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PREFACE

The work described in this thesis was carried out
over a seven year period from 1949 to 1956. It was
started in 1949 in the University Department of Medlcine,
Royal Infirmary, Glasgow, and continued there until 1951,
during which time I was registrar to Professor L.J. Davis.
From 1951 to 1953 the studies were continued during the
tenure of a Medical Research Council Research Fellowship,
in the Department of Clinical Pathology, Radecliffe Infimmary,
Oxford, under Dr. R. G. Macfarlane, and later in the
Department of Haematology, Postgraduate Medical School,
London, under Dr. J. V. Dacie. From 19583 to 1956 the
research was again carried out in the University Department
of Medicine, Royal Infirmary, Glasgow, at which time I was
a lecturer in medicine. My interest in these problems
was encouraged and directed by Professor L. J. Davis and
Dr. Alexander Brown in Glasgow, by Dr. R. G. Macfarlane
and Dr. Rosemary Biggs in Oxford, and by Dr. J. V. Dacie
in London. It is a particular pleasure to acknowledge

my gratitude to all of these.
In addition to the facilities used by virtue of the
appointments mentioned above, during 1953 to 1956 the work

was, in part, financed by grants to the department, from
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the Advisory Committee on Medical Research for Scotland
and from the Medical Research Council.

The work done during these years can be considered to
fall into two main categories. The first has been
concerned with the physiology of blood coagulation, in
particular the details of the interactions involved in
thromboplastin formation and prothrombin conversion. The
second has been concerned with the application of these
advances, to problems of blood coagulation in clinical
medicine. This thesis deals with these‘latter aspects.

Some of the work described in this thesis has been
published, but a large part is as yet unpublished. In
certain of the published papers I am the sole author while
in others I am co-author. Where the work was carried |
out jolntly I have indicated in the text the aspects for
which I am responsible.

The followlng 1s an outline of the plan of the thesis.
The first three chapters (1, 2, 3) -the history of blood
coagulation, the thrombin-fibrinogen reaction and the
dissolution of the classical theory, are introductory.

The succeeding three chapters (4, 5, 6) deal with blood
thromboplastin. Chapter (4) deals very briefly with

the advances in our understanding of blood thromboplastin.
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This describes, in outline only, the work published jointly
with Dr. Rosemary Biggs and Dr. R. G. Macfarlane
(J. Physiol.1953, 119,89; J. Physiol. 1953, 122,538;
J. Physiol. 1953, 122, 554). The fifth chapter deals
with my share in the discovery of Christmas disease. This
was published jointly with Dr. Rosemary Biggs,Dr. R.G.Macfarlane,
Dr. J. V. Dacie, Dr. W.R. Pitney, Dr. C. Merskey, and
Dr. J.R. O'Brien. (ﬁrit. med. J. 1952, 2, 1378).
Chapter (6) describes an atypical constitutional coagulation
defect. The next two chapters describe investigations
into the mode of action of anticoagulant drugs - heparin and
the coumarin drugs. This work has, in part, been
published. (Brit. med. Bull. 1955, 11, 39; Clin.Sci.l1955,
14, 601; J. clin. Invest. 1956, 35, 533). Chapter (9)
describes the diagnostic approach to haemorrhagic disorders.
This also has been partly published. (Glasg. med. J. 1955, 36, 238
Included in this chapter is a description of the thromboplastin
generation test published jointly with Dr. Rosemary Biggs.
(J. elin. Path.1953, 6, 23). The next two chapters deal
with platelet disorders and vascular defects. (unpublished
work ). In chapter (12) is given a general account of
disorders of blood coagulation, which arise as a result of

deficiencies of coagulation factors. Some of the rarer
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conditions are described in detail in this chapter, the
others in the succeeding chapters. The case of
prothrombin deficiency mentioned in this chapter has

been feported jointly with Dr. Rosemary Blggs

(J. clin. Path. 1953, 6, 15). The other material

is unpublished. Chapter (13) describes investigations
on "hypoprothrombinaemias" except for the coumarin defect,
described earlier. The part of this work on newborn
infants has been published (Arch. Dis. Childh. 1955,30,509),
the remainder is unpublished. The next chapter (14)
describes the coagulavion disturbance in liver disease and
the chapter thereafter (15) gives an account of haemophilia
and Christmas disease in the West of Scotland. These
studies are unpublished. Chapter (16) consists of a
report on the‘neurological complications which have been
seen in haemophilia and Christmas disease. This has
recently been published jointly with Dr. S.G. McAlpine
(Scot. med. J. 1956, 1, 270). Chapter (17) describes
female relatives of haemophiliacs with a coagulation
disturbance, due to antihaemophilic globulin deficiency.
These females were thought to be heterozygous for the
defect. This is unpublished. Chapter (18) describes

a patient with a profound coagulation disturbance in
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association with hyperglobulinaemia. This also is
unpublished. Circulating thromboplastin inhibitors
are described in Chapter (19). An unpublished case,
with an atypical circulating anticoagulant, is described.
This thromboplastin inhibitor has properties different
from those of any previously reported case. The
concluding five chapters deal with therapeutic aspects
of haemorrhagic disorders - dental extraction in
haemophilia, and Christmas disease (20) (unpublished);
"in vitro" survival of coagulation components in bank
blood and fresh frozen plasma (21) (unpublishedh "in vivo"™
survival of anfihaemophilic globulin and Christmas factor
(22) (unpublished); effect of vitamin K preparations on
"hypoprothrombinaemia” induced by dicumarol and tromexan
(23) (published jointly with Dr. Alexander Brown - Brit.
med. J. 1952, 1, 512); action of vitamin K, (24)
(unpublished).

Occasionally patients,or specimens from patients,
have been referred for opinion. These patients
have sometimes been reported in the literature by those
physicians or pathologists referring the patients. Where
this is so, it has been indicated in the text.



-6-

The work covers investigations into haemostatic
disorders as encountered in clinical practice. Where
my studies have contributed little which is original, the
subject, despite its possible importance, may have been
dealt with very briefly. As a consequence some rare
haemorrhagic diseases have been reported in greater
detail than others which are common. Thrombocytopenia,
for instance, is probably the most common of the acquired
haemorrhagic diseases. It has been described relatively
briefly, in comparison, for example, with the account of
circulating thromboplastin inhibitors - a rare condition.
The reason for this is that my investigations invo
thrombocytopenia have contributed little which is original.

The investigations reported in the thesis are not
described in the chronological order in which the work
was done. The second last chapter, for example,
represents the first piece of experimental work in this
field. The order followed has been in accordance with
the plan outlined above.

This type of investigational work has difficulties
common to other forms of bilological research. The
results are frequently comparable only within the

individual experiment carried out over a short time
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interval. The activity of the solutions being tested
changes rapldly. The results of to-day's experiment
are not necessarily comparabie.with those of to-morrow's.
Throughout the work only human blood has been used. This
has obviated the difficulty of comparison with experiments

on animals.
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LIST OF ABBREVIATIONS

Throughout the thesis certain abbreviations have been
used. This was required particularly in the construction
of many of the tables in the appendix of techniques and
results.

Frequently the symbols for seconds and minutes have
been omitted. In the thromboplastin generation technique
the clotting time of the high-spun normal plasma substrate
is in seconds. The clotting time of fibrinogen substrates
is also recorded in seconds, except where the time was over
180 seconds (3 minutes) when it is recorded as 3+. A
clotting time over 3 minutes represents a negligible amount
of thrombin. One-stage clotting times are recorded in
seconds and whole blood clotting times in minutes.

Volumes are in ml. unless otherwise stated.

Abbreviations
ad. = adsorbed
ads. = adsorbed
AH.G. = antihaemophilic globulin
al. = alumina
alum, = alumina

alumina plasnma plasma treated with

)
adsorbed plasma ) =
)

Al(OH)3plasma aluminium hydroxide.



A.R.
brain
C.F.

C

con.
cons.
consump.

chemicals

H.S.

Hb
Tyaem.

haemoph.

incub.

K

vitamin B

~/2 -
analar reagent

brain thromboplastin
Christmas factor
control |
control

consumption

consumption

these are frequently abbreviated to

their formulae, e.g., CaCl2 = calcium
chloride.

diluted, dilution

para_amino salicylic acid
isoniazid hydréchloride
neoarsphenamine

12

British Drug Houses
factor V

factor VII

globulin

high spun

haemoglobin |
haemophilic

haemophilic

incubate

vitamin K,




L.S.
M.S.E.

nor.
Owren %
pro.
piates.
P.C.V.
P.D.
P.D.P.
pat.
P.T.A.
P.T.C.
plas.

Q

Q %

Quick

R.B.C.

R.V.V. + Lec.
Tro.

T.K.

Xmas

HE.

-3 -
low spun

Measuring & Scientific Equipment
normal

normal

referable to Owren's technique
prothrombin

platelets

racked cell volume

préthrombin deficient

prothrombin deficient patient

patient

plasma thromboplastin antecedent
plasma thromboplastin component
plasma

Quick

percentage on one-stage clotting time
test of Quick and related saline
dilution curve.

refers to one-stage clotting time

red cell count

= Russell's viper venom plus lecithin.

Tromexan

thrombokinase
thromboplastin

Christmas

microgrammes
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CHAPTER !

HISTORY OF BLOOD COAGULATION

CONTENTS .
The eras of blood coagulation research.
Pre-Classical Era Prior to 1904.
BEra of the Classical Theory 1904-1943
Post-Classical Era 1943~

Pre-Classical Era (Prior to 1904)

Initiation of blood coagﬁlation.
Thrombin.

Fibrinogen.

Prothrombin.

Tissue extracts.

Calcium.

Classical Era (1904-1943)

The Classical Theory.
Adsorption of prothrombin or inorganic precipitatés.
Extrinsic or tissue thromboplastin.
Intrinsic or blood thromboplastin.
(1) Defective prothrombin consumption.
(2) Platelets.
(3) Antihaemophilic globulin.

Quick's one-stage "prothrombin" test.

Post-Classical Era (1943-1956).

Re-assessment of the one—stagé‘prothroMbiﬁ'test.
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Alternative theories of blood coagulation.
Inhibitory mechanisms.

(1) antithrombin.

(2) antithromboplastin.
Heparin

Fibrinolysis.
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In 1935 W. H. Howell wrote "Clotting is the most striking
and best known property of blood. It is indeed a remarkable
phenomenon. One can realise that nature had a difficult
problem to solve in creating a circulating medium for the
animal body that would remain entirely liquid while in the
blood vessels, but would promptly set into a gel as soon as
the vessels were wounded and the blood was in danger of
being lost." Very many workers have attempted to unravel
the chemical and physical mechanisms responsible for this sud-
den change of condition from a sol to a gel at the moment of
coagulation. There have been many theories postulated to
explain the changes resulting in clot formation; these cross
and overlap, and abound with a terminology peculiar to any one
group of workers in the field, rendering it difficult for
those who have not made a special study of the problem to

disentangle the same phenomena with different designations.

The eras of blood coagulation research.

The history of the development of our knowledge of blood
clotting can usefully be divided into three eras by the so-
called Classical Theory of Morawitz. This theory was pro-
pounded by Morawitz in 1904 and held as a reasonable scheme
to explain the relevant experimental phenomena until 1945.
The history of blood clotting can be considered therefore
under the following three headings:-
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() Before the Classical Theory Prior to 1904
(Pre-Classical Era)

(b) The era of the Classical Theory 1904-1943
(Classical Era)

(c) After the Classical Theory 1943-
(Post-Classical Era)

Pre-Classical Era (Prior to 1904)

It is generally believed that Aristotle was one of the
first to ascribe the coagulation of blood to the presence
of fibrous material. Little further attention was given
to the problems of blood coagulation until the seventeenth
century when Willis (1659) recognized that serum could be
separated from the fibrous clot and Malpighi (1666) described
the thread-like nature of the structure of the clot which
was called fibrin. Ruysch (1707) produced serum from whole
blood by agitation with twigs to which the fibrin adhered.
The earliest experimentsl work of real importance was that
of Hewson (1771). Hewson's dlscoveries can be enumerated
as follows:-

(1) He was the first to appreciate that the non-cellu-
lar elements of the blood played a major role in
coagulation. Using blood with a rapid red cell
sedimentation rate,he skimmed off the plasma
before clotting had occurred and demonstrated
that the clear plasma coagulated. He made a
similar observation by ligating a vein and en-
trapping blood between his ligatures; when the
cellular elements had settled he drew off the
plasma which then clotted.

(2) He demonstrated that vascular endothilium was re-

markable in being able to maintain blood in a fluid
state.
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(3) He developed the first methods for keeping blood
fluid outside the body. He showed that coagula-
tion may be inhibited by cold or by the addition
of neutral salts. The salt used was sodium
sulphate.

(4) He demonstrated that the coagulation of blood drawn
from the body was not due to cooling, cessation
of movement or exposure to air.

Hewson's observations were forgotten until attention

was drawn to them later by Davy (1839) and Gulliver (1846).

Initiation of coagulation.

Hewson demonstrated that the removal of blood from the
vascular system caused coagulation to occur. This phenomenon
was investigated by Richardson (1858) who postulated on the
results of his experiments that there was an ammonlia compound
present in the body which kept the blood fluid, and that on
its escape the blood coagulated. He believed that haemorrhagic
disease was due to the accumulation of this ammonia campound.
On the basis of this hypothesls he used ammonia therapy for
the management of intravascular thrombus formation. Lister
(1858, 1863) disproved the ammonia theory and concluded
"rightly, that contact with a foreign surface was the mechan-
ism which initiated coagulation.

