


LipoIDS AND BLOOD PLATELETS

WITH REFERENCE TO BLOOD COAGULATION

AND THE HEMORRHAGIC DISEASES

By

JOHN H FERGUSON, M.D, DSe.

Professor of Physiology
University of North Caroling

Chape! Hll

THE UNIVERSITY OF NORTH CAROLINA PRESS
1960






Im Tatsachlichen grosster Pragnanz

im Hypothetischen ausserste Vorsicht {Wohlisch 19.3)

When theory fancy free

Dtds hither yon's the way

Calm fact exhorteth thee
Consider tyro' Stay (Orig}



ACKNOWLEDGMENTS

Publication of this work and support for the
research since 1948 has been alded by grants
from the United States Public Health Service
{H 1510} and from the University of North Caro-
lina's Rescarch Fund It 1s published with per
mission of the University of Cape Town and
reproduction of earlier material 1s by permis
sion of the Journals cited



EDITORIAL NOTE

The author adopts the American spelling In the text

Ribliography:
(1} References are given in the text by numersals In square brackets
corresponding to alphabetized bibliography In Appendix 11
{2} Titles of journals are abbreviated in accordance with the widely

used List of p b d by Chemical Abstracts
American Chemical Soclety (Cotumbus Ohta) 1951
(3) Abstracts {abstr ) snd 'p ‘are {

(4} Authors are listed llphnbetl:llly In case of multiple authorship
the second and subsequent authors' names follow in alphabetical
sequence

(5) Diphth: are replal letters Modified letters
{accent etc} when not mgliclzed {e g ue Germsan u} in the orig
inal reference appear in the usual alphabet order but include the
modification

(6) Hyphenated and compound names are listed In alphabetical order
under initial letter of surname including De Le Mac Mc Var
Von

Author






ABSTRACT

By specifically analyzing for the various active principles of plasma
platelets tissues and their fractions much new Information has been ob
tained concerning the role of lipids and platelets in tlood coagulationand
in the hemoutatic mechanisms In health and diseage Analyzed compon
ents are studled in artificial clotting systems espectally a two stage
thrombln {orming system Some 86 cases of bleeding dlsorders 32 new
barn normal infants and their mothers and many normal adult bloods
have been analyzed with respect to components of the clotting and hemo
statlc functions

The detalled considerations embodied in the dlasertation are encom
passed under the following heads:

1} the importance of certaln lipids especially cephalin

2) the normal nced for platelets in plasma clotting

3) the particular significance of a platelet component which has many

logles to cephalin in the th 1c system

4) of the plastic actions of Hn of platel
and of tissue thromboplastin {to some extent} by a varlety of experimental
additives Part of this may be explained as a 'thromboplastin generation®
through co participation of certain plasmatic components {antthemophilic
globulin PTC etc) Part however may be the result of certaln proteo
lytic enzymes particularly trypsin 'disaggregating 1lpoproteins andthus

d h 1d {and ] 1 le for par

their p
ticipatlon In the clotting reactions

5) possible Ca and 11
thrombin forming reactions

6} myelin figure formation as an explanation of ‘alterations of plate
lets and certain other formed such as
ocytes and stromatolytic erythrocytes

7) the multiplicity of factors which platelets may contribute to the blood
clotting and hemostatic mechanisms

8) the occurrence of many clinical disorders due to deficiency of plate
let { ‘Thrombocytop denote d Y { counts and
total bulk n body}) TI y are defl of specific
platelet eg th tic factor 1. T vasocon
atrictor {5 hydroxytry or retractor factor Such deficl
can be clinically significant even when the platelet count is normal
Bleeding in leukernlas uremias etc may often be accounted for in these
terms

9) the nature and modes of action of heparin and other 'antithrombo
plastic! inhibitors and of some antiproteases in relation to the mechan
isms discussed

10) the !cephalin availability theory of the author as a useful working
hypothesls 1o explain the importance of the natural thromboplastic phos
pholipld  Lipid release {rom platelet tissue or possibly plasma sources
may very well be the long obscure 'trigger mechanism which initiates
blood coagulation

13) The supplement reports 11 new experiments in the perlod 1956-1959
The versatile two stage rethod has been modified for the quantitative
study of each factor in the blood ng system and adds some

ptd inter in the

¥ b4

vii



vii ABSTRACT

new data concerning thromboplastic mechanisms These data contrib
ute !urther support for the main thesis It1is suggested that the term

ic' be usead to d the p (probably
cephalin) whlch in conjunction with calclum lons and a diverse {exper
imentally} group of y factors 1 the mechanism for

activation of prothrombdin to chrombln ‘Availabllity of the lipid as a

trigger mechanism' and its dynamic role in these actlvator mechan=
isms seem best explained in terms of e "phospholipid transfer!
hypothesis
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LipoIDS AND BLOOD PLATELETS

WITH REFERENCE TO BLOOD COAGULATION
AND THE HEMORRHAGIC DISEASES






PART I

DACKGROUND
FOREWORD

In presenting a dissertation embodying experimental work con
ducted over a 27 year perlod {1929 1956) ft 1s necessary to review
the knowledge of the fleld at the commencement of this period and
its subsequent progress to the present time In order to evaluate
each contribution in the light of conternporary knowledge and theory
Several volumes and possibly several authors would be requiredto
review critically and in detafl all the extensive literature of the blood
coagulation field From the physiological approach alone several
thousand titles are referredto in the monumental reviews of P Mora
witz {346 347] and E Wohlisch (505 506] and in more recentarticles
including those appesringin the Annual Reviews of Physiology two of
them by the present author (133 140} The purposes of this disserta
tlon may best be served by a selectlon of those idcas and trends
of thought which nfford the background for the topics presented

A dissertation more than a definitive scientific publication re
flects the Interplay of {dcas that Influence the mind of its suthor and
1t s not tnappropriate that it indicate to some extent the personal
element in research In the perfod covered Science itself has under
gone a change which is deserving of mention This change was grad

ual in the but it has 1 ed in the last few decades of
the century Ch of earller periods was the emi
nence of whose di {es opened up new fields

or special areas within those {lelds often single handed Students
nnd young investigators came to work in the lsboratories of the dis

and thus ped the various schools ' justly
rdding to the reputation and prestige of the master ' A fine example
in our field was the Dorpat school under the leadership of Alexander
Schmidt (1860 1895)

The modern scientific era has seen much larger numbers of sci
entists working simultanecusly in the same field Through scientific
gatherings of regional national and international scope workers of
kindred interest have frequent opportunities for exchange of ideas
Thus all are kept fully informed of manylines of progress and of the

of bl in advance of their solution A not
infrequent consequence is that the same solution (or almost} is reached
simultancously by several independent groups of workers perhaps
widely scattered over the world An {llustration of this may be cited
from a field peripheral to thn of the present inquiry In 1939 the
Journal of the ical Socte
four papers from different lnborntcrlel all of which muat share the
credit for the definitive solution to the problem of the chemistry of
vitaminla) K Much the same sort of thing Is true of the recent
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mention These established the clotting phenomenon as essentially a
physiological property of the 'coagulable lymph! (Butt 1760 <f,’coag
ulated lymph' of de Sennc 1749) which we nowadays call
Malpight {1666) and Ruysch {1707) hed already noted the ‘fibrous ma
terial obtainable from blood clots and clinicians with wide expertence
of ubiquitous blood letting talked of the 'cruor® or crassamentum’ ap
pearing after yeparation of the 'serosity’ or semum  Much was made
of the 'buffing’ of bloed in disease This we now Interpret as zn in
creased erythrocy rate with the q easter
observation of clotting sequences etarting In the supernatant plasma
rich layer The term fibrin which we owe to the French encyclope
dists Chaptal (72] and de Fourcroy {99] was not really an advance
since they used the crudest of prep of the clot
which they tried to characterize by appearance and elementary analy-
sls  Mulder introduced the word protein in 1839 but it has been a
long and difficult road utill with unexplored bypaths to define individ
ual proteins and among them f{ibrin and fibrinogen The latter term
we owe to Virchow [482

The 1830 1859 publications of P 5 Denis are of historical inter
est  Denis' [102] most all things 1d
was the practical preparation of his plasmine ' This was a precipt
tate obtained from plagma with strong solutions of sodium chloride and
other neutral salts Redlssolved on addition of water it subsequently
underwent 1 it from the epp of natu
ral fibrin clot

The false impression that {{brin was the result of some 'spontane-
ocus' change in a soluble percursor { ) was first d by
Buchanan [¢8 69] particularly in his observation that the washings
from a blood clot could coagulate certsin hydrocele fluids He com-
pared this withthe rennet curdling of milk and also did much to try and
prove a cellular origin of the blood cosgulant Buchanan's work was
neglected until republished by Gamgee [183] in support of his confirm
atory experiments Gamgee s method of preparing thrombin (as it has
come o be termed) {rom blood clots was further improved by W H
Howell [229 232] at the beginning of our current era

2 THE DORPAT SCHOOL

Alexander Schmidt of Dorpat established his famous school in
the latter half of the 19th century From the master and his pupils
came a large body of work and publicat! in ‘s
moenographs [ 420 421] tn 1892 1895 It 1 easy from our advanced
modern viewpoint to be extremely critical of the crudity of their ex

1 and highly P of thetr ideas It
sbould be remembered however that the difficult biochemical problems
of the congulation field humble us even to this day Then again the 19th
century discoveries especially in the field of ferments (or enzymes)
aroused such interest that ar h got
out of bounds A were and their tac
itly accepted with little of the caution demanded of more recent exper
imental science Schmidt used a crude technique of atoring blood se
Tum under alcohol to obtain his 'fibrin ferment * which w. very weak
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discoveries of several new factors in the blood clotting mechaniem
Here another consequence is manilest namely some uncertainty be
cause of the difficulty in exact {dentification of the factors in question
thus leading to & fusion in 1 e Such is more
troublesome to the casually interested scientist than to those actually
working on these problems however

In the coagulation fleld at least in America perhaps the last of
the old achool authorities was W H Howell of the Johns Hopkina
School of Medicine in Balts e This and distin
guished teacher was quletly continuing his critical experimentation in

a modest 1 y which he pled as E P of
Physiology during the period of the 1930's when the present author
had the privilege of paying him visits His ly charm
advice and critical and warm p I interest and en

rag were of L value in guiding » new researcher
into the complexities of the blood clotting field

On the occasion of the annual meeting of the Federation of Amer
ican Socletles for Experimental Blology at Detroit in 1935 a small
group of interested coagulationists met together and agreed to main-
tain an exchange of ideas By this * 1 f
group has never become formally organized It has however con-
tinued to meet at each annual meeting of the Federation and the sus
talned interest has exp with ench ing year so that our
mailing 11st now has over two hundred names There are similar
groups of workers In other speclalized fields end a very important
result of thelr coordinated interests has been to secure Inter society

ions snd symposia at such as the Federation and the
. tonal Physlelogical and 1 1 T tng
Other significant contributions to the cross fertilization of idens
among specialized sclentific groups are the numerous Research Con-
ferences which are a distinctive feature of the mcdern scientific
scene Some examples in which American congulationists get to-
gether are those p d by the N 1 R Council the
U S Public Health Service and the Josiah Macy Jr Foundation to
mention just a few

With this broad persp we may sel y summarize the
early history of blood coagulation in what we may call the personal
era and then proceed to & brief review of its modern status inwhich
due credit for individual investigators need not be denied by present
ing this largely from the depersonalized point of view

The topic of the blood platelets will be separately reviewed

CHANGING CONCEPTS IN THE CLOTTING FIELD
A HISTORICAL HIGHLIGHTS
1 EARLY ORIGINS; HEWSON DENIS BUCHANAN
The earlient significant efforts toward an understanding of the
coagulation of the blood were made In the 18th century and the Exper-

ental In: of young Willlam Hewson [218] associate of the
famous brothers John and William Hunter sre particularly worthyof
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3 THE WORK OF HAMMARSTEN AND WOOLDRIDGE

Olof Hammarsten [205] in 1883 secemed to simplify Schmidt's
theorles by suggesting that "{ibrinoplastic substance® (*fibrino
globultn'} was not a component of the coagulant but appeared as &
split product of fibrinogen when acted upon by the fibrin ferment
However this eminent hemist went on to able success
in the purification of both fibrinogen and thrombin We owe to him
the spplication of the 'salting out' technique to precipitate {ibrinogen
from plasma using % set NaCl or 4 sat (NH,); SOy Weyl Heynalus
and others {ref [371]} were then developing the use of neutral salts
rather than the earlier acids and alkelies etc for the separation of
all kinds of p. The d between ins and 1
on the basis of solubilities in such salt solutions was madeinthis era
When oxalate or citrate (see later) replaced the olderMgSQq etc as
anticoagulants used {n separating (centrifugally) the plasma from the
blood corpuscles the preparation of fibrinogen and other clotting fac
tors by the salting out method was much improved The technique of
elementary organic analysis by combustion methods dating back to
Liebig {1840) was continued and despite the relative crudity of the
materials analyzed did give dataonN S P and minersls e g Ca
which contributed some information of real value in these early days
of protein and other organic Y sten ypur
itled fibrinogen until he was able to obtain up to 94 percent of its pro
tein {n the fibrin clot which resulted from treating its solutions with
h His thrombin was from fresh horae serum
The conclusion from these careful experiments was that the small
quantity of non coagulable protein unaccounted for was merely a
minor contamination with what we would now term serum globulins
Hammarsten's work on the calcium factor will be reviewed onp 8

L Wool ge [508] had le for some of
his claims to priority over the Dorpat achool in the investigation of
phospholipids ('lecithins') in the blood clotting system He obtained
many Intereating experimental facts but his tissue {lbrinogen theory
and many aspects of his work were too unorthodox to gain him wide
of his obscure works by Horsely and

the p
Starling in 1893 falled to shake the widespread acceptance of the
thrombin theory

4 THE CALCIUM FACTOR Early work of Arthus Pekelharing
Hammarsten Sabbatini

Alexander Schmidt was never convinced of the need for calciumin
the thrombin forming reaction There had been previous suggestions
1201 404] for a role of calctum in blood elotting but the significant
evidence was provided by Arthus and Pages in 1890 [19) They used
oxalates or fluorides to prevent clotting and restored it by simple re
addition of calcium salt

Pel [372 373) this and eitrates for
the same purpose This worker Improved upon Schmidt s methods for

Dilution and of plasma with weak
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and impure thrombin by modern standards His numerous experl
ments endeavored to search out all possible factors influencing the
clotting mechanism Proplastic! {e fibrinogen containing liquids
such as hydrocele fluld or plasma obtalned from blood kept fluld with
MgSO, and other neutral salts (cf Hewson [218] ) were clotted by
Schmidt's fibrin ferment He obtained good evidence for a precursor
of the coagulant The terms thrombin (for {ibrin ferment) and pro
thrombin {for its precursor) were introduced in his later writings
Thus Schmidt has deservedly been called the father of the thrombin
theory  Many details of his particular theorles and terminologies
have long since been discarded and need not be reviewed Afewwords
may be sald however about some of the experimental facts In at
tempting to unravel the thrombin problem Schmidt did much to impli
cate {he thought) both (1} a plasma protetn 'paraglobulin ' and (2)
tissue or cellular factors which he called ‘zymoplastic substances !
As to the first 1t did seem ratlonal at the time to look for a proteoly
tic 'split product' accompanying the postulated enzymatic breakdown
of fibrinogen to librin

Schmidt and his pupils did a great deal with the tissue materials
noted under the second head namely zymoplastic substances ! These
were obtained both in aqueous extracts and by means of fat solvents
hence chiefly lipoldal In character Heat stability and many other
properties were {nvestigated The most significant conclusion about
these zymoplastic agents was that they were not thrombin but could
participate in the activation of prothrombin

The essental technlque whereby Schmidt sought to characterize
tissue fractions was first to obtain en alcoholic extract {'zymoplas
tic substance') then a succeeding watery extract ( cytoglobulin') and
its acetic acid precipitable fraction ('preglobulin’} and {inally aninsol
uble residue {'cytin'} Of historical intereat were the observatifons

(n plastic P clotting under a variety of test
clrcumstances some of which led to the conclusion (above) that it
could participate in the of proth to th {2} the

defatted cellular extractives especially p had able
clot {nhibiting powers e g for mixtures of MgSOy plasma and
ibrin ferment (thrombin) (3) zymoplastic substance however was
able to restore clotting in these inhibited mixtures

Schmidt s tinal summing up of his views on coagulation [421] tn
cluded the idea of something normally present in blood which could be
regarded as an gntithrombin Thls term was actually Introduced by
Fano (1881) to designate the thermolablle (on boiling} agent which
ceused incoagulability of blood after peptone injections in the dog
as first shown In Carl Ludwig s laboratery by Schmidt Mulheim (1880)
Extracts {rom the medicinal leech contain a substance hirudin which
Haykraft [217) showed to have similar ‘antithrombic! powers

1t was generally known in this era that {a) the ‘thrombic action
of fresh serum progressively decreased on aging even for a few hours
{b) thrombin clotted plasma less readily than a fibrfnogen solution
{e) the weak thrombin preparations of that time had little {f any ca
pacity to produce coagulation {thrombosis) on fntravenous injectfon
into experimental antmals
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Even when the blood remained coagulable the clots would socnundergo
1ysis  As lttle aa 1/60 vol of normal dog plasma could prevent this
indicating that normal plasma contalns a powerful antifibrinolysin
This however 1s reduced or absent in the above cases Involving fall
ure of llver function Nolf performed many noteworthy experiments
but his theorfes were heterodox In brief he tried to bring intoa dual
clotting fibrinclytic schemet {1} fibrinogen (2) 'thrombogen ' which
13 possibly equivalent to the dox p although Nolf also
1dentifled 1t with the antifibrinolytic agent {3} 'thrombozyme 'possibly
Lvalent to Sch ¢ 1

# zymopl or Mor .
kinase since Nolf asserted that it was produced by certain white cells
(thrombocytes and platelets) and by the endothellum of the capiilaries
Nolf accepted thrombin only as & by product of the reaction between
the abave three substances and not as the coagulant itself as in the
thrombin theory He used the term astic! for a
eous group of agents including wettable surfaces e g ground glass
calcium oxalate in colloidal suspension chloroform and similar
emulsification which assist in the colloldal reactions The throm
‘boplastic sgent intervenes solely to make the reaction possible between
these {3 cited) precursors It acts as a catalysator And so also do
the alcoholic or aqueous tissue extracts It may be rememberedthat
Freund {174] end Bordet & Gengou [58] retarded blood end plasma
clotting by use of paraffined surfaces

7 THE HOWELL THEORY

Around 1910 W H Howell and his pupils were re Investigating
(e} the thrombin fibrinogen reactlon {Rettger 1910; Howell 1910)
(b} the injection of th {Davis 1910) and {c} the
clotting of peptone and hirudin plasmas especlally by glycerinized
{Cectl 1911) tissne extracts In a 1911 paper Howell (230} carefully
d the role of plastic tissue extracts and because
of their ability to clot the above mentioned Inhibitor containing plas
mas he concluded in favor of an slternative to Morawitz's theory
namely that tissue extracts act only by neutralizing certain clot
inhibitors Furthermore he argued for a type of (natural) inhibitor
which does not merely antagonize active thrombin but actually prevents
the of th from Hence the new term
ant{prothrombin’ and the specific {dea (Howell's ‘thromboplastin’)
thet tissue extracts particularly the thermostable lipoidal fraction act
by neutrallzing antiprothrombin
In 1912 independent of Zak [514] Howell [231] identified the
plastic agent as in some form of protein combination
Lecithin whether from tissues or egy yolk wes lnsctive Howell's
cephalin preparation followed the method of Thudichum [464 465]
ploneer in the field of brain ch y  Dial had separated
‘lecithin from other brain lipotd fractions and shown that its hydroly
tic products were glyceroph oric acid choline and fatty acids such
as olelc and (ref [103]}) Th found that there werea
vum;, lelf phosphorylated Tipotds (ph ) At
eapecially elr nitrogenous basic groups Retalning the name
thin for thoae contalning choline the sew rerm :ephn\is was glven)::’
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acetic acid sepnra!ed thh agent by a principle which we would now
char as i Pr Pekelharing however went
to undue lengths to identify hh material as a 'nucleo albumin' and sug
gested that it had a cellular perhaps platelet origln These were not
useful ideas and they somewhet lessen the value of his contributions
He did {nsist upon the i{riportance of calcium salts in ectivating pro
thrombin to thrombin (fibrin ferment) but he loses us in his further
speculations ahout its transfer of calcium to the fibrinogen in the act
of clotting

Hammaraten [206] provided more convlnc!ng evidence of the
specific importance of cal inp 1 n while deny
ing it any really significant role in {ibrin formation By oxalation and
tisoelectric’ precipitation of his fibrinogen and thrombin he obtained
reagents which {nteracted to give a fibrin analyzing ns lttle as 0 005
percent calcium This could reasonably be diamissed as » trace
impurity {but see Howell's comments fz'ss])

The question raised by citrates which are unlike oxalates inthat
they do not precipitate calcium was settled at the turn of the century
by Sabbatini [417] who showed that they do remove Catt fons by
forming inactive CaCit anlon complexes

§ THE MORAWITZ-FULD THEORY

Morawitz [345 346) and Fuld & Spiro [181] clarified 1deas con
cern(ng the role of tissue factors in the clotting mechanism Fuldts
term 'cytoryme’ was later adopted by a minority of workers notably
including Bordet [55] wherenl most European investigators accepted

term thr ' The argument was still by analogy
with a tacitly accepted enzyme hypothesis and it may be remembered
that Paviov {1899) had just discovered enterokinase to explain the in
testinal activation of pancreatic trypsinogen into sctive trypsin The
Morawitz Fuld theory did clearly state that both calcium fons and
tissue {actor were needed to convert prothrombin {nto thrombin

Morawitz [345] slso gave us the term 'metathrombln’ for the
tnactive form of thrombl.n In serum believed due to wome combination
with whic! following earlier leads by Alex-
eander Schmidt thought he was able partly to reversc with an acid and
alkall treatment

6 THE HETERODOXY OF NOLF

P Nolf [351] In the later 1900 s restudied the phenomena o
peptone shock in 1 animals par larly in relation tothe
liver He not only confirmed earlier French workers {Contjean Gley
Hedon and Delezenne} as to the hepatic origin of antithrombin {which
Nolf preferred to call tantithrombosin') but also gave good evidence
that the liver produced fibrinogen and nnuﬂbru\oxynn_ Nolf was espe
cially interested in the inting out the loss
of fibrinogen due to appearance of an active prnuolyxlc enzyme (fib
rinolysin) in the blood partly explaining the incoagulabllity encoun
tered not only in peptone shock but aleo {n liver palsoning with phos
phorus (Corin & Anclaux 1894} or with chloroform {Doyen 190%)
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of prothrombin calcfum and kinase (tissue extract) Howell’s oppo
site resnlts' were thought to be due posaibly to dilferences inthetwo
prothrombin preparations or in the test subatrate {purified fibrinogen
wu dislyzed oxalated plasma} Howell falled to mention a much more
significent point namely that Mellanby's kinase’ was a crude aque
ous tisyue extract wheresy Howell's ‘thromboplastin® was puriifed
cephalin  Howell cites Fuchs® [111] 2% that the p

complex might be the same us the 'proserozyme’ postulated by Bordet
and Delange {56] No further comment 1s mude In the review but 1
know from personal converaations with Howell that he was unimpressed
‘with this idea Bordet's proserozyme was sald to change to serozyme
{prothrombin) on contact with wettable surfaces but heparinizedplasma
or prathrombin solutions are unaffected by the surface of the container
Howell {238] d1d not bring the heparin into the

thesis but only into the antithrombic actlon of heparin Th\u

unlike hirudin  heparin  has no inhibitory effect upon the reaction

between and heparin added to
plasma or serum causes the production in these liguids of a true
1th some the constity

by s
ent of the blood  Let us anticipate some of the modern era of our
theme to record the reasons for the refutation of the Howell theory
This came sbout because of faflure experimentally to verify the essen
tial facts which the theory requires Here are the answers to some
key queations;

1) Are significant amounts of heparin to be found in the blood nor
mally? The best snawer {s that of Jaques (249] who used a relfable
themical assay method which falled to find more than 10 micrograms
per 100 ml In normal human bloods This 1s only sbout 1/10 the a
tmount of the heparin needed to keep blood from clotting in vitro Hep
arinemin can accur in peptone shock and other anaphylactold reac
tions [255]

2) Can heparin form a p b
Because of fts highly scidic groups heparin can bombine wi!h(he bastic
groups of meny protelns ete {Fiacher (162]] Chargatf {15] obtained

of a hetween heparin and prota
mine (n baslc -pm product u( salmon rae protein) It can form a

1y with ff ! {42]) No one how

ever has isolated anything like the heparin p
compound The inhibitory actions of heparin have proved multiple and
complex They are atill insufficiently understood but much thatisnow
known can explain these actiony without need for postulating Howellly
complex [425]

3} Does thrombaplastin neutralize heparin and release prothrom
bin? As to the first part of thiy quenlen et us for the moment iden-
4ty th in with cephall h Phos-
phorylated lipids are ecidic in much the same way s the ll\l(nnnzd
heparins Hence a direct ¥ seems
There 1s much more reason and evidence (e g Chargaff [75)) to think
of both the phosphatide -nd the hep-rln as competing for the basic
groups of proteins Ceph with prota
mine {74] Heparin the m-nngu acid can Tdeviate! cephllln(rumlhh
combination  When heparin is made to react with the thromboplastic
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those contalning ethanolamine 1n 1915 Howell set his pupil Jay
McLean to test In the blood clotting system all phosphatides dee
scribed in the literature to that time An unexpected result will re
celve due consideration in a later paragraph The data for Howell's
Jast paper [239) on The isolation of thromboplastin from lung
tissue were completed just before his death in 1945 but it was his
daughter Dr Janet Howell Clark who wrote it up {or publication
kindly submitting it {or my appraisal before sending it to the publish
ers This paper showed the progress Howell had made toward char
scterizing thromboplastin as a proteln compound of a phospholipid'
from which it was posaible to remove the proteiln leaving a residue
with marked thromboplastic activity the chemical nature of which
has not been determined *

Howell {233] used a crude preparation of prathrombin  simply
obtained by precipitation of plasma with acetone washing with ether
drying on a h funnel and subseq y extracting with alkalin
ized water or saline None of his proth failed to actl with
caleium alone In fact many of them activated to thrombin 'spontan
eously’ and this was enhanced by treatment with CHCl 4 and other
lipid solvents [71] Howell [229 232] also prepared a thrembin by
87 NaCl extraction of washed blood clots (see p 5} and could purify
this by shaking with chloroform until it no longer gave any reaction
to chemical tests for p P it These data caused Howell to re
ject the European thrombokinase idea and insist that calcium alone
could actl P 1 g these matters in his 1916
Harvey Lecture Howell [235] agreed that thermolabile (50° 60°C)
aqueous tissue extracts or relatively thermostable cephalin do axsist
in prothrombin activation but he proposed an alternative explanation
namely that under normal conditions the prothrombin 1s protected
from the g of the calet lons by a bination of
some kind with an Yy agent or antisub and that 1
exerts its accelerating effect upon cosgulation by neutralfzing the in
fluence of this Inhibitory substance thus liberating the prothrombin so
that calcium can convert it to thrombin This 1s the essential Howell
theo!
Il:lyuwell'u pupfl MclLean [326] 1n the above mentioned study of &
variety of relatively crude phosphatides found some that instead of
aiding had a marked y etfect upon These in
cluded two preparations of fcuorin' {method of Exlandsen 1907} anda
theparphosphatide' (method of Baskel! 1908) In personal conversa-
tions with Dr Jay McLean during vigites to Columbus Ohio around
1940 he told me how elated he had been to  dlscover a th
But he had to leave for sctive service in World War 1 and misged the
follow-up work in which Howell and Holt [242] and Howell [237] o4
tablished the more important aspects of this anticoagulant action {n
cluding need for & plasma coefactor and identified the agent not o4

but as a d polysaccharide amine which Howell
l;.ue:l heparin In his 1926 Pastcur Lecture {236] and 1935 Phy.iq.
Jogscal Review article (238] Howell clearly fdentified ht tpro
ihgombm edth heparin He did note that Mellanby 1330] wae not abye
to obtain sny evidence that heparin combines w;‘m pr{:llh;ambxn find
tng that it did not prevent the activation of prothrembln In & mixture
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titative in many experiments Yet one finds all sorts of Inconslstencies
and contr ! For pl {n) every fibrinogen solu
tion which has been tested has coagulated with calcium chloride alone

and the statement (b) but & conslderation of the properties of kinase
angd p: in and the of plagma point to the conclusion
that calclum alone will not clot As

kinase' Mellanby used diluted testicular extracts {rom the bled cock
erel after the manner of Rauschenbach (1881} With calcium this
readily clotted his "fibrinogen? and he properly interpreted this as ev
idence for prothrombin contamination in the substrate In this early
work [327] Mellanby did not separate prothrombin but merely deduced
its presence and activation {rom crude experiments especlally varying
the concentration of kinase

Mellanby's 1909 thrombin (fibrin ferment) was simply the fluld
expressed after 1 gulatd of a f, gen solution by
kinase and calcium chloride It was with such reagents that he at
tempted to the both as to
clotting times and fibrin yfelds He varied {a} calcium and other alka
line earth salts {(b) neutral salt {NaCl) concentrations {c} acid (HC1}
or alkall (NeOH) and (d) oxalate citrate fluoride etc

In 1930 Mellanby [328 ap 1 que for 'pro
thrombase ' which was his term for prothrombin based upon the pre
valling enzyme idea Starting with dilution and acidification patterned
after the earlier methods of A Schmidt and Pekelharing and essentially
anticipating what we would now call an effort toward isoelectric precip
itation he hed over many Thus the precipitate
obtatned from the dituted plasma is & complex mixture The greater
partion of it conelsts of prothrombase fibrinogen and serum globulin
but the p4 of serum and (1) are al
ways present in variable quantities The separation of prothrombase
from this lex precip has p able
Nevertheless by diluting with lime water and bubbling CO, throughto
PH 68 70 and calcium bicarbonate {thus formed) about 0 0092 per
cent he claimed splitting of the p from the The
mmount of calcium was said to be too small to activate the prothrom
base in the time req for end g P
acetic acid to pH 53 The final product was dried with acetone (gt
Howell see p 10} Admissions of its frequent contamination with
thrombin conflict with assertions of no spontaneous activation e g
on dlalysfs Mellanby's product did have considerable potency and In
somie tests was partly stable to bofling for 5 min at pH 7

Addition of tissue extract alone (thrombokinase) to a solution

of prothrombase always causes the generation of a corresponding quan
tity of thrombase in the course af a few hours This fact holds good
even when the prothrombase has been prepared from solutions contatn
ing no calcium salts 1 ¢ oxalate plasma and the replacement of cal
clum bicarbonate by sodium bicarbonate In the second s
cess However minute amounts of calcium
effect on the velocity of activetlon  Hence Mellanby balked at any
{inal conclusion thus ™  no definite statement on the place of calefum

salts in the reaction may be made until thrombokinase has beenisolated
in a pure condition

ge of the pro
have & marked
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lipoprotein from lungs {87] the phosphatides are eplit off theproteln
carrier and a heparin-proteln compound results This compound in
losing {ts thromboplastlc property has acquired & new one {t exerts
a markedly anticoagulant effect {83] ' The proteln mofety of the
thromboplastic agent must obvicusly also be considered Furthermore
the plasmatic colactor {gf [242]) hae been shown [67 151a] to intes
vene {n the antiprothrombic as well as the antithrombic sctions of hep
arin and this requires further explanation As ta the second part of
the question real evidence fs «till lacking that prothrombin was bound
in the firet place

4) Cen p be s2lts alone? This eo-
sential corcliary to the Howell theory is serfounly questioned by more
recent wark including deta presented {n this dissertation in which it
will appear from experiments with both Howell type and with newer
types of prothrombins that cephalin er tissue thr pl play 2
direct role along with cal in the ion of proth bin 10

thrombin Furthermore wholly new factors {163 354 ] have now be
come rvecognized as equally eesentistl in the highly complex thrembin
forming verctions lu suramary then the Howell theory was too simple
and has not atood up to the inexorable pressure of more modesn exper
imental facty

8 J MELLANBY STUDENT AND LEADER IN THIS FIELD

In 1909 J Meltanb; in the Physiol Lab v at
Gembridge (England} as George Henry Lewes' student published
two {327] nateworthy papers in the field of blood toagulstion and in
his rnuurl? he returned to this field with further investigations tn
the 1930%s (328 329]

Mellanby first employed fow! plasma as recommendeq by Dele
zenne {1897) to prepare lurinogen by a dilution and acidificatfontech
nique in principle simiiar to the tech of Al a Yrnddi
{420 AZIf He rejected Hammaraten's onS] salting out method be
Cauce of  baneful of salts on p and stated It 1
clear that §f fibrinogen La a globulin the best method to prepare it 1s
to dilute and any flutd it This procedure wil}
certatnly p! ail the glob ined in the flald uped but
there has not yer been adduced a certain proof that any globulin other
than {lbrinogen exista {n plasma As a matter of fact the majority
ot experimental results point to the conclusion that fibrinogen is the
anly globulin contalned I plaema {327]  This error {s not only con
founded comptetely by more modern knowledge tref {114} but was
untenable even with the data on plasma snd serum proteins avaflable
$n Mellanby's time Furthermore (¢ ia Inconeletent with many obeer.
vations in his own work Elsewhere Mellanbycited Pekelharing {373]
as ldentifying prothrombin with *kinase ¢ We have noted {p B) that
tnle authority did belleve prothrembin to be a 'nucles albumin' of
celiular origin bdut he way very ¢lear that it was » plasma .,—;,y.npa,,mt
2and quite distinct from the lestic cellntar of Al
sgh?‘rde‘dlz must be given to the stternpts of the Camhbridge ! student 1o
further the knowledge of blood clvtting tncluding his cfforts to be quan
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1935 [381]) Many tncluding Alexander [6] and ourselves [147] have
come to prefer BaSOg  In their 1938 puritication of prothrombin by
CO, lunder pressure) elution from the MgfOH), plasma adsorbate and
its q to by means of calclumand
lung extract the lows workers were assisted by W H Scegers {435
428) After establishing his own laboratory at Wayne University
Detrolt Seegers and his collcagues further purified prothrombin [424
431 425] and thrombin (433] from bovine plasma to give us the most
potent and posslbly the purest preparations to date There still remain
some questions of trace impurities and it must be remembered that
both adsorbents and precipitants yleld several other components of the
clotting system the presence of which in the final product may call for
some critical comment

B MODERN VIEWS ON BLOOD CLOTTING

The following selective outline of present day {1956) knowledge 1s
presented with slight personal blas but is essentially the consensus of
the modern 'group thinking * All workers agree that many detells and
perhaps still undiscovered {actors await further exploration and that
the present 'working hypothesis ' useful as it 1s especinily tn many
clinical applications yet falls to glve an adequately detalled answerto
the deceptively simple but truly involved questions: {1} why does
blood nat clot in the normal circulation and (2) why does it clot{a) in
thrombotic conditions and (b) when shed? To unravel the complexities
we shall try to analyze the clotting mechanism step by step bearing
tn mind the {nter and {requ or
overlap of the several and successive reactions

1 SKELETON SCHEME OF CLOTTING REACTION

Flgure 1 p an over P scheme It
merely Indicates the two fclassical’ phases of clotting The essential
and final {gecond) phase ia the conversion of the plasma protein fibrin
ogen into fibrin clot through the physiclogical intervention of thrombin
From one point of view this reaction is colloidal namely a change
from 'sol' to gel' involving many physico chemical considerations

luding surface el 1 charges dep upon polsr groups of
the remcting mol and the 'fonic pl * of the g
salt rich medium From another point of view it {s enzymatic refer
ring to a specific mode of action of thrombin

Thrombin 1s not nermally present in the circulating blood Indeed

there are antithromblc factors naturally present to Inhibit or remove
any thrombin which might possibly form in the blood The plasmadoes
contaln a p T protein p The first phase of
clotting then 1s with the of p to ac
tive thrombin This is particularly complex and will require a search
ing snalysls of what our scheme collectively calls 'activators ' Possi
bilfties of of the are in the
scheme and will also require investigation It is questionable whether
we can group such firat phase inhibitors as 'antiprothrombic! without
becoming involved in the old controversies of the Howell theory
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Mellanby's ‘th ¢ {th bin} 4 ibed 4n % later paper
(329] was obteined by slightly modifying the prothrombase method so
as to permit conditions favorable to 'spontanecus’ activation

We have clted the foregoing {n some detall in order to emphasize
the unsatisfactory state of experimentation with the blood coagulation
problem as late as the 1930%s  Fibrinogen had come a long way with
Hammersten [205] and Howell [230] but prothrombin and 'kinase’
and even Howell's [232] purified thrombin were far short of critical
requirements It is in {act ull toc evident that mout workers preferred
to avold facing the isaue of 1 p Most
were made as if these did not exiat even {f at times this meanta con
siderable twisting of the experimental results It would not seem that
it was asking too rauch by L9300 to ensure that fibrinogen preparations
were free from all traces of prothrombin Yet nowhere can we {ind 2
product which failed to clot with calclum #ad tissue extract except
poasibly in some of the enslier experiments of Howell [230] Mastof
the ttme however Howell only used calctum salt in the control test
since according to his theory this is all that is needed to activate
prothrombin

9 MILLS: PRACTICE VS PRECEPT

€ A Mills of Cincinnati was the other notable authority whose
personal interest and exchange of {deas played a role in the present
writer's entry into the blood clotting {ield at that ttme Of his volumi
nous writings [334 337] Little will be aaid in this review We dorecall
however Milis' insistence on a critical control of fibrinogen prepars
tions for freedom from prothrombin Mills used cephalin as well as
caleium in the preliminary test Unfortunately much of Mills' magal!
icent conceptual epproaches ended in data which must be discredited
because of the f2ilure to realize fn practice what he preached Intheory
The critical control was {inadequate when most needed to support the
{nterpretation of his experlments The fact was that Mills Fapaa] ob
tatned clotting in his 'prothrombin free’ f{brinogen on adding lung ex~
tracts or platelets in the presence of calcium  This led him back to
the heterodoxy of & sccond type of clotting and even to the nomencla
ture of Wooldridge's {508] Ttissue {ibrinogen ?

The refutation of Mills® experiments and conclusions was made in
1934 by the lows pathologlats Smith Warner and Brinkhous [442) In
gearching for » suitable fibrinogen these careful workers ¢inally
adopted the technique of adsorption with MgiOH); for removal of
traces of prothrombin as previously recammended by Fuchs [180]
Their second contribution was in the preparation of the lung extracs
itsell Delng highly vascular lung {a ordinarily full of blood the pro-
thrombin from which can appear in crude aqueous extracts By per
fusing the lung with water or saline the Jowa workers were sble to ob
tain a gubsequent prothrombin {ree extract This did not clot the
critically prepared fibrinogen even on adding calctum

Prothrombin adsorption techniques were not new Plckerlng [375)
reviewed & variety of reagents which had been tried for this purpose
We may list Cay(POg) a(Bordet & Delange 1914 fv 58]} BuSO“ {Oale &
Walpole 1916 [98]) MgiOH); (Fuche 1929 [176)) ANOH)s (Quick
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uncertaintics but have clearly proved their value in many exacting
Par larl 284 are data which have been
obtained with Rhysical messurements e g opacity rigidityandtensile
strength of clots 1ight g (differenttal ref )
ing double refraction 4iffuslon viscority electrophoresis ultracentri
fugation and P y studies [89] are very
valuable In preparative procedures when worked out in relation tothe
five variables: (1) temperature {2} pH (3) fonic strength (4) protein
concentration and {5} content of water miscible organic solvent e g
ethano]l ginc glycine etc Monumental centributions in these areas
of our f{eld have come from the late E J Cohn's Department of Phys
ieal ]Chemll!ry and Plasma Fractionation Laboratories at Harvard
14,

al 1ds. The modern chemist seeks to follow the course
and kinetics of reactions especially enzyme actions by timing changes
in the substrate as well as by measuring amounts of the final products
This logical approach is beset with tech in the case of
the thrombin fibrinogen reaction The extent to which these may be
overcome is {llustrated in the gelected references [15% 348 60] Fi
brin ylelds as measured by the amount of coagulated protein recover
able In washed clots is of course primarily dependent upon the initial
amount of fibrinogen available That the thrombin concentration deter
mines only the rate of the clotting reaction but not the ulttmate fibrin
yleld 1s clearly shown in Figures 3 and 4 These are from experiments
with purified fibrinogen and thrombin in the author s laboratory [60]
Figure 3 shows ctfects of varying the relative thrombin concentration
ath but employing a amount of fibrinogen Despite
clotting time [see below) variations between 18 sec and 30 min the
{inal (10 day} fibrin ylelds are Identical and all 100 percent of the orig
inal (coagulable) protein in the fibrinogen These findings are strong
evidence for the enzymatic nature of the thrombic action Figure 4
shows fibrin ylelds with time emp g fou. con
centrations The linearity of the logarithmic plots (of residual sub
strate concentrations) within small limits of experimental error in
dicates a first order reaction [273] agaln conalstent with an enzymatic
activity of thrombin
NOTE: The results do not rule out a paeudo {irst order reaction

in which preliminary phases might be slower than the action of throm
bin  Other things which do not affect the fibrin yteld within reasonable
lmits are (1) temperature {2) pH (3) aalt concentration e g NaGl
C=Cl, (4] "ibrinoplastic'™ collolds e g acacia lexcept for minor oc
clusion effects) (5) minor partial denaturation of fibrinogen { profi
brin of Apitz 1937) Things which may affect {ibrin yleld include

2] mely low {0 002 0 003 percent) where
Tsoluble {ibrin * 1 e P

lymers degree ofag
gregation forms 2 significant proportion of the end product according

*Ferguson (1940 {134]) proposed a revival of this old term of Alex
ander 5chmidtin order to indicate agents which shorten clotting times
through nonspecific effects best interpreted as adsorptive or similar
ways of bringing fibrinogen and thrombin reactive groups’ together
and thus facilitating their interaction
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2 EXTENDED SCHEME OF CLOTTING
AND HEMOSTATIC MECHANISMS

Figure 2 pruentu a more detalled scheme of the major factorsin
blood clamng and h with some & of interrelation
ships For clarity all inhibitor factors are omitted and must be con
sidered separately Briefly summarized the following ideas are
covered

1) H 1s {5 & physl 1 Ingt
(a) vascular and 4
{b) platelets {and other formed elements) participating in the
cell thrombus
{c) {ibrin clot
2} Vascuylar factors will not be d except to
{a} vasoconstrictor role of serum serotonin derived (ln part)
from 5 hydroxy tryptamine of platelets
{b) role of damage to vascular endothelium fn (1) initiating plate
let participation (adherence clumping breakdown) and{il) af
fording site for ﬂbrin depo-iuon
3) Platelet factors ( ) including
{a) the above vasoconstrictor (2a)
{b} a platelet component which reacts with plasma factors in
thromboplastin gencration '
(¢} a platelet 'accelerstor '
(d) platelet retractor factor
(e) a role of thrombin {n the platelet mechanisms
4) Plaamatic thrombophstlc factors (AHF PTC etc ) are mdl:lted

a2 reacting with p! {31} 1n 'thr
5) Injured tissue sources of a ' " thy tn sre d
6) Pr {n {# the fnactl of in plasma nor-

mally activated by Cat+ and thrombeplntln in the presence of {7)
and {8) which ere two essential plasma 'co factors '
7} Proconvertin yields convertin in the presence of Ca and thrombe
plastin
8} P lerin ylelds lerin under the
thrombin
9) Actlve thrombin formed by the indicated reactions
10} Conversion of fibrinogen into fibrin 'Serum factor’ {p 21} should
be included
11) Clot retraction subsequently results from action of a platelet
factor (3d)
12) Fibrinolysis and clot r lution result y from
of the proteclytic enzyme system whose cornponents are also fn-
dicated in the scheme
13} Various s should be luded {n the 1tned above

{see pp 29 33}
3 THE THROMBIN-FIBRINOGEN REACTION

11 of a trace of

Most of the early work in th ea was poorly quantitative and be
set with u:cert.inue- and errors caused by impurity of the reagents
used Modern materialy are by no means completely Iree¢ trom all
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‘but show clots on subsequent thawing This may indicate that traces
of thrombin can act on fibrinogen slowly even in the frozen state but
1t {» fust possible that the clotting occurs in the act of thawing

4) pHi1 There {a an {ll-defined pH optimum for the thrombin.
fibrinogen reaction with some dependence upon the experimental con
ditlons It {s important that the normal pH of the plasma (about 7 4)
1s close to this optimum Clotting times are prolonged but only
slightly until we approach the extremes of {2} 5 3 in the acid range
or {b) 10 in the alkaline region In (b) we run into the 'reversible in
hibitor® problem {see (7)) of insufficient polymeriration of the fibrin
ogen [466] This may also be u factor in the acid reglon [405]

5) Ionic strength: The moert important actlon of sodium chloride
and most common neutral salts is a delay In clotting times with in
creasing onic strength [115] Numerous data on this go back all the
way to Willlar Hewson {1770} Paolyvalent entons [191]e g ferro
cyanides ferricyanides have especlally marked inhibitory effects
Table 1 yummarizes an experiment of the author's [145] The exper
{ment shows that the inhibitory action of strong neutral salt (4 5¢
NaCl}) which cen be removed by subsequent dilutton does not alter

4 or and only p: the appearance of vistble
fibrin in a mixture of these two sgents  Confirmation of the fact that
clotting times become progresaively shorter the longer the thrombin
fibrinogen mixtare is held with the 4 5% NaCl before dilution is re
garded as evidence that the essentisl step in fibrin formation proceeds
independently of the presence of the salt which merely Inhibits or re-
tarda the gel formation {precipitation) ¢f Apitz [18]

6) Specitic fon effects: Caletum is in that it
accelerates the clotting time of thrombin fibrinogen mixtures in &
narrow range of low concentrations e g 0 008 0 032 molar in one of
our experiments although this depends on total ionic strength [115
310] By removal of the Ca effect EDTA hinders the fibrinogen
fibrin trensttion [409]

e b1

s In an recent study by Shulman
1438] 42 {out of 80} substances tested markedly delayed or inhibited
clotting In thrombin figrinogen mixtures under this muthor's teatcon
ditions This type of 1e by dialysis I

as to the ! procesa by which fibrinogen {a
transformed into {ibrin can be drawn from these and other exper{
ments  We ahall consider this toplc in a later paragraph

€)' Fibrinoplastic' collolds [60]: The shortening of clotting times
by theae agents has been mentioned in the proceding section on fibrin
yields and the footnote on p 17 suggests an explanation of thelr mode
of action Gum acacla 1s of some importance in that it {s used to

bilize the of 1 in the Iowa two stage prothrom
bin (and } b [443] has stmilar effects
{134)over a wide pH range We have also noted it with a highly puri
fled lactoglobulin  Also see 'platelets {p 51)

9} Partial denaturation of {{brinogen {60]: The preaent author s
view s that the effect of this 15 due to the same general type of fibrin
opiaatic! action as noted under §) That sl of the denatured fibrinogen
1s {ncluded in the fibrin clot may be evidence of an adsorptive or oc
clusion phenomenon The Wohlisch [504] denaturation theory' of
clotting s now largely discredited
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ta Morrison [348]1 (8} vecluded proteins {348 (cf reversible inhidl
tors of the type studied by J D Ferry 5 Shulman et al in the Wie
consin Laboratories [180 438 440] for the axme resson; {(d) fibrino
Iytic enzymes f active which are apt 1o be contaminents of thrombin
rnd some fibrinogen preparations and cun destroy fibrinogen and f{
brin st approximately equal rates according to experiments {n our
jaboratory {291]
v} times The earliest efiorts to obtain quantitative in
formation about the clotting process were by measurement of the time
requized to form a visible or u solid clot  Because so many factors
eater into the determination of any 'clotting time ' the whole concept
would geem to be fraught with extreme empiriciam In fact itispos
»ible 1o advance the view that there is no such shing as clotting time
since the blood does not pormally eiot in the circulation so that we
must merely be mesauring the results of highly artificisl conditions
In actual practice however these conditions can be defined suff{clently
to give clotting time determinations real value in following and inter
preting the clotting phenomena  As » technical point particglarly re
ferring to experimental systems of artificially tsolated clotting agents
moat workers prefer to time the first appenrance of a definitely vis~
1ble clot {fibrin strandsl rather than a solid gel {tube tnvertible) Both
end points xre empirical and depend upon a cartain amount of fbrin
1 fon by no meana e of the vl fibrin yield Theop
pearance of successive cyops of clots when & weask thrombin 1s used
ia = well known phenomenon Facters known to infinence clotting time
include

1} Concentration of thrombin: the atronger the thrombin the
shorter the clotting time other things being equal This {s a common
feature of enzyme reactiony  Figure 5 shows an experiment from the
authorfs leboratories in which over at least a 18 fold range of rels-
t{ve thrombin concentrationn the ciotting fimes obeyed an 'inverse
taw ' a5 old ides in the congulation Htersture (163} Itts perhaps
unfortunately very difficult to define the precise experimental condt
tions for obtaining this resu It In most experiments the deviatfon
fram a linear relationship ta gignificant It may still be posaible how
ever to translste clotting times into relative thrombin concentrations
{*units’ of activity! by use of this type of reference curve {simple plat]
obtatned under closely similar experimental conditiona [20}

3} Conzentration of {{brinogen over a considerable range thix
hee remarksbdly Httle effect on the clottlny time which fs not so
strange remembering that we time anly & partial change in the sub
strate {see above) The quality of the <lot varles however and may
affect reading of the end point  Particoiarly with vesy weak fibrino
gens a poor clot and the probsbility of slower and leas complete poly
merization {referred to under fibrin yield) may cause longer clottlang
“muz) Teraperatures Ic hes long been known that cooling retarde the
reaction while werraing accelerates it up to temperatures where
complications appeaT because of thermal denatarstion of the {ibrino
gen  Thrombin is smuch mo re heat resfatant but this depends on pif
salt content and other considerations Some plnr;:;l mdx!rt;%v.‘l’::e n
brinegens may be completely clear when frogen and kept »
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but show clots on subsequent thawing This may indicate that traces
of thrombin ean act on {ibrinogen slowly even in the frozen stete but
1t 1s just possible that the clotting occurs in the act of thawing

4) pH: There is an {11 defined pH optimum for the thrombin
fibrinogen reaction with some dep upon the expert 1con
dittons It {s important that the normal pH of the plasma {about 7 4)
1x close to this optimoum Clotting times are prolonged but only
slightly unt!] we approach the extremes of {a) 5 3 in the actd range
or (b) 10 in the alkaline reglon In (b) we run into the 'reversible in
hiblitor' problem (see {71} of insulficient polymerization of the fibrin
ogen [466] This may also be a factor in the acid reglon [405]

5) lentc strength: The most important action of sodium chloride
and most common neutral salts is a delay in clotting times with in
creasing fonic strength (115] Numerous data on this go back all the
way to Willlam Hewson {1770} Polyvalent anions {191}e g ferro

yanid tey have 1y m y effects
Table I summarizes an experiment of the suthor's [145] The exper
iment shows that the {nhibitory mction of strong neutral salt (4 57
NaCl} which can be removed by subsequent dilution does not alter
11b or th and only p: the app: of vistble
{Ibrin in a mixture of these two agents Confirmetion of the fact that
clotting ttmes become progressively shorter the longer the thrombin
{brinogen mixture is held with the 4 7 NaCl before dilutfon is re
gerded as evidence that the essential step in fibrin formation proceeds
independently of the presence of the salt which merely inhibits or re
tards the gel formation (precipitation) ¢f Apitz [18]

6) Specific lon effectss Calcium s lous in that it
eccelerates the clotting time of thrombin fibrinogen mixtures in a
Berrow range of low concentrations- e g 0 008 0 032 molar In one of
our experiments -although this depends on total fonic strength [115
310] By removal of the Ca effect EDTA hinders the fibrinogen
{ibrin transtrion  [409])

7) Reversible inhibltors: In an extensive recent study by Shulman
(4381 42 {out of 80) sub delayed or
clotting {n thrombin figrinogen mixtures under this authos & testcon

ditfons  This type of inhibition is reveraible by dialysis fmportant

conclusions ax to the ‘polymerization’ process by which fibrinogen 1s

::n:lﬂrme to fibrin can be drawn from these and other expert
nts

We ehall consider this toplc in a later paragraph
8)'Fibrinoplastic’ collolds [60]: The shortening of clotting times
by these agents has been mentloned in the proceding section on fibrin
yields and the footnote on p 17 suggests an explanation of their mode
of action Gum acacia s of some importance in that it {s used to
;;-bmze the reactivity of fibrinogen in the lowa 'two stage prothrom
[ll;:lnd it {443] has similar effects
o Jover u wide pH ronge  We have also noted it with a highly purt
d lactoglobulin = Also see 'platelets’ {p 51}

9) Partial denaturation of fibrinogen [60]: The present author's
15 that the effect of this is due to the same general type of 'fibrin
tle action as noted under 8} That all of the denatured fibrinogen
cluded in the {ibrin clot may be evidence of an adsorptive or oc-
lon phenomenon The Wohlisch [504] *denaturation theory’ of
clotting is now largely discredited

View
oplas
1= tn,
clus.
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10) Adsorptive removal of thrombint Compared with whole blood
or plasma clotting {see later) the surface of the contalner has little
effect on the thrombin-{ibrinogen reactfon An exception is seeninthe
case of very weak thrombins where adsorption onto glass etc re
moves part of it from solution and hence lengthens the clotting-time
This can be minimized by coating the tube with non-wettable silicone
[60] 1t is a common experience that poorly washed glussware thus
contaminated with a trace of thrombin can clot fibr 1
stored therein later

) Nature of fibrin formation Progressing from the uncertalnex
periments of Apitz [18] Laki and his colleagues [278 274 ) produced
evidence of a step wisc process in the formation of Hdrin Irom fibrin
ogen under the influence of thrombin The latest interpretation of
these and other data was well brought out In the presentations and dis
cussions at the 1951 Conference of the Josiah Macy Jr Foundation
[274) J T Edsall (representing the Cohn laboratorfes) J D Ferry
{formerly of the Cohn team but now at Wisconsin) K Laki (now at
Bethesda Md N IH Laboratories) D F Waugh (Massachusetts In
stitute of Technology) were the chief authorites at this meeting with
the present author contributing a minor role The modern concept of
{ibrin formatfon is as follows

Fibrinogen is a {ibrillar protein whose long filamentous molecules
approximate 38 A in dlameter and 700 A in length {usually) with a mo
lecular welght close to 500 000 {perhaps 330 000) In solution these
large molecules moving with Brownian movement exhibit consider-
able swirling and 'steric hindrance * During clotting however they
line up "like logs in a stream' and unite end to-end and also side to
side until the ‘polymerization aggregates® are large enough and hydro-
phobic enough to separate from the watery solution as visible fibrin
Fibrin fllaments or needles were aeen to appear during clotting under
the ordinary tr r pe by Ranvier (1873} and
Schimmelbusch (1885) Stubel in 1914 and Howell in the same year
demonstrated them very clearly with the dark-fleld microscope
Howell [234] discussed the problem of the fibrin gel formation in
1916 Electron microscopy first used for observing fibrin by Wolpers
and Ruska [507] in 1939 has been used to support the modern views
by Schmitt {422] by Hawn & Porter [212] Hall {204] Kaesberg &
Shulman [264] and others Even the electron microscope does not re
solve the fibrinogen molecules and the simplest polymers or protofl
brils but it does show variations in meshwork density and the fibrillar

P her with cross of the fibrils which appear
uniform under the ordinary {including dark {ield) microscope Con
stderation of clotting conditions {see above) in relation to electron mi
croscopy and many physical measurements {see earlfer) affords strong
support for the modern concepts Thus under {nhibftory conditions
much smaller aggregates are formed and resemble the normal early
or lag phase in which there {s yet no visible clot but viscosity bire
tringence opacity and other data indicate some intermedtate polymer-
jzation Under some conditions the fibrin polymer {s reversible
undergoing disaggregation and resolutlon e g in ures guanidine lith
fom bromide (strong sclutions) etc [307] Irreversible and
inagluble clots have recently been shown to depend on two things

4
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namely {1) calclum [266] and (2) a special *aerum factor ' by Lakl &
Lérénd [277] Ldérdnd [304 305 307] and Shulman [439] An earlier
indtcation of this was found in 1944 by Robbins [405] in'studying the
eomewhat similar problem of 'solution’ of {ibrin in acid {0 037 HCI
or alkali (0 5% NasCOs) These data assist in explaining some of the
pecullar actions of calcium when present in the thrombin fibrinogen
(+ serum factor} mixture (see above) the 'serum factor! being a
common contaminant of 'puriffed’ fibrinogen (but see p 65}

1t {s suggested below how a 1imited attack on the fibrinogen mole
cule activates polar groups which enable the altered substrate mole
cules to aggregate in the P 1] The el ical
charge & on fibrinogen molecules has been studied sndthere
1s good evidence that Coulomb forces play a role in the preliminary
phases of aggregation Salt Inhibitors {see jontc strength) are to be
interpreted (Ferry [157]} as 'shielding® of the polar groups by the
charged "onic mtmosphere! contributed by the salt Further stages
involve van der Waal forces (e g adsorption etc ) and perhaps spe
cific cheraical bands Y ble) [158] At all events the
finel steps do not Involve thrombin Like other enzyme aystems
thrombin s not truly a part of the fibrin end product It is a practical
fact however thata amount of 1s adsorbed onto
the fibrin clot [434] Indeed upon this depended the success of early
methods of obtaining thrombin by extraction from washed bloed clots

d) Thrombln This 15 by no means the stmpl¢ proteolytic enzyme
suggested by the 19th century coagulationists It is unlike trypsin
[458] Mont of the mlleged evidence for its proteolytic powers [219
380] can be dismissed as due to contaminant fibrinolysin [149 462] or
possibly as a certaln degree of solubllity of fibrin {247] However
Sherry and his associates [437] have recently shown that fibrinolysin
free thrombin can hydrolyze certain bonds in some synthetic polypep
tides e ¢ TAME (tosyl arginide methyl ester)

Lérénd [307) has contriluted some provocative new ideas He uses
Seeger's citrate thrombin {see p 23} and {a} bovine fibrinogen or
(b} human fibrinvgen [308) to show

1} non protein N is liberated pari passu with the clotting action
of thrombin)

2) the glutamic actd missing from the fibrinogen after the action
of thrombin can be identified in a "fibrino_peptide which has
been isclated and characterized [309 306];

3) 18 bovine fibrinogen thrombin is thought to split arginine
glycine bonds [30]; (NOTE;s It does not do 80 In the case of
insulin according to Middlebrook )

4) alanine rep! 1 acid in the N amino acid
tesidues of human as compared with bovine fibrinogen but
the general process is the same

5} electrophoretic studies show a characteristic pattern and the
peper strip method permits characterization of the split
products The pattern with thrombin is quite different from
that produced by fibrinolysin

Lorand concludes that

) the ‘fibrino peptide! 1s a by product which does not partici

Ppate {n the fibrin polymerization but does account for the
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10} Adsorptive vemoval of thrembing Compared with whole blood
or plasma clotting (see luter? the surface of the container has Hitle
af{ect on the th fibrinogen An piion i seeninthe
caae of very weak thrombine where adsorption onto glass etc  re
moves part of it from solution and hence Jengthens the ciotting time
This can be minimized by conting the tube with noxn wettable sflicone
{681 1t i3 = common experience thet paarly washed glassware thus
conteminated with a trace of th in can clot tutd
stores therein later

¢} Meture of fibrin formation Progressing from the uncertalnex
periments of Aplex [18] Laki and his colleng {278 274 ] produced
evidence of & step wise proceas in the formation of {ibrin {rom fibrin
ogen under the influence of thrombin The latest interpretation of
these and other data was well brought out in the presentetions and dis
cussions at the 1951 Conference of the Jasiah Macy Jr Foundation
{274] J T Edsall irepresenting the Gohn Inboratories) J D Ferry
tiormerly of the Cobn team bur pow xt Wiseonsin) K Lakd [now at
Bethesds Md NIH Laboratorles) D F Waugh {Maseachusetis In
stitute of Technology} were the chief muthorites ¢ this mesting with
the prexent suthor contributing = minor role The modern concept of
f{brin formation is ax follows

Fibrinogen s a (ibrillar protein whose long filamentons molscules
spproximate 38 A in diameter and 700 A fn lenpth (ususllyl with a mo-
lecular weight close 10 500 000 {perhaps 130 008) In moiwtion these
targe molecules moaving with Brownian movement exhfbit consider
able gwitling and 'steric Windrance ! During clotting however they
lne up "lke togs in a stream’ and unite end to end and alvs side to
side untdl the ‘polymerization spgregates® are darge enough and hydro-
phabic encugh to separate from the watery solution as visible {ibrin
Fibrin {{laments or needies were seen to appeer duving clotiing under
tne prdinary transiliuminating microscope by Ranvier (1873} and
Schimmelbusch (3885)  Stubel 1n 1914 end Howell In the same year
demonstrated them very clearly with the dark field microscope
Howell [234) discussed the problem of the ibrin gel formation in
1916 Eiectron micrescony first used {or obyerving flbrin by Wolpers
and Ruska {507} in 1939 has been used to support the modern views
by Schwitt (422] by Hawn & Porter [R12] Hall 204] Kaesberg &
Shulman [264] and others Even the efectron microscope does uot re
solve the fibrinogen muolecules and the simplest polymers or protoft
Pbrils but it daes show variations in meshwork density and the fibriliar
compoait] her with cross of the tibrits which appear
aniforw under the ordinary {in¢luding dark field) mlcroscope Con
stdeyation of clotting condftions {see abovel in relation to electron mi~
croscopy end many physical meayorements {ser sarlier) affords strong
gupport for Whe modeTh chncepty Thus wnder tnhibitoxry conditions
mnuch amaller aggregates are farmed and resembie the normal easly
or lag phase 1o which there is yetno visible clot hut viscosity bire
fringeace opacity snd other data indicate some tntermediate polymar
fzation Under sotae conditions the fibrin polymer is raversible rin

mdergoing disage: lon and v i

o 8 nite (stomg solutions) etc [307] Ifrreversible and ures
insoluble clots have recently been shown to depend on two things
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of prothrombin e g by calcium lons and thromboplastic (thrombokin
ase) factors with possibilities of Inhibitors which have merely been
confirmed with the modern ‘purified’ prothrombins Contamination
with {a) traces of activatars {b) traces of inhibitors {c) fibrinolytic
enzyme lor precursor etc} (d) perhaps other factors may stillneed
critical consideration even in the best modern preparations

B rot [425] Prothrombin is a specific pro
tein accompanying the globulin fraction{s) of the plasma proteins Its
quantity in the blood (15 mg/100 ml) (425] ts very much leas thanthat
of fibrinogen (280 mg/100 ml) In fact unlike the latter it does not
show an independent peak in plasma electrophoresis [491] Seegers
and his colleagues have prepared the most potent hence presumably
the purest prothrombin to date and thelr work provides the most
Teliable data on its characterization [425] Seegers belleves that
most of the tn a 1 re p:
come from some activation and other marked alterations in the

moleecule during the storage and experd proce

dures The purest preparation examined by Lamy & Waugh [280] was
sed fn the ultr but with some boundary spread

ing  Ite physical led to of the mol weight

at 62 700 and the shape of an ellipsoid molecule of 119 X 34 A
Chemical analysis ylelds a trace of S (cystine and methionine) some
4 3 percent polysaccharide carbohydrate [(431] and 3 75 percent ash
Perhaps because of 'derivatives® {Seegers) prothrombin sclutions
show more than one electrophoretic component but the major compon
ent constitutes 70 90* of the total (432] The thrombin yleldmay de
pend upon changes during storage in the dry {lyophilized) state but
Renerelly averages 23 000 units® {two stage assay perme tyrosineor
1400 units/mg dry weight Highest: 32 300 35 800
<) Blophysics of thrombin formation (280

(1) Blothrombin is a convenlent term [280] for the thrombinob
tained from purified prothrombin in the conventional manner e addl
tion of calcium salts tissue thromboplastin accelerator globulin
{projconvertin etc Maximal to is
only when the p o ation is relatively low For physi
cal studies concentrations of prothrombin of the order of 0 5 percent
maust be used {about 10 100 times as concentrated as used to obtaln
maximal activation} Under these conditions not more than 50 of the
‘maximal' thrombin ylield can be secured With the {lung) thrombo
Pplastin allegedly remaved by high speed centrifugation subsequent
ultracentrifugation shows a single symmetrical peak having an average

Lt S~48 to that of the original

prothrombin Some boundary spreading suggests polydispersity how
ever The specific actlvity of the material at the peak was 30 000
(thrombin) units/mp tyrosine

{2) 'Citrate thrombin': distinguishes a new product which Seegers
ctal [432]obtalned 1n 1948 stmply by incubating purified prothrombin
in 25 percent sod citrate Several other salts {but not all) could be
used and the reactlon could be modified by certain diphenyl sulfones
[432] 1t 10 extremely difficult to evaluate the bialogical aignificance of
this very artificial method of thrombin formation However it must
have blochemical significance Refractive index ultracentrifugation

¢
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amsll quantity {about 2%) of nitrogen nat recoveratle infibrin
even in optimal cloteing of the highly purilied fibrinogen now
avallable
the flbriragen malecule activated by thie action of thrombin
now countalns sorme 20 30 scidic groups which can very well
accaunt for the first phases of polymerization to fibrint
with prolonged action of atrong thrombin ¢ g 3 4 mg throm
bin acting on 150 mg fibrin for 24 hours at 379C complete
fibrinolysls can pécur (Guest and Ware [203]) assoelated
with further small N P N increase [307] Hence

di {ibrin 1s fust a transitory stage {n the continuous degradation

process of fibrinogen by thrombin

In this special way therefore we may now return to & proteciytic
concept of the action of thrombin on {ibrinagen

e} Othey congulants, etc, Properly purifted Hbrinogen solutions
are guite arable and are never ‘spontznecusly! coagulabie Nhereas
thrombin is the cosgulant ajways required under physiological circum
atances some other means of coagulating i{brincgen are available ex
perimentally Examples are

1} crystalline papatn {112] o proteclytic anzyme from the paw
paw {papaya) frult Unlike thrombdin {usually] papaln readily
goes on to digest the clot

2) stephylocoaguiaae {186] a product of the Teaction of & pro
staphylocoagulase from broth cultures of certaln microcosct
with & plasma factor [187] which {s apparently unrelated to
prothrombin

3} certain snake venoms e g 3 specles of Hothrops and 3 or 4af
Crotalus sccording to Eagle's studies {E11]

True {ibrin clotting should be dlatinguished from a variery of i
brinogen precipitations (which are reversible} and denaturations {most
of which are not} The paeudo ciot with niphydrin [B2] {s & case in
potat Sowme of the author’s [155] dark field observations of {n} throm
bfn (b} papafn  and {¢] ninhydrin clots ave shown in the accompany
tng photomicrographs (Figure 6] (D) and {1V} show the nondescript
appearance of ninhydrin clots compared with the fibrillaz gels formed
with {1} thrombin and (I} papain  Laki {275] bay recently confirmed
the last

