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PREFACE

AT ALMOST EVERY MEETIG of the Panel on Blood Coagulation of the
National Academy of Sciences National Research Council the members
are called upon to decide on the ments of proposals for research 1n this
field The impression has often been left 1n the minds of the members that
many such proposals have come from persons who, though actuated by a
incere desire to investigate some phase of the subject of clotting were
often unacquainted with the methods involved It seemed to the members
of the panel that a few such workers might be helped if a8 compendium of
these methods were prepared to which investigators could refer for general
guidance From the first 1t was pointed out that this should be no attempt
to set down such methods ngidly as standard ” Even if this were possible
1t would, of course not be desmrable Since the principal functions of the
Pe.nel are to Judge, encourage and (aclhlute research the concept of setting
def dards becomes bh

Tt was with the_e thoughts 1n mind that the Panel on Blood Cozgula
tion commussioned me to prepare such & compendium A general outhine
of the topics was drasn up and submtted to the Panel members and other
interested workers each of whom a.sumed the responsibility of wnting
the topics assigned to him The project was promptly endorsed by the
Chairman of the Diviion of Medical Sciences of the Mational Academy of
Sciences National Research Counail Dr Milton C Wintermitz and subse
quently by hus successor Dr R heith Cannan The members of the Panel

who d 1n the del 1008 and n the of the com
pendium were
BeniasIN ALEXANDER Roperr L MacMiLran
J GARROTT ALLEN J HasxeLL Mnsroxe
hevNers M BriNgroUS W H SeEcErs
Louis B Jaques L M TocantiNs

From the first Dr Seegers the Charman of the Panel supported the
effort enthusiastically and contnbuted much helpful advice and gudance
The dectsion to include any method rested principally on the famili
anty of the contnibutors with the technrc and their estimate of ats impor
tance Tt 1s fully realized that other techmes exist unquesttonably as im
portant and useful as those descrtbed but Lirmitations of space have made
1t 1mpossible to mclude all but & few of those ongmally selected Dr
=n



FOREWORD

THE PHENOMENON OF BLOOD CLOYINNG has attracted physiologists and
biochemists 1n the past with a superficial aspeet of sumpheity From the
nature of the effect, it appeared to the observer to be an example of a bio-
fogte process that, by reasen of s accessibulity to controlled study, should
be capable of preaise physical ¢h tion and the defimbtion

Intensise study over mangy years has sdvanced our knowledge sm
measurably At the same tune it has destroyed the 1usion of simpheity
What appeared ot first sight to be a straightfornard enzy matic modafica
tion of & protemn hag emerged as a aghly d system of i
accelerators and intubttors With thus growth 1 complenty of mechanism
there has mevitably developed a confuston of fongues and of {echnes that
has been the despair of those not mtsmately worhing in the field

In vievw of the mounting chmeal mterest sn the clotling process the
National Research Couneil appomted & Panel on Blood Corgulation s
1041 It was the responability of this Panel to interpret to the Commuttee
on Surgery the contemporary status of the problem and to advise it on
ways of fostermng research leading to a better understanding of the mecha
msm of cosgulation In particular the Panel was maited to attempt to
clanfy and sumphfs current nomenclature and to examine the pretienl
problem of devising methods of predicting thrombotic tendeneies 1n man

The Panel has organized a senieq of conferences i which these objee

tsves have been advanced Tt has also devoted particular attention to the
eluadation and refinement of technieal procedures and this book i one
product of these efforta It 19 not offcred as an authontatnve selection of
standard methods—the subject 1s too fhad for standardization—iut rather
s & compilation of what appearcd to the Panel to be the more satisfactory
procedures for general use desenibed 1n suffiesent techmen] deta] to be of
v alue to worhers an the feld
Thss yolume was wrtten primandy by the members of the National

Research Countif & Pancl on Blood Coagulation ncluding the hasson
members from the Canadian Defence Research Board with the help of
thesr associates andd sther intereated iy estigators The Dt wn of Medreal
Serences of the “ational Research Council wihes 1o epress it mincere
nppreciation taalt who particspated th this work for therr exeellent contn
Lutions wnd eepeesatly to Dr Teandro M Tocantins who es oditor hax
devoted so much of his time to this enterpn © and has thown such exeellent
pudgment n the orgamization of thie book

T b Casnvan Cantnuas

Durnon of Medseal Serences
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THE PHENOMENON OF BLOOD CLOTTING has attracted phy siologists and
biochemists 1 the past with a superfical aspect of simpheity From the
nature of the effect 1t appeared to the observer to be an example of a bio-
logie process that by reason of its accessibility to controlled study should
be capable of prectse phystcal charactenzation and quantitatnve definition

Intenstve study over many years has advanced our knowledge 1m
measurably At the same time 1t has destroyed the 1llusion of simplicity
What appeared at first sight to be a straightfornard 1¢ modifi
tion of a protein has emerged as a highly integrated system of mteracting
accelerators and mhibitors With this growth 1n complexity of mechanism
there has nevitably developed a confusion of tongues and of technics that
has been the despair of those not mtimately working 1n the field

In view of the mountmg chmeal interest in the clotting process, the
National Research Council appomted a Panel on Blood Coagulation 1
1951 It was the responsibihity of this Panel to nterpret to the Commuttee
on Surgery the contemporary status of the problem and to advise 1t on
ways of fostering research leading to a better understanding of the mecha
mism of coagulation In particular the Panel was invited to attempt to
clanfy and smplfy current nomenclature and to examine the practical
problem of devising methods of predicting thrombotic tendencies 1n man

The Panel has d a senes of conf n which these objec
tives have been advanced It has also devoted particular attention to the
Tucad: and refi t of technteal proced and this book 15 one

product of these efforts It 13 not offered as an authonitative selection of
standard methods—the subject 1s too flud for standardization—but rather
as a compilation of what appeared to the Panel to be the more satisfactory
procedures for general use deseribed n sufficient technical detaul to be of
value to workers i the field

This volume was written pnmanly by the members of the National
Research Couneil s Panel on Blood Coagulation mncluding the hsison
members from the Canadian Defence Re<earch Board with the help of

their and other 1 The Division of Medical
8 of the National h Council wishes to express its sincere
tion to sll who par d mn this work for their excellent contr

utions and especially to Dr Leandro M Tocantins who as editor has
devoted so much of hus time to this enterprise and hes shown such excellent
Jjudgment 1n the orgamzation of this book

R Kerrn CANNAN CHATRMAN
Dansion of Medical Scrences



INTRODUCTION

VORK RELATED TO DLOOD CosGULATION and alled problems now
covers a broad field of activaty chinteal appll vascular
research pharmacology, studies on the formed clements of the blood
metabolism the fractionation of plasma the industnal production of
plasma fractions the chemustry of the blood clotting mechamsms and other
endeavors By loohing at thus from a broad perspective one sces that great
est attention has centered on the chemustry of the blood coagulation mecha
nisms This 13 understandable 1n terms of the great difficulties presented
by such studies and the strategic nature of the uscful information dertved
from such work

The advances of the past decade now furmsh a rather clear preture of
the fundarnental nature of the blood coagulation mechanisms As s matter
of convemence one may clasafy the interactions mto four mawn events
Ths classificatzon 18 based on the stmple fund: tal fact that proth
gives nise to thrombin 1f inhibitors do not prevent 1t This 1s followed by
the transformation of fibnnogen to fibnn and the subsequent neutraliza
tion of th activity by h

In the activatton of prothrombin a large number of substances are
mmportant Among these we may list caleium thromboplastin Ac globulin
the platelets thh all of their components the antthemophulte factor the
plasma th n and other activators All of these are
n one Way or another related to the activation of prothrombin Many of
these th lves undergo before prott 18 activated
Others chnnge only after some thrombin has formed

The of 18 very closely hnked with
the prothrombin activators but 1t 13 convement to consider 1t separately
mn terms of a number of specific inhabitors such a3 heparin and 1ts co-factor

bopl. and other inub The general plan follows patterns
1 which inhibitors nteract with those substances classified as acttvators of
prothrombin
The action of thrombin on fib may be dered the mam
event 1n the hlood coagulation mechamsms when judged by what one sees
and when judged by what seems to be the ultimate purpose of all the
events Itisplain however that thrombin 1s mvolved 1n 1ts own formaton
on the basis of lysis and nt: with other subst of the

i




X PREFACE

Margaret Sloan, Executive Assistant to the Chairman of the Division of
Medical Sciences displayed a continued interest m furthenng the work
The Publishers wath their already established of

medical research, have been of much assistance to the Committee i ful
filling our objectives

Philadelphia, Pennsyliania LeaNpro M ToCANTINS
December, 1954



FOREWORD v

tume 10 collecting the matenal and completing the editonal worl s own
technieal alulis nre preatly admired by his colleagues and hus long expen
ence wm active and productive research and editorial work 13 reflected 1n
thus effort His wallingness to contribute 20 generously made 5t easy to have
the cooperation of others who alse gate much tune and effert 1n thar sup
port of the project

Wavrer H Berozes Charman
Panel an Blood Coagulation



xv FOREWORD

blood coagulation mechanisms It is an enzyme and as such 1s capable of
acting on synthetic substrates, and can even dissolve the fibrin ¢lot 1n due
time under appropriate circumstances
The neutralization of thrombin activity involves the imteraction of
thrombin with more than one substance of the blood and by several mecha
nsms For example, there 1s adsorption of thrombin on fibrin A plasma
protein ts ch 1y with Lized tt bin activity Heparin
and a plasma co factor together may interfere with the interactton of
thrombin and fibrinogen, and durng the activation of prothrombin there
are 1nteractions which greatly speed up the neutralization of thrombin
activity
Here 1t 19 not necessary to discuss the fibrmolytic system for the
above 13 only mntended to give a ghmpse of the many vanables mmvolved m
the study of the blood coagulation mechanisms These must be taken mto
account 1 future metabolic studtes and m any application of our funda
mental knowledge In an effort to create & higher order of insight than
previously hnown attempts have been made to mtroduce quantitative
methods These are the cornerstone and bass of all concepts we may con
sider reliable Many times these quantitative methods turn out to be only
approumations of the onginal 1deal Just the same they serve their useful
purpose 1n what amounts to succesave approuimations to true and reliable
quantitative measurements Some technics have probably armved at that
state of perfectton while others are on their way, and we can assume that
more are going to be developed Methods have also been developed for the
punfication of certan substances concerned with the blood coagulation
mechanisms If these technics are the cornerstones of our knowledge then
1t 15 of utmost 1mportance that they be understood and used with knowl
edge of theirr meamng and Limitations
Members of the Panel on Blood Coagulation mn the Division of Medical

S of the N: 1R h Counel dered that the
now avatlable on quantitative technics or any other technics related to
the chemistry of blood Jation 13 widely 11 the ) and

not easily accessible It seemed obvious that 1t would be helpful to collect
5 number of useful descriptions under one cover It was however evident
that thus work could not be comprehensive 1n scope that it would have to
be Limted and that one could not easily escape leaving some readers per
plexed as to what might have been the guiding prinesple 1n the selection
of the matenal It 13 an offening which stands on 1ts own on the basis that
several active nvestigators regard this as most helpful in their work and
assume and hope that others will ikewise find the mformation useful

The Panel on Blood Coagulation was fortunate to find a member of
1ts own group, Leandro Tocantms willing and able to spend his valuable



CHAPTER |

PROCESSING OF BLOOD,
PREPARATION OF GLASSWARE
AND REAGENTS

1 The Collection of Blood for Studies
on Coagulation

L M TOCANTINS

Tt 13 not generally realized by most students of blood coagulation and
those charged with the bility of chmeal of the rate
of blood clotting that the mode of collection of the blood sample affects
the results of this work considerably It may be worthwhile therefore to
state m detarl what we consider to be dards for the cond
surrounding the collection and storage of blood from the vessels of man and
experimental ammals Theso remarks apply solely to the collection of blood
for studies on blood coagulation and 1ts various factors and not necessanly
to the collection of blood for biochemucal or cytologeal studies The fact
that a defe 1l h will often be 'y for the latter
studies has often misled many research and climeal workers into the belief
that the same applies to studies on blood coagulation

1 Sule for Collection of Blood A readily accessible vem of good cahber
such as that of the forearm 1n men or of the leg or arm vem 1n dogs 15 ade
quate The hair over the area should be clipped i 1t interferes with visual
1zation and approach to the vein but the shin 1tself should not be injured
during the chipping or shaving The sk overlymng the vemn should be
cleaned with water and aleohol In order to be sure of & clean rapid vene
puncture the vein should be distended by applying a tourmquet proximal
to the site of the puncture The tournmquet should be adjusted entically
so that the arterial flow 1s adequate but the venous return 13 cut off Be
tween one and two minutes should etapse before the vein 13 punctured to
msure an adequate supply of blood and a taut distended readily punctured
vemn The blood should be aspirated mto the syninge or allowed to flow out

of the ven 1nto a vessel at the rate of no less than 05 ml per second The
rate of aspiration of the blood should be adjusted to the rate of flow so
1
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1 Sute for Collectron of Blood A readily accessible vemn of good caliber
such as that of the forearm 1n men or of the leg or arm ven 1n dogs 1s ade
quate The hair over the area should be clipped 1f 1t interferes with visual
1zation and approach to the vem but the shun itself should not be injured
durmg the clipping or shaving The skin overlying the vemn should be
cleaned with water and aleohol In order to be sure of a clean rapid vene
puncture the ven should be distended by applying a tourmquet proumal
to the smte of the puncture The tourmquet should be adjusted cntically
80 that the artenal flow 19 adequate but the venous return 1s cut off Be
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1




2 COAGULATION OF BLOOD METHODS OF STUDY

that the negative pressure apphed by the piston 13 not 1 great excess of
that needed to aspirate the blood, for, 1 such case air bubbles will enter
the syringe between the piston and barrel or between the tip of the syninge
and the hub of the needle
2 Needles The needle should be sharp with a bevel no longer than 3
mm and the gauge should be preferably 18 or at the mummum, 20 When
ever possible 1t 13 preferable to work with greater gauges (17 or 16) No
needle smaller than 20 should be used
8 Byringes Tight fitting syringes coated on the internal surface with
silicone or mineral ot should be used If an anticoagulant 13 to be added to
the blood the correct amount of the chemical i as small a volume as pos
sible should be placed m the syringe, thus allowing the blood to come mnto
contact with the anticoagulant immediately after 1t Jeaves the vessel It 13
desirable that at least two syringes be employed the first for the collection
of 1 or 2 ml of blood to be discarded and replaced by a second syrmnge
the )} After the req d amount of blood has been
aspirated the synnge should be removed and tilted four or five times to
1nsure muxture of the anticoagulant and bloed
4 Saheone coated glassware should be used for the centrifugation and
storing of bloed and plasma The syringe 1s emptied of blood by placing the
tip of the syrninge aganst the side of the siiconized tube and allowing the
blood to run down (and not be squirted) on the side of the tube without
frothing or excessive turbulence The maximum g and time employed for
centnfugation <hould be stated The temperature m the centnfuge should
not rise above 30 C during centrdugation and 1t 15 best kept at between
5 and 10°C
1f plasma 18 to be separated this should be done immediately after
collection of the blood If platelet poor plasma 1s desired only the uppe:
three fourths of the plasma layer after centnft should be i
Stheomzed glassnare should be used 1n pipetiing the plasma from one cen
tnfuge tube to another, and no reflux of plasma from the pipette back to
the tube should be alloned
A specimen of blood unsuttable for clotting studies may result if any
or all of the followng occur
1 If there 13 difficulty m entering the vemn and more than one trizl 19
made at puncturing it If such 1s the case the fact should be noted by the
orting the results
Dpemgw;[":;:psupplg of blood 1n the vemns 18 so restnicted that a rapid
aspiration 13 mmposstble This may be due to malposition or obstruction of
the needle of inadequate filing of the vein with blood because of defective

tion of the tourniquet
wpl:'iwf;ltmnce ‘of sur bubbles mto the syrnge while the blood 1s being
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wathdrawn One or two air bubbles are permissible since these may come
from the tip of the syringe or the needle 1tself Repeated entrance of bubbles
into the syringe duning aspiration 18 objectionable, since 1t interferes with
the blood silicone 1nterface by enlarging the air blood interface

4 Slow aspiration of blood nto the synnge lengthens the time that
the blood 15 out of the vessels without being adequately mixed with the
anticoagulant The use of large volume synnges (30 ml or more) 15 unde-
airable smce 1t lengthens the time required for aspirating enough blood to
fill the syringe

2 Selection of Surfaces for Needles, Syringes,
Collection Sets, Contamers and Test Tubes
To Be Used in Clotting Studies

L B8 JAQUES

Many surfaces have been and are used for this purpose Selection 13
ususlly made {consciously or unconsciously) on the basis of availabihty of
material avalability of suitable form cost machinability transparency
ease of cleaning restoration of surface after u ¢ effect on clotting These
properties are summarized 1n table 1 4 indicates favourable — indi
cates unfavourable property of partrcular surface =: property 1s favour
able or unfavourable depending on use Cleaning 13 discussed separately
With all surfaces a very great problem (sometimes msurmountable) 1s
removing the cleamng agent used

Detatls for application® of & series of coatings which can be stenled
by autoclaving and are of sufficient vanety to cover all laboratory needs
are given below

Apphcation of Silicone (for glassware) The vapor treating material
(Dn Film 9977) lends itself readily to the siicomzation of large amounts of

ma of time All gl must be properly washed
‘with soap and water 24 hours before application of the silicone After wash
g the glassware 13 thoroughly rinsed m warm tap water followed by hot
pyrogen free distilled water It 1s then placed 1o & hot =ar oven and dned
for 2 hours at 120 C Following this 1t 18 allowed to stand overmight at
room temperature 1n order to equilibrate with the moisture 1n the atmos
phere This overnight equilibratton 13 absolutely essential as the vapor will
not react with or adhere to & completely dry surface The glassware 13 put
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6 COAGULATION OF BLOOD METHODS OF S8TUDY

1n cardboard cartons or other stmlar contawers and placed under a chem:
cal hood About 30 cc of Dn Film (o 9977) 15 placed m & gas washmg
bottle and arr 13 bubbled slowly through it The resultant vapor 18 directed
through a rubber tube and glass nozzle into each of the cartons contaming
glassware The tube should only be held 1 each carton long enough for the
operator to count slowly to six The gag bottle 1s then disconnected and a
stream of filtered compressed sir 13 directed into each carton for the same
pertod of time 1n order to displace the extra methyl chlorosilane vapor The
glassware 18 then removed from the carfons nnsed three fumes with hot
pyrogen free distilled water to free 1t of the hydrochlonc aeid whuch has
been generated It 18 now ready for stertlization or immedtate use gs deswed

Application of Arquad (for needles) Needles after cleamng are boded
m a 1 per cent solution of Arguad for iwo minutes, then nnsed and allowed
to dry

Appheation of Lacquer Silicone (for accessible metal surfaces) The ma
terials to be trested are prepared by dipping or brushing with the resm
solutton and are allowed to dramn They should be placed mn a vertical position
to allov complete dramage They are left i this position for 30 mmutes,
allowing the resin to atr dry so that it will not bhister when 1t 13 permanently
baked on The air dried preces are then baked m sn oven at 230°C for
three hours, after which they are ready for use Followang 150 or more ex
posures to blood, the previous coating may be remaved by treatment with
strong alkals These baked on surfaces are hard and durabl. Although they
can be scratched, they are not ordmnanly damaged by the ususl laboratory
manipulations

Application of Teflon (for accessible metal surfaces) This plastic may be
apphed as finely divided particles suspended 1 an appropnate dispersion
agent and 1s poured or sprayed over the metal surface The resultant sur
face, after drymg and heating, 1s polished and remains a3 a sem; permanent
coating
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3 Preparation of Glassware
L. B JAQUES

All glassware should be first washed thoroughly with soap and water,
nnsed repeatedly with tap water, and after rinsing with distilied water
dnied and then mnspeeted  Any showing cracks and scratches must be dis
earded Detergents should not be used for washing since these have a
harmful effect on leucocytes

F\mher treatment depends on the measurement being made Many

require t: with ¢h 1ph acid cleaming mix
ture This removes fat by oudation but will fix protein in stu Also 1t1s
very difficult to remove the traces of chromic ac:d Treatment with chro-
mate cleaming solution 18 done m one of two ways Some prepare the clean
g solution by pouring 1 Lter of concentrated sulphune acid mto 3o ml

d soditm dich The gl 13 alloned to st in this over
mght Others prepare & diluted solution of sodium dichromate-sulphunc
acd Articles are boled 1n this for 30 minutes

Alternative p d for final of gt ded
by different workers are

1t with ch Iph cleaming solution followed by
ringing 20 times with distilled water

2 with ch te-sulph acid cleaning solution nnsing
m tap-water boihing tn distilled water, nnsing agan with distilled water

3t nth ch tre acid and Tnsing

4 treatment with 40 per cent NaOH rnnsing treatment with chro-
mate cleaning solution extensive rinsing

5 after washing with soap and water the glassware 1s nin.ed thoroughly
with distilled water then nnsed twice with alcohol twice with ether and
dned

6 after nashing with soapy water the glassware 15 nnsed thoroughly
with tap water then distilled water and dned
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4 Removal and Application of Silicone
L M TOCANTINS

Siliconized glassware (pipets, tubes, syringes) should be clezned by
first washing 1 warm water then 1mmersing the glassware m the followng
mxture

Technreal grade ncetone 2 hiters
o 2 hiters
NaOH (sohd) 150 Gm

Drssolve the NaOH 1n about 300 ml of H,0 before adding to the ace-
tone and M0 Allow the glassware to remam m the solution overmght,
then remove the glassware rinse thoroughly with H,0 and dry m the oven
Alternatively the well nnsed glassware may be immersed 1 a solution of
equal parts of techmical grade acetone and 525 per cent sodmm hypo-
chlonte (Janox Cleaner R W Hoffiman Co Philadelphia, Penna ) with
25 grams NaOH added per Liter of solution Eight hours are necessary to
remove the stheone The glassware 15 then removed from this solution
rnsed well (2 brush may be Decessary m some instances) and dried in the
oven

Siicontzing

A solution of 1 part Dn Film 9987 (General Electric) and 4 parts of
petroleum ether 15 used to coat the glass surfaces which must be clean and
dry Techne

Test Tubes One tube 13 filled to the top with the stheone petroleum
ether solution the contents poured 1nto a second from the second to the
third and so on until all are finished As the solution 1s poured from one tube
to another 1t 15 rotated, so that the entire inner surface of the tube 18 coated
with the silicone When the tubes are all coated they are filled with distilled
water and allowed to stand from 15 to 30 munutes They are then dramed
and mverted and put 1n the oven to dry at 120°C from 60 to 90 minutes
They are then tightly covered dated and stored mn a clean dry closet
until used

Pipets Draw the solution up into the prpet with a small rubber bulb
dipping the pipet about two mches mto the solution (so as to silicomze the
outer surface) Draw the solution only about an inch below the mouth end
Drain the pipets well and nnse thoroughly with distilled water and place
1n oven (120 C) to dry for about 60 mnutes

Syringes A few cc of the solution are drawn into the syringe swhich 15
then 1nverted and the plunger pulled down slowly as the ailicone coats the
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barrel mdes ‘This 1s repeated two or three times 80 as to coat the plunger
The mlicone solution 15 then forced out, the barrel and plunger separated
and thoroughly nnsed with distilled water and placed 1n the over to dry
Do not put synnge together until completely dry

MNeedles are silicomized 1n the same manner and st the same time
Merely place the needle on the synnge tip at the beginning of the process
before aspirating the aiheone solution
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4 Removal and Application of Silicone
L M TOCANTINS

Siliconized glassware (pipets tubes, syrnges) should be cleaned by
first washing 1n warm water then immersing the glassware mn the followmng
mixture

Technical grade acetone 2 hiters
o 2 hiters
NaOH (sohid) 150 Gm

Dissolve the NaOH 1n about 300 ml of H.O before adding to the ace
tone and H,O Allow the glassware to remain mn the solution overmight
then remove the glassware rinse thoroughly with H,0 and dry m the oven
Alternatively the well nnsed glassware may be immersed n a solution of
equal parts of technical grade acetone and 525 per cent sodim hypo-
chlonte (Janox Cleaner R W Hoffman Co Philadelphia Penna ) with
25 grams NaOH added per iter of solution Eight hours are necessary to
remove the siicone The glassware 1s then removed from this solution
rinsed well (2 brush may be necessary i some nstances) and dried m the
oven

SLicontzING

A solution of 1 part Dr1 Film 9987 (General Electric) and 4 parts of
petroleum ether 18 used to coat the glass surfaces, which must be clean and
dry Techme

Test Tubes One tube 15 filled to the top with the sihcone petroleum
ether solution, the contents poured mnto 2 second from the second to the
third and so on until all are fimshed As the solution 1s poured from one tube
to another 1t 18 rotated so that the entire inner surface of the tube 1s coated
with the sitheone ¥When the tubes are all coated they are filled with distalted
water and allowed to stand from 15 to 30 minutes They are then drained
and 1nverted and put m the oven to dry at 120 C from €0 to 90 munutes
They are then tightly covered, dated and stored 1n a clean, dry closet
until used

Pipets Draw the solution up into the pipet with & small rubber bulb
dipping the pipet about two mches mto the golution (50 as to sthconze the
outer surface) Draw the solutzon only about an inch below the mouth end
Drain the prpets well and nnse tggrough:y with distilled water and place

for about 60 minutes
" ow;n (1225 CA :’szrzc of the solution are drawn 1nto the syringe which 13
then lg:rg'ed and the plunger pulled down slowly as the sihicone coats the
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6 Buffer Solutions of Imidazole {(pH range
6 2-7 8) for Studies on Blood Coagulation
(Mertz and Owen)

Adapted by R R HOLBURN

Prepare the following stocl. solutions
1 01N HCl(adjust pH to 108 £ 01)
2 02 M Imudazole sclution Dissolve 136 Gm of Imudazole powder
{Edean Co Norwalk Conn) in distilled H.0 to a total volume of
100 ml
In order to obtamn solutions of the following pH the correspending
amounts stated below must be mixed and difuted with ;0 to a volume of
100 m}

34 62 | 6t [ 66 | 68 | yo | 12 | 74 | 16 | 28

ml of Stock HC! 8o

lution 429(398|355(|304(213)186(136{ 93} 60
ml of Stock Imidazole]
Solution 25 25 25 25 25 25 25 25

After mixture the pH of each solution should be cheched with a pH
meter
REFERENCE

Mertr £ T and Owen C A Imndazole buffer Its use mn blood clotting studies
Proc Soc Exp Biol & Med 43 204 1940
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5 List of Anticoagulants Employed in Studies
on Blood Coagulation

R R HOLBURN
Pe AN
N Compo d Form ! St | Prepsr tion G oo ml O [ S48 B
ton Blood
1| Sodwum Citrate | CoeHeNa,Oy 2H:0{ 32| 32 Gm /100 ml H;0 {1t08
38 38 Gm /100wl H:0 |1to9
190( 19 Gm/100ml H,O [1t049
380/ 33 Gm /100 ml H:O |1to99
2| Sodium Oxalate | Na.C:04 184 134Gm/100m! H:O {1to9
3| Potassium Ova | KiC:04 14] 14 Gm/100m! HO [1t09
late
4 [ Tathium Oxalate [ L1C.0 14| 14 Gm/100m! H:0 {1to9
5| Oxalate Mixture
Ammoninm Oxa | (NH,):C:04 12 Gm
Iate
20 + 1to9
Potassium Oxz | KiC:04 08 Gm /100 m} H,0
late
6 | Mixture
Potasstum Oxa | haCiOs 10 Gm
late
00| + 1to19
Bodium Fluonde | NaF 10 Gm /100 ml H:O
7| Hepann - 10/ 1 Cm/100ml 0 [1to9
8 | Disodium se CiHuNiNa;0y [100] 10 Gm/100ml HO [1to9
questrene
9| Soduum Fluonde | NaF 400 |40 Gm/100ml HO |1t099
; Potassium Fluo | KF 2H:0 40 0| 40 Gm /100 m! H;0 |1to 99

nde




CHAPTER I
INTRODUCTORY EXERCISES

L. M TOCANTINS

In this chapter are grouped what may be called the cahstheres for
beginers n work on blood coagulation The exercises are designed to ac
quamt the neophyte or neat neophyte wath the language and facts of
the subject Since they have not been arranged in the order of smphaity,
1t may be wise if the inexpenenced worker sclects the emplest exercise and
progresses gradually to the more complex ones It 13 the custom m our
laboratory to have a technieal norker spend from two to three months per
forming these exercizes and submitting the data to the semor workers 1n
the department It 1s only after such a peniod of apprenticeshup that we feel
the technical worker may become sufficiently acquainted with the funda
mental facts of blood coagulation to render hus (or her) help effective and
valuable At this stage of their tramng 1t 13 1nsisted that they do not read
texts or articles on blood coagulation This 1s for the purpose of providing
them wath a stock of knowledge of these facts before they are plunged into
the treacherous currents of the theory and termunology of blood coagulation

Exercise No 1 Effet on Clotling Time of Changing the Volume of the
Blood While Mantamning the Diameler of the Tube Constant

Five uncoated glass and five silicone-coated tubes of 13 mm 1d were
selected To each group of 5 was added 05 10 15 20 and 30 ml of
blood from a normal subject collected with the silicone techrue The tubes
were stoppered and kept at 38 C

Results
Tube N ‘ 1 | 2 | f | 4 \ s
Amount of Blood (m! ) 05 10 15 20 30
Clotting Time (puns )
Glass 10 15 165 21 215
Silicone 20 35 38 40 42

The rate of blood coagulation 1 glass or shicone coated surfaces n
creases as the volume of the blood 1s mereased

13
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7 Estimation of Per cent Conceniration of
Plasma n a Clothing Mixture

L M TOCANTINS

The actual con of plasma d from a sample of eitrated
(or oxelated) blood and the final plasma concentration 1n 2 clotting mixture
may be determined as follows Measure the hematoent m the ertrated blood
Estimate the concentration of the removed plasma makmng allowance for
the volume of the ant lant added To d the plasma concen
tration 1n the clotting mixture divide the volume of plasma by the total
volume of the mixture and multiply by the citrated plasma concentration

Example

Hematoent = 37 on blood collected with one part 38 per cent sodum
citrate to 99 parts of blood Sixth three per cent of the blood sample 18
therefore plasma In the 63 parts of the plasma there 1s one part of citrate
solution Therefore 1n order to calculate the actual plasma concentration
the original sample

g_g X 100 = 98 4% plasma concentration

In order to calculate the final tion of plasma n a clotting
muxture of 035 ml plasma 0165 ml 085 per cent NaCl 0035 ml 02 M

CaCly

Plasma vol 35
AR T X 084 = — X 984
Total Vol X 98 % %

= 62 6% plasma concentration n clotting mixture
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Results

T beMs. 1 ] 3 4 s
pit 64 68 72 75 79
Clotting Time (sees ) 29 26 1B 2 30

Ratsing or lowenng of pH beyond 72 elows the rate of clotting of
actiated plasma

Exercise No 5 Effect of Conceniration of NaCl on Clothng Time of non
actnated Plasma
Clotting Mixture 01 m! NaCl solution {vansble per cont concen
tration)
01 m! Human Citrated Plasma
0¢1ml 002 M CaCl,

Glass tubes 38 C
Results
T beNo NClSolt (Co eat ti ) Clott gTm (secs)
1 ool 520
2 0025 515
3 005 510
4 010 500
5 025 475
6 068 460
7 085 430
8 095 490
9 10 620
10 185 925
1 20 1180
12 85 >21 600

Na(1 solution of 0 85 per cent concentration seems to supply the opt
mal conditions for coagulation

Exercise No 6 Effect of Different Surfuces on Rate of Coagulation and Clog
Retraction of Normal Blood

Blood was collected with the silicone techme and 1 ml was placed n
each tube with & surface a3 indicated below

Type £5 1t Glas P rfi Caltod Stcon

Clotting Time (muns ) 62 15 17 =
Serum expressed m 2 hours (%
of clot volume) 32 ) 0 50
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Exzreise No 2 Effect on the Rate of Blood Coagulation of Changing the
Diameter of the Tube Whale Mawntawning the Volume of the Blood Constant
Four uncoated glass and four silicone coated tubes of the following
internal diameter 7 mm, 10 mm , 13 mm , 15 mm , were selected To each
was added 1 ml of blood from a normal subject, collected with the sthicone
technte The tubes were stoppered and kept at 38 C

Results
Tub No 1 2 3 4
Internal Diameter (mm ) 7 10 13 15
Clotting Time (mins )
Glass 14 19 20 23
Sikcone 30 32 34 38

The greater the diameter of the tubes the longer the clotting time 10
uncoated glass tubes In slicone coated tubes, clotting time 1s less wfln
enced by mncrease in diameter of the tube

Exzrcise No 3 Effect of pH on Clolting Time of Nonactuated Plasma

Clotting Mixture 01 m! Imidazole Buffer (var pH)
01 ml Human Plasma
01ml 002 M CaCl,

Glass Tubes 38°C

Results
T beNo pH fBu Sotut cu gTm ()
1 60 490
2 84 378
3 68 242
" 72 179
5 76 168
6 79 330
7 82 504

Exercist No 4 Effect of Change wn pH on the Clotting Tume of Actuated
Plasma

Clotting Mixture 01 m! Imudazole Buffer (vanable pH)
01 m! Human Bramn Thromboplastin
01ml 002 M CaClx
01 m] Human Plasma

Glass tubes 38°C

The sol of le are p 1 as deseribed on page 11
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was then introduced into cach tube, recalerfied as above and the clotting
time measured

Results
TheNo 1 2
Surlsee Glass Silicone
Clotting Time (seca )
Before nasng 063 1495
After nnsing 661 1220

Repeated use of the same tube without proper procesang tends to
aceelerate the clotting times of the plasma, cspecially when uncoated glass
tubes are employed

Exencise No 9 Effect of ¥ aryng the Temperature on the Rate of
Coagulation of Normal Platelet Poor Plasma

Citrated plasma was placed m 13 mm wide slicone-coated tubes and
kept 1n o constant temperature water bath for 3 minutes before recaleifica
tion

Clotting Muxture 01 ml 085% NaCl

01 ml Plasma
01 ml 002 M CaCls

Results

T beNa 1 2 3 L} 5 s 7 L]
Temperature (degres C) 20] 25) 30) 33} 38) 40) 45| 50
Clotting Time {secs ) 1340 | 1398 | 1020 | 775 | 560 | 588 | 875 | 1010

‘The for
of 35 or below or 45 or ahove delay clotting

13 near 33 C Temperatures

Exzrase No 10 I'flect of Taliing Movements on Clotting Tvme 1n Glass and
Stlicone Tubes

Two sets of 13 mm diameter tubes were srranged 5 glass and § sily
cone coated Eleven mt of blood were drawn and one mi placed 1n each of
the ten tubes 1n o water bath at 33 C The clotung tune of the blood n No
1 tube was determuned  After the blood m No 1 had coagulated the clot-
ting tume m No 2 was done etc The tubes were not disturbed uatal the
blood in the preceding tube had coagulated
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Rate of clotting was fastest m glass and slowest m sthcone tubes
Clot retraction was greatest m sthicone and paraffin, less 1 glass and
absent m collodion

REFERENCE

Lozner E L and Tsylor F H L Foreign surfaces and blood cosgulation J Clin
Investig 21 241, 1942

Exrgeise No 7 Effect of Using the Same Syringe on 2 Successie
Determinations of the Venous Blood Clothng Time

Blood was collected from a normal subject using a freshly coated
sihcomzed syrmge It was then placed in three 13 mm 1d sibcomzed tubes
29 mdicated below, and the clothng tume determined st 38°C The syrnge
was then rmsed with 08 per cent NaCl several times, dned and wsed
agam as before Blood nas collected from another vemn of the same subject

Results
Tub N 1 H 3
Blood {(m}) 1 06 03
0 85% NaCl (ml ) 0 (X} 07
Per cent conc of the blood 100 60 3
Clotting Time (mtns )
(s} fre b syrnge 34 22 32
(b) once used synoge 3 19 27

A sigmfceant shorteung of the clotting time results when the same
syninge 15 used for 2 determinations wathout reeonting the surface of the
synnge

REFERENCE

Tullock 3 A Overman R 8 and Wright I 8 Failure of ingestion of eream to
affect blood coagulation Amer J Med 25 6,4 193

Fxercise No 8 Effect of Using the Same Tube on 2 Successne
Determinations of the Plasma Clolting Tume

Normal citrated human plasma was eolfected with the stheons tochme
05 ml of the plasma was then pipetted into one uncoated and one silicone
coated glass tube 13 mm 1d 003 m! 02 M CaCl nas added to each and
the clotting tune measured at 38°C The clots were removed from the tubes
1 5 rmmutes after they were formed and then the tubes were ninsed 5 times
with 0 85 per eeat NaCl, my erted and alloned todry 05 m! of the plasma
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Clotting Mixture 01 ml 0.80% NaCl
01m! Plasma
01m! CaCl, {(vanable M concentration)

Resulls
T be Do 1 1 3 4 5 L] 7 L] 9 12
Molar Cone

CaCly 1 25 125 065( 03) 025 02| 015 008} 001
Clot Time (eecs } |>5000{>>5000]>5000| 2160 | 302 | 300 | 317 | 482 |>5000i:>5000

As 1n the sctivated plasma clotting mixture a soluton of ¢ 02 M con
centration provides the optimum amount of CnCh The nomctn ated
mixture 18 even more tive to or
than those contamng thromboplastin Vanations i hematocnt will there
fore, be more promptly reflected 1n this than in the activated plasma clotting
mouxtures

Exercise No 13 Effect of Varying the CaCly Concentration on the Clotiing
Time of Activated Plasma

CaCly solutions of various molar concentration were prepared Using
normal plasma and human bram thromboplastin the clotting time was
measured m mixtures contaming vanable amounts of CaCl; The plasms
was derrved from blood ta which trsodum citrate was added (1 part of a
3 8 per cent solution of citrate to 9 parts of blood) Smce the hematocrit was
40 per cent 38 mg of eitrate were contamed 1n 6 ml of plasma or a citrate
concentration of 0 63 per cent

Clotting Mixture 01 ml Thromboplastin

01 ml CaCls (varable molar concentration)

01 ml Plasma
‘Temperature 38 C glass tubes

Resulis
T bed 1|:|;|aisava s |
Molar Cone

CaCly 1 25| 125 065 03| 025 02| 015) oos | o004
Clotting Time

{sees ) >5000| 451 | 3% 2B ltwv|w7 15|17 18 65

A 002 M solution of CaCly supphes the optimal recaletfication for
plasmas with a citrate coneentration such as that of the plasma tested If
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Results
Clott ng T me in Seconds
Tabe! | Tudes ! Tob 3 | Thed | Tebes
Glass Tubes 400 €00 750 00 1050
Siicone Tubes 5 1250 1450 1650 18350

Tilting the tube to detect the end point m clotting hastens coagulation
1z both glass and mbeone coated tubes

Exzrerse No 11 Effect of Multiple Venous Punctures on
Clotting Tune of Blood

Blood was collected wath the mlicone techme from a normsal person
snd a hemophthic patient with poor vemns In the first venepuncture several
attempts were made to obtain blood before the needle entered the ver In
the second venepuneture another vem was easily found, the first few ml
of blood discarded and blood for the clotling times collected with 2
fresh symmge Sihicone tubes and syninges Temperature 38°C

Resulls

Clotdog Tows
Cov ent e
T e Cont & te 1t puacture 2 dpus tee
(pex eent)
Norwal {fiem pnt | B mmal { H mopht
1 10 ml blood 100 B 85 23 188
2 06 m! blood
¢4 ml 085% NaCl 60 ¥ 16 18 e
3 03 m! blood
07 mf 085% NeCl 26 8 20 2 100
Repeated trial at vem p {3) Accelerates the } of

both normal and bemophlic blood eapecially the fatter (2) Elmunates the
clot aceelerating effect produced by dilution m both types of blood (3}
Also reduces or elimmates the dafference between the rate of coagulation of
plood s glass and mhcana-coated surfaces (tot shown 1 table)

Exercise Ne 12 Effect of Varping the Concenlralions of CaCly on the
Clotting Tyme of Nonactuated Plasma

This exeraise was performed with thesame plasma used m the following

eserase Instead of thromboplastm 085 per eent NaCl was used 1 the

clotting misture
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REFERENCE
Torapbins L M Jelburn R B Carroll B T and Stoker J ™ The rate ol coagu
Iation of the blood and plasma in contact with glass mlicone and other surfaces
Trans of the 3rd Conference on Blood Clotting of the Macy Foundation page
17 190
Exerctse No 15 Effect of Dilution on Clotiing Time of Activated Plasma
Same Plasma Used mn Previous Exercise

Tratial plasma concentration 98 per cent Temperature 33 C
Results

1 timg tm {sees)
T beNo Coteta Co ¢ af Plasma

Silicone Glass

1 05ml Plasma 7 2 2
0 1m! Thrombopt
005ml 02M CaCls

2 0 35ml Plasma 52 2 19
0165 ml 0 85% NaCl
0 1mt Thrombopl

0035 ml 02MCaCly

3 016 m! Plesma 2 18 18
023 ml 0 85% NaCl

01m! Thrombopl

016 ml 002 M CaCly

1 008 ml Plasms 1 2 2
039 mt 0 85% NaCl

01 m! Thrombop!

