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PREFACE

HIS volume 15 based upon a Symposium on Hemophihia held 1n Rome

1n connection with the V1ith Congress of the International Society of
Hematolory on September 12 1958 The many recent advances which
have occurred i this general field including progress in the punification and
admimstration of plasma philic factor o philic subjects the
better d of vascular h philla and a deeper understanding of
the physiologic and pathologic roles of many of the procoagulant clotune
factors particularly Hageman and Stuart factors certanly justify the choice
by Prof G Ds Gualielmo President of the Congress of hemophibia as an
appropnate and timely topic for discussion The program atseil evolhed
from the contributions and suggestions of a panel who accepted the invita
tion of Prof D1 Gughelmo to paricipate s this undertahine Included were
W Achenbach (Cologne) B Alexander (Boston) E Deutsch (Vienna)
R Feissly (Lavsanne) J B Graham (Chapel HA) R Gross (Marburg/
Lahn) E Jorpes (Stockholm) F Rholler {Zunch) R Marx (Munich)
A Pavlovsky (Buenos Awes) A J Quick (Milwaukee) W H Seegers
{Detroit) U M Serafim (Rome) J P Soulier (Paris) T H Spaet (New
York) S van Creveld (Amsterdam) with Prof P de Nicota (Pavia) as
secretary and your Editor as charman Planming for separate publication
of the vanous to the § was by the en
couragemem of Mr Robert Lee Hcmy u( New York Oty whose s\xppon
made the earlier Symp volume on h fuba and the hemop d
diseases (1) possible Interest i a separate volume spread not only be
cause of the d of having the of many of the most
acttve workers 1n the field readily accessible 1 one volume but also because
the spoken word is a poor substitute for the recording of the matenal in
pant Publication has had other advantages as well One of these 1s that
certain wvited papers which could not be presented at the Symposwm
proper because of lack of time can now be made available Another 1s that
an opportumty 1s provided for inclusion of matenal from some investigators
who were unable 1o be 1 Rome at the time of the Symposum
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x PRFFACE

It 1s hoped that the presemt status of the hemophiha problem  broadiy
concened may be evident from thns publication ncluding s 1t dos the
work and the 1deas emanating from many 1f not most of the hboratories
actnely pursung investigahions n ths field

Thus volume was made possible by the help and supportt of many people
and orgamizations  Particularly helpful were Dr de Nicola assistant Edutor
of this volume as well as Miss Silvia Hinnom Mrs Ehsabeth Sommer and
Mrs Anne Payne who arded with both the translation of severyl pipers into
Enghsh and the bibliographies proof readine nd indexing {n addution
thus volume could be published only with the grnts m axd providud by the
New York Blood Transfusion Association and the National Heart Institute
Public Health Service (HTS 5327)

henneth M Brinkhous M D
Chapel Hit N C
June 1959
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Chawrman s Comments
A A Brinkhous

T 1S my pleasure to welcome alf of you to 1his symposium devoted to
the recent advances m the ficld of phihia md the hemophifiond
states To my knowledee there have been two previous titternational sym
posta devoted to hemophiba both held 1n close chronolegi relation to but
actually separate from the Canvress of the International Society of Hema
tology Tius Symposiwm on hemophilia then 15 the first held wittun the
framewark of the Coneress thands 1o Prof Dy Guehelmo President of the
Conyress The fact that tt appeared destrable to hald 1 second Symposium
on this topt. only two years aftes the New York pathenng in 1956 (1)
attests 1o the fact that there has beent rapid progress i (s field
The 1956 Symposium was opened on « brief historical note and 1t seems
appropriate to do this agam—this tme in Rome The word hemophilia has
become deeply embedded in our scienufic as well as n our general liters
ture This 1s of mierest becouse the word stself hterafly meamng  the love
of blood  does not seem to be an especrally appropuate term for this dis
ezse Professor Johann Lucas Schoni (sce T P }oas it
credited with the angnation of the word 1n the tate 18205 while he was
Prafessor of Specil Pathclogy and Therapy and Dwector of the Julws
Spital m Wurzburg He apparentlv comed the term hemophibia 1n con
nectian with s le tures 1o medical students on nosolagy of discase The
exact onan of the word 1 louded m obscunty howeser since Schonlein
dd not publish his lectures There are two carly publications however
suggesting the origmatian of the term by Schonlean )s correct The first
15 a dissertation by one of Schonlen » pupils Dr Friedrich Hopff (23 who
stated n 1828 that Schontemn had recently mtroduced the term hemophilta
The other one 15 anonymous (3) bemng the unsuthorized publication 1n
1832 of hus fectures In this publicaion the term appears s hiemorrha
philta sather than hemophilia It 1§ mterestng to speculate that haemorrha
philia— the love of hemurrhages —was the ongmal term of which
hemophxha 1s but a contrachion Pagel however comments an thys latter
publication in which haemorrhaphdia s used s follows Schonlem
nx




xx CHAIRMAN § COMMENTS

never published anything himself on the nosological system Partly wath lus
consent partly aganst his wishes some of his students had his lectures

blished some plete some fr: y Some [1e (3)] were pub
llshed anonymously in the most maccurate way from class notebooks (4)
Regardless of Pagel s comments on possible naccuracy Virchow some 25
years later (5) seems to use hemophilia and haemorrhaphilia synony
mously

We are all aware that today the word hemophilia 1s used 1 a more
specific sense than ever before Also with the increased understanding of
the hemorrhagic diseases many hemophilioid states have been recognized
A relative newcomer to this group of diseases 1s vascular hemophiliz @
major topic for in thrs Symp A deration of this con
dition along with many others will reflect I feel certamn the great amount
of thought and attention that 15 bemg given in many parts of the world
today to the vanious bleeding diathesis

References

Hemophilia and Hemophihord Diseases k. M Brinkhous Ed Chapel Hill
University of North Carolina Press 1957
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A The Antthemoplhilic Factor Punfication
and Properties

1

Antihemophilic Factor
Some Problems in Its Study *

Robert H Wagner Kenneth M Brinkhous
and George D Penick
Departments of Pathology and Biochemustry
Unnersits of North Carolina Chapel Hill

HE present paper 1s an attempt to present the current status of some
problems concerned with the studv of AHF Problems concerning
assay punfication stability properties and metabolism will be considered
briefly

Assay There are sull many problems concerned with assay of AHF
and numerons new assays have been dewised The five desiderata—
y accuracy and ease of obtaining materals

—are not to be found equally n any of the present assays
A number of coagulant factors are able to shorten the prolonced clotung
ume of hemophilic blood without altering the fundamental defect the
block 1 prothrombin utilization Serum eluates from BaSO, have this
effect (1) and also certain serum fractions (2) Thrombin behaves in a
simifar manner  thrombin in trace amounts greatly shortens the partial
h p time of phibic plasma (3) For a long time 1t was
beheved that asbestos of hemop plasma caused
unmasking of AHF activity since the clotng ume became normal how
ever it was found that such treated plasmas did not result 1n normalization
of prothrombin consumption either 1 vitro or i1 1no (4) Finally 1t was

Studies by the authors cuted in this

paper were arded by grants from the Natnonal
Iastitates of Health Figures 2 3 4 and §
Derms som ot e BorEs are reprinted from Proc Soc Exp Biol by

-






ANTIHEMOPHITIC TACTOR 5

In 2ddition to the need for 1 specific ind reproducible assay procedure
another requirement for successful purificition of AHE 1s 1 satisfactory
source Plisma contams only traces of AHF and 1s therefore a poor
source for punficaion work Examunation of various tissues might be
fruitful 1f AHF could be assayed i the presence of tissue thromboplastic
activity  Attemipts to olate AHE from tissues with vanous techmques
have yieldud products nctise m the thromboplistin generation test (8 9)
but the 1dentity of the 1ctimty must be questioned

Instabalits - Another problem 15 the tnstability of AHE that has been
obsenved repeatedly n fractions and varably i blood and plasma We

THROMBIN

!
00 e, LU ——

» 80
=z ——— 008 u/mt
z —_—
fe0 \
ES
3 025 u/mt
200 \
®20
50 wml
o
o 25 30

10 15 20
TIME IN MINUTES

Fi16 2 Effect of Punfi d Thrombin on AHF in BaSO, treated Plasma
Effect of various concentrations of thrombin on disappearance of AHF

activity in the presence of caleium ons Temp 28 C  silicone treated
tubes

have studied two enzyme preparations fibrinolysin (10) and thrombin
that when present 1 only trace amounts will mnactivate AHF In Fig 1
1s shown an experiment 1n which fibrinolysin at a refatively low concen
tration O 8 Loomis units per ml was found to mmactivate 70° of the AHF
n one minute An expeniment by one of us 1s shown in Fig 2 (11) As
little as 0 5 lowa units of lughly punfied thrombin per ml of plasma caused
nearly complete inactivation of AHF 1n 10 minutes The presence of
fibrmogen  another substrate for thrombin did not alter this tmactivation
phenomenon These nd other expeniments (6 12) have led to the sug
gestion that incipient thrombin formation and traces of fibrnolysin are two
cwses of AHF mnstability (13) Perhaps related to this 1s the marked
labality of AHE 1n sodium oxnlate (14 15) The recent report of Mustard



4 HEMOPHILIA AND OTHER HEMORRHAGIC STATES

found 1n 1958 that Hageman factor preparations have a shortemng effect
on the partial thrombopl times of hemophilic plasma (5)

AHF 15 not adsorbed onto BaSO, (6) and 1t 1s only poorly adsorbed
by aluminum hydroxide (7) Therefore a preliminary adsorptton of plasma
with a suitable adsorbant can remove many interfering coagulant factors
before assay Unfortunately Hageman factor 1s not removed by BaSO;
and 1ts possible effect on AHF assays has not yet been resolved

INACTIVATION OF AHF BY FIBRINOLYSIN

100
ACONTROL
2 80
uw
= s0
)
E)
340
a \
@ 20 <+ FIBRINOLYSIN
.
0
0 i 2 3 4 5 6

INCUBATION TIME (MIN)

Fic 1 Fflect of Fibrinolysin on Activity of AHF Purnified Canine
AHF preparation 3 6 mi was mwxed with 04 ml bovine fibnnolysin
Final fibrinolysin conc 0 8 Looms umits per ml Control 3 6 ml AHF
solution mixed with 0 4 ml saline solution 0 02 M with sodium oxalate
Mixtures let stand at 37°C At intervals samples were withdrawn and
frozen at —25 C Diluent added to samples before thawing samples
were then thawed diuted further and assayed for AHF activity

Correction of the hemostatic defect 1n hemophilic subjects when given
1 wno as well as correction of the basic clotting defect of hemophilic
blood or plasma n vitro appears necessary for positive identification of
AHF Tt 1s obviously difficult to carry out both i vitro and i wnvo tests
regularly As a mmmum we believe that hemophilic plasma should be
used as a substrate with appropriate i yivo checks to establish the vahdity

of the assay
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and Steele (21) uane the method of Walton and Penneil (22) sclectively
preciputate fibrinogen with dextrin sutfate but this 15 admttedly a difficultly
reproducible procedure The Blombacks have selectvely precipitated an
ART fraction fow 1n fibrinogen mving a good human plasma fraction (23)
Bidwell has done ontstanding work in punfyine ammal AHF (24) We
have been worhing with a2 simple selectve preopitation of AHE using
amuno acids with constdecable success Our greatest punficaton of AHF
has been obtamed by selevtive removal of fibtmoven and by use of salting
out procedures The highest derree of punfication obtained with poreine
plasma has been 800 tmes m terms of protein mirogen and 2000 times
for camine plasma (25) On the basis of these findings 1t 15 estmated that
AHF conttibutes Jess than 3 10 5 mg protemn per 100 ml of plasma

Propertics of ATIF Next we should like to consider some properties of
AHF @ plasma and in partially punfied preparations Electrophorene
studies have been reported that suegest mobility with either the beta or
alpha globulns Qur own studies on electrophoresis have been hampered
by three obstactes—low solubihity of AHF so that with standard procedures
AHF was below the fevel of detection srreversible adsorption of tsolated
AHF onto the paper when this techmique was wsed and considerable
proten protewn nteraction {25} Work on continuous curtmn electro~
phoresss of plasma has shown AHF activity m pre atbumins and alpha 1
and alpha 2 globulins (26 273 This procedute surmounts largely the irre
versible adsorption troubles which one encounters with ordmary paper
clectraphoresis  Bernfeld and Stefamuns have reported that hemophilic
plasma 15 different electrophoretically from normal plasma (28) We have
been ynable to confirm this with a number of studies on hemophdic dags
and otfier workers have been unable to confirm this with hemoplulc human
patients We reported i centnfugation expenments with plasma that AHF
seduments much more rapidly than does fibnnogen m plasma (25) Work
with Mr Thekn has not shown this rapid sedimentauon wath punfied
preparations (29)

Problems of Function The exact function of AHF 1 dotting 1s stalt
uncertain This procoagulant appears essential for a fully eflectne hemo-
static mechamsm Also AHF 15 essential in the test tube for rapid and
complete of prothrambin 1o thrombin  This has been explatned
asa nced for AHF n !hc elaboration of a prothrombinase which leads to

of p totf (30) Other theartes abound 1s to

the b\oc\\&t\\\m\ TRACLONS N winch AWF participates 16 brng abowt pro-

but d data are still neceded The role of

AHF in hemostasts 1s ftkewrse uncertatn 1t has been sugrested that the
hemostatic acton of AHF i mediated thraugh the platelet aggiutmatng
mechanism This 15 a porculatly atractue and simple hypothesis A
thromboeyte agglutimating factor or TAg n normal camne plasma has
been described recendly lu the presence of magbesium 1on TAg agglu
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concerning lability of AHF n plasma collected m EDTA 1s also note
worthy (16)

Methods of Stabilizing AHF Blood collected carefully 1n sodium citrate
maintains most of its AHF for many days at 4°C (13) Adsorption of
plasma with BaSO; or a simular adsorbant stabilizes the AHF This 1s
shown i Fig 3 (11) In this expeniment Ca++ and crude cephalin were
added to BaSO, adsorbed plasma and the titer of AHF remamed unaltered
When an eluate from the BaSO, was added back consumption of AHF
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Fic 3 Effect of Punfied Prothrombin on AHF Activity of BaSO,
treated plasma Effect of various of puntfied proth

bin on disappearance of AHF activity in the prescnce of cephalin
preparations and calejum 1ons Temp 28°C  silicone treated tubes

occurred In a similar manner and for probably similar reasons AHF dis
appears from native platelet poor plasma more slowly than from native
plasma with a full complement of platelets (17) It has been stressed that
the stability of the AHF 1n fraction I 1s improved 1f the AHF 1s separated
promptly from the bulk of the fraction (18) Fantl has reported that AHF
1s stable of the pH 15 mamntamned at 6 4 (19 20} These procedures with
the possible exception of the last one appear to be effective by preventing
enzymatic destruction of AHF rather than by prevention of physical
ration
de;'at::ﬁcahon Another problem 1s that of removing fibnnogen This
removal 15 necessary 1 order to obtain a material that can be dissolved 1n
a very small volume to give a highly concentrated AHF fraction Surgenor
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rae of Ialt off of AHE was then determuned  The half fe now appears
10 be 1n the order of 24 hours Fip, S shows anothier type of cxpeniment
Tunfied AHT was mnjgcted into the subcutancous or intramuscular tissues
of hemophilic subjects Assayable levels of AHY prompily appeared in the
plasma These findings apan susgest that 4 riprd exchinee of AHE oceurred
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Fig 5 Plisma AHF Levels Followmng Imections of AHF Prepara
nons (B) Subcutaneous 119 kg femal hemophilic dog wuas given
25 m} AHF preparabion 19 imes the aciivity of dog, plasma 10 4 equal
doses each thigh 1ny time 4 mun (D) Intramuscular 132 kg female
hemophilic dog given 62 ml AHF preparation 15 times the activity
of dog, plasma ntramuse Iny tme 11 min

between the vasculr and extra vascular compartments These findings also

suegest that a significant tissue source of AHF may exist for punficauon
work

Conclusions

Tt 1s obvious from the account presented here that there . ¢ cortmn
discrepancies AHF sediments more rapidly than fibrmogen 1n plasma
but not wn relatvely purified form In companison ta fibtinogen und gamma
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tinates platelets mn a matter of seconds In the tests used hemophilic plasma
had as much TAg activity as normal plasma either with normal platelets
or with hemophilic platelets (31) In this regard 1t 1s of nterest that
hemophilic dogs were relatnvely refractory to the thrombocytopentc effect
and other coagulant effects of thromboplastin (32) Astrup and Sjslin (33)
have suggested that the low thromboplasuc content of synovial and joint
capsular tissues combined with 1 low plasma thromboplastic potency s
responsible for the ch 1ste localization of 1 philtc hemorrhages

The site of formation of AHF 15 still undetermmned A recent survey of
autopsy tissues of human | phil led a normal 1 of
plasma cells in the Jammna propria of the small intestine (34) This 1s 1n

AHF LEVELS AFTER 1 V INJECTION
OF BOVINE AHF
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Fic 4 AHF Levels Following Repeated Closely Spaced Intravenous
mjecttons of AHF fractions At zero time 12 6 kg female hemophilic
dog was grven a priming dose of 58 ml AHF 1n solution 4 times as
active as normal dog plisma Twenty nine m! doses imjected at 4 and
8 hr respectively

contrast to the findings mn patients with agammaglobulinemia Contrary to
earlier studies from our laboratory Pemick and associates have shown that
AHF 15 moderately depressed with severe damnge to the Iiver by hepato
toxms (32) Whether this depression 1s due to increased utilization of
AHF 1 the presence of necrotic tissue or 1s indicattve of imparred manu
facture of AHF by the damaged liver 1s still uncertatn

It has been found that there 1s a rapid loss of AHF from the circulation
of both normal and } philic subjects foll of AHF into
the circulation (35 36) To what extent this rapid loss of AHF 1s due to
metabolic utilization and how much represents loss to extravascular spaces
has been mvestigated further by tho types of expeniments First as shown
m Fig 4 repeated mjections of AHF were gnc’rj to a hemophilic dognjln
order to mamtain 1ts plasma AHF above the 2072 Jevel for 12 hours The




ANTIHCMOPHITIC 1 ACTOR i

L]

7 o

27

2

23

2%
30

Pented G D oaod Bunbhous b M Influeace of storige condetions on
stability of anthemophihe factor (AHT') of canine and human blood
and plasma fod Proc 13 34041 1953

Spact T H and Gamner L S Studies on the storage fabilty of human
antihemophilic favtor J Laborar Chn % 46 111 119 1955

\lusmd 1P Some n vitro cffects of various concentrations of disodium

otatate aad sodium ctrate on
ccaguhlmn of blood Am J Cimn Parth 38 4)8 SOC 1958

Brckhous K M Graham I B Pemch G D and Lamdell R D
Studies on canme hemophilia Transacr Conf Blood Clotng and Alhed
FProblems J £ Flynn E4 New Yorh Jouah Macy Jr Toundation 4
195¢ pp St HIR

Surgenor I M Discussion Henmoplha and Hemoplehond Diseases h
M Bnnkhous £d Chaped Hill University of North Carolina Peess
1957 p 2%

Fami P Discusston Hemoplula and Hemoplthoid Duicases h M
Brinkhous T'd Chapel Bl University of North Caroling Press 1957

p 5.6

Fantl P and Marr & G The preservation of coespulanon factors
human ptasma Austrel J {xp Biol 34 433-434 1956

Surgenor I M and Steele B B Studses on the nature of the antthemo.
philic actvaty of normat human plasma Thromb digth haem 1 563
1957

Walton kW and Pennell R B Prevention of heatcoagulation of
human ~ globulin and fibninogen by dextran sulfate Arch Biochem
38 553 554 1955

Blombach M T of tukic plobulin I Sorne studies on
the stabylity of the antthemophitic globulin activity i fraction 1 O and &
method for ss partial separation from fibrisogen Arksy | Keny 12
387 395 1958

Bidwel E The p of bovine b globulin Brit 1
Haemat 1 3545 1955

Wagner R H and Thelin & M Antshemophihe factor current status
of punficaion chemical and physical charactenization Hemophiha and
Hempphitiord Diseases A M Bnnkhous Ed  Chapel Hall Umiversny
of North Carofina Press 1957 pp 310

Lewss 3 H and Merch: C OSEINSS
flow curtmn c!ec(mphmes)s Fed Proc 17 96 1958

Lewss J H Walters D Didisheim P and Merchant W R Apphcation
of continuous flow electrophoress 10 the study of the blood coagulation
l‘)ro(cms and the fibunolytic enzyme system J Che fnvest 37 1323

31
B:rnmd r and Stefamm M Chasactenstic electrophoretic patterss in
P ytopema Proc Soc Exp Dol 77

551 553 X951
Wagner R H and Thetn G M Unpublished observations
Therpiavlt 1 G Gray 3 1. and Jensen H  Influence of thrombin on
§2§70‘ prothrominn converston Proc Soc Exp Bl 95 207 211

Brinkhous N M LeRoy E C Cormcl W P Brown R € Hazlehurst
J L and Venmart G P Macroscopic stadies of platelet agplutination



10

HEMOPHILIA AND OTHER HEMORRHAGIC STATES

globulin the rate of equilibration of AHF between plasma and tissue com
partments appears to be especially rapid The apparent half hfe 1s very
short Is AHF merely more rapidly utilized than other protems or 15 1t a
small molecule occurrmg 1n the plasma as a complex with a large protemn
entity?

We must conclude that many of the important questtons regarding AHF
remain to be answered Where 1s 1t synthesized m the body what 1s 1ts
precise mode of action and what 1s the nature of the genetic defect causing
the disease?

N
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Further Studies on Anthemophiic Globulin
and Related Substances

Margoreto Blombock Brger Blombock
and Inga Marie Nisson
Chemesiry Department Il Aarohinska Instuter Stockholn and
Medical Cluue  Allmanna Spukhuser Malme Sweden

S IS known fractan 1 of Cohn has been used m the treatment of

hemophiita A pauents Some authors for wstance  Professor
Marotsa of Haly have reported good results Many difliculies however
have been met with by several authors The yield of antshemephilic activiyy
n fraction I has often been found to be extremely low Furthermore due
to with p and plasmin fraction 1 55 rather
instable

By extracung buman fracuon I with an aqueous mixtute of glycine
ctirate and cthanol 3t pH 6 we could remove prothrombin and other con
tamnating protems {(Fig 1) We thus obtamed a fibnnogen renidue
denoted fraction 1 O winch was stable jn solution (1) In addson to
£ st d almost ty the p activity
(AHG) of plasma Tt was theref dio philia A patients
and to patients with von Willebrand s disease (2 4)

11 was found that the fraction did not only wncrease the ARG level m
both types of patients but also corrected the profonged bleeding time 10 the
tatter Fucther results i these patents will be reporied by Dr Nalsson
This and the following observations made us suggest that fraction 1O
n addition to fibrinogen and AHG contamned a plasma factor correcting
the prolonged bleeding ume 1 von Willebrand s disease

As 1o the yield of AHG 1o fraction I O it was sometunes found to be
low The vanatians have been found to depend mamly on the following

13
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(cf 2 5) (1) the blood collection procedure (2) the rate of the addition
of ethanol n prectpitating fraction I (3) the pH of the glycine solution
used for the extractions and (4) the adsorption of AHG to the sterile
filters used As to the blood coll P dure silicone techmque as
well as magnetic stuning were introduced 1n order to avord ncspient clot
ung As to the precipitation of fraction I the addition of ethano! had to be
rapid otherwise the AHG did not quantitatively precipitate together with
the fibrinogen in fraction I The expl. of this ph we do not
know The optimum pH of the extraction mixture for obtammg a good
yield of AHG m fraction I O was found to be pH 68 and pH was
accordingly changed from pH 6 0 which was oniginally used to pH 6 8 (5)

Preparation of fraction 1-0
contaiming
AHG v Willebrand s factor and fibrinogen

Cohns fraction 1

Extraction with
glycine ethanol citrate Extract 1 discarded

8
mixture. pH 6 Extract 2 discarded

Fibrinogen {yietd 96 %)
1-0  AHG (yield 100 %}
Precipitate v Willebrand s factor

FiG 1

Already at an early stage the losses of AHG vt stenile filtrations were
avorded by introducing a stenle or aseptic techmque sumilar to that of
Dr hekwick In addition to these findmgs some other conditions were also
found to be of importance for instance the rate at which the AHG
samples were frozen before freeze drying Slow freezing at low temperatures
(between —5 to —15°C ) gave  considerable loss of AHG activity (5)
As mentioned fracion 1 O has been admistered to hemophilia A
patients among others A recalcification method using hemophilia A plasma
has been used to measure the actwity i vitro and i yuvo A fact emphasiz
ing the advantage of this method 1s that it has been posstble with 1ts use
to demonstrate a low AHG content (20 609 of normal) i the plasma of
30 defimite carners of hemophilia A before the menopause (This work
has been pcrl‘mmed m co operation with A Thilén and I von Francken

Stockholm )
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One dose of fraction 1 O has been prepared from eicht donors te from
about 1400 mi of fresh normal human phisma and it contains the AHG
actvity of between 1100 and 1600 m! of normal human plasma and
about 3 gm of proten It has generally been adminsstered in a total
volume of 200 m}

Fraction 1 O has been gnen 1 all 79 times to 14 hemophilta A
patients The patients were treated mn connection with bleeding episodes
such as gastromntestinal bleedings hematuna and joint bleedmgs as well
asm with surgical p i such as jomnt bleeding punctures
and tooth e An append (2) and an of for nephro-
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Fic 2 Useof Fracton10

ithiasis have been performed under cover of fraction I O The bleedings
were arrested and the surgical procedures could be performed without any
increased bleeding tendency One boy has by now received the fraction
38 times No side reactions have been seen and no resistance has de
veloped

As has been pomted out by several authors 1t was found swtable to
ncrease the plasma AHG of the patent to 40-80°¢ of normal before
operanon and then mantam the AHG level at about 20 30%% during the
time of healing This was possible to achieve m an adult by giving one
dose of fracion T O yust before operation one dose on the next day

and 3-4 doses during the subsequent postoperative course untd the stitches
had been removed
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The appendectomy was performed under cover of fraction 1 O essen
tially according to the above mentioned scheme (Fig 2) This was also
the case n the operation for nept b Tt 1s ded that the
last dose be given immeduately before the removal of the stitches

Fnally we would like to mention something about the further purifica
tion of AHG 1n fraction 1 O (Fig 3) From fraction I O i solution a
fraction denoted 11 A containing most of the AHG actwvty of fraction
1O can be precipitated at low 1ome strength 1 the presence of glycine

Separation of AHG from fibrinogen
I-0

In eitrate solution

Protein 025%
Glycme 03 M
Tonic str 01
Ethanol 05 /
pHES
Temp 0 C

Supernat I-1-A
AHG {yield 75~100 %/}
Ethanol 65,
ibry
Tew ¢ Fibrirogen (yield 20% )

Supernat 1-2-F
Fibrinogen {yleld 75 %)
AHGlyetd 5 15 7}
{Coagutability 92°/)

Fig 3

and small amounts of ethanol (5) The fibnnogen ¢an then be recovered
from the supermatc of the AHG fraction by increasing the ethanal con
centration The AHG actwaty m fraction I 1 A 15 200 times that of plasma
per mg protein 1€ about 4 5 times that fraction 1 O The yield of
AHG 15 about 805% of that in fraction 1 O

In arder to venfy the results obtaned mn wvitro this scparated AHG
fraction has been mven once to a hemophiis A patent (Fig 4) '2)115
figure shows the result 1n the hemophilic boy mentioned above 0whc n)s
by now been treated 38 times> with fraction [ O The prolclnd( 7 ‘;The
1n the fraction increased his AHG to about 907% of normal A o!sc ol -
unseparated fracton 10 with good acuvity contamng 2 gm ol protemn
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ncreased his AHG to 50 607" of normal The mjection of an earlier batch
of fraction 1 O contaimng about 4 gm of protein 1n which the AHG ac
tivity was low g vitro did mot increase huis AHG to more than half of this
content A response equally s good as i the hemophilic boy was obtamed
by injecting fraction 1 1 A nto a von Willebrand patient but no cofrection
of BT was scen

1t can also be mentioned that 1t has been possible to punfy by a simple
method the AHG of fraction ¥ 1 A another ten times
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In summary 1t has been possible to separate the AHG from the bulk
of fibnnogen with good yield of AHG 1n fraction 11 A and a good yield
of fibrinogen n the fibrinogen fraction 1 2 F The bleeding time correcting
factor lacking 1n von Willebrands disease 1s found i fraction 10O but
cannot be demonstrated i the separated AHG or fibrinogen fractions
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The Treatment of Haemophilic Patients with
Animal Anhhaemophilic Globulin

R G Macfarlane and Rosemary Biggs
The Blood Coasulation Research Umit
The Churciull Hospual Oxford ngland

HERE are confucting theories on the basic defect 1n hacmophilia

but one fact seems to be established A fraction of normal human
beef or pig plasma will correct the clotung defect of haemophilic blood
tnvitro and will establish normal haemostasis for a time after its mjection
mno This fact 1s usually taken as evidence that normal plasma contamns
an essential clotting factor which 15 deficient in haemophilic blood this
has been called antihaemophilic factor (AHF) Factor VIII or less
specifically  antthaemophiic globubn  (AHG) 1t may be that there s
a deficient production of such a factor in haemophilia or over production
of an inhibitor or that AHG works for some guite unexpected reason
the important fact 15 that 1t works as a therapeutic agent

Recognition of the therapeutic importance of AHG has been slow
mainly becau ¢ it was not reahized that while very small amounts were
sufficient to correet the clotting defect of haemophilic blood i vitro verv
large amounts were needed to cotrect the haemostatic defect 1n the patient
About 19 of the normal blood level of AHG 15 often enough to make
the clotting time normal but over 305" may be needed for effictent haemo
stasis and this 15 difficult to achieve m practice because of the saprd loss
of AHG from the arculation In different patients at different times st
may be necessary to give AHG equivalent to between 2 10 1 of plasma
to obtain this level It is not surpnsing therefore that many attempts to
control bieeding by blood or plasma transfusions or by the use of AHG
preparations of doubtful potency and 1n nadequate amounts should have
been unsuccessful
19
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In order to achieve therapeutic levels of AHG 1 a severely affected
haemophilic patient concentrated AHG 1s essential Wathout overloading
the patients circulatton 1t 1s imposstble to transfuse several litres of
plasma at the rate needed to reach the necessary AHG level agamst con
uinuous and rapid foss But the general use of concentrated human AHG
raises the problem of supply Its preparation mvolves loss of activity and
even if 1t were used for emergencies only the already over taxed transfuston
services would find it difficult to provide the fresh blood required There
1s no prospect of there ever bemng enough humar blood to provide con
tinuous prophylactic treatment with AHG for the haemophilic population
On the other hand the supply of ox and pig blood 15 almost unlimited
and both happen to have 10 15 times the antihaemophilic activity of
human blood Bidwell (1 2) has produced ox and ptg AHG which 1s up
to 8000 times as active as the same wetght of fresh human plasma protein
The disadvantage of ammal AHG m 1ts present form 1s 1its antigenicity
This 15 no more of a deterrent 1 emergency use than 1s the antigenicaty of
amimal antitoxins used i the treatment and prophylaxis of diphtheria tetanus
and gas gangrene It does mean however that a particular ammal AHG
can be used safely for only one course of treatment Jasting about 10 days
and for this reason we now reserve 1t for serious situations or essential
operations There 1s reason to hope that the antigenicity of these prepara
tions 1s due to removable impunties and that at some future date a rela
tively non antigenic factor may be produced

Meanwhile we consider that the use of ammal AHG in a senes of
emergencies has 1n most cases proved s therapeutic effectiveness and has
saved patients who almost certainly would have died had 1t not been
available

Bleeding and the Level of AHG In untreated haemophilic patients the
amount of AHG 1 the blood varies All severely affected pattents whose
symptoms include spontaneous mtemal bleeding massne intramuscular
h without cause and rep jomnt haemorrhages
with residual deformity have no AHG 1o be detected mn therr blood
Patients who have between 1 555 of AHG are variably affected They may
have occasional haemarthroses but there 1s wsually no permanent jount
damage they have severe bleeding after dental extraction and operations
often requiring multiple transfusions but true spontancous bleeding 1s
rare Those with more than 5% are all mild bleeders In this category the
patients have no undue haemorrhage unless quite severely njured They
bleed after dental extractions and operations and may have unduly large

for ) i football iyunes A study
of these patients suggests that the AHG level 1s the prrmary factor deter
muning the haemorrhagic state though other as yet unidenttfied factors also
wfluence the expression of the disease Thus different affected members of
a family may require hospital treatment with varuable frequency Some can
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undertake quite heavy work and act as famuly ware earners whereas
others remamn permanently unemployable from repe ated disabling haemor
rthages Lattle 1s known about the cause of these differences

The Objectrves of Therapy  The objectives of therapy are to arrest spon
taneous bleedmng and to restnict the blood lost after mjury to that expected
m normal people At the outset 1t must be admitted that 1t 1s not always
casy to know when these objectives have been achieved Haematuna for
etample may cease dunne therapy but this does not necessanly mean
that the therapy has caused the cessation Agam chmical expenience with
untreated haemophiltc patients has led physicians to expect the worst fol
lowing dental extraction and operation Thus a patient who 1s free of
bleeding 1 a week or two following the extraction of 4 or 5 teeth and
who 1n this ime has not required more than one or two transfusions may
be regarded as a satisfactonly treated case a case which has gien mnise
tono trouble But of course such a patients bleeding has been far m
excess of the normal an extraction of 4 5 teeth from an entirely normal
person often gives nse to bleeding only for a matter of minutes Similarly
clean surgical incisions should 1n normal people heal by primary umon
in 7 10 days with no hacmatoma formation It has always been our policy
to view the success or failure of treatment 1n haemophulic patients i terms
of the bleeding to be expected i normal people mlhex than from the pomt
of view of the mmp: t over the exy hic bleeding
For testing a therapeutic matenal we have also never relied on the apparent
effect on spontaneous bleeding but only on the controt of traumatic
bleeding Mildly affected haemophilic patients (those with more than 5
of AHG 1n their blood) do not have spontaneous bleeding and 1t 1s our
expenience that these spontaneous haemorrhages n severely affected
patients are often controlled much more easily than traumatic bleeding
It appears that AHG levels of 5 107 may suffice to prevent or arrest
such bleeding whereas patients with 257 of AHG may have persistent
traumatic bleeding and Jevels above this are required to prevent or stop it
Thus the effectiveness agamst traumatic bleeding 1s the best test of a new
matenal

We have now treated many patients for dental extraction with trans
fusions of fresh frozen plasma The plasma 1s separated from the whole
blood by centnfuging withn an hour or two of collection It 1s frozen
immediately at —20°C unti required Such plasma does not always
mamtam its AHG activity but 1f used within a week of collection 1t s
usually satisfactory We customanly give 1000 m! of this plasma to an
adult patient dunng the 45 mim 1mmediately preceding the planned extrac
uon This treatment raises the AHG blood level to between 10 and 25%
of normal and 1s repeated as often as 1s thought necessary In our expen
ence such treatment very seldom reduces bleeding to the normal level
Even with local protection by acrylie splints 3t 13 rare for a severely
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affected haemophilic patient to have more than 3 teeth removed at one
time without guite  troubl bleeding often transh
The bleeding 15 much less than in the untreated patient but 1t 1s neverthefess
excessive Plasma nfusions are however gmte often satisfactory for con
trolling spontaneous bleeding such as haematuna or effusions imto the
tongue or throat causing respiratory obstruction

The Use of Ammal AHG It 15 our opinton that unconcentrated AHG
15 practically never for the p or of traumatic
haemorrhage Concentrated AHG may be demved from human (3) or
ammal blood and in this context we shall discuss only the matenal denved
from beef and pig blood by the process of Budwell (1,2)

in earlv studies the matenial was used for 3 volunteers requining dental
extractions and . two the bleeding was reduced 10 that of normal
people (4) The third patient {oped transient t b P bleed
ing and 1t was found that the beef AHG used had reduced tus platelets
and n thos mstance 1t took 3 weeks for the platelet count to be restored
to normal In treating a further 14 cases we have always found a transtent
thrombouytopenia usimng beef AHG but we have not agam seen thromba
cytopeme bluyding The pig AHG does not cause thrombocytopenta

In treatng fourteen major aperations in ten haemophilic patients many
new problems and diffi have been and the
degree aof success (viewed mn terms of normal haemostasis) has been
vauable

Two patients were given animal AHG for the treatment of head mjunes
one mury which was cansed by a motorcyele acexdent (5 case 12) had

an aealp | and b but no intracerebral damage
The second patient was injured in a car accident he had a scalp haematoma
and also a diffuse 1 swefling p bly due to

smafl haemorthages cavsmg hemiplepia The fiest patient was treated by
simple evacuation of the scalp haematoma and suture of the laceration
The second patient had a cramotomy m an attempt to find a Jocalized
blood clot but none was found Both patients showed steady umntercupted
heahing with no bleeding or brwsing In the first of these patients blood
AHG Jevels above 257 were chicved dailv for 6 days by which time the
wound appeared nearly healed In the second patient levels above 25%
were achieved daity for 7 days and thereafter levels from 14 30% were
achieved for a further 7 days The succuss 1 these two cases was probably
due to the adequate daily nse ;n AHG level and to the site of myury We
have found that complete smmobihzation of the injured site greatly facihitates
healing and this 1s easily achseved 1n the case of head mjunies

Twa patents had obd | op one a col y for the relief
of intestina) pbstruction and the second patient had two polypt removed
from His colon Mesther had any excessive bleeding and the abdomunal
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wounds healed by first intention Levels of AHG above 25 were achiesed
daily m each casc untl healing was advanced

Three paticnts had amputation of the leg Two of these were operated
on for massive cystic hacmatomata of the thigh muscles and one for osteo
genic sarcoma of the tibta Al three patients died but not from bleeding
The patient with the osteogenic sarcoma died of secondary deposits One
patient with a cyst of the thigh died from anuna following profound circu
latory collapse dunng operation The third patient (5 case 11) was 59
at the time of lus first operation he acquired a senous postoperative infec
tion and had 1n all 4 major op Tuding disarticul. through
the hip Joint This last pattent bled when a ligature was dislodged from his
femoral artery In neither of the other two cases was abnormal haemorrhage
encountered

One patient (5 case 9) had a Jaminectomy nvolving 12 vertebrae this
patient had some episodes of bleeding and a wound haematoma developed
Apart from the massive extent of the wound there were two obvious
causes of bleeding One was that the AHG level was allowed to fall to
nadequate haemostatic Ievels between the sixth and eighth days and durmng
the first 3 weeks of treatment no attempt was made to immobilize the
wound

One patient had a radical haemorrhoidectomy having suffered incapact
tatingly frequent episodes of rectal bleeding This patient had no excessive
post-operative bleeding for the first five days when the AHG level was
raised to well above 259" every day using beef AHG From the sixth to
the eighth day he bled not seriously but enough to require transfusion
and duting this time the blood AHG level remained at less than 5%
Thereafter the dose of AHG was greatly mncreased and higher levels were
obtaned for 4 days bleeding ceased and healing was complete

The tenth case has been reported 1n great detail previously (5 6) This
patient s hustory records recurrent bleeding from an extensive gunshot
wound when high daly AHG levels had not been achieved and satus
factory healing with no bleeding after the excision of an arteriovenons
aneuntsm when satisfactory AHG levels (above 255 ) were achieved daily

The Causes of Haemostatic Failure I xpenience with these patients has
led us to believe that if the AHG level 1s rassed to above 25¢% of normal
once d:uly for the dumuon of the healing pmcess and 1if the wound can
be healing in t P patients can
be normal and uncomphca!ed by abnormal blceding Immobilization 1s
necessary because with intermuttent daily treatment the level 1s not mam
tamed and the patient s haemostauc mechamsm 1 abnormal for much of
the day It may seem surpnsing that given a reasonably concentrated
AHG preparation this rather modest objective has not been aclueved
with certainty 1 every case The reason for this 15 that haemophilic patients
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differ very much one from another 1n their reaction to AHG treatment or
the same patient reacts differently at different stages of treatment More
over the amount of AHG required may be very large and unless this 1s
anticipated adequate stocks of materral may not be available These diff
culties may be Mustrated from one or two cases

For example the case of the patient (5 case 11) who had 4 operations
for a cystic haematoma of the thigh the last of which was a disarticulation
through the hip was very unusual Amounts of AHG equivalent to 1000
ml of fresh human plasma were suffictent to raise lis AHG level to 7055
of normal Apart from massive arterial bleeding haemorrhage was neser
a problem n this patient Had this patient been encountered early m our
study of haemostasis 1n haemophilic patients 1 very unrepresentative pic
ture of future difficulties would have been visualized For all we know there
may be parts of the world where this type of haemophilic patient 1s the
rule rather than the exception In such areas the treatment of haemophilta
might be very e1sy a pint or two of blood sufficing to arrest haemorrhage
following major surgery

The majonty of our cases have requred much more AHG than this
patient Macfarlane and co workers (5) suggested that single doses equiva
lent to 3500 4700 ml of fresh plasma might be required and this opnton
has been supported by more recent studies Moreover although such doses
may be adequate inttrally the patsent may suddenly become resistant to
treatment and the dose requirement may suddenly tncrease enormously
For example a recent patient was well controlled on doses equivalent to
between 4 6000 ml of plasma when y his req) d
fourfold It took two days to acquire a sufficient supply of AHG to adjust
the dose and during this time the patient bled In all this patient recerved
amimal AHG equrvalent to about 1501 of fresh human plasma

Add to these experiences the patient who had thrombocytopenic bleeding
following treatment and another who had a long bleeding time and positive
tourniquet test before treatment was started and it will be seen that the
patients at present classified as having haemophilta (who all have marked
AHG deficiency) do not form a uniform group Failure to realize this fact
together with failure to appreciate the importance of immobilization have
been the two causes of such bleeding as has occurred i our cases

The Selection of Cases for Treatment with Ammal AHG With the
exception of the three imitial volunteers who had ammal AHG as an
untried treatment for dental extraction we have used this matersal only
far serjously injured patients or those requirsng a life saving operitiont We
think that at present it should be reserved for such cases

Some haemophilic patients develop circulating anticoagulants whrch
destroy AHG These anticoagulants probably differ aetiologrcally from the
esistance to AHG which not infrequently follow transfusion or
gulants have been studied by

states of r
AHG therapy These aiculating anticoa
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many workers includmg Biges and Bidwell (7) who suggested a quantita
tive method for their measurement based on the speed with which the
anticoagulant neutralizes AHG  An inhbstor of potency such that 75%
of added AHG 1s destroyed in 1 hour n yitro can sometimes be neutrafized
and overcome by an excess of AHG gnen i ano Inhubitors of greater
strength may be 1mpossible to neutralize and surgery tn such patients may
be impracticable

R for T ‘When it 1s proposed to treat p lvd d
and severely affected adult haemophilic patents for an acute surgical
emergency the first necessity 1s an adequate supply of potent ammal AHG
The maumum requirements are about 20000 umits of beef AHG and
20000 units of pig AHG each umt being roughly equivalent to 4 ml of
fresh human plasma This matenal 1s at present supplied commercualiy in
ampoules each contmiming 200 units or the equisalent of about 800 mi
plasma An imual trial dose of 4 ampoules of this matenial {or proportion
ately more 1f the potency s less) 15 piven to the patient two hours before
the operation 15 planned The mfusion 1s given by intravenous dnp and
the contents of the ampoules are diluted to about 200 mt with 085
NaCl After treatment a sample of blood 1s tested by a reliable method
for measunng AHG If the level achieved 1s over 507 no further treat
ment will be required on that day 1f a level of between 25 507 1s actueved
a further dose of 2 ampoules 15 given during the operation If the level 1s
20257 a turther 4 ampoules are given pre-op ly 1t the level 1s
much below 20 1t 1s probable that the patient has an anucoagulant and
major surgery may have to be avorded The dose to be given daily depends
on the levels achueved and it must be remembered that at any stage resist
ance may develop and necessitate a three or four fold increase in the dose
Treatment with one antigen (beef or pig AHG) can be continued for
7 10 days Thereafter 1f more treatment 1s required the preparation from
the second ammal source must be used

Reactions In only one cise has a senouws reaction to ammal AHG
occurred This was 1n anaphylactic type reaction with broncho-spasm and
hypotension which took place immediately after the first mjection of ox
AHG 1 2 patient who unknown to us had previously recewved mjection
of a proprietary haemostatic denved from ox platelets (6) In a few cases
there were mild pyrexial reactions Towards the end of a course of treat
ment some allergic signs such as urticana also occurred which covld be
controlled by antistamimne drugs or steroids but their onset usually com
cided with increasing difficulty m rasing the blood level of AHG No cases
of serum sickness occurred There has been no ndication of any worsening
of the haemophihic condition following amimal AHG treatmemt
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Conclusion

We have now treated 17 patients with ammal AHG ten of whom re
quired major surgery nvolving 14 operations In 7 of these operations
there was by normal standards no excessive bleeding and we do not
belteve that such results have been achieved without the use of concen
trated AHG In the remamnder there were for reasons which have been
discussed some episodes of abnormal bleeding It appears however that
such bleeding does not occur 1f the AHG level 1s above 30% provided
that there 1s no other haemostatic defect

The resistance to treatment which may develop in some cases 15 at
present unexplained It does not seem to be due to a circulating anticoage
lant 1n the usual sense of the word

It might be thought unwise to use AHG from an animal source because
this 1s antigemc 1t 15 true that ammal AHG 1s antigenic but so are many
other amml preparations which are or have been used m medicine such
as antitoxms nd gland extracts In due course it may prove possible to
render AHG non antigenic In the meanume the available preparations
have undoubtedly saved lives
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Management of Hemophilia *

S van Creveld and I A Mochtar
Pedatric Chmic of the Unnersity of Amsterdam The Netherlands

ECENTLY our insight into the deviations of the clotung mechanism

n classic hemophilia or hemophiia A has greatly increased This
has mnduced a more ntensive study of the problems which anse in the
effective fight agamnst blceding occurnng m this form of hemorrhagic
diathesis

At first the aim was to normalize the clotting ime (CT) However this
appeared not to be efficient 1n all cases the more so as mn classic hemo
philia the CT 1s not always prolonged Many hemophiliacs A m whom
the CT 1s not or only slightly prolonged show clincally a different morbid
prcture (1 2) In the history of these mild cases of hemophilia bleeding
1n joints 1s often lacking The tendency to bleed usually does not become
manifest 1n such cases without real trauma (extractron of teeth surgical
mntervention)

The present conception 15 that the determination of the prothrombin
consumption durng cloting which 1s decreased in hemophiia gives a
more profound insight mto the effect of transfusions of bleod and plasma
Thus this determmation of prothrombin consumption appears to be a
more sensitive method for judging the degree of the deviation m clotting
and thus also for judging the effectiveness of treatment Newvertheless 1t
appeared that 1n many cases the of the disturb
consumption to normal values did not correspond to correcled hemostasts

The thromboplastin generation test (TGT) (3) enables us to make a
closer examimation of the clotting defect 1n hemophilia than formerly was

This investigation was supported by the Netherlands Organization for Pure Scien
ufic Research (ZW O )
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possible Results of the TGT indicate that in hemophilic hemorrhages one
should try to increase the of the h hihe factor
(AHF) to a level which will prevent the appearance of hemorrhages and
will check hemorrhages already present Recently methods for the quantt
tative determination of AHF m the blood have been elaborated (4 7)
making 1t possible to answer more exactly some questions concerning
the treatment of patients with classic hemophilsia by means of blood and
plasma therapy These questions are the followsng

1 What 1s the lonest level of AHF necessary to prevent hemorrhages
1n hemophilia (e g 1n cases of operation)?

2 How can this requisite level 1n the blood be obtamned and for how
long should 1t be maintained 1n cases of hemorrhages or mjures?

3 Which preparation or preparations aside from blood and plasma
have to be d 1n order to the AHF level?

Experience has shown that to combat hemorrhages n patients with
classic hemophilia transfusions of a large quantity of fresh blood or
plasma apphed within a short ume or repeated small transfusions are
not always efficient Hi can often be d much better by
adminstration of the blood during a longer time and as fresh as possible
1n the form of a dnp transfusion eventually alternated with admunistration
of fresh plasma or AHF preparations (8) However 1n applying this form
of therapy only rarely has the fact been considered that n hemophihic
hemorrhages the AHF consumption varies greatly This can explain why
1n severe hemorrhages blood transfusions are often madequate and also
why recently non toxic concentrated AHF preparations have been tned
In this way one should be able to combat the AHF deficiency more effec
uvely and the treatment of the very severe hemorrhages 1 hemophihacs
should be more successful

It makes considerable difference whether one 1s dealing with a hemo
philiac to be operated upon or a hemophihac to be treated for an extensive
spontaneous hemorrhage The maintenance of the AHF level dunng an
operation 1s not a simple problem as becomes clear from the case descnibed
by ane of us with Hoorweg and Styn (9) But the difficulties were less 1n
a hemophilic baby operated for pyloric hypertrophy and described by
one of us with De Bruyyne and Steendyk (10) In the latter case hemostasis
could be maintamed more eastly by controlling the AHF level of the blood

Rather frequently we have to deal with hemorrhages which require
rapid elevation of the AHF level of the blood and mamntenance of this
level for a long period This 1s needed to prevent serious complications
such as extensive subi ous and lar hemorrhages which by
pressure On NErves OF arteries may give rise to paralysis or gangrenc fut
ther hemorrhages in the neck with the danger of asphyxa and cercbral

hemorrhages
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Recent researches Bave demonstrated that the distarbed TG and abo
the socalled parhial thromboplasn tume (PTT) (11) ta hemophiliacs
can wsually be fumed to normal when the AHF levet of the plasma~
deterruned with one of the methods given by Bnnkhous ef af {4 7)*—
1 paised to 4 67 of the normal value The AHT content of fresh blood and
of fresh plasma decrenses when kept 8t room temperpiure 1 oUt CXpernt
ence this diminstson amounts to §5 20° when the blood or plasma ts kept
at room temperature for 3 hours the tme usually necessary for the trans
fusion of blood or piasmas Lyoptuhized dred plasmia has a varymg AHF
concentration which however s always much smaller than that ik fresh
plasma unless the plosma after the withdrawal from the donor has been
{rozen itnmediately This fact should be hept 1 auad and (aken wo account

If the AHF level of normal fresh blood s supposed to be $00°c—in
reality Brinkhous and others have demonstrated that the level may greatly
vany~—and the quantty of plasma crculating 1w the body amounts to
50 mi per hg of body weight then theoretically and neglecting the varying
AHF consumption about 5 m! of fresh blood o plasma per kg of body
wetght should be required in order to realize the necessary minpmal AHF
level When such a quantsty of plasma 13 transfused m 2 hemophiliac at
a rate of about 100 mt per hour and the AHFE level of the blood ss
deternuned at certam intervals we should schematically obtamn the accom
panymg cune (Fig 1)

From this curve and from our further experience 1t follows that after
such a transfosion about half of the mjected AHF w4l have disappeared
11 about 3 S hours This time nearly corresponds with the experences of
Bunkhous et ol Here we have to make some remarks

Laboratory researches have shown that when the AHF lesel 5 4 65
{Qetermuned alter the method of Brinkhous ef al'} the TGT becoraes
normal 5o we have to mamtn at feast this level But we must bso take
inte account the Tollowing factors (a) when the hemorthage 15 persistent
or when there 15 a great loss of blood withia a shart ume the symptoms of
shock will also determune the guanuty and the rate of the required tans
fosion Under such ewrcumstances one must sfart by gving bload (not
plasma or an AHF prepasation} and the 1ate of wiusion shonld be quicher
than usual When nio symptoms of shock are present a sfow transfusion of
fresh blood or plasma s sufficient or sull better an AHF preparation
should be green imually ¥t 18 ware wmpartant that the AHF concentration
should be ncreased and mamtasned for a long tume at 2 level somewhat
gher than the required smmum so that efficient hemostass witl become

Thus method of Bunhhous ef af can be chinically vsed 1 detmtonstrate shght dif
ferences in AHE levels whea the concentranions are smalt When lugh concentrations

of AHF are present the range of variation becomes toa large for demtonstrating stight
differences 1 the fevels
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possible (b) AHF utihzation—we will not discuss the way in which AHF

disappears from the blood—varies greatly between mndividoals as well as
dunng periods with hemorrhages as compared to pertods without bleeding

We have examined AHF m a number of children with hemophilia after
transfusions of fresh blood and of fresh plasma during periods with
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BEFORE  AFTER
Fic 1 Theoretical Course of AHF Content of Bloed After Trans
fuston of fresh blood or of fresh plasma in a hemopmhac A — B =
rate of transfusion B — C = time after termimation of transfusion
during which the AHF content stays above the critical value Arrow
indicates the time of the beginning of transfusion

hemorrhages and dunng perods when the patients did not sufler from
certain tumes the level of AHF of the blood of these children
h blood or of

bleeding At

was determned after a carefully measured quantity of fresl
fresh plasma had been admimstered The rate of transfusion was kept
constantly at 100 mt of plasma ot blood per hour The results are given
in Figs 2 and 3 The patients with hemorrhages were without symptoms of
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Fi6 2 Influence of Transfusion of Fresh Blood and
fresh plasma on AHF level after arrest of hemorrhage
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fresh plasma on AHF level during hemorrha e
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shock they had moderately severe hemorrhages of jomts of gums efc
Therefore the rate of transfusions mn this group of patients could be kept
constant so that comparison of the results of the determmnation were justi
fied to a certain degree

When severe hemorrhages were present (Fig 3) the AHF level one hour
after the transfusion had decreased below the required mmmum (5%)
while on the other hand when no severe hemorrhages were present this
Ievel after one hour was still much higher than the required mmimal value
(Fig 2)

]

oot 4 CEEC » ]

SLFORE AFTER
Fic 4 AHF Content of Plasma with Intra
venous drip of fresh lyophiltzed heparinzed
plasma (200 ml in the course of two hours)
Arrow indicates the time of the beginning of
transfusion

Ve then detcrmined 1n a few patients without hemorrhages how many
hours after the end of the transfusion the AHF level was muatained higher
than the mmmal value (Fig 4) It appeared that after transfusions with
arate of 100 m! per hour the AHF level remained higher than the required
mminimal value of 4 57 for only 4 to 5 hours

On account of these expeniences we take the following stand In dealing
ht bleeding the decision whether a second transfusion 1s required
should be made within 4 hours after the end of the first transfusion (fresh
ctrated blood or plasma being used in a quanuty of 5 ml per kg of body
h a rate of nfusion of 100 ml per hour) If the hemorrhage

with shel

werght wit
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has not stopped after the second or even third transfusion there 15 with
great probability a raptd utihzation of AHE and we should consider this
hemorrhage to be a severe or a rather severe one

In order to combat such a severe condition a continuous dnp trans
fusion 15 necessary for in such circumstances the AHF level has decreased
below the required mimmal value one hour after the end of the transfusion
1t 15 only of theoretical siemificance to decrde whether under such condi
tions the transfusions should be gnen every hour or every 2 3 hours
However it is most important to mantamn the AHF Jevel of the blood
The correction of the anemia 1s secondary 1f 1t 1s not severe To mantain
the AHF level fresh citrated plasma or lyophilized hepannized plasma (12)
15 preferred 1f 1n severe or rather severc hemorrhages the bleeding does
niot stop quickly with the rate of must
be d Also of AHF should be given intra
venously All means for mammmmg the AHF level must be taken

From these facts we can conclude that severe hemorrhages require an
ymmediate correction of the ABF defimency by means of continuous
admimstration of fresh blood or fresh plasma (or fresh lyophilized plasma)
When symptoms of shock are present this as well will deternune the rate
of transfusion When the foss of blood 1s not so severe as to cause shock
1t 1s better to begm with mtrave of a c AHF

if lable followed by mt 241 blood or plasma fusion

Varnious AHF preparations have been made from human plasma (frac
tion 1 of Cohn (13) obtained by alcohol precipitation fraction 1 of
Kekwick Mackay and Record (14) prepared by ether precipitation)
Recently efforts have been made to prepare punfied AHF preparations
which can be injected OF these we mention here (a) concentrated prepara
tions from bovine plasma made by Bidwell (15 16) and Macfarlane er al
(17) (b) the AHF preparation of kekwick and Wolf (18) obtained by
modsfication of the former method of Kekwick et al (c) the so-called
10 fraction and other fractions prepared by Blomback er af (19 20)
from human plasma

The problem of prepanng a punfied AHF preparation has also our
specral attention Untit now none of these preparations have been gen
erally used

We want to dllustrate the foregowng by a description of some patients
selected from among the more than 100 children with hemophtha A
treated by us during the last few years All patients had a greatly prolonged
clotting ttme (more than 30 min )

Patient B a boy aged 5 years had fallen from 2 scooter and was
admitted on account of a hemorrhage in the calf with a distinet swelling
and restriction of the movements At mtervals of 4 hours he recewved
rcspecuvely 250 ml fresh eitrated blood and twice 100 ml of fresh

plasma The d) greatly imp the leg became more
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supple the panfulness decreased and 5 days after admuttance the boy
could be mobhzed Thus the hemorrhage of this boy was stopped by
means of mtermttent transfustons of blood plasma

Patient E a boy aged 7 years was admtted on account of a hemorrhage
in the nght hip The swelling had been observed by the parents two days
before after trauma One month earlier the patient had fallen on his right
hip resulting 1 a considerable subcutaneous hematoma At that time he
was admitted and treated with 4 transfusions of blood At discharge the
movements of the right leg were no longer restricted but the patient dragged
one leg a little At the second admission he first got at intervals of 4 hours
three transfusions of blood and plasma 1n the form of a drip transfusion
Apparently there was an amehoration the jont was less pamful and
the patient could agamn move the leg But rather soon the swelling of the
hip 1ncreased and any movement of the leg was painful We then changed
to a continuous drip transfuston of blood and plasma but m spite of this
paralysis of the muscles of lower leg and foot developed Notwithstanding
the continuous transfuston the AHF level did not mise above the critical
value Then the rate of the transfusion was doubled but still the AHF level
did not remain constantly above the critical value Agan the rate of
transfusion was increased and finally the AHF concentration rose to 2
mean value of 107 In the meantime there appeared gangrenous spots
at the heel and instep By careful treatment these spots have healed but
at present four months Jater the paralytic symptoms have scarcely
1mproved

Could the paralysis and gangrene 1n the patient have been prevented?
Our experience has shown that after due treatment of such cases the com
plications only rarely are so serious It 1s highly probable that 1t would
have been better to give from the beginning a continuous mfusion of fresh
blood and fresh plasma combmed with infusion of a concentrated AHF
preparation Our expenience has shown how excessively large the AHF
consumption can be 1n such a case and further that an ideal treatment
15 only possible when 1n such cases there 1s a regular control of the AHF
level of the blood

Patient F a boy aged 16 years 1s one of our well known hemaphiltacs
Dunng a severe hemotrhage 1n the left hip he had symptoms of an acute
abdominal affection so that a senious condition was feared When adnutted
to the hosprtal the boy appeared to be very ilf with a tense strained abdo-
men There were no mtestinal murmurs In the st hours he had vomted
about one liter of brown bilious flurd The benzidine test was posittve On
account of his serious condition the patrent after an immediate nfusion
of physiological saline at a high rate was given a continuous wnfusion of
fresh blood and plasma (alternatingly every 6 hours) orally he got
nothing  After 24 hours there was a marked improvement and the AHF



MANAGEMENT OF BFUOIHILIA 35

concentranort of the blood was about . Now istesunal murmars couid
be heard In the lower left part of the abdomen 2 swelhng could be
palpated which pradually disappewred The amehorayion of the condition
contisued dunny the next several days The continuous infusion of alter
nating fresh blood and plasma went on for another four days Some days
later the patient could be discharged

Most probably w this cose the extensive hemoghace m the left psoss
had caused the symptoms bling theus The ad
of blood and plasma cavsed an smmediate IMprovement

Patient 2 a boy aged § years g hemophtlac A was suffering from
a severe earache on the feft side for 14 days he had no fever The prach
toner sent him to a specialist who performed pasacentens 2rd one hour
{ater e ear started bleedine Four hours Iater the child was admitted o
the Chitdrens Chstic with a conswierable blecting of the ear Ve gove
tanstusions of 300 mi of {resh blood alternating wsth 300 mi of fresh
plasma at 4 hour mtenaby Alfter 72 hours it seemed that the bleedsng
had stopped but we continued the transfusions In the weht after the
4th day the patient swept away the clot from his ear and bleeding started
apan Next mormng (4 hours alter the last transfusion of fresh plasma)
we withdrew blood for a AHT" deter and the tra
venous smfuston  alternaung fresh blood and fresh plasma (300 mi of
each) wmas resumed Two days later the bleedng had stopped 24 hours
after the begimmng of the contnuous wfusion at the end of a transfusion
of bload the AHF concentration amounted to §5  Three days after the
beginning of the continuous miusion the therapy was stopped The pauent s
tecinery was uneveptful

When of teeth 1 h P I ble usually local treat
ment will be sufficlent of the dentist has already had some experience m
this field and if the pauent 15 <o operatve Buy ¢t s safer 1o mamtan
the AHF level by means of akesnaung blood and plasma transfusions

From the following expetience 1t appears that alternating transfusions of
blood and plasma o aself can be sufficent for the hemostasis

Patient 1 2 boy ared 15 years was admutted for extraction of a molar
tooth Thsee hours before exuacton a blood transfusion was apphed
After the sxtraction the wound was plugged by Spongosian cipped

thrombin  Four hours after the the AHF m the
blood was abowr 157 In the meantime the tansfusion of blood and
plasma was for 4 duys ( at mtervals of 4 hours)

After 4 days the transfusion was stopped and some days later the panent
was. discharged

This expenence suzgests the question of the duration of the continuous
transfusion m hemorrhages as 2 tule we can say for 4 10 6 days How
ever when we have to deal with severe 1ravma or a senous operation
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supple the panfulness decreased and 5 days after admittance the boy
could be mobilized Thus the hemorrhage of this boy was stopped b
means of internuttent transfusions of blood plasma

Patient E a boy aced 7 years was admutted on account of a hemorrhage
in the night hip The swelling had been obsened by the parents two days
before after trauma One month earlier the patient had fallen on hus nght
tip resulting 1n a considerable subcutancous hematoma At that tme he
was admutted and treated with 4 transfusions of blood At discharge the
movements of the nght leg were no longer restricted but the patent dracged
one leg a little At the second admission he first cot at mntervals of 4 hours
three transfusions of blood and plasma n the form of a dup transfusion
Apparently there was an amelioration the jomt was less pamful and
the patient could agam move the leg But rather soon the swelling of the
hip increased and anv movement of the leg was pamful We then changed
to a continuous dnip transfusion of blood and plasma but n spite of this
paralysis of the muscles of lower leg and foot deseloped Notwithstanding
the continuous transfusion the AHF level did not nise above the cntical
value Then the rate of the transfusion was doubled but still the AHF level
did not temamn constanthy above the cntical value Again the rate of
transfusion was increased and finally the AHF concentration rose to a
mean value of 107 In the there app d gang spots
at the heel and mstep By careful treatment these spots have healed but
at present four months later the paralytic symptoms have scarcely
mproved