4 THE CONVERSION OF PROTHROMBIN TO THROMBIN

kA

a

It 13 with this ares of the clotting field that the major investizga
tions of thds dlssertation are concerned The beat modern prothrom
bins do not change into thrombin 'spontanecusly’ (but ¢f {4251) Among
the a toned In she sch of Figares } and 2 ares
{1} calcium (2} thromboplastic factors (3) ‘accelerator! factors
{4} ‘convertor! {aciors ) 1 terms are used in approaching

with an open mim
zh:s:)p;:!:{:n:{ u‘ h . preparation Pr‘od;liumhin :: difficult ta
1 T of hnl P § stan
g}’:x‘xf;’nb; B il Bagie N10] and others were uadoubtedly tos crude
when raviewed in the light of modern advances {425 276 491} Never
theless they gave us many of the basie {dens concerning the activation
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have continued to suggest that (protein} 'bound' calclum can play a
role in clotting Even Quick [383 394] still retains the idea that pro
thrombin is & ‘calcium compound ' There {s little point in arguing
about this since the welght of evidence supports the conclusion that
lonized calclum must participate at some point In the conversion of
prothiombin to thrombin A possible reconciliation of the two view
points will be suggested from data presented In this dissertation
Under all y of purified or even crude pro
thrombins omission of fonized celcium salt or the presence of suf
ficlent excess of citrate or oxalate fails to result in thrombin forma
tion by P in (and qQ 1 and convertor fac
tors) The epecial condltions under which thrombin may be formed
epparently in the absence of lonized calctum include {1} Seegers®
[432] ‘citrate thrombin® formation (see above) which we shall not
attempt to explatn; (2} experimental mixtures such as these of
Milstone [339] (see p 4B) and of recent workers [40] with the
thromboplastin generation test {see p 48) which are best explainedas
‘intermedlates' contalning bound Ca {which however was lonized in
an earlier phase}
hrombopl nd the sctivation of prothrom This toplc

will be explored in much detafl In the body of this thesis Aqueous
(saline) tissue extracts of meny kinds are powerful activators of
purified {and crude} prothrombins 1in the presence of caleium salts
and adeq of taccel 1 and 'cot ! factors Purl
fied cephalin seems to have thromboplastic actions but much weaker
espectally with Seegers' and similar prothrombins It 1s now gener
ally rega: as an ' in  Platelet suspensions
also act as an "incomplete thromboplastin  So does a red cell lipid
fraction [105) However when platelets or cephalin are {ncubated with
several other plasma factors (including AHF PTC etc  see later) a
complete’ thromboplastin is 'generated ' Modern workers are atill
trying to find full for these facts {seep 47)

gl Th enzyme,' The property of weak solu
tlons of pancreatic trypsin which some earlier abservers erroneously
concluded to be a ‘thrombin ke actlon was clearly shown by Eagle &
Harris [112] to be the result of some role in the activation of pro
thrombin In experimental test systems Some of the author's exper
iments with crystalline trypsin will be mentioned in this thesis More
recently Sch & [423] have 1y the con
ditfons under which trypsin transformation of prothrombin to thrombin
can be carried out Lamy & Waugh {280) report some ultracentrifuge
studies (see "trypsin thrombin ' p 24}

The author [141] spent several years trylng to establish a similar
role for the natural plasma 'tryptase {fibrinolysin or plasmin) and
Possibly to give it an important role in the initiation of ordinary blood
clotting [136) r the final [476) was that
trypain {nhibitors could prevent the pi actions of ¥
without removing the thromboplastic' effect quite contrary to the
findings with trypsin Pending possible reopening of this Hne of inves
tigation it muat be that any effects of {ibrin
olysin preparations must be due to some unidentified impurity which
they contaln  Ratnoff Hartmann & Conley [402] also investigatedthe
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and electrophoretic studies on 'citrate thrombin' give evidence of an
initial splitting of prothrombin into two similar (molec wt: 34 000}
{ractions but on dilution there appear 'aggregates' and 'disaggregatest
and continuing changes over a 24 hour period (280]

(3) ‘Trypsin thrombin's is also discussed in the cited reference
{280 ] and will be mentfoned again Iater (p 25}

These modern data are difficult to analyze but do seem to indi
cate that prothrombin can split up into a number of molecular frag
ments some of which can re aggregate probably into new agents
Autoprothrombin I has been Identified with procenvertin [491 425 13)
while autop 1 has propert! bling PTC [429] Inthe
formation of both 'blo!hrombln' and 'curate thrombin ' small but sig
nificant amounts of CClgCOOH soluble carbohydrate and tyrosine com
pounds are liberated confirming the idea that thrombin forms from
prothrombin as the result of some 'splitting’ process [427] These
very latest ideas cannot yet be Integrated with the older data on mech
anisms of prothrombin from the viewp which are pre
sented in this dissertation

d) 'Prothrombinogen’ (?}) In 1949 Quick & Stefaninf [396] claimed
to distinguish between free’ prothrombin and a precursor form tor

which they sugg the name 'p * The:
their experiments with older data of Nolf [351] and Bordet [55] and
Juded that their pr differed from Bordet's 'prosero

zyme' In only a few particulars Only a part of the plasma prothrom
bin 5 believed by Quick to be In the precursor form and Quick & Hus
sey [389] (cf [154]) have recently attempted to explain the normal
prothrombin time' of Infants (sce our Table LI} on the basis of a lack
of pr Few rary that
Dr Qulck has enough factual evidence to support his shrewd ideas
{see Macy Foundation Conferences} but Ware [491] fs now Inclining
toward the prothromblnogen idea The present author [154) remains
unconvinced

¢) Calcium in relation to the conversion of prothrombin inte
{blo)thrombin Older plasma clotting experiments by Nordbo [352)
and McLesn & Hastings [325] extended the enrller idea of Sabbatin{
[417] that clotting depends upon calclum fons There 1s a definite op
timum of calcium required appr tel that available in the blood
under physiological conditions Not merely the calcium fon concentra
tion but the actual fon 'activity! {in terms of the Debye Huckel theory)
requires ation Nordbd par studled this end further
pointed out that the 'available' calcium lons in a mixture of plasma
oxalate (or citrate) nnd added calcium salt depend upon a time
an equilibrium of the different forms
(free cn* inactive (CaClt) anion and protein bound Ca etc} It1s
because of this time factor that a several fold excess of citrate or
oxalate must be added to prevent clotting and conversely that much
less than the stoichiometric equivalent of calelum to anticoagulant
need be added to Testore clotting [cited [125])

Protein bound calefum is present in the blood plasma normally
and In proth 1 md o‘h" {als prepared from it unless very
modern tech 1 (e g by lon exchange
resina) are used to ahvia!e this A number of workers (cited [125])
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the same factor which (a) Warner Brinkhous & Smith [497] sug-
ested as a prothrombin 'convertibility' factor and {b} Mann et al
fsm called ' co thromboplastin ~ We prefer to sdopt the names
proconvertin (for the precursor) and convertin (for the activated form)
as suggested by Owren [364] There are other suggested synonyms
{p 20 of ref [453])

Graham & Hougle [198] report that mixture of the bloods of Alex
ander's original case R [9] and ours R, S [298] results tn mutual
correction of the coagulation defects Together with other experimen
tal findings this suggests that there may be more than one factor in
volved under the terms SPCA proconvertin factor VII stable factor

etc  Calclum and {n convert p: tin to convertin
and abolish the lag phase in p. to 295)
Serum often much P 1n as well aa some
convertin the total activity belng much elevated

In of p: . onversion is very slow

P
and fnadequate ation by partly purified preparations from hu
man [9) or bovine plasma (our 1 ) both
rate and yleld of thrombin formation Dr Lewis and the author [298]
reported two cases of severe YPOP mia * in
cluding Stuart {n whom the prothrombin consumption was reduced
This had not been observed in earlier case reports [9] due we be
Heved to their being a milder degree of this defect cf [198] We
have two more recent cases of VII lack (unpublished) in whom the
prothrombin consumptfon was within normal limits Our congenital
Thypoproconvertinemics' did not respond to vitamin K, unlike the
milder acq hypop g hypop
binemias in {a) vitamin K deficiency of infants (b) liver disorders or
(c) after the drugs 1

(author's d.

romexan y etc
s} confirmed by Naeye [350] The one-stage [101]assay
method {s & actory for clinical use [298] We [298] have also had
some success with a two stage technique which enabled us to compute
a 'proconvertin' index {see p 51) *Stuart factor was not separated
however

J} Plasma factors in thromboplastin generation While tissue
thromboplastin may very well play a significant role when blood s
shed over injured tissues 1t cannot explain the good clotting which
occurs in blood which has been obtained directly from a blood vessel

e g by venepuncture with every precaution to avoid tissue contamina
tion The 1

¥ s g in the blood itself by
a of s tnvolving (1) platelets {2) several plasma
factors which are presen 1y but ient in and
some recently 1 . ke? (3} some of the

other prothrombin activators The platelet factors and the thrombo
Pplastin generation test will be discussed In a later section

{1) Hemophilia and related problems Only a few key points will
be reviewed from the extensive recent literature in this field and most
of the older work will be excluded

(2) Hernoph! A Notwlithstanding efforts to account for the hemo

philtacs clotting difficulty on the basis of some inhibitor e g the
‘antlthromboplastin idea of Tocanting et al [470 474 475] the major
accumulation of evidence points to a specific clotting factor present
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relationship between proteolytic activity of plasma and blood coagula
tion and in a later paper Ratnoff & Colopy (401] suggest that they
may have been dealing with 'Hageman factor' (see Iater under Hemo
philia)

h) 'Acgelerator’ factors in prothrembin conversion Meny modern
workers were fully aware that calcium and thromboplastin did not pro
vide a sufficient answer to the question of prothrombin conversion
The most significant step however came from the very extensive
studies of P A Owren [361] on a human patient suffering from a
peculiar bleeding disorder which he named ‘parahemophil{a’ [362]
The new factor which this patient was finally shown to lack was
called "factor V' and later 'proaccelerin' by Owren [364] Quick [384]
had enrlier evidence for a 'labile factor ' Another lead was the 'throm
boplastin cofactor® of Fantl & Nance [119] Owren [361) alsoprovided
evidence for conversion of his 'factor V' {proaccelerin} {nto a 'factor
VI' (accelerin) Ware & Seegers [493] prepared the new agent under
the name ‘accelerator globulin ' by which it {s now widely known or
'AcG' for short They also found differences between 'plasma AcG*
(proaccelerin or factor V) and 'serum AcG' (accelerin or factor VI}
the latter being formed from the former by a trace of thrombin
Stefanini & Dameshek (p 20 of ref [453]) list other possible

synonyms

The present author and his colleague Dr Jessica H Lewis have

studied {1} cases of yPOPT lerinemta (297); {2) differ
lerin and lerin in th

ences pr e of prothrom-
bin (ef [492])1 (3) destruction of AcG by fibrinolysin [299]; and (4) its
role in performance of the two-stage prothrombin assay and in deter~
mining prothrombin consumption in clinical cases [153) In summary:

{a) {pro)accelerin is 1al for the ston of prothromb

to lct and tissue th

{b) a trace of thrombin converts the precursor form (proaccelertn)

into the active accelerin;

{c) AcG has more effect upon the thrombin yleld than upon the
rate of activation which {s somewhat delayed when AcG is
very inadequate however;
satisfactory assay methode are now available both by & Tone
stage! [specific) technique [395] and a 'two stage’ [493]) in-
cluding modifications {see pp 58 59 ) developed in the author's
laboratory for application to clinical cases of hemorrhagic
diserder Plasma serum and platelets may be tested by
these techniques;

{e} serum except from the ox cat or rabbit [349] fa apt to be

develd of this factor because of lability and due to the fact
that it is used up during clotting;

(fl AcG levels fall I:xm- hepatectomy [322] or lver injury [461]

1) 'Convertor! factors in prothrombin lc lvI tld t;ll‘::eddxlslczvelxy
or also owes much to the firgt clearly identiffed clinfca
zl.:?;{thMex.ndzr and colleagues [9] They named the tactor SPCA
{zerum prothrombin conversion accelerator) and obtained evidence for
Bgecurv-or (pro SPCA} [11 8] Owren was on the track of this addi-
Biomal factor (360 366] but it was Koller fet al [211]‘) who correctly
reinterpreted Owrents data and named it "Factor VII ' It s probably

nstin

{d
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and (3) others (see below) Another interesting recall {s the obtaining
of an ‘antthemophilic globulin' from gerum (rather than plasmsl by
the Dutch workers Bendien and Van Creveld [39] a year or twoahead
of the Boston {Thorndike} group [368] Unlike AHG PTC peraists in
the serum since it ix not completely consumed in clotting The pres
ent author suggests therefore that the Dutch workers were really
dealing with hemophilia B and that thelr 'globulin' was 2 PTC prepa-~
ratfon
te) e e R L Rosenthal and co
workers (413 412 414] have uncovered cases allegedly lacking a
third plasmatic thromboplastic factor [PTF) which they call plaama
thromboplastin antecedent (PTA) We have confirmed the defective
prothrombin consumption in one of their cases
{d) 'Fourth fector! n moph! ? Spaet Aggeler&

Kinsell {446) encountered another type of case with & possible fourth
plasma component  but dfd not rule out an inhibitor of PTC

(2) "Hageman Factor,' Ratnoff & Colopy {401] observed three pa
tients with prolonged bleeding times but without significant hemor
rhaglc symptoms Thelr studies suggest yet another factor the chief
actlon of which 1s fallure compared with normal plasma to accelerate
the clotting of platelet poor plasma obtained for normal blood centri
fuged at high speed without anticoagulant They gave it the name
'Hageman factor ! after the first patient and obtalned correction of
the defect with a fraction prepared from normal BaSOs adsorbed

eated serum

(3) 'Enctor X, Duckert Koller and colleagues [108] investigat
ing sers from varlous pathol in the th plasts
generation test concluded that stfll another Jactor must be recognized
{*Factor X'} It is said to be deficient particularly in sera from cases
with hepatitis or persons under t with a dvaty
{Marcoumar) 'X s now used for Stuart factor (see SUPPLEMENT)

5 INHIBITOR PROBLEMS

) Inactivetors of thrombin Quoting Seegers [425] the following
mechanisma participate in the removal or neutralization of thrombin
{the comments are those of the present reviewer)

1) Thrembin may be adsorbed on fibrin  Fibrinolystn can re
lease 1t [268]

2) Large amounts of thrombin are by b
This antithrombin does not require heparin for {ts action
This i3 the classical antithrombin of serum or plasma (505
506] It acts over a perfod of time in a progressive manner
[190] and is Itmited in degree ie a given armount of antl
thrombin can neutralize up to a definite lmit of thrombin
Morawitz [344] used the term metathrombin’ for the tnactive
product which thrombin forms with the antithrombin of serum
His claim for partial reactivation by treating serum withacid
and alkall was confirmed by Gasser [184] Astrup & Darling
d:velo[ped & method of assaying antithrombin [21] which they
later [22] distinguished from the ‘thrombin inhibitor which
heparin forms with some labile plasma component {co inhibitor)
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in the plasma of normal persons but deficient in the hemophiliac
Patek & Stetson [568] and later other workersin F H 1 Taylor's
group st the Thorndike Memorlal Laboratory of the Boston City Hos
pital contributed convincing evidence for this antihemophilic factor
{AHF) which they called 'antihemophilic? globulin {AHG) Koller [270]
ligts it as 'factor VIII ' AHG accompanies fibrinogen etc In the
Harvard Laboratories' plasma 'Fraction I ' It 1s somewhat unstable
and difficult to {solate and purify Bidwell [46] in England claimsa
good bovine plasma fractionation but the problem needs further
solutton [488]

AHF 1s utilized or censumed in the clotting process With other
factors it partictp in thrombopl generation from platelets
(or cephalin) (p 46) In the natural clotting of hemophilic blood or
recaleified hemophilic plasma the 'prothrombin consumption’{s very
defective Following this lead of Dr Brinkhous's we have also devel
oped a method depending upon the prothrombin consumption {1 hr at
37°C) in recalcified mixtures of 'substrate’ (known severe hemophilic)
and normal (ys test) plasma for quantitative estimation of plasma
AHF levels These tests can also be modified to assay anti AHF [152]
By changing the substrate (known cases) they also assay PTC and
anti PTC etc

We shall ssy nothing about the important familial aspects of hernos
philia except to mention the very interesting work on canine hemo
philta [197]

() PT

C def { B} In February 1952 Dr Lewls
and the author [294] were investigating a 'bleeder’ who seemed to be
made worse Instead of better by blood transfusions Our tests immed
iately showed that he had a circulating anticoagulant (sec later) butby
preparing plasma fractions free from this inhibitor an underlying
clotting defect was disclosed which was def not hemophilia By
withholding transfusi the anti lant gradually diminished as
shown by the tests {llustrated in Figure 7 clearly revealing evidence
(the long recalcification clotting times in the last tests) of the basic
clotting defect In April 1952 Aggeler and colleagues [5] in Califor
nia published the {irst clearly identified case of the new ‘hemophilia
Mke! disease which they named PTC deficiency (plasma thrombo
plastin component} Using their tech we quickly that
our case was the identical disorder butwitha new type of inhibitor
complication [294] A few months later Biggs Douglas Macfarlane
and colleagues [51] published an English case and from the name of
of the patient colned the term 'Christmas disease ' Koller's name for
PTC fs 'Factor IX' [270])

An earlier lead was provided by a number of observers particu
larly the Argentinian Paviovsky {370] namely that the mixing of two
themophilic! bioods from certain cases resulted fn correction of the
clotting times both in vitro and in vive Very interestingly some of
the classical 'h 1 families (e g Von Tenna) extenstvely
studied in Europe have turned out to be not what has recently been ac
cepted as hemophilla but the similar PTC deficiency for Christmas
disease) To aveid the confusion which has resulted Dr Koller {270]
of d has proposed a revi in lature namel
{1} Hemophilia A {the usual type); (2] Hemophilia B {PTC-deficlencyly
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<) Heparin go factor (heparin complement) [242] Fitzgerald &
Waugh [164 J have recently fractionated co factor from Cohn's plasma
'Fraction 1' Thelr tests extend the work of Astrup & Darling [22] and
do not support Kleln & Seegers® [268] idea of nterference with the
thrombin fibrinogen Interaction (also Glazko & Ferguson's [190] Yim
mediate! antithromblc action) but rather point to a definitely time
tion They lude that Feparin plus cofactor {nacti
vates clotting by Ang by direct Thus the
reactlon {s 'progreasive’ and 'lmited ! Further complications arlse
since reaction velocity specific capacity of cofactor {units T/mg C)
and extent of tity (using p: } are of cof
concentration  These authors [164] suggest that cofactor does not
occur as such in plasma  but that heparin cofactors in effect repre
sent altered normal antithrombins

Some of the author's work with heparin and cofactor etc will
be presented in this thesis We shall not review the chemistry of the
heparins nor the modern work on paritol treburen thrombocide sul
fonated dextrans and other synthetic heparin like substances of cur
rent interest particularly in the search for a cheap heparin substitute

d} Speeiffie inhibitors of individusl clotting factors These factors
being protein in nature for the most part antibodles? to individual
clotting factors considered a priori are a possibility which recent
investigations are beginning to support with experimental facts Such
inhibitors are particularly significant when they can be demonstrated
and shown to contribute to the bleeding tendency in clinical cases [453]

{1) Antiplatelet factors causing thrombocytopenia and inter
fering with clotting and h i are d on p 37
Normal and pathologlical factors which specifically inhibit one or other
of the various components of the thrombin forming system are begin
ning to recelve serious consideration as follows:

{2} Antl AHF and anti PTC ‘The present author and associ
ates [152) presented a paper at the September 1955 Meeting of the
American Phystological Society and a definitive publication will ap
pear shortly By use of the prothrombin consumption teat on specif
ically deficlert auhstrates {iacking AHF or PTC respectively) towhich
mixtures of normal and patient plasmas were added we assayed the
antl AHF and anti PTC inhibitors in eight cases with hemorrhagic dis
orders The routine tests on these cases showed prolonged clotting
times but normal prothrombin time (Quick test] In five cases with
primary hemophilia the anticoagulant could not be demonstrated by
simple clot delay on mixing with normal blood or recalciffed plasma
but required the spectfic anti AHF test One hemophiliac bled to
death in 18 days following & tooth extraction despite a record 400 trans
{usions with whole blood plasma and sntihemophilic globulin  We could
demonstrate removal by the potent inhibitor of the transfused AHF
faster than it could be supplied In all five hemophiliacs the acquired
inhibitor was specifically ant! AHF whereas in the two PTC deficients
it was antl PTC The eighth case of 'idlopathic * in a female and
showed a very high titer of antl AHF as well as an appazently high
titer of antl PTC  The last might be on tech
ations

Inhibitors of the above type have been reported in a very small mi
mority of cases of hemophilia FTC deficlency; certatn allergles; some
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They state {22] while normal sntithrombin seems to com
bine with thrombin to form an undissociable compound the
b b and th as well

as the compound between heparin and thrombin coinhibitor
seema to be highly di {able ' That fat sol can inac
tivate antithrombin was noted in the early liternture chloro
form especially being used for this purpose [351] although
1t has the disadvantage of also destroying thrombin [476]
Seegers et al (4332 ] have done many experiments with ather
especially to remove this antithrombin from defibrinated
plasma Sternberger {456} used alcohol and has obtained
some very provocative results [457)  Fibrinolysin will not
work [476]

3) Heparin co factor together with heparin interferes withthe
reaction of thrombin and fibrinogen  This will be discussed
further in a subsequent parsgraph {p 31}

! 4} Antithrombin accelerator activity arises during the clotting
process and also neutralizes thrombin * Seegerat [425)new
agent (AA = antithrombin accelerator | refers to the anti
thrombin demonstrable after ether extraction of defibrinuted
plasma  To it i attributed the disappearance of thrombin
formed therein after activation of the prothrombin by calefum
{lung) thromboplastin and {platelet ) AcG the latter reagents
nat belng the source of the alleged AA factor Further
{Seegers [425)): There is an inhibitor of the antithrombin
accelerator action which we call antithrombin accelerator
inhibitor  AA inhibitor is removed by BaCOs adsorption and
1s recoverable in the citrate eluate These new ideas of See
gera are highly provecative particularly in regard to his sug
gestion that AA is p tin or with
p tn partially matertals

b} Heparin [242 382 1512 151 22] It 1s now generally agreed that
little U any heparin is preaent in the circulating blood nermatly [249
61] The protamine titration method [250] of measuring 'heparin
like! activity in plasma ls subject to questions of interpretation but
does agree with )] tests e g pr of clotting-times
of whole blood {15} or recaleilied plasma routine In author's labora-
tory p 61 when heparin 1s known to be present This is true both in
vitro and in vivo In vivo however heparin may be removed from the
circulation by t2) renal excretion [254}1 (b) metabolic alteration or
{c) a heparinase enzyme [248 252) Chemical extraction and assay of
the metachromatic color reaction of heparin with azure dyes are the
moat convincing methods {342] They have recently been used in con
fanction with paper chromatography {36] Wilander's work [501]con
cerning the origin of heparin from the t{ssue bascphils or Ehr[fchmast
cells is now generally a~cepted These mast cells appear to break
down and rvelense significant amounts of heparin lpx;oved concluslvely
by chemical jon) in certain p 1 particul
thoae I Ing an phyl id type of ton [255) ‘They slea

teld histamine [195] which probably forms s compléx with heparin
403] Rocha & Siiva [407) tmplicates a tibrinolytic enzyme activa-
fton and finds histamine release to be an accompaniment Hyper
inemi

can cause bleeding disorders [448
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1) it is a constituent of normat {platelet free) plasma
2} it inhibits added cep or tissue ¢ lastl t
requires a special serles of minimal plasma dilutionsin
order to demonstrate and ay its effects
3} it 1 lesw effective in the presence of wettable surfaces
or after the blood has clotted
4) it is somewhat species specific and does not affect the
thromboplastic action of Russell's viper venom
5) it can be concentrated in certain plasma fractions andin
Uptd rich tissue extracts BDoth these points were con
firmed by Overman [358 359]
6) 1t is increased in cases of hemophilia [475]
7] it {x also increased in post irradiation hemorrhage (471]
Dr Tocantins is a very able and careful worker but there is now
considerable doubt as to the significance of the data under discussion
One group [196] raises many objections including questions as to the
control of {onlc strengths in the limited dilution experiments
) mary_of the inhibitor problems and their clinical signifi
gence  From the foregoing brief review it is evident that the inhibit
ors are o little known and difficult area {n the coagulation field More
knowledge is needed because of their importance in occasional clinical
cases Valid informatlon has begun to accumulate as the result of the
devising of specific testing techniques In some cases the diaghostic
question s settled The therapeutic goal is elusive however Adrenal
cortlcal hormones failed In an extensive trial on two of our clinical
cases The relationship of inhibitor appearance to transfusions neces
itates a searching review of this form of therapy There s need for
more rapid advance in the difficult field of fractionation of the individ
val clotting factors from the blood in practical preparations which
can be used for rational replacement therapy

BLOOD PLATELETS

A HISTORICAL
Several careful in the early century must
be credited with the ¥ of the blood platel h they were

ignorant of their true nature and functions Most of these workers are
cited in & 1934 review of the history of haematology by Sir Humphrey
Rolleston [408]

Alexander Donne (1842) [106] termed them globulins' (a term atilt
used in the French ) butp ¥ them with fatty
particles of the chyle Addison (1841) possibly Wagner {1842) and
certainly Andral {1843) [17) observed them in commencing clotting of
the blood Andral thought them to be 'fibrin molecules ! as did
Fr Simon G Zimmerman (1848 60) [516 517] also cited Gerberls
‘Iree nuclet! and Fr Arnold 5 Elementarkorperchen as well as
Stmon s term 'Kugelchen  Zimmerman used Simon s technic of re
celving blood into petassium lerrocyantde and delayed clotting enough
to permit 4 of the still more or less turbid
fluld  He also could receive the blood into neutral or carbonle actd
salts  In slowly clotting bloods he clearly noted the 'little bodies!
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systemlc collagen diseases [ 175 453]3 and quenstionably associated with
pregnancy History of previcus transfueion therapy can usnally he
elicited In one of our PTC cases the evidence way very clear that
transfusfons led to the recurrence of high titera of the inhibltor In
this caze end inthe * hict temale el P fc analyais ve
vealed an abnormal increase in serum gammae globulin  This is fur-
ther evidence that the {nhibitor {s acquired by some unusual type of
3 reaction ! H: the result in cansing transfusions to
becorne harmful instesd of helplul complicates the clinical controlef
the blerding problem

{3} Antilprolconvertin {Factor VI inhibitorl Wagner et al
{487 have obteined certain fractione from normal dog plasma which
specifically inhibit active convertin  Jurgens [159] hay prepared z
simiiar agent from normel humen serum and suggests that it hew cev
taln properties in common with plasma and aerum antithrombin

(4) Anti{pro} (Factor V inhibitor} has been questi
ably reported by Horder [223] in & case with a bleeding disorder It
is said to be 'lipold like' and to cause the factor V deflclency which
explains the bleeding syndrome in the case cited *

) Antithromboplastin {A} {n the sense of a cfrculating in

hibitor of edded tiasue thromboplastin in cases with a bleeding ten

dency 1is in severat referred to onp 209 of the
new text by Stefaninl & Dameshek {453] The present suthor suggests
that the ps & of a genuine Ahr tastin must

fulflll certain criterfar
{e) it must apecifically inhibit added tiague e« 'complete’
thromboplastin ¢ g in the one~stnge prothrombin time
1Quick) test
{b} there should be no al 4 1 ible onthe
baste of inhibition or tatk of some other factar in the
thrombin forming system
Hougte [226] has alresdy pointed cut some of the interpretive difficel
ties For i U the fnhibl is & able only at high dilu
tions of the added thromboplastin it might be due merely to lack or
inhibition of the piesmatic thromboplastic components {AHE PTG
etc} Infact the teat might be no more in essence than the perform
ing of the partial thromboplastin test af Langdell et al {282] These
authors fndecd use it to assay the lack of AHF  When Fantl & Nance
[120] tnvestigated an Aussralian woeman and reported Inhibition of hu
man brain thromboplastin but not that of other species they might
simply have bean obyerving the influence of dilution on two different
reagents which did not have true equivalency of thromboplastic potency
in the first piace
Ammong the several csses cited [453] the patlent tested by Char
galf & West {81] and later restudted by Conley et 5l [92] shaws that
many turn out to be antl AHE entl PTC etc  AcG controls sre im
alse
pm:—fmmombopunm {B} inthe sense of Tocanting et al [474] re
fers to an alleged plasma factor for which the following cisims aremade;

“Fergusan et 2l described an unequivocal case of ant! AcG {Prog
Sac, Exp. Biol, & Med 351567 1957}



BLOOD PLATELETS Historicel 35

1 PLATELETS IN THE BLOOD UNDER NORMAL AND
THROMBOTIC CONDITIONS

Meny workers have and the observations of
Blezozero [54] and Eberth & Schimmelbusch [113] Several labora
tories have shown fine cinematograph films of the circulation inwmall
vessely Including platelet cbeervations e g those of (1) M Knisely

] (formerly of Chicago now at Charleston S C )t {2) the research
team at the Hoffman La Roche Swiss laboratories; (3) the Boston Unt
versity group under G P Fulton and B R Lutz [41]s {4} Jean Hughes
at Liege

Invivo platelets are tiny little discs which appear lenticular or
Tbatonnet lke'* when viewed edgewlse Endothelfal injury causes

kocy and platelets to 'marginate’ from the axial stream to the
Iskimmed® plasma layer closest to the blood vessel wall Platelet
plugs can be seen to form and seal off microscopic holes in antnjured
vessel particularly in venules The platelets adhere individually and
10 other platelets They also break away one by one or in clumps of
varying size These may be arrested temporarily or more perman
ently further along the course of the circulation

In cbservations on the formation of cellular thrombl in the frog
mesentery on pricking the capillary endothelium with a microneedle
(Kite Chambers micromanipulator) the author [127] noted the aig
nificance of rate of blood flow In slower rates of flow all the corpus
cular elements enter into the thrombus formation and the red cells
being the most numerous largely preponderate In more rapid rates
of flow 1t {s the stickliest elements which have the best change of re
maining adherent Hence the distinction between 'white {thrombocyte
or platelet) thrombi and red’ or *mixed! thromb! long recognized by
pathologists Hayem s (1889) term clou hemostatique and the German
'Blutstillenden Kell’ are highly descriptive {p 82 of Quick [383])
Wharton Jones (1851) {1869} and esp ¥y Zahn (1872)

[513] p 54] tn ing the Importance of
white thrombt for controlling hemorrhage after vesael injury

2 VISCOUS METAMORPHOSIS AND PLATELET ADHESIVENESS

The thrombotic platelet mass later evinces a hyaline or granular
appearance for which the term 'viscous metamorphosis! was colned
by Ebert & Schimmelbusch [113] and later used by J H_Wright and
G R Minor [511] At one of the Macy Conferences [509] Helen P
Wright reviewed this topic and described her quantitative spproach
based upon rotating the platelet containing fluids in glaws tubes for
———

Few workers bave bothered to check the term batonnet as
oriyinally used by Aynaud [24] N Rosenthal in H Downey's Hand
book of Hematology [411] says baton like and the latest note of the
Boston workers [41] uses bayonet like Actually Aynaud compared
this platelet appearance to the little stick with tapered ends which 1s
used in the childish game that the English call tip cat the Americans

mumbly peg  and the South Africans kennetjie
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{kleine Korperchen) before {ibrin appeared and described the latter as
forming homogeneous masses or threads often radiating from the
‘little bodies’ or In some cases from leukocytes He concluded in
{avor of the 1dea that "' these little bodies already exist {n the cir-
culating blood ' As they resisted ether and warming Zimmerman
showed they were not fatty globules but an organic {vesicular) forma
tion { torganische Bildungen mit Inhalt gefullte kleine Blischen'}
Zirmmerman also etudied birds and amphibia and decribed the nucle
ated cells { guishable from leukocy but confused with erythro
cytes) which were termed 'thrombocytes® by later writers [100] He
discussed their formation in terms of Schwann's “cell theory' and
suggested a lymphatic origin
In 1865 Max Schultze agein noted them in human bloods as did
Vulplan (1872) and Riess (1872) who thought they were remains of
disintegrated leukocytes In 1874 Willlam Osler [357) gave another
classical description which distinguished them from bacterial micro
organisms In 1877 Hayem [ 213 214] called them ‘hematoblasts’ or
the 'third' {formed) element of the blood and insisted that they were
precuraora of the erythrocy 8 view which he maintained as late as
1923 [216] While much of the confusion of platelets with the other
formed elements may be blamed upon poorly controlled observationin
vitro two more recently identlficd ph may be sugg as
sources of error (1) living leukocytes can lose fragments during ob
servation (dark field) on glass slides in a shed blood drop [122]:
{2} erythr, tid [116] f fon can fonally be observed under
similar conditions {from certaln erythrocytes or their precursors
Flgure 8 shows one of a series of 14 photomlcrographs taken by
a former colleague {Dr P H Ralph) over a 2 hr period in an obser-
vation of an erythroplastid forming from a bone marrow erythroblast
in a case of Hodgkin's disease
Bizzozero's [54] work was most significant He described plate-
lets in the circulation in the mesenteric vessels of rabbits and guinea
pigs and later in the intact bat's wing He demonstrated their adhe
sive quality their participation in thrombi and their role in the coag
ulation of the blood
Lowit [311] tried hard to prove platelets to be mere artifacts e g
leukocyte fragments but Blzzozero's data settled the controvers
Eberth & Schimmelbusch (1886) gave a classical description [113] of
P 1 th is including the role of the platelets and of fi
brin in the transilluminated mesentery
J H Wright [(510] tdentifled the origin of the mammalian blood
platelet from cytoplasmic £ of the yocytes of the
bone marrow He also showed the phylogenetic relatlonship to the
thrombocyte of the lower animals which serves similar physiological
f{unctions in these orders Dr W H Howell showed me his beauttful
tissue preparations obtained for a 1937 paper [241] in which he stated:
platelets repr a soltd from a unicellular gland the
megakaryocyte Thisisa good way to emphasize the conception of a
dual nature of platelets namely partly like a cellular element and
partly as ‘amorphous’ 1al contri] g to the y of
clotting etc
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and colleagues [45] These Toronto workers {nserted a glass cham
ber between an artery and veln in an experimental animal and observed
platelet agglutination and adherence to the flat surfaced glass chamber

The ph film of these obaervations wasre
exhibited at the Macy conference {1949) Heparin caused a great reduc
tion or even absence of observable platelet agglutination Dr Pest and
others [161] belleve that some heparin preparations contain tmpuri
ties which could explatn the findings of Copley et al

4 PLATELET ANTISERA PLATELET GROUPS AND THE
THROMBOCYTOPENIA PROBLEM

Following the 1905 suggestion of Marino Bedson [33 34 35] In-
Jected rabbit platelets into guinea pigs and obtained a platelet antl
serum which caused ytopenia an: helinl {capillary) dam
»ge when Injected into 'non sensitized! animals Ackroyd (1] hes re
cently reviewed the problem of 'platelet agglutinins and lysins in the

of ¥ purpura  He includest

8} the Tabnormal splenic secretion’ theory of Frank (1925);

b} the efforts of Troland & Lee (1938) and others to obtatn spleen

s (" pen') capable of reproducing
the human ytop n experin animals;
<) the demonstration by Evans Dusne et al (1949 51) of a 'throm
bocyte sgglutinating factor® in the sera of some ITP {{diopathic
thrombocytopenic) patients;
d) several reports that transfused platelets survive for shorter
periods in ITP cases;
Harrington's [207] inct 1 in which by fnject
ing himsel{ with plasma from en ITP case he lowered his
platelet count to dangerously low levels and was fortunate to
Tecover}

1) confirmatory repetition of this extremely carefully condncted
by Stefanini et al {454}

g) Tullls® [478] finding that 9 out of 18 sers from ITP canes caused
agglutination and lysis of normal platelets in the presence of
complement;

d jon by both H gton s [208] and Stefanini s [455]
groups that platelet agglutinins could occur in some patients
after pregnancy or transfusionaj or

1) even in some individuals who have never been pregnant or trans
fused [455]); and

1 the confuslon due to demonstrations (451 502] of fall {n platelet
count following transfusions of normal blood ete

This whole problem is beset with technical and interpretative difficul
ties but the following conclusions represent current thinking

1) antiplatelet agglutinins and lysins occur in humans sometimes
without but usually with thrombocytopenic purpura;

2) there are platelet tgroups’ or 'types ! anslogous to those en

) fouhter:d‘wlth red cells;

q cases of penia often have a demonatrable
cause of agglutinin production Ackroyd (1] has made some
very clear cut atudies of drug induced (sedormid; quinidine)




3 LIPIDS AND BLOOD PLATELETS

definite time periods and comparing the platelet count (hemocytometry)
with a vaselined-tube control She reduced 'platelet adhesi ! by
heparin and chlorazole dyes in vitro and by dicumarol {n vivo Con~
versely adhesivencss was increased after operations or parturition
at perlods when the platelet count was alsc elevated and many young
forms were circulating Similar {indings were reported for the throm
bocytosis following Injections of adrenalin or of pyridine Splenectomy
gave similar results but now there was little further effect from pyri
dine Moolten & Vroman [343] with an improved technique failed to
confirm Helen Wright's suggeation of an increased platelet adhesive
ness in hemophilia Her idea in this discase is also contrary to ob
servations of many other workers Dr Wright's interpretations in
cluded the following {with the present reviewer's parentheses}:
the factors which appear to malntain the vartous (formed) elements in
suspension are first their surface charges {p 174 of Tocantins [469])
which are of the same (electrical) sign; and second their constant mo
tion both as a mass and relative to one another ' ‘It is belleved
moreover that the surfaces of the formed blood elements carry varl
able amounts of adsorbed water and that this helps to render them
stable in susp as well as the vi ity of the blood '
thelr surface reactions may be in part dependent on some of the
metabolic activities of the cell  The platelet surface may be modified
by substances normally (fibrinogen globulin] or abnormally {immune
globulins of antl platelet sera) present in the blood Adhesivenessmust
also be related to alteration in the wettability or stickiness of injured
vascular endothelium [419] It may be recailed that Roskam [415] col
lected many data leading to the sugg that platel are surrounded
by a firmly adsorbed protein film to which many of their properties
may be due That this is not necessarily fibrin or fibrinogen however
is indicated by the normal platelet adhesiveness etc in a case of con
genital s a studied by ger & Prunty [376] and con
firmatory observations by Alexander et al [10] and others [296]
cited (7]

3 PLATELET 'AGGLUTINATION (NORMAL)

According to Aynaud {24 25 26 27] platelets suspended in plasma
may be agglutinated by a wide variety of substances e g gelatine egg
albumin peptone gums lecithin heavy metals dyes snd surface
tension lowering agents such as ricin sod taurocholate and saponin
The peptone plasma experiments were particularly interesting as show
ing that platelet agglutination could be p of clotting Tocan
tins [469] reviewed many of the older papers dealing with platelet ag
glutination under various experir 1 ttions and in
clinical disorders A number of modern workers have restudied some
of these problems on well washed (? plasma free) platelets especially
alded by the silicone technique {see pp 67-68)

Copley & Robb [93] observed that washed platelets could be agglu
tinated by adding plasma or serum espectally the latter and also by
tpurified’ preparations of globulin prothrombin thrombin placental
tissue julce and plasma with a high concentration of heparin {) This
last finding was unexpected and {n conflict with the data of C H Best
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and colleagues [45] These Toronto workers inserted a glass cham-

er between an artery and veln in an experimental animal and obyerved
platelet 1 and adh to the flat 1 glass b

1 The h {{lm of these observations wasre
exhibited at the Macy conterence {1949} Heparin caused a great reduc
tion or even absence of observable platelet agglutination Dr Best and
others [161] belleve that some heparin preparations contain impur!
ties which could explatn the findings of Copley et 2l

4 PLATELET ANTISERA PLATELET GROUPS AND THE
THROMBOCYTOPENIA PROBLEM

Following the 1905 suggestion of Marino Bedson [33 34 35] In-
Jected rabbit platelets into guinea pigs and obtained a platelet antl
serum which caused ytopenia and helial {capillary) dam
age when Infected into 'non sensitized’ animals Ackroyd {1] has re
cently reviewed the problem of "platelet agglutinins and lysins in the

of ytop purpura  He Includes:

2} the 'abnormal splenic secretion’ theory of Frank {1925);

b) the efforts of Troland & Lee (1938) and others to obtain spleen
extracts (¢ ytopen'} allegedly capable of reprod g
the human thacytop n 4 1 ant

¢} the demonstration by Evans Duane et al {1949 51) of a ‘throm
bocyte agglutinating factor' {n the sera of some ITP (jdiopathic
thrombocytopenic) patients;

d) several reports that transfused platelety survive for shorter
periods in ITP cases;

) Harrington's [207] convineing experiments in which by inject
ing himself with plasma from an ITP case he lowered his
Platelet count to dangerously low levels and was fortunate to
recover;

1

Y of this y carefully d
y Stefanini et al [454];

g) Tullls [478] {inding that 9 out of 18 sera from ITP cases caused
agglutination and lysis of normal platelets in the presence of
complement;

h) demonstration by both Harrington's [208] and Stefanini s [455)
groups that platelet agglutining could occuf in some patients
after pregnancy or transfusions; or

1) even in some individuals who have never been pregnant or trans
fused [455]; and

§} the confusion due to demonstrations [451 502] of fall in platelet
count {ollowing transfusions of noymal bloed et

This whole problem is beset with technical and interpretative difficul
tles but the following conclusions represent current thinking

1} antiplatelet mgglutinine and lysins occur in humans sometimes
without but usually with throembocytopenic purpura;

2) there are platelet fgroups’ or 'types analogous to those en
countered with red cells;

3) acquired' cases of thrombocytopenia often have a 1
cause of agglutinin production Ackroyd [1] has made some
very clear cut studies of drug induced {sedormid; quinidine)
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1 RELATION OF PLATELETS TO HEMOSTASIS ETC

As noted previousty platelets play & key role in thrombosis and
embolism besides acting a defensive mechanlsrm against bloodloss
Pure platelet or 'white! thromb{ are relatively rare and the usual throm
bus s ‘red! or 'mixed ! with the bulk and numbers of erythrocytes pre
g clotting ts about the time (Erkelens’

thests (118]) that platelets adhere und begin to disintegrate Hence a
thrombus 1s also rich in fibrin which forms a suppertive meshwork
and buttressing that adds greatly to the hemostatic effectiveness In
the clinical 'bleeding time test! {e g methods of Duke [109] or Ivy
[244]) defects of platelet or vascular functton rather than of clotting
function are of p of the bleeding The
time 18 not infrequently normal or nearly 2o in cases of hemophilla
for instance Conversely the whole blood 'clotting time' test {e g
Lee-White method [286]) 1s often normal in thrombocytopenics and
primary vascular diseases

Stnce h h a

hag ders [453] can {n 1
{2) platelet deti 1 { }

P
or ytopathic or th or {3} coagula
tion inadequacies it i3 evident that all three normally share in the de
fensive hemostatic mechanisms

ascyler an are beyond the scope of the present thesis
Just how {mportant the contributions of the first two factors may be
1s emphasized by known cases of afibrinogenemia {7] who lack the
essential clotting mechanism These cases do have bleeding problems
but often manage much better than say a severe hemophiliac May it
not be that certain factor(s) of the thrombin forming mechaniams are
130 necesanry for some platelet functions?

Serotonin, Marjorie B Zucker [518)] performed experiments on
the formation of the hemostatic plug which appears after cutting &
{small) blood vessel in the rat Noting a frequent vasoconatrictor ef
fect at the time of platelet deposition Dr Zucker investigated this
additional phenomenon and used en ear vessel perfusion technique for
biocassay of the 'platelet vasoconstrictor! factor The consensus of a
number of workers [367] on this problem is that distntegrating plate
lets lberate S-hydroxytryptamine [399] which reacts with some
Plasma factor to become ‘serum serotonin (probably 5 hydroxy

yp! eulfate} previously recognized by Rapport et al
{400]  We have some unpublished data showing low serum serotonin
(platelet vasoconstrictor) values in cases with hemophilia and other
severe clotting disorders The suggestion (p 38) is that thrombin {or
'lume factor In the thrombin forming system) is needed for platelet
release of 5 hydroxytryptamine

2 THROMBOCYTES

The thrombocytes serve the n lower animals
€ g birds fish reptiles amphibla etc much as the platelets do in
mammals [185 189] That they are not quite as efficlent in some ways



38 LIPIDS AND BLOOD PLATELETS

thrombocytopenias showing that both drug and specific antibedy
are needed for the platelet-destroying action;

4) complement 1s involved in the platelet lysis 2s it is in hemoly-
tic and bacteriolytic immunity reactions

5 IN VITRO 'ALTERATION' OF BLOOD PLATELETS

In 1873 Ranvier [397] observed the microscopic changes ofplate
lets and formation of fibrin in a drop of shed blood He described al-
terations in the shape of the platelets and in "the refraction of their
granulations ' However his most significant observations were:

(1) fibrin needles are often seen first at the edges of platelets or plate-
let debris; (2) platelet 'granulations’ occur at the intersecting nodesof
the fibrin network

Aynaud (see p 36) made a classical series of studies of platelet
alterations in vitro which have largely been neglected by more recent
workers in this field However they formed the chief background for
the present author's observations [124] which are embodied in this
thesls With extraordinarily skillful use simply of paraffined equip
ment the centrifuge and the microscope Aynaud describedthe sequence
of alterations from the original disc or batonnet (v p 35} form to the
apiculated 'stellate ' awollen and granular [(disintegration) forms The
controlling factors studied by this worker include (1} surface {2) tem
perature (3)dilution of plasma (with citrate saline} (4) the decalcify
ing (citrate etc} enticoagulants and {5} many experimental additives
{see previously)

Fonlo & Schwendener [171] used MgSO, plasma to observe various
platelet alterations some of them bizarre

Zucker [518] confirming unpublished observations in the present
author's laboratory agrees that even siliconed surfaces which are our
best non wettable surface to date fail to prevent but mrerely retard
morphological changes in the platelets held in citrated plasma The
decalcifying lon exchange resins ¢ g Amberlite or Dowex 50" do not
help In fact most recent workers find these unsuitable for platelet
recovery and prefer the strong Ca binding 'chelating' agent EDTA
{sodium ethylene diamine tetra acetate also called Sequestrene or
Versene) ref Tullls [479]

CaCl, was not found to have much influence on the swelling etc
shown by washed {x3} platelets in buffered saline {Milstone [340])
Whether or not thrombin can produce platelet alterations as claimed
by Zattl {515] and Fonlo [169) %s still an unsettled question (Zucker
[518]) but is probably true and this may account for some new facts
such as low serotonin assays in severe clotting disorders (Dr J H
Lewis the author and M B Zucker unpublished data)

B ATELE" "UNCTION

For the purposes of this thesis it is not necessary to review some

1 latelet ' ete [469]) In-
latelet leg p e loading'; e
Eluded are those d with and allied
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N Character of the clot {its firmness rigldity and 1
depend nearly exclusively on the fibrin concentration and the occur
rence or absence of fibrinolysis They are completely independent of

12 Flbrinolysis and clot proces
ses ' Clot retraction is due to u special (uncucn of platelets
viscous 1 leads to the f of long strands or
Pl ¥ or platelet
masses 'rhen uund- contra g a patchy

fusion of platelets throughout the :lu! As th¢ phulekl are adherent
1o the {ibrin network of the clot the contraction of the cytoplasmic
strands and the merging of the plateleta result in a contraction of the
whote {lbrin clot with a squeezing out of the serum and a few of the red
and white cells enmeshed {n the {ibrin network
From the delicate platelet mechanism producing clot retrac
tlon {t would be expected that the force exerted by the process is very
amall Dy & simple experiment [p 46 [70]) this assumption is shown
to be correct; the force lahout 19 mm H,y0) 4s so insigniticent that it
becomes extremely unlikely that clot retraction serves any physfolog
ical purpose in mammalian life It can certainly not draw together the
wally of even the smallent vessels
In the crab clot formation and retraction take place in the
camplete absence of fibrin and are entirely cellular functions It
1s suggested that the process is a redundant phylogenetic relic of no
importance in higher animal life
A critical review of Budtz Olsen's work will not be attempted here
but the present writer would ralse some questions e gt
11} Platelets don t retract clots formed from flbrinogen with throm
bin but only with thrombin forming cosgulant mixtures The
present author s experience {s otherwise
{2} Clot retraction cannot draw together amall vesae!l walls Tocan
ting {468] who {2 cited by Budtz Olsen collapaed cellophane
tubing by clot retraction
(3} Fibrinogen atfon i the chief of size of i
brin mesh and hence of capillary forces There are many dis
between the of certain agents in
modifylng Budtz Olsen's clot retraction measurements anddata
of phyaico and studles which indi
cate they can greatly alter the fibrillar compoaltion of the fibrin
clot
(4} Can fibrinolysis be criticelly ruled out in connection with clot
retraction? (See below )
Accepting Budtz Olsen's worthy critical review of Glanzmann's
(1918} [188] case data on hereditary hemorrhagic thromhas
thenia there are contrary to the South African s oplnion un
doubted cases of p\ne\n anomalies (thrombocytopathirs) in
which these el are deflcl in some factor
{7 G s Such can be isolated
and compared with normal platelets shown unable to induce
clot retraction in normal platelet free plasma (453] Such a
case will be de-:rlbed in the present thesls
b} Role. at; Budtz Olaen [70] refers to Thackrah (1819)
and others whou wu:k clearly indfcates that the fact of deficient clot

g
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is suggested by the relative ease of preparing incoagulable or very
slowly clotting plasmas from the thrombocyte possessing bloods by
careful collection and centrifuging perhaps even without use of antf
coagulants This is very difficult in mammals even with use of anti
coagulants because of the ease of platelet breakdown There are
species differences however and equine blood has been used by a
number of investigators [24]

3 PLATELETS AND CLOT RETRACTION

a) Clot retraction In 1951 O E Budtz Olaen [70] of Cape Town
published an outstanding monograph on this subject with a very exten
sive bibliography His theorctical approach may be quoted verbatim:

The blood clot of a three di 1 of fibrin
threads ' The serum is held in this network by capillary forces
When the serum artificially is pressed out of the meshes the network
collapses and does not agaln expand when immerged in serum due to

the 1 fibers This can be seen by manipula-
tion of the under the pe  The capillary force bolding
the serum in the clot might conveniently be expressed by this formulat
2ycos @
Force: ~<LZ2

where y: the surface tension of the serum
the angle of contact of the serum with the fibrin which is
an expression of the wettability of fibrin
di the density of the serum
g: the force of gravity

r1 the width of the mesh
which is simply the formula for any fluld in any capillary tube Con-
sideration of the force of gravity by this author {s a new contribution

When the clot is placed In rigld structures ltke glasgs tubes gravity
tends to draw the serum out of the fibrin network against the capillary
forces holding it back; an artificial *clot retraction' may thus be pro
duced Te avold this Budiz Olsen designed an ingenious and simple
methed (' the suspended clot method'} Under constant (379C) temper
ature conditions 5 ml of blood (or test mixture} are floated free from
the influence of gravity in an Inert ofl mixture The serum expressed
during retraction of the clot floats to the surface of the denser ol mix
ture and can be measured It is shown that the size of the meshes in
the {ibrin network and therefore the caplillary forces holding the serum
in the clot depends matnly on the concentration of fibrinogen in the
plasma * ' It unavoidably follows that clot retraction {s inversely
proporticnal to the fibrinogen concentration of major {nfluence on
clot retraction s the volume of red and white cells in the blood These
cells play a passive obstructive role and it {s demonstrated exper
mentally that an almost linear inverse relationship exists between the

volume of packed cells and the clot retraction correction cen be
achieved by simply adding the baematocrit to the observed clot retrac
tion * * Rigid control of the temperature 1s essential in all work

on clot retraction
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in the most recent work {316] to present conclusive evidence to rule
out all posaibility of traces of active {ibrinclysin being present or
formed in the test systerms  The present author does not insist on
‘the fibrinolytic theory ' but merely belleves that it should be convinc
ingly ruled out

“This belng so it is appropriate to consider some peciliar 'retrz.-
tlity" of platelet 'processes * This will be done In the present thesis
especially in terms of 1ipld water phase relations It can be stated
with fatr certainty however that platelets do not extend and witndraw
true 'pseudopods comparable to those In leukocytes ete Budtz
Olsen's data are very weak on this point This author however may
be referred to for a good comparison between physical 'syneresis® of
certain gels and the *clot retraction’ phenomenon The differences are
numerous and support the Tusiont *  the fund 1 1
of the two p s p ¥ entirely di

4 CLOTTING FACTORS IN BLOOD PLATELETS

) Need of platelets for blood clotting There was much doubt
about the blood platelets being essential for normal blood clotting until
Brinkhous [64] using the newly Introduced siliconed surface glassware
of Jagues et al [251 288] showed that plasma recalcification clotting
times and p rombin p during clotting) were
delayed the more the platelet count was reduced by centrifugation

1, in a non clotting platelet {ree plasma
will be cited {pp 7 68) in the body of this thesis The thromhoplastin
generation test {3 discussed on

b) Erroneous jdeas In the earlier literature about what the plate
lets can contribute to the blood clotting mechanism appear the following:

1) pt actas a plete * ! for fibrinogen (a)in
the presence of caleium by allegedly providing a tissue fi
brinogen {(Wooldridge [508] 1886; Mills [338] 1930} (b)tn
still carlier ideas of a similar kind platelets were not sepa
rated from the 'white corpuscles but only from red cells
(lm.n)dl 18423 Buchanan 1843 [68] cited by Anderson {16]

844]

2) platelets contain prothrombin (Morawitz [346] 1905 Bayne
Jones Fz] 1912 Christle Davies & Stewart (85] 1927;
Fuchs [177] 1930; Howell 238} 1935 cited by Tocantins
[469] 1938) Disproved by Bordet {55] Milla [338] and
Eagle [110)

3) platelets directly activate prothrombin through thelr zymo
plaatic substance {A Schmide {420 421])

4) abnormal 'stability' of platelets is the cause of hemophilla
{Sahlt [418] 1905; Minot & Lee [341] 1916; Morawitz [347]
1925; Howell & Cekada [240] 1926 Christie Davies &

Stewart [85] 1927; Fonlo {169] 1932) See present thesis
Hayem [216] 1923 that is r 1
for the stability of hemophilic plasma also accounts for the

o) Pragetibility of platelets in that plasma
Zlatelet thromboplast{e! factor (prothrombin 'activator!) Bor

det & Delange [57] 1912 tmplicated platelets as one source of thelr
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retraction in association with certain purpuras was known at the begin-
ning of the nineteenth century Hayem [215] in 1896 was the first to
correlate poor clot retraction in purpurs with definite reductioninthe
number of blood platelets Among workers who have experimentally
reduced platelet counts by centrifuging plasma and carefully correlated
with clot retraction data we may mention Tocantins [467

LeSourd & Pagniez [289] Bordet & Delange [57] Opitz & Matz
dorf{ [356] and others [70] have recorded inability to obtain clot re
traction with platclet Textractives ! but only with ‘intact! platelets In
recent electron microacopy studies Bessis & Burstein [44 43] ob
served adherence of {ibrin filaments only to speculated 'altering'

latelets and not to 'd ated! forms Gl s [188) sugges

tion of a 'retraktozyme' {enzyme like factor in platelets) has there
fore not galned acceptance until recently when Fonfo [170] claimed

paration of the outer ‘hyal e! {rom the central 'granulomere’ of
platelets by differential centr and the identification of 'retrak
toryme' with the hyalomere fraction Very recently 1956 Magalinid
Stefenini [316] claim fsolation of a 'retractin® both from platelets and
from blood-free tissues Thelr best method is to disintegrate and ex
tract with ether water (65:35) and then deposit in the cold at 20°C
Thomboplastic factos 1s elim! d by hesting for two hours at 56°C
and subsequent storage at 20°C  Tests for vasoconstrictor factor
{5-hydroxytryptamine} are also negative They concluder ' it could
represent a lipoid substance '

How do platelets bring about clot-retraction? The weaknessofthe
force involved in clot-retraction is stressed by Budtz Olsen as by
previous workers While it 1s usually sufficient to detach the fibrin
strands from adherence to glass this may not be the case in some in
stances Fibrin is more adherent to collodion [220] and Tocantins
[467] observed fallure of retraction in such vessels However clot
retraction is not significantly better in non wettable siliconed tubes
Budtz Olsen reviews much of the older literature {e g Fuchs [179])
on the influence of the containing vessel's surface on clot retractifon
Although he ¢ites their paper in another connection (temperature ef
fect) he doesn't include a very interesting experiment of Lampert &
Ott [279] which the present writer has frequently reproduced for the
the benefit of his students Thus if blood is allowed to clot in a wide
test tube paraffined down half of its aide the retraction of the clot
will subsequently be away from the glass and to the parsflin That
fibrin 1s less adherent to paraffin than glass was shown by Fuchs
{1931) and many workers have used paraffined vessels in clotting ex
periments because of its 'non wettability ! It {s difficult to explain
the Lampert & Ott experiment except on the basis that the glass in
some way 1'the retraction producing factor

Observing certain similarities between retraction e g of plasma
¢lots containing platelets and thrombin fibrinogen clots which do not
normally retract but can be made to withdraw from the glass tube and
telump' when known to contain very small amounts of trypain or fibrin
olysin Ferguson k Erickson [149] revived the {dea [215] that clot re
traction may be related to fibrinclysis This suggestion is not easily
dismissed by the arguments of Budiz Olsen whose experiments glv
no heed to the quantity of fibrinolytic enzyme It may also be necessary
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thrombin formation without affecting the quantity produced How
ever Esgle may not have tested sufficlently smsil amounts His wesk
est cephalin {0 0003 cc of 8 1% suspenslon} does not quite reacht100"?
activation in his Figure 3 [110]

{2) Pr prepared from )¢ plasma and com
pared with a simfiar preparation from normal plesma showed in the
presence of & latelet ausp 1y alower
thrombin formation but a normat {100% } cventusl yleld With calclum
slone Eagle claimed y normal’ in yields 1y his
cutves Fig 1 vef {110] show 80 90%) but very slow rates pastic
ularly in the hemophilfc = Simple plasma recalcttication clatting thmea
showed that hemophille plateleta were as good ay normal platetets in
accelerating clotting in & series of strengths of the platetet suspen
sions in both (2) normal plasma and {b) hemophilic plasms However
the stronger platelet suspension {both types) worked less well on hemo
philic pinsma end the weakest platelet strength did not work at all In

mparsble exp. halin speeded up the clotting of normal
recalciiled plusmas but had wo Mtttle effect on the hemaophille [Table 11
of {150]} as had previously been shown ty Milla {333] that Esgledis
missed it a¢ unaccountably fneffective

Addis [3] had demonstrated in 1911 that hemophilic plasma was

not deficient in prothrombin but that its conversion to thrombin was
delayed which led him to the hypothetical suggestion of some guali
tative defect in the hemophilic prothrombdin Addis prepared ‘pra
thrombin' by a method similar 1o that Iater used by Eagle and Howell
{238] polnted out that both studles could be subjected to the same
criticism namely that their p d
and that this might be what {s Iacking in hernophilia Using his acetone
methad Howell with Ceksda {240 ] could not flnd any ditterence in
quantity or renctivity between the prothrombina of normat and hemo
philic blood Howell prepared a plasma thromboplastin and foundless
of 1t tn hemophllic plasma Purifled preparations lafter glycerol ex-
traction) were said to be protein free {ninhydrin and biuret reaction}
but Howel) conld not obtain enough 1o 1y
end turned to the study of lung thromboplastin aleo known ta be able
experimentally to restore normai clotting times {n hemophilic plasma
independent of platelets Howell did think that his plasma thrombo
plastin’ might come from platelets and he was sble to prepare active
1al from p both normal and hemophslic

(p 19 of ref {240))
Fonto {149] by cold centrifugation in paralfined tubes was ableto
obtatn hemophilic plasma which clotted very slowly {4 8 hours at roem
temperatore} but rapidly on adding washed platelet suspension from
normal bleod or less rapldly with washed hemaphilic platelets
Qther early workers including those we have dismissed undes
erronecus {dems argued for more stable or less active platelats
but it 1s nat p to go into this any further All
recent work supporta the conclusion that it is not the platelet whichis

at fault in hemophilfa but some plasma factor (AHF) which works
with pl to g tor p In the ac
tivatlon of prothrombin to thrombin lsce p 46}

€} Platelets and prot!

m 1939 fs3}
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tissue clot accelerating principle or 'cytozyme' and extracted athermo
stable lipid material soluble in alcohol ether and chloroform but
little soluble in acetone which agreed with Howell's [231] 1912 iden
tification of the thromboplastic factor as cephalin Because cephalin
was less potent than crude platelet (or tissue) extracts Howell [231]
and Rumpf [416] believed the true thromboplastin to be a cephalin
protein {1 e lipoprotein) complex ' Eagle [110] also noted that the
lipld extract from platelets had only about 1/10 of the original actl
vator potency Chargaff Bancroft & Stanley Brown [7€) prepared
platelets from horse bleod and isolated their various lipids A phos
phatide fraction was found to contain a potent activator They con
cluded: present methods for the separation of phosphatides are
still much too crude to permit the isolation of compounds in a state
even approaching purity It may very well be that a cephalin contain
ing highly unsaturated fatty aclds and therefore more soluble in
ethyl alcohol s the real activator of blood clotting ' As in theirlater
work on lung thromboplastin Chargaff et al [ 78] also noted that the
*defatted' material after platelet extraction was clot Y n
1945 Chargaff [77] subjected normal human oxalated plasma to high
speed (150 min at 20 000 r p m ) centrifugation and lengthened the
recaleification clotiing times 3x or more In the following year fur
ther studies [81] added information that the 'pellet’ sediment from
such centrifugation had thromboplastic properties similar to those of
the ‘macy lecular Mpoprotein similarly ob from lung ex
tracts Flynn & Standley [167] reported to the Macy Conferences
{1949) that their confirmatory observations also included microscopic
examination of stained films which clearly sl owed that the pellet
obtained by high speed centrifugation of human plasma is composed of
platelets and occasionally erythrocytes Chargaff was mistaken
then in {dentifying o 'plesma thromboplastin ¥ and was really just con
firming Brinkhous' {1939} observations of the effects of platelet re
moval on plasma clotting
In 1935 the present author knowing only of a short note of Haure
witz & Sladek [211] 1928 1ptd yses of pl vis
ited the R h Laboratory of the CI s Fund Detroit Michigan
where a group of workers under Dr I G Macy were performing some
excellent lipid {and other) fractional analyses of erythrocytes After
preliminary work on some horse platelets prepared for the authar by
the Mulford lab: the group leted a study on the
Hpid of human platelets in health and disease [117)
shortly after the appearance of Chargaff s work Sixty cight percent
of the total platelet p h id lyzed as cephalin and it was com
puted that if this were all liberated it could furnish 100 ml of blood
with some 5 10 mg of cephalin This could be very slgnificant in the
1ight of the quantitative clotting data of Spagnol {447] and of Ferguson
[12931) Platelets and the activation of prothrombin Eagle's [110] data
ows?
were a8 :‘l’luphtelets {like cephalin} ca;lpquclplnf in th:h ncﬂ:(ﬂtlon ‘n!
of [328]) to thrombin Since Eagle's prothrombin act:
promrombin (el (32800 to e iy alone b conciuded thes
and cephalin acceler g ton by in sing the rateof

P
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with Dr Dougles and Professor Macfarlane she showed that three com
ponents namely (1) platelcts (2) A{OH) g-treated plasma (AHE factor
V) and (3) aged serum (PTC factor?VIN) In the presence of calclum
d to this in  Samples of the above mix
ture removed from the pre incubate at minute intervals are added to
platelet poor plasma (prothrombin {ibrinogen etc ) and obascrved to
give progreasively shorter clotting times through a pertod which s
noted before they get longer again This is the thromboplastin gener
ation test of Blggs and Douglas [ 48] The final clot timing resembles
in principle the Quick prothrombin time teat {p §7) but the preincu
bated mixture described above i3 substituted for the usual tissue (braln)
thromboplastin
The Oxford group snd Investigators from other laboratories have
applied the thromboplastin generation test system to the study of very
many problems among which we may liat the following
1) testing of platelet functions in blood clotting The platelet sus
pension may be tested {a) before and {b) after activation by
plasma factors [2258 {see pp 27 29) In normal subjects In
thrombocytopenias [49] and In cases with functional platelet

s ( ¥
2) sub able to for in the thr
generation test include {s) a weak tissue thromboplastin [38]
(b} cephalin [354] {c} chyl a (406
3) diagnosis of hemophilia and related disorders [313 378]

{a) when the patient's Al{OH)s plasma gives a poor test the
other reagents all being normal the result is presumptive
evidence for hemophtlia Ordinarily AHF persists in
fresh AltOHlp plasma along with AcG (factor V) whereas

1 445]

PTC (Chri factor) p bin p tin (fac
tor VII) and probably factor X are removed by the
adsorption

{b) when the patient's aged {overnight) serum gives a poor
test the other reagents being normal the result suggests
PTC deficiency (Christmas disease} PTC ordinarily sur
vives in the serum along with factor VIl whereas AHFand
factor V are gone as is prothrombin (consumed) and
thrombin (removed by the natural antithrombin)

certain circulating anticosgulants interfere with the test
(Hougte & Fearnley [227] Hougle [226]) The present author
and colleagues [152] have recently proved that these inhibitors
are specifically anti AHF and anti PTC respectively We pre
fer our specific tests based upon the prothrombin consumption
technique (p 46) because they make the distinction between the
two inhibitors The thramboplastin generation test is unable to
do this In other respects however It may be more sensitive
than prothrombin consumption test methods A careful compar
atlve study of the two methods has not been made and there is
83 yet no true ysrdstick for evaluating the validity of g
tive data of these and also other (e g fzsz]) mgﬁgd. antita
5 the question of {ntermediates;
(a) Blggs Douglas & Macfarlane [50] found evidence for par~
tcipation of factor V {AcG) andfactor ?VIl(proconvertin) in

3
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used the two stage prothrombin method to assay residual prothrombin
in serum alter various intervals and thus determine ‘prothrombin
conversion rate ' This was muich reduced in hemophilic plasma com
pared with normal It could be brought to normal however by adding
lung thromboplastin  In the careful preparation of the plasmas im-
medlately centrifuping the cltrated blood at low temperature the pro
thrombln conversion was found to be slower than in an earller experi
ment Conversely when hemophilic blood was kept in citrate for 24
hours before removing the plasma from the cells the subsequent test
showed great improvement in the prothrombin conversion as well as
in recalcification clotting times

Eight years later with the advent of the silicone technique {251}
Brinkkous | 64 ] repeated efforts to obtain a platelet poor plasma snd
clearly showed that in normal plasma recalcification clotting times
and ‘pr in on (or ‘util '} depended on the num
bers of residual platelets A platelet poor plasma became 'quasi
hemophilic in these respects but norma! platelet poor plasma cor-
rected the defect when added to the hemophilic Thils was not so how
ever when the hemophilic plasma was alsc 'platefet free ' He con
cluded  in hemophilia there is a plasma factor required for platelet
utilization