003 ml 002M CaCl

0 04 ml Plasma 6 42 42
0 47 ml 0 85% NaCl

0 1ml Thrombopl
004 ml 002D CaCly

6 002m! Plasma 3 72
0 51wl 0 85%, NaCl

01ml Thrombopl

002m! 002M CaCly

71

REFERENCE

Tocantins L M Camoll R T and Holburn R R Influence of the final plasma
concentrstion 10 the nctusl clotting mxture on the response of normal and
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a 3 8 per cent solutton 18 used and the proportions of aitrate solution to
blood (1-9) are maintamed, the optimum amount of ealelum needed does
not sary sigmficantly provided the hematornt 1540% == 5 A bigh hema
toent will ratse the citrate concentration of the plasmas while a low one
will do the opposite, therefore altering the amount of CaCl: required for
recalcification

Exercise No 14 Effect of Dilution on the Rale of Clotting of Plasma

Fifteen m! of stable plstelet poor normal plasma were separated from
blood collected with a sl d syninge 02ml 19 per cent Na
aitrate per 10 ml blaod The ongmal plasma concentration taking 37 as
the hematoent would then be 98 per cent Temperature 38 €

Resulls

€1 tt ng Time {scce)

Tob No Cantents Con L3 sy
Glasy $hc se

1 0 5mf Plazma kg 360 1440
Q05 mt 0 2M CaCly

2 0 35 m! Plagma 83 350 05
0 165 m) O 85% NaCl
8035 ml 0 23 CaCly

3 016 m! Plasma 28 180 305
0 23 mil © B3%, NaCl
0 16 m} 0 02 M CaCls

4 0 03 ml Plasma 4 270 443
0 39 m! 0 B5% NaCl
0 03ml 00231 CaCly

5 0 0iml Plasma 7 1010 1030
0 47 ml 0 B5% NaCl
0 0tmt 00231 CaCly

& 001 1wl Plasma 2 >3600 >3600
¢ 53 mt © 85% NaCl
0 01 ml @ 02N Calls

Dilution shortens the rate of coaguiztion of plsma and escntually
equahzes the difference 1 the rate of clotting between plasma i glass and

sitheone-coated tubes
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Results

Time of Centnfugation
(mins ) 135 30 €0 120 240
Clotting Time (sees ) no 2650 8610 17,000 | >20 000

Essentally ncoagulable plasma may be obtamed by sufficiently pro-
longed centnfugation provided an exacting techme 13 used 1n the collection
separation, measunng and testing of the plasma

Exercise No 18 Efect of Standing 1n a Plain and m a Silicone Coaled
Glass V essel on the Rale of Coagulation of Plasma

Tenm! of stable normal citrated plasma were collected with the mticone
techme and 1 ml aspirated into each of the ten 1 ml pipets graduated mn
001l Fiveof the pipets were of plain glass and five were of siicone-coated
glass The filled pipetswere allowed to stand at room temperature (18-20°C }
for the periods of ttme indicated below before testing plasma at 38 C mn
stliconecoated tubes

Clotting Mixture 05 ml plasma

005ml 02 M CaCly

Results
Duntion { Standiag Gmins ) 0 s 1s E ©
Clotting Time (secs )
Glass 2250 1510 1365 150 410
Bilicone 2280 210 2o 210 220

The clotting tume of plasma 13 markedly shortened by short periods of

standing 1n uncoated glass vessels but httle affected when 1t eontact with
silicone coated surfaces

REFERENCE

Tocantins L M Influence of the contacting surface on the coagulability and anty
;;Z:Ahn actinity of normal and hemophilic plasmas Am J Physiol 248 67-76

Exercise No 19 Effect of Tissue Thromboplastins from Different Species
on Rafe of Coagulation of Plasma
Matersals (1) Citrated plasma from rabbit mouse and men (2)

Thromboplastin prepared by the method deseribed on page 101 using ace
tone dried (s) human (b) rabbit and (¢) mouse bran
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0 P

plesmss to th 1 Trans of the 3:d Conference an Bioad
Clotting end Allted Problems of the J Maey 3 Foundation page 102, 1050

Exencse No 16 Effeet af Centrafugation of Normal Rlood on Rote of
Clottang of Plasma

Futy ml of etrated blood collected with the usual precautions were
centnfuged at 1000 rpm for +anous lengths of time s Lsted below When
a sample was to be taken 15wl of plasma from the upper portion wag
removed by s capiliary dropper and placed nto a separate tube The re
matung szmple was centrfuged agam for the penods stated below Care
was taken nat te disturh the buffy layer when aspurating the plasma

Clotting Mixture 05 m} plasma

005 mt 02 M CaClh

Results
‘Daraton of Centalupat on (m a9? Tota} Cemtnfugatios (m ) Tioti af Tinte {sccs }
8 8 240
ki 15 1030
10 2 1140
xn 45 1500
43 90 2300
9% 180 00

Then testing samples i dupheate or inplieate the three fubes ar
held 2t once and tidted at the same time to detect the end pomnt of clotting

1f a platelet count 1adane on each plasmasample a relationshap wail be
seen to exst between the number of platefeta and the duration of the centn
fugation The longer and foster the centrifugation (the greater the g) the
Jess platelets will be 1 the sup plasma snd the longer the clottg
time More prolonged centnfugation wit m addition reswly n dspl
upid snteoagulant upwards and further profonging JJotting time

Fxercise No 17 Effect of Centrifugation on Rote of Clotting of Normal
Plasma

Twenty mi of platelet poor nommal plasma were separated from prop
efly callected Blowd centrfuged 1 sshcane coated tubes for g hour at
1000 rpm The plasma nag divyded into five tubes and each of the tubes was
centnfuged at 5C 2 horzontal bead for the penods stated below The
upper half of each plasms spectmen vos then remoyved and tested Silicone
surfaces 38 C

ure 05m} plsms
Gt MLt s mi 02 M CaCla
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Exzrcise No 21 Effect on the Cloltmg Tume of Varyng the Conceniration
of the Plasma but ¥ thal of Tk l and CalCl Constant
Norma! and hemophilic human eitrated plasma collected with es
peeal precautions Human Bramn Thromboplastin as aetivating agent
13 mam 1d Siheone Tubes 38 C

Resulls
Clott $Tm ()
T nl | Pl
Clott g Miature Vim | G h";‘iw&ne
ml, 4 mg | B emal | o
Pasm P"
01ml Plasma 03 30 30 2 2
0 1ml! 110 dilut T plastin
0 1m! 002MCaCly
0 4ml Plasma a3 59 30 23 30
01ml 1-5ditut T plastin
0 1m! 003M CaCly
13 ml Plasma 15 7 30 82 44
01m! 1-2dilut T plastin
01ml 06M CaCly
28ml Plasma 30 83 30 35 48
01ml undil T plastin
0 1ml 056 M CaCly

High concentrations of plasma delay clotting of activated normal
plasma and even more that of hemophihie plasma
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Clotting Mixture 01ml plasma

METHODS OF STUDY

01 m! thromboplastin
01ml 002M CaCly

Results

Sour ¢ of Thr mbopla tn

Clotts g Tume (Seconds)

Human Plaxma | Rabbit Plawna | Mouse Plasma
Human brain 12 14 16
Rabbit bram 12 7 13
Mouse brain 72 2 g

Each thromboplastin seems to be most effective when tested on ho

molegous plasma

Exerciss No 20 Effect of Adduion of Thromboplastin of Veriable
Concentration on Clothing Tume of Plasma

Clotting Mixture 01 m! Human Bram Thromboplastin (variable

dilution)

01 ml 002 M CaCl:

01 mi Human eitrated plasma
In this mixture the plasma concentration 13 about 26 per cent
Dilution of the thromboplastin made with 085 per cent NaCl im

mediately before use

Resulls
Tab Do Con ent at & B 1;\::) mboplastin Clotting Time (s¢ 8 )
1 100 21
2 4 z
3 bl 2
M 125 2
H 10 25
6 5 b
M 25 34
: 10 78
3 o5 120
1 oz 1
1 0125 54
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nificant dulferences 1 ccrm.m components of the clotting system These
mzy be ad ges or d 3 ding on the problem

MeASUREMENT oF THE CLoTTING TiME
There seem to be maore methods than investigators i this regard The

essential pont 13 of and observa
tion Clotting 15 & gradual process Also 1t 15 a general expenence that the
clottmg time 1s related Uy with the of any factor

In selecting an end pomnt if the final change from unelotted to clotted takes
one half minute for a 414 mnute clotting time 1t wll take 234 minutes for
8 2234 miute clotting time Likewise when vanations sn thromboplastin
1n the blood sample due to vanations i traums of the vewn give a normal
clotting time of 4 == 1 munute this means a clotting time of 20 minutes will
vary between 15 and 2o munutes Attempts to improve the reading of the
end pomnt cannot alter this situation Mechanical devices are useful 1n atlow
1ng one observer to handle multiple samples They must not be relied on to
mmprove aceuracy or replace continued entical judgment Both 37 C and
room temperature (15, 20 or 25 C ) have been used The previous remarks
on selection of method apply equally to selection of temperature In all
cases 1t 13 essential that sufficent determinations can be done to obtamn
means with mgmficant standard dewviations For normal values this must
be done frequently It1snotunusual to find that overa penod of time with
contmuous practice the mean normal value obtained by one observer or
for one laboratory will change Normal values may be found else\\here 1
For the present purpose of greater fi 15 the
(s d ) expressed asa per cent of the mean for a wide range of value of means
For the Lee and White method values of the mean range from & to 60
minutes

Three common methods are described These are suffictent for most
purposes The selection of one of these or a combination of them should be
made 1n the hight of the above prinesples

Lee and Whate Method®

Materials Glassware needle etc must be scrupulously clean Five
ml syringe rnsed with normal salne solution immeduately before use 18 or
20 gauge steel needle 8 mm test tubes washed with soap water chromate
cleaning solution rmnsed well with water and dried Test tube rack Water
bath at 20 C or 37 C (A pan of water with thermometer and adjusted
with tap water just before use 1s suffi n ordinary
thermos jar 15 useful for bedside work) Stopwatch

Procedure After entering the ven withdraw 3 ml of blood Discard
1 m! and transfer the second ml to & 8 mm test tuhe 11 water bath Tilt




CHAPTER i

DETERMINATION OF THE
CLOTTING TIME OF
WHOLE BLOOD

L B JAQUES

Obyect The measurement of the rate of clotting of blood after removal
from the body

Warning The determunation of clotting tune 13 the sumplest, the most
wnformalie, and techrucally the mos! difficult of all common laboratory
procedures, further continual practice with alert attention to all detmls
18 essent1dl The multiplicity of techniques and undeserved censure of the
metbod can be attnibuted to farlure to appreciate this

The test consists of two parts () collection of the blood sample and
(b) measurement of the clotting time Each of these steps must be carefully
standardized

CoLLECTION OF THE BLOOD SAMPLE

From the standpoint of the sources of error and the sigmficance of the
test this ts the more important part of the test The blood sample may be
{a) venous blood taken with glass syringes (b) cutaneous blood (c) venous
blood taken with silicone (plasties) coated apparatus The selection of
methods 18 determmed by the problem If 1t 15 necessary to detect a shorten
ing of the clotting time then a method yrelding a Jong clotting time on
normal blood will enhance the possibility of doing this If however a quan
titatiy e measurement 18 being sought of blood 1 a state of extreme hypo-
coagulabihity then a method which will give shorter values i normal blood
may bemore desirable In addition selection of the method may be dictated
by the qualitafue nature of the change 1n blood coagulabihity under study
In general the clotting tume of cutancous blood 15 less sensitive to changes
1n composition of the clotting s) stem Vanable admixture with tissue juces
{rom the puncture site 13 & drawbach and may seriously impatr the uscful
ness of this source of blood sampling Tith venous blood the reactions of
the clotting system wmduced by contact with & glass syninge will mask sig

8
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never 5o rapidly that the vein 1s deflated or turbulent flow occurs i the
syninge Removal of blood should balanee the rate of entry of blood into
the vein Conditions such as shock offer a problem n determining elotting
tumes Very slow removal with a stheomzed syringe 1s probably best for
this In taking repeated samples care must be taken not to use the same
site With exposed vemns we have found that T em 1s the closest that a
second puneture should be

Determination

Sources of error here are vanations in the surface of the tube, 1e, de
gree of cleanlness (sec page 7) \amations in number of times the tube
18 tilted and degree of tiiting determmation of the end point The latter
requires experience It should be pomnted out that the end pomnt 15 quite
different to that used 1n estimating the clottng of plasma It 13 equally re
producible

REFERENCES

# Albntton E C Standard Values 1a Blood Handbook of Biologieal Data Part 1
AFC Report No €039 1951

*Tee R I and White P D A chinical study of the coagulation time of blood Am
Jour Med Sar 145 495 1013

Wnght A E and Colebrook L The Techniques of the Teat and Capillary Glass
tube Constable London 1021

¢Jaques L B Fidlar 5 Feldsted E T and Macdonald A G Bilicones and blood
coagulation Can Med Assoc Jour 65 26 1946

"Marguhes H and Barker N W The coagulation trme of blood 1n silicone tubes
Am Jour Med Ser 218 42 1949

*Petersen M F and Mills C A A new method for sccurately determining the
clotting time of the blood Arch Intern Med S 188 1923
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the tube at intervals of fifteen to thirty seconds until clottng oceurs At
this tame the tube can be turned upside down
Raonge 284 as per cent of mean = =73 per cent

Capillary Tube Method® ©

Materrals Frve capillary tubes with lumen of eirca 1 mm  length of
5 cm , vaselne, alcohol, automatic lancet Stopwatch

Procedure Clean tip of finger with alcohol and cover with vaselne
Noting the time, make a deep needle puncture so that blood flons freely
without mulking’ Diseard first two drops of blood, then allow tubes to
draw up the followmng drops Fil only 34 of tube At 30 second mtervals
tilt tube and notice flow of blood column When this ceases break off short
sections of tube every thirty seconds unti a fibnin thread spans the gap
between the fragments

Range 3~5 munutes

Silicone Surface Method? ¥

Materials 5 m} glass synnge treated with sithcone Dn Film 9977 or
9987 (see page 3) 18 or 20 gauge needle treated with Arquad 2¢ (sce
page 6) 8 mm test tubes trested with slicone, test tube rack Veater
bath at 25 or 38°C (pan of water with thermometer), stopv atch A thermos
jar with water at temperature desired may be used at bedaide

Procedure 5 ml of blood are taken earefully using the silicone syrmnge
and needle The needle is removed and 1 ml of blood discarded Three one
m} samples of blood are placed in 3 siiconized test tubes in the water bath
and the remainder of the blood discarded If not advisable to take 5 ml
335 ml may be used provided the middle portion 1s used The tube (8) 18
tilted carefully at mtervals until the blood no longer flows The formmng of &
round surface 1 contrast to hquid flow provides a defimte end point

Range 2sd aaper cent of megn = =£25 per cent

SourcEes ofF Erpror v BLoop CLorTing TiMe DETERMINATIONS
Collection of the Venous Blood Sample

Most of the vanations 1n values can be traced to this source The
syninge must be a good fit hhewse the needle and both be scrupulously
clean There must be a good blood flow The needle must enter the lumen
cleanly and must not be caught n the vemn nall It must remain 1 the
Jumen If 1t eatches on endothebum or vale leaflet the clotting time nill
be greatly reduced After centering the needle in the vern a pause of 2-3
seconds for blood to remove traces of tissue from the end of the needle 1s
advisable The blood s then drawn as rapidly as possible into the syringe but,
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Apparatus (fig 1) A tapered glass tube (A) closed bya cork stopper on
the bottom to which a gnarled gla.s rod has been attached (B) the insde
surface of the tube and the cork bottom are coated with paraffin (M P
50 C) but the glass rod 1s left bare When these are assembled they appear
as m (C) A graduated tube (D) like that used for the Addis unine count
technie

Steps tn the Procedure Collect 2 ml of venous blood and place exactly
10 m! 1n the nssembled tube which 13 then stood up mn the mcubator at
38 C The rest of the blood 13 used to determimne the per cent packed cell
volume (hematoent) Determine the clotting time of the blood 1n the tube
by tilting it at mtennals When clotting 13 complete allow one hour to
elapse then invert the emall tube and insert it mnto the graduated tube as
shown n (E) (fig 1) Read the volume of the serum collected at the gradu
ated stem of the tube Reexamine in another hour Then remove the gradu

o4 Mean=781%

Stand

91 Dev=81%
:”_ 84Max=97%
o 74MIn=58%
w .
a ¥
2 54

4-
'S
Q 3_
g 2-

52 58 64 70 76 82 88 94 100
PER CENT OF SERUM EXPRESSED
FROM CLOT

Fio 2 —Retraction (2 hours) of clots from 1 cc of venous blood 1n & paraffs
tube 13mm :1d at 37 C (59 adults) pomia
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MEASUREMENT OF THE RATE
AND EXTENT OF CLOT
RETRACTION

L M TOCANTINS

Objeet A quantitative estimation of how much and how fast a clot re
tracts after it has been formed

Principle The method 13 essentially Like that of Adreassen Blood 13
alloned to clot 1n a paraffin coated vessel in the center of which 13 an un
coated glass rod The blood adheres to the glass but not to the paraffin
thereby making 1t possible to invert the vessel and measure the expressed
serum while the clot remams adherent to the glass

amm__

Uncoated T ]
glnss 3cm
1]
faraffined E 2em
glass J

Fro 1 —~Apparsius
30




CHAPTER:V

BLOOD PLATELETS

1 Counting Platelets i the Blood
L M TOCANTINS

Most tochreal methods for counting platetets utihze either cutaneous
or venous blood The chawce of methods obviously must depend to a certaun
extent on the sypenence of the one who 13 to use the method For wnez
penenced worbers the order of choce should be (1) tndurect platelet count
on eutaneons blood with an wotonwe solution contatning & stawn & fixatice
and an anticosgulant (2) mdirect count on venous blood (3) divect. platelet
count on cutaneous blood (4) dwect platelet count on venous blood The
ratio of erythrocytes to platelets should be established from at least 1000
erythrocytes The chowce of methods  further conditioned somenhat by
the type of blood to be examined With leuhemic and thrombopenic blood
counting on wet should be 1 by & method 1n which
the dey stamed smear 13 used such 2 Fomo s as & further check on the
number of platelets or as a means of avoiding the inclusren of any hyatne
platelet like bodies 1 the total cound Venous blood i3 preferable {o cutan
eous blood The trauma involved 1n an sncison of the skin 12 greater than
that 1 a yenous puncture with & emall needle (from 26 to 27 gauge) When
one consifers the role played by the plateleta wn repuiring the effects of
tranma it s Jogeal to antiapate that the trauma imolved a2 recimon
of the skuin will affect the number of the platelets Comparative deternuna
tsons of the platelets m vessels wath and without trauma yield great differ
ences wnd tha fact renders senat counts from the garse tocation wrthin short
peneda of tune of le valae A ble numbers of platelets are
lost 1 the lips of the wound before the blood reathes the surface With a
teehme such ss that of Teoursine or Pretss? the blood passes from the lu
ren of the vessel duectly into the lumen. of the needle where 1t 15 immeds
ately diduted and mixed snth the anticoagulant and (preferably) fised ol
surfaces of contact having previously been wetted by the solution Counts
done on venung blood are mare representative of the actual conditions n
the erreulstion for a larger amount of blood 18 ususlly collected for exam
snation than when a cutaneows puneture 1 used 1t 13 also possible to repeat

33
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ated tube and centnfuge for 15 minutes at 2000 rpm Read the level of
packed cells and the expressed serum
Caleulation Results are expressed in terms of the percentage amount of
serum expressed from the clot at the end of 2 hours taking 1ato consideration
the amount of potential serum present 1o the clot (calculated from the
ple 10 ml of blood with a percent cell
volume of 46 expressed 04 ml of serum at the end of 2 hours

04 X 100
051

Percent serum expressed = =74%
054 ml 13 the total amount of serum potentially present 1n 1 0 m! of the
specimen of blood

Range of Values Mean of 59 determunations wn 59 adult men and
women 78 1 per cent (Stand Dev 8 1 percent), range 97-58 percent The
frequency distnibution 13 shown m figure 2

Precaulrons and Sources of Error The glass rod must be left uncoated
or the clot will not adbere to 1t When the rate of clotiing is unusuaily slow
or wnperfect (as i hemophibic blood) the method 1s unrehable since partizt
coagulation renders the clot dh and easily displaced The “'serum ’
expressed 13 1 reality only partly serum

REFERENCES

Ad) M H 11 1 Danmark Copenh M 1943

Budiz Olsen O E Clot Retraction Springfield Il ¢ C Thomas 1951

Macfarlane B G A simple method for measunng clot retraction Lancet 7 1199
1939

Tocanting L M Platelets and the structure and physical properties of blood clots
Am J Phyarol 114 700 1936

Van Allen C M Studies 1n blood cosgulation J Exp Med 45 69 87 1927
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platelets m plasma dunag the time required for sedimentation of the
erythrocytes
As anticoagulants sodmm oirate sodum oxslste sodum mets
phosphate sodsum or magnesium sulfate hepsnn peptone and gelatin have
been used in diluting solutions Of these sodum aifrate seems to be the
best Oxalates often form crystals and precipstates with the plasra Sodrum
metaphosphate should be in lugher concentrations (from § 10 10 per cent)
than those generally used (2 per cent) Hepann solutions are difficuft to
make clear even alter prolonged centnfugation Teptone and gelatin hke
sucrose and dextrose encoursge the growth of bactena None of these
anticoagulants presents morphologe changes 1 the platelets without the
addition of a fixing reagent The preservation of the morphologic character
of the platelet for total and differential counting nay be obtamed only by
the dual process of sunultansous prevention of coagulation of the bloed and
rapd fixation Good fixation depends not 20 much on 5 high concentration
of the fixatn e 8¢ on the promptness with which even 8 weak fixative comes
in contact with the platelets after these have left the vessels As fiung re-
agents mercury hichlonde 1 and 2 per cent osmic sexd solution of formal
dehyde UST methyl and ethyl aleohol and potassium bichromate have
been used Of these solution of formaldehyde US ¥ 1n 2 conc of
shout § 1 per cent acems the best Diluting finda contammyg this solution of
formaldehs de m percentages of 2 and 25 per cent often hemolyze erythro-
eytes and form precipitates wath the plasma It 12 important to use nentral
solution of { idehyde 1 the prep: of sol for af enough
forrme acsd 13 present 3t will hemoly ze the red blood celis When = solution
contatntng formaldehs de has stood for & time some of the formaldehyde 13
oudized and formie acid 13 formed When this aeid reaches a concentsation
of from 0 0a ta 0075 per cent it decolorzes the erythrocytes ey en m 1o~
tonue salt solution althaugh st does not affect platelets or leukoeytes The
hemolyers that s Hi { when one 1s usng the Rees
Eeker solution w chefly due to this When 8 dtbuting flud contamng for
maldehyde begins to kemolyze the red bleod cells it should be thsearded
50 the glasshare that has been mn contect with st should be thoroughly
cleaned Methyl and ethyl alcohol are poor fixatives for platelets m wet
preparations for they precipiiate the plasma protemns snd cause secondaty
changes m the platelets Mereury ichlonde 1n a concentration such as
that m Hayem solution B (0 25 per cent) seems a good fixatsee In higher
tion 1y often produces protem Osmie and while an
exeellent fixative for dry smears 13 expensive and often produces clumping
of erythrocyles m wet preparations Approwmately half of the dilutng
gofutions proposed de not include a fixative
The melusion of & stam m the difutwmg flwd 1w not necessary except for
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the count and make observations on the other morphologic constituents of
the blood
For greater accuracy, m experienced hands, direct methods are prefer
able to direct ones Most of the objections usually rased agmnst the use
of the direct method apply only if 1t 15 employed by one who 1s mexpenenced
with the mampulative procedures mvolved Even on cutaneous blood, if
there are free bleedng from the wound, rapid coordmation of mosement,
use of serupulously clean glassware and solutions, dupheate determinations
and unform shaking this method 13 useful
Some of the objections to the indirect method of counting are The
mxture of bloed and diluting solution 1s seldom, 1f ever, umform and not
the same each time The ratio of erythrocytes to platelets 1 a given sample
of blood determined on the counting chamber often varnes widely from that
determined 10 wet smears Platelets and erythrocytes are not distributed
evenly through the preparation since no provision 1s made for shaking be
fore counting It 1s obvious that the greater the number of erythrocytes and
platelets counted the more accurate will be the ratio established between
these two el ifa hamber 19 used to bhsh ths ratio,
the total number of erythrocy tes counted will vary depending on the dilu
tion employed The method has defects intrmsic 1n any determination done
ndirectly that 1s in relation to another equally changeable element The
greatest source of error honever 1s 1 the assumption that platelets and
erythrocytes keep an even proportion 1n numbers toward each other be
tween the two mam steps of the method The markedly different physical
properties (adhesiveness, specific gravity size and others) of platelets and
erythrocytes lead to continuous changes 1n this ratio Fmally the propor
tion of platelets to erythrocytes varies at the same time 1n different portions
of the exreulation and this vanation 13 even more marked in capifiaties and
venules
With the Thomsen® method and its modifications, the platelets are
counted 1n the plasma free from other cells This is advantageous m some
respects 1t d the bility of conf with the products of the
disintegration of erythrocytes besides having sll the other advantages of
methods 1n which venous blood 1s utihzed Aithough the Thomsen method
at first seems a direct method of counting platelets i whole blood, 1t actu
ally 15 an ndirect method for one must alnavs have a supplementary de
termnztion of the volume of packed cells or of the hemoglobin to caleulate
the absolute number of the platelets per cubsc mulmeter of blood Tins
multipherty of detcrminations may contnibute to mcrease the error but
unbhe the indirect method 1n which use 19 made of the erythrocyte platelet
ratio the determmations are all done n the same sample of bloed There s
ome questton as to the stability and untformuty of the suspension of

8lso B
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{(depth 01 mm ) and the Thoma diduting papete of properly cahbrated and
certified seem entirely adequate
4 maguifieation of from X400 to XG0 with dry objectives scerms
best Ihgher may be ob d with ehamb; loss than O}
mm m depth and wrth use of thin cover glasses Oif immersmon objectsvos
often disturb the eubic content of the chamber and the use of Jow power
objectives 15 not advisable While identifying platelets the obser er should
have the fingers of one hand on the fine adjustment ta obtam the cntical
focusing that reyeals the characteristic highly refractile sibver chip ap-
pearance of the platelet Only forms from 1 to 3 mucrons or longer in sze
rod or commsa hike if seen mdewards and thin translucent and duskhike 1f
flat on the fioor of the counting chamber should be counted Granules 08
ruacron 1 disrmter or smalfer jerlaly moving about more or leas actnely
globules of ol srregularly shaped debrss floatig on the upper layers of the
Busd strings of eocer and other mmute objects may be distrugwshed from
platelets after a httle practice The error of counting too fow platelets may
he equaled only hy the ervor of counting every particle 1o the ficld as a
platelet
Many of the suggested precautions are often wseful under certain con
ditions Platelets may be counted howerer just 28 eaxly as erythrocytes
i coagulation of the blood 1s effectively prevented snd the platelets ave
fixed as the blood 1s withdrawn without contaet with the tiasues or any wet
table surfaces It 15 the mitial stage of alteration in the platelet that renders
it 8o strongly sdhesive and agglutinable Rapdly fixed platelets preserve
their size and shape and adhere very little to glass surfaces or to each other
Therefore & dduting fluid for totel and differential platelet counting should
(1) effectively prevent coagulation of the blood and changes m the platelets
{2) fix the platelets as the blood 13 being removed from the vessels (3) be
wotomse with the bicod and cause no precipitates with the plasma or the
glassware and (4) be of sunple compostron and of easy preservation Of
the fhuds avalable for platelet counting the Rees Exker solution {of which
the solution £o be describad 1 only 2 shght modification) seems to have all
the necessary wgred w the best X A stawn 18 necessary
anly until one has guned expertence 1n recoguiang platelets The foliovng
eolution has been found to fulfill the requirements sodum citrate 38 Gm
solution of formaldebyde (neutral 40 per cent) 02 mi distitled water
100 i ¥f & stwn 13 desred 2dd 900 Gm of bolkant eresyl blue heep m
& well stoppered bottle m an webox filter each time Just before usmg per
form blank counts on the solution at mtervals and look for bacteria molds
and platelet hke bodies Use gliss stoppems for ail contamers The use of
cotton or hnt should be avarded
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beginners or in certain pathologic conditions Brilhant cresyl blue, methyl
viglet, methy 1 green, neutral red, methylene blue and eosin have been used
Brilliant cresy1 blue i a concentration of from 005 to 0025 Gm per hun
dred cubic centimeters scems the best Methvl violet 1s satifactory while
the others, ike methy! green stam the platelets poorly or not at all For
counting on dry smears, the Gremsa or Wright stan demonstrates the
platelets best Stans aid the reading of the memscus n pipets and sy ringes
but mncrease the chances of producing artefacts and the labor of cleanmng
glassnare

The use of diluting solutions that hemolyze the red corpuscles 1s gener
ally inadvisable The erythrocyte count which should accompany every
platelet count 1s made impossible many artefacts are created and 1t 1s
dufficult to be sure that the platelets themsels es are not sometimes affected
In experienced hands however these solutions may be used advanta
geausly The hemolyzing agents employed have been potassium cyamde
and urea

Drluting solutions resembhing the plasma i composition, such as Ty
rode and Ringer solution, offer no especial advantage m the counting and
morphalogie study of intact platelets Their sumilanty to plasma i compo
sttion may be a handicap mn this study for there are few fluds m which
platelets disintegrate more rapidly than m plasma collected without pre
cauttans to prevent 1ts coaguiation Adding a fixative such as mercury bt
chionde, to Tyrode solution remedies the disadvantages of this solution
partually but such an addition obviously alters its delscate chemcal balance
thus defeating the onginal purpose 1n using 1t and making its use no more
advantageous than that of other far sumpler solutions Bath Tyrode and
Runger solution encourage the growth of bactera neither keeps well and
the ! f I suk 11 each 13 a constant source of arte
facts Methods i which Tyrode diluting flwd 1s utilized mvanably yield
high platelet counts on cutaneous blood The platelets observed i excess
over the usually accepted normal number are however of the mucro’
type and 1t has been demonstrated that most of these forms are artefacts
formed erther by contact of the blood with tissue jurces i the presence of
Tyrode solution or by preciprtation of the calerum chlonde of the solution
when this 13 1n contact with the alkah of the glass

Pipets and synnges of spectal shape and composition have been em
ployed although useful 1 the hands of thewr onginators they offer httle
advantage oves the standard types avaidable Counting chambers such ag
that of Helbes (depth 002 mm  cover glass thickness 01 mm) the Pet
Toff Hausser counting chamber for bactena {depth 002 mm cover glass
thuchness 0 18 mum ) are useful but do not scem stnctly necessary The
standard Buther Thoma Zeiss and Levy Hausser counting chambers




BLOOD PLATELETS 0

samo time o blood from various channels are dane preferably 1 this arder
{1} venous blood (2) artersal blood {3} cutancous blood Wheneser the
gyringe ts used for making dilutions 1t 15 essential fac the operater to place
tumself and 5o artange the arm of the subject that the syringe 13 held hont
zontally This nsures easy teading of the marhs on the syrnge withont
malang errars because of parallax and msures detection of the moment
when the artery 15 entered for the pressure i the vessel will overcoms the
column of solution m the synnge if the Istter 1e held horzontally The
gymnge should be so turned that the graduation hines ate on each mide of,
and not over the piston Measurements are made by adjusting tho end of
the puston along the same bne as graduation markings on the side thus
preventing parallactie errors which are unavodsble when the end of the
piston 13 adjusted under the ruling
1f the platelets are above 3000000 per cubue mullimeter dilufions
higher than 1 5 sre used to reduce the chances of agglutinatson The con
tentron that hugh dilutwone of blood yeld correspondingly higher counts
because of frogmentation of platelets apphes only when no fixatses are
used If there 13 reason fo expoct a lon platelet count the blood 1e diluted
1 2 m the synnge instead of 1 5 and spreist precautions should be taken
with the diating fida 1H the platelets in the chamber are few the presence
of any estraneous matter ia the diluting solution will often cause the most
expenenced techmeian to include them m the count if they resemble plate-
lets The most scrupulous clesmung of the glassnare and filtenng of the
solutions will lesve & very small amount of particles 1n s penmon When
the platelet count 18 normal these partieles wsually do not greatly alter the
result sinee 10 any solution they shouid not be present in greater concentra
tion than § particles per tenth of u cubie rafimeter of the sclution When
few or no platelets are present however they may look encugh hke plate
lets to cause the observer to count them as sueh thereby greatly evapggerat
10g the platelet count If the diluting solution miludes a dye hhe brihant
eresyl blve thns difficulty 1w mereased For this reason with every series of
platelet connts a blank count on the filtered solutrons should always be
done and the result subtracted from the platelet count o the sohation con
tawmns only 5 or less plateles like bodies per teath of & cubie milhmeter Thig
practice not anly tnereases the accuracy of the count but gwes aleo a {re
quent, cheek up on the solutions Tha total number of plateleta 1s caleulated
by subtracting the number of platelets counted in the blood difution prep
zeatton (8} {rom the number of platelet Like bodses per tenth of a culne
mithmeter m the dituting sotution (b) aecording to thas formula

fa —~ b) X didution X 4000
400

= pumber of plateleis per cubne milluneter of blood
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Method for Counting Platelets 1 Venous Blood

Apparatus 2 synnge of the type used i» making the tubercuhin tests,
having a capacity of 05 ml and graduated 1n tenths or fiye hundredths of s
mthbter, vials of 2 ml capacity, contaming a glass bead and having glass
stoppers ground to fit, an aufomatic shaker, pipet and counting chambers
certified by the United States Bureau of Standards The solution 1s kept at
from 2104 C after bemng filtered It 15 placed in small test tubes and sten
Dbzed m the aufoclave along with tubes containg distilled water, loss 10
flurd 1n the solution during sterhzation bemng made up with the distilled
stater The needles, syringes and wials are sterihized by dry heat Counting
chambers and cover slips are boiled once weekly for two hours m distalled
water contuning a small amount of sodium brearbonate prpets are cleaned
by the usual changes of water, ether and alcchol

Steps sn the Procedure Aspate 04 ml of the diluting fluid into the
syrnge and dry the tip with a stenle gauze stopper Adjust a stenfe No 27
gauge needle to the t1p snugly to prevent any ingress of arr Then carefully
push the solutron up the shaft of the needle untdl 1t just appears at the lu
men For needles of the size specified 003 ml of solution 18 usually needed
to fill the shaft of the needle This therefore will displace the piston down
ward Transfer to the stenle vial enough of the solution to bring the piston
down to camncrde with one of the rulings on the barrel Enter the vein after
distending it slhightly by appheation of a little pressure above the site of
puncture Once the needle 13 1n the vemn remove the pressure, and allow
approumately five seconds to elapse before withdramng blood Slowly with
draw exactly 01 ml of blood mto the syringe Then place the tsp of the
needle under the level of the solution in the vial and empty the contents of
the syringe mnto 1t, aspirating and emptymg the solution and blood slowly,
without bubbling three or four times to msure thorough mixing Stopper
the vial and place 1t 1n an automatic shaker where 1t 15 to be thythmcally
agitated for at least hive mmutes From the shaken muxture make 2 1 100
dilution usmg g diutmng pipet and the same diluting fltud Submut this
dilution also to shakmg then place s drop of 1t mn two countmg chambers
and count the erythrocytes 1n 160 of the small squares of each chamber
multiply the average of the two counts by 12500 Allow the preparation

to stand 1n & mosst chamber for at least twenty mimutes before counting the
platelets Count all platelets i 400 small squares (or the entire finely ruled
area of each chamber) and multiply the axerage of the two counts by & 000
In man, the basilic veins m the forearm are used for venous platelet
counts 1n dogs, the leg arm or ear vems and 1n rabbits the ear vewns For
platelet counts on artenal blood 1 man the radml artery 1s the most ac
cessible, the brachial artery, at the elbow mav also be used 11 dogs the
femoral artery along the thigh 13 the most accessible Counts done at the
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3Tocanting L M. The mammalian blood platelet 1n health and disease Medicine
17 155 1938
¢Sloan A W The normal platelet count in man J Chn Pathol § 37 1951

2 Estimation of the Number of Platelets by
Phase Microscopy

GEORGE BRECHER and E P CRONKITE

The objectives of any counting method for cellular blood elements
are tnofold To obtamn a representative sample and to estimate without
bias the number of cells 1n that sample

Avoidance of adhesion of platelets to needles and glassnare duning
collection and dilution 1s the man problem 1n obtamimg a representative
sample This requirement 1s best met by use of venous blood obtained with
219 or 20 gauge needle with mmmum of trauma and with rapid dilution
of the sample

