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INTRODUCTION

1
Since 1893 when Dastre , one of the earliest pioneers in the work on

hlood clot lysis, published his paper on the presenoe of a proteolytic agent

in chloroform-treated serum, there has been an ewer increasing interest in

this topic until the present day, when we see the results of early work

combined in a complex scheme to explain the fibrinolytic phenomenon.

Early work on the fibrinolytic system was founded largely on two

disconnected observations. The earlier one showed that post-mortem blood

in eases of sudden death was incoagulable, and the later one, that when serum

had been treated with chloroform or other organic solvents it would dissolve

fibrin dots (Senys and Marbaix 1889^).
In 1903 Delesenne and Poserski"* observed that chloroform-activated serum

would also digest gelatin and casein and it thus appeared that the active

agent was a protease of broad specificity capable of lysing various proteins

in solution as well as solid fibrin*

Further, if untreated serum was added to the assay system there waa an

inhibition of the proteolytic activity, and this led these authors to suggest

that there were two opposing elements in serum, one normally being inactive,

but activated by chloroform, and the other an inhibitor, which was removed or

inactivated by the chloroform. This view was confirmed by Tamakawa in 1918,

and was the first stepping stone towards the elucidation of the complex system

of the proteolytic ensyae and its inhibitors*
5

In 1906 Morawits showed that fluid blood from eases of sudden death waa

free from fibrinogen and sometimes contained "fibrinolysin." He also showed

that under certain circumstances the fibrinolytic ensyae was capable of

digesting both fibrinogen and fibrin.
6

This phenomenon was made use of by Yudin in his corpse-blood transfusion
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sendee; be found blood from healthy individuals who had died suddenly in

traffic or other accidents, first coagulated then returned to the fluid

state after about half to one-and-a-half hours, after which time two to four

litres of fluid blood could be collected. This blood could be stared in

the refrigerator and was incoagulable, and on transfusion did not exhibit

any toxic effect or therapeutic results different from those obtained with

blood from living donors.

Development of the modem concent of the fibrinolytic system

It was not until 194-5, however, that the modern concept of the

fibrinolytic system started to develop.

In that year Christensen^ produced direct evidence that the lytic factor

is a proteolytic ensyae normally present in an inactive form in human serum

or plasma and similar in this respect to trypsin, which is usually present as

its inactive precursor trypsimogen.
Q

Milstone in 1941 had shown that there was a factor present in human

plasma which was essential for the lysis of fibrin by streptococcal

"fibrinolysin," and Christensen showed that the active agent in streptococcal

extracts did not aet by lysing fibrin directly, but by causing the activation

of the proenzyme already present in the plasma.
g

In a later paper in the same year Christensen and McLeod shewed finally

(a) that the ensyme was inactive because it existed as a precursor and not

because of a loose combination with an inhibitor as Delesenne and Poaerski

had suggested^, (b) that there was present, however, in serum a true inhibitor

capable of neutralising the ensyme resulting from activation of the precursor,

(o) that the ensyme formed by ehloroform-aotiv&tion was identical with that

resulting from streptococcal activation.
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In the same paper these authors suggested a new nomenclature which is

now widely accepted. The inactive precursor profibrinolysin is now termed

"plasminogen," the active enzyme "plasain," and the inhibitor present in

plasma or serum "antiplasndn." As this terminology is now accepted by most

workers in the field, it is used throughout in this thesis.

Since 1945 there has been a rapid expansion in the study of the

fibrinolytic systemj this has been due to two principal factors.

Firstly, as with many other enzyme systems, the development of techniques

far protein separation and purification has led to the identification of

individual components, and thence to the elucidation of their function.

These techniques include fractionation by means of organic solvents developed

by Cohn et al in the U.S.A. and by Kekwick, Mackay et al in this country:

and electrophoresis on paper, agar and starch gel.

Secondly, the development in the last few years of preparations of plassdn

and its activators for use as therapeutic agents for dissolving blood olots has

led to a great concentration of effort on the study of the fibrinolytic system.

In the remainder of this introduction the mare recent work will be

considered under a number of headings.

Activation ef plasminogen

Spontaneous activation has been found arising from states of anxlsty,

particularly from phyaioal states related to shook or stress as in asphyxia or

violent exercise. Activation also occurs following the injeotion of

adrenaline and in eases of sudden death. Activators are also present in the

tissues and may be liberated into the blood stream as a result of surgical

procedures. They can be detected in 'in vitro* tissue extracts. In addition,

activators have been found in human milk, tears, saliva and urine. An obvious
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physiological function of activators in these secretions is the prevention

of obstruction of the duets by fibrin dots. The knowledge concerning the

activators has been briefly summarised in Table I together with the

activators not normally found 'in vivo.*

Observations of the action of these activators upon plasminogen showed

discrepancies in the type of reaction and it was not until 1953 that
>i 23

Mullerts and Lassen produced evidence that the activating system must be

more complex than was originally supposed. They suggested that streptokinase

did not act direotly upon plasminogen but upon an inert plasma pro&ctivator,

which, after activation, reacted with the plasminogen to form plasmin.

It has been found subsequently, on the other hand, that the activating

agent in the urine, Urokinase, is a true activator acting directly on

plasminogen. In milk, tears and saliva, both direct activators and kinases

whioh can activate the plasma proactivator have been found. As indicated

above, streptococcal extracts are capable of causing the activation of blood

plasminogen.

Limitation and control of fibrinolysis; similarities to the

blood clotting system

The relationship between the factors now thought to be involved in

fibrinolysis is shown schematically in Figure I. Certain similarities

between the fibrinolytic scheme and the blood coagulation mechanism become

apparent when -(bey are set side by side. There are present in both systems

activators which will change the inaotive forms of the ensymes, that is,

plasminogen and prothrombin, to their aotive forms, plasmin and thrombin

respectively, end in each system there are inhibitors to the active ensymes

whioh will control or arrest their action, i.e. antiplasmins and antithrombins.
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Si

Activators of the fibrinolytic system

Naturally occurring

1, Tissue activators

(a) fro* lung and uterus

(especially during pregnancy)

(b) lung tissue

(e) various animal tissues,

namely lung, heart, kidney

2. Cases of amniotic embolism

3« Stress, pyrogen administration,

strenuous exercise, adrenaline

4* Urokinase

Activators in:

(also capable of
being activated
by S.K.)

human milk

tears

saliva

Levis and Ferguson 1950
10

Tagnon and P&l&de 1950
11

Permin 1950

Albrechtsen and Trolle 1955

12

13

Kaofarlane and Biggs 194814

Macfarlane and Pilling 1947

Aatrup and Sterndorff 1958

Von Kaulla 1954

Astrup and Stamdorff 1955

Storm 1955

Albreohtsen and Thaysen 1955

15

16

17

IB

19

20

Bacterial

1. Streptokinase

2. Staphylbkinase

Tillett and Garner 1933

Milstone 1941S

21

Christensen 1945

Lewis and Ferguson 1951
22

Organic

Chloroform, ether, acetone and thymol Denys and Barbaix 1889^
Oelesenne and Poserski 1903^
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However, the coagulation mechanism ie probably more complicated than the

fibrinolytic ayetea as a multiplicity of factors is necessary for "kinase"

(thromboplastin) formation. These include Antihaemophilic Globulin and

Christmas factor and a deficiency or absence of any (me of them causes a

derangement of the dotting system. The various factors involved in blood

coagulation ham now been designated by Roman numerals and are shown in Table IX.

Coagulation is now recognised as a sequence of closely integrated, yet

separate phases which result in stasis of the blood* As the fibrin clot is

the physiological substrate for plaaain it is of value to consider, in slightly

mere detail, the mechanism of clot formation, and the diagrammatic representation

of the coagulation mechanism is shown in Figure 11.

In smaller vessels at the eite of injury, vaso-constriction takes place,

and according to the theory that platelets play a major part in the process,

oauses the platelets to lie closer together which facilitates their agglutination.

On their agglutination and subsequent lysis, the chemical factors are

released from the platelets which initiate the clotting process and cause more

pronounced vaso-eonetrlotion; shortly thereafter the fibrin olot is formed as a

solid plug in the vessel.
2k ,

Jensen in 195» suggested that the formation of fibrin occurred not only

as a result of direet injury, but was a normal physiological process in ths blood

stream whieh ooeurred continuously.* This would explain the observation of a

greater turnover rate for fibrinogen and certain other blood clotting factors, as

compared with the majority of the blood proteins. It is thus possible that a

dynamic equilibrium exists in the absence of any lesion between fibrin formation

and fibrin lysis.

_ _ 21*. .25.26
•Several authors * ' have suggested that the fibrin deposition under normal
conditions may contribute to the integrity of the walls of the blood vessels by
beina a constituent of the endothelial ooatlne.
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TABLE II

Roman nuaerioal system

for blood coagulation factors

Factor

I Fibrinogen

XX Prothrombin

III Throaboplastin (tissue)

For the IY Calcium

conversion V Proacoelerin

of VII Proconvertin

prothrombin VIII Antihasnophi lie Factor

to IX Christaas Factor

Thrombin X Stuart-Prower factor

XX Plasma thromboplastin antecedent

XXX Hagemaa factor
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Under normal conditions, the clotting process once initiated is

controlled by the presence in plasma of antiooagulating agents, e.g. anti-

thrombin, without which progressive intravascular coagulation would take plaoe.

The term antithrombin is used to describe a heterogenous group of factors,

found in the albumin fraction of serum or plasma and with which thrombin will

reaot reveraibly to form a complex which has been named metathrombin. In

addition, there would appear to be two antithromboplastins present which inhibit

the action of the tissue and plasma thromboplastins respectively.

The inactLv&tion of the excess thrombin occurs in two stages; initially

thrombin is very strongly adsorbed to the fibrin clot, whioh localizes its

action and thus prevents the extension of the formed thrombus. On retraction

of the clot the thrombin may then be released into the blood stream where it is

neutralised by antithrombin. (The latter while present in the plasma is not

found adsorbed to the fibrin clot).

On the fibrinolytic side of the equilibrium similar factors act to control

and limit the action of pl&smin; if this were not so, excessive dot lysis

would, in oases of injury* lead to haemorrhage.

Plasminogen and activators are preferentially adsorbed onto the fibrin
27

structure, according to Ambrus and Harkue whilst the antiplasmins are left in

the normal circulation. Whilst thrombin is inaetivated by adsorption on fibrin,

pl&smin formed cm the olot surface is active, and the adsorption process leads

to its being concentrated where it is required* i*«* in contact with its

substrate. At this point the clotting and fibrinolytic processes are not in

fact parallel; the effect of thrombin adsorption is its in&otiv&tion and

limitation of the dotting prooess, while the effect of plasminogen adsorption

is its activation at the required site, leading to acceleration of fibrinolysis.

In both systems potent inhibitors are present in the free solution. In
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the case of fibrinolysis, once the dot has lysed the plasmin is liberated

into the normal circulation and immediately inactivated by the circulating
28

antiplasmins (Hatnoff and Donaldson ); in this way clots could be formed

or fibrin deposited, and lysis occur under normal conditions. These stages

can be summarised and represented diagrammatically as in Figure 111.

Specificity of plaaadn

28
In I960 Hatnoff and Donaldson , in reviewing work by other authors,

showed that plasain was capable of digesting a variety of substrates, some of

which it is normally in contact with, and others from 'in vitro* sources, as

well as its natural substrate, fibrin.

The 'in vivo' substrates include many of the coagulation factors,

fibrinogen, proaccelerin, antihaemophilio factor, Christmas factor, prothrombin,

the first component of complement and A.C.T.H. 'In vitro,* plasmin has been

proved capable of digesting casein, gelatin, denatured haemoglobin and certain

synthetic esters of lysine and arginine. These latter substrates, especially

casein, have been used successfully as substrates for assay of proteolytic

and inhibitory activity.

Such assay methods have largely been preferred to ones in which fibrin is

used as sub strate because of difficulties found by early workers in preparing

pure fibrinogen and other clotting factors, and of the knowledge that the

fibrin adsorbs many of the clotting factors. The use of synthetic substrates

also allows for easier quantitation of the activity.

Alterations of the coagulation-flbrinolysis equilibrium

A disruption of the balance between coagulation and fibrinolysis could be

due to various inore&ses or decreases on either side of the equilibrium. On
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the fibrinolytic aide, an over-all increase in activity could be due to

increased activation of the lytic system or, indirectly, to a decrease in the

circulating antiplasmins, the result being excessive bleeding. In clinical

hyperfibrinolytic states the former aechanisa appears to be in operation.

In the converse ease an over-all decrease in fibrinolytic activity could be

due either to a reduced lytic activity or to an increased concentration of

antiplasmins, the result being a tendency towards fibrin deposition in the

blood stream giving rise to a thrombotic state. Neither hypoplaaainogenaemia

nor failure of the activation mechanism is a known cause of a clinical

abnormality. However, evidence presented in this thesis suggests that an

increase in certain inhibitory substances in plasma stay be a significant factor

in thrombotic conditions. Recently published work by other investigators

supports this view.

In normal oases it has heen considered that a small amount of plasmin is

present in the free state* Owing to the presenoe of inhibitors this cannot be

measured directly. However, on sufficient dilution of the plasma, according
29

to the method of Macfarlane , the effect of the inhibitors is depressed and it

is thought that the free plasmin concentration can then be determined. The

amount of free plasmin found by this method appears to he relatively constant.

However, as indicated above, in stress situations there appears to be activation

resulting in temporary increase in the free plasmin concentration.

In oertain other situations the fret fibrinolytic aetivily is found to be

altered. firstly, there is a fluctuation in activity in women of child-bearing

age and, secondly, there is a decrease during pregnancy.

30
It has also been found by various authors, Smith and Smith , Willson and

31 32
Munnell , and Oliver and Boyd , that there is an increase in fibrinolytic

activity associated with menstruation. The activity increases in the latter



11

part of the cycle immediately prior to the onset of menstruation, after which
32

time the activity decreases. Oliver and Boyd suggested that in this case,

the fluctuation of lytic activity was due to the effect of the oestrogenic

hormones.

During pregnancy there is a reduction in fibrinolytic activity which

returns to the normal level in the immediate post-partum period, however there

appears to be disagreement as to the mechanism that affects this decrease.
33

liesenskl suggested that the decrease in lytic activity was due to an actual

decrease in the circulating lytic ensyme, as he could find no increase in

antiplasmin during pregnancy.

C.t* on the other hand, was able to show an increase in the antiplasmin
35

concentration in pregnancy. Supporting both of these views, Haidoo et &1 '

showed that although there was a reduction of direct lytic activity during

pregnancy and a rapid return to normal levels after delivery, there was also a

significant decrease in antiplasmin levels following delivery.

Clinical conditions due to uncontrolled fibrinolytic activity

In certain complications in pregnancy, namely amniotic embolism, premature

separation of the placenta and obstetrical accidents, there may be massive

activation of the fibrinolytic system (probably due to the entrance into the

circulation of tissue activators referred to ahove) and gross haemorrhage

results.

Also, in major surgery, particularly in tharaele, pancreatic and prostatic

surgery, fibrinolysis is a possible complication, and in leukaemia and

parenchymal liver disease there may be a chronic fibrinolytic state associated

with the disease.
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Clinical conditions associated with a. decrease in fibrinolytic activity

In conditions where there Is a thrombotic tendency it has often been

assumed that this was due to a hypercoagulative state. However, the

alternative possibility of decreased fibrinolysis is now being considered.