In further pursuit of the prothrombin utilization problem Brink
hous and colleagues [281] compared data abtalned by the two stage
test with the Quick one stage prothrombin method in both dogs and
human each being (1) normal {2] hemophilic (3) platelet poor (by
centrifugation) {4) blood clotting {n silicone While both methods re
vealed the defective prothrombin consumption {n {2} (3] and {4} the
one stage values were not only higher but ran much above the original
{0 tlme) value even in the norma} This would appear to be due to
the evolution and persistence of the recently recognized serum factor
fconvertin see p .é) which accelerates thrombin formation  Evi
dently the two stage test is the more rel{able measure of the
prothrombin

Qaick [3P5] fn 1947 also approached the prothrombin consump
tion problem via hemophilia and modified his one stage prothrombin
test (see p 57) by of fibrinogen later CasPa0y
a sorbed plasma ! 386 387] in order to apply it to (1 hr ) serum {cf
Soulier [444]) Like Prinkhous Dr Quick and his colleagues shawed
deficient prothromtin utilization in hemophilla and in platelet poor
{centrifuged) plasma [391] They also studied the prothrmbin cen
sumption delect in {a) cases of thrombocytopenia [391 392] (bl a case
of Vbile factor deficiency [390] and fc) nﬁler dicumaro} léxa] In one
thrombocytopenic spenectomy raised the platelet count and restored
the prcthror:bln ption [392 386] & Crosby [45.]
have extended these observations

1) Platelets and_thromboplastin generation, Intermediates Anew
avenue of exploration of the blood clotting fleld particularly in rels
tion to clinical bleeding disorders was opened up recently by the work
of the Oxford University pathologists In the lahoratory of Professor
R C Macfarlane In 1952 Dr Rosemary Bigps [47] observed the de
velopment of a plasma thromboplastin in the platelet rich r!:ﬂ;;lled
plasma from a rare case of congenital prothrombin defictency Working
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of Product 1 and the complete thromboplaatin  The last namedis nod
erately stable In stmple preparations but loxes activity in serum or
when citrated or oxalated The participation of factor V and factor VI ?
1s presemed in the formation of Product I and hence of complete throm
boplastin but detalls of thene r need further
{c) Horder has studied the defect in thromboplastic generation
in a case with an alleged specific inhibitor of {factor V [223] and has
data on the influence of factor V upon plasma thromboplastin and hence
thrombin formation [224)
Discusaion on intermedistes It appears to the present author
that present are ylelding lusions which are
rather than definitive The reagents used In the cited experiments are
crude materials for the most part and this raises some questions In
Mactarlane & Biggs [314] experiments for instance It was concluded
that factors V and VII increased the potency of tissue thromboplastin
What {f any {s the evidence that the patencies of factor VIL and fac
tor V are not belng increased? Serum contains much preconvertin as
well as convertin and pre incubation with calcium and thromboplastin
can activate the former to the latter and abolish the lag phase in the
conversion of prothrombin (factor VII free) to thrombin [295] Simi
larly a very minute trace d thrombin can activate proaccelerin to
accelerin with stemtlar abalition of the lag phase in purified thrombin
forming systems {290] Can the English workers state the complete
absence of traces of thrombin in their test system? These are debat
able matters and the important point {s that the experimental test ays
tems leave the results open to divergent interpretations The {inal
answers must await more definitive experiments It would seem that
the distinction between the thromboplastin forming and the thrombin
forming reactions is not yet wholly established
[ Despite a d! ity of app and viewp
modern {nvestigators in this field are providing evidence of similar
basic concepts and of a commeon goal of inquiry It would now seem
to be established that the many factors which participate in the
thrombin forming reaction do so by a serfes of complex and inter
related reactions in which the of certaln
would seem to be a logical necessity Many but not all of the data
can be interpreted in terms of thromboplastin generation
g} Platelet factors related to clotting, etc At an April 1955 Con
ference of the National Research Council s Coagulation Committee
meeting in Washington D C W H Seegers [426 104 ] listed eleven
experimentally demonstrable actions of platelets or platelet fractions
in the blood clotting system We quote his list verbatim
Platelet factor 1 (Ac globulin ltke property)
Platelet factor 2 (Thrombin fibrinogen interaction
Platelet factor 3 (Prothrombin activation with plasma co
{actor{s))
Platelet lactor 4 {Antlheparin)
Clottable factor
Antifibrinolysin activity
Antithromboplastin activity
Clot retraction
Vasoconstriction {serotonin}

W

FYSRP AT

10 Snake venom factor
11 Ac globulin stabilization
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thromboplastin generation from platelets Macfarlane & Biggs [314]
also showed an increasing potency when an already active brain ex
tract was preincubated with factors V and VII {cf [320 319 318]) This
ralses considerable question as to terminology and Macfarlane et al
suggest that the term 'thromboplastin' should really apply to the
product of the pr ry r which with calcium participates
directly in the conversfon of prothrombin to thrombin Since Howell
(p 9) although not strictly in that author's sense the term thrombe
plastin has been widely used to designate any tissue extract used in

activating prothrombin Brain thr lastin for instance is the
key reagent in the Quick prothrombin time test (p 57} Brinkhous
and colleag P 46} distinguish b tissuc thr in as 2

‘complete! thromboplastin and cephalin or platelets s 'incomplete! or
‘partial' thromboplastins They apply these ideas in thelr two stage
prothrombin consumption test (p 46} and partial thromboplastin AHF
assay [65 66]

Actually the historical term {p 8) for the postulated activator
with calefum of the prothrombin cor sion was 'thr
Hence there is much merit in Milstone's [339] suggestion to re define
this term for the present purpases Milstone's work while confinedto
experimental test systems essentlally anticlpated much of the basic
concepts advanced by the more recent English investigators Other
American researchers notably F I} Mann and associates [320 318]
Flynn & Coon [165 166] have pursued the idea of 1mermedme com
plexes in the thrombin hough not h
quite the same viewpoint as the above The dlstlnction between throm
bin generation {312 377) and thromboplastin generation s by no means
clearly established at this time however (see p 49)

{b} Hougle [225) has studied the shortening of the recalcifica
tion time of platelet rich plasmas from cases with {1} circulating ant{
coagulant (2} hemophilia (3) Christmas disease (4} 'dindevan'(phenyl
indanedione related in action to dicumarol and tromexan) and (5) nor
mal blovds He concludes that there 15 another 1mpm-:am intermediate
at a later stage in these pl The foll y of
these ideas was kindly supplted by Dr Hougie in a personal communi
cution According to Bergsagel & Hougie [40] AHF and PTC undergo

ion with calel to form an i diate product (Product I}
Praduc! I reacts with platelets causing them first to agglutinate and
then to lyse [Bergsagel) resulting in a sedimentable thrombaplastin
complex belleved to be a complete thromboplastin  This (a} differs
from tlssue {e g brain) thromboplastin (b} in that the one stage pro
thrombin time of stored and dindevan plasma considered to be defi
cient in both factor V (proaccelerin} and factor VII (proconvertin)
respectively {s normal with {a) but delayed with (b) This s true even
when (a) is washed and re sedimented and used in high dflution The
complete thromboplastin loses its activity on heating for 10 minutes
at 560C However after hesting for 5 minutes to 100°Candre treating
with Product I the activity {s restored and may agaln be recovered in
the {ultra)centrifugal sediment The heat stable component is thought
to be cephalin and the heat labjle component to be Product1 - Prod
uct [ lases its activity after decal by Amberl: {ton s
resin) and therefore calctum s belfeved to be an tial
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for the posalbility of loss due to Iabllity of the AcG like factor we In
clined to the view that it might merely represent some of the plasma
AcG adsorbed onto the platelets This view i strongly supported in
a recent study by Hjort et al [222]

7H A factor contributing to AcG instability was in
cldentally noted by Ware Fahey & Seegers [490]

8) A factor contributing to thrombin stability was
incidentally noted by Travis & Ferguson [476]

9 A fibrinoplmstic factor {the present author's term see
p 17) alding the thrombin {ibrinogen reaction was claimed by Ware
Fahey & Seegers [4903 and also reported by van Creveld & Paulssen
[481) and by Jurgens {261] Travis & Ferguson [476] could not con
firm this however Platelet Factor 2 (Seegers) denotes this
alleged activity

10) A clottable factor [490] refers to the clot like' reaction
of platelets to the addition of thrombin The author s {unpublished}
dark field observations indicate this to be a variant of the viscous

Pl ' {p 35) of platelets and not any true clotting phenome

non

11} Platelet vasoconstrictor or serotonin has also
been considered separately {p 39) Also ref Correll et al [94] and
Humphrey & R Jacques [243] Magalinl & Stefanini (315] could not
confirm Fenichel & Seegers claim [121] for a clot retraction effect
of serotonin

12) An antifibrinolytic factor was noted by Seegers col
leagues Johnson & [257] ana £ d by 1 [450]
Also see p 119

Conclusion This is obviously a rich field for further {nvestigation to
determine the exact identity of the factors involved and the way in
which platelets can participate in the phenomena mentloned

h) Erkelens thesls A recent comprehensive thesis {118]of the
role of platelets In the coagulation process by A D Erkelens (Rot
terdam) has appeared in Holland Its chief conclusion is that plasma
changes precede and are for platelet br

In platelet free plasma cosgulation can be Induced by kaotin and other
particulate matter  As a result of the secondary structural changes

of the th ytes after the of the first fibrin a therma
stable thrombocyte factor is timulating the f
thromboplastin  Ther fore an aci

of
celerating and finishing function in
the proces of blood 1a d to the thrombocy ut

no initiating function




50 LIPIDS AND BLOOD PLATELETS

Stefanint [44%] includes some detail as to platelet factors in his
1953 review Ackroyd's recent review [1] cltes "platelet factors1 4
and these are so titled and discussed in much of the current work In
this field We shall not attempt any comprehensive review of all the
literature on this topic but will present our own attempt to order the
experimental facts in some logical order with a few selected refer
ences to each category

1) Platelet thromboplastin' {preformed) The best
evidence for this is Chargaff's [78] preparation of 'platelet thrombo
plastin! as a lipoprotein centrifugate From this he recovered 'plate
let thromboplastic phospholipid! {? cephalin) in lipoidal extracts That
this is a weak and 'incomplete' thromboplastin is evident from the
data of Quick [387] Ware Fahey & Seegers [490] Travis & Ferguson
[476) and others

2} Platelet component (platelet Factor 3) In generation ofplasma
b in 1 [287] used the term 'thrombokinin'and
Quick [387] the term 'thromboplastinogenase! in looking at this from
one point of view namely as if the platelet component were the actl
vator of the plasma p {see AHF = ! I' and PTC =
‘cofactor Il *etc p 28} It is really semantic {or tautological}l but
most other workers prefer to present the problem from the opposite
point of view namely as if the plasma cofactors actlvate the platelet
precursor of a thromboplastin Bergsagel and Hougle's views as to
probable ' diates? In these have been stated (p 48}
Alkjaersig Abe & Seegers [12] have attempted to purify platelet
factor 3 eand guardedly state that it is unlikely to be a protein In
their best preparations it has an N P ratio of 8 4 1 No discussion of
the reactions which these authors clalm for platelet factor 3' can be
adequate without going into the many details of Seegers’ current the
ories which we do not propose to review in the present dissertation

3) Snake venom factor accordingto Lee Johnson & Seegers
{285] refers to some platelet factor which acting in conjunction with
Russell’s viper venom (itself a ‘thromboplastin ' with certain restric
tions of potency [398 436 500]} is able to activate purified prothrombin
rapidly in experimental systems Interrelations between venoms and
phospholipids 1s a topic with a considerable literature and we shall

not explore this any further See SUPPLEMENT

4) Antlheparin action (platelet Factor 4} clalmed byvanCreveld
and Paulssen [481] and recovered in a separate fraction by Deutsch
et al [104] Other recent references [261 4%0)

5} Antithromboplastic action tref Jurgens {261] thermo
labile factor ble in the ul

6) Platelet accelerator (platelet Factor 1) was discovered
by Ware Fahey & Seegers [490] and probably accounted for some of
the data of Quick [assfmd of Mann Hurn & Magath [320] Travis &
Ferguson [476] found only traces in well washed platelets Allowing



PART 11

EXPERIMENTAL
A GENERAJL PURPOSE

The following experiments seek further knowledge concerning the
role of lipids and platelets in the blood clotting mechanisms Blood

1ts platelets plasma and plasma {ractions end & number of tissue
components are analyzed with regard to the various factors whichthey
contatn and which can be demonstrated to play a part in the interactions
involved in these The signifl of the platelets and
some of the other factors is considered in relation to hemorrhagic
disease In vitro test systems are devised to demonstrate the modes
of actlon of the various factors and agents studled many experiments
being performed by this mrans

B GENERAL MFTHODS

The materials used in these Investigations are for the most part
derived from mammalian blood namely dogs humans and beef
cattle

1 BLOOD COLLECTION

la) Dag DBlood samples of some 10 50 ml {or more) may often
be obtained from the jugular vein of the unanesthetized dog with min
imal discomfort using a syringe and needle technique as in the case
of humans (see 1b) For large amounts of bloed it ts desirable to
sacrifice the animal under intraperitoneal sodium pentobarbital {nem
butal} or similar anesthesia The carotid artery 1s cleanly exposed
and cannulated with a siliconed glass cannula ot polyethylene tubing
Controlling the vessel with a soft rubber tipped bulldog clamp and
avolding tissue contact e g by discarding the first few ml of blood
1 1s made into lant o as needed using
glass {pyrex) E yer flasks or sil hottles O or
citration requires 9 volumes of blood to 1 of 0 1 molar sodium oxalate
or trisodium citrate Sequestrene Nay {EDTA or 'Versene ) is re
served for special collections e g for platelet studies the routine
being to receive 5 ml of blood into a siliconed 1 oz bottle containing
50 mg of the powdered chelating agent of p 276 of ref [453
b) Human An extensive testing routine [172] may be performed
©on 20 40 ml of blood obtained aseptically from the antecubital vein
using a siliconed syringe with a sharp new short bevel No 20 needle
Arquad 2 C (2 percent solution) coating of needles {p 283 of ref [453])
has little additional advantage The blood is immediately transferred
into anticoagulants as in 1a and 4 5 ml of blood is also Clotted In &
small (Wassermann type) tube held in the water bath at 379C Thisis

53
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Other adsorbents used {n some of our earlier work include
MglOH)g (176 442) which 1s too alkaline In our opinion; type C2
Al(OH)y gel [381 52] CaslPOg)y [56 387])

4 FIBRINOGEN

For purposes of the experiments described in this thesis the
most satisfactory fibrinogen 1s prepared from dog oxalated plasma
which has been adsorbed with BaSO, as in 3 The f{ibrinogen s
salted out at 1« sat (NHy)3SO, the centrifuged precipitate dissolved
in saline and dielyzed against saline contatning 0 005M trisodlum

citrate  Some purer fibrinogens will be described in certain experi
ments

5 PROTHROMBIN PREPARATIONS

Sa} Howell type 171] This was much used In our earlier studles
before the advent of the modern types of preparation It was made
{rom Berkefeld filtered citrated dog plasma {see Experiment 22
p 91) by means of acetone pr lafter heat )
collecting the precipitate on filter papers washing with ether and
drylng For details of preparation of solutions see p 91

5b) Seegers type These are the purest prothrombin preparations
to date They are secured by adsorption of citrated plasma (bovine)
with Mg(OH); and subsequent elution with COg under pressure see
p 15 [435 431] We have had some personal experience with this
type of preparation but have used many that were kindly prepared for
us by Dr Seegers ref [156]

5c) Eluate type In recent work Including many of the experiments
in this thesis we have obtained a prothrombin rich solution from dog
human or bovine oxalated plasma by adsorbing with BaSO, (see 3
above) and subsequently eluting the twice washed {with distilled water)
sediment with 1/3 volume 0 2M trisodium citrate seep 60 Analyses
on these eluates will be described in several of the experiments

C REAGENTS

1 COMMERCIALLY AVAILABLE PRODUCTS

Chemicals such as various salts solvents etc usually vequire
cholce of the best ‘analytical’ grade and careful and accurate prepara
tlon of solutions

Sp_clal materjels which are currently available include

1) Armour & Co 's bovine fibrinogen plasma Fraction 1! lyophile
dried the preparative methods being based on the Harvard Plasma
Fractlonation Commisaion s cold ethanol technique [114] We routinely
remove traces of prothrombin etc by BaSO, edsorption 1 g/100 ml
of 17 eolutlon of B F 1s sufficient

2) Human fibrinogen prepared by this method and avatlable for re
stricted distribution by the American Natlonal Red Cross

3) Incubation mixture for performance of the two stage prothrom
bin assay (eccording to Ware & Seegers [495]) obtainable from the
Difco Corporation {courtesy of Dr C W Christensen)
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later centrifuged In order to recover the serum As a routine for
prothrombin consumption determination 0 5 ml of 0 1M sodium oxa
late is added after exactly 1 hr immediately before centrifuging

1by) Special blood donations, e g normal hemophilic PTC
deficient etc are secured through cooperaticn of the Blood Bank and
the citrated or oxalated plasmas are reserved or fractionated for par
ticular test purposes Frozen storage at 20°C ('Deep Freeze'} is a
routine

1c) Beef Ox blood 1s obtainable at a cooperative slaughterhouse
where it {s possible to arrange for suitable large scale collections
With suspension of the cleansed animal and skill on the part of the
butcher there {s such a rapid flow of blood that very Iittle obfection
can be ralsed to its slight contact with the wounded tissues Several
gallons of blood may be secured in thoroughly clean galvanized pails
contalning the appropriate amount of anticoagulant The mixture is
quickly transferred to large pyrex bottles kept chilled in buckets of
ice for transport to the processing laboratory

2 PREPARATION OF SERUM PLASMAS PLATELETS

2a) Natural serum Whole blood s clotted in tubes (or bottles)
held in the water bath at 379C for 1 hr The serum f{s then separated
from the retracting clot by suitable centrifugation

Oxalated serum This s described In Ib above

2b) Plasmas ¢ g cxalated or citrated =zre aecured by centrifug-
ing the blood g the antd lant in glass 1 or poly
ethylene tubes The refrigerated (49C) 'International’ centrifuge is
recommended and it {s best to perform the operation in two stages
namely 15 min at 1500 r p m and recentr of the
cell contaminated plasma at 3000 r pm for % -1 hr

2c) Platelet rich plasma Versene treated blood p 53 is trans
ferred to d tubes and trifuged at 800 r p m for 20 min
The supernatant plasma is rich in platelets and if only the upper por
tion i{s removed there will be a reduced contamination with leucocytes
and erythrocytes

2d} Platelet poor plasma, The top 2/3 only of the above {2¢)
platelet rich plasma s carefully removed and measured with a silt
coned pipette The measured volume 1s transferred directly into the
6 ml capacity siliconed tubes of the 'multispeed* attachment of the re
frigerated 'International® centrifuge and spun for at least 45 minutes
at 20 000 r pm The clear supernatant g the 1 por
tion 1is all but free from platelets

2¢) Platelets The sedimented platelets from Zd are washed éx
with 0 857 NaCl {saline} containing 0 2% Triton (WR 1339 Rohm and
Haas ref {453]) and finally resnspended in 1/10 the volume of the
original platelet rich plasma

3 BaSO, ADSORPTION ETC [98 463 410 194]

Ten minutes adsorption of plasma with pure BasO, eg Merck's
treagent ' at 100 mg per m} removes prothrombin proconvertin
PTC etc leaving most of the {ibrinogen AcG AHG etc
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The prothrombin time determination patterned after the orig
nal cne stage test of Quick et al [393] is performed ns follows To
01 ml plasma iy added 0 2 ml of Ca tpln (equal volumes of 0 02M
CaCl, and tissue lastl *Soluplastin ' p 56) and the ap
pearance of {ibrin timed with a stopwatch at 37°C

c} Thrombin forming {actors, aspayed by specific ONE STAGE
methods By modifylng the above technique we (and othera) have over
come the non specificity of the original test and introduced specific
bloassays for (1} prothrombin (2) {prolaccelerin and {3) {pro)convertin

The three methods differ in the cholee of substratea {see below)
They all follow the common procedure of adding 0 1 ml of 1:10 (or
suitable) dil plaama (or serum or other agent) to 0 1 ml of the appro
priate substrate in a 13 mm diam serological tube in a 37°C water-
bath then adding 0 2 ml Ca tpln and timing the clot ({ilm at edge} with
a stopwatch

Ca tpln equal vols 0 02M CaCl, and Soluplastin {p 56) or
other suftable tissue thromboplastin A normal per
cent ' {3 the mean of a statistically significant number of assays on
plasmas from healthy normal adult human subjects From (a) such a
normal er better (b) a hyperreactive pool from a number of cases at
or near the upper 1imit of normal variations a serles of saline dilu
tions {preferred to other diluents) 1s made and the data are plotted as
a standard reference curve Values up to about 120 130 percent of
the norm are in the curve obtained by method {b}
and most plasma unknowns will fall on this reference curve In the
case of reagent testing variable dilutions are necessar;

To overcome day to day variatlons of reagents and test conditions
it is recommended that a control of the day' be selected from available
personnel whose azsay point on the standard curve has been repeatedly
established This test will then orient the standard curve for the par
ticular set of tests as shown in the following example

Patient "X’ gives a one stage clotting time (say for prothrombin}
corresponding to 63 percent on the standard reference curve The
day's control known to be 90 percent on the standard curve today
glves a clotting time which reads at 81 percent Hence the corrected
UNITAGE of the unknown 'X' s 63 x {90/81) = 70 expressed as per
centage' of the standard normal In the present study reciprocal
prothrombin times are also expressed percentagewise interms of a
standard normal 'activity Figures 9 10 11 12 show correlation
graphs of four methods namely prothrombin! time Method I (specific
one stage prothrombin assayl Method II {orthodox two stage prothrom
bin asaay} Method lII (eluate assay method for prothrombin} They
Tepresent over 300 tests on plasmas from human cases both normal
and with clinical variations to the limits of the teat methads

The excellent correlation { p = 0 95) of prothrombin data obtained
by the specific 1 stage [Method I) and the orthodox 2 stage (Method 1T
see below) ta graphically llustrated tn Figure 10 Incidentally as
shown in Figure 9 there is a very much poorer correlation {p - 5) of
Method I and the unmodified prothrombin time test due to the now
recognized fact that the Quick test is influenced by variables other than
prothrombin Al three specific methods show excellent correlation

d) Method |, Specific 1_stage prothrombin assay Our modifica
tlon of the method of Owren & Aas [365] uses as substrate a BaS0,
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4} 'Simplastin' (Ca-thr P in} s avallable from the Warner
Chilcott Co  and }s rellsble for prothrombin time tests

5) 'Soluplastin ' Schieffelin and Co {courtesy of Dr E W Blan
chard) is the commercial thromboplastin used for most of the testain
the present study

) Bovine thrombin Upjohn & Co {courtesy of Dr J T Correll)
1s preferred

7) *Thrombin topical® {bovine) Parke Davis & Co (courtesy of
Dr E A Sharp) also is good butis often unduly contaminated with
tibrinolysin

Many Individual investigators have provided us with samples of
thelr materials which will be acknowledged in appropriate sections
Our own procedures and preparations will also be described and crit
ically discussed in connection with their use in various experiments

2 TESTING OF REAGENTS

While the special qualitative and quantitative characterization of
reagents will entail testings which are part of the individual experi
ments there are some general test procedures which are appropri
ately reviewed at this time The following selected techniques repre
sent the frults of many years of experience They embody experimental
criteria based upon many lines of progress by 2 host of modern workers
in this {ield However many of them were not available in the earlier
periods of our study when some factors much less techniques were
still unknown Hence these test methods are presented as recommenda
tions in the lght of which old experiments may be reviewed and re
evaluated and sometimes profitably repeated perhaps with modifications
suggested by the newer ideas

a) Fibrinogen sssay (1) Gravimetric The common clinical rou
tine [453 473] 13 quilc useful for approximate determinations on iso
lated fibrinogen solutions Add 0 5 ml bovine thrombin {500 units/ml)
to 0 5 ml solutlon {e g plasma) diluted with 5 ml tmidazole buffered
saline Imidazole buffer [331] of pH 7 3 is made by dissolving 1 72 g
imidaxole (Edcan Labs ) {n 90 ml 0 IN HCI and diluting with distilled
water to 100 ml  One vol imi{d buff ls added to 9 vols saline {§ 85"
NaCll The {ibrin clot is carefully and completely wound off on a tared
glass rod washed with sallne followed by distilled water and dried to
constant wefght 1 e overnight at 85°C and weighed

{(ID Colorimetric [348] Our {60} preferred method for highly
accurate assays of purified fibrinogen {s to recover the thrombin fibrin
obtained as {n(l) ona d d g needle hing digesting
with a modified Mehl's biuret reagent then diluting and reading the
color tntenaity with the Klett Summerson photoelectric colorimeter
asing No 540 filter The {nstrument 1s previously graduated agalnst
the shove gravimetric (dry weight! and macro Kfeldahl (ftbrin NJ de
terminations

(111} Tyrbldimetric In 1942 the author [135] used the Evelyn
photoelectric colorimeter with No 540 fliter asa turbidimeter Sup
plementary to other studles it was noted that the turbldity of clots
Tormed by ndding thromble to a 1 10 dil plasma could accurately meas
ure the addition of {ibrinogen in amounts as small s 7 5 mg/i00 m}
A recent micro method [512] fs based on these principles
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1) Specific 1 stage p vertin ay uses as substrate bovine
ptasma twice {iltered through special *20" asbesto (Seitz type) pads
obtalned from the St Gallen Co Switzerland according to the orig
inal recommendations of Owren & Aas [365] This filtration s de
signed to remove nearly all the proconvertin but to leave a sufficient
amount of prothrombin Our tests usually reveal about 60 of the
original prothrombin and a control prothrombin time test (with 0 1 ml
asline instead of test plasma) of 120 sec or longer A new recom
mendation [2] to employ a wood charcoal 'L 50" {Springfield Facing
Co  Williamsett Mass) may be noted We have at times supple
mented our substrate with proconvertin {ree bovine prothrombin
repared by the method described for human plasma fractionation
295]  Fibrinogen and other factors are satisfactory in this substrate
but ilke the prothrombin sybstrate (p 58) 1t may lose AcG and re
quire supplementation of this in the test plasma dilution
g) Method 11 The orthodox TWQ STAGE prothrombin a_say The
original two stage assay [496] has been modifted [495] Ferguson
et al [153] have recently made & critical restudy of the two stage
prothrombin essay method both as to technical considerations and in
to the of bleeding d Our imp '
test adds 1™ bovine proconvertin (see above) as well as AcG (the
‘modified® method) This s actually essential only in very rare in
atances when testing plasmas etc which are extremely low in pro
convertln e g some hypopr r Briefly de
talled the method requires four steps namely
Stepl, D fibrinalon 0 5 mi plasma + 0 4 ml saline + 0 1ml
thrombin {bovine Upjohn's 20u/ml) remove clot with glass rod over
15 minutes
Step 2, Dilution Appropriate {e g 1 30) dilution of 0 1 ml{1)
with 1 100 (saline dil } AcG + proconvertin
Step 3, Activation 0 6 ml (2) +1 8 ml Incubation mix con
sisting of 11 5 saline 1 imidazole buffer 4 purified (Ca free} acacla

(105'1"‘;)‘”"!: Corp) 06 Soluplastin {Schieffelin & Co) 0 9 CaCl,

Step 4, Clot Himing 0 4 ml samples of {3} removed at 1 min
Intervals are tested with 0 1 mt fibrinogen at 28°C (25° 30° noting
the mintmum reached This should be in the 13 17 sec range

Our best standard fibrinogen is simply prepared from oxalated dog
plasma BaSQO, adsorbed as usual (see p 55} precipitated at 1/4 satu
Tation {NH( ], SO, redissolved in 1/3 orig vol saline and diatyzed
against clirated saline {0 005M sodium citrate) Frozen stored  20°C)
in 10 m1 lots it keeps well for many months with a remarkably constant
reactivity (see p 62} Occasionally a gmall amount of sediment appears
on first thawing but this can be centrifuged off and the bulk of solution
remaing clear thereafter even through repeated freezings and thawings

Computation of unitage E g if a 30x dil is used In stage (2}

and the minimal clotting time (reached say in 3 or 4 min of step (3)
incubation) 1s 14 sec and hence the correction factor from Ware &
Seegerst tables {495 256] 4511 11x5/4x 4/1x30/1x2/1 e
respective dilutlons at steps 4 3 2 1) 330 units/ml

b) Method I, BaSQ, citrate ELUATE techniques 2 new two
stage method developed in the author s laboratory METHOD 3 mi
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adsorbed beef plasma fortified with 1/10 vel of a bovine serum pro-
convertin preparation This proconvertin is prepared from ox serum
by the same method essentially as we [295] used in the case of hu
man plasma The serum was obtained by recalcifying oxalated beef
plasma and centrifuging after standing for 18 hrs at 40C Interest
ingly this reagent althoupgh prepared from serum is malnly
unchanged proconvertin We deduce this by observing that it doesnot
abolish the 'lag phase! in prothrombin conversion as compared with
convertin {proconvertin pre incubated with CaCl, and thromboplastin)
which does
The prothrambin substrate is designed to contain the normal plasma

amounts of fibrinogen proaccelerin and ather possible factors not
adsorbed on the BaSO; The BaS0O, haa removed the prothrombin
thence its suitability as a test substrate) the proconvertin (hence the
re addlition of this factor) PTC and possibly other materials which
are not believed to play any role in the conversion of prothrambin to
thrombin in the presence of Ca tpln  Frozen stored in 5 ml lots at

20°C this prothrombin substrate remains serviceable for many
months O lly 1t loses f: of AcG although
this is far more stable in bovine than in human plasma In such case
the substrate should be assayed for prothrombin by the two stage
method and if this is satisfactory the substrate can be restored to
usefulness merely by using a sultable dilution of AcG instead of 2aline
in the {1 10) dilution of the test 'unknown '

Serum AcG {accelerin} as used for this and other (see two
stage etc ] purposes {s prepared according to the directions of Ware &
Seegers [495) ie ox serum aged several hours is adsorbed with
4g/100 ml BaCOs BaSOg can be substituted for the carbonate

e) Specific I stage proaccelerin assay uses as substrate 'aged'
human oxalate plasma as originally recommended by Quick & Stefa
nini [395] For some time (e g [297]) we recommended BaSQ, ad
sorption (the uaual 100 mg/mi} of the unknown plasma before the routine
1 10 dilution prior to adding to substrate etc However any additional
prothrombin which would be carried over in the diluted unknown to the
normally prothrombin rich substrate can be shown to have a negligible
effect particularly when the reference standards are handled in the
same way The easiest method therefore s to employ untreated 1 10
unknown' plasma ¢tc  as {n the other specific l-stage metheds In
reagent (e g AcC) assays there Is again no need for pre-treatment
unless the material contains a large amount of prothrombin

tAging' of the substrate plasma is best accomplished by freezing
and thawing (which always reduces the labile proaccelerin) and storage
in the ice box at 49C for one or two weeks (or longer) untll the regular
prothrombin time test (0 1 ml plasma + 0 2 ml Ca tpln) at 379C glves
clotting times in excess of 60 seconds

Aged plasma should contaln normal amounts of {{brinogen pro
thrombin proconvertin etc Frozen stored It Is serviceable for many
months and 1f a small amount of sediment apprara on thawing this can
be r d by centr fon and the idual supernatant found to be
1ittle affected in most instances A very fresh normal plasma must be
waed for the standard of reference and for the dafly contral We have
found It best to use a single well known ‘normal’ for both
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Standerds for the accelerator factor assays are a series of actl
vation curves d with several m; ble porm
whether (k) plasmau or (kg platelet suspensions after the manner of
the Ware & Seegers two stage AcG assay [493)
21) Thromboplastic factor assay by the eluate method: Using es
11 same proced but for the regular thrombo
plastin {*Soluplastin ) any material containing a thromboplastic factor

can be assayed e g tissue thromboplastins {1 ,)
1;) Platelet thromboplastic factoris routinely assayed in our lab

by this q It platelet preparation (as above)
and normal platelet atandards with the reference series of dilution
curves [actlvation curves)
Cephalin and a variety of }pids and tissue thromboplastic ex
tracts will be studfed by this method in experiments to follow

D INHIBITOR MECHANISMS

be noted that certain or
perhaps of other resction
can be demonstrated by delay in thrombin formation (compared with
inhibitor free controls} In such test gystems as these of the eluate
method  Other prothrombin activation tests {showing {nhibitory phe
nomena) will also be used in the present investigation

1 Heparin (with ite cofactor) s an important experimental addition
in some of the present test systems

for heparin in blood or plasmais usually done by

{2) whole blood clotting time tests or (b} protamline titratlon {with
which we prefer to use a plasma recalcification system) but detafls
of these techniques will be omitted

2 Antithrombin tests

a Plasma thrombin clotting time test The clotting time (at
379C) of a test plasma mixed with a standard solution of thrombin and
compared with a sim{lar experiment using a normal plasma is often

of some ! {or rapidly acting) antithrom
ble factor An example 13 seen in the new born infant [172]

b Serum antithrombin refers to the ‘progressive loss of
thrombic activity when a standard thrombin 1s incubated with serum
{or other fibrinogen free material) and retested with fibrinogen at suc
cesslve time intervals Sallne may be substituted in the control

This test is performed with many of our test materials when we
wish to demonstrate the presence or absence of antithrombin An
example s seen fn Table VIl

Often however it is enough merely to retest a thrombin forming
";kture At intervals to observe definite antithrombic action This is
anaYs seen for {nstance in the orthodox 2 stage prothrombin test
and ralses some theoretical questions as to the true end point In
Practice at the high dilutions tested this is usually ignored however

E STUDIES ON_ARTI CIAL CLOTTING SYSTEM

These will barely be mentioned in the present thesis but it must
of the thr plastl

1 TEST METHODS In general test systermns are quantitative using
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oxalated (not citrated) plasma is adsorbed 10 min with 300 mg BasO,
{Merck's) and the sediment recovered by centrifugstion is washed
with distilled water and then eluted for 10 min with 1 m! of 0 2M sod
citrate The elugte recovered by centr 1 tially
all the prothrombin proconvertin and PTC of the original plasma It
lacks fibrinogen proaccelerin (except for traces) AHF and most of
the plasma inhibitors {e g entithrombin) usually

1} Eluate assay {(Method III} for prothrombin, by new two stage,
0 1 ml eluate is {ncubated at 289C {or approximate room temperature}
with the following activator system 3 6 ml saline (0 85% NaCl}
065 mliie 1/10 vol) imidazole bulfer {pH 7 3} 0 1 ml bovine procon
vertin {(see p 58) 0 1 ml AcG {BaCOg bovine serum see p 58)diluted
18 0 1ml 'Soluplastin® {(Schieffelin & Co 's thromboplastin) and
finally 0 5ml 0 15M CaCl, At ) min intervals 0 2 ml samples are
tested with 0 2 ml fibrinogen {Armour's hovine 'FractionI ' 17
treated with 1 g BaS0, /100 ml) Clotting times recorded with &
stopwatch usually reach a minimum within 5 minutes and because of
lack of inhibitors are typically stable or nearly so for many minutes
thereafter

Minimum clotting times are converted into prothrombin 'percent
age' of normal by reference to a standard curve of data obtained from
dilutions of a normal pool of plasmaa as described under the 1 stage
assays A 'standard of the day' Is also routinely used in the manner
previously outlined {p 57) Illustration of the technique used to assay
standard eluates is seen in Experiment 10 (p 75 )

Correlation between Method III and the orthodox 2 stage {Method
II) prothrombin assays for the same large group of (300) humnan cases
as studled in the other comparizons of prothrombin methods is shown
to be very satlsfactory in Figure 12

A lpr nvertin index' by of the eluate method: By
omitting the 0 | ml of proconvertin from the actt system in the
previous test and securing the Iirst minute test without it a clotting
time value is cbtained which using the reference curve indicates the
initial velocity of the prothrombin activation This {s due chiefly to
the proconvertin present in the plasma eluste By then adding the
01 mlpr tin and the usual incub and testing the
prothrombin fon is carried to The ratio of percent
age units in the 1 min test divided by the final (e g 5 min ) percentage
1s a 'proconvertin index ! which we have found to give a falr degres of
correlation with the routine 1 stage specific proconvertin assay {p 59)

¥ 1} Eluate method of assaying (1) accelerator or {2) thrombo
plastin A STANDARD gluate {s made essentially by the method de
scribed for human plasma but using bulk volumes of either (a} dog or
(b) bovine oxalated plasma Using this as a substrate the prothrombin
conversion may be studied at 1 min or other suitable intervals with
the regular actl system modified by for the cited
{1) accelerator globulin or (2) Soluplastin ! of any other accelerator
or thromboplastic material it {5 desired to study

ky k) The new two stage AcG assay can be used for example on
(k,! {resh plasma (BsSO, adsorption s neceasary) or ik.) platelet
suspensions (Iresh) to assay their ‘accelerator! property Seep 54
for method of preparing washed platelets
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in this way that the National Institutes of Health standard is maintained

<] of 8T le to d
every batch of flbrinogen by repeated clotting tests with a standard
thrombin as performed at NIH In our laboratories this {s not at-
tempted Either the particular batch of fibrinogen unatandardized is
regarded as the 'standard’ for = particular set of experiments relative
¢t values belng acceptable in the absence of any evidence of fluctua
tlons Or when a particular fibrinogen 1s used for routine two atage
prothrombin assays of plasma from normal subjecta and human clin
ical cases sufficient experfence is secured with the fibrinogen tochar
acterize its reactivity uslng a statistical mean of cases with normal
Plasma prothrombin unitage [153] We have prepared many dog {1
brinogen preparations (p 55} with which the two stage prothrombin
assay gives close to 300 units/m! human plasma which is a very ac
ceptable value

d) Clotting times and thrombin concentration Returning to the
first method while this has no value in terms of any absolute unitage
it nevertheless gives perfectly valld relative values if some refer
ence serjes of thrombin dilution {s used under the same experimental

d The 1 1 is that the shorter the clotting
time under standard conditions the more the thrombin activity or rel
ative concentration This is here put into practical use being velldated
23 mentioned only for a given set of comparative experiments By ex
perimentally obtaintng the data and plotting graphically as a thrombin
dilution curve * e g Figure 5 the cbserved clotting times in any vari
atfon of the experiment may be read off as a 'percentage of the orig
inal { } th Much inf: does not even
require exact quantitation in this way For {nstance a very long
clotting time is clearly a matter of a very low thrombin concentration
and two such tests may be far below the quantltative limits of the method
and yet be {fferent by simple ! of the data

4 THE INVERSE LAW

In the example given in Figure 5 (see p 18) quite by chance a
very falr approximation to the 'inverse law' [141 162 20] was obtained
In our the true ible for the usual diverg
ence of data from this 'law' have not been defined and we do not usu
ally attempt to secure this exact type of linear reference curve A
recent (unpublished) study of one posaible variable however is illus
trated in the following experiment

F EXPERIMENT 3

1 EXPERIMENTAL CONDITIONS MODIFYING THE
THROMBIN FIBRINOGEN REACTION

The thrombin fibrinogen reaction has been discussed on pp 16 et
529 in the introductory part of this thesis Among the data there re

viewed are those of Boyles Ferguson & Muehlke feo] dealing with a
number of reaction

Th in the
¢ first two experiments of the present thesis add new data obtained
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accurate measurement of amounts of reagents {ncluding use of volu
metric {e g serological] pipettes and other glassware always kept
scrupulously clean with a cleansing routine involving detergent{Dural
H) sulfuric acid chromate solution distilled water and drying oven
Tiring of many procedures 1s facilitated by electric chronometers
and mechanical stopwatches Clotting times are used as ‘end points'
in the great majority of experiments

2 CLOTTING TIME as discussed onp 18 {s an empirical observa
tional datumn which becomes significant only under strict conditions
which will be defined for the individual experiments

3 THE THROMBIN FIBRINOGEN REACTION

The key reaction in the physiological mechanism of blood clotting
is the converston of fibrinogen into fibrin through the agency of throm
bin  The {irst step in our investigation therefore must be an evalua
tion of the time relationships of the thrombin fibrinogen reaction

a) Fibrinogen and clotting time Fibrinogen concentration overa
considerable range [60] has remarkably little effect on clotting time
fet) Of much more significance 1s the reactivity of the particular
fibrinogen solution meaning the particular clotting time §t will show
with a glven thrombin preparation under the defined test conditions
There is no real information to date upon which we can predict the
reactivity o a fibrinogen It {s also not exactly known what determines
the potency of a particular thrombin preparation However any ofthe
modern highly purified and stable thrombin preparations may be relled
upon to give a definite clotting time reproducible within a small limit
of experimental error in many repetitive tests conducted with a given
good fibrinogen solution Under carefully controlled and standardized
experimental conditions repeatedly using the same substrate fibrinogen
comparative clotting times afford a valid though relative measure of
thrombin p: Actually two {ants of method have both been
widely used In the first the thrombin concentration is varied and the
respective clotting times used as a measure of relative thrombin po
tency An example 1s given in Figure 5 In the Introductory section
In the 'method II {p 59) the thrombic material is diluted to give a
standard clotting time and relative dilutions are used as the measure
of thrombic activity

b) Stendardization of thrombin The N 1 of Health
(B Maryland) provides & thrombin standardized by this second
method the original (revised) procedure being that of Smith Warner &
Drinkhous [443] s modiffed by Ware & Seegers [495] The method

was originally (1934} d. loped to assay p in terms of the
thrombin unftage loped after imal to thrombin The
in or activated prothrombin fs defined as that

unit whether for
potency of the product which gives a 15 second clotting time of a par-
ticular standard fibrinogen under the stipulated experimental condl
tions Difficulties in securing = st {ibrinogen are

as previously mentfoned but a practical solution has been to have many
testings of a particular lot of thrombin and then to retest many times
when the original fibrinogen needs replacement with a new batch Itis
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also have been d in the 1 1c method of pur Ar
guing for only a trace impurity Is the observation that the (NH, )50
purification of Armour's {ibrinogen gave a 97¢ clottable preparation
which {alled to obey the inverse law in the experiments of Boyles and

the author [60] fum sulfate { does not
the Lorand factor [439]
Experiment 2 (1956} Table Il

Purpose In the light of the cited recent work [307 439] clearlyre
lating the Lorand 'serum factor' to caleium and the opacity rigidity
and urea {nsolubllity of {ibrin clota is it possible to explain the anom
alous action of calcium salts in a limited concentration range namely
shortening the clotting times of thrombin fibrinogen mixtures on the
basls of the reactions invelving the serum factor?

Test Under constant volume and fixed thrombin and {ibrinogen (I
1) concentrations CaCly was added to the final molarity noted and
clotting times determined as in the preceding experiment

Results are given in Table III They show the usual (p 19) accel
erating effect of certain small concentrations of calcium fony

Conclusion The usual ncceleration of clotting in a certain range
of calclum salt concentrations here 0 001 to 0 01 molar is evident
There s a definite optimum at 005M with all three fibrinogens It
must be concluded therefore that the Lorand serum factor is not
slgnificantly concerned with these effects of calcium fons on thrombin
fibrinogen clotting times

2 EXPERIMENTAL EVIDENCE THAT CALCIUM 1S NOT AN
ESSENTIAL COMPONENT OF THE THROMBIN FIBRINOGEN
REACTION

Since the careful work of Hammarasten [206] (see ? 7} 1t has
been reasonably established that calclum salts ie Ca*t fons arenot
essentlal to the thrombin clotting of {ibrinogen Howell s comment
[238] that there might still be room for doubt however indicated the
need for final proof that the trace of (protein bound) calcium in the
clotting reagents {fibrinogen as well as thrombin} is without specific
influence on the clotting reaction

Experiment(s) 3 {1937 56) (cf Table XX}

P,““rpos €  Te study the clotting of a completely decalcified
thrombin fibrinogen system

Methodsy

(A) in a 1937 experiment [128] the author prepared
thrombin fro o (28] Pt

A m Howell type prothrombin (p 90 ) by maximal activa

ton U'ripe 1 after several hours) with calcium and cephalin _In three
experl this in was el for 2 hrs 8 hrs

13 hrs respectively in a Bradfield 3 compartment electrodialyzer
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by the author recently which deal with certaln aspects of the serum
{fibrin} factor problem (¢f pp 20 21)

Experiment | (1956) Table Il Figure 13

Purpose To investigate possible replationships of thrombin
tibrinogen clotting times to the 'serum ({ibrin} factor' of Laki & Lérand

Reagents and Methods

Preparation of 'serum factor! free fibrinogen {ref Laki& Lorand
[277): Lorand [304 305 307] Shulman [439] Stock fibrincgen: 1%
Armour's bovine {plasma) Fraction I adsorbed with BaS0; to remove
traces of prothrombin etc {p 55)

FEibrinogen I {Control); Stock fibrinogen dialyzed 2 hrs agalnst
2M sodium chloride followed by overnight dialysis agatnst 0 859 NaCl
{room temperature) Thrombin clots of this solution remained jnsol
uble in equal volume of 3M urea whether NaCl or CaCl, was added

Fibrinogen I Stock fibrinogen dialyzed 2 hrs against 2M
sodium bromide followed by overnight dialysis against 0 557 NaCl
The bromide treatment removed much of the serum factor but the
test clots were still only partly soluble in urea in the presence of NaCl
and negligibly soluble in the presence of CaCly

tbrinogen JIl Fibrinogen II a week later was diluted 20x

with distilled water and isoelectrically precipitated with 0 1M acetic
acid with maximal turbidity at pH 5 5 The precipitate was recovered
by 30 min centrifugation at 350 r p m and redissolved in 0 85¢ NaCl
to original volume Thrombin clots were now nearly all soluble in
1 SM urea even with added calcium only a trace remaining after 24
hours

Testing fibrin clots for solubility fn urea 0 2 ml Fibrinogen +
0 05 ml 0 1M CaCly, {or 0 85" NaCl) + 0 05 ml thrombin {bovine Up
john s 10 units/ml} treated 10 min later with 0 3 ml 3M urea

Clotting_time teste with the above three fibrinogens Clotting
times are measured with a stopwatch at constant temperature {25°C)
on adding to 0 2 ml of the respective fibrinogens 0 2 ml of bovine
{Upjohn s p 56} thrombin In siliconed tubes which are used in order
to avoid any loss of thrombin by adsorption onto glass The thrombin
was actually added at twice the strength of the final concentration
stated in Table II

Results are shown in Table Il and in Figure 13 In the graphic pres
entation in the cited figure relative thrombin concentrations areplotted
against the reciprocal of the clotting times {l/ct)

Conclusion There appears to be a much better lnearity in II
and some impr in Il as compared with I (Figure 13) sug
gesting that the 'serum {actor of Lorand may indeed be a varfable in
auaing deviations from the 'inverse law ' It 1s not known how valld
the criterion of urea solubility of recalcified clots {s in determining
freedom from the Lorand factor It is possible therefore that further
progress may be made along the present lines There 1s an unexplored
1lity that disturbing factors cother than the Lorand factor may

possib
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sillcone Series I plasmas were kept in silicone but tested on both
types of surface Series Il were (G4) treated with powdered glass for
1hr at 34°C in order to obtaln a large measure of action of wettable
surface The control series I {S) were held {n silicone for the same
period st the seme {34°C) temperature Dealdes the Ca the following
additives were tested: (1) sallne (2) intact platelets (carefully pre
served In silicone} {3) platelet extract {frozen thawed and triturated
with saline] {4} brain cephalin In another serles of experiments
simply conducted in glana {pyrex tubes) (1) was repeated and tests
were also made with {5} tissue thromboplastin { Soluplastin] {6) crys
talline trypsin {100y ) (7) Loomis* [302] bovine fibrinolysin (4 mg}
The data are shown in Tebles IV and V

Results Table IV: In {1} with Ca and saline only no clots were
obtained in 24 48 hrs whether in glass or in silicone This unequiv
ccal result is difficult to achleve and was repeated on only two orthree
occasions In many more similar experiments clotting did occur in
glass in from one to many hours and longer in silicone

In (2} and {3) clotting was restored with jnsignificant differences
due to the manner of treating the platelets There was however a con
sistent and significant difference between the tests on plasma only in
contact with silicone and these exposed either (G) immediately or
(G4} over a period to wettable glass surfaces The glass clotting
times (170 210 ) may be compared with the silicone clotting times
{435 660 ) The somewhat longer ¢ t 's in the 1 hr experiments
probably mean some loss of 1abile factor {AcG) That the plasma is
actually altered by the surface contact {s shown by the finding of the
shorter clotting times also in the tests in allicone (I S) after trans
fer to such tubes of the (G#) glaas incubated samples

In {4} cephalin 4s shown to mct in much the same way as platelets
Actually it is even more effective in the concentration studled The
Becelerntor effect of glass on some component of the platelet free
Plasma is also evident in the cephalin experiments

In the Table V data (1) the non clotting control is repeated
15) tissue thromboplastin is observed to give the very rapid clotting
Hme of 7 gec  exactly corresponding in fact to the typical prothrom
bin time {Quick test) on ordinary dog plasma; (6) trypsin and (7} fibrin
olysin are also effective That the two proteolytic enzymes of these
last tests show similar ‘thromboplastic' properties ia an interesting
observation which will require further investigation (see later}
Discusston None of the earlier efforts to establish the essential
role of Fm;ms in normal blood clotting were sufficiently convincing
Fuchs {178] 1n 1930 claimed the obtaining of a spontaneously incoag
ulable human plasma by high speed centrifugation in paraffined glass
ware but Felssly (1934} and Smith Warner & Brinkhous (cited [64])
Were unable to confirm this work the silicone
in 1946 Jaques Fidlar Feldsted & MacDonald [251] noted the pro
ongation of natural and recalcification clotting times as plateletcounts
Loore moTe and more reduced by increasing centrifugation in silicon
cﬁid tubes However they were unable to get rid of all platelets and

not obtain an Incoagulable plasma In the following year Brinkhous
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with collodion membranes The 110 volt direct current reached &
maximum amperage of 03 to 0 4 amps In ¥ hr andfelitolor2
mitl{ amps in about 2 hre Distilled water was run continuocusly
through both electrode {end+} chambers The thrombin began to floc
culate out at the ancde membrane of the middle chamber in sbout
15 min and to sediment Later it underwant partial migration to the
cathods membrane  The diphasic hehavior was explained by a change
in pH of the unbutfered material over to the acid side of the fsoelectric
polnt of the giobuline present The final precipitate was recovered by
centrifugation and redissolved in dilute Ca free KOH to pH 7 § {phenol
red indlcaterd The water clear supernatant always showed some
relatively weak thrombic activity Nedther the redissolved precipt
tate noy the supernatant showed the least trace of turbldity en adding
test reagent pot oxalate and spectroscopic tests for traces of Ca
wezre nagative The test fibrinogen was obltained from Berkefeld
filsered {see p 69 ) citrated dog plasms ‘deprothrombinized’ by
MgiOH} ; adsorption [176] and pracipitated {x3) at e yat {NH; ), 50
repreciplitating at 12 sat MaCl and redissolving In dist water We were
unsble to electrodialyze the fibrinogen without denaturation but relied
upon txcess of oxalate or citrate to decalcify it as indicated by a neg
ative spectroscople test for caleium  The most cructal test was per
formed after 18 hrs incubiation of both {a) the 13 hr electrodialyzed
thrombin and {b) the purified fibrinogen with equal volumes of
11) N/1 pat oxsiste {2} N/ sod citrate On mixture of 1 ml amounts
of thrombhin and fibrinogen thus treated and still in the presence of
the strong inhibitory and decalcifylng saltfs) firm clots were obtained
tn about ¥ hr

An interesting incidentsal obserwstion was clot lysls after several
hours indicating activattom of the fibrinalytic enzyme system contam
inating the thrombin preparation

(B} Decalsificatian of

P has subsequently become very slmple
with the advent of the ion exchange resins {p 275 of Stefanini & Dame
shek {453])  We have repeatedly subjected hoth thrombin and fibrino
gen to the catlonic resins Ambrriite and Dowex *50! {godlum
treated) and observed perfectly normatl clotting of the subsequent
mixtures {see Table XX}

Caonctustan Itis therelors concluded that proteln bound estclum
white contributing {like sodium potasstum ctc ] to the charge patterns
on the protein molecules 1s not essential for the thrombin fibrinogen
reaction and that thrombin {n no true sense i3 a calcium compound

3 EXPERIMENTS ON THE CLOTTING OF PLATELET FREE PLASMA
Expetiment ¢ {1949 [147} Tables 5V V

Purpose To study the clotting propertics of platclet free plasma
Method Citrated dog plasma was cbtained »ith the siliconed tech
nique after 36 hr centrifugation at 20 000 r p m In the refrigerated

Multispeed ' Equal vols of esch plasma sample were tested st
389¢ e elotiing times with 0 025M CaCl, (G} in glass and {5) 1n
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preparing from it It must be reported that the advances to date while
encouraging stlll leave much to be desired Nevertheless this should
turn cut to be a promising line of {nvestigation leading toward the goal

of purified Individual blood clotting factors for specific therapeutic use
in human defictency cases

4 EXPERIMENTS WITH THE BERKREFELD (RACTERIOLOGICAL)
FILTER TECHNIQUE (¢! Experiment .2}

1o 1913 Cramer & Pringle [95]) claimed that the passage of cit
rated plasma through a Berkefeld filter rendered it incoagutable on
subsequent recalcification but restored to clotting again on the addf
tlon of platelets They concluded that they had (a) discovered a simple
technique for 'deplateletizing plasma and (b} proved that platelets were
essential for normal clotting

W H Howell at once set one of his pupils C H Goddard (1914)
[192] to repeating this experiment On carefully perusing the English
data Goddard noted that some of their Berkefeld filtered plasmas did
clot en simple recalcification although delayed perhaps for several
hours One dog that had been fed three hours prior to bleeding gave 2
{iltrate which clotted readily in 5 min 1e practically a normal recal
clfication clotting time Goddard p med many B {1
and divided the filtrates into (1) first portion (2) intermediste ard
(3) last portion It was found that only the first portion which was slow
in appearing through the fine pores of the diatemaceous filter showed
marked clotting defects In fact it was often incoagulable even with
thrombin proving that most of the clotting factors even the fibrinogen
had been removed The last portions always clotted readily on simple

1cifs The portions varied end not uncommonly
would clot poorly 1if at all on adding calcium but quite well if platelets
brain extracts or cephalin were also added Prothrombin could be re
covered by Howell s acetone method even from some of the intermedi
ate filtrates which did not clot satisfactorily with Ca alone

Or & number of years the present author [126 130] routinely em

ployed the Berkefeld filtration of plasma prior to preparing Howell
type prothrombin By the simple bacteriolostcal laboratory trick of
inverting 4 large test tube over the candle the filtration was invariably
rapld and satisfactory Test results confirmed Goddard in the finding
of good clotting on simple recalcification Clotting times might be as
long as 10 12 min instead of the usual (unfiltered) plasma s 2 3 min
but could easily be restored to normal or better by addition of a small
amount of cephalin [86)

Comncluslons The previously cited mare recent work with the sili
cone technique and high speed centrifugation undoubtedly proves that

the present author s views of an earlier period were erroneous in be
leving that ell platelet could be by filtra
ton We were looking for some plasma thromboplastin of other than
platelet origin and well remember Howell s caution (p 480 of ref [233])
that platelets may very well disintegrate when roughly handled {n ordl
nary centrifugation and in Berkefeld filtration There were important
€rT07s in Howell s other views however
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{64] did succeed in obtaining a platelet frec human cltrated plasma
with the silicone technique refrigeration and repeated centrifugations
over a total period of 1350 min using speeds up to 14 000 r pm The
reported {inal preparation recalcified in glass at 28°C did not clotin
30 hra Prothrombin conversion was delayed in these 'quasi hemo
philic! plasmas but prothrombin assays were normal 'Thrombin
topical' and 'thromboplastic extract from beef lung’ clotted them as
rapidly as normal whole blood Addition of platelet suspensions re.
duced the clotting time to 6 9 min They destroyed added thrombin
normally The platelet free normal plasma was able to correct the
clotting defect of hemophilic whole blood but not of recalcified
platelet {ree hemophilic plasma Correction did oceur in the plasma
mixtures however if some platelets whether normal or hemophilic
were provided Hartmann & Conley [209] aiter many failures finally
succeeded in obtaining e platelet free incoagulable canine plasma
Patton Ware & Secgers [369] used a special technique in collect
ing blood without anticoagulant from a dog for siliconed tube centri
fugation in the refrigerated Multispeed' at 22 000 23 000 r p m for
S min -5 hrs Some of the native! pl thus obtained r
fluid for longer than 72 hrs at room temperature There would usu
ally however be some fibrin formed whether in glass or in silicone
'with about equal frequency  Prothrombin ¥ diately
after the centrifugations showed normal values compared with an
oxalated plasma sample obtained at the same time as the specialblood
collection The more highly centrifuged samples retained the same
assay levels of prothrombin for several hours Special (indirect)
tests however showed the formation of traces of thrombin The fibrin
noted represented only a small portion of the {ibrinogen

Conclusions Our experiments [147] therefore confirm the few
previ ork evidence pointing to the fact that platelets are nor
mally essential for blood clotting The data on 'surface’ effects caus
ing some alteration of the platelet free plasma are original as is our
use of cephalin and the enzymes in this type of experiment The fact
that a lipold (cephalin) and the other cited reagents can replace plate
lets in what we believe to be a ‘thromboplastic’ type of action {see later)
opens up some very intriguing questions

1 in obtat

Addendum Owing to the large quan
tities of completely platelet free plasma the author (and others} have
not progressed to the logical procedure namely to use such material
as the starting point for the attempted preparation of plasma clotting
factors free from all traces of natural 'thromboplastin’ (at least of
platelet origin) Mere 'platelet poor plasma is insufficient for satis
fylng this rigid criterion although the greater the success in this df
rection the better would seem to be clatms for purity in preparing

T bin proconve pr lerir hilie globulin PTC
l;nd other factors As a member of the Coagulation Committee of the
Harvard Plasma Fractionation Commission the author has followed
the recent use of the ADL Cchn Fractionator in the preparation of
deplateletized human plasma [460] and has tested some of the fractions
{e g prothrombin accelerstor globulln etc} which Dr Surgenar fs
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room temperaturs with an egual volume of benzene {Cglig} in a sepa
ratory funnel recovering the clear bottem layer Do turbidity noted
Fluate Sediment from the BaSQ; adsorption {100 mg/mi3 of the above
plasma No 126 washed 2x with diat water and then eluted for 30 min
with 1/3 orig vel of 0 20 sod citrate  Aliquots of this eluate were
{a) presesrved frozen untreated (b) dialyzed 3 hra agminst saline and
tc} benzene extracted (b e} in a similar manner to the b ¢ fibrinogen
{see above} Another portlon {d) was benzene extracted wdthout dialy
sis and then te) a fraction of this was dislyzed Specific asgays of
components of eluates (a} (d} were obtained by the routine methods
previcusly described The data are piven in Tatle \Iand are ex
presasd ad a unitage /eal cornpared percentapewise with the statls
tical normal human plesma by which each test ia standardized gf
Figure 16 These eluates (1) l1ack fibrinogen and thrombin lno clet in
3 days in control teats) {2} contain very small amounts of AcG {proac
celerin) but are rich in {3) p ang 14} p tn  The
dialysis and benzene extraction did not alter the prothrombin and pro
canvertin values significantly The high lontc strength of the 0 IMcit
Tate {3 inhibitory in clotting tests unless the eluate is highly dituted
It may be recalied that it is routinely difuted 50x in our eluate method
1l 2ssays {p 59 Some incubatlons with 48 u/ml thrombin were per
formed with the undiluted eluates and failed to show any sipnificant

of the added There way aldx
lengthening of clotiing times from the start as compared with a
0 B5” NaCl contral With 0 2% sod citrate as the control however
the clotting times {of the order of 25 30 } were comparable A more
significant antithrombin assay was therefore conducted on the b e
dialyzed efuate (e} The data are given in Table VII with detalls of
method appended  There is no more than the merest trace if any
thing of progressive increase in clotting times in the test {2) withthe
€luate which i3 nothing like the rapid activation in defibrinated plasma
or serum  ov tn {3} the untreated AcG preparation i uszd az a pasjtive
contral {3n Table V1) and compared {4) with a partly purified AcG
described in Experiment 1D onp 76  AcG  Our regular BaCOs
treated bovine serum {p 58) zssays about 1200 percentage units of
{prolaccelerin/ml When assayed at full strength by the improved
2 stage method {p 59} {1 showed a barely assayable 1 unft/m! of
thrombin yield It {s probable that traces of bath thrambin and pro
thrombin persist in bartum carbonate trested bovine seram but they
a-e quite nepligible in the usually employ t we
<id attempt to purify this AcC preparation by an additional BaSO4
adsarption  This reduced its AcG unitage to 900 percentage wnits/mi
but the traces of th in and p: nbin persi as shown bythe
control teats (1 4} in the experiments of Tables X and X1 Cegh
Cephalin was prepared from acetone dried dog bratn Icf Eagle (1101}
by several days extraction with ether removinp the acetone sofuble
{raction angd resuspending the dried acetone fnsoluble lpoids in satine
23 a stock 37 suspension untformly dispersed with aid of a mechan
ical homogenizer Dilutians {e g 8 5%} from this stock are stable and
uniform  The stock 3¢ solution like other reagents is stared frozen
at 20°C in the 'Deep Freeze  This cephalin served as the standard
inmany experiments fe g p 981 Ca The optimal GaCly concemtration
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5 EXPERIMENTS WITH THE BENZENE EXTRACTION TECHNIQUE
AND ITS RELATION TO 'AVAILABLE®' CEPHALIN

Apart from the errors in his work on platelets and lung extracts
C A Mills [335 336] correctly controverted Howell's view that cal
cium alone could activate prothrombin Mills inslsted on an essentlal
role for cephalin acting along with calcium as ' in
the sense of the Morawlitz [345 346] theory (see ? 8 His evidence
[336] included the following experiment:

Dog plasma was precipitated at % sat (NH;);SO; for fibrinogen
{ollowed by ¥2 sat with the ammon sulphate for a globulin fraction
which served as a 'prothrombin ' after both fractions were dialyzed
free from excess salt On extracting his prothrombin by shakingwith
benzene {Calg) Mills obtalned a preparation which when mixed with
fibrinogen and calciurn salt no longer gave a clot Coagulation was
restored however on further addition of cephalin

Experiment 5 {1934) [123

The present author's first modest essay into the blood coagulation
fleld in 1934 was an atternpt to confirm this experiment We were
able to do so however only after benzene extracting (b e ) the {ibrin
ogen also With ccnsldexabl: difficulty the recalcified mixture of
be fib and b e prothrombin could also be Induced to clot by
{a} restoring the benzene extractives {recovered by evaporation} in s
whatery suspension of the mere trace of material recovered or
{b) layering the benzene extract on the top of the test mixture

Conclusion Of course an elementary knowledge of the Hpid chem
1stry of the blood precludes any notlon that this simple use of benzene
can possibly extract more than a very small fraction of the fatty ma
tertals in the plasma fractions Indeed the paucity of material in our
evaporated extracts bears witness to this Nevertheless the experi
ment does show the removal of some plasma property which can be
restored by added lipoid {cephalin) and which would appear to fit the
definition of a 'thromboplastin® (see later} Re evalustion from the
modern viewpoint raises at least one important possibility namely
that the test materials are perhaps deprived of some labile clotting
factor (? proaccelerin) not necessarily related to the partial lipoidal
extraction This possibility will be explored in the present thesis

Fxperiment {1956} Table VIII with assays on ELUATES
{Tables VI VID

Purpose To observe the clotting propertics of an artifictally 1so
lated system of after subjection
to benzene extraction

Reagents Eibrinogen (Fibr) Precip datl/4 ast (NHg)2 504
from BaSO; adsorbed 4 dog plasma redissolved in 1/3 orig
vol of saline (0 85% NaCl} and dialyzed ngainst saline containing

0 005M sod citrate Fibr, {b,e): Fibrinogen shaken for 15 min  at
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Experiment 7 {1956} Table IX

Purpose To study further the clotting phenomena in 1 stage sys
tems such as those of the preceding experiment and to test for clot
promoting activity in the benzene extractives

Preparation of Extract (Extr} Preliminary observations
gained from evaporation of the benzene layer from the preceding ex
tractions Indicated the extremely minute yields of extractives It was
therefore attempted to obtaln & more significant amount of material
from whole plasma After 33 ml of a citrated dog plasma which had
kept well for many months in the Deep Freeze! was thawed flltered
{from trace of sediment} and extracted as usual with an equal volume
of benzene Centrifugation of the top layer separated 30 ml of clear
benzene from a small foamy deposit The clear extract was evapora
ted to dryness in vacuo and the resldue extracted with 3 ml
imidazole buffered saline Although this was definitely turbld {t did
not contain a weighable amount of extracted matertal

Method 1Inal stage test series similar to those of Experimenté
the extract lextr } was compared with simple recalcification of eluate
+ {ibrinogen mixtures An optimal amount of cephalin was substituted
in another parallel test

As an independent observation the effects of be AcG {a second
extraction of the same reagent as used in Experiment 6 five days
earlier} were studied both with and without cephalin

Results These are given in Table IX In (A} an eluate which had
been benzene extracted and then dialyzed 5 days previously was used
In |B} this same reagent was submitted to a further benzene extraction
and tested twice namely (I} within 15 min and (II}) after about 3 hrs
Both series of tests employed the same freshly benzene extracted
fibrinogen Note the following
(2} simple recal times show a P g
tion after the fresh henzene extraction B 2 ve A 2 How
ever there is some reverston to a shorter clotting time
in the 3 hr test of B 2 after standing several hours at
room temperature
{b} the extr reduces the clotting times although not as well
as cephalin does in the AcG poor systems
(c) AcG gives considerable ald to the clotting system but only
moderately so with Ca only and much more so when a rel
atively tic actlon 15 restored by
cephalin
All tests are consistently shorter in the A series The precious ex
tract was not teated with AcG 1In order to conserve it for the more
significant 2 stage experiments to follow

Conclusions Any conclusion from a 1 stage type of experiment

must be tentative but it does seem reasonable to conclude that at
least four factors are toward the ob

clotting times
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was carefully determined for the eluate clotting tests by a preliminary
series of mixtures corresponding to (8) in Table XI but with varied
calcium concentration The cited amount of CaCl, was found to be
optimal

Experiment Clotting test mixtures of {ibrinogen (b e ) and dia
lyzed eluates (as described above) constituted in essence s synthetlc
plasma system of known composition and free from overt inhibitors
Upcn such the effects of benzene extraction could be studted in the
clotting tests summarized in Table VIII