Could the paralysis and gangrene n the patient have been prevented?
Our experience has shown that after due treatment of such cases the com
plicattons only rarely are so serious It 1s highly probable that it would
have been better to gne from the begmming a continuous nfusion of fresh
blood and fresh plasma combined with infuston of a concentrated AHF
preparation Our expenience has shown how excessinely large the AHF
consumption can be 1n such a case and further that an 1deal treatment
1s only possible when 1n such cases there 1s a regular control of the AHF
level of the blood

Patient F a boy aged 16 years 1s one of our well known hemophiliacs
During a severe hemorrhage 1 the left hip he had symptoms of an acute
abdominal affection so that a serious condition was feared When admitted
to the hospital the boy appeared to be very 1ll with a tense straned abdo-
men There were no imtestinal murmurs In the last hours he had vomited
about one hiter of brown bilious flurd The benzidine test was positne On
account of his serous condition the patient after an immediate nfusion
of physiological sahne 1t 2 Ingh rate was gien a contmnuous infusion of
fresh blood and plasma (alternatingly every 6 hours) orally he got
nothing After 24 hours there was a marked improvement and the AHF
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in hemophilia then therapy with blood and plasma and also with a con
centrated AHF preparation (when in the future this will become possible)
should be continued for 1t least 10 days

When speaking of therapy with fresh plasma wsually fresh citrated
plasma 1s meant Sometimes heparimized plasma 1s used based on our pre
vious experiences (9) Under certain o fresh
plasma when avatlable can be used with even more success as we have
shown 1n some of the cases mentioned 1n this article

fl
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an expenment an whibitor (Inhibitor Source Matenial—ISM) neutralizes
the platelet cofactor 1 activity The quantity of the hypothetical ISM 1s
much higher 1 hemophilic plasma than in normal plasma and 15 scarcely
found at all n plasma th P (PTA) (4)
In plasma th (h hilia B) the con
centration of ISM sccms to bc the same as n the normal or average
plasma Platelet cofactor I concentrates shorten the clotting tme of hemo
philic blood (5)

In this laboratory a method for the 1solation of platelet cofactor I from
bowine plasma (6) was based on the following prnciple platelet cofactor
IT and prothrombin were first removed from plasma by adsorption on
bariam carbonate Platelet cofactor I was then adsorbed on kaohn the
adsorbing arent used by Laki and Lorand (7) The kaohin was washed
with sodim tetraborate and sahne and then the activity was removed
from the adsorbant with phosphate buffer at pH 75 Further fractionation
then involved the use of ammonium sulfate With the description of this
procedure the efforts i this laboratory continued without interruption and
now the most significant observations of the past two years are described

The chief difficulty with the methods descubed (6) was found to be

of results the yield and punty were high but
often nert protein was obtaned The erratic results were obtained when
the procedure was apparently carned through exactly as described  We
accordingly began to make modifications and a few of the important
manipulations introduced and observations made are the following (a) the
quantity of kaoln used has been reduced (b) the washing of haohn 1s
better accomplished with physiofogical saline solution than with sodwm
tetraborate (c) 1t 1s more convenient and less hazardous from the stand
pomnt of retaming activity to fractionate with cold alcohol than with
ammonmum sulfate (d) the ultracentnfuge pattern may remamn roughly
the same with a tenfold fluctuation 1n purty and (e) contrary to our
previous mpression drying from the frozen state 1s accompamed with
much loss in actiity In this presentatton we describe i detail the techmeal
procedures that are now ity used 1n our y The product
obtained still does not consist of a single component but represents a
valuable concentrate of platelet cofactor I and we can obtam 1t con
sistently

Proced for the Pur

P’

of Platelet Cofactor 1

Bovine blood 1s mixed 1n a proportion of 9 to 1 with a 1 85% solution
of potassium ovalate The plasma 1s separated by centnfugaton This can
be used immediately or can be frozen and used within a few days

Washed kaolm 25 gm of kaolin (Baker N F Powder) 1s twice washed
with approximately 500 m! of 0 SM pH 6 3 phosphate buffer We stir the
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Further Studies on the Purdication of
Platelet Cofactor 1#*
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ond Robert S Shepard
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N THROMBOSIS and the hemorrhagi diseases the blood coagulation

mechanisms are wsually mvolved Accordingly an understanding of
these h may e y bute to better management of these
affiictions In this laboratory the study of the blood clotung mechamsms
begras centrally with isolated prothrombin and extends outward to mclude
ather substances One of great mterest from that perspective s platelet
cofactor [

Platelet cofactor I activity 1s found 1 plasma and recogmzed mn tests
where purified prathrombin preparations are converted to thrombin In
muxtures believed to consist of prothrombm plus Ac globukn plus platelet
factor 3 plus caloum ions and platelet cofactor 1 thrombin activity gen
erates far more rapsdly if a hitle purified thrombin 1s added at zero time
Platelet cofactor [ activity js not found in serum (1) but 1s i the plasma
of persons takmg Dicumarol for therapeutic purposes (23 The actwvity
disappears from BaSO, treated plasma upon recalafication if punfied
prothrombm and a Irttle thrombin are also added (3) Ewidently m such

*This tedy was supported by a research grant (H 20 6C) from the Natioral
Heart Institute of the National Institutes of Health U S Public Health Service Funds
for research fellowships 1 Phystofogy were provided by Farke Davis 2nd Contpany
Some snfotmation obtamned after the Vilth International Congress of Hematology in

Reme 13 sncluded m thrs report
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of 1% acetic acid The solution 15 centrifuced for 10 nun 2t 2000 ¢
ad

The precipitate 15 dissotved in 10 mt of acuduinted divulied water 4t 2
pH of 62 and hept cold Tihus i fraction B Triction B can be kept in
the duep freeze for further use on the next day or further punfication
may follow on the same day Trachon B s pliced i centnfuge twbes
of the Spinco Ultracentnfuge (Mode! LS) and centrfuced at 0 € for
15 min gt 106006 ¢ The supernatant soluton contams the placlet co
factor I actontty The actvity 15 assayed and the actne products hept 1
the deep freeze ot ~20°C or colder

Comments on the Method Desersbed

1) Bovine plasma should be used fresh ar hept frozen for antv 3 few
days Long tume storage of frozen plasma was not followed with good
results

2) The banum carbonate adsorpion can by mde the fist day In that
cxse the adsorbed plasm should de hept an the sefriyesator overmeht
after removing the banum carbonate This shortens the procedure for
completine the wordh dunng the next day

3) We made an extensne study of the way n which to use the haolin
Wath fess than 25 gm there 15 a loss s ynld Wih more than 25 gm
and even up to 250 gm  there gs no werease m yield but the punty
of the product 15 procressively reduced We dulermined that a second
adsorption with 25 gm  docs 0ot prck up anv conseguentil amount of
actwity

43 Wastune of the kaolin with 097 saline showed the best results of
any wash solubion tht we tned There s pracuctlly no loss of activaty
with 09¢ sahne and a farge amount of protemn 1s removed from the
kaohn Wasting with sodwm tetraborate resulted m 2 certam loss of
actvty washing, with 05 M pH 6 3 phosphate huffer resulted 1n efution
of achvity which was found tn both the fist and second wash solutions

§) After the cluton of the kaohn with 1 ammonum carbonate we
capnot remove more activity from the remarmny, haoln

6) Alter the fir t ethanol fractionanion it 1s important to keep the tem
perature under 59C

7) In the adjustment of the pH to 7 0 to get frachon A i 15 important
to be accurate and a perfect working pH meter 1s the suppo iton The
man precigitate should come down in fraction B ofter the adjustment to
pH 60 When prepuning fractton A 1t can happen that already at a pH
of 69 the mam preciputate comes out 1t 1 then better to keep the
pH at 71 or 72 mstend of exactly 70 Fraction A should contain 3 htth
precipitate and a httle sctivity
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kaohn phosphate buffer susp h ily for about 15 min duning
both washing procedures The kaolin 1s separated by centrifugation at
800 g for 5 min

To remove prothrombin and platelet colactor 11 from the plasma 5 000
mt of bovine plasma obtamed by the above described procedure are
muxed with 250 gm of barium carbonate (Baker Powder C P) Ths
muxture 1s suirred at room temperature for 15 min The barium carbonate
1s removed by centrifugation for 7 mun at 800

To adsorb the platelet cofactor I actvity onto kaokn the plasma is
diluted with 4000 m! of 05 M pH 62 to 63 phosphate buffer 25 gm
washed kaolin are added to this mixture and sturred mechanically for
20 mn The kaohn 1s then removed by centrifugaton for 7 mn at 800 g

The kaohn 1s then washed with 1000 m! of 09¢ salme A large
Waring Blendor 1s used for mixing the saline and kaoln It 1s run for
exactly 15 sec at the slowest speed of the micer The wash solution 1
discarded after centufugation for 10 mun at 800 & The kaolin 1s then
again washed with 600 ml of 099 saline but without blending i the
Waring Blendor The saline 1s mixed by hand sticring with the use of a
glass rod to which a rubber stopper 1s attached The wash solutton 15 again
discarded after centrifugation for 10 mun at §00 g

The platelet cofactor I activity s then eluted from the kaoln For this
purpose the kaoln s placed 1n the Waring Blendor and mixed with 600 ml
of a 155 ammomum carbonate solution and blended at the slowest speed
of the muxer for onc min The homogeneous mixture 15 transferred to a
beaker and stirred mechanically for 20 min at yoom temperature The
mixture 1s centrafuged for 20 mun at 2 000 g at 0°C

The eluate 15 cooled sn an sce salt bath to 4°C and fractionated by
adding up to 13 cold (—70°C ) 955 cthanol under stnng The mux
ture 15 centrifuged for 10 myn at 2 000 g at 0°C The preupstate which
1s Targely fibrinogen 1s discarded To collect platelet cofactor [ the super
natant solution 1s chilled to 0°C n the ice sait bath and more alcohol
35 added up to 337 As before the 955¢ ethanol 15 cold (—70°C ) and
added with stirring The precipitate 1s centnifuged down for 15 ma at
2000 g at 0°C The supernate ts discarded

The precipitate 1s dissolved m 200 ml of cold (4°C ) distiled water
adjusted to pH 80 with 01 N NaOH The temperature 1s kept exactly
at 4°C and 20 mi of cold (—70 C) 95¢% ethanol are added dropwise
and with surrmg The pH of the solutton 1s adjusted to exactly 70 with
156 acetic acid The mixture 1s centrifuged for 10 min at 2 000 g at 0°C
The preaipitate 1s dissolved i 10 ml distilled water adjusted to pH of
62 Thrs 1s fraction A The fraction is kept cold

The marn fraction of platelet cofactor I 1s now obtained The supernatant
at 4°C and the pH 1s adyusted to exactly 60 by addition

solution 1 kept
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thrombin occurs From the amount of th the
tion of platelet cofactor I can be inferred A umit was defined 1n terms
of this 2 stage analyss

‘The 2 stage analysis has many desirable features to recommend 1t We
felt however that ersors micht be detected 1f another assay could be run
simultaneously and we did imdeed frequently spare ourselves the cost of
mistaken tesults by applying two dafferent tests The most recently devel
oped one 1s a vanation of the 1 stage prothrombin ume Instead of using
tissue procoasulant platelet cofactor [ 1s used alone The test 1s performed
as follows oxalated cow plisma O3 ml plus 01 ml proceagulant
(platelet cofactor 1 vanously diluted) plus 01 ml of 002 M CaCl n
imidazole buffered saline At 37° C and without procoagulant the clotting
time was 150 sec As the of p o 15 d the
clotting ttme may get as low as 32 sec For an assay we hke to work
1 the range of 32 to 60 scconds This assay procedure 1s integrated with
the 2 stace assay descnibed (6) 10 such a way that a umt 1n the 1 stage
15 aumtn the 2 stage The solution put into the test mixture must contain
600 U/ml to give a 32 sec clottng time (Fig 1)

Wuh our assay procedures our fraction B usually yields matenal con
taning 6 000 to 8 000 umts per malligram of protetn The yteld from 5 000
ml of fresh plasma ranges from 1 to 15 mg dry weight This ts a rather
low quantity of material to obtain from so much plasma and perhaps
means that the concentranon of this factor 1s low 1 normal plasma We
are however greatly handicapped in the calculanon of yteld in terms
of actvity n the starung matenial Our 2 stage assay does not detect
very much cofactor 1 n the plasma the more marked activity 15 picked
up after a few {ractionations

Our punfied platelet factor 3 preparations shorten the clottng time of
recalaified cow plasma a hittle less than the platelet cofactor I concentrates
A mixture of platelet cofactor I and platelet factor 3 (threone by defim
ton) may bring the clotting ume down to 30 sec Incubatng the two
together for various lengths of time before the test does not alter the
result In other words there Is no enzyme substrate relationship between
platelet cofactor 1 and platelet factor 3 Dilution of the muxture progres
sively reduces the procoagulant power m a manner depicted on the chart
As a matter of interest platelet factor 3 alone gives an wrregular dilution
curve

The fact that platelet factor 3 alone or platelet cofactor I alone or the
two together do mot bring the clotting time much below 30 sec 1s an
outstanding fact to contrast with the much shorter clotting times obtatned
with tissue extracts such as those from bram or lung The concept plasma
thromboplastin  compares the actuvity of mg redients of plasma and platelets
with those of ussues The Limitations of this concept can be seen Qquite
dlearly by any one who considers the nature of punfied prothrombm
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Fraction B contains most of the actvity and inert protein The pre
cipitate does not go completely in soluion but gives a suspension The
nonsoluble proteins are spun down 1 the ultracentnfuge and do not contain
any platelet cofactor I actvity Cuniously they have a thrombin hike
acuvity and untd this 15 removed as for instance by ultracentrifugation
the 1 stage assay procedure described below may give misleading results
The platelet cofactor I activity 1s 1n the solution

Important 15 the pH of the distilled water used for dissolving the frac
tions If the pH 15 lower than 54 the platelet cofactor I activity does not
£0 1n solution and after ultracentrifugation appears m the precipitate
If the pH 1s lugher than 6 5 more protemns go in solubion and the specific
activity expressed i units per mg protein (mnhydem) drops

8) When there 1s no ultracentrifuge available a further punification of
fraction B can be achieved on the basts that calerum 1ons precipitate a
protern that accompames the desired protein The fraction 1s therefore
placed n a water bath at 37°C and an equal volume of 002 M calciwm
chloride pH 7 25 1s added This solution 1s kept for 10 to 15 min 1n the
water bath and then centnifuged 10 min 1t 2000 g The precipitate 1S
discarded and the supernate 15 kept overnight in the refrigerator at 4°C
The next morning the product 1s again centrifuged 1n a refngerated centrt
fuge for 10 min at 2 000 g and the precipitate discarded The product
has to be dialyzed free of calcium sons agamst distilled water This 15
then the punfied platelet cofactor I

Assay of Platelet Cofactor I

The assay previously described (6) used punfied prothrombm as a
substrate and depended upon its transformation to thrombin according
to the following equation

Cat+
Ac globulin
Platelet factor 3
Platelet cofactor I
F b Thrombin

An ncubation mixture was prepared 1n a standard manner as follows
(1) Punfied prothrombin (with Ac globulin) 3 000 u/ml 100 ml

(2) Platelet factor 3 (about 80 u/ml) 050 ml
(3) CaCl (016 M) mn imudazole buffer 050ml
050 m!

(4) Platelet cofactor I
(5) Physiologtcal sahne
In such a mixture only a small amount of thrombin forms if the platelet

¢ 1 concentration 15 weak If 1t 15 strong all of the prothrombimn
h intermediate concentrations 2 partial change to

050 ml

cofacto
becomes thrombin Wil

~
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thrombin occurs From the amount of thrombin generated the concentra
ton of platelet cofactor I can be inferred A umit was dufined 1n terms
of this 2 stace analysis

The 2 stase analysis has many desirable features to recommend it We
felt however that errors micht be detected if another assay could be run
simultancously 1nd we did indeed frequently spare ourselves the cost of
nustaken results by applying two different tests The most recently devel
oped one 15 a vanation of the 1 stace prothrombin time Instead of using
tissue procoagulint platelet cofactor 11s used alone The test 1s performed
as follows ovalated cow plwma 01 ml plus 01 ml procoaculant
(platelet cofactor 1 vanously diluted) plus 01 ml of 002 M CaCl n
imidazole buflered saline At 37° C and without pmcoagulan( the clotting
time was 150 sec As the ¢ of p 15 d the
cloting time may get as Jow as 32 sec l‘or an assay we like to work
1n the ranee of 32 to 60 scconds This assay procedure 15 integrated with
the 2 stage assay described (6) 1n such a way that a unit i the 1 stage
18 2 unit 1 the 2 stage The solution put into the test nuxture must contain
600 U/ml to gne a 32 sec clotting time (Fie 1)

With our assay procedures our fraction B usually yields matenal con
tanimg 6 000 to 8 000 umits per rmllizram of protein The yield from 5 000
ml of fresh plasma ranees from I to 15 mg dry weight This is a rather
low quantity of material to obtain from so much plasma and perhaps
means that the concentration of this factor s low 1n normal plasma We
are however greatly handicapped 1n the calculation of yield in terms
of actvity 1n the starting material Our 2 stage assay does not detect
very much cofactor 1 mn the plasma the more marked actvity 1s picked
up after a few fractionations

Our punfied platelet factor 3 preparations shorten the clottng time of
recaleified cow plasma a hittle less than the platelct cofactor I concentrates
A mixture of platelet cofactor 1 and platelet factor 3 (thrcone by defim
ten) may bang the clotung time down to 30 sec Incubatng the two
together for vanous lengths of time before the test does not alter the
result In other words there 1s no enzyme substrate  relationship  between
platelet cofactor I and platelet factor 3 Dilution of the muxture propres
swely reduces the procoagulant power in a manner depicted on the chart
As a matter of nterest platelet factor 3 alone gives an irregular dilution
curve

The fact that platelet factor 3 aloric or platelet cofactor 1 alone or the
tho together do not brng the clotting ume much below 30 sec 15 an
outstanding fact to contrast with the much shorter clotting times obtained
wnh ussuc extracts such as those from brain or lung The concept plasma

the activity of ing; of plasma and platelets
with lho ¢ of ussucs The hmitations of this concept can be seen quite
clearly by any one who considers the nature of punfied prothrombin
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CONGENTRATION OF MATERIAL ADDED

Fic 1 The Clotting Time of Mixed Oxalated Plasma from 6 Different
cows was determened by mixing 0 1 ml of plasma with 0 1 ml of pro
coagulant and 01 ml of 002 M CaCl 1 imdazole buffered saline
(pH 72) at 37 C The procoagulants were platelet factor 3 (top
curve) platelet cofactor I (muddle curve} equal volumes of above two
procoagulants mixed (lower curve)

The numerals on the abscissa designate the concentration of platelet
tactor 3 and/or platelet cofactor 1 The oniginal concentration was 500
U/m! of platelet factor 3 and 600 U/ml of platelet cofactor I
Example At 1/40 the concentration was [25 U/ml of platefet factor
3 (before putting mnto the final test muixture) 15 U/ml of platelet co
factor 1 and the muxture contained respectively 625 plus 75 unuts
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actination 1n terms of tissue extract matenal as compared with matenal
obtamed from plasma and platelets We have to consider the possibility
that we have punfied the mmn ngredients of the  plasma thromboplastin
concept namely platelet cofactor I platelet factor 3 and thrombin These
three plus one of the most important still needed namely Ac globuln
provide important tools for explonng prothrombin activatton The aspect
which we desire to have explored 1s the activation of Ac globulin with
thrombin for that seems to be the key consideration m having  plasma
thromboplastin  as powerful as tissue extracts

et

PLATELET COFACTOR I
20 Omg/ml 60°
(24 mun) S=71208

¥ic 2 Typical Ultracentrifuge Pattern of a Platelet Cofactor 1 Con
centrate The conditions were bar angle 60° temperature 20 C speed
59780 rpm Spinco Model E sedimentation tume 24 minutes pro-
tein concentration 20 0 mg/ml 1n 01 M KCl pH 72 Dunng 5 hours
of centnfugation no more components were found

Ultracentrifuge Studies

we frequently exanuned platelet cofactor 1 concentrates with an
1 fupe three p were found but

usually two A typical pattern 1s reproduced i Fig 2 The fast moving
component (S =20} was in lowest concentration The other had a sed:
mentation constant of 71 at a concentration of 200 mg/ml and a
temperature of 20°C At a concentration of 6 mg/ml S=65 We do
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not intend anythine more to be deduced from these figures than a pre
lLintnary orientation regarding the charactenstics of platelet cofactor I
preprations When prepared by the method previously described (6)
the ultracentrifuge pattern was about the same as with the best preparations
we now obtain These latter preparations however may be in the neighbor
hood of ten times the potency of the former Thus we found great dispanty
between ctivity and the ultracentrifuge pattern In some further expen
ments we were able to remove the heavy component(s) with a 5 hour
centrifugition 1n 2 preparative centnfuge 2t 106 000 5 The supernatant
solution then contained only one component (pattern symmetrical 5 hour
run concentration approximately 6 mg ml) upon nalysis with the ana
lytical ultracentrifuge This same supernatant solution still developed two
bands when examined with the use of an agar diffusion plate (Ouchter
iony) In these it 1 ons the develop of two
distinct bands thus could be indicative of detecting at least two components
of approximately the same sedimentation characteristics and makes 1t
likely that platelet cofactor I 1s stself a precip Len Another possibihity
1s that a second component 1s present m relatnvely low concentration and
was detected only n the method that was most sensitive for the particular
matenals we are studying
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Effect of Direct Transfusions of Hemophilia A Blood of
Vanous Grades of Seventy into Normal and
Thrombocytopenic Recipients *

Leandro M Tocantns Robert T Carroff ond Ruth R Holburn

Charloste Drade Carede o Foundation
Jefterson Mediwal College Phuladelpiua

ATIENTS wah the classical chinscal preture of hemophilta may owe
Pmc defect i thewr blood to several abnormahties Two entities are
now recog tilin A and b e B with conmb of
the o defects perhaps bang more common than generaily reahized
Accordmng to our mterpretation (1) the more freguently encountered
defect (hemaplulia A3 results prinupally from an excessive amount of
plasma anuthromboplastin while the leys comman form (hemophiha B)
5 due ctuefly to a decrease w the platelet cofactor in the plasma (plasma
thromboplastin compenent)

I hemophila A 15 chiefly due to an excessive amount of an ash
coagulant it shoukl be possible to demonstrate this by a transfusion of
such bleod mie & nosmal reapient A delay wt the sate of clotung of the
reciprent s blood should follow Previous attempts (2 3) to accomphish
thus fasled because of one or mose of the following reasons  (2) umaware
ness of at least two types of hemophihis and of mitermediate forms shanng
some of the defects of each (b} the eustence of grades of hemophiha
varymg from muld to sesere (¢} use n the transfusion expenments of
ighly diluted citrated bleod coliccted i glass consamers and {(d) meas
urement of clotting times wath ghass tbes and synaees and testing of the
plasma m clotting systems i which the concentration of the plasma 15

Al d by a grant from the U 5 Pabhic Health Service
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greatly reduced by citrate, calcrem salinc and other solutions (4) The
expeniments to be described seem to d ate that when )
small amounts of blood or plasma from patients with moderate and
severe grades of hemoplilia A are transfused directly and swiftly mto
normal and thrombocytopenic recipients a lasting prolongation of the
rate of coagulation of the rectprent s blood follows (5)

Methods

Hemophilia A patients previously charactenized as to seventy of defect
and blood type and having large easily punctured arm veins were selected
as donors Table 1 Iists the principal cnterra employed to determine the
grade of the defect With the exception of hemophiliac A € none of the
donors had had plasma or blood transfustons for at least one year In
most mstances, tests of mixing the two bloods 1n various proportions were

Table 1
CHARACTERISTICS OF THE BLOOD OF THE HEMOPHILIC A DONORS

Ve owsBlod
Clott

£ Pla ma Clot At phkal  Respomse G ade
Tme(mn) B P
Ao Pyt Gl oy Stase (L ts/ml) At ity (L t/mhy T f Dottt
1 NF 88 >360 330 150 62 ml n
2 AC 107 S360 338 150 85 nl w
3 sSM 78 220 360 120 58 poor NI
4 GM 92 265 315 120 45 poor I
s HF 65 210 348 110 34 far I
6 RP 45 135 345 110 29 far jid
7 IR 19 77 293 15 28 good I
8 EC 13 67 31s s 27 good 1
Normal
Values  § 15 2540 300400 — 1020

* Mimimal amount of plasma (ml ) which will significantly delay the rate of clotting
of normal plasma For etample 1 50 mdicates that one part of hemophilic plasma
wiil sigaificantly delay the clottng teme of 50 parts of normtal plasma

tMild=Grade I Moderate = Grade II Severe — Grade III Very severe =

Grade IV

carrted out before the i vovo mixtures were attempted The results of
these ex 1o tests gave an approximate but usually insufficient estimate
of the mtensity of the clot delaying effect i vvo With grade IV hemo
philic bloods a clear clot delaymg effect as shown i Fig 1 could be
demonstrated For these and other procedures only silicone coated syringes
and gl were d The h hilic blood was collected firsr
and the proper amounts distbuted to each tube (13 mm 1d) before
the normal group Je blood was coll d 1n a chilted synnge
and added to the hemophilic blood m the proportionate amounts The
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mbcs were then gcnuy agiated and placed m a water bath at 38° C
wnd distnb of the blood must be swilt

:md Iaumcss
Fechmgue of Transfusion Blood was withdrawn from a fasung hemo
phihc donor ustng a 16 gruge needle and a scries of stersfe silicontzed

Clot~delaying effect of
10004 mixing Hemophiha A Blood
* with Normal Biood

Litil

L

I

CLOTTING TIME (MINUTES/

100
] SILICONE
387 ¢
4
‘n T T ¥ T T L) L T i3
NORMAL 100 50 o]
T T ¥ T T T ¥ T T 1] T
HEMOPH O 50 100
RELATIVE PERCENTAGE OF BLOOD
IN MIXTURE

Fio 1

30 mi syrnges Each syringe was used only once and aftes besng loaded
the blood was mjected immediately by another assistant through 2 16 gauge
needie anto the recapient s vein at a rate of 10 15 ml per nunute To mam
tatn patency of the recspient s needle a 2 way stopoock was attached
one opemng of which was connected by means of plastic tubing to a
Teservaw with 085% NaCt The salme solution was snfused by gravity

between changes of the syninge to prevent backflow of the blaod through
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the ncedle and clotting within st If any difficulty was expenenced with
the puncturc of the vern and collection of the blood another vem was
used At intervals following the begtnning of the transfusion specimens
of blood for study were collected from a vein i the other arm A fresh
puncture was used each time and needles no smaller than 18 gauge were
employed The blood was collected by means of three siicomzed syrin,es
With the first about 1 ml of blood was asptrated this specimen was dis
carded With the second siliconized syringe 4 ml of blood were aspirated
and distributed 1n 4 tubes One ml was placed 1n a glass tube another ml
m a sihcone coated tube 06 ml 1n a sithcone coated tube contaming
04 ml of 0857 NuaCl and 03 m! of blood was placed i a silicomzed
tube containing 07 mt of 085 NaCl The last two tubes were used
to study the effect of simple dilution on the clotting ttme Al observations
on clotting were dore at 38° C The rate of clotting, of the undiluted blood
was taken as the index of chan_es in coagulability after the transfusions
The third syringe held a solution of 19" sodium citrate and into 1t was
aspirated sufficient blood to give 4 proportion of 49 parts of blood to one
of the citrate solution The citrated plasma obtained by centrifugation was
used for the determinations described 1n the text
Hemophilia A patients not in an acute phase of bleeding were selected
as donors and according to the seventty of therr defects were classified
Grade I (muld) to Grade IV (severe) Two donors were selected from
each of these groups The recipients were patients serologically compatible
with the donors and either had blood with normal platelet counts and rate
of coagulation or were patents with thrombocytopenia and siightly pro
Jonged clotting time of venous blood The following, addittonal studies
were performed 1n both donors nd recipients before and after transfusion
hemoglobin red cell and platelet counts one stage and (wo stage pro
thrombin asstys (6) test of effect of dilution on the recipient s plasma
clot delaying activity of the reciprents plasma on his own pretransfusion
plasma (7) plasma antithrombin (8} fibrmogen (9} and accelerator
globulin activity (10)
Grading of the Defect The degree of the hemostatic function defect 1n
philta may be d on hi )l chinical or orthopedic
grounds There 1s usually good correspondence between the intensity of
the hematologic defect the number of transfusions or hospitalizations re
quired yearly and the extent of involvement of the joints Grading of the
hematologic defect provides a means of pred. possible
of operative procedures number of plasma or blood umits required length
of hospitahzation and other detmls Surgical procedures which may be
nisked n a hemophiliac Grade I or 11 could be extremely hazardous m one
with a Grade 1V defect Grading rests on the results of the following tests
(2) clotting time of venous blood mn glass tubes (13 mm 1d at 38° C)
(b) n silicone coated tubes (¢} clot dehymg effect of additton of

and
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platclet poor hemophilic plisma to platelct poor normal plasma 1n clot
ting muxtures with 897 final plasm concentration Clot delayng activity
1s expressed in terms of the ratto of hemophilic to normal plasma necessary
to prolong the clotung time of the muxture by at least one third the
clotung time of 1n equal volumc of normat plisma Table 2 illustrates
results of such mixtures (d) antithromboplisun (anticephalin) actmty

Table 2

EFFECT OF ADDITION OF HEMOPHILIC PLAS\IAS Of VARYING DUCREES OF SEVERITY ON THE
RATL OF CLOTTINC OF NORMAL FLASMA SILICONE TUBES 38 ¢

Clotine Tim  of Mormal Plavma to B uch
was added Hemopl thic Plasma of

Plasma 0?1 Grade IV

Normal Hem ph CaCly Grade 1 Grade H Grade HI (ber

(ml) ) (mly (Mdd) (Maoderite)  (Serere) severe)

050 00 00S 1550 1680 1570 1750

049 001 005 _—_ 1ms 1690 11 800

0475 0075 005 190 -900 No Clet

045 005 00§ 1670 630 6300

040 ato 005 1800 No Clot No Clot

030 00 005 5850

00 030 005 No Clot -

010 040 00s -

00 050 aus .o

Table 3

TYPE AND RANGE OF VALLES EMPLOYED IN GRADING THE SEVERITY OF THE
DFFLCT 1N HEMOPHILEA A

Normal  Grade Grude Grade Grade
Test Vlues ! 1 m "

Glass Tube Clotung

Time (mimn ) 815 1070 140 4180 >80
Sihicone Tube

Clothing Time (min ) 25 40 4560 60120 120 40 >240
Clot delaying Titer — 12 14 110 >120
Antithrombopt

Activity

(units/ml plas) 10.0 20 30 30-40 40 50 >50
Plasma Ct>t Time 10002000 324 >4 >4 >4

a) 89~ concentr (sec ) (Hours)  (Hours)  (Hours) (Hours)

) 37¢ concentr **

{Rato to clotting
time of normat 450 100 1x X 3% >4X
controt) (sec)

This indicates that 1 part of hemophilic plasma delayed the clotting time of 2 parts
of normal plasma by an amount equal to or greiter than ! the cloting time of 3 parts
of normal plasma

*05ml plasma 005 ml 07 M CaCl

1
017 ml of plasma 021 m! buff r 085 NaCl 071 ml 002 A{ CaCl
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performed by a one stage method described 1n detail elsewhere (11) and
(e) effect of dilution on the rate of coagulation of the hemophilic plasma
As shown elsewhere (4) dilution with 0 85% NaCl to a final plasma
concentration of 10 30% bnngs the clotung times of both normal and
hemophilic plasmas to a level several times shorter than that of the ongnal
plasma The ratio of the time obtained n the control plasma at 32% con
centration (o that of stmlarly diluted hemophlic plasma provides another
estimate of the extent of the defect

In Table 3 are listed the values corresponding to the various grades
A blood 15 considered to be of a certain grade when 1ts values fall
the range of three or more of the criteria for that grade

360 Clotting time of normal
blood before and
~ 3207 after njection of
k4 4 grades I, & I
g 280 hemophilic A
s
Z 2404 blood
w
2 200
=
o |60T r/
z
£ 120
= 6a
3 80 /hﬂif";’” 300 my
R ™~
40 GRADET 500mi ~
/’ -
0 T T T T T T T
3} 1 2 3 24 a8 T2 96
HOURS AFTER INJECTION
Fic 2
Results

Effect on the Rate of Clotting of ¥ enous Blood Blood withdrawn from
a Grade I hemophilic A donor and myjected immeduately mto either a
normal or P p produced lttle or no sigmficant
change 1n the clottng time 1n erther glass or silicone tubes (Fig 2) When
2 Grade 11 hemophilic was used as the donor after the mjectton of 300 ml
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of bload a sipnificant deday 1n the clotung time was observed (Fig 2)
A sigmficant dulay 10 the coagubiion time (from 36 to 163 mim ) was
observed after the mpection of as small 2 volume as S8 ml of Grade IV
hemophilic blood nto a normal seasprent (Fig 2} After the myechion of
300 m} of the same blood the ume rose to 357 mn it did sot return
10 the pretransfusion feved untl five dass after the imual ijection (Fig 2)
When a thrombocytopeme pattent was used as the recipient the clot
delagimg effect of an injection of a smakt volume of blood was even more

546 404 \t Clotting time of blood of
% normal and thrombo-
7 cytopenic recipients
3 289 \ before and after
5 wyection of grade I
: 2401 o hemgpmhc A
< 2004 \,\)%o blood
w \‘3
§ 160 % o
%
o 1201 e
z 4'44
80~
S
o 40 }‘
Oy 2 3 24 48 7Tz 96

HOURS AFTER INJECTION
Fic 3

pronounced When 200 ml of the blood of a Grade ¥V hemophilac was
mpected snto 2 thrombocytopensc reapent the clothing time 10 glasy was
delayed from 14 smun to 223 min and in sicone from 84 min 1o greater
than 9 hours (Fig 3) As one would expect when comparing the effect
of the njections on the clotung ume the delay was alemys more pro
nounced m silicone than w glass whes (Fig 4)

It was hoped thot the 1 vitro muxtures of hemophtic A blood with
normat blood would gve an approximate sdes of the probable behavior
myno Actuslly when the blood was injected drrectly into the recipient
4 greater effect was often demonstrated than could have been foreseen from
the prelimumary i viro muxing For example an m vitro mixiare of one
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part of a Grade IV hemophilic blood to nre parts of the recipient s blood
produced only a moderate delay in 1its rate of coagulaton (Fig 1) How
ever a much greater prolongation was observed m vivo when only one
part of the same hemophilic blood was present m thirty parts of the recipt
ents blood (Fig 4) The following may account for this (a) difficulties
mn collecting the normal blood and making the m vitro mixtures with the
h hilic blood with d h (b) 1 | trauma of

P

placing the blood mto the test tube an& the necessity of swirhng the tubes

Clotting time of normal
blood in glass and
2801 silicone tubes before
F and after injection of
5 240 gradeXTZ hemophihc A
< blood
= 2004
w 160+
=
F 1204
o
Z 801
=
=
S 407 %
(8]
o T T T T
0 [ 2 3
HOURS AFTER INJECTION
Fic 4

for proper mixing of the bloods (c) the glassware although silicomzed
does not offer a svrface comparable to the endothelia) imng of a blood
vessel and (d) the larger quantities of blood used 1n the 1 vivo expen
ments and the less hkehhood of contamination of the blood dunng ns
collection by a small quantity of tissue juice

Effect of Dilution on Pre and Posttransfusion Plasma When native
or citrated normal or hemophilic A platelet poor plasmas are diluted with
085% NaCl clotung 15 accelerated the dilution effect bewng generally
proportional to the cloting tume of the onginal undiluted plasma (4) A
dilution may be reached at which hemophulic plasma with 2 moderate
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defuet wall clot more raprdly than normal plasma at its oninal concentra
uon Curated plasma samples colkcted from the reaypents before and at
vanious mtecvals after imjection of hemophtlic bleed were diluted and
stuched as duseribed ehewhere {4) On Tig § are shown cxamples of
changes n the dilution curves fter wyection of Grade T and 1V hemaphuhe
blood When 500 mt of the blood of a Grade T hemophsliac were nected
there w1s po siemsficant change sn the plasma cloting time or the dilution
efiect However ofter 200 ml of Grade IV blood were injected the
recrpuent s plasma at 89¢ concentraton did not clat overnseht and on
successive dituttons clotting was nhibited until a plasma concentration of
327 was reached when clotitng occurred at 4 300 sec After myection of
300 mi aof the blood of ths same donor the reaprent s plasma ditution

Fifaci of a7yl on on fhe cistl ng

of plosma of al

normal rer pient

brfore ung alter
wnject on of

Yarous omounts|

Efect of G iuton e cialt ng of piosmal
af a.0g mal ec pent

BHfo & ang otitr
mecton of ¢ ade X

:

of grade I¥
hemephiic &

< hemopn iz A bload

H

H

°

£

£

g 9

S e

]
) & | 8o | 150 2w | 40 & @
SR CENT CONCENYRBTION OF FLASMA  PER CENT CONCENTRATION OF RLASMA

W MIKTURE

Fio §

curve was figher clotimg bemng first observed at 7 145 sec m a plasma
concentration of 327

Clot Delaying Actiaty Addston of selatively small amounts of hemo
philic A platelet poor plasma 1o normal platelet poor plasma followed by
proper tecalarfication will cause 4 defimte measurable delay m the clot
tng tume of the normal plasma provided the tests are carried out under
ngdly defined conditiors (7Y and a hueh plasma concentration in the
clotung mixtures 18 mantmned (Tabk 2)  Plasma obtamed from the
recipient during and after transfusion of 3 grades of hemophitic blood was
added m varying amounts to the seeipients own pretransfusion plasma
When 500 ml of the blood of 2 Grade 1 hemophiliac were myected 1nto
a normal recipient almost equal parts of the posttransfused plasma were
requised to delay sigmificantly the clotung tme of the patents own plasma
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This 15 the only test that disclosed a clot delaying effect of injecting Grade [
hemophilic blood Since the muxtures are done with platelet poor plasma
the low concentration of platelets may allow any anticoagulant eflect even
though shght to mamifest itself When 300 mi of Grade 111 hemophilic
blood were used one part of the normal rectpient s posttransfusion plasma
prolonged the clotting of 9 parts of his own pretransfuston plasms from
1525 sec to 3 820 sec When 200 m! of blood from ~ Grade IV hemo
philic donor were employed one part of the normal recipient s posttransfu
son plasma delayed the clotting of twenty parts of his own pretransfusion
plasma from 1 700 sec to 7 350 sec (Table 4)

Table 4

THE CLOY DELAYING EFFECT OF MIXING POSTIRANSFUSION RICIPIENTS PLASM4 WITH
THE RECIPIENT S OWN PRETRANSIUSION NORMAL PLASMA FOLLOWING INJECTION
OF VARIOUS GRADES OF HEMOPHILIC A BLOOD INTO THE NORMAL RECIPIENT
SILICONE COATED TUBES 38 ¢

Normal Reciprent s Plasma

Post 020

Pre Clotting Time (Sec } of Mixture After
Tube Transfusion Transfusion  CaCl
o m

Transfusion « f Hemophilic Blood of

(ml) Grade IV Grade 1T Grade I

1 05 00 005 1700 1525 1470
2 0475 0025 005 7350 —_— —_—
3 045 00s 005 ~>86 000 3820 1550
4 040 010 oo0s >86 000 10000 1570
5 030 020 005 ~>86 000 86 000 1770
6 020 03 005 ~>86 000 86 000 1860
7 01 04 005 >86 000 =86 000 1980
8 00 0s 005 >86 000 >86 000 2120
Total amount of blood mjected (ml ) 300 400 500
Estimated blood volume of rectpient (ml ) 5280 6 160 5440
Approximate dilution of transfused blood

by reciprent s blood 118 115 110

*Clotting times of subsirites (pretransfusion normal plasma)

Other Changes With the exception of fibrninogen there were no other
sigmificant changes 1n the clotting factors after the transfusions (Table 5)
‘When a hemophilic Grade IV donor with a relatvely ngh fibninogen (530
mgm %) was employed there was a prompt significant rise in the recip
1ent s fibrnogen level which was mamtained for at least 3 hours (Fig 6)

There were no immediate or remote systemic reactions observed m
the reciprents In two of the thrombocytopenic reciptents there was moder
ate bleeding from the gums and hematomas formed at the‘purjxcture sites
after the needles were d requinng P The
hemophilic donors themselves felt grateful for the privilege of being able
blood to the patients most of whom were anemrc and needed blood

togne
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Table 5

EFFECT OF TRANSFUSION OF HEMOPHILIC BLOOD (VARIOUS GRADES) ON THE CLOTTING
COMPONENTS OF TIE BLOOD OF NORMAL OR THROMBOCYTOPENIC RICIPIENTS

rrrly I 0k wb Fr o r 185 4 tir md
(Th 1) [{S] (mew ) W 1) w1y
fo¢ " i m ok
Hom gk Hom ph Hom ok o ow o m )
Do R p D Rp Do R p Do R p D R
1 ¥ moph |
© 41
tod
) k ml
'
KB for %0 162 383 s S0 m 15 A1) 101 96
Alt 130 3 384 14 92
B Th mbe
‘
'
RPRI;K 290 62 3 243 50 332 135 n 10 9
After 56 48 418 Hi 78
T Wmgh!
(G'ad' 111
Blod ¢
IN mi1
Re t
f&f; 344 330 315 435 296 15 15 10 100
af Hit 375 340 15 100
b) Th ombo-
Qe
¢
|"'\t 40 360 63 470 508 185 is 110 20
Aft 30 275 540 L) 88
3 Hmphl
WGd b
Blad
AN my
R 1ot
B 54 190 323 293 343 385 14 13 1z 108
Al 1e¢ n 353 3 108
b) Tb mbo-
top
R op ot
Bf 254 60 323 315 348 508 14 16 2 16
Al 48 318 530 s s
Discussion

The hemophilic donors had not with one exception had any blood
transfusions for at least one year Attempts 1o detect 1 their blood ants
bodies agamst clotting factors yielded negative results (12) Ewidence 15
lacking therefore that acquired abnormal circulating anticoagulants
existed mn the hemophilic blood It seems more Iikely that the blood con
taned an excess of a normally circulating anticoagulant and that the
prolongation of the clotting time of the rempents blood resulted from
the addition of this excess The effect was more evident naturally in
thrombocytopenic recipients since platelets provide the natural antagomsts
for the first phase mhibitors In the absence of platelets the anticoagulant
becomes the dommant factor 1n determining the rate of clotting
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Chonges 1n fibrinogen concentration
1 a normal and a thrombocytopenic recipient
ofter transfusion of hemophihic A’ blood

{TRANS
500¢cysi0m

z
o
g
E 4
z b
o] ]
z
s <
O g
F 1 W ~——
Z i

[ - AN PENIC,
8 g 4004 N \\ mno»g“sﬁ——o
ER NSt
o b \Y'\__«—-——"‘—"
) 4 NORMAL
« 3
2 X
g 300j

LA T T T \J L) T
Q | 2 3 24 48 72 96
HOURS AFTER INJECTION
Fic 6

The lasting anticoagulant effect of the transfusions especially n the
thrombocytopenic recipients suggests that such transfusions may be tried
1 the therapy of thromboembohie disorders The souree of the first phase
irhibrtors found m such excess m hemophilia A bload s af course un
known Concengrates of this material obtawed from tissucs such as the
brain may prove valuable for this purpose However though a Iipid antt
thromboplastin obtawed from bran (13} blocks the formation of plasma
thromboplastin as well as neutralizes 1t after 1t 1s formed there s as yet
no evidence that 1t 1s the same as or related to the natural plasma antt
thramboplasti

1t seems needless to emphasize that in order to obtam the results re
ported a faultless techmque must be employed This applies especially
to the collection of bloed for transfusion and the samples for studv Even
with the most severe hemophiltac  clot delaying effect may not be demon
strated 1f the usual conventional methods for plood collection are used
Recently we removed 350 m! of blood from one of our Grade 1V hemo
phuliacs through a plastic tube jato a stheonized vacuum bottle containng
150 m! of ACD solution The plasma was remosed ofter centnfugation
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and placed 1n a sthicomzed bottle The entire operation took approximately
one hour The clotting time of this plasma was only shightly longer than that
of a normal control while the whole blood clotting ime measured 1 a
specimen collected independently from another vein was Jonger than fou~
hours Imperfect collection dilution of blood and plasma frothing and
standing of the blood probably accounted for the altered state of the plasma

Summary

Blood from sndividuals with hemophuilia A of varying degrees of sever
1ty was wnjected directly and swaftly into the vens of normal and thrombo
cytopenic recipients A clear Jasting prolongation of the clotting time of
the blood of both types of recipients followed such mjections the delay
in general beng directly proportional to the sevenity of the hemophtlia
and the amount of blood mjected Blood from hemophitiacs with Grade I
defect produced no significant changes Grade Il blood altered the rate
of clotting of the thrombocytopenic recipients but not that of the normal
Testing a mixtore of posttransfusion recipient s plasma with his own pre
transfusion plasma disclosed most clearly the clot delaying effect of the
transfusion
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The Significance of the So called
"Brdge Anhcoagulant'

U M Serafine
Rome Italy

T WAS recently reported by Enghsh authors (1) that an anticoagulamt

actvity can be detected n the plasma of patients with hemophuha A
and B This activity 1s claimed to be due to a previously unknown factor
termed Bridge anticoagulant  which 15 absent m serum and inhibus
both thromboplastin generation and 1ts reaction with prothrombin Accord
mg to the authors (1 2) this mhibitor plays a role 1n the pathorenesis
of hemophilic hemorrhages as well as antihemophilic factor deficiencies

1 have re-examined the findings of Nour Eldin and Wilkinson and have
tried to understand what they actually mean First of all I have reproduced
therr expermment with the same simple method which employs the
thromboplastin generation test (TGT) A blood thromboplastin that 1s

for 1t was with of philtc factors
A or B gives longer clotuing times on substrates of hemophilic plasma
than on normal plasma (Fig 1) Ths 1s true only if the hemophilic plasma
lacks the same factor that 1s deficient 1 that thromboplastin (Fig 2)
If thromboplastin 1s deficient of both antthemophilic factors A and B the
clotting time of plasma substrates from both A and B hemophilic pattents
1s prolonged (Fig 3)

It 15 ymportant to estabhish whether this phenomenon 1s due actually
to the presence of an inhibitor in hemophilic plasma or 1t may bear an
alternative mterpretation

It can be ascertamed in 2 preliminary way that no anticoagulant
activity can be detected when BaSO, treated hemophilic plasma of A or
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THOMBOPLASTIN GENERATION TEST

INCUBATION MIXTURE ~ PLASMA SUBSTRATES
(+ PLATELET SUSP +CaCl,)  (CLOTTING TIMES)
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KEY TO SYMBOLS

N plasma [] N serum, 1~10 O
Hemo A" 1 Hemo B serum, [-10 &
Hemo B"

Fic 1 Blood T p. G with D: of Antt
hemophilic factors A or B in the meubation mixture of a TGT clots a
substrate of hemophilic plasma 1t a longer time than normal plasma
Normal and kemophilic plasma in the incubation mixture 1s difuted 1 5
the plasma of substrates 1s undiuted Symbols apply to Figs 1 10 incl

B type 1s added to an mcubation mixture complete with all normal reagents
ma TGT (Fig 4)

Moreover when the expeniment of Nour Eldm and Wilkinson 1s re
peated using as a substrate a mixture of two plasmas each deficient 1n a
different antthemophilic factor the clotting time of this muxture 1s the
same as of normal plasma even if thromboplastin was generated with a

of both pt factors (Fig 5) Such a finding could
not be obyviously ob d 1f any anu lant was 1n h hilic plasma

The phenomenon disappears also 1f normal plasma or hemophilie plasm
of a different type 1s added either to the incubation mixture or to the
substrates of hemophilic plasma provuided that a concentration of 200
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Fic 2 An Incomplte Thromhoplastin Clots a Substrate of Hemo
philic plasma in a langer time than normal plasma only when the sub
strate lacks the same antihemophilic factor that 15 difictent in the
wcubation mixture of TGT of 1 lacks
factor A {AHG) the CT of hemophilia A plasmn s prolonged and
that of humophiha B plisma is normal On the contrary f thrombo-
plastin was punerated without AHF B (PTC) 1t clots hemophilta A

plasma in the same time as normal plasma but hemophilia B plasma in
a much longer time

e —

70" 198"
Fic 3 When the Incubation Mixture of a TGT 15 Defictent
of both A and B anthemophilic factors the CT of sub
strates of both A or B hemophilic plasma ss prolonged
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Fic 4 The CT of Plasma Substrates of Hemophilia A or B 1s Normal
when BaSO, treated hemophilic plasma 1s added to an incubation
muxture of a TGT containg all normal reagents (S = saline)
o
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eg" 176" 72"
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Fi¢ 5 An Incomplete Thromboplastin Clots 1 Mixture (1 to 1) of
hemophilic A and B plasmas 19 the same time as normal plasma also
when the tncubation mixture of TGT lacks both antihemophilie factors

of the plasma containing the antthemophibic factors esther mn the mrxture
or n the substrates 1s reached (Figs 6 7)

According to Nour Eldin further evidence of the presence of Bridge
anticoagulant 1n hemophihe plasma should be supported by the following
expeniment when undituted hemophilic plasma 1s substituted for the 15
diluted plasma 1n the incubation mixture of a TGT a greater inhubition
of thromboplastin occurs {Fig 8) But this experiment ts not probatory
according to our findmngs The mhibitory effect of undiluted hemophilic
plasma depends on platelet concentration m the incubation muxture and
disappears if a concentrated platelet suspension 1s used with a weak
platelet concentration even an undiluted normal plasma exerts some nhib
tory effect (Table 1) If undiluted BaSO; treated normal plasma 1s subst



Table 1
INHIBITORY EFFECT ON THROMBOPLASTIN GENERATION Of UADILUTED NORMAL OR
HEMOPHILIC PLASMA WITH CONCENTRATED OR DILUTED PLATFLET SUSPENSIONS
TUROMBOPLASTIN GENERATION TUST

BaSO, Treated Plasma in the Incubation Muxture
Platelet Suspension ©f Hemophula A Pateents Normal
Used Diluteilto$ Un hlute 1 Dituted 1105 Uniiluted

Shortest Clotting Time of Normal Plism Substrates (sec)
Concentrated 19 195 12 177
Diluted 1 to 20 27 48 179 21

W+Q+0+0 —

ol

[ ]
20" 205" |

AN

0o — | ‘
" 1" n
7V 160" 125
Fic 6 The CT of Hemophilic Plasma 1s the Same as Normal Plasma
when normal plasma and/or serum 1s added to the incomplete throm
boplastin provided that a 1 to 4 ratio between normat and hemophilic
plasma and/or scrum in the incubaton mixeure 1s reached (upper
figure) When the normal reagents are added to the tneubation mix
ture mn a lesser ratio the difference between the CT of the hemophilic
plasma substrates and that of normal plasma 1s still evident

m-o—oBlaall
42“ |84" 42" 44" 75“ 68“

Fi6 7 When Normal Plasma or Hemophilic Plasma of a Different
type 15 added to a substrate of hemophilic plasma 1n a ratio of 1 to 4
or higher an incomplete thromboplastin clots the substrate 1n a normal
time 1f the lcvel of AHF m the substrate 15 10 of normal plasma the
CT of the substrate 1s slightly prolonged
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Fi¢ 8 When Undiluted H h Plasma Is
for the 1 to 5 diluted hemophilic plasma n an ncubation
muxture the CT of a h 15 more prol d

Fic 9 The CT of a Substrate of Hemophilia B Plasma
marhedly increases when undiluted normal plasma 1s sub
stituted for the diluted plasma 1n the incubation mixture

tuted for difuted plasma mn an incubation mixture lacking PTC the cloting
tme of the substrates 1s lengthened still more (Fig 9) As Biggs (3)
showed a marked mhibition occurs when BaSOq treated normal serum
15 added to the incubation mixture of the TGT (Fig 10}

It follows from these data that even the thromboplastin mhibitron by
undiluted hemophilic plasma 1s not due to any anticoagulant but probably
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Fic 10 The Inhibitory Effict on Th 4 Gen

eration of undiluted BaSO; treated normal serum added
to the mcubation muxture of a TGT (S =salne)
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KEY TO SYMBOLS
A Plotelet susp
D N plasma, platelet-poor
D Platelet-nich plasma

Fic 11 An T Generated
with a defictency of platelet factor clots platelet poor
plasma 1 a longer time than platelet rich plasma

to a change of the opttmum ratio between the different thromboplastic
factors chiefly between the protein and phospholipid constituents of
thromboplastin (4 5)

Consequently 1t appears that a different and more Iikely interpretation
of the phenomenon reported by Naur Eldin and Wilkinsen may be taken

mto An causes any plasma con
tamin,, the factor(s) that it lacks to clot m a shorter time than plasma
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lacking the same factor because n the former condition thromboplastin
can be completed and further activated by the substrate plasma Such 2
phenomenon concerns not only the deficiency of antthemophtlic factors
but even that of other thromboplastic factors Indeed 1t can be proved
that when thromboplastin 1s generated with a deficiency of platelet factor
it clots platelet ich plasma m a shorter nme than platelet poor plasma
(Fig 11) This pont of view 1s supported also by the research of
Hougse (6)

In conclusion the phenomenon reported by Nour Eldm and Witkmson
reflects peculiar experimental conditions of 1n vitro testing for thrombo
plastin generation but 1t cannot pmvxde any reliable mformation on the
patt of hemophilia No d of the p of any
1nhlb1!01‘ m hemophxhc plasma appears to be available on the contrary
the results of the present paper and even the findings of the English
authors are actually 1n accord with the defictency theory
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Female Hemophilia

A Pavlovsky and M C de Pavlovsky
Centro de lme:ugﬂcwncs Hematologicas Jumn 1254 and Instiuto de
in Nacional de Med:
Buenos Awres A4rgentina

E WISH to report two cases of female hemophthia observed by us

amongst 135 cases of hemophilia followed during the past 26 years
These cases can be added to the female hemophtliacs observed by
Merskey (1) Israels (2) Pinnmger and Franks (3) Quick and Hussey
(4 5) and Pavlovsky (6 7) (reference to onc of the cases) as well as
Biggs and Macfarlane (8) for hemophiha B The remarkable studies of
Brinkhous and colleagues on female hemoplulia 1 dags (9 10) led to the
acceptance of the possiblity of its exsstence m humans Doubts as to
the veracity of the cases reported in the past are understandable smce the
cliical observations of kindreds of hemophihiacs have led to the conclu
sion that only the males could inhent the tendency to bleed Alo it was
believed that female hemophihiacs could not exist because the double dose
of the hemophilic gene which would occur 1n the female bleeder would
be lethal (11)

Macklin in 1928 established the mode of transmssion of hemophilia
as accepted at present ds the possibility of the
femnale bleeders (12) [well summed up recently by Quick (13)]

Paltard Jeune and Revol (14) of the Lyonnasse school have made a
cntical review of the reported cases of female hemophiia Weil believes
that only a few of the cases can be considered as this form of hemophiha
(15) The rareness of these cases 15 explamed by the fact that the disease
can only exist in danghters of hemophilic males and female camers both
contributing an X ch the h hilic gene Thus 1n

of
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the studies of Skold on hemophilia 1n Sweden (16) of van Creveld on
99 hemophiliacs 1 Holland (17) and of Moor Jankowsky and colleagues
on the Tenna kindred (hemophilia B) (18) no female cases are reported
although these authors admut theoretically its existence Delcroix 1n 187
cases studied has not observed any female hemophiliacs but has 4 cases
of female hemop 19 and Dameshek have not seen
any cases (20) Possibly 1 the future the observation of female bleeders
will be more frequent due to the better care and treatment of the hemo
philiacs More of them will live to adult age in good physical condition
and will marry (7 21)

We have amongst our patients two cases of female bleeders daughters
of male hemophiliacs A The mothers 1n both cases have no family history
of a hemorrhagic tendency we therefore suppose they are carners by
mutation

O« @
Bleeder

O
N\

No Bleeding lenden
cy 1n her family

H19
QIO OQ QL@

H66

Fic 1 Pedigree of Case No 1
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Case Studies

Case No 1 —H66 Name C R female age 8§14 years

Famuly History Her father 1s a hemophiliac (A) Her mother 1s normal
with no hemorrhagic family hustory (See Figs 1and2)

Chuucal History The patient 1s an only child bomn after a normal preg
nancy and delivery When she was 6 months old hematomas developed
wn onte arm followed by others m her four hmbs At the age of 15 months
hemorrhage from the frenum of the upper lip and a month later a hematoma
on her head developed When she was 2 years old a severe blood effuston
mn the floor of the mouth and tongue developed and spread to the tonsils
neck and supraclavicular fossa As a consequence of this hematoma she
cxperienced difficulty in eaung and i speaking At this tme she was
given one blood transfusion (150 ml ) In 1954 (4 years old) hemarthrosis
occurred 1n her left knee In October 1955 bronchis petechiae and
hematuria were observed In Apnil 1956 an effusion 1n her left knee was
accompanied by pain She was given Predmsone 5 ml a day for 3 months
As a consequence of the synovial tumefaction she could not extend her
leg completely for 3 months The synovial tumefaction persisted for another
5 months After that the recuperation of her knee was complete In
December 1956 effusion occurred 1n her left foot In May 1957 a new
effusion developed 1n the calf of her left leg In 1958 bloody effusions
occurred 1n ankles knees and mght thigh along with hematuria After
treatment with autovaccmnes she experienced chmcal improvement Coagu
lation tests are shown 1n Table 1 and Fig 3

Table 1

COAGULATION TESTS

H66 (Daughter) HI9 (Father)

Bleeding time 2 min 2 mun 30 sec

Tourmaquet test Neg eg

Platelets 240000 per mm 210 000 per mm

Plat morphology Normal Normal

Clot retraction Good Good

Clotting time 14 mn Vaned smce 16 min_ Varied sice
1951 58 from 11 to 1946 58 from 14 to
28 min 28 min

Prothrombin time 100 935

Prothrombin consumption test 7 sec

Howell ime AV g;r:n 0

osage of AHF—Factor
Dosee ~Factor B (IX) 84e 87%

Classification Hemoptiha A
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‘We consider that the hemorrhagie manifestattons of father and daughter
are sumilar They are both classified as hemophila A medium severity We
conclude that she has inhented the type of hemophilia from her father
(the same variety A and the same degree of intensity)

Case No 2 —HI133 Name O delR G female age 11 years

Famtly History (See family pedigree Fig 4 ) Her father 1s 1 hemophiltac
H104 A first cousin of her father (by hts mother) died of hemophla
Her mother was normal with no bleeding tendency in her family The pa
tient has a brother 9 years old who has not had any hemotrhagic problems

Clinical History  She was born normally No bleeding occurred from
umbilical cord or dunng d Her first t h appeared
when she began to walk Periodically hematomas have occurred smce then
After a tooth extraction when she was 5 years old she suffered a profuse
hemorrhage which caused a severe anemia No blood transfuston was given
After two other tooth extractions she again had severe hemorrhages which
stopped with local treatment Recently a large traumatic hematoma devel
oped 1n the wall of the abdomen Coagulation tests are shown n Table 2
and Fig 5

Table 2
COAGULATION TESTS
H133 (Danghter) H104 (Father)
Bleeding tme 1 mm 7mn (re)
1 mm 20sec (le)
Tourniquet test Neg eg
Platelets 135000 per mm 200 000 per mm
Clot retraction Normal Normat
Clotting time 18 min 11 min
Prothrombin time 1009 1007
Prothrombin consumption test 8 sec 14 sec
Howell time 3 mn 3 mm 40 sec
Dosage of AHF—Factor A 79 02
—Factor B 76%% 55¢
Classification ha A

The father of the patient H104 36 years old has the classical form
of hemophthia constdered as moderately severe with many blood effusions
into the right elbow left knee and both ankles Before the diagnosis of
hemophilia was made (1n 1957) he was treated as rheumatic arthrtis
Since 1948 he has had several gastromntestinal hemorrhages and bouts of
hematurta In the coagulation tests note that his BT (7 mmn ) 1s prolonged
in the right ear but 1t 1s normal 1n hus daughter
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THROMBOPLASTIN GENERATION TEST
Case no 2 - HI33
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Discussion and Conclusions
The of the exnt of true } hilra n females has led

to new studies to clarify older concepts on mnhertance Logically these
cases will be observed more frequently m the future as hemophilic males
attain adult age tn good physical conditton and can therefore marry Some
of the cases reported seem to transgress the classical laws of inheritance
In the cases of Merskey for instance the disease seems to have been
transmitted directly from male to male 1n the first generations In one of
our families all the members of the first generatton (H1 H2 another
hemophilic male who died and 2 female carnier) were affected In the
second generation all the males 1¢  sons of the female carner are hemo
philiacs Of course this could be due to chance

Alo there are increastng numbers of sporadic cases reported m the
hterature which leads to the conclusion that the number of carners due
to mutation 1s higher than suspected

The fact that the twa cases reported 1 this paper are daughters of two
of our hemophilic males (most of them are just arnving at adult age)
who have marned carners by mutation leads to the suspicion that the
laws of inhentance of this disease are not operating exactly as we believe
they shonld However 1t can be a mere concidence

In the cases of hilia (the of mild L with
a prolonged BT) we see that the transmission differs from classical hemo
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philia as both sexes can inhent the disease Werl had already described this
type of tr m cases of hemophilo h The study of
these cases such as the patients reported by Willebrand mn the Aland
Islands shows a moderate defictency of AHF (Jorpes) that differs from
classical hemophilia In other cases reported the deficiency of AHF 15
greater A case studied by us (which will be published separately) female
angiohemophihia with the climcal picture of typrcal hemophila (severe
hemorrhages and hemarthrosis) has a severe deficiency of AHF
We see that although there are shight differences 1n the mentioned cases
some have fixed laws of mhentance (hemophilia) and the others have
different charactenstics 1 the hereditary transmission These facts lead
to the following reasomng must we accept infleibly the laws of inhenitance
of hemophilia—in which case we have to accept mutations as being more
frequent than we thought? Or do we have to revise some of the classical
pts of the hereditary t I believe that these questions
will be clarified with the study of the descendants of the present generation
of hemophiiacs since many will marry
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A Simple Way of Distinguishing Between
Hemophiha A and B