A decrease in fibrinolytic activity in patients with myocardial infarction
36 37

was shown by Hume , and Sandberg et al showed evidence of an increased

inhibitor concentration in myocardial infarction. These authors suggest that

the results confirm the importance of an impaired fibrinolytic system in

atherosolerosis•

If an abnormal antiplaamin effect is a possible causative factor in

atherosclerosis, it is of great interest to consider the action and properties

of the antiplaaain in plasma.

In view of the known relationship between plasma lipoproteins and

atherosclerotic and thrombotic conditions, a natural question is whether the

plasma lipoproteins have antiplasmin activity. However, investigations on the
33

antiplasmin activity of plasma fractions by Norman and Hill showed antiplasmin

to be concentrated in and oc^ globulin fractions by electrophoresis, and in
Cohn fractions IV-4 and IV-1 by ethanol fractionation. Activity was not

reported for the -lipoprotein fraction (Cohn fraction III-O) which contains

the major plasma lipoprotein component, and corresponds to the low density
39

fraction found by Gofman et al to be increased in thrombotic heart disease.

The present investigation

In undertaking work cm the fibrinolytic system it was decided to

ooncentrate on the study of the antiplasmins. and as a starting point the

distribution of activity in the various protein fractions obtained by the Cohn

ethanol fractionation procedure from human plasma was re-investigated. It was
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found that in addition to the cC ^ and OC^ antiplaamins (contained in the
38

IY-4 and IV-1 globulin fraotions) reported by Norman and Hill , there was a

smaller but signifieant antiplasmia activity associated with the Cohn FTaotion

III-O. This finding was of great significance in relation to the aetiology

of atherosclerosis and the long known possible association between this

condition and the level of the serum lipoproteins. The remainder of the

researoh undertaken was therefore concentrated on a further study of this

fraction and the antiplasain activity associated with it. Studies were also

carried out to see if antip lasain activity was increased in clinical conditions

where the lipoprotein levels were raised.

At an earlier stage in the work, the possibility of preparing antiplasains

far clinical use in the treatment of acute fibrinolysis was considered and work

was undertaken with a view to obtaining fractions in a pure, stable state

suitable far therapeutic purposes. However, the discovery of £_-aminocaproic

acid as an effective agent for this purpose reduced the potential value of such

products, and this work was not pursued farther*

Zn presenting the investigation and results obtained it is convenient to

divide the material into a number of sections as follows *•

Chapter Z. A. The methods of assay of plaamin and antiplasmin, and the

distribution of antLplasmins in Cohn plasma fraotions*

B. The preparation of the antiplasain fractions for possible

clinical use*

Chapter II. Studies on the antiplasmin associated with the 'lipoprotein

fraction.

Chapter III. Correlation of the -lipoprotein level and antiplasmin activity

in conditions where the former is raised.

General discussion. Lipoprotein levels, antiplasain activity and the aetiology

of atherosclerosis.
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MATERIALS MP ROUTONS METHODS

Preparation of plasma fractions

The fractions used in this work include fractions III, III-O, IV-l, IV-4

and its subtractions IV-5+6, Tf-7, and albumin.

All these fractions were prepared according to the methods of Cohn et al***,
41 42

Surgenor et al , and Qncley et &1 , from out-dated plasma, using the

specified ionic strengths, pH's, ethyl aloohol concentrations and low

temperatures. The final fractions were freese dried and stored at +4°C, with

the exceptions of certain unstable fractions which were prepared specially and

stored in paste form at +1°C.

Preparation and purification of plasminogen

Plasminogen was prepared from Cohn Fraotion III and purified according to

the method of Kline*'3.
4 gm. of freese dried Fraction III were extracted with 80 ml. 0.05 N

sulphuric acid (20 ml. acid per ga. fraction III). The resulting suspension

was centrifugal at 2700 r.p.m. for 10 minutes. The floating lipids were removed,

and the supernatant decanted and adjusted to pH 11 with N sodium hydroxide* The

alkali was added dropwlse from a pipette while the solution was being stirred.

The pH was then immediately brought to pH 5*3 with N hydrochlcrio acid, and

the preparation placed in the refrigerator overnight.

The next morning the pH was adjusted to pH 2 with N hydrochloric acid, and

the suspension centrifuged for 1 hour at 2700 r.p.m. The floating lipids were

removed. The supernatant was then decanted and adjusted to pB 8.8 by the

addition of N sodium hydroxide. During this pH adjustment precipitation occurs

at pH 4>5 and clears again to opalescence at about pH 8.
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The solution was dialysed against 0.25 M so&iua phosphate, pH 6.0 when a

fine precipitate was foraed. After 10 minutes the suspension was transferred

to a beaker and placed in the refrigerator for 1 hour.

The suspension was centrifugsd and the supernatant discarded. Tin

precipitate was resuspended in 5 ml. distilled water, care being taken to

disperse the dumps. Then a drop or two of N hydrochloric acid was added and

the suspension dissolved at the acid pH.

The solution was kept at ♦4°C. After a preliminary proteolysis assay,

the acid solution can be diluted so that 0.2 ml. of the solution gives the

required change in optical density in the standard casein assay method for

plasndn described below. Usually 4 ga. of Fraction III, prepared according to

this procedure, and dissolved in 6 ml. distilled water, gave the required

optical density change in the assay.

Preparation of 5% casein

Initially a commercial product was tried, but it was not easily re-
1.1.

constituted. Further, Remmert and Cohen have reported that commercial

preparations also tend to have a high acid soluble tyrosine o cmtent. Fresh

casein was therefore prepared according to the method described by these authors.

Two pints of milk were diluted with an equal volume of distilled water,

and the o&sein precipitated from the solution by adjusting the pH to 4*7 with

2 If hydrochlario acid. The suspension was oentrifuged and the supernatant

discarded. The precipitate was resuspended in distilled water and redissolved

by adjusting the suspension to pH 8 with 2 N sodium hydroxide.

These two steps were then repeated, usually three times, the final

precipitated protein being collected by filtration. The precipitate was washed

successively with distilled water, 96% ethyl alcohol, and finally ethyl ether,
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and dried In vacuo.

The ether wash was repeated several tines to ensure that the precipitate

was white in colour, as em resolution, prior to the preparation of the 5%

solution, any remaining lipid naterial can cause difficulty in the filtration*

For use the dried easein was dissolved in phosphate-saline buffer pH 7*4,

and sufficient sodium hydroxide to bring the t>H to 7*4. The solution was

immersed in boiling water for 15 minutes and filtered whilst still hot, the pH

finally being adjusted to pH 7.4*

After a preliminary nitrogen determination (using the nitrogen conversion

factor 6*38} the solution was diluted to 5 S*% casein*

Proteolysis assay by the caseinolytio method

44
The assay conditions were based on the method of Reassert and Cohen ,

An appropriate amount of plasminogen was placed in a test tube and diluted

to 0.8 ml. with phosphate-saline buffer pH 7.4, 0.3 ml. 5% easein solution was

added, and a predetermined excess of streptokinase contained in 0.2 ml. added.

The mixture was incubated for 10 minutes at 37°C to effect activation*

3.7 ml. 5% casein were then added and the solution mixed thoroughly and incubated

at 37°C. Two minutes after adding the easein, a 2 ml. aliquot was taken and

added to an equal volume of 10$ trichloroacetic acid and mixed well. This

sample was allowed to incubate for a further 10 minutes. Incubation of the

main solution was continued for 1 hour at 37°C, then another sample taken.

To each sample was added 5 ml. distilled water and the whole mixed and

filtered through Whatman No. 3 filter paper.

The final clear solutions were read on a Unlearn Spectrophotometer,

S.P. 500 at 280 njl, using either a trichloroacetic acid-water blank or distilled
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watert and the optical density recorded. The increase in optloal density

for 60 minutes was taken as the measure of proteolytic activity*

Estimation of cholesterol

The concentration of both total and free cholesterol was estimated by the
L5

method of Searcy and Berquist .

Reagents

(i) Ferrous sulphate - acetic acid reagent.

A saturated solution was prepared by adding several grams of

Fe S0^.7 Hg 0 to 1 litre of A.R. glacial acetic acid. After a few
minutes of mixing, the solution was filtered*

This reagent is stable at room temperature.

(ii) Digltonin Solution.

A 0.5% solution was prepared by dissolving 1.0 gm* of digitonin in

100 ml. of absolute ethyl aloohol at 60°C; after the addition of

2.0 ml* 10% acetic acid the mixture was diluted to 200 ml* with

distilled water*

(iii) Cholesterol Standard (60 mg*/l00 ml.).

This was prepared by dissolving 120 mg. purified cholesterol in

200 ml. acetone-ethanol.

(iv) Acetone-ethanol.

Equal volumes were mixed.

(v) Acetone-ether.

Equal volumes vere mixed.

(vi) Concentrated sulphuric acid.

Analytical grade was used.
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A 1 in 10 dilution of the serum was made by adding 0.1 ml. serum to

0.9 ml. of the acstone-ethanol solution (when free cholesterol was to be

estimated the volumes were altered to 0.2 ml. serum with 1.8 ml. acetone-

ethanol solution) .

The serum-solvent mixture was mixed and eentrifuged at high speed for a

few minutes.

Total cholesterol determination

An 0,4 ml, aliquot of clear supernatant was pipetted into a heavy test

tube, and 6.0 ml. ferrous sulphate reagent added. A 2 ml. quantity of

concentrated sulphuric acid was added quickly to obtain immediate mixing, and

the tube stoppered and the contents mixed again.

After 10 minutes the optical density was measured at 490 sp on the
Spectrophotometer S.P. 500, using a blank prepared from 0.4 ml. acetone-ethanol

reagent instead of supernatant.

Free cholesterol determination

A 1.0 ml. aliquot of serum extract was placed in a conical centrifuge tube

and mixed with 1.0 ml. of the digitonin solution. The mixture was allowed to

stand far at least an hour, then centrifuged, and the supernatant carefully

discarded. The precipitate was resuspended in acetone-ether, mixed and

centrifuged, the supernatant again being discarded.

The cholesterol digitonlde precipitate was dissolved in 6.0 ml. ferrous

sulphate reagent. Large amounts of digitanids may be put into solution by

warming at 37°C} if warming is required the ttbes must be oooled before the

addition of 2 ml. concentrated sulphuric acid. After 10 minutes the optioal

density was measured at 490 my., using a distilled water blank.
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The concentration of cholesterol was calculated from previously prepared

standard curves.

Elective precipitation of the p -lipoproteins from serum
The precipitation of the p -lipoproteins from serum and Fraction XII-0

was carried out according to the methods of Bursteln and Samaille^'^,
To 1 ml. serum was added either 0.03 ml. dextran sulphate (Dexulate)

u
containing 30 I.TJ.'s and 0.1 ml. II calcium chloride solution , or 0,2 ml.

JL?
heparin (200 I.U.'s) and 0.06 ml. 1 manganese chloride solution *

A precipitate appeared instantly and the suspension was oentrlfuged for

10 minutes at approximately 2700 r.p.m. The precipitate contains the

p -lipoprotein.
In some serum samples the precipitation was not readily effected, and as

a precautionary measure some of the samples in Chapter III were diluted 1 in 2

with distilled water prior to the addition of the Dexulate and calcium chloride.

Preparation of standard clcts

The standard dot was prepared according to the method described by
48 , .

Alkjaersig et al , with 96% clottable human fibrinogen being used Instead of

bovine fibrinogen. To 0*5 ml. 0.5% fibrinogen solution was added 0.1 al.

thrombin containing 2 I.U.'s.

When various fractions were tested, the activator or inhibitor preparation

was added to the fibrinogen solution prior to the addition of the thrombin.

The clots were incubated at 37°C and checked from time to time for lysis.

The time recorded as lysis time was that period of time elapsing from the

addition of the thrombin and inoubation at 37°C to ooaplete lysis of the clot.
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Electrophoresis

Electrophoresis was carried out using cellulose acetate and agar gel as

the supporting mediums.

(i) Cellulose acetate.

Cellulose acetate strips prepared by Oxoid Company were used) the

strips 36 cm x 5 oa were carefully sectioned into strips 12 em x 2.5 em

and set to soak overnight between two pieces of plate glass in the

chosen buffer. The buffer used in this instance was barbitone-acetate

buffer pH 8.6 prepared as a stock solution and diluted for use every two

days. The stock buffer was prepared by weighing out 50.0 g sodium

barbitone and 52.0 g sodium aoetate (hydrated) and adding 32*1 ml. N

hydrochloric acid and distilled water to 5 litres, adjusting the pH to

8.6 if necessary with N hydrochloric acid or N sodium hydroocide.

For the working solution, 450 ml. of stock buffer were diluted to

1500 ml. with distilled water*

The stripe were carefully blotted before use and placed in the

electrophoresis tank (e.g. Standard apparatus by E.E.L. or Shandon).

The wicks connecting the trough solutions end the strips were of

Whatman 3 M.M paper.

The samples were applied as a narrow band by means of a standard

bore espillary tube. The chamber was closed and the current applied.

For a full chamber containing 6 strips (each 12 cm x 2.3 cm) the current

was adjusted to 7.5 a Amp end allowed to run for 90 minutes.

The strips were removed and carefully placed in Ponoeau S stain

(2% stain in 6% sulphosalioylio acid) for 30 minutes. The strips were

then transferred to another tank and the excess stain removed by rinsing

them in 2% acetic acid solution. After rinsing, the strips were dried
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in the oven between two layers of Kleenex tissue.

For quantitation of the protein bands, one strip was soaked in

Dekalin (B.D.H.) which renders it transparent, and the concentration of

the dye estimated on the Chroaosoan Reflectance densitometer. Later,

as the Dekalin evaporates the strip becomes opaque. The strips are

very brittle when dry and require careful handling.

(ii) Agar gel.

Electrophoresis was carried out on gel layered on microscope slides,
49

according to the method of Seheidegger and with some working

adaptions by Dr. F. Albert-Reoht.

The buffer used for preparation of the slides was barbitone-acetate

buffer pH 8,6 ji * 0.05. A stock solution of buffer ]l*0,l was

prepared in the same way as the barbltone buffer pH 8.6 for cellulose-

acetate electrophoresis.

7.5 ml. of buffer (jx * 0.1) was added to an equal volume of distilled
water, mixed (ji ■ 0.05) and heated in a bailing water bath, a small
beaker being placed over the top of the tube to reduce evaporation.

0.225 g of agar was placed in a seoond tube, the hot buffer added and the

whole mixed thoroughly to ensure that the agar was in suspension. The

tube was then returned to the water bath for about 10 minutes, or until

all the agar had dissolved and the resulting solution was clear.

The microscope slides were washed with detergent to remove any lipid

film, and dried carefully. Six numbered slides at one time were set

crosswise on a glass plate placed on a previously checked level board.

A 2 ml. aliquot of agar-buffer solution was pipetted from a warmed

pipette on to each slide, starting at the centre of the slide and

progressing to the edges. The agar was then left to solidify under a
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oover for about 15 minutes.

Once the agar had set, the points of origin were cut* In the ease

of the simple electrophoresis, snail pieces of Whatman 3 X.X paper out

to give the desired width of slot, were placed vertically in the gel

and approximately in the centre of the slide, and left for about

45 minutes.