Thrombin: The first of the factors concerned in blooa
coagulation was discovered as a consequence of the work of

Dr. Andrew Buchanan (1798-1882). Buchanan was the first
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Professor of Physioclogy in the University of Glasgow .
Buchanan (1835, 1845) discovered that the washings from
freshly formed clot would coagulate hydrocoele or ascitic
fluid. Freshly formed serum also possessed this property.
He believed that the active substance in the washing from
the clot acted upon a precursor of the fibrin and resulted

in coagulation. Buchanan's observations could be written

Coagulant substance Hydrocoele‘
from clot + fluid
Y
Clot |

Alexander Schmidt of Dorpat in Germany, unaware of

Buchanan's investigations, independently made similar ob-

servations in 1861. He used the term "fibrin ferment" or

"thrombin" to describe the coagulant activity contained in
the fresh serum or in the washings from fresh clot.
(Sehmidat 1861, 1862, 1893).

Thrombin + Hydrocoele

fluid

/
Fibrin

‘The term thrombin has secured a permanent place in coagula-

tion nomenclature.
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Fibrinogen: Dennis (1887) prepared, by saturation of

plasma with sodium chloride, a precipitate which when re-
dissolved underwent spontaneous coagulation, indicating that
there was a soluble precursor of fibrin in the plasma.

This precursor of fibrin was called fibrinogen. dammarsten
'(1879) made an important contribution by studying the prepara-
tion of fibrinogen. His method consisted of fractionation
by the addition of sodium chloride and freeing this compon-
ent from other plasma proteins by repeated precipitations.
Schmidt demonstrated that solutions of fibrinogen could be
coagulated by the action of thrombin.

Thrombin + Fibrinogen

\E

Fibrin

Prothrombin: Schmidt made a preparation of thrombin

from fresh serum by alcohol precipitation, but the applica-
tion of the same technique to plasma failed to produce any
thrombin. He demonstrated that thrombin was not present
in the circulating blood and postulated that it was formed
from an inactive precursor by the shedding of blood. Thisa
precursor of thrombin was called prothrombin by Pekelharing
(Quick 1951).
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Prothrombin

Thrombin + Fibrinogen

\
Fibrin

Tissue extracts: Buchanan demonstrated that the freshly>

formed blood clot contained an agent capable of coagulating
hydrocoele fluld; he believed that the white corpuscles of
the clot were the active component and went on to demon-
strate that various tissues had coagulant properties. It

. 1s now reallised that the action of the fresh clot 1s due to
thrombin, which is not derived from white cells, but the ob-
servation of the coagulant action of tlssue was one of im-
portance. When blood was collected and part delivered to

a tube containing tissue extract and part to a clean tube,

the blood in the tissue extract tube was observed to coagulate
in a few seconds whereas in the clean tube it took several
minutes to coagulate. Tissue extracts, therefore, were found
to have marked coagulant property which differed from the
thrombin effect in that they were unable to clot fibrinogen.
Tissue extracts were believed to accelerate the conversion

of prothrombin to thrombin.
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Prothrombin

Tissue
extracts

Thrombin + Fibrinogen

Pivrin

Calcium: In 1890 Arthur and Pageés observed that calcium
preciplitants inhibited coagulation, an effect which could be
reversed by the readdition of calcium. Calcium was not
required in the thrombin-fibrinogen reaction and it was con-

cluded that it was needed in the reactions preceding thrombin

formation.
| Prothrombin
{1 Tissue
| extracts
{ Calcium [
/ .
Thrombin + Fibrinogen

Fibrin
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Classical Era (1904-1943)

The Clagsical Theory.

In 1904 Morawitz collected the information obtained
from the experiments outlined above and postulated his theory,
which has become known as the Classical Theory. This stood
unchallenged for almost forty years. Morawitz's theory
states that prothrombin is converted to thrombin under the
influence of thromboplastin and calcium. The thrombin then
interacts with fibrinogen to produce fibrin. At the time
of introduction of his theory Morawitz used the term thrombo-
plaétin in reference to tissue extracts believing that this
was the only requirement together with calcium needed for
the conversion of prothrombin to thrombin. We realise now
that this interpretation of thromboplastic activity is too

narrow, but allowing for this Morawitz theory is still valid.

Classical Theory

Prothrombin of Blood
Coagulation.
Thromboplastin
]Calcium
N/
Thrombin + Fibrinogen

Fibrin
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Morsawitz appreclated that in the circulating blood pro-
thrombin, calcium and fibrinogen were present and he sug-
gested that the maintenance of the normal intravascular
fluid state of the blood was due to the absence of active
thromboplastic activity. It was belleved that on injury
thromboplastic activity was derived from the wounded tissue
or from the disintegration of platelets.

Research during the Classical Era was malnly devoted
to the development of our knowledge of the components of the
Classical Theory.

Prothrombin: It was not until many years after Morawitz

postulated his Classical Theory that prothrombin was accepted
as a real entity in the coagulatlion system; it was a hypo-
thetical substance when first proposed. There have been
many hypothetical components of the coagulatlon system which
have not withstood the advance of sound experimental observa-
tion, but prothrombin has been generally accepted. The best
early observations on prothrombin were made by Bordet and
Delange (1914). They added to vlasma an insoluble inorganic
precipitate (caleium phosphate), which was subsequently re-
moved by centrifugation; the supernatant failed to clot on
the addition of tissue extract and calcium. They were able
to elute from the calcilum phosphate a substance, which when

added to the supernatant would restore normal coagulation.
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This provided reasonable proof of the existence of prothrom-

bin.

Plasme Fractionation by Adsorption on Inorganic Precipltates.

The work of Bordet and Delange introduced important
techniques to laboratory research on blood coagulation. The
addition of calclum phosphate to plasma was used by them as
a method of fractionation by adsorption of a specific coag-
ulation component on the inorganic precipitate. This
technique has been used extenslively during the work described
in this thesis, the adsorbing inorganic precipitate being
aluminium hydroxide (alumina). Certain coagulation factors
are adsorbed on the inorganic precipitate and removed by
centrifugation while others are left in the supernatant.

The experiments of Bordet and Delange also introduced an
lmportant principle to blood coagulation research in that
clotting can be prevented by the removal of a factor and the
defect corrected by its restoration. Later workers (Noif
1945, Owren 1947, Fantl and Nance 1948, Ware and Segers
1948) used the property of adsorption of prothrombin upon
inorganic precipitates as the basis for methods of Prepara-
tion of prothrombin.

Thromboplastin: The term thromboplastin in the Classi-

cal Theory was used by Morawltz in particular reference to

the Qoagulant activity of tissue extracts. It is now
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appreciated that such tissue extracts form only a part of
the mechanism involved in the conversion of prothrombin to
thrombin. The development of thromboplastic activity in
which tissue is an essential component is referred %o,
throughout this thesis, as exbtrinsic thromboplastin. During
the era of the Classical Theory only very limited attention
was pald to the blood's own thromboplastin mechanism (in-
trinsic thromboplastia), though it was appreciated that such
a mechanlism probably did exist. Blood collectsd without
tissue contamination clots under the influence of thia in-
trinsic thromboplastin system.

Extrinsic Thromboplastin: As mentioned above, blood,

which is collected by venepuncture and in part delivered to

a clean tube, and in part to a tube containing tissue extract,
takes several minutes to coagulate in the clean tube, whereas
it requlires only a few seconds in the tissue extract tube.
This accelerating effect of tissue on coagulation is due %o
the extrinsic thromboplastin system.

The chemical nature of thia tissue factor has been in-
vestlgated. There is some measure of agreement that g
lipold is at least a part of the reacting principle. S ome
have said that this is a lecithin, others that 1t is g
cephalin. It is probable that thromboplastic activity is

enzymatic in nature accelerating throubin formation from
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prothrombin but not affecting the eventual smount formed.
Proteolytic enzymes have been shown to form thrombin from
prothrombin. Macfarlane and Pilling (1946) and Macfarlane
(1947) demonstrated that soya bean trypsin inhibitor, which
is antiproteolytic, inhibits the action of thromboplastin.
Intrinsic Thromboplastin.

Thromnbocytoovenla and Platelets.

Morawltz believed that there was thromboplastic activity
in platelets and that the coagulation of blood in contact
with wound surfaces was the consequence not only of the
thromboplastic action of tissue but also of platelets. He
believed that this was released from platelets when they came
in contact with the foreign surfaces of the wound. Various
contemporary workers had postulated that platelets were con-
cerned with coagulation. Hayem (1877), Bizzozero (1882)
and Burker (1904) all believed that platelets had some role
to play in coagulation. Delezenne (1897) demonstrated that
the removal of thrombocytes from goose blood by centrifugation
made 1t incoagulable. There were some who believed that
platelets provided prothrombin but this was disproved by the
experiments of Bordet and Delange (1912), Eagle (1925), Mills
(1927) and Ferguson (1936).

In 1911 Bordet and Delange made important observations

on the action of platelets; they showed that very little
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thrombin is formed in serum from plasma freed from platelets
and that the serum contained much prothrombin. After clobt-
ting of normal blood serum contained only traces of pro-
thrombin; prothrombin consumption therefore was defective
where there was a deficiency of platelets (Bordet and
Delange 1912). These observations were of fundamental im-
portance; they were the first observations of importance
into the blood's own thromboplastin (intrinsic thromboplastin).
Prothrombin conversion to thrombin is dependent on the pres-
ence of thromboplastin. When the thromboplastlic activity

of the blood is normsal, the prothrombin is converted completely
to thrombin by the end of one hour after withdrawal of the
blood, 1f it is maintained at 37° C. Where there is consld-
erable prothrombin left after one hour at 37° C. there is
defective development of thromboplastic activity. This 1s
the basis of the well-known procedure called the prothrombin
.consumption test. Defective prothrombin consumption is g
non-specific indication of fallure of intrinsic thrombo-
plastin. The demonstration by Bordet and Delange of defect-
ive prothrombin utilisation in thrombocytopenla provided

good evidence that platelets were requlred for intrinsic
thromboplastin formation.

Haemophilia and anti-haemophilic globulin. Hopff in-

troduced the term haemophilia in 1837. Ancell in 1839-1840
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described it as an hereditary condition, affecting the males
of a family but capable of transmission by the female.
Wardrop (1835) considered that the disease was due to a de-
ficiency of the coagulating powers of the blood. Liston
(1838-1839) demonstrated that there was deficient fibrin
formation in the blood. Ancell (1839-1840) recognized the
beneficlal effects of blood transfusion in the conditlon.
Weil (1906) was the first to recognise that the addition of
a small quantity of normal plasma to the hasmophilic plasma
corrected this defect. Addis (1911) demonstrated in vitro’
that 20 per cent of normal plasma restored the clotting time
of haemophllic plasma. He then showed that a fraction of
normal plasma, prepared by acid precipitation of the globu-
lins with subsequent removal of fibrinogen,was able to cor-
rect the haemophilic defect. It could have been deduced
from this experiment that a clotting factor lacking in
haemophilla was present in the globulin fraction of normal
plasma,. To Fursky in 1924 goes the credit for demonstrat-
ing that normal plasma deprived of platelets was as good as
whole blood in shortening the clotting time of haemophilic
blood. This confirmed that the defect in haemophilia was
related to the plasma rather than the platelets. Pohle ang
Taylor (1937) produced a concentrated "globulin materigl"
which reduced the coagulation time in haemophilisg.
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Brinkhous (1939) demonstrated defective prothrombin
consumption in haemophilia. This was valuable evidence
that the defect in haemophilia was an inability to form in-
trinsic thromboplastin. Since the missing plasma component
is a globulin, it has been called anti-haemophiliec globulin
(A.H.G.). It was believed in view of the defective pro-
thrombin consumption that A.H.G. was needed for blood thrombo-
plastin formation.

As thrombocytopenia and haemophilia both had defects
characterised by inability to convert prothrombin to throm-
bin it was appreclated that platelets and antihaemophilic
globulin (A.H.G.) were likely to be essential components of
blood thromboplastin. Platelets can be prepared by the
differential centrifugatlion of plasma and plasma fractions
prepared contailning A.H.G. When these were incubated to-
gether, however, no appreciable thromboplastin activity was
developed. This system was recognized therefore to be in-
complete. The work described in this thesis is concerned
in large part with the application to clinical medicine of
those aspects of blood coagulation relating to the recent
developments of our knowledge of intrinsic thromboplastin.

Quick's one-stage "prothrombin" test.

In 1935 Qulck introduced his well known and valuable

test. This test was based on the Classical Theory and was
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theoretically sound at the time of its introduction. The
principle of the test was that the addition to plasma of an
excess of tissue extract and calcium would leave only one
limiting factor, prothrombin which could therefore be meas-
ured. For this to be true it had to be assumed that the
speed of thrombin formation under these conditions 1s pro-
portional only to the amount of prothrombin present. It

is now appreciated that the test is a measure of the rate,
not the amount of prothrombin conversion. Nevertheless it
has led to the elucidation of many aspects of blood coagula-
tion and 1is still the most commonly used method for the con-
trol of anticoagulant therapy with the coumarin drugs. A
prolonged clotting time by the one-stage test is popularly,
but erroneously, referred to as due to "hypoprothrombinaemia.
The tissue extract in popular use in this test is an acetone-

dried extract of rabblt or human brain.

Post-Classical Era (1943-1956).