K lenggenhager and L Buchler
Bern Swit.erland

'HE TGT generally used and suggested by Biggs and Macfarlane 15
relatively complicated and requires much time The test can be re

placed by a sumpler and faster method described below First we want to
make some theoretical remarks

It was a pure comncidence that our first 10 cases of hemophilta all hap
pened to be cases of hemophilia B (Christmas disease) Smce the publica
tion 1 1935 of our first paper dealing with blood clotting we have described
1 our hemophilic cases the stabdity of the plasmatic clotting, precursor
which we have named prott imn (proth t according
to Quck) Later 1n 1943 we related the delayed coagulation to the lack
of a clotting factor untl then unknown and always present m normal
blood We called this factor thrombokatalysin because 1t brings about the
transformation of rel ly stable prot] to active
thrombokimun

It was then our view that blood clotting 1s imtrated not by the platelets
but by a plasmatic element Not untl a certan amount of thrombm has
formed do the blood cells also deler their secondary clotting elements
thus starting the well known thrombin avalanche This opinion has been
misunderstood by most of the authors (Owren Deutsch etc ) and yet i1
hemophitia A (according to the actual nomenclature) we find tangible
evidence for the mentioned opmion for in this disease m spite of the
presence of thrombokatalysin the blood cells are unable to start and end
coagulation 1 the normal time because the plasmatic clotting precursor
Instead 1f added to fresh and immediately centnfuged (cell

78
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free) mormal citrated plasma they will fully normalize the formation of
thrombin once the mitial plasmatic coagulation has started

We can theref the pl clotting p thromb
kimn with the role p\:\)cd by (hc percussion cap of a carmdg: whilst
the blood cells would represent the powder which explodes only after a
certain it temperature 1s achieved

The following expeniment speaks very much n favor of this opinon
1f one part of fresh hemophilic blood s hemolyzed by adding 4 parts of
distilied water cloting time remains practuically unchanged In other
words althouch the blood cells are greatly damaged in the hypotonic
environment they are by no means capable of mtating blood clotting
sooner This proves that they do not deliver the primary clotting precursor

The 2 following simple tests enable us to distinguish between hemophilia
Aand B 1 The hemophilic blood 1s citrated immediately after beng drawn
from the patient The following two test tubes are prepared in the water
bath at 20 C  Tube 1 1 cc of atrated blood 4+ 1/10 part of saline
solution + § drop of 57 CaCi Tube 2 1 cc of citrated blood + G 1 cc
of pormal serum (24 hr ) + 1 drop of 5% CaCl The moment calcum
1s added the chronometer 1s started and the beginming of coagulation noted
Tt 15 indicated by the first appearance of little clots adhenng to the obhque
will of the test tube which must be penodically rotated slowly around ats
longitudinal axis Thurty seconds later there 15 added to the tube 4 cc of
distilled water and a drop of a 55 solution of CaCl and the tube 1s
shaken for a short moment About every 2 nunutes the tube 13 shaken
3 or 4 tumes Immediately after each shahing (1e every 2 munutes)
02 cc of the content of the tube are added to 02 c¢ of normal citrated
blood and the onset of coagulation m the continuously and slowly rotating
oblique test tube 15 noted This 1s continued until the shortest possible
clotting time 1s deterrmined  The latter depends directly upon the amount
of thrombin formed Blood from hemophihia A as well as B will show a
prolonged clotting time and deficient thrombin values 1 test 1 (with
saline) while i test 2 (with 1/10 of 1ts volume contaiing normal serum)
hemophilia B (Chnistmas disease) will not only show a normal clolung
time but also normal amounts of In contrast h
(Factor VIII deficiency) though giving an approximatelv normnl clotung
time n test 2 (with 1/10 of sts volume bemng normal serum) shows mstead
a greatly dimimshed amount of thrombmn and a defimte delay in 1ts formation
(Table 1)

11 For a rapid and approximate differentiation of the two types of hemo-
philta we also suggest the following defibrination test two test tubes con
tamning 2 ec of hemophuhic citrated blood are placed 1n the water bath at
37°C 02 ce of sahne soluton are added to the first test and 02 cc
of stored normal serum to the second sample Immediately afterwards
2 drops of a 5, solution of CaCl are added to both tubes and the
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Table |
A SIMPLE TEST TO DISTINGUISH HEMOPHILIA A AND CHRISTMAS DISEASE
With 1/10 Phys Waith 1710 ¥ olume
aline of Mormal Serum (34 )
Thrombin Thrombin
Clot Tume  Clot Tume
ung from tng from
Tume sec units Start Time sec units  Start
Normal citrated 5 13 29 15 350 13 29 IS
blood (15 tests)
Hemophilsa B
(Factor IX 27 21 16 60 516 12 32 14
defictency)
(4 tests)
Hemophilia A
(Factor VI~ 20 34 92 66 910" 29 8
deficiency)
(7 tests)

onset of clottng 1s determined m each Once clotting has started the tubcs
are shaken 3 or 4 umes vigorously every 20 sec This leads each tme t0
temporary defibrinaton The time 15 noted when complete defibrination
has occurred This 1s indicated when the test mixture remams fluyd after
waiting 1 2 mnutes or after adding a little thrombin to a portion of the
test With this method we found normal clotting time to vary between
80 110 sec and defibrination time between 40 70 sec Hemophiha B offess
the same results when normal serum 1s added while hemophilia A 1t
variably shows 1n spite of an almost normalized clottng time a greatly
prolonged defibrination time Without normal serum however the clotng
time as well as defibrimatton time are distinetly mncreased 1n both hemo
phiia A and B (Table 2)

Table 2
DEFIBRINATION TIME IN HEMOPHILIA A AND CHRISTMAS DISEASE
Wath Phystol Wuth 1/10 Vol of Normal
Saline Serum (24 hr)
Clotting  Defibrination  Clotting  Defibrnination
Time Tume in sec Time Time in sec
Normal citrated blood 12 40 70 12 4070
Hemophthia B (Factor IX
deficiency ) (2 tests) 1020 480 210 95
ctor VIIT
Hemophilia & (& 9247 306 455 260

deficiency) (5 tests}
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The Early Recegnition of Mild Hemophilia
Diagnoshc and Therapeutic Implications

P de Nicola
Climica Medica Unnersity of Pavia Pavia Tialy

HE exsstence of mild hemophiic syndromes was recently ascertamned
and widely confirmed both for the Factor VIII (AHF) and for the
Factor IX (PTC) deficiency Their chnical importance 15 substantiated by
the fact that hemorrhagic mamifestations may occur (a) 1n the absence
of hustory (sporadic cases) (b) 1n the presence of 2 normal whole blood
time and of a normat pm\hrombm uuhzmcn
and (c) 1 the absence of typical local (
In the past the early recogmtion of such forms was difficult or not pos
sible msofar as no relhable method was available for the assay of Factor
VI and several cases were possibly musinterpreted as hemorthage syn
dromes on thrombopathic or vascular basis The systematc determination
of Factor VIII made 1t posstble (a) to identify exactly and early the
muld hemophdic syndromes which previously escaped afl cantrols {b) ta
establish a correlation between Factor VIII level and seventy of the syn
drome and {c) to evaluate the effectiveness of the substitutive therapy
with respect to the so-called hemorrhamc level of Factor VIII This s
also true wathin imuts for Factor 1X
In our expenence the early recogmition of the hemophilic syndromes
proved to be particularly ymportant when the hemorrhages occurred in
ndult patients after dental extracuons or after the incision of superficial
or 1in the tract thus suepesting the existence of
ulcerative processes of the stomach or duodenum In some cases these
mamifestations were particularly severe and could not be controlied by
the usyal hemostatic measures The Factor VIIT assay revealed the pres
81
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ence of a rather marked deficiency between 2 and 5% 1e within the
limuts of the so called mild hemophilia The other tests were normal or
slightly altered Such a behavior can be visualized n Figs 13 1n which
the whole bloed coagulation time the I 1on time and the pro
thrombin utilization are compared with the Factor VIII levels The values
refer also to some cases of classical hemophilia n which the Factor VIII
level was below 1% and to a number of assays which were performed
1n the course of transfusion therapy with blood or plasma Sumdar results
were obtained by taking 1nto consideration the thrombelastographic values

50 T T T T T T 4
4o}~ B
30 X 4

Factar VIl {AHF)} level /
o
T
-
L]
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o 5 50 75 oo 200 300 400 500
Whole btood clotting fime (mun }( } and recalcification fime (sec Kx}

Fic 1 Correlation between Factor VIII (AHF) Level Whole
blood clotting time and recaletfication ime 0 a group of hemo
philiacs

In some mstances there was a defimte correlation between the Factor
VIII level and the onset or the arrest of hemorrhages On the basss of
such observations the Factor VI level of 15 2055 seemed to be adequate
to mnsure hemostatic efficiency in the course of dental extractions These
levels can be reached by repeatedly and generously administering suitable
preparations of Jyophilized plasma These supplted by the I S 1 proved to
be safe and acuve for the correction of Factor VI deficiencies If higher
Factor VIII levels are required for a safe performance of major surgery
the use of punfied Factor VIII preparations seems to be 1ndispensable
)| the early of mild I pl today

In
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a problem of clinical importance It can be faced from the diagnostic pomt
of view by employing adequate methods for the quantitative determmation
of the AHF and from the therapeutic pomnt of view by routinely con
trolling the level of the deficrent factor dunng the subshtutive treatment
in case of spontaneous hemorrhages or before and after surgical mter
ventions

References

1 Brnkhous Kk M Hemophiha and Hemophihoid Diseases Chapel Hill
Unpversity of North Carolina Press 1957

2 deNiwola P La trasfusione di sangue e dernan net difett di coagula.one
Pavia Ediziom di Haematologica 1958



Pait 2

VASCULAR HEMOPHILIA






11

Pseudohemophihas A and B*

Armand J Quick
Department of Biochenustry Marquette Unn ersity
School of Medicine Midwanhee

UCH confuston still exists concermng n group of hereditary hemor
rhagic diseases which have n common a consmtently prolonged
blecding tme  Prior to von Willebrand s report of a new bleedin , discase
found on the Islands of Aland (1) on‘) three bleeding states—hemophihia
thrombocytopenic purpura and tel —WeTe g lly 1
Von Willebrand named this new diease which was characterized by a
prolonged BT normal platelet count good clot retraction and a domnant
hereduary pattern pseudobemophtlia Many who found other
casgs resembling the Aland disease lkewise employed this name Later
however von Willebrand with Jurgens (2) renamed the condition consti
tutional thrombopathy because they believed 1t was ciused by defectne
platelets The new designation however pganed little acceptance outside
of continental Europe Gradually the noncommittal name von Willebrand s
disease has been guining favor
Only after the i of the proth

P time (3)
did 1t become possible to restudy more criucally the group of hereduary
bleeding diseases that have a prolonged bleeding time as a distineuishing
charactenstic Further assistance came from another test the thrombo
plastinogen actvity ume (TAT) (4} The basic prothrombin consumption
time does not distinguish between a platelet and a plasma defect 1n the
production of ntnnsic thromboplastin whereas the TAT 1s low only

This work was supported by a grant (HI617—C1.) from the National Heart
Tnstitute National Institutes of Health United States Pubhic Health Service
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when a plasma factor deficiency exists By means of these two tests 1t 1s

possible to differentrate the thrombopathic type from pseudohemophiliz
Several families have been found i our studies (5) whose affected
members have a bleeding state due to defective platelet function as meas
ured by the L n ption test Morphol lly the platelets
appear normal and clot retraction 1s niot impaiwred The defective consump
tion of prothrombun 15 corrected by the addition of normal platelets to the
blood or native plasma The thromboplastin generation test (6) has been
found less sensitive and reliable for establishing this platelet defect Smce
the condition 1s transmitted as an autosomal dommnant 1t can easily be
ken as pseudoh 1 fly 1f the methods for establishing

the platelet defect are no; carefully selected and supervised

Pseudohemophilta A

Although the term pseudohemophilta 1s as tllogical as the name hemo
philia stself 1ts use has been farrly widely and firmly estabhished For
nearly three decades the name has been appled by many authors and
reviewers to a non thrombocytopenic state characterized by a prolonged
BT and simulating the drsease found on the Islands of Aland There are
advantages therefore 1n retaming the name for a specific chinical entity
which can be defined by a certam type of clinical picture by 1ts hereditary
pattern and by 1ts laboratory findmgs The availability of patients from
six families with the disease which corresponds 1n general to the entity
designated as pseudohemophilia has made 1t possible to formulate diagnos
tic criteria

Climcal Picture  The bleeding 1s purpuric m type—spontaneous mucosal
and cutaneous hemorrhages are common Ecchymoses epistaxes gingival
bleeding and menorrhagia are frequent and prolonged bleeding from small
cuts 15 often noted Bleeding does not follow any set pattern In one nstance
the mother suffered primanly from excesstve menstrual bleeding but never
had epistaxes whereas her daughter has only had severe nosebleeds Deep
intramuscular bleeding 15 rare and the occurrence of hemarthroses 1s even
more uncommon Neither type of bleeding has been observed in the present
senies The mcidence of gastromntestinal bleeding appears to be greater than
that of hematuria whie m hemophilia the reverse 1s true

Hereditary Pattern Even i the mild case the pattern 1s that of an
autosomal dommant Both male and female can have the disease and the
distributron 1s about even The ongmmal claim that the Aland disease 1
\mhersted through a dommant sex linked character residing m the X chro
mosome (7) has not been substantiated and probably 1s erroncous In each
pateent of our senes the disease could be traced through several gen

erations
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Laboratory Findings A profonged BT 15 the most important and often
the only abnormality In most of our patients it 1s generally Jess than 10
munutes and a1 umes 15 normal 1t can vary greatly m the same mdividual
In one patient the range dunng five years was from 4% min which 1s one
mm over the upper normal hmit to over 30 min  at which time the
bleeding was stopped mechanically by pressure The prothrambin consump
tion ume the TAT and the TGT were rarely found to be sigmficantly
abnormal When a defect was noted st was locahized in the plasma sug
pesting that a factor simlar or 1dentical to thromboplastinogen or AHG
15 1n some manner related to the prolonged bleeding time The platelet
count m atl cases was found to be normat as was the clot retraction

The chmcal picture of the patients 1 the present series 1s remarkably
similar to that desenbed by yvon Willebrand (7) and also by Mmot (8)
Interesungly 1 one of the famihes on Aland both parents were bleeders
and of thewr offspning five were severe bleeders two wete mud bleeders
and five were normal This sugeests that the heterozvgote is apt to be a
mild bleeder while the homozygote has the disease in a severe form This
may account for the diff: m findings such tests as the
prothrombin consumption time In the mid bleeder the values are usually
normal

Pseudohemopinhia B

A blccdmg sme charactenzed by a prolonged BT and a reduced anti
hihe or me actwity was reposted independently
m 1953 by Alexander and Goldsten (9) Larnieu and Souher (10) and
Quick and Hussey (l\) Singer and Ramot (12) suggested that the dis
ease be named pseud hila B Other later proposed
the name vnscu]ar hemophilia or angichemophikia
If 1t 15 recognized that pseudohemoptulia B and vascular hemophiha are
synonymous terms the decision which name should be adopted 1s acaderme
It will depend Targely on the interpretation of the term hemophba If on
the one hand the hereditary pattern s regarded as the most characteristic
feature of the disease the name vascular hemophihia seems unsuited for an
enmy not inherited as a sex hinked revessive If on the other hand the

of th 1 18 dered the most spearfic character
of hemophihia some ,usuﬁcauon for the name vascular hemophx)m can be
seen but one must not oveslook the possibility that nm m h a
vascular defect may be present P udoly B n \

term The one possible objection as Souler (13) has pmmed out 15 the
possible danger of implying that the condition 15 1 some manner related
to hemophiha B If however the pscudohcmoph;hns are regarded as a
class enurely )t to the h m) should result The
name p i3 B has been 1y retained 1n this presentation




90 HEMOPHILIA AND OTHER HEMORRHAGIC STATES

Chimeal Picture The findings are based on the hstory of five patients
ranging 1n age from 5 to 36 years some of whom have been studied repeat
edly for the past five years Unlike the type of bleeding observed 1n p eudo
hemophilia A which 1s purpuric and spontaneous the hemorthages m this
condition are partly purpuric and partly like those seen in hemophila
Epistaxis and other forms of mucous membrane bleeding are frequent
Gastromtestinal hemorrhage 15 a particularly serious type of bleedmng One
of the patients mn the series had a spontaneous cerebral hemorrhage prob
ably of the type commonly seen 1n thrombocytopenic purpura Excessive
bleeding from small cuts and bleeding of gums from brushing teeth have
been frequent findings As to types of hemorrhages which are also common
in hemophiha hematomas following contustons should be men 1oned first
because these 1re rarely seen 1n pseudot phita A Deep mntr. L
hemorrhages occur and hemarthrosis may be as disabling as m hemophilia
Curiously this form ot hemorrhage appears to be more common m males
than in females Hematuna has occurred m several of the patients

Interestingly the patients with pseudohemophilia B despite their seem
ingly dual hemostatic defect do not appear to be as severe bleeders as
hemophihiacs Apparently the basic faulty hemostasis may rot mamfest
itself in active bleeding for long periods of time and hemorrhage from
trauma does not appear to be as pronounced as in hemophilias A and B
Serrous bleeding has been observed when toxic factors such as produced
by nfection or by certain drugs were superimposed on the nherited hemo
static defect In one patient measles was complicated by what appeared to
be bleeding from the lung vomiting and coughing of blood presented an
alarming situation from which she fortunately recovered

Hereditary Pattern The defect m pseudohemophilia 1s transmutted as an
autosomal recessne Only individuals who are homozygotes are bleeders
therefore both parents must be carrters It has been possible to establish
by laboratory tests an abnormality m the heterozygote For this purpose
the thromboplastin generation test has been found the most sensitive Since
pseudohemophilia A 1s mherited as a dominant the two types can readily
be differentsated by the heredttary history

Laboratory Findings The BT was markedly prolonged m the six patients
studied Ineach the bleeding had to be termmated by pressure The platelet
count and clot retraction were found to be consstently normal The cloting
time was usually normal or only shghtly prolonged The tourmquet test
on one adult pattent was strongly positive The prothrombm time 1n each
was normal A low prott b ption was ot d when d
by the basic one stage procedure (Quick) and by the TAT test The TGT
was abnormal and the defect was localized m the plasma Thus 1t seems
fauly certamn that one charactenstic defect 1s lack of thromboplastinogen
On assaymng the plasmas o four of these patients values rangmg from
05 1% of normal have been found The lack of thromboplastinogen does
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not explain the proloneed BT for in true hemophilia this test 1s normal
Occasionally however a temporanly prolonged bleeding time has been
found 1n established cases of hemoplulias A and B

The Bleeding Time

The key to the app h of the doh: hilias s the bleeding time
Unfortunately tlus simple test 1s stll poorly undurstood It 15 certain that
Iack of platelets causes a prol d BT In severc thrombocytopenic pur
pura this test 1s usually strongly positive In both congenital and acquired
thrombasthenia diagnosed by poor prothrombin consumption the BT like
wise tends to be prolonged Because of such findings any condmon \V|(h
a prolonged BT was regarded as a pathy In the pseudoh:
however the BT 1s also prolonged but no evidence can be found that the
platelets are defective Since a deficiency of a plasma constituent 1s found
the possibihty that a normal BT requires both a platelet and a plasma factor
must be considered At present such an assumption 1s based on meager
expenimental data but since it may offer a clue to a better understanding
of the hemostatic mechamsm 1t deserves consideration and further study

Summary

At least three hereditary hemorrhagic diseases are known 1 whech the
BT 1s prolonged Inone a qualitative defect of the platelets can be demon
strated by the prothrombin consumption test and the blood can be cor
rected by the addition of normal platelets In the other two diseases no
defect 1n the platelets can be established The latter two have been desig
nated as pseudohemophilias A and B In the A type the bleeding s
primanly purpuric 1n nature and the hereditary pattern 1s that of an auto
somal domtnant In type B the bleeding 15 partly purpuric and partly deep
bleeding such as 1s observed 1n hemopmlia The hereditary pattern 1s that
of an and only the 15 a bleeder
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The Pathogenesis and Treatment of
v Willebrand s Disease

Inga Morie Nilsson and Margareta Blomback

Medical Cluuc Allmanna Syuhhuset Malmo and Chemustry Department 11
Karolinska Insututet Stockholm Sweden

N 1956 we (1 2) gave a report on a 17 yeir-old girl with AHG defi

ciency and protonged bleeding ime (BT) 1n which case 1t was possible
to correct not only the coagulation defect but also the prolonged BT by
mjection of AHG-contaiming human fraction T O prepared aseptically by
the glycine method of and Blomback (3) Using prep of
fraction 1 O hysterectomy was performed without any abnormal bleeding,
In 1957 we (4 5) gave an account of 13 patients from 10 different Swedish
families with an 1nhented autosomal dominant hemorrhagic diathesis char
actenized by defictent AHG (1 1055 of normal) and prolonged BT Platelet
tactor 3 was normal Human fraction 1 O with AHG was admunistered to
six further cases and the effect on the coagulatton defect and on the pro
longed BT was as satisfactory as in the first case Fraction I O without AHG
activity also controlled the BT while fibrinogen had no effect These findings
ndicated that the prolonged BT in thts type of hemorrhagic disorder was
due to lack of a plasma factor present in normal fraction I O and notto a
disturbance 1n the capillary wall or the platelet function as belhieved earher

As the chmcal features of the patents 1 Sweden closely resembled
v Willebrand s disease we 1nvestigated 15 subjects from the Islands of
Aland affected with v Willebrand s disease (6) We found decreased AHG
values and a normal function of the platelets 1n respect to platelet factor 3
One of the patients from Aland was given human fraction I O which con
trotled the coagulation defect and the BT

In view of these results we consider the inherited hemorrhagic disorder

2]
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with AHG deficiency and prolonged bleeding tume observed n Sweden to
be closely related to or tdentical with v Willebrand s disease

Thus far 20 patients in Sweden (9 males and 11 females m 16 famihes)
with AHG deficiency and prolonged BT 1e v Willebrand s disease have
been studied (Table 1) Sixteen of the pattents had had severe clmical
bleeding symptoms and 1n these cases the BT was more than 60 mn and
the AHG level ranged between 1 1055 of normal The remamntng 4 cases
with mild bleeding symptoms had only a slight prolongation of the BT
and an AHG level of 10 4052 of normal

Table 1

COAGULATION STUDIES [N 20 PATIENTS (9 MALES AND 11 FEMALES) FROM §6 DIFFERENT
FAMILIES IN SWEDEN WITH V WILLEBRAND S DISEASE

16 Casey with 4 Cases with
Sesere Bleeding Mild Bleeding
Symprams Sy retpioms
Coagulation time Slightly prolonged Normal
Bleeding time >60 min 10 15 mn
Capillary fragility test Negative 10 cases Negative
Postive 6 cases
AHG
1 Test on hemophilic A plasma (6) 1 10" 10 379
2 Method of Biggs et af (10) 2 15¢ 17-43¢
PTC (test on hemophtlic B plasma) 70 125¢ 96 120%
Platelet count Normal Normal
Platelet factors 1 3 and 4 Nermal Normal
Other coagulatton factors Normal Normal
(Prothrombin and Proconvertin Factor V
Fibrinogen)
Circ anticoagulants 0 [}
Fibrinolysis o o

* The coagulation tests were performed in the smanner described by Nilsson Blom
back and v Francken (4) Nilsson er al (6) and Blomback and Nilsson (7)

AHG-contaiming human fraction 1 O prepared by the glycine method
of Blomback and Blomback (3 7 8 9) was given to 9 of these patients

mn with h y tooth and blecding episodes
such as sntra abd ! bleed large h and ep (Table
2) Usually one dose of fraction 1 O prepared from 1500 ml of fresh
normal plasma was ad d on each occasion The bleed, wefe

arrested and surgical procedures could be petformed without any abnormal
bleeding The BT became normal and the AHG mcreased usually from
5 10 of normal before the injection to 40 6075 after The effect of one
dose of fraction 1 O lasted for 24 48 hours Seven of the pateents obtamed
repeated doses of fraction 1 O and the response was equally good on every

occasion No side eflects were seen
Since fraction 1-O contamns fibrinogen and AHG 2 patients obtamed
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fibrinogen from outdated blood to mvestigate whether punfied fibrnogen
1n atself had any effect on the BT It was found to have no effect on the
BT and the plasma AHG content

Three patients recenved doses of fraction I O 1n which the AHG actwity
had been lost during sterle filtration These fractions still had 2 normalizing
effect on the BT although the plasma AHG did not increase

Fig, 1 demonstrates the effect of vanious forms of therapy i a 10 year
old gurl with a severe form of v Willebrand s disease The patient recerved
two doses of ordinary fraction I O from normal plasma The plasma AHG
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Fi6 1 Use of Various Fractions IO
a case of severe v Willebrand » disease

increased and the BT became normal As can be seen from the figure
ighly punfied fibunogen had no effect on this bleeding disorder This
patient was glven a preparation of fraction 1O from hemophilic blood
This hemophthe fraction 1 O was denved from 1500 ml of plasma from
8 hemophihiacs with an AHG content ranging from Tess than 1 to 255 of
normal Tested 1 vifro the AHG actiity of the fraction corresponded only
hat of 4 m! of normal plasma The effect on the BT of the hemophilic
ot only pronounced but also of longer duration than
Two hours after the admmistration the AHG
6% of normal It 1s noteworthy that the AHG
6 of normal It 1s evident that

to tl
fraction I O was n
that of ordinary fraction I o
tevel had nisen from 6 to 12
level 24 hours later had increased to 19
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the factor correcting the BT m v Willebrand s disease 1s present not only
n normal blood but also 1n hemophilia A blood Fraction 10 was also
prepared from fresh plasma of patients with v Willebrand s disease and
gven to this case (Fie 2) 1t had no eflect on the BT nor on the AHG
content 1t has been suegested that an artefact produced during the prepara
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Fi6 2 Use of Vanous Fractions 10 and Sub-
fractions 1 a case of severe v Willebrand s disease

tion of fraction 1 O maght be responsible for its correcting effect on the
BT The failure of the fraction I O denved from v Willebrand plasma to
correct the BT argues strongly against such an assumption

Furthermore 1n this case 1t proved possible by giving further punfied
AHG preparations to ncrease the AHG to 1s much as 655 of normal
without any effect on the BT The AHG had been separated from an ordi
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fibrinogen from outdated blood to nvestigate whether punified fibnnogen
mn stself had any effect on the BT It was found to have no effect on the
BT and the plasma AHG content

Three patients received doses of fraction I O mn which the AHG activity
had been lost during sterile filtration These fractions still had a normalizing
cffect on the BT although the plasma AHG did not iicrease

Fig 1 demonstrates the effect of vartous forms of therapy i a 10 year
old girt with a severe form of v Willebrand s disease The patent received
two doses of ordinary fraction I O from normal plasma The plasma AHG
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Fig 1 Use of Vanious Fractions 1 O m
a case of severe v Willebrand s disease

ncreased and the BT became normal As can be seen from the figure
tughly punfied fibrinogen had no effect on ths bleeding disorder This
patient was given a preparation of fraction IO from hemophilrc blood
This hemophihic fraction I O was denved from 1500 m} of plasma from
8 hemophiliacs with an AHG content ranging from less than 1 to 2% of
nossal Tested # vetro the AHG actiity of the fraction corresponded only
to that of 4 ml of normal plasma The effect on the BT of the hemophitic
fraction 1 O was not only pronounced but also of longer duration than
that of ordmary fraction [ O Two hours after the admmstration the AHG
level had nisen from 6 to 1295 of normal It 1s noteworthy that the AHG
Jevel 24 hours Jater had ncreased to 195 of normal It 1s evident that
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disense 1s concerned with the production or the activation of AHG ff
this 15 true and 1f the pnmary defect iy Willebrand s disease 1s just the
Iach of the plsma factor correctng the BT at would explamn why there
15 a combimed defect of protonped bleedme tme and AHG deficiency 1n
this dsease
To summanze 1 has been clearly blished that AHG:

human fraction 1 O from normal plasma corrects the coagulaton defect
and the prolonged BT and controls the bicedings in v Wilkkbrand s disease
Thus impies that specific therapy 15 now avatablain v Wallebrnd s disease
OQur cxpeniments have provided further evidence that the prolonged BT
m v Willebrinds disease 1s due to iach of a plasma factor present in
normal plasma as well as i hemoptulia A plasma The plasma factor
cotrecting the BT can be recovered 1n fraction 1 O and 1t 15 not adentical
with AHG fbninogen or platclets
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nary fraction I O by precipitation at low 1onic strength and low ethanol
concentration 1n the manner outlined by Blomback (8) The fibrinogen
remaiming n the supernate after the precipitation of the AHG was recov
ered from 1t by rassing the ethanol concentration This fibrinogen fraction
wncreased the fibrinogen level but had no effect on the BT and the AHG
content in this case (Fig 2) These observations indicate that the plasma
factor correcting the BT remasmed 1n the supernate after the precipitation
of the fibrinogen Experiments are 1n progress to prepare this supernate
for chimcal use After these fractions the patient obtamed an ordmary
preparation of fraction I O 1n order to be sure that the response of the
BT was still satsfactory (Fig 2) In addition 1t appears from Fig 2
that the AHG disappeared more rapidly from the plasma after injection
of the separated AHG fraction than after injection of the ordinary frac
ton I O

Ordinary fraction I O was prepared from platelet rich and from platelet
poor normal plasma The effect on the BT was one and the same One
of our patients was given a transfuston of platelets but 1t had no eflect
(Table 2) One dose of fraction I O was administered to a pattent with
thrombocytopenia No effect was seen on the BT and the bleedings were
not arrested One female with lobul Wald: and with
prolonged BT also received fraction I O The BT was more than 60 min
both before and after admumstration and the bleedings coatwued It
appears obvious that the correcting effect of fraction I O on the BT 1s not
attributable to platelets or platelet dernvatives The farlure of thrombo
ytop: and 2l to respond to fraction 1 O argues against
the effect of fraction 1 O 1n v Willebrands disease being nonspecific
Some of our patients were treated with ACTH cortisone progesterone and
premarine but in none did these control the defects

From these experiments 1t appears evident that the ordinary fraction
1 O contains a plasma factor which 1s able to correct the prolonged BT
m v Willebrand s disease and which 1s not identical with AHG fibrinogen
or platelets

On companson between hemophila A and v Willebrand s disease we
have found the AHG of fraction I O to be consumed appreciably slower
im v Willebrand s disease than in hemophiia A (7) In some cases of
v Willebrand s disease we observed that the AHG content was higher
some hours or even a day after the admumstration of fraction IO than
immediately after 1t As already mentioned 1n one case (Figs 1 and 2)
we found a moderate mncrease of the AHG level after mjection of fraction
10 from hemophilic blood but not after njection of fraction 1 O from
v Willebrand blood In this patient we also observed that the AHG of the
separated AHG fraction 10 was consumed more rapudly than the AHG
of an ordinary fraction I O The reason for this 1s not known [t might be
that the plasma factor correcting the BT and facking mn v Willebrand s
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Angiohemophilia (Vascular Hemophilia)

W Achenbach
Koln Germany

NGIOHEMOPHILIA A s a well defined climcal entity presenting
many problems Therefore one must separate clearly facts and
assumptions
The facts are as follows (1) Bleeding 1s of 3 man types traumatic
bleeding especrally after tooth extraction spontancous bleeding from
mucous membranes especially epistaxis and metrorrhagia and superficial
hematomas and occastonal hemarthrosis (2) The disease 1s famihal and
1s inhented as a dommant (3) The bleeding time (BT) 1s prolonged and
the tourniquet test 1s usually pathological (both tests vary) (4) There 1s
a plasmatic clotting defect 1dentical with that found 1n hemophilia A
These facts are well recogmized by all authors In addition no platelet
defect was found 1n our cases by the methods applied shape and viscous

metamorphosss studied by phase Py platelet 1 activity
as d the p b ption test platelet factor 3
estmated by the TGT and platelet adh y and ding to

Wnght s and Fonio s methods respectively

Some of the problems are indicated below What correlations exist
between the seventy of the bleeding tendency the BT and the AHG level?
‘The results are shown 1n Fig 1 All severe bleeders had a marked AHG
d y a markedly prol d BT and a patholog:cal test The
2 mothers of the female bleeders No 7 and 12 showed no bleeding tend
ency except easy bruising They had a normal BT and a normal AHG
level but a pathological tourmquet test and a pathologieal prothrombin
consumption test In another family showing a moderate bleeding tendency
a strong correlation between prolonged BT and AHG level could not
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be found Ty 2 shows 6 cunes {TGT pat BaSO, plasma N serum
N plte'ets) {rom 6 different angiohemophtliacs 1 comparison to a severe
hemophiliac (curve 7) In curves 1 3 the panents had a mild bleeding
tendency a mild AHG dificiency (1 2) or 1 normal AHG level (3)
respectively Pattents No 1 and 3 had a normal and pttient No 2 a greatly
prolonged BT Curves 4 6 show the AHG level of 3 suvere bleeders with
2 greatly prolonged BT A 41 year old woman who died from severe
intestinal bleedin had + moderately decreased AHG level and a strongly
prolonged BT In summary a strong correlation was found i nearly all
cases between the scvenity of the bleeding tendency and the grade of AHG
deficiency but there are exceptions from this rule There 1s also a strong
correlation between the blecding, tendency and the prolongation of the BT
In some cases there 1s less correlation between the AHG level and the
bleeding time

Fiz 3 illustrates that Cohn fraction I normalizes the pathological hemo
stasis tests (BT tourmquet test AHG level prothrombin consumption
test) 1n a case of angiohemophilia An important difference between anrio
hemap and h hiha should be In severe
there 1s commonly a nearly total lack of AHG an AHG level of about
510 15 usually associated with a mild bleeding tendency in hemophilia
In angiohemoptulia the same AHG level will be combined with severe
sometimes fatal hemorrhages from mucous membranes In anmohemophilia
A 1t 1s more evident than it 1s in hemophilia that the bleeding tendency
depends on an unknown factor probably acting with AHG to normalize the
clotung defect There 1s no evidence that any well defined platelet function
acts as this unknown factor
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great differences 1 methods and mterpretaton Fig 2 shows such a com
pilation from nearly 100 papers with about 300 cases The number of patho-
logical findines within all categones could be explamed by a mixture of
different diseases Therefore I would hike to stress that we as well as other

Termimnology of the (eniarged)
v Wiltebrond  Jurgens Syndrome

wAngiohemephilia™
Vascufar Hemophiiia™
wPsevdohemophit s B {rruxed type)

Most cases of ¥ Wiltebrond 3
femate Disease
hemophil  17) FPseusdon emo

Teteangio
Thrombo

philig A
(voscutar opet

pathia

Fort of the
cases of Thrombopathia 3 2+2
Atond

v Willebrond Jurgen Djsease
Disease of tre Atand islonds

Fi6 1

examners saw a combination of different platelet disorders with lowered
plasmatie Factors VIIT or IX

Thc man arguments mn favor of a connection between so-called anglo

philia and some thromb P are the observatons made Jast

year n the land Istands by Jurgcns and coll and Nibssont Blomback and

Francken Furth Bruster saw 1n platelets n
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Angichemophilia and Thrombopathia
v Willebrand Jurgens

Rudolf Gross
Medical Chiic Untversity of Marburg/Lain Germany

SOME months ago 1t was stressed (1) that m our opinion the so-called
angrohemophilia vascular hemophilia von Willebrands dis
ease and thrombop of v Willebrand Jurgens are vareties of the
same disease  Sumilar conclusions were drawn 1n the meanttme among
others by Beller and Brockhaus We proposed to use the term  syndrome
of v Willebrand and Jurgens for the whole group and to characterize the
mdividual findings by the suffixes tel path h pathia  or
plasmopathia  as used by Quattrin Fig 1 shows the possible combimna
tions of the 3 basic disturbances and the terminology from our pomt of
view We no longer believe that angiohemophilia exists as a separate
nosological entity But the combination of defects which led to the terms
vascular h hiha  or h hiha  seems to be especally fre

quent within the Willebrand Jurgens syndrome

We believe that the term  pseudohemophilia  should be avoided be
cause 1t has been used for at least 8 different kinds of hemorrhagic diatheses
1n the past [Gross and Mammen (1)) and because classical hemophulia 15
quite different from this kind of hemorrhagte tendency

Our opinion 1s based on personal exammations of 2 famlies one with
a defect n Factor IX (PTC) and 4 single cases Table 1 shows the hemato
logical data of our cases which manifest bleeding Although tests for over
all coagulability are usually not altered as much as for example 1n classical
hemophilia with the same AHG values the more sensitive tests easily
uncover the disturbance Because of the paturally hmited experience of one
author with the disease an even better understandmng of the findings may
be obtaned by summanizng the data from the hterature disregarding the
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Addendum

In the meantime 1 collaboratton with Drs Lohr Waller Vogell (Mar
burg) and Achenbach (holn) we found platelet anomales by electron
mncmscopy and in their energy metabolism even in a case of pure tele

h hila A ) te n a case without any
detectable dnsorder of the hemostatic functions of the platelets (unpublished
observations)
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a case of (1n his opmion) typical angiohemophiia using electron micros
copy (See Addendum p 107 ) Fmally our own observations [Gross
Mammen and Illy, (2)] with capillary microscopy revealed a Jocalization
of spontancous petechial hemorrh1ges 1n the same segment of capillary bed
as can be seen n thrombocytopenta With this method as well as histologi
cally the fine blood effusions are clearly different from both the Osler group
of hemorrhages and from anaphylactic purpura

Table 1

HENATOLOGICAL OBSERVATIONS IN 7 CASES OF V WILLEBRAND JURGENS
SYNDROME WITH HEMORRHAGES

Symptoms Numbcr of Pathol Findings
Chnrcally
Petechae 2
Sugill and suffus 6

Blood vessels
Bleeding ttme
Sign of Rump Leede
Suctton tests
Blood coagulation
Lee White
Tolerance of heparin
TEG (r k)
Thromboplastin Time
Prothrombin consumpt
Factor VIII (AHG)
Factor IX (PTC)
Thrombocy tes
umber
Platl f 3
Clot retraction
TEG m

NLOoNA= awa

rroo

From a genetic point of view 1t 1s difficult to understand the manifesta
tion 1n one single hemorrhagic diathests of 3 different disturbances of
hemostasis n the blood vessel wall in the thrombocytes and n plasma
But first we have to look at the facts and then to search for explanations
Differing symptoms from patent to patient even within the same ki are
more frequent in this than n other hereditry hemorrhagic discases The
disorders of the blood vessels are the most constant and nrost important

findings Without the typical di P 1 bleeding
time may be regarded as a condmon Sine qua non o
In summary the fled philia 1s ¢l Iy and g
clearly hed from classic b philia but not from thrombocyto
pg\lua of the Willebrand and Jurpens type We should therefore avoid all
the term fing the meaning

B;
of \Vlllcbt:md Jurgens disease beyond “the pure thrombocytopathas the
many different nterpretattons could be easily brought together
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Addendum

In the meanttime 1n collaboration with Drs Lohr Waller Vogell (Mar
burg) and Achenbach (holn) we found platelet anomalics by electron
microscopy and in their energy metabolism cven n a case of pure tele

( A) 1e 1n a case without any
detectable dnorder of the hemostatic functions of the platelets (unpublished
observations )

References

1 Gross R and Mammen E Ober Pscudohamophilie Angrohamophilie v
Willebeand Jurgenssche krankheit und verwandte hamorrhagische Dia
thesen Aitn Wschr 36 112 118 1958

2 Gross R Mammen E and llig L Germnnungsphysiotogische und kepil
larmikroskopische Untersuchungen bei der sogenannten Angichamophitie
Transact VI Congr Lurop Soc Haematol Copenhagen 1957 § harger
Basd 1958 pp 654 656



15

The Problem of Differentiating Pseudohemophilias

R Marx
Furst Department of Medicine Umversity of Mumich Germany

RE all of the pseudohemophilias with therr charactenistic symptoms of
prolonged bleeding time (BT) normal number of platelets and 1
complete dominant heredity one hereditary disorder or does the term

] philra 1nclude and/or disease entities resulting from
dlfl'erent gcnes’7 Is 1t m accord with available data to include all these dis
eases under the terms  vascular h hilia (1) or 1 2)

or (expanded) (3) von Willebrand !uxgens syndrome  (4) or teleango
plasmothrombopathies {5)7 It seems that this 1s one of the burning ques
tions emerging from the study of the hemorrhagic diseases with the above
mentioned symptom triad Adaptmg ourselves to prev:uhng Anglo Saxan
vsage we will use the mame p
syndrome for these conditions not that we have nny prefclensc for this
term which has already been defined in many different ways (3) but
rather we employ 1t for lack of a more appropniate and widely used term
In the complex of hemorrhagic diseases with prolonged BT and normal

plalclet count with domnant heredity there 1s the group of thrombopathies
1 b h Afler h Jis (6) lhcrc

or fy thro
seems to be no doubt that there are hered hromb:
In ndividual cases they can be combined consmuuonally or transitonly
with plasmanc or cuagulauon disorders Although in the case of the Naegeh
thr P hy (Nar:geh h basth ) (7) there are pr

mary ¢y of adh and clot retraction

our cases of this disease did not show asy distinct functional or morpho

he nail bed capillanies

ermissible to make the diagnosis of von W illebrand

108

logcal anomales of 1
Until 1953 1t was p
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Jurgens thrombopathy usiny, the 1 of the German spcaking

nations 1f the following charactenstics of the bleeding anomaly were ob

served (2) incomplete donynant hercdity (b) generally 4 prolonged BT

(Duke) (¢} somewhat prolonged coagulation ttme (CT) s vitro or m

the thrombelastogram using venous blood (d) usually a normal platelet
1 4 "

count (e) freq an imp I3 {f) incon
stant disorder of platelet apglomeration in the capillary blood smear (g)
d d capillary (h) nor of pro

y
thrombin utilization after additton of isolated platelets and (1) normal clot
retraction and essentially normal platelet morphology in the staned capil
lary blood smear
After imtroduction of the TGT (8) 1 1953 the following charactenistics
were added 1n 1954 (a) normal TGT with patients plasma but with
normal platelets or platelet homogenttes and (b) pathological TGT if
platelet susg or platelet of the patient 15 used
Expenences gained dufing the past four years showed the following
A Domunant heredity 1s found in those discases which belong 1 the
pseudohemophilia syndrome With the TGT and the Gross Schwich modi
fication (9) of the Deutsch Johnson Seegers test not all groups have shown
discernsble platelet anomahes or platelet factor 3 (4) anomales
B The prolonced BT can be completely or partally normalized by
mfusion of plasma fractions This may possibly indicate the absence of a
plasma component controlltng the bleeding time [ anttbleeding factor (10)
capillary factor]
C Prothrombin consumption may be deceiving This becomes evident
if one makes 3 to 5 parallel determinations
D The methods for determining platelet factor 3 are far from persfect
and etrors are rather eastly made These errors are due to a number of
things ncluding adsorption of clotung factors onto platelets errors m
counting platelets because of platelet fragments diffening votumes of plate
lets blood group differences between platelets and test plasmas and dam
age done to the platelets while bemng obtained for the test These potential
errors 1n the determmation of platelet factor 3 actiity make 1t tmperative
to improve the methods for both intact and disintegrated platelets Among
these procedures are Johnson s method with Seegers prothrombm (11) use
of boiled platelets (12) of prothromb and
thrombin generation after adding a very small number of optimally washed
platelets to platelet free plasma and platelet factor 3 extraction False
positive results and especially false negative results for factor 3 activity of
platelets in native blood may be encountered This 15 particularly true when
plasma coagulation factors are normal and prothrombin consumption 1s
1 hol and when times a
longed and platelet factor 3 dysfuncuon 15 possibly n::slﬁsgs::zisgrgf
damage to the platelets duning 1solation and washing
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E With the TGT errors can anse n regard to plasma coagulation
factors For example 1n determining Factors VIII and IX by the PTT
methods these factors may be decreased while the TGT turns out normal
due perhaps to the fact that the serum retamed some prothrombin

Apart from these numerous potential errors our experiences as well as
that of other authors (R Jurgens Braunstemer J Jurgens Ulutin Frank
Johnson Rebuck Koch Schultze Schwick) mndicate that there are symp
tomatic thrombopathies with dominant inhertance, which are due to
primary thrombocyte factors particularly decreased platelet factor 3 ac
tivity They mught be listed as a spectal group of pseudohemophiltas as well
as of thrombocytopathies Some of them are perhaps formes frustes of an
over all hereditary disorder affectng blood vessels plasma and platelets
This possibiity cannot be demed 1n view of the results obtamned by koch
Schultze and Schwick (13) and Beller (4)

Of the hereditary hemorrhagic diatheses with a prolonged BT combined
with a normal platelet count the observations first made by Alexander and
Goldstemn (14) Quick and Hussey {15) Marx (16) and van Creveld
Jordan and Punt (17 18) del d a subgroup showing a d of
Factor VI combined with prolonged BT and with no discernible platelet
function and factor disorder In 1957 a parallel group with an hereditary
deficrency of Factor IX a normal platelet status and a prolonged BT was
found by Klesper and Achenbach (2) and Soulier and Larneu (19) Based
on the hypothesis thit the prolonged BT resulted from a pnmary vascular
anomaly Klesper and Achenb d the name of angiok hal
AorB for this subgroup of dot has Sch and co workers
(1) 1n 1957 suggested the name vascular hemophilia for this group
since they considered the vascular anomaly the essential factor as had
Macfarlane (20) 1n 1941 They studied seven cases from five different
families of unascertained hematological heredity six of which showed pro
longed BT normal platelet counts Factor VIII deficiency and pathologt
cally shaped capillary vessels i the nail bed and the conjunctiva bulby One
case merely showed morphologically pathological capillary vessels with
prolonged BT klesper and Achenbach thought 1t justifiable to use alter
nately the Latin Greek term  vascular hemophilia  and their own purely
Greek term  angiohemophilia

7t appears advisable at least for the time being to be careful 1 n
terpreting the prolonged BT as a vascular disorder The two cases exammed
by Alexander and Goldstein and by van Creveld and co-workers respec
uvely showed morphological capillary anomalies while some cases which
we observed showed no morphologically pathological capillary vessels 1n
the nail bed (observed in several fingers) One case with 2 hereditary
Factor VIII defictency and prolonged BT but without perceptible anom
ahes of the capillary picture had a normal BT for some hours after mfusion
pule of Cohn's fraction 1 Another hereditary case with the same

of one amj
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kind of symptoms and BT of 80 min [according to Marx Ressel (21)
maximum normal values up to 5 nun } had 4 BT of 69 mm after the
fusion In our opimion this 1s a  Cohn negative reaction  considenng the
range of values with this method Therefore 1t might be better to speak
of vascular h hul and h phil only when hereditary
anomalies n form reaction and resistance or hyperpermeability of capil
laries have actually been found It must be remembered that capillary
changes simulating prtmary anomalies may develop in a number of diseases
After Nilsson and co workers in Sweden sucveeded 1n normahizing the BT
of a pseudohemophilia type patient by admmistening fibrinogen free and
Factor VIII free Cohn's fraction 1 the problem of the existence of a dis
crete antibleedng factor without coagulation effect (humoral capillary
factor) remams to be cleared up since vascular dysfunction indirectly de
pendent on coagulation factors 1s well imaginable

If the 1nvestigation of seieral cases 1n one fanuly offers no evidence of a
primary vascular or platelet anomaly but rather points to a disorder of an
early phase of coagulation with 2 prolonged BT this anomaly could be in
terpreted tentatively as a  genwine plasmopathy oras dominant hereditary
hemophilia with prolonged BT

In our experience there are cases of hemophilia B with a normal BT
combmed with very distnct capillary anomalies However in indwvidual
cases with indistinct heredity we are unable to determine whether one 15
dealing with angiohemophiia with normal BT (repeated determination)
or recessive hemophiha with a concomutant (possibly acquired) capitlary
anomaly (22) (Fig 1) We observed two patients with dommant hered:
tary deficiency of Factors VIII and IX combined with acquired lver dis
ease possibly affecting the capilaries (23) ( pseudo Osler cases )

Using the il e method developed by Marx hoppel
Kreter (24) and Ibrom (25) we investigated some cases of pseudo
hemophihia with prolonged BT normal platelet count and platelet functron
(retraction agglomeration me in the TEG adhesion to glass and zapon
lac and platelet factor 3 activity) We found a pathological platelet meta
morphogram 1 wtrate blood Only one patient among 50 persons wathout
hemorrhagic dathesis showed a disorder of platelet metamorphosis on the
zapon lac foil when similarly nvestigated This patient had a very mild
case of allergic diathests (25) On the basis of these mvestigations 1t 15 not
yet possible to d a primary thrombocytogenic (but rather a sec
ondary pl. and/or th ) disorder of platelet meta
morphosis from the disorder of platelet metamorphosis observed 1n aitrate
blood Plasma abnormalities may also cause such alterations m meta
morphosts under standardized conditions Nevertheless even with this 1m
proved method for determining the quahzauve condition of platelets the
question arses as to the h d

There appear to be other mherited p]atelet anomalies with nconstantly
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prolonged BT which are very difficult to classify because of the meomplete
penetrance and expressivity of the anomaly This 15 indicated by the famly
study detailed below

The family consssted of 2 sisters one brother hosprtalized because of
paramyeloblastic leukemua and one brother who had bled to death The
hereditary hemorrhagic diathesis was also mamifested by epistaxis and
bleeding after tooth extraction One sister showed a decrease of platelet
adhesiveness to zapon lac and glass 1n a capillary system (repeated four
umes) combmed with a normal BT normal platelet count (262 000)
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Fic 1 Pathologic Capillaries { Candelabra Form )
of hemophliac B with normal bleeding time

and an insigmificantly prolonged venous blood CT TEG values were r 142
mn k; 8 min and me 98 PT and TGT were normal The other sister
showed a BT of 10'Z min combmed with normal platelet and plasma
coagulation factor values

Only people who have painstakingly worked 1n this field for many years
are aware of the difficulties of thorough hemostatc nvestigations of fam
ihes, particularly since the methods especially those of capillary vessel
analysis are far from being perfect

\fethods Used for Platelet Functions and Platelet Factors (a) Agglom
erogram 1n the capillary blood smear (Rovatti) (b) determmnation of
platelet adhesion to glass and standardized zapon lac surfac:s' 1n capillary
glass tubes (Marx and Derlath) (c) of platelet on
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zapon | ted Neubaver counting, (Marx hoppel and hreuter)
(d) platelet count with the phase contrast wncroscope (Fesssly Luedss
Derlath s modification)  (£) assessment of the me value tn the TEG (Har
tert) {g) prothrombin consumption m glass tubes (Souhier) (h) determ
nation of platelet factor 3 activaty in hightly washed and carefully wolated
platelets 1 the TGT using 50 000 and 30 000 platelets,ec deternunation
of platelet factor 3 activity sn platelets solated from citrate plasma (two
washings) {Gross Schwich modificaton Deutsch Johnson Seegers pran
aple (system  prothrombmn Factor VI and calcum}] determumtion of
the platelet factor 3 actmaty m tight tmes opumally washed platelets
{Deutsch  Johnson Scegers test) (1) determumation of anthepann ac
vty 1n platelet homogenates compared wath parallel diluhions of a normal
platelet homogenate Platelets are frozen three tmes and macerated me
t Hy i a plastic b Prior to the platelet
count/ce 1s balanced

Some of our patents from 24 families with the symptom tnad of pseudo-
hemophilia appear notenorthy and have (umxshed part of the bachground

for the ¢t of heredutary pseudohemop e below
Hered Peovdol 11
1 y ¥ 7
1 von Willebrand Jurgens syndrome
1 Vascular h hibas or fultas 1e

of Fac(or \’IH nnd/ar X with nurmal platelets but heredisary
heredsty and Qn

constantly) prolonged BT
a Cohns fraction I posstive
b Cohns fraction ¥ negatree?
2 Telcangwphsmothrombopaxhxcs (term after Quattnin) or

p 1e wascular  platelet and
plasma (; } d r plasma it and
platelet factor disorders and plat:!ct [uncncnal disorders or tek

with p beredity and
{ineonstantly) prolenged BT
1 Genune pt hies ? or d hereditary defi of

Factor VI and/or IX “with protonged BT wuhoux capillary and platelet
disorders (2 philias with prolonged BT)
1 Those with temporanly narmahzed BT after admumstraton of
(the correct ? dose of) Cohn's fraction T (as plasma  bleeding
factor deficiencies ?)

2 Thase not responding
HI Genume b wathout of plasma i

disorders with normat capdlary status {morphology resistance reaction to
stumulus bidity) with varyng ex; sty and prol BT
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IV Genuine teleangiopathies and purely vascular pseudohemophilias
with prolonged BT and without lation and platelet disord
1 Pnimary constitutional vascular disorders
2 Secondary teleangiopathes caused by lack of humoral factors
or by pathological plasma factors

Should electron microscopic studies using the ultrafine slde techme
show a significant and specific alteration 1n platelet structure 1 all vascular
hemophilias  the two subgroups I 1 and I 2 would be placed m a sigle
category There seems to be no evidence for the assumption that group I
1 1s necessarily a forme fruste of group I 2 with its broader genetic dis
turbance It could as well be assumed that the two genetic disorders are
independent and different from each other At any rate group I 2 has an
incomplete dominant heredity and a varying expressivity

If 1t were possible to produce evidence that the families of group I
actually have a primary vascular deficiency there would be no objection
to ncluding them with the von Willebrand Jurgens syndrome For the
time being however a primary plasmatic factor disorder appears more
probable

There also seems to be msufficient evidence for the assumption that all
hemorrhagic diseases classified as  purely vascular pseudohemophilias are
merely formes frustes of subgroups I 1 and I 2 although two sisters were
seen who had a prolonged BT one had Factor I\ and platelet adhesion
deficiencies while the other showed only prolonged BT without other dis
turbances (family Gr )

In view of the present state of knowledge elimination of the terms

tt and b philia  (4) would i my opinion be gomng
too far Also I do not think 1t necessary to exclude the term hemophilta
which 1s familiar in many b 1ons (such as par philta circula

tory anticoagulant ( Hemmbkorper ) hemophihia etc ) 1n connection with
diseases with prolonsed BT and normal platelet count The designations
) hil or d h phil (with p d BT) seem

appropriate for a good many cases

Tamily and Case Studies

“Vascular H hil } hifla A von Willebrand Jurgens
syndrome pseudohemophilia) Famuly G (Fig 2 3 4) had a domnant
hemorrhagic diathesis with excessively prolonged BT (patients No 245
6 and 7 more thoroushly examined) normal platelet status {platelet ag
glomeration in the capillary blood smear normal No 4 5 6) and moderate
Factor VIil deficiency (26) (5 119 ) The mam bleeder (No 6) of this
family was found to have no platelet anomnles [electron microscope studtes
by Marx and hoppel (27)}and normal retractron There were pathologscal
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nail bed capilaries and constantly decreased capillary resistance (also 1
cases No 2 4 and 5) We diagnosed the capillary vessel disorders of sev
eral family members as vascular hemophhia and angiohemophilia A
(von Willebrand Jurgens syndrome pseudohemophiha) Both the Rumpel
Leede test and the Goethlin test were strongly positive m the adult family
members (No 2 4 5 6) whereas the suction test 1n the midaxillary hne
(Bigot and Schaerfe apparatus) was positive with two adults only with a
vacuum of 100 200 and 300 mm Hg The Rumpel Leede test and the
Goethlin test were however negative i four children up to a maximum
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Fig 4  Carpet Beater Capillartes tn the Nail Bed
Pattent No 6 Famuly G (Vascular Hemophilta A)

age of 9 years (No 8 9 10 11) and the suction test was occasionally post
tive with only one child Age must be taken mto account when the capillary
resistance 1s considered Children from famulies whose adults show a de
creased hereditary capillary resistance may be found to have a normal
capiflary fragility

The aggl and acgl of the platelets m the capillary
blood smear must be compared with sdentically prepared capillary blood
smears of normal blood In judging this test we consider that an appreciable
disorder of platelet agglomeration or agelutination 1s present only if per
100 counted separate platelets fess than 17 arc arringed in groups of twvo
Jess than six in groups of three less than three in groups of four and none
of them i groups of five It 15 not sufficient 1f one group 1s below the
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norm The physiological range of flucturtion docs not permut ong to desig
nate 1s pathol. 1 all aggl or £l which are below
the v1lucs mentioned by Rovatt: Several blood smears should be counted
and median values from vanous turicular punctures be utilized since 1n
venous blood there 1s a much greater dispersal of platelets in the agglomero
gram and conditions considered norml n venous blood would be patho
logieal 1n capillary blood Thus blood obtamned by punclunng penipheral
vessels may show different cond: of (probably a mam
festation of viscous metamorphosts 1n its imthial stages)

Vascular Hemophiha AB (; h tihia AB v Willebrand Jurgens
syndrome pseudohemophilia) Female patient vd'V 11 years old had a

1 hemorrhagic diathesis with bleeding for several days after
both hordeolum maision and tooth extraction gingival bleeding and easy
bruisability The mother and famuly on the mothers side were clinically
healthy History of father and fanuly on father s side was unknown There
were excessively prolonged BT ( > 30 mun } (Duke and Marx Ressel)
normal platelet status (208 800 phase contrast microscope method) plate
fet factor 3 normal (Biggs test and Gross Schwick) platelet metamorphosis
on zapon lac fol normal platelet asglomeration n the capillary blood
smear normal and prolonged CT of venous blood 19% mm (Lee
White) TEG values of r 21 min k, 8 min  me 128 pathological serum
prothrombin normal PT index 86 Factors V and VII 100% prothrom
bin Stuart factor complex 8055 (Schultze Rieben) decreased Factor VIII
{Biggs) and decreased serum thromboklmnase factor activity Factor VIII
8¢ Factar IX 215 (Geiger and co workers) angioscopic examination
showed short loop type 1n the nail bed without discernible morphelogical
anomalies Rumpel Leede strongly positive RR 95/65 and retraction
upper limt of normal (Fonio method)

A tentative diagnosis of angiohemophilia AB and vascular hemophilia
AB (von Wi d Jurgens d ) was made 1n
view of the marked vascular hyperfragility without signs of any other dis
ease As long as the vascular condition cannot be ascertained as hereditary
nothing but a presumpnve dlagnosls can be made

Pl "t d Jurgens d ) a) Family E
(four d) hns ad heredstary hemorrhagic diathesis
of varymg expresstvity with Factor IX deficiencies ranging between 39
and 509 moderately prolonged BT normal capillary piture (nail bed)
and normal capillary resistance the female main bleeder had subarach
noidal bleedings and purpura decreased platelet factor 3 activity (repeat
edly investigated) combined with normal platelet counts and mormal
platelet agglomeration

b) Famidy W has a dominant epistaxss duathesis (three persons two of
them examined) with slight Factor VIII and Factor IX deficiencies (mother
17% Factor VIII 44% Factor IX son 14,0 Factor VIII 22% Factor 1X)
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mceonstantly prolonged BT and normal nml bed capillaries The female
man bleeder has a decreased factor 3 activity
D Mild Hemophiha A with Prol d BT (with I

expressivity) A large family Ler Har has a domnant hereditary hemor
rhagic diathesis (22) (61 members including 17 bleeders seven of which
have been more thoroughly examined) with prolonged BT normal platelet
factors and normal funcnional status (sporadically showing thrombopenta)
decreased combined Factor VIII and IX content of plasma (2 23% Factor
VIII and 4 689 Factor IX) normal capillary nail bed picture and normal
capillary ressstance It 1s of interest that this famuly includes individuals
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with a consistent normal BT and merely a decrease of Factor VII only
For the tme bemng we describe the clinwal plclure as  dommant muld
hilta A with prol d BT (with p iy) (Fig 5)
Among the patients studled 16 members of 10 families showcd patho
logrcal thrombocyte function and factor tests Seven members of five
families were examned for platelet factor 3 (modified TGT Deutsch
Johnson Seegers test) and were found to be pathological Two of these
families showed a decreased platelet factor 3 activity with concomutant
thrombokmnase factor disorders of the plasma
D t Hereditary Hemophalia B with p 4 BT and
metamorphosts 1n citrate blood A smglc female patient H from
y with hereditary bleeding anomalies (one sister wath eprstaxs)

platelet
a famul;
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showed a moderately prolonged BT (11 minutes) Factor IX deficiency
(9°%) not related to lver disease a normal capillary status (nail bed
capullary forms and Rumpel Leede) and absence of platelet anomales as
shown by platelet adhesion to glass agglomeration tn the capillary blood
smear me in the TEG retraction (Fomo) and platelet factor 3 (Gross
Schwick) The case mcht be d d as hereditary hemo
phiia B (or Factor IX defi ) with prol d BT but di bed
platelet metamorphosis in citrate blood  Whether or not the observed
platelet disorder allows us to assign the case to the  von Willebrand Surgens
syndrome cannot yet be determined since this disorder could also be a
pumary plasmogemc disorder The case illustrates the difficulties of
classification

Cohn Positive Pseudohemoplilia A A single female patient AH 18
from a faruly with hemorrhagic diathesis (menorchagia epistaxs and
bleeding after dental extraction n mother grandmother and great grand
mother) There was a moderately prolonged BT (8 min) Factor VIII
deficiency occastonally normal TGT normal nail bed capillary picture
and normal platelets Her BT was normalized for some hours after infusion
of one ampule of Cohn's fraction 1 We named the case Cohn positive
hemophilia A with prolonged bleeding, time or Cohn positive pseudo-
hemophilia A

Purely Vascular Pseudohemophilia Two single cases (hereditary
genesis undetermuned) both had BT but no morphol 1 capil
lary anomaly 1n the nail bed with normal coagulation factors and normal
platelet status One of the patients who had previously suffered a retinal
bleeding died of a subarachnoidal hemorrhage without having responded
toan1v nfusion of one ampule of Cohn s fraction 1

Summary

The author has attempted to pomt out the problems of differentiating
the pseudohemophilias and to classify the hereditary pseudohemophiias
on the bass of methods available at present The question whether or not
all hemorrhagic anomaltes included under the term hereditary pseudo
hemophilias  are determined by one hereditary disorder 1s raised Hemo
static investigations of an tncreasing number of families are needed These
mvestigations should mclude the blood vessels platelets and coagulation
factors and should exclude latent Iner disease
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which had to be 1ncised At that time no unusual bleeding was observed In
1958 an operation of the osteomychtis scar was done because of pamn
Following the operation heavy bleeding occursed 1n the wound area which
was finally stopped after several blood transfusions and admimstration of
vitamin