For Immunoelectrophoresis the pattern of the troughs and origins were

out using a die and needle. The excess gel from the troughs was removed

by suotion applied to a length of fine bore polythene tiiaing.

The prepared slides were then left overnight in a moist chamber.

This allows the gel to settle and seal around the edges of the out

troughs and origins. On the next day, the desired slides were

temporarily attached crosswise to a glass plate by silicone grease and

the samples carefully introduced at the origins, the plate then being

pl&eed in the electrophoresis chamber*

In the apparatus used, Whatman 5 M.S paper wicks connected the buffer

troughs and the chamber, the connection between the paper and the slides

being made by strips of ohamois leather soaked in 0.05 "J*. buffer; the
troughs, electrode vessels and paper wicks containing 0.1 ft buffer.

Electrophoresis was carried out using a 40 a Amp current over a

50 minute period. The slides were then removed and treated according

to whether they were for siaple electrophoresis or Immunoelectrophoresis.

Generally the origins for simple electrophoresis were rectangular, while

the origins for immunoeleotrophoresis were always circular.

Simple electrophoresis

The slides were placed in fixing solution prepared from ethyl alcohol
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(70 volumes), glacial acetic acid (5 volumea) and distilled water

(25 volumes). After about 20 minutes the slides were removed, covered with

a sheet of filter paper soaked in the fixing solution, and dried in a

moderate-temperature drying cabinet. This process allows the salts from the

gel to pass into the filter paper, and -the gel dries as a thin, durable, dear

film on the slide.

The slides may then be stained. The small fibres of paper left attached

to the film can be removed prior to staining by rinsing the slide under cold

running water. No protein bands were visible on the dry slide, however on

wetting the slide they appear as opaque white bands.

For protein staining, the slides were placed in a solution of Ponceau S

(2% stain in 6% sulphosalieylie acid) until the bands were stained to the

desired intensity. The excess stain being removed by washing with 2% acetic

acid, finally the slides were left to dry in the air.

The lipoproteins were stained with Sudan Black B prepared according to the

method of Swabn^.
The slides were left in the stain for about l£ hours, and the excess stain

removed by washing them with 50% ethyl alcohol. The slides were then allowed

to dry in the air.

Immunoelectrophoresis

After electrophoresis the slides were removed and the appropriate antisera

introduced into the troughs. The slides were left to stand at room temperature

in a moist, closed chamber for two days; in some cases a longer period may be

necessary.

The preoipitatLon arcs appear as opaque white lines and can be regarded

from time to time. The slides were then placed in 0,3% saline solution to which
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son* antibiotio had been added, and left to stand overnight at room

temperature (the saline solution removes any unpreoipitated protein).

The elides were then dried in a similar manner to the simple

electrophoresis with the one difference that the oovering filter paper was

soaked in distilled water instead of fixing solution.

The slides can then be stained as described previously. then using the

lipid stain, it was found that for inounoelectrophoresis adequate staining

was achieved in about 20 minutes, and after washing with 50% ethyl alcohol the

slides eould be lightly counterstained with Ponceau S to give a very

satis factory result.
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Materials

The chemicals used in preparation of the reagents were of Analar standard*

Cholesterol

this was repurlfled before use*

Dextran Sulphate (Dexulate)

Prepared as the sodium salt by Glaxo Laboratories Ltd., Greenford, Middlesex*

Heparin (Pularin)

Prepared by Swans Medical Ltd., Speke, Liverpool.

Streptokinase

Preparation of Varidase, containing Streptokinase and Streptodornase, by

Lederle Laboratories division, Amerikan Cyanamid Company, Pearl River, N.7.

Tyrosine

L-Tyrosine prepared by British Drug Houses Ltd*

Thrombin

Prepared by S* Maw, Son & Sons Ltd., Barnet, England*

Slec trophoresis

(i) Stains: Ponoeau S and Sudan Blaek B by G. T. Gurr Ltd*, London.

(ii) Cellulose acetate strips manufactured for the Oxold Division of Oxo Ltd.

by Courtaulda Ltd., Coventry.

(iii) Agar* Blfeo Bacto-agar. Difeo Laboratories, Detroit 1, Michigan, U.S.A.

(iv) Antisera: Goat anti-whole human serum prepared by Hyland Laboratories,

o/o Baxter Laboratories, High Wycombe, Bucks.

Rabbit anti-^J -lipoprotein serum prepared by Behringwerke, Marburg-Lahn,
Germany*
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CHAPTER I

A

THE METHODS 0? ASSAY OP PLASMHf ANP ANTIFLASHIN .

MP TOR DISTRIBUTION OF ANTIFLASKINS IN COHN PLASMA FRACTIONS

JLA

In 19^6 Cotrn and his co-workers presented a method for the selective

precipitation of the various plasma components at varying pH*s, ionic strengths

and alcohol concentrations, and the major fractions are shown diagraaaatically

in Figure IV together with their main components,
15

In 1947 Macfarlane and Pilling reported that antiplasndn activity was

associated with the albumin fraction, a finding later supported by Feamley and

Tweed51 in 1953.
52

At approxiaately the same time Shulaan , studying the mechanism of the

inhibition of trypsin, pl&smin and ohyaotrypsin by serum, found that there was

only a small amount of inhibitor in the albumin fraction whilst high antiplasmin

activity could be found in the globulin fractions.

In 1948 Rataoff55 suggested that there were several plasain inhibitors in

blood with differing actions, and in 1954 Ratnoff, Lepow and PHleaor5^ found

evidence of at least three inhibitors in plasma.

Norman55 in 1958 reported the kinetic evidence for two main antiplasznin
33

components, and in a later paper Norman and Kill showed that they were

contained in the oC^ and oc ^ globulin fraotions obtained by starch block
electrophoresis and in Cohn Fractions XV-4 and IV-1 respectively,

Norman and Hill in the same paper pointed out that, in the sane

electrophoresis of plasma, if the OC^ globulin fraction was not completely
separated from the albumin the inhibitory activity was found associated with

the shoulder region and not with the main albumin peak.
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Early work on the properties of plasmin and antiplassdns has been

complicated by the difficulties attached to assaying the various factors

involved* The assay of any one in whole plasma is affeeted by the presence

of the others and, as in the ooagulatiotn field, progress has only been possible

when methods became available for the fractionation and purification of the

components involved.

In particular, the quantitative assay of plasminogen and plasoin has been

rendered difficult by the following factors: (a) purified fibrinogen (for
conversion to the assay substrate fibrin) tends to be contaminated with

plasminogen, (b) fibrin once formed adsorbs plasminogen and attracts activators

from the surrounding solution, (c) plasma contains a large excess of antiplasmin,

(d) plasain obtained by the aotiv&tion of plasminogen with streptokinase is

contaminated with activator and difficult to separate from it*

In reoent years the availability of more highly purified components and

particularly of plasminogen-free fibrinogen and thrombin, has increased the

value of the earlier assay methods, notably the fibrin plate method of Astrup

and MQllerts"^ which was first reported in 1952 and has since found wide

application*

Several of the early workers in the field used lysis time of standard clots

as a measure of activity; some preferred to estimate the residual clot after a

definite period of incubation, far example Bidwell and Kacfarlane^, whilst

others recorded the time required for complete disappearance of the olot*

These methods of estimation were helped by the experimental work of Tillett
21

and Gamer . While studying the effect of haemolytie streptococoi they made

the simple observation that if all the organisms and materials were mixed before

the clot was formed there was good lysis, whereas if the olot was formed and the

streptococcal cultures then added, several hours of incubation were needed to
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obtain the same aaount of lysis*

These early workers used various methods for enhancing the fibrinolytic
29

activity of the plasma. The most widely used was that of Macfarlane who

diluted the plasma with saline by at least one in ten before forming a olot by

the addition of thrombin. In diluting the plasma he reduced the concentration

of the antiplasmins and was then able to estimate the lysis time due to the

plasmin present in the sample.
S3

Another method of estimating plasmin activity was developed by Buokell

in 1938 and is now known as the euglobulin lysis time method. In this method

fresh plasma is required, and the test is carried out within twenty minutes of

obtaining the sample. The plasma is diluted and the euglobulin fraotion

precipitated. To this precipitate, after resolution, calcium chloride is added

and the time at which the mixture clots reocrded; the elots are then inspected

at intervals and the required time for lysis recorded*
33

Biezenski developed a method for assaying antiplasmin activity by

utilizing the purified plasmin preparations which had become available* Serum

was added to varying dilutions of plasmin solution and incubated, the fibrinogen

(250 mg.%) and thrombin then being added, and after clot formation the tubes

were then inspected from time to time for disappearance of the olot*
j.

A different approach was that of Reassert and Cohn who, in 1949, assayed

plasmin (or plasminogen following its activation with streptokinase) by using

casein as a substrate. This method avoids a number of the complications which

arise when fibrin is used as a substrate and has a further advantage in that

mare precise quantitative measurements of activity can be made*

In the test purified oasein is exposed to the enzymatic preparation under

assay, and after a suitable incubation period undigested oasein is precipitated

with trichloroacetic acid. The activity is determined by spectrophotosetric
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measurement of the liberated tyrosine in the filtrate. This gives a sore

accurate measure of activity than visual estimation of the time required for

disappearance of a clot.

The method has been modified slightly- by various authors^and is now

a standard procedure for assaying proteolytic activity and its inhibition;

because of the above advantages the casein method was used by Norman and Hill

in their studies on antiplaamin activity and has also been used in the work

reported in this thesis.

In relating the results obtained by this technique to physiologLoal

situations, it is necessary to bear in mind that casein is not the natural

substrate and that inhibition effects on this substrate will not necessarily

be parallelled when fibrin is used as the substrate. As desoribed in a later

section, antiplasmin activity of certain fractions with respect to fibrin lysis

has been confirmed using tests in which fibrin itself was the substrate.

The sections which follow describe the oaaeinolytic assay method used, and

the results of tests for antiplasmin activity carried out on fractions of plasma

prepared by the Cohn ethanol fractionation procedure.
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METHODS MP RESULTS

For use in the assay method, the plasminogen and oasein were prepared as

shown in the experimental methods. As the plasminogen deteriorates on storage

fresh preparations were made approximately every fortnight. Later in the work

it was found that the plasminogen could be stored successfully at -20°C though

the activity still decreased, but at a slower rate. Each new batch of

plasminogen was assayed for activity before use in experiments.

As it deteriorates after reconstitutlon, fresh streptokinase was used with

each fresh hatch of enzyme in accordance with the recommendation of the

manufacturer.

The 5% casein solution was stored at -20°C between assays, as bacterial

contamination leads to the breakdown of the oasein and results in a high base

level of acid soluble tyrosine. The base level of readings at 2 minutes in

the assays was reasonably constant.

The plasminogen preparation was diluted so that 0.2 ml. in the inclibation

mixture, when activated, resulted in a change in optical density at 230 mu over

the 60 minute period of approximately 0.7. The streptokinase concentration was

based on the use of 660 units for each incubation mixture, and contained in 0.2 ml.

Preparation of the standard curve for estimating tyrosine content

A standard curve for estimating tyrosine content in acid solutions was

prepared from a standard solution containing 50 mg. L-tyrosine in 50 ®1»

hydrochloric acid (1 eg/ml solution). From this solution varying aliquots were

taken in triplicate and diluted to 4.5 ml. with N hydrochloric acid, the final

concentrations being 22.2 YM; 44*4 y/ml* and 66.6 y/ml« A graph was then

prepared, plotting optical density at 280 mj* against y tyrosina/al.
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Activation of plasminogen by streptokinase

and the assay of the proteolytic activity

The actual Incubation mixture far the routine estimations was made up as

shown belowj-

Plasainogsn solution 0.2 al.

Phosphate-saline buffer pH 7.4 0.6 ml,

(The plasminogen appeared more as a suspension than a solution at this pH),

*5% casein 0.3 ml.

Streptokinase 0.2 ml.

Added after 10 minutes

incubation at 37°Ci 5% casein 3.7 al.

Total volume 5 ml.

This volume allowed for the sampling of two 2 ml. aliquots at 2 and 62 minutes.

Graph of proteolysis against time

For the preparation of the graph the volumes shown for the routine

estimations were increased to give a final volume of 15 ml. This enabled

allquots to be taken at various intervals of time*

Bulk incubation: 0.6 ml. plasminogen solution

1.8 al. phosphate-saline buffer pH 7.4

0.9 ml. 5% casein

0.6 ml. Streptokinase

11.1 ml. 5% casein was then added. Total volume was 15 ml.

*Plasmin is normally very unstable and deteriorates rapidly on formation; however
it is stable in the presence of casein (or other substrate) and no ensyae will be
lost when activation occurs with substrate present. For this reason activation
in the presence of substrate and larger amounts of Streptokinase was adopted as
the general method.
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2 ml. aliquota vera taken at 2, 12, 22, 32, 42 and 62 minutes and added

to 2 ml* 10% trichloroacetic acid, and allowed to stand at 37°C for a further

10 minutes* After the addition of 5 ml» distilled water and mixing, the

sables were filtered through Whatman No. 3 paper and the optical densities of

the solutions read at 280 mji.

The optical densities were then converted by means of the standard tyrosine

curve to y-tyrosine liberated, in the first instance in the final solution
(F*S*), then in the original solution (0.S*), by taking into account the dilution

with respect to the plasminogen. The results of the assays were recorded as

shown in Table III and a typical curve is shown in Figure V*

It can be seen in the latter that a straight line graph was obtained, when

y-tyrosine liberated was plotted against time. In routine assays the amount
of tyrosine liberated in 60 minutes was used for calculating the activities.
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TABL3 III

Recording of the results of

activation and action of Plasmln

Kins
0.0. at
230 mu

Change
in

O.D. with
tins Sins

((-Tyrosine
liberates

P.S. Diln.

X-Tyrosine
Lib: in
60* - OS

2 .157 - 4*
1

112.5
-

12 .263 .106 10 15.5

> f

1740

22 .3925 .2355 20 34.9 3925

32 .534 .357 30 53.0 5950

42 .6375 .4805 40 71.6 8050

62 .775 .6x8 60 S2»2 10370



Pig. V. Actiration of plass&nogen by streptokinase
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Assay of inhibitory activity

The assay procedure for proteolysis vas adapted to allow inhibitory

activity to be estimated, the conditions being based on recommendations by
„ 60Norman .

The main antiplasain constituent of plasma, which was found in Fraction

IV-4, has been described by this author as "slow" inhibitor as a period of

pre-inoubation in the presenoe of plaemin is required for its action. This

period of pre-incubation (3 hours at 25°C) has been included routinely in all

antiplasain assays*

The primary incubation mixture in all inhibition experiments was prepared

in the same way, as follows

0.2 ml. plasminogen solution.

0.6 ml. phosphate-saline buffer, pH 7*4.

0.3 ml. 5% casein solution.

0.2 ml. streptokinase solution.

Incubate for 10 minutes at 37°C for activation of the plasminogen. Add

the inhibitor solution in the chosen quantity and incubate for three hours at

25°C. Add 3*7 ml. 5% casein and continue the assay as for the proteolysis

estimation. The reduction in tyrosine liberated was a measure of inhibitory

activity.