The ob; of ot an unt d estunate of the number of
platelets 1s best met by the use of customary dilution pipets and counting
chambers The small size of the platelets makes their recogmtion in the
counting chamber with ordinary microscopy moderately difficult except
for experienced nvestigators Indirect methods have therefore been widely
used The reahzation that platelets are readily recognized in the counting
chamber by phase microscopy has removed older objections to the direct
method Direct platelet counts under the phase mucroscope are therefore
considered the method of chowce Other direct methods {Rees Ecker
T are also y but require derable skill 1n the actual
recognition of platelets in the chamber

The touchstone of any method for the counting of platelets 1s 1ts re-
producibility and lack of bias Simple duphication of results on the same
sample 18 mad as proof of sl and lack of bms of the
count The proper statistical treatment! * of data to check reproducibility
and lack of bias of any direct or indirect method 13 considered the sole

mmmum requirement for platelet counts? 4

The use of the phase microscope for platelet counts was suggested by
Fessly ® and more fully developed by Brecher and Cronlite® * The fol
lowimng wmstructions are given from the paper by Brecher Schneiderman

and Cronkate ¢
Apparatus Required Flat bottom counting chamber Long workimg
distance phase condenser with 43X annulus and matching 43X phase
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In thrombopensc bloods platelets ate further searched for 1n & smear
of blood made from the mixture end statned with Wright or Jenner Grernsa
staan, after the erythrocytes have settled 1o the vial, o loapful of the super
natant plasma 1s exatned for the presence of platelets as a hangmg drop
Occastonally (when the count s verylow) the drop of plasma may be miro-
duced without further dilutton 1nte the counting chamber, the platelets in
400 small squares counted, and the total number of platelets per cubie
;)mlhgxeoer of plasma obtated by multiplying the total number counted

1

Values found Mean of 40 determmations on 40 norms} aduli men

310000 per cu. mm (Max 690,000 Min 150,000)

Method for Counting Platelets tn Cutaneous Blood

Rees-Ecker Direct Methad Aspreate the following freshly filtered solu
tion up to powt 0.5 of & pipet for counting erythrocytes Sodwm aitrate 38
Gm 40 per cent formaldehyde solutton 02 ml bnllant cres! blue 01
Gm and distilled water 100 m} Make s puncture 3-4 mm deep 1 the
finger and from the freely bleeding wound, espirate enough bleod to push
column up to pomnt 1 Fill the remawder of the pipet with the solution up
to 10t Shake place the 4th or 5th drop m the counting chamber (Levy
Hausser) wast for 15-20 minutes for setthng and then count the platelets
m the entire finely ruled area (400 squares) Multiply the total by 2000
to obtain the number of platelets per cu mm of blood

Values Found Mean platelet count 1 40 young aduits 250,000 Range
(2% stand dev ) 243 000-207,000

Indurest Method on Dried Starned Blood Smears (Modified Fonto) Place
8 large drop of 14 per cent magnesum sulfate solution over the slan of the
finger which must be clean and dry Puncture the slun through the hqmd,
collect & drop of the blood higuid mixture with a paraffin coated glass rod
place st on & clean slids and make 2 smear Tix the smear 1 absolute methyl
aleohol (two munutes) and stam for from three to five minutes with Winght 8
staw (10 dropsof stock Wrght s solution added to 10 drops of W right buffer)
Vash with distilled water dry and examame wath the o immersion lens
Establish the ratio of platelets to erythrocytes from at least 1 000 erythro-
eytes Caleulate the number of platelets from this ratio and an erythrocyte
cqunt done at the same time

Values found Mean platelet count m 30 male adults 234000 Range
Max 350000 Mmn 130000

Rereneners
§ MaoKay W ‘The blood platelet Its clisesl mgmbicance Quart J Med. £ 285

F To:f;uns 1, % Technical methods for the study of blood platelets Arch. of Path
29 550 1937
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clumps indacates that the dilution of the blood with diluent has been delayed
too long and a fresh sample must be taken This occurs but rarely On
focusing up and down platelets can be seen to have one or more fine pro-
cesses Crystals dirt and bactena are readily distingmshed by therr re-
fractilbity and abscnee of pink purple sheen With even slight expenence 1t
18 not necessary to visushze the processes of mdividual platelets and the
count can be completed quickly, once the platelets have settled out

without more than occasional refocusing

The optimal procedure of recording counts 13 to wnte down the count
for each of the 10 blocks of small squares in each chamber This allows com
putation of the feld error due to chance distbution of the cells in the
chamber With this method the error of 2 single platelet count 13 11 per
cent When 8 pipets and chambers are used on a single szmple the error
15 shightly less than 4 per cent These are the mmnimum errors due to pipet
and chamber tolerances allowed by the National Bureau of Standards and
the chance distnibutton of cells in the chambers (when 50-150 cells are
actually counted per chamber)

When platelet levels are very low, more than the standard 10 blocks
of small squares must be counted if the errors are to be kept mithin the
hmits gven 1n the preced h This can be lished either by
using lower dilutions {1 20 or even 1 10 using WBC mstead of RBC
ppets) or by counting all 2o blocks of small squares 1n each half of the
chamber The latter 18 usually preferable because with very low dilutions
of blood the individual platelets are not quite 8s readily recognized 1n the
chamber due to increased RBC detritus Inerther case the calculation must
be appropriately adjusted e g when 25 blocks of small squares are counted
on each side of a chamber or a total of 50 the result 15 multiphed by 500
(ratber than 2 500) to grve the number of platelets per cu mm

Range of Values The mean normal platelet Jevel of healthy adult
Amencan and Brtish males 13 about 250 000/cu mm There 15 however
marked varation between mdividuals Ninety five per cent of healthy
males have counts between 140 000 and 440 000 In any gmven mdividual
the platelet level stays usually constant over many days months or even
years In females platelet levels are probably sumilar but variations with
menstruation have been reporied Indirect counts have generally mven
higher values but these are believed to be due to selection of areas counted

(eg central areas of wet smears) and not due to actually ugher eirrculating
platelet levels? ®

Precautions and Sourcesof Error The counting chamber should be
scanned for presence of platelet clumps which indicate undue delay be-
tween collection and dilution of the sample The presence of platelet
clumps precludes rehable counts and a fresh sample must be eollected
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objectine (If using Amertcan Optical equipment specify ‘mediun dark
contrast’) RBC dilution pipets (for 1 100 drlution) Prpet rotor Siliconed
XKahn test tubes

Solution Required One per cent ammomumn oxalate 1 distilled sater
(leep mn refrigerator when not 1 use to avord prowth of bactena or pre
ferably Leep stock bottle always m refrigerator, remove a few ml for day’s
work as needed and discard at end of day )

Steps mn Performance of Method (1) Yenous blood 1s collected by msert
ing & 20 gauge needle, without sy ringe, into a cubital ven, and by allowing
1-2 ml of blood to flow directly mto a sihiconed test tube The siliconed
test tube 18 kept m 2 beaker with 1ce water, both before and after the col
lectron of blood Immediately after collection the blood was diluted in red
blood cell pipets An alternate methed s to collect the blood with a 19 or
20 pange needle and a clean siliconed syringe, with a mmieum of suctton
to avoid aur bubbles After remos ing the needle, the blood 1s gently expelled
mto a mhiconed test tube If only smgle or duplicate counts are contem
plated the cooling of the test tube in sce water may be omstted Regardless
of the method of collection, the blood must be dituted 1n the red blood cell
pipets as quickly as possible

(2) The blood 13 drawn up to the 1 mark of a red blood cell pipet and 1
per cent ammontum ovslate to the 101 mark, giving a 1 100 dilution This
step must be completed without delay Subsequently the pipets are kept
Totating m one of the commercially available pipet rotors until the cham
bers can be convemently filled and counted Rotation of prpets for as long
28 8 hours does not affect the eounts

(3) A hemocytometer is filled m the usual fashion, except that a ho 1
or 134 cover slip* 18 used rather than the standard hemocytometer cover
glass of 04 to 06 mm thickness The use of a thin cover slip 15 essential 10
phase mucroscopy and sts use does not lead to an merease in the error of the
count The counting chamber must hayve a flat bottom since 8 concavity in
the bottom of the counting chamber vitiates the phase effect

(4) The chamber and a wet prece of cotton are covered by a Petri dish
far 10 to 15 minutes to allow setting of the platelets aad to prevent drying
of the preparation

(5) Platelets are counted m 10 blocks of small squares (as for RBC

counts) 5 blocks being counted 1n each half of the chamber The total
number of platelets so counted times 2500 gives the platelet count per
cn mm A 43X phase objective with a long working distance condenser and
10\ ey epreces1s used Inthus procedure the platelets stand out asndiyidual
round or o+ al bodies with puk or purple sheen  The presence of any piatelet
nes are supplied by A H Thomas Co eatalog § 071 ¢
| Toemor sttty s sl A L T 0 e o
pear a umform blsck
-
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3 Prepaoration of Suspensions of Intoct
Platelets

E P CRONKITE, G BRECHER and J FURTH

Suspensions of platelets prepared by the method of Dillard et al * are
*intact In tbe sen.c that 50~00 per cent of such platelets will arculate for
some hours and up to 50 per cent for 24 hours i thrombocy topeme recipt
ents These platelets however, are not necessanly undamaged The obser
vations of Lawrenee snd Valentne® indicate that the survival of eross
transfused cat platelets i a thrombocytopeme eat 13 4 days Odell et al
using tagged platelets, found the survival of platelets i the cireulation of
normal rats to be 5 days Under sumilar expenmental conditions the
platelets from suspen.ions prepared by DiBlard 8 method did not exrculate
longer than 4% hours as a rule Platelets m the arculstion sre probsbly
flat dises which appear lancet shaped only when scen on edge and ave pre-
sumably free of ¢ pseudopodia or spieules * Platelets in sequestrene when
observed under the phase microscope are oceasionally scen to be flat dies
However as a rule varying numbers are elongated and have pseudopodia
‘The number of di.cs decreases rapidly and after a fess boure all have pseudo-

i3

Apporatus Regurred Refngerated centnfuge set at 3-5°C <uliconed
receptacles for whole blood and platelet suspension sues depending on
volumes to be processed Fifteen or 17 gauge electropolished Fenwal
laminar flow needles Nonwettable plastic tubmg Siheoned prpets

Transfer sets conmsting of & swiable length of sliconed glass tubing
attached to a plastic tubng snd 4 5 ml synnge The free ead of the glass
tube 1 sealed and provided with a Iateral opeing about 1 mm 1 dameter
23 close a3 possible to the sealed end of the tube All glassnare made pyro-
gen free by exposure to 170 C for 2 hours Plastic tubing made pyrogen
free by washing with super-oxydol and therough rnsing 1 pyrogen free
water

Solution Required 11015 per cent Naq sequestrene (Ethylene-diamine-
tetrascetate EDTA) in 87 per cent sodum chioride 1 pyrogen frec water,
adsusted to pH 6 5 by addition of NaOH

Procedure (1) Bleed dogs under hat b {rom cposed
femorsl artery through Fenwal needles and plastic tubmg 1nto chilled
siliconed bottle contauog 10 ml of sequestrene solution for each 100 mi
of blood In man, phlebotomy with sumslar needie and tubing gravity
flow are employed In small laboratory anmals a satisfartory suspension
may be obtaned after suttable snesthesia by cardise puncture, with or




44 COAGULATION OF BLOOD METHODS OF S8TUDY

The reproducibtlity of the counting procedure should be checked from
time to time using statistical tests? 7 ¢

There 15, at present, no satisfactory method of presersing whole blood
by addition of any anticoagulant for later platelet counts Only counts done
on samples which are diluted i the pipets at the time of collection and Lept
m & rotor for not more than 8 hours are known to be unbiased

It has been suggested that shaking devices other than rotors may m
troduee unexpected errors Opimons on this pomt are divaded and o ade
quate data are avalable to decide at present whether or not other shaking
devices may be safely substituted for the Bryan Garrey pmpet rotors

Blood from a finger puncture grves counts with only neghgtble down
ward bias (average 25 per cent lower), but with twice the error of the
venous platelet count (If using blood from finger puncture dilute immed:
ately m RBC pipet, followng steps 2 to 5 above)

It 18 concervable that unusually ‘sticky * platelets mey clump before
the blood can be diluted even when all steps outhned above are adhered to

Dufficultres 1 ob 2 satisfactory for and preparing
platelet suspensions from dogs have been observed 1n the rerovery phase of
rad; 1nduced thromb penia 11 dogs There are, at present, no well

documented reports of such occurrences m man

In general the errors other than the minimum statistical errors, m
platelet counts are due to one of thefollowing (<) careless venepunctureand
ecollection (b) delay m dilution (e) unconscrous equalization of results
when counting and (d) selectton of areas to be counted when using mdirect
methods
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ously Whether glucose improves platelet survival has not been tested
Only 50-90 per cent of the platelets prepared by Dillard s method are
“nable’ and are not necessarily equivalent to platelets in the circula
tion or even platelets m whole blood eollected 1n EDTA
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vGardner F H Howell D and Hursch E O  Platelet transfusion utilizing plastic
equpment J Lab & Chin Med 49 196 1954

4 Separation of Platelets from Blood
L M TOCANTINS

The ! most \ ployed for this purpose are
atrates and the oxalates To keep the platelets mtact the collection of
blood should be as rapid as possible and any contact with wettable surface
avoided If 1t 15 desired to dilute the blood as httle as possible concentrated
solutions of anticoagulant (20 per cent sodium citrate or 25 per cent potas
swum oxalate) may be used but unless the blood 1s collected rapudly and
mixed with the anticoagulant at once many platelets are altered n these
solutiong

In Man Place the amount of anticoagulant solution necessary to keep
the blood from clotting in the syringe and wet the sdes of the syringe
thoroughly with it If the solution 18 sterle wet the mterior of the needle
as well Tt 1z advisable to use an excess of an 1sotonic solution of the ant:
coagulant and a syringe of 50 ml capacity With a sharp needle of short
shank and wide bore puncture the vein and draw the blood swittly into the
solution Collect approwumately 30 ml empty the contents into two paraffin
coated rounded bottom centrifuge tubes 1n each of which there has been
placed approamately 25 m! of a mixture of eitrate (or oxalate) and physio
logie solution of sodum chloride Mix thoroughly by pouring from one
paraffincoated tube wnto the other Centrifuge at about 1 000 revolutions
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without exposure of the heart, with needles of suttable size, and collection
of blood by very gentle suction nto siliconed syringe contamng prescribed
amount of sequestrene solution Intravencus imection of heparm before
bleeding or exsanguination has proved useful i rats and increaes the plate
let yield The amount of sequestrene may be reduced under these circum
stances

(2) Centrifuge at 30 g for 50 mmutes to sedunent RBC (400 to 500
Tpm 1n an International centrifuge with 4 Dural cups for 200 ml bottles }

(3) Transfer plasma mto second stheoned centnfuge bottle or tube
For thas purpose, the glass tube of the ‘transfer set’ 1s hept near the bottom
of the plasma layer, 2 t0 3 mm above the RBC layer The syringe 13 held
below the level of the plasma layer, and plasma aspirated until 1t neasly
reaches the tip of the syninge The plastic tubing 18 momentardy clamped
the syrmge removed and the plasma ellawed, by syphon effect, to flownte
the clean shconed centrifuge tube or bottle

(4) Centnifuge plasma at 300 g for 45-60 mmutes (1500 rpm 1 an
International centrifuge with 4 Dural cups for 200 m! bottles)

(5) Decant rapidly all but o small amount of plasma

(6) Resuspend packed platelets in small amount of plasma by repeated
sspiratton and expulsion of plasma 1n eilhconed pipet  Rather vigorous loos
emng of packed platelets from the bottom of the centrifuge bottle by

serapmng the bottom* with tip of pipet may be required

Precautions and Sources of Error The method must be switably modt
fied to 1nsure sterility 1f 1t 15 to be used 1n man * Platelet groups very likely
exist mn man and possibly 1n other mammals and mmmumzation agamst
homologous platelets 13 likely to occur with suspensions prepared from
cross-matched blood The method has not been subjected to a entscal evalu
ation of the importance of refrngeration to 3-5° C nor the importance of
pyrogen free technic

The speeds and times of centrifugstion were evaluated and are those
found i y 1 p tion of of dog platelets for trans
fuston nto thrombocytopere dogs There are mdividual yanations mn the
rate at which platelets are sed, d by 1n bloods from dif
ferent ammals or from different bleedings In some cases recentrifugation
may mprove the yield Probably, isotome N, sequestrene (5 per cent in
distslled water 3 m! per 100 ml of blood) could be subststuted for the
solution used by Dillard et al? The addition of glucose in concentrotion
sualar to that 1 ACD solution docs notinterfere with the yreld and mahes
1t posaible to collect and separate platelets and red blood cells smuitane

This haa recently been accomphshed by Gardrer lowell and Hirsch ® using a
closed aystem of spectal plastsc bags and transfer sets made by Fenwal Laboratories

Framunghsm Mass
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vein 1 the unancsthetized animal or from the earotid srtery From a dog
weighing approumately 15 kilograms 200 e of blood may be collected from
the heart without any disturbing symptoms The puncture 1s made with the
ammal s head immobihized and the body firmly stretched and bound on a
board The syringes are loaded with the solution and laid by the side of the
operator Since the puncture 13 made almost vertically a brake 1s placed
on the piston to keep the solution from flowing out The needle 13 left 1n
the heart while syringes are bemg shufted

REFERENCE
Maupin B Les Plaquettes Sanguines de I'Homme Panis Masson et Cie 1954

5 Volumetric Measurement of Platelets
L M TOCANTINS

Only an approumate 1dea of the total volume of platelets in the blood
may be obtained from determinations of the percental volume as currently
done Such determinations may be expected to gne an indication only of
the volume of platelets 1n the blood n the vessel from which the blood was
collected for the number of platelets varies in different vessels and regions
of the body The techme of Van Allen may be modified so as to give the
average volume of each platelet and knowing the number of platelets per
cubic milimeter 1n a particular sample of blood one may calculate the per
cental volume m this sample In genersl the objections to Van Allens
method (which seems the best available) are principally that some leuko
cytes may be pached down with the platelets thus increasing the volume
of the platelets and since (if Van Allen s solution 18 used) the platelets
are not fixed therr volume may change on withdrawal of the blood and
standing of the specumen for any length of time

Mobiriep VAN ALLEN METHOD
Apparatus A thrombocytocrit * a 10 ml record syringe and a centn
fuge capable of 3 500 revolutions per munute
Draw 6 ml of a filtered solution contaiming sodm citrate 3 8 per cent
and solution of formaldehyde USP 01 per cent 1mnto a record syringe
With 2 stenle needle gauge between 20 and 22 withdraw 4 ml of blood
rapidly without stasis into the solution Remove the needle and tilt the

The Van Allen thrombocy toertt may be obtained from the A H Thomas Com
peny Philadelpha Pennsylysma
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per nunute for from four to five minutes Pipet off the supernatant flud,
which 15 of a light prak color, into paraffin coated conrcal bottom centrifuge
tubes and centrifuge for an hour at about 2000 revolutions per mitute
Pipet off the supernatant fimd and discard 1t The accumulated sediment
sppears distributed in two layers a thin layer of red blood cells and su
perimposed on 1t a thick white layer of platelets among which are mixed
a few white and red blood cells Cover the sediment gently with 2pprou
mately 10 m! of cold physiologrc solution of sodium chlonde By applyng
suction through g glass pipet (capiilary tubing drawn out to a tip measuring
about 1 mm 1n mternal diameter), remove the white layer carefully, be
ginnwg with the central portion and gradually working tonard the periph
ery and more deeply toward the packed layer of red blood cells Place the
nuxture of salt solution and platelets tnto a 15 m! comeal bottom glasstube
and emulsify gently by and expelling 1t with a dropping rubber
bulb pipet Avod bubbling After the solution 13 free from coarse floating
particles and has an even pale blue translucent appesrance centrifuge it
agam for one hour at 2,000 revoluttons per mmute or until the supernatant
flwd 19 elear After the sediment 1s agam packed remove the supernant
flud replace 1t with cold physiologic solution of sodium chloride and prpet
off the white layer of platelets into another 15 m} centrifuge tube repeat
the gentle emulufication and centrifugation At least three centrifugations
of the emulsified scdunent are usually necessiry to nid 1t of most of the white
and red blood cells Frequent microscopic observations of the emulsion
should be made to make sure that the white and red blood cells are being
removed In pipetting off the white layer, no attempt should be made to
remose 1t entirely down to the level of the red blood cells if a white film
19 left over the packed red cells most of the white cells will have been elmt
nated By this process approxumately two thirds of the coflected platelets
are 150lated
‘The amount of blood collected may be ad, 1 depending on the pur
pose for which the platelets will be used Greater amounts may be isolated
by having several syringes loaded with the anticoagulani solution and
switching from one to another the needle being left i place until the de
sired amount of blood 13 collected
All glassnare must be scrupulously clean the solutions filtered and
cold Al contact with cottan or threzdy materal must be avorded such
materal should not be used as stoppers for the bottles contaimng the soly
tion The collection of blood should be made eatly 1n the mornmg to atlow
sufficient tume for the varous steps duning the rest of the day The plstelet
emulsion while pot 1n use should be hept 1n the ice chest at a temperature
ately 5° C

of BDKOT,TMay Platelets may be 1solated from the blood of ammsls mn a
manner, the blood bemg collected by puncture of the heart or jugular

smtlar
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The percental volume of the platelets 1 whole blood (thrombocyto-
erit) 1 caleulated from the mean platelet volume (12 eubic microns) mul
tipled by the number of platelets per cubic millimeter of blood (first plate
let count) multiphed by 100

0000000012 X 300000 X 100 = 036

Percental volume of platelets = 0.36 per cent
Values Found average volume of platelets m the blood of man 049
per cent (range 035-067)
REFERENCE

Van Allen C M Volumetne estimation of platelets J of Lab & Chin Med 10
1027 1925

6 Estimation of the Clot-Accelerating Action
of Platelets

J H MILSTONE

Obgect To attempt to determine how platelets are related to the pro
duction of thrombin

Principle Blood 13 drawn with care to limut platelet changes The plate
lets are then separated from the other formed elements washed twice to
remove plasma and tested in systems contamnmng punfied components

Reagents apparatus and preparation of platelel suspensions

(a) Buffered Salne pH 7 4 ( Buffer )

NaCl

% Gm
01M Sod diethylbarbiturate 200 ml
0 1M HCL 144 ml
Boiled diatalled water to 1000 ml

(b) Platelet Suspension Twenty five ml rabbit blood 1s drawn from
the heart mto a syrnge contawung 25 ml cold acid-citrate (375 g 2
Na,CeHi07 11 H,0 plus 105 g HiCeHsO7 H:0 per hter of solution pH
63) The platelets are separated by 3 cycles of differential centnfugation
durmg which they are washed twice with cold buffered salme pH 74 The
centrifugations are carned out 1 934 X 134 em lusteroid tubes The 3 slow
centnfugations areat 1100 rpm in an International Size 1 TypeC centn
fuge at room temperature whereas the 3 alternate fast runs are made at
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syrimge two or three times to msure good mixing Place the diluted blood
1 a paraffin-coated centrifuge tube of 15 ml capacity and mix the contents
gently for five mnutes m an automatic shaher Perform a platelet count on
this muxture, making allowance 1n the calculation for the orgmal dilution
used Centnfuge at 1000 revolutions per minute for five mmnutes if the
blood 18 of normal ervthrocyte content, with blood contarmng from one
half to one third the normal number of erythrocytes, centnfugation for
from two to three munutes 13 suffiient for separating the red snd white
cells With & paraffin-coated pipet remove approvimately 25 mi of the
platelet rich fhud to another paraffin coated tube This 1s to be corked and
shaken gently for five minutes 1n an automatsic shaker The second platelet
count 13 done on ths suspension Draw exactly 2 ml of the suspensionnto
the thrombocytoent by applymg a mouth suetion tube over sts upper end
and dipping the graduated end mto the 1 solution Before beginning
the aspiration, place the rmg of the metal chp over the upper end of the
thrombocytoent and allov the metal buchet with 1ts rubber ba.e to hang
loose Immediately after all the flnd has been aspirated, apply the metal
bucket to the bottom of the graduated tube Then place the thrombocyto
ent 1n & centrifuge cup and balance it with avother thrombocytoent filled
with 2ml of water as & counterweight Centrifuge st 3,500 revolutrons per
ramute for one and & half hours, st which time the capillary lumen of the
thrombocytoent 19 found partly filled with a white sediment, the super
natant flud bemng clear Read the actual amount of whte sedument directly
frora the scale on the tube 1n cubie mulhmeters Divide this figure by the
total number of platelets in the centrfuged plasma The result gives the
mean volume for the mdndual platelet To obtam the volume of the
platelets per hundred cubic millimeters of blood (percental or thrombo-
cytocrit volume) of the sample collected 1t 13 necessary only to multiply
the volume of the mdividual platelet by the number of platelets per hun
dred cubic miflimeters of blood

For example

Number of platelets per cubtc mihmeter of blood 300 600

Volurae of packed platelets i cubie mulluncters 13

Platelet count per cubie mulimeter of centnfuged plasma 530 000

Amount of centrifuged plasma 2 ml

‘Tota! number of platelets i the centrifuged plasma

2 X% 530000,000 = 1060000000 platelets

13
Mean platelet solume = m = 0000000012 cubic milh

meter = 12 cubic muerons
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may be obtaned with one of the numerous modifications of the old two-
stage test as used for studying the rate of thrombin production (ef Arthus
1901 and Mellanby 1917) In the first stage the vanous materals are
mixed with buffer to give a final volume of 1 1 ml  or i some experiments
10m! At imtervals 201 ml samplesmiced wmith 03 ml owslated fibnno-
gen and the clotting time recorded To convert to relative thrombin con
centration the arbitrary number 3000 was divided by the clotting time
These relatn e values were not imtended to have a fixed relation to an arby
trary unit of thrombin The general principles to be outlined can be demon
strated with other modifications of the two-stage techmc the important
consideration 15 the punity of the matenals

Restlts (a) In the presence of calcium washed rabbit platelets plus a
small amount of bovine globulin activate bovine prothrombin ¢ As evident
from figure 1 the effect of platelets plus globulin 13 much greater than the

At 1 amistres

03ml o4mb 01mL 0imb 01 ml
Buffer | Prothrombin | Buffer CaCl: 0 0°75M | Globulin 1/30
Platelets Buffer
Platelets Globuhn 1/30
Platelets Globulin 1/100
01m! of esch nuvtare added at intervals to 03 ml oxalated Sbrinog n
THROMBIN ©0033m! Globulin4 Platelets
80~

90 001 m1 Globulin +Plafelets

Platelets,but no Glebulin
0 0033 ml 6Globulin but no Platelets

;

b 20 30 45 so 6o
MINUTES OF ACTIVATION

Fra 1 —Activation of prothrombin by globulin plus platelets
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3400 rpm mn a Sorvall, Type SP angle centnifuge hept 1n a refngerator at
2-4°C After the first slov 20 minute run the turbid plasma 15 pipetted
off and the red cells are discarded A 30 minute fast run serves to sediment
the platelets out of the plasma, along with some red and white cells The
sedument 13 suspended 1 20 ml cold buffered saline with the aid of & glass
pipette and the suspenston 1s centrifuged slowly for 10 muutes to remove
most of the remamng red cells, along with some platelets The turbid su
pernatant 1s subjected to a 20 munute fast centrifugation, and the resulting
sediment 15 resuspended m 20 ml eold buffered sahne The enstung fifth and
suxth runs are ke the third and fourth The final platelet sedmment 15 sus
pended 1 25 m} buffered salime Microscopic exemimation should reveal
no white cells and only one red cell per several hundred platelets Wnght
staned preparations should show platelets with the characteristic reddish
purple granules, but the blue hyalomere 15 observed only occasionally
(c) Punfied Prothrombin The tests require a prothrombin preparation
that 18 not readsly activated by platelets plus caleium sons Prothrombin
prepared by adsorption on esther Mg(OH), or BaS0O; hag been satisfactory
provided that other steps were mcluded 1n the procedure (see page 112)
(d) Frozen Euglobubn Frozen euglobuln may be ok d from Ar
wmour and Company of Clucago Citrated bovine plasma 1s diluted with 10
volumes of cold tap water and the pH brought to 5 1 by addition of 1 per
cent acetic acid After setthng overnight in the cold the supernatant 13
d ded and the pr d and stored st —17°C The weight
of the frozen precipitate from 100 hters of plasma 1s nsually between 4 and
Ghg
(e) Globulm Six Gm fro.en euglobulm 18 triturated with 40 ml
buffered sehne 25 ml NaOH N/10 13 added to bring the pH to 74 by
phenol red The mixture 1s centrifuged to remove undissoived materm
and the supernatant is readjusted to pH 7 4 by adding 0 1 m! NaOH N/10
38 m} supernatant 1s imxed with 38 ml CaCl, 0 0275M  and the mixture
15 poured nto four concal centrifuge tubes of 12 m! capaaity, where co
agulation should occur 1o five minutes The clotted mixture i stored 1 the
refnigerator Later the same day, the mixture is brought to room tempera
ture and the clots are broken up with a stirring rod The mxture 13 centri
fuged yielding a clear supernatant whichisusedss globuhn  The glob
ulin® contmins appreciable thrombin
(f) Thrombohinase Prepared from frozen euglobulin essentually as
desenibed on page 63
(@) Trypsn 150 mg of crystalbzed trypsin (Armour) contmming
about 60 mg protewn and 90 mg MgSO, 15 dissolved in 8 mi HCIQ00IM
dualy zed agamst HCL 0 001M in the cold and diluted to 10 ml
Steps 1 performance of the tests The particular results to be deseribed
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TaBLE 2 Achivation of Prothrombin by Trypnin with or wsthout Added Platelets

Actl ton mst res Penod of acti ation
oemt otml otaml otmt ol 414 g %
Bufler | Prothrombra | Platelets | CaCly 0 0275M | Trypen  [120030010°| 60

1/6 000

Plateleta Buffer Ny [

Buffer Trypein Y N
1/6 000

Buffer Trypsn  [415 poojus| 78
1/600

Buffer Trypsn 1/60 | 67) 80/165>000

Figutes 1 body of table puve clotting time 1n seconds of 01 mi sample mixed
¥1th 03 ml oralated fibmoogen The dash lines indicate that the muxtura did not
clot 1o 3§ hour The stock trypsin containing 8 mg protein/m! was difuted i buffer
shortly before the experment The last test illustrates how rapidly thrombin ac
twity fell 1n the presence of 10 micrograms trypsin/1 1 ml

lets are refractile and smooth contoured When a good suspension of plate
lets activates a prothrombin reagent m the presence of caloum the pro-

15 suspected of bemng d with thrombokinase or closely
related matenal Thrombok may be d ly as a by prod
uct of prothrombin purification

e e must be d or controlled o that a fi
tion of thrombin activity 13 not ken for an 1 d d of

thrombin In additron to the platelet matenal which aceelerates production
of thrombin Ware Fahey and Seegers'® have reported that another platelet
factor decreases the time required for thrombin to clot fibrinogen Their
test system contamed biologicals of bovine origin only Also mn the case
of caleum 1t 13 necessary to distingwish the effect on apparent thrombin
activity from the effect on rate of thrombin produetion *

Beyond this the observed rate of thrombimn production 1s a net rate

ding on the throm! duced and on the thrombin concurrently

lost by mactivation or by other effects

It 13 quite possible that platelets have two or more factors which ac
celerate production of thrombmn 9

‘Whether some factor which really belongs to the platelets 15 easily lost
by washing 1s a question to be consmidered after the more obvious facts have
been delineated

Useful references Travs and Ferguson® have publshed findings
somewhat sunilar to those described here and they have extended the tech
mque by adding serum Ac globuln to the test system Alexander! has de
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sum of thewr separate effects Neither the platelets nor the globulin cause
noticeable activation of prothrombin O lly platelets caleum and
the prothrombin produce thrombmn very slowly durmg more prolonged
incubation, but this may be due to 2 small amount of globuln factor con
tammatmg the platelets or the prothrombmn In the quantity used no ac
tivation may bel detected with the globulin alone Larger quantities of
globulin cannot be used because the contammating thrombim would
terfere too much

(b) Thrombokinase partially punfied from the same type of frozen
euglobulin g3 that used to prepare the above globuhn reagent activates
prothrombin without the addition of caleum 10ns or platelets When cal
cum and platelets are meluded production of thrombin 13 much faster
‘When the calcium chloride 13 omitted the additron of plstelets to the pro-
thrombin thrombokinase mixture makes comparatively kttle difference as
seen 1 table 1

{¢) In the presence of calcrum, washed rabbit platelets plus a small
amount of trypsm activate bovine prothrombin * Larger amounts of tryp
sin activate prothrombin without the addition of calelm rons or platelets
However asillustrated by table 2, the effect of platelets plus a small amount
of trypsin 1s much greater than the summation of therr separate effects

Summary and Conelustons In the presence of calcrum washed platelets
cause little or no sctivation of suxtabl_‘, punﬁed prothrombmn In the pro-
duetron of th bin from p lets do not function in the same
way as thrombokinase or as trypan R)ther (a) Platelets complement the
effect of certam globulin preparations (b) Platelets complement the effect
of thrombokimase preparations (c) Platelets complement the effect of
crystallized trypsin (d) Platelets require the addition of caleium 1 order
to be effectine as a I t to thrombohinase

Precautions and Sources of Error Best results are obtamed when the
heart puncture 1s successful at the first thrust and when the washed plate

‘TasLe 1 Actwation of F w1th or withoul
AT Cateaan et w8 son ataed Pielts
Acti t am tres
B219 E
03 mL o4mt o1 mL 01mt ] 02l § g 2
|21
Buffer | Pratbrombin | Buffer | CaCly 0 6275\ [Thrombokinase 1/16[360715,155
‘ Plateleta | CaCls € Q253 15 23] a2
Buffer | Buffer 500410245
Flateleta | Buffer 10255215

Figures tn body of table give clotting Lime in seconds of 01 ml sample nuxed
with 03 ml oxalated fibrtnogen
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7 Estimation of the Adhesiveness of Blood
Platelets (Method of Wright)

Adapted by R R HOLBURN™

Obgect of the Method The measurement of the degree to which platelets
adhere to certan surfaces

Principle Blood platelets m vitro progressively decrease in number as
fime following withdrawal mereases Platelets adhere readily to glass sur
faces and the rate of disappearance from blood samples 1n contact with glass
serves as an index of thewr adhesiveness

Apparatus and Reogents Waxed beakers syringes thinly coated with
liquid paraffin special glass tubes with a central bulb for rotating blood
samples (see onginal article) Rees Leher diluting flid contaming 2 per
cent formalin 1nstead of 02 per cent Barcher Counting Chamber red cell
pipets

Procedure 5ml blood 1s drawn into & syringe thinly coated with par
affin and immediately transferred into a waved beaker contaming 02 mg
heparmn per m! blood The beaker is gently agitated to mix the contents
Withtn 5 minutes 2 ml of the hepanmzed blood 1s transferred to a special
glass tube which 1s mechanically rotated for 80 minutes Platelet counts are
made on the blood mutially and on samples drawn from the rotating tube
every twenty minutes The platelet counts are done by the direct wet
method the whole field of the Burcher chamber being counted In order to
prevent adhesion of the platelets to the dry stem of the pipet the diluting
solution 1s first drawn up to the 0 5 mark and the blood then drawn into
this up to the 10 mark A control sample from a known normal mdividual
18 treated the same way

Calculation The number of platelets expressed as percentage of the
mitial count 1s plotted aganst the time of rotation in 20 minute intervals
The of platelet stick of the unk blood 15 d by
comparison with the control sample under :dentieal conditions

¥ alues Obtained Normal average 36 per cent of normal platelets re
man free (range 31-42 per cent) after 80 minutes of rotation of the tube

Precautions and Sources of Lrror (1) Since platelets adhere readily to
glass surfaces the use of wax or vaseline surfaces 1s required m the mitial
steps of the procedure In collecting the platelet counts for the same reason
1t 18 important that the diluting flud be drawn into the pipette first then
the blood drawn nto 1t

{2) Since the percentage of platelets removed 18 dependent upon the

From Lancet 1 306 1946
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scribed the combned effect. of platelets plus an Spea preparation and he
has reported his quantities of platelets and Spea m terms of micrograms
N/ml The mterpretations preferrvd by the vanous suthors appear 1o the
references quoted The revien of Tocanting’ gives & fuller preture of the
breadth and scope of the platelet problem
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to ench mde of the smmal (2) and (b) decrease the dose rate For practical
purposes dose rates less than 6 r per mmute are undesirable because the
effect, at lower rates becomes dependent upon dose rate In the event that
the dase rate becomes toa low the only alternatnve s to use higher energy
radiation

For mice rats gunea pigs and to a hmited extent rabhits thestand
ard 200 250 and 400 kvp therapy x ray machines are satisfactory when
some or all of the modifications above are utihzed For larger anmals 1t 13
difficult to get sufficiently large fields with satifactory depth dose and ade-
quate dose rates

In practice the dose 1s spht equally to both sides of all mammals evcept

the mouse For the mnduction of thrombocytopema n dogs of all sizes the
following procedure has yrelded i3 'y T and titat;
results (2) 20 mev G E mdustnal x ray machine* (b) radial beam (c)
TSD 20 meters, (d) Dose rate 14 r/min (e} HVL 43 mm Pb (f) Effec
tive energy approx 500 kev, (g) Turn dogs around after delivering half of
dose

The degree of thrombocytopenta and the time of recovery are a func
tion of dose as are mortality and survival time * At lugher doses the survival
time becomes so short that thrombocytopema does not develop For refer
ence purposes the relattonship of dose to mortality survival tume and
bleeding tendency 15 shown 1n table 1

With doses that produce survival time of less than 6 days, thrombo-
cytopema does not develop Between 150 and 1000 r a defiute thrombo
cytoperua develops From 500-1000 r the response 13 similar and maximal
For all doses the platelet count may trend upwards for a day or so By the
5th day the count 18 decreasing and mimmurm levels are attained by 8-12
days and & relatively constant level 1s mamtamned for 2-3 weeks at which
time recovery begins or the ammals may die at any tune from the sequelae
of pancytopema The characteristic response of the dog 1s tabulated

Tin to
D ¥ ne D oy felbys Recov ¥ B o
150 10-12 | 10-20 days 100 000/mm ? 3rd-4th wk
00 10-1" | 10-20 50 000/mm *
00 10-17 1 1020 30 000/mm *
400 o-11 (1030 15 000/ram ? 4th-5th
600 9-10 | From 10th day to death 0-5,000/tam ¥ | None

Thrombocytopenia can also be mduced by chrome exposure to radia

10mev GE x ray machine haa worked equally well as has cobalt gamma
rays Less powerful machines can be used but reproduetbility 1g less accurate
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concentration of anticoagulant present, the procedure should be followed
as described The huigher the concentration of anticoagulant, the fess ad
hesive are the platelets

Discrussion The progressnve fall i platelet counts of blood 1n vitro 18
mamly, if not entirely, due to therr adbeston to the gla.s walls of the con
tamer rather than disintegration The platelets in the cases of hemophiha
studied are significantly less adhesive than the normal platelets