In 1950 an mfiltration appeared m the upper lobe of the left lung
Because of her known bleeding tendency the paticnt was treated con
servatively 1n @ sanatorum In 1952 cavitrion was observed and the
sputum became posittve A therapeutic pneumothorax was induced Dunng
one of the first refillings severe bleeding occurred and 7 umits of stored
blood were gnen The pneumothorax treatment was stopped and the
hematothorax gradunlly became organized The cavity 1n the left apex per
sisted and the sputum remamed positive In 1954 1 severe hemoptysis
lead to admussion of the patient to the Second Medical Cltme She was
found to have a fibro vlcerous tuberculosss n the left apex with several
large cavities and with positive sputum Coagulation studies revealed the
findings given below Her bleeding tendency made active therapy impos
sible She had to be hospnalnzcd for nearly a year and during this time she

recened mtensive ch and blood trans
fusions (without recurrent hemorrhage) During that year roentgenograms
d gradual mpi with of the recent lestons How

ever the sputum remaned posttive Only after her discharge did her
general condition mmprove considerably The pattent marned dunng this
time Under continuous chemotherapy she ganed 6 kg the lung conditron
became stationary leaving a cherry sized cavity but the sputum remained
posmve In 1956 while the p Y was still
ptysis recurred a blood fi

In 1957 the patient became pregnant for the first time A deciston had to
be made whether a delivery could be risked (constdering her illness) She
was already at the end of the fourth lunar month of pregnancy when she
consulted a physician The nterruption of the pregnancy at that time
would have probably resulted m considerable danger to the patient This
influenced the decision 1n favor of a nermal completion of the pregnancy
since pelvic exammation was normal Pregnancy progressed uneventfully
For the time of delivery blood donors stored blood and Antthemophilic
Plasma‘™ were made available The delery occurred without operative
mtervention Before the beginning of the second stage the patient receved
100 mg Dolantin™ and 005 gm Phenergan™ with 1 25 mg Lorfan®™
1n order to ease the spontaneous bearing down as much as possible leading
to a slow and careful stretching of the permeum during the delivery of the
mfant Thus an episiotomy could be avoided The delivery was made easier
by the fact that the head was smaller than normal the infant weighing
only 2900 gm The hemorrhage during the separation of the placenta was
kept at a mmmum by 1 v injection of 1 m! of Methergin® Close inspec
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Diagnosis and Obstetrical Management
of a Patient with Factor VIl Deficiency
{Constitutional Thrombopathta von Willebrand Jurgens) *

E Deutsch F Mlczoch and R Ulm
Central Coagulanon Laboratory First Medical Unnersin Chme Second
Medical Unnversity Chnic and First Unnersity Clre of Obstetrics and
Gynecology Vienna Austria

DEFICIENCY of Factor VIII as found in patients with classical
hemophilia causes a severe hemorrhagic diathesis In recent years
a marked decrense mn Factor VIII has been observed i some women who
have no family history of hemophilia (1 2 4 6 10 11 18) Because of the
ranty of this occurrence 1t was of mterest to follow such 1 patient through
her two pregnancies and delneries
Case History M I A 34 year old housewife Bleeding tendency al
ready m early childhood The patient bruised easily had occasional severe
epistaxes and bled for several days after tooth extractions In Jate childhood
hemorrhages occurred into the knee joints
Menarche at the age of 14 the menstrual flow always heavier than
normal duration 4 5 days However there never has been severe bleeding
during menstruation
The patent does not have any siblings Her parents live 1 Argentina
and for that reason could not be exammed but are said to be in good
health
At the age of 8 she had osteomyelitis i the anterior part of the left foot
* The invéstigations were ;amed out with the aid of the Blood Research Founda

tion Washmgton D C
122
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tion of the birth canal postpartum revealed two small lacerations of the
mucosa each 1 em long which were closed immeduately with 2 catgut
sutures The patient then recenved 300 ml of fresh blood and 2 umts of
Antthemophilic Plasma‘®  Under medtcation with oxytocics she had an
uneventful pucrperium As the patient was not allowed to nurse the infant
because of her open tuberculosis lactation was prevented by giving estro-
gens three doses 10 my each She was discharged on the 5th day post
partum On the 8th day when a scab became detached from one of the
small mucosal lacerations heavy bleeding occutred from the vagma The
patient was readmutted to the Cimc To stop the bleeding local hemo
styptic measures and 2 transfustons of 500 ml of fresh blood as well as 28
units of Antihemophilic Plisma™ were used

The general condition of the patient had improved duning the pregnancy
and the cavity 1n the lung had become smaller Postpartum under contint
ous chemotherapy with INH(® and 20 gm streptomycin  the sputum be
came negative for the first time

In 1958 the patient became pregnant again The course of this pregnancy
was also unremarkable With the expenience gained from the first delisery
the second delivery was handled 1n the same conservative manner and
there were no complications As this delivery occurred one month pre
maturely and the infant weighing only 2500 gm  was considerably smaller
than the first one there was much less stretching of the birth canal During
the first 24 hours postpartum she recerved one umit of Antthemophilic
Plasmad® every six hours and in the following days one unmit every 12
hours After one week the treatment was stopped and the patient was
discharged Lochial secretion was normal In order to suppress lactation
the patient received 10 mg of estrogens on the first two days after delivery
Two weeks later vagmnal bleeding started imtrally shght but becoming
more severe n the following days 1n spite of ergot medication Assumin,,
that 1t might be a hemorrhage of an anovulatory cycle the patient was
given 20 mg of estrogen 1n oily solution every two days On the day fol
lowing the second the bleeding ceased promptly An add !
20 mg of depot estrogen was given and no bleeding occurred during the
next 10 days Then 250 mg of depot progesterone was admumstered fol
lowed 12 days later by bleedmg similar to normal menstruatron The patient
has been menstruating regulatly ever since The cavity had disappeared
completely at the end of the pregnancy and the sputum was negatiné

Coagul Analysis Method trme—Lee White bleed
g time—Duke platelet count—Fonio one stage prothrombmn time—
Quick prothrombin Factors V and VII—Deutsch and Schaden Stuart

fact etal Jl generation test—Brggs and Doug

thrombin consumption—Soulier  heparin tolerance test—Marbet

las prof
t factors—Deutsch Johnson and Seegers plasma

and Winterstein  platele
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the patient s plasma was considerably diminished but 1t was normal using
the patient s serum Since the prothrombin consumption test and the re
calerfication time were normahized on the addition of a small amount of
normal plasma (Table 2) the presence of an inhibitor could be excluded

Table 2
MIXING EXPERIMENT % ITH NORMAL PLASMA

Atnount of Recalcification Prothrombin Con
Parnient s Plasma Normal Plasma Time sumpnon Time

06 ml — 430 14

05 ml 01 ml 10 43

03 ml 03 ml 05 62

01 ml 05 ml 200 81

—_ 06 ml 145 80

The plasma of the patient did not normalize the recalcificauon time of a
patrent with hemophilta A These findings alone pointed 1n great probabiity
to a deficlency of Factor VIII To investigate this assumption normal
plasma was fractionated with ammonium sulfate and the effect of fractions
precipitated at 33 40 and 507 saturation was tested The fraction pre
cpitated at 337 saturatton with ammonum sulfate normalized thrombo
plastin generation almost completely while the two other fractions were
mactive In the thrombelastogram the reaction time was prolonged to 17
min and the clot formation time to 10 mun (Fig 2) For the results of the
tests for other factors refer to Table 1

F16 2 Thrombelastogram 1n the Blood of the Mother
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mixmg test—Deutsch thrombel1stogram—Hartert as descnibed 1n prevt
ous publications (7 8)
Results

1 Plasmatic Coagulation System During the 4 years we had obsened
the patient the congulation disturbance had been investigated several times
(Table 1) The coagulation time was always moderately prolonged (8 25
min ) while the heparin tolerance was always greatly dimimshed Pro
thrombin consumption was markedly decreased the prothrombin content
of the serum was mcresed Thromboplastin generation (Fig 1) using

%
100 s
80|
60
49 |
20
| //o—'—"—"——_"_o-p
1 & " & " h
INKUBATIONSZEIT IN MINUTEN

Fig ! TGT in the Blood of the Mother

P Patients BaSO, adsorbed plasma (1 5) 4+ normal serum
(1 10) + lipoud extract of brain (1 50)

S Patients serum (1 10) + normal adsorbed plasma (1 5)
+ lipord extract of brain (1 50)

P+S Patients adsorbed plasma -+ patients serum + ltpord
extract of brain

Ordinate  thromboplastn formed 1n ¢ of normal
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adly prolonged thromboplastin generton (g 4) These findiags can be
relajed 10 2 deficiency i plasma tnd  erum factors The disturbance m
thromboplastin generation with the infant s plasma 15 shight but (¢ cannot be
cxplammed by the ate of the chid Hepann tolerance was onfy slightly
. hed and peothromd nsump was normat

20 ~x P+

T é L ¥ T A T T 1'0
INKUBATIONSZEIT IN MINUTEN

Fi6 3 TGT in the Blood of the First Child Legend asn Fig 1

3 4 3 8 k) 7 3 % 8
INKUBATIONSZENT (N ¢ WTEN

¥ 4 TGT mn the Blood of the Second Child Legund as Fig §




128 HCMOPHILIA AND OTHER HEMORRHAGIC STATES

2 Examimition of Platelet T'unction Platelet count and platelet factors
1 wnd 3 were norml Thromboplistin generation was already optimal at
20000 platelets/mm® The anttheparm actwvity of the platelets however
was distinetly dcreased espectally when the platelets had not been homog
emized by freezing (Table 3) Electron mucroscopic examination by Dr
Brunstemer revealed that the platelets started to spread only after 30 mm
definitely a pathological finding The retraction and the maximal amplitude
of 54 mm 1n the thrombelastogram were normal (Fig 2)

3 Exammation of Vascular Function Bleeding time m all examina
tions was normal capillary resistance determimed by the suction test was
distinctly decreased Rumpel Leede test was usually positive

4 Behavior of Coagulation Factors During Pregnancy The coagula
tion factors were mvestigated one week before delivery (Table 1) It was
found that prothrombin and Factors V and VII had as usual increased
to values above 1005+ but that Factor VIII defictency was not essentrally
affected

Table 3
PLATELET FACTOR 4

Normal Panent

Ceontrol without platelets and without heparin 16 sec 16 sec
Control without platelets and with heparin 45 55sec 45 55sec
Tests with 500 000 fresh platelets per mm? 2025sec  40sec

Tests with 500 000 platelets per mm? after homogemization 16 20sec 31 35sec

5 Behavior of Coagulation Factors in the Children Girl born on
Nov 3 1957 The examunation was made on the third day of hfe The
results are shown m Table 1 A moderate decrease n prothrombin and
Factor VII was found as well as a marked decrease 1n Stuart factor The
thromboplastin generation using the infant s serum was pathological (Fig
3) These findings are explained by the physiological changes in coagula
tion during the first days of Iife (3) Apart from that the coagulation time
after the addition of heparin and thromboplastin generation mn the infant s
plasma were distinctly decreased These findings cannot be explained by
the phystological changes 1n coagulation during the first week of Lfe (Fig
3) According to the parents the child has been healthy so far and no
noticeable hemorrhages have been observed Therefore the parents could
not be persnaded to bring the child for a follow up examimnation

M I M gul bomnonJan 11 1959 The umbilical cord blood was
exammed (Table 1) A noticeable decrease 1n prothrombin Factor vir
and Stuart factor was found as well as only shghtly decreased but mark
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tme w1s normal althoueh o 7 1s regarded as classiceal for ths
condition

The first child of the patient probubly has shersted the disease from her
mother We are pot so cortain about the second child In case this chuld
afso 15 @ carnier the decrease 1 Factor VIH <eems to be much less pro
nosnced A dufimte diagnosss should be made later when the corgulation
pattern of infancy 1s no Joneer present Fhe vanable mamfestations of the
disease 10 members of the same family present a charactnstic difference
berween the diness desenbed here and hemophiba

R scums smportant to us that dunng prepnancy the coagulxtion factors
prothrombin Factor V and Factor VI increase in the s1me manner o8 0
normal women (Table 1} but thot no essential changes occur w the defi
etency of Factor VI

A normal delivery without traumatic tissue Iicerations does not seem
fo present any spectal risk for such pattents since hemostasss durnng separa
tion of the placenta s effected predormmantly by mech wncal compression
of the vessels by contraction of the uterine muscles Should operatne m
tervention become necessary thus would present conssderable danger o
the pavent We moided gren a simple episiotomy m both delivenes and
our patient did not lose any more blood than women with a normaf co
agulation mechamsm The hemorshage becomes 4 threat only dunng and
after the puerpenum  Switable therapy would probably have preventad the
mcrdent that occurred 8 days after the first delnery Therefore 1t s neces
sary to give such pahents preventive treatment dusing and after the puer
perium whether they blged or not The treatment should consist of ant
hemoptuhic plasma or fresh biood 1o be given first at intervals of 4 6 hours
and Iater at tonger ntesvals as well as of application of oxytacics These
should be gen dunng delivery and contnuously throughout the puer
pestum and should be hd: after of the uterus
decreases the danger of hemorthage

The question rased tn the b whether th g von
Willebrand Jurgens constitutes an indscation for tersuption of pregnancy
has to be answered negatvely It 1s our opivon that a non physiologic m
tervention such as mterruption of pregnancy is more dangerous for the
patient than an otherwise uncompheated detivery #f the patient should
consult 2 physician befose pregnancy occurs she should be advised agasnst
it for twa reasons 1) even a normal defivery represents a certam danger
and 2) she 15 very hkely to transmut the disease o ber children In our
Special ease there was st another réason not 10 intermupt the pregnancy
the posstbly ble effect on the which could not be treated
byp and b because of danger of emorrhage
This favorable effect reatly occurred the cavity disappeared dunng the
second pregnancy and could not be demonstrated any more even by tamo
gam The sputum has been negative for about two years
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Discussion

A combined coagulation disturbance 1n this patient 15 the cause of an
occasionally quite severe hemorrhagic diathests Most important 1s the
decrease n plasma Factor VIII which explaims the prolongation of coagu
lation time d 1 proth [ ption and the results of the
thromboplastin generation test The decrease 1n heparin tolerance 1s stetk
g bemng greater than that ordimanly expected 1n classical hemophihia
even with the same low Factor VIII activity and the same prolonged coagu
lation time Reduction of platelet factor 4 nppears to be the basis of the
very abnormal heparn tolerance test The changed morphological be
havior of the platelets m electron mucroscopre exammation should be
mentioned as further evidence of a disturbance in platelet function On
the other hand clot retraction other platelet factors as well as the firmness
of the clot are normal (Fig 2) The decreased capillary resistance and 1
creased capillary fragility have to be wterpreted as signs of a disturbed
vessel function The normal bleeding time repeatedly determimed 1s eX
triordinary 1n this coagulation disturbance

The classification of this illness does not present any difficulties On the
basis of family history and the combmation of Factor VIII deficiency with
disturbances 1n platelet and vascular systems classical hemophilia can be
excluded For this condition Quattrin found many years ago the very
pertinent and descriptive name  plasmo teleangto thrombopathin (16 17)
In 1933 von Willebrand and Jurgens mvestigated the first families with this
condition 1 the Aland Islands They defined 1t as a constitutional thrombo
pathia and d then the bination of a platelet dysfunction and
a vascular damage as the cause of the illness In recent years Jurgens 1¢
examuned some of these paticnts and found that platelet factor 3 (12 14)
and/or plasm1 Factor VIII (14) were decreased This shows that 1n the
various members of the same family not all three systems have to be
affected The degree of disturbance in different systems can be even more
vatable from famly to famly Thus Macfarlane (15) and Estren (9)
described families that showed only vascular changes and used the name
pseudohemophilia Schulman and Smith (18) used vascular hemophilia and
Klesper and Achenbach (1 2) used angiohemophilia describing families
with Factor VIII deficiency as well as vascular defects In our opmion we
are dealing 1n 2ll these condiions with only one disease that »f fully de
veloped affects all three systems—plasma (Factor VIIT and/or IX) plate
Jets and vessels However all combmations are possible with two or only
one system bemg affected although we are not dealing with separate dis
eases m the imcomplete syndromes for hustorical reasons we would ke
to keep the name conshtutional hemorrhagic thrombopathia von Wille
brand Jurgens  and classify our patient s illness as such It 15 remarkable
that despite involvement of all three systems in one patent the bleeding
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Summary

A 34 year-old patient with a hemorrhagic diathests constitutional
thrombopathta von Willebrand Jurgens affecting all three systems (plasma
with Factor VIII deficiency platelet dysfunction and vascular damage)
acquired open pulmonary tuberculosis 7 years ago Attempted mduction of
1 pneumothorax resulted in hematothorax requiring 7 blood transfusions
In the last few years the patient has had two pregnancies both with normal
diliveries The older daughter has inhentted the disease from her mother
and most likely the younger daughter has too The best way to conduct a
delivery and the nisk of induced abortion are discussed The cavernous
pulmonary tuberculosts was clinically healed probably favorably influenced
by the two pregnancies
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New “Hemophiliond” Defects Some Clhmco Laboratory
and Experimental Abnormalities in Thromboplashn
Generahon *

Benjomin Alexander Aflan Kliman Robert Colman Elizabeth
Scholtz and Angelina D: Froncesco

Medical Research Laboratorses of the Y amuns Laboratory  Beth Israel

Hoxpual and Department of Medwine Harvard Medal Schaol Boston

THE Tp! generation test has contributed enormously to our understand
g of coagulation Many foctors 3¢ AHP PTC PTA Ac globulin
Hateman factor  Stwart Prower foctor are necessary for blood Tpt
formation Comtroversy sull exists howeser resardi, techmeal aspects

of the test as weli as the for other comy Data to be
presented beaning direetly on these posnts consist of abnormahties observed
n Tpt 3 to {a) of the Shwarz

man phenomenon (b) the addrtion to biood of collotdal thorum oude
(Thorotrast) and (¢} the whuence of powdered glass and of ether

P d on i blood Although the durection of
these mvestigayons seems unselated they are described in order to draw
attention to severat unexplared areas of the earhest phase of cosgulation
the elat of mtnnsic thrombopl Cenam theoretical  biopatho
logre and practical aspects of the observauons will be discussed

The Tndotovs Induced Generalized Shwartzman Reaction
and Tpl Generation

Despite evidence susgestng hemostatic dufects and hemorrhagie phe
nomena associated with the induced d }

Supported by a Grant {H 656) from the Matonal Heast Instiate of the W uonal
Tastututes of Health Public Health Service US Government
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{1} no clear-cut difintions of some obseried clotiing abnorntalities have
Itherto been reported (2 3) That they eust however would seem bhely
snce 1n this expenimental conditron fibhia 15 deposited m the smali blood
vessels assocrated with alterations 1 cloiting time thrombocytopena and
fib p (2 3 7) Moresver the fibnn thrombr can be prexented
by prior admuntstration of xntwosgulants or of the fibonolytc actvatmg.
a ent Steeptobinase (4 5 6)

EFFECT OF THE GENERALIZED
SHWARTZMAN REACTION ON
THROMBOPLASTIN  GENERATION

i} »
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el 1 f 3 } 1 4 4]

G ¢ % 4 6 8 w0 r 4 © @

INCUBATION  TIME——MINUTES

Fio 2 Correctve Effect n TGT of Normat Constituents
on 3 Tpt g b

In uix of 11 rabbus subjected to the arthodox double dose Shwarizman
wducing endotoxin (£ coh) marked imparment of Tpt generation super
vened (Figs 1 2 3) In addion to the six two other ammals showed
questionable abnormahues As seen m Fig 4 the dufect became evsdent
wathin one hour after the antmals received the second dose of toxin and
may become mote severe within 3 hours In one swrviving anumal it was
still evident at 48 hours The abnormatity demenstrable i both plasma and
serum could be substanirally corsected by substituuon i the TGT of the

i defectne P t (plasma ot serum) with #ts
nosmal or pre second endotoxin dose counterpart  Although the precise
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EFFECT OF THE GENERALIZED
SHWARTZMAN  REACTION ON

THROMBOPLASTIN  GENERATION
120
T

1104= {RABBIT ST C0)

®—8 BEFORE 2nd DOSE OF
ENDOTOXIN

OO thr AFTER 2nd DOSE

X=X CORREGTION BY SERUM*

O~0 CORREGTION BY BaS04
PLASMA®

1003~
901~
804~

704

MAYERIAL DERIVED FROM
OWN CONTROL
Loo

CLOTTING TIME——SECONDS
3
—1—

50+

401

304

20t

104 X
179/58

— : } ] ] il ] 1 ]
o 2 4 6 & 1o 12 & & ®
INCUBATION  TIME—MINUTES

Fic 1 TGT on Hybrid Weanling Albmo Rabbit 02 mg per kg of
E colt endotoxin kindly provided by Dr F J Schwemburg of the
Beth Israel Hospital were administered intravenously repeated 23
hours later Under the conditions of these expertments about 90’ of
ammals studied 1n a separate control group exhibited the generahized
Shwartzman reaction charactenized by bilateral renal cortical necrosis
and fibrin deposition in tungs hiver spleen and kidney TGT according
to method of Biggs and Douglas (18) with minor modification whereby
Veronal Buffered Isotontc Saline (VBIS) was used as difuent of BaSO;

adsorbed oxalated plasma and of serum Serum denved fmm normat
blood 2 hr after 1 A

Long Island N Y ) was Used mn the Tpl gencrating mnturc as source
of p holipid Same technig loyed 1n Figs 2 3

HEMOPHILIA AND OTHER HEMORRHAGIC STATES
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clotting factor(s) affected 1s still unknown the fact that normal serum or
BaSO0, adsorbed plasma rectifies the defect indicates that if only one clot
ong factor 1s 1volved 1t is most likely PTA The TGT assocrated with
endotoxin admumstration in the rabbit 1s remarkably similar to what 1s
obtaned 1n human PTA defictency an example of which 1s shown i Fig §

EFFECT OF THE GENERALIZED
SHWARTZMAN REACTION ON
THROMBOPLASTIN  GENERATION
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Fic 3 Corrected Effect in TGT of Normal Constituents
pt

on Shwartzman T

The other known first phase factor common to both serum and adsorbed
plasma Hageman factor 1s probably not the entity wmvolved since the
clotting time should have been distinctly elevated

Dlstzubances 1n other important coagulation parameters are noteworthy
These nclude poor clot retraction some decrease i platelets and fibrimogen
[in agreement with earher observations (2)] and suggestive interference 1n
pro(hmmbm consumption (Table 1) That the overall hemostatic defect
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bleeding phenomena 1n the gut and other viscera n traumatic and other
forms of shock where endotoxin has been imphcated (8) That the hemo-
static disturbance n the rabbit has pertinence m man 1s indicated by recent
reference to the close histopathologic resemblance between the Shwartz
man phenomenon and what 1s observed 1n purpura fulminans (10 11)

TPL GENERATION—PTA DEFIGIENCY

707
a o-‘ PATIENT L H —CL T 12 SMIN —SER PROTH 19%
Z so-)- INCUBATION MIXTURE
8 0025M Q.5 ML
W SoT CEPHALIN 02 ML
7] VBIS O3IML
| PLUS
uy OF B350, PLASJ S{OSML) SER 110(0 SML )
= HORMAL NORMAL
=i o L
LH
o 204 NORMAL
=
= o0t 9710756
=
(o]
-
o

2 4 6 8 10 R ¥ 16
INCUBATION TIME MINUTES

Fi6 5 TGT on Patient with PTA Deficiency 67 yr Old Male Undue
bleeding only following surgical procedures since age 17 brothers and
sisters bleeders Except for occasional shightly elevated CT and dimin
ished no other

were noted

The Effect of Thorum on Tpl Generation

The d Sh pt can be induced also by bac
terial endotoxm followed by the mfusion of collordal thorum oxide
(Thorotrast) (7 8) and hemorrhage has been observed followmg its use
(8 9) even without prior admmistration of endotoxm (9) This led us
to explore the il ) T} d
Asshownm Fig 6 15 ml of Thorotrast * per kg of rabbit (one half that

More recent experiments to be reported in detail elsexhere (12) revealed that
the same defects were obtamned with thorium chlonde (C P ) the crttical concentra
tion being approximately 1X 10— M which 15 about 1/50 that of the collordal
thorium oxide It may also be added that lanthanum chlonide and neodymium mitrate
induce the same defects 1 both plasma and serum This raises ntnguig questions
regarding the known anticoagulant action of the actmides (13 14) their stmulanity
1 thns regard to thorum and their sinitar physico-chemical properties (15)
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was serious 1s indicated by the fact that seven antmals died of hemopen

cardum followmng cardiac puncture a sign of greatly impaired hemostasis
We thus have a new type of hemophilioid  disorder expersmentally m

EFFEGCT OF THE GENERALIZED
SHWARTZMAN REACTION ON
THROMBOPLASTIN  GENERATION
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FiG 4 Relation Between Interval Following Second Dose of Endo
toun and Tpl generation defect Control curve obtained on same
anmal as 3 hr curve 1 hr ctirve on same anunal as 48
hr curve 96 hr curve on entirely different amimal Thus
possible effects of excessive repeated bleedings per se were avoided
Prior observations on other ammals demonstrated that two comparable
blood samplings via cardiac puncture do not affect the TGT

ducible by endotoxin associated with defective Tpl generatton thrombo
ytop poor clot 1 and perhaps disturbed pro
thrombin f linically by hemorrhagic phenomena
Further study 1s urgently necded to explore how this relates to intravascular
fibrin deposttion and the Shwartzman phenomenon diectly or to the

fibrinop
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Not only did T Tpl g but also as seen
mn Fig 9 when 1t was added to n normal mixture at the height of maximal
generation there was rapid decay of the generated activity

Expeniments were performed to define the factor(s) affected In plasma
progresstve destruction of Ac globultn to one third 1ts prior Jevel oceurs
withm 14 1 hr following the addiion of thorum assoctated with sheht
elevation m PT while the prothrombin and proconvertin remain unchanged

EFFECT OF THOROTRAST ON
THROMBOPLASTIN  GENERATION
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IN VITRQ

100
901
80
704 HNORM PLAS NORM SER

THOR
so4. o—o THOR
*X

NORM
504

a0t

204

10,
z 958
ot +

PO

t—y
[ 2 4 6 8 10 1 4 16 18 20
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Fic 7 TGT on Blood of Same Anmmal as m
Fig 6 obtamed prior to Thorotrast nfusion

CLOTTING TIME-—SECONDS

AHF scemed not nvolved since substanteal correction of the TGT fol
towed incorporation of fresh plasma from a classical hemophihiac with the
thorotrast treated plasma

In serum sumlarly the untoward effect of the thorum was both immed:
ate and progressive but the precyse nature of the defect was more difficult
to determine PTC coufd be readily excluded since PTC deficient serum
and Thorotrast serum mutually corrected each other (Fig 10) The same
was true with a combmation of PTA deficient and Thorotrast ~defective
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generally used for the Shwartzman phenomenon) in and of itself promptly
mduced marked impairment n Tpl generation Not only was generation im
paired but whatever Tpl actiity did evolve rapidly disappeared m the
TGT Associated with these abnormahties were an elevation in clotting
time and a moderate drop in platelet count but no striking change 1 pro
thrombin time or proconvertin actnaty Much to our surprise the same

EFFECT OF THOROTRAST ON
THROMBOPLASTIN  GENERATION
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Fic 6 Tpl Generatton Before 1nd After Thorotrast Infusion to
hybrtd weanhag albmo rabbit Thorotrast added i vuro also (Fig
7) to a sample of prewnfusian blood of same gumal PT determuned on
whole oxalated plasma by Quick procedure (19} with human brain
Tpl proconvertin by Owren method (20)

abnormality was produced by the addition of Thorotrast to blood of the
same ammal i vitro (Fig 7)  both the plasma and serum were unable to
support good Tpl generation As seen in Fig 8 the concentratton of Tharo
trast determumed the magmitude of the serum defect the mmmal cntical
level being approumately 1 7% Dextnn the other major component m
the preparation was mert The same observations were obtamed with

human material
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EFFECT OF THOROTRAST ON
THROMBOPLASTIN  GENERATION
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sera However the abnormaliy resided 1n a component adsorbable by
BaSO, perhaps Stuart Prower * factor

One additional pomt 1s noteworthy 1t appears that Thorotrast does not
act by potentiation of an mhibrtor

The obscure mechamism by which Thorotrast adversely mfluences the
first phase of coagulation 1s intngumg 1 view of the clotung abnormalities
known to be d with dysp and other d mvolving

EFFECT OF THOROTRAST ON
THROMBOPLASTIN  GENERATION
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Fic 8 Quantitative Relationship Between Thorotrast
concentration and Tpl generating potential of serum

electrical charge and surface phenomena It 1s strking that the untoward
effect of the agent 13 both d and p has that the
spectfic clotting components involved are not only blocked but also ren
dered labile Also sigmificant i this regard 1s the destructive effect on
formed Tpl

» More recent observations exclude Stuart factor Stuart deficent sera obtamed
from 2 patients with this abnormality {one the onginal Stuart } corrected ‘Thoro
trast defective serum Moreover normal serum aged for 23 weeks at 0-4 C was
ot corrective In contrast (o fresh secum or serum aged for 2 days This suggests that
Factor X 1s the serum entity mvolved (16)
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as 0 1 mgm glass per ml of freshly shed blood yrelded a serum which was
abnormal in its ability to support Tpl generation No adverse effect was
seen when the glass was added to serum after 1t was separated from the
clotortoa gnnerntmg muxture at the height of generation Obviously the
p Iving the glass ¥ yielded a serum
devoid of cenam clotting factor(s) important for lhrcmboplasnc activity
as 1t evolves m the TGT Tpl 15 i of
whether platelets cephalin Inosithin or Asclectin are used m Ihe generat

THROMBOPLASTIN  GENERATION
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Fic 11 Effect of Powdered Glass on Tpt Generation Normal Venous
blood obtained with ordinary glass syringe and needle aliquot oxalated
to obtain BaSO, adsorbed normal plasma another aliquot altowed to
¢clot 1n tubes contatmog powdered glass it amounts indicated These
were stirred durmy, clotttng allowed to stand for over an hour and
the sera separated Residual serum prothrombin was determined by
Owren procedure

g mixture The only other differences discernible i the glass -derived
sera were significantly mcreased Factor VII (proconvertin-convertin) ac
tvity less residual prothrombin and frequent hemolysis

In elucidating the glass mcurred defect at least 3 vanables had to
be h 1 d with the glass addi
tion such as stmng 2) the resultant hemolysis frequently observed and
3) the possibility that the difference between normal and glass serum
was directly due to elmination of residual serum prothrombin Many
observations an example of which 1s seen 1n Fig 11 seemed to exclude
all three of these While 1t 1s true that blood clotted 1n the presence of
powdered plass generally yields a serum contaming less prothrombin one
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EFFECT OF THOROTRAST ON
THROMBOPLASTIN  GENERATION
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Fic 10 Corrective Effect of PTC Sera on Thorotrast Induced Serum
defect Incubation mixture contained Inosithin normal human BaSO,
adsorbed oxalated plasma and various sera (normtal Thorotrast treated
PTC deficient and combinations thereof)

Effect of Glass and Other Manipulative Procedures

In our expenence the TGT has occasionally proven erratic Attentton
has been drawn by many mvestigators to possible artefactual errors intro
duced by small amounts of residual serum prothrombin To reduce this to
a by pushing toa blood was clotted 1n
the presence of exther powdered glass (Pyrex MacAlster Bicknell Co
Cambridge) of tissue thromboplastin In Fig 111t will be noted that as little
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ing effect of glass has long been known most recently attributed by Ratroff
and Rosenblum (17) to release of Hageman factor from a binding inhibitor
we hardly expected to find a defect Fig 14 shows that the abnormality 1n

glass serum 1s not referable to PTC since PTC deficient serum corrects

THROMBQPLASTIN  GENERATION

EFFECT OF GLASS POWDERED RES'N HEMOLYSIS
OR STIRRING

PROTH
- %

CLOTTING TIME-—SECONDS

| I 1 . . 1} 1
o t 4 & & © e w © & 20

INCUBATION  TIME—MINUTES

Fic 13 Effect of Vanious Manipulatine Procedures on Serum Tpl Gen
erating potential Freshly shed normal blood was divided 1nto several
aliquots which were then subjected to powdered glass to powdered
resin (methyl methacrylate) to H O to induce substantial hemolysis
and 1o surnng with glass rod duning clotung process Respective sera
tested 1n TGT and assayed for prothrombin by Owren procedure It
should be noted that glass serum and strred serum showed shight
hemolysis the serum from the H O blood combmnation substantial
hemolysis and the resin serum no hemolysis The broken line repre
sents the normal control repeated 3 hrs after all the other tests hid
been performed

glass serum Moreover the glass serum does not seem to be truly
corrected by normal serum (Figs 14 15) n muung the two the glass
serum appears to act as a simple diluent of the normal serum which s
finally present in only one half the original amount Moreover a combina
tonof glass serum with BaSO, adsorbed normal serum 15 even Jess active
than the glass serum alone (Fig 15) Sumiarly admixture of “Thoro-
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may obtain comparable sera 1n this regard with or without glass (Fig 12)
From many such observations 1t 15 cancluded that more complete removal
of prothrombin 15 not the answer This and the effect of other vanables 15
shown perhaps more strkingly 1n Fig 13 1t 15 noteworthy that of all the
manipulations glass powder non glass resin powder surrng hemolysis
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Fic 12 Effect of Powdered Glass on Tpl Generation In This Expert
ment the mixture of blood and powdered glass (5 mgm/mt) and the
untreated blood was not stirred but the tubes were mverted until
clotted The prothrombin times (Owren) and residual serum prothrom
bin activittes are given It 1s to be noted the glass denived serum
showed no h lysis and rmore proth b d with 1ts non
glass counterpart yet its Tpl generating potenttal was poorer

the worst serum was d with glass the other p
tons had similar untoward effects agan unrelated to residual traces of
prothrombimn Application of any of these mampulations to the serum affer
1t was separated from the clotted blood had no effect Moreover collecting
the blood m lant 1n the of powdered glass had no un
toward effect on the TGT supporting potential of the plasma

What then 15 the nature of the glass  defect? Whereas the clot promot
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trast serum with gliss serum also makes #t worse (Fig 16) Appar
ently the glass induced defect involses the same scrum component required
for Tpl zencration which 1s blocked or otherwise imactivated by thorum
and which 15 adsorbable by BaSG,

THROMBOPLASTIN  GENERATION
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Fio 15 TGT with Various Combm:uonse( Normaland Glass Sera
The normal serum was shghtly * 1%

bin (PT 118 sec) Glass serum obtaned by mverslcn mmng of
blood with glass without sirnng  showed no hemolysis contained less
than 1€ prothrombin (PT 185 sec) The muxture of Cat++ Inost

thin BaSO, plasma and BaSO, serum alone gave a lowest clotting ume
of 116 sec

It1s unlikely that the glass acts simply by :dsorption since the addition of
glass to citrated blood or to serum after clottng has run its course has no
effect It must be present m actively clotting freshly shed blood Expen
ments are underway to correlate the defect with the nature and size of
the glass particles used In any event we have here too an expenmentally
mducible abnormality i a factor required for the first phase of coagulation
1t 15 postulated that the effect of ghass 1s to mduce more complete con
sumption of 1n essential clotting component not prothrombin which 15
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CLOTTING TIME—SECONDS

HEMOPHILIA AND OTHER HEMORRHAGIC STATES

THROMBOPLASTIN  GENERATION
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Fic 14 Corrective Effect of PTC Deficient Serum on Tpl Generation
obtamed with glass def: serum mixtures d
Inosithtn (Assoc Concentrates LI NY ) normal BaSO, adsorbed
plasma Cat+ and sera indicated Glass serum was denved from
normal blood clotted with 5 mgm glass per ml It showed some hemol
ysis Serum combinations were made by mixing mn 1 1 vol propor
tion and then dduting 1 vol of the mixture to 10 with the VBIS (n the
usual manner Not shown are observations obtained on serum durned
from an ahquot of the same blood subjected only to stirrng It con
taned 12¢¢ resdual prothrombin The curve was practically super
imposable on that obtained with the glass serum normal serum com

tination It should be noted that 1n this combination the concentration
of normal serum 1s only one half that in the test with normal serum
alone The greater Tpl generating potential of the combimation of

glass and PTC deficient sera 1s probably referable to the lirge re

sidual prothrombin n the latter
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THROMBOPLASTIN  GENERATION
EFFECT OF GLASS OR TISSUE TPL
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Fic 17 Comparable Untoward Effects on Tpl Generating Potential of
sera derived from blood clotted 1n the presence of tissue Tpl extract
(human bramn} or powdered glass Cepbalin (Associated Concen
trates L1) used mm TGT incubation mixture Addition of glass or
tissue Tpl to normal serum after separation from the clotted blood
does not alter 1ts Tp! generating potenttal

Summary

A new group of hemophlhmd defects 1s described compnising 1) the
nduced reaction which 1s associated

with defective Tpl generation and a serous hemostatic defect Although
the specific coagulation factor(s) nvolved awaits elucidation the evidence
suggests that 1t 1s PTA Other parameters adversely affected are platelet
number clot retraction and fibninogen This constellatton constitutes a new
type of hemophilioid disorder which perhaps reflects triggering of intra
vascular coagulation by the double dose admnnstered toxin

2} Thotwum i vivo and 1 vitro 1mpaurs Tpl generation 1n plasma by
rapid and progressive Ac glabulm destruction and m serum by progressive
blocking or destruction of a component distinct from most known serum
factors The evidence suggests that it 15 Factor X Besides explammng the
bleeding of Thorotrast treated animals the observations raise provocative
questions regarding the highly specific effect of this and certan physico
chemcally related elements acting as colloid or 1n tonic form

3) Vanous d notably of ot
blood to powdered glass mechanical agitation and tissue Tpl yield sera
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expended to a varable degree durmng coagulation under the usual circum
stances

The mamipulative procedures namely glass and stirting which produce
sotospeak poor sera are known to accelerate clotting presumably push
ing the reaction as rapidly and as far as possible Since tissue Tpl will do
the same 1t was therefore of interest to study the effect of tissue Tpl added
to freshly shed clotting blood Fig 17 typical of many experiments shows
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Fi6 16 TGT with Human Sera Treated with Thorotrast or
derived from blood clotted 1n the presence of powdered glass

that the serum thus obtained 1s similarly poor m the TGT The implications
of this pomnting up the importance of meticulous vemipuncture which
avoids contanunation of blood with tissue juice 15 obvious

More important perhaps 1s the question whether the normal Tpl genera
tion cunve obtamed with serum derived 1n the orthodox manner 15 really

Ily too steep plete and vaniable inter
coagulation It 1s possible that the true normal curve 1s
he serum used m the test 1s durived from blood pushed

normal or ar
mediary degrees of
that obtained when tl
to complete coagulation
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Spaet T H and Kropathin M Studies on the factor X phenomenon J
Appl Phys 14 581584 1959

Ratnoff O D and Rosenblum ¥ M  The role of Hageman factor 1n the
mtration of clotiing by glass evidence that glass frees Hageman factor
from imhibition Am J AMed 23 160-168 1958

Bizgs R and Douglas A § The thromboplastin generation test J Chin
Path 6 2329 1953

Quich A I The chimeal application of the hippuric acid and the pro
thromben tests Am J Chn Path 10 222 233 1940

Tocantins L M Ed Coagulation of Blood Methods of Study New
York Grune and Stratton 1955
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defective n their ability to support so called normal Tpl generaton An
essential component seems lacking apparently 1dentical with that affected
by thorum The effects seem related to the extent to which coagulation is
rendered complete Aside from their general mmportant biopathologic
significance the observations focus attention on several techmical aspects
of the TGT and help explain some of its varations even i expenenced
hands
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“Matenials and Mcthods

Blood was ob d from the 1 vem by vemp ¢ The
blood was mied erther with § 34¢ sodmm oxalate 1 a rato of 9 parts
blood to 1 part oxalate sofution of with 3 2% sodwm citrate m a rato of
£ 1 Blood was centrfuged for 15 mun at 3200 x ¢ and plasma withdrawn
by ppette Plasmas of the patient were tested on the day they were ob
tancd Plasma from Mr Stuart was prepared as above and used ather
fresh after storage a1 ~20 € or after from the lyophilized
state rmmediately before tesung

Serum was prepared by placing 01 mi of humap bram thromboplastn
{2 5% suspension} i a comcal centnfuge tube and adding 99 mi of
blood This was muxed by mversion and allowed fo clot The clotted blood
was incubated 2 hours at 37°C and the serum expressed by centnfugation
at 3200 x ¢ The sesum was considered sattsfactory for use in the thrombo-
plastin generation test (TGT) i &t faded to clot 1 10 munutes when
€CaCt  bram thromboplasun and fibninogen were added

Clotting time was determined by the method of Eee and White as de
scribed by Jaques {5) Prothrombut tune was determined by the mcthod
of Quek (6) using human bram thr Parual o b
rime was determuned by the method of Langdeﬂ and assocrates {7) as
described by Rodman and others (8) Snpven nme and Snypven plus
cephalin time wcrc determuned as described by Hougte and othess (1)
The th b tests were perf d by the method of Biggs
and Dougtas (9) as modxf ed by Gra!mm and Barrow (10) Prothrombn
cancentration was determimned by the lowa 2 stage method as described by
Wagner and others {11)

BaSO, sup was prep by adsorbing oxalated plasma with
100 mg BaSO, per mt at 5°C The BaSO, wos sedimented at 3200 x g
and the supematam plasma decanted and stored 2t —20°C The BaSO,
precipitate was resuspended 1 3 volume of 3 27 sodium crtrate equivalent
to the ongnal volume of plasma nverted several times and resedumented
The second supernatant solution was dialyzed 18 20 hours agunst 0324¢

sodwm citrate 1 sotome sakne designated  BaSO, eluate  and stored at
—20°C

Qbservations

Chineal History A 53 year-old white male farmer was admitted to the
North Carclma Memoral Hospital in Chapel Hilt on 18 December 1956
because of an i bleeding diath Prior to the
present tiness he had shawn no evdence of & hemorrhagic tendency and
there had been mo  bleeders m his famdy His leg had been cut rather
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Stuart Clothing Defect il
An Acquired Case with Complete Recovery

John B Graham® Emuly M Barrow * and T R Wynne®
Department of Pathology University of North Carolina Chapel Hill

TUART factor defi has been d hed only recently from
other defi of the p pl (1 2 3) Intelly
1t had been thought that SPCA proconvertin  stable factor and Factor
VII were synonyms for a single clotting factor It now appears that there
are at least 2 factors (SPCA and Stuart factor) which have the following
charactenstics 1n common they are present 1n both plasma and serum afre
adsorbed by certam of the msoluble alkaline earth salts are reduced by ad
munistration of coumarin compounds and have a marked effect on the
prothrombin time test (PT) of Quick
Since the 1dentification of Stuart factor a number of patients with pro
convertin deficiency 1n many parts of the world have been restudied Our
nformation suggests that approximately half of the restudied patients have
proved to have the Stuart defect and half SPCA defictency (4) All of the
patients with the Stuart defect who have been described m the lterature
appear to have been affected at birth and none have been improved ap
preciably by various drugs
This communication reports an example of apparently acquired Stuart
factor p d by p of hemorrhage which re
sponded poorly to intensive Vitamun K and transfuston therapy but re
mutted completely over a penod of about 1Y% years

1 Professor of Pathology
2 Research Assistant
3 Student Fellow in Pathology
158
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Duiagnostie Bloed Clotting Studies The patients plasma and serum
were imvestigated sn an effort to deternmne the cause of the prolonged PT
Providentially Mr Start the prototype patient wath the Stuart defect
appeared 1 the faboratory for tus semy annuat blced doratron the day after
the patient was admutted and st was possible to compare fresh samples
from the two men simultancously

The dota shown sn Table 2 strongly suprest that the patient and Mr
Stuart had 1denticat defects for the following reasons (a3} both men had
jong prothrombin and partial thromboplastin times  corrected by normat
control plasma {(sndicatiag absence of whibitors} but not mutvally cor
rective (hnes 1 6) (b} plasma samples from the patient and Mr Stuart

Table 2
DISGNOSTIC BLOGD CLOTTING STLDIES ON ADMISSION
Trpe of Plasima Cloming Test aa sec
Step en
BaS0, Pro  Paual and

e Con Pa Stper BaSO,lthrombin Thpln  Stypven Cephalin
Mo ol gent  Stwart  patant Eleatel Time  Tme  Time Tone
1 t 14 70 19 8

2 1 65 o9 &7 21

3 1 86 343 54 19

4 os 113 ] 43

s 05 05 18 2

6 05 a5 35 23t

7 05 05 s 86

& o8 o3 34 244

9 o5 o5 R0 9

i0 05 [ — 17

1 05 03 _— 73

! o5 a5 — i

Fresh

were affected Iittle of at alt by the BaSO, supernatant (lwes 7 9y mdicating
that the prothrombmr time prolongations were not the reswlt of sipmficant
deficits of Factor V {¢) samples from both men neither of whom had a
defimt of prothsombsn (2 stage) were cosrected by the citrate eluare from
BaSO, adsorpuion of oxalated normal plasma (Imes 10 12} (d) the clot
ung tmes of hoth the patient and Stuart were not corrected by Stypven
{Russell s viper venom) or Stypven phus cephahn ndiwating that the ab
normalty did not result from deficency of SPCA (nght half of hnes
13) {e) mall tests clotting times of plasma samples from both men were
approximately the same

Table 3 contans data obtamed on the two men with the TGT 1t will be
noted by companson of hnes 1 2 and 4 that the patient had a serum
defect but not a plasma defect The some pattern was obtuned on Mr
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severely at 32 years of age without excessive bleeding and alf of fus teeth
had been extracted without difficulty at age 47

Four days before admussion he had impregnated the earth 1n his tobacco
seed bed with a volatile commerctal fungicide commonly used 1 tobacco
cultivation 1 Eastern North Carolima Four to five hours later he noted
soreness of the metacarpo phalangeal jomnt of the left mdex finger Withmn
several hours the entire left hand had become swollen Thus was followed
i a few hours by pain 1 the night knee The next morming the nght knee
was swollen reddish purple and hot He also noted black stools and deep
red urine at about this ime  He visited his local doctor who found evidence
of generalized hemorrhage an hematocnit of 385 and a PT of 45 se¢

On admussion in Chapel Hill 4 days after first symptoms were noted he
was found to have many large subcutaneous ecchymoses swellng of the Jeft
hand and hemarthrosis of the right knee His feces reacted strongly to ben
zidine and his unine contained many red cells There was no jaundice of
enlargement of liver spleen or lymph nodes

Routine laboratory findings on admission are contamned in Table § It
will be observed that the only abnormal laboratory findings were the shghtly
prolonged clotting ime (line 7) and the markedly prolonged PT (ltne 11)
It should be noted that prothrombin concentration by the 2 stage method
was normal 917 of control (Ime 12)

Table 1
LABORATORY RESULTS ON ADMISSION
Line No Test Result

1 Hemoglobin 12 grams

2 Hematocrit 349

3 White blood count 10 500/mm*

4 Dufferennial blood count (pmun/others) 79/21

5 Platelets (on smear) Numerous clumped
6 Bleeding time (Duke) 2% muns

7 Clotttng time (Lee and White) 14 mins

8 Clot lysts None 1n 16 hours

9 Tourniquet test {(Rumpel Leede) Negatve

10 Clot retraction Good 1n 1 hour
11 Prothrombin trme (Quick) 71 secs (control = 142)
12 Prothrombin concentration (2 stage) 210 umts—91¢"

Tests of liver furction with the exception of BSP clearance were normal
(a) the cephalin flocculation was 1 + gt 24 and 48 hours (b) the alkaline
phosphatase was 2935 Bodansky units and the acid phosphatase 01
Rodansky units (c) free bilirubin ranged from 02 03 mg ¢ and tot1l
bilirubm from 09 13 mg % (d) total protemn was 66 gm ¢ and (;1;
albunun/globulin ratio was 42/24=175 (e) blood urea nitrogen was 2
mg e and (f) bromsulfophthalemn retention was 150, of the 3
mln;stered dose after a 45 mn_period on one occasion 239e oR another
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sanation 1n the control PT dunng this penod At the top are recorded the
amounts and types of Ytamin h admumstered and a3t the bottom the
ammounts and types of transfusions

1t would appear that there was Itile of 5o Tesponse to the Vitamm h
esther patural or systhietic The drop in PT on the second day which appears
large on a PT scale 1s really shght of put in percentage terms A change of
this etent might have resylted from the transfused blood and plasma which
was roughly equaialent to ¥4 s plasma volume As the chart indicates
lhc PT stowly decreased toward normal sl bemng 29 6 sec when he was

d 11 days after ad

Table 4 shows that the patients prothrombmn tme was stff shehy
prolonged (17 sec ) when he visited the chime 44 doys after admission The
pauent s plasma now appeared however to correct the clotting defect of
the sample of Stuart s plasma obtamed 44 days earhier and stored at —20 €

Fable 4
CLOTTING STUDIES 44 DAYS AFTER aDMISIION

Trpe of Plasma cnm ng Test sec
arnal Shpien

Line Proshrombsn 1 hpln Snpren and
Ao Control  Patient  Suwrt Tume Time Time  Cephalin

1 e 46 19 138 59
2 o1 178 58 127 63

3 o1 8 2.6 33 155
4 0035 005 - kY —_ _

5 008 003 — 77 - —~

6 005 605 158 72 — -~

Fresh
Frozen and stored 43 daysat ~ 0 €
Table §
CLOTYNG STUDIES 591 DAYS AFTER ADMISSION
Type of Plasma Clots ng Test sec
Pors al SNp\ &n

Line Prothrombin Thpln  Stypren  and
Aa  Comtrgl  Pawent  Sweart Tune Teme Teme Cephaln

1 [ 3] 1.2 % st 70

2 ['3] 12¢ 58 152 56

3 133 99 B30 >100 413

4 005 Q05 122 57 — -

5 oos 805 147 91 —_ -

s 0oy oos 151 9 —_— —

Frozes sad stored 24 bours at a0 C
Lyophized asd seconstuted.
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Stuart s plasma as shown in Imes 1 3 and 5 Thus 1s the pattern expected
with the Stuart defect (2)

All of the data obtamed on the patient were thus conststent with the
hypoth that the PT prol 108 resulted from spcmﬁc deficiency of
the Stuart factor without fi m bin SPCA or
Factor V It 1s assumed of course that the hemorrhagw duathesis was also
related to the defictency of Stuart factor

Table 3
THROMBOPLASTIN GENERATION TESTS ON ADMISSION
Test Muxtures Clotting time sec
(all wuth cephalin)
Line Incubation ume min
No  Plasma  Serum 12 3 4 5 6 7 89

Control  Controt 274 144 Q30 132 144

Control  Patient >45 45 345 >45 >45 345 62
Control  Stuart 545 Sa5 T S45 Sas 53 36 GD B9
Pavent  Control 324 190 148 150 156

Stuart  Control 374 260 182 160 (59D 190

[PRESNN

Clhinical Course of the Malady The patient s course for 591 days after
admussion 1s shown 1 Fig 1 The upper sold curve traces the secular
change in PT and the lower broken curve indicates the narrow range of

CLINICAL COURSE

VITAMIN K Mg
50, M Meghyton ¥
150 4 Syoka to ™

.
o

PROTHROMBIN TIME SECS

o
w0\ x ek w €3 X ¥p | TRANSFUSIONS m
* x ® 42000

Bloed
1000 £ pia ma

7
% T o
[ 4344 591 592

67 a9 0 @
am? 3408 ©3ch)
@ DAYS

Fi6 1
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hydrocarbon methyl bronide myxed with a small quantity of a lactimator
chlorpienin as o watmng agent Mathy! bromude s hnown to be a very
active Alhylatng sgent which mucht mactivate enzymic actine sites in the
ver 1t wadely used by tobacco farniers hihe the patien? who happens 10
tne m the remon producing most of the aizaretie tobaceo for the United
States It 15 of unterest that no sular cuses have been reported despite
the wide use of thus agent

Ve conudered the possibihty that the pattent was heterozygous at the
Stuart tocus and pethaps mare vulnerable to touc agents than a posmal
homozygote would be The data of Table S seem to exclude this as a pos
ubiity because s clotung tests 591 days after admission were those of a
nommal person not a heterozyrous one (2}

We made several unsuccessful attempts to produce the Swart cloting
defect m rats and does with the commercial funmetde Our Fasture was due
m part at Jeast to difficulnies 1 handhing methyl bromude It 15 a gas at
46 C odotless and very toysc The only infarmation obtainable from the
manufacturer s toxicity hboratory was with respect to findings i rats The
substance has been shown 10 be absorbed throush the skin (which «t blisters
severely) and towc in low The wdustnal ph
had not been ympressed by hemosrhage w the dead rats which had been
autopsied (13)

Sumsnary

A patient the first with a temporary (p(csumnbly acquucd) :md speuﬁc
deficiency of the Stuart factor and a h 15 d

2 Recovery occurred slowly and was oot greatly imflvenced by Vitamm h
or transfusions

The only tovic agents suggested by hstory are methy) bromude and
chlorpicria

4 Attempts to reproduce the syndrome with methyl bromude and chior
prerin i experimental ammals have not been successful to date

s

Addendum

The BSP test was sepeated on March 16 1959 763 days after the
onginal symptoms began There was 26 residual BSP 45 munsrtes after
miravenous admmstzation

References

! Houvpe C Barrow E M and Graham J B Stuart clcumg defect T
Segregation of an heredstary h state from the h
group heretofore calfed stable factor (SPCA proconvertnr factor Vi)
deficiency J Chn Imvest 36 485 496 1957
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Fmally the patient was visited at his home by one of us (TRW ) on 31
July 1958 591 days after the original admission The patient reported that
recovery had apparently been complete and that there had been no re
currence This 1s borne out by the clotting data i Table 5 which are com
pletely normal (The pattent emphasized that on returning from the hospital
he had delegated the fumigation of seed beds to hus eldest son )

Discussion

This patient appears to have had a temporary acquired clotung dis
turbance characterized by a very long PT apparently due entirely to de
ficiency of the Stuart factor This conclusion 1s based upon both negative
and positive evidence Negatively there was no deficiency of prothrombin
by the 2 stage method and the prolonged PT was corrected neither by
BaSO, adsorbed normal plasma which 1s nich n Factor V (Ac G) nor by
Stypven which 1s known to correct prolongations due to deficsency of Factor
VII (SPCA) (8) Posttively the patients plasma did not correct the clot
ting defect of the plasma of Mr Stuart and the two plasmas acted similarly
1n all tests

To our knowledge this 15 the first recorded example of a temporary de
ficiency of the Stuart factor alone It emphasizes a conclusion drawn from
the study of congenitally affected patients te that the site of synthesis of
the Stuart factor 1s highly specific and may be blocked without blocking
the synthests of the other parts of the so called prothrombin complex

There was no history of admunistration of coumann drugs nor could a
history of contact with rat poison (warfarin) be elicited Furthermore the
normal prothrombin concentration (2 stage) and failure of the PT to0
respond to large ntravenous mjections of natural Vitamm K are unusual
for coumarin overdosage A recent report of homicidally intended coumartn
admnistration for example showed good response to Vitamin k (12)

The hver function tests indicate that generalized liver disease was not
present although BSP excretion was moderately smpaired It 1s of some
interest however that a liver function test other than the level of Stuart
factor was abnormal mn our patrent It 1s concervable that the BSP ab
normality accompanying the Stuart factor deficiency constitutes addttional
evidence for shight but rather specific Irver enzymic mhubition by a toxic
agent Theoretically an enzyme inhubttor might exist which snactivates only
the active sites for BSP clearance and Stuart factor synthesis without
affecting albumin synthests  glucuronidation of bilirubin or release of
phosphatase It 15 interesting that Mr Stuart clears BSP normally (4%
residual at 45 mm ) This suggests from another direction that two active
sites were affected m our patient (See Addendum )

The history suggests that exposure to the fungicide caused the Stuart
factor deficency This agent proved to be a concentrated halogenated
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Stuart Prower Factor i Newborn Infants *

Jeanette Schulz® and S van Creveld
The Obstetric Cluuc and the Pediatric Cliuc of the Unnersity
of Amsterdam The Netherlands

ECENT studies (1 5) have provided informatton on a clotung factor

ndispensable to the first and second phases of coagulation te to

the formation of blood tt bopl and the prod of th bin from

prothrombin The factor has been called Stuart Prower the names of two

patients in whom the deficiency was recently defined (1 3) Bachmann ef al

reported dmmished levels of this factor i heterozygous relauves of a
patient with a 1 Stuart Prower “4)

Stuart Prower factor 1s present 1n normal plasma and serum 1s relatrvely
heat and storage stable 1s adsorbed by Seitz filters AI(OH); and BaSQ,
and 1s elutable from BaSO, after plasma adsorption A defictency of the
factor results n an abnormal thromboplastin generation test (TGT) with
serum Quick prothrombin time (PT) Russell s viper venom CT and plasma

! time are p and mn of p! tin
with reagents lacking adequate Stuart Prower factor a deficiency of the
latter gives false low values for proconvertin (Factor VII stable factor
cothromboplastin SPCA) (1 4)

It 15 the purpose of this paper to present studies on the Stuart Prower
defect 1 healthy premature mfants Other coagulaton defects have long
been recognized (6 7 15 17 19) The relationship of low Stuart Prower

This 1nvestigation was supported by the Netherlands Orgamzation for Apphed
Scientific Research (T N 0)

tBank of Amen a~Giannimu Foundation Fellowship Present address Dept of
Pediatrics Umiversity of Califorma Los Angeles
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Table 1

COMPARISON OF VENOUS AND CAPILLARY PLASMA LEVELS OF STUART PROWER FACTOR
AND FACTOR Vit COMPLEX IN NORMAL ADULTS

A--Venous bload collected 1n uncoated glass tube
B—Venous blood collected 1n sihconized tube
C—Capillary blood coflected 1 siliconized tube

Subject < Stuart Pro erFat r < Factor VIl Complex
1 A 100 100
B 100 88
C 100 90
2 A 20 96
B 78 99
C 72 97
3 A 100 100
B 100 90
C 104 100
4 A 78 90
B 79 88
C 84 100
5 A 15 100
B 100 100
C s 100
6 A 96 38
B 98 79
C 90 78

Percentages referred to 1007 of S other pooled normal plasmas All plasmas
stored 1n uncoated glass tubes
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factor levels 1n the newborn infants to clmcal mamfestations of a hemor
rhagic disorder or to a reversibility of such manifestations by vitamin K 1s
still problematical None of the infants studied had symptoms of bleedin
and no infant was excluded from the group because of such symptoms—
none developed 1n the prematures seen durmg the four month peniod Some
infants were necessanily dropped from the study for other reasons eg
anoxta

Of the 24 premature infants investigated most were part of a large group
m which an assessment of vitamin K prophylaxis was made (8)

Methods

Blood was obtamed by heel prick n infants on the first third and sith
days of life The puncture was sufficiently deep to msure a free flow of the
blood mto a siliconized tube contamning 3 850 sodum citrate (1 vol per 9
vols of blood) Many spectmens were discarded because of small clot
formation Plasma was obtamed by centrifugation at 3000 rpm for 20 min
and was stored at —20°C m uncoated glass tubes unaii used (1 2 days
after withdrawal of the blood) Serum from blood collected 1n uncoated
glass tubes was cubated at 37°C for 3 hours and at 20°C for 24 hours
before storage at —20°C Veronal buffer (Michaelis) pH 7 35 was used
for all dilutions Quick PT  Thrombokinase ACF (N V Amsterdamse
Chimnefabriek) was the source of thromboplastn Specific prothrombin
determination the two stage procedure of Ware and Seegers was used (9)

TGT of Biggs and Douglas (10) was modified 1n the following way
(a) bram extract of Bell and Alton (11) was substituted for platelets {b)
adsorbed plasma was normal oxalated plasma (1 9 011 M sodwm ox
alate) shaken for 10 mmnutes at room temperature with washed BaSOs
(12) 100 mg per ml of plasma (c) 03 ml of 1 5 dilutron of adsorbed
plasma 03 m! of 1 10 dilution of serum and 03 ml of 1 100 dilution of
brain extract were mncubated with 09 ml of M/40 CaCl (13) Atm
tervalsof 2 4 6 8 10 and 12 min 03 ml of the mcubation mixture was
added to 01 mli of citrate plasma substrate and CT recorded Normal
plasmas and sera give CT of 10 11 sec after 4 to 6 min mcubatron Normal
plasma and serum from the same person were used for all control tests 1
this study

Factor V1I complex and Stuart Prower assay were done according to
Bachmann et al (4 5) Prothrombin content (tnwo stage method) of the
Seitz (20 + 305 ) filtered ox plasma was 25 307 Blank CT were 80 to
110 sec with Russells viper venom ( Stypven Burroughs Wellcome)
cephalin reagent and 300 to 400 sec with bram thromboplastin

Fig 1 shows the range of dilution curves m 40 normal adults Because
blood was obtained from the mnfants by heel prick measurements of Stuart
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m only two of the infants and was normal in both Since 1 our expenence
and that of others (15 19) plasma Ac globulin 1s usually normal mn the
nconate repeated measurements were not done

Fie 2 1s 1 graph of Stuart Prower levels 1n premature infants on the
first third and sixth days of life with and without vitammn K, (konakion
F Hoffman La Roche & Co) ntramuscularly as prophyiaxis at the time of
birth The mean values for Stuart Prower factor are shghtly higher on the
third day of life 1n infants who recetved vitamun ky than in tho e who did
not

°

STUA‘;@Y Vitamin K, and Stuart Prower Factor
ii%'\gg 100, No Vitamin K q Vitomn K I mg ot birth
804 4
604 J
40. g
20} =
104 -
Meon 32 32 49 33 38 50
i 3 I3 T 3 [
DAY OF LIFE
Fic 2

The results of the TGT using serum from 1 to 3-day old premature
fants are shown in Table 3 No wvitamun K was given to this group The
defect 1n the serum of the infants was completely corrected by normal serum
{diuted 1 10) PTC (Chnistmas factor Factor IX) deficient serum did not
correct the abnormality as well as did serum from a patient with congemtal
Stuart Prower defect *

Kindly supphied by Caen ] Laboratorre de 1 Admimstration generate de 1As
S;Isll?n{!e Publique Pans and by Graham J B Umiversity of North Carolina Chapel
il Usa
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Prower factor and Factor VII complex m adult plasma obtaned from
(a) the antecubital ven and (b) a finger prick were done Venous blood
was collected 1n both d and m si d tubes Capillary blood
was collected 1n silicomzed tubes All plasmas were stored at —20°C m
uncoated glass tubes and determimations were done in 1-2 days after the
blood collections Table 1 shows that there are relatively msigmficant
differences m the three specimens and those that are apparent ate not
consistent for any one method of collectton Though Factor VII (pro
convertin) 1s mfluenced by glass contact (14) and Stuart Prower factor 15
not (5) storage of these plasmas in uncoated glass tubes tends to nullfy
such influences in these studies