The developments in our understanding of blood coagula-
tion since 1943 are intimately related to the subject matter
of this thesis and will be considered in detail in the suec-
ceedling chapters. The discovery in 1943 by Owren of a
patient with a prolonged one-stage "prothrombin" time, not
due to deficiency of prothrombin revealed a discrepancy in

the Classical Theory and led to the discovery of factor V.
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(Owren 1947). A further discrepancy in the one-stage test
led soon thereafter to the discovery of yet a further co-

agulation factor - factor VII.

Other Theories of Blood Coagulation.

In order to follow some reasonable seguence in this
chapter?I have purposely followed the basls of the Classical
Theory. This gives the false impression of continued pro-
gress along one line of thought. There were however many
very different theories during this period which added to the
confusion of the contemporary workers. These additional
theories give some appreciation of the difficulties whilch
may beset the coagulation worker and an account of them has
been given by Biggs and Macfarlane 1953. Only a few are

mentioned here.

Howell's Theory (Howell 1935).

This theory stated that the occurrence of coagulation
was due to the removal of an inhibitor. Howell believed that
prothrombin was converted to thrombin by the action of cal-
clum alone and that the fluldity of the circulating blood
was dus to the prothrombin being in combination with heparin.
Thromboplastin inactivated the heparin and permitted the
actlvation of prothrombin to thrombin by calcium. This

theory has been dlsproved by the observation that preparations



_.(34‘,

of prothrombin cannot be converted to thrombin under the
influence only of calcium and brain extract. (Nolf 1945,
Owren 1947, Ware and Seegers 1948 and Milstone 1948).

The Theory of Nolf.

The work of Nolf is worthy of special mention. It
covers almost the whole era of the classical theory from
1908-1945. His work, which was probably the most progressive
of its time, received little recognition because of the com-
plexity of some of his writings and experimental detaills.

It was not until the classical era was on the wane that his
experiments and concepts received general recognition.

In 1908 he recordedvhis views in the following equation:-

Thraﬂbozymeg) 4 thrombogen l 4 fibrinogen
(equivalent to (equivalent
prothrombin) to factor V)
Accelerated
by tissue

and ca,lciumJ

7

Fibrin 4 thrombin

In 1945 Nolf restated his views in more modern terms.
By the treatment of plasma with Caz(PO,) he could remove his
thrombozyme leaving behind thrombogen and fibrinogen. The
thrombogeh of Nolf corresponds to the factor V of Owren.
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The Theory of Bordet

Bordet (1920) observed that bird blood collected into
paraffin lined containers clotted more slowly than when 1t
was delivered into untreated glass surfaces. This
suggested that something present in the blood was activated
by contact. Bird and rabbit plasma freed from most
cells by centrifuging in paraffin lined containers clotted
very slowly on the addition of calcium, and after
coagulation much sefozyme (prothrombin) remained in the
serum. On the addition of thromboplastin (cytozyme)
the serum formed thrombin at greater speed than did the
corresponding plasma (Bordet and Delange, 1912, Bordet 1920).

Bordet's theory may be summarised: -

contact. Ca ++

Pro-serozyme > Serozyme

Serozyme + cytozyme » Thrombin

Thrombin + fibrinogen _y Fibrin

Bordet's experiments were of value in that he demonstrated
some change to be occurring as a consequence of contact with
a foreign surface and as a sequel to coagulation itself.
Robb-~Smith has recently ably reviewed many of the
historical aspects of research into blood coagulation

(Robb-Smith 1955).
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Inhibitory Mechanisms.

In addition to the system for the formation of fibrin
there is evidence of mechanisms for the prevention of fibrin
formation and for its removal when it has been deposited on
intravascular sites. In respect to the prevention of fibrin
formation there is a powerful antithrombin, and probably an
antithromboplastin. The fibrinolytlc mechanism for the
removal of fibrin appears to be as complex as that for its
formation.

Antlthrombin. When thrombin formation in whole blood

is studied it disappears rapidly following fibrin formation.
(Schmidt 1892). Solutions containing thrombin coagulate
preparations of fibrinogen more rapidly than they do oxal-
ated or citrated plasma (Morawitz 1905, Mellanby 1909).

This antithrombin activity of plasma is present in the

albumi¢n fraction (Qulck 1938); prothrombin can be obtained
from plasma freed from antithrombin by dilution and acidifica-
tion at PHS.

Antithromboplastin: When the progress of blood thrombo-

plastin formation is followed it will be seen to decrease in
potency with the passage of time. Whether this is a measure
of the instability of the thromboplastin itself or to the
exlstence of a separate inhiblitor system 1s not known.
Heparin. The discovery of heparin by McLean in 1916
led to further study of the inhiblitors of blood coagulation.
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Heparin interferes with the action of thrombin and fibrin-
ogen. This activity is dependent on a co-factor, present

in the albumin fraction of plasma. In a system containing
isolated thrombin and fibrinogen the heparin is relatively
inactive in the prevention of the thrombin-fibrinogen re-
action (Howell & Holt 1918, Mellarby 1935, Quick 1938).
Howell alsc suggested that heparin interfered with the re-
actions preceding thrombin formation. No appreciable amount
of heparlin has been isoclated from normal blood and the normal
antithrombin activity is believed to be independent of
heparin or its cofactor. (Lyttleton 1954).

Fibrinolysis. In the normal process of haemostasls

and the repair of wounds the fibrin deposited is not a per-
manent structure. It serves merely as a temporary method

of preventing blood loss and of providing a supporting frame-
work for the growth of fibrous tissue. When this permanent
form of repalr is adequate the fibrin is removed. Similarly
fibrin, which 1s deposited intravascularly in thrombus
formation can be rewmoved. The blood itself contains a
fibrinolytic system which when fully activated is very power-
ful and capable of dissolving fibrin in a few minutes. By
recently developed methods it can be shown that normal bloog
contains some active fibrinolysin. This fibrinolytic act-

ivity may be much increased’in vivo' by physiological stimuli
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such as exercise or pathologically, for example, after In-
Jury or in chronic parenchymatous liver disease. It is
believed that the active enzyme fibrinolysin has an inactive
precursor profibrinclysin. The activation of profibrin-
‘olysin to fibrinolysin can be carried out "in vitro" by the
.addition of tissue or of certain bacterial enzymes particu-

- larly streptokinose and streptodornase. It can apparently
also be actlvated by removal of an inhibitor system, by
treatment with chloroform or other organic solvents. Trypsin

is capsble of activating the system and is itself proteolytic
to fibrin.

Profibrinolysin (plasminogen)

Tissue

IBacteriai}

< Trypsin

Fibrinolysin (plasmin)

[Antifibrinolysin)

(Removpd'in
vitro by
chloroform)

Fibrin
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THROMBIN - FIBRINOGEN REACTION
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A1l experimental observations in blood coagulation de-
pend on the reaction of thrombin with fibrinogen and the
resultant formation of a fibrin clot. This 1is the only end
point in the whole field of research on blood clotting and
through this small window the coagulation worker is attempt-
ing to view the complicated reactions which form our present
concepts of blood coagulation. The further away from this
end point at which any reaction may be occurring the more
difficult it is to study.

Thrombin can be defined as the substance, derived from
the prothrombin of plasma, which clots fibrinogen to form
fibrin. Thrombin is formed from prothrombin by a complicated
chain reaction which 1s at present only partially understood.

In dealing with the thrombin-fibrinogen reaction at this
stage the final result is being described, before dealing
with the reactions which precede it. This is inevitable,
however, the thrombin-fibrinogen reactlion being the only

avallable indicator system.

Fibrinogen.

Fibrinogen is defined as a globulin which interscts
‘with thrombin to produce a visible fibrin network or clot.
It has a molecular welght of 400,000 and the molecule is 3-4
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times larger than the other plasma globulins. It is de-
stroyed by heating to 47° C. 4

Fibrinogen is prepared from plasma by precipitation
with salts, alcohol or ether. Different laboratofies have
used different species of plasma for their preparations of
fibrinogen - some use human plasma while others use bovine
plasma. The purity of the preparations has varied and has
probably been in part responsible for contradictory results
in different laboratories.

The method of preparation of fibrinogen used throughout
this work has been that of Jaques (1943) and the details are
given in the appendix (page 555 ). Human plasma was used
throughout for the preparation of the fibrinogen. It has
been shown by Avery .and Monroe (1948) that this is relatively
the purest form of fibrinogen when compared with other meth-
ods in common usage. This preparation of fibrinogen is free
from other known coagulation factors except antihaemophilic
globulin (the missing component in haemophilia) and possibly
profibrinolysin (concerned in the fibrinolytic mechanism).

Measurement of Fibrinogen: This was carried out by the

micro-Kjeldahl technique and the details are given in the
appendix (page 590 ). This is the only chemical assay used
throughout this work - the other procedures all being bio-

- logical. The method is dependent on the assumption that
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fibrinogen is converted quantitatively into fibrin by
thrombin. The fibrin is then carefully collected on a glass
rod, washed so far as possible in saline to remove other
proteins and assayed as nitrogen by the micro-Kjeldahl
technique.

Thrombin - may be defined as the active coagulant of
fibrinogen, which appears in plasma during its coagulation.
It is destroyed by heating to 60° C. but has a remarkable
resistance to acetone.

Thrombin is prepared by separation of prothrombin from
antithrombin and the subsequent activation of this pro-
thrombin to thrombin gives a solution from which the thrombin
can be prepared. Seegers et al (1950) have prepared throm-
bin from prothrombin by dissolving the latter in 25% citrate..
(A similar experiment 1s described in the aﬁpendix page 6 ).
Using this method no extraneous factors were added and the
product was said therefore to be "pure". This product when
tested electrophoretically was found to consist of three com-
ponents. Thus there is some doubt about the chemicsl purity
of even the best preparations of thrombin. The preparation
of prothrombin used by Seeggrs in these experiments, it is
now appreciated, contalned at least two other coagulation

components.

The preparations of thrombin used in this present work
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Thrompin~fitrinogen dilution curve.

Ordinate - clotting tiwe of fibrinogen in seconds.

Abscissa -~ thrombin units.

0.4 ml. amounts of fibrinogen were clotted with
various concentrations of thrombin and the clotting times
recorded. The batches of fibrinogen were found usually
to "fit" curve A. Occasionally this has not been so and
curve B represents a separate curve‘prepared for omne
particular batch of fibrinogen. ‘

In the accompanying figure is shown an example of
the differing résult, which may arise from a set of
clotting times of fibrinogen, when read off the curves
A and B; In this experiment the progress of thrombin
formation from prepared prothrombin was being studied.
This illustrates the impoftandé of using the thrombin-
fibrinogen dilution appropriate to the batch of

fibrinogen in use.
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have been shown to contain traces of thromboplastic activity
but the preparations are adequately pure for most observa-
tions. The details of the method used for the preparation
of thrombin are given in the appendix (page 556).

Interaction of thrombin and fibrinogen. Thrombin-fibrinogen
Dilution curve.

When increasing concentrations of thrombin are added to
fibrinogen in an antithrombin-free system the clotting time
shortens proportionately and it can be shown that

c.T. —%— Formula (1)
C.T. = Clotting Time

T. = Conc. of thrombin.

This means that if we have twice the concentration of throm-
bin the clotting time of the fibrinogen is halved. In

figure | a curve is shown which 1s prepared by clotting

0.4 amounts of fibrinogen with 0.1 amounts of varying
strengths of thrombin. This can be expressed as a straight
line relationship by plotting the clotting time agéinst the
reciprocal of the concentration of thrombin. (See Figure 2 ).
This line does not pass qulte through the zero point as no
matter how concentrated the thrombin it still requires some
time to clot. At low concentrations of thrombin the

relationship is also unreliable because the process of



Figure (2)

e

. ) T PN
-~ 4 [ P
‘é!‘ W ’ -
[T
.
P
SRR
1



Thrombin-fibrinogen dilution curve.
(Thrombin concentration as a reciprocal).

Ordinate -~ clotting time of fibrinogeq‘in seconds.

Abscissa - concentration of thrombin as a reciprocal.

0.4 ml., amounts o1 fibrinogen were clotted with
various concentrations of thrombin and the clotting times
recorded. Tt will pe seen that when the clotting times
of the fibrinogen are plotted against the recifrokal of
the concentration of tnromoin)there is a straight line

relationship.
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coagulation is more protracted and no clear end point can be
defined. The relationship expressed above 1is only true
within certain limits. It is found in practice‘hcwever

that the range 1s adequate to cover most experimental observa-
tions. Astrup and Darling (1941) have demonstrated that im-
pure preparations of fibrinogen do not obey this relationship

and therefore only "pure" preparations should be used.

Princliples in the assay of prothrombin.

The measurement of prothrombin is dependent on the assay
of the thfombin, which can be produced from the prothrombin.
In such a technique the thrombin is developed from the pro-
thrombin in an incubation mixture and the thrombln assayed,
by transferring at intervals aliquots into fibrinogen, the
clotting time of which is determined. Such a technique is
descrlibed as a two-stage method. In a one-stage method the
fibrinogen is in the incubation mixbure and 1s clotted by the
thrombin as it develops.

It has been shown by Biggs (1951) that, while working
in an antithrombin free system, when prothrombin is converted
to thrombin in the two-stage technique, then the amount of
thrombin formed as represented by the minimum clotting time
of the fibrinogen is directly proportional to the amount of

prothrombin present.
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i.e. PX T - Formula (2)
where P 1s the concentration of prothrombin
and T 1s the concentration of thrombin formed.