Results The most significant finding was the much poorer clotting
time {1005+ ) In {5) with the b e eluate activated with (added} Ca
alone than in the same eluate (9) before benzene extraction (354 )
Moreover the + sign {ndicates the timing of the first wisp of fibrin
and many more minutes were required for a solid clot {n {5) whereas
{9) progressed to a solid gel' within a minute or two Recallfication
in the presence of b e AcG (BaSQ, treated) (7) considerably reduced
the ¢ t (210 ) showing that AcG lack was significant in the eluates as
was known from the analyses in Table VI Test (8) showed cephalin to
be a good {? partial} thrombaplastin in the pr of Ca and AcG In
comparison with (5) test (6) was equally significant in showing that
cephalin could accelerate clotting even in a system very poor in AcG
In fact the 221 ct in {6} was better than the 354 c t in the simply
recalcified untreated eluate (9) All four tests with the untreated elu
ate {9 12} were definitely better than the corresponding tests {S 8) with
the b e eluate The differences between 11 (107 5 ) and 7 (210" are
eapectally significant b both are performed in the pr of
adequate accelerator factor It should be noted that the 30 percentage
units of AcG supplied in the 0 1 m! {ntroduced into the total 1 ml mix
ture corresponded very well to the level normally encountered in
plasma Actually our synthetic system was hypoprothrombinemic
{about 17 'percent') and hypoproconvertinemic {about 11 'percent)
compared with a normal plasma The 16 7 ¢t In{13) and 157 in
(14) where tissue thromboplastin { Soluplastin') was added with AcG
and Ca and the temperature ralse to 379C are of the order of magni
tude that would be expected if we were testing a plasma of similar
composition by the regular 1 stage 'prothrombin time’ test Testsl 4
are essentially controls for thrombin and prothrombin in the AcG
preparation Thrombin is really absent from the eluate (see Table VI)

Conclusion These new experiments afford significant evidence of
2 dimintshed coagulability after benzene extraction It is essentially
independent of the presence or absence of abundant accelerator factor
{AcG) although this has its own effect on clotting time It {s not an
inhibitory phenomenon It can be corrected {n fact over corrected by
the addftion of or tissue thrombop! May it not therefore
be concluded that {a) benzene extraction removes some thromboplas
ttc! factor associated with the complex proteins of the clotting system
and (b} benzene betng a lipoid solvent may not this factor be a throm
boplastic lipld related to cephalin?
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these systems )’"u:\\hr!y wllh c. slone {2) The 'extract! adds a
little which is the x

of the test system  {3) Allhough tun {1} ana (2) are xnunuomnycon
ducted with only the trace of contaminant AcG (see analyses in Table
VI in the eluate the p of in the form of
1841l be AcG still lddl only a nominal {ncrease in the trace of
thrombin formatfon The Important conclusion 1s that thrombin for
mation 1s extremely poor in a system adequate with regard to pro
thrombin proconvertin calcium and AcG but deficlent in ‘thrombo
plaatin *

An inctdental {inding In these tests confirms the antithrombin
tests of Table VII Note the excellent stability over 3 hrs of the very
weak thrambins in tests (1) and (2] with eluate mixtures only whereas
the 2 and 3 hr tests in the presence of the serum AcG are definitely
beginning to lose potency despite the 1 50 dilution of {ts serum ant{
thrombin There is some loas in all in 48 hrs especially in (3)

Exper{ment 9 is similar to the foregoing but relies upon the dilu-
tion and a little extrn calcium to avercome the citrate The test data
glven In Table XI show

1} The AcG preparation has a minute amount of thrombin
yielding potency even without any eluate (4}

2) Eluate with Ca yields very little thrombin even with the
sdequate provision of AcG {5} (7}

When the system fs completed by addition of & thrombo
plastin * whether (a} cephalin or (b} crude tissue tpln  thrombin
formation is raptd and optimal

4 halin is 7 npares well with
tissue th tin as to activity {sh chmmg time) attained
but 1s definitely slower {7 min Instead of 2 3 min} in reaching this
°P“mum In fact the end point compartson In (&) and {8) indicates

plete thrombin £ in the cephalt

5) Extrs proconvertin in {9) and (11} affords no benefits
which agrees with the analytical findings (Table VIl shawing that the
eluate already contains it in adequate amounts

Conclusion The major 1 from the golng 1
1s that an exlremely unport-nt clotting function must be assigned to
factors playing a " role among such is the

phospholipid gephalin Modes of action need explanation however

6 EXPERIMENTS ON THROMBIN FORMATION
(6 A) REFERENCE STANDARDS

Experiment 10 {1556] Table XII Figure 14

Purpose To obtain reference assays for thrombin ylelds on a
serfes of dilutions of 'standard! (canine) eluate containing prothrom
in and proconvertin

Reagents FEluate {No 127) was prepared by 0 ZM citrate elutionof
the usual BaSQ, adsarbate from oxalated dog plasma as previously
described pp 55 71)
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These factors are (1) eluate (§ ¢ prothrombin % proconvertin) 12) £x
{3} AcG {4} a thromboplastic type of factor which can be supplied
rather well by cephalin and weakly by the benzene extract The fact
that benzene extraction doeg not result {n a system completely ungble
to clot with calelum slone suggests that a small amount of some throm
boplastic agent normally accompanies the reagents studicd That non
clotting with Ca alone may be recarded in other systems of benzent
extracted reagents {Experiment §) may poasibly be explained on two
gounds viz (1) too great an jonlc strength L« inhibleory to weak
thrombin £ 1 23 ithrombic inhibitors in the system ableto
remove any small traces o thrombin formatlon before they can Induce
visible fibrin formation  The present synthetic system prrmits the
detection of very weak thrembin formation by eliminating these twe
unfavorable circumstances

In so doing however it still permits chservation of a quentitative
difference which can be interpreted as an ability of benzene extrac
tion to remove & sinall portion of the potential 'thromboplastic’ mate
siul in the clotting materials From the nature of the extraction and
the similarlty to a weak cephalln fn restoration of the clotting Seficit
rmay it not be surmised that we are dealing with a thromboplastic
Hpotd? Iz is also suggested somewhst th 1y that the 42
ance of greater clotting activity on simple recalcifiestion at time
after this has been Jessened by may possible indi
cate some Hree! form of Hpld becoming liberated from the natuval
lipe proteln complexes aad being ‘avallable® jn thix form for [a) the
clotting reactiont on the one hend and for {b casy removal {in trace
amounts) by the lipoid solvent on the other

Experiments B pnd 9 11956) Tables X XI

Purpose To study the conversion of prothrombin 8o thrombin in
veriously sctivated elustes by a two stage test system with special
reierence to thromboplastic additives

Reagents The samme as those used in the preceding one stage ex
periments

a

Method The 2 stage procedure is ily that of our
Method I ises p 59) Note that the aalt concentration {0 §57 Nalt}
and pH {7 3} are physiologically equivalent to plasma Mareover the
50 fold dilution {0 1 eluate in 5 ml thrombie mixture} reduces the cft
rate content to & point of non significance Howaver the chosen
smounts of CaCly are strictly eptimal according to esreful prelimf
nary tests on rspldly activating test systems

Experiment § {2 performed on dialyzed benrene extracted eluste:
1) with Ca alone {2} with Ca ¢ extr {p 731 {3} with Ca + extr 4
AcG(be)

The comp ion of the th B{c and the ciptting test
ats after varying periods of incubation up to 3 48 hra  arve glven
in Table X

Canclustons (I} There is extremely Hetle thrombla formation in
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{6 B} ANTIHEMOPHILIC GLOBULIN IN RELATION TO THROMBIN
FORMATION BY CEPHALIN AND BY TISSUE THROMBOPLASTIN

Experiment 11 {1956) Table XIII

Purpose To study the effects of purified antihemophilic globulin
{AHG) on thrombin formation from eluate prothrombin in relation to
cephalin and to tissue thromboplastin

Method Method II two stage procedure as in the foregoing exper
iments Standard volumes of reagents are glven onp 60

Reagents Mnnd ﬁb_a_s_ as in 10
The eluate p 1 tin and PTC (? etc)
AcGheame purified preplrlﬂnn as described on p 76 used in 115 dt
lutlon AHG: a purified preparation of antihemophilic globulin from
bovine plasma for which we are indebted to our colleagues in the
Pathology Department Dr R H Wagner et al {488] Our assaysfor
its very potent antthemophilic activity and for a trace of PTC are de
scribed in Experiment 34 on p 107 (Table XXXVI) The other specific
assays showed no thrombin prothrombin or proconvertin and test

(1) of Table XIII proves that it lacks thromboplastic activity It does
contain citrate and a trace of {fibrinogen The last causes a very small
smount of clot when used in the 11100 dilution of & 19 stock solution
during the of the by also with
tests for antithrombin Ceph : 0 1¥ dfluted from the same 37 stock
cephalin sclution {p 71} as in the preceding experiments Tpln
'Soluplastin ' Schieffelin's (p 56] used {a) undiluted (111) or (b) atls
dffution  Cat 0 15M CaCl,

Results See data of Table XIII The control (1) without added

tin but in the p of AcG and AHG shows veryllttle

The trace 1s suill

but {s not significantly increased at 18 hrs (2} AHG with !hrnmbo.
plastin (1/1) shows little if any difference from the ‘AHG free' con-
trol (3) 1e the same maximal activation {159 c t) takes the same
3" time  {4) AHG with thromboplastin (1/5) agein shows no signifi-
cant differences from the control {5) Both require 10 min for max-
imal activation and the slight difference in end-point clotting times is
experimental and actually not in favor of the AHG contalning mixture
The trace of fibrin in the T M could be removing a little thrombin A
very different result is seen in the cephalin experiments {6) with AHG
and (7} without it There is a definite improvement in activation rate
{7min va 15 min) and also a decidedly better (157 vs 255 )
thrombin yleld when AHG is present

Discussion The circumstances in test (6) permit the interpreta
tion that we are in basic principle performing by a new method the
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Specifie nssays on Eluate No 127: (1) thrombin 0 {2} antt
o3 {3) p mbin 573 < Z stage {p 59) units

per ml or 191 on basis of 'parcentage® {of norma! standard human
plasmal (4) proconvertin 36 ‘percentage® units by l.stage method
{p 59 {5} AcG 1 stage {p 9$B): trace only

Fibrinogen {dog standard) was prepared {rom the Ba§Q adserbed
plasma of the same dog by the usual technique {pp 55 70}

The routine AcG preparation {p 58) namely BaCOg

adsorbed bovine serum was partially purified by precipitation at 1/3
sat {NHylp5Qu redissolving in original vol of saline and dialyzing
2 hrs against saline in cold room (49C) A 1 5dil of AcGF by pre
liminary test proved optimal for tests of Experiment 10

Assays of AcGL (1) The data included in Table VII {see p T1)
show the very able v 1 of by thia procedure
{2} specific AcG avsay (1 stage p 58) shows considerable loss viz
555 Tpercentage' units per m! compared with an untreated sample of
the original AcG preparation {1240 *percentage’ units} but neverthe
less a very serviceable preparation (3} no proconvertin; {4) merest
tracen of (profthrombin

Thromboplastin  Schieffiin's 'Soluplastin’ {p 56)

Ta 0 15M CaCl, optimal in amount used

Method Standard Method HI® except for use of 135 AcGT andvary
ing amounts of eluate Hence: Saline and cluate {1 8 ml] imid buff
{05 ml) 35 AcGF (0 1 ml) Soluplsstin {0 L ml) 0 15M CaCl,

0 5 mi)

Results are given in Table XII showing the actual test data and
graphically in Figure 14 plotting *end point' {1 ¢ minimal) clotting
1imes against relative strength of eluate 100 ’percent in our stand
ard technique refers to O 1 ml eluate per 5 m} {toral} thrombic mix
ture (T M} Stnce this represents u 50 fold dilution of the sluate it
will correspond to 573/50 = 11 § standard 2 stage prothrombin unite
per ml of thrombin forming mixture

Conclusions This asaay series is very satisfactory for measur
ing ditierences in the thromhtn yieids between 1507 and 1Y (*per«
centage! units relative) of eluste As the amount of prothrombin ts
reduced the thrombin yield as measured by the minimal clotting
time endpoint 1 reduced {longer ¢ t 's) The required incubation
period (3 4 1 min } is not sig; y differe until the
prothrombtn is below 20 percent {of standard) With very weak « g

1 percent eluaste the leagthening of the incubation period fs signifie
cant This might be due to the usual salt concentrations becaming
unfavorable at very low protein {specificelly prothrombin and procon-
vertin) concentrations That relstive excess of salts delays thrombin
{ormation and lengthens clotting times is lllustrated {ncldentally in
Experiment 12 {p 79 }  Alternatively the lowered concentration of ac-
ceasory factors (Stuart proconvertin} may be & sufficient explanation
{sce SUPPLEMENT}
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{6 B} ANTIHEMOPHILIC GLOBULIN IN RELATION TO THROMBIN
FORMATION BY CEPHALIN AND BY TISSUE THROMBOPLASTIN

Experiment 11 {1956) Table X

Purpose To study the effects of purified antihemophilic globulin
{AHG) on thrombin formation from eluate prothrombin in relation to
cephalin and to tisaue thromboplastin

Method Method Il two stage procedure as in the foregoing exper
iments Standard volumes of reagents are givenonp 60

Rengents Eluate and {ibrinogen asin 10
The eglun!e P P P tin and PTC {? etc)
AcG%¥ same purified preparation as described onp 76 used in 135 di-
lution AHG: a purified preparation of antthemophilic globulin from
bovine plasma for which we are indebted to our colleagues in the
Pathology Department Dr R H Wagner et al [488] Our assaysfor
{ts very potent antihemophilic activity and for a trace of PTC are de-
scribed in Experiment 34 on p 107 (Table XXXVI) The other specific
says showed no thrombin prothrombin or p and test
{1} of Table XIII proves that it lacks thromboplastic activity It does
contain citrate and a trace of flbrinogen The last causes a very small
amount of clot when used in the 11100 dilution of a 1% stock golution
during the incubation of the thrombic mixtures It alsc interfereswith
tests for antithrombin Ceph 0 1% diluted from the same 3% stock
cephalin solution {p 71) as in the preceding experiments n 1
'Soluplastin ' Schieffelln's (p 56) used (a) undiluted {111) or (b} atls5
dilution Ca: 0 15M CaCly

Results See data of Table XIII The control {1) without added

but in the p of AcG and AHG shows very little

The trace s still at 1 hr

but is not significantly increased at 18 hrs {2) AHG with thrombe
plastin {1/1) shows little if any difference from the AHG free' con
trol {3) 1e the same maximal activation {15 9 «c t) takes the same
3'time (4) AHG with thromboplantin {1/5) again shows no signifi
cant differences from the control (5] Both require 10 min for max
imal activation and the slight difference in end polnt clotting times ia
experimental and actuslly not in favor of the AHG containing mixture
The trace of fibrin In the T M could be removing 2 little thrombin A
very different result {s seen in the cephalin experiments (£) with AHG
and {7} without it There is a definite improvement In activation rate
{7min vs 15 min) and also a decidedly better (157 wvs 255 )
thrombin yleld when AHG is present

Discussion The circumstances in test (6) permit the {nterpreta
tion that we are in basic principle performing by a new method the
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esseniial reacﬁons i}wo!ved In the ‘{hramboplustln generation teart

{see p 47} Ceph * thoromb in and does not
yield thrombin lormatlon enher as fast ag orasin the present concen
tration {10y /mi mixwmre] as pietely as tisgue thromb

With the AHG {ete ] howaver it doss complets the thrombin fosma
ton to the same (15 7 sec ct) end polnt and in a time {5 7 min)
betwern that of the 11l tpln {3 min } and that of the 1 5 tpin (10 min)
It is presumed that PTC {and posasibly other plasma thrombaplastic
factors see¢ p 27) are available from the eluate See Experiment3s
{Table XXXV

Conclusion This experiment gives same very !mpornm lntorma

tion about the thromboplastlc effect of the 1 ¥ n

that it indicates how » weak p&rua) ﬂxrombopluszln may be cenverted
{

into a more powerful complete thromb in when AHG
philic glo\mlm) partlclpatcg in the reaction{s) There {s evidence of
some hilic factor of our dislyzed einate prepa

rations (Table XXXVU Experiment 34) This cowld explain why ceph
alin acts as well as it dors in test {7} for instance It may very well
be that this s the signiti difterence our eluates and
Seegers’ more purified prothrombin (p 142] with respect to activa
tion by Ca ¢ zephalin

Addendurm  Role of PTC? Wedonotat prenm have a suit
able PTC preparation to % 1199 by ton {ac
cording to other turrent knowledgs) in the genermcn of camplete*
thromhaplastin We may suggest howezver ihat it should be possibile
to study this in much the same way with the basic test eluate prepared
from a very PTC deficient plasma  Some of aur [298] haman cases
would be the most suitable source of such plasmes It ts fas2 poasible
also that such might be prepared frem a dog after administration of
dicumarol tromexan or gimilar drugs  We have some unpubiiehed
dasta on PTC lowering lef [350]) tn sevaral human cases undergoing
euch therapy Low levels of PTL were found $n al]l surh cases tested
but it fs questionable whether low encugh levels could be thua obtained
for the suggested expariment without too much oes of prothrombin and
proconvertln Eluates fram PTC deficlents gave the answer {y SUP
PLEMENT)

{6 By} THE THROMBOPLASTIN GENERATION TEST

We shall not include the experfence we have curselves had with
the "thromboplastin genaration test' lp 46) We do not uez {tas &
clindcal routine becoure we belleve our more specific AHG and PTC
{and unu AHG and antt PTC) A glve more significant quantitative

The test may be consideredto
have ccnsldznble pn:uc.l vElue m atfferentiat 'apot! dagnosis of the
hemophiliac disezses  The test has o value {n theae disorders com
parable perhaps to whui the Quick fprothrombin time] test has tn the

differant group of and related o There are a
number of :urnnt wuker- both m England -nd ln Amnicl who u‘re .
f the 1) ! e8!

sy
1n order to tearn more “about the buic mechunisms end possible 'inter.
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mediates! in these reactions (ref Bergsagel & Hougle [40] cited
p 48) We are content therefore to leave to others this particular
line of inquiry and merely to add our own confirmatory data to what
1s now widely known [354] and used namely that cephalin can sub
stitute excellently for platelets {see p 47) in the performance of many
varlants of the thromboplastin generation test We shall however re
view some of our own experiments of many years ago and some more
recent confirmatory data on certain aspects of the problem of "inter

' in thrombin with particular reference to the
phosphatide cephalin and the role of calelum

(6 C) A CALCIUM CONTAINING "INTERMEDIATE' IN THROMBIN
FORMATION?

Experiment 12 (1956} Table XIV

Purpose To decalcify a thrombin forming mixture at varioustimes
from start of prothrombin activation and to observe the effects on
thrombic activity Sequestrene NA; chosen as the decalcilying agent

Reagents Sequestrene Ngg ('Versene! or EDTA) Alrose Cheml
cal Co F R a welght of 372 and solubll
ity in water at 269C of 11 1 g/100 ml 100 g EDTA 'sequesters'

10 5g of Ca*t 3 72g dissolved In dist water to 50 ml volume=0 2M
(stock solution) EDTA: 0 1M was used in Experiment 12 Eluate
{No 127} seep 75 AcGT partially purified seep 76 Ceph: 017
cephalin seep 71 Car0 1M CaCly Fibr : Std {dog) fibrinogen
seep 70

Method A special problem was presented by the high jonic strengths
of the total salts in the mixtures used in Experiment 12 A compromise
was made which permitted the obtaining of clotting times which were
reliably readable Although prolonged by the high salt content theyyet
allowed the necessary control of the calcium

;hrombl: Mixtuge 1 6 ml saline 1 0 ml imidazole buffer 5 2 ml
?:G (1:5) 02 ml ceph (0 1%) 10 ml eluate 10 ml CaClz (0 1 M)

8oC

Serfes {A) 015ml TM + 045 ml fibrinogen sequestrene (1 e
8 vols fibr +1vol 0 1M EDTA} This {s properly controlled to be
equivalent fn all salts to the final test mixtures in serles {B] Errort

erles After S min of incubation of T M (above} 1 2 ml was

added to 0 6 ml sequestrene (0 1 M) and 0 2 m! samples tested on 0 4
ml (untreated) fibrinogen immediately’ {15 sec } and at stated times
thereafter

Series {C] After 68 min of incubation of T M (see above)
ancther 1 2 ml was treated with sequestrene (0 6 ml} and 0 2 m1 samples
repentedly tested as in (B}

Results Under these
thrombic activity was attained in the T M after 15 min incubation ac
cording to test series {A) in which the T M was incubated alone and
the EDTA added (to control the salt mi. only with the fib.
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In series (B) the initial 5 min test immediately after sdding EDTAto
the TM was only very slightly longer than the corresponding test of
the {(A) series Thereafter however as incubation of the T M withthe
sequestrene continued thrombic activity was not merely arrested but
actually underwent a very significant reversal to progressively longer
and longer clotting times In series {B) the {nitial test was if any
thing slightly better than the minimal clotting time of series (A} but
the small difference may have been due to usc of a fresh tube of fibrin
ogen On incubation with the sequestrene followed for an hour there
was no trace of the 'reversal' phenomenon seen in serfes (B) but the
T M retained its activity with excellent stability

Discussion This experiment is a successful confirmation of an
observation which the author first made in 1937 [128] using Howell
type prothrombin + Ca + cephalin as the T M and repeated in 1947
(156] with a T M composed of Seegers' puritied prothrombin + Ca +
0 257 tissue thromboplastin {from brain Squibb's) These data are
reproduced on pp 82 84 1M oxalate or 1 M citrate were used as
tdecalcifying' agents The former produced a heavy precipitate of
CaC ;04 and the latter a translucency of clots which gave difficulties
n the reading of end points The clot timing was carefully performed
however The sequestrene experiments have good end points An ex
tremely Important conclusion was drawn from the first presentation
(1937) of the experiment namely that the results can only be explained
by P an inter: Ca lex! {of prothrombin
+ thrombaplnstic factor and we should now doubtless include theprob
ability of the accelerator and convertor co' factors also) This 'inter
mediate' is demonstrable only during the earlier phases of prothrombin
conversion After a time thrombin formation {s complete and the ‘ripe’
thrombin can be decalcified without altering its clotting potency Some
evidence of a true reversal back to {nactive prothrombin in the pres
ence of excess of the decalelfying agent was allegedly adduced in the
1937 experiments {see pp 82 83 butef p 86}

Ignoring the citrate in the eluate {which fan't quite fair since it
amounts to0 04 molar inthe 5ml T M containing 1 ml of 0 2M sod
citrate used in the eluate preparation) the following computation indl
cates the excess (equivalents) of EDTA over the added (1 ml of 0 1M)
calefum: In 3 vols of EDTA treated TM the 2 vols of T M supply
2/3x 0 02M (1/5 0f 0 1M) Ca while the 1 vol EDTA supplies 1/3 x
0 1M sequestrenc Na, The relative molaritles do not tell the full
story however Because of the ability of Ca to displace some of the Na
in the chelating agent 100 g EDTA actually 'sequestera’ 10 5 g Ca*t
Therefore the above amount of EDTA namely 24 § milligrams per ml
1s actually enough to sequester 2 5 mgm Ca The added Ca per m} of
mixture however is only 0 53 mgm Hence there is nearly 5 times as
much sequestrene Na, added as would be required to remove all the
added calclum even if the 0 04 M citrate played no part in the removal
of Ca fons Even a slight insufficiency of EDTA leaving a small part
of the calcium still fonjzed results in fallure to show the ‘reversal’ ef
fect Instead slow continued activation occurs in Series (B) under
these condlitions
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Conclusion These experiments support the hypothesis that an
ntermediate' contalning loosely bound calcium s temporarily present
during the activation of prothrembin to thrombin The final { ripe )
thrombin can be decalcifted without lass of potency

Experiment 13 (1956) Table XV

Purpose To repeat Experiment 12 but with the following modiftca
tions (n) use dislyged eluste in order to provide more favorable

fonie strength and (b} subati tissue 1 for
cephalin  Further to whether the seq; Teversed!
mixture can be re Activated by subsequent restoral of calclum etc

Method Tollows the same general principles as In the preceding
experiment Temperature: 28°C
Thrombic Mix (TM) 72mtasltne + 1 0 ml trid butf +
04mt lu:?ﬂg {115 dil ) + 0 4 ml "Soluplastin’ (1:10 di1} + 0 8 ml
Qislyzed eluate {No 127) 4 0 2 ml CaClz (0 1 M) Dial, ELi The
Qlalyzed eluate assayed 90 percentage prothrombin units/ml and pro
convertin 216 percentage units
A} 0 15 ml aamples of T M tested on 0 20 ml fibrinogen
4005ml0Q2M sequeetrene Nag at stated {ncubation intervals Error'
Serles (B): After 1% min incubation of TM an 8 ml aliquot was
added to a walting 4 ml of 0 2M EDTA and a second test ser{es started
at the 2nd minute now using 0 2 ml samples of mixture (B} to 0 2 ml
untreated {ibrinogen
Serles {C)s After 1% hr the remainder of mixture {B) was trans
ferred to a Visking casing {cellophane] bag and dialyzed 1 hr against
three changes of D 857 NaCl The casing membrane was tied so as to
just enclose the material to be dlalyzed with the result that there was
no volume change during the dislysis Subsequently a 3 m! aliquotwas
mtxed with 1 mi of 'calcium activator mix {Ca_mix 3 0 m! imid buff
sal +0 8 ml AcGTF(1:5) + 0 8 ml 'Soluplastin {1 10) +04ml0 1M
CaCly} and 0 25 ml samples tested against 0 2 ml of untreated {ibrino
gen after successive incubation Intervals
1 As a control for test series (C) 0 08 ml dialyzed eln
ate was substituted for saline in & I ml mixture simflar to the ‘calcium
mix in prop of other fngredi and diluted with
3 mlof buff saline just before adding the eluate and beginning the test
series viz 0 25 ml samplings tested on 0 2 ml {ibririogen as in (C)

Results are givenin Table XV Notwithstanding the more rapid and
complete activation (in about 5 min in (A} end in (D) series) by use of
tissue th in th f could be Interrupted
efter 112 min by adding 0 2M sequestrene {1/3 total vol ) and freversed
in a manner qualitatively indistinguishable from that observed in Ex
Periment 12 The initial clotting time In the {B) series was 108 4

In an 83t hr test (not included in Table XV} the ¢t was 323  The
attempt {sertes {C}) to reactivate incubate (B) by (a) Ca addition [not
{llustrated) or (b) activator mix (Ca_mix} was unsuccessful Within
the few seconds of experimental error all tests of the (C) serle
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reproduce the (B) ¢ t value {at 90 min} with which the dialysis
started Only further ¢ t lengthening (cf (B) at 185 min ) was ar
rested Nothing like the control series (D) was shown in (C)

Discussion Success in this rather tricky experiment depends

upon careful consideration of (1) lonlc strengths (total salt content) *

(2} amount of sequestrene (3) rapidity of activation (depending upon

amounts of AcG thromboplastic agent calclum and cluate in the

T M) and (4) chofce of a period during activation at which the EDTA

can start its action before 1 of thrombin { t, since
ripe thrombin {Experiment 12} is insensitive to sequestrene

1 {vation *In error ls (A) of Expts 12 13 got 1/4 instead

of 1/3 EDTA

Earlier Data The following data arc selected from some 1937

experiments published by the author [128]

Experiment 14 (1937) Table XVI

Purpose To study the effects of excess oxalate at varlous stages
of thrombin formation

Method A two stage technique cssentially similar to the foregoing

Reagents Pro Howell type prothrombin from Berkefeld filtered
citrated dog plasma (see pp 90 92) No attempt was made at the time
to assay {ts prothrombln content and nothing was then known about
proaccelerin and proconvertin _Ceph 1 0 1% brain cephalin [126] pre
pared according to Howell [235] Ca 01N {te 0 05M) CaCl,
Oxal N/1K,C,Of Fibr Precipitated from Mg(OH); sdsorbed cit
rated dog plasma with 1 sat {NH4)3SO, reprecipitated and again a
third time now with ¥z sat NaCl This fibrinogen was prothrombin
free according to test with Ca + Ceph which gave no trace of clot at
38°C in 24 hours [126 128] T.M, 40 m! Pro + 4 ml Ceph + 4 mlCa
Test 0 5 ml samples with 1 0 Fibr  after various Incubation perlods
3g°c

Serles (I} After about 11 min activation 10 ml T M was diluted
with an equal vol distilled water [contrel test} and incubated and tested
parallel with (1)

After 12 min activation another 10 ml aliquot of T M
was mixed with an equal val of N/1 K3C30, and 1 ml samples tested
at tntervals thereafter with 1 m! fibrinogen

Serles (Il After 4 hrs activation of T M  a third 10 m! sample
was treated with oxalate and tested in a similar manner

Results These are given {n Table XVI

Experiment 15 (1937} Table XV

Purpose To study the effects of excess citrate at various stagesof
thrombin formation

Method and Reagents As in Experiment 14 except for substl
tutlon of N/1 sod citrate {for the oxalate}
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Results are given in Table XVII

Discussion (Experiments 15 and 16} The obvious differences
between (1) Hresh' thrombin (10 15 min incubated T M) and(2) 'ripe’
Iseveral hours old T M } in the progreasive inactivation of (1) butnot
of {2} with a 50 100 fold excess of oxalate or citrate were noted [128]
The only effect on 'ripe! thrombin as in the initial (34 min} test on
*fresh! thrombin 1is a prolongation of cletting time [compared with
the controljdue to the Immediate effect of the high salt cantent

The cited publication {(p 758 of Ferguson [126]) includes mention
of the By dialyzing 'fresh! which had been pro
gresaively Insctivated by citrate to a clofting time of about 1 hour we
have been able to check the Inactivation and by recalctlying to sestore
the clotting time to & value almost i with a control
of untreated prothrombin with & lfke amount of calcium and cephalin
ctf p 86}

Electrodialyzed 'ripe thrombin {see p 65} was also unaffected by
oxalate or citrate except for the Immediate effect of the high salt

which was exagg by the low potency of these par
ticular thrombin preparations
The thrombic mi{ {TM) stable

tn these early experiments (p 760 of Ferguson [125])

Conclusion (cited from [126]} It 45 clearly indicated that
calcium forms an jntermediary complex (prothrombin cephalin
calcium compound } This complex soon passes over into a stable
thrombin The intermediary can readily be deprived of its calcium
with resulting fnactivation whereas the final coagulant can be prepared
calctum free without significant loss in potency Tbe mode or
action of the so called s now el

In addition to thefr classical effect of preventing clolling by depression
of the {onization of the calcium salts y tor throm

they can progressively remove calcium from the intermediary com
plex Once the thrombin i sipe or fully elaborated however
calclum iy now no longer an and T eit
ration ceases to affect ita potency except for the usual non specﬂlc
immediate effect

Experiment 16 {1947) Figure 15

Purpose To confirm the 1937 experiments (14115) cited [126] but
uslng one of Dr W H_Seeger's purified’ p P
und substi!uklng a wenk tissue thr pl for the ph

1y in three
publications [156 141 147] and 43 reprudu:ed tn Figare 15

Method similar to the

Serles ] (Ty) 13 5 ml Seegers bovine prothrombin {0 57) +
0 "5’ ml tissne thromboplastin (0 257 Squlbb » rabbit bratn  com
merclal preparation) + 0 75 ml 0 1M CaCl, Clotting }:gt;x 1 ml
1% bovine fibrinogen (Armour's) + 0 25 ml borat e
{45 vol 257 H,BOy 45 vol 057 NaCl 10 vol Na,a.o-, 10 H,o)
+025ml Ty
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Series I[t Same T M but tested (second phase oxalate control}
by substltuting 0 25 ml M/1 K;C 40, for the buffer

Serfes III (Tp) 3ml Ty 5 min old + 3 ml M/1 sod oxal Clot
ting testst 1mlIBF +05ml Ty

Series IV, {Ts) 3 ml Ty 30 min old + 3 ml M/1 sod oxal
Clotting tests: 1 mlBF +05mlTs

Experiment 17 {1956} Table XVIlI
Purpose Further study of the progressive inactivation of throm

bin forming s using resin as the decalel
fying agent Attempted reactivation

Method Essentially similar to the foregoing {sce Experiment 13
p 81)

Reagents Same dialyzed eluate (No 127) ‘purified’ AcGF etc
as in Experiment 13 0 1% Ceph {p 71} B F 1% Armour's bovine
fibrinogen adsorbed with BaSOg (p 55) Dowex '50'~-sulfonic acid
resin {(Dow Chemical Co Midland Mich) charged in sodium cycle
(p 275 of Stefanini_& Dameshek [453]) T M 1 13 ml saline + 2 ml
imid buff + 1 ml AeG¥ {1:5) + 1 m1 0 17 ceph + 1 ml dial eluate
+2ml002ZM CaCl, All clotting teats use 0 2 ml incubate + 0 2ml
B F at 28°C or {D) equivalent specified
Serles (A}t Control
eries (B}: After 10 min {ncubation 10 ml1 TM is addedtol g
Dowex '50' and shaken vigorously at intervals thereafter with testing
of clotting potency of the clear supernatant
eries {(C}: After 1 hr incubation another 5ml of T M incubate
is similarly treated with 0 5 g Dowex '50' and retested
Serles {D): After 20 min shaking with Dowex '50' 2 ml of (B} is
treated with 0 25 ml AcGt 0 25 Soluplastin (p 56) and 0 5 ml 0 02M
CaCl, Thereafter tests are made with03mlof (D) +02ml B F
eries (E) Original eluate pre treated with Dowex 50" (100 mg/ml)
for 1 hr (next day) and used in T M of same compoaition as (A}

Results Givenin Table XVIII show that the decalcifying resin
gives an excellent 'progressive’ inactivation in (B} when the thrombin
formation i3 not quite complete as seen from the control series (A)
‘The similar tests after 1 hr (series C) show much less effect of the
decalcification That a little progressive tnactivation does occur in
this series may be reg as that the 1
{s not yet quite complete This is probably due to the use of the rela
tively slow acting and 'ncomplete’ thromboplastic factor provided by
the 0 1% cephalin with eluate poor in AHF

It was not possible to any re by g
Ca and other 'activators® in serles (D} although these clotting times
were somewhat shorter than in the {B) series at the start of the (D)
experiment There s possibly a point of some minor significance In
the data (e g first test In {B) and (C) sugg g a slight 4 diate?
inhibitory action of the Dowex '50' which might be due to some altera
tion of the fonic strength pattern in these mixtures )
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Sertes (E) performed next day clearly shows that Dowex '50 has
ho effect on the original eluate  After 1 haur s treatment withthe resin
the eluate actlvates just as well (if not better ? experimental} thanin
the control serles (A} particularly reaching the end point In an iden
tical {15 min } incubation period In other experiments (see Table XX)
bovine thrombln and dog {ibrinogen were subjected to prolonged treat
ment with Dowex '50 ' without significant changes In thelr reactivity

(6 D) A LIPID CONTAINI? G INTERMEDIATE
IN THROMBIN FORMATION?

Experiment 18 {1956) Tables XI¥ XX

Purpose To study the effrct of benzene extraction during the con
version of prothrombin to thrombin {n eluates {prothrombin + procon
vertin) activated by AcG cephalin and Ca salt

Method Essentially similar to the preceding experiment andusing
the same preparations of dislyzed eluate purtfled AcGF(1S) ceph
alin (0 17} and buffered ssline Ca (0 0ZM} Armour's bovine fibrin
ogen (B F) 17 BaSO, adsorbed was used as substrate 0 2 ml
fibr + 0 2 ml (or equivalent)of test mixture after successive incuba
tlon perlods

Series {1): Control activation of the usual TM  viz 6 5 ml sal
+1mlimid buff +05 AcGT+ 05 ceph + 05 eluate 4 1 0 CaCl,

Serfes (2) After 5 minutes activation of (1) an aliquot was
treated with an equal volume of benzene in a separatory funnel with
vigorous shaking at intervals snd 0 2 ml samples retested after fur
ther incubation

Series {3} After 70 min inactivation of {2) a 1 ml sample was
re treated with an activator mix of 0 2 AcGT 402 Ceph +0 1 Ca
2nd 0 3 m] samples tested thereafter

Results are shown in Teble XIX The data clearly show a progres
sive inactivation in the b ¢ mixture of incompletely formed thrombin
{B) It was pot possible to reactivate the 70 min sample of (2) either
by the complete activator mix (C) or in other attempts (not illustrated)
using {a) ceph alone or (b) ceph + AcGT

Discussion This new experiment is a most interesting piece of
evidence to support the 1936 1938 suggesation [126 129] that free or
avalable cephalln also pasticipates in the postulated intermediary
during thrombin formation The earlier benzene extraction experi
ments (pp 70 et seq ) showed that fibrinogen eluate (prothrombin and
PToconvertin) and the AcG preparation could be shaken with benzene
without mare than minor changes fn potency Contro) tests an & bovine
thrombin ({ e fully formed thrombin) shown in Table XX llkewise

of thrombln to the benzene
With these controls therefore the progressive
partially formed throrabin {series (21} is particularly

ate th
extraction technique
inactivation of
slgnificant
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Conclusion The foregoing evidence then definitely points to a
loose binding of 'free' phospholipid {cephalin) tnto some 'intermediary
complex' during the conversion of prothrombin to thrombin Removal
of such lipid by benzene extraction does not seem to restore the orlg
inal prothrombin (activatable by Ca ceph AcG) but to reault in some
inactive by product (7 'autoprothrombin ! in Seegers' sense)

SUMMARY OF DATA ON THE POSTULATED
'INTERMEDJARY' COMPLEX (Experiments 12 18)

That there is a progressive inactivation not merely an arrest of
further thrombin formation when a partially activated thrombin form
ing mixture s treated with a decalcifying agent has been repeatedly
confirmed by experiments which we have made in 1937 1947 and
agaln in 1956 In all we have used {a} three different types of pro
thrombin preparation (Howell type Seegers type and our own'eluate)
(b} four types of decalcifying agent {oxalate citrate sequestrene and
ion exchange resin} and {c) both partial {cephalin} and complete (tissue
extract} types of thromboplastin  On the other hand the completely
formed or ripe’ thrombin s essentfally devoid of calcfum and {s not
specifically affected by the decalcifying anticoagulants The progres
sively inactivated mixture cannot be restored to prothrombin {activat
able by the usual means ie Ca thromboplastin proconvertin AcG)
Earlier {p 83) suggestion [128] that such reactivation might be pos
sible must be reinterpreted as probably due {as was conceded at that
time) to a considerable amount of the original prothrombin persisting
unchanged through the test We were always able to increase the po
tency of our electrodialyzed thrombin by further recalcification for
1 The g 1s that the decalcified intermediary
changes to an fnert by product perhaps similar to Seegers' ‘autopro
thrombin(s) '

The new (1956) experiments demonstrate an apparently similar
progressive inactivation when a partially activated mixture {prothrom
bin + proconvertin + AcG + free cephalin + Ca) is treated withbenzene
whereas the final {'ripe') thrombin {s unaffected by this lipoid solvent

These data support the hypothesis advanced by the author in 1937
namely that the conversion of prothrombin to thrombin involves an
intermediary step during which the calcium and moblle phospholipid
can be removed resulting in ap ive | h
‘The new addition to this theory is the suggestion that the removal of
either Ca or cephalln causes the intermediary to alter its normal re
action pattern (toward thrombin formation] and be diverted into some
side reaction ylelding an Inactive by product {? autoprothrombin{s}')

{6 E} FATE OF PROCONVERTIN DURING THROMBIN FORMATION

Preliminary experiment Ina repetition of Experiment 17
100 mg/ml Dowex '50' was added 5 min aiter the start of activationof
the usual {A) T M (same mixture asonyp 84) Just after the addition
of the resin {B) the test clotting time was 20 9 R After 1 hr with the
Dowex 1501 1t has lengthened to 1064 S one stage proc
vertin pasays (p 59) gave the following ‘percentage valuea: (Al 1e
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untreated T M at start 110" ;{B) fe 1hr after adding Dowex '50 '
547 This could mean merely that about half the orlginal proconvertin
wss consumed {utiiized) in {forming the 5 min (7 Intermediate} thrombin
and was surviving in the subsequent resin incubate The answer iscer
talnly negatlve to the purpose of the inquiry namely to see if therewas
any frerease In proconvertin activity as with some of Seegers’ group's
[13] experiments with 'autoprothrombin *

1t remalns for future Investigation to explore further the possible
connections between our line of approach and the quite different meth
ods used In Dr W H Scegers' laboratories

{6 F) QUANTITATIVE RELATIONSHIPS OF CEPHALIN (VARYING
CONCENTRATIONS) TO RATE AND YJELD OF THROMBIN
FORMATION

When the prothrombin and proconvertin (in the eluate) the AcG
¢ cium snd saline buffer are kept constant our two stage MethodIII
becomes m valuable quantitative technique for assay of thrombeplas
Un_ according to the effects which their additions have upon the rate
and yield of thrombin as determined by the clotting times (for a
standard fibrinogen) tn the second stage of the test  Since theseassays
are relative {tis y on each 1 to prepare a reference
series of dilutions of yome 'standard' at the same time and with all
the same reagents as in the tests with the unknowns We choose as
standards: (1} dog bratn cephalin suspension {p 71} when testing var
fous lpld preparations (2) 'Soluplastin' (p 56) when comparing vari
ous t{ssue thromboplastin preparations and (3} freshly obtained platelet
suspension {rom a normal human donor (p 54) when assaying a patient's
Platelets for 'p: ! th astlc p (factor 1 in our list
ing p 50}

Experiment 19 (1955} Table XXI

Purpose To prepare a standard 'reference series of cephalin dilu
:lons end to study the effects on rate and yield of thrombin formationby
Method 111 as previously described

Reagents The p and eluate 1s on
P 71 the untreated preparation being used In routine assays The
AcG is described onp 58 and is further ‘purified (p 76} only for
speclally scnsitive assays where it is desirable to minimize any insta

bility of the end point The usual saline imidazole buffer (pH 7 3) and
CaCl ; are used

a2 TM, {th ) 37 ml saline + 0 5 mt Imi
{rxele buffer + 0 1m1 AcG {1 8) + D 1 ml thromboplastic preparation

1o be tested) 4 0 1 ml eluate +05ml 0 15M CaCly At successive
ncubation periods 02 ml T M 1s tested for the clotting times (at 28°C)
with 0 2 ml fibrinogen {dog or bovine p 55}

Results are shown for an illustrative experiment tn Table XXI

Discussion Some of the test series were not carried to completion
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They are in fact a typical reference series taken at random fromone
of our routine studles in connection with investigation of the thrombo

plastic potency of various lpolds (see p 98 ) They Include oneortwo
small imperfections to {llustrate the occasional experimental error

e g test series 4 is 'out of line ! By and large however they are re
lLiable and serve to demonstrate the following:

{1) the smaller the concentration of cephalin the slower the rate
of thrombin formation This is denoted by the sequence of clotting
times and particularly by the incubation perfod required to reachthe
minimal clotting time end point

(2} the less the cephalin also the less complete is the thrombin
yield This last is measured by the end point (minimal) clotting
times in a relative ranner and can be quantitated by use of refer
ence standards of eluate dilutions such as those given in Figure 11
and Table XII

(3) while our cephalin 1s usually to be regarded as an incomplete
thr in e 1y when paring activation rates with those
in similar thrembic mixtures but sub g tissue thr lastin
{e g Experiment 9 p 75} the final thrombin yleld in our test systems
1s often surprisingly good viz 90 100 percent in some cases and sel
dom under 50 60 percent If optimal strength cephalin is used For
suggested explanation see p 78

(4) that there {s an apparent " ! cephalin ation 1s
{llustrated in Table XXI by the poorer yleld {281 c t) despite the
shorter (15 min) incubation perlod in the case of the 100y strength
(test 1) as compared with the 50y (test 2) viz 22'minimalct in
20 min incubation

That this 1s really due to the fact that cephalin is still a relatively
crude preparation {see later) and contains some lipid inhibitor is now
well recognized (73] Similar inhibition has also been reported for
excess or certain fractions of tissue thromboplastin [4 91 358 359 193]
and even for platelet suspensions [261] This immediately suggests
however that our test can also be used to agsay such antithrombo
plastic inhibitors This we do simply by mixing the unknown material
with an optimal {usually 50} cephalin and noting the reduced thrombo
plastic potency

(S} The least cephalin concentration tested in this particular ex-
periment was 0 78y or 1:1 280 000 (test 8) This s still very much
superior to the control (0} with no added thromboplastin It 1s abvi
ous therefore that the method {s extremely sensitive and is well able
to detect thromboplastic activity in lipid suspensions {such as cephalin}
diluted to something of the order of one in several millions The self
tmposed limits of the fllustrated teat serles easily suffice for screen
ing tests on unknown lipids such as these to be described in a subse
quent section (p 98}

Conclusion These assays are an T
of the relative plastic potency of {cephalin like} lipids Alter
natively used with cephalin they are equally sensitive indicators of

antithromboplastic {anticephalin) {nhibitors = The cephalin concentra

tion determines both the rate of prothrombin activation and (with sub

optimal strengths of cephatin) the final thrombin yleld
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Eariier Data While the Howell type prothrombin used in our
earlter research was not s good and ay well controlled as in the
present recent studles it did suffice to establish the same fundamen
tal conclusions as shown in the following data reproduced from a
1938 publcation [129]

Experiment 20 (1938) Table XxXiI

Purpose To study the effects of varying cephalin concentrations
on the rate and yield of thrombin formation

Reagents Fibrinoger Howell type p tn {Pro} Ceph
and CaiN/10}) as described onp 82

Method Easentially the same type of two stage 1 ¢ (1) activation
and {2} testing with fibr! as in p: g exp s
I.M,! 10 ml Pro + ! ml Ceph {(cited {inal dilutions) + 1 ml Ca
1 1mlfibr 405ml TM at successive {ncubation

periods

Results are reproduced in Table XXII {Table 1 of cited ref [129]
in which the data are also presented graphically in its Fig 2}

Discussion The results are essentlally the same as those In
Experiment 19 Instability of the end point was often troublesome

with Howell prothrombins {see later) and there was the stight possi
bility that the differences persisting after 3 hrs incubation might be
partly due to thi,

could not explain the 4 hr tests where after a 5 min incubationwith
an additional 1/5 vol of 1 1000 cephalin all series attained a minimum
€t of 12 The extra dilution of the T M in all probability sufficiently
accounts for the 12 value It may be recalled that it was not until
November 1939 that Mertz Seegers and H P_Smith [332] published
the results of their experiments showing similar relstionships of
Hssue thromboplastin  The two stage assays of prothrombin and
thrombin gave much welght to the findings of these reliable {nvest!
gators However we Continued to believe that relative clotting times
in carefully controlled comparative experiments were equally valid
evidence of the phenomena under consideration

{6 G} EXPERIMENTS WITH TISSUE THROMBOPLASTIN

1n 1948 we mgain the going type of but
with highly purified prothrombin and using a tiasue thromboplastin
The following data are reproduced from that work [156]

Experiment 2] (1948) Table XXII
Purpose To atudy the effects of varying concentrations of tissue

thromboplastin upon the rate and yleld of thrombin formation from
highly puriffed prothrombin
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Reagents Prothrombin (Pro A} was prepared by ourselves from
citrated dog plasma following closely the procedures {for bovine pro
thrombin} of Seegers Loomia & Vandenbelt {431] It corresponded
to "Product 4! {stage of purification} of the cited authorities and com
pared very favorably with a number of Seegers' own {bovine) prepara
tions with which we also experimented at that time [156]

Tpln, At Squibb's [commercisl) rabbit brain thromboplastin

Fibr 1% B F (Armour's bovine seep 55)

Method 5mlvol TM contalning2mlPro A+025mi0 1M
CaCl, + tpln A (final concentrations stated in Table XXII) in borste
buffer pH 7 7 Isee p 83} Clotting tests: 0SmIBF ¢025mlTM
at 25 £ 29C

Results ere summarized in Table XLIII stating (a) the final tpln
concentration (b} the end point clotting times (sec ) (c} the incuba
tion period nieeded to reach the end point

Discussion Seegers type prothrombins at that time undoubtedly
contained proconvertin but probably only questionable traces of proac
celerin (AcG) [494] However these factors were not generallyknown
at the time these experiments were performed It was merely a de
monstrable fact that in our experiments Seegers type prothrombins
could be activated very slowly under unfavorable activation conditions
e g with Ca alone or sometimes without any addition [146) Cephalin
was B poor activator of Seegers' prothrombin [146) Nevertheless
the stabllity of our end points often for 3 4 weeks at room tempera
ture {n the bacterlostatic borate huffer solution was indeed remark
able The fact that smalil differences in the end point clotting times
were apparent in the data (zee Table XXII) therefore did seem to
confirm the fact that below a certain optimum * lessening the
thromboplastin definitely reduces the {final amount of thrombin formed
in addition to greatly slowing the rate of activation '

ADDITIONAL EXPERIMENTS WITH THROMBOPLASTIN tested on
cluates (1956 qu y bie the cephalin data (Expert 19
Table XXI) and will not be cited in detafl

Conclusion [Experiments 19 21) The author's data {1938 1948
1956) repeatedly confirm the apparent fact that the amount of thrombo
plastic factor (wheth ephalin or tissue thi b } below a
certain optimum {which may be a matter of contaminant inhibitor) de
terraines both the rate of prothrombin conversion and the final throm
bin yleld These 1deas can be added to the ‘intermediary theory very
nicely but it does nat seem appropriate to assume that the relation
ahips are 'stojchiometric ' Even il this last could be demonstrated for
an 'intermediate 1t need not be true for the {inal thrombin

{6 H) SOME MODERN ASSAYS AND TESTS ON HOWELL TYPE
1 PROTHROMBIN WITH REFERENCF TO FACTORS WHICH MAY

AFFECT THROMBIN FORMATION
Becavse of some uncertainties in retrospect concerning clotting

factors other than prothrombin which may have been present or
-
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deficlent in our earlier preparations of Howell type 'prothrombin’
(with which many of the fundamental observations presented in this
thesls were originally made) it seemed desirable to subject this re
agent to the scrutiny of our modern assay methods

Preparation As in the past {1937 1938) cltrated dog plasma
{p 54) was subjected to Derkefeld filtration {p 69) and subsequently
defibrinated by warming cautiously in test tubes held in a water bath
1t 556C for two minutes then filtering through coarse filter paper

oth papery were prepared from 5 ml quantities of the {iltrate
by the acetone method of Howell {235] and his pupil Cekada [71] This
consisted simply of rapld precipitation with an equal volume of ace
tone and llectlon of the precip! on a filter paper in a
Buchner funnel under suction pump and quickly washing with a test
tube full (about 20 ml) of ether snd finally drylng In an alr current
vigorously applied with the atd of a Jet or electric fan

o n Solution (Pro) is obtained by cutting up the dry

pepers and extracting them with a suitable volume of distilled water
{usually 10 ml per paper} containing a drop or two of 0 57 NaHCOg
and subsequently filtering The pH should be about ™ 5 as tested with
{2l phenol red indicator (b) pHydrion paper (Micro Essential Labs
Brooklyn N Y) or (c) the {Coleman) glass electrode pH meter
Borate buffer pH 7 7 (p 83) or ymidazcle buffered saline pH 73
{p S6i are superior extracting agents for the prothrombin papers The
former was used in the following experiment

Experiment 22 {1956) Tables XXIV A XXIV B

Purpose To assay the principal clotting factors in Howell tvpe
prothrombin

Methoda (1) Eibrinogen test; 0 2 ml Pro + 0 2 ml thrombin (bo
vine Upjohn s 20 units/ml p 561 (2) Thromtin test 0 Z ml Pro
+0 Zml fibrinogen (p S5) (3) Ptothrombin assay by improved two
stage method {p 59) (S) Prosccelerin assay by specific one stage
method (p 58) (6) Antithr test: with as de
scribed on p 71 (Table VI) (7) (8) PTC and AHF agsays p 107
Expertment 34 {cf Table XXXVII)

Reference Curves for the one stage assays were obtained on
normal dog oxalated plasma dilutions and are shown in Figure 16

Results are shown in Tables XXIV A and XXIV B comparing the
protl;}-ombln (Pro) sclution with the precursor plasmas
Fibrinogen; is absent from Pro (4) and {almost) from the heat

ﬂ:ﬂbﬂnngd Plasma (3] but of course is abundant in the original
youlr:\: (1) ct =93 gec and in the Berkefeld filtrate {2} ct -
Thrombin: tr

aces are not infrequently (but not invariably) demon
l’";"" I Pro, (4) 1In the cited test a small trace of clot appeared
n3/4 hr but was still very incomplete after manv hours
WHWL“ The normal {1009 1 about 254 two stage units/ml)
and 1o 1h {1) Nearly half was lost in the Berkefeld filtration (2)
Le heat deftbrinated plasma (3] Only 10 157 levels were
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found in the final Pro solution (4} Allowing for the double {¢f plasma)
vol of extract {10 ml per paper} the frecovery' {a about 20 29% ofthe
original plasma prothrombin

Eroconvertini The original plasma (1) assayed a normal 967
About 1/3 was lost in the Berkefeld filtration {2) and about 1/2 after
the heat defibrination (3} A 20% level was found in the Pro solution
{4) which correcting for the dilution represents a 40% 'recovery'
of the original plasma proconvertin

Erosccelerin The original plasma (1) assayed a normal 80% This
was reduced to 259% after the Berkefeld filtration (2] and negligibly
more (22%) after the heat defibrination {3) The smount {25%) in the
Pro solution (4} corrected for the dilution represents a remarkably
good 507 'recovery' of the origineal plasma prosccelerin

Antit! in: The test in Table XXIV B showed this to be easen
tially absent

PTC:t According to the nssays reported in Experiment 34 {pp 107
108) [dog) Howell prothrombin (1:1) is better than a normal {(human)
plasma {1 5] In correcting a known PTC deficiency These data sug
gest that the preparation contains most of the orjginal plasma PTC

AHF: was aiso assayed in Experiment 34 {pp 107-108 It toois
positive but in Pro {1 1) was less active than in 1110 normal human
plasma The data on these assays must be considered very significant

Conciusion Howell-type prothrombin preparations are not only
rich n prothrombln but also contaln significant amounts of procon
vertin proaccelerin PTC and AHF They lack antithrombin and (i
brinogen but may contain traces of thrombin These findings may
very well explain why the old experiments with Howell-type prothrom
bin gave significantly correct answers to » number of basic questions
concerning the converslon of prothrombin to thrombin

{6 I} QUANTITATIVE RELATIONSHIPS OF CALCIUM
IN THROMBIN FORMATION

Experiment 23 (1956) Table XXV

Purpose To study the effects of decreasing calcium concentrations
on the conve of p: to in dialyzed eluate {pro
thrombin + proconvertin} in the presence of adequate AcG and tispue
thrombaoplastin

Method Twoestage technigue similar to that used in previous ex
periments

T.Mut 0 2 ml eluate (No 127 glalyzed) + 0 I mlAcGtip 761 +
¢ 5 ml 'Soluplastin® + CaCly (volumes of 0 02 M solutlon cited} + imid
buff saline to total 10 m1 vol The stock {(aqueous} CaCl, solutionwas
0 1M and a1l dilutions were made with buff saline

Clotting testy: 0 4 ml {{brinogen (dog] 4 0 2 mi fadjusted’ Ca (to
glve a final conc of 5mM inthe T M = F test mixture) $02mt T M,
tested after successive {ncubation perfods 26°C

Results These are glvenia Table XXV
The Ca conc was veried between 8 and 0 5 milli-Molar

.

Discussion
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inthe T M keeping the other components constant The clottlagtests
were all conducted at a fixed ({inal} Cl cone of SmM The effects of
g the Ca ation during thrombin formation were (1) a

definite slowing of the earlier {e g 1 min ) phases of activation but
(2) no significant effect upon the final thrombin yleld allct end
polnts were within a few tenths of a 3econd of each other {4. 5+ 03
sec)

The negligible activation of the control {6} may just be the trace
of {projthrombin in the AcG preparation as noted on P

Exper{ment 24 (1956) Table XXVI

Purpose To study the effect of int sing caleium
! d

on and to 1g whether there is a Ca optimum
for this reaction

For eword Inthe author's [129] 1938 experiments on thia subject
using Howell type prothrombin and cephalin as the thromboplastic
agent the effects of the varhble amount n{ :alclum :nrl-d over into

tre final throm! i lef o 65) were
not controiled This led to some Just cri!lclsm egpechlly by Wohllsch
[506) who clred s (499) In Exper

Lmetts 23 24 25 we have avolded this error by adjusting the final Ca
conc in the clotting test mixture to a {ixed value This is conveniently
done by including a carefully computed additional buffered Ca salt so
lution with the fibrinagen just before the final clotting test With high
concentrations of calelum in the thromble mixture {T M) this results
unavoidably in some excess of Ca in all the final tests However this
s & y minot point pared with the control achieved in
valldating the results of the main experiment

Method Essentially the same and with the same reagents 2a in
Experiment 23 except for the {ncreased amounts of CaCl, 1 Molar
stock (14 77 CaCly 2H3z0) was dissalved in {midazole buffered saline

Results These are given in Table XXVI

Discussion These experiments were very carefully performed
with excellent reagents and apparently homogeneous and only slightly
opalescent mixtures Clotting times were accurately determined
with a stopwatch and the end points were sharp The results however
show some unexplained variabllity which is considerably more thanin
at lower | salt We like to think
our experimentsl error in clot timings is well within 10 percent and
indeed 1t 1s ustally within a few tenths of a second in literally thou
sands of tests In a variety of two stage syatems We are not quite
sure therefore whether the variability of the end points {minimal
<t ol in Experiment 24 has any real signiticance Accepting a £107
experimental error the end points of I IV were all within 3644 sec
and of V (at 45 4 ) just n little longer than these limits There was
certainly no very striking and consistent reduction in the thrombin
yleld on increasing the Ca in the T M from 8 to 25 mM  The 8 mM Ca
level was best in this serles (increasing Ca conc ) as in the decreas
ing Ca serles of Table XXV There &s therefore some evidence of a
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calcium optimum at this 8 mM level Above this level the most con
sistent effects of increasing the Ca are the longer c t 's {n the one
minute test just as is the case (Experiment 23) in reducing the Caconc
below this optimum level In the 5 min test however there appears
to be some slight improvement with increasing Ca

Conclusion It would seem that the main effect of varying the cal
clum level in our thrombin forming mixtures {s to modify the inftial
rate of thrombin formation Effects on the final thrombin yleld are
very questionable at Ca levels above the optimum and negligible {if
any) at sub optimal Ca concentrations

Experiment 25 (1948) Table XXVII

Purpose To study the effects of varylng amounts of Catt during
prothrombin actlvation using Seegers [431] 'purified' prothrombin
in presence of tissue thromboplastin

Foreword This experiment of the author's was published in 1948
{156] 1In retrospect we were dealing with a very stable prothrombin

ly pr tin but very poor in AcG (hence the
slow actlvation) The proper second phase controls were included

Method and Results are givenin Table XXVII They demon
strate 1) no activation {in 2 hrs ) in the absence of added Ca

2) slower rate of activation if the Ca conc in the thrombic mixturels
too low {2} or too high (415) but 3) no effect on the final {2 hr ) throm
bin yleld ie identical (4 sec ) minimal c t end polnts

Conclusions (Experiments 23 25} The cited experimental data
permit the important conclusions that the rate of thrombin formation
from prothrombin in the presence of adequate thromboplastin and

co factors (proconvertin and AcG) is determined by the calcium con
centration in the activating (T M ) mixture Too ldttle or too much
calcfum retards the thrombin formation and there is a definite Ca
optimum at about 0 008 M in protein poor mixtures at pH 7 3 and0 15
fonic strength However there is no evidence that the {inal thrombin
yield is affected by varying the Ca In the range studied This could
mean that any calclum even a trace could convert prothrombin to
thrombin via the postulated 'intermediary’ (p B3) and then be released
again to convert another portion of the prothrombin

Effects of Traces of Calcfum in Prothrombin Prepa
rations Unless lon exchange resins are used it is extremely dif
ftcult to be sure that all traces of calcium are removed from any
plasma fraction including prothrombin There is always the question
of protein bound Ca and the possibility of some free Ca** released in
attalning the equilibria studied by NordbS [352] We theorize there
fore that the so called ' ! of prothrombin e g
{1} in the experiments of Howell [233] and his pupll Cekada [71] and
{2) in our own experience [156] with some of these and with Seegers'
highly purified prothrombinas are consistent with this ability of traces
of Ca contaminant {and lfkewlse traces of thromboplastin and co
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factors} slowly but significantly to convert the prothrombin to throm
bin by which are id 1 in thelr {al nature with
the processes going on in ordinary optimal actlvations

{6 7} THE QUESTION OF 'SPONTANEQUS' ACTIVATION OF PRO-
THROMBIN TO THROMBIN TRACE CONTAMINANTS? STABILITY
OF PROTHROMBIN AND THROMBIN

Exper{ment 26 (1946} Teble XXVIII
Purpose To ' thrombtn f in

e
highly purtfied {Seegers') prothrombin

Method This experiment was actuslly the chance outcome of keep
ing a solution af Seegers' purified prothrombin {(Prep H cited [146])
for 9 months In the ordinary {4°C) refrigerator and re testing out of
curlosity at the end of this period It was found to be active thrombin
4 dfiution series (IN was prepared with the same smounts of calcium
and tissue th {no! ) as had p ] ac
tlvation of the original prothrombin solution 9 months earlier At that
time such a dilution series had heen tested and the data (1) were
available for comparison

Results These are given tn Table XXVIII They clearly show
1dentity of the thrombic at with minor
divergence onty at the higheat dflutions which are always subfect to
some experimental error It is remarkable that as short a clotting
time as 4 sec y with a stop has real mean
ing as & measure of thrombic potency With such matching of serial

dllutlons 1t 1s an tnescapable conviction that the two thrombins are
indeed identica)

Conclusion It muat be concluded therefore that any spontanecus
conversion of prothrombin to thrombin may very well be due to frace
Lontaminants of ealclum and other actlvators These trace amounts
may be {ar too little to analyze Nevertheless glven aufficlent time
they may complete the conversion to a thrombin of potency identical
:mh that ordinarily chtained after a short incubation period with op
{mal calcium and other s This 1y sugg that the
;-mum 2nd other attivators may be used over and over again intrans
‘zmlnz the prothrombin bit by bit to the final end product Frem one
rde:t ©f view this type of resction may be regarded as ‘catalytic  This
e ‘Weuld seem difficult to mpply to so simple an lon as Catt were it
e ©r an explanation on the basis of an ‘intermediary complex such
we have argued for on the basfs of a variety of other experiments

:‘dd““““ Considerations It s valld to draw from the above
xP!lrhnmt the following further conclusions
abgel PTOthrombin and thrombin are remarkably stable protelns inthe
*pee of any tactors which can alter them
pa,,i’b,o“" puriffed system is particularly free from inhibitors It is
Inatanss 'O Visuslize a less pure aystem contalning antithrombin for
nce in which very slow conversion of prothrombin to thrombin
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calcium optimum at this 8 mM level Above this level the most con
sistent effects of increasing the Ca are the longer c t 's in the one
minute test just as is the case (Experiment 23) in reducing the Caconc
below this optimum level Inthe § min test however there appears
to be some slight improvement with increastng Ca

Conclusion It would seem that the maln effect of varying the cal
cium level in our thrombin forming mixtures is to modify the initial
rate of thrombin formation Effects on the final thrombin yleld are
very questionable at Ca levels above the optimum and negligible {if
any} at sub optimal Ca concentrations

Experiment 25 (1948} Table XXVII

Purpose To study the effects of varylng amounts of Catt during
prothrombin activation using Seegers' [431] 'purified® prothrombin
in presence of tissue thromboplastin

Foreword This experiment of the author's was published In 1948
{156] In retrospect we were dealing with a very stable prothrombin

pr tin but very poor in AcG (hence the
slow activation) The proper second phase controls were included

Method and Results are given in Table XXVII They demon
strate 1) no activation {in 2 hra ) in the absence of added Ca

2) slower rate of activation if the Ca conc in the thrombic mixturels
too low {2} or too high {4;5) but 3) no effect on the final (2 hr ) throm
bin yleld {e identical {4 sec ) minimal c t end points

Conclusions (Experiments 23 25} The cited experimental data
permit the important conclusions that the rate of thrombin formation
from prothrombin fn the p deq h in and

co factors (proconvertin and AcG) is determined by the calclum con
centration In the g (TM) re  Too little or too much
calcium retards the thrombin formation and there is a definite Ca
optimum at about 0 008M in protein poor mixtures at pH 7 3 and 0 15
lonic strength However there {s no evidence that the final thrambtn
yield is affected by varying the Ca in the range studied This could
mean that any calcfum even a trace could convert prothrombin to
thrombin via the postulated 'intermediary’ {p 83} and then be relcased
again to convert another portion of the prothrombin

Effects of Traces of Calcium in Prothrombin Prepa
rations Unless fon exchange resins are used it {s extremely dif
ficult to be sure that all traces of calcium are removed from any
plasma fraction including prothrombin There {s always the question
of protein bound Ca and the possibllity of some free Ca*? relezsed in
attaining the equilibria studied by NordbS (352] We theorize there
fore that the so called 'sp: ' of pr rombin e g
{1) In the experiments of Howell {233] and his pupil Cekada [71] and
{2) in our own experlence [156] with some of these and with Seegers!
highly purified prothrombins are cansistent with this abllity of traces
of Ca contaminant {and likewise traces of thromboplastin and co
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5) While this prothrombin solution was unstable In the sense that
it slowly changed to thrombin on simple keeping yet it was amsazingly
stable in the sense of ylelding the same potency thrombin and in the
same incubstion time when activated by Ca and tissue thromboplastin
{two different preparations} in tests two months apart

6) Calcilum alone gave an identical end point and it must be con
ceded that this el h req: a4 any \s just a3 com
Plete a thrombin formation Hence it must be assumed that the 'purf
fied® p 1 traces of thromboplastic
and other neceasary actlvators

Experiment 28 (1948) Table XXX

Purpose To atudy further the stability of prothrombin in the pres
ence of Ca*4 and thrombin

Method Since previous experiments had shown the very slow for
mation of thrombin on addition to highly purified (Seegers!) prothrom
bin o Ca salt alone it was evident that such thrembin as was slowly
formed would have every opportunity over several days to exert any
possibie effect on the still unaltered prothrombin  Were there any such
effect 1t would be expected to show up in the final (end point} clotting
times of test sarmples removed at intervals and rapidly (within 1 hr)
actlvated by addition of tlasue thromboplastin

T.M.t 15 m1 0 35% Pro E (Dr Seegers preparation assaying
13 700 units per mg tyrosine N or 2450 units (2 stage} per m! of solu
tionl ¢ 5 ml borate huff + 1 ml 0 1M CaCly

Test Serles {A); 05mI 057 BF +025mldiluted TM 1l
2 ml 4 Q25 ml buffer to serve as control for (B}

Test Serles {B); 2 ml T M removed after stated periods and
treated with ¢ 2 ml 1 {various tissue prep: ) with
successive testing of 0 25 ml samples on 0 5 ml B F (0 5%) until
Teaching the minimal clotting time end point noted

Results These are given in Table XXX Note that in every case
no matter what the age of the recalcified T M or which type of tlasue
thromhoplastin was used the (B} seriey end paints were all exactly

4 sec and identical with that reached sometime between the 3rd and Sth
day in series [A)

Conclustion This 1 falls to d +
destruction or other effect of thrombin co existin
original {partly unchanged) prothrombin (gf [494])
tions are {mportant in ruling out of

in the type of experiment relled upon for most of the data
investigations

any
for days with its
These obaerva

g {ons
in the present

{6 K} TESTING FOR (A} THROMBOPLASTIC AND {B} ANTI THROM
BOPLASTIC ACTIVITY IN VARIOUS LIPOIDAL MATERIALS ESPE

CIALLY CEPHALIN AND SYNTHETIC PHOSPHAT
CONTAMINANTS IDES AND THEIR

Enrlier Dats (Table XXXI) Using T M contalning Howell t
prothrombin el Fxperiment 20 p 89 data were nb!nx(ne:w;y :Z‘g”
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may be proceeding but with the thrombin being removed as fast as it
is formed by the action of antithrombin Such a system would merely
show a gradual loss of the ability of the remaining prothrombin to
yield the original amount of thrombin {n successive samplings tested
after the conventional activation