Results

Table 2 shows the level of Stuart Prower factor  Factor VII complex
prothrombin and Quick time 1 eleven healthy premature infants mn the first
12 hours of life Birth weight vanied between 1780 and 2400 grams In
general all i} factors d were d d In these mfants

Table 2
PREMATURE INFANTS ON FIRST DAY OP LIFE

Prothrombin *

Stuart Prower Factor * Factor v Il Complex *  2stage  Quick Time*
1 35 28 86 65
2 33 22 77 45
3 34 36 32 15
4 36 18 62 30
s 44 36 80 65
6 26 23 71 3
7 30 23 84 58
8 24 29 — —
9 51 60 82 86
10 30 a2 54 62
11 27 29 - —

Figures 1n ¢ of normal adult plasma values

the Quick time was more closely correlated with the level of prothrombmn
than with the value for Factor VII complex  Smce the latter levels which
Iie between true Factor VII and Stuart Prower factor levels (4) correlate
well with Stuart Prower values 1t would be expected that Factor VII (pro
comvertin) 1s also low 1n these infants Speaific Factor VII determmations
with Factor VII deficient plasma were unfortunately not possible

Plasma Ac globuhn (Factor V proaccelenn Iabile factor) was measured
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m only two of the inlants and was norntal 1n both Since tn our expenience
and that of others (15 19) plasma Ac globulin 15 usually normal in the
neonate repeated measurements were not done

Fiz 215 a graph of Stuart Prower levels in premature infants on the
first third and sixth days of ife with and wathout vitamm k; (honakion
F Hoflman La Roche & Co) mtramuscularly as prophylaxis at the time of
bitth The mean values for Stuart Prower factor are slightly ugher on the
third day of life 1n mfants who recewved vitamin Ky than 1n those who did
not

o

ETgA%T 100 Vitamin K and Stuort Prower Factar
ROWER “
Airaslds No Vitgmn K  Vitamin K 1mg ot buth
80 |
60} |
] |
20 | = -
10 1
Meap 32 32 49 | 33 38 50
¢ 3 6 T 3 5
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Fio 2

The results of the TGT using serum from 1 to 3-day-old premature
fants are shown 1n Table 3 No vitammn k was given to this group The
defect 1n the serum of the infants was completely corrected by normal serum
(diduted 1 10) PTC (Chnstmas factor Factor IX)-deficient serum dud not
correct the abnormality as well as did serum from a patient with congenital
Stuart Prower defect *

* Nindly supplied by Caen J Laboratoire de 1 Admimstration génerale de 1As

jisin ¢ Publiaue Paris and by Grabam 3 B University of North Carona Chapel
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Table 3
THROMBOPLASTIN GENERATION TEST IN | TO 3 DAY OLD PREMATURE INFANTS *

Incubation Time (mun )
4 6 8 10

2
Serum Used 2 !
Mimmum Clotting Time (sec )
1 Normal adult 11
2 PTC defictent 35
3 Stuart Prower deficient 25
4 24301 1) 18
5 Infant L 14
6 +1(1 1) 12
7 +2(1 1) 17
8 +3(1 1 14
9 Infant I 14
10 +1(11) 1
11 +2(1 1) 1
12 +3(1 D 1212
2 +83a4v 0 V¥
13 Infant 1 17%
14 +1(1 1y 12
15 +201 1) 17%
16 +30 1) 14%
17 Infant IV .5
13 +14(11n 15
19 +2(1 1) 20
20 3(1 1) 1614
31 Infant V 18
+1 D 15
23 +2(1 1) 21
24 +3(11) 16
25 Infant VI 16%
26 +1(1 1) 12
27 +2(11) 184
28 +3(1 1) 15

* No vitamin k was grven to these infants
The same normal adult BaSO, adsorbed plasma and platelet substitute was used
1n all tests

Conclusions

Stuart Prower levels were found to be low 1n premature newborn infants
at birth with an increase toward normal by the sixth day of Ife whether
or not vitammn K, was given to the infants at birth Conclustons concerning
witarmn Ky proph)[axls are not vahd from data on this small number of
mfants However 1t appears sugiestive that as with other coagulation
factors (8 18 20 21) witamin k may check the dechine 1n levels during

the first few days after bith
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Other mestigators have shown that PTC deficient serum does not
completely correct the defect in thromboplastin generation noted with sera
of newborn nfants (7 22 23) It 1s probable that both PTC and Stuart
Prower factor arc responsible for delayed thromboplastin formation in
voung snfants In the premature infants m this studv however there was
apparently a more cnuical Iack of PTC for normal thromboplastn gen
eration

THROMBOPLALTIN GENERATION TEST
Clotting in nfant with hemorrhag ¢ d sease

Time
{reconds} 100 Nem;d plglmﬂ
Platelet subshitute
904 Test sera

804
70
604
50
404
304
204
10 I x

wn

o

4 & B8 10 12
Incubat on T me (m nutes)
s Before Vitomsn K
x x mamum C T whea normel

P T C defient ond Stuart Prower defic ent
serum (respectively) were added (1 1) wth
pat ents se um before Vitamn

s After Viomn K

Fic 3

Comcidental to this mvestigation a newly born infant in another hospatal
Was studied because of severe hemorrhagic disease The circumstances were
simlar to three other cases previously reported (24) The nfant was born
A term of a mother who was recewving phenobarbital daily for control of
epilepsy A generalized bleeding tendency was noted on the fourth day of
hfe and faboratory data revealed a Quick PT of + 30 sec (control 13
se¢ ) prothrombin (two-stage) 485% Factor V 1009 Factor VII com
Plex 5% and Stuart Prower factor 7%

Levels of all coagulation factors approached normal one day after the
admmistration of one mg of vtamuin k; (konakion) Fig 3 shows the
TGT with this infant s serum before and after vitamun k; was piven The
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rapid return of coagulation factors to near normal levels 1s evidence that
the multiple defect 1n this child was not due to liver immaturity ~ at least
not 1n the abihity to respond to vitamun K It 1s possible that destruction
and/or excretion of the medication may have been infiuential in the prompt
recovery This too would militate agamst a marked mefliciency of hepatic
function It 1s extremely difficult in the newborn to differentiate between
the exogenous traumatc and end fl T erther the
laboratory values for various clotting factors or hemorrhagic symptoms For
this reason much of the evidence for the efficiency of vitamn K prophylaxis
1n the newborn infant seems equrvocal The very prompt response of this
mnfant and the previously reported ones (24) to one mg of vitamun k does
however confirm the role of vitamm Kk 1n the therapy of a syndrome
chmeally indistinguishable 1n onset from the classical hemorrhage disease
of the newborn

Summary

1 Stuart Prower factor levels in the blood of 24 newborn premature
fants were decreased when compared to normal adult values

2 Mean Stuart Prower factor levels were shghtly higher on the third
day of hfe m prematures who recened one mg of vitamm K prophylact:
cally than 1n those who did not

3 Scrum deficient 1n Stuart Prower factor corrected the defect i the
TGT of premature nfants to a greater degree than did serum deficient
m PTC

4 Stuart Prower factor levels n a case of hemorrhagic disease of the
newborn were very low
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Establishment of the Inheritance of Hageman Defect
As an Autosomal Recessive Trait

K F McCamn Amoz | Chernoff * and John B Graham

Department of Pathology University of North Carolina Chapel Hill
and Memorial Research Institute Unnersity of Tennessee Anovville

E HAVE summanzed 1 Table 1 the sparse mformation 1n the
Iterature which might be helpful in unravehng the genetics of Hage
man trait (1 8) The reader will undoubtedly mfer correctly that only Rat
noff and Margohus (1 2 3) have deliberately attempted to obtain signifi
cant genetic data They succeeded however only in showing that Hageman
tratt 1s probably inherited by finding an additional affected sibling and
evidence of mbreeding m one of the two kindreds studied The coefficient
of inbreeding of the affected sisters was 1/32 This 15 not a particularly
high degree of mbreeding and ats signtficance 1s difficult to interpret 1n the
absence of any knowledge of the frequency of the mutant gene
Tt 1s fair to say that while the Cleveland workers did not establish the
mode of mheritance of Hageman trart with certamnty their work emphasized
that autosomal recessiveness was the leading possibility The farmly studres
published by others (4 8) have emphasized further the hikelthood of this
mode of mhertance without contributing crucial mnformatton Only 2
parents and 5 children of affected persons have been tested m all studres
prior to ours It should be noted however that not a single person with
Hageman trait has been found in these seven tests
An adequate statistical test of the unifactorial genetic hypotheses requires

1 Student Fellow i Pathology University of North Carolina
2 Research Professor University of Tennes ee
3 Professor of Pathology University of North Carohina
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nformation euther on several large hindreds or on many smali ones because
affected persons other than index cases must be found (Index cases are
dropped from statistical constderation to elimnate the bras of ascertam
ment } As mentioned earlier all but one of the pedigrees of Hageman trait
published prior to ours have consisted of a single affected person and a sta
tistical test has therefore not been possible
In this paper we shall describe our work on the inheritance of the Hage
man trait in 4 fanulies We shall show that the trait segregates as if 1t were
1 bility which we have

a P ap
not been able to exclude statistically by an adequate test

Matenals and Methods

Blood was obtamed by p from the bital vein Plasma
was prepared by placing whole blood i conical centrifuge tubes con
tamung a buffered citrate anticoagulant 1n the ratio of 1 part anticoagulant
to 8 parts blood The anticoagulant consisted of 3 2% trisodium citrate
dissolved 1n 1725 imudazole buffer at pH 725 The blood was centr
fuged at 3200 x g for 15 minutes and the plasma withdrawn by prpette
Plasma was tested after storage at
—20 C for peniods up to 48 hours ¥ hole blood clotting time was that
of Lee and White as described by Jaques (9)  Standard parual thrombo
plastin time was performed on the plasma of control and test subjects by
the method descnibed by Rodman and others (10)  Specific  partial
thromboplastin tune was performed on samples of control and test plasma
after muxang with an equal part of plasma from a subject with a high grade
Hageman defect This procedure was used throughout the study as the
specific confirmatory test for Hageman trait Its specificity and utdity m
the diagnosis of Hageman trait have been pomted out previously (10)
Prothrombin time was determined by the method of Quick (11} Pro
thrombin utthation rate was determmed by the method described by
Graham and others (12) prothrombin concentration being deternuned by
the Iowa two stage method as described by Wagner and others (13)

Results
Description of the Kindreds Studied

“Ca Kandred The proband 1s a 17 year old white male of Anglo Saxon
extraction referred because of a prolonged clottmg time discovered by
routine tests prior to tonsillectomy There was no history of excessive bleed
mg among his relatives He reported that the following accidents and

were not by bleeding il at
age 6 tooth extraction at age 9 laceration of leg requining 12 sutures at
age 10 and appendectomy at age 15 His parents were exammed tested
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and found unaffected The onty stblmg a brother died 36 hours alter burth
of 2 cause not hnown 1o the family Diagnostie clotting data on the pro
band are shown 1n the top hine of Table 2 The charactenistic loag cloting
ume long standard partal thromboplastin ume and falture to correct
the Hageman deficient plasma n the speusfic partial thromboplastin tme
test can be seen This patient also showed a shight but definitely prolonged
prothiombin tme a {eature nat generally reported 18 connection with
Hageman tran but one which we have observed in § of the 7 cases recorded
i Table 2 The immediate fanuly of the pruband are shown n the upper
left part of Fig 1

KINDREDS SEGREGATING FOR HAGEMAN TRAIT

Ca KINDRED 1 KINDRED
I 1 O

F t

“I handred The sibship of the proband shown sn Fig 1 conusted o
20 persons The proband 11 15 18 a 62 year-old wihite male of German
extrachion who was discovered 1o have a long clotung time prior to tepair
of 2 hernta He had had nosebleeds as a young boy and agam intermittently
for tho weeks at age 47 He has had three operations recently without
transfusions or bleeding sequelae 1o cataract aperations in 1957 and 1958
and hermorthaphy 1n 1959 The patient has hypertension at present and
had 2 stroke n 1955 at age 59 from whch he has recovered almost
wompletely Charactenistic clottng data for the Hageman trait are shown
in the second hne of Table 2

The immediate relatives of the proband are showtt i Fig, 1 1t wall be
noted that ¢ of s 19 siblings are dead Six of the 10 survivors still reside
m North Carolina and were tested by us Three of the four survivars lnung
outside the state (New York Tlonda and Washinglon State) were con
tacted and tests were carned out in sn theit own
We discovered by these means two additional persons with Hageman trait
aman (It 16) and a woman (119) The clotung data on these 1wo persons
are shiown 1 the fifth and sixth bines of Table 2 To complete our studes alt
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six children of the three affected persons were also tested (The patents
were dead ) It will be observed on the pedigree chart that all children were
found to be normat

“M Rundred The proband of this kndred s a 32 year old Negro female
referred because of a prolonged clotting time discovered preparatory to
tonsillectomy She has had no symptoms suggestive of a bleeding tendency
and has been transfused only once recewving 7 umts of blood followmg
rupture of a tubal pregnancy Three children have been born to her without
difficulty and she did not bleed excesstvely when four teeth were extracted

Dragnostic clotting data on Mrs M are shown i the third Iine of Table
2 The charactenistic Hageman defect 1s clearly present but comparison of
these data with those from the other probands suggests that she has the
muldest defect 1n the group

The sibship of the proband shown m the lower left part of Fir 1
conststs of 5 males and 7 females We were able to test 8 of the 11 siblnos
of the proband and 1 additional affected person (II §) was discovered
His clotting tests compnse the bottom lne of Table 2 His only child the
three children of the proband and the aged parents were tested and found
to be normal

“Cu” Rundred The proband of this kindred 1s a 4 year old white male
of Anglo Saxon extraction discovered to have a prolonged clotting time
prior to tonsillectomy There was no famly istory of excessive bleeding
The clotting tests performed by us on this boy are shown 1n the fourth Ine
of Table 2 Typical data for Hageman trait can be observed It can be seen
it Fig 1 that the proband has only one sibling a sister She and the parents
were tested and found to be normal

Additrional Affected Persons Three additronal persons with the Hage
man trait were discovered through the family studies described above As
expected they were found in the larger sibships of the 1 and M ki
dreds Diagnostic coagulation data on these three persons are grouped 1o
gether 1 the lower half of Table 2 Comparison shows that the clotting
studies 1n the lower group differ in no respect from those of the probnnds
although there 1s a tendency toward an intrafamilial correlation (cp affected
persons in 1 kmdred with those n M kindred)

Genetic Analysis of the Collated Materal

The brothers and sisters of the probands of the 4 kindreds can be classt
fied as shown n Table 3 a tabulation which shows the sex ratio to have
been umty (16 16) It will be noted that the newly discovered cases i
cluded both males and females (The sex ratto among our seven cises of
Hageman trait 15 5 males 2 females ) It should be noted (Fig 1) that 6
parents and 10 children of persons with Hageman trast were also tested
and that not one showed Hageman trait These bits of information allow us
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to elusmmate three of the four simple umfactorsal modes of Mendchan
heritance as follows Domsnant inhentance euther autosomal or sex Jinhed
can be excluded by noting that there was nof o single affected pirent or
child of & person with Hageman trast m 16 smstances studied The sex
finked recessive mode of mhentance can be rejected because both males
and females were affected and the fathers of the affected females were
themselhes pormal
Table 3

COLLECTED DATA ON 4 SINSIIPS SFGRIGATING FOR THL HAGEMAN TRAIT
PROBANDy ENCLUDED

Ay Fml
£ 1d AC 24N mad U ke Til AP 14 Nemad U e TH1 Tl
Ca [ 3 t 1 0 a ¢ [ ]
! 1 4 A 1 ] 3 5 2 9
A 1 > s 0 5 i & t1
n L] 0 8 o t [ 1 1
Totals A 6 ¥ 15 1 2 6 16 3

These chmmnations lead directly 1o a test of the fourth suaple maode of
mhentance autosomal recessiveness If the ratio affected  normal among
the siblings of the probands s formed by combining the sexes w Table 2
1t will be observed to have been 3 affected 15 normal 10 a total of 18
fested With 2 total of I8 the expected numbers for an autosomal re
cessve (1 3 ratio) would m\e been 45 ncrm:ﬂ 135 aftected The
obsesved rato 15 not i fram the expected
13m0 (y = 6611 PUd{) 30 ¢) and the awvtosomal recessive mode
of wheritance cannot be rejected The fature of rejection melimes us to
behieve that Hageman trast 15 sndeed mhented an this sumple fashion It
would have been better had we studied a larger number of lasge ssbships
and also the seprepation ratios among the offspring of all matng types
Study of segrepation tatios with the vanious tmating types ts not feasble
st present because the traxt s rare and as wili become apparent fater only
one of the affected genotypes can be recognized with confidence m the
laboratory Withim these lmtations we have shown thot ihentance is
probably unifactonal and n the manner of an autosomal recessive 1e
the affected persons are homozygous and thewr parents and children are

heterozygous At any rate these will be our assumptions m the succeeding
sections

Consanguimty

The ek ps of the p of the probands are shown i
Fig 2 1t will be observed immedntely that the parents of the affected
persons in the M hmdred were second cousins The parents producing
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affected children in the other three kindreds did not appear to be related
although there was prior (and p bly irrelevant) mbreedmg on both
stdes among the ancestors of the parents m the Ca kindred It 1s mpor
tant also to note that no surname encountered in one famuly was ever en
countered m another

RECENT ANCESTRY OF KINDREDS WITH HAGEMAN TRAIT
"Ca" KINDRED "1" KINDRED

G
#Probobly Ist Cousns

"M" KINDRED

Fig 2

Effect of the Mutant Gene 2t the Hageman Locus
on Clotting Tests

Group Effects m Homozygotes and Heterozygotes A comparison 45
made 1n Table 4 of the effects of homozygosity and at the
Hageman focus on three clottng procedures whole blood clotting time

standard PTT and speaific PTT For the companison we have aver
ly for 7 p d h 15 p d

aged the values sep:
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heterozygotes (parents and children of affected persons) and 10 presum
;\bly normal laboratory workers of both sexes The values shown for the

were collected ndividually over a peniod of two months The
plusmas of the 15 heterozygotes and the 10 normal controls were collected
over a 4-day pemod and great care was taken to be certain that cond:itions
of collection and storage were as similar as possible for all 25 These
plasmas were quickly frozen after collection coded and stored at —20°C
All standard partial thromboplastin times and  specific tests were per
formed by one of us (A F McC ) 1n tnpheate dunng a smgle day The
arder tn which the plasmas were tested was random and the same reagents
were used throughout the tests

Table 4

GROUP MEANS FOR CLOTTING TESTS ON CONTROLS AND THE (PRESUMED) HOMOZVGOTES
AND HETEROZYGOTES FOR HAGEMAN TRATT

s T ¢
R kol B od St furd Part ol Sp f Ptk
Cly eTm Thromd plast T m Thombd ot 4 T

G T 1d A (PIT) S (PTT) S

x x se x se
7 Presumed Homozygotes 32 4108 106 8 450 503
15 Presumed Heterozy gotes 8 764 43 108 3 50
10 Presumed Normals {6 10) 761 30 1019 34

* Not established empirically Generally accepted range

t Tests of Significance

1) Standard PPT 1S heterozypotes v 10 controls t = 05 p>> 50
7} “Speaific PTT 15 heterozygotes v 10 controls t= 9477 p> 30

Tre top and muddle hines of Table 4 show that homozygosity for Hage
man trait has a very much greater effect on clotting tests than heterozygosity
In all tests the clotung times of the homozygotes are sigmficanily longer
than those of the heterozygotes (or the normals) at the 17 point

In comparing the muddle and lower lines of Table 4 however 1t becomes
apparent that be erozygosity for Hageman trart (parents and children of
affected persons) has httle more effect than homozygosity for the normal
allele (normal controls) There are only very shight and statistically n
significant differences between the group means These small differences
are 1t should be noted tn the direction which would be expected 1f hetero
zygosity had a shight effect one of prolonging clotting Also the effect is
Sllghlly greater i the specxﬁc than i the standard PTT

dual Effects m T While the preceding test imphes
that a single mutant gene at the Hageman locus has kttle effect on a group
of heterozygotes 1t should not be essanly that an
heterozygote does not show a sigmficant effect Such individual effects were
sought by the arrangement of the data with the  standard partial thrombo
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plastin time and the specific partial thromboplastm time test shown 1
Table 5 The 10 controls have been ranked 1n ascending order of stand
ard partial thromboplastin times mn the first column The 15 presumed
heterozygotes have been similarly ranked with respect to the same pro
cedure 1 the second column The third column contans clotting times of
each normal control 1n the specific test for Hageman deficiency each
number corresponding to the plasma with the same number m column 1

Table 5

ACTUAL CLOTTING VALUES ON THE 10 NORMALS AND 15 { PRESUMED) HETEROZYGOTES
FOR HAGEMAN TRAIT

Standard’ Partial Thromboplasun Specific Partial Thromboplastin

e Tyme Test
10 Controls 15 Hetero ygotes 10 Controls 15 Hetero vgotes
Subject Subject Subject Subject
No  CT Secs No  CT Secs No CT Secs Mo CT Secs
1 634 1 603 1 833 1 797
2 640 2 615 2 849 2 893
3 695 3 622 3 1103 3 916
4 79 4 624 4 1027 4 885
s 728 5 653 5 1125 H 1303
6 739 6 666 6 939 6 H31
7 838 7 727 7 105 1 7 1079
8 858 8 739 8 106 8 8 lo74
9 873 9 739 9 1126 9 1042
10 883 10 739 0 1071 10 1027
11 781 11 %07
12 846 12 1746
13 853 13 1245
14 41070 14 +is25*
15 1182 15 181
=1019

_ 108
X+20=1235

* Values for (presumed) heterozygotes which are more than 2 standard deviations

greater than the mean for 10 controls
+ {Presumed) heterozypote outside the normal range with both tests

The numbers of the plasmas in the fourth column refer to the same persons
s the corresponding numbers m the second column It will be noted that
the lower muts of the two populattons are very stmilar with both tests
Several of the heterozygotes however n both tests have longer clotting
times than any of the controls
A discnimmant can be devised which will help to decide whether any of
the values of the heterozygotes are siemificantly prolonged The sum of the
mean for the controls plus 2 standard deviations provides 1 point beyond
which a heterozygote value may be constdered abnormal with 956 confi
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dence When such discriminants are prepared for the two tests (bottom of
Table 5) 1t can be scen that only two presumed heterozygotes (Nos 14
and 15) fell outside this range with the standard partial thromboplastin
time test and four (Nos 5 12 13 and 14) fell outside this range with
the speafic test Only one heterozygote Number 14 had sigmficantly
prolonged values m both tests She 15 incidentally a daughter of the pro
band of the M kindred

Discussion

In adding a description of seven new patients with the Hageman trait to
the mne previously reported we would emphasize the uniformity of the
clotting disorder 1n our subjects The coagulation tests on our seven patients
vanied only shightly and most of the vaniety which we observed had nothng
to do with coagulation Five of our patients were men {wo were women
Three patients were of German extraction the ancestors of two emigrated
from the Brtish Isles and two were Negroes

We were able to establish significant consangumity in only one of the
four farmhes There was consanguimity mn another which was of a type not
fluencing the crucial mating Furthermore there 15 good reason to think
that our four farmilies were not related 1n any practical sense of the word

The 4 kindreds were ascertamed 1n the same fashion All were discovered
m hospitals where 1t 15 routme practice to perform whole blood clotting
times before operation The precipitating operation was tonsillectomy 1n
three instances hermiorthaphy m one All probands and the three additional
affected persons gave histories remarkable for absence of hemorrhagic
symptoms

The simplest and most sensitive test for detection of Hageman trait
proved to be the partial thromboplastin ime When performed on a mixture
of test plasma and a plasma known to be deficient 1 the Hageman factor
this clotting test was highly specific as well as sensittve a fact emphasized
previously by Rodman and others (10)

Qur study while not as large as might be desiced 15 important because
of the statistical test which 1t provides The study allows us to say with

that H: trait 1s t asa
genetic charactenistic The mutant gene 15 probably carried on an avtosomal
chromosome and recessive The extent of recessiveness of the mutant 1s
emphasized by the data showing that heterozygetes as a group are not
dsfferent from a group of homozygous normals with respect to two relatively
sensitive clotting tests Nevertheless 1t appears that an occasional hetero
zygote may have clotting values falling outside the range of normal Spe
afically 2 of 15 heterozygotes had abnormally prolonged standard PTT
tests 4 of 15 had abnormally protonged specific PTT tests and one
mndwvidual was abnormal 1n both tests If we define defintte abnormahty as
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abnormality with both tests it would appear that about 7 of heterozy
gotes have clearly abnormal clotung tests Obviously clotting tests such as
the ones we used are of no use in diagnosing heterozygosity for Hageman
trait in mdividual cases

Finally our experiences throw no light on the real enigma of Hageman
trat Current thinking 1 biochemical genetics would suggest that the
Hageman factor has an as yet unknown function m normal physiology It
15 possible that heterozygotes are at some disadvantage with respect to this
function and homozygotes at considerable disadvantage Whatever this
fi st 1t app y has nothin,, to do with bemostasi It 1s
likely that the abnormal clotung tests only mdicate the presence of the
gene The sex ratio in our mater;al s 1 1 and the I and M hmndreds
show no obvious reduction 1n reproductive capacity If the mutant has
only slight deleterious effects or none at all it might be present at high
frequency 1n a populaton The ease and certamnty of diagnosis of homo
zygotes with the partial thromboplastin time suggests that a population
survey 1s feasible The almost complete recessiveness shown by heterozy
otes m this test implies however that a large population must be sampled
because the gene frequency must be estimated from the square root of the
frequency of homozygotes It 1s important to determine the frequency of
this gene because of the msight this might grve into the ele~tive effects
of this locus This ss 1n fact the next task we intend to astempt with respect
to the genetics of Hageman trait

Summary and Conclusions

1 Seven new patients with Hageman Trart are described These were
found present n four unrelated families two of which showed consan
guinty Aflected men and women of both Western European and Afrt
can extraction were observed

2 It1s pomted out that three of the common forms of tufactorsal Men
delian heritance can be excluded by our results It 1s hughly Ikely
therefore that Hageman trait 1s inherited 1s an auto omal recesstve
charactenstic

3 It1s pointed out that presumed heterozygotes for the Hageman mutant
do not show sigmficant effects with certamn sensittve clotting tests

4 Something less than 10¢¢ of presumed heterozygotes do however show
prolongation of clotting which may be presumed to be due to shght
reduction tn Hageman factor
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Hageman Factor Activation and Related
Processes *

Charles L Johnston Jr and John H Ferguson
Department of Physiology Unuersity of North Carolina
School of Medicine Chapel Hill

HE discovery that clot promoting actvity in some fashion was
assoctated with Hageman factor (1) has led to sigmificant recent ad
vances 1n studtes of surface influences on blood clotting phenomena Shaftir
and de Vries (2) and Margolis (3 4) found clot promoting activity could
be developed by glass contact in plasma which had been adsorbed with
BaSOy and then heated at 56°C for 10 15 mm Subsequent investigations
shawed that Hageman deficient plasma failed to be actwvated by glass (1
5 7) or asbestos (§) contact Thus 1t seemed that Hageman factor (a) had
a key role 1n sutface activation and (b) was activated by surface contact
Besides Hageman factor of the known clotting factors possibly PTA (9)
could have been mnvolved Studies on PTA deficient plasma (5 7 10) gave
contradictory results regarding its particip 1n surface
The changes 1n plasma that result from exposure to a varety of surfaces
have been shown by standard (8) as well as special (4 6) clotung tests
The partial thromboplastin time (PTT) test (11) was selected for the
present studies because 1t 1s not sensitive to changes in platelet concentra
tion Platelet rich platelet poor and platelet free plasmas were found to
give simifar PTT clotting tmes Therefore platelets could not have been
responsible for changes m the test clotting times Inzact plasma (4) for
{hese studies was obtamed in the following manner blood was drawn o

* This investigation was supported by Research Grant H 1510 (C5) National

Insututes of Health
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a cold sihiconized syninge contaiming one volume of 3 27 sodium citrate per
9 volumes of blood This was centrifuged at 3000 rpm for thirty munutes i
a Justerord tube and transferred by silicone coated pipettes into silicotuzed
tubes To study the effect of surface contact asbestos or washed crushed
pyrex glass {100 14D mesh) was used The detatls of ashestos activation are
found elsewhere (8) Glass activation was 1ccomplished by rotation of 2
25 mi beoker contasmng 500 mg crushed gliss per mi plasma for § min
at 43 rpm The plasma was then filtered (to yemove glass particles) into
silicone-coated tubes and designated contacted plasma Samples were tested
at different time 1ntervals after contact

Most of our tests were performed 1n glass tubes which could be enticized
as itroducing additiona) surface contact However it was found (Table 1)
by comparative tests on eight normal plasmas wtact and contacted that
once bl contact had been established there was hittle difference mn test
tlotting times performed 1 euther glass or siliconized tubes This confirms
eacker experimental findings m our laboratory (12) Thus ualess otherwise
wdicated the clotng tests were performed w glass tubes

Toble 1

PLASMA PTT TIMES 1N GLASS AND SILICONIZED TUBES BEFORE
AND AFTER SURFACE CONTACT BY CRUSHED GLASS

Clotting Test Surface

Plasma Tested Glass Silicone
Intact 904 221
Contacted 668 704
¥ageman Factor A The y of results 1n our

expenrents with ashestos activation of plasma (8) shows the mntmate
relationship of Hageman factor activation to surface phenomena (a) accel
eration of cloting times 1n several different test systems occurs when normal
plasma 35 exposed to surface contact (b) of the factor deficient plasmas
and plasma fractions tested only Hageman deficsent samples fail to show
changes smutar to (a3 {c) in plasma mixtures contacted normal plasma
shottens the clotuing ttmes of ali deficrent plasmas morte than uncontacted
normal contacted Hageman deficient plasma gives results which are not
shorter than those obtamed when mtact Hageman deficient plasma 1s added
{d) shortening of clotting times on the adduton of tncreasing amounts of
punfied Hageman factor (6) showed no optmem (e) punfied Hageman
prepatations not only correct the defect 10 Hageman deficient plasma they
also sunulate sucface activation when added to normal or factor deficient

b ® parable p from H: 1 defi are
wnactive and do not contan other clotimg factors Differences from (e)
must be attnibuted to the absence of Hageman factor Many sumifar con
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clustons have been reported by vestigators using other methods of sutface
activation {1 4 6)

Other Reactions In addition to the reactions summarized (A) mhib
ttory and (B) decay and exhaustion phenomena have been observed
Such findings could not be ascribed to changes i the Haeman factor
alone

(A) Inlubrtors Ratnoff and Rosenblum (6) found that Hageman de
fictent plasma mpeded the action of glass on normal mntact plasma They
showed that the clot promoting effect of a mixture of normal and Hageman
deficient intact plasmas was greater when the plasmas were contacted sep
arately muixed and tested than when they were mixed contacted and then
tested These results were confirmed i an expertment simdar i design to
theirs but which utilized the PTT rather than the recalcification time i
silicone The controls and results are shown m Table 2 It can be noted

Table 2

SILICONE PTT RESULTS ON ADDITION OF NORMAL HAG PLASMAS AND MIXTURES OF EACH
(INTACT AND CONTACTED)} TO INTACT NORMAL SUBSTRATE PLASMA *

Test Mixture PIT i seconds

T Normal Intact 260
1l Normal Contacted 67
Il Hag Intact >1200
1V Hag Contacted >1200
V  Equal parts [ and IV 257
VI Equal parts I and I 94
VIl (Equal parts 1 and 11} contacted #* 157
VIIl  Equal parts I and IV 17
1X (Equal parts I and IV) contacted 106

005 ml fest muxtore + 005 ml intact normal substrate plasma
** Equal parts of each mixed then contacted and subsequently tested

(cf 1 V) that no essentral change m clotting tume resulted when contacted
Hageman deficient * plasma was mixed with mntact normal and tested
However marked shortening was noted (¢f 1 VI) when contacted normal
was mixed with intact normal If the mtact normal and Hageman deficient
plasmas were mixed and then treated (VII) considerably less clot promot
ing efiect resulted (cf VI VII) The inhibition noted in VII was distinctly
less when normal and Hageman deficient plasmas were contacted sepa
rately before mixing and testing (VIII) The inhibition stmularly was mini
mal when normal mtact plasmt and contacted Hageman deficient were
mixed then contacted and tested (1X)

The wmhibrtory phenomenon was studied 1n another way Atun the PTT

1n silicone was used for testing however the tests were performed directly

mn from patient LC  proved to have Hageman trait (8)
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on the plasma mtxtures ratter than on mixtures plus mtact substrate plasma
as i the previous expenimuat Normal plasma (100 Haweman factor
concentration) was diluted with Haceman dificient plasma (assumed to
contam 07 Hageman factor) to make mixtures containing 100 90 75 50
25 and 107 Haceman factor Three expeniments were performed n the
first which served as a control both 1natact normal and Hageman deficient
plasmas were treated separately then muxed and tested (Fiz 1 1) in the

100
90

¥ HAGEMAN FACTOR
o
3 4 5 8 838 3 8

S

50 100 150 200 250 300
SILICONE PYT IN SEC.

Fic 1 Enhancement of Inhibition of Normal Ha_eman

factor activation by incubation prior to contact of var

ous proportions normal and Hagemao deficient plasmas

se ond and thurd the intact plasmas were mixed and incubated at 25 C
for one and ten min respectively then glass contacted and tested (Fig 1
2 3) When compared with nomncubated samples the samples mcubated
for 10 min begin to show apparent inhibition at 50~ Hageman factor
concentration The one min samples m contrast do not show sigmficant
nbibition untl the Hageman factor concentration 15 25¢% Thus further
evidence of an nhibitor 1 Hageman deficient plasma 1s shown It seemed
apparent however that the inhibitor 15 a relatively weak one which 1s
potentiated to some degree by incubation
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(B) Decayv and Exhaustion Tt was observed that contacted plasma re
moved from further surface contact underwent lengthening of clotting time
on mcubation This was described previously (4 6) Ratnoff and Rosen
blum suggested that the destruction of clot promoting activity was enzy
matic Margols called the phenomenon decay and attnbuted it to 2n
antagonist 1n whole plasma In later work, however Margols (13 15) sug
gested that PTA depletion was responsible for the clotung yme prolonga
tion Since Hageman factor and PTA are sard to survive heating at 56°C
for 30 mm (6 16) normal and Hageman deficient plasmas treated in this
manner should contam respectively Hageman and PTA or only PTA Tests
on heated plasma confirmed that AHF PTC AcG prothrombin procon
vertin Stuart and fibnnogen were not present m measurable concentra
tions It was confirmed that Hageman factor survives this treatment

Table 3

PTT RESULTS ON ADDITION OF NORMAL AND HAG PLASMAS (INTACT AND HEATED)
TO DECAYED PLASMA

Test Plasma PIT in seconds

I Normal Intact—Immediate 92

Il Normal Intact—2 hrs incub 93
I Normal Contacted—Immedtate 67
IV Normal Contacted—2 hrs incub ¥ 137
'V Decayed + Saline 136
VI Hag Intact + Normal Infact ** 99
VII Decayed + Normal Intact 84
viI + Hag Intact 129
X + Normal Heated ***+ 172
X + Hag Heated *** 250

* Decayed Plasma
Hag Intact PTT = 745
+*# 56 C for 30 min

Normal plasma exposed to standard glass contact was removed from
further contact and incubated 1n silicone at room temperature for two
hours thus becoming decayed normal plasma Decayed plasma contained
normal concentrations of prothrombin proconvertin AcG and Stuart by
specific assays and cotrected the abnormal PTT of AHF and PTC
deficient plasmas Therefore no apparent change had occurred n these
factors as a result of activation and decay of normal plasma The results
of normal and Hageman deficient plasma (both intact and heated) addon
to decayed normal are shown m Table 3 Normal intact plasma (I) cor
rected the defect m both the Hageman-deficient (VI) and decayed (VID)
samples However the addttion of intact Hageman deficient plasma (VIII)
was httle better than saline (V) since nejther showed significant correction
of the abnormal PTT of the decayed sample (IV) Senous doubts that
decay 1s due to PTA depletion are apparent when 1t 1s noted that heated
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Hageman deficient plasma (X) also fails to correct decayed plasma as well
as normal heated (IX) On the basis of these data 1t would seem logrcal
that followng surface activation of plasma decay 15 the result of Hageman
factor inactivation These results are 1n essential agreement with those of
Ratnoff and Rosenblum (6) who further suggest thit the mechamsm 15
one of enzymatic destruction

Exh was produced by rep of the decay se
quence several times (4) or by prolonged (8 24 hours) contact with the
activation surface In addition to depletion of Hageman factor other effects
were diminution of prothrombin and fibrinogen (17) as well as the labile
factors (AcG AHF) At present there 1s no sutable simple explanation
for the complex changes assoctated with exhaustion of normal plasma

IDhscussion

Some of the complex reactions that follow exposure of plasma to surface
contact can be explained by currently available data It seems well estab
lished that the inttial response to surface is dependent upon the Hageman
factor since m 1ts absence clot promoting activity 1s not developed (1
58)

1t 15 reported (6) that inhibition of activation results when uncontacted
normal and Hageman defictient plasmas are incubated together prior to
surface contact In contr st to our earlier work (8) which did not employ
tncubation tests the present study confirms and extends this Since inhiby
tion 15 noted on b and 1s p d thereby add 1 consid
eration 1s needed The action of the inhibitor 1s relatively weak and s over
whelmed readily by wncreased Hageman factor concentraton (8) This m
hibitor has been demonstrated m Hageman deficient plasma and it has
been shown that mhibition of normat plasma does not result until the con
centration of Hageman deficient plasma 1s present n excess relative to
normal plasma (Fig 1)

Most of the above inhubitor 15 removed by surface contact (Table 2 1X)
thus anather explanation must be presented for the decay phenomenon
This may be due 10 some agent that progressively mactivates Hageman
factor (6) or to depletion of another clottmg factor With the possible ex
ception of PTA thought to have a secondary role (10 13 15) other clot
ting factors do not partiepate 1n the surface reactions described A partial
defect development of clot promoting activity 1n PTA deficient plasma
s been Teported (5) but others (6 7) fail to confirm this Some studies
(13 15) that PTA was resp le for decay Data
obtained by mdirect experiment (Table 3) fail to confirm PTA depletion
but mdieate that progressive 1mactivation of the Hageman factor coutd be
Tesponsible Since the cructal expermment of correction of decayed plasma
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by PTA deficient plasma 1s unreported it 1s not confirmed that PTA 15 m
volved 1n decay

On the basis of the results shown 1t seems possible to postulate that two
inactivating mechanisms are related to the Hageman factor One tends to
oppose the activation of Hageman factor and 1s removed by contact The
other does not appenr to be affected by contact but progressively inactivates
or destroys the active Hageman factor produced These findings are 1
essential accord with those of Ratnoff and Rosenblum (6}

At the present time the relationship of these surface reactions to the
clottng mecharusm 15 obscure The 1nhibitors are incubation dependent and
weak Surface contact removes the very mhibitor which tends to oppose

the of H factor Prog 1on of the Hageman
factor 1s slow knowledge concerming the chemical nature quantitation and
possible relationships to other clotting mhib such as antithrombin 15

fragmentary Until such time that more data 1s avarlable and the inhibitors
better charactenized 1t seems preferable to consider Hageman factor activa
tion as the result of surface contact and mhibitory phenomena as related
processes The demonstration that such are related to i 1no flurdity or
clotting of blood must awart convincing experimental evidence

Summary

Stgnificant recent advances have been made in studies of the surface
acttvation of plasma These have been shown to include Hageman factor
activation and two mt 34 h Other clotting factors do sot
appear to participate m the described phenomena A connection between
the observed reactions and the blood cloting mechanism remarns to be
demonstrated by future mvestigations

Addendum

Since the preparation of this manuscript the work of Waaler (18) has
been reported He found that Hageman and PTA deficient plasmas only
slightly corrected exhausted plasma  In addition a defect in formation
of activation product was apparent in both plasmas Thus 1t would seem
that contrary to our data PTA may be wmplicated i surface contact
activation of plasma Since the conditions of Waaler s studres differ from
those prcsentcd here perhaps it 15 possible to nfer that 1 the decay of
activated plasma Hageman diminution occurs early and 15 followed by
PTA disapp ¢ later Thus scq reactions would scem to occur
1t remasns for studics with matenals from PTA deficient patients to resolve

the current dilemm?
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by PTA deficient plasma 1s unreported 1t 15 not confirmed that PTA 1s m
volved in decay

On the basis of the results shown 1t seems possible to postulate that two
mactivating mechamisms are related to the Hageman factor One tends to
oppose the activation of Hageman factor and 1s removed by contact The
other does not appear to be affected by contact but progressively ipactivates
or destroys the active Hageman factor produced These findings are m
essential accord with those of Ratnofl and Rosenblum (6)

At the present ime the relationship of these surface reactions to the
clottmg mechanism 15 obscure The mhibitors are incubation dependent and
weak Surface contact removes the very inhibitor which tends to oppose
the activation of Hageman factor Progressive mactivation of the Hageman
factor 1s slow Knowledge concerming the chemical nature quantitation and
possible relationships to other clotting mhtbitors such as antithrombm 15
fragmentary Until such time that more data 1s available and the mhibitors
better characterized 1t seems preferable to consider Hageman factor activa
tion as the result of surface contact nd mhibitory phenomena as related
processes The demonstration that such are related to m 1o fludity or
clotting of blood must awart convinuing experimental evidence

Summary

Signuificant recent advances have been made in studies of the surface
actvation of plasma These have been shown to include Hageman factor
activation and two inhibitory mechamsms Other clottng factors do not
appear to participate 1n the described phenomena A connection between
the observed reactions and the blood clotting mechamsm remams to be
demonstrated by future investigations

Addendum

Since the preparation of this manusenpt the work of Waaler (18) has
been reported He found that Hageman and PTA deficient plasmas only
shghtly corrected exhausted plasma  In addiion a defect n formation
of activation product was apparent 1n both plasmas Thus 1t would seem
that contrary to our data PTA may be mplicated 1n surface contact
actwation of plasma Since the conditions of Wanlers studies dffer from
those presented here perhaps it 15 possible to infer that the decay of
actwated plasma Hageman diminution occurs early and s followed by
PTA disappearance later Thus sequential reactions would seem to occur
It remains for studies wath matertals from PTA deficient patients to resolve

the current dlemma
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Methods

The techmque of flow of ph { 9 10)
and most of the blood coagulation methods (11) have been previously
described Glass factor was assayed by adding 005 ml matenal to 02 ml
normal silicone plasma 1n silicone treated 12 X 75 mm_ tubes and recalaify
ing with 02 ml of 0025 M CaCl Controls for tests on whole plasma
contained 0 05 ml silicone normal plasma while those for fractions con
tamed 005 ml barbital buffer (pH 8 6) All fractions were obtaned and
studied n this buffer Concentratton of glass factor was semr-quantitated
by companison with the ability of vanous dilutions of normal glass treated
plasma to reduce the recaloification tme and improve the prothrombin
consumption Glass treatment of plasma was carnied out by exposing the
plasma to pyrex glass wool in a glass tube for 20 min at room temperature
The flow of procedure mvolved of the
plasma to glass and paper surfaces and no increased activation of fractions
was obtained on additional glass treatment

Results

Glass Factor in Whole Plasma Platelet poor plasmas from 3 patients
with deficiencies of AHF 3 of PTC 1 of proaccelenn 1 of Stuart factor
and 1 of Factor VII * showed normal glass factor content as did BaSO;
treated normal plasma Plasmas from two patients suffering from Hageman
factor deficiency showed complete absence of glass factor Plasma from
PTA (plasma thromboplastin antecedent) deficient patient ¥ when fresh
showed markedly reduced glass factor activity and also 2 simular reduction
1n Hageman factor After frozen storage these abnormalities disappeared

Glass Factor 1n Electrophoretic Fractions Normal Plasma Glass factor
was assayed 1t 20 experiments on normal plasma In every case the greatest
activity was obtaned 1n the y globultn area Fig 1 alustrates a typical
experiment Paper strip electrophoresss of each tube fraction showed ,
globuln 1n tubes 113 Am 1415 @ m 16 a +a;, 1n 1719 a, and
albumin m 20 26 Glass factor actiity was predominately 1n the , area
traces extending into the « areas Distribution of Hageman factor activity
camcided almast exactly with the distnibution of glass factor Substrate for
assay of PTA (fresh PTA deficient plasma) was available for only a few
expenments In two expenments on normal plasma (not ilustrated) the
ability of fractions to restore the defect n PTA plasma was found mainly m
the , area with some extension mto the f and o areas

Frozen plasma obtained through the kindness of Dr Henry kupfer

tBlood was obtaimed from this patient through the kindness of Dr Robert
Rosenthal
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"Glass Factor ' Achvity n Plasma Fractions Obtained By
Continuous Flow Electrophoresis *

Jessica H lewis and William R Merchant

Department of Medieine Unnersity of Putisburgh and
Veteran s Adnumstration Hospital Putsburgh

HE clot accelerating effect of glass or other wettable surface has

been widely studied and vanously artributed to one of two mecha
nisms  removal of an hibutor by adsorption to glass (or other foreign
surface) (1) or activamon of a coagulation factor by contact with this
surface Most of the evidence favors the latter theory but the exact mecha
msm s still unclear It has been attnibuted to changes n platelets (2} anti
hemophlic factor (AHF) (3) plasma thromboplastin component (PTC
Chnistmas factor) (4) proconvertin (5) and Hageman factor (6 7 8)

Employmg the technique of continuous flow electropharesis 1t was

possible to separate plasma mto 32 fractions m which the protemn content
was distubuted according to the famitiar y # a @ and albumun pattern
These fractions were studred for their content of the vanous coagulation
factors Glass factor was the term used to mdicate an achvaty present
n a particular fractron or m whole plasma which when added to normal
blood or plasma prepared and clotted 1n siicone treated contamers short
ened the 1 or tume and improved prof
consymption

* nvestigation was supported mn part by a research gramt (H 2254y from the
vax;rysi-:;l Resegarch Grants of the National Insututes of Health Untied States Public
Healih Service Figures 1 2 and 3 are reprnted from /. Chin Invest by permission

of the Editor
200
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Hemoplulia A and B ¥igs 2 and 3 dlustrate expenments on AHF and
PTC-dficient plasmas The hemophilia A plasma showed complete absence
of AHF m all fractions while that from the PTC deficient patient showed
a lack of PTC 1 all fractions Distnibution and concentration of glass factor

_4 84A HEMOPHILIC PLASMA
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TUBE NO
HAGEMAN t °
PTA + b4 o
Fic 2 Distnbution of Coagulation Factors after Continuous Flow
electrophorests of hemophilic plasma
and other factors app i normal H: factor and PTA

were present i the 4 area as noted at the bottom of the figures

Hageman Factor Deficiency Contmuous flow electrophoretic fractiona
tion has been carnied out on plasmas from two patients deficient 1n Hage
man factor Fig 4 itlustrates one expertment No Hageman factor or glass
factor was found 1n any of the fractions In additton none of the fractions
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28B NORMAL PLASMA

ANTI T

' g B

T sy
15 Pro F/////%/%Zé// T F

b
N ]
gglo-
g
g ]
3 i
3 ]
5 bro T
ro
S 4
.
0 e B IR e e
0 5 10 15 20 25 30
TUBE NO

Fic 1 Distnbution of Coagulation Factors after Continuous Flow
electrophorests of normal plasma The protein concentration of each
tube (plotted as optical density) 15 related to the tube number on the
abscissa as a continuous curve

Coagulation factors assayed FIB (fibninogen) GLASS (glass
factor) HAG (Hageman factor) ProF (profibrinolysin) ProT (pro
thrombin) ProC (proconvertin Owren method) AHF (antihemophilic
factor) PTC (plasma thromboplastin component) Antt F (antfib
ninolysia) H (hepinin cofactor) Ann1 (antithrombin) ProA (pro
accelenn) Anti B (1soagglutinin}
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Fic 4 Distnbution of Coagulation Factors after Conunuous Flow
electrophoresis of Hageman factor deficient plasma

Discussion

These studies confirm the previous findings of Shafrr and de Vres (6)
that plasma “glass factor actvity 15 independent of the vontent of AHF
PTC proconvertin proaccelerin ot platelets These anthors and others (7
8) have suggested that glass factor and Hageman factor may be similar
or sdentical

These studses pre ented 1 thus paper suggest that glass factor 15 closely
related to both Hageman factor and to PTA The three activities appear in
the / globuln fractions of normal hemophiic and PTC-deficient pasmas
Hageman trast plasma 1s devord of glass factor activity both @ the whole
plasma and the fractions Fresh PTA-deficient plasma and sts fractions are
pattially deficient i both glass factor and Hageman factor activity Frozen
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was able to inhibit a fraction from normal plasma which contamed high
concentration of glass and Hageman factors Distnibution and concentration
of other coagulation factors appeared normal
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Fic 3 Distnbution of Coagulation Factors after Continuous Flow
electrophoresis of PTC deficient plasma

PTA Deficiency Fig 5 illustrates an experiment on PTA deficient
plasma Only traces of glass factor and Hageman factor could be found
1n the fractions These traces appeared n the y area In the albumin arca
there were 3 fractions which showed the ability to inhibit partrally normal
plass factor activity Distribution and concentration of other factors ap

peared normal
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1 the alburmin area Inhibitton of normal glass factor could not be demon
strated in the {ractrons prepared from H. deficient plasma or from
normal plasma

Summan

1 Anactivity called glass factor cap:\blc of shortening the recalcified
clotung time and mg the of normal
plasma prepared and clotted in snhconc treated contamers was found 1n
glass treated plasmas from patients with deficiencies of AHF PTC pro-
accelenin Stuart factor and Factor VII Hageman defictent plasma was
desord and P3 A-dificient Jow 1n this activity

2 On continuous flow fractionation glass factor was dentified primar
tly in the , globuln fractions of normal hemophilic and PTC-deficient
plasmas It was absent i the fractons from Hageman factor deficient
plasma and low in those from PTA-deficient plasma In additton a few
fracuons in the albumin area of the PTA plasma showed the ability to
inhubit normal glass factor actuvity
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storage of PTA plasma appeared to correct these deficiencies This may
account for the apparent discrepancy with the findings of Ratnoff and Mar
gohus (8) who state that PTA deficrent plasma 1s as effectise as normal
plasma in shortening the recaleified clotting time of Hageman deficient
plasma These authors also noted that Hageman deficient plasma was only
equivocally effective 1n correcting the clotting abnormality in blood deficient
in PTA
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Fi6 5 Distnibution of Coagulation Factors after Conttnuous Flow
electrophoresis of PTA deficient ptasma

In spite of many i vitro similanities (ab p
tion and thromboplastin generation both corrected by either serum or
adsorbed plasma low glass factor actiiity) Hageman trait and PTA
defictency are strikingly different 1n clincal course Hemorrhagic tendency
15 present 1n PTA deficiency (12) but completely absent in Hageman trait
(8) Thus 1t must be that H: factor 1s y for
physiological hemostasis or that its action 15 by passed (7 by a tissue com
ponent) i yvio

The continuous flow fractionation of PTA plasma showed not only a
partial deficiency of glass factor but also an inhibitor to this actvity present
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globulin (1 5 13) By a combination of these methods HF has been freed
from other known coagulation factors with the exception of plasma throm
boplistin antecedent (PTA) which resembles HF m phystcal properties
and 1s also closely linked to 1t functionally (8 14 15)

Whether HF 1s a distinct substance or a property of a group of sub
stances it 1s by definition something that 1s present 1n normal plasma and
absent from the plasma of persons with Hageman trait Expenimentally HF
can therefore be treated as a functional umt and referred toas a factor so
long as the operational defimtion of this term 1s remembered

It 15 now generally agreed that HF 15 responsible for the imitiatton of clot
ting by contact with forergn surfaces among which glass 1s one of the most
active (7 8 10 12 14 15 16 17) In addition to clotting contact with
glass induces 1 plasma a chamn of other events which result in the Iiberation
of ph active These mclude a polypeptide

plasma kinin  which produces pain and contracts smooth muscle (18)
and a globultn permeability factor (19 20) Like coagulation all these
reacttons are also dependent on the presence of HF (15 21) We are
therefore 1n the fortunate position of bemg able to study the functions of
HF by four independent indicator systems namely coagulation contraction
of smooth muscle pam and capillary permeability

In the following pages I shall review the evidence showng that HF 1s the
key component in these plasma/surface reactions and attempt to establish
connections between these phenomena

HF m The Imtiation of Blood Coagulation

Absence of Contact Actrvation in HF Deficiency Since Lister (22)
showed that coagulation 1n shed blood 1s mitrated by contact with abnormal
surfaces this phenomenon was the subject of many 1nvestigations (24 27)
Additional information was gamed more recently by the use of indirect
methods 1 which test samples of plasma etc were treated with glass and
recaleified after addition to or senal dilution in  intact mormal plasma
(indicator plasma) n siliconed tubes (16 28 29 30) This procedure per
mutted the study of the effects of contact on mcomplete clotting systems such
as protem fractions or pathological plasma and gave a rough quantitative
estimate of the changes The results of two such mdependent studies (28
29 30) were 1n close agreement 1n that they excluded known clotting factors
other than HF and PTA as the comp ponsible for glass
The close similanty between the glass reacting fraction of normal plasma
and the fraction contaimng HF ponted to this factor as being the surface
sensitive agent (30) Experimental confirmation of this hypothesis was later
obtained by applying the mdirect activation test to the plasma from patients
deficient 1n the factors 1n question (8 14 15) Table 1 shows the results
of such tests (haemophilia and Christmas disease are included for com
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The Role of Hageman Factor in
Plasma/Surface Reactions

J Margohs*
Insutute of Pathology Royal Alexandra Hospital for Children
Sydney Australia

AGEMAN trait (1) 1s a congemtal coagulation defect probably m
hented as an autosomal recessive character (2) Although the
condition 15 very uncommon an mcreasing number of well authenticated
cases have been described (3 10) since the ongmal report by Ratnoff and
Colopy (1) and there can be no doubt that 1t 1s now a well defined clinical
entity The charactenstic feature of Hageman trat 1s the gross coagulation
defect 2z vutro m the absence of any haemorrhagre tendency Additron of a
very small portion of normal plasma to the patient s blood either in the test
tube or sn vvo by transfuston 1s sufficient to correct the defect (1 4) Thus
ludes circulating ant 1 as a possible explanation of the ab
normality and 1nd a true d of a 1 factor It 1s not
certain whether Hageman factor (HF) 1s a smgle substance or a propetty
shared by a group of plasma protens (4 11) So far only partial separation
of HF has been attaned by a on of varous f pro
cedures Thus a concentrate of HF has been obtaimed by adsorption onto
kaolin of 30 40% saturated (NH,) SO, fraction of serum prevtously ad
sorbed with BaSOy and heated to 56°C The kaoltn was then eluted with
(NH,) SO, 2nd the crude HF precipitated at pH 52 (12) HF also ap
pears to be distributed in Cohns fractions II III and IV By electropho
retic methods 1t has been 1dentified n the region between beta and gamma

* Working under the tenure of an Australian and New Zealand Life Insurance

Medical Research Fellowshtp
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components could react i parallel that 1s each could be independently
activated by contact or in succession one only being directly affected by
glass and subsequently reacting with the other factor An expenment de
signed to test these alternatives 1s shown 1 Table 2 When a muxture of
HFdp and PTAdp was activated with glass normal clot promoting activity
was produced (allowing for the 1 2 dilution of the reacting components)
When however these plasmas were treated with glass m separate tubes
and mixed afterwards there was no mutual correction Ewidently in the
presence of the glass surface a time-consuming reaction takes place be
tween HF and PTA and this 15 in keeping with the second alternative
1e that of a successive reaction between glass HF and PTA The more

Table 2
EVIDENCE FOR AN INTERACTION BETWEEN MF AND FTA

Glass Actnated Plasma
{6} Normal (b) Hageman () PTA  {d)Misture
Tra:

12 Defeient  inEqual  Normal Chiting

Parts of Intact Tiune

Test () & (¢)  Plasma (sec)
1 04 70
2 02 02 155
3 02 02 90
4 02 02 3%
5 ot 01 02 520
6 02 02 240

(Adapted from Bregs et @l (8) Reproduced by courtesy of Brit J Haemat )

Samples of test plasma were rotated for 10 mun with an equal weight of ballotiat
and then added to normal tntact plasma 1n siliconed tubes All mixtures were recaler
fied 1n parallel with 0 I ml of 01 M CaCl contaiming lysed platelets (cf Table 1)

Note the mutual correction of HF and PTA deficiency when the plasmas were
mixed first and then activated (test 6) and absence of correction when the samples
were activated first and mixed afterwards (test 5)

pronounced defect in HFdp as compared with that of PTAdp suegests that
HF and not PTA 1s the component mitially affected by glass surface
Consumption” of PTA 1n the Contact Reaction When contact with glass
1s interrupted the clot promoting activity of normal plasma decays Repeated
or prolonged exposure of plasma to a sufficient glass surface leads to an
srreversible decrease of its clotting ability (29 30) By testing the corrective
effect of such exhavsted plasma on the clotting of pathological samples 1t
13 possible to determune which of the clottng factors have been depleted
Table 3 shows such an experiment using the haolin clotting trme  (31)
as the test system The results show that normal plasma which has been
exposed for 30 min to glass ballount providing a surface area of aboat
200 cm /ml has lost all 1ts ability to correct PTA deficiency but that
there was no loss of HF philic globulin or Chnstmas
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panson) It will be seen that HF deficient plasma (HFdp) does not re
spond to contact at all PTA deficient plasma (PTAdp) shows a partul
defect while the remaining samples behave normally The abnormal results
were not due to anticoagulants because the patients plasma added to the
mdicator system (tests 2 and 6) did not inhibit the response to normal
contacted plasma From these data supported by thromboplastin genera

Table 1

INDIRECT CONTACT ACTIVATION TESTS ON PATHOLOGICAL PLASAMA
{CLOTTING TIMES IN SECONDS)

Panent Normal
Test  Test Plasma Activated Intact Activated Intact

Concentration

of test plasma

mthe mixtures  1/1%  1/3 1/9 173 1/1+% 173 19 173
with indicator

plasma

S
1 Hageman trait 4000+ 1380 1140 1200 205 265 360 1300

2 Hageman trait t 220 260 330 1320
PTA deficiency

3 Case 1 720 380 500 900 175 245 350 70
4 Case 2 420 465 645 1200 200 250 375 1360
s Case 3 480 400 560 780 175 245 350 720
6 Case 3t 180 255 360 800
7 Haemophiiz 2400+ 240 300 660 160 250 360 800
8  Christmas

disease 1200 185 275 765 135 185 270 7SO

(Adapted from Biggs er of (8) Reproduced by courtesy of Brit J Haemat )

Citrated test plasma was rotated for 20 mun with 1 g/ml of glass ballotim (0 1 mm
diam } and servally dituted in 1ntact normal plasma 1n st oned tubes 02 ml volumes
of the muxtures were recalcified at 37 C with 005 ml of 01 M CaCl contaimng
Iysed platelets (30) Each pathological sample was tested 1n parallel with normal
plasma The dtfferences between the clotting times of various normal samples aré
manly due to vartations m the strength of the platelet extract used on different
oceasions

* Undiluted test sample

+ Instead of normal plasma a muxture of equal parts of patient s and normal plasma
was used 1 the first dilution tube (1/3) 1 order to exclude the presence of antt
coagulants (see text)

tion studies we concluded that HF 1s the component which 1s primanly
affected by contact with glass PTA also being required for the evolution
of a full clot promoting effect (8 14) The findings of other investigators
are 1n agreement with these conclusions (7 10 11 12 16)

Interaction between HE and PTA HF and PTA are distinet clotung
factors since plasmas with these defictencies are mutually corrective Thus 1t
1s evident that at least two components must be concerned tn the formation
of the clot promoting agent under the influence of contact with glass These
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These results cannot be attnbuted to artefacts because glass coated by
HFdp or by plasma heated above 60°C (n which HF 1s denatured) or by
eluate from beads treated with these preparations does not actvate HFdp

The adsorbed HF 15 not consumed 1 the contact reaction Glass surface
after having been coated with HF can be used agan and agan for the
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Fic 1 Thromboplastn Screentag Test (17 32) 1 Varously Treated
glass tubes [Reproduced n part by courtesy of Brit J Haemat (17)]
Curve 1) normal plasma curves 2) 7) HF deficient plasma
Treatment of glass tubes 1) and 2) untreated 3) treated with
normal plasma and washed 12 times with saline at pH 7 4) as 3) but
washed 9 times at pH 11 and then 3 times at pH 7 5) treated with
Al(OH), adsorbed plasma 6) treated with plasma heated 10 60 C

for 20 min 7) treated with eluate from ballotm shaken with normal
plasma (see text)

activation of successive samples of HFdp (17) which indicates that once it
has been adsorbed HF remams on the surface where 1t acts catalynially
This 1s further supported by the fact that a very small quantity of HF s
sufficient to attain the object In the experiments as 1 Fig 1 normal plasma
difuted to 1 100 with saline 1s as effective as whole strength plasma (17)

Evidently HF beyond that necessary to saturate the available surface 1s
without further effect
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factor What 15 still more noteworthy 1s that HFdp 1s not depleted of PTA
by treatment with glass which 1s a clear indication that PTA cannot be
utilized 1n the absence of HF The situation 1s analoyous to the lack of
prothrombin consumption in haemophilic blood and these results strongly
support the view that HF 1s activated by glass mn the first mstance PTA
only becoming involved at the next stage of the reaction

Attachment of HF to the Glass Surface The observattons mentioned
above stilf do not tell us what happens to HF 1n glass contacted plasma It has
been assumed hitherto that HF 1s somehow activated at the surface and then
returns 1nto solution m 1its active form (12 14 15 16) Our recent work

Table 3
CONSUMPTION OF PTA BY CONTACT WITH GLASS

Added Plasma (05 ml)

Normal Hageman Trait
Pathological (Curated — — o ————
Exp  Plasma(02ml) Sahne)  0G 306G 0G wGe
1 PTA-dehicient 220 115 210 125 122
(85) *
2 Hageman trait 1000 110 115
(90)
3 Haemophiha 340 120 125
(90)
4 Christmas disease 360 100 98
95)

haoln clotting fime (15 31) (sec ) on mixtures of plasma 02 ml of pathological
plasma 005 ml of added plasma and 005 of haolin suspension (40 mg/ml) was
incubated for 2 mun at 37 C 01 ml of lysed platelets (approx 5 000/cmm) and
01 ml of 005 M CaCl were then added in this order

