
of 2.0 x 10”5 Molar AMCA was found 2 hours after ingestion of the

compound.,



Discussion

The resulis presented in this chapter veveal that the
synthetic amino acid, aminomethyl cyclohexane carboxylic acid,
inhi‘bita# .the fiﬁfinﬂlytia e:nzymé at two points: it inhibits both |
plasminogen activation and ﬁm p:votéalytié acitivity of farrged plasmin,
In the caseinelytic a88aY syatmﬁ v}ith bank plagsma as tﬁe geﬁma of
plasminogen, éédition of AMGHA either before streptéimin&se or é,fter
streptﬂicinaae; :will largely distiﬁguish between the effécf c;f tﬁe
compeﬁnﬁ 6n p;l.e.\:smincgen mtivaiian énd its effect on the é.ctivity of
formed plasmin. This experiment demanatrmes tha.t, eifective
inhibiti;:m by AMCH& of the activat‘ioﬁ-proeema was pz'odace:a ‘b'y
nonﬁideraﬁly ia;ﬁr}er c@ncemrmi&na Qf‘ AMGHA than the concentration
z:equiredl to ?x*m‘tuc:e effectivé inhibitioh of the activity of formed
plasmin, 1:111153%011 by i&MCIﬁA of plasminogen activation began at a
concentration greater than 10"4 Molar and of the proteolytic activity of
formed plasmin at cmncenwaﬁcns greater than 2 x 10"3 Molar, At the
higher range of concentrations of AMCHA added before strepiokinase,
the ocbserved inhibition of caseinolytic activity must still be due
primarily to inhibition of plasmincgen activation, because the same

concentrations added affer activation did not significantly inhibit the
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activity of formed plasmin,

In the same system, LACA had about one half the potency of
AMCHA., Added prior to the activation process, 4= ].0“‘4 Molax
BACA produced 20 pex cent inhibitlon of ¢aseinolytic activity, the
degree of inhibition produced by 2 x 10,*4 Molar AMCHA,  Added
aftey activation,. 14 pev cent inbibition of caseinolytic.activity was
produced by 6.x. 10*4 Molar BACA compared with 3 = 10?4 Molay
AMCHA..

Since cffective inhibition bf plasminogen activation can be
achieved by lower concentrations than those required to inhibit the
activity of formed fdaswnin, the alm of therapy with the compound
would be to administer a dose with'would result in plasma concentrations
between 10”% and 107> Molar AMCHA,

The kinetlc studies reveal that AMCHA at a concentration of
0.2 Molar ig an uncompetitive inbibitor of the proteolytic activity of
plasiodn and that at the lower concentration of 0,05 Molar it
competitively inbibits plasminogen activation by streptokinase. One
critisicra of the experiment in which the kinetics of inhibition of
plasminogen activation weve demonstrated is that the presence of
AMCHA may inhibit plasmolin formed during activatioﬁ. Since the
amount of plasminogen activated in the presence of the inhibitor is
calculated by assay of plasmin formed from it, any inhibitory effect of

AMCHA on plasmin would mean that the total amount of plasmin formed
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during activation had not heen measured., Hence the true kinetics

of inhibition *;vmﬁd not be represented by the Lineweaver-Burk plots

of figure 8, In the experiment, almady discussed, to measure the
Inhibitory effect of AMCHA. u,poﬁ the caseinolytic agtivi‘i;y of hank
plasrna, it was seen that much higher concentrations af AMCHA were
mquired.ﬁa i:ral:zibii; fovmed plaﬁzmin thé,nlto inhibit plasminogen
activation. In é.cldition in andthar exﬁeriment, the results of which

are mho%rmin taﬁle 6, 0.05 Molar AMGHA., the cancaﬁtratioﬁ used to
demonalt'ralte“itﬁ kinetics of inliibition éf plaami-nogenv activation, did

not affe;:t thé caseinolytic assay Qfa range of concentrations of plasmin
equivalent to the potential plasmin which could be formed by activation
of the highest .plaaminogea caﬁcemraﬁan added in the kinetics experiment,
varied down to negligible amounts. It appears reasonable therefore to
assume that the Lineweaver~Burk plots of figure 8 do reflect accurately
the kinei;icé cﬁ inhibition by AMCHA. of plasminogen activation by
straptokinase. This effect, i.e., competitive inhibi.tion of plasminogen
activation, was confirmed with the active isomer AMCA in th;e system,
where the plasmin formed was assayed after removal or denaturation of
the activator and inhibitor, With EACA, non~competitive inhibition of

the proteolytic activity of plasmin and competitive inhibition of
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plasminogen activation by streptokinase were demonstrated at
EACA. concentrations of 0.4 and 0. 1 Molax regpectively. The latter
finding, togcether with the resulis for EACA in the experiment to
ciemonétmté i.ﬁhibitian éf -caﬁ‘éinolytié activity of bank ;éla;axma.

wa.s qﬁalitativeiy‘ in agreement wit?i the findings of Ablondi et al.
(1959) and Alkjasrsig et al, (3»959‘ b).