REFERENCES
Wrght, H P Adhestveness of bload platelets J Path & Bact 62 255 1941
Moolten 8 £ and Vroman L Adhesiveness of blood platelets i thromboembolism
and haemorrhagie digorders Am J Chn Path 19 701 1949

8 Induchion of Thrombocytopenia in Ammals
by lonizing Radiation

E P CRONKITE

Fabrictus Moller! clearly demonstrated in 1922 that a severe thrombo-
cytopenta could be mduced by a single dose of 10mzing radiation m gumnea
pigs He further demonstrated that shielding of the legs lssened the seventy
of the thrombocytopenia The latter study ts the key te the successful and
amform 1nduction of any desired degree of thrombocy topents m ammals
The exposure to radiation must be umform over the whole bedy with 8
relatively constant depth dose 50 that all hemopatetic tissue absorbs rela
tively the same amount of energy These basic considerations necesatate
more extensive and frequent cabbration of equipment than 1s usually per
formed for therapeutic < sy The field of radiation must be measured care
fully 1n all quadrants to determine the vanation m mtensity Varation of
greater than =2 per cent should not be permitted With some x ray tubes
1t 18 necessary to alter the cones or build parabolie filters an order to get
large fields of umform intensity The nett physical copsideration of prime
importance 1s s constant depth dose mn the ammal This 1s determined by
measuring the dose at yanous depths m matenal of electron density smular
to trssue and of approumately the same siz¢ as the antmals to be exposed
1f the fall off 10 sntensity due to absorption and myerse square 15 grester
than 10 per cent 1t must be compensated for by some or all of the following
maneusers (a) mercase distance from anode to ehin (mimize nverse
square), (b) add filters to 1ncrease effective energy  (c) spht the dose half



CHAPTER VI

PLASMA THROMBOPLASTIN
AND PRECURSORS

1 Demonstration of Platelet Cofactor Activity
in Plasma (Method of Johnson)

Adoapted by R R HOLBURN'

Object of Method Demonstration of the presence of a plasma globulin
whieh m con)unchon with a phtelet extract activates punfied prothrom
bn to th f thromboplastin hike activity ansing from
the interaction of platelet e'dract and the plasma globulin

Principle If a muxture of platelet extract caleum and purified pro-
thrombin 13 made and a specially treated plasma 13 added the amount
of thrombn formed will depend on the amount of platelet cofactor available
1m the plasma The actnity formed can substitute for tsue thromboplas
tn

Apparatus and Reagents Punfied prothrombin Prepared according to
the method described elsenhere (see page 112) Solutzon made to contamn
about 3 000 U/ml

Platelet extract Platelets are obtamned by differential centnfugation
and washed three times with 085 per cent NaCl One part of the packed
platelets 13 mixed with 9 parts of 085 per cent NaCl and frozen Then 10
ml of the frozen suspension s thawed and centnfuged (1500 g for 30)
10 the cold The sediment 15 recovered washed once mn 0 85 per cent NaCl
and resuspended 1n 2 ml of 085 per cent NaCl

Plasma samples A clean venepuncture using a sithconed syringe 1s
made and the first syringe replaced with another after 2 ml of blood 13
drawn and di carded Then 10 ml of blood are placed mmmediately m a

ihicone coated centnifuge tube contaimng 10 ml of 0112 M pota sium
oxalate The two are mixed and the plasma 1s removed after centnifugation
(1500 g for 30 at 8 C) Plasma s defibnnated by the addition of an equal
volume of thrombm contanmg 20 U/ml To destroy antithrombin the
plasma preparation is mixed with an equal volume of ethy] ether and shaken

From Amencan Journal of Clmeal Pathology £3 875 1953
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Tasiz 1 Unireated Dog Mortahity—2 m e v (Bilateral Technsc)

Surv val Tme 1D 53 D gree
Dose O N0 4 5w l? e | Mo Ded] o % SSRGS Ny |
XpO: rv1 ed Mortshty Mo t Mern ! x Bledi g
150 18 18 0 0 - - - &
200 1t 8 3 273 | 12 16 21 +
300 15 10 5 313 { 15 124 2 2+
350 8 4 1 500 | 10 149 { 20 3+
375 3 0 2 | woo | 1 190 { 2t 34
400 2 4 2 846 | 6 76 | 40 4+
450 4 e 4 {1000 | 14 us | 15 44
500 1 0 1 | woo | 7 100 [ 12 1+
500 49 0 49 1000 1 m9 2 i+
800 4 0 4 | woo | 9 us | 4+
1000 7 o 7 {woo | 23 70 9 24
1500 [ 0 6 {100 05} 31 4 [
2000 [ 0 6 | 1000 3 38 4 0
2000 L] L] 6 100 © 3 3o 3 o

tion Some observers believe the platelet level to be a very sensifive mdex
of chrome exposure to radiation Exposure of the dog to 25 r per day overa
14 hour period results 1n a severe thrombop after an lated dose
of 600 r without as severe 2 depression n the leukocyte levels
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2 Separation of Thrombokinase from Plasma
and Demonstration of Its Achivity

J H MILSTONE

Princrple Crude euglobulin fmctlons of slnughber house bovine plasma
{and also of human plasma as ord llected n the chinical lat y)
will actrvate their own prothrombin 1n the presence of calerum This shows
that erude euglobulin contains or ¢an give rise to, thrombokinase Throm
bokinase 13 obtainable as a by product of prothrombin purificatton and in
the present case 1t 18 accompanted by very little in the way of accessory
factors However 1t 13 accompanied by thrombin most of which can be
removed by repeated precipitation with ammonum sulfate This thrombo-
Linase can then be tested on purified prothrombin, with or wathout the
restoration of accessory factors

Crude euglobubn 1s extracted with oxalated saline and the extraet 1s
subjected to two successnve adsorptions the first by hyflo super cel and the
second by barum sulfate Two successive elutions from the barium sulfate
are performed The first elution with 0 3M phosphate pI6 6 yields most
of the prothrombin The second eluate obtamned with 06M phosphate
pH7 9 gnes r e to thrombokinase and thrombin From this muxture,

13 sep d by sulfate f) and dia

lyzed

The present method appears to be the only one used repeatedly aver
a period of years to yield a separated blood dervative which ean activate
prothrombin without caleyum 10n8 and which contamng Dittle thrombin
With this as a beginming 1t 1s hoped that sumpler methods wall follow

Reagents and materials

Hyflo Hyflo super cel a grade of diatomaceous sihea supphed by
Johns-Manwille Corporation New York New York

E & D Filter Paper The Eaton Dikeman Co Mt Holly Springs
Pennsylvama

BaSOsusP sutable for x ray diagnosis  supphed by Merck and
Co Rahway New Jersey Some stocks of analytical reagent are not satis-
factory for the present procedure

Oxalated Salt Solution NaCl 36 Gm
KC0 HO 2Gm
Dustilled water to 2 liters

04 Gm

4 x NaCl Na
Distalled water to 6 liters
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for three munutes The cther extraction 1s repeated three tumes The ma
tenial 1 stored 1o the deep freeze

Thrombm Activity Determine according to the method described
on page 121

Serum Blood 1s permitted to clot at room tempersture, after two hours
1t 18 eentrifuged at 1500 g for 30

Procedure Into a sihcone coated 10 ml test tube are placed 1 ml
of the unknown plasma or serum 05 mt CaCly (0153 M) 1 mudasole
buffer, 05 m! platelet extract 1 m! purified prothrombin Ahguots are
removed at tumed mtervals with a siicone coated pipette The reacting
muxture 1s suttably diluted to have a fina} concentration, when sdded to
fibninogen of approumately 1 umt per ml

Calculation The total umts of thrombin formed are plotted on graph
paper agamst the time the aliquot 1s removed m minutes Normal plasma
produces a full thrombin yield i 30 munutes after & few minutes Istent
period

Precautions and Sources of Error The concentration of prothrombm
1m the mixture must be sufficiently high so that the prothrombm content of
the added plasma may be ignored due to the high dilution of the plasmain
the test system

The reacting, muxture must be adequatcly diluted to yreld a thrombm
concentration low enough to be accurately measured {sbout 1 umit per md )
The plasma must be shaken with the cther for at least 134 minutes to de-
stroy antithrombin

REFERENCES
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2 Separation of Thrombokinase from Plasma
and Demonstration of fis Activity

J H MILSTONE

Principle Crude euglobulin fractions of slaughter house bovine plasma
{and also of human plasma as ordinanly collected in the elimieal laboratory)
will activate their own prothrombin 1n the presence of caleium Thus shows
that crude euglobulin contams or ean gne rise to thrombokinase Throm
‘bokinsse 13 obtainsble as a by product of prothrombin punfication and in
the present case 1t 13 accompanied by very little in the way of accessory
factors However it 1 accompamed by thrombin most of which can be
removed by repeated precipitation with ammonium sulfate This thrombo-
kinase can then be tested on punfied prothrombin wth or without the
restoration of accessory factors

Crude euglobulin 13 extracted with ovalated saline and the extract 13
subjected to two successive adsorptions the first by hyflo super-cel and the
second by barium sulfate Two successnve elutions from the barum sulfate
are performed The first elution with 0 3M phosphate pH6 6 yields mo.t
of the prothrombin The second eluate obtaned with 06V phosphate
pH79 gn, es nee to thrombolunn.se and thrombin From this muxture
thromb 18 d by sulfate fractionation and dia
Iyzed

The present method appears to be the only one used repeatedly over
a penod of years to yield a separated blood dervative which can activate
prothrombin without ealcium ions and which contains Little thrombin
With this as a beginmng 1t 15 hoped that simpler metheds will follow

Reagents and materials

Hyflo Hyflo super cel & grade of diatomaceous silica supphed by
Johns-Manwille Corporation New York New York

E & D Filter Paper The Eaton Dikeman Co Mt Holly Springs
Pennsylvania

BaSO.usr -=wtable for x ray druagnosis supplied by Merch and
Co Rahway New Jersey Some stocks of analytieal reagent are not satis-
factory for the present procedure

Ozalated Salt Solution  NaCl 38 Gm
K.CO; HiO 20Gm
Dustilled water to 2 hiters

4§ NaCl NaCl 1404 Gm
Distilled water to 6 hiters
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14xKCl pHE? RCl 6% Gm
01 u RILPO, 300 ml
01NN2QH 210ml
Distilled water to 6 hiters

The pH values for thug and the followiny, solutions are read wath a glass
eleetrode

‘The readings usnally do not vary more than 01 unit from the values
gven

Wask pH 87 4 u NaCl 125 rl
01 M RH,PO, 250 m!
01~ NaOH 120 mi
Distilled water to 5 hiters

03 u phosphate pH 66 KH:PO, 81 Gm
1 5 NaOH 275 m!
Dustilled water to 2 liters

06 1 phosphate pH 7.9 KIiLPO, 163 Gm

1~ NaOH 1110 m!
Dastilled water to 2 hitera
8AS Baturated ammonium sulfate
01 8SAS 01 uacetote pll 680 SAS 100 mi
43 CH,COON=2 2t ml
4uCH,COOH 4mi
Distilled water to 1 hiter
ml
4y CH,COONa 21 m!
4 CH,COOH 4ml
Distilled water to 1 hiter
045 5A8 01 x acetate pH 525 SAS 450 m}
41 CH,COONa 21 m!
4m CH,COOH  4ml
Distilled water to 1 Iiter

Preparation of Thrombokinase as a By product of Prothrombin Purification’

Preparation of Major Frachons Frozen euglobulm may be obtmned
from Armour and Co, of Chicago Citrated bovine plasma 19 diluted with
10 volumes of cold tap water and the pH brought to 5 I by addition of 1
per cent acetic acid After setthng overmght m the cold the supernatant
18 discarded and the preciprtate stored at —17 C The weight of the frozen
preciprtate from 100 hters of plasma 1s usually between 4 and 8 kg Toavod
contipuous changes m procedure 510 gm 1s arbitranly taken as roughly
equunalent to 10 hiters of plasma

Fnve hundred and forty Gm of preeipitate 13 brohen up with & cold
chusel passed through a meat gninder and mxed with 900 mi dwstitied
water plus 1 iter of cold axalated salt solution This muxture 13 stirred elec
trically with & glass rod bent a¢ the bottom into & wide tniangle thercby

£

0.35 SAS D1 xacelate pH 525
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moving the entire suspension without causing much foanung During the
stumng about 170 m! 01 x NaOH 18 added dropwise unt:l a phenol red
spot test matches that of a pH 7 4 buffer The muxture 13 centnfuged and
the re 1due sct aide To the supernatant 1s added 400 gm hyflo which 1s
kept suspended by occa.ional stirnng for 20 munutes A suspension of 100
gm hyflon 500 m! wash 13 used to precoat an E & D No 615 filter paper
on & Buchner funnel 24 cm 1n dismeter Firer filter paper 1s not satisfactory
leading to excessive slowing of filtration
The filters are handled as if they were flat chromatographic columns
Fluds are poured on 1n batches and these are hept reasonably separate by
waiting unti] only & thin layer of preceding flurd remans over the filter
cake before the next 1s poured on
The hyflo-globulin mixture 1s poured on the prepared filter and filtra
tion with suction 13 performed slowly until the amber globulin just begins
to emerge At thus pomnt filtration 18 stopped and about 400 ml filtrate 1s
discarded Filtration 1s then completed within 10 mmutes Now 500 ml
wash 15 drawn 1nto the filter-cake which 13 then packed by pressing with a
spatula Next 1000 ml wash 1s drawn nto the cake and about 2450 m!
of amber filtrate 13 removed from the flask and stured with 800 ml cold
43 NaCl The salted globulin can be processed at once or stored overmight
at 4 C Another 1000 m! of wash 1s drawn mnto the cake the filtrate 1s
discarded and the flask rinsed with distilled water 800 ml 14 ar RCl s
poured on the filter and the suction 1s adjusted so that 20 minutes are re
quired to draw the KClinto the cake The filtrate 1s discarded Another 800
ml 14 3 KClis poured on the filter and filtration completed slowly The
800 to 1000 m!l of opalescent filtrate 1s Fraction A About 140 munutes are
required for the adsorption filtration washing and elution As routine
two batches are run from the frozen globulin to Fraction A m 5 hours
Tmtially difficulty was met 1 performing two successive adsarpnons
with globulin sol which contamned so much fit
this was largely due to the tendency of the fibrinogen to clot dunng the
process This difficulty may be avorded by ealting the globulin after the first
adsorption and by selecting the proper stock of BaSO, for different stocks
vary m their smtability for this procedure If the salted globulin had been
stored at 4 C 1t 13 warmed for 15 muinutes in a water bath at 26-30 C
Meanwlile a suspension of 10 gm hyflo 1n 300 m! 14 m KCl 13 used to
precoat a No 812 E & D filter paper on a Buchner funnel 24 em 1 diam
eter 150 gm BaS0. 1s added to the globulin and stirred continuow.ly for
10 ounutes Then 60 gm hyflo 1s added and stirred well for 2 to 3 minutes
Filtration 1s begun at moderate speed the mixture bemng poured with care
not to disturb much of the precoat After the first few seconds the suction
13 turned on full and filtration 13 completed m 15 to 30 minutes The
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BaS0, globulm suspension 15 followed by 500 m! 14 a KCl and the filter
Bask 13 emptied Then 1500 m! wash 1 pass.d through and the flask 13
emplied and rimsed with distilled water The first elution 13 performed by
drawing 500 m] 03 » phosphate, pH 6 6, through the cake n 30 to 40 nun
utes The second eluate 15 obtaned mn a sumlar manner with 900 ml 06
11 phosphate, pH 79 Sometimes twice as much hyflo 1s needed for rapd
filtration

Sometimes the procedure 1s nterrupted just before the first elution,
and the washed BaSOx 15 stored at ~17°C Often, the BaSO; 15 stored 1t
the freezer after the first elutron, and the <econd eluates may be prepared
from the stored cakes, as needed

As an edtension of this major fractionation procedure, the following
exploratory fractionations may be done

Kinase and thrombin subfractions The second eluates from 6 BaSOs
cakes are pooled For each Liter 474 gm solhid ammontum sulfate 1s added,
and stirred well The precip 18 coll d on a Buchner filter swith 33 gm
hyflo as filter atd The moist undisturbed filter cake 1s kept 1 the re
{ngerator 23 hours and then at room temperature for 15 hour For the next
34 hour, 600 ml wash 1s drawn slowly through the cake which is finally
pressed with a spatula To 650 m! of amber filtrate 15 added 351 ml SAS
After 2 hours, the prectpitate 1s removed by centrifugation To 980 ml of
supernatant 15 added 435 ml SAS The precipitate 1s collected by centrifugs
tion dissolved 1n 40 ml wash kept at 5 C for 1 week, and mixed with 33
m} SAS tomve & kinase precipitate and a thrombrn supernatant All frac
tionation 15 done at room temperature but the fractions are stored at 5 C
at the end of each day

The kinase precipitate 1s extracted with20 ml 035 SAS 01 » acetate,
and the residue discarded The extract 13 nuxed with 3 9 m! SAS, and the
resulting precipitate extracted with 15 ml 0.35 SAS 01 a acetate The ex
tract 1s recentnfuged the next day to remove any precipitate which forms
overmght 1n the cold, and the extract 13 then mixed with 27 ml 84S The
resulting precipitate 1s extracted with 5 ml 035 SAS 01ar ncetate and the
evtract 19 muxed w1th 09 ml SAS The resulting precipitate 1s dissolved 1n
15 m! wash and reprecipitated with 12.3 ml SAS The precipitate 18 dis
solved tn 20 ml wash and reprecipitated with 16 4 m! $AS This Jast parr
of operations, (20 m! wash then 164 ml SAS) 13 repeated to make 8 total
of 12 such precip The #inal p 1s dissolied 10 10 ml wash
and dialyzed agamnst sesernl changes of cold veronal buffered saline over

riod of 4 days
* chhe prmcxgle mvolved 1n this scparation has been used repeatedls,
with many vanations i detal The vanations m preparation have not as
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yet led to essential qualitative differences in the behavior of the hunase
preparations However there have been quantitative differences

Tests wrth thrombokinase The methods of testing were simtlar to those
deseribed on p 63 The veronal buffered saline was the same The stock
solution of tt bok used for the e ts of the tables and figures
contained 10 4 mg solids/ml in addstion to the solids of the buffered saline
The stock solution of potsssium oxalate was 0007 M and had an 1ome
strength of 0171, almost the same as that of the buflered saline (0 174)
Prothrombin preparation III* was used for the tests The hpod thrombo-
plastin nas that fraction of bovine braun soluble in ether but not in acetone*
made up n a 10 per cent suspension  Cephalin  prepared by the methed
of Howell® behayed sumilarly and was used for the evpcnment 1 figute 2

As shown m table 1 thrombolinase h 1n the pres-
ence of 001 M oxalate the rate of thrombin produchon depending on the
amount of thrombokinase With a constant amount, of kinase the rate of

duction 18 not il d by varymng the oxalate over a four

fold range &3 seen in table 2

As shown 1 table 3 10me caleum has comparatively httle if any
mfluence on the activation of prothrombin by thrombokinase

Tn systems contaming prothrombin and ealeim  the addition of both

k and lipaid thrombop!. causes much faster productton of

thrombin than twice 2s much linase or twice a3 much hpid As further seen
1 figure 1 ipid and caleum 1003 cause no activation of prothrombin during
the time lmuts of the expeniment hunase does activate the prothrombmn
slowly When the caleum chlonde 1s omitted thrombokinase activates
prothrombin as fast wathout ipid as with Iipid ¥

Tanre 1 Actavatron of Prothrombin by Varying Amounis of Kinase n the Presence
of 001 M Ozalate

At t  puxtures Poodift ta

ormL otml azmb ormt Bm (0ms (0m | 2 L6 ma

Buffer | Prothrombin | Oxalate | kinase undil 81 37 24| 18 14
1/2 m 57 35| 23 16

1/4 24 u8 61| 37 2

173 480) 2403 13| 8 37

1/18 | 1040 | 535 | 285 [ 155 71

1/32 | 2040 | 1380 | 655 { 310 | 152

Buffer Kinase undil | 1500 | 1380 | 1500 | — | 1350

Senal dilutions of thrombokinage 1n buffer Figures n the body of the table
give clotting times of 01 ml ssmples mixed with 0.3 m! oxalated fibninogen
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BaS0; globulin suspension 15 followed by 500 ml 14  1.Cl and the filter
flask 1s emptied Then 1500 ml wa.h 18 passed through, and the flask 18
emptied and rinsed with distilled water The first elution 1s performed by
drawing 900 ml 0.3 » phosphate, pH 6 6, through the cake 1n 30 to 40 mun
utes The second eluate 13 obtained 1n & sumlar manner with 900 m! 06
a phosphate, pH 79 Sometimes twice as much hyflo 13 needed for rapid
filtration

Sometumes the procedure 1s interrupted just before the first elution
and the washed BaSQ; 13 stored at —17°C Often the BaSO; 1s stored 1n
the freezer after the first elution, and the second eluates may be prepared
from the stored cakes, 85 needed

As an evtension of this major fractiopation procedure, the followng
exploratory fractionations may be done

Renase and thrombin subfractions The second eluates from 6 BaSO,
cahes are pooled For each liter, 474 gm solid ammomsum sulfate 13 added,
and stirred well The precipitate 13 collected on a Buchner filter with 33 gm
hyflo as filter md The moist undisturbed filter cake 1s kept 1 the re-
frigerator 23 hours and then at room temperature for 34 hour For the next
14 hour 600 ml wash 13 drawn slowly through the eake, which 1 finally
pressed with a spatula To 650 ml of amber filtrate 13 added 351 ml SAS
After 2 hours the precipitate 13 removed by centrifugation To 980 ml of
supernatant 1s added 435 ml SAS The precipitate 1s collected by centrifuga
tion drssolved 1n 40 ml wash, hept at 5°C for 1 week, and mixed with 33
ml SAS to give a kinase and a thromk p ant All frac
tionation 1s done at room temperature but the fractions are stored at 5 C
at the end of each day

The kinase precipitate 1s extracted with 20 m] 035 SAS 01 »t acetate,
and the residue discarded The extract 13 muxed with 39 ml SAS, and the
resulting precipitate extracted with 15 ml 0.35 SAS 01 » acetate The ex
tract 18 recentrifuged the next day to remove any precipitate which forms
overmight m the cold, and the extract 13 then mixed with 27 ml SAS The
resulting preeipitate 1s extracted with 5ml 035 SAS 01t acetate, and the
extract 13 mxed with 09 ml SAS The resulting precipstate 1s dissolved 1
15 ml wash and reprecipitated with 12.3 mt SAS The precipitate 13 dis
solved 1n 20 ml wash and reprecipitated with 16 4 ml SAS Ths last pair
of operations (20 ml wash then 16 4 ml SAS) 1s repeated to make & total

of 12 such prt The final 18 dissolved m 10 ml wash
and dialyzed agamst several changes of cold veronal buffered saltne over
a period of 4 days

The principle nvolved in this separation has been used repeatedly,
with many vanations in detail 'The vanations w preparation have not as
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yet led to essential qualitative dufferences in the behavior of the hanase
preparations Hosever there have been quantitative differences

Tests torth thrombokinase The methods of testing wers sumilar to those
deseribed on p 53 The veronal buffered ealine was the same The stock
solution of thrombokinase used for the expeniments of the tables and figures
contained 10 4 mg solids/ml 1n additron to the solids of the buffered saline
The stoch solution of potassium oxalate wag 0007 M and had an 1ome
strength of 0171 almost the same s that of the buffered saline (0 174)
Prothrombin preparation I1I? was used for the tests The lipod thrombo-
plastin was that fraction of bovine brain soluble 1n ether but not 1n acetone?
made up 1n a 10 per cent suspension  Cephalin  prepared by the method
of Howell? behaved sioularly, and was used for the expenment in figure 2

As shown 1 table 1, thrombokmnase activates prathrombin in the pres
ence of 001 M oxalate the rate of thrombin production depending on the
amount of thrombokinase With a constant amount of kinase the rate of
th duction 15 not mfl d by varymg the oxalate over a four
fold range as scen m table 2

As shown m table 3 10me caletum has comparatively little iof any
imfluence on the activation of prothrombin by thrombokinase

In systems contmmng prothrombin and calelum the addition of both

bok and Lipoid thromboplastin eauses much faster production of

thrombin than twice as much kinase or twice as much lipid As further seen
m figure 1 hpid and caleium 10ns cause no actiyation of prothrombimn during
the time himits of the expenment Junase does activate the prothrombin
slonly When the calcum chloride 15 omitted, thrombokinase activates
prothrombun as fast without ipd as with ipd 7

Tasre 1 Activation of Prothromban by ¥ arying Amounts of Kingse n the Presence
of 001 M Ozclate

At t mte P ood fact to

orm I atm!

.,ml otm lioms

mmm{wmi !;‘“ 160 1

Buffer | Prothrombin | Oxalate | Kinase undil 81 37 24 18 14
1/2

1/4 224 118 61| 37 23

1/18 1040 | 535 | 285|155 n

1732
Buffer Kinsse undil | 1500 | 1380 | 1500 | — | 1380

Senal dilutions of thrombolunase mm buffer Figures mn the body of the iable
@ve clottng times of 0 I ml samples suxed with 03 m! oxalated fibrinogen
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TABLE 2 Activalion of Prothrombin by a Constant Amount of Kinase in the Presence
of Varysng Concentrations of Ozalate

A tivabi n i ture ] Period of activat on
Dufler  [Pr thrombus | Ocatare f Koue | toms | wma | somo f 30 e
ol nt =l m ve ae e oo,
08 01 01 01 135 -2 55 43
07 0z 34 92 P 40
05 04 ‘ 133 81 50 %

Fagures 1n body of table give clatting tires of 01 ml semples muxed with 03
ml ovalaled fbrinogen

Taste 3 Shownng that Caloium Chlaride Has Luttle Effect on the Actsiation of
Prothrombin by the Asnase Reagent

Act vation pustures tocut m[ Added ‘ T o lncubated

07mt orm t otm | otm! | som ] oiml lmﬁ s m‘,‘,’,l,,,"
Jung ooy yov Py

Buffer | Protbrombin Ca Kingee Buffer {42 (423834
Buffer Cs (46423731

Within the himity of error as much thrombin was produced 1n 30 mnutes with
out added calaum plus 34 mimute with calewum as was produ ed by the control
mixture 10 30% munutes with caleium The subsequent thrombin assays show that
the mixtures were not completely activated ag the tima of the crtical tests and
hence the critcal tests measured the amount of thrombin produced in a defimtely
known time 1e 3014 munutes

In systems proth bin and t caleum
the combination of three vaniables—~thrombolunase cephalin  and bovine
serun! faster prod of thrombin than twice as much of any
combination of two out of the three varables 1 This 1s illustrated 1 figure 2

Conel hromboktnase as ob d from the euglobuln fraction
of slaughter house plasma, can activate prothrombm in the presence of
oxalate provided that the thrombokmase 1s sufficrently punfied and con
centrated

Calewum 10us plus hpod thromboplastin complement the effect of
thrombokiase Tonie ealeium 15 not an effectnn e complement wathout bpord
thromboplastn and hipoid thremboplastin 1s net effective without iontc
caleum Homell s ‘cephalin can be used a« hpotd thromboplastn

When thrombokinase 15 complemented by caleum and  cephalin !
o further, different acceleratory effect 1s everted by bovine serum Whether
thus dafferent effect of bovine serum corresponds to one or more of the pro
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posed new accelerators 1s left open Whether bovine sertm also contains
some thrombokinase 1 left open

Precautions and Sources of Error The major fractionation procedure
has been repeated more than 100 times However 1t does require eare and

lously clean It 13 not ded for casual tnal

The ad d are adjusted for use on ovalated euglobulin
solutions The hyflo adsorpuon does not work 1n quite the same way when
applied directly to whole plasma

The re]atxons}up ilustrated by figure 2 cannot be demonstrated unless

the proth hasa 1y low content of the factors to
be added

The experiments must be arranged or controlled so thut a mugmﬁca
tion of thrombin activity 1s not mistaken for an ! of

thrombin For example 1n the actrvation of prothrombin by thrombohinase
(table 1 page 51) 1t seems that calcium chlonde males some difference
m the activation However the observed difference 13 due almost entirely
to the effect of ealcium on the clotting of the thrombin fibrinogen muixtures

80-‘

604

Kinase +LI\PID

404

THroMBIN

20-
Kinase xg

Lipio x2
o 10 20 30 40

Minures With Protaromain + Ca

F1a 1 —Test system prothrombin and calemm The activation mrxture repte
sented by the top curve had kinase diluted 1/176 and ipxd diluted 1/880
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PROTHROMBIN, CALCIUM CHLORIDE, PLUS A,B,C, CR D

A o

. -

teo THROMBARKINASE; CEPRALIN® SERUM 7

TrROMBIN P
as L /S
3000 8 /i

CiormnsTiME  go.

THROMBOKINASE X2 ‘CEPHALIN X2

[
CepHALIN'XZ StRum X2

*]
THROMBOKINASE X2 SERUM X2

v ¥ v —
° o 20 30 40 s0 60 7O B0 SO
Minutes o Turomein Prosucrion
F1a 2 —~Test A contarned 0032 mg thrombokinase 0 016 mg Howells cephs
Iin and 000125 m! bovine sarum The final volume of all activatton muxtures was
11m) The concentratron of calerum chlorsde 1n the activation mixtures was 0 0025

When the experiment 13 arranged to cancel out this difference, shown m
table 3, 1t 13 scen that calcium exerts Iittle mfluence on the activation of
prothrombin by the particular thromb By an exp simlsr to
that of table 3, 1t can be shown that calejum and lipord thromboplastin
together make n real difference mn the rate of thrombin production, 1e this
T 13 not Jled out by ad; the test and the control to the
same concentrations of calerum and hpid just before the samples are
assayed for thromhin
T k 18 easily d le 1n Fraction A, as obtained dur

1ng the above procedure It can also be prepared 1o another way ® But both
of these preparations contain at least one accessory factor and hence they
are not switable for these experiments ‘The apparent behavior of thrombo-
Janase has changed as 1t has been obtamned m purer and more concentrated
form and certamn effects formerly associated with thrombokinase are now
seen ta be more closely associated wrth accessory factors It 1s concenable
that the beh of thrombok will change further gs punfi

cation progresses

Useful references In his classic review," Morawitz tabulated ovalated

plagmn 83 one fwd 1 which thrambolunase was avalable In 1609 Mel

lanby noted, ‘ The solubtity relations of kinase are such as to ensure its
preamtation with fibrinogen from bird & plasma ' In 1916 Dale and

Walpole prepared thrombolanase by treating stable thrombocyte poor
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bird plasma with chloroform Tagnon treated recaleified dog plasma with
chloroform, and obtamned a denvative that could activate prothrombin 3n
the presence of oxalate There would still be some differences 1n the inter
pretation of these observations The history of this topic has been reviened
elsewhere *

Al der’s results! have d that one or more of the proposed
new factors can be d hed from thromb
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3 Estimation of Antihemophilic Activity by the
Partial Thromboplastin Time Technic®

R D LANGDELL, R H WAGNER and
K M BRINKHOUS

Object of the Test The diagnosis of hemophilia can no longer be made on
the classical triad of family hustory, prolonged whole blood clotting time
and normal bleeding tume It has been neceseary therefore to develop more
specific methods for the diagnosis and study of the clotting defect This test
13 useful because 1t 18 relatively simple to perform yet grnes an accurate
estimate of antthemophilic activaty The test has been of value m both
dragnostic and fractionation studies* 2

Principle Underiying the Test Certamn thromboplastins appesr to be
unable to compensate completely for the defect of hemophilia These have
been termed ¢ partial thromboplastins * One stage type clotting times done
with thest thromboplastins have been termed ¢ partial thromboplastn
times The relatively slow clotting of hemophilic plasma with these partial
thrombop! can be lerated by the addition of small amounts of
pormal plasma Within hmis the shortening of the hemoplulte parttal
thromboplastin time 13 proportional to the amount of normal plasma pres
ent By comparnng the relative effectiveness of a known normal plasma and
the test materal the corrective effect (antihemophilic activity) may be
expressed as per cent of normal

Apparatus (1) Synnges and needles (2) Centrifuge tubes (3) Cen
trfuge (4) Refnigerator (5) Balance (6) Glass tubes 10 x 75 mm are
nsed m determming clotting times Tubes of larger size are necessary for
storage of reagents (7} 28 C water bath (8) Serologte pipets A supply of
02 1and 5ml pipets s needed (9) Stop watch preferably operated with
a foot pedal (10) Icebath It 1s conientent to use a small Dewar flask filled
with 1ce and water (11) Freezer Any standard type freezer cabmet capable
of mmntanmg & temperature of ~20 C or lower 1s useful The freezer 18
used for storage of thermolabile reagents

Reagents Best results are ob 3 nhen the d below
are used

1 011 M sodum citrate

2 011 M sodum oxalate

Tavestigations leading to this method were supported 1o part by research grants

11 1648 and H 1333 from the National Heart Tnstitate Institutes of Health Public
Health Service




PLASMA LASTIN AND 3

3 011 M calowum chloride

4 0154 M sodum chloride (normal saline)

5 Imidazole buffer pH 72 Weighout172 Gm CP imdazole (Ed
can Laboratorses South Norwall Connecticut) Dissolve in approumately
00 ml 01N HCl Adjust to pIL 7.2 didute to 100 ml Store mn freezer

6 Oxalated saline Mix one part 0 11 M sodium oxalate with five parts
of normal saline

7 Calerum mmdazole solution Mix 7 parts 011 M caleium chloride
6 parts imidazole buffer pH 7 2 and 5 parts normal saline Store at —20 C
1 10 ml lots

8 Hemophilic plasma substrate Obtain blood from a known hemo
pheliac using the two syninge method Avoid air bubbles 1n collection Mix
mmediately with 0 11 M sodium citraten s ratio of one part sodium citrate
to 8 parts whole blood Centnfuge at about 3000 g for 20-30 minutes
Withdraw the tant plasma after d the hemat Teep
at 4 C untl just before use If the plasma 1s not to be tested withn 1-2
bours after venepuncture store immediately 1n freezer

9 Oxalated plasma Obtain blood by venepuncture mix immediately
with 0 11 M sodium oxalate in a ratio of one part sodium oxalate to 9 parts
whole blood The rest of the procedure 1s the same as m (8) above

10 Barum sulfate treated plasma It 1s prefersble to carry out this
procedure at 4 C Add 100 mg Merck Reagent or Baker and Adamson
Reagent BaSO, powder per ml oxalated plasma Adsorb for 30 minutes
with occasional ming Centnifuge st about 3 000 g for 30 munutes With
draw the supernatant plasma Ths plasma should not clot when mixed with
thromboplastin and calcrum

11 Partial thromboplastin Any of a number of partial thromboplastins
may be used 1n the assay More consistent results are obtained with a crude
cephalin preparation which may be prepared from bovine camne or hu
man bram as follows

The memnges are removed and the brain 1s washed under tap water
Cover about 100 grams of braimn tissue with acetone and let stand for one
hour Mash the brain under acetone with a pestle Decant and repeat until
the tssue becomes flaby and the acetone remains clear

Grind the tissue with clean sand and spread the resultant paste on a
large flat pan Dry for about 15 mimutes Cover the dry material with ether
and let 1t stand overmght at room temperature ¥ilter evaporate filirate to
dryness with a stream of 21r or mtrogen Wash the residue twice with 40 ml
acetone and twice with 40 ml bouing acetone Air dry the resdue The yreld
18 usually two to three grams

To three grams of the waxy white product add three ml of normal
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saline and mux intimately Bring the volume of the suspension to 100 mi by
the slow additron of normal sahne, with mixang The 3 per cent stock sus-
pension 1s stored 1n one m! lots 1 the freezer A 03 per cent stock su.
pension 1 normal saline 18 useful It 15 also stored mn the freezer

Steps in Performance of the Test Test and control plasma are treated
with barrum sulfate before use

(2) Place hemophilic plasma substrate in the 1ce bath Bring 0.3 per
cent crude cephalin and calerum mmdazole solutions to 28°C 1n the water
bath

(b) Prepare 0015 per cent cephalin suspension by diluting the 08 per
cent suspension 1 to 20 with norma) sahine

(c) Using oxalated sahne as a diluent prepare 1 per cent 2 5 per cent
5 per cent and 10 per cent dilutions of test and contral plasmas One ml of
each dilution i adequate When plasma fractions are bewng tested previous
dilutions must be considered 1n preparing these solutions Vanatons m
plasma dilution caused by varymg hematocrits may be corrected for i the
fina) caleulattons

{d) The dilutions are tested by mang n order

0 1 ml bemophilic plasma substrate

0 1 ml chiuted test or control plasma

0 I ml 0 015 per cent crude cephalin suspension
01 ml ealerum umidazole solution

Deternune tume elapsing from addrtton of ealerum mudazole until elot
forms

Clotting times are determumed for each dilution of both test and control
plasma This should be done 1n & systematic order rather than at random
C tent results are ob d if deter are dove as follows

1 10 per cent control plasma
2 10 per cent test plasms

3 5 per cent control plasma
4 5 per cent test plasma

5 2 5 per cent control plasma
8 2 5 per cent test plasma

7 1 per cent control plasma
8 1 per cent test plasma

(e) Repeat d twice 5o that three clotting times are obtaned for each
dilution of both test and control plasma
Caleulations The calculations are illustrated by means of an assay of

al human plasma
mrm(a) Calculate the average clotting time for each plasma difution
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Sample
10 per cent control plasma
10 per cent test plasma

5 per cent control plasms
5 per cent test plasma

2 5 per cent control plasma
2 5 per cent test plasma

1 per cent control plasma

1 per cent test plasma

21

75

(b) Plot clotting time against plasma concentration on semu log paper
The plasma concentration 13 represented on the log scale

225-1

ONDS)
»n
o
o

¢ CONTROL

1254

CLOTTING TIME (SEC!