3) At the dilutions studied viz about 1000-2000 two-atage pro
thrombin {Seegers) unlts/ml the thrombdin formed and in contact with
the residual stil} unaltered prothrombin for weeks or months ahowed
no evidence whatsoever efther of (a) 'autocatalytic’ accelerationofthe
prothrombin conversion or of {b} any destruction of the prothrombin
by the thrombin {cf [494]) We have repeatedly mixed fully formed
thrombin with a prothrombin activating system and failed to find any
acceleration of the activation process with only one exception namely
in the preaence of platelets This exception will be studied further tn
connection with the platelet experiments ip 109

4) Either minimal traces or significant small amounts of thrombin
could be detected In all 8 highly purified prothrombins viz 7 madeby
Dr Seegers and 1 by ourselves which were studied very exhaustively
in 1948 investigations [156] Some of these data bearing on stability
questions will he reproduced as follows

Experiment 27 (1948} Table XXIX

Purpose Ta investigate the stability of prothrombin in solution

Reagents ProBi Oneof Dr W H Seegers’ very highly purifled
bovine prothrombin preparations kindly provided for uy with the in
formation that it contained 15 200 units/mg tyrosine N or over 2000
units/ml of the 0 2 % solution used In the present experiments Tpln

A Rabbit braln thromboplastin (commercial Squibb s} Tpin D Ex
tract made with salline from frozen dog bratn T.M, 5 ml In borate
buffer {p 83) pH 7 7 with additions as stated of 0 25 m! 0 1M CaCl,,
with or without 0 25 ml thromboplastin Clotting tests at 25+ 2°C on
05ml05% BF {p 55 +025mil T1!1 after stated Incudbationperfods
up to 7 daye

Results are given in Table XXIX

Discussion 1} Initial tests about 2 hrs after makingup a 0 27
solution {in borate buffer) of the lyophilized prothrombin B showed 2
trace of active thrombin estimated to be lesa than 0 5% of the total
potential thrombin yield {according to difution tests given {nthe cited
publication)

2} The relatively slow activations in these 1946 experiments we
belleve may very well be attributed to Jack of sufficfent proaccelerin

3 The 1 min tests chiefly represent active thrombin in the solu
tion since very Uitle thrombin will be formed in this very short
perfod under the slow activation conditions noted in (2) The {{rsttest
fn sertes (3] therefore indlcates a considerable Increare in thrombin
contaminant spontaneously appearing in the 2 months storage at 4°C
= th:) l;leti[;’:\gh the activation 1s much slower in (]} with Ca atone it
finally {tn 4 days] reaches a stable end point ct =3 sec_ identical
with that reached {n = couple of hours in the other two series



EXPERIMENTS _Thrombin, 1 99

Discussion (ref Table XXXI) The significant {indings to date
arey

1) Synthetlc cephalins containing only saturated fatty acids e g
ftests 2 3 4) 12 distearoyl 1 2 dipalmitoyl or 13 dimyristoyl
phosphatidyl ethanolamines {*a? In the first two snd B' type in the
third) are devold of thromboplastic activity This confirms earlter
data by Grin and Limpich ‘Ezoz] and Kabashima and Suzuki [263]

2} Efforts to synthesize ceph unsatur fatty
acids are currently under way but not yet available for presentation
in this thesls

3) A typical 'acetal! phosphatide but agaln with only saturated fatty
acids viz stearal acetal phosphatidyl ethanolamine (test 5 see p 98)
is inert {n our thrombin {orming test systems so s the corresponding
palmital compound (test §) except for an extremely doubtful &

4} a myristal acetal phosphatidyl ethanolamine (test §) which was
85 90% pure assayed quite y {antl thr astic) This
lacked like & possible lead toward the {dentification of a lipoid antl
hr P when this sy 4 was further
purlfied it {test J) lost the Inhibltory propertles

5} All efforts to run down the real inhibitor gave only the equivocal
answer that it was residual in one or other trace fraction of the mother
Hquors {tests 9 12) None of the possible components which could ac
tually be identified turned out to have significant effects in our test
System and we are unable to suggest its true nature There was a
smilar trace of inhibitor in the supernatants (fraction I test 17) in
Preparing the palmital ncetal P 1pld Another trace contaminant (11}
test 18 however gave only the negligible & test  Some of the trace
fractions (tests 13 16) gave Increased inhibition when added back to
the purified phosphatide (No 7)

6] One possible lead resulted from these efforts namely that the
trace contaminants (9 11 not 12) showing the most significant effects
were mixtures of the less active ones Indeed we were sble to demon
strate this (15 16) by actually mixing two of the less inhibitory frac
tons This enhanced inhibition by the mixtures suggests u possible
synergism

lclui:[cl\l![ons These new efforts to identify {a) thromboplastic
UPiala} and (6} antithromboplastic Hpid(s) via the spproach of syn
etic organic chemistry are still very preliminary They do lead to
the conclusions that
bopt- (he ethanclamine base 1s not the primary determinant of throm
oplastic activis
known cephaling containing saturated fatty acids only sre inac
tive whether in the g or 8 form
mo:) acetal phosphatides do not have either thromboplastic or anti
Y‘nboplutlc activity associated with their acetal structure
5) ?nythlng more than this is speculative at the present time Thus
the gy 3 metely a tentative hypottesis but not yet superseded that
allnred siological thromboplastic liptd must be _elther (a) a true ceph
fltn w;.:me speciiic type (? containing unsaturated fatty acids} or
Knows rtaminant or possibly (c) some metabolic by product of the
t cephalin group of phosphatides
€nce this thesis will rest with the current status of this field of
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suthor in 1943 on four fractions obtained by Dr J Folch of the Rock
efeller Institute N Y in the re purificstion of brain cephalin {163]
Following brief preliminary fon [138] we i these data in
the publication of the Tr 2] of the Second Conference on Blood
Clotting and Allled Disorders of the Josiah Macy Jr Foundation [144]
They are reproduced tn Table XXXI Data concerning fractions
the percentage referring to yield In gm per 100 gm original feepha
Un' mixture V = phosphatidyl ethanolamine {15%}s Il = phosphatidyl
serine {2773} 1 - inositol phosphatide {22%); IV ~ unidentified mixture
{8%) In personal communications Dr Folch stated that DI snd 1
could contain sbout 5 10% of ¥V {true caphalin} and IV 'may very well
turn out to be either identlcal with or closely related to phosphatidyl
ethanolamine ' Thus the biochemical criteria were not fully adeguate
for & definite correlation with the boplastic activity vely
demonstrated by our very sensitlve test which as shown in the table
detected such activity in a1l four {ractions although none of them way
as potent as n weak buffered P of cat brain plastin
Moreover alf the prepazations supplied were dried and brownish from
months of exposure to the atmosphere and must have lost a congider
able amount of their th lastic potency Y tusive ay theyare
these testy nevertheleas add some evidehce to indicate that true ceph
alin is a potent thromboplastic phospholipld  Any other conctusion
will need further advance in the field of phospholiptd chemistry

Current {1956} Dats {Table XXXIH} For tha past few yearsthe
suthor has been using the preceding test system for the thromboplas
e and sntls 1 n) assay of & number of ayn
thetic phosphatides These agents have been prepared and chemically
atudied by colleagues Drs C E Andersonand C L Yarbro of the
Biochemistry Department at the University of North Carolina A re
port to the 1953 annual meeting of the North Carollne Acedemy of Set
ence vecorded the finding of netther such activity in the testing of an
peetal _phosphatide {test 5 Table XXXII) Tests on other current ma
terials are listed as to results fn Table XXXH

Method Our two stage {Method 11} technique =xs previousty de
scribed (p 59)  Severaldog eluates’ {p 71) were prepared for use
In these studles The &cG {118} scep 58 was a single batch an was
the 'standard® {dog bratn) cephalin {p 71) The ‘unknowns' were sup
plied to us dentified only by & code number and the descriptive data
given to us by our hiochemical colleagues only at the {temporery) con
cluston of these investigations The following criteria wers ured for
degree {+ or } of activity
(a) $¢4+ end point clotting times of <20 30 sec {at 25 & 3°C)
fvalent to D My fml 4 in perieds of <10 30 min
() i: slight enhancement of the atd ceph  but no sigaificant
thromboplastic activity alone
e {e) 'i +t end point clotting times fn 30 min  with std ceph
{50y /ml} go addition of over 5 min 1 e essentially complete tahibi.
tlon
o {d} : end point {: hr incub}ct of I Smin
{e} « end point (1 hr dncubjct of 2 3min
{6 7:  end polnt it hr tacub}ct of 1.2 min (<0 1y}
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tlon With the amounts of ugems tested in this particular experiment
the heparin proved y to the lin (test 2) and
practically so to the l.olmd  phospholipld traction (test 4) from the
ter was the result of test 6 in which

the heparin showed no effect upon the tissue thromboplastin except in
the 1 min test Trypsin (see p 25 was also a good thrombop astlc
agent in these experiments (7} and r tissue thr in
the very minor and early stage inhibition by heparin

Even though the thromboplastin preparation {5) had been kept { at
4°C) for 3 days pending analyses and preparation of (3} 1t was dis
tinctly more potent than its equivalent of the extracted P lipids

Experiment 30 {1941) Table XXXIV

Purpose To demonstrate the significance of a heparin cofactor in
its inhibltory effects during prothrombin conversion to thrombin {151a]

Method Similar technique to the foregoing

Reagents Pro: Howell type prothrombin {p 91) Ipln: Glass wool
filtered saline suspension of frozen dog brain Ca: 0 IN CaCl, Hep

5 Toronto units/m} diluted in saline from a Connaught Lab (Toronto)
preparation kindly supplied through the courtesy of Dr C H Best
Stock solution in saltne atpH 75 0 17t 1 mgdry wt tepresented

110 Toronto units Cofactor: This agent was a crude albumin obtained
by precipitating citrated dog plasma between 50 and 100 percent satu
ration with (NH{) 50, dislyzing away excess of salt and obtalning a
final solution in 0 97 NaCl atpH 75 T.M, 4 mi Pro +5 ml cofactor
(or saline in(ll} +0Smihep 4025 mltpln + 0 25 ml Ca Incubated
at 7 50C to avold any deterioration Clotting tests Respective TM s
{0 5 ml) added to 1 ml fibrinogen {p 82} + 0 5 ml of saline {teats 1 S)
or saline mixture containing amounts of hep cofactor or both re
quired to make tests 6 7 8 equivalent in the final clotting mixtures
t02 1 4 respectively Tested at 38°C Tests S 6 7 8 wers made
with TM (1) et maximal (60 min } activation

Results See Table XXIV Note the following

Discussicn (e} The chosen armount of heparin slone had a negll
gible effect on the fully formed thrombin (6} but did inhibit thrombin
formation (2) in the early phases

{b} This particular cofactor { albumin ) was very slightly inhlhimry
tothe lhr TM (1) Intest? and to the later phases of T M (3}
was however slightly helpful to the earlier phases of activation in (3)
In other experiments of a similar nature we have found either a little
inhibition or a little ald in this early phase differing with various albu
min prepnrut(nns

The of hep + cof. (4) wa: 1

to th in tests 2hrs  This is the mor:
significant because the tesat (8} on f1lly {ormed thrombin showed very
Iittle In the way of antithrombic action

Conclusion A cofactor present in crude albumin fractions i
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knowledge and continue to identify the thromboplastic phospheliptd(s)
as cephalinia) for want of a better working hypothesis

Addendum Dr K M Brinkhous kindly supplied us with a few mfl
ligrema of Dr £ Baerls lConmught Labe Taromc) :)mmeuc prtpn
ratlon 28 29] of 1.2 d hosphatidyl (rx7)

with which our Patholagy Deparxmem Heag: {262) hed da
feeble thrombeplastic action In our routine tests a thromble miztere
which gave a mintmal clotting time of a negligible 22 minntey {over

1 hr Incubation) was able to give only a6 min ct with 20 mi of

0 1% suspension of X % and barely imprcved to about 4 mig ¢t with
20 mgql *X'{per 5 ml T M) These are neglipible results and point
only to !he man mmme znce of something that can hardly be regarded
as thr uet lude therefore thet this corapound
like our own and others [zoz 263] ia esyentially devold of true throm
boplastic properties

{6 L} ACTIONS OF HEPARIN WITH SPECIAL REFERENCE O THE
THROMBIN-FORMING REACTIONS

Experiment 29 (1939) Table XXXl

Purpose To study effects of h=parin on the formation of thrombin
from racalcified prothrombin in the presence of various thromboplas
tic agents {131}

Method The usual 2wo stage similsr to

iments T,M. 4 ml Pro (Howen-typc p A +05 mi CaClpio OSm eq)
+ 0 25 thrombopiastic apent (varied see below] ¢ 0 25 dist water or
heparin {0 5 mg equiv 1o 55 Toronto units}

Thromboplastic Agents

1} brain cephalin {p 71} 100y per Smi T M

2) tpin, Q, 2 rabbit brain th lastin {dried prep: Jon) pre
pared snd kindly supplfed by Dr A J Quick The present solution
analyzed Proteln 104 mg ¥ Total P lpids 31 mg % incl 4 6 mg
cephslin

v 3 hrain P _Upld Quick s thromboplastin was extyacted with

alcohol ether {3 1} the acetone lnsoluble P lipids being recovered tn
petroleum ether dried and prepared fu u 1110 000 agueous solution
The amount added In teats 3 € represented the equivalent in phospho-
Upld of the original tpln Q vased in tests 5 &

4) crystalline trypsin 125y a preparation kindly supplied by
Dr M Kunitz of the Rockelellar Institute Frinceton N I

The T M mixtures were {ncubsted at a cool femperature 15°C {n
order to minimize any instability but clotting tesis sfter the atated
incubation periods were made xt 38°C with 0 5mI TM 41 ml fibrina
ogen {p 82)

Results These sre given in Tahle XXXIUL

Date and Discusslen Any cofactor {see later] which the heparin
mey need must have come {rom the Howell-type prothrombin prepars

-
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Experiment 3] {1948) Table XXXV

Purpose To demonstrate that the mode of mction of heparin In de
faying the rsion of pr to 1s antl
Plastic’ in nature

Faeword Inthe previously eited 1941 publication {(151a) the nu
thor {with Dr A I Glazko} activated Howell prothrombin with Ca and
tHasue thromboplastin (in 171 172 1732 dilutions) with and without
heparin  The significant observation in the heparin experiments was
that the rate of thrombin formation was delayed by the heparin the
more the weaker the thromboplastin  The final thrombin yields
(end polnt c t 's) were csyentially similar however

Another experiment [156] performed about 1948 with one of
Seegers! purified fibrinogens essentially confirmed the earlier find
ing and was eapecially convincing because of the adequate controls
This will be reproduced as follows:

Method Two stage testing of prothromblin actlvation by method
essentlally similar to preceding experiments
M,: 4 ml Pro, E {ret [156]) + 0 5 ml borate buffer (p 83) in
control (1) or 0 5 my heparin {100 units) in series {2) + 0 25 mltpln A
{rabblt bratn Squibb & 0 25%) +0 25 m1 0 1M CaCly 25 £ 20C
Clotting-teatst 118) 025 TM {1) +0 25 butf + 0SB F 1* (p 55)

(16} 025 T M (1) 40 25 hep {10unit) 40 5B F 17
120 025TM (20 +025buff +05SBF 17

Results These are shown in Table XXXV

Discussion The data shows

1) complete activation to 4 sec end point in 8 hra  {n (12} with
complete stability of thrombin for & week thereafter

] some inhibition of the fully formed thrombin by the heparin as
thown in (1b) "This is very alight a mere 1 sec (reall difference
after p of the T M ivatd The ameller amounts of
thrombin in the enrlier phases of are more sig; in
hibited {delayed) by the heparin however

3} inhibition of thrombin formetion in the presence of the heparin
1a clearly shown by comparing (2) and its controt (16)

) However the final end polnt although it took a week to attain
1s dentical (4% ) tn the (2) and (16} serles

Gomeluston Comparing this result with effects of & minor reduc
fion n &mount of thromboplastin (Tabte XXUI also reproduced from
the 1948 paper (156]) the heparin Inhibition of 1 1

Yy be megarded as due to an interference with the action of the throm
boplastin  Uning a potent tissue thromboplastin the Ihibition Tefors

s delay In rate of thrambin formation. with no effect on the final
thrombin yleld

Conslderations
It should be emphyst;
2dded and wag untii
Purifiel prothrombi,

Regarding Modes of Action of Heparin
zed that in these experiments no 'cofactor' was
ely to be present as = contaminant of the highly

n Further the heparin was added in relatively
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therefore able very greatly to increase the inhibitory effect of heparin
during thxombin formation even when the combined effects after full

are almost negl These data support the view
that cofactor {s needed for the action of heparin in preventing prothrom
bin and this is d from the eatablished {242
3827] antithrombic action of heparin + cofactor which is exerted upon
fully formed thrombin

Addenda (D) Brinkhous Smith Warner & Seegers [67] in 1939
presented the first evidence that a serum cofactor is needed for hepa
rin to prevent the conversion of prothrombin to thrombin Their data
may be briefly reviewed One of Seegers' [435] early purified pro
thrombin preparations ylelded 363 two stage units after 2 hrs activa
tion by Ca and rabbit brain thromboplastin and practically as much
(343 units) when heparin was also addel With heparin plus serumf{co
factor) thrombin formation was blocked and almost all the prothrom
bin remained unchanged for two hours With the serum alone all but
52 units of prothrombin were converted into thrombin in the same time
pericd This experiment shows incidentally that serum antithrombin
acts only on fully formed thrombin By and large this experiment
proved the new observational fact It is certain however that the two
hour incubation period masks any effect which the heparin and serum
alone might have on the rate of thrombin formation Because of this
doubt we d the 1941 experfment {151a] cited above which we
belleve established the validity of the lowa workers! conclusion beyond
any reasonable question besides adding some new information as to
what 13 going on during the activation period

(1D) The 'entithrombic' action of heparin + cofactor was first
served in the original experiments of Howell & Holt [242] Quick [JBz]
found the cof. to be with the alb rather than the
globulin in crude plasma fractions Astrup [20] has reviewed the hep
arin studies made in the Carlsberg Foundation Laboratories (Copen
hagen) including a 1939 confirmation of the Iowa discovery (above) and
an {mportant suggestion [21 22] that the co factor necessary for
turning heparin into an ant{thrombin which we have called fthrombin
colnhibitor ' {s a far more delicate substance than hitherto assumed
It disappears from plasma during clotting and i therefore not found in
serum whether prepared by of by clot
ting or by recalcification It is further inactivated completely by heat
ing to 56°C for 5 minutes

(I11) Since the topic of this thesis s primarily designed to explore
the clotting functions of certain lipids (e g cephalin) and complex ma
terials (thromboplastin) in which they occur experiments with heparin
are relevant when they deal with gntithromboplastic inhibitions of the
thrombin forming reaction To go inta antithrombic actions however
would unduly extend our enquiry We shall therefore omit some other
wise valuable experiments e g (1) on heparin + cofactor as antithrom
bin [131] and {2) some hed data 1 y of Aatrup &
Darling [22] which show by a different method that serum is devold
of heparin cofactor but because of progressive removal of added

the 1 serum {Astrup [20]} this
weak in the gerum mixtures that it {s now ver:

thrombln beco Y e s actlon of heparin in an stfect

which requireg no cofactor




EXPERIMENTS _Thrombin formation 105

3) added calejurn and even better Ca r cephalln greatly enhance
the effects of trypsin Hence

4) the author's {with Mrs Detty Nims Erickson's) 1939 conclusfon
(149] that trypsin {s not a thromboplastic agent in its own right {as
Eagle & Harris (112} erroneously concluded) but merely makes Catt
and 'free! cephall lable for the p presum
ably by releasing them from otherwise inert protein combinations
Mrs Erickson and the author were never quite able to provide the con
vincing proof for this attractive theory and such is still unavailable
However a 1948 experiment with B L Travis and E B Gerhelm
(graduate students) ref [156] did seem to add some new evidence
on the need for both calcium and thromboplastin in order to obtain the
actions of trypsin in These there
fore will be recapitulated

Experiment 32 (1948} Figure 17

Purpose To demonstrate the need for Cat* and thromboplastin in
the trypsin of purified p

Reagents Pro, C{ref [156]) purified by Dr W H Seegers 0 3"
solution Tryp Crystalline trypsin prepared by Dr M Kunitz [323]
40 unita/ml  Tpln, A; Squibb s rabbit brain thromboplastin 0 257
suspension Gar 0 1M CaCly LM, {thrombic mixtures):
(1} 4 m{ Pro + 0 75 ml borate buffer {p 83) + 0 25 ml Ca;

(I) 4 ml Pro 4025 mlbuff +05mltryp +025ml Cap

(I} 4mlPro +05 mibuif +025mltpln A+ 0 25 ml Cag

{IV}4 mlPro +05mltryp +025mltpln A +025mlCa
Clotting tests =t 25°C on0SmIBF (p 55) +025mI TM
successive incubation times (1 t)
Thrombin percentages were obtained by comparing the observed
clotting times with a dilution series of maximally activated {24 br }
TM LI The dilution data are plotted as 1000/c t (sec ) in the
dotted line of Figure 17

after

Results are depicted graphically in Figure 17 originally published
[142] inthe Ann N Y Acad Sci 1948 Note the followingt
) Ca alone produces a very slow activation complete in 50 hrs

2} Trypsin with Ca ia not significantly better

3) Ca + tpin gives q P but {s rather
slow under the particular experimental conditfons (7 lack of AcG) be
ing about 507 complete n 4 hrs and 1007 in about 24 hrs

4} Trypsin significantly improves the Ca 4 tpln causing the reac
tion to be over 907 complete within 1 hr and delayed {16 18 hrs ) only
in the penultimate stages

Conclusion Trypsin does not act alone or with calctum only but
requires a source of thromboplastic agent With this further addition
the enzyme has a 1t effect in 1 g the forming
reactions
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high concentration It may therefore be reasonably concluded that
these are some special experimental facts pertaining to high concen
trations of heparin (itself highly purified) They may have no real
connection with 2 more physiological system in which a much smaller
amount of heparin inhibits thrombin formation by acting in conjunction
with a plasma cofactor However similar results were obtalned with
physiologicel amounts of heparin in Experiment 47 p 120 The phys
lologlcal significance of heparin has been reviewed on pp 30 31 Our
researches have added a little to the understanding particularly of one
of its possible modes of action namely to prevent prothrombin activa
tion by functioning as an 'anti thromboplastin ' Study of this phenom
enon in turn adds to the general ledge of the thr last!

h and its very fund 1 role in physiological

formation

We are endeavoring in this thesis to draw only those conclusions
that are well supported by experimental fact and wish to avold the
oretical speculation as much as poasible In the heparin problems
we are still on insecure ground and the following suggestions are
very tentative but may be worth presenting as a possible Jead for
future investigations Heparin (with its sulfuric acid maities) and
cephalin {with its phosphoric acld groups) are both acidic substances
known capable of combining with proteins and basic protelin split
products such as protamine {Chargaff & Olson [80]) May it not be
possible therefore that the more acldic heparin can block or dis
place the ial thr plastic phosph from certain protein

which are ally essential for the P lipid to partici

pate in the process of thrombin formation {prothrombin activation)?
May it not further be postulated that the cephalin is thereby deviated
to some other protein say the cofactor altered (? made receptive) by
the action of heparin? Thia could explaln the 'anttthromboplastict ac
tion of heparin The 'antithrombic! action in somewhat similar man
ner could be a deviation of thrombin to some cofactor + heparin com
plex (Astrup & Darling's {22] ‘thrombin inhibiter } which according
to Fitzgerald & Waugh (cited p 31) functions as a somewhat special
type of antithrombin

(6 M) THROMBOPLASTIC ENZYMES IN RELATION TO THROMBIN
FORMATION BY THROMBOPLASTIC LIPOIDS AND (?} LIPOPROTEINS

Foreword 1939 Data The thromboplastic! action of crystalline pan
creatic trypain was briefly reviewed onp 25 and experimental evi
dence of this ph was 1y Included in Experiment 4
{p 66) and Table V (on completely platelet free plasma) and fn Exper
iment 29 {p 100) and Table XXXIII (on heparinized thrombin forming
systems in which trypsin was b for tissue th lastin)
much as Eagle (cited p 25) had substituted {t for Ca + platelets We
shall not cite the experimental detatls but merely refer to the con
cluslons of our early work [150 149 136] viz

1) trypsin can clot oxalated or citrated plasma and activate
(Howell type) prothrombin even in the absence of added calcium and

halin
€ep Z.) sufficient exceas of the decalcifying anticoagulants can prevent

these actions of trypsin
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Addendum These and other studies in the cited paper [156] glve
some new insight into the p L

in even the best modern prothrombin preparations It is perhaps
unfortunate that Dr Seegers has never seen fit to report on Micro
Caletum (sp ) and P 1ipld analyses of his rep
arations but merely to assert (with reasonable pride) thzlr purlry on
the basls of pot_ncy per welght of proteln {or tyresine N}

(6 N} PLASMATIC THROMBOPLASTIC COMPONENTS CONCERNED
WITH THROMBIN FORMATION PTC AND AHF

Because lhremboplas!l: mncuon partlcularly of platelets 1s be
leved to be with tin generating reaction
(pp 46 £t geq ) in which PTC ANF and probably other factors are
involved the following PTC and AHF assays were performed:

Experiment 34 (1956} Table XXXVI

Purpose To test for PTC and AHF in (I} dlalyzed eluate {p BI}

(1} Howell type prothrombin (p 91) and () Dr R H Wagner » {488]
‘purified! AHG (antihemophilic globulin p 77) using (IV) a normal
human plasma D C F ) as the factor contrel

Methad Uses the specific one stage prothrombin assay {p 57) to
test the 1mptovtmem over saline (yubstrate control 0) of the pro

thro lcified plasmas (R J PTC
deﬂ:(ent [294);w B Aﬂ}‘ defictent [152] humln clinical cases)

Test 0 2ml substrate + 0 05 ml sdditive are recalcified with 0 2
ml 0 025M CaCly After 1 hr in the case of the AHF tests andafter
% hr in the case of the PTC tests {see Discussion) 0 05 mlof 0 1M
s0d oxalate is added to check further prothrombin utilization 1 stage
assays are p on (1) the original mixtures and
(2) the serum after oxalation and centrifugation {to remove clots)
of in Table XXXVIL

Results Table XXXVII gives the experimental detalls and test
findings Using reference curves similar to those illustrated in Fig
ure 16 {I) but obtained from human (instead of dog) standard normal
plasma the 1 stage clotting times (c t at 37°C) are converted Into
the cited prothrombin {Pro ) values expressed as percent of these
normal standards

(v) 2Xigloalproly) serum pro(”)
P = original pro ()
The PTC control (0) showed no clotting within 30 min
{37°C} whereas all the additives caused Clotting well within that period
At the time u( these tests our substrate subject (R J ) did show some
but gave assays when the incu

batfons were rzstrl:!ed to %2 hr R J also presented another somewhat
complicating problem in that he had a small amount of inhibltor {ant{
PTC {294 152}) This made his plasma less sensitive in our essays
but stlll servicesble as the results indica

e AHF control showed a trace of cxo: in 22 min  whereas the

x 100
Discussion
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Experiment 33 (1948} Table XXXVI

Purpose To study further the role of trypsin in systems of actl
vating purified thrombin

Method Essentially similar to Experiment 32 including computa
tion of Tper * (of maximal )

Reagents Pro, D (ref [156]) another of Dr Seegers' pur!!led
bovine prothrombins 0 27 Tpln, D saline P {de
canted) from frozen dog brain (p 101} 0 1" Two amounts were
tested Tryp Same crystalline trypsin 40 units/ml T.M.'s all
contafn 4 ml Pro D + stated amounts of activators + borate buff to
total 5 ml vol

1 05mlBF {1%) +025ml TM incubated as stated

25°C
Results are given as 'percentage’ activation in Table XXXVI

Discussion

1) With Ca only activation is very slow and measurable only after
1-3 hr but is complete {1009} in 48 hrs

2) With trypsin alone activation is slow and poor with best throm
bin yleld (20%) in 6 hrs The decline polnts to & possib
thrombolytic action of trypsin

3} With Ca + trypsin a fairly good activation is noted with 1007
completion in 3 hrs

4} With Ca + tpln  at the higher concentration gave good thrombin
formation complete in 30 min This was used as the reference
standerd

5} With Ca + tpln  at the weaker (1/3) concentration was much
poorer and required as long as (I} viz 48 hrs to reach 100%

6} With Ca + tpln (1/3 str} + trypsin the activation was much
improved and complete in 3 hrs However this is only a lttle better
in the earlfer stages than in {111)

Concluslens (Experiments 32 33} Both the cited experiments
prove that the enhancing (accelerating) effect of trypsin upon the con
version of ‘purified prothrombin to mmmmn depends upon the pres
ence of other £ ﬂ!me]y lei and th lastin It 1s
particularly when the calci is ad: And the boplastin sub
optimal that trypsin (experlmzntally) shows its most marked effects
It may be further concluded with some slight reservations because of
the lack (and insuperable difficulty in } exact evid. that
these highly purified prothrombins still contain traccs of activator
impurities The differences in the results of the two experiments

while slight may be e that (1} Pro C
{Experiment 32) 1 trace of tn for the
trypsin to add anything ta the very minor e“ect (by and large) of added
calcfum whereas (2} Pro D {Exp 33) traces

of some thromboplastin impurity for trypsin to exert a very definite
effect with Ca  The further lddltlan of the weak (1/3 str ) tpln D does
not add much to the d th: tin 80 that its
ncluston (series VI glves Httle better activation than tn (11}
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imid buff sal before use Its proteolytic activity wae tested in Ex
periment 44 {p 182) Plat 10x washed frozen and thawed dog plate
lets prepared October 29 1952 {1} and frozen stored at 20°C T,
5 ml mi in 1 saline 0 1 ml eluate
01 ml AcG (1 5ail) + stated nts of ¥ , +
05ml 0 02M CaCly

Clotting tests 0 2 ml fibrinogen {dog) + 0 2 ml T M  after successive
incubation periods 27°C

Results These are given in Table XXXVIIl and show the following

1) with platelets as the only thromboplastic additive thrombin
formation is weak but unequivocal and yields a 303 ct end point in
30 min to about 35% of the p

2} with AHG a marked potentiation {s seen in the 5 min and 10min
tests The trace of fibrinogen in the AHF preparation caused a small
clot in T M (2) in about 4 min  This was removed and the mixture re
malned clear thereafter It is possibly the adsorption of a little throm
bin on this fibrin (removed) which explains the somewhat longer c t 's
1in the later tests of (2) The end point is at about 30 min as in (1)

3) a control with AHG only (no platelets} is very poorly activated
but does yield 2 164 2 c t in 30 min

4) with trypsin the potentlation is very marked Even after 1 min
incubation a 1555 ct was obtained whereas the other serles (1) (2}
did not give a clot in the 1 min incubate in over 2 hrs Moreover the
end point (35 7 ) was definitely hastened to a 10 min incubstion period

5} trypsin alone is very feebly thromboplastic with a trace of

1 still after for 1 hr {445 =)

6) trypsin enhanced the minor effect of AHG (in absence of plate
lets) in 10 20 min incubations but the 30 min end point {172 6 ) was
Af anything a very little inferfor to {3) Here again a trace of fibrin
ogen (less than in (2)) required removal after 7 min

Conclusion Antthemophilic globulln {AHG) 1s clearly able to 'po
tentiate the weak thromboplastic actlvity of an old {over 3% years!)
well washed (x10) frozen stored { 20°C) dog platelet suspension A
trypsin solution (from a stock 27 sol in 507 glycerol + borate buifer)
which had been p; in the ¥ g for over 1lyears
was an even more striking 'potentiator® of the platelet activity The ac
tons of AHG trypatn individually and in combination effect very little
thrombin formation in our eluate mixtures containing prothrombin pro
converttn PTC and added AcG + Ca but no added thromboplastin

Experiment 36 (1956) Table XXXIX.
urpose To study the of platelet th by

{1) fibrinolysin and by (2} weak thrombin

Method This experiment was performed on the same day {May 24
1956) by the same technique as Experiment 35 (p 108)

Reagents The salts including 0 02M CaCl, eluate (dialyzed
AcG (15 and platelet preparation were the sahe and wocd o) po same
amounts as in Expertment 35
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additives caused good clotting in less than 220 sec The 10% {1 hr }
prothrombin consumption in the AHF control {0) Is a severe deficiency
All the materials tested showed the presence of both PTC and AHF in
varylng degree

Conclusions Our 'prothrombin' reagents both {1} eluate and
(1) Howell type prothrombin are quite rich in PTC They also con
tain significant amounts of AHF about the same in the eluate and in
the Howell prothrombin In the case of the eluate this must mean
that some AHG 1s co adsorbed on the BaSO, and resists the distilled
water washings (p 71} The traces of PTC in the 'purified' AHG may
be due to the use of Al{OH)g 1In the preliminary plasma adsorption
This is not quite as effectlve as BaSO; in removing PTC That the
detected amounts of PTC were only traces is evident from considera
tlon of the concentration of the AHG tested {1%) In the AHC assays
a 0 001% AHC addition gave an almost ldentical correction as 1 10
normal plasma which indicates about a hundredfold concentration of
AHF in the stock 19 AHG solution

Addendum Later another PTC deficient case (W § ) presented
the opportunity for re testing of the Howell prothrombin andthe AHG
preparation This substrate in the control {0) showed a 379 pro
thrombin consumption in ¥2 hr at 379C A 1 10 normal plasma (DC F
p 107) corrected this to 807 whereas the AHG {1%) gave 96" and the
Howell prothrembin 100” This is excellent confirmation of the Ex
periment 34 data on an inhibitar free substrate It definitely confirms
the trace of PTC contaminant in the AHF preparation

7 TESTING OF CLOTTING FACTORS IN BLOOD PLATELETS

The clotting factors in blood platelets are reviewed on pp 43 51
The following experiments contain some new information besidescon
{irming some previously established facts Tests on the enzyme and
antl enzyme preparations used will be deferred to a separate section
(p 117} following the thrombin formation experiments

{7 A} THROMBOPLASTIC ACTION OF PLATELETS POTENTIATIOMN
BY {a) AHG and (b} TRYPSIN

Fxperiment 35 {1956) Table XXXVIII

Purpose To study the thromboplastic action of platelets and the
modifying effects of added (a) antthemophilic globulin (AHG) and
(b} trypsin

Method The two stage procedure on dialyzed eluate [see Table vi
as repeatedly used in previous experiments

Reagents Eluate (No 127) dialyzed as previously described
(p 81) AHC Dr R I Wagner's §88) 'puriffed’ preparation of
May 9 1956 described onp 77 Tryp: 2" trypsin {Fairchild Bres
& Foster N Y} In glycerol borate buffer (cqual vels | prepared
Jan 5 1945 (1) and stored in refrigerator at 4°C DIl 1100 with
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ments of this era [476] which sought to relate platelet finctions inthe
thrombin forming system with proteolytic enzymes and varlous antl
proteases will be rep d In the following

Reagents Some special testings of the enzyme and antl enzyme
preparations will be deferred to a later section (p 117}

Borate Duffer 11 25g H3BOy + 4g NagBaOs 12 H;0 + 2 25gNaCl
+ dlst water to 1 liter pH {glass electrode} 7 7 + 7 75 specific resfat
ance 170 ohms {at 219C} effective fonic strength © 055

Fibrinogen B F 1% borate buff sol of BaSO adsorbed bovine
fibrinogen (Armour's p 55)

Thrombins (a) Thr bovine thrombin (Upfehn s p 56} courtesy
of Dr J T Correll A 100 units/ml 'stock sol was prepared in
borate buff (b} Thr * A special type of thrombin was prepared for
one of the exp and will be in that connection{p 112}

Prothrombins Pro Several bovine prothrombins were made in
our own laboratories following the directions of Seegers et al {431]
However Dr Seegers kindly supplied us with a number of his own
highly purified preparations Our [156] extensive studies using
these products were reported in 1948 Excellent as Dr Seegers
preparatlons were they did show evidence of trace {mpuritfes the
control testing for which was an important part of our studies Oneof
these trace was active thrombin In the tests to be cited
1t should be mentloned that no prothrombin solution was used (withrare
dellberate exceptions which are stated) unless a preliminary test
(05mlBF 40 25ml Pro) ylelded no trace of clotting in longer than
30 min  Many of the experiments in the 1948 publication [156] were
made before the establishment of our modern knowledge of the accel
erator or co factors {proaccelerin or AcG syn factor V lablle factor
and proconvertin or SPCA syn factor VII stable factor etc| In the
later experiments particularly those about to be cited [476] AcG was
always added to our thrombin forming systems The only exception
was when studying the role of this particular factor

AcG  of bovine serum type was prepared and kindly supplied by
Drs Ware and Seegers A0 1% sol in borate buff showed traces of
prothrombin and very minute amounts of active thrombin but these
were considered to be non significant in the experiments cited It had
no thromboplastic effects (author s tests)

Thromboplastins Tpln, A was prepared by ourselves from
acetone dried dog brain a borate buffer suspension of which {0 25%)
showed & high degree of thromboplastic activity Tpln, B Schieffelin &
Co s Soluplastin {p 56] supplied through the courtesy of Dr E W
Blanchard was used In some tests

Ca 05M CaCly

Eibrinolysin Lysin: a'purified enzyme preparation from beef
serum [302] supplied through the courtesy of Dr E C Loomis (Parke
Davis & Co  Detrolt] 17 sol in borate buffer was prepared immedi
ately before use In later work we used our own dog fibrinolysin [291)

Antlfibrinclysin Afln a purified’ fraction from beef serum alsc
supplied by Dr Loomis [303] in November 1947 A 0 49 extract was
made with borate buffer and centrifuged from a conslderable residue
of insoluble material

Trypsin Tryp. A Crystalline trypsin ({rom pancreas) prepared
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Lysin A 43 month old preparation of (dag) serum fibrinolysin de
scribed onp 118 The 1 40 borate buffer dilution of this lysin was
taken from {rozen storage { 20°C) thawed and used in the experiment
te 0Olmiper 5mlTM

Thr Bovine thrombin (Upjohn's p 56) 0 1 units/ml in buff sa
line freshly prepared clotted an equal {0 2 ml) vol of test fibrinogen
{dog) in 6 min At the 1 50 dilution in T M (7} therefore there was
not more than 0 002 of & thrombin unit prr ml This extremely small
amount could not possibly add its own direct effect to the observed
clotting times The control (9) without platelets or enzymes serves
for hoth Experiments 36 and 15

Results are given in Table XXXIX and show the following Com
pared with {a) the negligible traces of activation (9) in the absence of
platelets and enzymes (which are practically without effect alone} and
with (b) the test (1) of Experiment 35 with platelets alene both the
aged fibrinolysin {8} and the very weak thrombin (7) give evidence of
a significant potentiation of the platelet thromboplastic action That
this is not more marked (as in Experiment 37 p 112 for instance)is
probably due to our use of rily weak additl Neverth
less the considerably shorter ¢ t 's in the 5 min test are quite mean
ingful

Conclusion Fibrinolysin and thrombin therefore are two other
agents with which we are able to demonstrate a 'potentiation’ of the
thr lastic action of platel [ ing the age {over 3% years}
of the platelet preparation a remarkable stability of the platelet throm
boplastin is manifest

Qlder Experiments In 1936 the author [126] performed some
clotting experiments with platelets extracts of the cornea and lens of
the eye (chosen because of absence of a blood supply) and prothrombin
activated by Ca and cephalin In retrospect these data do not seem to
merit inclusion among the much more types of experimen
tion in the present thesis except for mention of the fact that they led
to the formulation of a cephalin availability theory (see later) andthe
suggestion that prothrombin (the protein factor of the corgulant) may
accur in platelets cornea and lens as the possible result of dif
fusion from the blood stream via the lymph and tissue {luids inthe case
of the eye tissues

In the next decade only a few experiments were made with platelets
4 for cephalin) in the actl of Howell type prothrombin
in the presence of calcium These did not seem to offer anything new
Eagle & Harris' [112] experiments (1937) which suggested that trypsin
could coagulate blood by the same effect as the physiological system
Ca plus platelets lor Ca plus tissue extracts} inspired the present
writer to an extensive series of studies with trypsin and later other
proteolytic enzy including fibrinolysin (plasmin or tryptase ref
{143]) in an endeavor to learn more sbout thelr possible relations in
the bloo¢ clotting system

In the period 19471949 and suhsequently many experimental test
ings of platelets in artificial clotting systems were made by the author
and his graduate students notably B L Travis Some of the exper!
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Lysin A 43 month old preparation of {dog) serum {ibrinolysin de
scribed or p 118 The 1 40 borate buffer dilution of this lysin was
taken from frozen storage { 20°C) thawed and used in the experiment
ie Olmiper 5mlTM

Thr Bovine thrombin (Upjohn's p 56) 0 1 units/ml In buff sa
line freshly prepared clotted an equal {0 2 ml) vol of test fibrinogen
{dog) in 6 min At the 1 50 dilutlon in T M (7) therefore there was
not more than 0 002 of a thrombin unit per m1 This extremely small
amount could not possibly add its own direct effect to the observed
clotting times The control {9) without platelets or enzymes serves
for both Experiments 36 and 35

Results are given in Table XXXIX and show the following Com
pated with {a) the negligible traces of activation (9) in the absence of
platelets and enzymes {which are practically without effect alone) and
with {b} the test (1) of Experiment 35 with platelets alone both the
aged fibrinolysin (8) and the very weak thrombin (7) give svidence of
a significant potentiation of the platelet thromboplastic action That
this is not more marked {as in Experiment 37 p 112 for instance)is
probably due to our use of unnecessarily weak additives Neverthe
less the considerably shorter c t's in the 5 min test are quite mean
ingful

Conclusion Fibrinolysin and thrombin therefore are two other
agents with which we are able to demonstrate a 'potentiation’ of the
thromboplastic action of platel C ing the age {over 31 years}
of the platelet preparation a remarkable stability of the platelet throm
boplastin {s manifest

Older Experiments In 1936 the author [126] performed some
clotting experiments with platelets extracts of the cornea and lens of
the eye (chosen because of absence of & blood supply} and prothrombin
activated by Ca and cephalin In retrospect these data do not seem to
merit Inclusion among the much more types of ex
tion in the present thesis except for mention of the fact that they led
to the formulation of a cephalin availability theory (see later) andthe
suggestion that prothrombin (the protein factor of the coagulant) may
occur {n platelets cornea and lens as the possible result of dff
fusion from the blood stream via the lymph and tiasue fluids inthe case
of the eye tlasues

In the next decade only a few experiments were made with platelets
{ for cep } in the 1 of Howell type prothrombin
in the presence of calclum These did not seem to offer enything new
Eagle & Harris' [112] experiments (1937) which suggested that trypsin
could coagulate blood by the same effect as the physlological system
Ca plus platelets {or Ca plus tissue extracts) Inspired the present
writer to an extensive serieg of studies with trypsin and later other
proteolytic enzy lud. {pt or tryptase ref
[143]) in an endeavor to learn more about thelr possible relations in
the blood clotting system

In the period 1947 1949 and subsequently many experimental tegt
ings of platelets in artificial clotting systems were made by the author
and his graduate students notably B L Travis Some of the expert
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same prothrombin preparation In borate buffer which had been al
lowed to stand with CaCly for several weeks in the refrigerstor (4°C)
Tests showed that it was completely converted into thrombin since
incubation with thromboplastin and AcG gave no further enhancement
of its clotting potency Such a preparation seemed well chosen to
avold the {ntroduction of any factors except the thrombin unless per
chance there are some unknown factors in the (recaletfied) prothrom
bin {tself With these unsupported reservations we must conclude
that weak thrombin can act as a remarkable potentiator of platelet
thromboplastin  Since AcG is added this would not appear to be due
to the known effect {492] of thrombin in converting proaccelerin to
accelerin  Attempts were made to run controls without platelets
These showed only insignificant shortening of the clotting times in
the parallel test (O} without activators {except for the Ca} This cited
test (O} merely showed the trace of in the freshly p:
prothrombin solution and this could not be correlated with the weak
thromboplastic action of the platelets shown in (1} The added thr *
{p 111) (diluted) clotted a test fibrinogen in 750 sec when freshly
prepared but rapidly lost potency on standing in glass

The {ibrinolysin test {3) showed a potentiation of the platelet

effect y r that of thro:
even quantitatively similar in this partfcular experiment It is diffi
cult to test a ¥ for traces of because the enzyme

Iyses the test fibrinogen before it has a chance to clot with a very
wesk thrombin We did perform this control test however in the
presence of antiproteases (esp anti{ibrinolysin) which seemed torule
out this It i3 not possib to deduce a common
mode of action for these two agents {th

sin} with any factual knowledge currently available

and fibrinoly

Conclusion We present the experimental facts therefore which
prima facle indicate that {1} platelets have a weak thromboplastic ac
tlon in aystems such as those described and that (2} weak thrombin
2nd {3) serum {ibrinolysin each have a significant potentiating action
on this platelet effect Experiment 37 was even more satisfactory and
controlled than the recent confirmatory Experiment 36

{7 B} EFFECTS OF ANTIPROTEASES ON VARIOUS 'THROMBO
PLASTIC' ADDITIVES IN THROMBIN FORMING SYSTEMS

Preliminary Studies: These will be cited in later sections
These clearly established the following facts needed for interpretation
of the thrombin forming experiments
1 None of the antiproteases had any Inhibitory action on the
t)?;:,r;;bln fibrinogen reaction (see Experiment 43 p 117 and Table
11 In higher concentrations than those selected for the presentex
periments trypsin was thrombinolytlc and Loomis' fibrinolysin very

(;:bly 20 requiring several days in order to
this

L1 Again In too high enzyme concentrations to be significant inthe

Present experiments & question of prothrombinolysts might arise
430301  However Dr Lewls Ann C Howe and the author [299]
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and supplied by Dr M Kunitz [323) {Rockefeller Institute Princeton
N J) whose 'units' of activity are cited [353] Tryp. B a very sat
istactory commercial trypsin (Falrchild Bros & Foster N Y1) of
which a stock 2% solution was made in 50% glycerol and borate buff
(i e equal vols}

Anti_proteases {Trypsin inhibitors) For antifibrinolysin see
above P.,I, pancreatic inhibltor (antl trypsin} highly purified (Lot
P-A 97-1} Sharp & Dohme Labs courtesy of Dr L A Kazal (¢!
[353)) S$.B.1, soybean inhibitor a crystalline preparation kindly
supplied by Dr M Kunitz [272] {see above) N,B,L: a re purified
navybean inhibitor (see p 117} kindly supplied by Dr D E Bowman
[59{ (Indlana University)

All these antiproteases were prepared in a 0 17 solutlon in borate
buffer The S B1 was diluted to 0 01% before use Special testings
of the antiproteases will be cited later (p 117)

DPlatelets (Plat) cf p 54 Well washed platelets were obtained
as follows 100 ml dog blood was collected into 13 ml of 3 4 trisod
citrate Repeated centrifugings for a few minutes at 1000 rpm in
the International Refrigerated Centrifuge were performed until red
cells were no longer visible {n the sediment The ‘platelet rich'
plasma was then centrifuged for 30 min at 5000 r p m and the plate
let sediment resuspended and well washed at least three times by
thorough mixing with successive 50 ml lots of 0 9% NaCl containing
1/8 vol 3 4% sod citrate (we later used Triton'p 54} and a final
washing in plain saline The final suspension concentrated in 1-2ml
saline was examined microscopically Wright stained smears re
vealed only granular platelet material with no leukoeytes and only a
rare erythrocyte

Experiment 37 (1949) Table XL
Purpose (as In Experiment 36} To study the thromboplastic action

of platelets and its p by (A) weak and (B} fibrino
lysin

Method A two stage system similar to previous testings of throm
bin formation

T,M,: 5 ml vol contalning {(with borate buff } Pro + AcG + Ca +
plat  with and without thr,* (p 111) or lysin

Clotting tests at26°C O0SBF +025TM

Results These are shown in Table XL

Discussion This experiment is one which we have many times re
peated to show the much better thrombin formation fn & system of
purified Pro + AcG + Ca + platelets when a tiny trace of thrombin is
also added (test 2) It must remain an open question whether a test
system completely devaid of thrombin {even minutest traces) might
someday be obtainable and fail (?} to activate with platelets and Ca{in
the presence of proconvertin AcG etc ) Pending such a finding it
seems to be established that platelets are an incomplete' thromboplas
tin which can be potentiated by thrombin The thr * used in Experi
ment 37 was a special preparation In fact it consisted merely of the
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same prothrombin preparation in borate buffer which had been al
lowed to stand with CaCly, for several weeks in the refrigerator i4oC)
Tests showed that it was pletel rted into thrombin since
incubation with thromboplastin and AcG gave no further enhancement
of its clotting potency Such a preparation acemed well chosen to
avold the tntroduction of any factors except the thrombin unless per
chance there are some unknown factors in the {recaleified} prothrom
bin itself With these pp! d reservatl we must Tud
that wesk thrombin can act as a remarkable potentiator of platelet
thromboplastin  Since AcG is added this would not appear to be due
to the known effect [492] of thrombin {n converting proaccelerin to
accelerin  Attempts were made to run controls without platelets
These showed only insignificant shartening of the clotting times in
the parallel test (O} without activators {except for the Ca) This cited
teat (O) merely showed the trace of thrombin In the {reshly prepared
prothrombin solution and this could not be correlated with the weak

action of the p shown in (1) The added thr *
{p 111) {diluted) clotted a test {ibrinogen in 750 sec when freshly
prepared but rapidly lost potency on standing in glass

The {ibrinolysin test (3) showed a potentiation of the platelet
fect that of

even quantitatively simitar in this particular experiment It is difft
cult to test a fibrinolysin for traces of thrombin because the enzyme
lyses the test fibrinogen before it has a chance to clot with a very
weak thrombin We did perform this control test however in the
presence of antiproteases {esp antifibrinolysin) which seemed to rule
out this possibility It is not possible theref to deduce a
mode of action for these two dissimilar agents {thrombin and fibrinoly
sla} with sny factual knowledge currently avallable

Conclusfon We present the experimental facts therefore which
prima facie indicate that {1) platelets have a weak thromboplastic ac
tion in systems such as those described and that (2} wezk thrombin
and {3) serum each have a ' action
on this platelet effect Experiment 37 was even more satisfactory and
controlled than the recent confirmatory Experiment 36

{7 B) EFFECTS OF ANTIPROTEASES ON VARIOUS 'THROMBO
PLASTIC ADDITIVES IN THROMBIN FORMING SYSTEMS

Preliminary Studies These will be cited in later sections
These clearly established the following facts needed for interpretation
of the thrombin forming experiments

1 None of the antiproteases had any Inhibitory action on the
th':%n;bln fibrinogen reaction (see Experiment 43 p 117 and Table

1

Il In higher concentrations than those selected for the presentex
periments trypsin was thrombinalyte end Loomis’ fibrinolysin very

l::hly 50 requiring several days 11 order to d
this

I Again {n too high enzyme concentrations to be significant inthe
Ppresent experiments a questlon of prothrombinolysis might arise
430301 However Dr Lewis Ann C Howe and the author [299]
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could not confirm this but found instead 2 marked susceptibility of
AcG to the proteolytic actions of {ibrinolytic enzymes

IV When thrombin formation is very slow and weak it 1s possible
to encounter {ibrinogenolysis by the enzymes before the weak throm
bin has a chance to form a clot In fact this is indeed one of the au
thor's [137] methods for assaylng trypsin and other fibrinolytic pro
teases at high dilutions as will be {llustrated in Experiments 44 and
45 pp 117 and 11§ respectively

V There are ve T ¥ and the
respective enzyme inhibitors which must be worked out and observed
[291 292] Furthermore the enzyme inhibitors act in different ways

292] and some of them require & time period hence pre Incubation

with the enzyme in order to exert significant antiprotease effects
This pre incubation {s indicated by an asterisk {*} with designation of
the ant{ enzyme used

All these conslderations were carefully tested before using the
previously described {pp 111 112) reagents in the following groups of
tests

Experiment 38 (1948) Table XLI

Purpose To test antiproteases on platelet and trypsin additivesin
the thrombin forming system

Reagents Plat 01 mlconc suspension{p 112} Tryp : 0017
Kunitz's crystalline trypsin {p 111) 03 ml P, 017 pancreatic
inhibitor {p 112) 01 ml Afln 47 Loomis' antl fibrinolysin {p 11I)
03ml Pro 017 Seegers prothrombin (p 111) 02ml AcG 01"
Ware and Seegers’ serum AcG(p 111) 02ml Ca 05ml005M
CaCl 5
Method and Results These are shown in Table XLI They
a ate (1} week thr stic action of pl 3 (2] larly
weak thromboplastic action of trypsin alone; (3} marked potentiation
of thromboplastic action when trypsin is added with platelets (4) in
hibition of the last by P I and {5} similar inhibition by Afln*

Clot lysis This was followed over 3 weeks in these experiments
It was noted in 3 days in {2) but was completely inhibited by the plate
lets {3) as well as by the antiproteases (4 5)

Experiment 39 (1948 Table XLII

Purpose To test antiproteases on platelet + fibrinolysin additives
in the thrombin forming system

Reagents Same as in Experiment 38 except for {a} use of 0 4 ml
0 5% Loomis fibrinolysin (p 111) instead of trypsin and (b) additional
test with 0 2 ml 0 017 S B I {soybean inhibitor p 112}

Method and Results These are shown Ir Table XLII

Test (1) of Experiment 38 {Table XLI) was also the

Discussion the additional tests in Experiment 39

control with platelets alone for
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{Table XLIN (6} the fibrinolysin alone had a very weak thromboplas
tic effect as compared with the control {11} In which Ca and AcG
alone c-ulzd no detectable lhrnmbln in tests wltched for 12 hr
{7 th d the platelet throm
buplntlc actlon nppnrently Itke trypsin did in tests {3} of Table XLI
(8) Unlike the trypsin experiment (4) however P 1 did pot inhibit
this action of fibrinolysin (9} Nelther was AfIn* able to cause any
of the action agaln
from the corr trypsin experiment {5) 5 B 1 (10}
seemed to inhibit in the earlier phases although much less so later
1t will be shown (p 116) that this can be explalned as due to a dlrect
ant{ thromboplastic action of the § B I itself Infact it 1s some
what significant that this was eventually largely overcome by the fi
brinolysin preparation

Experiment 4¢ (1956) Table XLII

Purpose To test antiproteases in thrombin {orming systems in
which the th are {I} only (II) plate
lets + antihemophilic globulin

Reagents Eluste dialyzed (p 81): to provide prothrombin pro
convertin PTC etc (0 2mlper Sml TM}
Plat 02 ml of a new preparation of human platelets {normalj
p 54

AHG: Dr R H Wagner s antih globulin p;
described on p 77 (0 2 ml)

S.B.Lt 01 mlof anew 017 borate bult=r solution of crystalline
soybean w Lab Freehold N J)

EL Dr L A Kazal's pancreatic inhibitor preparation (p 112)
01ml o( 17 sol in borate buffer

*:i Dr D E Bowman's re purified navybean inhibitor pre

pumon {p 117 01mlof017 sol inbor buffer

Afln*; Dr E C Loomis 1947 preparation (p 111} A 047 two
day old extract (freed from insoluble material) in bor buff 0 3 ml

The last two lnhlblmxs were pre lncubnttd for 15 min at 280C
with the

P

1} o
T.M. st Made up to 4 5 m! with hornlc butfer and then activated
with 0 5 ml g 94M CaCl,

Results These are given in Table XLIII They reveals
T (1) Platelets alone were significant activators
(2) SB1 was y (anti
pectally in the earller phases of activation
(31 Pt and (41 N BI* were not inhibitory A very minor im
provement was hardly significant
(5) Afln* was distinctly {nhibitory but whether thiy was due to
the very old preparation could not be determined as the last of this
material was used up in this test
1 (6) AHG cauaed the same important potentlation {? thrombo

plastin generation) of platelets as with cephalin {see test 7 Table X
Compare with test (1} eble 3

astic) es
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could not confirm this but found Instead a marked susceptibility of
AcG to the proteolytic actions of {ibrinolytic enzymes

IV When thrombin formation 1s very slow and weak 1t is possible
to encounter fibrinogenclysls by the enzymes before the weak throm
bin has a chance to form a clot In fact this s Indeed one of the au
thor's [137] methods for assaying trypsin and other fibrinolytic pro
teases at high dilutions as will be {llustrated in Experiments 44 and
45 pp 117 and 118 resp:ctlvely

V There are hips b andthe
respective enzyme inhibitors which must be worked out and observed
izn 292] Furthermore the enzyme inhibltors act in diiferent ways

292) and some of them require a time period hence pre fncubation

with the enzyme in order to exert significant antiprotease eftects
This pre incubation is ind! d by an ik {*) with d of
the ant! enzyme used

All these considerations were carefully tested before using the
previously described (pp 111 112) reagents in the following groups of
tests

Experiment 38 (1948) Table XLI

Purpose To test antiproteases on platelet and trypsin additivesin
the thrombin forming system

Reagents Plat 01mlconc suspenslon {p 112} Tryp :0 019
Kunitz's crystalline trypsin {(p 111} 03 ml B, 0 1% pancreatic
inhibitor {p 112) 0 1ml Afln 4" Loomia® anti fibrinolysin {p 11}
03ml Pro 017 Seegers' prothrombin {p 111) 02ml AcG 017
Ware and Seegers’ serum AcG{p 111} 02ml Ca 05ml005M
CaCl 3

Method and Results These are shown in Table XLI They
demonstrate {1) weak thromboplastic action of platelets; (2} similarly
weak thromboplastic action of trypsin alone (3) marked potentiation
of thromboplastic action when trypsin {s added with platelets; {4) in
hibition of the last by P 1} and (5} similar inhibition by Afln*

Clot 1ysis This was followed over 3 weeks in these experiments
It was noted In 3 days in (2} but was completely inhibited by the plate
lets (3) as well as by the antiproteases (4; 5)

Experiment 39 (1948} Table XLII

Purpose To test antiproteases on platelet + fibrinolysin additives
in the thrombin forming system

Reagents Same as in Experiment 38 except for (a} use of 0 4 ml
@ 5 Loomis fibrinolysin {p 111} Instead of trypsin and (b) additional
!est with02ml 0 01% S B 1 (soybean inhibitor p 112)

Method and Results These are shown ir Table XLII

slon Test (1) of Experiment 38 (Table XLI) was also the
?oinsc:o‘: 5with platelets alone for the additional tests in Experiment39
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future Qualitatively atleast platelets seemed to be potentiated by
trypsin in very much the same way as cephalin [149] (p 105) andweak
thromboplastin [156] (pp 105 106) were We concluded that there was
an important common denom!nator {n these comparisons It could be
a common thromboplastic phospholipid mobllized or made avatlable

1o an enhanced degree by the disaggregating (Pope [379] cited [138])
action of the proteolytic enzyme Such an idea fits the author's ceph
alin availabllity theory and could explain the significance of tnrom
boplastic enzymes' lke trypsin {ef p 104)

{7 C) CONTROL TESTING OF ENZYMES AND ANTIPROTEASES
Experiment 43 (1948) Table XLVI

Purpose To show that antl proteases have no significant effecton
the thrombin fibrinogen reaction

Method Timing of the clotting of a test fibrinogen with pre incu
bates of thrombin and the various antlprotease preparations 2 ml
thrombin (bovine Parke Davis & Co s thrombin topical p 56

5 units/ml} 4+ 2 m! antiprotease (or borate buff 1in control} incubated
for periods of 1+ min to ! hr and 0 5 ml samples of mixture tested
on05mlBF Armour s (1¥) p 55

Results These are given in Table XLVI They were negative with
regard to any significant effects of (1) PI (p 112) 017 {2) SB1I
(p 112) 00057 (3) N B1 (below Experiment44) 001” (4} Afln
{p 111} 01 even with an hour s pre incubation with the thrombin

Experiment 44 (1956} Table XLVII[A}

Purpose To demonstrate proteolytic actlvity in a long preserved
{311 yr ) trypsin preparation and to show its inhibition by two types
of trypsin inhibitors

Method The
author [137] 1n 1943

riginally described by the

Reagents Borate buffer pH 77 {p 111) Thr bovine thrombin
{Upjohn's p Sg) 20 units/ml B.F, 17 bovine fibrinogen {Armour's
BaSO, treated p 55

Tryp The >11yr old {commercial) trypsin preparation usedin
Experfment 35 {(p 10€) The 27 stock solution was dituted 100x with
borate buff

N.P.L a highly purified (reprecipitated with {NHy}3504) antipro
tease from navy beans prepared by Dr D E Bowman [59] andkindly
supplied us n 1948 A fresh 0 17 ‘solution of the dried preparation
was made up in borate buff

E.L Ahighly purififed pancreatic trypsin inhibitor prepared Jan
uary 2. 1948 (Lot No P A 97 1) by Dr L A F azal {Sharp and Dohme
Labs  Glenolden Pa) Fresh 0 17 solution in borate buff

LM, {lysing mixture) 1mIBF +05mltryp +0 5 ml inhibitor
incubated at 28°C  with testing of 0 2 m! samples at Intervals on adding
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. {7) 3 B1 weas very antithromboplastic in thls mixture alse
et (2))
{8) PI and (3} N B I * were non inhibitory

Lxperiment 41 (1948} Table XLIV

Purpose To test antiproteases in thrombin forming systems act!
vated by Ca and tlssue thromboplastin

Reagents and Method Same as {n Experiments 38 and 39 ex
cept for use of 0 5 ml tpln, A lp 90} as the only thromboplastic addi
tive

Results These are given in Table XLIV They show:
{1} Marked activatfon with this strong tissue thromboplastin
{2) Its complete inhibition with S B1  an Important control {ind
ing (¢f Experiment 39)
{3} Nvo inhibition by P 1  and (4) none by Afin *

Experiment 42 (1956) Table XLV

Purpose To test antiproteases in thrombin forming systems ac
tivated by Ca and cephalin

Reagents and Method Same as Experiment 40 (I} namely us
ing dog eluate {prothrombin etc ) AcG borate buffer but substituting
01mlo0 1% cephalin {p 71) for the platelets

Results These are given in Table XLV They reveal

{1) Satisfactory activation by the cephalln

(2 SBI (p 112 01mlof 01" solution) agatn antl
plastic lgg tests {2) and {7) Table XLHI and test (2) Table XLIV)

(3) PI {p 112 01 mlof0 1% solution) was not inhibitory neither
wast4) NBI*({p 117 01 mlof 0 1% solutlon}

General Discussiop of Fxperiments 38 42 Of thevarl
ous antiprotecases tested the saybean inhibitor introduced 1
tions because of ity direct ant! thromboplastic effects apainst plate
lets (Experiment 40 (H) or platelets + AHG {Experiment 40 (1)}
Hssue th: 41} or cephalin {Experiment 42)
The others were rellnble inhibitors of the enzymes trypsin and fibrin
olysin in the systems studled and had no significant antithromboplas
tic effecta of their own Antilibrinelysin in Experlment 40 {I) was a
questionable exception Inhibition by antiproteases of the platelet
thromboplastin potentlating action of trypsin was good evidence that
this phenomenon depended upon the proteolytic actions of the pancre
atic enzyme On the contrary the appa 1y sfmilar (to
platelet (hrombaylasun) effects of fibrinolysin were not removed by
antlpr to suppress all proteolytic action
This unexyected difference could not be explalned except by postulating
some unknown factor in the enzyme preparatl

that it might be the 'Hagemuan factor® [401] was noxcd |p 26} in the
{ntroductory section but further exploration of this must awalr the
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excellent degree of activity and was judged suitable for the tests with
platelets in Experiment 36 The sin was also satisf, y
Similar tests were made with the enzyme systems used in the 1947 49
experiments previously clted

{7 D} FIBRINOLYTIC PHENOMENA AND PLATELETS

The use of borate buffer with its mild bacteriostatic effect proved
very valuable as & preservative In our earlier [156] prothrombin
activation experiments and enzyme studies {ref [29 5’) In these ays
temns it was often le to weak fibrinoly y
requiring days or werks to produce clot lysis We shall cite only those
fncidental observations which pointed to certain relationships of the

pl s to pr ¥t Chief among these was the demon
stration of an antiprotesse in par noted in the inhi
bitlon or retardation of {ibrinclysis by trypsin This is evident in the
clot Jysts data of Table XLI (Experiment 38 p 114) References to
platelet anti fibrinolysin® are glven on p 51 We had cbserved it in
Experiment 39 and other similar experiments in 1947 49

(7 E} THE 'AcG LIKE' FACTOR IN PLATELETS [476]
Experiment 46 (1950} Table XLVIN

Purpose Totest for an accelerator factor in washed platelets
vsing an AcG poor prothrombin activated by Ca and a strong tlasue
thromboplastin Comparison with varying concentrations of Ware &
Seegers' AcG preparation

Method The usual two stage technique (1) without added AcG
(2) with platelets and {3) and {4) with varying concentrations of added
AcG

Reagents Pro One of Dr Seegers highly purified bovine pro
ok Tupl .

Tpln, (p 56 Plat p 112 AcGip It
I M/'s asdescribed in Table XLVII

Results These are given in Table XLVIII

Discussion The poor thrombin formation in {1) with tpln only
ind: the in the chosen p:

(2] platelets were found to have only a little effect Since there was
already a strong thromboplastin present this small effect could have
been due to some 'AcG like' factor in the platelet preparation Com
parisons with the two additfons of ‘purified serum type AcG (3 4} sug
gested that this platelet factor was roughly comparable to what amounted
to a concentration of only 1:2 500 000 in the final thrombic mixture or
1 100 000 eq vols o and AcG Qv as to the
1ability of 'platelet AcG' during the manipulations of platelet prepara
tion were difficult to answer We have found signiftcant amounts of
Platelet AcG In our more recent {1952 56} clinical routine tests dis
cussed later (see Table LII)
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to 0 2 ml Thr Successive prolongations of the clotting time indicate
the rate and extent of the fibrinogenolyasis
Note The P I acts immediately and is added fust before the tryp
ain The NBI* on the other hand resembles serum fibrinolysin in
requiring a period of time to {nhibit the proteolytic enzyme [292)
Hence 20 min pre incubation of N B I with trypsin was allowed be
fore adding the fibrinogen Borate buff was used to make up the2ml
L M vol as needed
ncuhnte!
1) Control without enzymes
2} Trypsin Alonci
3) Tryp +NBI
4) Tryp + P!