To test the method Fraction IV-4 was assayed and the results obtained with

varying concentrations of this fraction are shown in Table IV and graphically

in Figure VI. It can be seen that the degree of inhibition was not linear with

increasing oonoentration of the fraction.

The % inhibition oan be oaleulated by the alternative method as shown and

in future experiments this method was adopted.
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% Inhibition = T - T.
-2 X x 100

T.
whore ¥g was the ft -tyrosine liberated in the original solution in 60' in

the standard blank solution.

was the -tyrosine liberated in the original solution in 60* in

the test solution,



%

TABLE I?

Recording of the results of

Inhibition of Plasmin activity

al.
nr-4
added Sine

O.D.
at

280 nra

O.D.
change
for 60»

Y- Tyrosine
lib:

in 60*-FS Diln.

Y^Tyrosln®
lib:

60* - OS

*
Acti¬
vation

*
Inhib,

Standard 2 .139
^651 97.2

1
12150 100^

62 .79 112.5 O7&

0*1
2 .2075

.3755 55.5
1

6570 52.3 47.7
62 .583 114.75

0.2
2 .2075

.3165 46*8 1
5450 44.8 55.2

62 .524 11^.5

0.3
2

62

.2275

•48
.2525 37.5

1

119 4460 36.7 63.3

0.5
2 .2275

.2035 30.3
1

3750 30.8 69.2
62 .431 123.75



Fig. VI. Inhibition of plaanin by tho antLplaaain

contained in Fraction IV-4.
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Effect of epsilon amino oaprolo acid

in the plaeadn assay system

0.4 ml* of a 2.5 mg/ml solution of epsilon aadno caproio acid was added

to the bulk incubation mixture before the addition of the streptokinase (final

total volume 10.4 nl.); the streptokinase was added and the solution inoubated

at 37°C for 10 minutes. 7*4 ml. 5% casein was added and 2 ml. allquota taken

at 2, 12, 32 and 62 minutes (a standard being assayed in parallel) and the acid

soluble tyrosine estimated.

No inhibition was recorded from the samples inoubated with the epsilon

amino caproic acid.
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Estimation of the inhibitory activity associated

with some of the plasma fractions

The fractions had been prepared by the Cohn aethod of precipitation and

had been stored at *h°C in the freexe-dried state.

As Fraction III-O and Fraction IV-1 were known to contain lipoproteins,

which are usually denatured on freexe-drying, fresh preparations which were in

the paste form prior to drying were r©suspended and checked for inhibitory

activity with the other fractions, The fractions initially planned for the

survey were Fraction III-O freexe-dried and fresh, Fraction IV-1 freeae-drisd

and fresh, and Fractions IV-4, XV-5+6» IV-7 and pure albumin4 Fractions IV-5+6

and IV-7 being freexe-dried sub-fraotions of IV-4,

To give a basis for comparing the activities of the various fractions, the

freexe-dried samples were reconstituted to approximately the same concentration

of total protein* This concentration was selected to give a reasonable result

with Fraction IV-4» In the ease of Fraction III-O, which was used in paste form,

a lower concentration had to be used in order to obtain a satisfactory solution.

Approximately 0,3 to 0,4 g. fraction was dissolved in 5 ml. distilled water,

the albumin being prepared by dissolving 1 g. in 10 ml.

The freexe-dried samples of Fraction IV-1 and III-O did not reconstitute

successfully and were not used in the survey.

The nitrogen content of each fraction, together with the cholesterol content,

was e stimated for each fraction and recorded in Table V,

The incubation mixture for the assay of inhibition was prepared using

0,2 ml, plasminogen.

After the activation of the plasminogen by streptokinase, 0.4 ml. of the

various solutions was added to individual incubation mixtures and the inhibitory
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TABLE V

Nitrogen and Cholesterol concentration

in the various plasma fraotiona

Nitrogen
Kg/ml

Total cholesterol
Ug/ml

III-O Freeze dried does not
reconstitute

well

-

III-O FTesh 2.26 3.738

IV-1 Freeze dried does not recount].tuts well

IV-1 Fresh 81 2.61

IV-4 Freeze dried 9.85 2.336

IV-5+6 Freeze dried 12.4 2.478

IV-7 Freeze Sried 9.75 1.93

Albumin Freeze dried
(reworked)

13.4 -0-



activity estimated according to the described procedure) the results were

recorded as described and are shown in en abbreviated form in Table VI.

The results from all the estimations are recorded together for caparison

in Table VII* It aaa be seen that in addition to the inhibition by Fractions

IV-1 and IV-4, previously reported* strong inhibitory activity has been

recorded for Fraction IH-O.
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TABLE VI

Inhibitory activity associated with the

various plasma fractions

Fraction

JC -Tyrosine
lib: in 60*

F.S. Diln.

%-Tyrosine
Lib:
o.s.

%
Inhib*

Standard 80.2 1
112.5 9000 0%

III-Q Fresh 24.6 1

121.5 2990 66.7%

IV-1 Fresh 32.0
1

121.5
3880 57%

nr-4 61.5
1

121.5
7480 16 ,9%

IV-5+6 67 1

121.5 8150 9.45#

17-7 71.5
1

121,5 8700 3.33#

Albualn 74.5
1

I2U5 9050 0%
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TABLE VII

Cottoariaon of assay results froa the

various plasma fractiona

Fraction
%

Inhib.
Nitrogen
ag/al.

Cholesterol
ag/al.

ChoXe
MMMMt

N.
ratio

III-O Fresh 66.75® 2.26 3.738 1.65

IV-1 Fresh 51% 8l.t> 2.61 .0322

IV-4 16.955 ?.85 2.336 0.237

IV-5+6 9.U5% 12.4 2.478 0.2

IV-7 5.35% 9.75 1.93 0.198

Albuadn
(reworked)

0% 13.4 -0- -
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In the experiment, the results of which are shown in Table 711, the
AO

albumin was pure, having been reworked according to the Cohn procedure after

the prior precipitation of Fractions IV-1 and IV-4-.

In early reports the albumin fraction was found to contain soae

antiplasmin activity (inhibitory activity) • This was not recorded when pure

albumin was used, in the above experiment, and it was possible that the albumin

used by earlier workers was a less pure preparation which contained Fraction IV-A

and thus showed antiplasmin activity.

A preparation of 'crude' albumin was prepared, in which the Fraction IV-1

was precipitated while Fraction XV-A was left with the albumin and the whole

freezs-drled. This fraction reconstituted easily.

The nitrogen and cholesterol content and the antiplasmin activity were

assayed in parallel with a standard, a solution of Fraction IIX-0 end pure albumin.

For the antiplasmin activity assay bulk incubation tubes equivalent to a

total final volume of 5 ml. of the standard were used, and 0.4- ml. of the

antiplasmin solutions added and the activity estimated by the usual procedure.

The results have been recorded together in Table VIII to allow comparison,

and it can be seen that inhibitory activity was recorded for the 'crude* albumin

preparation, while the pure albumin showed no inhibitory activity*
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TABLE VIII

Comparison of the antiplasain levels

in pare and 'crude* albumin fractions

%
Inhibition

nitrogen
ag/tol.

cholesterol
ag/ol.

Standard 0% - -

Fraction III-O 27.0% 2.33 3.88

Albumin - Pure C% 3.6 0

Albumin - Crude k.8% 7.02 0.248
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CHAPTER X

Section B

THE PREPARATION OP THE ANTIFLASMIN FRACTIONS

FOR POSSIBLE CLINICAL USE

In cartain clinical conditions uncontrolled haemorrhage arises due to lack

of fibrinogen complicated by the presence of a higher fibrinolytic activity in

the blood. In soae cases the injection of fibrinogen fraction is effective in

arresting bleeding, but in the more acute cases the availability of an inhibitor

to fibrinolysis would be of great therapeutic value.

Various inhibitors have been tried, e.g. soya bean extract, but have been

found to lead to early sensitisation. It was thus considered, when the present

investigation was initiated, that the preparation of a fraction from human

plasma with a high inhibitory effect would be of value, particularly as

sensitisation would not be expected.

In the foregoing section, the fractions showing the higiest concentration

of antiplasadn activity were III-O, IV-1 and IV-4 and work was started to see

whether these fractions could be obtained in a form sufficiently stable for

practical clinical use. As the lipoproteins are mainly contained in Fractions

III-O and IV-1 they lead to unstable fractions, and although these fractions can

be freese-dried, reoonstitution is very unsatisfactory and the lipoproteins are

largely denatured. The lipoproteins are also denatured on freezing and thawing,

heating, and even on standing for a time at room temperature. However, both

Fraotions III-O and IV-1, if stored in the paste form at a temperature between

-3°C and +1°C, can be readily relissolved to give clear solutions.

In normal fractionation of the plasma for clinical use, e.g. Fibrinogen and

Antihemophilic fraction, care is taken to ensure sterility at each step whilst



the final product is spun frozen and dried from this state. The final dry

product is usually stored at *b-°C. The final gamma globulin product, on the

other hand, is a sterile liquid preparation which is also stored at +4°C. As

fraction III-O had the highest inhibitory activity its preparation in a sterile

liquid form rather than the freeze-dried form was first investigated, and the

details of the preparation and the results of assays and tests on the final

product are recorded in this section.

Albumin preparations have been reported to possess inhibitory activity

and have been used clinically in this connection. However, as indicated

previously it seems likely that their activity was due to contamination with

the IV-4 antiplasain, and it would be more logical to use a purified IV-4

fraction. Although this fraction is less active than III-O it oan be obtained

in a stable freese-dried form.

While this work was in progress, the successful use of epsilon amino

caproio acid as an antifibrinolytic agent was reported, and the preparation at

fractions other than III-O was therefore not continued. The analytical

characterisation of the III-O preparation obtained is relevant to later studies,

particularly in relation to the question of whether the inhibitor was the

J3-lipoprotein component or an impurity present in this fraction.
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MmODS AND RESULTS

Preparation of Fraction II1-0 from * outdated' or fresh plasma

Fractionation of the plasma waa carried out according to the ethanol

fractionation procedure of Cohn et al*1® and Oncley et al^,
6x

The equipment used was similar to that described by Kekwiok and Mackay

for their plasma protein fractionation scheme (in which ether is used as the

organic precipitant).

Whole blood, after donation, is stored at +4°C; if after three weeks this

has not been used as whole blood, the plasma is siphoned from the bottle under

aseptic conditions into sterile Winchesters.

Ho eentrifugation is required as after this period of standing all the red

oells have sedimented, leaving cell-free plasma in the upper portion.

When required, the plasma is siphoned from the Winchesters into sterile

15 litre bottles, the volume depending on the amount to be prooessed. In most

of the preparations of Fraction III-O, 6 litres of plasma or its equivalent were

used as starting material.

If a preparation from fresh blood was desired, the volume (equivalent to

6 litres of plasma) of supernatant from the routine preparation of anti-

h&emophilie globulin was used. (As the activity of antlhaemophilio globulin

is labile, fresh plasma is always prepared by eentrifugation from specially

collected fresh blood and prooessed immediately to the Antihaeaophilio Fraction).

Fractionation was carried out under conditions which aimed at maintaining

a low bacterial count in the solutions, that is (a) all equipment had been

rinsed with freshly distilled water, (b) reagents were prepared using freshly

distilled water and stored at +1°C, (0) all processing was carried cut, and

solutions stored at +1°C or lower. pH values were determined with a Cambridge
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Bench pat-torn pH aster with an accuracy of £0.02 pH units, and temperatures

during fractionation stops ware controlled to -0.5°C.
The stops in the fractionation are shown together with the precipitating

conditions, in Figure VII.



PLASMA

pH 7.2
Etoh 8%
y O.14

1 1
precipitate
FRACTION I

Supernatqnt I
pH 7 0
Etoh 25%
p 009

Precipitate 11 + 111
pH 72
Etoh 20%

0 005

Supernatant
11+ III

precipitate
FRACTION II+IIIW

Supernatant II+IIIW
pH 5-7
Etoh 25 %
y 0005

I
precipitate

FRACTION III-O

1
Supernatant III-O

Jig. VII. Schew for the precipitation of Fraction III-O

from hunaa plasna, together with the

fractionation conditions at each stags.
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Procedure followed for the preparation of Fraction IIX-0

Precipitation of Fraction I

A sample of plasma was taken for pH titration, 3 ml* of plasma being

added to 9 ml* 0,956 saline and titrated to pS 7»2 with 0*05 M sodium

bicarbonate* Prom the result of this titration the pH of the bulk plasma

was adjusted with 0.5 M sodium bicarbonate*

The volume of 53*3^ V/V ethyl aloohol required to bring the final

concentration to 8$ V/V was calculated and added slowly, with stirring, at *1°C.
The precipitate was left to settle overnight and the resulting supernatant

siphoned over into fresh bottles, and the pastes centrifuged.

Precipitation of Fraction II * 111

The pH of fraction Z supernatant was readjusted to 7,0 (after a

preliminary titration of a small aliquot with 0,02 X acetic acid) with 1,0 K

acetic acid.

The aloohol concentration was raised to 25^ by the addition of the

calculated amount of 96% ethyl aloohol at +1°C, the alcohol being added slowly

during the evening* The resulting solutions were left to stand over a weekend.

The supernatant was then siphoned off, the pastes eentrifuged and the excess

supernatant removed. The pastes were mixed with 0°C distilled water, pooled in

a 15 litre bottle and diluted to a volume of 5 litres with 0°C distilled water,

and left to stand overnight.

Precipitation of Fraction II » XII W

400 ml. 0.05 M di sodium hydrogen phosphate solution were added and mixed

for 15 minutes, the suspension then being adjusted to a final volume of
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9*5 litres with 0°C distilled water, and mixing continued for a further

2|r hours* The pH of the solution at this stage should be 7*2*0.2.
The alcohol concentration was adjusted to 20$ by the addition of a

calculated amount of 53*5$ ethyl alcohol, the temperature of the solution

being ♦1°C.
The following day the entire solution was centrlfuged at -5°C for 1 hour

at 2000 r.p.m., and the supernatant a were decanted off, pooled in a 15 litre

bottle and subsequently subdivided.

Precipitation of Traction III-O

Fresh 0*04 M calcium acetate buffer was prepared using 1.7$ g* calcium

acetate and 5*73 ml. glacial acttic acid, the solution being made up to 250 ml.

with fresh distilled water.

A sample of the supernatant was titrated to pH 5*7 with the calcium acetate

buffer, the main bulk of the solution being adjusted accordingly, after diluting

the required amount of buffer with 150 ml. distilled water. After leaving to

stand overnight at +1°C, the alcohol concentration was adjusted to 25$ by the

addition of a calculated volume of 53*3$ ethyl alcohol. The resulting

suspension was left to settle far several days at -5°C.
This precipitate does not settle very well and after most of the

supernatant had been siphoned off, the precipitate was divided into six bottles

and centrifuged at -5°C end 1800 r.p.a. for 1 hour. The remaining supernatant

was siphoned off and the pastes stored at +1°C. The pastes can be stored at

♦1°C fear several months and ean than be resolutianed without apparent

danaturation.
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Preparation of a sterile licruld product

Froai an initial pool of 12 litres of plasma the precipitate was divided

approximately equally between six bottles, the paste volume in each being about

150 ml.