* The figures m brackets denote clotting times of normal plasma tested 1n parallel
0 G denotes ntact plasma 30 G denotes plasma rotated for 30 mtn with 1 gm/ml of
ballotint (see text) and then removed and incubated 1n sthiconed tubes for two hours
at room temperature

(17) shows that this view 15 probably incorrect All evidence leads to the
conclusion that the activated HF remams fixed to the surface and mitates
further steps of coagulation mn this form without stself returming mnto the
plasma This inference 1s based on the folfowing observations

After a brief treatment of glass surface with plasma or fractions con
taung HF the glass induces fully normal coagulation 1n HFdp This prop
erty persists after washing with 10 or more changes of saline and 1t can
be detected by the indirect activation test or by any of the conventional
tests of clotting function Fig 1 llustrates the phenomenon usmg a modxl
Gicationof thromboplastn screening test (17 32) The adsorbed matcnn"
can be eluted from the glass by alkalt (pH 10 11) and after neutrahzing
with HCI 1t can be reapplted to fresh glass (curves 4 and 7)
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correct the PTA defi while HFdp s i 3 anly if glass
surface 15 also supphed (17)

‘This work 15 sull not completed but the above findings may have a
beanng on the assay of punfied HE preparations It 1s probable that punified
HF 1n solution 15 best assoyed by determimng #ts ot promoting effect
the presence of glass The actwity in siliconed contamers may well be due
not to HF but to actvated PTA or stal other tmpurities The fact that a
simifar preparation made from HFdp may be mactive 1s a necessary but
not a sufficient control 1n these expenments This posnt may weil be dius
trated by a more famihat analogv Thrombin for example will shorten the
clotting tme of haemophshe plasma As a corollary little thrombin can be

dunng <p clotung of | philic blood Yet prott
bin 15 not the fator which 1s tacking wn haemophiha Jt may therefore
be premature to attempt final punfication of HF until adequate critena by
which its actavty can be measured have been estabhished

HI w the Release of Plisma himmn

One umsansfactory feature m the studv of the early stages of blood
coagulation is that the only observable change fibrin formation 15 separated
from these stages by o complicated chain of intervemng reactions which are
still only partly undesstood

In the foregoing experiments an altempt was made to overcome this
difficulty by treating these diate stages as o unit Never
theless 1t 15 obviously hupghly desirable 1o pet a cross beanng on the nfer
ences drawn from coagulation by using an mdependent imndicator system
Such an tadicator was provided by the discovery by keele and his associates

of a pt active which appears m plasma as a
result of bnef exposure to a glass surface (343 This phenomenon was
attnbuted 1o the release of a polvpeptide | p: Tater

amn

tenamed  plasma kimn  (15)] probably related to kalhdin (351 and
bradykinn (36) Plasma kimn produces pain when apphied to an exposed
blister base and stimulates smooth muscle contraction \n wolated organ
preparations (34)

Actvation of plasma kinn ke that of the clot promoting actsvity can
be brought about m ccll free plasma in the presence of otrate oxalate
versene or hepann it 1s provoked by the same types of surface and 15 un
affected by treatment wath AI{(OH); and BaSO, or by heanng the plasma
10 56°C but prevented by preheating 10 60°C (15 34)

Before attempting to draw further correlations between these two sets of
reachons 14 will be nece sary to say something about the sequince of
changes feading 1o the release of the kimn

Two Stages 1w the Release of Plasma Kimn When plasma s brou ht
mto contact with glass kimin activity rapidly reaches a peak and then de
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Attachment of PTA to the Glass Surface Glass coated with normal
plasma has a corrective effect on PTAdp 1n the thromboplastin screening
test (1t does not correct haemophilic or Christmas disease plasma) When
however HFdp 1s used as the coating agent the glass does not improve the
clotting ability of PTAdp Smilarly glass coated with PTAdp (or plasma
artificially exhausted of PTA) does not correct PTAdp although 1t cot
rects HFdp (17) We mterpret these findings as evidence of PTA also
becoming attached to the glass surface This attachment 1s howeser de
pendent on the previous adsorption of HF by the surface and 1t cannot take
place 1n the absence of HF This hypothesis 15 represented diagrammatically

mFig 2
jPTA l ‘PTA ac)l

GLASS GLAS

Fic 2 Sce Text

Clot Promoting Properties of HF Eluate As was stated before the sub
stances adsorbed onto glass can be eluted at a pH 10 11 which agrees
with the results of the study of electrokmetic properties of protein coated
glass particles (33) This phenomenon 1s reversed by lowermng the pH to
about 8 without the loss of the clot p g effect of the adsorbed com
ponents Since adsorption and elutron are useful steps n the 1solation of HF
(12) 1t 1s clearly important to know something about the state n which
HF 1s present mn the eluate and also about the presence of contammating
substances

Our prelimnary observations (17) suggest that

1) HF reverts to the precursor form 1n solution

2) The actne agent(s) 1 the eluate which accelerate coagulation of
plasma 1n siliconed tubes 1s not HF but products of the next stage of
actvation (eg actvated PTA) Thus cluate from glass coated with
whole normal plasma induces rapid clotting 1n HFdp both in glass and in
silconed vessels and also corrects the deficiency of PTAdp When plasma

exhausted of PTA 15 used as the coang matenal the eluate does not
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to adequate glass surface (eg 200 cm?*/ml for 30 60 min ) By using
graduated cxposure to glass it 1s therefore possible to remove component B
only or both A and B

The products of both stages of the contact reaction (se  activated com
ponent A and plasma kintn) are rapidly destroyed by inactivators present
i the albumin fraction of plasm:\ s 37

The details of exp ds for the postul h of
kinin release have been described elsewhere (15) In Fig 3 the interpreta
tion of these findings 1s presented diagrammatically The scheme served as
worhmng hypothesis on which further experiments were based

Later Lo
ge od(sec) 8
Tet 102

Fic 4 Absence of Surface Activation in HF Deficient Plasma [Re
produced by courtesy of J Physiol (15}] Ratuterus

(a) Direct tests (01 ml applicd to the uterus) 1) Patients plasma
rotated for 2 min with glass balloum 2) Normal plasma treated as
1 1) (b) Indirect tests 01 m) of glass treated (G) samples added to
02 ml mtact plasma 01 ml of the mixture tested after 2 min incy
bation 1) patient s plasma (G) + normal intact 2) B depleted normal
plasma (G) + pauents tact 3) B depleted normal (G) control
tested directly as 1n (a) 4) B-depleted normal (G) + normal intact
(c) Plasma activated with kaoltn (10 mg/ml) for | mmx 01 ml
tested directly as i (a) 1) Normal 2) patients 3) normal

Latent period = nterval between the application of test samples
and the commencement of response

Release of Plasma ki m HF Deficient Plasma (HEdp) The analogy
between the changes 1nvolved m kimin release and the inception of clotting
suggested that both are imtiated by a common mechamism The behavior
of HFdp would obviously provide a crucial test of this supposition Fig 4
{aand c) shows that HFdp did not release krmin when treated with glass or
even with kaoltn which 1s more active than glass in these reactions When
tested by two stage methods (Fig 4b) HFdp served as a normal source of
component B (test 2) but appeared to lack component A (test 1) These
observations were further confirmed using the pamn test on an exposed
blister base as the indicator (15)
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chines Exposure of such plasma to fresh glass does not produce more kuun
The same final result 1s achieved by mixing glass actwvated and intact plasma
m siliconed tubes and allowing the muxture to stand for 2 hours or more
The disappearance of the capacity to form plasma kinin can be explamed
by the exhaustion of a lumiting factor which 1s referred to as component B

COMPONENT COMPONENT PLASMA
A B KININ

INTACT
wa [ ] o

OIRECT
ACTIVATION goss (30eriim) |
ACTIVATED
PLASMA Dl——’o _ O
2 hous n 1 Q
il cone. . Y o "
B DEPLETED
PLASMA
gloss (200cri/m) l
ACTVATED
B-DEPLETED
PLASMA
INDIRECT
ACTIVATION +
INTACT
PLASMA
3 hours n
Slicon

8 DEPLETED
PLASMA [:I +|:]

Fic 3 The Postulated Steps in the Release of Plasma kinin Note
the two different ways by which plasma depleted of component B can
be prepared The shaded areas represent activated component A

(15) When such B depleted  sample 1s treated with a glass surface and
then added to intact plasma new kimn 1s hberated after a brief interval (1n
direct activation) Evidently another factor present in B-depleted plasma
1s actvated by contact and then reacts with the component B supplied by
the ntact plasma This agent 1s referred to as  component A (15) Com
ponent A 1s ot as labile as B but it too 15 exhausted by sufficrent exposure



HAGEMAN FACTOR IN PLASMAISURFACE REACTIONS 219

1} Glass surface coated with prepirations contasmng HE induces normal
actnaton of successine samples of HFdp (Fig 5} The observations on
etution and readsorptson of HE already dusenbed m connection with blood
coagulation also apply to the release of plasma kmun {41)

2) Although neither HFdp nor plwsma depleted of component A can be
attivated by glass a muxtuse of the two behaves bike sormal plasma Hence
HF and component A cannot be wentical but must be complementary As
could be expected from sirmlar experniments on coagulation the two plasmas
correct cach other onfy when exposed to glass together but not when they
are contacted separately and muxed aftervards

3) Glass coated with A-depleted plasmas activates HFdp but glass
treated with HFdp does not activate plasma depleted of component A

4} Components A and B cannot be removed from HFdp by treatmeny
with glass 2s they are i normal plasma Even after prolonged gxposuse to
alarge surface HFdp can be fully activated provided the HF 1s supplied on
the glass whereas normal plasma after the same treatment can no longer
be actvated

Thus the behavior of HF i kimn refease follows exactly the same pat
tern as 1n Bood clotting

The changes ivolving components A and B on the one hand and PTA
o the other are atso abke This 15 howeser where the analogy between
the two systems ends The release of Linin was found to be entirely normal
s the plasma from a case of PYTA deficency (15 38) PTA cannot there
fore be equated with any of the composents of the kitn forming system
the two chains of seactions having already dnerged at an earher stape
(Fig 7)

HE and the Actination of a Permeabubity Factor (PF) m Plasma

Another effect of the contact reaction 13 the actvaton of an agent which
mereases capiflary permeabalaty (20) There are teasons to beheve that
this 15 the same as the previously dusenbed PF which 15 activated by
difution of plasma or serum (19 21 40) but thew sdentty or otherwise
are not dsrectly relevant to the present argument

The mcrease 1 permeabilay can be measured subjects  blued by
wtravenousty given Evans blue (T 1824} tradermal mnjections of the test
prepatations give nise to local blue lesions whose size and intensity are
taken as the mdex af acthity

The results of ammal expersments (20) supgested that the PF is another
praduct of the cham of reactsons which mutiate clottng and refease plasma
fimn Tt could therefore be expected that observations on HFdp would be
simifar to those in the other two systems Prehmumury testng of HFdp on
Funea pigs gave meonclusve resuits due to spedies mcompatibility the ex
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The Site of Action of HF 1n Kkimin Formation The glass activated com
ponent A (formerly referred to as contact factor ) was implicitly defined
as the first detectable soluble product of the contact reaction Since HF m
its active form was at the tume also thought to be present 1n solution it was
a plausible hypothesis that the two were dentical (15)

period fsec) 8 7 7 8

Tast ! 2 3 4 5 L] 7

Fic 5 Attachment of HF to Glass Surface Normal Plasma was First
depleted of component A by rotation for 40 mm with 1 g/ml of glass
ballottmt (01 mm diam )} Fresh beads were then treated with this
plasma and used for the activation of four successive samples of HFdp
The glass treated test samples were tested on the rat uterus as in Fig
4b

Between the tests the beads were washed with 5 10 changes of saline
at pH 7 Test samples 1) A depleted plasma untreated ballotim 2)
HFdp ballottm from test 1) 3) HFdp untrcated ballount 4) HFdp
‘ballotint from test 2) 5y HFdp balloum from test 4) 6) HFdp
untreated ballottn: 7) HFdp ballotimi from test 5)

Further work however showed that as m coagulation so too mn kimin
formation HF appears to act only m the adsorbed state (41) It is not
de 1 with comp A but the latter 1n the next stage of the
reaction Hence the absence of component A activity in HFdp

These conclusions are based on the results of experiments conducted
hose with blood clotting

along the same lines as t
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cursors for the actnvation of the PF (39) 1t s a reasonable guess that HF
may be an essential constituent 1n the early humoral phase of certan
foreign body reactions

RIVIPN

Fic 6 HF and Capillary Permeability {Reproduced by courtesy of
Austral 1 Exp Biol (21) ] Intradermal mjecttons of 0 1 m] of plasma
(diluted 1 4) Photographed 25 mun after the adminstrations Duply
cate tests 1) HFdp treated with glass which was coated with normal
plasma 2) as 1) but treated with clean glass 3) normal A depleted
plasma treated with clean glass 4) mixture 1 equal parts of 2) and
3) treated with glass together 5) as 4) but without the glass treat
ment

Dilution with saline was here mtroduced for convewence only
(21} It1s not an essental step in the procedure

Relations between the Surface Induced Reactions

In constd the between the ph described above
We must remember that so far these reactions have been studied only
by biological mdicators and that httle if anything can be said about the
chemical changes mvolved It 1s because of this that the components taking
part n them are referred to as factors or agents rather tham as sub
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penments were therefore repeated on human subjects where this difficulty
did not arise (21)

The findings were parallel to those described in the previous section
PF was actvated by contact with glass 1n whole or in B depleted plasma
and also after heating the plasma to 56°C but not after heating to 60°C

The most pertiment observations are shown 1n Fig 6 It can be seen that
HFdp did not produce any reaction when treated with clean glass but
could form PF with glass previously coated by HF Plasma depleted of
component A was also mactive As mn kinin formation there was a mutual
correction when HFdp and A depleted plasma were activated together but
not when the two were exposed to glass n separate tubes and mixed after
removal from contact with glass

We may conclude from these results that HF and probably also com
ponent A are necessary for the activation of the PF and that they mteract
in the same way as they do n kinin formation HF combining with the glass
surface and then activating component A

A possible reservation 1s that the same procedures which exhaust com
ponent A in the plasma also result m the disappearance of PTA The only
sure way of excluding PTA as a possible component 1 the reaction would
be to repeat these experiments with plasma from PTA deficient patients
However the time relations of the nse decay and exhaustion of PF are
more like those seen m the reactions leading to kimin release than i those
concerned with clotting (15 20 37) which suggests that the PF 1s more
directly related to the kinin formmg system than to blood coagulation

Formation of PF 1 vivo Intradermal injections of finely divided mate
nials which are capable of activating the plasma mn the test tube (e g glass
silica kaolm) produce a local merease 1n permeability This effect can be
demonstrated m blued gwnea pigs or rats or ;n human subjects For
abvious reasons only a small number of human experiments have been
attempted these were performed without the injection of blue dye but
even so the results were sufficiently umform to warrant at least tentative
conclustons

The njection of kaolin (025 05 mg m O I ml of sakme) into the skint
of the forearm 1s followed by a well defined reaction The oniginal wheal
persists or 1mcreases during the next 2 hours or so A raised reddened lesion
which resembles a positive tuberculin reaction then develops and remarns
for about 2 days The final stage 1s a persistent fibrotic nodule

One such experiment was performed on a subject with Hageman trait
(15) In this patrent there was no trace of the early edematous reaction to
kaolin the onset of the second stage (erythema and infiltratton) was de
layed but the final result (fibrosis) was the same as 1n normal subjects

These observations must of course be confirmed on other individuals
with Hageman trait before accepting them as a specific feature of HF
deficiency but since the mterstitial fliud contains all the necessary pre
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Physical Aspects of Contact Activation

We can only form a tentative picture of what changes take place 1 HF
m contact with the glass surface It seems most likely that adsorption of
HF 1s accompanied by some structural changes in the protein molecules
which expose catalytically actine groups The observations suggesting that
on elutton HF reverts to sts precursor state support this view

Some authors attempted to explan the action of glass as bewmy, due to
freeing the HF from inhubition (12 16) This imphes that glass surface
adsorbs an mhibitor and not HF but an inhibitor on the surface has never
been d and 1s patible with the present findings It 1s
possible that some of the observations which suggested the inhibitor theory
may be explamed by the presence i the plasma of inert substances which
compete with HF for the adsorptive sites on the surface (17) For mstance
glass bathed with HFdp or with plasma preheated to 60°C loses much of
its activity 1n inducing the foreign surface reactions (17 37) If however
the glass has been previously 1n contact with normal plasma  the treatment
with these preparatrons 1s no longer effective (¢f Fig 5) Ewidently which
ever substance (HF or mnert material) gets to the surface first becomes
adsorbed and cannot be easily displaced

The second and more fundamental aspect of the problem 1s why such
surfaces as those of glass stlica or kaolm are vastly more active than those
of organic sitanes polyethylene BaSO, carbon metalic Al and many
other foreign materals (15 30 38) while healthy biologtcal surfaces are
apparently entirely 1nactive or even inhibitory

If the 1nitial step of contact 15 an [ ) of
HF then the biological activity of foreign surfaces may depend on thewr
selective affimity to HF or altermatnvely on a relative lack of affimty to
men blacking substances which compcte with HF for the adsorptive sttes

of phy Iy well specified surfaces 1s yet to be
attempted but among the scattered empirical data the following observa
tions seem to be particularly sigmificant

1) Gamma Al O; which 1s imactive in plasma acquires considerable
activating ability after heating above 1200 C (14 38) Though 1t 1s known
that the heat treatment Ieads to partial or complete conversion of gamma to
alpha form of alumwma thus cannot be the whole explanation Thus fused
alemma (alpha form) 1s acuve after igmuon but loses thts property on
grinding (37) which certainly does not alter its crystalline structure

There 15 a close correlation between these observations and the changes
1 the electrokinetic behavior of vartously treated alummna Freshly ground
corundum (alpha Al Q;) carries a positive zeta potential m water After
1goition to 1200°C the charge becomes negative but 1t can be agamn re
versed by regninding (42)
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stances A factor may be a single substance or on the other hand it may
become resolved into a more or less complex system However legitimate
conclusions based on expeniments designed to treat a factor as a functional
unit should sull remam substantrally valid when that umt proves to be
composed of several constituents

In Fig 7 an attempt 1s made to summarize the interactions between the
various factors mvolved 1n the contact reaction This scheme 1s a further

Glass etc
HP
Surface-adsorbed
HE (8ot )
Component
A
PTA
Component
_ o A (sat)
Inactivators Componsnt
LN B
ploam™
~
- N
Clot-promoting Plasma kinin
factor
cu"————al A
Pain Smooth Capillary
Thromboplastin scle parmasbility
eneration contraction

7activation of
Gnriatman factor)

Fi6 7 Relations Between the Various Effects of the Contact Reactron
Solid imes 1ndicate activation Interrupted Iines indicate tnacttvation

development of the former ones (14 15) The previously employed term

contact factor 15 not used in Fig 7 because the functrons attributed to 1t
can now be assigned to at least three components (HF PTA and component
A) If the term 15 to be mentioned at all 1t can no longer be used in its
previous sense but only as a synonym of HF

While 1t 1s most unkikely that the present scheme 1s the final one the

Ley role of HF 1 this system appears 10 be firmly establtshed Thts 15 1m
portant because 1t provides a short cut for tesung any further extenston of
the hypothesis m studymng plasma/surface reactions
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We can therefore only guess at the possible consequences of a deficiency
with respect to these agents Pain vasodilatation and edema are together
with coagulation amone the basic features of inflammation (45) These
phenomena can certammly be reproduced by the substances which appear n
the surface activated plasma But even if these are important physiological
mediators of the inflammatory response we must not jump to conclusions
that persons with Hageman trait should be necessarily at a disadvantage 1n
this respect The agents 1n question can be produced 1n plasma 1 other
ways [eg under the influence of proteolytic enzymes snake venoms bac
terial tovins (15)] which do not require the presence of HF The most that
can be said 1s that individuals with Hageman trait are Jacking in the mitral
humoral mechamsm of reactions to foreign surfaces Among these silica
1s probably the most important because of its hih potency in activating
the HF and its universal distribution m the environment It 1s conceivable
that such a mechamsm may play some part in dealing, with dust which gamns
entry into the lungs but 1n normal circumstances this cannot be of great
physiological smportance otherwise one would expect persons with Hage
man trait to have some pulmonary symptoms Under cntical conditions
these ndividuals nught 1indeed show stgns of dimmushed tolerance to silica
dust but at present we have no evidence that this 1s so
Though 1t may be a little tantalizing that such a specific and potentially

useful mechamism as the foreign surface reaction seems at present to be of
o great physiologieal sigmificance 1t 1s credible that this reaction represents
the evolutionary remnants of what may have been once an mmportant bio
logical phenomenon Perhaps a study of the comparatve physiology of
these reactions may provide an answer to this question

Summary

Contact with glass and certan other surfaces induces 1 plasma a seres
of reactions whose end results include coagulation the release of a pam
producing and smooth muscle stimulating polypeptide (plasma kinin) and
the activation of a permeability factor All these changes are mitiated by
the adsorption of Hageman factor (HF) onto the surface and 1ts activation
during that process Remaining attached to the surface HF then interacts
with PTA to give nse to clot promoting activity and also activates another
agent ( component A ) which takes part in releasing plasma kinm The
activated component A 1s probably identical with the permeability factor
ot 1s essential for 1ts formation

Some physical aspects and biological implications of these plasma/sur
face reactions are discussed
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These observations support the familrar concept that the clot promoting
properties of foreign surfaces may be a function of therr electronegative
potential (23 43)

2) Freshly prepared silica sols are practically mactive 1 the plasma
In contrast collodal sthica of approximately 10 millimicron particle size 1s
a very powerful activating substance (37 38)

Ths suggests that there 15 a mimimal effective umt of surface area beyond
which adsorption of HF cannot take place Smce HF 15 probably a globulm
1t1s indeed difficult to imagine how 1t could be adsorbed by particles which
are smaller than the individual protemn molecules

Perhaps this 15 one of the reasons why blood does not readily clot in
contact with biological surfaces Healthy vascular endothelium appears to
be covered by a gel cement sut (44) whose mol: struc
ture 15 probably too open to provide adequate units of adsorptive surface
for the large protemn molecules

In addition to these two conditions (neganse charge and sufficient unit
area) there may well be other physical qualittes which account for the
duff between the biological activity of various surfaces If there are
thrs 15 still a field entirely open for mvestigation

Some Phystol I and Pathological Implications

Coagulation Disorder Since the complete absence of HF m plasma 1s
compatible with a normal haemostatic mechamism we must assume that
HF 15 not concerned 1 the arrest of haemorrhage On the other hand 1t
has been suggested (12) that abnormal mtravascular clotting may be it
ated by changes 1n the intimal surface which may impart to it actions stmtlar
to glass If this hypothess 1s correct then 1t becomes highly probable that
the reactions leading to thrombosis require HF for their inception Defi
ciency of this factor mught therefore not only be harmless but could be a
biological advantage 1n that 1t would the nisk of thromboembol
disease As a corollary 1f a sumtable antagomst to HF could be discovered
1t would be an rdeal anticoagulant simce 1t would not interfere with normal
haemostasis

Unfortunately there s still no evidence that the assumptions on which
this speculation 1s based are true There are too few HF deficient cases to
say whether they are immune from thrombotic disorders There are also
other alternatives to the above postulated h of th: It s
just as likely that ntravascular coagulatton may be started by the same
reactions as itiate haemostasis where HF does not appear to be mvolved
The question 15 obviously one of great practical importance and should
stimulate much further work this direction

Deficiency m Other Foreign Surface Reactions The functions of plasma
bility factors 1n the body are sull a matter for speculation

Jamins and permeal
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Part 5

FACTOR X



Editors Note

In August 1959 the International C for the d:
Nomenclature of Blood Clotting Factors recommended that henceforth
Factor X apply to Stuart factor only It should be understood that the
Factor X activity discussed so well by Dr Koller and Dr Spaet m the fol
lowing chapters does not refer to Stuart factor per se but rather to the
special clot promoting activity of serum described as Factor X by Dr holler
and his associates It appears at this time that Factor X activity as ongmally
outlined was due to two or more entities one of which was probably Stuart
factor

As newer knowledge and comventions develop our terminology must
adapt to changes It 1s during the transition period that confusion 1s likely
to result So agam 1t 1s emphasized that the term Factor X as used 1 this
volume 1s not used 1n the sense proposed by the International Commuttee

10n of
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What Is the Present Status of Factor X?

F Koller
Zurich Swait erland

'HE pame Factor X was proposed by us m 1953 in order to desig

nate a new serum clotting factor (besides Factors VI and IX) Thes

15 p untif the 1 Ci for the Stand

ardization of Nomenclature has decided for what clotting factor the Roman
numeral X has to be reserved

The evidence for the existence of Factor X 1s based on matching expen
ments with different 1 sera 1n the th pl test
(Table 1)

Our conclusions were 1) Factor VII plays no significant role
thromboplastin generation and 2) besides Factor VII and Factor IX a third
serum clotting factor must be present in normal serum which 15 necessary
for blood thromboplastin formation

There has been some controversy on this view Biogs Bergsagel Ver
straete and Vand did not find pl of thrombo
plastin generation when using mixtures of anticoagulant and hemophilia
B serum This discrepancy may be explained by the fact that vanous ant
coagulants differ somehow 1n their mode of action phenylindanedione
and tromexan cause a more rapid reduction of Factor IX i the beginnmng
of treatment than marcoumar (Fig 1) For this reason marcoumar serum
(i the be mming of treatment) may sull show a high Factor IX actvity
whereas in tromexan serum this factor may already be markedly reduced
It 15 evident that one cannot correct the clotting defect of hemophilia B
serum by muang 1t with a serum w}uch 15 also deficrent 1n Factor IX In
order to obtan a por ob

tamned at the beginming of treatment should be used for the muxture expen
ments.

231



90§ DP330X3 JOU OP SUOHEIUAdUOY X PUE X[ 101t

£ejewxo1ddy £[UO PauIUISP 3q PINO3 X pue X] SI01,

uondiospe £q payund sueaw

Jo

S3N[eA [FWioU Jo

ur Sunusel ©is 7 Jo dmpiur € uf

wdiospe jund IO Ul AHADOE FurdL] JO PRGSIURUIP SUsaWw — TEWION SUTIW 4
. uonelsusd mnseidoquioly) [euniouqe ue 33npoid auofe pasn I Ppue | IS ||y

Jeutiou

+ 4+ - 4+ L 1diospe jund XJ Jopde,y + - ¢ idiospe jund X Jo1eg £
Jewiouqe + — < + - 001 4 enmdowayy + - L wtospe jund X Joped 9
JewIon + 4+ 06 4+ — 001 g empydoway - + s ssoym opedagy ¢
pakefsp ~ + o ~ + o Tewnoorely - + o0l wapt ¢
JLwIou + + o001 + — 00l - + 001 pirur stueday ¢
[euLson + + so1 + — 001 — 4+ oIl N WA + Jvumodtv)y 7

Jewiiou + + 05 + — 001 q eydourayy - + € (uswiean
30 Suruwdsq) Jewnodrely |

% % %
uonyviuas Axrntd xxrntag X XIHA ON
unsojdoquioryy  sanpxipy 11 winag 1 wnaag

x SINGWISTAXT ONIHOLVI
I 290L



I HAT IS THE PRESENT STATUS OF FACTOR X? 233

S
40]
Lreovmorol (FL 15 )
3
\‘\\\§ Christmas (D w0 1007)
M — e
10 ¥_ Hrature
°

°
~
-
-

s v o1 w 1 Mn

o3t
§ 4
«
n s
g —
B S SO (F [ Defrcrency)
3 N —
~ - S e
n Ariture Drcovmoro! (FET &o/mo /)
0
[ 2 & L L] w7 % % M
Ser|
w0 —~dovmare/ (FET 1/34)
~
]
SN e Hurture
£ ~

Dicoumorol (F BT #0/n0 7)

o 72 & & 8 1w 1 1w wHm
frcuwbotion tume

Fia 1 Fflect of 2 Dicumarol Denvanv: (Marcoumar) on Thmmbo
plastin Dy rve ob
tamed with serum from a panent treated with this Dxcumarol
derivative  Christmas  desinates a curve obtained with serum from
hemophilia B (Christmas disease PTC or Factor IX deficiency) In
parentheses the concentration of Factor VII in serum as well as in the

corresponding plasma 1s indicated The first number corresponds to
plasma the second to serum

Another d. d the action of proth on the TGT
Owing 1o the defective m h hilia B the
serzm of these pattents contains huge amounts of prothrombin which 1s
converted to thrombin during the TGT The presence of large amounts of

thrombin 1 the mixture prod; an of blood
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thromboplastin formation On the other hand marcoumar serum—owimng
to the lowered prothrombin content of marcoumar plasma—contains less
prothrombin than normal serum Owren and Newcomb thought that this
fact might account for the delayed thromboplastin generation observed
when anticoagulant serum 15 used There 1s no doubt that the prothrombn
content of serum has a marked infleence on the rate of thromboplastin
formation However Isenschnud as well as Duckert in our laboratory
could show conclusively that prothrombin alone cannot explain the cor
tection obtamed in our mixing experiments

The terpretation of the results mentioned above was rendered difficult
by the fact that anticoagulants do not cause an rsolated clotting defect but a
rather complex one Factor X 1s one of a senies of factors mfluenced by
these drugs Is there any evidence for the existence of an 1solated Factor X
deficiency? Selective clotting defects are usually found in hereditary hemor
rhagic diatheses For several years we have been lookng in vain for such
an 1solated defect

Table 2

COMPARISON OF STUART PROWER FACTOR DEFICIENCY
AND FACTOR X DEFICIENCY

Stuart Prow er Factor Factor X
Deficrency Defictency
P normal?
Quick s prothrombin teme prolonged ?
Rate of thromboplastin
generation ? delayed
Amount of thromboplastin
decreased ?
Storage stability Stuart factor 1s rather Factor X 15 rather
stable unstable

In 1956 Graham et al reported on a congenttal coagulopathy which they
called Stuart defect named after the name of therr first patient A year
earlier Telfer had described a Prower defect  (Prower being also the name
of therr first patient) which afterwards proved to be rdentical with the Stuart
anomaly (Bachmann et al' ) We observed 1n 1956 another case {Delta) a
baby with an unusually severe hemorrhagic diathesis who died as soon

as the weekly transfusions were d d The arose whether
this hereditary coagulopathy was the long awaited case of solated Factor X
deficiency

The Stuart Prower factor has many properties in common with Factor
X Both are 1) present in normal serum 2) present in hemophiltr B
serum 3) present n serum of congenttal Factor VII deficiency 4) neces

sary for blood thromboplastn generation 5) adsorbed on BaSO, 6) de
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creased by dicumarol (slower than Factor VII), 7) mcreased by Vitamin
K (slower than Factor VII) and 8) decreased 1n liver disease There are
however apparent dissimulanities (see Table 2) The fact that prothrombin
consumption as measured by the prothrombin content of serum 1s usually
found within normal limts during dicumarol treatment (1e 1n Factor
defi ) may be explamed by the 1 decrease of prothromb
in plasma under the mfluence of this drug Serum prothrombin will not be
hugh 1f plasma prothrombin 1s already low

25,

15 \
T %

— %

33% FACTOR IX
10. \\ e
1 100%

T Y —
2 4 6

Fi6 4 Action of Variable Amounts of Factor IX Pro
thrombin constant Stuart Prower factor constant (33¢ )

Quick s PT 1s of course prolonged n dicumarol plasma We attributed
this delay to the deficiency of prothrombin and Factor VII There ts how
ever no reason why Factor X should not have an effect on Quick s PT too
Graham et al found a good storage stability of Stuart factor whereas we
observed a rather poor stability of Factor X A repetiuon of these expen

lts
ats gave however vanable resul
meWe sgtated that Factor X 1n contrast to Factor IX miluences primanly
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the formauon rate and sot the amouat of bleod thromboptastn (T 2)
We speaified however that particubarly m sexere Factor “\ deficiency the
rate as well as the amount of thromboplastn formation were decreased On
the ather hand Stuart Prower factor scems o act also as accelerator pro
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vided that the Factor IX Jevel of the mcubation misture 13 mawmtained
within certam hmts {10 357 of normal) (Fgs 3 4) We conclude there
fore that there 15 no convimcng argument aganst the assumption that
Stuart factor and Factor X may be dentical but that there are many
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reasons m favor of it We cannot exclude however the possibihty that
yet another factor exists which possesses all the above mentioned 1denticat
properties and i addition behaves Iike Factor X with regard to stability
mfluence on the rate of thromboplastn formation etc

Recent experiments 1n our laboratory are of nterest mn this respect
Fisch and Duckert could separate by paper electrophoresis (Fig 5) a frac
tion from a serum concentrate which shows a high activity in the one stage
method for the determmnation of Factor IX but 1s unable to normalize the
effect of hemophilta B serum mn the TGT Therefore by defimition  this
fracuon cannot be Factor 1X 1t has a marked eflect on the rate of thrombo
plastin formation which suggested the designation Pre Phase Accelerator
(PPA) It 1s less stable than the Stuart Prower factor on storage and it
appears to be absent 1n hemophilia B serum

In conclusion it may be sard that what we described as Factor X 1s pr1
manly Stuart Prower factor It s possible however that still another serum
factor may account for some of the propertes ascribed to Factor X

References

1 Bachmann F Duckert F Geiger M Baer P and holler F Differ
enttation of the Factor V11 complex Studres on the Stuart Prower factor
Thromb dwath haem 1 169 194 1957
2 Biggs R and Macfartane R G Human Blood Coagulation and Its Dis
orders 2nd ed Oxford Blackwell Screntific Publicattons 1957
3 Duckert F Fluckiger P and Koller F Le role du facteur X dans fa
formation de la thromboplashne sangutne Res homat 9 489492
1954

Duckert F Filuckiger P Matter M and Koller F Clotting factor X
Physiologic and phystco chemical properties Prac Sac Lxp Biol 90
17 22 1955

Duckert F Bachmann F Streuli F Gerger M and koller F Differ
entration of the serum clotung factors Trans VI Congr Europ Soc
Haematol Copenhagen 1957 Basel S Rarger 1958 pp 399 402

der beldi

EN

w

Fisch U Uber emen neuen A »
Thromb dwth haem 2 6092 1958

Fluckiger P Duckert F and koller F Dre Bedeutung, des Faktors X
fur die Antihoagulantientherapte Schwei. med Wschr 84 1127 1128
1954

Graham J B Barrow E M and Hougte C Stuart clotting defect II
Genetic aspects of 2 new hemorrhagie state J Chn Invest 36 497
503 1957

fsenschmd H  Uber die Wirkung des Thrombms 1m Thrombokinase
bildungstest Act? haemat 13 177 189 1955

10 kollee F Die T der thre fur dre
Kk Arch exp Path Pharm 222 89 106 1954

holler F Rlintk und Therapie der plasmatisch bedingten hamorrhags
schen Duathesea  Hamorrhaqische Diathesen Internat Symp  Wien
7955 R Jurgens and E Deutsch Ed Wien Sprnger Verlag 1955 pp

89 105

- o

o

©




WHAT IS THE PRESENT STATUS OF FACTOR X7 239

12 Roller I Is hemophilia a nosologic entity® Blood 9 286-290 1954
13 Newcomb T F and Owren P A Accelenin formation role in pro-
( 1 as evidence agamst factor X
Proc V1 Congr Internat Soc Hemat Boston 1956 New York Grune
and Stratton 1958 pp 513 S14
14 Telfer T P Denson h W and Wright D R A new coagulation
defect, Brit J Haemar 2 308 316 1956




238 HEMOPHILIA AND OTHER HEMORRHAGIC STATES

reasons in favor of 1t We cannot exclude however the possibility that
yet another factor exists which possesses all the above mentioned 1dentical
properties and mn addition behaves like Factor X with regard to stability
nfluence on the rate of thromboplastin formation etc

Recent expeniments 1n our laboratory are of interest in this respect
Fisch and Duckert could separate by paper electrophorests (Frg 5) a frac
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rdentification of Stuart factor this problem appeared to be resolved Stuart
factor 1s depressed by the coumarin drues 1t influences the one stage pto
thrombim time and 1t 15 mvolved 1o blood thromboplastin formation (4)
Thus Stuart factor depression could explain the finding of Biggs et al (3)
of an abnormal serum reagent i the presence of normal PTC However 1t
was independently noted by Hunter and Walker (5) and Duchert and as
soctates (6) that certan patients under treatment with these anticoagulants
had a defect 1n blood P f d with an ab
normal serum reagent 1n the presence of a normal one stage prothrombin
ume (PT) This defect was observed both 1n the induction period prior to
elevation of the PT and foll with d e of the
drug or vitamin K admmstration Previously Roller and his associates
(7 10) had postulated the presence of a new serum clotung factor which
participated 1n blood thromboplastin formation The factor appeared
necessary to account for the results of muung in the TGT of sera from
patients with PTC defictency liver disease and Marcoumar © therapy In
Line with the system of nomenclature favored by hollers group the new
factor was named Factor X Studies from other Jaboratories seemed to be
confirmatory Biggs (11) mixed sera from vanous patients n the TGT and
on the basis of results with congenital defects and sera of Dindevan®
treated pattents concluded that normal serum contained at least 3 factors
mvolved 1 the TGT PTC Stuart factor and a third factor conforming to
the description of Factor X Greig and Tattersall (12) came to simlar
conclustons usmg muxtures of sera from pattents with congenital defects
hepatitis and coumann drug therapy
Systematic studies on the nature and action of the new clotting factor
were reported by Duckert and associates (6) They confirmed the distine
tron between Factor X and previously described serum clottmg factors on
the basis of miung studies yn the TGT although Stuart factor was not con
stdered at that trme They further showed that Factor X appeared to in
fluence the rate of thromboplastin formation rather than its yreld in contrast
to PTC and that Factor X disappeared from serum with storage at room
temperature whereas PTC was stable By fractional elution from barum
sulfate with tnsodium citrate Factor X could be separated from PTC and
Factor VII The possibility that the Factor X phenomenon mught represent
a thrombin effect was considered but deemed unlikely on the basis of
studies m which thrombin actvity was  subtracted by companng the
ability of the generating mexture to clot punfied fibrinogen and substrate
plasma
As reports of Factor X appeared alternative explanations of the phe

nomenon were offered Newcomb and Owren (13) demonstrated that

t the rate of t! D formation 1n the
TGT and concluded that thrombin acted to convert proaccelenn to ac
celerm They considered the TGT to be an accelerin peneration test The
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The Present Status of Factor X *

Theodore H Spaet
Department of Hematology Laboratory Dpision
Montefiore Hospital New York

'HE concept of blood thromboplastin formation and the development
of the thromboplastin generation test mtroduced a highly sensitive
techmque which has proved to be invaluable m the study of blood coagula
tion Yet the very sensitivity of this test has created problems 1n interpre
tation 1 from d m tech fi 1 m
results may follow variation in pH 10nic strength and modification of re
agent preparation (1) In the thromboplastin generation mixture there 1s
smmultaneons thromboplastin evolution and 1nactivation (2) accordmgly
the activity obtained at any given time represents the net result of both
processes The Factor X phenomenon is one denved almost exclusively
from thromboplastin generation studies and 1s accordingly difficult to
evaluate Although the Factor X phenomenon 1s reproducible 1t 1s not
certain that 1t corresponds to a distinct chemucal entity with 2 umgue role
1n blood coagulation
Evidence Concernmg the Existence of Factor X In 1953 Biggs Douglas
and Macfarlane (3) noted that serum from patients anticoagulated with
Tromexan ® had dinumshed activity m the thromboplastin generation test
(TGT) This serum defect did not appear to result from deficiency of
plasma thromboplastin component (PTC) and it was concluded that Factor
VI d was 1mpl d qi studies showed however that
Factor VII plays no role 1n blood thromboplastm formation (1) With the

« This study was supported by Grant No H 2442 (C) National Heart Institute

National Institutes of Health USPHS
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wdentification of Stuart factor this problem appeared to be resolved Stuart
factor 1s depressed by the coumann drugs 1t influences the one stage pro
thrombin time and 1t 15 mvolved in blood thromboplastm formation (4)
Thus Stuart factor depression could explain the finding of Biggs e al (3)
of an abnormal serum reagent in the presence of normal PTC However 1t
was independently noted by Hunter and Walker (5) and Duckert :md as
sociates (6) that certain patients under with these
had a defect 1 blood th p formation d with an ab
normal serum reagent in the presence of a normal one stage prothrombin
time (PT) This defect was observed both n the induction period prior to
elevation of the PT and foll 5 with e of the
drug or vitamin k admimstration Previously Koller and his associates
7 10) had postulated the presence of a new serum clotting factor which
pated mn blood t The factor appeared

necessnry to account for the results of mixing 1n the TGT of sera from
patients with PTC deficiency liver disease and Marcoumar ® therapy In
line with the system of nomenclature favored by Koller s group the new
factor was named Factor X Studies from other laboratories seemed to be
confirmatory Biggs (11) mited sera from vanious patients in the TGT and
on the basts of results with congenttal defects and sera of Dindevan ®
treated patients concluded that normal serum contamed at least 3 factors
mvolved 1n the TGT PTC Stuart factor and a third factor conforming to
the description of Factor X Greig and Tattersall (12) came to smmlar
conclusions using mixtures of sera from patients with congemital defects
hepatitis and coumann druy, therapy

Systematic studies on the nature and action of the new clotting factor
were reported by Duckert and associates (6) They confirmed the distine
tion between Factor X and previously described serum clotting factors on
the basis of mixing studies 1n the TGT although Stuart factor was not con
stdered at that ime They further showed that Factor X appeared to in
fluence the rate of thremboplastin formation rather than its yreld 1n contrast
to PTC and that Factor X disappeared from serum with storage at room
temperature whereas PTC was stable By fractional elution from barium
sulfate with trisodium citrate Factor X could be separated from PTC and
Factor VII The possibility that the Factor X phenomenon might represent
a thrombin effect was considered but deemed unlikely on the basis of
studies m which thrombin actvity was subtracted by comparng the
ability of the generating mixture to clot punfied fibrmogen and substrate
plasma

As reports of Factor X alternative expl of the phe
nomenon were offered Newcomb and Owren (13) demonstrated that
thrombin prof ly wnft d the rate of bop! formatton in the

TGT and concluded that thrombin acted to convert proaccelerin to ac
celenn They considered the TGT to be an accelenn generation test The
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Factor X phenomenon was felt merely to reflect the thrombin content of
the system Biggs and Macfarlane (14) cautioned about interpretation of
mixing studies and noted conflicting reports as to the assay of PTC from
sera of patients with hepatitis or under coumarmn drug therapy Bergsagel
(15) suggested that the defect i stored serum may represent dissociatton
on storage of an mtermediate product of thromboplastin formation which
1s present m fresh serum  Rabner and Shulman (16) were able to improve
reagent activity of stored serum by freezing and thawing An element of
doubt began to invade even the group that first described Factor X Bach
mann and associates (17) while rejectmng the thrambia hypothesis of New
comb and Owren (13) appeared willing to consider the Factor X phe
nomenon a of mld defi possibly most influenced by
Stuart factor

More recent studies have tended to remforce the concept of Factor X
as a umique pl on 1f not a sep T 1 enuty Spaet and
kropatkin (18) showed that serum stored m the refrigerator developed a
defect as a TGT reagent showmng no correlation with its prothrombin con
tent Such specimens gave completely normal assays of PTC 1n the TGT
and showed normal content of Stuart factor by both TGT and one stage
prothrombin techmques These abnormal stored sera behaved m the man
ner described by Duckert et al (16) for sera defective 1n Factor X 1 that
they gave an abnormal rate of thromboplastin formation but ultimately
produced a normal thromboplastin yteld The Factor X phenomenon was
evidently masked by a high reagent prothrombin content since hemophilic
serum retained 1ts apparent Factor X activity Rabmer and Spact (19)
showed that many patients with parenchymal Liver disease presented sera
with a defect typical of Factor X deficiency n the presence of normal pro
thrombin tests These 1nvestigators also were able to produce an abnormal
serum reagent in the TGT without dep of plasma p bin by
the d: ation of d 1 and vitamun K to normal
human subjects A somewhat different hine of evidence has appeared based
on reactions to mjection of rare earth denvatives Hunter (20) observed
that intravenous neodymium 3 sulfoisomcotinate produced a cloting dis
order prncipally due to depression of PTC and Factor X Alexander 2n
found that mtravenous Thorotrast® was followed by changes in serum
reagent stmilar to those 1n stored serum and has concluded from s data
that Factor X 1s a vahd clotting component

Properties of Factor X In many respects Factor X resembles the
several other clotung factors which seem to be related metabolically to
mbin (22) Summanzed 1n Table 1 the properties of these com
uite simular as regards heat Ibility adsorption onto the in
f heavy metals and dependence on the inteenty of the hepatic
bolism Certan differences n stability and func
X and Stuart factor are Jess stable than the

prothro:
ponents are gl
soluble salts ol
pathway of vitamint K metal
tions are evident Both Factor
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other components m serum However serum loses little of its Stuart factor
actvity when stored at 4°C for two weeks whereas Factor X may virtually
disappear from serum under these conditions (23) Tt 1s noteworthy that
different sera lose their Factor X content at different rates the reason for
these differences 1s not clear At 37°C both Stuart factor and Factor X
disappear from the serum rapidly Factor X 1s considerably more stable m
plasma Serum obtamned from recalcified plasma of expired bank blood
behaves as normal serum reagent m the TGT (23) This findmg wndicates
the presence of adequate Stuart factor as well Other distinctive properties
of Factor X include a greater affimity to barium sulfate than the other
members of the group and rapid denaturation at 50°C (6)

Clhinzeal Vanations m Factor X The Factor X phenomenon 1s most
readily demonstrable following treatment with the coumann drugs Al
though no studies have compared the various members of this drug group
the different derivatives reported seem umiformly to produce Factor X de
fictency There appears to be general agreement that Factor X 1s more
sensitive to these drugs than most of the other susceptible factors and
several studies indicate that Factor X deficiency persists longest following
discontinuance of therapy (5 6) If these conclusions are venfied they are
of the greatest interest It 1s a matter of common clinical observation that
pattents who develop bleeding following coumarin drug intoxication may
continue to bleed after restoration of prothrombm to normal levels Per
sistent Factor X depression may account for this previously unexplamed
phenomenon asmuch as this factor does not appear to be mvolved m the
prothrombm time It would appear that the TGT would be a useful labora
tory addition m following certan of these patients

The presence of Factor X deficiency m liver disease has been mentioned
by many of the investigators who have studied this factor (6 12 18 19)
In other studies such as those by Cowling (24) and Fikbmer et al (25)
the serum was also found to be abnormal i the TGT but it was not felt
necessary to postulate factors other than PTC to account for the defect
In the latter study the TGT was not abnormal 1 the presence of normal
prothrombin a finding at vanance with the data of Rabimer and Spaet (19)
who demonstrated significant Factor X defictency 1n many patients with
Tiver disease of mild degree Many of the patents studied had normal
prothrombim and presented Factor X deficiency as therr only laboratory
abnormality although liver biopsy or autopsy confirmed the presence of
Liver disease A possible reason for the discrepancy m the two studies
results from in reagent p Finkbiner es al used serum
reagent which had been stored at room temperature from 12 to 24 hours
Thus the normal control reagent was probably deficient 1n both Factor X
and Stuart factor making detectron of these deficiencies more difficult 1n
test sera Control sera of Rabiner and Spaet were used within several hours
of blood collection Spaet and kropatkin (18) found that serum from a
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patient with Iner disease had a defuct identical to that of stored serum
but with wirtually normal ability to correct clotting of serum defective n
Stuart factor alone Factor X dutermination may prove to be a sensitive
and useful liver function test if the above studies are confirmed Factor X
also appeared to be depressed m a patient with hypoprothrombinerua
resulting from obstructive jaundice and vitarmn K deficiency (11)

To date no clearcut cases of pure congenital Factor X deficiency have
been reported although two patients have been studied who evidently
had 1 Factor X d bined with other clotting disorders
One patient reported by Biggs (11) had been previously studted by New
comb and associates {26) and had a complex deficiency mcluding pro
thrombin Factor VII PTC Stuart factor and Factor X A pateent of Greig
and Tattersall (12) presented the findings of combined PTC and Factor X
deficiency It 1s possible that cases of Factor X deficiency are being mussed
owing to the tendency of many laboratones to classtfy all patients with an
abnormal serum 1n the TGT as PTC deficiency without further study
According to Koller (8 27) Factor X 1s normally reduced in the newborn

Conclusions

Studies from several independent laboratories have conﬁrmed the pres
ence of a TGT defect ble from T
Stuart factor and other known coagulation components This de!ect 15 most
pronounced 3n sera of patients under treatment with coumann drugs or
with liver damage and 1n stored serum In its properties and 1ts relation to
vitamin k metabolism this Factor X phenomenon suggests the presence
of a clotting component belonging with the serum factors (22) which
dppear to be and retated to pr But
suggestive as the evidence 15 1t 1s probably not justified at present to accept
without reservation the umque mtegnty of Factor X as a clotting factor m
its own right Available assay methods for 2ll clotung factors are uncertain
at best and certam components defy accurate quantitation For example
PTC activity increases progresswvely in a given blood sample on standing
m glass (28) and 1ts component serum level 1s even greater It 1s still
possible that Factor X may merely be a reflection of combined deficiencies
none of which 1s detectable separately Similarly 1t may represent altered
blood thromboplastin intermediates resulting from unidentified changes 1n
known components The final verdrct on Factor X will probably come with
discovery of a pure and severe defect of 1t (best studied m several labora
tories with different techmques) or chemical purification of a substance
which fulfills its cnitena

Meanwlhile the concept of Factor X presents certain practical advantages
Tt indicates to climeians the presence of a clotting defect which may
appear 1n the presence of normal prothrombin tests and no evident PTC de
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fieiency It emphasizes that disturbance of vitamn K metabolism with
coumann anticoagulants or liver disease leads to hitherto unsuspected
alterattons i blood coagulability not readily evaluated by routine pro
cedures currently i use
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The Resistance of the Hemostatic Plug i vivo ' in
Healthy Men, in Thrombocytopenia and Under
the Influence of Indirect Anticoagulants

Y Bounomeaux J Roskam and J Lewalle
Insntut de Chimque et de Pathologie Medicales
Universite de Liege Belgum

N 1923 oncof us (J R ) proposed the theory and then showed m ammal

expeniments 1 1942 that uncontrollable bleeding 1n the hemorrhagic
states due to a I} defect or i (such as farmlral hemo
philia) was pnmanly related to an abnormally fragile hemostatic ptug The
profuse hemorrhages 1n the hemophilic states (charactenized paradon
cally by normal or shghtly prolonged blcedmg times) differ 1n their patho-
genesis then from the h ( P! and
thrombocytopathias) since the latter are chiefly the result of markedly de
Iayed formation of the hemostatic plug either on the basts of numerical
platelet deficiency (with normal coagulability) or deficient platelet ageluts
nation (6 7 8)

However de Nicola and de Nicola and Mazzett: (1 2) on the basts of
a simple thrombelastographic study believed that the thrombus 1n the
hemophiliac was qualitatively superior to the thrombus 1 the thrombo
cytopentc patient that although 1t was slower in building up 1ts resistance
was nonetheless greater However m the usage of Itahan authors the
word  th from all 1s a red or
clot and not the white it or plug that 15 resp
for the cessation of bleeding from arterioles and venules It 1s also the
coagulated clot that Macfarlane (4) means when he disagrees with de
Nicola although he uses a stmilar technique measunng, with a simple

ngtl
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apparatus the force requwed to separate three surfaces between which
blood hid coagulated he established that the resistance from the tension of
clots 1n thrombocytopenia 1s much greater than n normal individuals While
the coagulated clots 1n hemophilia are very fragtle Obvsously these authors
think that therr observations are directly relevant to the much more complex
process of spontancous hemostasis

Attempung to approach this problem 1n pathogeness in a more direct
and less speculative manner we have submitted a new m 1o method
which permits the study of the resistance of those elements engaged
hemostasts 1t man—the hemostatic plug

Techmque The pattent hes on his back with his arms extended along
the plane of the bed First the bleeding time 1s measured on the left fore
arm The skin 1s clensed with ether and then three cross wise Incisions
each 2 em long and reaching the cellular layer of subcutaneous tissue are
made on the upper half of the forearm The arm 15 then placed md way
between pronation and supmation to allow the blood to collect at the
mner commissure of the inciston Every 30 sec blood s blotted off with
filter paper care being taken to avoid contact with the wound

The same procedure 1s repeated on the nght forearm to which the un
mflated cuff of a Vaquez Sphyg) has been p ly attached
Three minutes after the shortest bleeding time (BT) the cuff of the Vaquez
apparatus 1s inflated to 40 mm Hg and tiis pressure mamtamed until
bleeding resumes If bleeding does not recur after 3 min the hemostattc
plug 1s dered effective If bleeding does recur the pressure 1s released
and the BT 1s measured as described above

In the majority of patients we examined a platelet count Quick time
fibrimogen levels prott complex deter prothrombm con
sumption and the TGT were obtamed according to approved methods

Results and Discussion

Having established in a previous study that the BT 1n man obtamed as
described above 1s statistically as sound as the modified Duke method (5)
(with close correlation between the mean values of 3 BT on the night and
left forearms) we then studied the recurrence of hemorrhage under the
influence of moderate stagnation m both normal individuals and patients
suffering from vanous morbid states Our first complete results will be
published shortly 1n Thrombosis et Dinthesis Haemorrhagiea We are
presenting 10 this report our observations made on 1) subjects which were
considered normal 2) ndividuals treated with indirect anticoagulants
(Marcoumar Tromexan) and 3} thrombocytopenic patients

The Mean BT of Our Patients In 24 subjcts mtially considered as
pormat we recorded a mean BT of 201 sec with a o of 56 The mean BT
was abnormally prolonged with respect to the mean and its o sn two
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subjects of this group However these subjects with a pathologic mean
BT above 285 sec represented only 8 355 of the total group of normals

Table 1 shows that the proportion of abnormal mean BT 15 much higher
m pattents treated with anticoagulants and 1s especually so m patients
suffering from bocytop: beng resp: ly 60 and 1009 of all
cases with a mean of 356 and 1675 5 sec respectively Five of the 8
thrombocytopenic patients had platelet counts above 30 000 per mm® three
of them had platelet counts betow 4 500 their respective mean BT were
513 and 5 073 sec

Table 1

MEAN BLEEDING TIMES IN PATIENTS TREATED WITH ANTICOAGULANTS
AND PATIENTS WITH THROMBOCYTOPENIA

Total  Number of Mean BT o
Subject Groups Number Prolonged BT 7 masees  Sec
Apparently normal 4 2 83 201 56
(Indirect) anticoagulated
patients 15 9 600 356 328
Thrombacytopenic patients 8 3 100 16755

Recurrence of Hemorrhages Before adapung the counterpressure of 40
mm Hg we tested other pressures We established that if after the cessa
tion of bleeding a pressure equal to the mean artenial pressure was applied
to the arm  bleeding resumed n all normal subjects

Table 2 shows the observations made with the counterpressure of 40 mm
Hg with which we are concerned

Table 2

oF wrm IN PAT(ENTS
TREATED WITH ANTICOAGULANTS AND PATIENTS WITH THROMBOCYTOPENIA

Numberof ~ Numberof  Percentage of
Subject Groups Cases Recurrences  Recurrences

Apparently normal 24 3 125
(Indirect) Anticoagulated patients 15 7 466
Thrombocytopenic patients F] 0

Among the 24 subjects 1mtially considered normal only three had a
recurrence of bleeding with counterpressure One of these had a normal
bieeding time and normal coagulation tests untll we obtan mformation to
the contrary we must constder lum normal from the hemostatic pomt of
view The second patient gave a prior history of hemoptysis His studies
showed deficient prothrombin consumption deficient TGT with pattent s
serum and a 50% reductton in Factor VII and the Stuart Prower factor
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apparatus the force required to separate three surfaces between which
blood had lated he established that the from the tenston of
clots i thrombocytopenia 1s much greater than m normal mdividuals while
the coagulated clots 1 hemophilia are very fragife Obviously these authors
think that their observations are directly relevant to the much more complex
process of spontaneous hemostasis

Attempting to approach this problem mn pathogenesis i a more direct
and less speculative manner we have submitted a new m wno method
which permuts the study of the resistance of those elements engaged 1
1 n m the h 1c plug

Technique The patient lies on his back with his arms extended along
the plane of the bed First the bleeding tume 1s measured on the left fore
arm The shin 1s cleansed with ether and then three cross wise 1cisions
each 2 cm long and reaching the cellular layer of subcutaneous tissue are
made on the upper half of the forearm The arm 1s then placed nud way
between pronation and supimnation to allow the blood to collect at the
mner commissure of the mncision Every 30 sec blood 1s blotted off with
filter paper care bemng taken to avord contact with the wound

The same procedure 1s repeated on the right forearm to which the un
mflated cuff of a Vaquez Sphy gmomanometer has been previously attached
Three minutes after the shortest bleeding time (BT) the cuff of the Vaquez
apparatus 1s tnflated to 40 mm Hg and this pressure maintamed until
bleeding resumes If bleeding does not recur after 3 min the hemostatic
plug 1s dered cff If bleeding does recur the pressure s released
and the BT 1s measured as described above

In the majonity of patients we exammed a platelet count Quich tme
fibrinogen levels prothrombin plex deter| P bin con
sumption and the TGT were obtained according to approved methods

Results 1d Discussion

Having established 1n a previous study that the BT 1 man obtaned as
described above 1s statistically as sound as the modified Duke method (5)
(with close correlation between the mean values of 3 BT on the nght and
left forearms) we then studied the recurrence of hemorrhage under the

L] of mod 2] in both normal ndividuals and patients
suffering from vanous morbid states Our first complete results will be
published shortly 1t Thromt et Duathesis I We are

presenting 10 this report our observations made on 1) subjects which were
considered normal  2) individuals treated with indirect anticoagulants
8 T ) and 3) thrombocytopenc patients

The Mean BT of Our Patients In 24 subjects rmtially considered as
normal we recorded a mean BT of 201 sec with a o of 56 The mean BT
was abnormally prolonged with respect to the mean and its o m w0
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bocytopenic patients 1s much more pronounced m anticoagulated patients
and ts rare in normal subjects

Is the firmness of hemostatic plugs i hemophilia sumilar to that under
anticoagulant therapy?