From formulae (1) and (2) it follows that

in the two-stage test free from antithrombin.
Thus:

Minimum clotting time of normal
Minimum clotting time of abnormal

= Concentration of prothrombin in abnormal
Concentration of prothrombin in no

e.g. in an experiment where prothrombin has been freed from

antithrombin by preparation of the globulin fraction

Minimum clotting time of normal = 12 secs. = 10.4 thrombin

unlts.
Minimum clotting time of abnormal = 18 secs. = 6.8 thrombin
units.
Thus 12 = Unknown
" 18 100
Unknown = 12
15 ¥ 100
=  66%.

or expressed in thrombin unlts (see below).

Thrombin units of unknown - 6.8 = g%,
Thrombin unlts of normal 10.4 ]
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The nature of thrombin-fibrinogen reaction is compli-
cated and imperfectly understood. The reaction has been
studied using whole plasma or purified fibrinogen. When
whole plasma 1s used substances other than fibrinogen are
affecting the reaction, for example the variability in the
antithrombin content. On the other hand when purified
fibrinogen is used it may bear little relationship to the
true reaction in plasma.

Using purified thrombin and fibrinogen unfortunately the
reaction 1s variable. Many solutions of fibrinogen deposit
a white sediment on standing in the cold. This readily re-
dissolves on warming and has been called profibrin (Apitz
1938) . This cold-insoluble substance reacts much more rap-
idly to thrombin than does the supernatant solution (Owren
1947). If different preparations of fibrinogen contain a
variable amount of this substance thelr reaction to thrombin
will naturally be variable. Many other factors influence
the speed of the reaction between thrombin and fibrinogen.
Concentration of fibrinogen may cause some change 1in reactiv-
ity particularly towards dilute thrombin. Temperature in-
fluences the reaction, the optimum being at 37° G. Fibrinogen
from different species behaves differently to the same thrombin.
The reverse however is not true in that 1t appears that the

thrombin of different species has the same reactivity with the
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one specles of fibrinogen.

Thrombin units.

Thrombin 1s usually measured in units which are defined
by the speed of clotting of fibrinogen. The definition of
a thrombin unit has varied from one laboratory to another.
Owren (1947) in his work on factor V - "The coagulation of
Blood - Investigations on a New Clotting Factor" - defines
a thrombin unit, "one thrombin unit has been defined in this
study as equal to the amount of thrombin which in a volume
of 1 cc. containing 0.10 per cent fresh profibrin-free human
fibrinogen at a temperature of 37° C., pH 7.3 and sodium
chloride concentration 0.154m, causes coagulation in 15
seconds."

This absolute definition of a thrombin unit enables
thrombin solutions of constant strength to be prepared but
in practice the errors from one laboratory to another must
necessarily be considerable. As discussed above, a diffi-
culty which sometimes arises, 1s that the reactivity of one
batch of fibrinogen, as compared with another, may vary con-
sidérably. The preparations of fibrinogen used throughout
this work in general fitted the curve A shown in figure / .
In the case of one of the batches of fibrinogen a new curve
had to be drawn (see B of figure | ). It is thus difficuls

or even impossible to define a thrombin unlt which will have
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the same meaning to every laboratory.

Early in this work there was available a preparation
of human thrombin of stated unitage per mg. This was
adopted as the basis from which subsequent standardisations
were made. The original calibration of the thrombin was
made using a certain batch of thrombin topical (Roche) which
was stated to contain at least 1000 units of thrombin per cc.
of solutioﬁ.

Every new batch of fibrinogen was tested against the
existing batch of thrombin and vice versa. It was essential
therefore not to allow the preparationa of thrombin and
fibrinogen to become exhausted together. With each test
the clotting time was plotted against the reciprocal of the
concentration of thrombin to ensure that these points fell
on a straight line which passed near zero though not neces-
sarily through it, e.g. Figure 2 . It was necessary also
to fix one point on the existing thrombin-fibrinogen dilution
curve to determine whether the new points fitted the old
curve. On one occasion only with a new batch of fibrinogen,
this was not so; a thrombin-fibrinogen dilution curve was
made, individual to this preparation of fibrinogen (Curve B -

figure /[ ).

Summary .
(1) The relationship of the clotting time of fibrinogen
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by thrombin 1s described. Over a certain range, the clot-

ting time is proportlional to the reciprocal of the concentra-

tion of thrombin.

(2) The measurement of thrombin in terms of thrombin
units and the preparation of a thrombin-fibrinogen dilution

curve are described. The use of this for assay of thrombin

l1a demonstrated.

(3) The amount of thrombin formed represented by the
minimum clotting time of fibrinogen in an anti-thrombin free

system)is directly proportional to the amount of prothrombin

present.

(4) Detalls of the methods used for the preparation of
fibrinogen and thrombin and for the measurement of fibrin are

glven in the appendix.

(5) The clotting of fibrinogen with thrombin is the
final stage in blood coagulation and it is the only stage
which can be observed directly. All reactions prior to the
thrombin-fibrinogen reaction are inferred from the rate of

coagulation under varying circumstances.
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CHAPTER 3

THE DISSOLUTION OF THE CLASSICAL THEORY

Since the clotting time of fibrinogen is proportional
to the amount of thrombin present and since prothrombin 1s
believed to be quantitatively converted to thrombin methods
have been devised to measure prothrombin.

In 1935 Quick introduced the one-stage test as a measure
for prothrombin. The theory of blood coagulation at the
time was the Classical Theory and the test on this basis
theoretlically sound. It was assumed that when an excess
of tissue thromboplastin and calcium was added to plasma
there was only one limiting factor prothrombin, which could
then be measured. According to the Classical Theory the
speed of thrombin formation iIn the one~stage test is con-
trolled only by the concentration of prothrombin. The dif-
ficulties in the application of this test as a measure for
prothrombin willl be discussed later. For the present it
is the purpose merely to consider how certain discrepancies
in the one-stage test led to the development of much of our
recent knowledge of the prothrombin complex. The dissclu-
tion of the Classical Theory marked also the dissolution of

Quick's one-stage tést as a measure for prothrombin. The
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Quick's one-stage Test - saliné dilﬁtion curves.

O;dinate - clotting times of plasma and dilutions
of plasma in seconas. -

Abscissa - concentration of plasma ("“protnrompin")
in saline.,

- 0.1 ml. amounts of plasma or dilutions of plasma
were clotted after the addition of O.l’ml. brain
thromboplastin and 0.1 ml. of m/40 calcium chlofide.

a b c de correspond to different preparations of

thromboplastin with corresponding variation in the

clotting time of the whole plasma.
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Tievre (4

Quick'!s one-stage test - salinesdilution curves
(¢oncentration of plasma ("prothrombin")
expressed as a reciprocal).

Ordinate - clotting times of plasma and dilutions

of plasma in seconds.

Abscissa - concentration of plasma (prothrombin)

in saline expressed as a reciprocal.

The data used in this figure is the same as that in

figure (3).
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technical details of Quick's one-stage "prothrombin" test
as used in this work are given in the appendix.

The preparstion of a saline dilution curve is also de-
scribed; Pigures 3 and 4 illustrate the dilution curves
prepared using acetone drled human brain thromboplastin.
The series of curves is required because the prepared thrombo-
plastin may vary, so that the clotting time of the control
plasma differs from one day to the next. The dilution
curves shown are applicable only to acetone dried human
brain. The results for example using saline extract of
human braln cannot be read from these curves. Even though
the clotting times of the normal plasma are the same with
the two thromboplastins the result with an abnormal plasma
or & specified dllution of the normal may be different, e.g.

Plasma - Normal Abnormal 12.5% dil-
— ution
Acetone dried brain - 15 30 26

Phenol-~-saline braln 15 46 a7

Other similar examples are shown in the sppendix page -7--.

At the end of the Classical era the following conditions
were known to give a prolongation of the one-stage clotting
time by Quick's technique.

(a) in the new born infant on the third and fourth days

and in haemorrhagic disease of the newborn.

(o) in some cases of jaundice, particularly obstructive
jaundice.



(¢c) in some cases of steatborrhoea.

(d) after the administration of certain drugs particu-

larly dicumarol and salicylates.

Quick's test for the measurement of prothrombin was
introduced in 1935. In the following year Warner, Brinkhous
and Smith (1936) described the two-stage method of pro-
thrombin assay. In this technique the same reagents were
mixed as in the one-stage test of Quick, namely plasma,
tlssue extract and calcium. The development of thrombin
in this incubation mixture was followed by transferring
aliquots to fibrinogen and recording the clotting time of
the fibrinogen. The prothrombin content was estimated by
comparing the thrombin generated from the test plasma with
that from a normal plasma. The discrepancy between the
assays by the one-stage method and the two-stage technique
ralsed the possibility that the Classical Theory was incom-
plete.

Factor V. It was not untill 1942_that the 1inadequacy
of the Classical Theory became obvious when Owren investi-
gated a patient with haemorrhagic disease, the feature of
significance belng a prolongation of the one-stage clotting
time (Owren 1947); according to the Classical theory this
patient would be said to lack prothrombin. As described in

Chapter !/ prothrombin can be removed by adsorption on



inorganic precipitates. Normal plasma so treated has a
much prolonged one-stage clotting time or may even be in-
coagulable. Normal plasma so treated, was able to correct
the defect in Owren's casge. The work consequent upon

this experimental observation established that plasma con-
tained a previously unrecognised coagulatlion component which
was named factor V by Owren .(1947). The concept at the
time of discovery was that this new factor was an acceler-
ator of prothrombin conversion - i.e. it entered the re-
action after prothrombin conversion had started. It was
required for the conversion of prothrombin when this was
occurring under the influence of tissue thromboplastin. It
was not adsorbed by inorganic precipitates and therefore was

present in the supernatant after adsorption.

Factor VII. When dicumarol or any of the related
drugs are adminlstered therapeutically, there is a prolonged
one-stagé clotting time by Quick's test. When the factor V
content of dicumarol plasma is assayed, there is no signifi-
cant reduction in the factor V. According to the theory
the prolonged one-stage clotting time should therefore have
been due entirely to a deficiency of prothrombin. In 1948,
Owen*Bollman reported that the addition of one part of normal

gserum to nine parts of dicumarol plasma caused a marked



shortening of the one-stage clotting time. Serum contains
little prothrombin and thus the possibility of yet a further
coagulation component had to be considered. This property
of serum 1is ascribed to its content of factor VII.

These three components of the prothrombin complex

(prothrombin, factors V and VII) require detailed considera-
tion.

Prothrombin.

Prothroﬁbin may be defined as the precursor of thrombin
and has been extensively investigated during the last decade.
When it was first named, prothrombin was a hypothetical sub-
stance, but it has since been accepted as a real entity in

the coagulation systen.

Preparation of prothrombin.

In order to study the properties of prothrombin attempts
were made early in the Classical Era to separate prothrombin
from other plasma proteins. In 1914 Bordet and Delange
prepared prothrombin from bird plasma by adsorption on tri-
calcium phosphate and release with carbon dioxide. Mellanby
(1930) prepared prothrombin by diluting oxalated beef plasms
with water and precipitating at pH 5.3. The prothrombin
was then selectively dissolved from the globulin precipitate
by brief treatment with lime water. A product of considerable
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activity was prepared by Seegers, Smith, Warner and Brinkhous
(1938). In their method the prothrombin, after precipita-
tion from diluted plasma at pH 5.3 was adsorbed on Mg(OH),.
The prothrombin was liberated from‘the adsorbent by carbon
dioxide. Seegers and his colleagues have since made a par-
ticular study of the preparation of prothrombin; their most
recent technique is described by Seegers (1952). This more
recent technique is similar to the 1938 method with the ad-
ditional procedure that the prothrombin is fractionated with
concentrated ammonium sulphate and finally precipitated from
aqueous solution near the isoelectric point. The product

is fairly stable after lyophil drying but the stability varies
from one batch to the next. Seegers and his colleagues

have made a detalled study of the separation of prothrombin
but, it is now appreclated that, even their best prepara-
tions are likely to contain conslderable amounts of two other
coégulation components.

The method of preparation used in this work is described
in detail in the appendix. In principle 1t depends on the
adsorption of the prothrombin from human plasma on aluminium
hydroxide and its subsequent elutlion with phosphate buffer.
The details of the method of preparation of aluminium hydroxide
are also given in the appendix. Prothrombin prepared in this
way 1s freed from factor V and antihaemophilic globulin,



fibrinogen and antithrombin.

Unlts of prothrombin.

The amount of prothrombin present in a preparation is
sometimes measured in terms of the number of units of thrombin
that can be formed from it under optimal conditions. It is
then said that a unit of prothrombin is that amount of pro-
thrombin which is capable of forming one unit of thrombin.
Ware and Seegers (1948) and Owren (1947) have adopted this
terminology.

Activation of prothrombin to thrombin by concentrated sodium
citrate.

Seegers, McClaughry and Fahey (1950) describe an ex-
perimént designed to show that thrombin can be derived from
prothrombin in the absence of other coagulation factors. A
solution of prothrombin was made in 25% sodium citrate and
the appearance of thrombin tested by transferring allquots
into fibrinogen; A similar experiment is described in the
appendix (page &ff ). Seegers, McClaughry and Féhey con-
cluvded from this that prothrombin must contain all the struct-
ural material needed for thrombin. It is now appreciated,
however, that their preparations of prothrombin were not pure
and must have contained at least two other coagulation
factors (factor VII and the recently recognized Christmas

factor).



aé"l,

Factor V.

The term factor V is used for the coagulation component
mentioned above and now to be discussed in more detail, as
Owren who used this term made an important study of its prop-
erties. He subsequently renamed this factor "accelerin" and
a hypothetical precursor as "pro-accelerin®. The evidence
that there is a precursor form of this factor is insufficient
and it is proposed to retain Owren's original term "factor V".
Owren's contribution to this study was outstanding and serves
as a model of careful experimental observation in this field.