100

(c) Determune by interpolation the concentrations of test plasma that
would give the same clotting times as 1 2 5 and 5 per cent control plasma
Divide control plasma concentration by the equivalent test plasma
concentration and multiply by 100 The average of the results 1s an expres-
ston of the antthemophihic activity of the test sample n terms of per cent of

the control

Eq lentCo centratio

AHF AL tyas
fTest Plasm (P Ce t) P Ceat fContrl
1 4 per cent 71
3 6 per cent 7
6 9 per cent 72

2 T € 8 10
CONTROL OR TEST PLASMA (PER CENT)

Fro 1 —Graph 1llustrating m thod of plotting data for calculation of ants
hemophihic activity i test sample (From J Lab Cltn Med 42 637 19a3)

Average 71
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Allernalue Procedures () Shorter clotting times and shsrpEr end
pumts are obtained by the addition of & very dilute solution of accelem
tors ’ to the 0 015 per cent cephalin The accel
necessary vary somewhat with the reactivaty of the standard reagents but
the amounts specified below are usually satisfactory To 59 m! of the ceph
aln suspenston 15 added 0 1 xl of Topical Thrombm 05 unit perml or
Russell viper venom, 004 pg per ml  or serum accelerator, 2 spea umts®
per ml (The modified procedure allows more rapid testing but should not
be attempted until one 1s farmliar with the assay )

(b) When the test sample contains a higher concentration of antihemo
philic actavity than the control, 1t 15 more con cnsent to determine the con
centrations of test plasma that would give the same clotting times a3 25
5 and 10 per cent control plasma

Normal Range of Values In a control group of 28 normal sdults of
both sexes the range was 68 t0 165 per cent of the mean and the standard
deviation was =28 per cent

Persons with clas.tc hemophiia have little or no detectable antthemo-
philic activity 1e httle or no antihemophilic factor (AHF)

Precauttons and Sources of Error (1) Because of the wide range of nor
mul values careful selection of plasma to be used as a control 1s required
Best results are obtamned by using the plasma of an mdividual whose antt
hemophilic activity 13 known 1n relation to the mean of a large group of
normal persons or by u ing pOOIQd pla mas from several healthy adults

{2) U ed of thrombin or serum ) (5) shorten
the partial thromboplastin time of h halic plasma without regard to the
smount of antthemophilic activrty It 1s, therefore essential that the BaSO4
treatment remove these factors quantitatively from the materials to be
tested

(3) As the reactivity of the hemophilic plasma substrate may vary, 2
control must be run with each test sample

(4) The antthemophilic activity of plasma may decrease on standing
Therefore after the plasma dilutions are made deterounations must be
performed promptly

REerERENCES
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4 Eshmahon of Anthemophilic Achivity by
the Prothrombm Uthzation Technic®

J B GRAHAM, G D PENICK and
K. M. BRINKHOUS

Qbgect of the Test To deternune the antthemophilie actnty of plasma
or plasma fractions The results are expressed i relation to the antihemo-
philir actinty of a pormal plasma of known AHF (Antihemophilic Factor)
concentration

Prineaple Underlipng the Test In clasnc hemophilia the prothrombin
of .hed blood 13 converted to thrombin very glowls ! After a normal blood
transfusion! or after addition in vitro of normal plasma to the hemophihie
blood * the rate at which prothrombin 13 converted to thromabin 1s greatly
aceelerated Thus corrective action 13 attnbuted to the presence in novmal
blood plasma of a protemn antihemophilic factor (\HF) as yet mncompletely
defined Within limits the amount of prothrombin consumed 1n the whole
hemophilic blood 1s Linearly proportional to the amount of AHF added
Thus the amount of AHF required to coavert 0 per cent of the prothrom
bin 1z a sample of hemophilic blood 1s the same regardless of the source of
the AHF By companng the amount of test matensl {AHF) required to
cause 50 per cent conversion of prothrombin n the hemophihie blood with
the amount of control plasma required to produce the same change the
amount of AHF 1n the unknown can be expressed in per cent of the control
AHF of plasma 1s not adsorbed by BaSO, * while serum accelerator factors
which may mfl the 3 rate 1 the presence of
AHF are adsotbed.® For this reason matenals tested for AHF are sub-
jected to prelirmnary BaSQ, adsorption

Peagents and apparalus required (a) Peagents and equpment 2s out
Iined for the two-stage determination of prothrombin (page 105) and the
prothrombin utibzation test (page 117)

(b) An available supply of blood from classic hemophilia exther humnan
or canine

(c) Plasmas from control and test subjects Mix 9 parts of blood with
one part 011 M sodum oxalate solution Centnfuge at 3000-5000 g for
10~1 minutes and obtain the otalated plasma Mix with powdered Baso,
1m the ratio of 100 g for each ml. plasma Stir peniodically At the end of

Investigations leading to this method were supported sn part by research grants

H 1648 and H 1333 from the National Heart Insutate National Institutes of Health,
Public Health Service
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Alternatie Procedures (a) Shorter clotting times and sharper end
points are obtamed by the addition of a very dilute solution of ‘accelera
tors’ to the 0 015 per cent cephall p The )
neeessary vary somewhat with the reactvity of the standard reagents but
the amounts specified below are usually sattsfactory To59ml of the ceph
alin suspension 1s added 0 1 ml of Topteal Thrombm, 05 untt perm! or
Russell viper venom, 004 pg per ml, or serum accelerator 2 spea umits®
perm! (The modified procedure allows more rapid testing but should not
be attempted until one 1s famibar with the assay )

{b) When the test sample a higher 1on of
philie getrvity than the control 1t 1s more convemtent to determine the con
centrations of test plasma that would give the same clotting times as 25
5 and 10 per cent control plasma

Normal Range of Values In a control group of 28 normal adults of
both sexes the range was 68 to 165 per cent of the mean and the standard
deviation was 328 per cent

Persons with classic hemophiha have hittle or no detectable antthemo-
philic activaty, 1e  hittle or no antthemophilic factor (AHF)

Precautions and Sources of Error (1) Because of the wide range of nor
mal values careful selection of plasma to be used as a control 1s required
Best. results are obtained by using the plasma of an individual whose antt
hemophilic activity 18 known in relation to the mean of a large group of
normal persons or by usmg pooled plasmas from several healthy adults

{2) Uncontrolled amounts of thrombin or s.rum accelerator {s) shorten
the partial thromboplastin time of h hilie plasma without regard to the
amount of antthemophilic activity It 1s therefore, essential that the BaSO«
treatment remove these factors quantititrvely from the matenals to be
tested

(3) As the reactivity of the hemophilic plasma substrate may vary, 8
control must be run with each test sample

(4) The antthemophilic activity of plasma may decrease on standing
Therefore after the plasma dilutions are made determnations must be
performed promptly

h
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whole hemophulic blood the volume 1s then expressed as ml per ml native
hemophle plasma AHF concentration mn the test sample 1s expressed 1n
terms of per cent of activity of the control This 1s caleulated as follows

m! control plasma per m} native hemophilic plasma
mal test sample per ml natwve bhemophilie plasma

X 100

= ¢7 AHF in test sample

(b) An example will illustrate the calculations Test plasma was ob-
taned by drawing 9 ml whole blood and mixing with 1 m! 011 M sodium
oxalate solution The hematoent was 50 per cent The concentration of the
plasma was reduced by dilution with owalate as follows

volume of native plasma  _ 45
volume of oxalated plasma 55

= 082 m! native plasma per ml oxalated plasma

Dunng dumlysis the volume of the adsorbed plasma increased from
55ml ta 58 ml Thus the concentration weas reduced further by the fac
tor 55 . 09

58

h

value of the b hilic blood was 45 per cent Thus
01m! of each dilution was added to 055 m! of native hemophilic plasma

The actual volume of each dilution of the AHF-contaiung plasma
added to 1 ml native hemophilic plasma 13 caleulated as follows

Oxalate dilution factor (082) X dulyss dilution factor (090) X

volume of diluted sample added t0 1 ml hemophilie blood (01 ml) X fac
tor to adjust1ml whole hemophuhie blood to 1 ml native hemophikic plasma
(1/55) = 0142 ml Thus figure does not take the series of plasma dilutions
1nte account To obtamn the actual volume then multiply 0 142 by 1/dilu
tion factor These values are given n the second column in the tabulation
below The residual prothrombin 1n the hemophilic serum muixed with that
dilution 18 indicated in the third column

ml plasm jml oaty

Plaem Dil tiom hemopkull plasma Resid al prothromb  per cent.
12 0 071 <10
14 0 036 <10
18 0018 35
116 0 009 58
132 0 0045 68
164 0 0023 g
Control 0 0000 100

By plotting the figures m columns 2 and 3 on rectangular graph paper 4
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30 munutes centrifuge at about 3000-5000 g for 15 mmutes Dialyze the ad
sorbed plasma for two hours with continuous agitation 1n Visking Ne-Jax
casing against four changes of citrated sahne (1 part 0 11 M sodium citrate
solution plus 99 parts physiologrc saline, 1e, 0 15¢ M NaCl} Centnfuga
tion, adsorption and dialyss are carnied out at 4°C
(d) 10 x 75 mm test tubes, graduated at the 125 ml mark
Steps 1n the Assoy (2) Collect plasmas ag described above Record
hematocnit values for each blood sample Also record volume of each plasma
before and after dualy a1
(b} Place 015 ml imidazole buffer pH 7 2 1nto each of four series of
eight graduated test tubes
{c) Prepare senal two fold dilutions of the test and control samples,
using sahne as diluent For human plasma the sertes consista of dilutions of
12,14,t01 64 Add 01 ml of each dilution of each sample to successise
and respect bers of the series im (b) This 13 dore 1 duph
cate for each dilution Each tube pow containsa 0 25 ml volume of reagents
The remainmg two tubes in each series are used as controls, 01 ml salie
13 placed mto each
(d) Collect hemophilic blood by without
1n & sihcone treated syrmnge Immediately place 1 ml whole hemophtlic
blood 11t each tube contamung the buffer and diuted plasma Sufficzent
blood should be obtawned to fill each tube and to provide s sample from
which the b 1t value can be ob d 015ml 011 M sodium citrate
15 immedhately added to the first pair of control tubes, the contents muxed
and centrifuged
(e) Invert the other tubes once for muxmng and place 1n 8 28 C water
bath At the end of 30 munutes add 0 15 ml 0 11 M sodium citrate solution
to each tube Gently Ioosen clot with an applicator stick Centrifuge at once
at 3000-5000 g for 10 minutes
() Remove sera by aspirating with a eapillary pipette and attached
rubber asprrating bulb Poo} the supernatant serum from each parr of du
plicate tubes
() Determne the prothrombrn unttage of each pooled sample by the
two-stage method The wcubated pair of saline controls 1s used to venfy the
conversion defect 1n the hemophilic blood These should have a resrdual
prothrombin value of 100 == 10 per cent I the assay 13 not done mmmed:
ately freeze (—20°C ) samples
Caleulations (a) The object of the calculations 15 to evpress the amount
of AHF m the test plasma m terms of the control First obtam the volume
of undiluted test and control samples which when added to 1 0ml volume
of whole hemophilic blood gave a prothrombin half hife of 30 mtutes (5¢
rombin converted m 30} Using the hematocrt value of the

lant.

per cent prothi
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5 Estimation of the Clot-Promoting Power of
Plasma Euglobulin Prepared by the Method
of Progressive Dilutions

L M TOCANTINS, R R HOLBURN and R T CARROLL

Object of the Method A test for the presence and function of clot pro-
moting euglobulins in normal and abnormal plasmas
Principle 1f the clot promoting euglobulin 1s present n plasma in
normal amount and function 1t will gamn 1n activity as 1t 13 prepared from
mereasingly more dilute plasma
Apparatus and Reagents Plalekt poor plasme Use of silicone surfaces
) hout the p and 18 necessary Blood from a clean
puncture of a turgxd vemn using 8 ¥ 18 necdle 18 drawn 1nto a syringe con
tanng 02 ml 19 per cent sodium aitrate per 10 ml blood and the mrcture
well mixed by mversion The citrated blood 1s allowed to run down the wall
of a silicone coated tube by applying gentle pressure to the plunger of the
syringe The plasma 1s separated from the cells by centnfuging at 2400 g
for 50 minutes at 4 C and removed by a stlicone dropper pipette avoiding
the agitation of the cellular elements
Euglobuhin solutions Four samples of the platelet poor plasma from
the normal and the unknown blood are each diluted with distilled water 1 10
1 100 1 1000 and 1 10000 lobulins are d by the drop
addition of 1 per cent acetic acid to pH 6 0 After each solution 1s allowed to
stand 1n the refrigerator for 1 bour 1t 18 centrfuged for 30 mmutes at 2400
gat 4 C The 1 d ded and the sed tved 1n a
volume of 0 85 per cent NaCl solution equal to the ongimal volume of plasma
used Alternately the sedmments are dried n the dessicator overmight
weighed and 0 4 per cent solutions 1n 0 85 per cent NaCl prepared for test
g The pH 1s adjusted to 74 with a drop of mudazole buffer The solu
tions are tested immedzately and should stand 1n ice before the test period
siee they will clot if allowed to stand too long
Steps in Procedure The testing 1s carried out 1n & 37 C water bath and
m silicone tubes Only the pipettes used for plasma need however to be
silicomized To 05 ml of stable platelet poor plasma 01 ml euglobuln
suspension 005 ml 62 M CaCl; are added and the stopwatch 13 started
at the addition of the caleium chlonde Each euglobulin suspension 1s tested
on a substrate of 1ts own plasma as well as normal plasma
Calculatzon The data obtained 13 plotted on log log graph paper with
clotting times as the ordinate and the plasma concentration from which the
euglobulin was prepared as the abscissa values If the euglobulin of the un
known plasma 15 normal 1 amount and function the suspensions prepared
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and mterpolating the m of the test plasma sample which will grve a 50 per
cent residual prothrombn level (1¢, a prothrombin half life of 30 mimutes)
18 determined  This value 13 0 0115 ml
From suular caleulation with a control plasma 1t was found that
00092 ml per m! native hemophilic plasma gave & prothrombin half bie
of 30 mmnutes The AHF 1n the test plasma was thus
2
g%??;—:—} X 100 = 80 per cent AHF
Range of Normal Values For man 50-200 per cent of the mean
Precautions and Sources of Error
(a) Care should be taken to avoud air bubbles and rough mampula
tions during the collection of the blood mverston of the tubes and loosen
mg of the clots
(b) Prothrombm and proconvertin should be removed completely m
the BaSO, adsorption step A rapid check can be made by doing a one stage
prothrombn time determination If clotting occurs 1n Jess than 10 minutes
readsorb
{c) An occasional hemophilic patient will be refractory to the correc
tive action of AHF It 1s believed such patients bave developed excessive
mbitors Therr blood 15 not sustable for this a<say procedure Smularly,
blood from a hemophilic subject who hag recerved a transfusion withimn the
precedin, tno weeks or a case of muld hemophlia with a normal prothrom
bin cony ersion rate should not be employed
(d) In work with human plasma the subject or subjects used as controls
should be carefully selected We test a group of 15-20 normal subjects and
select one or more indniduals wath values approvunating the mean as our
standard reference
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utilization in canine blood Federation Proc 12 358 1953



PLASMA ASTIN AND 81

5 Estimation of the Clot-Promoting Power of
Plasma Euglobulin Prepared by the Method
of Progressive Dilutions

L M TOCANTINS, R R HOLBURN and R T CARROLL

Object of the Method A test for the presence and function of clot pro-
moting euglobulins 1n normal and abnormal plasmas

Principle If the clot promoting euglobulm 13 present 1n plasma 1n
normal amount and function 1t will gain 1n activity as 1t 1s prepared from
mereasingly more diute plasma
Appamlux and Reagents Platelel poor plasma Use of mlicone surfaces

and 15 necessary Blood from a clean

puncture of a turg:d vein using & # 18 needle 13 drawn nto a eyringe con
tammng 02 ml 19 per cent sodium citrate per 10 ml blood and the mixture
well mixed by inverston The eitrated blood 13 allowed to run down the wall
of a silicone coated tube by applying gentle pressure to the plunger of the
syringe The plasma 18 separated from the cells by centrifuging at 2400 g
for 50 minutes at 4 C and removed by a sihcone dropper pipette avoiding
the agitation of the cellular elements

Euglobulin solutions Four samples of the platelet poor plasma from
the normal and the unknown blood are each diluted with distilled water 1 10
1100 1 1000 and 1 10000 Euglobulns are d by the &
addition of 1 per cent acetic acid to pH 6 0 After each solution 1s allowed to
stand 1n the refngerator for 1 hour 1t ls centrifuged for 30 mmutes at 2400
g at 4 C The supernatant 13 d ded and the sed ived 1n a
volume of 0 85 per cent NaCl solution equal to the oryginal volume of plasma
used Alternately the sediments are dried i the dessicator overnight
weighed and 0 4 per cent solutions 1n 0 85 per cent NaCl prepared for test
1ng The pH 1s adjusted to 74 with a drop of imidazole buffer The solu
tions are tested immediately and should stand 1n 1ce before the test period
since they will clot if allowed to stand too long

Steps wn Procedure The testing 13 carried out m 2 37 C water bath and
1 sihicone tubes Only the pipettes used for plasma need however to be
siiconized To 05 ml of stable platelet poor plasma 01 ml euglobulin
suspension 005 ml 02 M CaCl; =are added and the stopwatch 1s started
at the addition of the caleium chlonide Each euglobulin suspension 1s tested
on a substrate of 1ts own plasma as well a3 normal plasma,

Calculation The data obtained 13 plotted on log log graph paper with
clotting times as the ordinate and the plasma concentration from which the
euglobulin was prepared as the abscissa values If the euglobulin of the un
known plasma 1s normal in amount and function the suspensions prepared
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and nterpolating, the ml of the test plasma sample which will give a 50 per
cent restdual prothrombin level (1 e , a prothrombin half hfe of 30 minutes)
18 determined Ttus value 1s 00115 ml

From sumlar caleulation with o control plasma, 1t was found that
00092 m] per ml native hemophihe plasma gave a prothrombm half Lfe
of 30 minutes The AHF i the test plasma was thus

00092 ml
00115 ml

Range of Normal Values For man, 50-200 per cent of the mean

Precautions and Sources of Error

(a) Care should be tahen to avord air bubbles and rough mampula
tons during, the collection of the blood, mversion of the tubes and looscn
mg of the clots

(b) Prothrombm and proconyertin should be removed completely in
the BaS0, adsorption step A rapid check can be made by domng a one stage
prothrombm time determimnation If clotting occurs mn less than 10 minutes
readsorb

(¢} An occactonal hemophilic patient will be refractory to the eorrec
tive action of AHF It 1s beleved such patients have developed exce.sne
mhibitors Therr blood 1s not suitable for this assay procedure Smmlatly
blood from a hemophilic subject who has received a transfusion withm the
preceding two weeks or a case of mild hemophilia with a normal prothrom
bin conversion rate should not be employed

(d) In work with human plasma the subject or subjects used as controls
should be carefully selected We test a group of 15-20 normal subjects and
select one or more individuals with values approximating the mean as our
standard reference

X 100 = 80 per cent AHF
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vitro and 1n vivo to an essentially simular degree 2s when the euglobulin
suspension originates from normal plasma at 10 per cent concentration
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6 Estimation of Plasma Thromboplastin Com-
ponent (PTC) Activity (Method of White,
Aggeler and Glendening)

Adapted by R R HOLBURN®

Obgect of the Method To express the PTC actmty of vanous p].mmx
and serum f m terms of
utilization of blood deficient i thls actinity

Principle Plasma, d with the
production of thromboplastin n the plasma Bince thxs component 13 2ssoel
ated with the globulin fraction of plasms and serum, a fairly potent con
centrate of the factor may be prepared from normal serum by the method
of barium sulfate adsorption of acid wnactivated serum This fraction when
added to PTC defictent plasma restores the defective prothrombin utihiza
tion to normal

Apparatus and Reagents Ozolated plasma One volume of 0 1 M potas
srum oxalate per 9 volumes of blood

Platelet poor plasma Blood 18 collected as for venous whole blood co-
agulation time except that synnges are coated with sheone ol The blood
13 centrifuged at 5000 rpm for 30 nunutes 1 lusterord tubes in & small angle
cenmfuge at 4 C The supenmtﬂnt plasms, 13 placed in lusterod tubes and

d at 30000 rpm (75000 g) for
30 minutes The upper half of the plasma 13 carefully pipetted off and used
From Blood 8 101 1953
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from the more dilute plasmas will gan 1n clot promoting activity until
equal to that of the normal euglobulin suspension ‘The degree of dilutton
required to equalize the activity of the 2 euglobulins 1s an approumate
measure of the qualitative defect of the unknown plasma
Values Oblained Normal plasma euglobuln soluttons when prepared
from plasma diluted 1 1000 display & two fold merease 1n elot accelerating
activity over that prepared from plasma diluted 1 10 Further dilution of
the plasma used to prepare the euglobulin solutron produces no greater i
crease m clot pr g power Hemophilia A plasma euglobulin sol
prepared from a 1 10 plasma dilution do not accelerate the clotting of nor
mal plasma to any great extent and are powerless when tested on a substrate
of therr own plasma However, as the plasma used 1n the preparation of the
solution becomes increasingly more dilute the euglobulins from hemophilic
plasma gam markedly mn clot promoting power until they function as well
as the normal euglobuln prepared from an equvalent dilution, whether
tested on a substrate of normal or hemophilic plasma The amount of dilu
tion necessary to equalize the activity of the hemophilic euglobulin suspen
sion with that of the normal depends on the severity of the defect
Solutions prepired from plasma which has a quantitative deficiency m
the clot p 4 buln (e g h hiha B plasma) cannot regardless
of amount of dilution equal normal euglobuhn suspenstons n clot promot
ng power whether tested on a substrate of 1ts own plasma or normal plasma
Precautions and Sources of Error Care must be taken to recover all the
precipitated euglobulm from the highly diluted specrmens The weght of
the dried euglobulin precipitate after correction for salt content will serve
as o check. for complete recovery Incubation of the euglobuln solutton with
plasma before recalcification results i the loss of activity that may be com
plete 1n 30 munutes Therefore recalerfication should follow at once after
addtion of the euglobulin solution to the plasma
H huliz A evglobulin prepared from 10 per cent plasma
concentration has little clot promoting actnvity while normal euglobuhn
prepared from the same concentration has a strong activity As more cilute
plasma 1s used for the preparation of the euglobulins the actvity of the
h hilie euglobul dually and tuslly equals that of
the normsl When a highly active normal euglobulin 18 incubated with
aitrated normal plasma before recaleification, much of 1ts activity 1s lost
within 30 minutes when mcubated with Hemoplula A plasma 3t loses all
activity m 10 minutes The difference between normal and Hemophiha A
plagmas 1n their resp to H hilia A euglobulin can be el ted by
appropriate dilution of the plasmas to about 5 per cent concentration
Euglobulin solutions prepared from Hemophulia A plasma at 1 per cent or
less concentration the coagul of Hemophilia A blood m
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Y alues Obtained PTC activity of normal plasma 900 per cent, PTC
activity of normal serum euglobulin 620 per cent PTC actmty of normal
serum pscudoglobulin 760 per cent Inert material 1s obtained when frac
tions are prepared from the serum or plasma of a patient with a deficiency
of this component
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7 Thromboplastin Generation Test of Biggs
and Douglas’

R L MacMILLAN

Object of the Test To measure the mtrinsic thromboplastin activity of
the blood

Principle Underlying the Test Biggs Douglas and Macfarlane? have
shown that blood could generate a powerful thromboplastin that was ea
pable of clotting plasma 1n 8-12 seconds The factors necessary for the pro
duction of the thromboplastin are platelets antihemophibie globulin Christ
mas factor or plasma thromboplastin component (PTC) and caleium
Antihemophthe factor 1s supphed by citrated plasma treated by aluminum
hydroude and serum provides the Christmas factor or PTC factor

Preparation of Reagents (1) Collection of blood 9 ml of human venous
blood are muxed with 1 ml of 3 8 per cent sodium crtrate

(2) Platelets The aitrated blood 1s centnifuged at 1500 rpm for ten
minutes The platelet rich plasma 1s pipetted off 2nd centmifuged at 15000
tpm for five minutes The platelets are deposited on the bottom of the tube
The platelet poor plasma 13 then poured off and kept for use as the substrate
The platelets are washed with 5 ml of physiologic salme a wooden appl
cator stick 15 used to bresk up the clumps of platelets The suspension 18
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for testing Those specimens yielding poor utilization of prothrombrn are
used

Separation of PTC from plesma Five ml ahquots of platelet poor
oxalated plasma are heated 1n thin walled glass test tubes at 56°C for §

nmunutes and ¢ooled diately to room ure in an 1ce bath The
coagulated fibrinogen 1s removed by centnf and the sup t
adsorbed with barium sulfate, fifty mgms barum sulfate C P perml of
plasma The button of barum sulfate with 1ts adsorbed PTC 15 washed
twice by dispersion with 5 ml of 002 M acetate buffer (pH 5 2) and centnt

fuged at 3000 rpm for 30 mnutes The PTC 1s eluted two tumes from the
barum sulfate button with 5 per cent sodium eitrate i 09 per cent NaCl,
80 that the final volume of eluste equals the onigmal volume of plasma proc

essed The ctrate eluate 13 dialy<ed agmnst 0 9 per cent NaClat 4 C for
24 hours The dialysed eluate may either be frozen at ~30° or Iy ophthzed

Preparation of PTC from serum Nme volumes of serum from blood

allowed to clot for 24 hours mn glass test tubes at yoom temperature are
mrxed with one volume of 3 2 per cent sodium atrate and allowed to stand
at 37°C for 30 minutes to assure neutralization of any thrombin The pH
of the serum 15 reduced to 29 by the dropwise additron of 1 N HCI and
allowed to stand for 2 hours at 37°C The pH 13 adjusted to neutrality by
the additton dropwise of 1 N NaQH The PTC fraction of the serum 13
obtamed by adsorbing 1t on barmm sulfate (50 g /m] of serum) at 37°C
for 15 mnutes The preparation 19 then centrifuged at 3000 rpm for 30
minutes and the supernatant discarded The PTC 13 eluted from the barium
sulfate button with a quantity of 5 per cent sodium citrate 1 09 per cent
NaCl at 37 C for 15 munutes so that the volume of eluate 1s equal to one

half that of the oniginal volume of serum The barum sulfate s removed by
centrifugmg at 3000 rpm for 30 mmutes and the supernatant eluste 13
dialyzed agamnst 085 per cent NaCl solution for 24 hours The dialyzed
eluate 15 then reconstituted to the ongmal volume of gerum processed and
erther frozen at —30° or lyophilized

Assay and Steps sn Procedure To 201l of the patient’s blood 13 added
01ml of the fraction (plasma or serum) to be tested Prothrombin concen
tration remammg 1 the serum after clotting 1s determined by the two stage
method (see page 117)

Caleulation The PTC activity 15 expressed by the percentage that the
fraction tested enhances the defective prothrombin utilization of the pa
trent s blood The formula

Patient s serum Patient’s serum
prot L manus proth bin per cent
N per cent after fraction added
Per cent ™ “Patient 5 serum prothrombrn per cent after
fraction added




PLASMA ASTIN AND 85

1 alues Obtatned PTC activity of normal plasma 900 per cent, PTC
actinity of normal serum euglobulin 620 per cent, PTC activity of normal
serum pseudoglobulin 760 per eent Inert material 1 obtained when frac
tions are prepared from the serum or plasma of a patient with & deficiency
of this component
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7 Thromboplastin Generation Test of Biggs
and Douglas’

R L MacMILLAN

Object of the Test To measure the intrmsic thromboplastin activity of
the blood

Princrple Underliing the Test Biggs Douglas and Macfarlane? have
shown that bloed could generate a powerful thromboplastin that was ca
pable of clotting plasma n 8-12 seconds The factors necessary for the pro-
duction of the thromboplastin are platelets antthemophilic globulin Christ
mas factor or plasma thrombeplastin component (PTC) and ealeium
Antihemophilic factor 1s supplied by eitrated plasma treated by aluminum
hydroxide and serum provides the Christmas factor or PTC factor

Preparation of Reagents (1) Collection of blood 9 ml of human venous
blood are mixed with 1m] of 3 8 per cent sodium aitrate

(2) Platelets The citrated blood 1s centrifuged at 1500 rpm for ten
munutes The platelet nich plasma 1s pipetted off and centnifuged at 15 000
tpm for five minutes The platelets are deposited on the bottom of the tube
The platelet poor plasma 13 then poured off and kept for use as the substrate
The platelets are washed with 5 ml of phymologic sahne 2 wooden apph
eator stick 13 used to break up the clumps of platelets The suspension 13
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eentrifuged agamn and the washiog 18 repeated twice Finally, the platelets
are resuspended n phywiologc saline equal to one third the oryginal volume
of plasma

(3) Anfihemophstic globulin Al hydrovude C* 1s prepared by the
method of Bertho and Grassman® as described by Buggs and Macfarlane ¢
01 ml of alurmnum hydroxide 13 added to 1 mi of ertrated plasma This
nuxture 13 incubated at 37°C for 3 munutes and centnfuged The super
natant plasma 13 diluted 1 1a 5 wath phystologic saline

{4) Christmos faclor or PTC Clotted blood 18 centrifuged and the serum
15 allowned to stand at room temperature overnght to allow complete dis
appearance of thrombn, prothrombin and thromboplastin A 1 1n 10 dily
tion with physiologic saline 15 used 10 the test

(5) ML/40 calerum chlorsde solubron

Performance of the Test Tmmediately before the test 01 m! of platelet
poor substrate 13 placed 1n eight small uniform tubes 1n a water bath at 37°C
An ncubation mixture 1s prepared containng 03 ml of platelet suspension,
03 mi of alummum hydronde plasma and 03 ml of serum The muxture
18 placed 1 a water bath and 0.3 ml of M/40 calcium chlonide solutton 13
added At minute mtervals 01 ml samples are withdrawn 1 a gradusats
Pasteur pipet Another Pasteur pipet containing 0 I mil of M/40 calerum
chlonide solution 19 held 1n the other hand The contents of both pipets are
mjected smultanecusly mto the tube of substrate The {ame for a clot to
appear 1s recorded Qvdinarily samples are taken for a persod of 6 to 8 mn
utes With normal blood, thromboplastin generation reaches its peak in 2
to 4 munutes and clots the substrate m 8 to 10 seconds The mixture may be
placed 1n melting ice to delay deterioration of thromboplastin and a dile
tion curve prepared from senal dilutions of the mixture with physiologic
salice From the curve the clotting time obtawned from muxtures of different

may be 1 83 ¢ 1 of thromboplastin When

the of thromhoplastin formed m & mxture of normal com
ponents are plotted agamst mmutes of incubation a graph showing normal
thromboplastin generation 1s obtaned (fg 1) X Chnstmas or PTC deficient
serum 13 substituted for normsl serum i the muxture defective thrombo-
plastin generation results (fg 1) A simmlar reaction occurs if plasma froma
patient wath hemophiha 15 treated with alummum bydrowde and 13 mxed
with normal platelets and normal serum

Narmal range of values Biggs and Douglas found a wide range of van
abihty between tests made on different days vsing different reagents This
would appear to be a rerious objection to the test but in practice the test 1s
used to measure differences tn only one component The other components
are kept constant This greatly reduces the vanability As the dulerence
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[THROMBOPLASTIN GENERATION |
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Fic 1 ~Thromhoplastin Generation Sold Line shows result of mrng normat
platelets normal aluusum bydromde treated plasma normal serum and caleym
chlonde Broken hine {(Stephen Chrnstmas) 13 curve obtained when serum lackang
Chnsatmas or PTC factor 13 substituted for normal serum 1n the sbove mixture

between normal and sbrormal muxtures 38 usually large for dsagnostic
purposes finer eritera of distietion are not necessa;

Precoutions and Sources of Error Platelets and alummum hydroude
treated plasma must be freshly prepared every day Serum can be stored 1
the frozen state for several weeks At the qutset of each day the normal re
agents are tested If the thromboplastin generated does not clot the sub-
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centrifuged agan and the washing 1s repeated twice Finally, the platelets
are resuspended 1n phy wiologic saline equal to one third the original s olume
of plasma
(3) Antihemophilic globulin Al hydroxde C* 15 prepared by the
method of Bertho and Grassman® as described by Brags and Macfarlane !
01 ml of alummum hydroxide 15 added to 1 ml of citrated plasma Ihus
muxture 13 incubated at 37°C for 3 minutes and centrifuged The super
natant plasma 1s diluted 11 5 with physiologic saline
(%) Christmas factor or PTC Clotted blood 18 centrifuged and the serim
15 alloned to stand at room temperature overnight to allow complete dis
of thrombin prothrombin and thromboplastin A 110 10 dilu
tion with physiologie saline 13 used 1 the tet
(5) M/40 calcrum chlorde solution
Performance of the Test Immediately before the test 0 1 ml of platelet
poor substrate 1s placed 1n eight small umiform tubes 1n a w ater bath at 37°C
An mncubation mixture 13 prepared containg 03 ml of platelet suspension
03 ml of aluminum hydrovude plasma and 03 ml of serum The mixture
18 placed 1n o water bath and 03 ml of M/40 calejum chloride soluton 15
added At munute intervals 01 ml samples are withdrawn 1n a graduated
Pasteur prpet Another Pasteur pipet containing 01 ml of M/40 caleum
chlonde solution 1s held mn the other hand The contents of both pipets are
njected sumultanecusly wmto the tube of substrate The tume for a clot to
appear 18 recorded Ordmanly samples are taken for a pertod of 6 to 8 mmn
utes With normal blood thromboplastin generation reaches its peak m 2
to 4 munutes and clots the substrate m 8 to 10 seconds The misture may be
placed m melting 1ce to delay deteroration of thromboplastin and & dilu
tion curve prepared from senal dilutions of the mixture with phjsiologic
saline From the curve the clotting time obtained from mxtures of different
components may be expressed as con of thromboplastin When
the 10ns of thrombopl. formed 1n & mixture of normal com
ponents are plotted agamnst mmutes of mcubation a graph showing normal
} bop!. g 190b d (fig 1) If Christmas or PTC deficient
serum 18 substituted for normal serum in the mixture defective thrombo-
plastin generation results (g 1) A sumilar resction occurs if plasma froma
patient with hemophilia 1s treated with alumunum hydronde and 19 mixed
with normal platelets and normal serum
Normal range of 1alues Biggs and Douglas found a wide range of van
ability between tests made on different day s using different reagents This
would appear to be a serious objection to the test but in practice the test 18
used to measure d:fferences 1n only one component The ather components
are hept constant This greatly reduces the varability As the dufesence




CHAPTER VI

THROMBIN AND PRECURSORS

1 Esimation of Plasma Prothrombin by the
One-stage Method

BENJAMIN ALEXANDER

General Considerations and Objectnes By chemien 1eolation and punfi
cation Secgers and colleaguest have defined the plasma protetn component
that 13 cony emble to thrombin namely prothrombin Until some other

or bioch 1 property becomes known the
determumation of pmthmmbm raust be based upon its eonversion to throm
bin whach 1s then assayed by 1ts ability to clot fibrinogen However withm
recent years at least two distinet plaima protemns have bcen duscovered
which affect the of proth to by th
plus caleum 2 ¢

Most of the current analytie technies for prothrombn are based upon
two methods the one stage procedure of Quick” and the two stage method
of Warner et al * In the one stage method the clotting time of the plasma 1s
messured after optumal amounts of thromboplastin and ealeium are pro
vided This the prothrombin tiune 13 the mnmal mterval that elapses
before a macroscopic fibrin clot results from the conversion of prothrombin
to thrombin It reflects among other things the velocity of thrombin for
mation the amount evolved the velocity of thrombin mactivation by anti
thrombin the velocity of the thrombin fibrinogen interaction and the con
centration of fibrinogen It 1s clear that the speaifiaity and vahidity of the
one stage method rest upon the assumption that the velooity of prothrom
bn converston to thrombin as well as the latter s coagulation of fibrinogen
13 & measure selely of prothrombin concentration

‘With these considerations in mund 1t 15 essential that the inve tigator
clearly recogmze his 21m 1n mvok.mg the one stage test If the purpose 1s to
measure the over all veloaity of th and d of a
clot under physiologic conditions the method has far reaching chnieal use
fulness and few Lutations This objective however 1s to be sharply dis
tingwmished from the other goal which 18 to measure prothrombin specifi
cally In the latter instance the one stage procedure 1s subject to many
hmitations Therefore two methods for the one stage determmation of

89
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strate n @ to 11 seconds fresh materials must be prepared This has occurred
only oceastonally and the fault usually lies wath the platelets or the alumin
1um hydroxide treated plasms The 1 1n § dilution of alummum hydroude
treated plasma deteriorates on standing and after one hour a fresh dilution
should be prepared Sumularly the small tubes of substrate that have been
placed 1n the water bath soon become unrehable 1t1s mportant that only
the exact number of tubes of substrate required for each test are filled and
the room 1s warm the remamnder of the substrate should be kept in melting
ie
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opalescent muxture This 1s subdivided n separate test tubes into 5-10 m]
ahiquots (the volume mn each tube d ding upon of
needs of thromboplastin extract for a day’s work), and the tubes are kept
frozen at —15 to ~20°C In the frozen state the exiract mantains full
potency, giving reproducible results for at least 6 months

Performance of Test The thromboplastin extract 19 thawed, and 0 1 mt
amounts are pipetted 1nto prothrombn time test tubes Lept in the water
bath Into the tube are added 01 m} of ovalated® plasma (1 volume of ¢ [ M
sodium oxalate to 9 volumes of blood) from a blow-out pipet The mixture
15 mixed by tapping the test tube with the finger and allowed to stand 1n
the water bath 1n order to attamn the bath temperature 01ml of 0025 M
CaCl; solution (kept 1n & 10-20 ml test tube in the water bath) 13 drawn up
with the tuberculin syninge and rapudly ejected mnto the thromboplastin
plasma puxture The stop watch 1s simultaneously started The mixture 18
constantly stured with the mchrome wire loop until the mstant of clotting
at which tume the watch 15 stopped and the interval from the moment of
CaCl; addition to the moment of gelation recorded All deterrunations
should be done at lesst i dupheate, and should be in close agreement

Values and Calculotions Normel plasma will give & prothrombin time
of 11-12 seconds with extracts of human or rabhit bram prep:u-ed as de-

scribed above In this range of bie actrvity dupl
tions should agree within 14 second With most commercial bramn thrombo-
plastn 2 hat higher proth time 13 obtained (14—
17 seconds) Pi S QVIDE & P h bin time greater than 17 sec
onds are 1) f: 'y

Profound red m the of prothrombin, of Ac globu

lin (proaccelern) of pro-Spea (proconvertin) and of fibrmogen singly or 1n
any combination become reflected 1 a decreased overall prothrombic
actimty and an assocated mcrease mn the prothrombin trme (retarded
clotting) The degree to which they may be reduced before expermmentally
time become evident cannot be stated
precsely at present It appears that Ac globulin must be less than 70 per
cent of normal before uneq m bin time appear *
fibrinogen must be less than approximately 120 mg per cent ' and pro-
Spca. below 50 per cent of normal

t0 the caleul of plasma 1 activity from
the obyerved prothrombmn time 13 the curve relating these parameters
From figure 1 1t 15 clearly evident that this caleulation 15 greatly mfluenced
by the natre of the diluent employed (for the purpose of deriving the stand
ardization curve) to produce mixtures of varymg prothrembic actwity

N ?tnted (L vol of 25% sodium ertrate to 9 vola of blood) plasma may also
e use
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prothrombie activity will be described (a) the procedure for assaving over
all prothrombic activity of whole plasma, and (b} the method for measuring
prothrombin more specifically

DETERMINATION OF OVERALL PROTHROMBIC AcTrviry oF WaoLE Prassa

Principle The mportant prmciples underlying this test have been
delmeated above 1t should be further pomted out that the prothrombin lime
of whole plasma 18 essentially the recaleafication tyme of plasma which has
been provided with tissue thromboplastic matenal m excess Under this
condition, the recalefication time 15 greatly shortened by obviatmng the
relatwvely long mterval required for the elaboration of suff thrombo-
plastic material from platelets plus plasma factors needed for the pro-
thrombm conversion mechamsm