This seemns quite hikely on the basis of the behavior of bleeding 1n hemo
philic families and the BT n heparinized animals (7) In this regard how
ever one must always be aware of over simp Table 3
our observations on two patients at the begnning of anticoagulant therapy
(subjects 1 and 2) and one patient (subject 3) afilicted with hepatic icterus
at the onset of his illness and after recovery These findings make one
question the role of blood coagulation factors n effective hemostasis espe
cially 1f one recalls the sigmificance of the vessel wall 1n the arrest of bleed
mg (8) and of the vascular effect of anticoagulants (3)

It goes without saying that the problem presented here requires much
more 1mvestigation We think that our method may be used to advantage
m this regard as well as m the control of admmstration of direct antt
coagulants such as hepanin Meanwhile 1t 1s obvious that more observations
will have to be compiled 1n order to statistically evaluate our results

Summary

1 The authors describe 2 method for the study i vhvo of the resistance

of human hemostatic plugs This method 1s essentially based on the relauve
of of t in the forearm under the mfluence

of stasis onginating after the arrest of bleedings from a standardized coun
terpressure on the arm

2 Under these the of bleed 15 1
normal people The same may be sard 1f at all possible of thrombncytopemc
patients

3 On the other hand the bleeding recurs m an mmportant proportton of
ases 1n patients treated with indirect anticoagulants

4 The sigificance of these facts 1s discussed
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The third patient 1s one of those very rare ndviduals on whom one cannot
perform coagulation tests Hence we cannot be certam about hium By
eliminating the latter two patients we can state that among 22 normal
subjects, only one or 1 little over 4% resumed bleeding with counter
pressure It scems then that a fair conclusion would be that recurrence of
bleeding with counterpressure 1n normal individuals ts highly unusual

In 15 patients treated with wndirect anticongulants bleeding occurred n
seven or 46 6% of them with a counterpressure of 40 mm Hg Moreover
1t seemed to us that recurrences were much more frequent with vigorous
therapeutic anticoagulation

Though neither our evidence nor the number of patients treated by antt
coagulants can be statistically analyzed we stll feel that their unusual be
havior 1n our expenments strongly suggests the presence of a decreased
resistance of the hemostatie plug in the coagulopathies

Table 3
COAGULATION AND HEMOSTATIC TESTS
Subject 1 Subject 2 Subrect 3
Jaundiced  Recovered
Platelets x 1000/mm? 188 141 3718 275
Qurck time (%) 95 80 16 100
Prothrombin (¢} 120 60 72 106
Factor V (¥) 82 100 60 100
Factor VII (') 80 87 155 100
Fibninogen (gm /) 26 54 245 a8
Residual Prothrombin (<6) 27 3 4 3
Brggs Test (TGT}
—absorbed plasma N N N N
—serum N N Deficient N
Bleeding ttme (forearm} 425" 635 505~ 425
Recurrence of hemorrhage + - o+ +
Co ly 1n the 8 thromb P n our study there were no
of hage after despite the fact that three

of them had platelet counts of 4500 2500 and 2900/mm * respectively
along with mean BT of 58 121 and 59 mun even though the counter
pressure was raised to Ievels approaching mean artenial pressure

Recalling that i our earlier tests all the normal patients had recurrence
of bleeding with this latter counterpressure we now suggest despite
de Nicola that the hemostatic plug 1n thrombocytopemics 1s firmer than n
normal subjects This remarkable resistance may be the result of 1ts slow
fo;TL‘stclgxrxl\s ta follow then from our mutial studics that the tendency for
bleeding to recur with our experimental method 1s non-cxistent 1 throm



27

Platelet like Activity of Serum in Hemophiha

Jacques Caen
Centre de Recherches sur les Maladies du Sang
Hopual Saint Lows Paris France

T 1S now well known that 1n hemophilia platelets resuspended m thetr
own plasma are very slowly agglutinated and destroyed (2 6 7 8)

Data have been p hed that platelet was d
(3 4 10) but when resuspended 1n mormal plasma platelets appear
normal 1n therr morphology and function (5 9) Using a rotating agitation
with glass Wnght (13) has shown that platelets of hemophiltacs and
normal subjects have a different mechantcal resistance

For a better understanding of the causes of hemorrhage m hemophilia
we have tnied to find by statistical method whether there was any difference
m the various coagulation factors m bleeding pertods vs nonbleeding
penods

Material and Methods 42 hemophtlic patients (34 with AHG deficiency
8 with PTC deficiency) were exammed

The presence of a hemorrhagic period was established by the finding of
cutaneous or internal bleedings at the time of examnation

Duning 20 hemorrhagic and 22 non hemorrhagic periods 4 tests were
generally performed a) clotng time 1n tubes previously ninsed with saline
b) prothrombm consumption by Souliers (12) two-stage method c¢)
platelet ike activity of serum by the method of Alagile and Souler (1)
the results of which are expressed by an mdex which 1s the difference mn
the serum prothrombin time the sixth and the fourth minute after recalcifi
cation of a platelet free plasma with the tested serum and d) the serum
serotonin level determined by 1its actvity on the atropinzed rat bowel as

g\dxcated by Quivy (11) Determnation of antthemophilic factor was not
lone

257



256 HEMOPHILIA AND OTHER HEMORRHAGIC STATES

5 Pauwen L J Roskam J Derouaux G and Puissant A Ftude statistique
du temps de saignement moyen humain Arch internat pharm dyn 67,
390 424 1942

6 Roskam J  Pathogeme de la prolongation des hémorrhagies dans Jes
syndromes hemorragiques et dans | hemophtlie vraie Presse med 972
1923

7 Roskam J Mecanisme de la prevention et due traitement des thromboses
par L hepanine Arch internat pharm dyn 68 66 80 1942

8 Roskam J L Hemostase Spontance Paris Masson et Cte 1951



PLATELET LIKE ACTIVITY OF SERUM 259

over all fability ( 1 time proth ptton) nor
to the physiological test for serum serotonn level
Further work 1s 1n prosress to study platelets of hemophiliacs s contact
and conlatt free syslcms 1n order to understand what part they play 1 the
considenng their normal coagulation
potency (TGT with p]atclcts) whatever the phase of the disease
Although only a few cases have been investigated nonetheless we have
been able to observe the t action of p on the
factors in hemophilia Its effect on the defictent platelet like serum activity
seems convincing

Summary

A highly sigmficant statistical difference of platelet like activity of serum
between hemorrhagie and non hemorrhagic periods m hemophilia has been
found 1t 1s not related to lhe clotting time nor to pmlhmmbm consumption
The of this p 1s d

We are mdebled to Dr P Maroteaux for his help with the statistics
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Results The results of the statistical study (Table 1) show that the
difference of the average time 15 statistically valuable for the clotting tine
(A =2268=965) but not for prothrombmn consumption or serum
serotomn level (this last study was done 1n only a few number of cases)
However the difference found between hemorrhagic and non hemorrhage
penods 1n the platelet like serum activity seems to be highly significant
(A =1605=281)

Table 1

COMPARISON OF AND NON PERIODS
CLOTTING TESTS AND SERUM SERGTONIN

I mo kg Peod ultlt.fll:';;r’dgtl $0° N0 HmakpcPoad
! mber of ar Aumber of
bal Cases v dues Cases
Clotting ime (1n
minutes) 4825 19 2268 =965 2557 20
Prothrombin
Consumption
{10 seconds) 16 20 317278 1477 2
Platelet like
activity of serum
Gn seconds) 635 20 1605 £ 281 224 22
Serotonin levels of
serum (1n y/cc) 001615 6 003766 = 004972 005381 11

We thought that delayed clotting time in stself could account for the
discrepancy m the platelet like actvity expressed in seconds and not 1t
consumed prothrombin Table 2 does not confirm this view Otherwise
correlation between clotung time and platelet Iike activity of serumt is very
low (r=-03)

Table 2
Ptery o ety an Patith L,
C;“ ¢ ‘1:’4 o€ ¢ Sta Qg pe" T Tm KA fCas
>20 1335 20 <20 1768 19
D=433x391

Due to the small number of cases studied 1t hay not been possible to
establish by statstrcal mvestigation a relation between serum serotomn
levels and platclet like activity of the serum

Conclusions

activity of serum expressed in seconds shows a sigmift
tween hemorrhagic and non hemorrhagic periods of
tistically related neither to the tests of

The platelet Iike
cant difference be
hemophtha This difference 15 sta
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ABSTRACT

By specifically analyzing for the various active principles of plasma
platelets tissucs and thelr fractions much new informaticn has been ob
tatned concerning the role of 1ipids and platelets in tlood coagulationand
in the hemostatic mechanisms in health and disease Anslyzed compon
ents are studied in artifi clotting syst pecially a two stage
thrombin forming system Some 86 cases of bleeding disorders 32 new
barn normal infants and thefr mothers and many normal adult bloods
have been analyzed with respect to components of the clotting and hemo
static functions

The detailed » in the df,
passed under the following heads

1) the importance of certain liplds especially cephalin

2) the normal need for platelets in plasma clotting

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

to cep in the th: tic system

4} o of the 1 actions of halin of
and of tissue thromboplastin (to some extent) by a variety of experimental
additlves Part of this may be explained &3 a thromboplastin generation
through co participation of certain plasmatic components {antthemophilic
globulin PTC etc} Part however may be the result of certain proteo
1ytic enzymes particularly trypsin 'disaggregating llpoproteins andthus

)

are encom

rendering their ph (snd 1§ 1 for par
ticipation in the clotting reactions

S) poasible Ca and lipid in the
thrombin forming reactions

6) myetin figure 23 an of talt ns of plate
lets and certain other formed such as Y Y

ocytes and stromatolytic erythrocytes

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

%) the octurrence of many clinicel disorders due to deficiency of plate
let £ Thr Y denote nurnbers {'counts’ and
total bulk in body) Thromboey are def of specific
platelet eg tic factor vasocon
strictor {5 hydroxytryptamine) or retractor factor Such deficlencies
can be clinically significant even when the platelet count is normal
tﬂlezdlng in leukemias uremias etc may often be accounted for in these
erms

9) the nature and modes of action of heparin and other ‘antithrombo
plastic inhibitors and of some antiprotemses in relation to the mechan
{sms discussed

10) the 'cephalin avallability theory! of the author as a useful working
hypothesis to explain the importance of the natural thromboplastic phos
pholiptd  Lipid release {rom platelet tissue or possibly plasma sources
may very well be the long obscure 'trigger mechanism' which initiates
®lood coagulation

11} The supplement reports 11 new experiments in the period 19561959
The versatile two-stage method has been modifted for the quantitative
study of each individual factor in the blood clotting system and adds some

vit



vifl ABSTRACT

new data concerning thromboplastic mechanlsms These data contrib
ute further support for the main thesls It {s suggested that the term
‘prothromboplastic? be used to designate the phosphatide (probably
cephalin) which in conjunction with calclum lons and a diverse {exper
imentally} group of accessory factors constitutes the mechanism for
activation of prothrombin to thrombin 'Availability of the lipld as a

trigger mechanism' and its dynamic role in these activator mechan
fams seem best explained {n terms of & ‘phospholiptd transfer’
hypothesis
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Lipoibs AND BLOOD PLATELETS

WITH REFERENCE TO BLOOD COAGULATION

AND THE HEMORRHAGIC DISEASES






PART 1

DACKGROUND
FOREWORD

In presenting » dissertation embodying experimental work con
ducted over a 27-year period {1929 1956) it is necessary to review
the knowledge of the field at the commencement of this perjod and
its subsequent progress to the present time in order to evaluate
each contribution in the light of contemporary knowledge and theory
Several volumes and possibly several authors would be requiredto
review critically and {n detail all the extensive literature of the blood
coagulation field From the physfological 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 appearingin the Annual Reviews of Phystology two of
them by the present author [133 140] The purposes of this disserta
tion may beat be served by a seléction of those idens and trends
of thought which atford the background for the topics presented

A digsertation more than a definitive scientific publication re
flecta the interplay of ideas that influence the mind of its authorand
it 1s not inappropriate that it indicate to some extent the personal
element in research In the perfod covered Sclence itaelf has under
gone a change which is deserving of mention This change was grad
ual in the beginning but it has accelerated in the last few decades of
the century Ch of earlier periods was the emi
nence of whose di 1es opened up new fields
or special areas within those flelds often single handed Students
and young nvestigators came to work in the laboratories of the dis

1 h and thus ped the various *schools justly
ldd(ng to the reputation and prestige of the 'master A fine example
1n our fleld was the Dorpat school under the leadership of Alexander
Schmidt (1860 1895}

The modern scientific era has seen much larger numbers of sci
entista working simultaneously in the same field Through sclentific
gatherings of regional national and international scope workers of
kindred interest have ities for of ideas
Thus all are kept fully informed of many ltnes of progress and of the

of in advance of their solution A not
Infrequent consequence 1s that the same solutfon (or almost} s reached
by several groups of rs perhaps
widely scattered over the world An illustration of this may be cited
from a fleld peripheral to that of the present inquiry In 1939 the
Journal of the Soclety
four papers from different labarntoriel all of which must share the
€redit for the definitive solution to the problem of the chemistry of
vitamin{a) K Much the same sort of thing {s true of the recent
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mention These estabitshed the clotting phenomenon aa essenttally &
physlological property of the 'coagulable lymph' {Butt 1760 <f,'coag-
ulsted lymph! of de Sennc 1749 which we nowadays call
Malptght {(1666) and Ruysch {1707) had already noted the 'fibrous' ma
terlal obtainable {from bloodclots and with wide
of ublquitour blood letting talked of the *cruor’ or 'crassamentum'ap
pearing after separation of the 'seroslty’ or serum  Much was made
of the buffing® of blaod in disease This we now interpret as an in
creased ery rate with the easler
ob-ervuuen of :lomng sequences starting in the supernatant plasmn
rich layer The term fibrin which we owe to the French encyclope
dists Chaptal [72] and de Fourcroy [99] was not really an advance
tince they used the crudest melhodl of preparation of the clotmaterial
which they tried to ch a and el y analy
sls  Mulder {ntroduced the word mm In 1839 but it has been a
long and difficult road still with unexplored bypaths to define individ
ual proteins and emong them {ibrin and {ibrinogen The latter term
we owe to Virchow [482

The 1830 1859 publications of P 5 Denis are of historical inter
est Denls' {102] most all things
wag the practical preparation of his plasmine ' This was a precipt
tate obtalned from plasma with strong solutions of sodium chloride and
other neutral salts Redissolved on sddition of water it subsequently

h from the of natu

ral fibrin clot
The false impreaston that {ibrin was the result of some ‘spontane
cus’ change in & soluble pe was tirst b
(e8 €3] ly in his observa that the hy
from a blood clot could colguhte certain hydrocele fluids He com-
paredthis withthe rennet curdling of milk and also did much to try and
Pprove a cellular origin of the blood cosgulant Buchanan's work was
neglected until republished by Gamgee ﬁa:} in support of his confirm
atory experiments Gamgee's method of preparing thrombin {as it has
come to be termed) from blood clots was further improved by W H
Howell {229 232] at the beginning of our current era

2 THE DORPAT SCHOOL

Al Schmidt of Dorpat his famous school In
the latter half of the 19th century From the master and his puplls
came a large body of work and in 8 two
monographs [ 420 421] 1n 1892 1895 It is easy {rom our advanced
modern viewpoint to be extremely criticsl of the crudity of their ex
and highly of thelr ideas It
should be remembered however that the difficult blochemical problems
of the coagulation field humble us even to this day Then again the 19th
century discoveries especially In the fleld of ferments {or enzymes)
arcused such interest that got
out of bounds Analogies we and thelr tac
itly mccepted with little of ¢he caution demanded of more recent exper
imental science Schmidt used a crude technique of storing blood se
rum under alcohol to obtain his 'fibrin ferment ! which was avery weak
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dlscoveries of several new factors in the blood clotting mechanism
Here another consequence {s manifest namely some uncertainty be
cause of the difficulty in exact identifi of the factors {n question
thus leading to a fusion in 1 e Such fusion {2 more
troublesome to the cnsunlly Mtereated scientist than to those actually
g on these p:

In the coagulation fleld at lean in America perhaps the last of

the old school uuthorltieu was W H Howell of the Johns Hopkins

School of M This ist and distin
guished teacher was quletly continuing hiu crhicll experimentation in
a modest 1 y which he p s Emeritus Professor of

Physiology during the period of the 1930'- when the present author
had the privilege of paylng him numerous visits His friendly charm
edvice and critlcal discussions and warm personal interest and en
were of 1 Imable value in gulding a new researcher

tnto the complexities of the blood clotting field

On the occasion of the annual meeting of the Federation of Amer-
fcan Socleties for Experimental Blology at Detroit in 1935 a small
group of {nterested coagulationists met together and agreed to main-
tain an exchange of {deas By commeon consensus this "coagulationist'
group has never become formally organized It has however con
tinued to meet at each annual meeting of the Federation and the sus
tained has exp. d with each year so that our
mailing liat now has over two hundred names There are gimilar
groups of workers in other specialized fields end a very important
result of thelr coordinated Interests has been to secure Inter soctety

1 and P at such h as the Federatlnn and the

" 1 and H

Other !ignulcnn! contribuuons to the cross fertilization of {deas
among specialized scientific groups are the numerous Research Con
ferences which are a distinctive feature of the modern scientific
scene Some examples in which Amerlcun ccug\xlauonhts get to
gether are those by the h Council the
U S Public Heu]th Service -nd the Josiah Macy Jr Foundation to
mentlon fust a few

With this broad perspective we may sclectively summarize the
early history of blood coagulation in what we may call the personal
era and then proceed to a 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 vlew

The topic of the blood p 1 will be sep. ly lewed

CHANGING CONCEPTS IN THE CLOTTING FIELD
A HISTORICAL HIGHLIGHTS
1 EARLY ORIGINS: HEWSON DENIS BUCHANAN
The earlicst significant efforts toward an understanding of the
caagulation of the blood were made in the I8th century and the Exper-

imentel Inquirfes of young William Hewson {218) assoclate of the
famous brothers John and William Hunter are particularly worthyof
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3 THE WORK OF HAMMARSTEN AND WOOLDRIDGE

Olof Hammarsten [205] in 1883 seemed to simplify Schmidt's
theorles by suggenting that Hibrinoplastic substance ('fibrino
globulin’) was not & of the coagulant but app .s
#plit product of fibrinogen when acted upon by the {ibrin ferment
However this eminent blochernist went on to success
In the purification of both fibrinogen and thrombin We owe to him
the application of the 'salting out' technique to precipitate fibrinogen
from plasma using 32 sat NaCl or 1 sat {NH), SO, Weyl Heynsius
and others {ref [371)) were then developing the use of neutral salts
rather than the earlier acids and alkalles etc for the separstion of
all kinds o he distinction between an
on the basis of solubilities in such salt solutions was made inthis era
When oxalate or citrate (see later) replaced the older MgSOq etc as

) used in eeparating { y) the plasma from the
blood P the preparation of end other clotting fac
tors by the salting out method was much improved The technique of
elementary organtic analysis by combuation methods dating back to
Liebig (1840) was continued and despite the relative crudity of the
materials analyzed did give dai P and minerals eg Ca
which contributed some information of real value in these early days
of protein and other organic Y sten y pur
iffed fibrinogen until he was able to obtain up to 94 percent of its pro
tein in the fibrin clot which resulted from treating its solutions with
h 1s in was {r from f{resh horse serum
The conclusion from these careful experiments was that the small
quantity of non coagulable proteln unaccounted for was merely a
minor contamination with what we would now term serum globulina
Hammarsten s work on the calctum factor will be reviewed onp 8

ge [508] had for some of
his claims to priority over the Dorpat school in the investigation of
Phospholipids ('lecithing ) in the blood clotting system He obtalned
many {nteresting experimental facts but his tissue fibrinogen theory
and many aspects of his work were too unorthodox to gain him wide
of his obscure works by Horsely and
Stasling in 1893 failed 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 calctumin
the thrombin forming reaction There had been previous suggestions
(201 404] for a role of calctum in blood clotting 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 calelum salt

Pek g {372 373 firmed this and cltrates for
the same purpose This worker p upen Sck oy
cbtalning prothrombin Dilution and acidification of plasma with weak
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and impure thrombin by modern standards His numerous exper!
ments endeavored to search out all possible factors Influencing the
clotting mechanism  Proplastic' ie fibrinogen containing--liquids
such as hydrocele fluid or plasma obtained from blood kept fluid 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 detalls of his particular theories 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 protein 'paraglobulin ' and {2}
tissue or cellular factors which he called zymoplastic substances !
As to the first it did seem rational at the time to look for a proteoly
tic 'split product' accompanying the postulated enzymatic breakdown
of fibrinogen to fibrin

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 soivents
hence chiefly lipoidal in character Heat stability and many other
properties were investigated The most significant conclusion about
these zymoplastic agents was that they were not thrombtn but could
participate in the actlvation of prothrombin

The essential technique whereby Schmidt sought to characterize
tissue fractions was first to obtain an alcoholic extract {'zymoplas
tic substance') ther a succeeding watery extract { cytoglobulin'} and
its acetic acid precipitable fraction { preglobulin') and finally aninsol-
uble residue {'cytinf) Of historical fnterest were the observations

(1) P clotting under a variety of test
circumstances some of which led to the conclusion (above) that it
could participate in the of pr o th (2) the
defatted cellular ext 1 1

pecially pregl ha able

clot_fnhibiting powers e g for mixtures of MgSO; plasma and
fibrin { ) (3) zymoplastic sub. 4 was
able to restore clotting in these inhibited mixtures

Schmidt s {inal summing up of his views on coagulation [421] in
cluded the idea of something normally present in blood which could be
regarded as an antithrombin This term was actually introduced by
Fano (1881) to designate the thermolabile {on bolling) agent which
caused Incoagulability of blood after peptone injections in the dog
as {irst shown in Carl Ludwig's lal y by Schmidt Mul (I880)
Extracts from the medicinal leech contain a substance hirudin which
Haykraft [217] showed to have similar 'antithrombic’ powers

It was generally known in this era thats {a) the 'thrombic* action
of fresh serum progressively decreased on aging even for & few hours
(b) thrembin clotted plasma less readily than a fibrinogen folution
{c} the weak thrombin preparations of that time had litile if any ca
pacity to produce coagulation (thr on intra:
into experimental animals
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Even when the blood remained coagulable the clots would soonundergo
lysis  An little as 1760 vol of normal dog plasma could prevent this
indicating that normal plasma contains & powerful sntifibrinclysin
This however is reduced or absent in the above cases involving fail-
ure of liver function Nolf performed many noteworthy experiments
but his theories were heterodox In brief he tried to bring intoa dual
clotting f1b lytd h 31 4 (2) 'thr ' which
i3 possibly eq 1 to the orth h Nolf also
identified 1t with the antiffbrinely ngent {3} "th
equivalent to Schmidt's zymoplastic substance or Morawitz's thrombo
kinase since Nolf asserted that it was produced by certaln white cells
(thrombocytes and platelets) and by the endothelium of the caplillaries
Nelf accepted thrombin only as a by product of the reaction between
the above three substances and not 83 the ceuguhnt uuu 21 in the
thrombin theory He used the term ‘forah
eous group of agents including wettable surfaces e g ground glass
calcium oxalate in colloidal suspension chloroform and similar
emulsification which assist in the colloidal reactions The throm
boplastic agent intervenes aolely to make the reaction possible between
these {3 cited) precursors It acts as a catalysator And sc also do
the alcoholic or aquecus tissue extracts It may be remembered that
Freund [174] and Bordet & Gengou [58] retarded blood and plasma
clotting by use of paraffined surfaces

7 THE HOWELL THEORY

Around 1910 W H Howell and his pupils were re investigating
fa) the thrombin {1orinogen reaction {Rettger 1910; Howel) 1910)
(b} th of {Davis 1910} and {c} the
cmung of peptone  and hirudin plasmas especially by glycerinized
(Cecil 1911} tissue extracts In a 1911 paper Howell [230] carefully
the role of tic tissue extracts and because

of thelir ability to clot the above mentioned inhibitor contalning plas
mas he concluded {n favor of an alternative to Morawitz's theory
namely that tissue extracts act only by neutralizing certain clot
inhibitors Furthermore he argued for a type of (natural) inhibitor
whlch does not muely nnngonlze active thrombin but actually prevents
Hence the new term
umlprothtombin‘ and the :peclﬂc idea (Howell's thromboplastin )
that tissue extracts particularly the thermostable lipoidal fraction act
by neutralizing antiprothrombin

In 1912 independent of Zak [514] Howell [231] identified the
thromboplastic agent as cephalin in some form of proteln combination
Lecithin whether from tissues or egg yolk was inactive Howell's
cephalin preparation followed the method of Thudlcbum [464 465)
ploneer in the field of brain
lecithin lrom pt'her brain lpotd fznctions and shown they its hydroly
tle acid choline and fatty aclds such
a3 oleic and rnn-gArlc (rng“asj) Thudichum found that there were a
varety of ) h ) d
especially in their nmngenou. baste groups Retaining the name lect
thin for those containing choline the new term cephalin was given to
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acetic mcid separated this agent by a principle which we would now
characterize as isoel e p! P Pekelharing however went
to undue lengths to identify his material as a ‘nuclec-albumin' and sug-
gested that it had a cellular perhaps platelet origin These were not
useful ideas and they somewhat lessen the value of his contributions
He did insist upon the iriportance of calcium salts in activating pro

bin to {tibrin ) but he loses us in his further
apeculations about its transfer of calcium to the {ibrinogen in the act
of clotting

sten [206] p more incing evid of the
specific impor of calctum in pr while deny
ing it any really significant role in {ibrin formation By oxalation and
*tsoelectric’ precipitation of his fibrinogen and thrombin he obtained
reagents which Interacted to give a fibrin analyzing as little as 0 005
percent calclum This could reasonably be dismissed as a trace
impurity (but see Howell's comments {238])

The question rajsed 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 ions by
forming inactive CaCit anfon complexes

5 THE MORAWITZ-FULD THEORY

Morawltz [345 346] and Fuld & Spiro [181] clarified tdeas con-
cerning the role of tissue factors in the clotting mechanism Fuld's
term 'cytozyme' was later adopted by a minority of workers notably
Including Bordet [55] whereas most European investigators accepted

{tz's term k ! The nt was still by analogy
with a tacitly accepted enzyme hypothesis and it may be remembered
that Pavlov (1899} had just discovered enterokinase to explain the in
teatinal of p atic trypsi into active trypsin The
Morawltz Fuld theory did clearly state that both calcium ions and
tissue factor were needed to convert prothrombin ints thrombin

Morawitz [345] also gave us the term 'metathrombin® for the
inactive form of thrombin in serum belleved due to some combination
with which tollowing earlier leads by Alex
ender Schmidt thought he was able partly to reverse with an acid and
alkall treatment

6 THE HETERODOXY OF NOLF

P Nolf [351] in the later 1900's restudied the phenomena of
peptone ahock in exp animals pa: 1y in relatfon tothe
liver He not only confirmed earlier French workers (Contfean 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 p d tibrinogen and 1 Nolf was espe
clally d in the p pointing out the loss
of fibrinogen due to appearance of an active proteclytic enzyme (fib
rinolyain) in the blood partly explaining the incoagulability encoun
tered not only in peptone shock but alse in liver polsoning with phos.
phorus {Corin & Anclaux 1894) or with chloroform {Doyon 1905)
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ol presrembin calctum wnd kinase {tleeue extract] Howell's *oppo
s ¢ revzlta® were thought to be due pousibly to differences inthetwo
prorembin preparations or {n the test substrate {puriffed fibrinogen
v élalyzed oxalated plasma}  Howell falled to mention & much more
dificer peint mamely that Mellanby's 'kinase’ was @ crude aque
otn thes~e extract wher Howell's *thromboplastin® wes purifie
¢r-daln. Howell cites Fuchs' {177] suggestion thet the prothrombl,
eomplex might be the same ae the 'proserozyme’ postulated by Bordet
122 Dela_ge [$6] Mo forther comment 1s mede tn the review tut I
know from personal conversations with Howell that be was unimpressed
wihtha tden Bordet's proserozyme wae said to change to serozyme
Tpretrombiz) on cortact with bl 1 bt hep dplasme
o preth cmbin solutions are unaffected by the surface cof the container
Hewell {232) @12 rot bring the heparin cof, into the H

theats b~ culy fnto the antithrombie action of heperiz Ttas *

wlifke Mrodln,  heparin  has no Inhibltory effect open the reaction
between thromb.a and {ibrinogen although keperin added to
Mlisma or serzm,  causes the productien Ia these lgulds of & true
ttiirembg by & reaction with some urknown thermolst.le copetity

=t el the tlood,® Let ue anticipate scme of the roderr erg of cur
e to record the reavens for the refu atfon of the Howell theory

THr came gbont because of fatlare experimer s Iy to verLy t.e essen
tal facts which the theory requires Here are the asswers to yome

Yey quentieny

1) Are eigmificaze amounts of heparin to be fouzd ta the bloo” tor

Dally? The best anewer fn thet of Jagues {249] who used a relfable
hemloul axsay me biod which fafled 1o find rore then 1€ & crograms
PTIEY m) 42 porr 41 hurman bloods  This fs coly abe— /10 te s
BOUEt of the Leparts needed to keep blocd frem ¢ cttag t= v "o Hep
tHneze can oceur tn peptore-shock and cther azaziylaces & reac
tons 2553
sec Gt bepastn farm a prothrombin astithre~b.s type ¢f complex
*C43s¢ of Ly heghly scidie groups heparin can borzbze w'bithe bastc
bt el mezy protelas esc (Fischer [1€2])) Charge. [73]cttansd
phence of & w.clchiorerric combiag.ion besweer kemaria asd prote
»ire Iabustc wolt_product of salmos-ree pre ei=} . casform 1
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those containing ethanolamine In 1915 Howell set his pupil Jay
McLean to test in the blood clotting system all phosphatldes de
scribed in the literature to that time  An unexpected result will re
celye due consideration in a later paragraph The data for Howell's
last 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 for publication
kindly submitting it for my appraisal before sending it to the publish
ers This paper showed the progress ifowell had made toward char
acterizing thromboplastin as a protein compound of a phospholipid
from which ' it was passible to remove the protein leaving & residue
with marked thromboplastic activity the chemical nature of which
has not been determined

Howell [233] used a crude preparation of prothrombin simply
obtained by precipitation of plasma with acetone washing with ether
drying on 2 funnel and subseq Y extracting with alkalin
1zed water or saline None of his prothrombins fatled to activate with
calejum alone In fact many of them activated to thrombin ‘spontan
eously’ and this was enhanced by treatment with CHClg and other
1pid solvents {71] Howell [229 232] alse prepared a thrombin by
8% NaCl extraction of washed blood clots {see p 5) and could purify
this by shaking with chloroform until it ne longer gave any reaction
to chemical tests for phosphorus  Theae data caused Howell to re-
Ject the European thrombokinase idea and inaist that calcfum alone
could 1 P

g these matters in hy
Harvey Lecture Howell {235) agreed that thermulabllen(su: !95{)6551

aqueous tissue extracts or relatively thermostable ¢
1: prothrombin activation but he proposed an nl!ern:f:“,z“en d;:a:::,i:‘:
namely that under normal conditions the prothrombin is ?:,;,cud
{rom the actlvating Influence of the calefum fon by » comiiser of
some kind with an y agent or 1 and that cephalin
exerts {ta accelerating effect upon coagulation by neutealizip, gyf in
fluence of this Inhibitory substance thus lberating the Prothrim:m
that calcium can convert it to thrombin  This ix the eqnemtial 1ommll
theo!
;{V{)we“.! pupil McLean [326] in the above mentioned stuedy of
variety of relatively crude phosphatides found some thyy 'l"'leZdoo(.
atding hed a marked inhibitory eifect upon caagulation Thege 1o
cluded two preparations of 'cuorin’ {method of Erlandye,
‘heparphoaphatlde! (method of Baskolf 1908) In personel conyenpe.
tions with Dr Jay McLean during visits to Columbus Ohlo apeyry
1940 he told me how elated he had been to dlscover antiprog o e
But he hed to leave for active service in World War I'and mig, cqore
follow-up work in which Howell and Holt [242] and Howen [237] en
tablished the more important aspects of this anticoagulang action "in.
cluding need for a plasma co !gclar and ldenllﬂ:;l“z:: ,‘f::“h ot on
h ut as a poly ch H,
called hepn—t: In his 1925 Pasteur Lecture [236] and 1935 pp, * ¢!l

in

hysio.
1y identitied his 4, -0
1 Review article [238] Howell clearly nttpes
Kﬁf,f:bm‘.,nh heparin He did note that Mellanby [330} WA not gy,

that heparin with p in fing
::;:’::::"a:gfd not prevent the activation of prothrombin {n a mixyy,,
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of prothrombin calclum and kinase (tissue extract) Howell's oppe
site results” were thought to be due posaibly to differences inthetwo
prothrombin preparations or in the test substrate (purified fibrinogen
vs dlalyzed oxalated plasma) Howell failed to mention a much more
significant polnt namely that Mellanby's 'kinase! was a crude aque
ous tissue extract wh Howell" antin' was purified
cephalin  Howell cites Fuchs® [177] 3. thn! the p:
complex might be the same as the 'proserozyme’ postulated by Bordet
and Delange [56] No further comment is made in the review but I
know from personal conversations with Howell that he was unimpressed
with this {dea Bordet's proserozyme w. id to change to serozyme
{prothrombin) on contact with wettable surfaces but heparinizedplasma
ot prothrombin solutions ere unaffected by the aurface of the container
Howell [238] did not bring the heparin cof into the
theats but only into the antithromblc action of heparin Thus *
unlike hirudin  heparin  has no Inhibitory effect upon the reaction
between and heparin sdded to
plasma or serum  causes the production {n these liqulds of a true
antithrombin by a reaction with some unknown thermolabile conastitu
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 about because of failure experimentally to verify the essen
tial facts which the theory requires Here are the answers to some
key questions:

1} Are significant amounts of heparin to be found in the blood nor
mally? The best answer is that of Jaques [249] who used a reliable
chemical assay method which faled to find more than 10 micrograms
Per 100 ml in normal human blaods This is only mbout 1/10 the a
mount of the heparin needed to keep blood {rom clotting in vitro Hep
arinemia can occur in peptone shock and other anaphylactold reac
tions [255]

2) Can heparin form a prothrombin antithromblin type of complex?
Because of its highly acidic groups heparin can bombine withthe basic
groups of many protelns etc {Fischer {162]) Chargaff [75] obtained

of a between heparin and prota
mine (a basic lpul pxoduct of salmon roe protein) It canform =
ly [42] No one how
ever has {solated anything like the heparin
compound The inhibitory actions of heparin h.ve proved multiple and
complex They are still insufficiently understood but much thatis now
known can explain these actions without need for pastulating Howell's
complex [4:“’]

3) Does thromboplastin neutralize heparin and release prothrom
bin? As to the first part of this question let us for the moment iden
tify thromboplastin with cephalin (thromboplastic phospholipid) Phos
phorylated lipfds are acldic in much the same way as the sulfonated
heparins Hence a direct seems § 1y
There is much more reason and evidence {e g Chargaff [75]) tothink
of both the phosphatide and the heparin as competing for the basic
groups of proteins  Cephal Heally with prota
mine [74] Heparin the nrang:r acld can "deviate! cephalinfrom this
combination ‘' When heparin is made to react with the thromboplastic
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those containing ethanolamine In 1915 Howell set his pupll Jay
McLean to test in the blood clotting system all phosphatides de
scribed in the literature to that time An unexpected result will re
celve due consideration in a later paragraph The data for Howell's
last paper 239] on The isoclation of thromboplastin fram lung
tissue were completed just before his death in 1945 but it was his
daughter Dr Janet Howell Clark who wrote it up for publication
kindly submitting it for my appraisal before sending {t to the publish
ers This paper showed the progress Howell had made toward chare
acterlzing thromboplastin as a ‘protein compound of a phospholipld”
from which it was possible to remove the protein leaving a residue
with marked tb P ic activity the ch 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 Buchner funnel and subsequently extracting with alkalin-
ized water or saline None of his prothrombins falled to activate with
calclum alone In fact many of them activated to thrombin 'spontan
eously' and this was enhanced by treatment with CHCly and other
lipld salvents [71] Howell {229 232] aleo prepared a thrombin by
8% 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 phosphorus These data caused Howell ta rea
ject the European thromhokinase {dea and insist that calcium alone
could activate prothrombin Reviewing these matters in his 1916
Harvey Lecture Howell {235] agreed that thermolabile (50° 60°C)

qQr tissue or 1y th phalin do assist
in prothrombin activation but he proposed an alternative explanation
namely that under normsl cond, the p s
from the activating influence of the calcium ions by a combination of
some kind with an inhibitory agent or antisubstance and that cephaltn
cxerts its accelerating effect upon coagulation by neutralizing the in
fluence of this y sub thus 11t g the proth 5a
that calcium can convert it to thrombin  This {s the easentlal Howell
theo:

;{‘{:weﬂ‘s pupil McLean (326] fa the above mentioned study of 5
variety of relatively crude phosphatides found some that instead of
ajding had a marked inhibitory effect upon cosgulation These in
cluded two preparations of 'cuorin!' (method of Erlandsen 1907) anaa
"heparphosphatide’ {method of Baskoff 1908) 1In personsl conversa
tions with Dr Jay McLean during visits to Columbus Ohia aroung
1940 he told me how clated he had been to  dlscover antiproth o
But he had to leave for active service in World War I and misaed the
follow up work in which Howell and Holt [242] and Howell {237) o4
tablished the more impartant aspects of this anticoagulant action in
cluding need for a plasma co factor and identified the agent not ay

but as a poly 1de amine which Howel
Zalled heparin In his 1925 Pasteur Lecture (236] and 1935 Phyai,
Jogical Review article [238] Howell clearly ldentifled his antipro
thrombin with heparin He did note that Mellanby {330 was not able
to obtain any that heparin with p abin find
{ng tht it did not prevent the activation of prothrombin In & mixture
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titative in many experiments Yet one finds all sorts of inconsistencles
and contr For P! pare (s} every fibrinogen solu
tion which has been tested has coagulated with calclum chloride alone
and the statement (b} but a consideration of the properties of kinase
and prothrombin and the fon of plasma polnt to the conclusion
that calefum alone will not clot fibrinogen solutions  As 'thrombo
kinase! Mellanby used diluted testicular extracts from the bled cock
erel aiter the manner of Rauschenbach {1881) With calciem this
readily clotted his '{ibrinogen® and he properly interpreted this as ev
idence for prothrombl in the substr In this early
work [327] Mellanby did not separate prothrombin but merely deduced
its p and from crude exp pecially varying
the concentration of kinase
Mel 15 1909

{{ibrin was

fmply the fluld
expressed after of a {ibri solution by
kinase and calclum chloride ' It was with such reagents that he at
tempted to the both as to
clotting times and fibrin ytelds He varied (a) calcium and other alka
line earth salts (b} neutral salt (NaCl) concentrations {c) acid (HCI}
or alkall (NaOH) and {d) oxalate citrate fluoride etc

In 1930 Mellanby [328)] presented a purification technique for’pro
thrombase ' which was his term for prothrombin based upon the pre
valling enzyme idea Starting with dilutfon and acidification patterned
after the earlier methods of A Schmidt and Pekelharing and essenttally
antfcipating what we would now call an effort toward {soelectric precip
{tatfon he hed over many Thus the precipitate
obtained from the diluted plasma is a complex mixture The greater
portion of it of p and serum globulin
but the of serum chol and th (1) are nl-
ways present in variable quantities The separation of prothrombase
from this P has p: ble difficul
Nevertheless by diluting with 1ime water and bubbling COj throughto
PH 6 8-7 0 and calcium bicarbonate {thus formed) about 0 0092 per
cent he claimed of the p {from the P The
amount of calcium was sald to be too small to activate the prothrom
base in the time required for filtration and subsequent precipitationby
=cetic acid to pH 5 3  The final product was drled with acetone (cf
Howell seep 10} of its frequent with
thrombln conflict with of no eg
on dialysis Mellanby's product did have considerable potency and in
some tests was partly stable to bolling for 5 min at pH 7 &

Addftion of tissue extract alone (thrombokinase) to = solution
of prothrombase always causes the generation of a corresponding quan
+ity of thrombase in the course of a few hours This fact holds good
even when the prothrombase has been prepared from solutions contain
Ing no calclum salts 1e oxalate plasma and the replacement of cal
cium bicarbonate by sodium bicarbonate in the second stage of the pro
cess  However minute amounts of calelum
effect  on the velocity of activation Hence Mellanby belked at any
tinal conclusion thus no definite statement on the place of calclum

salts in the reaction may be made until thrombokinase has beenisolated
1n n pure condition

have & marked
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Npoprotein from lungs [87] the phosphatides are split off the protein
carrier and a heparin-protein compound results This compound in
losing its thromboplastic property has scquired a new one {t exerts
a markedly anticoagulant effect (83] * 'rh: prateln mo(ety of the
tic agent must obviously also be

the plasmatic cofactor (¢f [242]) has been shown [67 151.] to Inter~
vene in the antiprothrombic as well as the antithrombic actions of hep
arin snd this requires further explanation As to the second part of
the question real evidence is etill lacking that prothrombin was bound
in the first place

4) Can prothrombin be activated by calcium salts alone? This e
sential corollary to the Howeil theory is seriously questioned by more
recent work including data presented in this dissertation in which it
will appear from experiments with both Howell type and with newer
types of prothrombins that cephalin or tissue thromboplastin play a
direct role along with calclum in the conversion of prothrombin to
thrombin Furthermore wholly new factors [363 364 ] have now be
come recngnued 2y equmy essential in the bighly complex thrombin
y then the Howell theory was too simple
and has nox stood up to the inexorable pressure of more modern exper
imental facts

r

8 J MELLANBY STUDENT AND LEADER IN THIS FIELD

In 1509 J Mellanby king in the Phy Lab ry at
Cambridge {England) as George Henry Lewes' student ' published
two [3275 noteworthy papers in the field of blood coagulation and in
his m.mrh{ he retumed to this fleld with further investigations in

3

the 1930's [328 329

Mellanby first employed fowl plasma as recommendea by Dele
zenne {1897) to prepare {ibrinogen by a dilution and acidification tech
nlque in principle similar to the technigues of Alexander 5chmidt
{420 421] He rejected Hammarsten s [205] salttng out method be

cause of baneful influences of sslts on proteins and stated 1t 4
clear that {f fibrinogen ls a globulin the best method to pl’eplte it 1s
to dilute and any flutd it Thisp d

certainly precipltate all the globuling contained in the ﬂuld u.!d but
there has not yet been adduced a certain proof that any globulin other
than fibrinogen exints in plasma As a matter of fact the majority
of experimentsl results point to the concluslon that fibrinogen La the
only globulln contained in plasma [327]  This error is not only con
founded completely by more modern knowledge (vef [114]} but was
untenable even with the data on plasma and serum proteins available
in Mellanby's time Furthermore {t iz inconsistent with many obsere
vations in his own work Elsewhere Mellanbycited Pekelharing [373]
as 1dentifying prmhrembln with Tkinese ! We have nated {p &) that
dtd

this belfeve pr to be & ‘nucl of
cellular origin but he was very :lenr that {t was a plums companent
and quite distinct from the cellular of A
Schmidt

bridge student to
t must be given to the atternpts of the Cam
{unhc::g!:e knowledge of blood clotting including his efforts to be quan.



MODERN YIEWS ON BLOOD CLOTTING 15

1938 [381]) Many 1 6] « raelves {1477 bave
come to prefer BaSO;  In thelr 1938 purutcuuon of prothrombin by
€O, (under pressure) elution from the MgiOH), plasma adsorbate and
1ts subsequent transformation to thrombin by meuu of caletem and
lung extract the lowa wor were W H g [435
428]  After his own ! y at Wayne University
Detroft Seegers and his colleagues further purlfied prothrombin {424
431 425] and thrombln [433] from bovine plasma to give us the most
potent and poseibly the purest preparations to date There still rematn
10me questions of trace impurities and {t 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 i
presented with alight personal bias but is essentlally the consensus of
the modern 'group thinking ¢ All workers agree that many detalls and
perhaps still undiscovered factors await further exploration and that
the present ‘working hypothesis ' useful ae it is especially in many
clin{cal applications yet falls to glve an adequately detailed answerto
the deceptively simple but truly insolved questions: (1) why does
bleod not clot tn the normal circulation and {2) why does §t clot{a) 4n
thrombotie conditions and (b} when shed? To unravel the complexities
we shall try to analyze the clotting me:hlnhm step by step bearing
in mind however the inter r or
overlap of the several and successive re-:uw‘nn

1 SKELETON SCHEME OF CLOTTING REACTION

Figure 1 p d scheme It
merely indlcnel the m Tclassical' phue- of clotting The essential
and final (gecond) phase is the conversion of the plasma proxein fibrin
ogen into fIbrin clot through the phy
From one peint of view this reaction {s colloidal namely a chmge
from sol' to gel' involving many physico chemical considerations
aurface el charges wpon polar groups of

the reacting molecules and the 'tonic atmosphere of the surrounding
salt rich medium From another point of view it is enzymatic refer-
ring to a specific mode of action of thrombin

Thrombin {s not narmally present in the circulating blood Indeed
there are antithrombic factors naturally presen to inhibit cr remove
any thrombin which might possibly form in the blood The plesmadoes

contain a p: protein p The 1 {irst phaseof
clotting then 1s with the of p to ac
tive th This s par and will require » searche

ing analysls of what our acheme collectively calls '-ctivnarl ' Possi
bilittes of inh of the in the
scheme and will also require investigation It is quenlonlble whether
we can group such {irst phase fnhibitors as 'antiprothrombic! without

becoming involved in the old controversies of the Howell theory
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Mellanby's 'th 1 {th ) ibed in x later paper
{329] was obtained by slightly modifying the prothrombase method so
as to permit 1 ) ble to ep g

We have cited the foregoing in some detail {n order to emphuasize
the 1t y state of exp with the blood cosgulation
problem as late as the 1930's Fibrinogen had come a long way with
Hammarasten {205] snd Howell {230] but prothrombin and ‘kinnse!
and even Howell's [232] purified thrombin were far short of critical
requirements It is In fact a1l too evident that most workers preferred
to avold facing the 1ssue of contaminant impuritles Most deductions
were made as if these d)d not exist even if st times this meants con
siderable twisting of the experimental results It would not seem that
1t was asking too much by 1930 to ensure that f{brinogen preparations
were {ree {rom all traces of prothrombin  Yet nowhere can we find »
product which failed to clot with calcium snd titsue extract except
possibly in some of the eatlier experiments of Howell {230] Mostof
the time however Howell only used calcfum salt {n the control test
since according to his theory this {s all that 1s needed to nctivate
prothromhin

9 MILLS: PRACTICE VS PRECEPT

C A Mills of Cincinnat! wes the other notable authority whose
pers: and of ideas played & role in the present
writer's entry into the blood clotting field at that time Of his volumis
nous writings {334 337 ] Httle will be said In thls review We dorecall
however Mills® lnsistence on & critical control of fibrinogen prepara
tions for {reedom from prothrombin Mtlls used cephalin as well as
calcium in the preliminary teat Unfortunately much of Milis® magnif-
icent conceptual appronches ended in data which must be discredited
becsuse of the faflure to realize in practice what he preached intheory
The critical control was inadequate when most needed to support the
{nterp: of his experime: The fact was that Milis {338] ob
teined clotting in his *prothrombin free’ f{brinogen on adding lung ex
tracts or platelets in the presence of calcfum  This led him back to
the heterodoxy of a secand type of clotting and even to the nomencla
ture of Wooldridge's [508] ftissue fibrinogen *

The refutation of Millsf experiments and conclus{ons was madein
1934 by the lowa pathologists Smith Wearner and Brinkhous {442] In
aesrching for a sultable fibrinogen these careful workers finally
adopted the technique of adsorption with Mg{OHj, for remaval of
traces of p in as pr 1y ded by Fuchs [180]
Their zecond was in the prep: of the lung extract
ityel! Being highly vascular lung is ordinarily full of blood the pro
thrombin from whith tan appear in crude sguecus extrects By per-
Iusing the lung with weter or saline the lowa workers were able to ob
taln & subsequent prothrombin f{ree extract This did not clot the
critically prepared fibrinogen even on adding calcium

Prothrombin adsorption technlques were not new  Pickering {315)
reviewed a variety of reagents which had been tried {or this purpose
We smay st CaglPO;) g (Bordet b Delsnge 1914 {v 55]) BaSO, (Dale &
Watpole 1916 (98}) MgiOM), (Fuchs 1929 {176]) AUOHIs (Quick
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1935 [381]) Many Includlng Alexander [6] and [147] have
come to prefer BaSO; In thelr 1938 purification of prothrombin by
CO, (under pressure] elution from the Mg{OH); plasma adsorbate and
1ts q ton to by means of calclum and
lung extract the Jowa workers were assisted by W H Seegers [435
428]  After establishing his own laboratory at Wayne University
Detroit Seegers and his colleagues further purlfied prothrombin [424
431 425] and thrombin [433] {rom bovine plasma to give us the most
potent and possibly the purest preparations to date  There still rematn
some questions of trace impurities and it must be remembered that
both adsorbents and precipitants yleld severel other components of the
clotting system the presence of which in the {inal product may call for
some critical comment

B MODERN VIEWS ON BLOOD CLOTTING

The following selective outline of present day {1956) knowledge s
presented with slight personal bias but is essentially the consensus of
the modern ‘group thinking ' All workers sgree that many details and
perhaps still undiscovered factors awalt further exploration and that
the present "working hypothesis ¥ useful as it is especially in many
clinical applications yet fails to give an adequately deteiled answerto
the deceptively simple but truly insclved questions: (1} why does
blood not 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-atep beearing

d or

in mind T the inter related and freq
overlap of the several and successive reactions

1 SKELETON SCHEME OF CLOTTING REACTION

Figore 1 an over schemne It
tnetely indicates the two 'classical' phates of clotting The essential
nd final {second) phase s the conversion of the plasma protein fibrin
ogen into {ibrin clot through the phy 1 fon of
From one polnt of view this reaction is colloidal namely a change
from 'sol' to 'gel! involving many physico chemical considerations

1 surface {cal charges dep. upon polar groups of
the reacting molecules and the 'fonic atmosphere of the surrounding
s2lt rich medium From another point of view it is enzymatic refer
ring to a specific mode of action of thrombin

Thrombin 1s not normally present in the circulating blood Indeed

there are antithrombic factors naturally present to Inhibit or remove
sny ﬂ;;embu-. which might posaibly form in the blood,
contaln a p: roteln p The fire
clotting then 1s P erned with the r of tp:‘: '::l
tive thrombin This is particularly complex and will require a search
ing analysis of what our scheme collectively calls 'activators ' Possl
bilities of of the 4 are in the
scheme and will also require Investigation It s questionable whether
we can group such first phane inhibitors as 'antiprothrombic! without
becoming tnvolved in the old controversies of the Howell theory

The plasmndoes
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2 EXTENDED 5CHEME OF CLOTTING
AND HEMOSTATIC MECHANISMS

Figure 2 presents a more detafled scheme of the major factorsin
blood clotting and h {s with some indication of interrelation
ships For clarity all inhibitor {actors ere omitted and must be con
sidered separately DBriefly summarized the following ideas are
covered:

U H 1e 15 a physiologicel ¢ gt
{a) lar 1 and
(b) platelets {and other formed elements) participating in the
cell thrombus
{c) fibrin clot

2) Vascular {factors will not be d except to 1
a} vasoconstrictor role of serum serotonin derived {in part)
from S hydroxy try of platel
(b) role of damage to ul d 1 in ( plate

1)
Iet participation (adherence clumping breakdown) and (i) af
fording site for fibrin deposition
3) Platelet factors { pletel
{a} the ahove vasoconstrictor (2a}
(b) a platelet component which reacts with plasma factors in
‘thromboplastin generation '
{c) a platelet 'accelerator '
(d) platelet retractor factor
{e) a role of thrombin in the platelet mechanlsms
4) Plasmatic thromboplastic factors {AHF PTC etc) are {ndicated
as reacting with platelets (3b) in 'thromboplastin generation !
thr lastl:

5) Injured tissue sources of a 'complete! e
13 the tnactlve precursor of in plasma nor-
mally activated by Ca*t and tin in the presence of (7)

and (8) which re two essential plasma "co factors '
7) Proconvertin ylelds convertin in the presence of Ca and thrombo
plastin

ylelds accelerin under the of a trace of

thrombin
9} Active thrombin formed by the indicated reactions

10) Conversion of {ibrinogen into {ibrin  '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 ly from
of the proteclytic enzyme system whose components are also {n
dicated in the scheme

13} Various {tors should be luded in the P 1tned ebove

{see pp 29 33)

3 THE THROMBIN FIBRINOGEN REACTION

tive and be
¢ of the early work in this area was poorly quantita

set ::{i?l: u:cer!linliel and errors caused by impurity of the reagents
used Modern materials are by no means completely free from all
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uncertalntics but have clurly proved thelr value in many exacting

tests Particul are data which have been
cbtulned with mm:_ugmm e g opecity rigidityandtensile
strength of clots lght g (differential refr ) stream
ing double refraction ity el 18 ul trl
fugation and el 1 studier [89) are very

valuable in preparative proceduu- when worked out in relation tothe
{ive variables: (1) temperature {2} pH (3) fonic strength (4) protetn
concentration and {5} content of water miscible erganic solvent e g
ethanol zinc glycine etc Monumental contributions in these areas
of our fleld have come {rom the 1ate E J Cchn's Department of Phys
fcal Chemistry and Plasma Fr Laboratories at T
[114])

telds The modern chemist seeka 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 technical difficulties in the case of
the lhrombln ﬂbrxnogen reaction The extent to which these may be
d in the selected references {159 348 60] FI
brin ymd- as measured by the amount of coagulated protein recover
able In washed clots 1s of course primarily dependent upon the inftial
amount of fibrinogen avallable That the thrombin concentration deter
mines only the rate of the clotting reaction but not the ultimate fibrin
yield is clearly shown in Figures 3 and 4 These are from experiments
with purified fibrinogen and thrombin in the author s laboratory [60]
Flgure 3 shows effects of vnrylng the relative thrombin concentration
but amount of {{brinogen Despite
:\omng time {see below) v.r\mom between 18 sec and 30 min  the
final (10 day) fibrin ylelds are identical and all 100 percent of the orig
fnal (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 four con
The of the plots {of residual sub
atrate concentrations) within small limits of experimental error in
dicates a first order reaction [273] egaln consistent with an enzymatic
activity of thrombin
NOTE: The results do not rule out a pseudo first order reaction
in which preliminary phases might be slower than the action of throm
bin  Other things which do pot affect the fibrin yleld within reasonable
limits are (1) temperature (2} pH (3) salt concentration e g NaCl
CaCl, (4) "fibrinoplastic'® colloids e g acacta {except for minor oc
clusion effects) (5) minor partial denaturation of fibrinogen (*profi
brin* of Apitz 1937) Things which may affect {ibrin yleld include
(a) (0 002 0 003 percent) where
Iaoluble fibrin 11 ¢ lymers of degree of ag
gregation forms a significant propoznnn of the end product according

*Ferguson (1940 [134]) proposed & revival of this old term of Alex
ander behmidtin 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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to Morrison [348]; [b) occluded proteins [348] ; (c}) reversible inhibl
tors of the type studled by J D Ferry S Shulman et al in the Wis
consin Laboratories [160 438 440] for the same reason; {d) {ibrino
lytic enzymes Uf active which are apt to be contaminants of thrombin
and some fibrinogen preparations and can destroy {fibrinogen and #{
brin at app: ly equal rates ing to experiments In our
leboratory [291]

b) Clotting times The earliest efforts to obtain quantitative in
formation about the clotting p were by 25U nt of the time
required to form a visible or a solid clot Because so many factors
enter into the determination of any 'clotting time ! the whole concept
would seem to be fraught with extreme empiricism In fact it ispos
sible to edvance the view that there is no such thing as clotting time
since the blood does not normally clot in the circulation so that we
must merely be measuring the results of highly artificial conditions
In actual practice however these conditions can be defined sufficiently
to give clotting time determinations real value in following and inter
preting the clotting phenomena As a technical point particularly re
ferring to experimental systems of artificlally isolated clotting agents
most workers prefer to time the first appearance of a definitely vis
ible clot (fibrin strands) rather than a solid gel {tube invertible} Both
end points are empirical and depend upon a certain amount of {ibrin
formation by no means indicative of the ultimate fibrin yleld Theap
pearance of successive crops of clots when a weak thrombin is used
is a well-known phenomenon Factors known to influence clotting time
includes

ation of the ger the th the

shorter the clotting time other things being equal This {s a common
feature of enzyme reactlons Figure 5 shows an experiment from the
author's laboratories in which over at least a 10 fold range of rela
tive thrombin concentrations the clotting-times obeyed an 'nverse
law ! an old {dea in the coagulation literature [163] It is perhaps
unfortunately very difficult to define the precise experimental condi-
tions for obtaining this result In most experiments the deviation
from a linear relationahip ia significant It may still be possible how
ever to translate clotting times into relative thrombin concentrations
(tunita' of activity) by use of this type of reference curve (simple plot)
obtained under closely similar experimental conditions [20]

2) C tion of fibrinog over ble range this
has remarkably little effect on the clotting time which is not so
strange remembering that we time only a partial change in the sub
strate (see above) The quality of the clot varles however and may
affect reading of the end point Particularly with very weak fibrino-
gens 2 poor clot and the probabllity of slower and less complete poly
merization (referred to under n d} may cause longer clotting

e

haid ,31 Temperature: It has long been known that cooling retards the
reaction while warming accelerates it up to temperatures where
complications appear because of thermal denateration of the fibrino
gen Thrombin is much more heat resistant b\‘lt this depends on pH
salt content and other atl ome p and impure {1
brinogens may be completely clear when frozen and kept at 20°C
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but show clots on subsequent thawing This may Indicste that traces
of thrombin can act on {ibrinogen slowly even in the frozen state but
1t {s fust possible that the clotting accurs in the act of thawing

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

5] Ionic strength; The most important action of sodium chloride
#nd most common neutral salts is & delay in clatting times with in

onic gth [115] M data on this go back all the
way to William Hewson (1770} Polyvalent anfons [191]e g ferro
have ™y d Yy effects

y 1 y arke
Table I summarizes an experiment of the author's [145] The exper
iment shows that the inhibitory action of strong neutral salt {4 5¢
NaCl) which can be removed by subseguent dilutlon does not alter

1ib or and only p: the of visible
fibrin in a mixture of these two agents Confirmation of the fact that
clotting times become progressively shorter the longer the thrombin
fibrinogen mixture {s held with the 4 5% NaCl before dilution s re
garded as evidence that the essential step in {ibrin formation procesds
independently of the presence of the salt which merely inhibita or re
tards the gel formation {precipttation) of Apttz [18]

6) Specific fon effects: Calctumn is anomalous in that it deftnitely
#ccelerates the clotting time of thrombin fibrinogen mixtures in
Darrow 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 transition [409]

7

b1 In an recent study by Shulman
[438] 42 (out of 80) teated kedly delayed or inhll
clotting in thrombin figrinogen mixtures under this author's testcon
ditions This type of inhibition Is reversible by dialysts Important
conclusions as to the 'polymerization process by which fibrinogen is
transformed into fibrin can be drswn from these and other experi
ments We shall consider this topic in a later paragraph

8) Fibrinoplastic' colloids [60]: The shortening of clotting times
by these agents has been mentioned 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 fs used to

the of in the Iowa 'two stage' prothrom
bin (and } bl [443] has similar effects
[134]Jover a wide pH range We have also noted it with a highly puri
fled lactoglobulin  Alsc see 'platelets (p 51)

9) Partial denaturation of {ibrinogen [60]: The present author s
view 13 that the effect of this 15 due to the same general type of *fibrin
oplastic actlon as noted under 8) That all of the denatured fibrinogen
15 Included in the fibrin clot may be evidence of an adsorptive or oc
clusion phenomenon The Wohliach [504] *denaturation theory? of
clotting {5 now largely discredited
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10) Adsorptive removal of thrombin: Compared with whole blood
or plasma clotting (see later}) the surface of the container has little
effect on the thrombin {ibrinogenreactfon 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] It is n common experience that poorly washed glassware thus
contaminated with a trace of thrombin can clot fibrinogen solution
stored therein later

<} Nature of {fibrin formation Progreasing from the uncertainex
periments of Apitz [18] Laki and his colleagues [278 274 ] produced
evidence of a step wise process in the formation of {fhrin from {ibrin
ogen under the influence of thromhin 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] I T Edsall {representing the Cohn laboratories) J D Ferry
(formerly of the Cohn team but now at Wisconsin) K Laki (now at
Bethesda Md N1H Laborateries) D F Waugh (Massachusetts In
stitute of Technology) were the chief authorites at this meeting with
the present author contributing & minor role The modern concept of
fibrin formation is as follows:

Fibrinogen is a fibrillar protein whose long fllamentous molecules
approximate 38 A in diameter and 700 A in length (uaually) with a mo
lecular weight close to 500 000 (perhaps 330 000) In solution these
large molecules moving with a exhibit
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
phoble enocugh to separate from the watery solution as visible fibrin
Fibrin {ilaments or needles were seen to appear during clotting under
the ordinary transilluminating microscope by Ranvier (1873) and
Schimmelbusch {1885) Stdbel in 1914 and Howell Inthe same year
demonstrated them very clearly with the dark-field microscope
Howell [234] discussed the problem of the fibrin gel formation tn
1916 Electron microscopy firstused 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 fibrinog: les and the 1 polymners or protof!
brils but it does show variations in meshwork density and the {ibrillar

with cross of the fibrils which appear
uniform under the ordinary (including dark field) microscope Con
aldera of clotting (see above) in relation to electron mi
croscopy and many physical measurements {see earller) affords strony
support for the modern concepts Thus under {nhibitory conditions
much smaller aggregates are formed and resemble the normal early
or lag phasc in which there 1s yet no visible clot but viscosity bire
fringence opacity and other data indicate some intermediate polymer
jzation Under some conditions the {ibrin polymer la reversible
undergoing disaggregation and resolution e g inurea guanidine lith
jum bromide (strong solutions) etc [307] Irreversible and ures
nsoluble clots have recently been shown to depend on two thinga
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namely (1) catelum [266] and (2) a special 'serum factor ! by Laki &
Lérdnd {277] Ldrdnd [304 305 307] snd Shulman 5439] An earlier
Indication of this was found in 1944 by Robbins [405] in’atudying the
somewhat similar problem of solution' of fibrin {n mcid (0 03% HCI)
or alkali {0 5% NagCOs) These data susist in explaining some of the
peculiar actions of calclum when present in the thrombin fibrinogen
{+ serum factor} mixture (see above) the 'serum factor' being &
common of 'purified* gen (but see p 65)

1t is suggested below how a limited attack on the fibrinogen mole
enle activates polar groups which enable the altered substrate mole
cules to aggregate tn the pol P The Heal
charge distribution on fibrinogen molecules has been studled andthere
18 good evidence that Coulomb forces play a role in the prelimtnary
phases of aggregation Salt inhibitors (see fonic atrength) are to be
interpreted (Ferry {157]) as 'shielding' of the polar groups by the
charged tontc atmosphere' contributed by the salt Further stages
involve van der Waal forces e g adsorption etc ) and perhaps spe
cific ehemical bonds (currently debatable) [158) At all events the
final ateps do not Involve thrombin Like other enzyme systems
thrombin s not truly & part of the fibrin end product It is a practical

fact that a able mmount of th is bed onto
the fibrin clot [434] Indeed upon this depended the success of carly
methods of nbin by 108 from washed bload clots

d) Thrombin This 1s by no means the simplg proteolytic enzyme

suggested by the 19th century cosgulationists It is unlike trypain
{458] Moat of the alleged evidence for its proteolytic powers [219
380] can be lssed as due to fibrinolysin [149 462] or
possibly as a certain degree of solubility 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 contrilted some provocative new ideas He uses
Seeger's citrate thrombin {see p 23) and {a} bovine fibrinogen or
{b) human fibrinogen [308] to show:

1) non protein N 1s liberated part passu with the clotting action
of thrombin;

2) the glutamic acld missing from the fibrinogen after the action
of thrombin can be identified in a "fibrino_peptide ' which haa
been isolated and characterized [309 306];

3) in bovine fibrinogen thrombin is thought to split arginine
glycine bonds [30}; (NOTE: It does not do o in the case of
insulin according to Middlebrook }

4} alanine rep! acid in the N aming acid
residues of human as compared with bovine fibrinogen but
the general process is the same;

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

Lérand concludes that

2) the f{brino peptide! s a by product which does not partici

pate in the fibrin polymerization but does account for the
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small q (about 2%) of gen not recoverable In{ibrin
even in optimel clotting of the highly purified {ibrinogen now
available

b} the fibrinogen molecule activated by this action of thrombin
now contains some 20-30 acidic groups which can very well
account for the {irst phases of polymerization to fibrin;

¢} with prolonged action of strong thrombin e g 3 4 mg throm
bin acting on 150 mg {ibrin for 24 hours at 37°C complete
{ibrinolyais can occur (Guest and Ware [203]) essociated
with further small N P N increase [307] Hence

d) fibein is just a transitory stage in the continuous degradation
process of {ibrinogen by thrombin *

In this apecial way therefore we may now return to a proteolytic
concept of the action of thrombin on fibrinogen

ther cospulants, ete, Properly purified fibrinogen solutions
are quite stable and are never 'spontancously’ coagulable Whereas
thrombin is the coagulant always required under physlological circum
stances some other means of coagulating fibrinogen are available ex
perimentally Examples are

1) crystalline papain [112] a proteoclytic enzyme from the paw
paw (papaya) fruit Unlike thrombin tusually) papain readily
goes on to digest the clat

2) staphylocoagulase [186] a product of the reaction of a pro
staphylocongulase from broth cultures of certaln micrococel
with a plasma factor [187] which {s apparently unrelated to
prothrombin

3) certain snake venoms e g 3 specles of Bothrops and 3 or 4of
Crotslus according to Eagle's studles [111]

True fibrin clotting should be distinguished from a variety of fi
brinogen precipitations {which are reversible} and denaturations {most
of which are not} The pseudo clot with pinhydrin {82] 1s & case in
point Some of the author's [155] dark field observations of (a) throm
bin (b} papain  and (c} ninhydrin clots are shown in the accompany
ing photomicrographs (Figure 6)3 (I} and (IV) show the nondescript
sppearance of ninhydrin clots compared with the fibrillar gels formed
with (I} thrombin and (I} papain Laki [275] has recently confirmed
the last