Results These are given tn Table XLVII[A} They clearly show!
1) stability of fibrinogen in buffer {control)
2} marked fibrinogenolysis by the diluted old trypsini
3) complete nhibition of lysis by the NB 1%
4) almost complete inhibition also by the P 1

Conclusions This experiment affords nce of the r kabl
stability of trypsin at ordinary refrigerator temperatures {4°C} in
glycerol borate buffer {equal vols ) solutfon It indicates sultability
of this old enzyme preparation for the spectal platelet potentlation
tests of Experiment 35 (p 108) and ant! heparin Experiment 47

{p 120} Similar tests were made on this preparation and on crystsl
Iine trypsin solutions prellminary to the 1947 1949 experiments

(p 111 gt seq)

Experiment 45 (1956) Table XLVIHE)

Purpose To test the proteolytic actlvity of an old { > 43 months)
dog serum fibrinolysin preparation and ity inhibition by antiproteases

Method The fibrinogenolytic technique [137] as used in Experi
ment 44 also employing the same reagents except for: (a) replacing
the trypsin by lysin a purifted’ fibrinolytic enzyme (plasmin or tryp
tase) from dog serum prepared by Dr Jessica H Lewls and the au
thor [291] October 29 1952 A 1:40 dilution in borate buffer had been
preserved frozen at 20°C {b) Afin (0 47 in borate buff ) was pre
pared by 2 day extraction at 4°C of a November 1947 dried anti
enzyme preparation of Dr E C Loomis {see p 111}

Data Thesc are shown iz Table XLVINB] They demonstrater

1) Stability of the control fibrinogen (buffer only}

2) Marked fibrinogenolysis by the old enzyme sclution complete
n 10 min

3) Inhibition of proteclysis when the enzyme was pre {ncubated for
15 min with 019 NBI* (equal 0 5 ml vols )

4 Stmilar inhibition by Afln * (also pre Incubated 15 min withthe
lysin)

Conclusfon This dilute enzyme preparation also preserved an
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hence restore the platelet (+ enzyme) thromboplastic activity was
very strikingly demonstrated by these tests

(S} The trypain alone was only weakly thromboplastic This
strongly suggested that the activity which was released from the
heparin inhibition by trypsin was not that of the enzyme itaell but
must have come from the platelets

(6) The strong tissue thromboplastin {Soluplastin) was alac able
to overcome the inhibitory effects of heparin In this thrombin forming
system  This agaln confirms our 1939 Experiment (29 p 100 tests
5 6)

Discussion Unlike our earlier experiments (29 31) which used
excesslve amounts of heparin as commented upon on p 104 the
present study (E: 47) ploy ations of heparin
which might be compared favorably with those in the therapeutic or
physiological range Hence {t is particularly convincing that such
amounts of heparin were able so completely to inhibit the thrombo
plastic action of platelets in cur sultably chosen thrombin formtng
system  Inability of this heparin however to antagonize tissue
hromb or trypsin + platelets was equally significant evi
dence of the much greater potency of these thromboplastins

Conclusions The foregoing data not only suggest {1) that the
usual anticoagulant effects of heparin are intlmately assoclated
with {nhib, of the P function of but also
(2] that platelets are much more skin to a simple phosphatide

{? cephalin) as In Experiment 29 than to ordinary preparatfons of
tissue thromb s o

y exist and an 1y weak tisspe th.

would closely resemble platelets and cephalin in these experiments
However we do believe the facts line up behind the postulates of
our 'cephalin avallability theory (See p 143)

{7 G} ANALYTICAL FRACTIONATION OF PLATELETS

This line of investigation was not pursued in this thesis The
Teader may be referred to current work in this fleld by Dr W H
Seegers of Wayne University Detrolt; but the brief reference we
have given to this on p 49 will have to suffice The one group of
analytical data with which the present writer had some connection
was that of Mrs Betty Nims Erickson and collaborators in the
1940 5 cited on P 44 From these we wish to reiterate the impor
tant finding {alse credited to Chargatf {78] onp 44) that acetone

Insoluble phaspholipld or cephalin s & mafor fraction of the
latelet 1ipidg

17 H) QUESTION OF A *FIBRINOPLASTIC FACTOR IN PLATELETS

N The author & [134] term 'fibrinoplastic {see p 17) for factors
which accelerate the th reaction through some
“:" tpecific colloidal or surface effect would seem to be appropri
3te for such action of platelets (? fractions) as that clalmed by

Were Fahey & s
{eecp 53] Y eegers [490] and allegedly confirmed by others
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Conclusion These early experiments led us [476] (see p 50} te
wonder whether the 'AcG like! factor described by Ware Fahey &
Seegers {450] was a genuine platelet component or might merely be
adsorbed onto the platelets from the plasma [222]  Our tests which
will not be cited in detall indicated the platelet accelerator to be of
the plasma AcG type or proaccelerin [see p 26) More abovt platelet
analyses for this factor will be given later in data on clinical cases
(P 130)

(7 F) EFFECTS OF HEPARIN ON THROMBIN-FORMATION BY
(I} PLATELETS; (I) PLATELETS + TRYPSIN; OR
(111} TISSUE THROMBOPLASTIN

Experiment 47 (1956) Table XLIX
Purpose To study heparin tnhibition of the thremb 1c actlon

of {I) platelets and differences from (II} platelets + trypsin and
(1) tissue thromboplastin

Method Essentially the usual method IIf two-stage technique of
following thrombin formation with slight modifications of volumes to
control for the heparin earried over into the thrombin fibrinogen
{clotting test) mixtures

Resgents Eluate (dlalyzed No 127) p 75 was used to provide
prothrombin proconvertin etc 02ml/5Sml T M

Plat Human platelets (p 54} ¢ 2 ml

Tryp 1 05 ml of » fresh 1 100dil with im{d buff sol (pH 7 3)
of the 11 yr old stock (27) trypsin described on p 8

Tpln ¢ 0 2 ml 'Soluplastin® (p 56)

Ca 004M CaCl,

Hep : Imid buff sal dilutions of heparin ('Liquaemin Organon
Inc (Hoffrman LaRoche] Orange N J) 05 ml of 2 units/ml hep in
T M (bserfes): 01 ml of 0 2 units/inl hep in (c) series of fibr +
TM tests

's and clotting test mixtures {0 2 ml {ibrinogen {dog) +0 Iml
(a) 0 2 units/ml hep or imid buff sol +0 1 ml T M): are described
in the caption of Table XLIX

Results (Table XLIX} show in:
fcall

2) pr of platelet thromboplastic activ
ity by heparin In concentratfon of 0 2 units/ml in the thrombin forming
mixture

{1 a £ was the appropriate control supplying the same final con
centration of heparin namely 2/4 of 02 = 0 1 untt/m] ag in (2) tests

(1 2 d) with no heparin were only a little better than (1 a ¢}
thus showling that the effects of heparin in the concentrations tested
were very minor on the thrombin fibrinogen reaction

{3) the significant trypsin p of the b {c action
of platelets again confirms the data of Experiments 35 38 The only
difference was that in Exp:ximeln! 47 the final clotting tests wereper

ce of heparin
!om;:)d ‘Li‘rl‘::h:bﬁite;zr{l trypslnpm overcome the heparin inhibition and
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original {0 ) value The rapid drop in the platelet counts thereafter
probably represents chiefly the r al of p by gl

in the {ibrin clot (B) The hemophilic blood started lotting in 23 min
Averaging the 4 5 and 7 min tests the platelet count had fallen in
this time to 76 only {137 3/182) of the original {0 ) value The pre
clotting 10 15 min perlod fe 3 observations gave a similar value
viz B7* within the 'experimental error Only after clottingwas
there an abrupt fall {n the platelet count suggeating removal of the
formed elements entangled in the {lbrin clot

Conclusion There seems to be 2 significant preservation{80+47)
of platelets during the longer pre clotting perfod in hemophilic as
compared with normal (32%} human blood This could reflect a dimin
ished ‘utllization’ of platelets in the pre clotting phase of hemophilic
blood Platelet counts after the onset of clotting are not significantly
different and in all probsbility depend upon platelet removal by en
tanglement in the fibrin clot

8 DARK FIELD MICROSCOPIC OBSERVATIONS OF PHOSPHOLIP
ID5 PLATELETS AND OTHER FORMED ELEMENTS OF THE
BLOOD AND BONE MARROW

{8 A} FOREWORD

Sledentopf & Zsigmondy {441] applying the optical principles
warked out by Abbe and Helmholtz firat used the dark field methodof
microscopy "It was quickly applied to the study of living cells and
micro organisms by numerous investigators in Germany France and
elaewhere The early history of its use for study of the blood was e
Viewed in 1913 by Aynaud and Jeantet [27] Aynaud [ 24 25 26] used
it as well as ordinary miscroscopy in a monumental study of the al
teratlons of the blood platelets in & work which deserves far more
than it has tved by tonal brief mention in the

more madern reviews [411 415} ~Stubel [459] 1n 1914 gave some
800d descriptions of the dark field appearances of platelets with ex
cellent Photomicrographs The present author demonastrated cellular
2nd clotting appearances in a drop of human blood preserved at body
temperature under the dark field microscope before the British Asso
clation for the Advancement of Sclence meeting at Cape Town in 1929
;fhis inltiated an interest pursued from time to time over many years
Itading to publications (n South Africa [122] and tn America (124 139]

e ln"hwlng account summarizes those observations relating to the
role of ph in the us of p and other formed
elements which occur after withdrawal from the body It is original
more particularly in the novel explanation which 1s arrived at froman
analysls of the data reviewed

{8 B) PLATELETS

1 Alteration quring blood coagulation {Figure 18)

':"c"h‘;d A simple small drop of finger prick blood 1z placed on a
TuPulously clean slide and spread thinly with gentle pressure from
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B L Travis and the present author in 1947-49 (p 115 of ref
[476]) were unable to demonstrate any significant effect of {dog) plate
lets on the thrombin fibrinogen reaction

Exp iment 48 (1956) Table L

Purpose Tore study the elfects of adding platelets to thrombin
fibrinogen mixtures

Reagents Plat 0! mi of normal human platelet suspension
(pp 54 112) Thr bovine thrombin (Upjohn's p 56) 0 1ml of
serial dilutions with imid buff saline [p S6) of 20 unit/m! stock
solution Fibr 0 2 ml of {dog) BaSO4 treated fibrinogen (p 55

Method Clotting_times {sec) at 26°C of thr + plat {or buff sa
Hne in controls) + fibr

Results are givenin Table L They show no significant effectsof
the platelets (1) as compared with the centrols (2)

Discussion The tests were meticulously performed The dupll
cation of values in repetition of the last two measurements indicates
the ins}, perimental error E: y similar results
were obtained with the 3%z yr old dog platelet preparation described
onp 95

Concluslon We are unable to confirm any fibrineplastic' action
of platelets and wonder whether such findings by other workers may
not be the result of some alterative (? denaturation} phenomena
natured proteins often do have some effects on the thrombin-fibrinogen
reaction [60]

{7 ) PLATELET UTILIZATION DL RING CLOTTING

Fxperiment 49 {1955} Table LI

Purpose To investigate the rate of disappearance of platelets dur
ing the clotting of (A} normal and (B} hemophilic bloods

Method Bloods were collected by clean puncture of the antecubital
vein using No 20 new needle and siliconized syringe {I) was Immedi
ately placed In a siticonized tube at 379C and samples pipetted off

at the stated intervals {Table L)) into a serles of siliconized red cell
hemocytometry pipettes and the platelet counts [62] made as soon as
practicable thereafter (I 4 5 m} of blood was mixed with 0 5 ml 0 IM
sod citrate in a siliconized pyrex bottle and held at 37°C until the
control period when its platelets were counted as usual

Results are given in Table LI
Data (A! The normal blood clotted soon after removal of the 6 min

fore clotting th
le Averaging the 5 and é min tests ie just be g the
;1’:?5:1 count hgd dropped in this time to 104 5/320 = 3215% of the
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11 far more common {or them to remain for hours either anchoredto
the residue of the platelet body or occasionally bresking away and
floating free  The clubs and filaments are eaventislty similar to the
vesicles except in shape and in the lack of particulate contents They
are very delicate and ovcillate vigorously with the jerkiness of typicel
B v They freq y become hed The feebly
Tefractile double contoured {ree wriggling filaments sre charscter
istic objects They often ndhere to red ceils and other objects We
suggest as did Graszberger {472] for the erythrocyte filsments {see
P 128) that a number of observers {n the pant have mistaken these
for splrochactal (or other] micro organiams and errcneously tried to
€xpinin certaln diseases (e g Hodgkin's disense rheumatotd condt
Hons etc | na ‘infections® with such agents

From the body of the platelet we {1Z4] huve seen on one occasion
during the earlier phases of aiterstion » single bright particle jerking
in and out of the parent element In & manner resembling the agonal
movemants of the granules in dying leucocyte fragments &g described
by the suthor {122] tn 1930 This could be regarded an evidence that
the platelet {s & necrobiotic cellular {see megakaryocytel fragment
Such outline of the bady of the platelrt as may remain visible after
formation of the Yexcrescences' exhibits delicpte form changes for a
shert time but goon ceases to be diatinguishable especially when sev
eral pl * adhere together The ultimate result of platelet altera
ton is the formation of an adherent granvlar matrix of large and small
perticles in which body outdines sre no longer visible Adhering tothe
B3 are numerous vesicles clubs and filaments end often several
ibrin needles (see Figure 1 of [124])

2 Aggiutinarie

' This charscteristic phenomenon of normal platelet alteration was
irst described by Hayem {213 214} in 1877 1878 and especially stud
1ed1n 1917 by I H Wright and G R Minot {»11] under the name

‘w;za:zm metamorphatis cofned by Eberth & Schimmelbusch {2113} tn

Under the datk feld microscope it fs seen that the platelets which
nctv;r; to be thrown together while acquiring the P ¥
g {ring the period of swelling readily aghere to form a clump
T iy IncTensed by the addition of other plutelets that chance along
w:u-blg remaval by sgglutination and adherence to giass and other
ult o (:‘ l:riace- rather than disintegration which makes it so dlfl
sttemonind platelets in serum from clotted blood end slso renders any
occarnea” counting of the platelets invalld It even o trace of clottinghas
eHines ynaud {24] and others includlng ourselves {124] usedpar
* Intagers to these The morere
£ent Introduction of non wettable is an P
‘;‘!’::ﬂ’:‘"e eoriier methods which we have frequently used ih more
TerslaYeare and which fias bren commented on in some detaf] by Mar
lampta wd er {518] as noted on P 38 The phenomena of platelet
ake s and pastlal dlatntegzation for Yalteration ) normally in vitro
lysts s o apoltio study speciic plateler agglutinstion and platelet
Sen tmix: €7 sensitization to certain drugs or antiplatelet sera (i}
the tee afon O8It be performed with extremely caretul technique and
® of siliconed surtaces

hap
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a No 0 coverslip Itis examined under the oil Immersion lens of 2
good dark field microscope with an adfustable diaphragm in the ob
Jective to permit best optical resolution of the minute details observed
A bright tungsten band or similar evenly focussed {e g Burton lamp}
illuminant 1s adjusted for optimal results and the cardioid condenser
(dark field) is accurately centered The heat of the lamp usually
warms up the blood drop sufficiently without requiring the 37°Ccham
ber (enclosing the whole microscope) which was used in our earller
observations

QObservations There are no significant alterations in the chylo
microns ("Themoconia} erythrocytes and leucocytes [124] in the few
minutes which elapse before the appearance of the fibrin ‘needles !
which Indicate the clotting of the blood The platelets, hawever typi
cally 'alter' so rapidly that it is rare to observe them in their normal
circulating form namely that of a tiny ovold disc about %4 1* the
diarneter of an erythrocyte and with a delfcate feebly refractile con
tour a clear translucent periphery { optisch leer Stiibel [459]) and
a few central granules of varylng refractility which are devold of
Browmnian or other movement There is no trace of any nucleus
Viewed in profile the platelet appears ‘kennetjle’ {'tip cat' or 'baton
net ! Aynaud [24)) shaped or fusiform ('spindelformig ' Stubel {459]
see p 35 Altered forms of platelets occur in a matter of seconds af
ter withdrawal of the blood First there is a swelling into a spherule
the shape of which is quite evident when {t happens to be rolling over
in fluid currents in the plasma This form has an even fainter outline
but more distinct inner granulation consisting of the larger and
brighter particles formerly observed together with a background
{'granulomere'} of finer hazy granules only faintly visible It attains
to three or four times the size of the orfginal platelet and evinces a
'stickiness! which causes it to adhere to the slide or coverslip Once
adherent its outline may continue to expand apparently from several
foc! until a dlameter of some 10y is reached We term thisa spreader
form It ia seen in only a small minority of the altering platelets how
ever Much of the commonest change s that which has been frequently
d bed by earller observers namely the stellate form {see Platel
of Figure 18) This shows a number of processes or as we prefer to
call them 'excrescenses' protruded from the margin of the platelet
and taking up practically all the material of the outer layer or ‘hyalo
mere ' The excrescences are of three kinds viz (1) rounded or
Svesicular! {’bosselures ' Aynaud ‘kugelige Blaschen ' Stiibel) which
are most frequent under these simple conditions (see Plate 3 of Fig
ure 18) {2) club lke and (3) fllamentous {see Figure 3 in [124])

The delicate vesicles of (1) above seem to hover like a captive
ballaon at the surface of the platelet After a certain degree of swel-
MHng they have been observed to shrink temporarily with an adjacent
eddying of hemoconia (chylomicrons) suggesting release of contents
into the surrounding plasma As they gradually swell again there ap
pear a few granules some apparently entering in from the body of the
platelet and these granules show vig Brown: sug-
gesting that the contents of the vesicle have now become lquified Sev
exal veaicles usually form from each platelet and their size varies up
to 5 or 6 Sometimes they rupture completely and disappear but it
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1s far more common for them to remaln {or hours either anchoredto
the residue of the platelet body or occaslonally btreaking away end
flaating free  The cluba and filaments are eysentially similar to the
vesicles except in shape and in the lack of particulate contents They
ate very delicate and oscillate vigorously with the jerkiness of typical
Brownlan movement They frequently become detached The feebly
refractile double d free wriggling are character
istic cbjects They often adhere to red cells and other objects We
suggest as did Graszberger {472] far the erythrocyte {llaments (sce
P 128} that a number of observers in the past have mistaken these
for splrochactal {or other] micro organisms and erronecusly tried to
explaln certain digenses {e g Hodgkin s disease rheumatold condl
ticna etc) as 'Infections' with such agents

From the body of the platelet we [124) have seen on one occasion
during the earlier phases of alteration a single bright particle jerking
In and out of the parent element in a manner resembling the agonal

its of the granules in dying yte frag as described

by the authar [122] 1n 1930 This could be regarded as evidence that
the platelet {s n necroblotic cellular {see megakaryocyte) fragment
Such outline of the body of the platelet as may remain visible after
formatlon of the Yexcrescences exhibits delicate form chenges for a
hoTt Alrne but xoon teases o be diatinguishabie ewpeeinlly when sev
eral pl adhere togeth The result of platelet altera
tion 1s the formation of an adherent granular matrix of large and small
particles In which body outlines are no longer visible Adhering tothe
mass are numerous vesicles clubs and {llaments and often several
#ibrin needles (see Flgure 1 of (124))

2 Agglutination of pletelets

This characteristic phenomenon of normal platelet alteration was
first described by Hayem {213 214] 1n 1877 1878 and espectally stud
1ed in 1917 by T H Wright and G R Minet [511] under the name
"Vsle!:oul metamorphosis cotned by Eberth & Schimmelbusch [113] 1n

Under the dark field microscope it is seen that the platelets which
happen to be thrown together while acquiring the 13 Y
noted during the perjod of swelling resdlly ndhere to form a clump
Which is increased by the addition of other platelets that chance along
It is this removal by agglutination and sdherence to glass and other
wettable surfaces rather than disintegration which makes it so difft
cult to find platelets In serum from clotted blood and also renders any
attempt at tounting of the platelets invalld {f even a trace of clotllnghll

occurred  Aynaud [24] wnd others including ourselves [124] usedpar
affined surfaces to mi P The more re
cent introduction of non wettable is an

over these carller methods which we have {reguently used tn more
Tecent years and whith has bren commented on in some detail by Mar
jorie B Zucker [518] ma noted onp 38 The pheromena of platelet
clumplng and partial di or alteration ) ¥ in vitro
;nnke 1t difficult to study specific platelet agglutination and platelet
Ysis & g after sensitization to certain drugs or sntiplatelet sera (1]
Such studies must be with y careful and
the use of sflicaned surfaces .
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3 Platelets and fibrin

The often reported finding of {ibrin needles or filaments adhering
to altering platelets {s in fact less important than the observations:
(1} platelet alterations commence long before fibrin appeara (2} many
fibrin needles can be seen under the dark fleld to appear de novo out
of the background of the clear plasma by no means reguiring the plate
lets (or other visible object} as focl for their formation

4 Platelet preservation

The mere use of & non wettable surface e g silicone sans ant!
coagulant has only a minor effect in delaying the typlcal platelet al
terations which sacn show all the appearances which we havedeseribed
Of course it is highly probable that complete maintenance of non wet
tability 1s tmpossible under the conditions of observation and thatthere
1s bound to be some air liquid interface

Anticoagulants afford a much more practical means of controlling
platelet alterations Aynaud's studles see b 123 must be glven full
¢redit for the thorough investigation of very many added agents inves
tigated {or their effects on platelet alterations We have merely used
citrate oxalate and more recently sequestrene.Na, (EDTA see
P 79) to conflrm the ability of the decalcifying anticoagulants to pre
serve platelrts By preservation we mean that the alterations which
do stfll occur are much less disintegrative All changes are greatly
retarded and there are some definite differences from the sequenceof
avents which we have d bed above Aggl of the p
1s particularly delayed and may be negligible even after days especi
ally with sequestrens combined with the use of siliconed surfaces

When citrated platelet rich plasma is placed on an ordinary glass
slide for dark {icld observation many single platelets are observed
floating in the plasma Some however sediment and adhere to an
extent sufficient to resist the small fluid currents always sceninthese
wet preparations Both free floating and adherent platelets are rather
more refractile than in the simple blood drop The tiny disc form fre
quently well seen cdgewise preponderates at firat and may be regarded
as the normal form Its outline is well defined and there §s a clear hy
alomere and a few central {1 y granules {gr )} It soon
bepins to show delicate short wavy fllamentous excrescences from one
or maore points along the edge Confirming Stibel {459] we have some
times seen these filaments form withdraw and reform but they soon
remain extended and irreversible After a few minutes they appear to
become more definitely rigid They seem to extend further over the
course of several hours and may reduce the body of the platelets to
insignificance Sommetimes a single very long filament extends from
the small granular remnant of the body in what we have termed a
sperm lke form (124] A number of rounded excrescences ususally
one lor two) to a platelet may also be observed Unlike the vesicles
of unpreserved platelets however these can be seen edgewise to be
disc Mke Hence we {124] use the term plaquette form Except with
vigorous artificial ranipulation f{t is unusual for efther the filfformor
plate-like excr to become Preserved platelets may
e washed with saline (0 5% NaCl) in silicone and kept in the frozen

stage ( 20°C)
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Regalcification results In a re acceleration of the retarded alter
ative phenomena in the platelzty end §f the plasma is still present
{ibrin formatfon occurs a few minutes Iater The recalcifted plate’ets
swell adhere clump and (partiaily) disintegrate {n much the same
mannez a3 §n unpreserved blood and the phenomena are essentially
similar n recent preparations and in long preserved piatelets {in il
icone at 4°C) recelclfied usual See Flate 2 of Figure 18 It is
rather remarkable to see the rigld excrescences saften and swell and
veslculate often involving the whole of the platelet except for mostof
the gr Granutes g may appear
in the vesiculated forms

Etfects of varying citrate concentrations were minutely studied in
our 1934 publication fm] to which reference may be made fordetalls
The important was that the of decalcifying
sgent which prevented clotting also 'preserved the platelets to the ex
tent of mat rigldlty of exc s 1 2 ping and
absence of 'fluldity! of platelet content We regard this as significant
evidence that caleium has a spectfic role in the special { Mquefactive!)
disintegration phenomena by which the platelets come to play a very
important role in the blood clotting phenomena Qamotic tmbibitionof
water by platelets (1) in hypotonic solution e g on diluting with dis
tilled water or (2} on adding saponin {see Plate 4 of Figure 18) in the
presence of citrate do not result in plasma clotting

The conclusion we [124] reached tn 1934 was that the platelet
‘alterations consist fundamentally of a 'myelln figure’ formation from
thelr surface phospholipids (see later) and that calctum by ita influ
ence on the phase relations of the lipold water system specifically
directs the water into the {atty platelet material thereby swelling end
disrupting it This appears to be a signift
1o the platelet relesse of factors which the platelets contribute to the
blood clotting system

{8 C) MEGAF ARYOCYTES [139]

Bone marrow freshly obtained from the femur or tibla of anesthe
tized rabblts was quickly n serum 1y ob
tained {rom heart puncture blood of the same animal Dark fleld
micrascopic appearances are shown in Plates 5 and 6 of Figure 19
In the former no anticoagulant was used and vesicular excres
cences granui {lating with are
seen at the periphery of the megakaryocyte {In a small proportion of
the giant cells observed) The excrescences are very similar to ordl
mary platelet alterations and ke the latter often become detached
In the second serles of obaervations the marrow preparation was cit
rated (Plate 6] This suppresaes the slow amoebold movement of the
megnkaryocytes and causes them to show a well deflned outline and a
fixed glassy appearance of thelr very granular cytoplasm lvery similar
to leukocyte sppearances in citrated blood preparations) A very few
vesicies lsee Plate 6) continue to appear however but are smaller
more refractile devold {or almost} of granules and resemble the
form of cor treated p (p 126)
have never ob d a living karyocyte frag into
plstelets {510] and belleve the phenomena described are absent orless
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marked in the less mature megakaryocytes They were not observed
i1 polykaryocytes (osteoblasts) which are unrelated to platelet origin

(8 D) THROMBOCYTES [139]

The nucleated thrombocytes of amphibla {frog) reptiles (turtle}
fish {fresh water sun flsh} and birds {fow]) have been studied under
similar conditions Plate 7 (Figure 19} shows an altered frog throm
bocyte lying on top of a large fibrin fillament Note the vesicular
bodies derived from the thrombocyte some still attached and others
released for some dlstance As frequently noted in the earller litera
ture on thrombocytes thelir disintegration s often very sudden and
explosive in character This scatters excrescences chiefly vesicles
and granular material to some distance from the parent thrombocyte
as well shown In Plate 8 {Figure 19) in the case of the sun fish obser
vation It is noteworthy however that many vesicles persist in the
region of the original adherence and di ation of the thromb
The dark field observations confirm the essential similarity of the
alterations of thromboeytes megakaryocyte margins and mammalian
platelets

(8 E}) ERYTHROCYTE STROMATOLYSIS ETC

Furchgott [182] in 1940 made dark field observations of altering
erythrocyte ghosts {stroma of hemolyzed red cells} in contact with
lyotropic salt solutions such as lithium perchlorate or potasstum thlo
cyanate He was apparently unaware of our earlier data on platelet
alterations and independently suggested the 'myelin figure' explana
tion of the phenomena observed His search of the red cell literature
revealed several earlier observations (e g Oliver [355] Kite [267])
Auver [23] and others) of essentially similer appearances from both
hemolyzed and non hemolyzed red calls In some observations made
by the present author in Cape Town in 1930 and recorded in the photo
micrograph reproduced in Plate 9 Figure 20 ‘stromatolytic' filaments
were observed extending from the margins of young erythroblasts in
a drop of heart blood from a rabbit embryo Plate 11 Figure 20 pho
tographed by an erstwhile graduate student {P H Ralph) workingunder
the author s supervision at the University of Michigan in the early
1940's shows apparently similar thread like processes connecting
points at which normal adult human red cells have apparently touched
and then withdrawn from one andher Plate 10 Figure 20 also pre
pared by Dr P H Ralph is a striking example of the spiculated
stromatolytic appearances occurring in vitro in slde (dark fleld
microscopy) observations of a nucleated red cell from a tadpole {139]

Conclusion, There is clearly a
with surface alterations of the several varieties of blood and bone
marrow formed elements collectively considered in the foregoing ob
servations The basis for attributing these phenomena to a myelin
figure formatlon from the surface phospholipids of these formed ele
ments follows from the next series of observations
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{2 F| MYELIN FIGURE FORMATIONS FROM PHOSPHOLIPIDS

R Virchow (42837 first described myelin {oyms (figur.s as micro
scopleal appearances at the edges of nervous tlssue observed tn con
tact with watery solutions tle interpreted them in terms of surface
(interphase) relations hetween the Hpold and aqueous phases J B
Leathes [284) studied them very extensively In 1925 He photopraphed
at successive 1 minute Intervals the large myelin figures sppearing
at the edge of & film of lecithln in contact with 8 wide varicty of watery
solutions chosen to illustrate the effects of (a}specific fons (b) csmotlc
concentration and {c] adsorbed substances The myelin forms were
Teadily produced by distilled water Leathes noted a suppressive or
inhibltory effect of calcium fons sald to be svercome by 0 01M NaOH
and by cholesterol Other retarding and many favoring agents were
Tecorded by this cbserver The present anthor in 1934 [124] repro
duced some of the leclthin experiments of Leathes Plates 12A and
12B {Figure 20} show the dark fleld appearance {400x magnif ) of the
edge of the phosphollpid {ilm: (A} at the start in contact with air
showing only the linear highly refractile margin and (B} 3 minutes
after contact with distilled water showing the typical large (inftiall
myelin forms flowing out Into the watery phase lupper right part of
photo}  Clearly visible In the original but poorly reproduced in the
vhotornlcrograph land theret ) 1s the border
=3 described by Leathes {284)

Qur observations established one or two new potnts which we be
Ueve to be of considerable significance

Firstly all watery solutions cause an inltial myelin {lgure o tflow
(e Into the aqueous phase) which 1s followed by a further expansion
after a5 10 minute ‘delay period *

Secondly the dark field method permits interpretation of Leathes
translucent border as a P p namely & p
of the water into the lipld phase The secondary_expansion phase we
observed to be very dependent upon the particular lons in the watery
solutlon  If distilled water or sodium chloride {and similar salt] soly
tions were used the secondary myelin figure outflow went on with
}"C*Hshg speed and vigor but the Inflow of watery phase into the
ipid was limited and showed lttle further penetration beyond that seen
i1 the initlal phase  With calclum salt solutions these phase relations
Derexeversed There was the same fnltlal myelin figure outflow but
{ttle extension after the delay period Secondarily however the in
ﬂo.w ©f this solution into the Iipld proceeded apace and without Imit
b g the * border g the 11pid portion Our
It ant conclusion was that calclum i3 specific In directing water
s the lip{d phase as 1s well known from the work of physical chem
425 with phase relatfons of calefum and sodium salts in soaps and
other fat water emulalons

To Leathes conclusion that myelin forms are due to surface
growth and localized imbibition of water we would add that calcium
one specifically g_neralize the imbibition and cause a 'reverse mye

Un figure appearance as can be seen very clearly in dark fleld abser
vatfons of lecithin films
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Applying these ideas to platelet {etc } alteratlons we conclude that
the calctum has the specific role not of causing the excrescence for
mations {which can occur in citrate etc ] but in the I{quefaction of the
excrescences By directing water into the altering platelets or throm
bocytes calciim plave an important role In thelr peculiar disintegra
tive phenomena What about the nature of the lipid itsel{? In our 1945
observations {139] we were able to Include some dark fleld observa
tions on other phosphatides namely the purified preparations of Dr
J Folch lof the Rockefeller Institute New York} which are described
onp 98

The chief add: 1 int 1 b d was that halin of the
several phospholipids studied yielded myelin forms which in sizeand
appearance e g ves{cles were often so sirailar to the sbove described
platelet and b ¢ alterations that it seemed
reasonable to rzgard !hzm as ldenucal

Actually the fundamental myelin figure phenomenon was common
to most of these phosphatides in contact with watery solutions and cal
clum salts caused a grapular deposition penetrating into the lipld and
interfering with its hydrotropic dispersion into the watery phase The
strength of the sait solutions had only minor effects suggestive of some
membrane phenomenon in which water penetration rates are partly
controlled by cemotic considerations

The inositol phosphatide (HI) behaved pacu\hrly n that it went df
rectly into colloidal a' instead of showing
'myelin forms ' This 1s eviden 1y r of the behavior of
the bulk of lipofdal and lpoprotein materials of plasma

Concerning the protein components of the surfaces of platelets
etc  our experiments have nothing to say

{8 G) CONCLUSION

In summary then our comparisons of the dark field microscop
teal appearunces of {a} water phospholipid {ilms and (b} in vitre alter
ations’ of platelets megakuyecyces thrombocytes and certain ery

hr the d 1 {mportance of myelin forms
(ﬂz\n—u)' and retated phenomena at water lipid {nterfaces We be
tieve these to be ty primitive and tly non vital phe
nomena of liptd rich surface membranes Not only fs there an hydro
troplsm of the lipid material ceusing the appearance of surface
texcrescences’ of the varfous types deacribed but there {s also a
specific role for the calcfum fon  This reverses the phase relation
shlps and dhects wnter into the fatty phase thus :omrﬂ:uﬂng to the
studfed Chel
n!motlc factors pH and perhaps other factors need Addltlona\ study
2 further possible modifiers of the basic phenomena which we have
described

G CLINICAL CAS W A’ E B,

FOREWORD

Our research problem 1950 55 with regard to the fnvestigation
of clinical cases with hemoarrhagic and related disorders was fargely
planned snd executed by Dr Jesstca H Lewls Resesrch Aswociate
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and Co Inveatigator with advice 1 and some par
by the author )| hnical 1 was rendered by Fran
cis M Morgan Doris C Fergusen Iris Rudin Ann € Howe and
Bertha G Jacksen Since 1953 @ gradumte student Mr James W
Fresh has made many able contributlons especially to Group I studles
{see below) and in the past year Miss Mary Jane Patch has been a
most helpful collaborator The staffs of the University a {North Caro
lins) Memorial Hospital Duke Hospltal the Veterans' Hospital and
ORINS Hospltal have cooperated with the patient material as have a
rimber of private practitioners We are {ndebted to Dr Marforle B
Zucker of the N Y U College of Dent{stry Physiology Department for
the serum serotenin assays (519] wsed to asseas the platelet vasocon
strictor {actor (Item 17 see Tables)

1n preparing the data for this thesls the author has proceeded In
dependently and has not consulted Dr Lewls who now has her own
Research Laboratory at the University of Plttsburgh Gratefully ac
knowledging the leading role of Dr Lewls and the {ndlvidual contribu
tlons of each member of cur group the author nevertheless assumes
sole personal responsibility for the following presentation and analysis
of the data selected

CASES represent some 86 patients and 32 normal mothers and their
infants They are classified into nine groups No attempt will be made
fo nnalyze them from the clinical viewpoint Rather they represent
merely a physiological contribution of analytical laboratory methods
with which to app h a rationel diag: and under ding of the
clinical hemostatic problems Our groups’ are chosen from this
Physioleglcal viewpalnt to serve the purpose of this thesis inquiry

Methods for the most part have been described on pp 53 62 and
will 1ot be farther elab An (1 30) facilt or
ganization and reference In the first Table |LIl) the mean and range
of test values are given for {A) normal healthy adults {randomized as
{0 sex and age) (B} parturient mothers nd (C) their normal newborn
{nfants (cord Bloods)
dlle trace or minor) 4+ 444+ indicate relative degrees of
{7} bleeding tendency and {12) clot retra {In glass) R 1
Wes 4130 observed in silicone (¢f 11) but this will not be reported
hnce the dlfferences from (12) were velatively minor In group sum
maries the number of cases was divided for each test into the fol
lowing categariest
DPos significant alteration of the test value
N g not signiticantly different {rom the normal Inorm )
1 doubttully significant
I, no test performed

Retults are presented In Tables LI LX

GROUP 1 (A) Normal Adults |B) Parturient Mothers (C) NormalNew
born Infants {Cord Bleods) ref [172] Table LI

A) Nor
age
{nctu

81% were from healthy adults randomized as to sex and
They were mostly medical students staff and haspltal personnel
ng a few colored helpers The means of the various tests were
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Applying these ideas to platelet (etc } alterations we conclude that
the calclum has the specilic role not of causing the excrescence for
mations (which cen occur in citrate etc | but in the Hquefaction of the
excrescences By directing water into the altering platelets or throm
bocvtes calcium plays an important role in thelr pecullar disintegra
tive phenomena What about the nature of the lpid ftself? In our 1945
observations [139] we were able to Include some dark fleld observa
tions on other phosphatides namely the purified preparations of Dr
J Folch {of the Rockefeller Institute New York} which are described
onp 98

The chiet YR H tned was that of the
several phospholipidye studled ylelded myelin forms which in sizeand
sppearance &g vesicles were often so similar to the above described
platelet ocyte and thrombocyte alterations that it scemed
reasohable to regard them as {dentical

Actually the fundamenta)l myelin figure phenomenon was common
to most of these phosphatides In contact with watery solutions and cal
cium salts caused a granular deposition penetrating {nto the liptd and
nterfrring with its hydrotroplc dispersion into the watery phase The
strength of the salt solutions had only minor effects suggestive of some
membrane phenomenon {n which water penetration rates are partly
contralled by osmatlc consideretions

The inositol_phas ide {111} peculiarly in that it went i
rectly into colloidal suspension ss fchylomicrat {nstead of showing
‘myelin forms ' This is evidently representative of the behavior of
the bulk of lipoidal and lipoprotein materials of plasma

Concerning the protein components of the surfaces of platelets
etc  our experiments have nothing to say

{8 G} CONCLUSION

In summary then ocur comparisons of the dark fleld microscop
ical appearances of (s} water phospholipid films and (b} in vitro alter
ations! of platelets yocytes th bocytes and certain ery
throcytes indicates the fundamental importance of ‘myelin forms
(figuresi’ and related phenomens at water lptd interfaces We be
lHeve these to be extremely primitive and essent{ally non vitsl phe
nomene of lipld rich surface membranes Not only Is there an hydro
tropism of the lpid material causing the appearance of aurface
texcrescences! of the various types described but there is also &
specific role for the calcium fon  This reverses the phase relation
ships and directs water into the fatty phase thus contributing to the
peculiar disintegrative phenomena studted Cholesterol protelns
osmotic factors pH and perhaps other factory need additional study

B

as {urther p ) difi of the basic ph which we have
described

& CLINICAL C. WITH ATELF

FOREWORD

Our resesrch problem 1950-55 with regard to the Investigation
{ clinical cases with hemorrhagic and related disorders was largely
;hnned and executed by Dr Jessica H Lewis Research Assoclate
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GROUP Il Hereditary Thrombocytopathic Purpuras Case 31 Glanz
mann a Thr basth Cases 4 5 h
with Platelet Problems Table LIII B

Case 3 (NP) was a severe bleeder {7) with Poy Fam Hist (€)
The plat_count (230 000} was normal but clot retr (12) was absent
and the bleeding time {9) and T T (B) were very significantly Pos
Plat accel (16} was not tested and plasma proaccelerin (29) was a
low normal (62%)  Plat tpln (15) and ser serotonin (17) were normal
{100") Test 19 was Neg but serum antithr (20) seemed to be in
creased Prothr consumption (25) was narmal (957}

Conclusion This rare case seems to be one of the very few re
ported {rel {383]) which conform to Glanzmann s [188] ‘hereditary
hemorrhagic thrombasthenta !

Ce8ses 4,5 {AC and S C mother and daughter) presented a famil
1al 16) disorder which correaponded most nearly to the classical de
scriptions [ 484 485 486 260 262] of pacudohemophllie (ref [383 453]}
Case 4 was 2 52 year old white woman giving a +{4) history of bleed
ing tendency (7) wince 19 yenrs of age The chief menifestations were
tcchymaoses and a moderately severe post cperative hemorrhage
Bleedng time (9) and clotting times {10 11) were normal as was clot
retr {12) Her plat count (14) was normal (238 000} but the plat tpln
(15} significantly reduced {507} and plat accel (16} a low normal (507}
Serot UT)NT The TT (£) was significantly +++ Irothr consump
tion (25} was normal [ >957) as were AHF (23) PTC(23) and other
tests Plasma prosccel {29) and proconv (28) N T Fibr (21} was
elevated

Cese 5 the daughter 20 years old hed also suffered +{#) ecchy
motic bleedings Her plat count (14) was a low normal {104 000} and
the plat tpln (15) 259 and plat accel {16] 20¢ unequivocally re
duced Serot {17) NT Plasma prosccel (29) was normal (907}
AHF (22) Itkewise and probably PTC (23) 609 Prothr consumption
{25] was quite normal as were other testa including = slightly ques
tlonable {71%) (rectp scep 57) prothr time {26) Clot retr (12) was
* satlafactory 444+ Plbr {21) was elevated

23ion  In these two cases of pseudohemophilia the platelet

Problems were relatively minor and functional {thrombocytopathic)
They must be regarded as of g clinical ina
:ine: of hereditary disorder which appears to be primarily a vascular
femunction  We had six other cases of pseudohemophilla two of hered
bt cIanglectasia and two with bleeding hemangiomats none of whom

A0y platelet problems and whose tests therefore are irrelevant
10 the present inquiry

Acqulred deficiencies of platelet fanctions will be presented in the

:;:e(;gf;’:}" The uremia cases (Group VIII) are especially interest

GROUP IV: Acquired Thrombocytopenta (Cases 6 30) Tsble LIV

These 25 cases were clinically diagnosed as follows:
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statistically determined on significantly large groups usually more
than 50 cases

B) Mothers The 32 cases studled permitted venepuncture during
parturition They all appeared healthy and well and gave no history
of recent infections antiblotic or excessive salicylate therapy dietary
inadequacy or gastrointestinal disturbance The obstetrical anesthe
sia was non contributory Pregnancy labor and the puerperium were
uncomplicated by toxemla hemorrhage or thromboses

(C) Infants The 32 newborn bables ylelded blood samples from
the umbilical cord before it had stopped pulsating All bables were
delivered without trouble were uninjured and appeared normal None
developed any bleed! d Some mothers and some bables re
ceived vitamin K questions concerning which are answered in the
cited references (172 173])

Test Results Sece Table LII For purposes of this thesis com
ment will be limited to the noting of the abaence of any platelet prob
lems {n (B) and (C) All tests in this regard {all within normal (A)
limits A single exception (107) of low platelet accelerator {16} in
(C) was of doubtful significance (possible lability}

The many interesting findings in other tests are fully dealt with
in the cited publications and include data on ancther 125 newborns
and most of their mothers which are not included in the present more
completely studled group

GROUP Il Congenital (Famillal} Thrombocytopenia (Cases 1 2)
Table LI A

Because of their unusual interest {ref [453]) these cases will be
reported Individually in Table LIII A

Case 1 {AB) was examined on two occasions (a) February 1 1954
before treatment and (b) April 20 1955 a few days after splencctomy
In tests (a} the plat count (14) was very low {38 000} and assays for
specific platelet factors {15 18) were not attempted Clot retr (12}
was almost absent but prothr (25) was y normat
The child had bleeding symptoms {7) at this time dating back to shortly
after birth Bleeding time {9} was very prolonged and the T T (tour
niquet test) (8) was strongly Pos

Family histories {F H )} (6} will not be detailed in the present stud
fes but were significantly Pos in Cases I and 2

In tests (b) after splenectomy all test values were restored to
normal with the questionable exception of a 507 plat tpln {15] The
patient developed no further bleeding problems in a 12 month followup

Case 2 (DD) was not a blceder {7} despite the Pos Fam Hist (6)
Nevertheless his plat count (14) was low (98 000) and tests 8 12 15
and 16 were significantly abnormal He should therefore be regarded
as a potentlal bleeder
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Discusgjon Case 31 (R G) was & 63 year old colored man with
primary adenocarctnoma of the stomach and generalized metastases
At nutopsy the hone marrow was found to be hyperplastic with »
greatly incr d number of yocytes He was four
or five times between June 23 1953 and his demise on August27 1954
The clted tests were on the first occasion but the thrembocytosl per
sisted at similsr levels through June 29 1954 He developed a large
hematoma In the upper right arm Inexplicably Except for a low plat
accel {16} on January & 1954 all tests of platelet function Including
clot retr {12) and prothr consumption {25) were normal Serotonin
{17) was not tested however The f {21} was a bor
(200 mg) on January 6 1954 and plasma proaccel (29) low {207} on
the same occasion These findings could go with a fibrinolytic enzyme
activation which might have been overlocked in recording of a glass
ct {10) of 1 min and +4+4+ clot retr (12} on that occasion We do
not feel sure of the crude {ibrinolysin test however unless all the
clot dissclves within 24 hours

2 (JLH) was a 64 year old white male long known to suf
fer from polycythemin rubra vera Cout was an interesting complica
tlon (ref [503]} He had reccived P73 (red cell destructive) therapy
at the Veterans' Hospltal and we examined him twice {March 30 1954
and April 8 1955) after such courses of treatment when he was show
ing some bleeding symptoms {¢f Group IX) Deapite the extremely
high platelet counts {14) the platelet function tests (15 16) and esp
(174 were significantly dep: So were the prothrom
bin and related factors (26 29) but not the prothr consumption (25)
although this might be misleadingly calculated because of the lowered
Ievel of the original plasma prothrombin

Case 33; (E M) was a 23 year old white male leukemic whom we
have excluded from Group VI solely because of the unusual thrombo
€ytosis Serotonin {17) was not tested but the other platelet function
tests were normal  There was some hypoprothrombinemia (27) and
Prolonged prothr time (26) which might have to do with Nver function
This case showed no hemorrhagic symptoms

GROUP VI Leukemlas with Thromb ytop: or T Y
Problems {Cases 34 67) Tables LVI A LVI B

Leme31des the thrombocytosts case (No 33 Group V) platelet prob
;‘;hl ©of one kind or andher presented in 34 more (1 e all but 4) outof
be Canes of leukemias studied The remainder of these test data will
1og cpazated into two groups (A B) by arbitrarily dividing them at s

0 000/mm  level of the platelet count

“u'x;)-bxe LVI A presents a y of the th ytop! fez

- %\M Twelve of these cases recorded bleeding symptoms

Tunction EIt counts [14) ranged between 17 000 and 100 000 Platelet

- ctlon tests (15 16 17) were significantly reduced in all but one or
o Platel t agglut! (18) was ated in 5 out of 11 tested

fases The TT () was Pos 1n5 cases ond blecding time (3] pro
C"K:S in 7 cases  Silicone ¢ t (11} was significantly prolonged in 15

b os There were 16 cases and one doubtful with defective prothrom
onsumption (25) Antithrombin testy (19 20) were significantly al

24
ered in many especislly if we include minor varistions {rom the
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(A} 11 acute ITP (idiopathic thrombocytopenic purpura} of which 3
may have been due to drugs and 3 to infections namely {1) res
piratory Infection in a 17 mo old child (2) diphtheria ina 4l yr
old child und (3) infertious {? toxic) hepatitis in an 18 yr old
white girl

(B} 7 chronic ITP including one of two months duration assoclated
with rheumatoid arthritis in a 16 year old girl

(C) 5 wereassociated with anemlas namely (1) two aplastic anemias
(2) two macrocytic anemias one pernicious and the other occur
ring during pregnancy in a 22 year old woman and (3) one with
Bantl's syndrome

{D} 2 were iated with ic (bone} car in elderly

males with primary prostatic malignancy

Test results are given in Table L1V in summary

Discussion Plat counts (14) ranged from 5 000 te B4 000 except
for the 174 000 {at this examination December 10 1953} in a 33 year
old colored woman with pernicious anemia (v C) Many showed a
severe bleeding tendency (7) one was doubtful 4 N T and only one
gave no bleeding history The T T {€) was Pos in 19 and questionable
in 2 others who were Negroes whose dark skin interfered with the
reading of this test Bleeding time (9} was Pos in 17 and questionable
in one Clotting time (glass 10) was delinitely prolonged in only one
case but the silicone c t (11} was Pos in 10 cases This indicatesthe
superlority of test 11 in cases with borderline clotting time {ncreases
Clot retr (12} was Pos in 17 cases None showed fibrinolysis (13)
Platelet functions {15 16 17) were usually reduced pari passu with the
the lowered platelet count (14} For (15} plat tpln teating 20 cases
19 were Pos and questlonable in one For (16) plat accel testing
19 cases all 19 were Pos For {17} ser serotonin testing 12 cases
6 were Fos Prothr p (25) was in 16 and ques
tionable 1n one This is highly but the corre
spondence between platelet levels and degree of fallure to utilize pro
thrombin showed a very poor correlation It is suggested that the
quality of the platelets in terms of functional capacities is more im
portant than mere numbers in controlling prothrombin utilization The
plasma components {22 23) of this mechanism were normal except
for one borderline (607) and one ow normal {65%) PTC assays neither

in the range which could be d to inf] the prothr
tion test

A small incldence (see Table) of other thrombin factor deficiencles
1s d It is poasible that liver function is

turbed perhaps by hemorrhage The elevated fibr (21) in 9 cases may
be evidence of a liver reaction The low plasma proaccelerin (29) in

3 cases does not reflect the many more 19 cases low values for
plat accel (16) Plasma thr ct (19) was definitely prolonged in 15
Cases and slightly so In € more cases We do not yet know the possible
significance of this {indtng

GROUP V Thrombocytosis {Cases 31 33) Table LV

These three cases present different clinical disorders but show
in common very elevated platelet counts (14] Twe 31 and 32 had

bleeding symptoms
Reaults are detailed in Table LV
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Case 31 (R G) was a 63 year old colored man with
primary adenocarctnoma of the h and g d
At autopsy the bane marrow was found to be hyperplastic with a
grestly (ncrensed number of karyocytes He was four
ok {ive times between June 23 1953 and his demise on August2? 1954
The cited tests were on the first occaslon but the thrombocytos! per
slsted at similar levels through June 29 1954  He developed a large
bematoma in the upper right arm inexplicably Except for a low plat
ercel (16} on January 6 1954 all tests of platelet function including
clot retr {12) and prothr consumptlon (25) were normal Serotonin
IT) was not tested however The fibrinogen (21) was 8 borderline
{200 mgl on January 6 1954 and plasma prosccel (29) low (20%) on
© same occaslon  These findings could go with a fibrinolytic enzyme
activatlon which might have been overlooked In recording of a glass
£t 110} of 15 min and +++4 clot retr {12) on that occasion We do
got {ee! aure of the crude {ibrinolysin test however unless all the
clot dissolves within 24 hours
2: {J L H) way a 64 year old white male long known to suf
fer from polycythemia rubra vera Cout was an interesting complica
Hon lref [503]) He had recetved {red eell destructive) therapy
atthe Vetersna! Hospital and we examined him twice (March 30 1954
nd April 8 1955) after such courses of trestment when he was show
Irg some bleeding symptams (ct Group IX) Desplte the extremely
high platelet counts {14] the platelet function tests (15 16} and esp
(17} ‘serotontn were significantly depressed So were the prothrom
bin and velated factors {26 29} but not the prothr consumption (25)
Hthough this might be mislesdingly caleulated because of the lowered
level of the orlginal plasma prothrombin
L2233 (E M) was a 23 year old white male leukemic whom we
ed from Group V1 solely because of the unusual thrombo
f¥tosls Serotonin (17) was not tested but the other platelet function
fests wer normal There was some hypoprothrembinemia (27} and
prolonged prothr time {26} which might have to do with liver fynction
This case showed no hemorrhagic symptoms

GROUP VIi Leuk mias with Thrombocytopenia or Thrombocytopatht
Problems (Cases 34 67) Tables LVI A LVI B

Bestdes the thrombocytosts case (No 33 Group V) platelet prob
lems of one kind or ancher presented in 34 more (i e  all but 4} out of
39 cases of leukemias studled The remalnder of these test data will
be separated tnto two groups (A B) by arbitrarily dividing them at a
100 000/mm Yevel of the plateler count
c“:;ble LVI A presents a summary of the thrombocytopenica (22
- llcuwg Twelve of these cases recorded bleeding ymptoms
‘ f“tlet counts (14) ranged hetween 17 000 and 100 000 Platelet
by iom tests (15 16 17) were significantly reduced in all but one or
e Flatelet aggl was d din5 out of 11 tested

Tomeny The TT (8] was Pos in 5 cases snd bleeding thme (9) pro
cafed {0 T cases  Silicome ¢ t (1)) was significantly prolonged in 15

bt There were 16 cases and one doubitul vith defective prothrom
teves foumption (25)  Antithrombin testa (15 20) were significantly al
*ed in many espectally if we include minor variations from the
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(A) 11 acute ITP { thrombocytopenic purpural of which 3
may have been due to drugs and 3 to infections namely {1} res
piratory infection in a 17 mo old child (2} diphtheria in a 4} yr
old child and (3} Infertious (? toxic) hepatitis in an 18 yr old
white girl

(B) 7 chronic ITP including one of two months duration assoclated
with rheumatold arthritls In a 15 year old girl

(C) 5 wereassociated with anemlas namely (1) two aplastic anemias
(2) two macrocytic anemias one perniclous and the other occur
ring during pregnancy in a 22 year old woman and (3) one with
Banti's syndrome

(D) 2 were associated with metastatic {bone) carcinomata in elderly
males with primary prostatic malignancy

Test results are given in Table LIV in summary
Discussion Plat counts (14) ranged from 5 000 to 84 000 except
for the 174 000 (at this examination December 10 1953) In a 33 year

old colored woman with pernicious anemia (v C) Many showed a

severe bleeding tendency {7) one was doubtful 4 N T 2nd only one

geve no bleeding history The T T (8} was Pos in 19 and questionable
in 2 others who were Negroes whose dark skin interfered with the
reading of this test Bleeding time (9) was Pos in 17 and questionable
in one  Clotting time {glass 10) was definitely prolonged in only one
case but the silicone c t (1) was Pos in 10 cases This indicatesthe
superlority of test 11 in cases with borderline clotting time increases

Clot retr (12) was Pos in 17 cases None showed fibrinolysis (13}

Platelet functions {15 16 17} were usually reduced parl passu with the

the lowered platelet count {14} For (15} plat tpln testing 20 cases

19 were Pos and questionable in one For (16) plat accel testing

19 cases all 19 were Pos For {17) ser serotonin testing 12 cases

6 were Fos Prothr (25) was in 16 and ques

tionable 1n one This is highly significant but the quantitative corre

spondence between platelet levels and degree of failure to utllize pro
thrombin showed a very poor correlation It is suggested that the

quality of the platelets in terms of functional capacitles is more im

portant than mere numbers in controlling prothrombin utilization The

plasma components (22 23) of this mechanism were normal except
for one borderline (607 ) and one ow normal (65%) PTC assays nelther
in the range which could be expected to influence the prothr consump
tion test

A small incidence {see Table} of other thrombin tactor deﬂclencles

s ible that lver fonally dis

turbed perhaps by hemorrhage The elevated ﬂbr {21) in 9 casesmay
be evidence of a lver reaction The low plasma proaccelerin (29) in

1 cases does not reflect the many more 19 cases low values for

plat accel {16) Plasma thr ct {19) was definitely prolonged in 15

cases and slightly so In 8 more cases We do not yet know the possible

significance of this finding

GROUP V Thrombocytosis {Cases 31 33} Table LV

These three cases present different clinical disorders but show
in common very elevated platelet counts {14} Two-+31 and 32  had
bleeding symptom.

Results are detalltd in Table LV
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Case 31 (R G) was a 63 year old colored man with
primary 1) of the h and generalized metastases
At sutopsy the bone marrow was found to be hyperplastic with a
greatty increased number of megakaryocytes iHe was examined four
or five times between June 23 1953 and his demise on August27 1954
The cited tests were on the first but the throm y per
slsted at similar levels through June 29 1954 He developed a large
hematoma in the upper right arm inexplicably Except for a low plat
accel (16} on January 6 1954 all tests of platelet function including
clot retr (12) and prothr consumption (25) were normal  Serotonin
{17) was not tested however The fibrinogen (21} was a borderlin
{200 mg} on January 6 1954 and plasma proaccel (29} low {207} on
the same occasion These findings could go with a fibrinolytic enzyme
activation which might have been overlocked in recording of a glasa
€t {10) of 1 min and ++4+ clot retr (12} on that occasion We do
not feel sure of the crude fibrinolysin test however unless all the
clot dissclves within 24 hours

2: (J L H) was a 64 year old white male long known to suf

fer from polycythemin rubra vera Cout war an interesting complica
ton (ref [503]) He had received (red cell destructive) therapy

at the Veterans' Hospital and we examined him twice (March 30 1954
and April 8 1955) after such courses of treatment when he was show
ing some bleeding symptoms (¢f Group 1¥) Desplte the extremely
high platelet counts (14) the platelet function tests {15 16} and esp
{11 serotonin were slpnificantly depressed So were the prothrom
bin and related factors {26 29) but nat the prothr consumption {25)
although this might be misleadingly calculated because of the lowered
Ievel of the original plasma prothrombin

+ (EM) was a 23 year old white male Jeukemlc whom we
have excluded from Group VI solely because of the unusual thrombo
Sytosis  Serotonin {17) was not tested but the other platelet function
tests were normal There was some hypoprothrombinemtia (27) and
brolonged prothr time {26} which might have to do with liver function
This case showed no hemorrhsgic symptoms

GROUP VI; 1 with Thrombocytopenta or T! y
Problems (Cases 34 67) Tables LVI A LVI B

Lo tsldes the thrombacytosts case (No 33 Group V) plateles prob
qus ©of one kind or ancther presented in 34 more (1 e  all but 4) outof
by cases of leukemias studied The remainder of these test data will
o0 charated fnto two groups (A B) by arbitrarily dividing them at a
00 000/mm  level of the platelet count

Table LVI A nts
cases; P! a y of the th ytop {22

. Egaluaio_n Twelve of these cases recorded bleeding symptoms
functy 2telet counts (14) ranged between 17 000 and 100 000 Platelet
o tlont sta (15 16 17) were significantly reduced In all but one or
haes et (18) was d In 5 out of 11tested
fracs The T T (5) was Pos In 5 cases and blecding time (9) pro
“fe’ 7_;;‘! cases  Silicone c t (11} was significantly prolonged in 15
bin ¢ ere were 16 cases and one doubtful with defective prothrom
‘"td"“ umptlon {25} Antithrombin tests (19 20) were significantly al
in many especially if we Include minor varistions from the
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marked in the less mature megakaryocytes They were not observed
i polykaryocytes (osteoblasts) which are unrelated to plateletorigin

(8 D} THROMBOCYTES (139]

The nucleated thrombocytes of amphibia {frog) reptiles (turtle}
{ish (fresh water sun fish) and birds (fowl) have been studied under
similar conditions Plate 7 (Figure 19) shows an altered frog throm
bocyte lylng on top of a large fibrin filament Note the vesicular
bodies derived from the thrombocyte some still attached and others
released for some distance As {requently noted {n the earlier litera
ture on thrombocytes the{r disintegration is often very sudden and
explosive in character This scatters excrescences chiefly vesicles
and granular material to some distance from the parent thrombocyte
as well shown in Plate 8 {Figure 19) in the case of the sun fish obser
vation It Is noteworthy however that many vesicles persist in the
region of the original adherence and disintegration of the thrombocyte
The dark field observations confirm the essential similarity of the
alterations of thr y yocyte margins and mammalian
platelets

(8 E) ERYTHROCYTE STROMATOLYSIS ETC

Furchgott [182] in 1940 made dark field observations of altering
erythrocyte ghosts’ (stroma of hemolyzed red cells! in contact with
Iyotropic salt solutions such as Hthium perchlorate or potassium thio
cyanate He was apparently unaware of our earlier data on platelet
alterations and independently suggested the myelin figure explana
tion of the phenomena observed His search of the red cell literature
revealed several earlier observations {e g Ollver [355] Kite [267)
Auer [23] and others) of essentially similar appearances from both
hemolyzed and non hemolyzed red calls In some observations made
by the present author in Cape Town in 1930 and recorded in the photo
micrograph reproduced in Plate 9 Figure 20 'stromatolytic filaments
were observed extending from the margins of young erythroblasts in
a drop of heart blood from a rabbit embryo Plate 11 Figure 20 pho
tographed by an erstwhile graduate student {P H Ralph) workingunder
the author s supervision at the University of Michigan in the early
1940's shows apparently similar thread like processes connecting
points at which normal adult human red cells have apparently touched
and then withdrawn from one ancher Plate 10 Figure 20 also pre
pared by Dr P H Ralph is a striking of the lated
stromatolytic appearances oceurring in vitro In slide (dark fleld
microscopy) observations of a nucleated red cell from a tadpole [ 139}

Cenclusion, There is clearly a h d
with surface alterations of the several varieties of blood and bone
marrow formed elements collectively considered In the foregoing ob
servations The basis for attributing these phenomena to a myelin
figure formation from the surface phosphalipids of these formed ele
‘ments follows from the next series of observations
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(8 F) MYELIN FIGURE FORMATIONS FROM PHOSPHOLIPIDS

R Virchow [483] first described myelin forms (figures as micro
acopical appearances at the edges of nervous tissue observed In con
tact with watery solutfons He Inteypreted them in terms of surface
{interphase) relations between the lipold and aqueous phases J B
Leathes [284] studied them very 1y In 1925 IHe photograp
at successive 12 minute Intervals the large myelin figures appearing
at the edge of a film of lecithin in contact with a wide variety of watery
solutions chosen to fllustrate the effects of (a)apecific jons (b) osmotic
concentration and (¢) adsorbed substances The myelin forms were
readily produced by distilled water Leathes noted a suppressive or
inhibitory effect of calcium lons ssld to be overcome by 0 01} NaOH
and by 1 1 Other g and many g agents were
recorded by this observer The present author in 1934 [124] repro
duced some of the lecithin experiments of Leathes Plates 12A and
12B (Figure 20) show the dark {leld appearance {400x magnif ) of the
edge of the phospholipid film {A) at the start in contact with sir
showing only the linear highly refractile margin and (B) 3 minutes
aflter contact with distilled water showing the typlcal large (initial}
myelin forms flawing out into the watery phase (upper right part of
photo) Clearly vialble tn the original but poorly reproduced in the
photomicrograph (and therefore retouched) is the translucent border
as described by Leathes [284]

Our observations eatablished one or two new points which we be
leve to be of considerable significance

Firstly all watery solutions cause an initlal myelin figure ogtflow
{1 e (nto the aqueous phase] which s followed by a further expansion
after a 5 10 minute 'delay pertod !

Secondly the dark field method permits interpretation of Leathes
translucent border as a recip h namely ap
of the water Into the liptd phase The secondary expansion phase we
obacrved to be very dependent upon the particular {ons in the watery
solutfon If distilled water or sodium chloride {and similar salt) solu
tions were used the 'secondary myelin figure outflow went on with
Increasing apeed and vigor but the inflow of watery phase into the
Hpld was lmited and showed little further penetration beyond that seen
1 the initlal phase With calelum salt solutions these phase relations
Wwere reversed There was the same inlttal myelin figure outflow but
Httle extension after the delay perlod Secondarily however the In
flow of this solution into the lipld procesded apace and without limit

tending the * border th the 1ipid portion Our
important concluslon was that calejum 1s specific in directing water
into the 1ipid phase as is well known from the work of physical chem
ists with phase relations of calclum and sodium salts in soaps and
other fat water emulsions

To Leathes conclusion that myelin forms are due to surface
growth and locallzed Imbibition of water we would add that calcfum
lons specifically ¢ negalize the Imbibition and cause a reverse mye

Hn figure appearance as can be seen very clearly in dark fleld obser
vatlons of lecithin films
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Applying these ideas to platelet (etc ) alterations we conclude that
the calcium has the specific role not of causing the excrescence for
matfons {which can occur in citrate etc} but in the liquefaction of the
excrescences By directing water into the altering platelets or throm
bocytes calcium plays an important role in their peculiar disintegra
tive phenomena What about the nature of the lipid itself? In cur 1945
observations [139] we were able to Include some dark field observa
tions on other phosphatides namely the purified preparations of Dr
J Folch (of the Rockefeller Institute New York} which are described
onp 98

The chief 1 inf b d was that halin of the
several phospholipids studled yielded myelin forms which In sizeand
appearance e g vesicles were often so similar to the above described
platelet megakarocyte and thrombocyte alterations that it seemed
reasonable to regard them as identical

Actually the fundamental myelin figure phenomenon was common
to most of these phosphatides in contact with watery solutions and cal
clum salts caused a granular deposition penctrating into the lipid and
interfering with its hydrotropic dispersion into the watery phase The
strength of the salt solutions had only minor effects suggestive of some
membrane phenomenon in which water penetration rates are partly
controlled by osmotic considerations

The inosito]_phosphatide (I} behaved peculiarly in that it went di
rectly into colloldal suspension as ‘chylomicra' instead of showing
'myelin forms ' This is evidently repr of the for of
the bulk of lipoidal and lipoprotein materials of plasma

Concerning the protein components of the surfaces of platelets
etc  our experiments have nothing to say

{8 G} CONCLUSION

In summary then our comparisons of the dark field microscop
ical appearances of (a) water phospholipid films and {b) in vitro ‘alter
ations® of platelets megakaryocytes thrombocytes and certain ery
throcytes indicates the fundamental importance of myelin forms
(figures)’ and related phenomena at water lipid interfaces We be
leve these to be extremely primitive and essentially non vital phe
nomena of lipld rich surface membranes Not only is there an hydro
troplsm of the lipid material causing the appearance of surface
texcrescences’ of the various types described but there is also a
specific role for the calcium lon  This reverses the phase relation
ships and directs water into the {atty phase thus contributing to the
peculfar d: ative ph studied Cholest:
osmotic factors pH and perhaps other factors need additional study
as further possible modifiers of the basic phenomena which we have
described

G CLINICAL CASES WITH PLATELET PROBLEMS

FOREWORD

Our research problem 1950 §5 with regard to the investigation
of clinical cases with hemorrhagic and related disorders was largely
planned and executed by Dr Jessica H Lewis Research Assoclate.
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and Go investigator with advice and some p: 4]
by the author luabl hnical asat was rendered by Fran
cis M Margan Doris C Ferguscn Iria Rudin Ann C Howe and
Bertha G Jackson Since 1953 a graduate student Mr James W
Fresh has made many able contributions especially to Group I studies
(see below) and in the past year Miss Mary Jane Patch has been a
most helpful collaborator The staffs of the University s (North Caro
1tna) Memorial Hospital Duke Hoapital the Veterans' Hospital and
ORINS Hospital have cooperated with the patient material as have a
nimber of private practitioners We are indebted to Dr Marjorie B
Zucker of the N Y U College of Denttstry Physlology Department for
the serum serotonin assays [519] used to assess the platelet vasocon
strictor factor {Item 17 see Tables)

In preparing the data for this thesls the author has proceeded in
dependently and has not consulted Dr Lewls who now has her own
R h y at the U y of Pittsburgh Gratefully ac
knowledging tte leading role of Dr Lewls and the individual contribu
tlons of each member of our group the author nevertheless assumes
sole peraonal bility for the P tation and analysis
of the data selected

CASES represent some Bé patients and 32 normal mothers and thelr
infants They are classified into nine groups No attempt will be made
to analyze them from the clinical viewpoint Rather they represent
merely a physiological contribution of snalytical laboratory methods
with which to approach a rational diagnosis and understanding of the
clinical hemostatic problems Our groups' are chosen {rom this
physiological viewpoint to serve the purpose of this thesis inquiry

Metho 1s for the most part have been described on pp 53 62 and
will not be further elabora An {1 30) or
ganizatlon and reference In the first Table (LI the mean and range
of test values are given for (A} normal healthy adults (randomized as
to sex and age) (B) parturient mothers and (C) thelr normal newborn
{nfants (cord bioods)
&{le trace or minor) +  ++++ Indicate relative degrees of

(7] bleeding tendency and (12) clot retraction (in glass) Retractl
was also observed In silicone (ef 11} but this will not be reported
since the ditferences from {12) were relatively minor In group sum
maries the number of cases was divided for each test into the fol
lowing categoriest

Pos significant slteration of the test value

Neg not significantly different from the normal {norm }

2 doubtfully significant

N, T,t no test performed

Results are presented in Tables LII LX
GROUP 1 |A) Normal Adults {B) Parturient Mothers {C} NormalNew
born Infants {Cord Bloods) ref [172] Table LII

LA) Normals were from healthy adults randomized as to sex and
age They were mostly medical students staff and hospital personnel
including 2 few colored helpers The means of the various tests were
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statistically determined on significantly large groups usually more
than 50 cases

{B) Mothers The 32 cases studied permitted venepuncture during
parturition They all appeared healthy and well and gave no history
of recent infections antlblotic or excessive salicylate therapy dietary
inadequacy or gastrointestinal disturbance The obstetrical anesthe
sia was non contributory Pregnancy labor and the puerperium were
uncomplicated by toxemia hemorrhage or thromboses

{C) Infants The 32 newborn babies ylelded blood samples from
the umbilical cord before it had stopped pulsating All bables were
delivered without trouble were uninjured and appeared normal None
developed any bl g t Some mothers and some bables re
ceived vitamin K questions concerning which are answered in the
cited references [172 173]

Test Results See Table LII For purposes of this thesis com
ment will be limited to the noting of the absence of any platelet prob
lems in {B) and {C} Al tests in this regard fall within normal (A}
lUmits A single exception (10%) of low platelet accelerator (16} in
{C} was of doubtful significance (possible lability)

The many interesting findings in other tests are fully dealt with
in the cited publications and include data on ancther 125 newborns
and most of their mcthers which are not included In the present more
completely studled group

GROUP 11 Congenital {Familial) Thrombocytopenia {Cases 1 2)
Table LII A

Because of thelr unusual interest (ref [453]) these cases will be
reported individually in Table LI A

Case 1 (AB) was examined on two occasions (a) February 1 1954
before treatment and {b} April 20 1955 a few days after splenectomy
In tests (a) the plat count {14} was very low {38 000) and assays for
specific platelet factors {15 18) were not attempted Clot retr (12)
was almost absent but prothr (25) was ingly normal
The child had bleeding symptoms {7} at this time dating back to shortly
after birth Bleeding time (9} was very prolonged and the T T {(tour
niquet test} (8) was strongly Pos

Family historles (F H) {6) will not be detalled in the present stud
ies but were significantly Pos in Cases 1 and 2

In tests {b} after splenectomy all test values were restored to
normal with the questionable exception of a 509 plat tpln (15} The
patient developed no further bleeding problems in a 12 month followup

Case 2 {DD) was not a bleeder (7} despite the Pos Fam Hist (6}
Nevertheless his plat count {14) was low {98 000) and tests 8 12 15
and 16 were significantly abnormal He should therefore be regarded
as a potential bleeder
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GROUP lII: Hereditary Thrombacytopsthic Purpuras Case 3 Glanz
mann's Thrombasthen! Cases 45 P
with Platelet Problema Table LI B

Case 3 (NP} was a severe bleeder (7) with Pos Fam Hist (6)
The plat count (230 000) was normal but clot retr {12) was absent
snd the bleeding time {9) and T T (8) were very sipnificantly Pos
Plat accel {16} was not tested and plasma proaccelerin (29) was a
low normal (627) Piat tpin (15) and ser serotonin {17) were normal
11007} Test 19 was Neg but serum antithr (20} seemed to be in
treased Frothr consumption 125) was normal (95%)

Conclu ton This rare case seems to be ane of the very few re
ported Iref [383)) which conform to Glanzmann's [188) *hereditary

emarrhagic thrombasthenla !