For this reason his work will be described in some detail.

Owren's investigations of his patient.

In April 1943, Owren investigated his case - a 29 year
old female suffering from a haemorrhagic diathesis since the
age of 3% years. The outstanding feature of this case was
a prolonged one-stage clotting time -~ 70-80 seconds as com-
pared with a normal of 15-20 seconds. Owren removed pro-
thrombin from normal plasma by adsorption. Aluminium
hydroxide and magnesium hydroxide were used as adsorbing
agents. Passage of plasma through a Seitz filter was also
used by Owren for the removal of prothroubin. A mixture
containing 90 per cent of his patient's plasma and 10 per

cent of normal prothrombin~-free human plasma had a one-stage
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clotting time of 32 seconds. A similar proportion of
adsorbed ox plasma reduced the time to 18 seconds and of
adsorbed guinea~plg plasma to 24 seconds. The plasmas used
had been very thoroughly adsorbed in that they were incoagul-
able on the addition of brain extract and calcium. A mix-
ture containing 80 per cent of the patient's plasma and 20
per cent qf prothrombin~free normal plasma was sufficient %o
produce a normal one-stage clotting time of 16 seconds.

Owren made a preparation of probthrombin by adsorption
on Mg(OH), and liberation with carbon dloxide. He added
his preparation of prothrombin to his patient's plasma and to
the "adsorved" normal plasma. The one-stage clotting time
of his patient's plasma was llttlie altered whereas that of
the "adsorbed! normal plasma was completely corrected. Owren
then prepared prothrombin from his patient's plasma with
Mg(OH)o; the patient's prothrombin behaved with normal
adsorbed plasma as well as normal prothrombin, in its ability
to correct the one-stage clotting time. Owren added tissue
extract and calcium chlorida to the patient's plasma and
studied the speed of thrombin formation by adding aliquots
at intervals to fibrinogen and recording the clottling times.
The thrombin formation from the patient's plasma was very
élow as compared with that from normal plasma. By the

addition of adsorbed normal plasma to the patlent's plasma



the speed of thrombin formation was restored to normal.

From these investigations Owren concluded that in addi-
tion to tlssue exbract and calclum another component was
needed for the conversion of prothrombin to thrombin at
normal speed. As this was in addition to the four factors
in the classical theory - fibrinogen (I), prothrombin (II),
tissue extract (III) and calecium (IV) he named this new factor

as V.

Isolation og;gactor V.

Owren investigated methods for the preparation of his
factor V from plasma. He obtained the maximum yield by
precipltation with saturated ammonium sulphate in the 33-50
per cent fraction or by acid precipitation using 1 per cent
acetic acid between pH 5.0 and 5.5 in plasma, diluted 1/10
withbdistilled water. The plasmas used were rendersed free
from prothrombin by adsorption before commencing the prepara-
tion of the factor V. The ammonium sulphate saturation
me thod vielded a fibrinogen-free precipitate as distinct
from the acid precipitation where fibrinogen was still pres-
ent. Dried preparations of factor V remained active for
prolonged periods but in solution 1t was labile, the rate of

inactivation varying with the method of storage.



Activation of prothrombin by factor V, brain and calcium.

Owren prepared prothrombin by adsorption on Mz(0H)y, and
liveration by carbon dioxide under pressure. This prepara-
tion of prothrombin occasionally contained traces of factor V,
but was free from antithrombin. The prothrombin was then
activated in the presence of varying concentrations of
factor V.  Owren concluded from this experiment that the
velocity of thrombin formation rises with increasing con-
centration of factor V up to a certaln limit. Further in-
crease of factor V beyond this limit is without influence.

As a consequence of Owren's discovery the Classical

Theory of blood coagulation had to be amended to read as

follows: -

Prothrombin

Factor V

Tissue extract

Calcium
: v

| Thrombin + Fibrinogen

l Fibrin

Preparation of Factor V.

The method used throughout this study is one of two
techniques described by Owren. It is given in detail in
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the appendix. The principle is to remove prothrombin by
adsorption on Al(OH)5 and to obtain a precipitate contain-
ing factor V, between 33-50 per cent saturation with ammon-
ium sulphate. The addition to the adsorbed plasma of a

half volume of saturated ammonium sulphate (33 per cent sat-
uration) precipitates fibrinogen and antihaemophilic globulin.
This is removed by spinnlng ahd a further half volume of
ammonium sulphate added. This further precipitate contains
factor V. It is dissolved in a volume of saline egquivalent
to the original volume of plasma and dialysed agalinst ciltrate-
saline to remove the ammonium sulphate. The citrate-saline
containg nine parts of 0.85 per cent sodium chloride and one

part of 33 per cent sodium cltrate.

Measurement of factor V.

Two methods have been used throughout this thesis.

Method (1).

This is a modification of that used by McClaughry and
Seegers (1950) and is described by Douglas and Biggs(195ah
The fraction containing factor V is prepared from the normal
plasma and the test specimen under identical circumstances.
Each plasma is treated with the same amount of alumina for
the same duration of time. The factor V fraction from each

is made as described above by ammonium sulphate precipitation
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Tigure (5)

Factor V assay by the sctivetion of isolsted
prothrombin.

Ordinate - Thrombin units. _

- Abscissa - Time in minutes after recalcification
of the incubation mixture.

The factor V fraction is prepared from a normal and
the test specimen. "Pure" prothrombin is then activated
by brein and calcium and various concentrations of
fagtor V from the normal (continuous lines) - 100% to 0%
and from the test specimen (discontinuous line). | The H
test specimen is at the same concentration as the 100%

normal. The test specimen contains between 6 and 12 per

cent of factor V as compared with the control specimen.



Thrombin

Units
12 4
100
10-
o
8- 25 —
12
6.
4- %
0""" 3
21(/1/ // |
O
,I' =
2 4 6

Time in minutes



. 72' -

and dialysed for the same length of time. Both preparations
of factor V are then diluted one in twenty, with saline. In
the test system the one in twenty dilution of the normal is
called 100% of factor V and from this dilutions of factor V
are made from 50% to 1-5% by doubling dilutions. The test
specimen is examined at the original dilution of one-in-
twenty. Prothrombin is then activated by brain extract and
calcium in the presence of the preparations of factor V.

An example is shown in figure 5 (see also appendix page =~ ).
The continuous lines show the speed and amount of thrombin
produced under the influence of varying concentrations of
factor V. The unknown at one-in-tweanbty is shown as a dis-
continuous line and contains between 6 per cent and 12 per
cent of factor V. The dilutions of factor V are kept in a
refrigerator which is adjacent to the bench on which the
water bath is situated. If the factor V has to be kept on
the bench it should be placed in a bath of melting ice.

In later years the method was modifiéd 8o that only the
fifth and sixth minute points were taken. The time involved
in the assay was thus reduced. There was thereby less chance
of changes in the reactivity of reagents used between the

start and the finish of the experiment.
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Figure (8)

E?ctor V assay by the correction of stored
oxalated plasma.
" Ordinate - ciotting time of plasma - mixtures of
normal and stored oxalate piasma.
Abscissa - percentage of fresh normal plasma in
the stored oxalate plasma.
 Mixtures were made of fresh normal plasma in
stored oxalate plasma and the one-stage clotting times
recorded. These clotting times were then plotted

against the concentration of factor V.



60

507

30

20 40 60
percentage

80 100
factor v



Method (2).

Normal blood was collected into 0.1 m. sodium oxalate
on the day before the factor V assay was to be made (9 parts
of blood and 1 part of oxalate). The plasma was collected
by high speed centrifugation and placed in a water bath at
37° C. overnight. This caused very marked prolongation of
the one-stage clotting time due to loss of factor V. This
factor V deficient plasma 1s used for the assay. Mixtures
are made conbtaining one part of normal plasma and nine parts
of factor V deficient plasma and doubling dilutions of this
mixture made into factor V deficient plasma. A mixture is
also prepared containing one part of the test plasma and nine
parts of the factor V deficient plasma. One-stage clotting
times are done on these mixtures. Using the specimens con-
tainlng the varying amounts of normal a curve can be drawn

to be used for the assay - see figure 6 .

Other factors probably identical with factor V - Thrombogen.

Much other work supports Owren's findings. In 1908,
1928 and 1945 Nolf claimed that his thrombozyme (prothrombin
of other workers) when isolated from plasma by adsorption
on Cag (POy)o could not be activated to thrombin by tissue
thromboplastin and calcium chloride alone, but required a
substance from the adsorbed plasma which he called "thrombogen".

It is probable that Nelf's thrombogen is identical with
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factor V.

Labile Factor.

In 1943 Quick observed that his one-stage test pro-
gressively lengthened when oxalated plasma was stored.
Quick found that a mixture of equal parts of stored human
oxalated plasma and plasma from a dog under the influence of
dicumarol had a one-stage clotting time at least as good as
normal. He further observed that aluminium hydroxide
adsorbed little of this new factor. The factor which Quick
observed to disappear in stored oxalated plasma was named
by him as the "labile factor". Quick's labile factor is
belleved to be the same as Owren's factor V. Citrated
plasma as distinct from oxalated plaswma does not show this
phenomenon to nearly the same extent. The factor is much
more lablle in the presence of oxalate than it is in the
presence of citrate. (Fahey, Ware and Seegers 1948). Quick
and Stefanini (1948) described the method for the measurement
of the labile factor which is dependent on the ability to
correct the prolonged one-stage clotting time of stored
oxalated plasma. Method (2) described above 1s a modifica-
tion of this technlique.

Observations of Munro & Munro (1947).

These workers found that raising the pH of plasma to
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10.5 altered its one-stage clotting time. This defect
could be corrected by the addition of alumina-treated plasma.
This phenomenon is probably caused by the destruction of

factor V by change of pH.

Accelerator Globulin; Prothrombin accelerator

Ware and Seegers (1948 a & b) described accelerator
globulin (ac-globulin) and Fantl and Nance (1946, 1948)
described prothrombin accelerator; these factors are believed
to be identical with factor V. Both these groups of
workers showed that prothrombin, prepared by adsorption on
inorganic precipitates and elution, required their respective
factor for rapid conversion to thrombin.

The synonyms for factor V may be summarized as follows:

Coagulation components probably identical with factor V

Proaccelerin and accelerin (re-named by Owren 1951)
Labile factor (Quick 1943)
Accelerator of prothrombin conversion (Fantl & Nance 1946)

Plasma accelerator globulin (Ware & Seegers 1948)

Properties of Factor V

The material prepared by ammonium sulphate
precipitation of alumina adsorbed normal plasma is free
from prothrombin, other coagulation factors adsorbed

on alumina, and most of the fibrinogen , antihaemophilic



Figure (7)




Pieure (7)

Lability of factor V activity in solution.

Ordi;late ~ Thrombin units.

Abscissa - Time in minutes after recalcification
of incub-a’t,ién mixture.

This experiment shows the impaired ability to
activate prothrombin by the same preparation of
factor V, after its storage at bench temperature for
three hours. 0—11—0 represents the
activation by the fresh factor V and o—gi-o is the
result from the same specimen after 3 hours at bench

temperature.

N
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globulin and antithrombin. It is obvious however that the
factor V is not pure in any other sense. Factor V when
prepared is unstable, which complicates its use in experi-
mental work. For example if an experiment takes 3 hours

to compiete and the factor V. left at room temperature on the
bench may give different results at the end of the experi-
ment from those at the start. In Fig. 7 1s shown the re-
sults obtaihed by fresh factor V and by the same preparation
kept for 3 hours at room temperature)in their comparatilve
ability to activate prothrombln. Curve A 1s the activation
by the fresh factor V and Curve B 1is the result by the 3

B

hours' specimen. (See page ©'S of the appendix).

Role of‘factor V in blood coagulation.

It is not proposed to discuss this finally at the pres-
ent time as it has to be considered in relation to blood
thromboplastin. For the present it has been shown that this
factor V is required for the conversion of prothrombin at
optimal speed under the influence of tissue extract and
calciunm. According to Owren this factor enters the reactions
involved in prothrombin conversion after these have started.
In this concept factor V is an accelerator.ef prothrombin
conversion. Biggs, Douglas and Macfarlane (1953) have pro-
duced evidence to suggest that the factor V is involved in

reaction with tissue extract before prothrombin conversion

begins.



Qccurrence of factor V.

Factor V is present in different amounts in the plasma
of different speciles. The concentration decreases in the
following order: rabbit » dog % cat ) cow ) rat ) guinea
pig > man ) chicken % turtle. Human plasma therefore has
a relatively small supply in comparison with other animals.
(Seegers and Ware 1949). This is mentioned to illustrate
the difficulty of interpretation of the human coagulation
mechanism by animal experiments. For this reason human blood
and plasma products are used throughout this work. For ex-
ample factor V is completely consumed during the clotting
of human blood, but bovine serum still has much factor V
after>coagulation is complete (Alexander, Goldstein and
Landwehr 1951). This failure of bovine blood to consume
all its factor V probably caused confusion to Seegers and
his co-workers when they claimed that serum contains a co-
agulation component serum ac-globulin - an active form of
their plasma ac-globulin. Suspensions of platelets and
platelet extracts have an activity resembling factor V when
tésted in a system contalning prothrombin brain thromboplastin
and calcium. This activity cannot be washed off platelets
(Ware, Fahey and Seegers 1948). A similar observation is

shown in Figure 8 and described in detail in the appendix.
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Factor V activity of platelets.