One bottle was used initially and the volume made up to 300 ml. with 1°C
0*9% sterile saline, this being the minimum volume which would give a smooth

suspension. A 10 ml. sample was taken and titrated with 0.05 X sodium

bicarbonate to pH 7.0, the pS of the bulk suspension then being adjusted to

pX 7.0 with 0.5 M sodium bicarbonate* The resulting solution was a sligitly

opalescent fluid, the opalescence decreasing on gentle warming. A portion was

retained at +1°C and the remainder sterilised by filtration.

A Gallenkamp 6 cm. bacteriological filter was assembled for use under

positive pressure with a Carlson SK asbestos sterilising pad, and was sterilised

by autoelavlng. The filtrate was dispensed as it came through the filter, into

sterile 'Universal* containers, using an aseptic needle-piercing technique.

Filtration

The filter was washed under pressure with approximately 70 ml. sterile 0.9%

saline, the saline being collected in a sterile bottle.

The III-O solution was then poured into the filter and the pressure

adjusted again. The issuing solution was collected in sterile Universal

bottles.

As the saline remaining in the filter and tubing was replaced by the

protein solution, the first sample was collected until definite 'ooiling* of the

protein solution in the saline was noticeable. A fresh bottle was then

substituted and the protein solution oolleoted in 10 ml. or 20 ml. samples.
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coversd with paper caps, and stared at +1°C.
One bottle froa the middle of the series of samples was used for the

assays and one was sent to the Department of Bacteriology for safety tests

similar to those normally carried out on the sterile liquid gamma globulin

intended for clinicail use*

Tests on the final product

1. Sterility and safety tests*

These were carried out by the Department of Bacteriology, Royal

Infirmary, and the solution is recorded as having passed the British

Pharmacopoeia sterility tests for the presence of aerobic and anaerobic

organisms.

The solution has also proved innocuous for guinea pigs on injection of

5.0 ml. intra-peri toneally.

2. Protein concentration.

The protein content of the III-O solution was estimated in duplicate

and found to contain mg. nitrogen/ml. which are equivalent to

3*275] protein (the nitrogen factor for ^3 -lipoprotein being 10.l),
thus giving a mean figure of 3*30 g.$ protein.

3. Cholesterol content.

The estimation for total and free cholesterol was carried out according

to the method described above, 0.4 ml. of the solution being diluted with

3*6 ml. aoetone-ethanol solution to allow for duplicate estimations. The

results recorded are as shown.

ToUl chola.tarol !;«?> .gto. ...» . J.07

Sr.. chol.aUrol 1.J7SJ ^ . lyJ6
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Ester cholasterol * 1,6% eg/ml.

* &r * kk»l%

% Esterified cholesterol « 55*3%

Inhibitory activity ( antip lasain activity).

The antiplasinin activity was assayed by the deaorlbed procedure using

0.4 ml. of the prepared solution, and the inhibition recorded was kk-,6%*

Sleotrophoresis•

Electrophoresis of Fraction III-O was carried out on cellulose acetate

and agar gel as follows

(i) Cellulose acetate

This was carried out by the procedure described in the

Experimental using barbitone-acetate buffer pH 3,6, and a current

of 7*5 n A far 90 minutes.

The strips were stained with Ponceau S red and after drying

rendered transparent by soaking then in Dek&lin (B.D.K.). The

concentration of the stain was estimated on the Chromosoan, The

strip and resulting graph shown in Figure VIII.

The graph shows one main peak with a trail of protein to the gamma

globulin region, and the percentage of each fraction therefore

depends to a certain extent on where the out is made.

On cellulose acetate, the -lipoprotein is usually located in the

oCg globulin region,
(ii) Agar gel

Simple electrophoresis

This was carried out by the described procedure, using barbitone-
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Fig* VIII. Result of electrophoresis of Fraction III-O
on cellulose acetate.
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acetate buffer pB 8.6 ji = 0,05, agar and passing a current

of 40 a A. The slides were removed, the protein fixed, and

one slide stained for protein with Ponceau S red and the other

for lipoprotein with Sudan Black B. Photographs of the slides

are shown in Figure IX.

lomunoeleetropharesi s

The slides were prepared with the same conditions as for the

simple electrophoresis, the troughs and holes for the samples

being cut as described in the experimental.

After electrophoresis the antisera, anti-human serum and anti-

p-lipoprotein were run into the troughs, the scheme being shown
in Figure X. In these slides a normal serum was run on either

side of the Fraction III-O.

The slides were left to stand for two days at room temperature;

after this time the precipitation arcs were clearly visible.

After washing the slides for a day in 0,3% saline, they were dried

and stained, one being stained directly for protein with Ponceau S

red, and the other stained first with Sudan Black B to stain the

lipoprotein then lightly counterstained with Poneeau S red.

Photographs of the resulting slides are shown in Figure XI.

It can be seen from the photographs shown in Figures VIII, IX and

XI that only Immunoelectrophoresis gives a good identification of

the components of this fraction. Oneley et al, using the

Tiselius 'free* electrophoresis method, reported the percentage

impurities contained in the Fraction III-O, and in some eases these

percentages were very small.
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Pig. IX. Results of simple electrophoresis of Fraction IH-0

on agar.

As stained with Ponceau S. Bs stained with

Sudan Black B •



oNS

anti-Human scrum

o III O

anti-^3-lipoprotein scrum
oNS

oNS

anti-Human serum

o III O

ant t~p~ lipoprotein serum

o NS

Fig. X. Scheme for iuesunoeleetropharesie of Fraction HI-0
on agar:

antl-huaan enruat: goat antl-whole human serum;

anti-^-lipoprotein: rabbit anti-huaan jj -lipoprotein
serum.
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Pig. XI. Rosuits of Immunoelectrophoresis of Fraction III-O

on agar.

C: stained with Ponceau S. D: stained with

Sudan Black B and Ponceau S.
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Simple electrophoresis of the p -lipoproteins is not very successful.
On cellulose acetate they tend to move to the oCg gLoibulin region, and cannot
be located by preferential staining as it is not possible to use an alcoholic

solution uLth cellulose acetate, the whole strip taking up the stain.

On starch gel electrophoresis, the p -lipoproteins do not move from the
origin and are not readily located with lipid stains.

From the slides shown in Figure IX, it is seen that on agar gel

electrophoresis -the j) -lipoproteins again stay at the point of origin, although
in this case the lipoproteins can be located with Sudan Black stain.

Prior to the agar gel electrophoresis, efforts to locate the ^-lipoprotein
62

with various stains, e.g. pre-staining with Sudan Black B , pre-staining with
Cx Ci. ge

Lipid Crimson stain , and use of protoporphyrin IX as 'stain* * , were not

successful.
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A high antiplasmin activity was found to bo associated with the Cohn

Fraction III-O. As the activity in this fraction was high in comparison

to the other fractions tested, it was concluded that It was likely to be

due to a specific antiplasmin rather than to contamination by the other

known antiplasain globulins normally separated in Fractions IV-1 and

IY-4.

After preparing a sterile liquid product of Fraction III-0, assays were

carried out on this produot.

Electrophoresis experiments were carried out on the produot and from the

cellulose acetate strip and the photographs, shown in Figures Fill, IX

and XI, it was demonstrated that whilst the fraction contains mostly

p-lipoprotein it is not an immunologically pure fraction (Figure XI),
the solution also definitely containing soma oC 2 and ^ globulin.
Antiplasmin activity attributed to albumin preparations has been shown to

be due to oC^ globulin impurities.
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CHAPTER II

studies OH res antiflasmin associated with

the p -lipoprotein fraction
In view of the observations in Chapter I, one might wonder why Norman and

58
Hill did not report the antiplasmin activity of Fraction III-O.

From their paper it seems possible that this arose from the oireumstanee

that the low density lipoprotein fraction (p-lipoprotein) did not migrate on
starch block electrophoresis but tended to reaain at the origin* That this

was so has been confirmed in the eleotrophoretic studies of this fraction made

in Chapter I, Section B. (The p nobility originally attributed to this
fraction by Cohn and his co-workers refers to its electrophoresis in free

solution) •

Following the finding of the antiplasmins withoC^, and oc^ nobilities,
Norman and Hill examined the Cohn fractions which contain the main portions of

the and GCg globulins, i»e* Fractions IV-4 and IV-1, for the expected
activities*

They did not report having examined the full range of the Cohn fractions

and therefore may not, in fact, have examined Fraction III-O. (As noted

previously, this fraction cannot be freeze-dried or frozen without denaturation

and may not have been available in fresh paste farm).
58

It is interesting to note that Norman and Hill, in the same paper ,

report the electrophoretic distribution of antiplasmins in guinea pig plasma,

and in this ease found additional small peaks including one with ^ mobility.
They also suggested the possibility of a combination between the protein and

lipid or carbohydrate moieties*

The next question that arose was whether the antiplasmin activity in
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Fraction III-O was associated with the main -lipoprotein ooaponent or with

the smaller quantities of other proteins present. Fraction III-O by Tiselius

electrophoresis contains a small percentage of OC ^ andoCg globulins as well
as some ft-globulin and albumin, and the same impurities hare been demonstrated
previously by Immunoelectrophoresis* However, the high antiplasmin activity

of this fraction must be ascribed to the f£ -lipoprotein molecule itself.
As the p -lipoprotein is a large eoaplex molecule which can be readily

denatured, it was of interest to determine whether the antiplasain activity

associated with it was due to the molecule as a whole or specifically due to

the protein moiety.

If the activity was associated with the whole molecule, then disruption

of the lipid-protein bonds without denaturetion would cause a loss of activity.

Alternatively, if the activity was associated with the protein moiety then

disruption of the bonds would have no effect on the inhibitory activity of the

molecule.

Experiments were undertaken with a view to answering these questions by

testing (a) the effect of extraction with lipid solvents on the antiplasmin

activity of Fraction III-O and the effect of lipase on the antiplasain

activity of this fraction, (b) the antiplasain activity of the -lipoprotein

precipitated from serum by heparin or dextr&n sulphate, according to the methods

of Burstein end Samaille^'h7, (c) the effect of storage of sera on the

antiplasain activity of the Dexulaie-precipitated p-lipoprotein, and (d) the
antiplasain activity of the Fraction III-O lipoprotein which had been further

purified by re-precipitation with dextran sulphate.
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RESULTS

Inhibit! en of plasain activity by varying

ooneentrations of Fraction III-O

To provide a basis of comparison in the experiments which follow,

increasing amounts of Fraction III-O were added to the standard plasmin-

oasein assay systen and the percentage inhibition determined.

The solution of Fraction III-O used was assayed for nitrogen and

cholesterol content with the following results:-

Protein concentration * 2.65 protein (2.625 eg. N/al.)

Cholesterol content * 4.23 mg. cholesterol/ml.

The bulk incubation mixture was prepared as shown below, and after

10 minutes incubation at 37°C the varying amounts of inhibitor solution were

added and the whole inotibated at 25°C for 3 hours.

In all the experiments on inhibition, the standard activity tube was

incubated at 25°C with the other tubes.

Incubation mixture

Plasminogen solution 0,2 ml.

Buffer pH 7*4 0.6 ml.

5% casein 0.3 ml.

Streptokinase 0.2 ml.

After incubation, 0.1 ml., 0.2 ml., 0.3 ml., 0.4. ml., 0.5 ml. and 0.6 ml.

of III-O solution were added*

The results were recorded in Table IX from which the graphs were prepared.

Figure XII shows the amount of acid soluble tyrosine liberated plotted against

the III-O added, and Figure XIII shows the calculated peroentage inhibition

against III-O added.
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It can be semi that the percentage inhibition bears a regular

relationship to the volume of Traction III-O added; the curve approxLa&tes

to a straight line*
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TABLE IX

Inhibitory activity of Fraction III-O

Aaount of
III-O
added

-tyrosine
lib: in

60* F.S. Diln.

-Tyrosine
Ubj in

60* O.S.
%

Inhibition

Standard 91
1

112.5
10210 0

0.1 82.5
1

114.75
9470 7.05

0.2 73.5
1

117
6600 15.75

0.3 61 1
119.25 7270 28.75

0.4 57.2
1

121.5 6950 31.8

0.5 43.5 123.75 5380 47.25

0.6 34.7
1

12? 4370 57.2



Tyrosineliberated +©•
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Fig. XIII. The inhibition of plasmin by Fraction III-O.
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Breakage of lipId-protein bond with its effeot.

If any. on the antlplasaln activity

(i) Effect of chlorofora extraction

A freshly prepared solution of Traction III-O was used, and assayed for

nitrogen and eholesterol content*

To 50 al. of the fresh solution was added 10 atl* of A.R. ehlarofora and

the whole nixed well; it was then left to stand at room teaperature (20°C)
for 1 hour, being nixed again after 30 ainutes.

Ho definite layers were fcreed on standing, but after centri fug&tion at

2700 r.p.a. for 20 ainutes Huree layers separated.

The top layer was a cloudy white solution whilst the aiddie layer was a

creaiqy coloured block of protein; the chlorofora foraed a lower, pale

yellow layer.

The top layer was pipetted off end the protein layer reconstituted with

AO al* 0*9$ saline; this appeased sore as a fine suspension teen a true

solution.

The two main layers were assayed for nitrogen and cholesterol content,

together with the original Fraction III-O, fcr antiplasoin activity.

The bulk incubation mixture waa prepared for 5 el* as usual, and 0.4 el*

of each solution was added to the individual incubation tubes. The results

ere shown in Table X*

On repeating this experinent with another preparation of freshly

reconstituted Fraction 111*0, which contained a lower protein and

cholesterol concentration (1.66 sg. H/ml., and 1.34 eg* cholesterol/el.),
the ohloroforn-treated fraction foraed two layers*

When tee upper layer waa cheeked for antiplasain activity no inhibitory
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activity was recorded, and in a further experiment the inhibitory activity

recorded was 1,09^. The untreated III-O preparations in these experiments

caused 29.75$ and 17*7% inhibition respectively*

If the pH of a portion of the upper layer was adjusted to pH 3*7 (at

which pH the J3 -lipoproteins are insoluble) a fine precipitate formed which
on reoonstitution showed no inhibition of plasnin.

Thus, extraction with the lipid solvent chloroform destroys the

inhibitory activity of Fraction III-O, This is consistent with the activity

being associated with the main lipoprotein component and indicates that if

this is so the whole lipoprotein molecule is necessary for the activity.
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TABLE I

Effect of treating Fraction III-O with chloroform

Volume

%
Inhibi¬
tion

Nitro¬
gen

me/ml.

Choles¬
terol
mg/ml.

Choi .A.
ratio

Fraction III-O 50 ml 29,15% 4.23 2.623 1.61

Top layer 42 ml 1*5% 0.48 2.02 0.23

Kiddle layer rec: with
40 ml saline

49.8# 3.78 1.015 3.6

Lover layer Chloroform layer

Standard - 0% - - -
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(ii) Effect of alcohol!sad ether

A solution containing 9*6% V/V ethanol in ether was prepared and

equal volumes (25 ml.) of this solution and a solution of fraction III-O

were mixed by shaking.

The mixture was allowed to stand for 2 hours at room temperature (20°C);
it had the appearance of an emulsion after shaking but two layers started

to separate after about 20 minutes.

finally, the mixture was centrifuged and the volume of the lower

protein layer measured.

The nitrogen and cholesterol content was estimated together with the

antiplasain activity. The results are shown in Table XI.