4 THE CONVERSION OF PROTHROMBIN TO THROMBIN

It {s with this area of the clotting field that the major investiga
tions of this dissertatlon are concerned The best modern prothrom
bins do not change into thrombin 'spontanecusly (but ¢f [425]) Among
the d in the schemes of Figures 1 and 2 are
(1} calcium {2) thromboplastic factors (3} 'accelerator’ factors
(4) 'convertor’ factors Noncor;'n:lﬂ"ul terms are used In approaching

blems with an open min:
thes:’pr‘t:r}e PR Dn}’ n prepa ﬂo“d gr;g};;on;bln ;‘s difficultto
Tly preparations of Schmidt Pekelharing Hemmarsten
ﬁ':llznb;h;{o?ellly f:ag);e (110] and others were undoubtedly too crude
when reviewed in the light of modern advances [425 276 4911 Never
theless they gave us many of the basic ideas concerning the activation
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of prothrombin e g by calcium fons and thromboplastic {thrombokin
ase) factors with possibilities of inhibitors which have merely been
confirmed with the modern 'purified’ prothrombins Contamination
with (a) traces of activators (b) traces of inhibitors (c) fibrinolytic
enzyme {or precursor etc) (d) perhaps other factors may stillneed
eritical consideration even in the best modern preparations
b) Natuge of prothrombin [425] Prothrombin s a specific pro
tein accompanying the globulin fraction(s) of the plasma proteins Its
quantity in the blood (15 mg/100 ml) [425] 1x 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 their work provides the most
rellable data on its characterization [425] Seegers believes that
most of the n a pure p
come from some activation and other marked alterations in the
molecule during the purification storage and experimental proce
dures The purest preparation examined by Lamy & Waugh {280] was
\ but with some boundary spread
ing Its physical led to of the molecular weight
2t 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 polysnccharide carbohydrate [431] and 3 75 percent ash
Perhaps because of * s ) prothromb
show more than one electrophoretic component but the major compon
ent constitutes 70 907 of the totsl [432] The thrombin yleldmay de
pend upon changes durlng storsge in the dry {lyophilized} state but
generally averages 23 000 units* (two stage assay} per mg tyrosine or
1400 units/mg dry weight Highest: 32 300 35 800
)} Blophysicy of thrombin foymation [280
{1} *Biothrombin’ is a convenient term [280] for the thromblnob
tained from purified prothrombin in the conventional manner e addl
tion of celcium salts tisaue thromboplastin accelerator globulin
pro) etc  Maximal to abin {s ob a
only when the prothrom ation {s rel y low For physi
cal studles concentrations of prothrombin of the order of 0 5 percent
muat be used (about 10 100 times as concentrated as used to obtain
maximal activation) Under these conditions not more than 507 of the
'maxirnal® thrombin yleld can be secured With the (lung) thrombo
plastin allegedly removed by high apeed centrifugation subsequent
ultracentrifugation shows a single symmetrical peak having an average
i ~48 corr ding to that of the original

? Some b y spreading polydisperaity how
ever The specific activity of the matertal at the peak was 30 000
{thrombin) units/mg tyrosine

{2} *Citrate thrombin ; distinguishes a new product which Seegers
et al [432 Jobtained 1n 1948 simply by incubating purified prothrombin
in 25 percent sod citrate Several other salts {but not all} could be
used and the reaction could be modified by certain diphenyl sulfones
[432] 1t 18 y difficult to eval the b ignif
this very artificial method of thrombin formation However 1t must
have blochemical significance Refractive index ultracentrifugation

of
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and electrophoretic studies on 'citrate thrombint give evidence of an
init{al splitting of prothrombin into two similar {meolec wt: 34 000}
fractions but on dilution there appear ‘aggregates’ and 'disaggregates'
and continuing changes over a 24 hour period [280)

(3) 'Trypsin thrombin'; is also discussed in the cited reference
{280] and will be mentioned again later {p 25)

These modern data are difficult to analyze but do seem to indl
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 proconvertin [491 425 13]
while autoprothrombin II has properties resembling PTC [429] Inthe
1 tion of both 'b ! and ‘citrate thrombin ' small but sig
nificant amounts of CCl13COOH soluble carbohydrate and tyrosine com
pounds are liberated confirming the idea that thrombin forms from
prothrombin as the result of some ‘splitting’ procens [427] These
very latest ideas cannot yet be integrated with the clder data on mech
anisms of pr fon from the points which are pre
sented in this dissertation
d) 'Prothrombinogen* (?) In 1949 Quick & Stetanini [396] clatmed

to ‘ireet proth and a precursor form for

which they the name 'pr ! They 3

their experiments with older data of Nolf [351] and Bordet [55] and
luded that their proth differed from Bordet's 'prosero

zyme® in only a few particulara Only a part of the plasma prothrom
bin is believed by Quick to be in the precursor form and Quick & Huse
sey [389] {cf [154]) have recently attempted to explain the normal
tprothrombin time' of infants (sec our Table LII} on the basis of a lack
of p Few y coagulati consider that
Dr Quick has enough factual evidence to support his shrewd {deas
(see Macy Foundation Conferences) but Ware [491] is now Inclining
toward the prothrombinogen idea The present author [154] remains
unconvinced

¢) Calcium in relation to the of proth into
{blojthrombin Older plasma clotting experiments by Nordbo [352]
and McLean & Hastings [325] extended the earlier idea of Sabbatini
[417] that clotting depends upen calcium lons  There 1s a definite op
timum of calclum required appr that available in the blood
under physiological conditions Not merely the calctum lon concentra-
tion but the actual ion *activity’ {in terms of the Debye Huckel theory)
requires ation Nordbd par y studied this end further
pointed out that the Tavailable’ calclum fons in a mixture of plasma
oxalate {or citrate) and added calcium salt depend upon a tme

ing process of an equilibrium of the different forms

{fvee Cat¥ Inactive (CaClt) anion and protein bound Ca etc) It {s
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 calcium to anticoagulant
need be added to restare clotting {cited [125])

Protein-bound calctum is present in the blood plasma normally
and in prothrombin and other materials prepared from it unless very
modern of pl 1 (e g by jon exchange
resins) are used to obviate this A number of workers {cited [125])
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have continued to suggent that (protein)-'bound’ calclum can play a
role in clotting Even Quick [383 394] still retains the ides that pra
thrombin 1s & 'caleium compound ' There s little point in arguing
about this since the weight of evidence supports the conclusion that
ionized calcium 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 ordinary conditions of activating purified or even crude pro
thrombins omission of fonized calcium salt or the presence of suf
ficlent excess of citrate or oxalate fails to result in thrombin forma
tion by th (and accel and eonvertor fac
tors) The special conditions under which thrombin may be formed
epparently in the absence of fonfzed calctum Include (1) Seegers'
[432) ‘citrate thrombin' formatlon {see above] which we shall not
attempt to explain; {2) experimental mixtures such as those of
Milstone {339] (see p 48) and of recent workers [40] with the
thromboplastin generation test (see p 48) which are best explained as
Intermediates’ containing bound Ca (which however was fonized in
an earlier phase)
mbop! nd th vation of prothrombin This topic
will be explored n much detail in the body of this thesis Aqueous
(saline) tissue extracts of many kinds are powerful activators of
purified (and crude) prothrombins in the presence of calctum salts
and ad of ! 1 and rtor’ factors Puri
{led cephalin seems to have thromboplastic actions but much weaker
especlally with Seegers' and similar prothrombins It {s now gener
ally reg #a ant lete! pt Platelet
2lso act as an Mncomplete! thromboplastin  So does a red cell lipid
fraction [105] when platelets or re b with
several other plasma factors (including AHF PTC etc see later) a
complete’ thromboplastin {s 'generated ' Modern workers are still

trying to find full for these exp facts (see p 47)

gl 'Th ! The coagulant property of weak solu
tlons of pancreatic trypsin which some earlier observers erroncously
concluded to be a ithrombin ltke' actton was clearly shown by Eagle &
Harrls {112] to be the result of some role in the activation of pro
thrombin In experimental test systems Some of the author's exper
imenta with crystalline trypsin will be mentloned in this thesls More
recently Schultze & Schwick [423] have 1y the con
ditions under which trypsin t: of p to
can be carried out Lamy & Waugh {280] report some ultracentrifuge
studles {see "trypsin thrombin ' p 24)

The author [141] spent several years trying to establish 2 similar
role for the natural plasma tryptase (fibrinclysin or plasmin} and
Possibly to give it an important role in the inftiation o ordinary bleod
clotting [136] ¥ the final [476] was that
trypain inhibitors could prevent the pr ytic actions of
without removing the fthromboplastic! effect quite contrary to the
{indings with trypsin Pending possible reopening of this line of inves
tigation 1t must be ded that any effects of {ibrin
olysin preparations must be due to some unidentifted impurity which
they contain Ratnoff Hartmann & Conley [402] also investigatedthe
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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 deeling with 'Hageman factor' {see later under Hemo
philia)

h) "Accelerator! fagtors in prothrombin conversjon Many modern
workers were fully aware that calciumn and thromboplastin did not proe
vide a sufficient answer to the question of prothrombin conversion
‘The most significant atep however came from the very extensive
studles of P A Owren [361] on a human patient suffering from a
peculiar bleeding disorder which he named 'parahemophilia' [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 earlier evidence for a 'labile factor ! Another lead was the ‘throm
boplastin cofactor' of Fantl & Nance (119] Owren [361] alsoprovided
evidence for converslon of his Yfactor V! {proaccelerin) into 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® (sccelerin 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 Jeasice H Lewls have
atudied (1) cases of 1 hypop Inemia (297]; {2} differ-
ence Pr lerin and 1 in the of prothrom
bin (cf [492]); (3) destruction of AcG by fibrinolysin [299]; and {4) its
role in performence of the two stage prothrombin assay and in deter
mining prothrombin consumption in clintcal cases [153] In summary

{a) (pro}accelerin s essentlal for the conversion of prothrombin
to thrembin by caleium and tissue thromboplasting

{b) a trace of thrombin s the p: rsor form {pro: 1 )
into the active sccelering

(¢) AcG has more effect upon the thrombin yleld than upon the
rate of activation which is somewhat delayed when AcG 1s
very inadequate however;

{d) y nssay methods are now both by a 'one
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 cages of hemorrhagte
digorder  Plasma serum and platelets may be tested by
these techniquess

{e} serum except from the ox cat or rabbit [349] is apt to be
devoid of this factor because of lability and due to the fact
that it {s used up during clotting;

() AcG levels {all after hepatectomy [322] or liver tnfary [461]

1) 'Convertor! factors in prothr bin_act{ n  The y
of this factor also owes much to the ﬂ;lt c’};urly lden;l:}!:d{::lnlc;l A
fae o B e oo e o) o wnesined el

p £
-SPCA) [11 8] ~Owren was on the track of this addi-
S B e ot it was Retes T o (ST} o corsectty
reinterpreted Owren's dsta and nsmed it 'Factor VII 1t is probably
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the same factor which (a) Warner Brinkhous & Smith [497] suge
ested as a prothrombin 'convertibility’ factor and {b) Mann et al
319] called co thromboplastin ~ We prefer to adopt the names
pIO (for the precursor) and in (for the d 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, § [298] results in mutual
correction of the cosgulation 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

et¢  Calclum and convert p tin to nvertin
and abolish the lag phase in p to th 295}
Serum often tns much P tin as well as same
convertin the total activity being much elevated

dettel o

of p P on 15 very slow
and Inadequate Restoration by partly purified preparations from hu-
man [9] or bovine plasma (our 1 ) bot]
Tate and yleld of thrombin formation Dr Lewls 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 cbserved in earlier case reports [9] due, we be
lteved ta their being a milder degree of this defect f [198) We
have two more recent cases of VII lack {unpublished} in whom the
prothrombin consumption was within normal limits Our congenital
*hypoproconvertinemica® did not respond to vitamin Ky unlike the
milder hypop: € hypop
binemias in (a) vitamin K deficlency of Infants {b) liver disordera or
(€] after the drugs d 1 pheny etc
(zuthor's data} confirmed by Naeye [350] The one stage [101]asaay
method is satisfactory for clinical use [298] We [298] have alsc had
some success with a two stage technique which enabled us to compute
o 'proconvertin! index {sce p 51) *Stuart factor was not separated
hewever

j! Plasme factors in thromboplastin generation While tissue
thromboplastin may very well play a aigniticant role when blood 1s
shed over injured tissues it cannot explain the good clotting which
oceurs in blood which has been obtained directly from a blood vessel
eg by with every p {on to avoid tissue contamina
tion The necesaary thromboplastin 1s generated in the blood itself by
a 1 of g (1) platelet

(2) several plasma
factors which are present ly but def; in h and
some recently . h ke 3} some of the

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

(1} Hemnophilia and related problems Only & few key points will
be reviewed from the recent 1 in this field and most
of the older work will be excluded

{a) Hemophilia A Notwithstanding efforts to account for the hemo

philiac s clotting difficulty on the basis of some inhibltor e g the
‘antithromboplastin! {dea of Tocantins et al [470 474 475] the major
acecumulation of evidence points to a specific clotting factor present




28 LIPIDS AND BLOOD PLATELETS

in the plasma of normal persony but daficient in the hemophiliac
Patek bk Stetson [568] and later other workers in ¥ H L Taylor'e
group et the Thorndike Memarial Laboratery of the Boston City Hoy
pital contributed convineing evidence for this antihemophilic factor
{AHF} which they called 'entihemophilic! globulin (AHG) Koller [270]
lists it 2s *factor VI ' AHG accompanfes {fbrinogen efc in the
Harvard Laboratories’ plasma 'Fraction 1! It is somewhat unstable
and difficult to tsolate and purify Bidwell {46] in England clabmsa
goad bovine plasma fractionation but the problemn needs furiher
solution [ 488)

AHF 12 vtillzed or consurned in the clotting process Witk other
tactors it particip; n th: plastin generation from platelets
tor cepha!}nz {p 46} 1In the natural clotting of hemophilic blood or
recalelfi hitd P b

P plasma the ‘prothr in Yis very
defective Following this lesd of Dy Brinkhous's we heve alsa devel
oped u method depending upan the h bt 3 Lhr at

379C) in reealcified mixtures of 'substrate! (known severe hemophitic)
and normal {ys test) plasme for quantitative estimatton 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
ant} PTC etc

We shall say nothing about the important {amilial aspects ofhemo
philis except to mentlon the very interesting work on canine hemo
phitta {197}

(b) BTG deftciency {Hemophtils B In February 1952 Dr Lewls
and the aathor [294] were investigating & 'bleeder! who seemed to be
made worse instead of better by blood transfusions Qur tests immed
iately showed that he had x clirculating anticosgulant (see latex) butby
preparing plasma {ractions free {rom this inhibitar an undeslying
clotting defect was disclosed which was definitely not hemophilia By

\thholding tr he gradually d as
shown by the tests jlluatrated in Figure 7 clearly ravealing evidence
{the lang recalcification clofting times i{n the last tests) of the basic
clotting defect In April 1952 Apgeler and colleagues {5} In Califor-
nia published the {irst clearly identifled case of the new ‘hemophilia
like' disease which they named PTC deficiency (pjaams thrombo
plastin componentl  Using their we gqulckly tha
onr case waz the identlcal disorder but witha new type of inhibitor
complication {294 A few months later Blggs Douglas Maciarlane
and colieagues {51} published an English case aud from the neme of
of the patient colned the term 'Christmas dlsense ' Koller's namefor
PTC is 'Factor 1X* [270

An earlier lead was provided by a number of observess particu
jarly the Argentinisn Pavioveky [370] namely that the mixing of two
themophillc! bloods from certain cases resvlted in correction of the
clotting times both in vitre and in wlve Very intxrestingly some of
the classical themophiliac® familiee {¢ g Von Tenns) extensively
studted tn Europe have turned out te be not what han recently bren ac
cepted ss hemophilia but the atmitar PTC deflelency {ar Christmas
disesse} To avoid the cm!dulion which ihla reluh‘tdmbr Kollelr {270}
tzerland has proposed = revision in nomenclature namely
(ol!) s}fe‘mophﬂla A (thpe urnnl type); {2) Hemophilia B {PTC-deflclency)s
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and (3) others {see below} Another Interesting recall §s the obtaining
of an ‘antihemophilic globulin' from gerum {rather than plasma} by
the Dutch workers Bendien and Van Creveld [39) a year or twoahead
of the Boston {Thorndike) group [368] Unlike AHG PTC persists in
the serum since it {a not completely consumed in clotting The pres
ent author yuggests therefore thet the Dutch workers were really
dealing with hemophilia B and that their ‘globulin® was 2 PTC prepa
ration

(<) if h R L Rosenthal and co
workers [413 412 414) have uncovered cases allegedly lacking a

third plasmatic thromboplastic factor (PTF) which they call plasma
thromboplastin antecedent {PTA] We have confirmed the defective
prnlhrcmbln :onsumpllon in one of thelir cases
{d) 'Fourth factor! deficlency {(Hemophilla D) ? Spaet Aggeler &

Kinsell {445) encountered another type of case with a possible fourth
plasma component but did not rule out an {nhibitor of PTC

(2) *Hagemnan Factor.' Ratnoff & Colopy [401] observed three pa
tients with prolonged bleeding times but without algnificant hemor
rhagle symptoms Their studies suggest yet another factor the chief
action of which {s fallure compared with normal plasma to accelerate
the clotting of platelet poor plasma obtained for normal blood centrl
fuged at high speed without anticosgulant They gave it the name
'Hageman factor after the first patient and obtained correction of
the defect with a fraction prepared from normal BaSO, adsorbed

cated serum

3] 'Factor X,' Duckert Koller and colleagues {108] investigat
ing sera from various in the
generation test concluded that still another factor must be recognized
("Factor X') It {s said to be defictent particularly in sera from cases
with hepatitis or persons under treatment with a dicumarol derivative
{(Marcoumar) X is now used for Stuart factor (see SUPPLEMENT)

6 INHIBITOR PROBLEMS

a} Inactivators of thrombin Quoting Seegers [425] the following
mechanisms participate in the removal or neutralization of thrombin
{the comments are those of the present reviewer):
1) Thrombin may be adsorbed on fibrin  Fibrinolysin can re
lease it [268]
2) Lsrge amounta of are by
This antithrombin does not require heparin for its action
This is the classical antithrombin of serum or plasma [505
506] It acts over a perfod of time in a progressive manner
[190] and 1s 1imited in degree 1 e a given amount of anti
thrombin can neutralize up to a definite limit of thrombin
Morawitz [344] used the term metathrombin for the inactive
product which thrombin forms with the antithrombin of serum
His claim for partial reactivation by treating serum withacld
and alkall was confirmed by Gasser [184] Astrup & Darling
developed a method of assaying .nmhrombxn (211 which they
later [22] from the fth; bin cf
heparin forms with some labile plasma comnponent {co inhibitor)
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They state {22} while normal antithrombin seems to com
bine with thrombin to form an undissoclable compound the
p fhrombin tahib and thr as welt
as the compound between heparin and thrombin colnhtbiter
seems to be highly df {abl That {at sol <an inac
tivate antithrombin was noted in the esrly ltersture chloros
form especisily being used for this purpose [351] although
it hay the divadvantege of also destroying thromhin {474}
Seegers et al [433a] have done meny experiments with ether
especially to remove this antithrombin {rom defibrinated
plasma Sternberger {456] used alcchol and hay obtained
some very provocative results [451] Fibrinolysin will not
work {476]
3) Heparin co factor together with heparin interferes withthe
resction of thrombin and fibrinogen  This will be discussed
further in & subsequent paragraph fp 31}
4} Antithrombin sccelerator activity arlses during the clotting
P and also Seegera’ [425)new
agent {AA = antithrombin accelerstor ) refers to the antl
thrombin demonstrable aftexr ethar extraction of defibrinated
plasma To it is astributed the disappearance of thrombin
foermed therein sfter activation of the prothrombin by catctem
{lung) thromboplastin and (platelet } AcG the latter resgents
not being the source of the slleged AA factor Further
(Seegers {4251} There is an inhibitor of the antithrombin
accelerator action which we call antithrombin accelerator
inhibitor AA inbibitor iy removed by BaCOy adsorptionand
s recoverable In the citrate elnate These new ideas of Sees
gers are highly provocative particularly fn regard to his sug
gestion that AA inhib is p: or @ with
proconvertin in partially purified matertals
b) Hepartn (242 382 151a 151 22 1t 1s now generally ngreed that
ttle if any heparin is present in the clrcutating blood noreaelly (249
61] The protamine titratton method [250] of measuring *heperin-
like! activity in plasma s subject to questions of interpretation but
does agree with tests e g 1 of clotting times
of whole blood [15] oF recalcified plasma routine in author's lsbora
tory p 61 when heparin is known to he present This is true both in
vitro and In vivo In vivo howsver heparin may be removed from the
by {x) renal 2541 {b) lterntion or
{c} a heparinase enzyme {248 252] Chemical extraction and sexay of
the metachromaetic color reaction of heparin with azure dyexs are the
most convincing methods [342] They have recently been used in con
junction with paper chromatography 36] Wilander's work [501)con
cerning the origin af heparin from the tissue basophils or Ehrlfchmast
cella ta now generally ascepted These mast cella appras to break
down and relesse significant amounts of heparia {proved conclusjvely
by chemical extraction) in certain pathological conditions particularly
those involving an ansphylectold type of reaction (255} They also
teld histamine [195] which probably forms a complex with heparin
(403] Rocha e Silva [407] implicates « fibrinolytic enzyme active
sion and flnds hlatamine relezse to be sn accampaniment Hyper-
heparinemis can cause bleeding disorders {448
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Heparin co fuctor theparin complement] [242] Fitzgerald &
Wlugh [164]h.ve recently fractionated co factor {rom Cohn's plasma
'Fraction IV Their tests extend the work of Astrup & Darling [pz] and
do not -uppon Klefn & Seegers' [268]} 1den of nterference with the
{also Glazko L Ferguson's [190] 'im
medlate? mmhrnmhle action) but rather point to a definitely time
2 They ude that teparin plus cofactor inacti
vates clotting by bin by direct Thus the
reaction is 'progressive’ lnd 'umited ' Further complicationsarise
since reaction velocity specific capacity of cofactor {units T/mg C)
and extent of reversibility (using protamine} are functions of cofactor
concentration  These authors [164] suggest that cofactor does not
occur as such inplasma  but that heparin cofactors in effect repre
sent altered normal antithromblins
Some of the author's work with heparin and *cofactor ! etc  wlill
be presented in this thesis We shall not review the chemiatry of the
heparins nor the modern work on paritol treburon thrombocide sul
fonated dextrans and other synthetic heparin like substances of cur
Tent interest particularly in the search for a cheap heparin substitute
d) Specific inhibitors of individuel clotting factors These factors
being protein in nature for the most part antibodies to individual
clotting factors considered a priori are a possibility which recent
invnﬂgndens are beginning to support with experimental facts Such
when they can be demonstrated
and lhown !o con!rlbute to the bleeding tendency in clinicel cases [453]
1) Ant{platelet factors causlng lhrombocyteptnil and inter
fering with clotting and h don p 37
Normal and pathological factors which spgclﬂcally inhibit one or other
of the various components of the thrombin forming system are begin
ning to recelve serfous consideration as follows:
{2) Antl AHF and anti PTC The present author and associ
ates [152] pre::nled » paper at the September 1955 Meeting of the
Soclety and a will ap
pear lhonly By use of the prothrombin consumption test on speci!
ically deficient substrates {lacking AHF or PTC respectively} towhich
mixtures of normal and patient plasmas were added we assayed the
ant! AHF and antl 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 recalcified plasma
but required the specific anti AHF test One hemophlliac bted to
death {n 18 days following a tooth extractlon despite a record 400 trans
fusions with whole blood plasma and antihemophilic globulin  We could
demonstrate removal by the potent inhibitor of the transfused AHF
faster than it could be supplied In all five hemophillacs the acquired
ifically anti AHF in the two PTC deficients
it was ant! PTC The eighth case of tdiopathic ! In a female and
showed a very high titer of anti AHF as well as an nppurenlly high
titer of antl PTC  The last might be
ations
Inhibitors of the above type have been reported in a very small mi
nority of cases of hemophilia PTC deficiency certain allergles; some
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systemic collagen disenses [175 4537 and questionably sssociated with
pregnancy  History of previous transfusion therapy cen usually be
elicited In one of our PTC canes the evidence was very clear that
transfuslons led to the recurrence of high titers of the Inhibitor In
this case end in the *idiopathict female elecirophoretic analysis re
vesled mn abnermal increase In serum gamms globulin  This is fur
ther evidenct that the tnhibitor 13 acquired by seme unususl type of

* fon r the reauit in causing transtuslons to
became harmiul instend of helpful complicates the clinical controlof
the blecding problem

{3} Antifprolconvertin {Factor- VIl inhibftor) Wagner et al
{487] have obtalned certain fractions from normsi dog plasma which
specifically inbibit active convertin  Jurgens [259] has prepared a
similar agens {rom normal human aerum and suggests that it has cex
tain propert{es in common with plasma and serum antithrombin

{4} Antfiprojaceelerin {Factor-V fnhibitor) hes been question.
ably reported by Harder [223] in » case with & bleeding disorder It
fu sald to be ‘lipoid Mke! and 1o cause the factor V deficiency which
explains the bleeding syndrome in the case cited *

{5} Antithromnboplastin {A} in the sense of a circulating in
hibitor of sdded tiswue thromboplastin in cases with 2 blesding ten
dency is suggested in several accounts referred to onp 209 of the
new text by Stefanint U Dameghek {453] The present author yngpests
that the positive identification of a genuine antithromboplastin muat
fulfill certain criteriat

{a} it must specifically inhibit added tissues te ‘complete’
thromboplaatin e g in the one stage prothrombin time
{Quick) test

(b} there should be no al lenation posattle onthe
basle of inhibition or lack of some other factor in the
thrombin forming system

Hougte {226} has already polnted out some of the Interpretive difftcul
he 4 1

ties For inst i1 8 h is 2l only st high diiu
tions of the added thromboplaatin it might be due merely to lack or
inhibition of the pl te th b (AHF PTC

etc} Infact the test might be no more in essence than the perforrm
ing of the partial thromboplastin teat of Langdell et al {282] These
authors indeed use it 10 assay the Lack of AHF When Fantl & Nance
{320} investigated an Austraitan wornan and reported inhibitton of hu
man brain thromboplaatin  but not that of other species they might
simply have been obsesving the fnfluence of difution on two different
reagents which did not hyve true equivalency of thromboplastic potency
in the {rst place

Amang the several cases cited {453] the patient tested by Char
gatf & West [83) and lster ressudied by Conley et al [92] shows that
many turn out to be antl AHF antt PTC etc AcG controls are im

nt also

Po":\mnhrembupluwﬂn (B} in the sense of Tocantina et at [474] re
fers to pn alleged plasma factar for which the following clafms aremadet

*Ferg et 21 described an uneq 1 case of antl AcG {Prog
Soe, Exp, Blol, bMed, 35 567 1957
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1) it is a constituent of normat (platelet {ree) plasma
2} 1t Inhibits sdded halin or tissue th laatin but
requires a apecial serles of minimal plasma dilutions in
order to demonstrate and assay its effects
3} it 15 less effective in the presence of wettable surfaces
or after the blood hus clotted
4) 1t {x somewhat specles specific and does not affect the
thromboplastic action of Russell's viper venom
S) 1t can be concentrated in certain plasme fractions andin
1ipid rich tissue extracts Doth these points were con
firmed by Overmsn [358 359]
6) 1t 1s increased in cases of hemophitia [475]
7) it {a also d in post {rradiation h rhage [471)
Dr Tocanting {s a very able and careful worker but there is now
considerable doubt as to the significance of the data under discussion
One group [196] ralses many objections including questions as to the
control of tonlc strengths in the limited dilution experiments
«) Summeary of t hibit nd th.
sance  From the foregoing brief review it {s evident that the inhibit
ors are a little known and difficult area in the coagulation f{feld More
knowledge 1s needed because of their importance in occastonal clinical
cases Valid information has begun to accumulate as the result of the
devlsing of specific testing techniques In some cases the diagnostic
question is settled The therapeutic goal {s elusive however Adrenal
cortical hormones fafled in an extenslve trial on two of our clinical
cases The rel of PP to transf neces
sitates a searching review of this form of therapy There is need for
more rapid advance in the difficult field of fractionation of the individ
uel clotting factors {rom the blood in practical preparations which
can be used for rational replacement therapy

BLOOD PLATELETS
A HISTORICAL

Several careful pl in the early ni century must
be credited with the discovery of the blood platelets althaugh they were
ignorant of their true nature and functions Most of these workers are
clted fn 8 1934 review of the history of haematology by Sir Humphrey
Rolleaton [408)

Alexsnder Donne (1842) [106] termed thern globulins! (a term stil}
used in the French ) but pr bly f them with fatty
particles of the chyle Addison (1841) posaibly 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 Gerber's
free nuclef’ and Fr Arnold's 'Elementarkorperchen as well as
Simon s term 'Kugelchen Zimmerman used Simon s technic of re
cefving blood Into potassium ferrocyanide and delayed clotting encugh
to permit investigation of the supernatant still more or less turbid
fluid He also could receive the blood into neutral or carbonic acid
aalty In slowly clotting bloods he clearly noted the 'little bodies
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{kieine Korperchen} before {ibrin appeared and described the latteras
forming homogeneous masses or threads often radieting from the
litile bodies' or in some cawes {rom leukucytes He concluded in
{avor of the tdea that thege Httle bodles already exiat in the clre
culating blood " As they resisted ether and warming Zimmerman
showed they were not fatty globules but an organic {vesicular} forma
tion { organiache Blldungen mit Inhalt gefullte kleine Bliachen }
zimmermgn n\so lmdltd birds and amphibin and decribed the nucle-
ated cells | hable from leukocytes but confused with erythro
cytes} which were termed "thrombocytes® by Iater writers [108] He
discussed thetr formation in terms of Schwann's cell theory™ and
suggested a lymphatic origin
In 1865 Max Schultze again noted themn in humen bloods as did
Vulpian {1872) and Riesy {1872) who thought they were remains of
disintegrated levkocytes In 1874 Williem Osler [357] gave ancther
classical description which distinguished thern from bacterial micro
erganisms In 1877 Hayem | 213 214] called thern ‘hematoblasts’ or
the 'third® {{ormed) element of the blood and fnsisted that they were
precursors of the erythrocytes & view which he maintained as late as
1923 [216] While miuch of the confusion of platelets with the other
formed elements may be blamed wpon peezly controlled observationin
vitro two more ¥y may be as
sources of errary {1} Hving leukocytes can lose fragments during oh
servation {dark field} on  glasy alldes in a shed blood drop a2}z
{2} erythroplastid {118 fon can be oheerved under
similar conditfons {rom certain erythrocytes ar their PrecursoTs
Figure 8 shows one of & sexrtes of 14 photomicrographs tsken by
a former colleague (Dr P H Ralphl over 2 2 hr period in an obser
vation of an erythropiastid forming from a bone marrow erythroblast
fn a case of Hodgkin's diacane
Bizzozero's {54] work was most significant He described plates
fets in the circulstion in the measenturic vessels of rabbits and guinen
pigs and ister in the intact bat'a wing He demonstrated their adhe-
sive quality their participation in thrombdi and thefr rale in the coxg
ulation of the blood
Low!z {311} h'led hnd to prove platelets to be mere artifscts ¢ g
o u data yettled the controversy
E‘bzrlh & Sthimme]h\xxch usse) geve & claysical description {113] of
ding the role of the platelets and of fi-
brin in the trn:umumlnated rnssentery
J H Wright {510} (dznﬂﬂed the or!gin of the mammalian blood
platelet {rom cy { the ytes of the
bcn: marrow He “also nhowed the phylage!\eﬂc uhuonship to the
yte of the lower antmais which aerves similar physiological
funstlons in these orders Dr W H Howell showed me his beautiful
tiasue prepurations obtatned for a 1937 paper [241] in which he stated:
platelets represent & solid aecretion from a unicellular gland the

karyoc: This {3 2 good way te emphaaize the conception of &
Ri%‘n:c’;'n 1: platelets namely pertly Hie n cellular element and
partly ay P T g 1o the y of

clotting etc
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1 PLATELETS IN THE BLOOD UNDER NORMAL AND
THROMBOTIC CONDITIONS

Many s have confirmed and the observations of
Blzzozero [54] and Eberth & Schimmelbusch {113] Several labora
tories have shown fine cinematograph films of the circulation insmall
vessels Including platelet observations e g those of (1) M Knisely
[265] {formerly of Chicago mow st Charleston S C); {2) the rescarch
team at the Hoffman La Roche Swiss laboratortes; {3) the Boston Uni
veraity group under G P Fultonand B R Lutz [41]1 {4) Jean Hughes
at Liege

lets are tiny lttle dlacs which appear lenticular or
when viewed edgewise Endothelial injury causes
ytes and platelets to * g ! from the axial stream to the
Takimmed' plasma layer closest 1o the blood vessel wall  Platelet
plugs can be seen to form and seal off microscopic holes in aninjured
vessel particularly in venules The platelets adhere individually and
to other platelets They also break away one by one or ir clumps of
varying size These may be arrested temporarily or more perman
ently further along the course of the circulation
In observations on the formation of cellular thrombl in the {ro;
mesentery on pricking the caplllary with a LI
{Kite Chembers micromanipulator) the author [127] noted the sig
nificance of rate of blood flow In slower rates of flow =ll the corpus
cular elements enter into the thrombus formation and the red cells
being the most largely prep In more rapid rates
of flow 1t 1a the stickiest elements which have the hest change of re
maining adherent Hence the distinction between "white' (thrombocyte
or platelet) thrombi and *red' or 'mixed® thrombi long recognized by
pathologists Hayem's {1889) term clou hémostatique! and the German
'Blutstillenden Keil® are highly descriptive {p 82 of Quick [383]}
Wharton Jones (1851} M {1B69) end esp 1ly Zahn (1872)
of

Invive pl
"batonnet like!

[513] precedea 54] in ating the imp
white thromb! for controlling hemorrhage after vessel 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 cotned
by Ebert & Schimmelbusch [113] and later used by J H Wright and
G R Minor {511] At one of the Macy Conlerences [509] Helen P
Wright reviewed this topic and her pp:

based upon rotating the platelet containing fluids in gla s tubes for

Few workers have bothered to check the term batonnet as
originally used by Aynaud {24] N Rosenthal in H Downey s Hand
book of Hematology  [411] aays 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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definite time periods snd comparing the platelet count {hemaocytometry}
with 8 veselined tube control She reduced *platelet adhesiveness® by
heparin and chlorazole dyes in vitro and by dicumarol fn vivo Con
veraely adhesiveness was increased after operations or perturition
wt perfods when the platelet count was also elevated and meny young
{orms were circulating  Similar findings were reported foy the throm
bocytosts following injections of adrenalin or of pyridine Splenectomy
gave similar results but now theve was little further effect from pyrt
dine Moolten & Vroman [343] with an Improved technique fatled to
confirm Helen Wright's suggestion of an increased platelet adhesive
ness in hemophilia  Her 1den in this disease i» alao contrary to ob
servations of many other workers Dr Wright's Interpretations fn
cluded the {cllowing {with the present reviewer's parentheses):
the factors which appear to maintatn the varfous {formed] elements in
suspension are first their surface charges (p 174 of Tocantins [469}}
which are of the same [electrical) sign; and second thelr constant mo
tion both as a mass snd relative to one another "It 13 believed
moreovey that the aurfaces of the formed blood elements carry vari
able amounts of adsorbed water and that this helps to render them
stable tn P lon as weil as the vi ity of the blood
their surface reactlons may be in part dependent on some of the
metabolic activitles of the cell  The platelet surface may be modified
by substances normally {{ibrinogen globulin} tiy (
glabuling of antl platelet sera) present in the bload Adhesivenessmust
alsa be related to alteration in the Ty or 4 ot injured
vascular endothellum $19] 1t may be recalled that Roskam [415] col
Iected many data leading to the suggestion that piatelets are surrounded
by = firmly adsorbed protein fiim to which many of their properties
may be due  That this is not ¥y fitirin or tnagen h
is indicated by the normal platelet adhesiveness etc in 2 case of con
genital afibrinog atudied by ges & Prunty {376] and con
ﬂrmal[ory observations by Alexander et al [10] and others [29¢)
cited {7

3 PLATELET 'AGGLUTINATION' (NORMAL}

According to Aynaud {24 25 26 27] platelets saspended In plasma
may be agglutinated by a wide variety of substances ¢ g gelatine egg
slbumin peptone pums ircithis heavy metals dyes and surface
tenslon tawering agents auch ax ricin sod taurcchalate and saponin
The peptone plaama expertments were particeiarly interesting as show
ing that platelet agg could be tndependent of clotting Tocsn
ting [469] reviewed many of the older pepers dealing with platelet ag
giutination under various experimental conditions snd in numerous
clintenl disarders A number of modern workers bave restudled some
of these problems on well washed {7 plasms free) platelets espectally
sided by the silicone technique {sxee pp 67 68}

Copley & Robb [93] cbserved that washed platelets could be aggiu
tinated by adding plesma “l sgrxv,;m expecially the latter 1nd. alro by
* ! preparations of globulin pr b, h bt 1
tf::\:?tjgtc‘:r :nd plasma with a hlghvconcenlnuau of heparin {1} This
1ast {inding was unexpected and in conflict with the data of C H Bent
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and colleagues [45] These Toronto workers inserted & glass cham
ber between an artery and vein in an experimental animal andcbserved
phlelet qgluumucn md adherence to the flat surfaced glass chamber

The aph film of these observations wasre
exhibited st the Macy conference (1949) Heparin caused a great reduc
tlon or even absence of cbservable platelet agglutination Dr Best and
athers [161] helleve that some heparin preparations contain impuri
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 Bedyon [33 34 35] in
Jected rabbit platelets into gulne- pigs lnd obtained phtelet -nn
serum which caused dam
age when injected into 'non censitized -mm.x. A:kre)’d {1 h-- Te
l:ently nviewed the problem of 'platelet agglutinins and lysins in the
purpura  He tacludest
a) the 'lbnermll |p1¢nlc “secretion’ theory of Frank {1925);

b) the efforts of Troland & Lee {1938} and others to obtain spleen
extracts ('thrombocytopen') allegedly capable of reproducing
the human in expe

<) the demonstration by Ev-n- Dusne et al (1949 51) of a 'throm
bocyte agglutinating factor’ in the sera of some ITP {Idiopathic
thrombocytopenic) patients;

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

e} Harrington's [207] convincing 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;

of this y carefully
by Stefantnt et al [454)s
g) Tullls' [478] finding that 9 out of 18 sera from ITP casescaused
agglutination and Iysis of normal platelcta in the presence of
complement;
ation by both gron's [208] and s [455]
groups that platelet agglutinins could occur in some patients
after pregnancy or transfusions; or
1) even in some individuals who have never been pregnant ortrans
tused [455], and
1 the due to d At [451 502] of fall in platelet
count following transfusions of normal blood etc
This whole problem is beset with technical and Interpretative difficul
tles but the following conclusions represent current thinking
1) antiplatelet agglutinins and lysins occur in humans sometimes
without but ususlly with thrombocytopenic purpura;
2) there are platelet 'groupa’ or 'typez analogous to those en
countered with red cells;
) b cases of ia often have a d e
cause of agglutinin production Ackroyd [1] bas made some
very clear cut studies of drug Induced {sedormid; quinidine}
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thrombocytopenian showing that both drug and specific antibody
are needed for the platelet destroying actiom

4) complement {s involved in the platelet lysis as it is {n hemoly-
tic and bacteriolytic immunity reactions

5§ IN VITRO 'ALTERATION' OF BLOOD PLATELETS

In 1873 Ranvier [397] observed the microscople changes of plate
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 ' we his most observations were:

(1) {ibrin needles are often seen first at the edges of platelets or plates
let debris; (2) platelet ‘granulations’ occur at the Intersecting nodes of
the fibrin network

Aynaud (sez p 36} made a clessical series of studies of platelet
alterations in vitro which have largely been neglected by more recent
workers in this fleld 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 alterat{ons from the original disc or batonnet (v p 35) form to the
spiculated 'stellate ' swollen and granular (disintegration) farms 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 ) anticoagulants and (5) many experimental additives
{see previously]

Fonio & 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 sgrees that ¢ven siliconed surfaces which areour
best non wettable surface to date fail to prevent but merely 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
{sodfum ethylene diamine tetra acetate also called Sequestrene or
Versene) ref Tullls {479]

CaCl, was not found to have much influence on the awelling ete
shown by washed (x3) pl in buffered saline (Mil 340))
Whether or not thrombin can produce platelet alterations as claimed
by Zatti [515] and Fonto [165] 1s still an unsettled question (Zucker
[518]) but {a probably true and this may account for some new f{acts
such as low serotonin assays in severe clotting disorders (Dr J H
Lewls the author and M B Zucker unpublished data)

B PLATELET FUNCTIONS

For the purposes of this theals it is not necessary to review some
platelet functions (e g metabolism; 'platelet loading™s etc [469]) In-
cluded are those d with is and allied f 1
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1 RELATION OF PLATELETS TO HEMOSTASIS ETC

As noted previously platelets play & key role in thrombosis and
embolism besides acting aa a defensive mechantsm againyt blocdloss
Pure platelet or 'white! thrombl are relatively rare and the usualthrom
bus is 'red’ or '‘mixed * with the bulk and numbers of erythrocytes pre
ponderating Moreover clotting 1s inftisted about the time (Erkelens'
thests {118]) that platelets adhere and begin to disintegrate Hence a
thrombue Le aleo vich in {lbrin which forma a supportive meshwork
and buttressing that adds greatly to the hemostatic effectivencss In
the clinical "bleeding time test! {e g methods of Duke [109] or Ivy
[244]} Qefects of platelet or vascular functlon rather than of clotting
function are of prol ton of the The
time 18 not infrequently normal or nearly so 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 disesses

Since

hag s (453) can 1)
12) platelet {

ytopenic)
or ytopathle or or (3) coagula
tion tnadequacies 3t s evident that all three normally share in the de-
fensive hemontatic mechanisms

Xasculay gnomaliey are beyond the scope of the present thesis
Just how important the contributions of the first two factors may be
s emphanized by known cases of afibrinogenemia {7] who lack the
essential clotting mechanism These cases do have bleeding problems
but often mansge much better then say a severe hemophiliac May it
not be that certaln factorls) of the thrombin lorming mechanisma are
1180 necessary for some platelet functions?

Serotontn, Marjorie B Zucker [518] performed experiments on
the formation of the hemostatic plug which appenrs after cutting a
(small) blood vessel In the rat Noting & frequent vasoconstrictor ef
fect at the time of platelet deposition Dr Zucker Investigated this
additfonal phenomenon and used an ear vessel perfusion technique for
bloassay of the 'platelet vasoconstrictor® factor The consensus of a
number of workers [367] on this problem is that disintegrating plate-
lets Iiberate S-hydroxytryptamine (399] which reacts with some
Plasma factor to hecome 'serum serotonin® (probably 5 hydroxy
tryptamine ine sulfate) Ty by Rapport et al

400)  We have some unpubliahed data showling low aerum serotonin
{platelet vasoconstrictor) values in cases with hemophilia and other
severe clotting disorders The suggestion {p 38} Is that thrombin (or
$ome factor In the thrombin forming system) is needed for platelet
release of 5 hydroxytryptamine

2 THROMBOCYTES

e th

ytes serve the in lower animals
© 8 birda fish reptiles amphibla etc much as the platelets do in
mammats [185 189] That they are not quite as effictent In some ways
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is suggested by the relative ease of preparing incoagulable or very
slowly clotting plasmas from the thrombocyte-posseasing bloods by
careful collection and centrifuging perhaps even without use of ent!
coagulants This is very difficult in mammals even with use of ant!
coagulants because of the easec 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 Olsen [70] of Cape Town
published an outstanding monograph on this subfect with a very exten
sive bibliography His theoretical approach may be quoted verbatimt
N The blood clot consists of a three dimensional network of fibrin
threads ! The serum 1s held n this network by caplllary forces
When the scrum artificially is pressed out of the meshes the network
collapses and does not again expand when immerged in serum due to
adhesion between the individual fibers This can be seen by manipula
tion of the network under the microscope The capillary force holding
the serum in the clot might conveniently be expressed by this formulat

Force: -=2¥-cos f
dgr

where yt the surface tension of the serum
t 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
gt the force of gravity
r: 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 1s placed in rigid structures like glass 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 To avoid this Budtz Olsen designed an ingenlous and simple
method (! the suspended clot method”} Under constant (37°C) 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 ofl mix
ture and can be measured ‘It Is shown that the size of the meshes in
the {ibrin network and therefore the capillary forces holding the serum
in the clot depends mainly on the concentration of {ibrinogen in the
plasms It unavoidably follows that clot retraction {s Inveraely
proportional to the fibrinogen concentration ‘of mafor influence on
clot retraction is the volume of red and white cells in the blood These
cells play a passive obstructive role and it is demonstrated experi
mentally that an almost linear inverse relationship exiats between the

¢ packed cells and the clot retraction * correction can be
:g;‘;::l:: bly’ simply adding the haematocrit to the obaerved clot retrac-
tion ' 1 Rigid control of the temperature 1s essential in a1l work

on clot retraction
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Character of the clot its firm: rigidity and e} |
depend nearly exclusively on the fibrin concentration and the occur-
rence or absence of {ibrinolysls They are completely independent of
platelets Fibrinolysts and clot retraction are {ndependent proces
ey Clot retraction {s due to & special function of platelets
‘viscous Phosis lends to the of long strands or

of eytepl platelets or platelet
mavses These strands subseq contract p ing a patchy
fuslon of platelets throughout the clot  As the platelets are adherent
to the fibrin network of the clot the contraction of the cytoplasmic
strands and the merging of the platelets result in a contraction of the
whole fibrin clot with a squeezing out of the serum and & few of the red
and white cells enmeshed in the fibrin network

From the delicate platelet mechanism producing clot retrac
tion it would be expected that the force exerted by the process is very
small By a simple experiment (p 46 [70]) this assumption is shown
to be correct the force {about 19 mm H3O) {s so insignificant that it
becomes extremely unlikely that clot retraction serves any physiolog
leal purpose in mammalian life It can certainly not draw together the
walls of even the smallest vessels

In the crab clot formation and retraction take place in the
complete absence of fibrin and are entirely cellular functions It
1s suggested that the process {s a redundant phylogenetic relic of no
importance in higher animal life

A critical review of Budtz Olsen’s work will not be attemptedhere

but the present writer would raise some questions e g1

(1) Platelets don t retract clots formed from fibrinogen with throm
bin but only with forming? The
present author s experfence is ctherwise

(2) Clot retraction cannot draw together small vessel walls Tocan
tins [468] who is cited by Budtz Olsen collapsed cellophane
tubing by clot retraction

(3} Fibrinogen ation is the chief d of size of i
brin mesh and hence of capillary forces There are many dis
crepancies between the Ineffectiveness of certain agents in
modifying Budtz-Olsen s clot retraction measurements anddata
of physico and Py studies which indi

ate they can greatly alter the fibrillar composition of the fibrin

cl
{4} Can f{brinolysis be critically ruled out in connection with clot
retraction? (See below )
Accepting Budtz Olsen s worthy critical review of Glanzimann s
{1918) [188] case data on ditary h haglc throrm
thenia there are contrary to the South African s opinion un
doubted cases of platelet anomalies {thrombocytopathias} in
which these el are in some r factor
7 Gt s retr Y} Such can be {solated
and compared with normal platelets shown unable to induce
clot retraction in normal platelet free plasma [453] Such a
case will be described in the present thests
b} Role of platelets, Budtz Olsen [70] refers to Thackrsh (1819)
and others whose work clearly indicates that the fact of deficient clot

g
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retraction in association with certain purpuras was known at the begin
ning of the ninetcenth century Hayem [215] in 1896 was the first to
correlate poor clot retraction in purpura 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 [[zsn] Bordet & Delange {57] Opltz & Matz
dorff [356] eand others [70] have recorded Inability to obtain clot re
traction with platelet ‘extractives ' but only with 'intact’ platelets In
recent electron microscopy studies Bessls & Burstein [44 43) ob
served adherence of fibrin filaments only to speculated 'altering'
platelets and not to 'di ated' forms Gl 's [188] sugges
tion of a ‘retr yme* {enzy like factor in platelets) has there
fore not gained acceptance until recently when Fonto [170] clatmed
separation of the outer ‘hyalomere' from the central 'granulomere’ of
platelets by differential t and the of 'retrak
tozyme? with the hyalomere fractlon Very recently 1956 Magalinl k
Stefanint {316] claim isolation of a 'retractin’ both from platelets and
from blood {ree tissues Their best method i3 to disintegrate and ex
tract with ether water {65:35) and then deposit in the cold at ~20°C
Thomboplastic factor is el by heating for two hours at 56°C
and subsequent storage at 20°C Tests for vagoconstrictor factor
(5~-hy ytryp ) are also neg They lude: ! it could
represent & lipold ubstance *

How do platelets bring about clot retraction? The weaknessofthe
force involved In clot retraction is stressed by Sudtz Olsen as by
previous workers While it is usually auificient 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 failure of retraction in such vessels However clot
retraction is not significantly better in non wettable siliconed tubes
Budtz Olsen reviews much of the older Iiterature (e g Fuchs [179])
on the influence of the containing vessel's surface on clot retractfon
Although he cites 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 beneflt of his students Thus 1f blood is allowed to clot in a wide
test tube paralfined down half of its side the retraction of the clot
will subsequently be away from the glass and to the paraffin  That
{ibrin i{s less adherent to paraffin than glass was shown by Fuchs
(1931} and many workers have used paraffined vessels in clotting ex
periments becanse of 1ts *non wettabillty * It s difficult to explain
the Lampert & Ott experiment except on the basis that the glass tn
some way 'activates' the retraction producing factor

Qbserving certain similaritfes between retraction e g of plasma
clots containing platelets and thrombin fibrinogen clots which do not
normally retract but can be made to withdraw from the glass tube and
felumpt when known to contain very small amounts of trypsin or {ibrin
olysin Fergusen & Erickson ({149] revived the tdea [219) that clot re
traction may be related to fibrinolysis This suggestion §s not easily
dismissed by the arguments of Budtz Olsen whose experiments glve
no heed to the quantity of fibrinolytic enzyme It may also be necessary
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in the most recent work [316] to present conclusive evidence to rule
out all possibility of traces of active fibrinolysin being present or
formed in the teat aystems The present author does not instst on
Uthe fibrinolytic theory ' but merely belleves that it should be convine
ingly ruled out

This being so It is appropriate to consider some peciliar ‘retre.
tility’ of platelet 'processes ' This will be done in the present thesis
especially in terms of 1ipld water phase relations It can be stated
with falr certalnty however that platelets do not extend and witndraw
true 'pseudopods ' comparable to those in leukocytes etc Budtz-
Olsen's data are very weak on this point This author however may
be referred to for a good comparison between phyatcal 'syneresia’ of
certain gels and the ‘clot Jon' The di

v are
numerous and support the the han.
of the two processes is probably entirely different
4 CLOTTING FACTORS IN BLOOD PLATELETS

2) Need of platelets for blood clotting There was much doubt
about the blood platelets being essential for normal blood clotting untit
Brinkhous [64] using the newly 1 surface g
of Jaques et al [251 288] showed that plasma recalcification clotting
times and p P 4 during clotting} were

delayed the more the platelet count was reduced by centrifugation
Successful experiments in obtaining a non clotting platelet free plasma
will be cited {pp 67 68) in the body of this thesls The thromboplastin
generation test s discussed onp 46

) Erroneous fdens In the earlier literature about what the plate
lets can contribute to the blood clotting mechantsm appear the following:

1) platelets act as a lant’ for fibrinogen (a) in

the presence of calcium by allegedly providing a tisaue fi
brinogen {Weoldridge [508] 1886; Mills [338] 1930}; (bl in
atil) earlter Jdeas of 2 similar Xind platelets were not sepa
rated from the white corpuscles _but only from red cells
(M.:’dl 1842; Buchanan 1843 [68] cited by Anderson [16]
184

2 contain prothrombin { itz [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] Mills [338] and
Eagle [110}
3) platelets directly activate prothrombin through their zymo
plastic substance [A Schmiat [420 421]}
4) abnormal ‘atabillty of platelets {s the cause of hemophilta
(Sahlt {4187 1905; Minot & Lee [341] 1916; Morawitz [347]
1925; Howell k Cekada [240] 1926; Christie Davies &
Stewart [ss% 1927; Fonlo [169] 1932) See present thesis
Hayem [216) 1923 that wh 1s bt
for the stability of hemophilic plasma also sccounts for the
stability of platelets in that plasma
<} Platelet 'thromboplastic_factor {prothrombin 'activator') Bor

det & Delange [57] 1912 implicated platelets as one source of their
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tissue clot accelerating principle or fcytozyme' and extracted atherme
stable lipld material soluble in alcohol ether and chloroform but
1ittle soluble in acetone which agreed with Howellts [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 thr p to be a cephall
protein (i e lpoprotein) complex ' Eagle [110] also noted that the
1ipid extract from platelets had only about 1/10 of the original act!
vator potency Chargaff Bancroft & Stanley Brown [78] prepared
platelets from horse blood and isolated their various lipids A phos
phatide fraction was found to contain a potent actlvator 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 acids and therefore more soluble in
ethyl alcohol is 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 inhibitory In
1945 Chargatf [77] subjected normal human oxalated plasma to high
speed (150 min at 20 000 r p m } centrifugation and lengthened the
recalcification clotting 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 'macromolecular lipoprotetn similarly obtalned from lung ex
tracte Flynn & Standley [167] reported to the Macy Conferences
{1949) that their confirmatory observations also included microscopic
examination of stained films which clearly st owed that the pellet
obtalned by high speed centrifugation of human plasma 1s composed of
platelets and occasionally erythrocytes  Chargaff was mistaken
then in identifying a 'plasma thromboplastin ' and was really just con
firming Brink ' {1939) observations of the effects of platelet re
moval on plasma clotting

In 1935 the present author knowing only of a short note of Hauro
witz & Sladek [211) 1928 containing lipid analyses of platelets vis
ited the Research Laboratory of the Children'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 author by
the Mulford laboratories the Michigan group completed a study on the
1ipid distribution of human platelets in health and disease [117]
shortly after the appearance of Chargaff's work Sixty eight percent
of the total platelet ph lpid analyzed as cephalin and 1t was com
puted that 1f this were all Mberated it could furnish 100 ml of blood
with some 5-10 mg of cephalin  This could be very significant in the
1ight of the quantitative clotting data of Spagnol [447] and of Ferguson

129

d) Platelets and the of prothrombin Eagle's [110) data
were as follows?
(1) platelets (]llke cep! “;1:- }: yl b in th; v "nl
bin (ef [328)) to thrombin ce Eagle’s prothrombin ac
5:23'.'}:’“; (:%m[u one hour} with CaCl; alone he concluded that
latel and halin accelerate gulation by Increasing the rateof
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thrombin formation without affecting the quantity produced How
ever Eagle may not have tested sufficiently small amounts His weak
cat cephalln {0 0001 cc of 0 1% suspension) does not quite Teach 100%
activation in his Figure 3 [110}

(2) Prothrombin prepared from hemophille plasma and com
pared with a similar preparation from pormal plasma showed in the
P of a ated platelet 1 slower
thrombin formation but a normal {100*) eventual yleld With calcium
alone Eagle clalmed ultimately normal’ thrombin ylelds (actuelly his
curves Fig 1 ref [110] show 80 90“) but very slow rates partic
ularly in the hemophilic = Stmple plasma recalcification clotting times
showed that hemophilic platelets were as good as normal platelets in
accelerating clotting in a series of atrengths of the platelet suspen
sfons in both {a) normal plasma and {b) hemophilic plasma However
the stronger platelet suspension {both types) worked less well on hemo
philic plasma and the weakest platelet strength did not work at all In

P! experiments halin speeded up the clottlng of normal
recaleified plasmas but had so 1ittle effect on the hemophilic {Table I
of [110]) as had previously been shown by Mills [333] that Eagledis
missed it as unaccountably ineffective

Addie [3] had demonstrated in 1911 that hemophilic plasma was
not deficient in protbrombin but that its conversion to thrombin was
delayed which led him to the hypothetical suggestion of some quall
tative defect in the hemophilic prothrombin  Addis prepared ‘pro
thrombin' by a method similar to that later used by Eagle and Howell
[238] pointed out that both studies could be subjected ta the same
criticiem namely that their prothrombin h plasti
and that this might be what {s lacking in hemophilia Using his acetone
method Howell with Cekada [240] could not find any difference in
quantity or reactivity between the prothrombins of normal and hemo
philic blood Howell prepared a ‘plasma thromboplastin and foundless
of it {n hemophilic plasma Purified preparations (after glycerol ex
traction} were sald to be protein {ree ininhydrin and bluret reaction)
but Howell could not obtatn enough material for conclusive analyses
and turned to the study of lung thromboplastin also known to be able
experimentally to restore normal clotting times in hemophilic plasma
independent of platelets Howell did think that his plasma thrombo
plastin might come from platelets and he was able to prepare active
thromboplastic material from plstelets both normal and hemophilie
tp 19 of ref [240])

Fonlo [169) by cold centrifugation in paraffined tubes was able to
obtain hemophilic plasma which clotted very slowly {4 8 hours at room
temperature) but rapidly on adding washed platelet suspension from
normal blood or less rapidly with washed hemophilic platelets

Other early workers {ncluding those we have dismissed under

erroneous ideas argued for more stable’ or less active platelets

in hemophilia but it is not profitable to go into this any further All
recent work supports the conclusion that 1t 1s not the platelet whichis
at fault In hemophilfa but some plasma factor {AHF) which worka
with platelets to g thr for p
tivation of prothrombin to thrombin {see p 46)

e) Platelets and prot! In 1939

in the ac

[63]
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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 cephall
protein ({ e lipoprotein) ‘complex ' Eagle [110] also noted that the
Upld extract from platelets had only about 1/10 of the original actl
vator potency Chargaff Bancroft & Stanley Brown [7] prepared
platelets from horse blood 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 {solation of compounds in a state
even approaching purity It may very well be that a cephalin contain
ing highly unsaturated fatty acids and therefore more soluble in
ethyl alcohol 1is the real activator of blood clotting As In their later
work on lung thromboplastin Chargaff et al [78] also noted that the
'defatted’ material after platelet extraction was clot inhibitory In
1945 Chargaff [77] subjected normal human oxalated plasma to high
speed (150 min at 20 000 r p m ) centrifugation and lengthened the
recalcification clotting times 3x or more In the following year fur
ther studies [81] added information that the 'pellet sediment from
such centr had thr properties similar to those of
the " 1 lar lipoprotein similarly from lung ex
tracts Flynn & Standley [167] reported to the Macy Conferences
{1949) that thelr confirmatory observations also included microscopic
examination of stained films which clearly st owed that the pellet
obtained by high speed centrifugation of human plasma is composed of
platelets and occasionally erythrocytes Chargaff was mistaken
then in ying & 'plasma astin ' 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 containing lipid analyses of plateleta vis
ited the Research Laboratory of the Children’s Fund Detroit Michigan
where a group of workers under Dr 1 G Macy were performing some
excellent lipid (and other} fractional analyses of erythrocytes After
preliminary work on some horse platelets prepared for the author by
the Mulford laboratories the Michigan group completed a study on the
11pid distribution of human platelets in health and disease [117]
shortly after the appearance of Chargaff s work Sixty eight percent
of the total platelet ph analyzed as cephalin and it was com
puted that if this were all lberated 1t could furnish 100 ml of blood
with some 5 10 mg of cephalin This could be very significant in the
1ight of the quantitative clotting data of Spagnol [447] and of Ferguson
[1293) Platelets and the of prothrombin FEagle's [110] data

ws
were as :;)“;htel!ts {like cephalin} can parﬂ:lpnl'e in the activatfon of
prothrombin (cf [328]) to thrombin Since Eagle's prothrombin act!
Vvated slowly {about orie hour) with CaClz alone he concluded that
lets and cephalin accelerate by Increasing the rateof

P



CLOTTING FACTORS 45

thrombin formation without affecting the quantity produced How
ever Eagle may not have tested sufficiently small amounts His weak
est cephalin {0 0001 cc of 0 17 suspension} does not quite reach'100% '
actlvation In his Figure 3 [110]

{2} Prothrombin prepared from hemophilic plasma and com
pared with a similar preparation {rom normal plasma showed In the
presence of a ated platelet ausp derably slower
thromblin formation but a normal (1007 ) eventual yleld With calcium
alone Eagle claimed ultimately 'normal’ thrombin ylelds {actuallyhis
curves Flg 1 rel [110] show 80 907) but very slow rates partic
ularly in the hemophilic ~ Simple plasma recalcification clotting times
showed that hemophilic platelets were as good as normal platelets in
accelerating clotting In a meries of strengths of the platelet suspen
sions in both {a) normal plasma and (b} hemophilic plasma However
the stronger platelet auspension {both types} worked less well on hemo
philic plasma and the weakest platelet strength did not work at all In
comparable experiments cephalin speeded up the clotting of normal
recalcified plasmas but had so 1lttle effect on the hemophilic {Table III
of [110]) as had previously been shown by Mills [333] that Eegledis
missed it as _unaccountably ineffective

Addls {3] had demonstrated in 1911 that hemophilic plaama was
not deficient {n prothrombin but that {ts conversion to thrombin was
delayed which led him to the hypothetical suggestion of some quall
tative defect in the hemophilic prothrombin Addis prepared 'pro
thrombin by a method similar to that later used by Eagle and Howell
[238] pointed out that both studies could be subjected to the same
criticism namely that their p b P
and that this might be what {s lacking in hemophilia Ustng his scetene
method Howell with Cekada [240] could not find any difference in
quantity or between the prof ins of normal and hemo
Philic blood Howell prepared a plasma thromboplastin' and foundless
of 1t fn hemophilic plasma Purified preparations (after glycerol ex
traction) were said to be protein free (ninhydrin and biuret reaction)
but Howell could not obtain enough m 1 for 1y
and turned to the study of lung thromboplastin also known to be able
experimentally to restore normal clotting times in hemophilic plasma
independent of platelets Howell did think that his 'plasma thrombo
plastin’ might come from platelets and he was able to prepare active
thromboplastic material from platelets both normal and hemophilic
{p 19 of ref [240])

Fenfo [169] by cold centrifugation in paraffined tuhes was able to
obtain hemophilic plasma which clotted very slowly (4 8 hours at room
temperature) but rapidly on adding washed platelet suspension from
normal blood or less rapidly with washed hemophilic platelets

O her early workers including those we have dismissed under
erronecus ideas ! argued for more stable or 'less active platelets
in hemophtlia tut it is not profitable to go into this any farther Al
recent work supports the conclusion that 1t 1s not the platelet whichis
at fault in hemophilia but some plesma factor (AHF) which works
with platelets to for p: in the ac
tivation of prothrombin to thrombin {see p 46)

e) Platelets and prothrombin In 1939 Brinkhous [63]