Ordinate - Thrombin units.

Abscissa - Time in minutes after recalcification
of tﬁe'incubation mixture,

This experiment shows the activation of
prothrbmbin under the influence of brain and calcium
with the addition of saline (@—-@) a;ld of a washed

O)o

platelet suspension (O
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Incidence of factor V deficiency.

Factor V deficiency is rare in clinical practice. It
occurs as an inherited constitutional abnormality or as an
acquired defect complicating parenchymatous hepatic disease
(Owren 1949, Stefanini 1950). It has been reported by
Koller et al (1950), to cause a haemorrhagic state compli-
cating scarlet fever.

There have been 46 cases (involving 13 families) of
éonstitutional deficiency of factor V reported - so called
parahaemophilia. Inheritance is from one generation to the
next both sexes being affected. An incompletely dominant
gene 1is the most likely method of transmission (Owen &

Cooper 1955)

Factor VI or serum accelerator globulin.

Owren believes that factor V activity changes to an
actlive form during clotting which he originally called factor
vVI. In his most recent terminology factor V corresponds to
pro-accelerin and factor VI to accelerin. Similarly Seegers
and his colleagues believe that their plasma ac-globulin
changes from the inactive form to the active serum ac-globulin
during clotting. The experimental evidence gquoted in support
of these concepts may have more than one interpretation and
the question is left at that for the present. The terms
are mentioned as they are not infrequently used in the liter-

ature on blood coagulation.
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Factor VII.

Sweet clover disease in cattle and its treatment with serum.

Thirty years ago Schofield in Alberta in Canada and
Roderick in North Dakota were studylng haemorrhagic sweet
clover disease in cattle (Schofleld 1924; Roderick 1931;

Link 1943-44). Roderick established that the prothrombin
actlvity of the blood was reduced and that the extent of

the diminution was parallel to the severity of the haemorrhagic
state. The prothrombin was estimated by Howell's acetone
method (Howell and Cekada 1926); this technlque involved

the precipitation by acetone, of the prothrombin freed from
antithrombin. Thls method was sound in principle. Roderick
obgerved that serum from unaffected cattle had considerable
therapeutic value in the treatment of the condition. The
following is a quotation from Roderick's paper:- Mthe

writer found that the intravenous injection of freshly de-
fibrinated bovine blood from a normal animal which was not

fed on sweet clover resulted in the prompt recovery of many
animals which already showed the effects of serious haemorr-
hage." "The results were equally favourable whether the
blood is 1njected within 10 minutes after it is drawn'gz_iz

several hours elapse before transfusion. Normal citrated

blood is likewise effective."

It is widely accepted that serum, which has stood for
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several hours contains no appreciable amounts of prothroumbin.
Why then dld serum have a therapeutlc effect on the manage-

ment of sweet clover disease?

The effect of normal serum on the one-stage clotting time

of dicumarol plasma. Discrepancies in the assay of pro-

thrombin.

Owen and Bollman reported on the "Prothrombin Conver-
sion Factor of Dicumarol Plasma". They administered dicumarol
to dogs and performed Quick's one-stage test on the plasma
and compared the results with those obtained by the two-stage
test of Warner, Brinkhous and Smith (1936). It 1s now ap-
preclated that neither of these methods gives a true assay

of prothrombin, but nevertheless some important conclusions
P

were drawn.

(a) At certaln times after the administration of
dicumarol the two-stage test gave a much higher
level of prothrombin than did the one-stage test.

(b) Mixtures of 9 parts of dlcumarol plasma and 1 part
of normal plasma caused a greater rilse in pro-
throubin percentage as estimated by the one-stage
test than the theoretical rise should have been.

(c) One part of normal serum, free from prothrombin,
mixed with nine parts of dicumarol plasma was
also effective in shortening the one-stage clotting
time.

Macmillan (1948) made similar observations. The ex-

periments of Mawson 1949 indicated that there might be an
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abnormality in dicumarol plasma other than the deficiency
of prothrombin.

The most significant of these observations was the
finding that normal serum which contains no prothrombin was
able to shorten the one-stage clotting time of dlcumarol
plasma. Thia was very suggestive evidence that there was a
defect in dicumarol plasma other than the deficiency of pro-
thrombin. |

Factor VII. The property of normal serum to correcth

the one-stage clotting time of dicumarol plasma is referred
to as its factor VII activity; the term factor VII was
introduced by Koller, Loeliger, and Duckert who made an in-
structive study of its properties. 0x plasma was filtered
through a Seiltz filter with a specified amount of asbestos
and a preparation of prothrombin made from the filtrate by
adsorption on barium sulphate and elution. This prothrombin
was freed from factor V by the barium sulphate adsorption
but even on the addition of optimal amounts of factor V,
brain thromboplastin and calcium could not be actlvated sat-
isfactorily to form thrombin. The factor VII was shown to
be necessary for the formation of thrombin at optimal speed
but did not increase the amount of thrombin formed. Koller
et al describe: several other feabtures of factor VII.

(a) its concentration in plasma and in serum is the same.
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(b) it is relatively stable on storage.

(c) separation of prothrombin from factor VII. The
authors state that if human or bovine plasma is
filtered slowly through an asbestos filter (con-
taining 20% asbestos) and then through another
filter containing 30% asbestos~ the filtrate is
free of factor VII but still contains some pro-
thrombin (up to 3% if human and 10-20% if bovine)
in terms of the prothrombin content of normal
human plasma.

(d) The test systems used for the study were:

Meagurement of ) 0.1 cec. 1/10 test plasma
factor VII. ) (FPactor V
) 0.1 cc. asbestos filtered(Prothrombin
) ox plasma (Fibrinogen
g (see above) (No factor VII.
) 0.1 cec. m/40 CaCl,

(Limiting factor = factor VII)

Measurement of 0.1 ce. 1/10 test plasma.

probthrombin.

0.05 cec. ox plasma (Factor V
treated with (Fibrinogen
tricalcium
phosphate

0.1 cc. oxalated human serum
or preparation of

)
)
)
)
)
)
)
;
3 factor VII.
)

0.1 cc. m/40 CaCl,

(Limiting factor = prothrombin)
(Koller, Loeliger, Duckert, 1951)

Synonyms of Factor VII.

The term factor VII has been adopted throughout the thesisg

in consequence of the experimental work mentioned above.



Other investigators have described experimental phenomena,
which can probably be explained as due to the coagulation
component described by Koller, Loeliger and Duckert. In
consequence certain synonyms of factor VII may be found in
the literature.
(a) S.P.C.A. (Serum prothrombin conversion accelerator)
Alexander and co-workers (Boston U.S.A.)

(b) Co-thromboplastin.
Mann and co-workers. (Mayo Clinic U.S.A.)

(¢) Proconvertin and convertin.
Owren and co-workers. (0slo, Norway).

(d) Serum factor of Jacox.
(Jacox, U.5.A.)

(e) Free prothrombin.
(Quick, U.S.A.)

Serum prothrombin conversion accelerator (S.P.C.A.)

(Alexander, B., de Vries A. and Goldstein, R. 1949 a.b.c.d.
(Alexander, B., Goldstein R. and Landwehr, G. 1950, 1951)
(Alexander & Landwehr (1949) De Vries, Alexander

and Goldstein, 1949)

The essential observation made was as follows:-

"Plasma prothrombin activity" was measured; plasma was

treated with an inorganic precipitate barium sulphate. The
supernatant plasma contains factor V but not prothrombin.

A mixture was made containing nine parts of barium sulphate-
treated plasma and one part of normal plasma.

0.1 cc. normal plasms
0.9 cc. BaSO4 plasma
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The mixture is used as in Quick's one-stage test.

0.1 cc. of above
0.1 brain thromboplastin
0.1 m/40 CaCl,
The mixture containing one part of normal plasma and
nine parts of BasSO, plasma is called 100% prothrombin actlv-
ity. Normal plasma 1is further diluted with BaSO4 plasma

and a curve of prothrombin activity computed.

Serum prothrombin activity.

The test serum was oxalated and the prothrombin activity

determined in the same way.

ml serum ) were mixed

In one example this proved to be 10%. The S.P.C.A. activity
of this serum was estimated as follows:-

0.05 ml normal plasma (100%)

0.05 ml oxalated test serum (10%)

0.9 ml BaSO4 plasma

Theoretically this contains 55%

Observed value = 120%
Enhancement 120 - 55 = 65%
% Enhancement = 65
55 x 100

= 118%
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This property of enhancement is referred to as due to the
3.P.C.A. content of the serum.

The results on this example were:-

Oxal Plasma Serum Saline Basoa Clotting
plasma time
0.05 0 0.05 0.90 41.4%
0 0.40 0 0.60 55"
0.05 0.05 0 0.90 24 .64

(Volumgs in ml)

Alexander and his colleagues described the properties of
S.P.C.A. It 1s adsorbed from serum by barium sulphate or a
Seitz filter and is reduced in concentration after the ad-
ministration of the coumarin drugs.

Co-thromboplastin (Mann (1949), Mann, Barker and Hurn

(1951), Mann and Hurn (1951, 1952), Mann, Hurn and Barker,

(1951), Mann, Hurn and Magath (1947), Mann, Mann and
Bollman (1950)).

Hurn, Barker and Mann (1947) observed that dicumarol
plasma had a higher prothrombin content when measured by a
two-stage test than when examined by Quick's one-stage test.
While using their two-stage technique they observed s striking
initial delay in thrombin formation in dicumarol plasma
(Hurn and Mann 1947). This suggested to them that a prelim-
Inary reaction was occurring prior to prothrombin conversion

(Mann 1949).



The test system employed to study this preliminary re-
action was as follows:

1 cc. of brain and calcium were incubated at room
temperatare with

0.5 cc. of 1/100 plasma or serum (test or control)

At 3 minute’intervals:

0.15 of above added to 0.05 of 1/25 defibrinated plasma
and one minute later 0.2 of fibrinogen added and clotting
time recorded. The observed clotting times were measures
of the amounts of thrombin formed in one minute from the
defibrinated plasma under the influence of the thromboplastin
previously treatsed.

The amount of thrombin formed at one minute was large
as compared with that from the untreated thromboplastin.

The thrombin generated from the prothrombin in the plasma
incubated with the brain and calcium was unrecordable and
therefore the one minute yield under the conditions of the
test was said to‘be a measure of "co-thromboplastin®. The
clotting time at one minute is transformed into thrombin
units. The measure of percentage co-thromboplastin activity
is then as follows:-

One minute thrombin yield of unknown Dil.of unknown 100
One minute thrombin yield of control DiT.of control ~

= Percentage co-~thromboplastin activity.



Co-thromboplastin can be prepared from serum in which it is
stable and free from prothrombin. It is adsorbed by cal-
cium phosphate and eluted with sodium citrate. Co-~thrombo-
plastic activity is reduced following the administration of
the coumarin drugs and this conversion defect can be cor-
rected by the co-thromboplastin preparation from normal serum.
The coumarin drugs produce a greater depression of co-thrombo-
plastin than of prothrombin. The name co-thromboplastin

was chosen because the authors believe that their factor re-
acts with tissue thromboplasitin before prothrombin enters the
reaction.

Proconvertin (Owren and co-workers).

Owren, P.A. (1947, 1951), Owren and Aas (1951), Owren
and Bjirkelund (1949).

Owren was probably first to appreciate that there was
in addition to factor V, a further coagulation component
needed for the conversion of prothrombin te thrombin in the
presence of brain and calcium. In 1947 he called this co-
factor V. Prothrombin and co-factor V were separatéd by
fractional adsorption with Seitz filters, because the co-
factor V was more easily adsorbed than prothrombin. Pro-~
thrombin purified in this way, showed slow incomplete thrombin
formation by the addition of thromboplastin, factor V and
calcium. By the addition of co-factor V the thrombin forma-

tion proceeded rapidly. Co-factor V was renamed proconvertin.
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These experiments are essentially the same in principle as

those described by Koller.

Observations of Jacox (1948) (Jacox 1949, Jacox and Bays igég)

Jacox (1948) observed that if brain and serum were 1n-
cubated together then there was an increase in thromboplastic
activity; this increase occurs rapidly, comes to a maximum
and then declines. The mixture can be reactivated by the
further addition of brain. This thromboplastic activity
was tested by the ability to clot normal plasma when added
together with calcium.

Inactive and free prothrombin (Quick 1943, Quick and
Stefanini 1949)

In 1943 Quick found that when he mixed stored oxalated
human plasma (with a prolonged one-stage clotting time) with
dicumarol plasma the coagulation time of the mixture was
normal . Quick stated that the prolongation of the clotting
time of the stored oxalated human plasma was due to the dis-
appearance of "labile factor" which he argues is identical
with Owren's factor V.

Quick and Stefanini (1949) found that when normal ox-
alated plasme is stored in glass, the prothrombin time as
determined by the one-stage procedure steadily increases,

but when a small quantity of adsorbed plasma which is rich
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15 added
in factor Vi the mixture will have a prothrombin time as low

as 8 seconds which is shorter than that of fresh plasma
which is 12 seconds. If the plasma is stored in silicone
coated tubes it likewise loses its factor V activity but
when adsorbed plasma is added, the prothrombin time is re-
stored to only 12 seconds.