It can be seen that the inhibitory activity of fraction III-O has been

removed by the treatment with aleoholised ether.
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TABLE XI

Effect of treating Fraction III-O

with alooholised-ether

%
Inhib,

Nitrogen
mg/ml.

Cholesterol
ng/nl.

Fraotion 1X2-0 V.23 2,623

Protein - lower layer 0% 1.7W -

Standard - -
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(iii) Effect of ensyaa action

Lung and placental tissue has been shown to contain high

concentrations of lipases and esterases, and whilst aaniotic fluid is

a heterogeneous fluid containing, as it does, thromboplastin agents

and plasminogen activators, it also has a higi concentration of lipases

and esterases, the action of which results in the hydrolysis of ester

linkages*

In pursuing the previous argument, but bearing in aind that amniotic

fluid does contain a mixture of 'opposing* components, if Fraotion IIX-0

was incubated with amniotic fluid and some or all of the ester linkages

hydrolysed by the ensyaes, then one would expect a reduction in

antiplasmin activity, if the activity was due to the molecule as a whole*

The nitrogen content of both the III-O and the amniotic fluid was

estimated together with the cholesterol content of the III-O solution*

A standard solution was prepared (5 ml* total volume) together with

an inhibition tube using 0*4 ml* of III-O solution*

Separate incubation tubes were prepared as indicated for the addition

of amniotic fluid

(i) a tube similar to the standard was prepared, 0*2 ml* amniotic fluid

being substituted for 0.2 ml* streptokinase.

(ii) a second incubation tube, to which, after the incubation for

3 hours at 25°C, 0*4 ml* of amniotic fluid was added and the whole

incubated for 2 minutes at 37°C then assayed for inhibition in the

usual manner*

(iii) 0*5 ml. III-O solution was mixed with 0*5 ml. amniotic fluidf this

was incubated for 1 hour at 37°C, then 0.4 ml. of this solution was

added to an inhibition tube, substituting this mixed solution for
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the 0,4 ml. of III-O solution. Incubation and assay ware

carried out in the usual way.

The results of these experiments were recorded in Table XII.

As the amount of 133-0 added in the fifth tube (mixed III-O and amniotic

fluid with pre-incubation) was equivalent to 0.2 ml., the percentage Inhibition

of III-O was calculated for comparison. Although the reduction of the

inhibitory activity after the 2 minute incubation period had been cfcserved on

several occasions, with this length of pre-incubation the effeot of the lipase

would appear to be nullified.

As an alternative lipase source, Steapsin was used (this is a lipase

purified from pancreas) and the ratio of free to total cholesterol estimated

for varying quantities of staapsin and 331-0 and for varying periods of

incubation at 37°C.
Here the aim was to determine the effect of the lipase by the alteration

in ratio of esterifled and free cholesterol: however, no change was detected.
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TABLE XII

Effect of treating Fraction III-O solution

with amniotic fluid

V-Tyrosine
lib: in

60* - O.S. Diln.

^-Tyrosine
lib: in

60* - P.S.
%

Inhib.

Standard 71
1

112.5
8000 0$

Amniotio fluid 0
1

112.5
- 0%

♦ 0.4 ml. III-O 54.5
1

121.5
6620 17*3%

♦ 0*4 si# III-O
♦

0.4 ml. Am. fluid
54.0

1
130.5 7050 11.5%

Eqpiv: 0.2 si.
III-O

- *m 8.6%

Mixed III-O and
Aamiotie fluid

0*4 al*
58.5

1

121,5 7100 11.25$

III-O solution - 3*77 mg» nitrogen/ml.

4.26 mg. cholesterol/ml.

Amniotic fluid - 1.165 nitrogan/ml.
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Inhibitory action of the p -lipoprotein prepared by
heparin or daxtran sulphate precipitation

46.47
Burstein and Samaille * found that it was possible to cause selective

precipitation of p -lipoprotein from serum by the addition of dextran sulphate
(Dexulate) and calcium chloride, or heparin and manganese chloride. They

showed by paper electrophoresis that the supernatant was free of ^ -lipoprotein,
and the precipitate was p -lipoprotein free of oC globulins. Preparations
by both methods were tested for antiplasmin activity.

The precipitates were prepared from one sample of old serum.

Heparin precipitation

To 1 ml* of serum was added 0.2 ml. heparin containing 200 X.U.'s, and

0.06 ml. M manganese chloride solution, and the resulting suspension

centrifuged at 2700 r.p.m. for about 10 minutes. The supernatant was removed

and kept and the precipitate redissolved in 1 ml. 0*9% saline to give the sams

concentration of p-lipoprotein as in the serum.

Dextran sulphate precipitation

To 1 ml. of the same serum was added 0.03 ml* dextran sulphate (Dexulate)

containing 30 I.U.*a, and 0.1 ml. M calcium chloride solution. The suspension

was centrifuged and the supernatant removed and kept, the precipitate being

redissolved in 1.0 ml. 0*9% saline as before.

In Table XIXX the heparin supernatant and precipitate are referred to as

H.S. and H.P. respectively, whilst the Dexulate supernatant and precipitate are

referred to aa D.S. and D.P. respectively.
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Antiplaaain activities

Th® bulk incubation tubes were set trp following the usual procedure,

with a final volume of 5 ml. for the standard tube*

After activation of the plaaain, 0*4 ml. of the various solutions,

including the original serum, was added to separate tubes and all were

imitated for 3 hours at 25°G.
The tubes were then assayed for Inhibitory activity and the results shown

in Table XIII.

It was found that whilst antiplasadn activity could be assayed in these

samples, there did not appear to be any inhibitory activity associated with

the ft -lipoprotein precipitate* As stored serum has been used in this
experiment, fresh serum was obtained to see if the absence of activity in the

precipitate was due to the age of the serum.
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TABLE XIII

AntipXagadn activity associated with the

Bursteln and Samallle Fractions prepared frora old aerua

^-Tyrosine
lib: in
60* - F.S. LiIn.

Y -Tyrosine
lib: in
60* - O.S.

%
Inhib.

Standard 77.5
1

112.5 8700 0%

♦ Seruc 51
1

121.5
6200 28.75^

H.S. 62.5 1
121.5 7600 12.6555

D.S. 56 1
121.5

6800 21.855

H.P. 85
1

121.5 10300 055

D.P. 84
1

121.5
10200 055
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Antlplagmln activity associated with solutions

prepared from fresh serum

She precipitations were carried out as before on a sample of very fresh

serum, and the same bulk incubation mixtures prepared, the standard having a

final volume of 5 ml. After activation, 0.4 ml. of the various solutions,

and including serum, was added and the tubes finally assayed for inhibitory

activity. The solutions were also assayed for cholesterol content and these

results, together with the antiplasmin activities, are presented in

Table XIV.

From the results recorded in Tables XIII and XIV it was demonstrated

that antiplasmin activity can be assayed in both fractions prepared by the

Burstein and Samaiile method, provided fresh serum is used.

There appears to be a variation in the assayed antiplasndn activity with

age and treatment of the sera, and the inhibitory activity has been correlated

with the age and storage conditions in Table XV >
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TABLE XXV

Antiplaaaln associated with the

Buratein and Samallle Fractions prepared from fresh cerma

X -Tyrosine
lib: in
60* - F.S. Dlln.

X'-Tyrosine
lib: in
60* - O.S.

%
Inhib.

Total
Cholesterol

mg/al

Standard 84.5
1

112.5 9500 0% -

Serum 14
1

121.5 1700 82.5# 1.34

H.S. 16,5
1

121.5
2000 79# 0.22

H.P. 56.5
1

121.5 6850 27.9% 1.12

D»S. 8
1

121.5 970 89.5% 0,29

D.P. 43
1

121.5 5220 45.2# 1.05
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TABLS XV

Correlation of antlplasaln activity

in aera with age ana storage

1

2 days
(24 hrs R.T.)

2

Fresh

3
Serum for (2)

stored at
+4C for 1 week

4

Fresh

Serum
£ inhlb.

28.7 62.5 49.2 96

H.S.
# inhib. 12.85 79 23.2 93

H.P.
% inhib.

0 27.9 0 14.2

B.S «

% inhib.
21.8 89.5 49.2 98

D.P.
% inhib.

0 45*2 9.45 21
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Comparison of Inhibitory activity when assayed

by casein and standard clot methods

As casein is not the natural substrate, this comparison was made to see

if P-lipoprotein fractions caused any inhibition of fibrin clot lysis.

The serum and prepared fractions, from serum which had been standing far

one week at Wc, were assayed by the casein method, and a sample of the
1 1

remaining solution diluted and

0.5 ml. of the various solutions was added to 0.5 ml. 0.5$ fibrinogen

and mixed thereafter at a definite timej 0.1 ml. thrombin containing

2 international units (l.U.'s) was added and the whole mixed and incubated at

37°C.
The time for complete lysis was recorded, though the final end point was

difficult to judge because of the casein contained in the sample.

The results are shown in Table Xfl

The percentage inhibition based on the fibrinolytic units was calculated

as shown

Standard F.U.'s - Test P.U.'s x 100
% Inhibition *

Standard P.U.'s

the results showing a certain degree of correlation.



77

TABLE Vfl

Comparison of the $ inhibition recorded from

casein and standard tost olots

Lysis tise in adns
Pinal
diln.

F.U.
for

30 mins
%

Inhib.
% Inhib.

on Casein

Standard 24 27
1

11250 12500 0$

H.S. 32 40J45
L
150 9050 21.6$ 28.2$

H.P. 28 33.2 11000 12$ 0$

D.S. 30 44.0 8300 53.6$ 1*9.2$

D.P. 28 31.45 11600 7.2$ 9*5%

Sarua 34.40 51 r 7150 k2.8% k9.2$

1 fibrinolytic unit is taken as that quantity of activity required to produce

lysis of the test clot in 30 Bins.
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Relationship between fraction concentration and

inhibitory activity of heparin and Pexulate precipitates

The p -lipoproteins were precipitated from two serus samples by the
usual methods and the inhibitory activity of the redissolved precipitates

assayed over a range of dilutions by the standard procedure*

This was done with a view to standardising the procedures in relation

to the use of these methods in determining p -lipoprotein antiplasmin activity
in a series of serum samples, as described in Chapter III later.

The curves were prepared from the recorded results and are shown in

Figures XIV and XV.

When either the If -tyrosine liberated in 60 minutes (original solution)
or the percentage inhibition were plotted against the volume of inhibitory

solution used, graphs showing linear relationships resulted in both cases.

As there did not appear to be any reason for preference of one method,

when the antiplasmin activities associated with the P -lipoproteins were

compared the Dexulate method, far reasons of economy, was adopted as the

standard method far future work.



Fig* XIV. Tho inhibition of pl&snin by tho heparin-

preoipitated p-lipoprotein fton serua.
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Fraction XII-0 lipoprotein further purified

by precipitation with Dexulate

In Chapter I, Section B, pages53 and 54, the Cohn Fraction III-O was

shown on eleotropharesia not to be an immunologically pure fraction;

Burstein and Saaaille were able to show that the redissolved precipitate

iresuiting from their methods of precipitation were pure |9 -lipoprotein.
The Dexulate precipitation aethod was applied to Fraction III-O to

precipitate the pure ji -lipoprotein fraction. Aa the solution of Fraction
IH-0 oontaina a large amount of lipoprotein it waa diluted using 1 ml. III-O

solution and 1 si. diatilled water.

(It was found that the Dexulats-precipitated ^-lipoprotein was insoluble
in distilled water but soluble in saline, which permitted further purification

by washing of the precipitate prior to resolution) •

Dexulate and calcium chloride were added; after centrifugetion the

supernatant was pipetted off and the precipitate washed once, the washing

being discarded, and rectissolved in 1 ml. 0.9$ saline.
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Electrophoresis of Dexulate fractions

from serum and Fraction III-O

The -lipoproteins were precipitated from 1 ml. serum by the adopted

procedure, washed once and redissolwed to 1 ml* with 0.9$ saline*

The serum, supernatant and £-lipoprotein solutions were compared with
the Fraction III-O and the re-fractionated -lipoprotein solution by simple

electrophoresis on agar gel*

Simple electrophoresis

The electrophoresis was carried out as described in the experimental

section, the slides being stained far protein with Ponceau 3 red.

The results are shown in Figure XVI and indicate that the p-lipoprotein
has stayed at the origin, and the Dexulate-precipitated J&-lipoprotein from
Fraction III-O appeared to be a pure fraction*

Immunoelectrophoresis

The solution of Cohn Fraction III-O was compared with the re-fractionated

III-O solution and the normal serum sample used in the simple electrophoresis.

The electrophoresis was carried out at the same time as the III-O P slides

shown in Figure XVI*

The results of the Immunoelectrophoresis of Fraction III-O haws already

been recorded in Chapter I, Seotion B, page 5k, and are compared with the

results from the re-fractionated III-O solution in Figure XVIII, the complete

key to the Immunoelectrophoresis being shown in Figure XVII*

One slide of each pair was stained for protein with Ponceau S red, and the

other stained for lipid with Sudan Blaok B and then lightly counterstained with
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Panoeau 8 red. The inmunoeleotrophoresle showed clearly that the

P -lipoprotein fraction precipitated by the Dexulate method from Fraction IXI-0
was a pure fraction and was located at the origin.

The Fraction III-O was not pure and contained some cC2 ^ globulins,
when compared with the normal aarum.
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Fig. XVI. Results of simple agar electrophoresis of serum,

its Dexulate fractions, and Fraction III-O.

E: normal serum. F: supernatant•

<r: precipitate (B-lipoprotein). H: Fraction III-O.

Is B -lipoprotein reprecipitated from Fraction III-O.

All stained with Ponceau S.
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Tig. mi. Soheme far iausunoeleetrophoreais of Traction XII-0

and the Bexulate-preeipitated ^ -lipoprotein on agar*
anti-human serumt goat anti-whole human serum,

anti-^ -lipoprotein serum: rabbit anti-human
P-lipoprotein serum.



Results of Immunoelectrophoresis of Fraction III-O

and Dexulate-precipitated f -lipoprotein on agar,
J: Fraction III-O, K: reprecipitated

B-lipoprotein (III-O P) stained with Ponceau S.
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Fig, XVIII, Ls Fraction III-O. M: Keprecipitated
(cont'd)

R -lipoprotein (III-O P) stained with Sudan

Black B and Ponceau S*
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Comparison of the antinlasain activities of the solutions of

Fraction III-O and re-fractionated IIX-0

Samples from the preparation shown in Chapter I, Section B, were used

for estimating the amtiplasadn activity and cholesterol content of the

precipitate.

the total cholesterol content of the precipitate was compared with that

of the Fraction III-O and the results shown in fable XVII,

To 2 ml. of Fraction III-O solution was added 2 ml. of distilled water,

0.06 ml. Dexulate and 0.2 ml. 11 calcium chloride solution. After

eentrifugati on the supernatant was removed and the precipitate washed Mice

with distilled water, then redissolved with 2 ml. 0*9% saline. The

concentration of the p -lipoprotein should then be directly comparable with
that in the fraction III-O solution.

Standard plasadLn-casein incubation mixtures were prepared and varying

amounts of fraction III-O and fraction III-O P added, the volumes being 0.2 ml.,

0.4 ml. and 0.8 ml.