Coses 4,5 (A€ and S C mother and daughter) presented a famil
18 (6) disorder which corresponded most nearly to the classical de
scriptions [ 484 485 486 260 262) of peeudoh mophilia (ref [383 453])
Case 4 was a 52 Yyear old white woman giving a +{4) history of bleed
ing tendency (7) since 19 years of age The chief mantfestations were
ccehymoses and a moderately severe post operative hemorrhage
DBleedng time (9) and clotting times (10 11) were normal as was clot
retr (12} Her plat count {14) was normal (238 000) but the plat tpln
{15) stgnificanily reduced (507 ) and ptat accel (16} a low normal (509 )
Serot (ITNT TheTT {2} was significantly +4+ DProthr consump
tlon (25) was normal { >957) as were AHF (22) PTC(23) and ather

tests  Plasma proaccel (29) and proconv {ZB) N T Fibr {21) was
elevated

Lose  the daughter 20 years old had also suffered +(4) ecchy
Motlc bleedings Her plat count {14) was a low normal (104 000) and
the plat tpin (15) 257 and plat accel (16) 20" unequivocally re
duced Serot (17) NT Plasma proaccel (29) was normal (90¢}
AHE (22) lkewise and probably PTG (23) 60%  Prothr consumption
‘ZS) W28 Quite normal as were other teats including a slightly quea
fonable (717) (reclp see p 57) prothr time {26) Clot retr (12} was
* satis{actory 44+ Fibr {21) was elevated
N L.‘BML!JM In these two cases of pseudohemophilia the platelet

were rel ¥ minor and {thrombocy

}'hey must be regarded as of 1 clinical ina
dypz of hereditary disorder which appears to be primarily a vascular
hy:(unc:lun We had six other cases of peudohemophilla two of hered
hagelanglectasia and two with bleeding hemangiomata none of whom

ad any platelet problems and whose tests therefore are irrelevant
to the present inquiry
MhuAﬂ!“’Mﬂmﬂmm functions will be presented in the
ing o z{;{)\n{u The uremia cases {Group VIII) are especially interest

CROUP IVi Acquired Thrombocytopenta (Cases 6 30) Table LIV

These 25 canes were clinically diagnosed as follows
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{A) 11 acute ITP {idiopathic thrombocytopenic purpura) of which 3
may have been due to drugs and 3 to infections namely (1) res
piratory infection in a 17 mo old child {2} diphtheria ina 4% yT
old child and {3) infectious (? toxic) hepatitis in an 18 yr old
white girl

(B} 7 chrenic ITP including one of two months duration assoclated
with rheumatold arthritls in a 15 year old girl

{C} 5 wereassociated with anemias namely (1) two aplastic anemias
(2) two macrocytic anemias one pernicious and the other occur
ring during pregnancy in a 22 year old woman and (3} one with
Banti's syndrome

(D} 2 were associated with metastatic (bone) carcinomata in elderly
males with primary prostatic malignancy

Test results are given in Table LIV {n summar:

Discussion Plat counts {14) ranged from 5 000 tc 84 000 except
for the 174 000 {at this examination December 10 1953} In a 33 year
old colored woman with pernicious anemia (v C) Many showed 2
severe bleeding tendency {7) one was doubtful 4 N T and only one
gave no bleeding history The T T (8) was Pos In 19 and questionable
in 2 others who were Negroes whose dark skin Interfered with the
teading of this test Bleeding time (9) was Pos In 17 and questionable
in one  Clotting time (glass 10} was definitely prolonged in only one
case but the silicone c t (11} was Pos in 10 cases This indicatesthe
superiority of test 11 in cases with borderline clotting time increases
Clot retr (12) was Pos in 17 cases None showed f{ibrinolysis (13)
Platelet functions {15 16 17) were usually reduced pari passu with the
the lowered platelet count (14} For (15} plat tpln testing 20 cases
19 were Pos and questionable in one For (16} plat accel testing
19 cases all 19 were Pos For {17} ser serctonin testing 12 cases
6 were Fo  Prothr consumption (25) was defective in 16 and ques
tionable 11 one This is highly significant but the quantitative corre
spondence between platelet levels and degree of failure to utilize pro
thrombin showed a very poor correlation It Is suggested that the
quality of the p in terms of fi 1 ities is more im
portant than mere numbers in controlling prothrombin utilization The
plasma components {22 23} of this mechanism were normal except
for one borderline {607} and one ow normal (65%) PTC assays nelther
in the range which could be expected to influence the prothr consump
tion test

A small incidence (see Table} of other thrombin factor deficlencies
is lalned It is possible that Hver is fonally dis
turbed p ps by hem ge The el a fibr (21) in 9 casesmay
be evidence of a liver reaction The low plasma proaccelertn (29) in
3 cases does not reflect the many more 19 cases -low values for
plat accel (18} Plasma thr ct (19} was definitely prolonged In 15
cases and slightly so in @ more cases We do not yet know the possible
significance of this finding

GROUP V Thrombocytosis (Cazes 31 33) Table LV

These three cases present different clinical disorders but show
in common very elevated platelet counts {14) Two -31 and 32 had

bleeding symptoms
Results are detailed in Table LY
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Discu_slon Case 31t (R G) was a 63 year old colored man with
primary adenocarcinoma of the stomach and generalized metastases
At autopay the hone marrow was found to be hyperplastic with a

greatly fncreased number of meg ten e was tned four
of five times between June 23 1953 and his demise on August27 1953
The cited tests were on the first {on but the threm ytosis per

sisted st similar levels through June 29 1954 1le developed a large
hematoma {n the upper right arm inexplicably Except for a low plat
accel {16) on January 6 1954 all tests of platelet functlon including
clot retr (12} and prothr consumption (25) were normal Serotonin
{17) was not teated however The {ibrinogen (21) was a borderiine
{200 mg) on Jenuary 6 1954 and plasma proaccel {29) low (207) on
the same occasion These findings could go with a fibrinolytic enzyme
sctivatfon which might have been overlooked in recording of a glass
ct (10} of 1T min and ++++ clot retr 112) on that occaslon We do
not feel sure af the crude fibrinolysin test however unleas all the
clot diasolves within 24 hours

Case 32 (T L H) was a 64 year old white male long known to suf
fer from polycythemin rubra vers Cout was an interesting complica
tion (ref (503]} ie had recelved (red cell destructive) therapy
at the Veterans! Hospital and we examined him twice (March 30 1954
and April 8 1955) after such courses of treatment when he was show
{ng some bleeding aymptoms {cf Group 1X) Despite the extremely
high platelet counts (14] the platelet function tests (15 16) and esp
amn 3 S0 were the pr
bin and relnted factors (26 29) but not the prothr consumption (25)
although this might be misleadingly calculated becanse of the lowered
level of the original plasma prothrombin

s (E M) was a 23 year ald white male Jevkemic whom we

heve excluded from Group VI solely because of the ynusual thrombo
Cytosls Serotonin (17) was not teated but the other platelet function
tests were normal There was some hypoprothrombinemia (27} and
Prolonged prothr time (26) which might have to do with lver function
This case showed no hemorrhagic symptoms

GROUP VI Leuk with Thr ytopenia or Thrombo ytopathia
Problems (Cases 34 67) Tablea LVI A LVI B

Besides the thrombocytosis case (No 33 Group V) platelet prob
1ems of one kind or ancther presented tn 34 more (Le  all but 4} outof
39 cases of leukemias studied The remainder of these test data will
be separated Into two groups (A B by arbitrarily dividing them at a
100 006/mm level of the platelet count
‘“:;ble LVI A preseats a summary of the thrombocytopenics (22
@ Df cusslon Twelve of these cases recorded bleeding symptoms
o} Dlatclet counts (14] ranged between 17 000 and 100 000 Platelet
unction tests (15 14 17} were significantly reduced in all but one or
twe  Platelet 1) (1B) was d al in % out of 11tested
fascs The TT (5) was Pos In 5 cases and bleeding time (9) pro
onged fn 7 cases  Silicone c t (11} was significantly prolonged in 15
biats There were 16 cases and one doubtful with defective prothrom
. ?nsumpuan {25}  Antithrombin testa (19 20) were significantly al
ered in many especially if we include minor varistions {rom the
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normal controls Twelve and one questionably had a low plasma
proaccelerin {29) but half again as many cases had low plat accel
{16} Seven had prolonged prothr time (26) but the specific thrombin
forming factors {except for the accel noted) were usually normal or
nearly so

Table LVI B summarizes leukemias wi th normal {or nearly nor
mal) platelet counts but with evidence of some or other deficlency of
platelet functions details of which can be noted In the table Five of
these 12 thrombocytopathia cases recorded blesding problems {7)

In addition to the tests reflecting platelet functions (8 9 12 14
18 25} = prolonged silicone c t (11) might be significant in some In
stances As compared with the A group's 17/22 the B group's 5/!2
is a smaller proportion sh a ive prothr 25

Conclusion It would appear that platelet defects whether dennne
thrombocytop:nla or functional platelet defects (thrombocytopathias)
are red in leukemt This may very well play a
leading role 1n the hemorrhagic tendency in leukemia Cases with
abnormal values in our tests but no overt bleedings may be regarded
as potentlally liable to episodes of bleeding

Some less frequent reductions in other clotting factors {e g pro
thrombin etc ) may reflect injury to liver as well as bone marrow
functions

Addendum While both ecute and chronic types of the common my
elold and lymphatic leukemias are included in both sub groups the
A serfes contalned relatively more of the acute types while the B
series had more chronics Included in A also were (1) one case of
coincident polycythemia which is now a well recognized [503] associ
atfon and (2} one case which was finally diagnosed as lymphasarcoma
Included in B was one case of monocytic leukemia

GROUP VII Platelet Problems in Uremia {Cases 68 78} Tables
LVII A LVIL B

Out of 12 uremic cases studled because of bleeding problems 11
showed various platelet anomalies These are summarized in Table

i
{A) Gases 68 77 In this sub group of 10 cases 8 had definite
bleeding problems 1 denled such and 1 lacked the necessary history
{7) The findings itemized & 12 were Neg or infrequent Platelet
counts {14) were all within the normal range Quite otherwise how
ever were many of the platelet function tests Thus plat tpln (15}
was low {n 7 cases and plat accel {16} in 7 and one doubtful The
two cases tested for serotonin {17) gave significantly low values Four
cases and one doubtful showed def prothrombin ption (25)
with insufficient lowering of the tested plasma components to account
r this
fo Conclusion We believe these data offer a new explanation for the
bleeding tendency in uremlcs namely that their pmelm while nor
mal in number are ly ( ) much
as they are in many leukemics (Table LVI B} The not infrequent de
fect In prothrombin consumption could be a result of this also
(P) Case 78 1is of doubtful interest The one borderline (507 ) value
for plat accel (16) on the first of the two examinations 1is the only
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Justification for its inclusion in Table LVIIl Platelet counts and other
tunctional platelet tests were normal on the two occastons The clin
icat of chronie pyel 111s {n polycystic kidneys showed
an infectious complication of an already toxemic nitrogen retentfon
The low levels of PTC and thrombin forming factors on May 30 1955
the day before demise could have been due to liver fallure We would
Just be guessing to blame her bleedings on some toxic disturbance to
vascular integrity

GROUP VIII Flatelet Problems in Cases with Plasma Clotting Difft
culties (Cases 79 85) Table LVIIL

These 7 casea [including one g ble) repr a very small
minority of our collected data on 52 26 PTC def
24 5

:,p prothr h

hypoproconver
4 ypoproa ics £ cases with circulating inhibitors
{antl AHF or ant! PTC) and several others with obscure clotting prob
lems The data of the 7 cases are {ndividually analyzed In Tatle LVIII
(A) Cas s 79 83 might be grouped as primarily severe liver
disorders with mild systemic bleeding problems Two 80 81 had
marked jaundice and four 80 83 showed no response to their hypo
prothrombinemia to vitamin K Plat counts (14) in Nos 79 82 were
conslderably reduced (31 600 92 000} and {t was questionably low
{12 000) in Case 83 Functional tests were N T on Case #3 butwere
significantly low for (15) tpln and {16) plat accel in the four others
Serum serotonin (17) was quite normal in the same cases however
The T T (8) was + in Case 80 but heg in 7% 81 g2 Clat retr (12}
was only ++in Case 82 but normal in 79 Lysis (see below) inter
fered in the other cases The prothr consumption (25) was quite nor
malin 79 €2 and NT in83 Plasma thr ct (19) was increased in
the two specimens 79 82 tn which there was no Interfering fibrin
Olysis Serum antithr (20) tested normal in 3 cases The liver dys
function could account for the low levels of PTC {23) prothrombin (26
27} proconvertin (28} but not 1ly for the p in (unless
the liver has a ‘storage function for this component of the thrombin
forming system [322 492]) Fibrinolysis was a complication which
could also be explained by the severe liver injury [453] It interfered
with determinations of clotting times {10 11) clot retr {12) and
g‘"m‘ thr <t {19) A borderline {200 mg) fibr (21) in case 83 may
ave been due in part (2} to the fibrin lysin but the inogen
wal(sllghtly above normal in Case 81 who also showed fibrinolysin
N B} Case 54 (DH) was a 3 year old white female child who was
e Mmost severe of the 4 hypop in ia cases whom
:‘: have studied and was the only such case with unusuzl platelets The
h)se‘l;‘:: of rroac:elerln (29) sufficiently explains the bleeding tendency
defect ‘gg)"ﬂged clotting {10 1) and prothr time (26) as well as the
ALl in prothr consumption (25) True prothr (27} proconv
{23) AHF (22} and fibr (21} were all normal There was
T (24) and clot retr {12) was normal
rmal 240 000 and plat tpln (15) nor
elet accel (16) was very low Indeed al
The high value (2507') for serum serotonin
estion that this might be a physiclogical

The platelet count (14) wa,

$ a no.
mal {1007) However the plat
though it was measurable
1s Interesting and the sugg,
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‘campensation® {s an open questlon It was this case thatmost strongly
influenced us toward a tentative hypothesis that the platelet accelerator
is very closely related to if not tdentlcal with plasma proaccelerin
{C} Case 85 (C R} was a 70 year old white male with prostatic
carcinoma and metastascs His bleeding problem was primarilyasse
clated we believe with a circulating fibrinolysin (ref [453}) When
firse seen (Fanuary 10 1955} the plat count {14] was fow (36 000} as
were plat tpin {15) only 6% and plat sccel {16) a barely assayable
1% Plasma proaccel (29) wasz also very low and fibr {21} serfously
depleted Our experience with cases of active fibrinolysin supports
the thesls that flhrinogen and accelerator {actor are the two clotting
factors most easily destroyed by the enzyme At least in cilnlcally
encountered {fbrinolysin concentrations the ather clotting factors sxe
reststant If our interpretation is correct the enzyme in Case 85 is
also attacking plat accel and perhaps whole platelets which could
account for the ancmalous platelet gs The thr ytop
could explain the defective prothr consumptlon {25} and the lack of
accelerator the prolonged prothr time {26} There was & aignificant
increase In serum antiilbrinolyain (24} which follows a pattern which
we and others [453] have ohserved in such cases The second exam
ination seven weeks later showed the enzyme still to be present but
in reduced amounts and with the same high antifibrinolyain titer (24}

Platelets {14) had tncreased o p y normal and {ibrinagen {21}
and other tests {26 29) were considerably improved except for the
prothr p {25) whlch registered an unaccountable

P
zero AHF (22} was not tested at this time and it would have been in
teresting to have hed this perhaps vital information

GROUP IX FPlatelet Problems In Radiation Sickness {Case 86} Table
LI

{A) In humans our experience {= confined to a single case R T
({No 86} who was an elderly white male with a carcinoma of the colon
which had metastasized to the Hver With such a hapeless prognosis
he was being given Tadlo gold {Au’ 98) at the ORINS Hospital (Oak
Ridge Tennesseel and the author in consultation with the AEC was
permitted to obtaln the test data given in Table LIX

Results refer only to two tests namely prothr consumptlon and
plat counts [153] dut they are very Interesting On the day { 1) be
fare the radic geold Injectlon the parfent was in poor shape and the
prothr consumption 2t 67¥ {23% residual in t hr seruml was def
initely defective although the plasma prothrombin was rather high at
510 two stage {p 59) unitsiml trated with a very reactive fibrinagen
{narrmal’ = 400 450 units) It could have been evidence of benefit to
the liver that the pr P turned to normal for two
weeks alter the An 198injectlon The plateler counts were essentially
normal throughout this period a2 they werse at the start

The 19 day tests b r showed the proth: consumpifon
decreasing sgain {20% resid - BOY cons ) while the platelets {158,000)
were beginning to fall although the level at this time {on a purely nu
merical baais} should rot have been able to account for the Fios prothr
consumption test  The 22 day tests showed serious deficlencies of
both platelets (48 000) snd prothr consumption {557 resid =45% cons)
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On the following day the patient djed from & massive hemorrhage at
the primary carcinoma site This could of course have been a vas
cutar erosion but the t were certalnly
a fatal handicap

{B) Dog experiments

Experlment 50 Table LX

Purpose To inject dogs with Au'"8 intravenously in an effort to
localize the bulk of the radiation (*hard y and some B emissions} in
the liver (which 1 known to sequester colloidal gold as used for these
experiments) Effects on the coagulation mechanisms were to be In
vestigated following such leads as appeared to be profitable and prac-
ticable under the rather ¥ made

to us due to the 4 against the very *hat
dogs who had to be lsaluled ln cutlying buildings devold of the central
laboratory's convenlences

ethods The several test systems used were described In a pub
HUcation [u ‘] of these preliminary data on (2) two contrals who re
ceived Au'?® colloidal suspension with an old preparation which had
loat all but a trace of its radioactivity and (b} five experimental ani
mals who recelved 20 10 10 5 and a token 1 6 millicuries/kg Au'?®
fresh from the atomic pile respectively

Results Table LX summarizes the day by day results for the
prothr consumption and plat count tests on three of the animals {1
I im

Discussion Lethalitles were as followas
(I}1 20 me/kg dose: death of animal on 9th day

{I1}: 10 mc/kg dose; death of animal on 37th day

(I 5 me/kg dose: animal surviving and apparently recovered 3
months later Not illustrated are:

(V] 10 mc/kg dose: apparent recovery alter 4 weeks {according to
pro cons test] but unexpected death on 83rd day

(V) 16 mc/kg doset minimal effects and remained well until sacei

fice on 106th dsy

The prothr consumption data and platelet counts given in Table LX

showed some lack of correlation between the two tests Thus the

prothr consumption defect appeared in dogs II and III on the 6th day

st which time the plat counts were still normal Furthermore the

Prothr consumption test data were very different quentitatively on the

8th day in these same two animals although both platelet counts were

moderately reduced and to about the same level

Autopsy Findings

Dog (i Liver was ki icteric h and
Ducdenum sbowed s section which nestled under the liver to be swol
len with & mussive Interstitial hemorrhage Hemorrheges were wide
spread and particularly noteworthy were {1) bleeding into neck from
the venepuncture prick of the p: dayi (2) p
(3) petchiae in serous membranes and in mucoss of lllmemnry cunal
(5) lymph node hemorrhages
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Dog {Il}: Liver showed acute damaege reported as ' massive snd
cumplete hemorrhagic necrosia ¥ Bemorrhages were widespread in
<luding pulmonar:

Dog {1V}t Liver showed marked chrontc demage reported as

chronic clrrhosles with atrophy of Mver cords engorged stausoids
and considerable hemosiderin spparently from old hemorrhage

Dog {V}1 Liver and other organs were normal
We are indebted to Dr G A Andrews for the sutopsy reports and to
Dr Marshall Brucer Head of the ORINS Medical Division for making
these studies possible

Discuseion The pathological data were aupplemented with meas
urements of the residnal radl ivlty which d the major con
centration of the Au’?8in the liver There were however afgnificant
amounts alao in the spleen lymph glands and bone marrow Hence
our preliminary attemnpt to localive Internal frradistion for a particu
Iar organ (e g liver) by intravenous injection of s sultably chosen
preparation was not sltogether guccessfn) What was remarkable
however was the extent of llver damage which radistions thus
achleved could cause without signit eftects on proth
brinogen and other clotting factors

No circulating {e g heparin Hka} 4 1ant could be
in our experiments

The ane test which these p ¥y experin PP 2
showing very significant resulta was the prothrombia consumption
teet (whether by 2 stege or I stage methoda) What is of relevance
to the present thesis is the sppavent lack at times of correlstion
with the well known thrombocytopenic effect of redfationa [14]
Jackson Cronkite et al {96 97 245 2461 Penlck et al {374}  and
others {477} bave reported on the post {zradiation thrombocytopenias
znd Iack of effects on biood-clotting factors including AHF [374] el
though ceusing defects in prothrombin consumption We accord great
respect to these other workers particularly to Dr £ P Cronkite for
his work performed while & C. in the USN Tuding partici
pation in animal experiments both at the Naval Research Lahoratorfes
{X irradiation} and in the test stomic hombings at Bikini and Enlwetok
Cronkite also noted discrepancles of the two tests especially during
the Yecovery phase post irradiatien

We balleve the Jor the role of 28
particularly established by Comdr Cronkite’s group of workers tobe
maost convincing However we wish to keep an open mind on the pos
aibility for some role also of certain plusma factors We have plsns
for atudylng the PTC and 'Factor X' levels which we had boped to
carry out this year but the writing of this thests has necessitated a
delay which we hope to overcome in the near future

Concluslon Thr yrop: is avery correlate of
the hemorrhaglc problem of rad 1 the pro-
thrarabin consumption fe3t appears to be a more sensjtive index of the
sssactated blood defect(sl and would seem to reflect with some ac
curacy the severity end p of the tnjury [148]
The possibilfty of discovering radistion demage to some plasrna fltt‘or
factors which work with the .
WY on open question  Cats rendered thrombocytopentc by X frradia
tion have been used o esHimate platelet life span in crossed clrcula

ton experiments {283} N




PART 111
NTEGRAT DEA
A FORMULATION

An Integration of ldeas based on the data of this thesis permits
detailed formulation of the g g hyp

1 Tbrcmbopl astic 1ipid There is abundant evidence for a

1 role in the phy ical clotting process of
a factor or h:tors of a Hpoldal nature probably cephalin Its chief
mode of actlon may be termed thromboplastic This signifies that 1t
participates along with Catt lons In the conversion of prothrombinte
thrombin in the presence of Stuart factor (R S p 27) proaccelerin
and other co factors It {s probable that (a) the tnitiation of blood
clotting 1s dependent upon the availability of the proper form of the

potdal in and (b) it may need some apecial
P y Son of generation 1o present it in
a sultable form to !he thrombin forming Itis

that tissue or plasm are true Hpoprot: [27] Fur
ther (c} there are T an l(keuhood certain naturally protective inhib
ftory to be before can pro

cced  On these we may comment as follows

Z Natural inhibitory Heparin with its co factor Isa possible
Inkibitor which can be demonstrated In experimental systems  How
ever there is tion as to the of such test
systems and the best modern evidence {p 30) doubts that there is
enough heparin in the normal circulating blood to prevent clotting

such & could prevail locally where Mast
cells are abundant in and around blood vessel walls (Jorpes [258])
Also clinical [37 448] and experimental [498 255] conditions of true
heparinemia have been shown to exist Another possibillty which has
been particularly advanced by Tocantins et al [475] is that certain
lpoidal antithromboplasting exist in the blood and are increasedin cer
tain states e g hemophilla [472] and post irradiation (471] Tocentins
1s a very careful worker but there have been criticiams of his t ch
niques (e g the question of varlable fonlc gtrengths [196]) and the

of most

to 13s] the a; in idea par in
Where the evidence for defictency cl 2 specific AHF or antihemophilic
globulin {p 25} 1s convincing

{thoughnot

3 Cephalin A number of workers have endeavored to characterize
the 1pid and Ity 2nd also the lipid antl
thromboplastin(s) The present author has contributed In this ares and
current investigations are continulng with collaboration of biochernical
colleagues The best evidence to date merely confirms the original

141
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discovery of Howell {1912) and Zak {1912) The data reproduced in
this thesis are particularly strong support for this The assay meth
od developed in the author's laboratory Is extremely sensitive and
can detect the activity of thrombopl (cephalin like} materials at
dilutions that run Into the millions This means that such activity may
be picked up in purified materials in which the real factor ls merelys
trace contaminant We belleve that this may explain the doubts [84
88 76] that the thromboplastic lipid is really cephalin  The chief basis
of such doubts fs the finding of activity in alcohol or acetone soluble
liptd fractions That some cephalin may find its way into such Irec
tions as a is a very r ble sup and it may
very well be true that lipid solubilities are not an exact method of
fractionation when dealing with the crude mixtures extracted with al
cohol and ether benzene chloroform and other lipoldal solvents
Hence we shall adopt as the current working hypothesis the conclu
slon that the essential thromboplastic lipolds are true cephalins or
ethanolamine phosphatldes There is some old evidence {e g Gratla
and Levene {200]) that the unsaturated fatty acids are necessary Ly
socephalins are inactive [221 53 300 79] Certain synthetic cephalins
contalning only saturated fatty aclds were found to be inactive (throm
boplastically) by ourselves pp 98 99 confirming earler work [202
26 A more recent synthetic cephalin prepared by Baer et al [28
29] and tested by our colleagues Dr K M Brinkhous and other mem
bers of his Pathology Department (University o North Carolina} [282]
was found to be very slghtly active Our tests (p 99) show this to be

1 g g a trace Other biochemical p
noted on p 99 such as possible differences between & and B cepha
lins etc await further Investigations

4 Lipid antithromboplastin Relatively crude cephalins ex
tracted from brain and other tissues (see pp 25 71) are very satis
factory for blood clotting experiments [489] They do contain some

h lastic lipid h which limits their use at higher
concentrations {p 88] and this may be the explanation (at leastinpart}
of the experimental finding of a cephalin optimum

One interesting new possibility is opened up by the author's most
Tecent data (p 99) namely that antithromboplastin may not be so much
a single factor as & number of lipid fractions acting together perhaps
synergistically

5 Complete! ness of thromboplastin, Anewway.to

d; ate ! lastin generation, There is no doubt that aque
ous or saline tissue ext (thr % or tissue thr P

in most clotting systems have a definite superiority over any currently
avallable phospholipid preparation The author's Experiment 29 p 100

comparing Dr Quick s rabbit brain thr in with the analy
equivalent of its extracted P lipids 1is a particularly striking example
of this Dr Seegers in persona reported that his

highly purified prothrombins were very poorly activated by cephalin

as compared with tissue thromboplastin  This the present author {156]
could confirm {p 90) However there was some doubt whether Seegers'
thrombin forming ay were adeq provided with AcG and other
necessary cofactors It may be that the excellence of cephalln in cur
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latest eluate (prothrombin + proconvertin) systems with added AcG
was due to ' bopl gener * in ¥ with the PTC
and significant though small amount of AHF present {p 107 and
Table XXXVI]) In our best experiments (p 77) there were no differ
ences in thrombin yleld but only a Hitle ditference in the rates of
thrombin formation Even this diffe h pp tp 78)
when more AHG {antihemophilic globulin) was added to the test system
These experiments represent a new way of demonstrating the phenom
enon of 'thromboplastin generation '

6 Intermediates We are not at all sure whether a specific com
plex (? lipoproteln) type o hr 1s a ¥ pre
liminary to thrombin formation With so many factors known to par
ticipate it would be difficult to avold the surmise that a number of
intermediates {see p 48} occur during the thrombin forming reactfon
Exact identification of these and the sequence of their appearance offers
a ripe fleld for future harvesting Our own current conclusions favor
one type of Intermediary for which we believe the current experiments
provide trustworthy evidence We term this the Ca cephalin protein
intermediary complex The cited data indeed show (1) thrombin
formation may be interrupted during its early phases by additlon of
decalcifying agents {oxalate citrate sequestrene or better catlonic
exchange resins} resulting not merely in arrest of the prothrombin
but in a prog g to what appears to be an

inert or non thrombin by product (? autoprothrombin} However when
the thrombin 1a fully formed complete decalcification results in no
significant effect on its coagulant potency Unlike the postulated inter
mediary therefore true thrombin is not a calcium compound [265]
Of course the decalcification may prevent prothrombin activation
when performed early enough so that no Ca ions are available for the
activating processes

(2) A new datum easily demonstrated (p 85) when using cephalin
as the thromboplastic additive 1is that a similar progressive tnactiva
tlon during the intermediate phase can be effected by using the very
mild lipoidal extractive benzene Again there is no such effect when
the thrombin formation has been allowed to go on to completion This
we regard as for p y of a free
available mobile and loosely binding phospholipid (cephalin) We
recall [149] the very poor activation by calctum alone of Howell pro
thrombin which our Tecent analyses {p 91) show not to be lacking in
AcG proconvertin PTC or AHG Such prothrombln preparations by
actual lipld analyses contained significant smounts of cephalin If such
amounts were added to the system in the free form 1e as purified
cephalin suspension they would give excellent thrombin formation

7 The cephslin avgilability theory This then is the
basis of the author s icephalin availability theory * which postulates
that the phospholfpid thromboplastic factor must be Mberated or made
available in some way from its otherwise inert lipoprotein combina
tions Protetn bound phosphatides are ubiquitous in both tissues and
Plasma even hemophilic plasma {132] How they become available to
function as an essentlal thromboplastic factor in blood coagulation
Poses aome very intriguing questions
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8 Thromboplastic enzymes Since 1939 the author and his
colleagues have performed a very large number of experiments de
signed to explore the possibility that certain proteolytic enzymes may
have some role in this avallability of cephalin In such action we term
them thromboplastic enzymes Experimentally the pancreatic protease
trypsin (but not chymotrypsin) provides a considerable body of evidence
as fallows:

1} Trypsin addition facilitates the clotting of whole blood [107]
decalcified plasmas (but not if there is too much oxalate or citrate
[143]) even hemophilic blood [480] or hemophilic plasma fractions

32

¢

2) Trypsin acts by p. the rsion of p: to
thromhinyﬁxz] but again provided that there is not too great excess
of oxalate or citrate [149]

3) In the thrombin forming system trypsin acts best if there is
sufficient calcium and some (but sub optimal) amount of cephalin or
tlssue thromboplastin  Our [156] most critical Experiment 32 p 105
indicates no efiect of trypsin with adequate calclum unless 8 weak
thromboplastin 1s also added

Hence we conclude that trypsin s not thromboplastic In its own
right {controverting Eagle & Harris [112]) but merely makes the
phospholipid (cephalin) and sometimes even the calcium more ‘avail
able! for the th reactl A ble basis for this
action end to explain minor activity in the absence of sufficient Ca
and P-1pid 1Is a postulated ability of trypsin to 'disaggregate’ Ca and
1ipid from their normally inert protein combinations

4) The antiprotease experiments (pp 113 116) clearly show loss
of the thromboplastic action of trypsin parallel with removal of pro
teolytic activity by suitable treatment with these anti trypsin prepara
tions Controls (pp 117 119} show most of these antiproteases to be
devold of thelr own inhibitory effects on thrombin formation

) The trypsin clotting of completely platelet free plasma {p 67
Table V) cannot involve rny platelet potenttation This therefore calls
for additional consideration of plasma sources of thromboplastic lipid
which will be considered on p

9 The fibrinolysin question Cited evidence from the
author's experlence has been given to show essentially similar exper
imental phenomena for the natural plasma protease {ibrinolysin (plas
min or tryptase [143]) However there was a most significant excep
tion (p 114} namely that these thrombeplastic effects in platelet
potentiation experiments {which system showed them most clearly)
were not abolished by antiproteases This must throw the gravest
doubts [301] upon all the g in and require
a future investigation of some other unknown component of all our {1
brinclysin preparations which could explalin the findings independently
of the protease proper Until this 1s definitively settled we withhold
any commitment as to a genuine clotting role for fibrinclysin which
was prematurely postulated by the author [136] n 1943

10 Platelets, The occasional success in obtaining & completely
platelet free plasma which will not clot on simple recalcification even
in glass [p 66 Table IV} is the best evidence that platelets are nor
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mally essential for blood coagulation Three observations however
still leave room for doubt Thus:

1} Why does this experiment o often fall even when the technical
skill does not seem to be less than in the few experiments which suc
ceed [90 472)7 Is it just a matter of a little fragmented platelet mate
rial eluding the experimental effort or could ft be that the plasma
itself sometimes contains the trace amounts of thromboplastic factor
needed? Tissue thromboplastin contaminants can certainly be ruled
out in the careful p of these experi:

2} Why s it that not only pl and tissue addl
tives work but also and to a very significant extent cephalin {Table
1V) and the pr ¥ y trypain and fibrinolysin (Table V)7

A tentative answer could be that the common factor in all cases
is the p of lastic P lipid Tissue thrombo
plastin muat be adventitious but undoubtedly occurs in many injuries
to blood vessels It appears to be guite the most effective The next
best in our experiments is not platelets {much concentrated as these
were) but purified cephalin Cenld not lexperimental) trypsin disag
gregate some mobile cephalin from the plasma lipoproteins as sug
gested on pp L16 1442 Let us defer any conclusions about fibrinolysin
because of the doubts (see above) as to its purity in the preparations
employed to date Pancreatic trypsin does not occur in the blood and
we {293] belleve the claims cited for such e g In pancreatitis are
due to trypsin acting as a kinase activator of profibrinclysin

3) Finally just what is the effect of a wettable surface? It is true
{p 38) that wettable surfaces and injured endothelium {p 36} have
significance in the platelet alterations which ordinarily precede bleod
clotting However the effects noted in the platelet free system of
Experiment 4 {p 66) must be on some plasma componentts) {? Hageman)
Might there not be a considerable labilization of plasma lipoproteins
with release of some cephalin {thromboplastic P lipid} on surface con
tact? Could this not at times be the cause of the experimental fatlure
noted in 2} above and such be an alternative explanation to that based
upon postulated platelet fragments?

11 The trigger mechanism Correlating these speculations
with those of Erkelens [L118] p 51 may it not indeed be poasible
naturally to initiate the clotting process with thromboplastic 1ipid
{probably cephalin) from the plasma or plasma lipoproteins? This is

a very intriguing question and upon its {inal answer will depend the
elucidation oft {a) the still mysterious trigger mechanism which
physiclogically initiates blood clotting when needed for defensive hemo
stasls and which {s obviously not in operation (at least overtly) in the
circulatory blood and also {b) the true importance of the blood platelets

12 Clintcal disorders of platelets The platelets show

1d of their important 1 in clinical bleeding
disorders Only part of these functions concerns the clottlng rrechan
ism  Other hemostatic roles of the blood platelets are related to
(1} their ability to aggregate and adhere to injured vascular endothellum
to form cellular thromb{ and (2) their participation in the provision of
a vasoconstrictor factor which modern evidence (p 39) suggests is

or 5 hy ytryp sulfate  Just how
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important these two mechaniams may be is best {llustrated by congen
ital afibrinogenemia and some other serious clotting deficiencles The
rare congenital afibrinogenemic [296] lacks the essentlal ingredient
{fibrinogen) for clot formation That such cases survive desplte an
overt hemorrhagic tendency must point to the great phystological
effectiveness of platelet (cellular) and vascular hemostatic mechan
isms Worthy of passing mention also i{s the evidence of Compara
tive Zoology that the lower and phylogenetically older animal species
developed a thrombocyte function long before a plasma clotting system
evolved [189]

13 Myelin forme In the platelet alterations (p 38) after blood

is shed and which p also occur int larly after vessel
injury and in thrombotic conditions the author 's dark field observa
tions (pp 123-127) provide very for

a &
role of the platelet Hipids In particular it is concluded that the pecu
liar platelet excreacences are simply a variety of the leng-known my
elin figure formations Of purificd phospholiplds examined with a
similar mic 4 appearances which
often simulated the platelet “alterations in very minute detail These
alterative phenomena are not pecullar to platelets but could be shown
(pp 127 129) also in of yocytes thrombocytes
{of lower animals} ythrocytes undergoing stromatoly
sils Furchgott (182] in 1940 also suggested the myelin {igure inter
pretation for the last but apparently was unfamiliar with the author's
1934 platelet ohservations

14 Preservation of platelet thromboplastic com-
ponent Of the several factors which platelets may contribute to
the blood clotting mechanism it would seem reasonable to conclude
that the chief is ity thromboplastic component This {s at least in
part extremely stable as shown by Experiment 35 {p 108) I L
Tullls {479] who 1s directing the platelet work of the Harvard Plasma
Fractionation Commission notes {op,_cit p 148) During stors.
platelets undergo a gradual aging process A loss of fibrils (g [1ng
excrescencu) is one of the first morphological changes to be seen

there i3 a urrent loss of clot retracting abllity without
loss of thromboplastic activity {Tullis® italics) Using as test

system the ability of preserved platelets to restore coagulability to
platelet poor plasma the Harvard scientists claim remarkable pres
ervation of platelets on storage The present author believes this
needs to be reconsidered in view of evidence that many other platelet

may b 11y needed and most of them are highly
labile Plutelus hnctlonatzd from human donors for clinical use
should be used almost immediately and even then there is evidence
that thelr therapeutic benefits are short-lived

15 Potentiation of platelet thromboplastip The second

major point about the t actlon of s 1t p a
tion by mtlh:mephllic factor PTC etc Isee p 108) Current thinking
d 'thr in generation' from some reaction

tons) the platelets and the several

(probnbly a sertes o

Plasmn components The evidence of workers with the thromboplastin
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generation test points to need not only for calcium but also for factor

V (proaceelerin) etc if not for [pro}b itself in
tic generation The types of experiment pursued in the present thesls
have not explored the p of thr ger 2s a

separate phase 1 e prior to the
However Experiment 40 {p 115)does show the lmyortun! polentlnﬂon
cf platelet thromboplastic action by purlﬂed AHG and Experiment 11
{p 77) shows that halin can latel in this phenom
enon whereas the complete thrombopluun (uuue tpln )} in sufficient
amounta i3 not improved by the plasma component addition

Agatn we conclude that the phospholiptd cephalin most probably
1s the stable factor in platelets This is a weak and incomplete throm
boplastin in its own right apparently but ylelds a complete thrombo
plastin {n the presence of sufficient AHG PTC etc Our eluates
{Table VI) contain these plasma components especially PTC butcould
probably be freed if y from the trace of AHF
This present AHF contaminant explains why our eluates and the older
Howell prothrombin were so well activated by cephalin as compared
say with Seegers' more purified prothrombins

Ancther of platelet action by a trace
of thrombin (Experlmen!l 36 37) 19 not easy to explaln In our systems
which are ith AcG ) of the serum type 1ie

not the precursor prou:celerln Thrombin {s known [492 290] toplay
a role in the activation of proaccelerin to accelerin  This removes a
lag phase {n our two stage thrombin formation tests Contrary to the
claim of Seegera et al that platelet accelerator is like serum AcG
Dr Lewls and the author have noted many times that it shows the lag
phase in two stage clotting systems which we regard as evidencefor
proaccelerin {Seegers plasma type AcG) Were it not for our added
refore th could be a :hnnge from the
precursor form (p in) to the rator {
in the platelet component It is still just posslbh that zhu ie indeed
the case and could account for the L
with this posaibility {s the fact which we [154] have severll times
demonstrated with our eluates namely increasing the AcG to an ex
cess several times the equivalent of its strength in normal adult hu
man plasma enhances thrombin formation with no clear cut evicence
of any AcG optimum Pending more data on the exact quantities of AcG
(and pro AcG) in our systems therefore we conclude that the throm
bin effect might be of the nature described It {s however concelvable
that the mild p: ytic actions of {n could ggregate phos
Pholipid {rom the platelet lipoproteins as we postulate in the case of
the much more powerful proteolytic enzyme trypsin Lacking concrete
evidence at this time such a concept is merely a tentative suggestion
which could guide future enquiry

}

B FINAL SUMMARIZATION

The material in this thesis supports the idea that a major role in
the nnurll clotting mechanism must be nufgned to a group of factors
which y form the (s) which in
:onjun:llnn with fonized calclum convert{s) the prothrombin (precur
sor) into the active thrombin needed for catalyzing the conversion of
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flbrinogen ta fibrin clot We have advanced evidence for
1) the importance of certain lipids (? cephalln);
2) the normal need in plasma clotting for platelets;
3} the particular signuicnnce ot a platelet component which has
t

many \| o in the boplastic system;

4 p fon of the thromboplastic actions of cephalin of plate
lets and of tissue thromboplnﬂn {to some extent} by vnr(ous ex-peri
mental additives Part of this may be d as a 'thr

generation’ through co participation of certain plasmatic compon!nt!
{antl hemophilic globulin PTC etc} Part however may be the re
sult of certaln proteclytic enzymes particularly trypsin 'disaggre
gating bound forms of phospholipid from the normally unavailable
lipoprotein combinations and thus rendering it favailable! for particl
pation in the generation of thromboplastin and hence the conversionof
prothrombin to thrombin;

5) possible Ca and lpid *intermed ' in
the thrombin forming reaction(s);

6) myelin {igure formation as an explanation of 'slterations' of
platelets and certain other formed such as thr

ytic erythrocytes

7} the mumpucny of factors which platelets may contribute to the
blood clotting and hemostatic mechanism

8) the occurrence of many cllnical bleedlng disorders due to defl
clency of platelet functions Th y as denote def! of
platelet numbers and hence of the total bulk of the platelet factors
available in the body Th \ 3 are deficlencies of specific
platelet components and can be cll.nicnlly significant even when the
platelet count is normal Bleeding in leukemias uremias etc may
often be accounted for in these terms

9) the nature and modes of action of heparin and other 'antithrom
boplastic! inhibitors eand of some antl proteases in relation to the
mechanisms discussed;

10) the 'cephalin avallability theory' of the author as 2 useful hy
‘pothesis to explain the importance of the natural thromboplestic phos
pholipid Lipid release from platelet tissue or possibly plasma
(Experiment 4) sources may very well be the long obscure trigges
mechanism’ which initiates blood coagulation

yt




PART 1V

SUPPLEMENT

THE VERSATILE TWO+STAGE METHOD FOR
QUANTITATIVE STUDY OF BLOOD CLOTTING FACTORS

In the period since completion of the dlasertation in the Spring of
1956 to the writing of thls mpplement in the Fall of 1959 the author
and his coll pepera which are listed
in the ' ded This tncludes a
selection of those pemom of the recent research which are relevant
to the topic of the dissertation These will deal particularly with a sig~
nificant new extension of the two-stage method Originally developed
as Method III" (eluate technique} for assay of p as detatled
in the main text this method has now been subjected to a series of re
{finements and modifications whereby it can be adapted to the quantita
tive study of mny clotting factor Such & method s somewhat emplrical
as regards standardigation and chofce of reagents of reference so that
the percentage units are relative rather than absolute However the

que s le te and the results
belng remarkably reproducible Its versatility is apprectated when by
the appropriate modifications it can be used to study (a) each individ
ual factor in the clotting system (b} inhibitors (c) dlecu of any addi
uvu md ta) puulble in the and

by M and explains many
other types of tg.( -yltemt and thus le-d- to & basic understanding of
the blood coagulation mechanisma

TECHNIQUE FOR THE VERSATILE TWO STAGE

Al 1 at & rel rying room
temperature of 26 + 39€ im mlxturel at pHIT 3 buuered with imidazole
NaCl of p accurs in a 5 ml mixture
( 1 of eluate} and addittves oll

(
significant clotting factors in the mixture being under quantitative
control

At %221 minute {ntervals 0 2 ml samples of incubate are removed
and ;dded to 0 2 ml of a standard fibrinogen and the clotting time{C T )
note:

COMPLETE systems are optimal for all clotting factors whereas
DEFICIENT systems lack just one {actor all others heing optimal o
at least adequate and unvarying To the latter aystem the missing fac
tor can be added quantitatively thus securing data on lts effects in re
Iation to the progressive thrombin formation

149
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Prothrombln ts ususily supplied In the form of « plasms
elunte  When oxalated plesma is available » BaSO,-citrate sluate is
prepared by the method described in the main body of the diseertation
We prefer this but when only citrated plasma fs available we are sble
1o secure & satisfactory substrate by Al{OH}y mdsorption phosphate
buffer elutfon and subseguent dislysin

0 1 ml of these eluates {human <anine or bovine in the routine
% ml {ncubete mixture usually provides a suitable amount of prothrom
bln together with other eluted factors particularly Factor VII {gro
convertln} Factor X {Stuart) Factor IX {PTC) and probably PTA etc
trace 4 are factor V {AsG] factor VI {AHF)
Hageman factor 7 ete but optima {or adequacy) of these must be
ssyured by suitable additives when necesnary

Additivey Optimal zalcium is regularly provides by adding 0 5 mi
8 15M CaCl, per § ml fncubate  The tissue thromboplastin whichwe
naw use instesd of Soluplastin (zee thesis] s obtatned from acetont
dried hunman {autopsy) brais 200 500 my of the acetone~{ree dried
brain powder {s weighed and extracted with 10 mi aaline {0 85% NaCH
for 35 min At 51-532C (reater~bath) with geatle agitation 'The tube I3
then centrifuged for S min ut 1500 r pm and the supernatant suspen
sion strained through gauze Routinely 20 mg of phenol {s added 2y 8
preservative and the yuspension is usually stable in potency for about
8 weeks in the refrigerator at 4°2C  The exact amount of brain powder
iz determined by testing seversi strengtha of preparation in the Quick
prothrombin time test on freah normal human plasmea  That prepera
tion 1s selected which gives an 11 sec end-point In the Quick test An
optimal amount for the t 1. tests ts det ed and used rov
tinely The cephnlin {standard prothromboplastin } which is substl
tuted for the tlusue thromboplastin in the aystem modtffed for study of
the phosp P and {ts cof; % 18 now 1y prepaved
{rom the same humsn brals powder by the Bell«Alton {38] technique
The powder should give s neg X Burchardt reaction for
cholesterel  Qne gram of brain powder {s extracted with successive
5.10 ml portions of resgent chloroform until a total of 50 ml of GHCly
has beep used The solution 1a filtered through & Buchner funnel the
residue dried by sir fet and then finely homogenized tn 50 ml saline
This concensrated 2 per cent ' stock solutian may be frozen stored st
209C {or as long aa 12 montha without loss of potency Imidazole
buffered saline dilutlons of the stack solution are freshiy prepared or
used within & few days (storage at 4°C in refrigerator} The gptimal
strength i3 carefully determined foz a normal complete incubate
syatem and rechecked from tirne to time in the course of » seriey of
experiments Acl The Ware-Seegers [492] method of preparing
BaCOg-adsorbed beef sertm for s as a source of factar V {(AcG} i
described in the theals  This reegent {rozenestoered in f~Z ml lots at
+209C has been found to retafn fta potency for several years A series
of ix tested fo the for each aerfes of ex
periments We have recently found thet this AcG preperation is alsoa
good source of the Hageman factor and sulflees for the provision of an
q and ally un ;; g amaunt c'f lh&tx-‘!nt::o:!:n r{nos:hofuut
eme The apecial problems encountered in testing far the
;;:;e.r;{::l tactor will %e dx:sun:d in the section dealing with that com

pozneat
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Other reagents These too are sppropriately described in the sec
tions dealing with the specific factor testings for which special rea~
gents are required Generally factor deficlent systems are prepared
from human patients congenitally lacking the factor in question Plasma
cluates provide a suitable prothrombin {etc ) substrate The supernate
after the adsorption when used in suitable dilution eg 110 115 01
ml per § ml incubate is often a practical way to provide accessory
factors (especially AHF] still maintaining the deficiency of the factor
under consideration FEluates heated to 520C for 42=1 hour offer
another means of securing deficlencies of such labile factors as V
{AcG) or VIII (AHF} contaminant traces of which in {resh eluates may
reduce the sensitivity of the wpecific tents

SPECIFIC FACTOR ASSAYS In order to adapt the test aystem tothe
specific quantitative study of any stngle clotting factor it is necessary
to obtaln the system deficlent in just the factor under consideration
and then to study effects of that {actor addition In practice this is
not difficult since it can be accomplished without the use of highly
purified reag Mor the need not be 1
which would often be very hard to achleve It is easential however
to determine all the clotting factors in the test system and to ensure
optimal or atleast adequate and unvarylng amounts of every one of
them prior to addition of the factor to be tested All this may require
ble pr y in order to obtain suitsble
reagents and test conditions The various methods including specific
1 stage tests which are described in the main thesis and elsewhere
{534] are very helpful in these p y studies The
Tesults made porsible by these new refinements of the two stage
method will be apparent in the data to follow

PROTHROMBIN In the main thesis Experiment 10 {1956) and accom-
panying Table XII and Figure 14 {llustrate use of the method in assay
of prothrombin and Figures 10 12 show the excellent correlation of
results in comparison with other methods Another similar {llustra
tive (Experiment 51) was at the Meet-
ings {August 1959) and its results are reproduced in Figures 21 22
Experiment 5] brings out one or two additional points The data are
for a Ba50, citrate eluate of bovine plasma and the preparation had
been stored at 209C for nearly three years Complete absence of any
a trace of was evid by failure to clot fibrina
gen In several days in a control test Excellent activation to throm=
bin however was obtained when the prothrombin containing eluate
was activated by CaCl; AcG (BaCOg-adsorbed beef serum) and human
bratn th Thus p and such y factors
(VI = proconverting X = Stuart Prower factor} as must be provided in
the eluate proved to be remarkably stable under the stated conditions
of frozen atorage

The activation curves for the varlous eluate {prothrombln) dilu
tlons shown in Figure 21 differ in shape slope and position These
then indicate the activation rates which in practice are best meas~
ured by (a) the clotting time in the initial (12 or 1 min) test and
{b) the to reach the The

period req
1s the shortest clotting time reached and this we use as 8 measure of
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the thrombin yleld as shown in Figure 22 Here the clotting-time
optima from the same experimental data are plotted against the reln
tive or 'percentage " pr ations (eluate

The higher the orlginal prothrombin concentration the greater is the
1inal thrombin yield that is the shorter the clotting-time optimum
A standard reference curve like this can be prepared for each sub
strate In the case of the normal bovine plasma eluate in this partic
ular experiment there seems to be a logarithmic linearity within a
somewhat limited range of prothrombin concentrations as shown by
the inset Figure 22 Pending investigation of conditions which may
be required to produce this mathematically~satisfying result it is
tentatively suggested that {t may depend upon absence of inhibitore
together with provision of optimal {or adequate} amounts of allfactors
other than the prothrombin That prothrombin {s the only significant
variable may be deduced from the observation (Figure 21) that the
optimal incubatfon periods were practically the same (5 é min) In
all these tests except at the 10% dilution In this older experiment
accessory factors (VII X) were being diluted along with the prothrom
bin Clearly this would seem to make no difference provided they
are over about 207 of their original level In our sensitive test sys
tem even traces of accessory inctors may suffice for considerable

thromboplaunn- and thr if the b period s
P Conversely rates are particularly
i o va 2] atfons of y factors partic

ularly below a certain optimum (see later) Some of these considera-
tions may need some further study in connection with the reaction
kinetics of prothrombin activation

ACTIVATORS We propose to classify the factors which participate
in the activation of prothrombin to thrombin into three categories:
{1) Ca-ions already covered in the thesis and concerning which we
shall not say more than to re-emphasize the(r necessity for the test
systems under present ation (2} lastic' mechan
isms about which we shall have some new experimental data in the
following pages; and (3) 'accessory factors: it is here we would
place the newer clotting factors discovered in recent years These
were reviewed in the dissertation as of 1956 The International Com-~
mitter for the Stendardization of the Nomenclature of Blood Clotting
Factors was established in 1954 under the chairmanship of Dr lrving S
Wright [549] After very careful welghing of the evidence as pre-
sented by leading workers in the fleld at a serles of conferences In
cluding that recently (August 1959) [550] held in Montreux the Com~
mittee has now agreed upon the designation by Roman numerals of
the following factora in the blood-clotting system

Factor 1 fibrinogen
Factor It prothrombin
FactorIll: thromboplastin (tisaue)
Factor IV} calclum
Factor Vi proaccelerin labile factor plasma Ac-globulin
(AcG) etc
{ Factor V1 is unassigned }
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Factor VII; proconvertin SPCA etc
Factor VIIIi antthemophilic globulin AHF {antihemophilic factor}
plaama thromboplastic factor A etc
Factor 1Xi PTC (plasma thromboplastic component] plasma
{actor B Ch s factor etc
Factor X Stuart Prower factor etc

Note that the differentiation between Stuart (factor X} and SPCA (fac
tor VII} is now convincingly established The same s true of factors
VIU {AHF) and IX {(PTC} but other hemophiliold factors still need
further clarification PTA (plasma thromboplastic component C etc}
to data at the Conference appears to

react with Hageman factor on certaln types of surfaces to yleld an
activator product Until the nature of these components and reactions
are more clearly understood their nomenclature will remain under
consideration Spact's fourth (plasma thr P
component D) [446] turned out to be merely factor IX complicated by
an {nhibitor problem as in our own first case of PTC-deficiency (see
thesis) Tentative evidence of still newer clotting factors or possibly
intermediates was also brought to the attention of the Montreux cen
ferees particularly by Dr Koller and by Dr Alexander Our own con

b to the was to present the following data
on the study of the newer {and older) clotting factors by means of the
versatile two stage method

FACTOR VII Figure 23 shows the activation data obtained {n a spe
cific study of Factor VII {Experiment 52} The prothrombin substrate
was a BaSOg-citrate eluate from oxalated plasma of a well studied
hypop tinemic young lady L B [535] Theusual
activators namely Ca AcG and tpln (human brain thromboplastin)
were used for the data shown in the graphs The top {0) curve is the
control for the factor VIl deficient aystem with no other additions
than those fust mentioned It shows a slow activation quite satisfac
tory for testing effects of adding factor VII As n simple source of
actor VII we used the BaSO, citrate eluate from normal human serum
This of course contains some other accessory factors such as Stuart
PTC etc but it was easy to show that the addition of these (as pro
vided by a similar serum eluate from the VII deficlent patient} did not
change the control Thus we could standardize our system for factor
VIl assay using the normel serum eluate in an amount of 0 1 ml per
test as our 100 'per cent’ empirical y standard This (100) and
the 50 10 and 2 per cent dilutions are {llustrated in the chart clearly
showing the assayability of factor VI by our two-stage method Dr
Alexander of course has performed similar atudies on his original
SPCA case material [521] In agreelng with him we merely wish to
stress one point which seems to be borne out in the present seriesof
experiments This {s that the proconvertin here appears to affect
only the reaction rate Ultimate thrombin ylelds (or optimal C T 's}
were the same {n all tests including the control We would not like
20 insist upon this point however unless we could be sure that the
dubstrate was completely devold of factor VI Although this case was
* severe bleeder with prothrombin times usually over 60 sec it is
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not ruled out that she might still have only a relative deficiency of
factor VI Our system is very sensitive to even traces of accessory
{actors ay noted above The INSET TABLE (Figure 23} gives the
actual test data which show the results almost equally well by simple
inspection Omitted from the curves but included in the table is a
test of factor VII addition at the 200% level This seems to be slightly
y atthe C T d Very much the same gort of thing oc
curs in our test system when almost any clotting is increased beyond
a certain 'optimum ' As stated in the section on PROTHROMBIN the
1 min tests and the optimal incubation periods measure the activation
rate, while the shortest cl g-tl reached indi the thrombin
yleld In the present instance the similar optimal C T 's clearly In
dicate complete or 100 per cent! thrombin yields in the control and
with all factor VII additions up to its optimum
The last two horizontal Iines of the inset table record an {mportant
modification of our test system This {s to substitute cephalin for the
usual tissue thromboplastin OQur routine 'cephalin' is the Bell Alton
type of phosphatide extracted by chloroform from acetone-dried human
brain as described earlier We propose to term it a prothromboplastic
phosphatide  Another current use of the term 'prothromboplastic! [545]
for accessory {or co-)factors we consider to be invalid Our use of
the term ind! any ph 1 which plays the role of
an activator in the converasion of prothrombin to thrombin when it s
P 1tabl 1 s in order to Induce a certain type of
reactivity in clotting systems This type of r activity has been termed
thromboplastin generation ' [522] but some experiments {later) cause
us to change the semantics of this idea somewhat Tentatively going
along with the thromboplastin generation ' idea in the main thesis we
stated that the above test modification (using ceph instead of tpln)
converts our 2 stage system into a valuable new way to study such
Ithromboplastin generation ' Of course It Is necessary to have op
timal {or q ) of all ! y' factors needed for
thromboplastin generation Of these most are provided relatively
reedily and the one that requires most careful control {s AHF Its
adequacy is ensured in several ways In the present case a factor VI
free AHF was supplied by adding 0 1 ml of a 1:5 dflution of patientL B's
supernatant plasma after BaSO, adsorption
The extremely interesting point in this factor VII deficient system
is that the absence {0} or presence (at optimal 1007 of factor VII
mekes no difference to the cephalin test results Our tests confirm
the conclusion which others [522] have previously arrived at by the
thromboplastin generation test and other methods namely that factor
V11 is not needed for thromboplastin generation

HAGEMAN FACTOR Figure 24 shows data on the Hageman Factor

(Experiment 53) Here the data are just the reverse of the factor VII
results The inset table shows that Hageman factor {s without influ
ence on p bt by tissue t in H

he curves clearly indicate that this factor is very much needed for

:b: ::tlvluen by cephalin that is for the gene?-tio: olf ﬂ;rombopllltm
ithout added Hageman factor (see below] was very

e (O)me 33 1 10 100 units of added

ice {family of curves for Hageman lnc!o,r,rn-y‘r\ ,

poorly
Hageman gave an!
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In Experiment 53 the substrate was a BaSQy citrate eluate from
oxalated plasma of one of our [534] markedly Hegeman defictent
cases (L C) This experiment presented some technical problems
Our ordinary AcG {BaCOg treated beef serum [492]) was found to
contain Hagemean but we [537] were able to remove it completely by
continuous flow peper curtain electrophoresis at the expense of some
loss tn potancy and stability of the AcG preparation Dr R H Wagner
{548] (of our Pathology Depar } generously p us with seme
of the purified AHF preparations which he had been fractionating from
various animsl bloods The purified AHF used In the present experi-
ments was quite satisfactory and devold of Hageman according to the
control (0} here and by all our usual tests The Hageman preparation
wag one which we prepared from outdated hlood bank plasma following
the directions kindly supplied to us by Dr Ratnoff [543] We have good
data also on those fractions from our [534] psper curtaln electro
phoresis in which Hageman was the only clotting factor demonstrable

STUART FACTOR Figure 25 shows data for the Stuart Factor {298
533] {Experiment 54} The substrate was a dialyzed Al(OH)s phosphate
eluate {rom citrated plasma of a severe congenital Stuart defictent
(A G) The AHF was patlent A G 's Stuart free supernate after the
plasma adsorption The Stuart factor preparation was obtained from
normal human plasma by continuous flow paper curtain electrophore
sis by our associate Dr C L Johnston [534] This was an excellent
fraction rich in Stuart with no factor VII or any other clotting factor
according to an exhaustive series of tests It is now well known that
Stuart factor differs from factor VII in being required for thrombo
plaatin generation es well as for conversion of prothrombin to throm
bin [533] As expected therefore it turned out to be a significant
variable in both types of cur test system Just a few of the activation
curves are included in the composite chart of Figure 25 The initial
activations in the Stuart deficient systems were often so slow that
the ordinate in the top half of the chart was changed to minutes and
the dotted lines indicate the break in the scale These curves show
the very poor activation in the two Stuart Iree controls with eitheyx
type of ic agent The thr in curves are DASH
lnes and include just one with optimal 1 1 Stuart addition A 1:10and
11 Stuart addition are shown in the cephelin series Partfcularly
note that with optimal (1t1) Stuart the activation with cephalin s just
as good as with thromboplastin {in fact the test times were point by
point identical}) except for the firat minute This last is an {llustra
tlon of the initial delay in the phospholipid activated system which
leads us to conclude that it takea a minute or two for (30 called)
"thromboplastin generation' from the lipid to reach the equivalent of
tissue thromboplastin in our test system

OTHER ACCESSORY FACTORS Without encumbering this presents
tion with the experimental details we would like to state that we have
good preliminary data analogous to the ahove for modiffed two stage
assays of factor V factor VIII and factor IX We have not yet had the
opportunity to study a eatt y case of PTA def!
this factor should be e
two stage method

But belleve
qually amenable to quantitation by the cephalin
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THROMBOPLASTIN FACTORS Figure 26 (Experiment 55) shows
typical prothrombin activatfon curves using normal canine plasma
eluate to test {III] optimal cephalin or (I IV ) optimal tiasue throm
boplastin respectively without or with factor VII ({AHF) all other
factors being normsal The cephalin activation without AHF (I} s pro
longed and deficlent With AHF (1) it is complete in a short time {3
min) but ig still slow initially because of the delay required for
‘thromboplastin generation ' The tpln activation is fast starting and
rapidly completed {2-3 min} with no difference whether AHF is ab
sent {11} or present {IV) Thus our two stage is a valuable way to
distinguish between the two types of thromboplastic agents which i1
lustrate whet Dr Brinkhous and colleagues [282] designate by the
operational terms "partial and ’ complete' thromboplastins recog
nizing of course that both act only in conjunction with several other
cofactors

Table LXI summarizes results of similar tests {Experiment 5¢)
on several thromboplastic materials all tested at thelr experimentally
determined optimal concentrations with and without AHF The per-
centage thrombin yleld values are computed In the usual way The rate
data are replaced by qualitative descriptions which fairly indicate the
basis for comparisons Thus the alternatives 'fast! or 'slow! refer
to the initial reaction rates while 'short! or "long! refer to the optimal

incubation periods The differences b tissue th laati
and cephalin (2) which were defined in Experiment 55 are restated
Test (3) is with Sbp, 'I ' a crude alcohol-insoluble fractionof

TAsolectin' (soybean inositol phosphatide) [527 528] *it gave evidence
of contamination with some inhibitor Test {4} is with Eap, a synthetic
L-a-diolecy] ethanolamine phosphatide recently prepared by Dr E Baer
of Toronto *its potency was weak but significant and {t did better In
another type of test system (with Stypven) which will be describedlater
Test (5} {s with Plat human washed platelets obtained with the ADL
Cohn Fractionator [546] they probably retained a little AHF contam
inant Test (6) is with Rbc human erythrocyte hemolysate prepared
by Dr Quick's [532] method Test (7) is the very satisfactory control
Clearly all these agents 3 ¢ behave like cephalin with significant

p: of their f on adding AHF In this they
sre all unlike tissue thromboplastin and therefore fit the subcategory
of partial thromboplastins or as we prefer to designate them pro-
thromboplastic factors