Quick says that the increase in prothrombin activity,
which océufé in glass but not in silicone is not attributable
to the labile factor but appears to arise from an actual in-
crease of prothrombin itself. Quick and Stefaninl have
postulated that plasma contains prothrombin in a precursor
state in additlon to active prothrombin. For the conversion
of the precursor a rough surface such as glass is required.
Quick believes that in the one-stage test free or reactive
prothrombin is determined, whereas in the two-stage procedure
most of the inactive prothrombin (called prothrombogen) is
converted to the active or free state. He believes that his
one-stage test measures free prothrombin and that the two-
stage measures total prothrombin (prothrombinogen and free
prothrombin). Quick measures total prothrombin by the fol-
lowing technlque; blood is collected into silicone tubes,
chilled and then centrifuged at high speed to render it free
from platelets. As soon as coagulation occurs the one-

stage prothrombin time is determined as in Quick's prothrombin



test supplying a source of fibrinogen. This gives a measure
of the total prothrombin. Quick has found that in dicumsarol
therapy the free prothrombin drops promptly but it requires
a number of days before the total is significantly reduced.
The similarity between factor VII and Quick's free pro-
thrombin is striking as is the similarity between his pro-

thraﬂbinogen_and prothrombin.

SUMMARY

Prothrombiln.

(a) this is the precursor of thrombin.

(b) it is prepared by adsorption on inorganic precipi-
tates followed by elution; even the best prepara-
tions must contain other coagulation components.

(c) these preparations of prothrombin can be activated
to thrombin by concentrated sodium cltrate without
any additional components being present.

Factor V.

(2) a short description is given of Owren's patient;
this patient had a prolonged one-stage clotting
time, which was reduced by the addition of normal
plasme from which the prothrombin had been adsorbed
by an inorganic precipitate. Eluates from this
inorganic precipitate after treatment of normal
plasma, failed to correct the abnormality in this
patient. These observations led to the discovery
of factor V.

(b) preparations of prothrombin cannot be activated to
thrombin by brain thromboplastin and calcium unless
factor V is present.
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(c) factor V, free from other known coagulation
components, can be prepared from normal
adsorbed plasma by ammonium sulphate
precipitation between 33 and 50% saturation.

(d) measurement of factor V.
The methods employed in this thesis are:-

(1) by comparing the activation of
prothrombin by factor V prepared
from the test and control specimens.

(2) by the ability to correct the one-stage
- clotting time of stored oxalated
plasma.

" (e) the synonyms of factor V are discussed -
thrombogen, labile factor, accelerator
globulin, prothrombin accelerator.

Factor VII

The term factor VII was introduced by Koller et _al
(1951); the important experimental observations suggesting
this further coagulation factor may be enumerated as
follows: -

(a) the addition of normal serum to di cumarol plasma
produces a shortening of Quick's one-stage
test.

(b) mixtures of dicumarol and normal plasma produce
& higher percentage prothrombin as read off
Quick's dilution curve than would be expected
from the addition of the two.

(¢c) various two-stage methods record more
prothrombin than the one-stage test in
dicumarol plasma.

(d) reaction of dicumarol plasma to differing
thromboplastins gave a different percentage
of prothrombin. This was particularly so
when Russel's viper venom plus lecithin
was used as compared with brain.



(e) in a mixture of 1 part of normal plasma and 9
parts of BaS0,-treated plasma the addition of
normal serum produced a shortening of the one-
stage clotting time. Such a system is not de-
ficient in factor V. Dicumarol serum was less
powerful than normal serum in this property.

(f) If Brain, M/40 CaCl, and Serum are incubated to-

gether and then aaded to dicumarol plasma (with
a long one-stage clotting time) collected during
the early days of therapy there is a very marked
shortening of the clotting time. This is much
greater than the addition of these entities with-
out pre-incubation. This inter-action of brain
and serum is homologous and species specific.

(g) plasma, passed through a Seitz filter with specified
agbestos content will contain prothrombin which
cannot be activated properly in the presence of
factor V, brain and calcium chloride but requires
the presence of a factor present in normal serum
(factor VII).

(h) the property of normal serum in the observations
described above 1s found in serum free from pro-
thrombin and can be adsorbed by Seitz filters,
Caz(PO4)o, BaSOy or A1(OH)z. It can be eluted from
these with citrate-saline or phosphate buffer.

(1) dicumarol plasma and serum are deficient in this
property as compared with normal plasma and serum.
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The following diagram summarises the concept of
blood coagulation, which resulted from the dissolution

of the Classical Theory as outlined in Chapter 3.

Prothrombin

Factor V

[Tissue extract

| Factor VII

_Calcium
/

Thrombin + Fibrinogen

IFibr1n|
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CHAPTER 4

BLOOD THROMBOPLASTIN

The investigations of Biggs, Douglas and Macfarlane
(1953 a.b.c.) resulted in a new understanding of blood thrombo-
plastic activity. Much of the work described in this thesis
is the application of these advances to problems of defect-
ive haemostasis in clinical practice.

When blood is withdrawn by clean venepuncture and half
delivered to a clean test tube and half delivered to a test
tube containing some tlssue extract the blood in the clean
tube takes 5-10 minutes to coagulate whereas in the tlssue
extract tube it clots in a few seconds. Until recent years
it had been assumed from this that the tlssue thromboplastin
was a powerful mechanism and that the bPlood thromboplastin
was weak, if present at all. Some believed that the long
clotting time of whole blood was due to minimal contamination
with tissue. By changing of syringes and collecbtion of a
second specimen after discarding the first collection, sig-
nificant admixture with tissue thromboplastin can be avoided.
It was likely therefore that blood did contain a thromboplasgtin
system of its own. S8ince blood remains fluid within the
- vessels it was inferred that this intrinsic or blood thrombo-

plastin was very feeble or did not exist in an active form.
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The existence of an inactive precursor of blood thrombo-
plastin was postulated by Collingwood and MacMahon (1912)
who called it "prothrombokinase" and believed that it was
derived from platelets. Macfarlane (1942) suggested that

a plasma factor and a lipoid reacted together on contact
with a foreign surface to produce active thromboplasgtin,
Quick (1947) and Brinkhous (1947) both carried out experi-
ments suggesting that thromboplastin was produced by the
interaction of the platelets with "antihaemophilic globulin",
the plasma factor lacking in haemophilié. Quick (1947) has
called this plasma factor "thromboplastinogen" believing it
to be the precursor of thromboplastin and that it is activated
by platelets.

A number of attempts have been made in the past to pre-
pare thromboplastin from human blood; the results of these
all suggested that blood thromboplastin was weak. The plate-
lets were found by Ware, Fahey and Seegers (1948) to contain
"only a small amount of thromboplastin if any®. Antihaemo-
philic globulin alone has no thromboplastic action. By mix-
ing platelets with antihaemophilic globulin Ferguson (1949)
and Shinowara (1951) were able to produce thromboplastic
activity but 1t was considerably less than that of tissue
extracts. This finding was apparently in keeping with the
long normal clotting time of whole blood of 5-10 minutes as



Figure (¢)

A
.
- -t i S Stroiey e
: - o ' T - .
. PR S vy » TN ‘ |

. . L . . PR . a i

. S - : 5 I i -

. B ' ol i .

/ » :
T v -



Thronbin generation from wholer blood with and
without added brain.

Ordinate - Thrombin units. -

k'Abscissa ~ Time in‘minutes after delivery of the
whole blood to the centrifuge tubes.

This experiment shows the generation of thrombin
from whole blood delivered to glass céhtrifuge tubes in
one of which there was some brain thromboplastin. The
présence of the braiﬁ reduces the delay in the formation

of the thrombin from the whole blood.
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compared with 12-15 seconds when an optimal amount of tissue
thromboplastin is added to the blood. If a preparabtlion of
braln thromboplastin is diluted and a series of clotting

times recorded with these dilutions, it can be deduced that
the normal blood clotting time of 5-10 minutes is the equival-
ent of a tissue thromboplastic activity of not more than a

1/100,000.

Thrombin Generatlion from whole blood.

When whole blood is placed in a glass tube and the con-
centration of thrombin therein is determined at intervals
by transferring aliquots into fibrinogen, during the first
few minutes no thrombin appears; then there is a sudden
generation of thrombin which causes rapid clotting and a
steeply rising thrombin concentration followed by a decline
in concentration as inactivation by antithrombin overtakes
the rate of thrombin formatlon. These observations were
described by Macfarlane and Biggs (1953). An experiment
based on these lines is shown in Figure 9 given in detall
in the appendix, page 6/6 . Curve A shows the formation of
thrombin from the blood under the influence of its own
thromboplastin. Curve B represents the results when the
0.2 saline in A was replaced by 0.2 brain extract.

These observations do not support the old concept of the

presence of a feeble thromboplastin slowly producing thrombin



over a period of minutes sufficlent eventually to cause co-
agulation; they suggest rather that thromboplastin does not
appear until just before clotting. Since the rate of
thrombin generation once started is almost as rapld in un-
treated blood as it is when the optimal amount of tissue
extract is added, it seems likely that the intrinsic blood
thromboplastin once formed 1s as potent as the tissue prepara-
tion. From these observations it could be concluded that
the relatively long clotting time of whole blood was likely
to be due to a delay in the formation of blood thromboplastin
not to the weakness of this once formed. The short clotting
time produced by tissue extracts was likely to be due to the
avoidance of delay in its action.

In consequence of these observations an attempt was made
to prepare this blood thromboplastin from reagents derived
from blood. To obtain conclusive results these components
had to be freed from prothrombin as the activity of the pro-
duct was tested by its ability to clot plasma. It was im-
portant that the activity of any incubation mixture was not
attributable to thrombin formed in it.

At the outset, it was likely that two components of
this blood thromboplastin were platelets and the plasma
factor missing in haemophilia. When normal clotted blood
is maintained at 370 C. in a water bath the prothrombin
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disappears over the following hour so that the serum after one
hour contains only trace amounts of prothrombin - that is the
prothrombin is completely consumed. It 1s believed that

this conversion of prothrombin to thrombin 1s the consequence
of satisfactory blood thromboplastin formation. Where there
is failure to form blood thromboplastin then there is fallure
to convert prothrombin to thrombin l.e. the consumption of
prothrombin ié defective. In thrombocytopenia and haemophilia
the consumption of prothrombin is defective.

Platelets. In 1912 Bordet and Delange found that the
plasma of birds freed from platelets became incoagulable.
Rabbit plasma collected into paraffin coated containers and
freed from platelets by centrifuging clotted very slowly and
in the resulting serum there was much residual prothrombin
even when fibrin formation was complete. Later workers
(Quick, 1947, Brinkhous, 1947, Soulier 1950 and Merskey 1950)
have confirmed that there is defective prothrombin consumption
in thrombocytopenia.

Platelet suspensions can be prepared by differential
centrifugation. Plasma is collected into graduated centri-
fuge tubes where the surfaces have been treated with silicone.
The technique for the siliconing of glassware 1s described
in the appendix. The blood 1s collected into citrate, in

the standard proportions - 1 ml. of 3.8% sodium cltrate ang
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9 ml. of blood. This blood is centrifuged at 500 r.p.m. for
30 minutes and the supernatant platelet-rich plasma separated.
This plasma is then centrifuged in sillcone-treated contain-
ers at 5000—10,000 revs. for 5-1C minutes in the high speed
attachment of the centrifuge. The platelet free plasma is
decanted and the "plug" of platelets washed twice in saline
with resuspension alded by wooden applicator sticks. The
preparation of platelet suspensions is described in gresater
detall in the appendix, page $92. When this suspension of
platelets is used in place of brain extract in the one-stage

test there is no significant thromboplastic activity.

Antlhaemophilic Globulin.

Haemophilic plasma has a normal one-stage clotting time.
The reaction with a high concentration of tissue extract is
normal. The whole blood clotting time is often prolonged
as 1s’'the recalcification time. Prothrombin consumption
has been shown to be defective by Brinkhous (1939), Quick
(1947), Soulier (1950) and Merskey (1950). From this it
was concluded that there was something lacking from haemo-
philiec blood which was needed for intrinsic thromboplastin
formation. It was suggested at one time that there was some
abnormality of the platelets which prevented their normal

function in haemophilia but there 1ls no evldence to support
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this. Brinkhous (1947) and Quick (1947) found that haemo-
philic platelets and normal platelets were equally effective
in the correction of the abnormal prothrombin consumption of
high-spun haemophilic plasma provided a small cuantity of
normal high-spun plasma was also added. The missing plasma
factor in haemophilia has been called antihaemophillic globu-
lin (AHG).

It was récognised therefore that two components were
probably required for the production of blood thromboplastin-
platelets and the missing plasma factor in haemophilia.

Quick (1951) believes that the missing factor in the plasma

of haemophiliacs is the precursor of thromboplastin - thrombo-
plastinogen ~ and that this is actlvated by a factor derived
from the disintegration of platelets against a foreign surfsce.
Brinkhous (1947) believes that the platelets contain thrombo-
plastin and their breakdown is caused by a plasma factor which
is activated on contact and which causes a breakdown of
platelets. He believes the plasma factor to be a thrombo-
cytolysin.

Faillure of AHG and platelets to form thromboplastin.

A preparation of antihaemophilic globulin was prepared
by adsorbing normal plasma with aluminium hydroxide. This
is obviously a very crude preparation of antihaemophilic

globulin as it contains in addition factor V and fibrinogen
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Blood thrombol-mstin dilution curve .

Ordinate - clotting times of high spun normal plasma,

Abscissa - percentage of blood thromboplastin.