The supernatant from the re-fractionaticm was assayed at the same time as

the III-O p solution, but adding 0.4 ml., 0.8 ml. and 1.6 ml. of the solution

to take into account the dilution with distilled water.

The results of these experiments are recorded in fables XVIII and XIX

and the antiplasmin activities {% inhibition) compared on the graph in

Figure XIX.

The antiplasmin activity in the III-O and III-O P solutions appears to be

identical and shows a linear inhibition of plasmin.

An interesting observation arose from the graph. The solution of III-O

used was inadvertently left an the benoh during the assay period and on
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re-checking the activity for 0.8 ml. in a separately prepared III-O P

preparation no activity was recorded, and where previously the III-O

solution had contained some free and esterified oholesterol the cholesterol

was all recorded as free cholesterol.
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TABLE XVII

Comparison of the eholcsterol contents of Fraction III-O.

refract! Qnated III-O.P.. and the Supernatant

Total
cholesterol

»g/al.

Fraction III-O 3.07

Fraction III-O-P 2.83

Fraction (diln. £) 1.64

Sternatant fToa
III-O-P

0
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table mn

Antj-plasmin activity of Fraction III-O solution

Y-^roslna
lib? la
60» - P.S. Dlln.

^-Tyroalna
lib s in
60* - O.S.

*
Inhib.

Standard 90.5
1

112.5
10200 0%

+ 0.2 B1. III-O 64.5
1

117 7550 26%

♦ 0.4 ml. III-O 46.5 1
121.5 5650 44.6#

♦ 0.6 al. III-O 25.5
1

12? 3210 68.5#

♦ 0.3 il< HI-0 1.5 loHP 195 93#
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TABLE XIX

Antinjasmin activities of

Fraction III-O.P, and tfte Supernatant

-Tyrosine
libs In
80* - F.S. Diln.

^-Tyrosine
lib: in
60* - O.S.

%
Inhib.

Standard 84 1
1H3> 9450 0#

+ 0.2 ml. III-O-P 81 1
117 7150 24.3#

♦ 0.4 ml. III-O-P 38
1

121,5 4820 5#

+ 0.8 ml. III-O-P 27.5
1

130 3570 62.5$

+ 0.4 ml. Super.
III-O-P 84.5 1

121.5
10200 0$

+ 0.8 ml. Super.
III-O-P 79 toHP 10200 036

+ 1.6 ml. Super.
III-O-P 78 1

148.5
11000 0$



fOO

oz 0"t 0-6
ml Inhibitor added

o-8

fig. XIX. Inhibition of plasndn by Fraotion III-O and the

Dexulata-pmoipitatad J3-lipoprotein.
-x- Fraction III-O; -e- reprecipitated^-lipoprotein.
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SUMMARY

Fraction III-O, which is known to contain the JJ -lipoproteins, contains
an antiplasain which can be prepared successfully from plasma stored at

<*4°C for 3 to A weeks*

The treatment of Fraction III-O with lipid solvents removed the

antiplasmin activity.

P-lipoprotein precipitated directly froa fresh serum with dextran
sulphate also showed antiplasain activity* At equivalent lipoprotein

or cholesterol concentrations the same degree of inhibition occurred as

with Cohn Fraction III-O. By Immunoelectrophoresis, the dextran sulphate

precipitated ^-lipoprotein was free of the oC-globulin impurities found
in Fraction III-O.

A purer ft -lipoprotein obtained by reprecipitation of the Fraction III-O
lipoprotein with dextran sulphate showed the same activity*

To obtain J3 -lipoprotein with antiplasmin activity by dextran sulphate
precipitation it was necessary to use fresh serum. Activity of the

^-lipoprotein precipitate was reduced after 2 days storage of the serum*
In both types of preparation (heparin and Dexulate) the percentage

inhibition was directly proportional to the lipoprotein concentration.

It is concluded that the antiplasain activity observed is associated with

the main B -lipoprotein component of these fractions*
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CHAPTER III

CORRELATION 0? B -LIPOPROTEIN LEWI* MP ANTIPLASMIN ACTIVITY

IN CONDITIONS WHERE THE FORMER IS RAISED

Attention was initially focused on the possible part played by the lipids

and lipoproteins in the developsent of coronary conditions by ultr&centrifugal

studies on blood from coronary patients*

These studies indicated a significant increase in concentration of

moleculea with the flotation rate (Sj») in the range 12 to 20. This group of
proteins contains the J3 -lipoprotein or low density lipoproteins, while the
oc lipoproteins are mainly high density lipoproteins.

The Sf 0 - 20 group is characterised in part by its high cholesterol
content, the average value being k6% cholesteryl eaters and unesterified

cholesterol. The high density lipoproteins, on the other hand, have an

average eholestexyl ester value of 28% and 6% unesterified cholesterol, the

main lipid content being phospholipid at kk%»
66

It was pointed out by King that the lipoprotein fraction remains

fairly constant throughout life, and in all races, while it is the

-lipoprotein, carrying as it does the major part of the blood cholesterol,
67

that reflects the rise in cholesterol, a finding reaffirmed by Greenberg in

connection with coronary episodes*

Severail early workers on the fibrinolytic mechanism drew attention to the

possible connection between the decrease in fibrinolysis and the concentration

of lipids in the blood*

Kwaaa and HcF&daean^, in 1957, showed that 'in vivo* fibrinolysis could

be inhibited in rabbits by feeding them on a cholesterol-rich diet.
69

Greig and Runde , in the same year (1957), showed that there was
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inhibit!on of fibrinolysin after meals containing a high concentration of

various lipids, and they suggested that the inhibitory factor might be a

-lipoprotein.
70

However, Nitzburg and his oo-workers , in 1959, found no association

between the fibrinolysis time and either the serum ohole sterol or phospholipid

levels in the fasting state or post-prandially, or the -lipoprotein levels

in any of their groups of subjects before cr after a fatty meal.
71

Work by Hougie and Ayers was in agreement with these results as they

could not find any correlation between fibrinolytic activity and serum

cholesterol or lipemia.
72

In 1961, Farquhar ®t al studied the effect of chylomicrons derived from

different dietary fats and showed that the fibrinolytic activity was

consistently and equally inhibited by prior ingestion of these dietary fats.
75

In spite of this conflicting evidence Greig suggested that the

connection between lipemia and coronary heart disease might lie in the

inhibition of fibrinolysis by the lipids, thus preventing the lysis of intlmal

deposits of fibrin from the walls of the vessels.
39

Gofrnan and his co-workers in 1950, using the ultracentrifuge technique,

showed that there was a variation between the sexes of the measurable

concentration of the 10 - 20 molecules, the concentration being significantly

higher in men of the 20 - 40 years age group than in women of the sun age.

Xn this age group, i.e. before the menopause, women show a regular

fluctuation of their blood lipids during the menstrual cyole, the minimal level

being well below that of men of the same age. During this period of life it is

recognised that women show a much lower incidence of coronary episodes and

atherosclerosis than men in the same age group.

After the menopause, however, there is a significant increase in
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concentration of the S_ 10 - 20 molecules, and the difference in incidence of
i

atherosclerosis and coronary episodes between the sexes is greatly decreased.

It is interesting to note that aaongst animals the eholsaterel-bearing

lipoprotein varies, In dogs it is mainly carried by the oc-lipoproteins, and

they are not susceptible to coronary episodes and only show a mild form of

atherosclerosis, whilst in birds, especially fowl and parrots, the cholesterol

is carried by the p -lipoproteins almost exclusively and atherosclerosis occurs
spontaneously.

During pregnancy the low density lipoproteins ( p -lipoproteins) are
increased and reach their highest values in the third trimester, thereafter

showing & downward trend after delivery.
74

Grcib , in 1943, reviewed the evidence for increased antiplasmin activity

in various clinical states including pregnancy, an observation also supported

by the work of truest^. Guest et al^ observed increased antiplasmin activity

in patients with coronary thrombosis, intestinal obstruction, cirrhosis, and

other conditions.

Published information concerning increased and decreased antipl&sadn

activity and ^-lipoprotein concentrations in certain clinical states, together
with other observations on fibrinolysis and incidence of thrombotic episodes,

is presented in fable XX.

As the preceding chapters show evidence for the presence of an antiplasmin

associated with the -lipoprotein fraction, the possibility arises that an

increase in jp -lipoprotein in certain clinical states would be parallelled by
an increase in the blood of the antiplasmin activity associated with this

fraction.

As fibrinolysis is known to be depressed and the p -lipoprotein increased
in pregnancy, a series of antenatal serum samples were examined with respect to
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the antiplasain activity of the ^ -lipoprotein fraction.
The result* froa one diabetic case and several coronary saaples have also

been reported.



TABLEXX

Thecorrelationbetweenantdplasmlns,*fibrinolytic*activity. lipoproteins,andtheincidenceofcoronaryepisodes
Clinicalstate

Choles¬ terol
eontent

Low density lipo¬ proteins (p.-L.P)

High density lipo¬ proteins (flC-L.P)
*Fibrino¬ lytic' activity

Antl- plasmin activity

Inci¬ dence of Coronary episodes

References

Coronaryarterydisease
inc.

inc.

nosig¬ nificant change

dec.

inc.

inc.

67

Greenberg?(- Guestetal, OliverandBoyd

Chronicbiliaryobstruc¬ tionandintestinal obstruction

inc.

dec.

inc.

inc.

75

Guestetaly. Gofaanetal

Diabetes(indiabetic oontrol)

inc.

inc.

dec.

inc.

39

Gofmanetal

Cirrhosis

inc.

dec.

inc.

inc.

75

Guestetal

Malignanttumours

inc.

Grob74

Pregnancy:
antepartum postpartum

inc. dec.

inc. dec.

dec.or normal inc.

dec. inc.

inc. dec.

-

Grob7t, Guest« Naidooet,al Biesenskig Whitelaw

Menstrualcycle

fluctuation

-

32

OliverandBoyd

Men20-40agegroup)Women") Henover40years) Women■■")

high low high high

normal high normal normal

high
verylow high high

39

Gofmanetal
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RESULTS

Antinlasmin assays of clinical material

The hulk incubation tubes were prepared as in the foregoing work with

the total volume of the standard activity tube being 5 ml.

The j£ -lipoprotein was precipitated from 1 ml. of serum as before and
redissolved with 1 ml. of 0.3% saline to give a concentration of p -lipoprotein
equivalent to that contained in the serum} 0.4 ml. of this solution was then

used for the assay of antiplasmin activity.

This activity was assayed concurrently with the activity in the

supernatant and the serum.

In assaying the supernatant inhibitory activity, normally 0.4 ml. of

solution was used.

In cases where the serum samples were small only 0.2 ml. of serum was

used for estimation of the inhibitory activity rather than 0.4 ml. In order

to compare the serum activity with the supernatant and the precipitate, the

figures for 0.4 ml. were calculated from those found for the smaller volume.

The inhibitory action of both serum and supernatant was checked over the range

of volumes likely to be used, i.e. 0.1 ml., 0.2 ml. and 0,4 ml., and there

appeared to be a regular relationship between the ^-tyrosine liberated and
the volume of solution used as shown in Table XXI.

The conversion of the reading for 0.2 ml. to 0.4 ml. of serum was

therefore calculated from the J'-tyrosine level as shown in the example below :-
Standard - tyrosine liberated « 2970 0% inhibition

in 60 mins, O.S.

Normal serum - tyrosine liberated « 879 70.5% inhibition
0.2 ml. in 60 mins, O.S.

for 0.4 ml. ^tyrosine liberated in 60 mins, O.S. » 459.5
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Inhibition - 2970 - 439.5 • 2530.5

% Inhibition » 85.#

In the results in all oases the experimental figures are reoorded

together with the calculated figures, though for ease in comparison the

calculated figure for 0.4 al. was reoorded next to the supernatant.



95

TABLE XXI

Inhibition curre for serum supernatant

-Tyrosine
liberated in

60* - P.S. Diln.

V-Tyrosine
liberated in

60* - O.S.
%

Inhib.

Standard 65.5 1
112.5 7350 0%

0.1 al.
Supernatant 26.5 1

114.5 3030 58.555

0.2 al.
Supernatant 13*5

1
117 1580 78.5#

0 .4 al.
Supernatant

6 1
121.5 730 90.0JS
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Antlplasnin activity of serum and Pexulata fractions

from normal cantrolg and certain other cases

Because of the possibility of increased lipoprotein in older subjects

and Hie fluctuations during the nenstru&l cycle, normal controls were young

men under 30 years of age and young women of the same age between menstrual

periods*

All specimens were taken at least 12 hours after the last heavy meal*

Difficulty was found in obtaining specimens from clinical departments and

assaying them while they were still very fresh.

Because of the rapid loss of activity, on storage of the serum, detected

in the dextran sulphate precipitated f£ -lipoprotein, it was decided to
standardise the time of storage at 48 hours at +6°C. It had been observed

in patients in whoa the lipoprotein was raised that substantial inhibition

was still obtained after the storage period, although in normal controls the

activity oould not be detected. Thus, a clear cut difference was obtained

between the oontrols and the various sera investigated*
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Antiplasain activity of normal serum

and its Dexulate fractions

The Dexulate fractions war® prepared as indicated and assayed for

activity according to the standard procedure.

She antiplasmin results were recorded and are shown in Table XXII,

while the recorded cholesterol values are shown in Table XXIII.

It was shown that no antiplasa&n activity was recorded in the

p-lipoprotein fraction for normal sera after the standard period of storage.



98

TABLS XXII

AxttlplagmiK activity in normal serum

and the Dexulate fractions

Referenoe

$ inhibition

Stra
0 «2 ml

estimated

Sanaa
0.4 ml

calculated
Supernatant

0.4 ml
Precipitate

OA ml

B. (M) 75.5 88# 81.8# 0%

». («) 63.2 81.5/^ 72.% 0%

H. (F) 76 0 85% 90,5% 0%

*. (F) 83.5 8it$ 88,5% %
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TAB!& Xmi

Cholesterol concentration of the

serum ana Barnlato fraetlcma

Reference

Cholesterol cone: mg.%

Serum
S

Supernatant
Su

Precipitate
P

H
T 208. 74.4 154

P 96. am 63.9

B

T 217. 74.4 141.

P 88.9 26.3 66.Q

11

T 300. 119. 170.

P 108. 41.6 69.

T

T 208. 59.6 141.

P 80.8 59.2 50.4
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Antiplasain activity of serum and its Bexulate fractions

from antenatal eases at varying periods of gestation

The sera were samples sent in from clinics far routine antenatal

est!nations.

Moat of the oases were not prioigravidas and had no history of

miscarriage, abortion, etc. The case histories were checked after delivery

and showed no complications.

The antipXasain activities and the cholesterol levels were estinated and

the results recorded in Table XXIV and Table XXV.

The results from a range of samples have been graphed against the period

of gestation and are shown in Figure IK.

It cm t. ...n that the, i, . correlation bef.cn th. p -lipoprotein
cholesterol level and the antiplasmin activity associated with this fraction,

both showing an upward trend during gestation.
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TABftg XXIY

Anticlaswim activity in antenatal sera

and tha Herniate fractiona

Reference

Weeks
Gesta¬
tion

Inhibition

S
estin.