Experiment 57 deals with prothrombin {canfne eluate} activations

by {1} optimal ln (I tissue th plastin at 1 10 optimal
strength and (II} a mixture of ] and I AHF was added in series {A)
and omitted fn (BI The 1al data are h in the simpli~

fled charts of Figure 27 which merely indicate progression from the
initial (& min } clotting times to the optima shown details of the in
tervening curves being omitted Clearly the mixtures III were better
than with either thromboplastic agent alone If we had merely done
experiment (A) with adequate AHF we could have explained the result
simply as the additive effect of extra thromboplastin 'generated! from
the phospholipid But the synergism was equally good In (B) without
the AHF when the cephalin alone (B I} was very inadequate because
of the defictency in 30 called 'thromboplastin generation * How then
can we explain this result? Before attempting to answer this question
we shall present another line of experimental enquiry
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STYPVEN The follawing experiments modify our two stage further
by introducing the artificial additive Stypven {Ruasell's viper venom)
‘The reason for this follows We were reinvestigating the 2 stage
method as a sultable procedure for assaylng thromboplastin In the
usual system composed of normal playma eluste adequate fn Stuart
{X) gnd factor VII ay well as prothrombin mnd with optimal added Ca
and AcG varlous tssue astins can be P with our
standard human brain preparation which 1s & aatisfactory standard
although {t dilutes out rather rapldly Our cephalin Ikew{se sermed
1o be a good practical for ying prot boplasting For
such mssays however the system needs In addition to the above fac
tors {but excepting factor VIl adequate and controlled amounts of
AHF PTC PTA Hagemsn 7 etc The most afgnificant of these var{
ables {s AHF (factor VIII} which is difficult to prepare preserve and
standardles  In looking for s way to circumvent this we tried Stypven
This now resulted In a somewhat different bloassay system but one
which fulffiled lently the req for pr bopt
assey as shown by the following experiments
xp.riment 58 is the new Stypven modified two stage using ca
nine plagma eluate optimal AcG and calcium and m series of dilution
of brain cephalin {Ceph } the standard Dr Baer's synthetic dlole
oyl cephalin (Esp } was the 'unknown ' tested st two dilutions Table
LXI gives the results citing the clotting times after the I min end
the optimal incubation perfods Tests 1 7 are the standard cephalin
dilutions and test 8 is the control Tests 9 and 10 are the two ‘un
knowns ' which check well and indicate the 1t1 Eap to be equivalent
to about 3% the potency of the ln  Without
to assess posulble losaes or inactive materfal but on n simple weight
for weight basis the Eap potency was slightly less than 1/400th that
of the Ceph  Although this Is weak it is by no mean inconsiderable
The of yristoy o men
tloned {n the section on synthet{c phosphatiden {n the main dissertation
wan alyo retested In the new system and found to be fnert It would ap~
pear that Dr Buer by Introducing unsaturated {atty scids into the ceph
slin mol h a genulne ay of a prothrombo-
plastic phosphatide It could be merely a matter of the best fatty aclds
md‘p!\yﬂ:o chemical homogenization to give us a really potent prepa
ratfon
The demonstrable activity of brain cephalin at a dilution of 3 in
10 000 000 (test 7) may indlcate u fact of great physiological algnifi
cance namely that an extremely minute amount of prothromboplastic
p!d can suffice This may indeed be the normal trigger mechanism'
{for the fnitiation of Blood clotting
T 9 was designed to explore the mode of action of Styp
Ven by testing in & neries of factor deftcient incubates
(

REAGENTS substrates
normal (dogl and human les of p in (tac
tor VIl case LB of Stusrt (factor X} case AG or of Hageman
LC (see carller) The PTC {factar 1X} deficient was the AUOH),
PRoNphate eluate {rom u severe cane {A Y ) of Christras disense
AHF (factor VIID and AcG {factor V) defictencles were secured ex
perimentally by heating the normal canine eluate to 529C for one hour
he AcG AHF (purified) Stypven {Burroughs Wellcome) and throm

} were fromi
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boplastic agents were the seme as inthe preceding experiments Stuart
(factor X} preparations were {A) the bovine "proconvertin' contalning
both Stuart and factor VII which is described in the main dissertation
end {B) Stuart factor free from all other clotting factors purified by
continuous flow paper curtain electrophorests [534] as in Experiment
54 The Hageman factor preparation was described in Experiment 53

TEST SERIES (I) Using normzl {dog) eluate and optimal Ca cepha
ln and AcG the optimal concentration of Stypven was first determined
This was 0 2 ml of 1:10 000 venomn solution per usual 5 ml Incubate
This amount was used in all the subsequent experiments

TEST SERIES {Il) included the following additions to normal eluate
(1) Ca AcG AHF (no Stypven or ceph); (2) Ceph AcG AHF Stypven
(NO Ca); (3} Ca Stypven (NO ceph AcG or AHF}; (4) Ca Stypven
AcG (NO ceph or AHF}; (5) Ca Stypven AHF (NO ceph or AcGh

(6} Ca Stypven AcG AHF (NO ceph) No significant thrombin for
mation occurred in any of these controls thus proving the n:cesmy
for Ca ions and for prothrombopl ly they
show also that the lipid must be extrinsic and not come from any of
the protein materials tested

TEST SERIES (1) is shown in Table LXIII recording the deficien
cies the additives and the initfal (}2-1 min) and optlxnal clottlng!!l!
results The summarized lusion 1s that Styp

and optimal Ca AcG and Stuart factor (edequate in -11 theu eluates)
gives rapid and complete thrombin formation even when the system
is deficient in (1) AHF (2) PTC {3) Hageman or {5 factor VII Since
our usual bovine AcG (Experi 53) factor the
supernatant BaSO, plasma {(diluted 1:10) from L C was substitutedin
test 4 in order to supply AcG without factor X {Hageman) It worked
almost as well as the usual AcG (test 3) The AcG-deficlency obtained
by heating the normal canine eluate according to test 6 was no abso
lute but the Stypven test results were poor compared with the
unheated {AcG+) AcG supplemented cluate In test 14 In test 7
Stypven was omitted and the hemophilic {AHF-} system showed the
usual poor activation with Ca ceph AcG Intests 8 11 the various
deficient eluates all gave very little thrombin formation when Stypven
was used without cephalin In test 12 with Stypven plus cephalin there
was deficlency of AcG as well as Hageman In test 13 a potent AcG
free Hageman preparation (see Experiment 53) was added {(Hag +) with
out improvement This confirms the need for AcG In the Stypven-
cephalin test system

TEST SERIES {1V) was a special study of relationships of thrombin
formation to factor X (Stuart) the substrate being eluate from case

A G {(Experiment 54} as noted under Reagents All additions were
optimal for the prepnratlon! used Table LXIV records the experi
mental data of the perc ge thrombin ylelds
Stypven alone test 1 and when Stuart lactor was added test 2 proved
ineffective With Stypven plus cephalin test 3 the 52 per cent throm-
bin yleld was inadequate compared to results with added Stuart factor
preparation A, test 4 or B test 5 Tlssue thromboplastin showed its
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usual {Experiment 53} tnad y in the Stuart def system test
8 and sdding Stypven test & did nothing to the thrombin yield but
mey have cansed a slight improvement in the nctivation rate  Agsin
restoration of Stuart factor test 7 returned this system to normality
both as to rate and thrombin yield This could elso he accomplished
without the Stypven tests 9 18 when elther Stuart preparation was
added Cephalin with AHF {test 11} showed very slow and fncomplete
sctivation snd thls could he normalized by Stusrt factor addition
without eny Stypven (test 12} Besidea confirming previous (Expert
ment 54} two wtape test findings on the Stuart factor these new re¢
sults clearly {ndfcate that Stuart facter te needed for the modified
test system emp g Stypven plus cephal

DISCUSSION These experiments show In the ciearest possibie man
ner thas Russell’s viper venom (Stypven} s not itsel! » thromboplas
tin not prothromboplastin {by cur definition) but is & speclal type of
acceswory lactor acting in its own right It is specifically acces
sory top ic p de (e g halin} and needs also
Ca AcG and Stuart {actor in order to convert prothrombin into
thrombln  Stypven does aot  act [ike factor VII or any ather phyasf
uloglcal accewsory {actor The venom activates a factor VII deficient
wystem not because it replaces proconvertin but simply because ity

fons with the hettde and other P do not
require factor VI Only Hssue thromboplaatin needs factor Vi and
Stypven does not imp: tissne ic activiry 11 1
n our two stage teat zystern ax shown In the next experiment

JExperimant 68 These »re cur usual activetions of narmal eluste
{cantne) with optimal Ca and AcG but verying the concentration of
bratn tissue thr (100% = aptimal} with or without the ad

ditlon of optimal Stypver The 1 min and optimel clotting times are
recorded in the simplified presentation of Figure 28 which emphasizes
the esyential findings The sddition of Stypven in no case changedthe
«ptimal clotting time or optimal ncubation period to any significent
extent There roay possibly have been & slight improvement in the
Inltisd {3 min } activation rates with the Stypven addition but the
data are not sulficlently convincing on this minor polnt Al in all we
(:ﬂ tfn!md any real evidence that Stypven works with tiysue thrombo
plasi:

¥ was designed to show that the other prothrombo
plasting which a0 clesrly resembled brain cephelin tn the tests of Ex
periment 56 could al? substitute far the routine Hpld in the Stypven
modliled two gtage gystem The data given {n Table LXV are sufti
ciently explanatory it being quite evident that all the tested ‘prothrom
boplastic! preparations gave excelleat and similar {#inal} thrombin
vielda in thig test aystem Even the synthetic Eap was very satlsfac
tory when the 1 period was

TRYPSIN and THROMBIN Further diversity of activator systems
<an be shown experimentally We have aome good preliminary dats
ta demonstrate that trypsin or & trace of thrombin £an act 83 AGCes
#07Y factors in our cephalin modiffed two stage systemn These
agents act only in the presence of Ca lons and prothrembopiastic ipid
{cephalin) They aleo require a group of ther eofactors including V
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VII VI IX and X but not Hi in the thromb tin  and
thrombin-forming incubation systems

FINAL INTEGRATION OF IDEAS

These new experimental data definitely contribute further evidence
in support of our major thesis concerning the key role of prothrombo
plastic phosp {probably cephalin) in the early phases of prothrom
bin activation The facts (a) that tissue thromboplastin certain ceph
alins and a variety of preparations known to be rich in phosphatides
all serve the common purpose of assisting in the activation of pro
thrombin to thrombin together with (b} the significant diversity of the
groups of Taccessory' factors which can work with them to achieve
this result particularly in the prothromboplastic test sys seem
to us to require a fundamental explanation This we suggest should
not be in terms of factor entitles as such but rather {n terms of the
dynamic processes Involved In order to emphasize these processes
and the common features of diversely constituted test systems we
suggest that the term thr lastin be avoided and re
placed by the dynamic concept more appropriately conveyed by the
adjectival thromboplastic mechanisms The further descriptive
characterization prothromboplastic applicable to the role of certain
phosphatides {e g cephalin}) seems fully justified by the experimental
evidence Our main thesis def the g hypothesis that the

availability' of such prothromboplastic factors constitutes 'the trig
ger hanism ' and the q series of intermediary
reactions essential for the formation of active thrombin and hence for
blood clotting In recent years the concept of ' thromboplastin gener
ation has gained wide acceptance It may seem apparent to many
readers that we have been talking around the subject of ‘thromboplas
tin generation! and that as we ourselves have indicated our new uses
of the two stage test may be regarded merely as another way to deme-
onstrate the phenomena of this so-called thromboplastin or Hntrinsic!
thromboplastin generation It may be a question of semantics but we
belleve that some of our data require a different concept It 1s partic-
ularly difficult to explain Experiment 57 on the synerglatic action of
cephalin with 1 tissue thre astin in the of fac~
tors tial for the r Ithr tin generation ! Then
again the *intrinsic’ thromboplastin shows diiferences from textrinaic’
(tissue) thromboplastin in such things as {actor VII need and in signif
icance for clinical hemostasis the complete answers to which have
not yet been worked out We propose therefore a new clotting theory
based on the ideas of cur main thesls but carrying the concepts some
what further We suggest the hyp sof p h 1
mechanisms as basic to the coa T This g hy
pothesls envisions prothromboplastic phosphatide made available at
the very outset of the blood changes that lead to clotting Whether
this be primarily from platelet alterations {fully discussed in the dis-
sertation) from surface-actlvated plasma factors (bringing in the re
cently discovered interactions involving Hageman factor and PTA)
[550] or blochemleal changes in certain liplds and plasma lipopro-
feins {as the very recent work of Dr Esnough [524] 1s beginning to
suggest] and what it 1s that coordinates these processes need further
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elueidation Many sccessory factors are clearly involved andthere
must be an ordered sequence of intermediary reactions It does geem
to 1ipid changes and tranafers to a serles

of proteins through su:h & series of intermediate reactions Pending
the poaitive and perhaps {on of such postulated in-
termedlates we propose to adhere to a dynamic concept viaualizing
(a) trigger release of prothromboplastic 1ipid (b} a series of lpidand
lipoprotein reactions (1ipid transfer 7] and lc} final entry of prothrom«
bin into these reactions with resulting alteration of its prote n struc~
ture to yleld the active enzyme thmbln ‘We have discussed at some
length in the thesys the of certatn p
phenomena What may turn out to be of more lundnmenul llgnlllcmce
1s the now demonstrated polypeptide-ester (e g TAME) splitting ac
tivitles po tn by thrembin Stypven [547] trypsin
and {f [ An ed field until most recently
13 the possible relation of lipld altering enzymes (lecithinase ?) to
coagulation and it will be interesting to watch for these developments
in the future

While many fundamental problema have stlll to be solved in the
complex field of blood coagulation our dissertation will conclude with
& note of optimism  Much has been learned in the pest and greatly
added to in recent years Rationalization of the majority of clinical
problems has been advanced by the discoveries of the newer clotting
factors Practical tests for these are now available and as tech-
niques are improved factor fsolation should become increasingly
practical and hopetully of therapeutic application The theoretical
goal of basic understanding may be more difficult but many research-
ers are contributing toward it Among the vast literature accumulat
ing in this fteld due place may perhaps be found for the contents
of this compendium of experiments and thinking in the uchlzv:ment
of which the .uthor s debt to his coll and
gr-t;(ully k dged Let us parapl the words of Rohen

' To travel together joyfully is better
than to arrive -nd the true success {s to labour
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TABLE § Clotting of Salt tremted Mixtures on Dilution after Stated In
cubation Periods  Seconds 240C

MIXTLRE ADDLD INCL BATION PERIOD {minutes}
+459 NaCl  with water t 5 10 15 20

L Thr +Fibr - 150 8% 15 5
«  Thrombln Fibrinogen 190 200 205 215 . 2
3 Tibrinogen Thrombin 246 245 255 33 298

*Hixture (1) clotted tn 18 3/4 min

TABLF X Cletting times with Vatying Amounts of {T} Thrombdin of
(Fl Fibrinogens 1L 11 111 see text) Containing Dilferent Amounts of
S.xum Facto: oy

o zzrsr;l F402mlT (buvine Upobn s st insl unltage statedl seconds
at 2500

F 10 5 28 125 0 625 {T units/nl}
1 112 ite 170 28 4 vz

n 98 121 169 233 358

m (R LX) 135 191 269

TABLE N Clotring times with Varylng Amounts of Caletum ol Mix
tres of Thrombin and - Differsnt A
Serum Factor

02mifra+ny m\ CaCl, Ufinal molarity stated] + 6 1 T {5 units/ml)
seconds at 259

¥ taz L3N qeos 0002  £ODL  O{HO) Catmol}
1 B2 sy 97 98 105 b
u 222 wa LX3 97 103 126

m 158 w07 LX] s 98 126
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TABLE VI Speciflic Avsays of Eluates

Unltage per m? dard normat homan
plasma values (100 pucem mogn) P'rc nnd AHF sssays are glven in
Table XXXVII B+ bhenzene extracted |see text)

ELBATE FPROTHR PROCONY PROACCEL THR PTC AHF
{modifled) (2 stage) {1 stage) {1 wtage)

& Untreated 1e3 160 - a
b Dislyzed 167 100 trace ° v s
¢ Dial be) 17t 1s trace o
4 Be fony) 183 105 1 o

TABLE VIl Test for Antithrombin in Dialyzed Eluste and in Serum AcG
Preparation both reagents benzene extracted

INCUBATION

PERIOD

{minutes) " H 10 15 20 1
1 Saline control 261 269 246 240 239
2 Eluate 344 347 357 . 388
3 AcG 1)) 233 330 1284 1950 2670
4 AcGt 220 258 EAR) e 351 42e

Clotting times {sec } for 0 2 ml fibrinogen + 0 2 m! samples of thrombic
mixture (T M | kept {n s{lfconed tubes and tested (in glass) after the
stated {ncubation periods T M 1 0 ml thrombin (bovine Upjohn s

20 units/ml} + 1 0 ml of {1) sailne {2) eluate; or 13) AcG {]} untreated
4} Ac partly purified (see Expertment 10 p 75)
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TABLE IV Clotting of Flatelet free (Dogl Plasma Effects of Glass (G}
¥s Silicone {S) Suri and * Thromb Agents viz {1) Platelets
TA) Intact (B} Disintegrated and (2) Cephan Clotting times seconds
at 389C after optimal recalcification

ADDED |SALINE | PLATFLETS {A) [PLATELETS (B} | CEPHALIN
SURFACE s G| s G H G s G
s &« o | 435 170 465 185 155 60
*s e o550 195 |660 235 {150 60
*G+ © oo l80 170|210 205 0 30

*Held at 34°C for 1 hr with silicone (S) or powdered glass (G4}

TABLE V  Clotting of Platelet {ree (Dog)
Plasms Optimally Recalcifled with Addi
tives Noted Seconds 38°C

ADDITIVE CLOTTING TIME
1 Saline P
5 Soluplastin 7
6 Cryst trypsin (100) 118

7 Fibrinolysin (4 mg) 127
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TABLE VIII Clotting Test Mixtures {ml) of Fibrinogen {b ¢ ) and Dia
lyzed Eluates {see text) Effects of Benzene Extraction

Clotting times seconds at temperature stated

TEST SAL ELUATE AcG CEPH FIBR Ca CLOT
(be} {05% (be} (002M} TIME
(260CH.
1 02 - 01 04 03 475
2 01 01 01 04 03 450
3 04 0l{be) 01 04 - 2250+
4 03 0libe) 01 01 04 2340
5 02 Olibe) - 04 03 1005
6 01 Olibe) - 01 04 03 221
7 01 0lfbe) el 04 03 210
8 0libe) 01 o1 04 03 69 6
9 02 01 {untr ) 04 03 354
10 01 0 1 {untr )} 01 04 03 151
11 o1 O1lluntr) o1 04 03 107 5
12 01{untr} 01 01 04 03 463

SUPPLEMENTARY TESTS substituting tissue thrombcp]asﬂn‘ for the

cephalin

(37°¢)
13 cifbel 01 gt* a4 03 167
14 Otfuntr} o1 or* 04 03 157
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TABLE XI Thrombin Formation from Undlalyzed Eluates with Varying
Activators

A Components of Thrombic Mixtures {ml}

THR SAL IMID ELUATE PRO C AcG CEPH TPLN CaCl,
BUFF 015M

MIXT 18 05"

4 39 05 0l{be) 05
5 38 05 Ol{be) 0l{be) oS
6 37 05 0Olfbe) 1{be) 01 05
7 38 05 0ifbe) o1 05
B 37 05 Ollbe) [} 01 05
9 36 05 01ibe) 01 01 01 ¢S
10 37 oS 01 ol 01 05
11 36 o5 01 o1 o1 o1 es

B Clotting Times (seconds} for 0 2 ml {lbrinogen 4 0 2 ml thr mixt
tested after stated Incubation periods 28°C

TEST MINUTES
3 2 3 5 7 30 60 90

4 1830 1346 932 750" 733
5 538 4B0 290 259"
6 84 438 342 214 183 217
7 895" 450 216 177 181
8 21 163 19 20 -
9 233 188 208

10 215 208 183 2113

11 198 176 216 217
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TABLE X Thrombin Formation from Benzene-Extracted Dialyzed Eluate

A Components of Thrombic Mixtures (ml)

THR IMID BUFF ELUATE AcG EXTRACTIVE CaCly
MIXT SALINE be (BaSO4 ads} from plasma {0 1M
dial be{x2) 18
1 46 01 03
2 45 01 - 01 03
3 44 01 01 01 03

B Clotting Times (sec) first visible fibrin for 0 2 ml fibrinogen +
02 ml Thr Mixt tested after incubation periods stated 28°C

TEST 1min Smin 10min 20min 30min lhr 2hr 3hr 48hr

1 1170 1230 745 720 720 710 700 745
2 676 488 503 435 395 334 335 365
3 480 347 336 259 259 243" 249 262 560
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TADBLE XII Refercnce Assays (Method 11 prothromuln 2 stage) of Standard {Canine} Eluate at Varying Difutions

Thrombie Mixture {T M)t 3 ? ml seline 05 ml Imidazcle buffer {pli 7 1} 0 1 ml Soluplasti
€ 1 ml eluate {serial dilutions} O 5 m! Calll, (0 150} i notml A

Glotting times seconds for 0 2 mi sid {dog) fibrinogen + 02 mI T M after stated Sncubstion pertods 27°C

TM  Conc WNCUBATION PERICDS {minutes at 27°CH
ELUATE 1 2 3 4 5 ks 8 9 11 15 2a
y 150% 183 151 46 167
2 125% 199 153 157
3 100% 245 197 e s 1% 9
4 80% 261 201 29 1 195 19 8
5 40% 321 233 23,5 216 23t
6 53% 351 26 3 23,8 23 9
7 40% 455 268 271 281
2 30% 64 7 33 8 32.3 31 €
9 209 81 4 375 2532 185
10 w0y 2002 738 624 80,3 622
1 59, 3173 973 f8.4 9z 4
12 19 1065 447 342 2002 RO 1637 1775

0 15 ml and © 125 ml of eluate with corresponding reduction of the saline were used for T M {1} and {3
respectively The 0 1 ml {undiluted) is the chosen standard = 100 peycent

-
a
2
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TABLE XIV Eifects of Sequestrene Decalcification on Thrombic
Activity of Prothrombin + Activator Mixtures Tested at Different
Times from Start of Thrombin Formation

Two stage method at 28°C as described in text Clotting times
{seconds) for tests at stated perlods timed {rom start of
experiment

{A} T M incubated alone and EDTA added to fibrinogen
(B} TM incubated with EDTA from 5th minute
{C) TM incubated with EDTA from 68th minute

TIME OF TEST {minutes) from start of {ncubation of original
thrombic mixture {A}
4 5 10 15 30 60 68 78 128

TEST
SERIES

A 3600+’ 609 297 869 782 85 97
B 312 397 - 620 14404
c 74 735 73
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TABLE XIV Effects of Sequestrene Decalcification on Thrombic
Activity of Prothrombin + Activator Mixtures Tested at Different
Times from Start of Thrombin Formation

Two stage method at 28°C as described in text Clotting times
(seconds) for tests at stated periods timed from start of

experiment
(A) T M incubated alone and EDTA added to fibrinogen
(B} TM incubated with EDTA from S5th minute
(C) TM incubated with EDTA from 68th minute
resT TIME OF TEST (minutes) from start of incubatlon of original
smpz:xszs thrombic mixture (A
2 4 s 10 15 30 0 68 78 128
A 36004' 609 297" 869 782 85 97
B 312' 397 620 1440+

74 735 73
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TABLE XVI Effects of Incubation with Oxalate upon the Clotting Times
of Various Thrombic Mixtures {see text

Clotting times (seconds) at 38°C for 1 ml test mixture + 1 ml
fibrinogen after stated perlods of incubation subsequent to
dilution with agent stated

TEST AGE of ADDED INCUBATION PERIOD {minutes’
90 120

™M AGENT 1/4 5 15 30 60

15 15 20

A 11m water 15 15 15 15
12m  oxalate 55 95 160 390 1380 2700 4500
4 hr oxalate 40 4D 45 40 60 50 50

TABLE XVII Effects of Incubation with Citrate upon the Clotting Times
of Various Thrombic Mixtures {see text)

Clotting times {seconds} at 389C for 1 ml test mixture + 1 ml
fibrinogen after stated periods of incubation subsequent to
dilution with agent stated

INCUBATION PERIOD {(minutes’

TEST AGE el ADDED
TM AGENT 174 & 15 30 60 90 120
D 9% m  water 15 10 15 15 15 15 20
E 10 m citrate 105 195 210 270 765 840
3% hr  eftrate 215 150 140 145 145 145

F
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TABLE XIX Effect of Benzene Extraction During Conversion of
Prothrombin to Thrombin in Ceph Ca Acl Activated Eluate

Clotting times (seconds) at 27°C for 0 2 ml {or equivalent} 1est
mixture + 0 2 ml 19 bovine fibrinogen after stated periods
subsequent to adding agent cited

TEST AGE of ADDED INCUBATION PERIOD [ utes)
SERIES MIXTURE AGENT 1 5 1o 20 3 45
1 Actlv 3 288 3013 327
mix
r4 {5 m Benzene 307" 478 19 150 169 172
extr
3 {2} 70 m  Re act 1745 188 242 4
mix

TABLE XX Treatment of Thrombin and Fibrinoges with
A} Decalcifying {lon Exchange] Resin (8} Benzene

Clotting times {seconds} before and at stated periods after the
treatment noted 0 2 rml Upjohn’s bovine thrombin + 0 2 ml
tibrinogen

Before After trestment perfod of
Treatment - atment 1O 20 min 30 min S0 Tl 5 HF

A 137 157 29 {12 9%

B 189 135 243 nz -

* T reated thrombin tested on untrested fibrinogen
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TABLE XXII Effects of Varying Cephalin Concentrations on the
Clotting Power Developed in Thrombic (1 ¢ Prothrombin + Ca)
Mixtures

Clotting times {seconds} =2t 38°C for 1 ml fibrinogen + 0 5 ml
T M tested at stated incubation periods {see text}

FINAL DIL.  INCUBATION PERIOD {minytes) RETESTED {4 hr}
5 30 6

0 120 180 1 1000 Ceph added

o~ CEPH
1 1x103 2 7 7 7 7 12
2 1x100% 23 " % 9 10 12
3 1x10 5 90 23 1B 15 15 12
4 1x10 6 720" 140 50' 30 30 12
5 1x10 7 2160 680 330 73 65 12

TABLE XXIIl Effects o Varying Thromboplastin Concentration on
Activation of Prothrombin with Special Reference to Thrombin Yield

End point clotting times (seconds} at 25 + 20C after stated
incubation periods {see text)

FINAL CONC OF END POINT REQUIRED
THROMBOPLASTIN, _ CLOTTING TIME __[NCUBATION PERIOD
1 1 500 4 1 hr
2 1 1000 4 2 hrs
3 1 4000 & 18 hrs
4 1 40000 8 3 days

5 1 4000 000 10 4 days




215

TABLE XXV1 Effects of Increasing Amounts of Calcium on Thrombir
Formation

Same test conditions as in Table XXV {Expt 23) except for the
increased concentrations of CaCl,

Ca CONC Ca CONC INCUBATION PERIOD {minutes;
10 20 30 60

IM. INT. M, INT.M.4F_ 1 H

1 8 mM 25mM 398 382 32 153 358 361
43 10 oM 25mM 433 407 40 459 41T 445
peid 15 mM 25mM 506 37,4 374 375 405 411
v 20 M 25mM 553 359 3B1 393 416 408
v 25 mM 25mM 819 454 473 482 461 455

TABLE XXVII Effects of Varying Amounts of Ca*t During Prothrombin
Activation

I.M  5mltotal vol contalning In borate buffer {pH77) 1ml 01"
Prothrombin H {gzef, [156]) + 0 25 m1 0 59 Difco's (commercial)
Tabbit brain thromboplastin + 0 25 ml CaCl, {final molarity cited)

Clotting times (seconds} at 29°C for 025ml T M +05mlBF {057}
+0 25 diluent {containing the same amount of tpln as in T M and
exactly encugh CaCly, to bring the {inal concentration of calclum to
00125 M in each {T M + B F.) final clotting test mixture)

CaIN INCUBATION PERIOD {minutes}

™ TM 74 s 10 15 30 &0 120
1 0 127 126 125 125 129 139 145
2 0002M 104 12 45 4 4 4 4
3 0005 M 99 6 45 4 4 4 4
4 0025M 93 6 5 45 4 4 4

5 Gos M 139 75 52 21 75 5 4
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TABLE XXV  Effects of Decreasing Amounts of Calclum on Activation of Prothrombin (and Proconvertin )
Centalning Eluate in the Presence of Added AcG and Tissue Thromboplastin

TM.'a: 10 ml (total} volume in imidazole buffered sallne (pH 7 3) contalning 0 2 ml eluate 0 1 ml AcGt
f131) 05 ml ' Soluplastin  and CaCly to concentration (milll Molar) stated

Clotting tests: 0 4 ml fibrinogen + 0 2 ml (adjusted) Ca* + 0 2 ml TM  at stated incubation periods
Qoﬁﬂmsgnu?nna:n:-«nmoo

ml00ZMCa Conc Cain Conc Ca*in INCUBATION PERIOD { )
T.M., added/10 m! T.M, T.M, {mM) T M+E {mM} 1 s 10 5 20 39 €0
1 4 {ml) 8 (mM} $ tmiM) 419 437 423 442' 419 7
2 2 (ml} 4 (mM) 5 {mM) 58 6' 447 42,6 429 459 433!
3 1 {m1) 2 (mM) 5 (M} 758 64 42,2 - 434 462
4 05 {ml) 1 (M) 5 (M) 1051 461 445 424 468" 465
5 0 25 (ml) 05 (mM) 5 {mM) 1857 898 574 502 477 427 466
"6 0 (butt aa_v o 7T stmw v 24 22 256" 319 280"
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TABLE XXVIII  Spontaneously Formed Thrombin (I}
Compared with Rapldly (Cattpln) Activated
Prothrombin {I)

Clotting times (seconds) at 25°C for serial dilutlons
of the two thrembins on the same fibrinogen under
the same test conditions

RELATIVE STRENGTHS (by dilution)
59 1%

MIXTURE __100% 50 259 3

I 4 8 11 22 40 84

11 4 8 11 22 42' 102
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TABLE XXXU  T! boplastic and Antl Thromboplastic Assays on
‘arlons Lipoids and thelr Contarninants

Synthetic phosphatides mre prepared as sodium salts
Testing meihods are deacribed n the text
BResults are indicated by the following symbols
+  +4e+ x varying degrees of thromboplastic {TPL 1C) activity
3  siightly enhances action of standard cephalin

= varying degrees of inhibitton {ANTI TF) of cephalln
RT = not tested

it AN

1 Standard Cephelin (from dog braln) a 444
crude mixture of phosphatides ete {>50y/mi}

Z 12 distearoyl g cephalin synthetic o [
>95 pure

3 1q cephal 0 a
>95

4 1 3 gtmyrmoﬂ f-cephalin synthetic o ¢

5 :lunl scetal phosphatidyl ethanolsmine o [

aynthetie Y959 pure
13 myristal acetal phosphatidyl ethanol
amine synthetle 88 957 pure

7 myristal acetal phosphatidyl ethanol R T o
amine repurified from & >99% pure
8 paimital acetal phosphatidyl ethanal Ed

g AIine anthetis 2997 puse {grow ‘u_nlu_.az._.___..__ —
9 trace impurity {A;} from preparation 6

18 trace fmpurity (A} from preparation 6
3 trace fmpurity {8,) from preperation &

12 trace tmpurity (B,) from preparation & o
i3 mixture of 7+ 9
14 mixtareof 74 11 0

¥ mgdurecf7+94 11
14 mixture of 9 4 J1
17 trace impurity ([ from preparation 8

13 trace Impurity {Il) trom prepsration 8 *

‘22222222
RPN Y]
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TABLE XXX Stability of Prothrombin and the Thrombin
Formed from {t by Simple Recalcification

For Detalls sce text Clotting times {seconds) of 0 5 ml
fibrinogen + 0 25 T M (311 ) at stated periods

Series (A) TM (2 ml} diluted with 0 25 ml buffer
before test

Series {B) T M (2 ml) maximally activated with 0 25 ml
tissue thromhoplastin (within 1 hr ) before testing with

B F End point clotting times cited 23#20C

TEST AGE OF T, M, BEFORE TESTING -

SERIES 1 hy, lday 2 days 3 days 8 days

A 250 85 43 25" 4

B 4 4 4 4 4

TABLE XXXI Thrombin Formation In Presence of Various
Thromboplastic Agents from Brain Tlssue

Thrombic mixtures {T) = 4 cc prothrombin + 0 § cc borate buffer +
0 25 cc N/10 CaCly + 0 25 cc cited agents incubated for periods
indicated Clotting times (seconds) * at 259C pH - 7 75 for
05ccT+10 ccprothrombin {ree fibrinogen The P lipids

are 1 1000 suspensions jn borate buffer

THROMBOPLASTIC INCUBATION PERIOD {minutesl
107 20 30 g0 907 120' 150

T AGENT

0 {Calcium only) k3 * + + + + +

1 DBraln Susp 45 28 27 27 27 28 30

320 180 63 53 48 49

z P lipldV +
3 P updill + 760 340 108 78 76 78
4 P lupidl + 570 380 140 99 82 €2
5 P UpldlV 245 120 70 38 39 40 42

& + clot starting in 12 1 hr and becoming solid later

+ weak clot starting in several hours and incomplete in 24 hours
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TABLE XXXII

Effects of Heparin on F {on of T

Presence of Various Thromboplastic Agents

T M {see text) incubated at 15°C for
fibrinogen + 0 5ml T M Amounts of

periods stated Clotting times (seconds) at 38°C for | ml

additives per 5ml T M

from R

d Prothromhtn in

™M

THROMBOPLASTIC AGENT INHIBITOR lﬁbﬂﬁﬁpﬁﬂﬁ
1 Cephalin {0 1 mg) 50 20 1 5 9
2 Heparin (0 5 mg) @ @ © @ @
3 Brain P Upid {0 025 mg) 50 20 10 s 3 13
4 ' Heparin (0 5 mg) w ® @ w 1800+ 360+
5 Tpln Q0 025 mg lpids) - 3 6 9 7 7 2
13 Heparin (0 5mg) 720 16 10 71 7 1
7 Trypsin (0 125 mg) - - 30 15 12 11 8
8 " Heparin (0 5 mg) 97 32 13 11 9
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TABLE XXXVI Effects of Trypsin on Activation of Prothrombin in Presence of Varlous Added Activators
Experimental details glven in text
Percentages of prothrombin activated aft:

er stated Incubation periods 25°C
T M 's: 5 ml total vol

contalning 4 ml Pro D {0 2%) + stated additives
ACTIVATORS ADDED (] INCUBATION PERIOD
TM 'CaCl, tpln C  trypsin

01M 0 1% 40 u/ml 5 min 15 min 30 min 1 hr 3hr 6hr 24hr 30 hr

48 hr
1 025 * * + 1% 4% 40%  80%  100%
*I1 05 - + 17 1% 8% 20% 2% +
*II1 025 05 6% 25% 35%  60%  100% 80% 47 1%
v 025 075 40% -1 100%  100%  100%
v 025 025 1% 5% 9%  20%  30% 359 70% 809 1007
*VI 025 025 05 359 42% 607 759 100% 50% 37 1%

*NOTE, Clot lysis occurred in 3 days in tubes containing trypsin
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TABLE XL  Effects of {A) Weak Thrombin and {B) Fibrinolysin upon
the Thromboplastic Action of Platelets

Experimental details given in text

IM: 02mlPro 017 +02ml AcG 017 + 05 ml CaCly {0 0SM)
the calclum being added after the other activators cited making wlith
the borate buffer (pH 7 7) diluent a total 5 ml vol

Clotting_times (scconds) at 26°C for 05 B F {1¥) +025 T M at the
stated {ncubation periods

™M ACTIVATORS INGUBATION PERIOD (minutes)
tnl/5 mI T M) 5 10 20 49

0 0 [control) 885 913 920 970 110

1 Platelets (0 2) 810 620 330 190 97

2 1A} Plat (02) + Thr "0 5) 145 52 22 12 9

3B} Plat (02 +Lystn (06} 60 46 15 12 ?

*
Special thrombin see text
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TABLE XXXVII P of Th boplastic Action of Platelets by
{A} Antihemophilic Globulin and {B) Trypsin

Experfmental details given in text Al T M 's contain 0 I ml dialyzed
eluate 0 1 ml AcG (1:5) and 0 5 ml 0 02M CaCl, with imidazole
buffered saline to 5 ml total volume

Clotting times {seconds) at 28°C for 0 2 ml fibrinogen + 0 2 ml T M
after stated incubation perfods

T M {ml) OTHER INCUBATION PERIOD (minutes

ADDITIVES 1 5 10 20 30 40
(A} 1 (0 2) platelets 2hr 4952 65 319" 303 323
2 {0 2) platelets
{0 2) AHG (19) 2 hr 9z 6 449 427 40,1 45
3 (0 2) AHG {1%) 1 hr 5825 3496 1642 2461

{B) 4 {0 2) platelets
(0 1) trypsin 1556 421 35,7 398 375 388

5 (01} trypsin - 2 hr 1609+ 791 570 445

& (0 1) trypsin
{0 2) AHG (1%) 7326 2422 1954 172,6 1742

TABLE XXXIX Potentiation of Thromboplastic Action of Platelets by
(C} Weak Thrombin and (Dj Fibrinolysin

Experimental details given in text All T M 's contain 0 1 m! dialyzed
eluate 0 1 ml AcG and 0 5 ml 0 02M CaCl; with imidazole buffered
saline to 5 ml total volume

Clotting times (seconds) at 269C for 0 2 ml fibrinogen + 0 2 mI T M
after stated {ncubation periods

T M {ml) OTHER
ADDITIVES S

INCUBATION PERIOD {minutes)
10 20 30 60 90

{c) 7 (0 2) platelets
(0 2} thrombin 191 535 295 303 269 277

D) & (02 plate ets
o (0 1) ysin 194 656 39 344 313 05

*on lcontrel) 2 hr « hr 2h 1560 &§20



TABLEXLU Eff teof Anti P ot aomTh ombopl # Actt
TIt1t Mbtnoly & Addil  toTh ombi Fo ming Sy t me

T TH XLI  eptf 5 bunn  potdiath vm
Clatting tmeal =4 ) st 25 C tnthe 1t ¢

T M ACTIVATORS INHIBITORS INCUPATION PERIOD tminutes}.
[ 10 20 A0 $0

¢ 01 dnoly t o o 380 34 3 W0
T Rt sy o w1 o o» o2on
[ R KIRSURT I ® s 199w B
S B 1ty Am e 9 e 2w
0 pliat eyt 581 30 135 e 35 e
el AG Ay ° £y v @ @
@ N 1t iad b
Potost v

£ 5ot oAU 4P
G (Antth m phill GI bulta] in Th mbl
r

IMcx Smlinbe b T 01 Lty @
o 1m

QZmlpl t1t 4$02mllse ANG I} 01 i1y 1

01 tahibt  (03Iml 104 attfibinly e S

+03mic €1 (004N

Pyea ’ m W otnhbt w o p 1 Btdwimen

Wt U I Ismiat 286G bef  ddtgth thoom
[

SLithe mea( ond) t26Cf O2mitbme QZmT M
pe tod

TM MG oqMuB | JNCUPATION PERIGD iminstedl
By 10— 26~ 37

ot LI ] ne 98  3ra 299 299
t ¢ ss1 51 168 ms 774
3 o PI 27 %7 28 a5 269
‘ o NBI %2 26 ;w3 s
o A oy s a0 am

une ozm o o 396 33 1 85
T ozm spi @2 us 24 2
s ozm py 3 s 3Tz » e

9 ozmi nBI1® 3y 2z mT M




226

TABLE XLI Effects of Antl Proteases on Thromboplastic Action of Platelet Trypsin Addliticns
to Thrombin Forming Systems

I.M,'s 5 ml In borate buffer (pH 7 7} containing 0 2 ml Pro {6 1%} + 0 2 m} AeG {0 19) +
01ml CaCly (0 05M) added after the various other activators and inhibitors cited The
asterisk (*) with the inhibitor denotes a 15 minute (room temperature) pre incubation wit
the activator system

Clotting_timeg (secandsl at25°C for 0 5mIBF (19) 4025 ml T M
g

at successive Incubatfon
periods Clot-lysis followed over 3 weeks

T M ACTIVATORS  INHIBITORS ___INCUBATION PERIOD (minytes) _  CLOT
5 10 20 40 60 __LYSIS
1 plateiets 0 720 540 270 100 65 [
2 trypsin 0 18¢ 140 95 58 51 34
3 platelets + trypsin 0 47 295 265 235 232 °
4 platelets + trypsin P1 660 240 175 113 LT3 0
5 platelets + trypsin  Afln o 4w 205 103 71 [




TABLE XLVI Lack of Effects of Antl Protcases on the Thrombin
Fibrinogen Reaction

Clotting times (seconds) at 25°C for 0 5 ml fibrinogen + 0 25 ml throm
bin {5 units/ml) + 0 25 anti protease {or buffer in control) the last two*
belng pre incubated with thrombin for the periods noted

ADDITIVE PRE INCUBATION PFRIOD {minutes]
[ 10 20 30 60
0 Buffer 148 15 15 146 153
1 P1 17 185 185 195 205
2 S BI 14 2 16 17 171 17
3 NB1* 152 16 165 167 168
4 Afin* 15 16 16 155 16 4

TABLE XLVI1 Proteolytic Activities of Old Enzyme Preparations and
Thelr Inhibition by Antl Proteases

Experimental details and descriptions of the enzyme preparations are
given in the text

The tnk (P 1) acts whereas the navybean
inhibitor (N B I*) and antittbrinolystn {Afln *) require 15 20 minute pre
incubation with the enzyme before adding the fibrinogen to make the LM

Clotting times (seconds) at 289C for 0 2 ml thrombin (20 units/ml} +
02mlL M after Incubation periods stated

LM ADDITIVES _INCUBATION PERIOD (minutes}
10 20 30

(an 0 (butfer) 142 14 143

2 trypsin 540 240 L3

3 trypsin + N B 1% 14 15 14

4 trypsin + P | 157 22 28
D)5 ibrinolysin o @ [

¢ lystn¢N B 1* 21 22 18

lysin + Afln * 13 138 14 8




228

TABLE XLIV Eflects of Anti-Proteases on the Actlon of Tissue
Thromboplastin in Thrombin Forming Systems

LM.,'s 5ml inborate buffer {pH 7 7) contatn 0 2 mi Pro {017)

+05mitpln A 402mi AcG{01%) +05 mi CaCl, {0 05M) added
after the various inhibitors cited In (4) the thromboplastin was pre
incubated for 15 minutes at 259C with the ant{.{brinclysin *

(aeconds) ot 25°C for QS mIBFE (17)+025mlTM
at successive {ncubation periods

TM INHIBITOR INCUBATION PERIOD (minutes)
m] (cong,) . 10 20 40

1 0 225 171 152 15 142

2 5BI1 02i{001Y) 450 420" 450! 450 380

3 P 1 02(olqy 288 233 218 215’ X

4 AR * 03 (0 57) 285 224 e 212 2"

TABLE XLV Effects of Antl Proteases on the Action of Cephalin in

Thrombin Forming Systems

TMts 5 ml

in borate butfer |pH 7 7) contain D 2 mi eluate (dialyzed)

+0 1 ml cephalin {0 1%) + 0 2 ml AcG {1:8) + D 5 ml CaClz (0 04 M}

added after inhibltors srated

In test {4) the cephalin was pre incubsted

for 15 minutes at 28°C with the NBI*

Clotting_times (seconds} at 28¢C for 0 2 mi {dog} {ibrinogen + 0 2 ml

TM

at successive incubation periods

TM INHIBITORS NCUBATION PF nute
mi {cone %) 5 10 20 0,
1 0 56 5 52 508 554
2 s BIL 1010001 222 156 5 149 ) 163
1 PI Olfoy 48 8 50 3 57 598
4 rBI olfel) 462 442 494 536
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TABLE XLVUY Eiftect of Washed Platelets as an  Accelerator of the
Activation of AcG Foor Prothrombin

Reagents and experimental details are described in the text

T.M, 5ml in borate buffer (pH 7 75) containing 0 2 Pro {0 1%} +
9 5 ml CaCly (0 05M) + the various actlvators noted

Clotting times {seconds} at 26%C of 05 mIB P (17) 025 mI T
at successive incubation periods

T M ACTIVATORS AT, £ t
ol {Qilution). 5 10 ) 40 §0 e
1 Tpln B 05 420 300 202 141 1to
2 Tpln 054
Plat 02 390 248 2 224 1§
3 Tpin 0S4+
AcG 0 1{0 001} 300 140 52 258 203
1 Tpln 05+
AcG 0 1{0 1%} 114 94 80 78 a3
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TABLE L Effects of Platelrta on the Thrombin Fibrinogen Reaction

Methodi © 2 m1 thrombin {conc cited} + {1} 0 1 m] platelets or
{2) 0 X ml saline + 0 2 m1 #brinogen

Clotting-times {seconds) st 269C

ADDED THR {units/ml}: 20 10 5 25 125

13} with platelets WS 17T 1” 315% 590¢ 2% (130)

{2} control with saline 105 178 310 595°' 105"{1058}

TABLE LI Flatelet Utillxation During Clotting of (A} Norraal and
{B} Hemophilic Blood

Platelet counta {x1000/mm?) after stated tmes in siliconed tubes at
370C {l} in clotiing bloods (I} {n sequestrene plasmn {*aging’ con

TIME {A) NORMAL {B} HEMOPHILIC {10 CONTROL
{mi ) BLOODR AN BLOOD {1}
[ 320 182
1t 290 154
2z 265 192
3 196 132
4 238 150
s 103 125
6 106
{clotting)
7 3¢ 137
8 31 -
5 19 .
10 32 143
125 15 136
15 18 150
{clotting)
30 33 51
45 42 14
&0 37 24 {Ay 252
z
;3 - 17
120 4 {0}y 174
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TABLE LIl GROUP I {A) Normal adults; {B) Healthy parturlent mothers;
{C} Normal newborn infants {cord bloods}

1 No (Sub group) 250 (A} 328 32{0)
2 Cases Normal Adults Mothers Newborns
3 Age 19 55 15 43 [
Sex F M F FM
Race w C 23W 9C 23W 9C
4 Date(s} Exam 1950 S5 1953 S5 1953 55
S Duration Bleeding neg neg neg
6 Fam Hist of
Bleeding neg neg neg
7 Bleed Tendency neg neg neg
% Tourniquet Test neg N T N T
9 Bleed time {min) 612 10)
Clotting Time:
10 glass (min} 9(5 13) 702 12} 5{1 10}
11 silicone {min) 33 {15 50) 24 {6 60) 12 (3 33)
12 Clot Retraction T +H{+} e+
13 Fibrinalysis neg neg neg (+ 2cases)

14 Platelet Count
x 1000/mm?®

15 Platelet Tpin *

16 Platelet Accel *

17 Serum Serotonin®

18 Platelet Agglut

19 Plasma Thr C T

20 Serum Antithrombin

21 Fibr mg/100 ml
AHF*

23 PTC*

24 Inhibitors etc
25 Prothr Cons
26 Prothr Time*

-

249(143 356)
100{65 150)
100{40 150}

100(50 150}

neg
15(13 17)
variable
364 (200 540)
100{60 135)
100(60 135)

neg
95{90 99}
100{74 133)

241(105 446)
80 100+
60 100+

NT

NT

165 (av)
normal
652(340 1020)
60 100+
110(B3 143}

neg
93(80 96,
119(68 133)

2711136 523)

80 100+

50 100+
{one 10}

NT

NT

25 5 lav)
ormal

3441192 800}

60 100+

59{15 90}

neg
83(55 95)
119156 133)

27 Prothrombin* 100{70 136) 115(81 150) 43 {30 59)
28 Proconvertin® 100 {64 138) 135{100 216} 51 (22 80)
29 Proaccelerin® 100160 150) 70 1004 109 300
30 Remarks Med School Parity 1 11 125 othera
personnel excluded

*percent of standard normal used throughout Tables LI LVII
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TABLE LIl A GroupIl Congenital [Familial) Thrombocytopenias

1 No Case 1 Case 2
2 CASE A B DD
3 Age 2 3 9
Sex M M M
Race [+ Cc c
4  Date{s) Exam 1 Feb 154 20 Apr 'S5 20 Apr '55
5  Duration Bleeding 1 16 mo - -
6 Fam Hist of + + +
Bleeding
7 Bleeding Tendency +++ L] o
8 Tourniquet Test +H44 neg +{4}
9  Bleeding time (min) 60 2y 3]
Clotting Time
10 glass (min) 61 3% 5374
11 sflicone (min ) s k1" 29%
12 Clot Retraction 0 4+ e ++
13 Fibrinolysis 0 0 0
14 Platelet Count
x 1000/mm? 38 320 98
15  Platelet Tpln * N T 50 20
16  Platelet Accel * N T 80 10
17 Serum Serotonin* NT N T N T
18 Platelet Agglut N T NT NT
19 Plasma Thr C T + k3 +
20  Serum Antithrombin + NT N T
21 Fibr mg/100 ml 320 N T 520
22 AHF+ 100 100 100
23 PTC* 80 80 70
24 Inhibitors etc N T N T N T
25 Prothrombin Cons 7 95 100 95
26  Prothrombin Time* 125 93 88
27  Prothrombin* 111 106 93
28  Proconvertin 95 100 110
29  Proaccelerin® 1004+ 100+ 100
30  Remarks Before After

treatment  splenect

*percent of standard normal
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TABLELII B Group lll Hereditary Thrombasthenia {3} and Pseudo
hemophilta {4 %)

1 N Cuase 3 Cased Case S
2 CASE NP) (A C) (5C)
3 Age 16 52 20

Sex F F F

Race w w w
4 Datels) Exam 9 June 'S} 23 Apr 'S5 23 Apr 'S5
S Duration Dleeding birth Byrs 2
§  Fam Hist of

Bleeding + + +

7 Bleeding Tendency 44 +4) +H4)
&  Tournlquet Test e + +t
9 Dleeding time {min) 60 1 642

Clotting Time
10 glass (min) ] 6 3/4 9Lz
11 sllicone (min ) 22 3 NT
12 Clot Retraction 0 et e
13 Fibrinolysis neg neg neg
4 Platelet Count

x 1000/ mm 230 238 104
1S Platelet Tpin * 100 50 25
16 Platelet Accel * NT 50 20
17 Serum Serotontn® 100 NT NT
18 Platelet Agglut NT NT NT
19 Plasma Thr ¢ T norm NT NT
20 Serum Antithrombin + NT NT
21 Fibr mg/100 ml 520 720 700
22 AMFe 100 100 100
23 pree 85 90 60
24 Inhibltors ete neg heg neg
25 Prothrombin cons * 95 295 »5
26 Prothrombin Time* 94 85 n
27 Prothrombin* a9 90 100
28 Proconvertin® 111 NT 100
29 Proaceelerin® 62 NT %0
30 Remarks Gl s
Thrombauthenia

.
Percent of standara normal



TABLE LII1 A Groupll C {F.

1111} Thr

ytop
1 No Case 1 Case 2
2 CASE A B DD
3 Age 2 3 9
Sex M M M
Race C [+ C
4 Datels) Exam 1 Feb '54 20 Apr '55 20 Apr 'S5
5 Duration Bleeding 1 16 mo - -
6 Fam Hist of + + +
Bleeding
7  Bleeding Tendency I 0 0
8  Tournigquet Test +Het neg +H+)
9 Bleeding time (min } 60 2y 632
Clotting Time
10 glass {min) 615 3] 53/4
11 silicone (min} 642 7 294
12 Clot Retraction 0 * ++4 ++
13 Fibrinolysis o 0 0
14 Platelet Count
x 1000/mm?® 38 320 98
15 Platelet Tpln * NT 50 20
16 Platelet Accel * N T &0 10
17 Serum Serotonin* NT NT N T
18 Platelet Agglut N T NT NT
19 Plasma Thr C T * E3 +
20 Serum Antithrombin  + NT NT
21 Fibr mg/100 m} 320 NT 520
22 AHF* 100 100 100
23 PTCe 80 80 70
24 Inhibitors etc NT NT NT
25 Prothrombin Cons " 95 100 95
26 Prothromblin Time#* 125 93 88
27 Prothrombin* 11 106 93
28 Proconvertin 95 100 110
29 Proaccelerint 100+ 100+ 100
30  Remarks Before Aftex -
treatment  splenect

.percent of standard normsl



TABLELII B Group III Hereditary Thrombasthenia [3)

hemophilia {4 §)

235

and Pseudo

I No Case 3 Cose 4 Cascs
? st INP) (A cl (s ¢)
3 Age 16 52 2

Sex F E e

Race W w w
4 Datels) Exam 9 June '53 23 Apr S5 23 Apr '35
5 Duratlon Bleeding birth Byrs 7
& Fam Hist of

Bleeding + + M

7 Bleeding Tendency +++ He He
8 Tourniquet Test e + +
9 Bleeding time {min ) 60 ! o

Clotting Time

10 glass {min) 9 634 9y

11 siitcone (mtn ) 22 1 NT

12 Clot Retractton 0 et s

I3 Fibrinolysis neg neg neg

1 Platelet Count

x 1000/mm 230 238 194

15 Platelet Tpin * 100 50 54

16 Platelet Accel * NT 50 20

17 Serum Serotontn® 100 NT NT

18 Platelet Agglat NT NT NT

19 Plasma Thr ¢ T norm NT RT

2 Serum Antithrombln + NT N T

2 Fibr mg/100 m) 520 720 700

22 AHF* 100 100 100

23 pre 85 90 60

24 Inhibitors etc neg neg neg

25 Prothrombin cons * 95 >95 fate

26 Prothrombin Time® 9 85 n

21 Prothrombin® 89 20 100

28 Praconvertin® m NT 100

29 Proaccelertn® 62 NT 90

3¢ Remarks Gl ts h

Thrombasthenia

*
Percent of standard normal
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TABLE LIV CroupIV Summary of Data on 25 Thrombocytepenics

(Acquired)
F‘INDINGS REMARKS
Pos, _Neg,
1 Nos 6 30 Diag
3 Ages 17Tmo 78yr v text
Sex 11 F 14 M
Race 2ZW 3C
5 Duration Bleed 1d 8yr 19 1 s
7 Bleeding Tend +++(4) 10
++ 7
+ 2
0 - 1 1 4
8 Tourn Test +++ 4+ 19 3 2 1 #FNegroes
9 Bleed Time >10 min 17 7 1 9 min
Clotting Time
10 glass >I3 min 1 21 3; T2y 101
11 silicone .50 min 10 10 3 2 Ta8 47
12 Clot Retr (glass) ++ 0O 17 3 5
14 Platelet Count
x 1000/mm3 <100 000 24 1 +174 000
15 Platelet Tpln * <10 18 1 1 5 F30
16 Platelet Accel * <10 19 6
17 Serum Serotonin* <50 9 3 13
19 Plasma Thr CT >2x norm 15 a2 Tslght
21 Fibr (a) <200 (decr) 14 2
(b} >540 tincr ) 9
22 AHF* <60% 22 1 2 T27 in ¢
23 PTC® <60% 21 2r 2 T60 65
25 Prothrombin Cons <90 21 3 1
26 Prothrombin Time* <65 24 17 61
27 Prothrombin® <65 3 21 1 52 62
28 Proconvertin* <65 1 23 1 55
29 Proaccelerin® <60 3 22 0 50

*percent of standard normal



TABLE LV Group Vi Thrombocytosis

1 Ne 31 32 33
2 Cases RG JLH EM
3 Age 63 61 23
Sex M M M
Race c w w
4 Datels) Exam 23 June '55 30 Mar 54 15 Dec 54
{27 Aug '56) (& Apr 155)
5 Duration Bleedlng 2 weeks 7
6 Fam His of Bleed neg neg neg
7 Bleeding Tend ++ ++ o
& Tourn Test neg neg neg
9 Bleeding Time
(min } 1h 4 3 2
Clotting Time
10 glass {min) 110 % 4%
11 silicone {min} 1 48 46
12 Clot Retraction 44 444 4
13 Fibrinolyais neg neg neg
14 Platelet count
x 1000/mm 3 2000 1B86 (550) 850
15 Platelet Tpln * 100 40 100
16 Flatelet Accel ¥ 90 (20} 50 100
17 Serum Serotonin* N T 5 NT
19 Plasma Thr C T normal normal normal
20 Serum Antithr normal normal normal
21 Fibr mg/100 ml 230 540 660
22 AHF* 100 100 100
23 PTC+ 90 100 80
25 Prothr Cons 7 90 99 90
26 Prothr Time* 8s 44 {66} 52
27  FProthrombin eg 6B {48) 60
28 Froconvertin® 100 601(44) 78
29 Proaccelerin® 60 50 (40) 90
30 Remarks Carcinoma of Folycythemia Chronic

stomach general vera treated granulo
metastases bone with p32 gout  cytic

marrow hyper {Myelotd)
plasia fner leukemia
megakaryocytes

* percent of tandard normal
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TABLE LVI A Group VI {A)r L. with Thrombocytop

{22 out of 39 cases studied)

. FINDINGS_____
1 Nos 34 55 Bos Teg ST Rematks
3 Ages: 13 83 yr
Sex: TF115M
Race 19Wi3cC
5 Duration Bleeding:
wl mo
7 Bleeding Tend +4++ 2
' +++ 0
++ 5
' v+ 5
' [ 6 4
8 Tourn Test ++++ 0 5 16 1
9 Bleed Time: >10min 7 15
Clotting Time:
10 glass: 513 min 20 2T T12' (2 cases)
11 silicone: 350 min 15 6 14 Fast
12 Clot Retr 1 +4 16 2 4% F clots Iysed
{see 13)
13 Fibrinolysis 4 18 -
14 Platelet Count
<100 000 x 22
1000/mm?
15 Platelet Tpln *:1<60 21 -
16 Platelet Accel *1 <40 19 1 1T 1 Fs0
17 Serum Serotonin*
<50 5 1 - 16
18 Platelet Agglut 5 6 11
19 Plasma Thr C T:
>2x norm 3 10t 415 2X norm
20 Serum Antithrombin
incr 6 13 3% - fserum! clot
Z1 Fibr (a) €200 mg 11z # 1 T230 mg/100 mt
(b} 5540 mg ¥ - T560 1180 mg
22 AHF*<60 2 - 20
23 PTC*<60 119 14 1 fe0
25 Prothrombin Cons
<907 16 5 1+ - fooy
26 Prothrombin Time#*
@5 7 13 2% - ts4565
27 Prothrombin* <70 2 20 -
28 Proconvertin® <65 3 18 1% 66
29 Proaccelerin* <60 12 9 1 60

* per cent of standard normal
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TABLE LVI B Group VI {B): Leukemlcs with Abnormal Platelet
Function Tests but no Thrombocytopenin (12 out of 39 cases atudied)

1 Nos 56 67 __FINDINGS Remarks
2 Cases Pos Neg 7 N T
3 Ages: 6 58 yrs
Sext 5Fy TM
Race: 11W; 1C
5 Duration Bleed 1 (?) 12
7 Bleeding Tend t
Y s 6 1
8 Tourn Test: ++ + 3 9
9 Bleed Time: A0min 1 11
Clotting Timer
10 glass >13 min 10 2% $12 min
i1 sllicone: >50 min 9 2 1
12 Clot Retr ++ 0 3 9
14 Platelet Count +118 000
x 1000/mm?: <100 000 1zt 445 000/min *
15 Platelet Tpln *: <60 7 4 1t 70
16 Platelet Accel #1 <40 9 1 2% 50
17 Serum Serotonin®:
0 - ¥ 10 144 50
18 Platelet Agglut t 2 10
19 Plasma Thr CT 1
>2x norm 2 9 :+ T nearly x 2 norm
20 Serum Antithrombin
tncr 2 10
21 Fibr 1 (a) <200 mg 0 9
(b) >540 mg 1t 1580 1120 mg/
100 ml
22 AHF*; <60 2 10
23 PTC#: <60 1+ 11 t4s
25 Prothrombin Cons ¢
<907 4 6 2t *+89 90
26 Prothrombin Time*
<75 4 6 1T 1 +74
27 Prothrombin*: <10 2 10
28 Proconvertin®: < 65 1 1
29 Proaccelerin®: <60 3 9

% percent o standard normal
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TABLE LVII A Group VII {A] Platelet Problems {n Uremics (10
out of 11 cases studied)

1 Nos 68 77 FINDINGS
2 Cases Pos Neg ? NT REMARKS

3 Ages 10 59 yrs
Sex: 8F 3M
Race: 8W; 3C

7 Bleeding Tendency: ++++ 1
++ 2
+ & 5
[ 1 - 1
8 Tourniquet Test 1 9 -
9 Bleeding Time: D10 min 1 9 - -
Clotting Time
10 glass 313 min 9 - 10 min
11 silicone 50 min ) 8
12 Clot Retractlon: ++ 0 10
14 Platelet Count
x 1000/mm3 <100 {000} 10 - t147 574
15 Platelet Tpln * <60 7 2 1
16 Platelet Accel %1 <40 7 1 17 ;so
17 Serum Serotonin* 50 or less 27} - 8 16 50
19 Plasma Thr C T 1 {incr) 6 1
20 Serum Antithrombin {incr) 1{sl} 7 2t - Tdecr (7)
21 Fibr {a) decr (<200 mpg) 1 4 120 mg
{b) incr (>540 mg) sT
22 AHF#*; <60 10 -
23 PTC* <60 6 4
25 Prothrombin Cons <907 4 1 T 4 toon
26 Prothrombin Time* <70 2 8
27 Prothrembin* <70 3 7
28 Proconvertin®: (65 4 s 17 Té6
29 Proaccelerint <60 1 9
NPN {(orBUN) mg/100ml10 0 178 330

* percent of standard normal
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TABLE LVIl B Group VII (B} Platelet Problems {n Uremics (1 out
of 11 cases studted)

1 No 78
2 Case M Tu
3 Age 13

Sex F

Race W
4 Dates Examined 31 Jan 'S5 30 May 55
7 Bleeding Tendencyt ++ + ++
8 Tourniquet Test neg neg
9 Bleeding Time [minutes) 3%

Clott{ng Time:
10 glass {minutes) 8 NT
11 silicone {minutes) 43 NT
12 Clot Retraction 4 NT
14 Platelet Count x 100/mm?® 346 340
15 Platelet Thromboplastin® 100 100
16 Platelet Accel * (7) 50 100
17 Serum Serotosmin® NT NT
19 Plasma Thr Clotting Time norm NT
20  Serum Antithrombin norm NT
21 Fibr: (a) decr (€200 mg)
{b} incr {540 mg) 800 NT

22 AHF* 100 NT
23 PpPTC* 80 50
25 Prothrombin Cons ¥ 95 NT
26 Prothrombin Time* 88 4
27 Prothrombins 84 20
28 Proconvertin® 100 15
29 Proaccelerin® 100 22
30 Remarks Died 31 May '55 from

pyelonephritis {chr ) in
olycystic kidneys

* percent of standard normal
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TABLE LVII A Group VII (A} Platelet Problems in Uremics {10
out of 11 cases studied)

1 Nos 68 77 ——FINDINGS ___
2 Cases Pos Neg ? NT REMARKS
3 Ages: 10 59yrs
Sex 8F; IM
Races 8W; 3C
7 Bleeding Tendency: +4++ 1
++ 2
+ + 5
0 1 1
8 Tourniquet Test 1 9 -
9 Bleeding Time: 10 min 1 9 -
Clotting Time:
10 glass: 313 min 9 1t F10 min
11 silicone: 350 min 2 8
12 Clot Retraction: ++ 0 10
14 Platelet Count
x 1000/mm® <100 {000) 10 147 574
15 Platelet Tpln * <60 7 2z - 1
16 Platelet Accel *: <40 7 1 1t - ;50
17 Serum Serotonin*: 50 or less 27T 8 16 50
19 Plasma Thr C T : {incr) 6 3 - 1
20 Serum Antithrombin (fner) 1(sl) 7 2t - Tdecr (7)
21 Fibr (a) decr (<200 mpg)} 1 4 - +120 mg
(b} incr (>540 mg) sT -
22 AHF*¢; <60 10
23 PTC#s <60 6 4
25 Prothrombin Cons  <90% 4 1 it 4 907
26 Prothrombin Time*: <70 F3 8
27 Prothrombin*: <70 3 7
28 Proconvertin*: <65 4 5 ju S (1
29 Proaccelerin®; <60 1 9 -
NPN (orBUN) mg/100mi 10 ] - T78 330

* percent of standard normal
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TABLE LIX, Prothrombin Consumption Tests (2 stage} on a Case of

Liver Carcinoma (Met:

1s} Treated with Radio Gold {Au v8)

Day of therapy

Plasma (u/ml)

L hr serum

(Restd pro 7}

Platelets x 108

-1

510

23

243

4

470

8
313
2

235

13
340

2

420

TABLE LX Platelet Counta and Prothrombin Consumption in Three
Doge Injected with Radio Gold

DOG 1 1 m
P,,?:S,ig‘,“ ee 20 10 5
Plat _ Pro Plat Pro Plat _ Pro
/mm3 Cons /mm3 Cons /mm3 Cons
Day: 0 354500 967 238 400 312 500
2 217500 937 765000
4 242500 957 137500 957
6 45000 0 339 600 80y 372500 897
8 22500 147 139400 59y 135000 977
10 (died 9th day) 219 000 739 407
13 26000 129 77500 337
18 13100 379 145000 667
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TABLE LXI Thrombin Formation 2 stage tests

Agents with or without AHF Prothrombin and other factors constant

Varlous Thromboplastic

THROMBIN
EXPT _AGENT__ INITIAL RATE _OPTIMUM PERIOD __YIELD (%
NO, +Ca, AcG AHF AHF¥ _AHF AHF+ AH AHF4
1 Tpln fast fast short short 100 99
2 Ceph ‘.’f;z slow long short 66 95
3 Sbp " short* FLI )
4 Eap (long} * 2 9*
s Plat short 75* 92
6 Rbe short 40 100
7 o negligibl activation in the control 0 o

Technical detaily given in text Experiment 56

TABLE LXII Bloassay of Prothromboplaatin 'by S!ypven 2 stage method

Standard® « brain cephalin

Unknown = Eap

TEST AGENT REL  FINAL CONC INCUBATXON PERIOD:

NO TESTED _ STR u g/ml optimal {min}
1 Ceph 1009 300 178 16 8 29
2 107 30 340 204 (4)
3 [14 24 361 205
4 6" 18 10 211 (139
s 4" 12 520 225 (s
6 27 06 778 253 417}
7 17 03 1271 543 (20
8 0 (control) [4 4 351 284" 100
P’ Ep 11 400 33 234 11)
10 Eop 12 200 828 279 {151
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TABLE LXIV Experimest $% IV Prothrombin Activation in Stusrt deflclent
Eluste Opttmal Ca and AcG  Effects of adding Stypven cephalin thrombo
plastin AHF and Stuart factor preparations {see text]  Fibrinogen clotting
tunea {aec ) with tacubate after 1 min and st optimum {min} 26°C

TEST  AGENTS FACTORS  INCUBATION PERIOD THROMBIN
NO TESTED ADDED 1min opt {min) YIELD §%}

1 Stypvea 1800 1800 {7} wrace

2 Stypren Stuart (A} 25827 26t { 5% trece

3 Stypven ceph. 593 274 (4§ s2

4 Stypven ceph  Staxrt {A) 224 168 {359 100

% Stypven ceph  Stuart (B} 247 199 {4} L3

& Stypven pin 6430 244 LT} L

7 Stypven tpin  Stuart (A} 20 7o s 100

8 Tpln 18487 240 (119 5

9 Tpla Stuart {A) W 374 {5) 98

1 Tpin Sroart {B) 2z 172 4% 9

n Ceph AHF ns 263 (17} [

12 Ceph AHF Stuart{A) 736 160 159 104

TABLE LXV Varlous Expthromboplastine tested {2 stage}
tn Stypven sctivetlon of prothrombla (elvate]

TEST  AGENT IMAL TEST,
N TESTED g7 INC _PERIOD
1 Ceph 230 2 min
2 Sbp 222 1 ratn

Plat 20 6" 4 matr
4 Rue 209 3 min
5 Eap 234 11 min

2240
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