This figure shows the results from diluting several
preparations of blood thromboplastin and clotting 0.1 ml,

amounts of normal high spun plasma with these dilutions.
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and antithrombin. One ml. of normal plasma was treated
with 0.1 ml. of alumina and the mixture incubated at 37° C.
in a water bath for exactly three minutes. It was then im-
mediately centrifuged to remove the alumina and the super-
natant decanted into 4 ml. of saline. This was used as the
preparation of AHG - i.e. adsorbed normal plasma diluted one-
in-five with saline. A platelet suspension was prepared

as described in the appendix (page 592 ). Equal parts of
the alumina treated plasma, the platelet suspension, saline
and M/40 calcium chloride were incubated together and at
minute intervals 0.1 ml. of this incubation mixture trans-
ferred to 0.1 ml. of normal H.3. plasma which was simul-
taneously recalcified with 0.1 ml. of M/40 calcium chloride.
The clotting times of the plasma were then noted.

Experiment (a)

Minute

Intervals (1) (2) (3) (4) (5) (6)
0.3 A1(OH). plasma 1/5 )
0.3 plateléts ) 120" 65" 57" sYM 55" po
0.3 saline )
0.3 m/40 CaCl, )

The clotting time of a preparation of brain thrombo-
plastin tested in the same system would be 12"-15%. It can

be appreciated therefore that the incubation mixture used in
this experiment did not contain the reagents required to form

a powerful thromboplastin. In chapter 3 an account wag given
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Formation of blood thrompoplastin.:®

Ordin;te - Percentage blood thromboplastin.

Abscissa‘- Incubation time in minutes after
addition of‘calcium.

This figure shows (1) the failure of formation
of blood thromboplastin from normal adsorped plasma
and piatelets (exp. a. @=—@) ’

(2) the formation of a
pdwerful thromboplastin from normal adsorbed plasma,

0).

platelets and normal serum (exp. b. O
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of factor VII - a clotbting factor which is adsorbed on alumina
and is present in normal serum not being consumed during
clotting. Factor VII is needed for the optimal speed of
conversion of prothrombin to thrombin under the influence

of tissue extract and calcium. Mann (1949) and Jacox (1949)
have suggested that factor VII is needed for the acticn of
tlsaue extract in the conversion of prothrombin. Mann (1949)
used the term co-thromboplastin to describe factor VII.

Since the system containing adsorbed normal plasma,
platelets and calclum was shown to be incomplete it was de-
cided to add a source of factor VII. For this reason
normal serum was added to the incubation mixture in a dilu-
tion of one-in-ten in saline. This serum was obtained from
normal clotted blood maintained at 37° C. for one hour. Such
serum has been shown not to contain any appreciable amounts
of prothrombin, factor V or antihaemophilic globulin (Douglas
and Biggs 1953). This addition resulted in the formation
of a very powerful thromboplastin - tested in the same system
as mentioned above.

Experiment (b)

(1) (2) (3) (4) (5) (s)

0.3 A1(OH)3 plasma 1/5 )
0.3 Platelets ) 1s"™ 10" g®t gt gn gn
0.3 Normal serum 1/10 )
0.3 m/40 CaCly )

It might be argued that these short clotting times were



(12)

Figure

)




menye (12)

Formétion of blood thrompoplastin.

Ordinate - Percentage blood thromboplastin.

Abscissa - Incubation time in minutes after
additi;n of calcium,

This figure shows

(1) the failure of formation of blood
thromboplastin from normal adsorbed plééma, platelets
and serum which has also been adsorbed with alumina
(exp. c. 0-4—-0)

(2) the formation of a powerful thromboplastin

from normal adsorbed plasma, platelets and the

eluate from alumina adsorption of serum. (exp.d. 0——0).
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the consequence of thrombin contaminating the incubation
mixture. The same reagents therefore were incubated together
and instead of using 0.1 of high-spun plasma as the sub-
strate, fibrinogen was used; the substrate was 0.4 amounts

of fibrinogen.

(1) (=) (3) (4) (5) (&)
3'+ 3'4+ 3'+ 128 110 108

3 A1(OH)z plasma 1/5)
3 Platelets )

3 Normal serum 1/10 )
3 m/40 CaCly )

N N

0.
0.
0.
O.

Reference to the thrombin-fibrinogen dilution curve

will establish that these clotting times represent only trace

amounts of thrombin.

Activé fraction of serum is adsorbed by alumina.

Where the normal serum before dilution was treated with
alumnina it was established that the active principle required
from serum for the formation of blood thromboplastin had been

removed.

Experiment (c)

(1) (2) (3) (4) (58) (s)
0.3 A1(OH)s plasma 1/5)

0.3 Platelets ) 85 64 48 46 47 45
0.3 A1(OH)z serum 1/10)
0.3 m/40 Ca<312 )

The alumina-adsorbed fraction of serum was therefore

found to be needed in the system for the preparation of blood



thromboplastin. This was confirmed by preparing the eluate
from the alumina and testing it in the system. The eluate
was made by eluting with a phosphate buffer at pHS8 followed
by dialysis against citrate-saline. The exact details of

this are described in the gppendix.

Experiment (4d) (1) (2) (3) (4) (5) (6)

0.3 AL(OH); plasma 1/5 )
0.3 Platelets )
0.3 eluate from aluminag

)

14 12 11 11 11 10

adsorption of serum
0.3 m/40 CaCly

At this stage the scheme of blood coagulation could be

represented as follows:-

BExtrinsic Intrinsic
Thromboplasti Prothrombin Thromboplastl

Alumina-adsorbed plasma |

| Tissue Extract Platelets |

Factor VII Fraction of serum removed

by alumina

[Thrombin]|+[Fibrinogen | Fibrin |

Factor V and AHG both required.

The alumina-adsorbed fraction of plasma was known to
contain factor V and antihaemophilic globulin. These were

separated by the ammonium sulphate precipitation of adsorbed
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Formation of blood thromuoplastin.

Ordinate - Percentage blood thromboplastin.

Abscissa -~ Incubation time in minutes after-
addition of éélcium.

This figure shows

(1) The formation of a powerful thromboplastin
from normal adsorbed plasma, platelets and ngrmal serum,

(2) The failure to form thromboplastin when
factor V alone replaces the normal adsorbed plasma in
the systemn,

(3) The failure to form thromboplastin when A.H.G.
alone replacés the normal adsorbed plasma in the
system,

(4) The restoration of satisfactory blood
thromboplastin formation when factor V and A.H.&. are

both present in place of the normal adsorbed plasma.
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(1)

(2)

(3)

(4)

Stz

normal plasma and each tested separately in the system as
described above. When the Al(OHz)-treated normal plasma

is replaced by either factor V or antihaemophilic¢ globulin
thromboplastin formation is reduced and delayed. When the
two are combined rapid thromboplastin formation is restored.

The results of such an experiment were as follows:-

Experiment (e)

(1) (2) (3) (4) (5) (6)
0.3 AL(OH), plasma 1/5

plateléts

normal serum 1/10 12 10 9 9 9 9
saline

m/40 CaCl,

)
3 )
3 )
3 )
3 )
3 Factor V 1/5 )
3 platelets )
3 normagl serum 1/10 ) 85 72 55 55 52 .48
3 saline )
3 m/40 CaClg )
3 AH.G. 1/5 )
3 platelets )
3 normal serum 1/10 )
3 saline )
3 m/40 CaCl, )
3 )
3 )
3 )
3 )
3 )

Factor V 1/5
A.H.G. 1/5
platelets

normal serum 1/10
m/40 CaCly

70 64 562 41 40 38

14 12 10 10 10 11

.

In consequence of these observations the scheme of blaod
thromboplastin described above had to be altered to read as

follows:-
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Extrinsic ,Intrinsic
Thromboplasti ' Prothrombin | Thromboplastin

!Factor ?1\ Factor V|
\\\\\\\ Antihgemophilic globulin|

| Tissue extract ///LPiételet§J

| Factor VII >~ Fraction of serum

removed by alumina.
Calcium Calcium

| Thrombin| 4| Fibrinogen |-— Fibrin

Measurement of Blood Thromboplastic Activity.

Although plasma thromboplastin was not stable at 37° C.
and all attempts to prepare a stable form failed, the potency
could be maintained at 4° C. for sufficient time to test
various samples prepared and diluted with saline. 0.1 ml.
of each dilution together with 0.1 ml. of m/40 CaCl, were
then added to 0.1 ml. of normal substrate. From a number
of samples the curve shown in figure /0 was obtained. The
curve can be converted to a straight line by plotting the
figures on a double logarithmic scale. The dilution curves
from various samples of blood thromboplastin used for the
construction of the graph in figure /O are given in the
appendix.

Using this graph the results of the experiments (a)

(b) (c) () and (e) can be represented in figures:/l,/2 +/3,
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experiments a-b - figure /f
experiments c-d - figure /2

experiment e - figure /3

It is clear therefore that there are two powerful systems
for the conversion of prothrombin to thrombin. The ex-~
- trinsic thromboplastin system has as an essential component
tissue extract, while the intrinsic system is dependent en-
tirely on components derived from the blood itself. Since
damage to tissue is an invariable accompaniment of accident-
ally occurring haemorrhage it is not unreasonable that the
extrinsic system is the one which until recent years received
most attention. Two factors have stimulated recent interest
in the blood's own intrinsic system. The first i1s the dem-
onstration that the blood thromboplastin is very powerful,
instead of the former concept of a wesk mechanism. The
second is the observation by Brown (1951) that a powerful
tissue thrombopleastin could be prepared from the tissues of
" a haemophllliac who died of haemorrhage. This brain exbtract
from the haemophiliac was as pqwerful as that from a normal
brain in its ability to clot haemophilic plasma. This
- stresses the grave results of a failure of the blood thrombo-
plastin system in physiological haemostasis.

In this chapter I have described a few experiments as

they represent key observations in our understanding of blood
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thromboplastin. The elucidation of the mechanism of blood
thromboplastin covered a considerable period of experimental
work done in the Department of Clinical Pathology, The Rad-
cliffe Infirmary, Oxford, together with Dr. Rosemary Biggs

and Dr. R. G. Macfarlane.

SUMMARY

Evidence is presented that a powerful blood thrombo-
plastin can be prepared by incubating together in the pres-
ence of calcium‘factor V, antihasemophilic globulin, plate-

lets and the fractlon of serum adsorbed by alumina.
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CHAPTER 5

DISCOVERY OF CHRISTMAS DISEASE

CONTENTS .

The observation that the coagulation defect in "haemo-

philiacs" 1s sometimes mutually correctable.

Investigation on the first two recognized cases of

Christmas Disease.

(1) Study by recalcification times.

(2) Study by the thromboplastin generation technique.

(a) the normal reaction from patlent's adsorbed

(b)

plasma. A
.the defective reaction of patient's serum.

(¢) normal platelet function as regards thrombo-

(a)

plastin formation.
the ability of the adsorbed plasma to correct
the defect in haemophilic adsorbed plasma.

(e) comparison of the defective serum reaction

with dilutions of normal serum.

(f) the property of normal serum to correct the

abnormality.

(3) Studies on prothrombin consumption.

Investigation of Case 3, including inheriltance.

Investligation of Cases 4 and 5.
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Effect of plasma derivatlves on the coagulation abnorm-

ality.

Comparison of A.H.G. and Christmas factor.

Inherltance.
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Asgessment of maternal coagulation system.
Other cases reported in the literature.

Problems of terminology.

Christmas factor as a component of blood thromboplastin.
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CHAPTER &

DISCOVERY OF CHRISTMAS DISEASE

Until recent years haemophilia has been defined as a
constitutional anomaly of blood coagulation, depending on
the hereditary transmission of a sex-linked recessive tra?t,
and having as its feature a lifelong liability to haemorrhage
in the affectea males. Thus it has been accepted that
females are almost exclusively immune from the disease, but
capable of transmitting it to their male offspring and that
the manifest disease is characterised by the occurrence of
bleeding into joints and deep tissues either spontaneously
or following minor trauma. The time-honoured laboratory
criterion for the diagnosis of haemophilia is a prolongation
of the whole blood clotting time. The investigations
about to be described have thrown fresh light on this disease
and show that the condition formerly covered by the term
haemophilia contains two quite different entitles, indis-
tinguishable by clinical methods.

Mutual correction of the coagulation defect amongst haemo-
philiacs.

In 1950 Dr. J.C.F. Poole working in Oxford observed that

the plasma of one particular "haemophiliac" (N.J.) was able
to correct the calclum clotting time of haemophilic plasma
,

as well as did normal plasma (Poole 1952). The observation



was repeated in relation to several other haemophilics -
the blood from this patient was able to correct the defect
in several other haemophiliacs. Dr. J.V. Dacie and Dr.
W.R. Pitney working in the Department of Haematology, Post-
graduate Medical School, Hammersmith, London, found a further
case (S.C.) of "naemophilia' also capable of correcting the
defect in several haemophiliacs. This was suggestive evi-
dence that "haémophilia" consisted of two different condi-
tions.

The

Investigations on"first two recognlized cases of Christmasg
Diseass.

It was by the application of the techniques described
in Chapter 4 for the study of blood thromboplastin that this
problem was further elucildated. Using these techniques
these first two cases were investigated by me in the summer
of 1952 in the Department of Clinical Pathology, Radcliffe
Infirmary, Oxford. This formed one of the most intriguing
aspects of the experimental work described in this thesis.

Plasma and serum was obtained from each of these two
patients - the Oxford case (N.J.) and the Hammersmith case
(8.C.). The patient from the Hammersmith Hospital had the
surname of Christmas and as he was one of the first two
investigated it was decided to retain this name for the

condition, which has been called "Christmas Disease". The



Figure (14)



Family tree of Christmas disease - case (1). S.C.
Females represented O |
Unéffééted males represented [J

Affected males represented | I

The family history was negative.
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