Reagents and Apparatus

{a) Water bath with mechaneal stirrer hesting elements and thermo-
regulator mamtamng temperature of 37 5°C

(b) Test tube rark and glass tubey 10 x 75 mm

(c) Pipets 10 ml caltbrated to 001 ml subdrvision Blow-out pipets
cahbrated to deliver 0 10 ml

(d) Stop watch nichrome wire loop

(e) Tuberculin syringe and needle

(f) 0025 M CaCl, solutron

{g) 0 1 M sodum oxalate solution

(b) Thromhoplastin Human braw * stripped of pia mater and blood
vessels 1s thoroughly washed with runptog tap water, and then fisely
nunced with a scissors Two volumes of CP acetone are then added the
corbmation 18 homogenzed for one mmute m & Waring Blendor and then
filtered The residue 19 agamn extracted with fresh acetone m the Wanng
Blendor for about 15 seconds snd filtered The solid material s then spread
out on hlter paper to dry at room temperature, yielding & powdery non
sticky materzal which 1s stored 1n & vacuum dessicator m the refngerator
Full potency 1s thus mantamed for at Jeast a year

Thromboplastin extracts are made by extracting the bramn powder with
salipe as follows 15 Gm of the powder are dispersed by shaking in 20 ml
of phystologic saline, the combnation is incubsated at 37 for 35 hour and
then centrifuged for 20 minutes at 1200 rpm The supernatant 1s decanted
and the re.due 18 reextracted twice with 20 ml of salme and the three
sahne extracts (totalling 60 m!) are combined guing a slightly milky

* Brawn preparations from other species may be used rabbit bram prepared
1 1 1

ding to the method of Quick Tor ram prep
;;c:lrl ;nsgtanceu the potency of the thromboplastin extract being used must be ascer

tarned on & pool of plasma from at least five normal subjects
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Fia 1—Relation between b time and p sctvity of
normal buman plasma diluted with vanous diluents Fraction I (fbnnogen) con
tained 500 mg of Harvard Fraction I per 100 ml Patients 1 and 2 were subjects with
myocardial infarction treated with dicumarol Their plasmas used as dilueats
contained 7 b and 9 4 per cent {of normal) prothrombie lctlvlty respectively A]lnw
ances for these values were made 1 the n the
dicumarolized normal plasma mixtures (Reprinted by permission of the withors aad
New England Journal of Medicine *)

(accelenin and Spea) from their relatively mnert plasma precursors {pro-
accelerin and pro-Spea) occurring very early m the coagulation sequence
will shorten the prothrombin time Aciordingly 1nept vessel puncture re
sulting 1n contamination of syringe and needle with tissue thromboplastin
undue delay 1 adding anticoagulant or undue exposure of the blood to ar
bubbles will facilitate elaboration of the ) which may lead te
artefactual enhancement of prothrombic activity

Also to be considered 1s the nteryal between the shedding of the blood
and the actusl determination Since Ac globulin 1s relatnvely labile the
plasma should be refrigerated promptly and the determination should be
done within a few hours after the blood 13 obtained It should be noted that
repeated freezing and thawmng plasma destroys Ac globulin which may re
sult 1n an abnormally low prothrombac activity

Another possible source of etror 13 the relationship between the con
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Moreover, the configuration of the curve mdicates that 1u the range of be
tween 25 and 1004 per cent (of normal) prothrombic activity a sub
stantinl alteration in activity results in only a very small change m pro-
thrombim tune Therefore, converston of an observed prothrombin tume nto
prothrombic activity 1 this range 1s only an approumation, partiularly
1n the Ingher ranges of activity At lower levels (2-10 per cent of normal),
ealeulation by interpolation on the curse 1s more accurate

To obtasn such a standardization curve prothrombin tune determina
trons must be made on plasmag with known prothrombie activities varymng
between zero and 100 or more per cent of normal Ideslly such a curie
should be derived from observations on muxtures n varymg proportions
of whole normal plasma with normal plasma rendered desvoid of prothrom
be activity but contaimng normal amounts of all other factors which mught
1nfiuence the prothrombin clotting time At present, we consider BaSO;
adsorbed normal oxalated human plasme the most practical diluent for
drawng up the correlation curve

Ths plasma 18 devord of both prothrombin and pro-Spea but contatns
normal amounts of antthemophtlic factor Ac globulin fibrinogen and anti
thrombin It1s prepared as follows toa pool of fresh ovalated plasma from
at Jeast 5 normal subjects are added 100 mg BaSO; (C P, Baker*) per ml,
the muxture 15 shaken every few minutes The rarxture 1s then centrfuged
1t 3000 rpm for at least 20 minutes and the supernatant plasma 1s carefullyf

d from the sedimented BaSO, which 1s dwscarded The BaSOc

adsorbed plasma should have & prothrorbin time of no less than 180 sec
ands

To this plasms 1s added 1 varymng proportions, the v hole unadsorbed
normal plusma and the prothrombin times obtamned on each combmation
are plotted agamst the per cent of normal plasma in each plasma mixture
From ths curve (fig 1) which must be established for eich batch of throm
boplastin extract the per cent prothrombic activity of a test plagma isnter
polated from 1ts observed prothrombin trme

Precautions and Sources of Frror Some of the precautions and sources
of error have already been alluded to The importance of seruputous technie
n obtaming the blood sample should be emphasized Intubrtion of the
clotting mechamism as soon as the blood leaves the vein 13 of the utmost
umportance for several reasons Obviously partial coagulation will reduce
the fibrnogen concentration which may be reflected m an elevated pro
thrombin time Moreover the formation of the active serum aceelerators

+ 1t should be noted that BaSO, from different chemical houses may vary i ts
affintty for prothrombie We have found that the Bsker Co materral has the greatest

1t
afior tyIt 18 important that all the BaSD, be removed from the supernatant plasma
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0] Thrombophstm CaCly mxture Equal parts of freshly thawed
human bram th 1 extract (prep bed above) and
004 M CaCls solution

(d) Human ovalated scrum Normal blood 1s added to thromboplastin
(30 volumes blood to 1 volume thromboplastin extract) to mduce rapd and
complete coagulation the clotted blood 1s allowed to stand at room tempera
ture for 12 hours the serum 1s separated and kept at room temperature for
another 2448 hours This assures complete consumption of prothrombin
Ac globulin and conmderable destruction of whatever pro-Spea had be
come activated The serum 1 then oxalated (1 volume of 01 M sodum
oxalate to 4 volumes serum)

The BaS0, adsorbed bovine plasma and oxalated human serum are
mrxed 1n equal proportions divided into ahiquots each of sufficient volume
for one day s determinations Stored 1n the frozen state (15 to —20 C)
the mixture 13 stable for at least 6 months Repeated thawing and freezing
causes deterioration thus a tube contaimng one aliquot 1s thawed used for
one day s expeniments and then discarded

of Test A dard. curve 1 1
time mth prothrombin concentration 18 obtained 1 a manner sumlar to that
described above in the d of over all p bie activity with

certain important differences Because of the much shorter prothrombin
tumes obtamed in the presence of small amounts of prothrombin under the
conditions of the present test the normal human plasma which 13 added
to the bovine BaS0O; plasma human serum muxture, must first be diluted
tenfold with VBOS *

To 01 ml of the bovine BaSO; plesma human serum mxture 13
added 01 ml of this diluted matenal 1n a prothrombin time tube in the
water bath The muxture 1s allowed to attain the bath temperature
(375C) and 02 ml of the thromboplastin-caleum mxture (already
brought to 375 C) are rapidly added The prothrombm time 1s then
measured 1 the usual manner The value thus obtained with normal
plasma, 18 taken to be equivalent to 100 per cent prothrombin concentration
Further serial subdilutions with VBOS of the ongnal 1 to 10 dilution of
normal! plasma will give values when mixed with the bovine plasma which
reflect the dingly lower of prothrombin The stand
ardization curve 13 thus obtained by plotting the observed prothrombmn
times agawnst the per cent prothrombin When plotted log/log a lmear
relationship 18 obtained except 1ly) for b
tions below 5 per cent of that 1 normal plasma

Such dilution has the added advantage of obviating to s large extent if not

entirely the possible presence of hepann or other anticosgulants n the test ma
tenal
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centration of anticoagulant and the amount of CaCl; salution used for re-
calefication In most instances one volume of 0 1 M sodwm oxalate to §
volumes of blood assures proper proporttons However when the blood
hematocrt deviates markedly from the normal, a8 1n profound anemia or
polycythemta adequate allowances and correction should be made m the
smount of CaCly used 1n the recalerfication step

Consideration should alse be given to the possble presence of antico-
agulants in the plasma, erther naturally occurring or added m vavo (heparin
etc) That under such {7 the deter of overall pro-
thrombuie activity by the one-stage method would be unreliable, needs no
elaboration

OVE-STAGE METHOD FOR SPECIFIC PROTHROMBIN DETERMINATION
(I~ T8 Prasma on Sgrum)

Prinetple The validity and specifieity of the procedure 1s predicated
upon the assurance that under the condrtions of the test the only vanable
which will determmne the prothrembm time 15 the concentration of pro
thrombm One must be certain that Ac globulin, pro-Spea, and fibrmogen
are present or are provided in optumal amounts, and that other entites
such as antithrombie factors are also adequately controlled

A modification of the Owren method™ seems at present to satisfy these
enteria Oxalated bovine plasma deprothromt d by BaSQ, adsorpt
18 used to provide optimal amounts of Ac globulin and fibrnogen, and
buman oxalated serum 15 mcorporated to provide the Spea system which
1n the removal of the prothrombin from the bovine plasma has smultane
ously been ad<orbed The procedure here described 1s susted to the determt
nation of residual serum prothrombin 83 well as plasmo prothrombin The
results 1 Nently with those ok d with the two stage method

Reogents and Apparatus These consist of those desensbed above The
following are also mcluded

(2) BaSO, adsorbed bovme plasma Beef blood 15 collected 10 015 M
sodum oxalate (one volume to 9 volurmes of blood) The separated plasms
19 treated with BaSO, as delneated above except that the adsorption i3
carned out for 30 wistead of 15 munutes

(b) Veronal buffered oxalated salme soluton {VBOS)

Y eronal buffered 1s0tonrc saline (VBIS)

0 1 M sodium diethylbarbiturate 200 1)
0 1 M HCI 144 mi
0 15 M NaQl b5 rut

Yeronal buffered oxalated saline (VBOS)
0 1 M sodium (or potassium) oxalate

VBIS

130 m}
830 m!
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thrombin free serum This does not 1mply however, that carelessnees can
be condoned since poor techmiue nnd dehy m muxing the blood with
lant may result 1 sub bin losses, causing errone

ously low values

Certain ding the of bovine plasma are
noteworthy The blood 13 obtained from the major vessels at the slaughter
house when the anumal 13 sacrificed by exsangumation From a buchet of
blood thus rupldly obtained a proper measured quantity 18 quickly poured
1nto a recep lant and the mixture 18 thoroughly
stirred Blood 11 d by b 1and rumen contents
consequent to overzealous shitting of the throat, should be disearded

Other precautions and sources of error are those pertinent to the one
stage method for the determination of over all prothrombic activity
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Fio 2 —Typical d cune )} prothrombin trme with
prothrombin concentration used in one stage method for determining prothrombin
specifically Pooled normal human oxslated plasms added in various proportions o
21 1 muxture of oxalated bovine BaS0. adsorbed plasma and human oxalated serum
100 per cent actrvity corresponds to 0 10m! of a 1 10 dilution of normal plasma with
VBOS added to 01 mi of the bovine plasms human serum mixture To ths are
added 02 mi of the thromboplastin calerum muxture 50 per cent actvity corre
sponds to 01 ml of 1 20 dilution of normal plasma with YBOS ete Curve o rght
18 a Jog Jog plot of curve on Jett

D of the prothrombin 1n & test plasma or serum sample 18
performed 1 the same manner meluding dilution with VBOS The autusl
prothrombin concentration of the unknown calculated from the observed
prothrombm tune by interpolation on the standardization curve, 18 X
pressed 1n per cent of normal

A typreal dard curve imndicating the prothrombin times rep-
resenting varous prothrombin values 13 shown i figure 2 Such a cune
must be dersved for each batch of thromboplastn extract The prothrombin
content of ndividual plasmas from normal subjects vares between 70-120
per cent of that found n & pool from & large number of subjects The accu
racy of the method 18 spprocmately -£5 per cent

Precautions Sources of Frror and Lamiations Since most if aot alt
{other than prothrombm) of the factors whuch affect the prothrombin tume
are adequately controlled in this method, many of the precautions sources
of error and kmitations pertinent to the procedure for measuring over afl
one stage prothrombic actrvity do not apply bere Thus determmnations can
be made on azed plasma, consideration no longer havang to be gnen to the
deterioration of Ac globulin which in thus test, 13 provided by the BaSO¢
bovine plasmn Stmilarly less concern need be given to the techmque of
obtauning the blood sample aince activation of the Spea system will ot
affect the test because Spes 13 provided by admuxture of the humao pro-
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mdefimtely An alternative method of preservation is to place 02 Gm of
the dry matenal i emall pyrex test tubes cover with 5 ml galine golution
(0.85 per cent), and place immediately mn the freezing compartment of a
refngerator The matenal remains fully potent for at least two weeks It
requires ineubation at 50°C before 1t 1s ready for use
Steps tn the Procedure Nine volumes of blood ebtamed by s enipuncture
are mixed with one volume of 01 M sodum oxalate If 1t 18 difficult to
obtan blood by vein a deep skin cut should be made and the blood allowed
to drop 1nto test tube or comeal centnfuge tube having & 1 ml graduation
and contamung 0 1 ml of 01 M sodlum omhw The 1 ml sample thus ob-
taned 15 suffi for four proth It 13 cony
to remove plasma by means o( a pipet having a rubber bulb from a medlcme
dropper amched to the end
The p: tune s d rd by trans 01m! of oxalated
plasma toa small pyrex test tube and then adding 0 1ml of thromboplastin
solution After the tube has been m the water bath for a few scconds 01
ml of 002 M calaum chlonde 1z blown foraibly into the mixture and the
stop watch chcked mmultaneously The tube 1s put n the water bath and
ghaken lightly A few seconds before the expected clotting time the tube s
held tonard a distant source of light 80 that one can see through the tube
from below The tube s tilted very gently to permit detecting the incipient
web of fibnn which 13 the end pomt If the tube 15 shaken too vigorously
the 1mtial fibrin mesh 19 apt to be broken and so escape detection More
time will therefore be required before sufficzent fibrin will agamn be formed
to becoroe waible and this introduces an appreciable error
‘When the prothrombn time 13 greatly prolonged 1t 1s convement to
use & large test tube (25 x 100 mm ) filled with water at 37 5 C as a jacket
‘The large tube 13 fitted with a cork with a hole through which the smaller
test tube can be inserted and held in place This device allows continuous
observation while the temperature of the reacting medmm 1s mamtamed
constant
Caleulalion Due to the complex nature of prothrombin 1t 15 best to
express results i terms of prothrombin activity When the prothrombin
activity (in per cent of normal) 13 plotted agamst the clotting time a
charactenstic hyperbolic curve 13 obtamned which 18 faunly satisfactonly
expressed by the equation

Prothrombin actmity _ k
(Per cent of normal) ~ pta

pt = prothrombmn time L and a are constants with the values of 303 and
87 respectively
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2 Estimahion of Prothrombin by the One-
stage Method of Quick

Adapted by L M TOCANTING®

Apparatus and Reagents

(1) Pipets 1 ml serologic graduated 1 tenths and hundredthsof smt
The pipets should be cut to 170 mm lengths
{2) Waterbath A glassdwsh 8 to 10 mehes 1t diameter snd 4 to 5 inches
deep will serve the purpose It should be on s base contaumng two 25 watt
electne hight butbs (These supply suffcsent heat to mamtam the tempera
ture fardy well at 37°C )
(3) A thermes bottle filled with water at 50°C for mcubating the
thromboplastin selution
{4} A stop natch
{5) Test tubes pyrex {13 x 100 mm )}
(6) Sodmum oxalate 1M 134 Gm sodhum oxalate C P 13 disalved
1 100zl of distilled water
{7} Calowm chionde 002 M 0222 Gm snhydrous caleiwm chlonde
15 dissobred 1n 100 mi of distalled water
{8) Thromboplastin solution 02 Gm of dehydrated rabbit brmn 15
put m o emall pyrex test tube covered with 5 m! of 085 per cent sodum
chlonde solution, and mixed by blowing through the suspensron with 8
pipet Triturating the thromboplastin with saline in & morjar should be
avoded smce this reduces the activity After incubating the solution for
20 munutes 5t 50°C , 1t 13 transferred to the water bath hept at 37°C Azt
tation of the sulutron by blowang through 1t helps to mantam s unform se
uvity Suspended particles do not mterfere with the sccuracy of the test
but setuslly aid i the detectson of the maptent clot
(9) Preparation of thromboplastin The rabbrt brawn is freed of all visible
blood vessels and then tnturated with acetone m 2 glass mortar The ma
teral st Sirst should be mashed and erushed but not ground under a fayer
of acetone The spent acetone 18 poured off the bramn covered with fresh
neetone snd the tnituration repeated This 1 contmued unti the prepara
t:0n becomes adhesive and flaky It 1s then ground under fre b acetone untst
gronular The matenal 28 filtered by suction and dred at 37 C for 30 mm
utes By placing the material m glass ampotles evacuating by means of an
o1l vacuum pump snd sealing in 2 glass flame full potency can be preser ed
Tath shight modiicatton from » descniption of the method by A J Quiek iz
{he Tranasctsons of the 12t Conference on Dload Clotting and Alhed Prablems of the
Jossah Macy Jr Found 1918 page 170
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indefimtely An alternative method of preservation 15 to place 02 Gm of
the dry matersal in small pyrex test tubes cover with § ml salne solutton
(085 per cent) and place immediately i the freezing compartment of a
refnigerator The matenal remains fully potent for at least two wecks It
requires incubation at 50 C before 1t 15 ready for use
Steps 1n the Procedure Nine volumes of blood obtained by venipuncture
are mixed with one volume of 01 M sodium oxalate If 1t 13 difficult to
obtam blood by vemn & deep skin cut should be made and the blood alloned
to drop 1nto test tube or coneal centnfuge tube having a 1 ml graduation
and contamng 0 1 ml of 01 M sochum ctalnt,e The 1 m! sample thus ob
tamed 13 for four ) t It s
to remove plasma by means of a pipet having a rubber bulb from & medicine
dropper attached to the end
The prothrombin time 13 determned by transferring 0 1 m! of oxalated
plasma to a small pyrex test tube and then adding 0 1ml of thromboplastin
solution After the tube has been 1 the water bath for a few seconds 01
ml of 002 M caleium chlonde 1s blown forcibly into the mixture and the
stop watch chicked simultaneously The tube 1s put 1n the water bath and
shaken hghtly A few seconds before the expected clotting tume the tube s
held toward a distant source of hight s0 that one can see through the tube
from below The tube 1s tilted very gently to permat detecting the merpient
web of fibrm which 1s the end pont If the tube 13 shaken too vigorously,
the utial fibrin mesh 13 apt to be broken and so escape detection More
time will therefore be required before sufficient fibrin will agam be formed
to become visible and this introduces an eppreciable error
‘When the prothrombin time 15 greatly prolonged 1t 1s convement to
use a large test tube (25 x 100 mm ) filled with water at 37 5 C as a jacket
The large tube 1s fitted with a cork with a hole through which the smaller
test tube can be inserted and held 1n place This device allows continuous
observation while the temperature of the reacting medium 18 mamntaned
constant
Caleulation Due to the complex nature of prothrombin 1t 15 best to
express results i terms of prothrombin activity When the prothrombin
activity (in per cent of normal) 1s plotted agawnst the clotting time a
charactenstic hyperbolic curve 15 obtamed which 13 fanly satisfactortly
expressed by the equation

Prothrombin actiity _ &
{Per cent of normal) ~ pt @

pt = prothrombin time k and a are constants with the values of 303 and
87 respectively
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2 Estmafion of Prothrombm by the One-
stage Method of Quick
Adapted by L M TOCANTINS®

Apporatus and Reagents

1) Prpets 1 ml serologe graduated i tentha and hundredthsof aml
The pipets should be cut to 170 mm lengths
(2) Veaterbath A glassdish 8 to 10 mches m diameter and4 o 5 mehes
deep will serve the purpose It should be on a base contammng two 25 watt
electric hght butbs (These supply sufficient heat o mantumn the fempers
ture fawly well 8t 37 C )
(3} A thermos bottle filled with water at 50°C for ncubsating the
thromboplastin solution
{4) A stop watch
(5) Test, tubes pyrex (13 x 100 mm )
{6} Sodwura oxalate 0 L M 134 G sodhum oxalate § P 13 dissolved
n 100 ml of distifled water
{7y Calewum chionde 002 M 0222 G anhydrous caloum chlornide
18 dissolved 12 100 ml of distitled water
(8) Thromboplastin solutsion Q2 G of dehydrated rabhst braw 1
put 1 a small pyrex test tube covered with 5ml of 0 85 per cent soduim
chloride solution, and mixed by blowing through the suspenson with &
pipet Trturating the thromboplastin with saline m & mortsr should be
svorded smce this reduces the activity After meubating the solution for
20 munutes at S0°C 1t 15 transferred 1o the water bath kept st S7°C A
tation of the solution by blowing through 1t helps to memtmn & umform 8¢
tuaty Suspended particles do ot interfere with the nccurscy of the tesh
but actually wd o the detection of the merprent clot
(9) Preparation of thromboplastin The rabbut braun 13 frecd of all visible
blood vessels and then tnturated with peetone m 8 glass mortar The ma
tenal at first shonld be mashed and erushed but not ground under a layer
of acetone The spent acetone 15 poured off the bram covered with fresh
acetont and the tnturation repeated Fhid 18 contnued until the prepars
10 becornes adkestve and flaky I 1s then ground under fre h acetone untd
gravular The material 19 filtered by suction and dried 8t 37 C for 80 mun
utes By placmgthe J 1o glass i by means of an
il vacuum pump and seabng i & glasa flame full potency can be presers
Bzasson from s deweription of the methad by A J Quick in
1he T ,,g;:';ﬁ?ff z:::i’l:: ,anfennce on l‘B!o{:cl Clotting and. Al]xedyl’mblem of ths
Joush Macy Jr Found 148 page 170
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Thromboplastin  Dry rabbit bram tissue 38 prepared s follows &
rablit 18 decapiiated by s eharp parr of tin srups The bram tissue snd
avadable medulla ateremoved The free pia mater 12 removed under runming
water The tissue 12 ground to & fine paste 1 a worlar, spread out on & wateh
glass and dried m a vacuum dessweator contarmng caloum chlonde The
aar s removed until & Isrge foamy mass is obtamned whereupon the dessics
tor 18 mamtamned at 3310 € for 24 hours These operations are executed as
rapidly as po.sible The dry tissue 13 then broken up into a fine ponder and
stored at & C

Preparation of emulsion To 01 Gm of the dned tiswue 1s added 50
m! of 082 per cent NaCl The suspension 1s stirred and heated nt 54~55 C
11 & water bath for 10 mmutes to destroy prothrombin activity The sus-
pension 13 cooled to 20-26 C 50 m} of 0025 M calaum chonde 1s added
1o the suspension After being stesred for 4 munutes the muxttre 9 centrt
fuged for 4 munutes at 1700 rpm The clear or shghtly turbid supernatant
18 carefully removed by mpet

Plasma The Blood syminge 13 nnsed with 01 M owlate solution sad
02 ml of oxalate 15 drawn sato the eylinder From the dilated vein 3.8 ml
bloed 18 dravn and mixed quickly by rotatmng the syringe The ovalated
blood 19 gently forced from the syTinge mto & 75 x 10 mm test tube The
formed elements are removed by tentnfugstion at 1700 rpm The plasma
13 remosed by pipet

Assay and Steps wn Procedure Into two 7o x 10 mm test tubes 01 m}
of plasma 13 added with a serologe pipet graduated to0 00t m! "T'o one tube
15 added 87 mi of 085 per cent MaCl solution 10 ghe a coneentratron of
12 5 per cent To the other 12 added 1 1 ml of salne to grve a concentration
of 834 per cent The diuted plasmas are mixed thoroughly and placed 1n
437 C water bath Into 100x 12 mem tubeaD2mi of the thrombeplastin
calesum chionde solution i transferred using 2 02 ml nuero blood sugsr
pipette These tubes are placed m the water bath When the tybe contents
have reached the bath temperature 0 m} of the diduted plasma 1 added
to the tube contamng thromboplastin calelum chionde solution The d:
futed plasma 1 blown from the pipet and the stop wateh atarted smul
tanequsly The tube 2 tapped sharply to mix the contents A small stuver
made of #2 mehrome wire 1 totroduced mio the tube the starer paddie
sweepe the test tube {from aide to mde twice per seeond The end pomt 13
that pont when the fibnn clot 18 sufficently stabls 1o be drawn to one sde
by the sturrer The vanations between duplicate determinations on these
diluted pla.mas will be one second or less Dilotions of the test plasma are
chosen so that the clatting time will fall between that of the two diutions
of the norme! plasma A concentration higher than 25 per cent should not
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For conventence the following table can be used

Protbrombin Attty
Proth omb a Tize in Per cent of Normay

11-121/2 100
1312 60
15 30
17 40
19172 30
211/2-22 25
24-36 20
37-40 10
5565 6

Sources of Error Neither the equation nor the table 1s valid unless a
thromboplastm of constant potency 15used The prothrombin tune obtamed
on & normal control plasma must fall within the humts of 11 to 13 seconds
It s to be t d that 1t 18 letely erroneous to ealeulate pro-
thrombmn activity by divading the prothrombin time of the normal by that
of the unknown

3 Assay of Prothrombin One-stage Method
Using Dilute Plasmea (Method of Campbell,
Smith, Roberts and Link)

Adapted by R R HOLBURN"

Object of the Method Modificattons mntroduced into the Quick one
stage prothrombin time d 1 to increase r ductbility, and decrease
the mimmum detectable change m prothrombmn

Principle The determnation under standard conditions of the time
required for the clotting of diluted recalcified plasma 1n the presence of an
excess of thromboplastin

Apparatus and Reagents
Sodm ovalate 134 Gm of sodum oualate C P dissolved i 100 ml

of distilled water Solutions 01 M
Caletum chlorde 0222 Gm anhydrous esleum chionde dissolved 1

160 m! of distalled nater Solupon s 002 M
From Journal of Brological Chenustry 133 3 1941
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Thromboplastin Dry rabbit brain tissue 13 prepared as follows a
rabbit 13 decapitated by a sharp parr of tin smps The bram tissue and
available medullaareremoved The free pia mater 1s removed under runmng
water The tissue 1s ground to a fine paste 1n a mortar spread out on a watch
glass end dried m a vacuum dessicator contamng caletum chloride The
air 18 removed until a large foamy mass s obtamed whereupon the dessica
tor 13 mamntamned at 38-40°C for 24 hours These operations are executed as
rapdly as possible The dry tissue 13 then broken up into a fine powder and
stored at 0 C

Preparation of emulsnion To 01 Gm of the dried tissue 13 added 50
ml of 085 per cent NaCl The suspension 18 stured and heated at 54-55 C
1n & water bath for 10 minutes to destroy prothrombin activity The sus
pension 18 cooled to 25-26 C 50 ml of 0025 M caleium chorrde 1s added
to the suspension After being stirred for 4 minutes the mixture s centr
fuged for 4 minutes at 1700 rpm The clear or shightly turbid supernatant
15 carefully removed by pipet

Plasma The blood syringe 1s rinsed with G 1 M ovalate solution and
02 ml of oxalate 1s drawn 1nto the cylinder From the dilated vein 1 8 ml
blood 13 drawn and muxed quickly by rotating the syringe The oxalated
blood 1s gently forced from the syringe mto a 75 x 10 mm test tube The
formed elements are removed by centrifugation at 1700 rpm The plasma
13 removed by prpet

Assay and Steps 1n Procedure Into two 75 x 10 mm test tubes 01 ml
of plasma 13 added with a serologic pipet graduated to 0 001 mt To one tube
18 added 07 ml of 085 per cent NaCl solution to give a concentration of
12 5 per cent To the otheris added 1 1 ml of saline to give a concentration
of 8 34 per cent The diluted plasmes are mixed thoroughly ard placed in
a37 C water bath Into 100 x 12 mm tubes02ml of the thromboplastin
caleturn chloride solution 18 transferred ustng a 02 m! mero blood sugar
pipette These tubes are placed in the water bath When the tube contents
have reached the bath temperature 01 ml of the diluted plasma 1s added
to the tube containng thromboplastin caleum chlonde solution The di
luted plasma 13 blown from the pipet and the stop watch started sunul
taneously The tube 13 tapped sharply to mix the contents A small stirrer
made of #2 mchrome wire 1s introduced 1nto the tube the stirrer paddle
sweeps the test tube from side to side twice per second The end pomt 18
that pont when the fibrin elot 1s sufficiently stable to be drawn to one side
by the stirrer The vanations between duplicate determinations on these
diluted pla mas wll be one second or less Dilutions of the test plasma are
chosen so that the clotting time will fall between that of the two dilutions
of the normal plasma A concentration ngher than 25 per cent should not
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For convemence the following table can be uced

Pe th auh 2 Time e a el

1-121/2 100
1812 60
15 50
17 0
19172 30
21 1/2-22 25

2436 2

3740 10

5565 6

Sources of Error Nether the equation nor the table 15 valid unless a
thromboplastin of constant potency 15 used The prothrombin bime obtamed
on a normal control plasma must fall within the limuts of 11 to 13 seconds
It 15 to be h d that 1t 13 pletely erroneous to caleulste pro-
thrombin activity by dividing the prothrombin time of the normal by that
of the unknown

3 Assay of Prothrombin One-stage Method
Using Dilute Plasma (Method of Campbell,
Smuth, Roberts and Link}

Adapted by R R HOLBURN®

Object of the Method Modifications introduced mto the Quich one
stage prothrombm time designed to mcrease reproducibility, and decrease
the detectable change in p

Principle The determination under standard conditions of the time
required for the clottieg of diluted recalesfied plasma in the presence of an
excess of thromboplastin
Apparatus and Reagents

Sodim owalate 134 Gm of sodium oxalate C P dissolved m 100 ml

of distriled water Solutionis 0 1AL
Caleium chloride 0222 Gm anhydrous calowm chloride dissolved

100 m! of distilled water Solution 13002 M
* From Journsl of Biological Chemistry 2% 1 194




THROMBIN AND PRECURSORS 103

4 Estimation of the Blood Prothrombin by the
Bedside Method

L B JAQUES

This consists of the determm:mon of thc clotting power of the blood
to which an amount of th has been added The
object of the bedside prothrombn test 1sto provide a simple rapid method
for the determination of prothrombin times It has been called the accel
erated or actitafed clotiing fime of the blood

Reagenls

Thromboplastin For the Smuth bedaide method the thromboplastin
13 prepared from fresh perfused ox or rabbit lung To each 10 Gm of ground
lung 13 added 10 mi of 085% NaCl and the mixture 15 stirred at mtervals
for several hours and then strained through gauze The flud 1s kept at
5°C

For the Sch Jaq method 1 t dehydrated
bran powder 1sused The thrombopl. extract1s d by th hl
mang 03 Gm of the dred bramn with 50 ml of physologic sodium
chlonde solution and incubating the mixture at 55 C for 15 minutes The
coarse particles are removed by slow fi
sedimentation and the milky supernatant hqud cbtamed The thrombo-
plastin 18 placed 1n wide bore capillary tubes {over 2 mm 1n diameter and
4 1nches long) with about 2 inches being drawn into each tube The tubes
are sealed 1 a flame and immedately frozen 1 the freezing compartment
of & refrigerator and kept frozen untdl used This thromboplastin extract
will remamn unchanged in activity for as long as sx months when preseryed
m this manner Before use the tube 1s removed from the refrigerator and
warmed 1 the hand if requured for immedate use

Procedure

Smuth Bedside Method! 01 ml thromboplastm 15 placed m & small
tube (75 x 10 mm ) which has been marked at 1 0 m)] Freshly drawm blood
18 placed tn the tube up to the 1 ml mark The tube 13 mnverted once for
complete mixing of the blood and thromboplastin and s then tilted every
second or two to observe clotting The test 13 also carried out under the
same conditions usmg blood from a normal control The clotting activity
of the test blood 13 expressed as a per cent of normal

Clotting Actinity _ Clotting Time of Normal
{% of normal) Clotting Time of Patent * 100
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be used, if necessary, the normal plasma may be further diluted to provde
an additional range

Caleulation A dilution curve of the standard plasma is made, the pamnts
between & and 20 per cent falbng on a strught Ime on log log paper Log
of the plasma concentration 13 the ordinate, log of clottng time 13 the ab
sussa The clotting time of the test plasms 13 mterpolated on the standard
chart and the log of the ordinate read The antiog of the ordinate 18 ealeu
lated, thus 13 the concentration of normal plasma winch wll give a clotting
time equal o that of whatever concentration of test plasma was used
Therefore, the relative clotting index or the ratie of the concentration of
normal plasmaa to the councentration of the test plasma 15 equal to the
anhilog of the ordinate divided by the per cent of the test plasma that was
assayed

Precautions and Saurces of Brror (1) Dilution curves of all mdnaduals
of any spectes wili not be alike, therefore, 8 normal dilution curve should be
set up for each wdividual for reproductble results (2) By muxng the
thromboplastin and caleum together and placing m an empty tube the
danger of 10u of stock reagents s d (3) The vanations
m optinum caleium coutent for mciveduals mght effect the absolute values
of the clotting times obsersed Swce the assay method 13 strictly & dif
ferent1al method, these vanations m absolute values will not mfluence the
reliability of the assay If the minumum values for the clotting fimes sre
sought they may be realzed by making serial diutions of the calewm
chlonde solution

REFERENCES

Quek A J Btasley Brown M sod Bancroft F W Study of eosgulation defect
10 bemophilia snd 1n jaundice Am J Med 8 180 501 1935

Fagle H Studies on blood coagulation role of prothrombm and of platelets 1@
formation of thrombin J Gen Phymol 18 531 1934

¥agle I Studies on blood cosgulation formation of fbna from thromhix and
nbrmogen J Gen Phymol 18 547 1834
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5 Eshmation of Prothrombin by the Two-
stage Method

R H WAGNER, ] B GRAHAM, G D PENICK and
K M BRINKHOUS

Object of the Method The basic object of the two-stage prothrorabin
assay, devised by “amer Brinbhous and Smth® * *1s the specific deter
of p 1n any solution, regardless of the
presence or a\)sence of other clotting accelerators or mlubxtors The assay
has been used particularly for the determmation of prothrombin 1 plasma,
serumn and plasma fractions Certain other test procedures as the pro
thrombin utihization test and a method for measurement of antthemophilic
sctivity sre based on the rate of change i prothrombin dunng, clotting
a3 measured by the tno-stage assay procedure
Principle Underlying the Assay The assay consists of two stages (1)
In the first stage prothrombin 13 converted to thrombin as rapdly and
completely as posmble by incubation with optimal amounts of Cat+
thromboplastin and known accessory factors (2) In the sccond stage the
thrombin formed at varying incubation times 13 measured by the speed

with which 1t clots fib One unit of ¢! bin 13 defined as that
amount, which will cause the formation of o fibnin clot n 150 scconds m
one ml of a muxture the th

acacia wudazole buffer and Cs*+ m an sotonic solution at 23 C One
unit of prothrombin 1s defined as that amount which when fully activated
forms one umt of thrombin

As patients with new clotting diseases hasve appeared snd with the
preparation of prothrombm in a higher state of purity knowledge of
aecessory factors needed for the rapid conversion of prothrombin to throm
bin 1 the two stage procedure has increased If the accessory factors are
absent n the assay false low values are obtaned The discovery of a
patient with low Factor V¢ and success in removing AcG (Factor V) from
punfied prothrombin preparations® led to the use of BaCO,-adsorbed beef
serurn® or of Owren s Factor V7 1n the assay More recently it has been
di.covered that another accelerator factor present in serum 1s required
for rapid and complete conversion of prothrombin to thrombin Mann®
reported that & serum factor co-thromboplastin (Spea convertm) s
needed for the accurate a.say of prothrombin in plasta from dicumarolized
patients Subsequently Flynn and Coon® have shown that spea 13 essental
1 the a.say of partually punfied h i Lewss and Ferguson' have
descnibed & patient with severe spea deficiency and found that the use of
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Schwager, Jaques Method ? The thromboplastin extract of one capillary
tube 13 expelled into the center of a watch glass Approumately 2 ml of
venous blood 18 drawn mnto a syringe using 2 20 gauge needle Four drops
of blood sre added from the needle to the thromboplastin on the watch
glass The needle 15 removed from the syringe The watch glass 1s held on
the tips of the fingers and 1ts contents mixed immediately with the needle
The peedle 1s passed gently through the muxture until it clots The end
pont 13 sharp The time elapsed from addition of the first of the four drops
of blood to the end pomnt 15 the activated clotting time In normsl blood
the time by this method 13 23 to 25 seconds A rapid, neat venous puncture
15 mperative, as ntroduction of air bubbles and slow searching for the
vem subeutaneously will release tissue juice and the activated time wll be
abnormally shortened Occastonally, when a fresh thromboplastin extract
13 prepared the activated tumes for the normal w1l be outside this range,
10 which case the extract 1s discarded and a fresh one made Range 2sd
as per cent of mean = 55 per cent This mean should be calculated from
results of the test on at least 10 normal adult men and women

The range 1s expressed best 1 terms of twice the standard deviation
{sd ) as a per cent of the mean Thus, with a mean actniated clotting ime
of 23 5 seconds twice the standard deviation was found to be =1 1 seconds
which 13 5 1 per cent of the mean With a mean time of 64 2 seconds, twice
the standard deviation was 3 7 seconds which 1 5 5 per cent of the mean
Therefore the range expressed as twice the standard deviation 13 about 5
per cent of the mean Results are reported 1n seconds or i per cent of
normal as 1 the Smith method already deseribed

Adiantages (a) A close correlation ewsts between the activated clot
ting tune of the blood as performed with this techme and sts prothrombin
content Therefore an immediate raprd estimate of the blood prothrombin
18 possible (b) The concentration of caleim and other blood constrtuents
used n the test 1s close to that of the subject s blood

REFERENCES
1§mth H P Zifiren 8 E Owen C A and Hoffman G R Chinical and expent
mental studies on Vitamis K JAMA 725 5 330 (July 20) 1939
tSchwager P G andJaques L B A i} hniqus for the d of
prothrombin times Canad M A J 60 258 1949
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5 Estmation of Prothrombin by the Two-
stage Method

R H WAGNER, ] B GRAHAM, G D PENICK and
K M BRINKHOUS

Object of the Method The bastc object of the two-stage prothrombin

assay devised by Warner, Brinkhous and Smitht * 13 the specific deter
of 1n any solution regardless of the

presence or absence of other clotting accelerators or inhubitors The assay
has been used particularly for the determnation of prothrombin in plama,
serum and plasma fractions Certamn other test procedures as the pro
thrombin utilzation test and & method for measurement of antthemophlic
activity are based on the rate of change in prothrombin duning clottmg
23 measured by the two stage assay procedure