Th@-.:-}ffectsa of AMCHA on the.ti'.ypsinogen-etrypmiﬁ sysiém |
were shown to 'ﬁe non~competitive ibhibitian of the pﬁotéc;lytic activity
of trypéinﬁrith 0,2 Molar AMGHA and competitive inhibition by AMCHA
of trypﬁ‘i'nogen activation by entemol%iﬁase with 0,05 Mmlai AMCELA.,

Agp was found with the p%.m.mmi.nagez;éplaamin system, the concentration
of AMCHA which would inhibit forméd tryp&iiz was fourfold that which
would inhibit the activation of tr?bs&in«agem Further, when a fange

of concentrationst trypsin, varied from the highast potential
concentration of trypsin which caﬁld be formed in the experiment to
investigate the kinetics of inhibition of trypsinogen activation, to very
low concentrations, was assayed with and without 0,05 Molar AMCHA,
the results were the same within the limite of experimental error, It
is agaﬁn a fair assumption that failure to remove AMCHA did not affect

the observed kinetice of inhikition by AMCHA. of trypsinogen activation.
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Using twice the concentrations of HACA compared with AMCHA,
simnilar effects of WACA. on the trypsinogen~trypsin system were
observed,

AMCHA, inhibits pepsin a;ctiv'ity, 70 per cent inhibition being
ohserved at a concentration of éf:.x 10&8 Molar compared with 57 per
cent inhibition by the sawme Molax concentration of BACA.

The anticoagulant efﬁ‘eai on the thromboplastin genei'atiaxz test,
the one ;sté,ge tést and the th:minbiﬁ él&tiﬁg time with coﬁéﬁmrationa
of AMCHA in' the plasma at ox gxeater'than 2.5 % 10”2-1\/5.01&3:. 'would
not be is:i:.portant in vivo; since such éonéentrationa are' rﬁuch higher
than those required to inhibit ﬁlaaminogen activation m’the alm of
t-herap? with this ﬁibrinolytic inhibitm?.v

In the inA vityo plasma clét system, which is acﬁvatad by a
standard amount of urokinase, the Molé:e notency of AMCHA was
about si:;:féld i:ﬁat of BEACA and AMCA was about one htmdréd. ‘time{s
more potent than EACA.

The in vivo experiments revealed fivst that aﬁ antifibrinolytic
effect demonstrable in the urokinase sensitivity test could he
produced by oral administration of AMCHA. and of AMCA., Using the

urokinase sensitivity test, comparable antifibrinolytic eifects were



detected after administration of 200 mg. AMCA, ] pm. AMCHA or
2 g, HACA.

It was alao shown that an antifibrinolytic effect could be
produced in a patient with a haemostatic defect due, in part at least,
to a pathological fibrinolytic state (see chapter 8), and that twice
the dose of EACA admﬁ.niéteﬁed to-'thim iaat:ient produced a closely
gimilay c‘—:ffeci&.

The effect of AMCHA and AMGA. wag morve proldnged.than
that of EACA, a finding possibly due to slower renal excretion of
AMCA and AMCHA compared with EACA: Melander et al. (1964)
found in animal studies xh:;}i ma}aimx@:rﬁ urinaxry récava‘wy- of BACA
after intravenous administration was?z per cent, cmmpéi‘ed with 64
pev cent for AMGHA.

The maximum estimated iélasmés. level of AMCA in one patient
after an oral dose of 200 mg. was 2 x ;‘!;.0“3'5 Molar, Andevsson et al,
{1965) using theirﬁgiq‘imely sirmailar teclmie:iue, found levels of about
1.2 = 10“4 Molar in gserum after a dose of 0,0) gm./kyg, body weight,
a cencenﬁratien which effectively inhibited pathological fibrinolytic

activity.
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Conclusions

Pibrinolytic inhibitors described prior to the discovery of
aminomethyl cyclohexane carboxylic acid, have been aliphatic amino
acids with carbon chain lengths of 4 ~ 8 C atoms and the amino
- group in the terminal position, the most potent being KACGA, The
structural resemblance of aminfn'mathyl ceyelobexane cavhoxylic acid
to BACA is ohvious, though the former's structure may be move rigid,
The rigidity may be vesponsible for its increase in potency over EACA
as a fibvinolytic inhibitor enabling it to 'keg~in' more precisely ov
consistently to the acti'v;e gite on the activator molecule,

C Effective inhibition by AMCHA of plasminogen activation may be
produced by much lower concentrations of AMCHA. than those required
to inhibit forived plasmin and the aim of thevapy with AMCHA would
therefore be to achieve the concentrations which would inhibis
plasminogen activation and thus prevent the continuing formation of
plasmin,

In vitro in the kinetic experiments and in the in vivo expeviments,
AMCHA. had a twofold increase in potency over BACA and in the
in vivo expe