S
calc. Su P

i.e. 8 78*2 90.5 - 7.7

M.P. 11 79.0 89.5 86.5 15.8

M.&. IS 85.0 92.5 91.5 14.4

J.W. 22 83*0 91.5 90.5 26.5

M.L. 23 88.6 94.5 87.0 22.8

M.O. 27 82.5 89.0 91.5 25.0

T.X. 34 91.0 95.5 90.5 42.4

V.M. 37 87.5 93.5 89.5 44.0

M.R. 38 - - 88.7 43.7
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TABL3 XXV

Cholesterol concentrations in antenatal sera

ana the Perulatc fractions

Reference

Weeks
Gesta¬
tion

Cholesterol cono t Mg.jS

S Su P

i.e. 8 140.5 51.5 89

K.F. 11 104 45 59

M.G. 16 207 96 111

J.W. 22 193 50.3 143

M.L. 23 170 50 119

M.0, 27 202 37 165

T.M. 34 157 68 89

V.H. 37 306 134 172

W.R. 39 292 98 194



Fig. XX. Inhibition of olastsdn by sorua (S), supernatant (Su),
and p-lipoprotein precipitate (P) froa antenatal
eases, together with the total serua cholesterol and

p-lipoprotein cholesterol.
Q Total serua cholesterol, @j p -lipoprotein cholesterol.
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Antiolaatain activity of serum and ita Pexulate fractions

from a case of diabetes

The patient was an obese diabetic and had been admitted to hospital in

an attempt to reduce her weight*

She was admitted on 17*2*61 and put on a 600 calorie diet on 26*2*61*

Her diet consisted of milk, tea, Bovril, Oval tine and some greens, and she

was given promethazine.

She was finally discharged on 18*4.61, her diet being returned to normal

prior to that date.

Antiplasmin assays were carried out on the serum tod Dexulate fractions,

together with some cholesterol estimations on the precipitated p -lipoproteins.
The results were recorded and are shown in Table XXVI and Figure XXX.

During the period of dieting, antiplasmin activity was detected in the

j£ -lipoprotein fraction.



104

TABL5 XXVI

Antlplasain activity of seroa and

Dexulate fractions In a case of diabetes

Days
from ■

start

% Inhibit!cm
Cholesterol

eg/al.

Data S (est.) S (ealo.) Su P P

17.2,61 1 75.0 88.0 80.5 0

23.2,61 7 72.5 82.5 78.0 1.81

26.2.61
Diet started

600 o&l8*
10

27,2,61 11 83.0 91.5 67.8 4.5

1.3.61 15 70.5 85.5 73.7 8.1

8,3.61 20 80.5 90.0 77.5 5.75 1.05

10.3,61 22 82,7 91.0 87.2 7.85 0.96

14.3.61 26 74.7 87.5 83.5 -

17.3.61 29 77.5 89.0 78.5 4.78 1.11

22.3.61 34 92 96.5 89.0 11.05

29.3.61 41 86.5 93-0 87.5 4.2

5.4,61 48 - - 92.0 9.5 1,12

1S.4.61 61 75.5 38-0 77.0 0 Discharged



DAYS

Fig. m. Iinhibition of plaandn by serua (S), supernatant (Su),
and ^-lipoprotein precipitate (p) flron a diabetio
ease.
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Antit)jasmin activity of serum and Its Peculate fractions

from coronary eases

A series of samples was taken from individual male patients who had been

admitted to hospital suffering from a coronary episode*

These samples were therefore taken after the attack and, in most cases,

after the start of treatment with anticoagulant drugs.

All the oases were assessed later as proved coronary cases from other

information.

The semi® glutamic oxaloacetic transaminase (S.G.O.T.) activity is

est!sated in all oases of coronary disease and was therefore estimated as

routine procedure by the Clinical Che adstry laboratory in the eases recorded,

one sample being divided to oover both estimations*

The results recorded were as shown in Table XXVII, and it can be seen

that a small, variable amount of aatiplasmin activity was detected in the

p -lipoprotein fraction*
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TABLE XXVII

Antiplasadn actlvitY In serum

and Lcxulate fractions fsroa coronary cases

% Inhibition
Cholesterol

mg/al.

Patient Day
S

Est.
S

Calo. Su P S Su P S.G.O.T.

D.O. 1

2

3

4

7

9

11

$7
71.3
86

78.5
78.7

80.3
75.5

83.5
85.5
93.0

89.5
89.5
90.5

87.5

62.5

77

97-

87.7
83.5
83.2

80.5

0

0

23.8
22.1

0

0

0

1.13

0.96
1.57

1.34

1.93

1.49

0.90

.146

.063

.28

.073

.57

.73

•148

.96

.73

1.29

0.96
1.26

1.04

0.44

20

57
48

47
20

20

20

P. 1

2

3
$

8

84.8

80.5

83.5
80.5
74.5

92.5

90.5

91.5

90.5

87

93'

85.5
85.0
8$ .7

78-

6.42
4.32
0

4.85
0

2.46

2.23

1.32

1.12

1.2$

0.82

0.29

0.29

0.29

0.44

2.08

1.34

0.89

0.74

1.04

172

40

20

20

20

J.K.E. 1

2

3

6

8

88.5
87

71.5

91.5

78.2

93.5

93.5

85.5
96.5
89

93.5

86-

77*

85-
78.2

8.15

5.2
0

11.85
0.45

2.23

1.57

1.48

1.07

1.08

0.96
0.81

0.52

0.22

C.28

1.40

0.73

1.31

0.89

0.80

32
20

22

20

22

J.K. 1

2

3
6

8

76
80

79.5

79.5

69.5

87.8

90.5

89.5
90.0

85.0

84.0

85-
79-

84 *

76.2

8.15
3.46
0

5.4

0
,

1.79

1.32

1.34

1.11

1.4
—

00000 &&&fe
1.47

0.89
0.88

0.88

1.32

67

57

130

40

40
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SSER-AL DISCUSSION

la the general introduction a short review was given of the theories

presented by various authors to explain the apparent balance of the ooagulation

and fibrinolytic mechanisms "in viva,* and whereby under normal conditions

following thrombus formation due to injury restoration of normal blood flow is

achieved by fibrinolysis.

One theory is that there exists a delicate balance between coagulation

and fibrinolysis and that the conversion of fibrinogen to fibrin and its

subsequent lysis is a normal physiological process which is in constant progress.

This theory was originally largely based on the indirect evidence of the

turnover rate of the blood clotting factors, the turnover rate being assumed

to represent their utilization in the coagulation process.
*

put forward the idea that fibrin was a normal constituent of
26

the blood vessel intiraa, a finding supported by the work of Levene who showed

by electron-microscopy that fibrin was present in the intiaa of normal aorta

and in normal areas of atherosclerotio aorta. The interpretation of his

findings, however, has been disputed as collagen fibres have been reported with

a periodicity of 220 A , and Levene reported his fibrin as having a periodicity

of about 230 A «

79
Duguid, in 1%6, suggested that as thrombosis can be considered as the

result of coagulation, then atherosclerosis, as it is known in man, is largely

the product of thrombosis and represents fibrin-like material which has been

deposited on the endothelium, with invasion by intimal cells, then replaced by

fibrous connective tissue with infiltration of lipids and the covering over by

a new layer of endothelial cells.

In considering why, in certain individuals, small fibrin clots become
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established in this way, two aeoh&nisss can he suggested: (a) that of a

hyperooagulative state, or (h) that of a hypofibrinolytic state*

The farmer has been considered and investigated over a number of years,

and in view of the known association between plasma lipids and atherosclerosis

attempts have been made to correlate increased lipoprotein or alimentary lipaemia

with increased coagulation. Zt was found in some instances that lipids would

promote coagulation but, on the whole, the results have been inconclusive.

The present work, which set out to be a study of the antiplasmin activity

of plasma, is closely related to mechanism (b) above* A bypoflbrinolytic state

eould be due to a reduced level of plasminogen, to a reduction in its activation,

or to an increase in the inhibitory factors. There is at present no indication

of the first two in atherosclerotic patients. There is, however, scm evidence

of an abnormality in their lipoprotein metabolism, and in this investigation the

lipoprotein fraction of plasma has been studied with respect to antiplaaain

activity.

That increased antipl&smin activity can, in fact, cause a predisposition to
81

thrombosis is know; a report has been published of a congenital defect

involving a raised eC-globulin antiplasmin* This patient developed thrombotic

episodes at an early age*

In the case of ordinary atherosclerotic conditions there is no evidence of

a raised «C-globulin antiplasmin, but it is of great interest to consider the

possibility of inoreased antiplasmin activity in other fractions.

Although there are many factors involved, it is known that plasminogen is

preferentially adsorbed onto fibrin and the activator is able to diffuse through

the fibrin mesh and effect local activation and therefore local lysis of the

fibrin*

It is only when the fibrin mesh has been lysed that the activated plasmin



109

is liberated into the normal blood stream aad its further action inhibited by

the antiplaamina. In this my the plasmin activity is localised.

As antiplaamin activity had been reported as being associated with several

plasm fractions, a range of fractions was checked for activity* Norman and
38

Hill reported activity in the and ^ globulins and in freese-dried Cohn
Fractions IY-4 and IY-1 respectively. The activity associated with these

fractions was reaffirmed in Chapter 1. It was known that Cohn Fraction IV-1

contained most of the CT-lipoproteina which are largely denatured on freeze-

drying, and from the results obtained in Chapter I on a fresh, non-freeze-dried

preparation of Fraction IY-1, namely the antiplasmin activity assay aad the

cholesterol/nitrogen ratio, it would appear that the antiplasmin was not

associated directly with the of lipoprotein.

On the other hand, an apparently hitherto unrecorded antiplasain activity

was found in Cohn Fraotion III-O which contains the JJ -lipoproteins. This
fraction is very readily denatured and the activity was only recorded in the

non-freese-dried preparation. The correlation between the antiplasmin activity

and the cholesterol/nitrogen ratio was good, indicating that the antiplasmin

activity night well be associated with the ^ -lipoprotein component. Further
work with a specially prepared preparation of Fraction III-O supported this view;

it was found that treatment with solvents capable of splitting the lipid-proteln

bond resulted in loss of antiplasain activity*

In further fractionation of Fraction III-O, in which oC globulin impurities

were separated from the main ^ -lipoprotein component, the activity remained
with the latter which was found to be a single component by Immunoelectrophoresis.

This finding is naturally of great interest in relation to the aetiology of
68 69 72

atherosclerosis, and links up with the observations * * which have been made

in recent years that alimentary lipaemia may inhibit fibrinolysis.
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62
It was shorn by Whitehead et al that the increased lipid content in

coronary arteries in sen dying froa coronary occlusion was due predominantly

to cholesterol and cholesterol eaters, and in nan these are mainly carried

with the p -lipoprotein.
There also appears to he a correlation of the -lipoprotein cholesterol

and certain low density lipoproteins with myocardial infarotion, and they are
a.

frequently found elevated in patients with clinically obvious atherosclerosis .

1*6
Using the preeipitation method of Burstein and Sara&ille the

P-lipoproteins can be selectively precipitated froa serum samples, thus

allowing the antiplasains associated with the ^ and oCg globulins found in
the supernatant to be assayed separately froa the antiplasain of the

|3-lipoprotein precipitate.
Previous workers in this field have only indicated an overall increase of

antiplasain activity, and therefore this increase could be due to either a

general increase in the antiplasains as a whole or to one individual antiplasain.

It seemed possible that in clinical oases where the p -lipoproteins were
elevated there would be a corresponding increase in the associated antiplasain.

In certain clinical cases, such as antenatal cases, a lot of information is

available which has been corroborated by different authors. The -lipoproteins,

the serua cholesterol and the antiplasains are all elevated during pregnancy

while the fibrinolytic activity is decreased.

On assaying the fractions prepared from antenatal sera at various stages in

pregnancy ^-lipoprotein cholesterol was found to increase with the period of
gestation, and the antiplasain of the p> -lipoprotein fraction to follow this
increase. The of ^ and oCg antiplasains, as assayed in the supernatant, did not
show any correlation between antiplasain activity and period of gestation.

A great many theories have been postulated for the aetiology of
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atherosclerosis, one of these being the so-called 'lipogenic theory.*
&L

Constaatinides , studying experimental atherosclerosis in rabbits, showed

that injury- to an aortie wall made it several times more sensitive to increased

blood lipids and greatly accelerated atherogenesis.

He showed, also, that there are many factors which have been proven

capable of injuring arteries experimentally (though experimentally, some of the

factors were in extremely large doses), e.g. adrenaline, amines, parathyroid

hormone, thyroxine, A.C.T.H. and an unsaturated fatty acid deficiency.

It has been suggested that the deposition of fibrin and its subsequent

lysis acts *in vivo' as a repair mechanism for small injuries to the vessel

walls. It may be that at the site of such small lesions the antiplasmin

activity of the lipoproteins prevents lysis of the deposited fibrin and favours

the development of an atheromatous plaque. If in man some of the factors

noted above were greatly increased and caused damage of the aortic walls,

resulting in increased sensitivity to the blood lipids, then the -lipoproteins,

which in some pathologic states are known to be elevated, e.g. myocardial

infarction, might exert an inhibitory effect upon plasmin, the result being a

reduction in lysis of the deposited fibrin. In the lipogenio theory, lipid

infiltration without fibrin deposition is postulated. However, whether fibrin

formation at the site of these lesions is involved remains a matter for further

investigation.

Taking these various lines of investigation together, one might formulate

the following hypothesis for the aetiology of atherosclerosis.

In the 'normal' state, the deposition and subsequent re-solution of fibrin

'micro-clots' in the vessels is a continuous physiological process. In certain

individuals an abnormality of lipid metabolism leads to differenoe in the nature

and/or concentration of the ft> -lipoproteins which in turn causes an inhibition



112

of fibrinolysis* Micro-clots, instead of being redissolved, then beoome

established in the vessel wall, and in accordance with Duguid*s hypothesis

form the starting point of atheromatous lesions.

In considering mechanisms far the inhibitory action of the lipoprotein,

one possibility is that of a direct interaction between the lipoprotein and

the fibrin. Such an interaction might then "block" the action of plasmin

(or the adsorption of plasmin and its activators). The fact that even the

earliest atheromatous plaques contain both fibrin and lipid correlates with

this hypothesis.

Further, very recently it has been demonstrated, using electron-microscope

techniques, that lipoprotein molecules can, under suitable 'in vitro'

conditicms, be deposited on the surface of fibrin fibres. This observation

adds further weight to the above hypothesis.

For the present, where casein was used as substrate, obviously no

conclusions can be drawn regarding the mechanism of action of the antiplasmins.

The detailed study of the factors which predispose towards the inhibition of

fibrinolysis forms a starting point for further investigations in this field.
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PW^

Distribution of the antiplasadns is huaan plasaa fractions has bsss

re-investigated, and in addition to th» oc. ^ and oC^ globulin
antiplasnlns, a high inhibitory activity was demonstrated in the

P-lipoprotein fraction, Cohn Fraction III-O.
Ejeperiaents with Fraction 111-0 and norsal seroa established that this

antiplasoin was associated with the main p -lipoprotein eoaponent.
In certain olinieal conditions tdiare the lipoprotein and aatiplasnin

levels ore raissd it has hose shorn that the increase is due to the

p -lipoprotein antiplasain and not to the antiplassins. this
observation has been correlated with the current theories concerning the

aetiology of atherosclerosis.
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