Principle Underlinng the Assay The assay consists of two stages (1)
In the first stage prothrombin 13 converted to thrombm as rapidly and
completely as posable by meubation with optimal amounts of Cat+
thromboplastin and known aceessory factors (2) In the second stage the
thrombin formed at varymng incubation times s measured by the speed
with which 1t clots fibrinogen One umt of thrombin is defined as that
amount which will cause the formation of a fibrin clm, m 150 seconds m
one m} of a mixture the thromt d
acacia 1midazole buffer and Cs** 1n an 1sotome solution at 28 C One
unit of prothrombin 1s defined as that amount which when fully activated
forms one unst of thrombin

As patients with new clotting di eases have appeared and with the
preparation of prothrembin 1n a ligher state of punty hnowledge of
accessory factors needed for the rapid conversion of prothrombin to throm
bin 1n the t tage has d If the accessory factors are
absent n the assay “fale low values are obtamed The discovery of a
patient with low Factor V* and success 1n removing AcG (Factor V) from
purified prothrombin preparations® led to the use of BaCO; adsorbed beef
serum® or of Owren s Factor V7 1n the assay More recently 1t has been
i d that another I factor present 1n serum 1s required
for rapd and lete conversion of to thrombin Mann®
reported that a serum factor co thromboplastin (Spes  convertin) 19
needed for the accurate a say of prothrombun n plasma from dicumarolized
patients Subsequently Flynn and Coon?® have shown that spea 15 e&entla]
1n the assay of partially purified prott Lewss and Ferguson® hay
desenibed & patient with severe spea deficiency and found that the use of
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beef serum was necessary 1n the two stage prothrombin gssav of the pa
trent 8 plasma

It remamns to be seen whether further advances will imeresse the
number of factors needed

Apparatus and Reagents

(a) Essential apparatus (1) Syringes and needles () Centnfuge
tubes (3) Centrifuge (4) Refrigerator (5) Balance (6) Glass tubes
Tubes 10 < 75 mm 1n size are used n large numbers for the final clottmg
stage Tubes of larger suze are used for storage of reagents (7) 28°C water
bath (8) Serologic pipets A supply of 02,1 and 5 ml mipets 18 needed
(9) Stop watch, preferably operated with a foot pedal (10) Additional
stop wateh or clock with a sweep second hand (11) Visking casing, No-
Jax (Viskang Corp , Chicago), 1s used for dialyxs (12) Facilitses for dislysis
at 4°C

(b} Optional equpment (1) Freezer Any standard type freezer cabinet
capable of mamtmmng a temperature of ~20°C or lower 13 useful The
freezer 15 used for storage of thermolabile reagents (2) A cold room man
taned at & temperature of about 4°C equipped with a centrifuge and
dalysis faciities (3) pH meter

© R Many ¢ p ate
We descnibe the ones used in our Iaboratory Where po sible, & hst of
alternative preparations 1s given

(1} 011 M sodium citrate

(2) 011 M sodium oxalate

(3) 0 1o4 M sodum chlonde (normal salme)

(4) Citrated saline one volume 0 11 M sodiuim eitrate plus 19 vol of
0154 M NaC)

(5) Phenol red 01 per cent solution 100 mg pheno} red plus 2 8 mi
01 N sodum hydroude and water to dussolve Dilute to 100 ml

{6) Saturated (NH()250, solution 001 M potassium oxalate solution
18 saturated m the cold with (NH,)sSO, and adjusted to pH 7 1-7 2 by the
addition of 1 N NH,OH pH 13 checked on a 1-10 ditution of the reagent to
reduce salt effects

(7) Citrated plauma Obtmn blood by venepuncture, using the two
syninge method Avoid air bubbles m colfection Mx immediately with
011 M sodim citrate 1 a ratio of one part sodum citrate to 8 parts nhole
blood Centrifuge at about 3000 g for 20-30 mmnutes Withdraw the
gupernatant plasma after determining the hematoerit heep at 4 C until
Just before use If the plasgma 18 not to be tested within 1-2 hours after

store ly 1n freezer

(8) Oxalated plasma Obtam blood ns above mux immedustely with

N Py
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011 M sodium oxalate 1 & ratio of one part eodium owlate to 9 parts
whole blood Rest of procedure as i (7) above

(9) Acacia 15 per cent solution Acacia 13 obtamed from Eimer and
Amend New Yorh as Gum Arabic USP Select #1 Tears Drsohe with
stirng 60 grams acacia 1n enough hot ditilled water to make a 15 per
cent solution Centnfuge the hqmd while warm and strain the supernatant
solution through cheesecloth Adjust the pH to 72-7 4 using phenot red
23 an external mdicator Store 1n the freezer It was found by Ware and
Seegers* that all lots of acacia tested contaned enough Cat+ to bring the
final caleum concentration withmn the optimal range when used m the
proportions outhned below

(10) Imudazole buffer pH 7.2 Weigh out 172 Gm CP imidazole
Edcan Laboratories South Norwalk Connecticut IDissolve mn approu
mately 90 ml 01 N HCl Adjust to pH 7.2 didute to 100 m! Store
freezer

(11) Thromboplastins Two different preparations may be used and
are equally eatisfactory (a) Crude Beef Lung Thromboplastin Five em
cttbed of Jung are removed from the periphery of fresh beef lungs obtamed
at the abattorr Large bronchi and blood vessels are removed The cubes
are wa hed thoroughly under tap water to remove as much blood as posst
ble The lung 13 ground 12 a grnder with pores 3-5 mm 1n dixmeter The
ground lung 13 weighed and placed 1n an equal werght of sahme This mix
ture 13 zhaken at imtervals and extracted at 5 C for 48-72 hours The
mixture 13 then centnfuged and the supernatant flud 1s stored n the
freezer The concentrated extract 1s diluted with normal saline to a pomt
at which maximal thrombin yields are obtamned m the assay of normal
plasma for prothrombin This didutton vanes from 5 to 20 fold for different
preparations The crude lung thromboplastin preparation should be as
sayed for prothrombin to rule out the possbility of contamination with
this factor (b) Bacto rabbit brain thromboplastin {Difeo Labs  Detroit)
18 prepared according to the manufacturer 8 nstructions and diluted 5 to
10 fold with normal saline before use

(12) Fibrinogen All steps 1z the preparation are carried out at 4 C
Oxalated dog plasma 18 adsorbed for thirty minutes with 100 mg BaSO;
per ml Merck Reagent or Baker and Adamson Reagent BaSO, are snta
ble Centnfuge (about 3000 g) for 30 mumnutes To the supernatant plasma
13 added one third volume of cold saturated (NH,),SO, Let stand for 15
mmutes Centrifuge at 3000 g for fifteen minutes Decant supernatant
flud and save for Factor V preparation (see below) Carefully dramn tubes

the Dissolve the precipitate by gentle

amtation m citrated saline using one third the ongmnal plasma volume
Dialyze agawnst 3 or 4 changes of eitrated salne for 2-3 hours After dralysis
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beef serum was necessary in the two stage prothrombin assay of the pa
hient's plasma

It remams to be seen whether further advances wall 1ncresse the
number of factors needed

Apparatus and Reagents

(a) Essential apporatus (1) Syrnges end ncedles (2) Centnfuge
tubes (8) Centrifuge (4) Refngerator (5) Balance (6) Glass tubes
Tubes 10 x 75 mm 1n size are used 1o Jarge numbers for the final clotting
stage Tubes of larger size are used for storage of reagents (7) 28°C water
bath (8) Serologic pipets A supply of 02,1 and 5 ml pipets 1s needed
(9) Stop wateh, preferably operated with a foot pedal (10) Additional
stop watch or clock with & sneep second hand (11) Visking casing No-
Jax (Vastang Corp , Chueago), 18 used for diatysis (12) Facilitses for dialysis
2t 4°C

(b) Optional equipment (1) Freezer Any standard type freezer cabtnet
capable of mamtamng a temperature of ~20°C or lower 13 usefu] The
freezer 15 used for storage of thermolabile reagents (2) A cold room man
tamed at a temperature of about 4°C equipped with a centrifuge and
dralysis facihities (3) pH meter

(¢) Reagents Many different techmical preparations are sabisfactory
We describe the ones used 1 our laboratory Where possble a Dst of
slternative preparations 1s given

(1) 011 M soduum citrate

(2) 011 M sodium oxalate

(3) 0152 M sodrum chloride (normal salime)

(4) Citrated saline, one volume 0 11 M sodium eitrate plus 19 vol of
0 154 M NaCl

(5) Phenol red, 01 per cent solution 100 mg phenol red plus 2 8 m!
01 N sodum hydroude and water to dissolve Dilute to 100 m]

(6) Saturated (NH.):SO: solution 001 M potassium oxalate solution
18 saturated n the cold with (NH,):S0; and adjusted to pH 7 1-7 2 by the
addition of 1 N NHOH pH 19 checked on a 1-10 dilution of the reagent to
reduce salt effects

(7) Citrated plasma Obtam blood by venepuncture using the two
gyringe method Aveid air bubbles m collection Mix unmediately with
0 11 M sodium citrate m a ratio of one part sodtum crtrate to 8 parts whole
blood Centrifuge st about 3000 g for 20-30 minutes Vathdraw the
supernatant plasma after determining the hematoent heep at 4 C unt!
just before use If the plasma 13 not to be tested within 1-2 hours sfter

ture store dutely m freezer
(8) Oulated plasma Obtan blood 28 above mix mmedistely with
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(1) Thaw one ml of fibrinogen solutson and put 01 m! samples 1n
serological tubes i a 28 C water bath Bring other reagents to 28 C

(2) Dilute 01 ml of the test sample with a muixture which contains
1 part Factor V and 39 ports citrated sahne The aim of this step 13 to
reduce the prothrombm concentration of the sample to approumately 5
units per ml This 13 the 1sometric dilution faclor and 1t vanes with the
strength of the sample For normal human plasma this factor 1s usally 40
to 50

(3) Incubation To three ml of two-stage reaction mixture add one
m! of the diluted sxmple prepared 1n the preceding step Mix and note the
tune Incubate mixture in 28 C bath

(4) Testing for thrombin At 30 sec intervals transfer rapdly = 04
ml ahquot of the mcubation mixture to & tube contaimng 01 m! fibrmo
gen Smpultaneously start the stop watch Iveep the contents of the tube
m constant agitation Clotting 18 best observed by holding the tube at an
angle 1n front of a light source so that the loser part of the tube only 38
strongly illurmnated The end pomnt 18 sharp If clotting does not occur
withm 25 seconds proceed with the next aliquot

In steps No 3 and 4 shove the prothrombin test solution 1. diluted
5 times This 18 the final dilution factor and 19 constant

{(5) If the first dilution tried (Step 2) gves no clotting time shorter
than 18 seconds when tested for thrombin (Step 4) go back to Step 2 and
prepare a more concentrated solution, 1if the fastest clotting time 1s less
than 12 seconds prepare a more dilute solution

Taere 1 Relatwon of Clotting Time to Thrombin Concentration under Standard
Conditions

CT (seconds) 120125130135140145150155160165170175180
Thrombincon 1341261201141091041000960 9089086082080
eentration 10
umts per ml

Caleul The 1 areall
atrated human plasma

Eight m! whole blood was muixed with one ml atrate solution the
cell volume was 32 ml Testng of a 1-50 1sometric dilution of the eitrated
plasma gave the following results

d by means of an assay of

Incubation time seconds 30 80 90

120 150
Clotting time seconds 15 45 141

1" 156

(1) From table 1 14 1 sec 15 found to be equivalent to 1 09 umts of
thrombin per ml
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bring pH of fibrimogen to pH 7 2 using 1 N HC! or NaOH and phenol red
23 external mdicator Freeze fibrimogen m 1 m] lots
(13) Tactor V¥ ALl steps i the preparation are camned out at 4°C
Measure the volume of the supr rnatant fud saved from the fibrimogen
preparation Add one eighth volume of saturated (NHo:SO: to brng to
ene thurd saturation and let stand for 15 munutes n the cold Centrfuge
and discard supernate IDhissolve the preupitate m a volume of citrated
saline equal to the starting plasma volume (See fibrinogen section above )
Dualy ze and adjust pH to 7 2, freeze n 5 ml lots
(14) Beef serum Beef hlood from the slaughterhouse 1s alfowed to
stand for several hours after clotting The serum at this time 1s virtually
free of prothrombin The serum 15 removed by centrifugatron and frozen
{15) Two stage Reactton Mixture This mixture contans thrombo-
plastin acaca calcium, sakne and 1midazole buffer It may be prepared
with & number of varations It 19 commerenally avadable m lyophihized
form as Bacto Prothrombm 2 Stage Reagent (Difco Labs) This has been
f d ding to the procedure of Ware and Seegers® Each
ampule 15 reconstituted by the addition of 10 ml 06 per cent sodum
chiorsde For each 29 ml of reconstituted mixture add 0 1 ml 1-10 salne
dilution of ¢ prothrembimn free * beef serum (not BaCO; treated beef serum)
The following procedure may be used {(a) Calewm Ioudazole Acacis
Mixture This muxture 1s made up m large batches and may be stored
indefimtely m the freczer It conststs of two volumes of 15 per cent acncia
solution three volumes of normal saline and one volume of imdszcle
buffer
(b) Peaction Mixture This mixture 15 made up shortly before use
and frozen It consists of twa volume= of caletam mmudazole acacia muxiure,
09 volume af dilete thrambaplastie and @ 1 x clume of beef serum difuted
1 to 10 with normal saline
Steps tn the procedure The assay conssts of the folloming steps
Prelisnary dilution of the test ssmple with Factor ¥ and oitrated sabpe
wmeubation of the diluted sample wmith the two-stage reaction musture,
testing of the incubatng mixture for thrombun, at intervals, by sdding
abiquots to fibnnogen and noting the clotting trme The shortest clotting
time represents the maumum thrombin yield for a given dilution For the
purposes of caleulation the clotting tume must fall 1n the 12 to 18 second
sange Therefore the prelmmary dilution s vaned unt the shortest
clotting tune falls 1 that range The thrombin concentration w the final
muxture 15 found from the clotting time and table 1 The product of the
thrombin concentration times the total dilution 13 an expression of the
total thrombin that could be formed from one mi of native plsma and
by defimtion the prothrombin concentration m units per mi
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(1) Thaw one m! of fibnnogen solution and put 01 ml samples m
serologieal tubes in & 28°C water bath Bring other reagents to 28 C

(2) Dilute 01 ml of the test sample with a mixture which contams
1 part Factor V and 39 parts citrated salme The amm of this step 1s to
teduce the prothrombin concentration of the sample to approumately 5
umts per ml This 1s the tsomefric dilution factor and 1t varies with the
strength of the sample For normal human plasma this factor 13 usally 40
to 50

(3) Incubation To three ml of two-stage reaction mixture add one
! of the diluted sample prepared in the preceding step Mix and note the
time Incubate muxture iz 28 C bath

(4) Testing for thrombin At 30 sec 1ntervals transfer rapidly o 04
m! aliquot of the mcubation mixture to & tube contaning 01 m! fibrino-
gen Simultaneously start the stop watch Teep the contents of the tube
in constant aptation Clotting 1s best observed by holding the tube at an
angle m front of a hght source so that the lower part of the tube only 15
strongly luminated The end pomt 1¢ sharp If clotting does not oceur
within 25 seconds proceed with the next ahquot

In steps No 3 and 4 above, the prothrombin test solution 13 diluted
5 times  ITus 18 the final dilution factor and 18 congtant

(5) If the first cilution tried (Step 2) gives no clotting time shorter
than 18 seconds when tested for thrombin (Step 4) go back to Step 2 and
prepare a more concentrated solution 1if the fastest clotting time 1s less
than 12 seconds prepare a more dilute solution

‘TaBLE 1| Relation of Clotting Time to Thrombsn Concentration under Stendard
Condtions

CT (geconds) 2012513013514 0145150155160165617017 513 0
Thrombineon 13:1126120114109104100096092089086082080
centration in
umts per ml

Celeuls The ealcul. are all by means of an assay of
ertrated human plasma

Eight mt whole blood was mixed with one ml citrate solution the
cell volume was 3 2 ml Testing of a 1-50 1sometric dilution of the erated
plasma gave the following results

Incubation time seconds 30 60 00 120

150
Clotting time seconds 15 145 141 17

156

(1) From table 1 141 sec 1s found to be equivalent to 109 umts of
thrombin per ml
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Vol citrated plasma 90— 32 58
(2) = = 22
Vol npative plasma 58 ~10 48

= 121, eitrate dilution factor

(3) Thrombin concentration X atrate dilution factor X 1sometric
dilution factor X final dilutton factor ~ 109 X 121 X 50 X 5 ~ 330
umts prothrombm per m] plasma

Values oblained Because of the po~sible dsy to day vanation m the
potency of reagents used, there may be a day to day vanation 1n prothrom
bin Jevels in ferms of absolute umts of prothrombm For thus reason m
work with plasmas a normal control plasma 15 assayed at the same time,
2nd all results sre evpressed in terras of per cent of the control

The values found for normal human prothrombm usually fall in the
range of 300-360 unsts per mL In  series of ten determumations on a sample
of human plasma the concentratton was found to be 312 umts per mi,
with & standard deviation of =£13 umts In a series of deternunations on
ten normal adults the average level was 336 umits per ml with a standard
deviation of 432 units

Allernatie Pownts of Procedure (a) Armour Bovine Fraction I (The
Armour Laboratories, Chicago) 13 svmiable commereislly as & <curce of

fibnnogen It gnves appro Jy one half the umts obtamed when dog
fibrinoen prepared according to the directions 1n the Reagent section 18
used (b) Other useful thrombopl: Soluplastin Sek Iin and Co,

N Y N Y Ultracentnfuged beef lung thromboplastin This preparation
13 described by Ware and Seegers * (¢) Defibrinogenation of plasma to be
tested for protbrombin This proeedure has been previously desrnibed * ?
It consists of adding dilute commercial topical thrombin or a fresh serurs,
nich in thrombin and defictent m prothrombin, to the sample to be tested
just before the 1sometric dilution step (seep 109) After a fen minutesthe
fibrn clot 13 rolled out the plasma antithrombin quichly mactnates the
added thrombin The rest of the procedure 18 as outlned

Defibrinogenation appears to be a destrable but not an essential step
unless the unknown sample contatns fibrmogen and very kttle prothrombin
When 1t 15 omtted from the procedure & small clot sometumes forms m the
meubating mxivre X the clot 13 pipetted along with the thrombmn nto
the fibrmogen, 1t must not be confused with the end pomt, which 18 the
formation of a large eastly vistble clot

Discussion Precautions, and Sources of Error (8) When plasmas or
sern are bemng tested the maximal thrombun yeld obtained may be some
what lss than that which would be obiamned 1n an antithrombun free
since some of the thrombin formed may be tnactivated by antt

system,
: ; rticipates 1 the thrombmn fibrinogen reaction As a

thrombin before 1t pal
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result when different dilutions of a given sample are tested the more
dilute samples less antith bin may give a hat higher
unitage of prothrombin For most accurate work, the greatest dilutton of
sample 18 found which will still fall withun the 18 sccond range By the use
of alcohol 1n the thrombin forming mixture to inhubit the reaction between
thrombin and antithrombm Sternberger'? has devised a two-stage type
‘prothrombrn assay which he has shown to be independent of this varnable

In our experience this precaution 13 not essental m samples nch mn pro-
thrombin (b} The use of Fraction I as fib gives a low prott

umtage Since this means that a more concentrated sample must be used

2 greater vanation in results from the presence of more antithrombin 1s to
be expected 1n the analysis of plasma (c) Thrombin solutrons used to
remove fibrnogen from plasma may csuse partal mactivation of pro-
thrombin The loss 1s normally less if fresh serum 1s used 2 8 source of
thrombin (d) Heparn 18 not a sfactory for

plasma samples
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Vol eitrated plasma 90~ 32 58
() L Dimtedplasma 90 32 58
1ol native plasma 68~ 10 48

= 121, aitrate dilutron factor

(3) Thrombin concentration X cutrate dilution factor X 1spmetne
dilution factor X final drdution factor = 109 X 1.21 X 50 X 5 = 330
units prothrombin per m! plasma

Values oblained Because of the possible day to day vamation m the
potency of reagents used, there may be a day to day vanation in prothrem
bin levels m terms of absolute units of prothrombin For this reason, in
work with plasmas, a normal control plasma 13 assayed at the same tume
and 1l results are expressed i terms of per cent of the control

The valtes found for normal human prothrombn usuaily fali mn the
range of 300~360 units per m! In a series of ten determunations on s sample
of human plasma, the concentration was found o be 312 unts per ml,
with a gtandard deviation of =13 umts In a senies of determunations on
ten normal adults the average level was 336 uwmts per ml with a standard
devsation of %32 umts

Albernatue Poinis of Procedure (a) Armour Bovine Fraction I (The
Armour Lab Churcago) 15 Tabl ily as & source of
fibninogen It gnes approumately one half the umts obtained when dog
fibrinogen prepared according to the directions in the Reagent sechion, 13
used (b) Other useful thromboplastins Soluplastin, Schieffelin and Co,
N Y,N Y Ultracentnfuged beef lung thromboplastin This
18 dcscnbed by Ware and Seegers * (c) Dcﬁbrmogenatwn of plasnm tO be
tested for prothrombin This has been p b
It consists of adding dilute commercial topical thrombimn or n fresh serum,
rich 1 thrombin and defictent 1n prothrombin to the sample to be tested
just before the 1sometnc dilution step (seep 109) After a few mnutes the
fibrin clot 15 rolicd out the plasma antithrombin quickly mactivates the
added thrombin The rest of the procedure 15 as outlmed

Defibrinogenation appears to be a desirable but not an essental step
unless the unk sample cont: and very kittle prothrominn
When it 13 omutted from the procedure a small clot sometimes forms i the
sacubating mixture If the clot 18 pipetted along with the thrombm, into
the fibrmogen 3t must not be confused with the end powt which 1s the
formation of a large easily visible clot

Discussion  Precautions and S,mms of Error {(a) When plasmas or
sers are being te ted the L bin yreld ob d may be some
what less than that which would be obtamed in an antitbrombin free

sunce some of the thrombwn formed may be mactrvated by snb
1 reaction As 8

systetr, h
thrombmn before 1t partierp 1 the
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result when different dilutions of & gven sample are tested the more
dilute samples less antith bin may give & hat hugher
umitage of prothrombim For most accurate worb, the greatest dilution of
sample 1s found which will stall fall withm the 18 second range By the use
of alcohol 1n the thromhm fom'nng muxture to inhibit the reaction between
hrombin and antith b 12 has devised a two stage type
‘prothrombin assay which he has shown to be independent of this vaniable
Tn our experience, this precaution 1s not essential i samples rich m pro-
thrombin (b) The use of Fraction I as fit grves a low proth L
umtage Since this means that & more concentrated sample must be used
a greater variation m results from the presence of more antithrombin 1s to
be expected 1 the analysis of plasma (c) Thrombmn solutions used to
remove fibrinogen from plasma may cause partial mnactivation of pro
thrombim The loss 18 normally less if fresh serum 13 used as & source of
thrombin (d) Hepann 1s not a s y ): for ob
plasma samples
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6 Preparation and Purification of Prothrombin
4 F JOHNSON and W H SEEGERS

The matn steps 1n the method for production of prothrombin consist
of 1 of the prothrombmn from plasma at an aeid pH followed
by sdsorption on magnesum hydrownde elution and then fractionstion
with ammornutm sulfate and final soelectric precypitation

Reagents and Materials

Plasma The blood for this plasma 13 collected 1n a special anhicoagu
lant conasting of 185 per cent potassum oxalate (h,Cs0, 2H.0) and
05 per cent oxahe aard (HiCy04 2H,0) One part of antiroagulant to nme
parts of blood 1s used Alfter collection the plasmn 15 obtaned as soon a3
possible and esther stored 1n a deep frecze or used at once If human plama
collieted 1n the usual anticoagulant 13 used the plasma 1s first dualvzed
far one hour agamnst cold water to reduce the antrcoagulant concentration

Ozxalated sahne 075 Gm RyC0, 2H,0 18 mixed with 08> Gm NaCl
and dissolved i 100 mi of water Larger amounts of this matersal can be
prepared and kept on hand for use 1f much prothrombn 1s to be made

Wagnesium hydrorude cream Slowly, and with constant sturing 5
hters of concentrated NHOH are added to 20 kiters of 20 per cent MgCle
The preaipitate 35 sllowed to settle and 1o washed several tumes mn the
water to remot e the ammonia Five hundred Gm of the centrifuge packed
Mg(OH); 1s suspended mn 1 hter of H;0 A commercially prepared paste

Hydro AMagma Parte (Dow Chemucal Company) may be used mstead
of the preparation described It 18 used 1n the proportion of 1 2 with water

A Sulfate A i salution having a specrfic gravity of
at least 126 15 prepared by saturation at room temperature

Method The procedure described 1s & two-day procedure for the
processing of § liters of pla ma The amounts can be less but the time
required 15 about the same for smaller gquantities By o erlapping four
products can be made m five days This 1s done by starting the second
product while fimshing the first on the second day, ete

First Day Two large Pfaudler tanls or large metal contamers are
partiatly fifled with cold tap water to  volume of about 401 each The
plasms should be diluted ahout 15 times and when 31 of plasma are nsed
thus will b the amount of water nece.ars Cracked iee 13 added and the
+ ater agiated verticalls with s spectal paddle untl a temperature of 06 C
is achteved At this pont the ice 15 removed and three Lters of plasmn that
has been straed through saline washed gauze 13 added to each tanh This

gives & fingl plasma nater raho of 1-15 The water and the plasma 18

P ~

At
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muxed well with the paddle The pH of the solution 1s adjusted to 51 or
52 by the addition of cold 1 per cent acetic acid thoroughly muxing the
acid with the diluted plasma before checking the pH When all the required
acette acad 15 added the tanks are covered and allowed to stand for three
to four hours to allow the proteins ta settle to the bottom The supernatant
18 then removed by suction bewng very careful not to disturb the protemn
layer When as much of the supernatant has bcen removed as 1t 13 possible
to get the h with other d 1s drawn off
from the base of the tank
This precipitate 1s then centnfuged 1n the cold at 500 to 600 g This
can be done 1n 100 m! centrifuge tubes in a refrigerated centnfuge or 1n
any other dewce which will accommodate the volume After spinning the
18 ded and the 18 placed 1n a Waring blendor
The tubes are washed out with a small amount of oxalated saline and this
wash flud 13 added to the blendor More ovalated saline 13 added to a
portion of the mixture while 1n the blendor No more than 1s necessary to
obtan an adequate mxng of the saline and the protemn 1s added The
blendor 18 then used for a pentod of time long enough to procure eomplete
muxing without foaming and then the suspension 1s transferred to a beaker
1n an 1ee bath while the remainder of the material 13 treated in ike manner
A mimmal amount of oxalated salme 15 1t ed to clean out the blendor and
this 15 then added to the beaker
A mechameal strrrer 13 now placed m the beaker and glass pH elec
trodes are dipped wnto the solution With constant stiming 01 N NaOH
18 added slowly until the pH 18 raised from an 1mtial level of about 55 to
64 The alhal must be added slowly to prevent local denaturation care
being taken to avoid suspension of the matenal in the foam at the surface
All pH determmations require turning off the mechamcal stirring motor
and bemg sure that the electrodes are inmersed 1n the hquid
This neutralized solution 18 now placed m 100 ml centrifuge tubes
precooled m an 1ce bath They are spun 1n the cold for five minutes at 3 000
t0 3500 g 11 g this the hqud 15 d d through
saline washed ganze nto a large beaker To this 1s added the magnesum
hydroxide cresm previously prepared and stored n a refrigerator Ue
225 ml of Mg(OH), to 21 m} of supernatant or proportionate amounts if
the quantities are less Thorough mrang of this suspension 1s essential
because at this stage the prothrombin s adsorbed on the magnestum
hydroade particles This 1s centnfuged at 500 g for 20 minutes to bring
down the particles The supernatant 1s disearded and the white preciprtate
18 transferred to a cooled Waring blendor with about 350 ml of cold physio
logical ealine that has been used to wash out the centnifuge tubes This 1s
now mixed theroughly to wash the Mg(OH), This muxture 1s transferred
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to the cold 100 ml centrifuge tubes and spun in the cold at about 2,000 g
for 5 munutes The supernatant 1s discarded, then the precipitate 1s remosed
using & glass rod to breal 1t up and then washing aut with portions of &
total volume of 350 ml of eold 0 85 per cent MNaCl It s then poured 1nto 8
Wering blendor and mxed thoroughly Excesstse foaming 13 to be ayoided
The suspension 18 then seplaced 1 the conteifuge and spun at 2500 g for
5 mnutes, removed with 085 per cent NaCl and shiming rod as before,
after discarding the supernatant After this final washing 1t 15 blended
with about 400 m! of cold 085 per cent NaCl A thorough mrung 15 1
portant at thus stage to place the Mg(OH)s and adsorbed prothrombin i
a flud suspen 1on When pl 1 0b d, the mixture 13
transferred to n specal § bottle
This bottle 15 a heavy walled 1 Iter Seltzer bottle which has been
covered with surgical tape as rentarcement to nummuze danger of breahage
It 13 fitted with n speeinl pressure cap which can be tightened to prevent
the loss of gas nhen pressure 13 bmlt up within This eap 15 attacked to s
tant of CO; by pressure tulung
After the solution hea been placed in the bottle the cap 1s attached
and the pressure rased to 40 Ib after prebmymary flushing twice with
carbon droxide to remove all arr The bottle with pressuse tube and all s
enclosed 1 a metal protective shell and then placed on a shaker and ag
tated for 30 nunutes After this time the bottle 15 removed and placed
an sce bath The pressure 1s mamtaned unts] the apparatus has rooled, at
whuch tune it 15 reduced slowly to prevent excessive foaming The mxture
13 then placed i & metal beaker covered and placed in the refngerator
overmight
Second day The beaker 18 removed from the refrigerator and the
contents stramed through 6 Iayers of otalated saline washed gauze mto &
500 ml graduate by which the volume can bt defermned To get all the
rluate gentle manual squeezing of the ganze 13 most efficient
A salt and sce bath 18 prepared to obtamn a low temperature of sbout
~10 C anda 21 beaker well wrapped with gauze or tow elling as insulatson
1s placed 1n the bath which has been eumilar} d with protect
wrappings The eluate 19 poured 1nto the beal er while constant mechanieal
stirrng prevents freezing ab the sides of the beaker When the temperature
of the solution has reached 0°C  saturated ammonwm sulfate 3s added
dropwise so that the temperature does not rise A volume of ammonmum
sifate s added equal to the volume of the eluate m order o obtain a final
concentration of 50 per cent saturgtion When all of this chemtcal has
beun added the beaker 19 transferred to an ordmary ice bath and then the
contents are poused wto 100 ml centrifuge tubes precooled 1n anive bath
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The tubes are centrifuged n the cold at 2500 g for 15 runutes The
supernatant 1s then decanted mto a 2 hiter metal beaker The beaker 13
placed 1n the salt 1ce bath as before and stirring resumed When 0 C has
been reached more ammonum sulfate equal to the onginal volume of the
eluate 13 added slowly Ths should gve a final concentration of 67 per
cent When gl the sulfate has been added the mixture 13 poured into 8
precooled glass beaker mn an 1ce bath This 1s allowed to stand for 20 min
utes durmg which time crystals of magnesium salts are formed which sink
to the bottom of the ve.se] 100 ml centnfuge tubes are filled with the
liquid above the crystals, avording them as much as possible The tubes
are centrifuged at 5 C at 2500 g for 20 minutes The supernatant 13
disearded

The beaker contamng the rest of the mixture not centrifuged this
first time 13 then emptied of hquid bemng very careful to obtain the layer
of flurd just above the crystals, for 1t 1s here that most of the protem 1s
concentrated and as much of 1t as possible must be removed These tubes
are then centrifuged as were the first ones The supernatant 13 agam dis
carded and the tubes washed out indindually with distilled water This
washing should be done carefully by keepng the tubes mnverted after
pouring off the supernatant A stream of water 1s directed at the sides of
the tube from below through the mouth of the tube The precipttate must
not be touched by the water

After washing the tubes are placed 1n an 1ce bath The precipitate in
the first tube 13 broken up with a sturing rod and three to five ml of dis
tilled water are added This 1s transferred to the second fube and the
process repeated until all the tubes have been ninsed The matenal from
the last tube can be removed quite convemently with a hypodermic syringe
fitted with a 15 gauge needle or sumlar implement Next the tubes are
rmsed 1 senial fashion with three to five ml of water and the final +olume
collected 1 the same manner

The precipitate removed 1 then dialyzed aganst de 1omzed water to
remove the ammonmm sulfate This may be done with the usual Iaboratory

or mod. thereof We have developed a special

apparatus consisting of two disks of DuPont cellophane supported by a
cast alummum frame and the whole rotated 1n eold delomzed water This
18 more efficient than the usual Visking casing dialysts bag Lept i motion
1 a water bath In either system the water should be changed frequently
1n order to achieve complete and rapid removal of the ammontum sulfate

A speafic resistance of 1700 ochms or lagher should have been reached
m about three hours 1f 1t 13 500 ohms or higher the resmistance can be
raiged by the addition of distitled water or de 1omzed water until the
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desired resistance 1s attamed An equal volume of water will almost double
the resistance If the resistance 19 less than 500 ohms the dialysis will have
to be repeated

When the desired resistance 13 achuered the prothrombin solution 13
put i a 100 m! beaker which has beea placed m an 1ce bath ‘This 13 the
first step of the isoelectric precipitation of prothrombin making use of the
relative insolubihity of prothrombin in water soluttons at 1soclectric point

Dropwise 0 25 per cent HCl is added ram & rweropipet with constant
mechanieal stirnng untid & pH of 53> or 54 13 reached The soluizon 18
then centrifuged 1 2 100 m} centrifuge tube at 2,500 g for 5 mnutes to
remove the fine cloudy precimtate which contams mpurities

The supernatant is placed in o beaker cooled with an wee hath as before
and more aed 15 sdded in the same manner with constant, stimng urtil
the pH 13 46 Preciptation of prothrombin will gise the solution a miky

Pp This susy 15 transferred to a centnfuge tube and spun

at 700 g for three munutes The supernatant 1y discarded and the sedument
18 broken up with s stiering rod and sbout five ml of distifled water added
slowly This suspensian 13 then placed 1n a 50 ml besker 1n an ice bath
along with approvimately five m! of saline used to rinse the centrifuge
tube With constant mechamcal stirring 01 N NaOH 15 added untd the
pHsrasedt0650r 75

The final volume 13 now transferred to o weighed Erlenmeyer flash
by means of a five m! pipet 1n order to heep track of the volume Three
ml of distrlled water 15 used to nnse the besker the pH elctrodes and the
sticrer and then added to flash

The final volume 13 ded and 08 ml 13 d for analyss The
remainder can be frozen or freeze dried for storage m & dessicator

Careful worh and attentron to deta should result in o product baving
approuumately 23000 to 28 600 umts of specsfic actiaty per mgm of
tyrosine and containtng 12 000 to 14 000 umts per ml of prothrombm
Vanations abovse aud below this arlutrary standard occur due to the use
of different Jots of plasma When techmucal errors are at s mnmum there
still exists & varation which can onfy be asenibed to the mitial matenal.

Should the analy us reveal a product of poor quahty it can be rancd
by partial adsorption with batum carbonate This process will rane the
spoufic activity but decrease shightly the total number of umts econtasned
due to the adsorptson of prothrombin on the barwm carbonate with succes-
ee exposures to the adsarbent A product can be rassed from 26 000 or
27000 to 29000 or even hugher but further punfication 15 not usual i &
product already of 28 000 units or more per mgm tyrosne To use the
barum carbonate to adsorb impunities about 20 ml of the prothrombin
1s ghaken with I gm of barum carbonate The banum carbonate 18 e




THROMBIN AND PRECURSORS nuz

moved by low speed centmfugation Repeating the edsorption may be
tried but 1t has been found that a single mng with barum carbonate
secms to be as efficient as many 1n fact more than three or four will lead
to loss of setivity

Analysis

Prothrombin  All analyses of prothrombin products are done by the
modified two-stage procedure as described elewhere (page 100)

Specific Actinty The umts per mg of tyrosme sre determined by
means of the Folin Ciocalteau reaction using 01 to 02 ml of the product
From the value obtamned by this procedure and the number of umts per
ml as obtaned by the prothrombin analysis the final number of umts
per mgm of tyrosine can be calculated Units per mgm of dry werght can
be found by determining the weight of the product after freeze drymg in
the tared Erlenmeyer flask

If a freeze drymg method 1s not available the prothrombin ean be
dried with acetone and stored 1n a de sicator There will be a loss of activity
of the final product by acetone drywing and an analysis will have to be done
on the product after drying to obtan the final actiity before storage
This 1s not true of the freeze dried matenal Analyses should always be
done before analytical use after erther procedure hecause there 15 s gradual
loss of potency m sll products during storage

REFERENCE

Seegers W H Loomis E C and Vand lt J M P of h
products Arch of Biochem 6 85 1945

7 Estmation of the Rale of Prothrombin
Utihzation”

J B GRAHAM, R D LANGDELL and
K M BRINKHOUS

Ob]ecL of the Test This test 1 designed to furmsh an index of the rate
of p bin dunng elotting The re<ults may

Tnvestigations lesding to this method were supported 1n part by research grants
H 1648 and H 1333 from the National Heart Institnte Institutes of Health Public
Health Service
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be expreseed in many ways, but a conyement method 15 to gne the pro-
thrombin half ife 1n munutes The prothrombin conversion 1s slow n 2
number of cond: such as hemophiha and thrombocy topema

Principle of the Test When normal blood clots, prothrombin 1s trans
formed mto thrombin Because of the macttvation of thrombmn by ants
thrombrn, the amount of free thrombn present at any tuwe during clotting
18 Jow and 13 not 8 rchable index of the efficiency of the clotting reaction
By stopping prothrombin conversion of clotting whole blood at fime mter
vals by the addition of sodium wtrate snd ecntrifugstion, the smount of
p othrombin remaining 1n serum can be measured by the two-stage pro-
thrombin method At the time of netual clotting of fibrinogen, very hittle
prothrombin has been converted to theombin Thereafter prothrombin 13
converted to thrombsn more rapidly, until m o few hours only traces of
prothrombin remain

Reagents and Apparatus The same as for the two-stage method for
determmation of prothrombin (see page 105) In sdditton to the items
listed for this assay, stheone treated syringes (D Film No 9987 General
Electric Co) are needed for collection of blood and 10 x 75 mm tubes
graduated at the 1 m! mark are required for clotting tubes

Steps an the Procedure (a) The two-syringe method 13 used for collee
tion of the blood Only blood collected m the second gyninge 15 used in the
test A muunum of 10 ml of blood 1s drawn into & stlicone treated syringe
(b) One m! of blood 1s distributed into each of ten 10 . 75 mm clean
tubes graduated at the one ml mark (¢} Add 015 ml 011 M sodum
atrate solution to each of two tubes at the followmg intervals 0 20, 40
60 and 120 munutes If the tube has clotted prior to the addition of the
citrate solution gently free the clot from the test tube wall with & wooden
applicator stick Immediately centrifuge at 3000-5000 g for 5-10 munutes
(d) Aspirate supernatant oitrated serum {or plasma) with 2 capillary prpet
and attached rubber aspirating bulb Pool the supernatant serum from
each pair of tubes () Freeze and store each sample Determme the pro
thrombin content of the samples by the two-stage method

Calewlations Values obtained (a) Deternune the prothrombin umits
per ml of each sample In this ealeulation the atrate dilution factor can
be neglected The values thus abtamed are low but siwre the aitrate dilu
tion factor 1s constant for the scries the relative values are unaffected
The smount of residual prothrombin mn esch sample 1s expressed 1n per
cent using the sample citrated at O trme as 100 per cent b} Plot the
residual prothrombin 1 per cent aganst the elapsed time prior o itration
using rectangular graph paper By mterpolation the tume 1 mmutes
required for utihization of 50 per cent of the prothrombm is determmed
Ths time 13 termed the prothrombin half e If less than 50 per cent of
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the prothrombin 1 used up during the longest ineubation time, the result
13 expl d merely as a pi half hfe of >120 minutes

Allernatire Procedures (a) Inudazole may be used to buffer the whale
blood prior to extration The imudazole buffer 13 described under the assay
of prothrombin by the tno-stage method (page 100) If the buffer 18 used
the clotting tubes are graduated at the 115 ml mark, 015 ml imdazole
buffer 1s placed 1n the tubes first then 10 m!l whole blood and tubes are
gently mixed Otherwise the procedurc 13 the same as described above
(b) The results may be evpressed as a 3 ) mndex * or
merely as the amount of resdual prothrombin 1 per cent at 60
and 120 mmutes

Normal Range of Values For human blood an average of 10 normal
subjects gave a value for prothrombin half hife of 36 mmutes with a range
of 31-41 minutes For dog blood the mean value was 28 minutes

Precautions and Sources of Error (a) Care should be taken to avoid
gar bubbles or undue mampulation 1n the eollection of the blood and 1ts
distrbution 1mnto the clotting tubes Also the tubes should be scrupulously
clean care should be taken that they do not become contaminated with
sihcone which will change the surface property of the glass Vanable and
non-duplicable results are obtained if these precautions are not observed
(b) The clotting tubes after citratton should be centrifuged immediately

18 not stopped letely until all of the serum

13 expressed from the clot (c) If a severe hypoprothrombinema ewusts
thes test cannot be satisfactonly carried out

REFERENCES
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be expreseed in many ways, but a convenrent method 18 to gve the pro-
thromiwa half ife m munutes The prothrombn conversion 18 glow m &
nuwber of condttions such as hemophilia and thromhocytapems

Princeple of the Test When normal blood clats, prothrombin 1s trans-
formed into thrombin Because of the nactivation of thrombin by snti
thrombin, the amount of free thrombin present at nny time dunng clottg
13 Jow and 13 not o rehable imdex of the efficiency of the clotting reaction
By stopping prothrombin consersion of clotting nhole blood at tume wter
vals by the addition of sodium eitrate and centrifugation, the amount of
prothrombin temaiming s serum can be measured by the two-stage pro-
thrombin method At the tune of nctual clotting of fibrinogen very httle
prothrombin has been converted to thrombin Thereafter prothrombin 1
converted to thrombin more rapdly until 1 a few hours enly trates of
prothrombin remam

Reagents ond Apporatus The same as for the two-stage method for
determination of prothrombin (sce page 185) In addition to the rems
Disted for this assay eicone treated synnges (Dn Fiim No 9987 General
Fleatric Co) are necded for collection of blood and 10 x 75 mm tubes
graduated at the 1 m] mark are sequired for clotting tubes

Steps 1n the Provedure {a) The two-symnge method 15 used for collee
t1on of the blood Only bleod collected m the second symnge 13 used i the
test A mummurn of 10 ml of blood 13 drawn inte a stficone-treated synoge
(b} One m! of blood 13 distributed nto each of ten 10 x 7o mm clean
{ubes graduated st the one m! mark fe) Add 015 m! 011 M sodum
aitrate salution to each of two tubes at the following mtervals 0, 20, 40
60 ond 120 mmutes 1f the tube has clotted prior to the addition of the
crtrate solution gently free the clot from the fest fube wall with & wooden
appheator stich  Immedtately centrifuge at 3000~5000 g for 5-10 munutes
(d) Aspreate supernatant eitrated serum (or plasma) with a capiliary pipet
and sttached rubbet asprrating bulb Pool the supernatant serum from
each pair of tubes (e) Freeze and store each sample Deterrmne the pro-
thrombtn content of the samples by the two-stage method

Caleulations Values obtarned (a) Determimne the prothrombin umits
per ml of each sample In this caleulation the ertrate dilution factor can
be neglected The yalues thus obtawned are low, but since the atrate dida
tron factor 15 constant for the seres the relate values are unafiected
The amount of residual prothrombin 1 each sample 15 expressed 0 per
cent, usg the sample aitrated at O time as 100 per cent {b) Plot the
ressdunt prothrombin o per cent agamst the elapsed tune prior to eitration
ueng tectangular graph paper By nterpolation  the tune i munutes
required for utibzatson of 50 per cent of the prathrombm 18 determumed
Thus tume 15 termed the prothrembin half hfe If less than 50 per cent of
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tively The solution 1s then allowed to stand at room temperature until no
more thrombin forms There may be activation of about 75 per cent of the
prothrombin to thrombin Then one may proceed in a variety of ways to
obtamn thrombm from this mixture

The thrombin 1n ertrate solution may be diluted with water to about
100 m! end precipitated by the add:tion of 200 ml of saturated ammonum
sulfate This should be added slowly so that the temperature of the solu
tion can be kept s near 0 C as posatble The ammonium sulfate 1s added
dropwise while the thrombin 13 1n &n 1ce bath and bemng stirred Centrifu
gation at 2 500 gn the cold 18 then used to separate the precipitate which
15 dis.olved 1n about 10 or 15 m! of nater and then dialysed sufficently
agamst cold water to remove the ammonwm sulfate It may be dried
from the frozen state There 18 1nvanably a loss of actimity during the
drying process Storage of hquid products at —20 C 1s also feasble but
these frozen products are not as stable as the dried material However 1n
50 per cent glycerol solution thrombin is remarkably stable and if such
solutions are stored n a deep freeze they perhaps represent the most
convenent way to use thrombm for most practical purposes

Assay The number of umts of thrombn 1s d d by a d
analyss 19 which the thrombin 1z diduted until it mves a 15 second clot
with a standardized solution of fibrinogen The titration muxture needed
for the analysis follows

Acacis (15% solution) 2 parts
Tnudazole buffer (pH 72-7 4) 1 part

CaCl (0 70%) 2 parts
NaCl (0 85%) 4 parts

Thus titration mxture gives the same results as the one used 1n the
prothrombin analysis by the two-stage method For convemence a stand
ard solution of the prothrombin incubation mixture 13 kept on hand and
when & thrombin analysis 1s to be done this 1s diluted 14 with 085 per
cent NaCl Thus there would be 5 ml of sahine added to 10 ml of the
prothrombin ncubation mixture to prepare the thrombin incubation
muxture

A standard 1 per cent solution of fibrinogen 1s then thawed after
removing from the deep freeze and 13 pipetted mnto serologic tubes for the
test 01 m] 13 used i each tube

For a thrombin analysis the dilutions of the thrombin are made in
silicone or paraffin hined glasswsre to prevent the adsorption of thrombmn
on glass When of are handled this
adsorption will wnvolve only relatively few molecules and the final concen
tration will not be affected In dilute solution however the adsorption 18
easily detected beeause the thrombin involved by adsorption 1s an appreeia
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8 Preparation, Purfication and Assay of
Thrombin

J F JOHNSON and W H SEEGERS

Thrombin of the highest quality 1s obtamed by the autoeatalytic
actration of punified prothrombin 10 25 per cent sodmum extrate Actwation
by this means makes 1t possible to svoid the mtroduction of calem
1nadequately purified Ac globuln and thromboplastin with its multiple

and other unk {actors Thus, the final thrombm will be
free of these contaminants

Malerwals

Prothrombin. Prothrombin used as the substrate 13 prepared m the
laboratory by the magnesum hydroade adsorption method deseribed
elsewhere (page 112) It consists essentially of the precipitation of the
prothrombm from dilute acidified plasma 1ts adsorption on magnesmn
hydraxide, elution followed by precipitation with ammomum sulfate and
a final wsoelectnic preripitation from an aqueous solutton The products
will vary m punity from one preparation to another Morioyer the use of
proportionately large amounts of magnesium hydrovude gives high yields
of prothrombin whereas small quantities of the ad.orbent gne lower
yields and higher purity T'or .ome studies ane eclects the purest obtamable
for as the proportion of impurities mcrease m the substrate the excellence
of the thrombm product decreascs It 19 of interest to note in connection
with the last statement that prothrombim products which have fost much
actaty a8 judged by the usual two-stage method of analysis involving
phystological activation can often be transformed to thrombin an sodum
atrate sohitton This would seem to indscate that there are derrvatwves i
the prothrombin which though nat detectable by actiation with Ac
globulin thromboplastin and calmum are capable of becoming thrombin
1 the satocatalytic reaction

Soduum citrale A 25 per cent solution 1s used Lower concentrations
activate the prothrombim but the yield 1s much fess a § per cent solution
can produce some thrombm a 10 per cent solution produces more and 50
on Above 25 to 30 per cunt there 1s no greater production of thrombin
and at the higher concentrations there may be some precipitation of the
prothrombin due to the strong salt solutions uscd

Method Purthed prothrombin s drsolved i 2> per cent sodim
eitrate solution so that the final concentration of prothrombun 13 about
1-1 5 per cent To start the autocatalytic reaction thrombm m.y be added
so that the ratio of thrombin to prothrombin umts 1s about 4 to 100 respec
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In practice, if the endpomnt vanes more than the range of 13 to 17
seconds the test 1s repeated with another dilution for experience has
shown that the table 1s not reliable for accurate work outside of this range
presumably because of personal vanations m techme ete, from one tech
mician to another Three determinations are done for exch specimen and
they should not sary by more than 0 5 second at most These tests should
be run after the dilution has been alloned to stand at least two minutes,
or they will vary For some reason endpomts tahen during the first mmute
will be too fast and a hgher value of thrombin will be obtamed After this
1mtial equibration time the thrombin 13 stable and will remain so for
matter of several mmnutes If the cilution tested 13 not correct and the
endpoint not acceptable then a new dilution will have to be made This
can be done using the correction table 23 a rough gwide

The test 13 run at room temperatures if they are not extreme other
wise at 28 C using a water bath

A known control thrombin standard, in 50 per cent glycerol solution
should be used to check all determunations as reagents may vary from
day to day This standard thrombin solutton ¢an be stored mn the cold and
used many times A standard can also be obtamed from the National
Institute of Health of the United States Public Health Service

Caleulation Caleulstion of the result 13 based on the dilutions per
formed

Tmtia! ditbstion X § X correction factor = thrombim units/ml

Multipheation by 5 1s necessary because of the dilution of the sample by
the titration mixture and the fibrinogen The correction factor 1s obtained
from the table as given

Precauttons When performing the test, 1t 13 of the utmost importance
to be careful with all the pipets when domg the dilutions and muxing the
materials The pipet tips should be wiped off each time and there should
be & ensp clearing of the bore every time a measurement 13 made All
pipets ate  blown out when measurements are made Care must also be
taken so no droplets of the solutions adhere to the sides of test tubes and
do not actually become mixed with the main solution

REFERENCE

Seegers W H McClaughry R I and Fabey J L Some properties of punfied
prothrombin and 1ts activation with sodium aitrate Blood & 421 1950
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ble percentage of the total thrombin avaiable Throughout the work
deseribed below, silicone or paraffin lined glassware 13 used whenever dilute
solutions of thrombin are mampulated The only exception to this rule 12
with the final clotting mixtures 1 which case standard practice sgaores
the matter of ndsorption

In the test, 01 ml of the 1 per cent fibrmogen solution 13 muxed with
03 ml of the titratson mixture Then 01 mi of the diduted thrombin 13
blown into the fibrinogen solution from & 01 m} serologic prpet The
end pownt 1s determined with the aid of & stop watch started at the mstant
of mrang the diluted thrombin with the fibrinogen and ineubation muxture
The endpamt 1y the same as that for the other cloting tests the first
appearance of granulanty in the clear solutton as it 1 held to the Iight
However 1 & thrombin analyss m the sbsence of (hromboplasi the
endpomnt 13 more abrupt 1n its appesrance and 13 not presaged by mereas
sng turbudity , 88 1t 38 when the thromboplastin 13 used This granulanty 12
replaced by 8 sobd clot 1n a few seconds 1f this 18 the true endpomt Should
the granules persist and no clot form this is a false endpont and the test
should be repeated No mcubation 13 necessary as 1n the other tests for
prothrombin or Ac globulin because the thrombin 15 alrendy formed and
ready to act directly on the fibunogen

Should the endpomt vary from 15 seconds the following correction
table the ssme as that used for prothrombin analysis should be used to
provide the essential correction figure

g
£
g

Corr
Tume fctor

Time  fon T

o 150 150 100 V0 07 20 065
2 147 2 097 2 074 2 06t
4 144 4 09 4 073 & 064
& 141 6 o8 § o7 6 08t
8 133 8 094 § 012 g o#

120 13 ®o 092 20 072 210 06
2 13n 2 o0 2 o072 2 0683
4 1B 4 08 4 07 4« 08
6 12 6 033 6 07 5 063
g 1m 8 08 8 070 8 061

130 12 170 ©85 210 670 250 060
2 1w 2 08 2 668 %60 040
4 116 i 083 4 068 70 047
8 113 6 082 6 068 o 044
8 112 8 [ 3] 8 068 20 043

#o 110 150 080 20 06 o6 040
2 107 2 071 2 086 3to 038
4 103 4 077 4 066 330 034
[} 103 8 076 @ 065 30 031
s 102 3 076 8 065 yo 02
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In practice 1f the endpomnt varies more than the range of 13 to 17
seconds the test 1s repeated with another dilution for expenence has
shown that the table 1s not rehable for accurate work. outside of this range
presumably because of personal vanations 1u techme ete from one tech
mean to another Three determinations are done for each specimen, and
they should not vary by more than 0 5 second at most These tests should
be run after the dilution has been allowed to stand at least two minutes
or they wll vary For some reason endpoints taken during the first minute
will be too fast and & higher value of thrombin will be obtained After this
itial equibibration time the thrombin 13 stable and will reman so for &
matter of several munutes If the dilution tested 18 not correct and the
endpoint not acceptable then a new dilution will have to be made This
can be done using the correction table as a rough gwde

The test 1s run at room temperatures if they are not extreme other
wise at 28 C using a water bath

A known control thrombin standard 1n 50 per cent glycerol solution
should be used to chech sll determinations as reagents may vary from
day to day Ths standard thrombimn solution can be stored 1o the eold and
used many tumes A standard can also be obtamed from the National
Institute of Health of the United States Public Health Service

Calculation Caleulation of the result 1s based on the dilutions per
formed

Tmitial dilution X 5 X correction factor = thrombin umts/ml

Multiplication by 5 13 necessary because of the dilution of the sample by
the titration mixture and the fibninogen The correction factor 1s obtained
from the table as given

Precautions When performing the test 1t 13 of the utmost importance
to be careful with all the pipets when domng the dilutions and mixing the
matenials The pipet tips should be wiped off each time and there should
be a cnsp clearing of the bore every time a measurement 1s made All
pipets are  blown out when measurements are made Care must also be
taken so no droplets of the solutions adhere to the sdes of test tubes and
do not actually become mixed with the main solution
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ble percentage of the total thrombm avatiable Throughout the work
described below, stlicone or paraffin ined glassware 13 used whenever diute
solutions of thrombn are mampulated The only exeeption to this ruk 18
with the final clotting mixtures, in which case standard practice ignores
the matter of adsorption

In the test, 01 mi of the I per cent fbranogen solution 1 muxed wth
03 ml of the titration mrxture Then 01 ml of the diluted thrombin is
blown into the fibnnogen solution from & 01 m! scrologic pipet The
end point 13 determined wath the aid of & stop watch started at the mstant
of mixing the diluted thrombin wath the fibnnogen and meubation muxture
The endpomt 13 the same 2s that for the other clotting tests the first
appearance of granulanty 1 the clear solution as 1t 13 held to the light
However, 1n & thrombin snalysis, 1 the sbeence of thromboplastia the
endpont 13 more abrupt in 1ts appearance and 13 nat presiged by 1ncress
mg turbidity, 85 1t 15 when the thromboplastin 1s used This granulsnty 13
replaced by a solid clot 1a & fesy seconds sf thig 18 the true endpomnt Should
the granules persst and no clot form this 13 8 false endpomt and the test
should be repeated No mcubation 1s necessary ns in the other tests for
prothrombmn or Ac globulin because the thrombrx 13 slready formed and
ready 10 met directly on the fibrimogen

Should the endpowmt vary from 15 seconds the following co rection
tsble the same as that used for prothrombmn analysis should be used to
provide the essentsal correction figure

Cort

Time  fagiar Tme £ o T £ o Time & tar
no 1% 150 100 90 075 B0 06
2 1# 2 o097 2 0 2 06

4 14 4 09% 4 a7 4 06
6 141 6 095 6 073 [
8 138 8 09 8 072 8 06t
120 134 186 092 200 072 260 064
z 131 2 o 2 072 2 088

4 128 4 08 1 om 4 08

6 125 s 088 6 o071 g 06

8 12 8 08 g 070 s 06
Boe 120 70 085 210 070 %0 060
z 1w 2 08t 2 06 2%0 049

4 116 4 083 £ 06 270 047

6 113 6 082 6§ 068 280 04t

s 112 8 08 8 0638 0 043
Ho 11 180 08 20 067 0 040
2 107 2 07 2 066 310 08

4 105 4 07 4 068 330 03

6 102 6 076 6 085 350 031

s 102 8 07 8 065 o 03
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to 45 C To the warm saline oxalate solutton 1s added 12 g acetone-dried
human brain powder (prepared from the cerebrum after removing blood
vessels) The mixtute 1s mserted and mcubated for 30 minutes at 45 C,
stinng gently once during the meubation period Avord excess agitation
Remove the larger particles by light centrifugation for a few minutes The
opalescent supernatant 1s relatmely stable for a8 month or more when
stored at —10 C Avod thawing and refreczing which often resultsmn s
drop of thromboplastic activity Fer use m the test one part of the stock
thromboplastin 1s diluted with 4 parts of 085 per cent NaCl The diluted
thromboplastin 13 then mixed with an equal volume of 002 M caleium
chlonde and allowed to stand at 37°C for about 30 mnutes before uee

The best results are obtamned when the clotting times with normal plasma
fall betneen 40 and 50 seconds It may be necessary to alter the saline dilu

tion of the stock thrombopl: 1n order to the clotting tumes 1n
the optimal range
{© dards Either d beef plasma or p bin free beef

plasma provides a stable source of Ac G for use as a standard Smce the
Ac G level of beef plasmas may vary standardization should be carried
out by comparnson with 5-10 normal human plasma samples 1n the test
system described below When kept at —10 C  the undiluted beef plasma
18 stable for months It should be divided mnto small portions to avoid re
peated freezings and thawings Unless there 13 some reason to suspect de
tenoration one standardization against normal human plasma 1s usually
sufficient for & given lot of beef plasma

(d) Preparation of plasma sample to be tested Blood 1s collected by a
clean venepuncture Nine volumes of blood are mixed immediately with
one volume of 3 2 per cent sodum ertrate (0 109 M) If much difficulty 1s
€ d with the , or if there 13 the shightest evidence of
merpient clotting the sample should be discarded since the formation of
even small amounts of serum Ac G will tend to give erroneous results The
plasma 1s separated by centrifugation as soon as possible If the assay can
not be done immediately the plasma should be stored mn the refrigerator
to avord deterioration of the Ac G At 4 C  Ac G 1s usually stable 1n
citrated plasma for about six hours For the assay one volume of plasma
13 diluted with nineteen volumes of 0 85 per cent NaCl

If materials other than plasma are to be assayed suitable dilutions m
085 per cent NaCl are prepared so that the clotting times in the assay will
fall within the range covered by the standard curve Interference by bar
mm citrate caloum or other contanunating tons should be avoided by
prebiminary dialysis of the sample agamnst 002 M sodmm ctirate The
dualyzed sample should then be diluted 1 20 with saline solution before
mtroducing 1t tnto the assay system




CHAPTER Vili

ACCESSORY PLASMA OR SERUM
COAGULANT FACTORS

1 Estmotion of Accelerator Globulin {One-
stage Method of Lewis and Ware)
Adapted by R T CARROLL*

Princrple—Formation of thrombsn in a sy stem of controlled prothrom
bin thromboplastin and fibrinogen content 13 directly proporttonal to the
smount of Ac globuln present

Apparatus and Reagents

{a) Subsirate One umt of outdated dned plasma (Lilly) 1s reconatt
tuted using about two thirds of the ashne solution provided and allowed
to stand untal the Ac G deteriorates (about six days) Since detenoration
takes place much more rapidly 1 oxalate than airate the reconstituted
plasms 18 divided mio lots of 25 ml and dialyzed st toom temperature
agast 6 62 M poiassium ovalate mn sahne for 2 period of two days The
contents of the dialysis bags are then pooled placed 1o the refrigerator 2t
4 C snd checked dmly for prothrombin and Ac G If the prothrombin
drops below B0 per eent of normsl the material 13 discarded To follow the
drop in Ac G activity a small aliquot of the plasma (5-10 ml ) 1s adjusted
to pi 7 4 with 001 N hydrochlonic acid and then tested by using as a sub-
strate 1 the system described below The matensl is conadered ready for
use when a elotting time of 90120 seconds 15 obtained when 0 85 per cent
NaCl 1s substituted for test plasma in the system The substrate s then
earefully adjusted to pH 74 with HCl and dialyzed mn the cold aganst
002 M sodium eitrate mn physologie saltne simnce the presence of owlate
tends to gre difficulty with the end pomt at slow clottang tumes Portions
of about 5 m! placed mn tightly stoppered tubes and stored ot —10 C
generally prove sstisfactory for n period of several months

(b) Thromboplastin caloram solution Stock thromboplastn 20 mi of
085 per cent NaCl contawang 04 ml of 01 M sodium ovalate are wermed

From Proceediogs of the Scetety of Expenmental Buology and Medicioe 24

640 1953
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2 Estmahion of Ac-Globulin Activity by the
Two-stage Method

J F JOHNSON and W H SEEGERS

Definstion Ac globulin probably ewsts m the eirculating blood as an
mnactive proten and in this state 13 called plasma Acglobulin With the
addition of thrombm or during the clotting of blood this inert form 1s
changed to the active form serum Ac-globulin Thus protemn then partict
pates with thrombopln.stm and other factors mn the acceleration of the

of prott to thrombin Further action of the thrombimn on
serum Ac globulin probably causes its mactivation and disappearance
from the eirculating plasma 1n very few mmutes

Plasma Ac globulin ~ 282 orym Ac globuln

Thrombin

Serum Ac globulin '— Inactive Ac globuln

These observations apply to human chicken dog rat, turtle and gunes
pig blood In cow rabbit and cat blood Ac globulin remams 1n the serum
and 18 detectable as serum Ac globulin for long periods of time However,
1f large amounts of thrombin are added to these serums mactivation of the
Ac globuhn also results

Principle of Method In order to keep the substrate levels constant and
Lnown an nitia]l prothrombin determnation must be done before the
plasma level of Ac globulin can be found This 1s done by the two stage
method of Warner Brimkhous and Smith (see page 105) An additional
mod:fication of the method 1s used for each specimen as well as the one de
senibed by the authors The modifieation consists of the addition of a di
luted beef serum to the diluting phystological saline This serum contams
about D0 units of gerum Ac globulin per mulliiter and has been diluted
imtially 75 times to supply an adequate amount of the accelerator for the
reaction By this addition any deficiency of Ac glubulm m the plasma wll

be d and the full of all the will be
accomplished

Any major difference 1n the two analyses thnt 1 between the modified
and the dified methods for protk d that

there 1s a deficiency of Ac globulin This difference called the differential
18 large when there 1s a lack of Ac globulin and small when there 13 sufficient,
present There 13 always a shght differential due to the loss of Ac globulin
duning the wtial defibrination of the plasma with thrombin when the
h acts on the accel as outhined p ly It19 only in human
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Steps vn the Procedure ‘The test 1s carred out 1n & water bath or a
constant temperature block kept at 37°C The substrate and thrombo-
plastin caletum muxture are warmed to 87°C before begmning 5 sertes of
assays, and may be hept at this tempemture for several hours for con
‘emenice in runming o large scries of tests Most consistent results are ob
tamed if the diluted plasma sample 13 also warmed to 37°C before adding
1t to the reaction mixture In a clean 10 x 75 mm plass tube, place 01 m}
substrate add 01 m! plasma (diluted 1 20 with 085 per cent NaCl),
blow 11 01 m! thromboplastin-caloium rouxture mux, and note the time
for clot formation after addtion of this resgent The Ac G coatent of the
sample 15 d d by refl toa dard curve

Caleul A standard cure 13 p I ag follows (a) Defermine
the clotting tumes of 510 fresh normal humsn plasma samples (diluted
1 20 wath 085 per cent NaCl) 1 the assay system descnbed above The
average of these values represents the clotting time of the 100 per cent
standard (b) Make a 1 100 diutton 1n sahme of the same normal plasma
samples and determne the clotting times Average the values to deteroune
the clotting tume of the 20 per cent standard (e} Determune the dilutions
of the stock beef plasma which will gnoe the same clotting times This beef
plasma may then be used as & refcrence standard (d) Plot the results oz
loganthmic paper with per cent standard as the horizontal axs and clot
ting time 1n seconds as the vertieal axs Since the values between 10 and
100 per cent fall on & straight hne when plotted on logarithnue paper, the
use of only two pomts to construct the curve 19 adequate For Ac G values
which ke apprecrably above the 100 per cent level a greater dilution of the
test materal should be employed 1n order to bring the clotting tumes within
the range covered by the standard curve

The results are expressed 1n terms of per cent of the normal

Sources of Error (1) Type of anticoagulant used The stability of
human plasma Ac G 18 markedly affected by the type of anticcagulant
used Stability 18 greatest 10 eitrate while appreciable detenoration takes
place m a matter of hours 1 ovalate The presence of beparin and versene
nlso hasten detentoration (2) Fanlure to allow a reasonably constant mter
val of b 1m the t p bath or block befare prclang
up the tube to observe the end pont may gre Tise to erratic results 3
When beef plasma 15 used as the standard, the clotting tume of the 20 per
cent standard should be determmed within » few mmutes, since an appre-
ciable drop m actwvity may occur (4) Freezing sad thawing the thrombo-
plastn solutson dly (5) L e of plasma ns described
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2 Eshmation of Ac-Globulin Activity by the
Two-stage Method

J F JOHNSON and W H SEEGERS

Definstion Ac globulin probably ewsts in the aireulating blood a5 an
mactive protemn and n this state 1s called plasma Acglobulin With the
addition of thrombin or during the clotting of blood this mert form 18
changed to the active form serum Acglobultn This protemn then partic
pates with thromboplastin nnd other factors mn the scceleration of the

of protk to thrombin  Further action of the thrombin on
serum Ac globuhn probably causes 1its inactivation and disappearance
from the circulating plasma 1n very few minutes

Plasma Ac globulin _Thrombt_ oorum Ac globulin

—Thrombin_, ynactive Ac globuln
These observations apply to human chicken dog rst, turtle and guines
pig blood In cow rabbit and cat blood Ac globulin remains 1n the serum
and 13 detectable as serum Ac globulin for long periods of time Howesver,
1f large amounts of thrombin are added to these serums, mactivation of the
Ac globulin also results

Prinesple of Method In order to keep the substrate levels constant and
known an imtial prothrombin determination must be done before the
plasma level of Ac globulin can be found This 13 done by the two stage
method of Warner Brnkhous and Smuth (see page 105) An additional
modification of the method 13 used for each specimen as well as the one de
scribed by the authors The modification consists of the addition of a di
Tuted beef serum to the diluting physiological saline This serum contans
about 90 umts of serum Ac globubin per mulhliter and has been diluted
tially 75 times to supply an adequate amount of the accelerator for the
reaction By this addition any deficiency of Ac globuiin 1 the plasma will
be d and the full of all the lable protk bin will be
accomphshed

Any major difference 1n the two analyses that 18 between the modified
and the unmodified methods for h that
there 13 a defictency of Ac globuln This difference called the differential
19 large when there 13 a lack of Ac globulin and small when there 13 sufficient
present There 15 always a shght differential due to the loss of Ac globulin
dunng the mtial defibrination of the plasma with thrombin when the

acts on the 2! as outlined Tt 18 only 1 human

Serum Ace globulin
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) and smmlar s where the ton of Ac globulin 15
low that this 1s particularly noticeable In such plasmas, the values are so
low that the loss of & fen umits can be quickly notreed, whereas n the
plasmas with higher values the loss of a few unts does not affect the ac
celeration of the converston of prothrombin to thrombm, and bitle loss can
be detected

Asa word of eaution, 1t may be remarhed that this differential can be
used only as an indication of some deficiency of Ae globuha and will not
srve in ey but the erudest fashion as o quantitatne test

In the determmnation of Ac globulin a two stage analysss is used By
diluting the ongmnal plasma many times to slow the converson of pro-
thrombin to thrombin one can observe the rate of thrombin formation
from purnified hrombin 1 the of thrombaoplastin caleium and
ather aceelerators By 1ts action on a standard solution of fibninogen, the
amount of thrombin formed can be determuned at repeated mtenals As
the amount of thrombsn snereases the clotting time of thrombin fibrmogen
muxture will decrease Fach of these determinations can be plotted and &
curve represeating the rate of thrombin formation can be constructed

The ratc of thrombin formation with the other factors controlled will
be directly proportional to the Ae globulin content of the plasma By alter
g the amount of Ac globubin present & family of curves can be obtatned
Such a group of curves 13 presented 1n the Figure 1 On the graph the wter
vals between the determnations of clotting time are represented on the
hongzontal aws 1 minutes The vertical axs represents the clotting, time of
the thrombu fibrinogen mxture i seconds

By comparison of the curve obtamed from avalyss of an usknown
plasma with such a set of standard curves the level of Ac globubn can be
determned for the specimen An cxample of such a determmation shall be
grven later

By using the meubation misture to be described fusther on the test
for Ac globulin 1s made more sensttsse partrcularly 1y man The sensitivity
13 mereased by the reduction of the amount of calerum, and this wilf be
found necessary when plasmas of low concentration of Ae globuln are used
By the werease m sensitivity an sncrease 1o the diluteons can be made and
thus the possthiity of the formation of clot m the reaction tube will be

lessened By the ddutton, the reactive elerents of coagulation sre reduced
to such a low level that roagulation can takhe place only at a very slorv rate
slow enough so that there will be no wnterference mith the thrombin forms
ton that 15 bewns, mea.ured at regular intervals If the concentration of
fibninogen 18 high enough m the reaction nu)xture fibrn fom,mhon will take
place due to the Iy P of t The situa
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tion 18 sumulsr to that of a solution of salts seeded with a crystal m which
the reaction proceeds at & constantly increasing rate

Bovine plasma 1s not quite as sensitive to the change 1n calerum as1s
human plasma but there will be defirite 1ncrease 1n the amount of Ac
globulin detected with the reduction of the ealejum from the amount pres-
ent 1 the mcubation mixture used mn the two-stage prothrombm test 1t 1s
possible to use the same weubation muixture for both determenations if the
above cautions are kept 1n mind  Also to be noted 1s the fact that this lower
concentration of calclum 1s not the for the l
of prothrombm as m the two-stage prothrombm analyws and compen.a
t10n for thus should be made when the diluttons of the plasma are made 1n
preparation for an Ac globulin analyms The proper evaluation of the
plasma can be obtained by performing the two-stage prothrombmn analyss
usg the Ac globulin meubation mixture Velues will be lower but they
are the ones that will be available mn the test for the zccelerator

Preparation of plasma and serum for two-stage analysis of Acglobulin
Collection of the blood When collecting blood for these analyses two

syringes should be used The first 13 to make careful verupuncture and to

withdraw a few millibters of blood then the syringe 13 disconnected from
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plasmas and mmilar epecimens where the concentration of Ac globuln 1
low that this 13 parficularly noticeable In such plasmas, the values are so
low that the loss of a few umts ean be quiekly noticed, whereas i the
plasmas with hugher values the loss of o few units does not affect the ac
celeration of the conversion of prothrombmn to thrombim, and Litle loss can
be detected

As a word of eautton, st may be remarked that this differential can be
used only as an mndication of some defictency of Ac globulin and will not
serve 1n any but the crudest fashion as a quantitative test

In the determination of Ac globulin a two stage analyms 1s used By
diluting the onginal plasma many tumes to slow the comversion of pro-
thrombin to thrombin one can observe the rate of thrombm formation
from punfied proth bin 1 the of thromboplastin calentm and
other nccelerators By 1ts action on a standard solutyon of Sbrnogen, the
amount of thrombin formed can be determuned at repested mtervals As
the amount of threrabin increases the clotting tune of thrombin fbrinogen
maxtare will devrease Each of these determmations can be plotted and 2
curve represcnting the rate of thrombin formation esn be constructed

The rate of thrombin formation with the other factors controlled will
be direct]y proportional to the Ac globulin content of the plasma By alter
tng the amount of Ac globuln present a famly of curves can be cbtamed
Such n group of eurves 18 presented m the Figure 1 On the graph the wter
vals between the determinations of clotting time are represented on the
honzontal a<s m munutes The verticol avs represents the clottmg time of
the thrombm fibrinogen mixture m seconds

By comparwon of the curve obtmned from analysis of an unhnown
plasma with such 2 set of standard curves the Jevel of A globulin can be
de ed for the An ple of such a d shall be
ewen Jater

By usiag the menbation mxture to bu desusibed further on the test
far Ac globulin 13 made more scnsitne particularly 1 man The senstuity
18 mereased by the reduction of the amount of caloum and this vilt be
found necessary when plasmes of low concentration of Ac globuhn are u.ed
By the merease 3n sensitivity en Increase u the dilutions can be made and
thus the posabihity of the formation of clot 1 the reaction tube waill be
lessened By the didution the reactne elements of coagulation are reduced
4o such a low lesel that congulation can take place only at a very slow rate,
slon enough so that there will be no interference with the thrombin forma
1i0n that 18 being measured at regular miervals If the concentrstion of
fiprinogen 18 hugh enough 1n the reaction muxture, fibrin formation will take
place due to the constantly mncrensing production of thrombm The mtus
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ti0n 1s similar to that of & solution of salts seeded with a crystal in which
the reactron proceeds at a constantly increasing rate

Bovine plasma 13 not quite as sensitive to the change n ealeum asis
buman plasma but there will be definite increase in the amount of Ac
globulin detected with the reduction of the calerum from the amount pres-
ent, 1n the mceubation mixture used in the two-stage prothrombin test It 1s
posable to use the same incubation mxture for both determinations 1if the
above cautions are kept :n mind  Also to be noted 1s the fact that this lower
concentration of calelum 1s not the for the )!
of prothrombin as m the two-stage i analysis and
tion for this should be made when the dilutions of the plasma are made m
preparation for an Ac globulin analysis The proper evaluation of the
plasma can be obtained by performing the two-stage prothrombin analyms
using the Ae globulin incubatton mixture Values will be lower but they
are the ones that will be available 1n the test for the accelerator

Preparation of plasma and serum for fwo-stage analysis of Ac-globulin
Collection of the blood When collecting blood for these analyses two

syringes should be used The first 13 to make careful vemptncture and to

‘withdraw a few mlliiters of blood then the syringe 1s disconnected from
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the ncedle and discarded, followmng which the sccond synnge 1 attached
durectly to the needle and the blood 1 drawn into the snticoagulant Blood
18 then rrxed thoroughly and 13 ready for centsifugation

The chosce of anticoagulant 15 important, particularly when the plasma
18 1o be stored for any length of time It 15 known that there 15 2 loss n
some of the constituents of the clotting systems when blood 1s collected
snto 1 85 pr cent potasstum or other oxalate salts This is partieularly true
for Ac globultn Thercfore, n ertrate solution, 32 per cent 1 phystologie
saline 13 a better chorce Limited expenence with hepanin ag o preservaine,
mdiates that 1t can be used, because storage after the use of hepann seems
to be satssfactory

‘When sodium citrate 13 used, one \ olume of the anticoagulant 18 added
to mune volumes of blood of potasstum ovalate 19 employed seven 1olumes
of blood are added to one of the otalate

The blood should be centrifuged 23 soon s 15 convenent afier deawing
but generally this should not exceed one half hour, although a longer delsy
13 allowsble, providing that the blood can be kept cool If allowed to stsnd
at room temperature there may be consderabls loss of Ac globukm Cen
tnfugation should be carned out at about 2000 g for about 20 mnutes ot
longer 1 order o obtam adequate and complete separation of the plasma
{Some blood j! tests are p dly wnfl d by the knd of
centrifugation ) If there is & slight amount of hemolysis after centrifugation
1t can be disregarded Experience has shown that this wall be of httle m
portance mn the evaluation of the clotting elements measured by the tech
rugues desertbed

Separation and Preservolion of Plasms Adter separation of the plasma,
the analyss should be earried out as scon as possble If however this s
not convensent 3t can be stored for a fen weeks 18 a deep freeze {minu2
10-20° T') unttl the work can be done Storage at these temperatures wil
matntaw the plasma values for about & month Longer storage 13 discour
sged due to the gradual loss of potency of some plasma components Thav
ing and refreezing mampulations should be kept at & mnmum see this
procedure 18 detrunental to the protemns mn the plasma Dunng the artual
analysis the plasma 18 best kept in an ree bath when not being mampulated
this will msure preservation of the plasma to the greatest degree

To thaw plasma that has been frozen 1t 13 best placed m the water
bath st 28 C for about 10 mnutes with occasional sgitation Even with
thzs cantion there may be some matertal m the plasma that will not dis-
solve This probably represents denatured protemn that will go mto solutton
itk further heating or can be removed with & cotton swab on an appht
cator stich Thawing at higher temperatures 19 acceptable of caze 15 taken

{0 prevent 0v erbeating
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Separation and Presenation of Serum Blood which 13 to be allowed to
clot for the formation of serum can be drawn directly mto 2 syrmge and
then transferred to a sumtable tube for the formation of the clot The tube
18 then placed m the 1ce box and full retraction 13 allowed to take place
This 18 usually complete after 2 hours At this time the tube 13 removed
from the 1ce box and centrifuged at 2000 g for 10 to 20 minutes Serum can
be preserved 1n the deep freeze (minus 10-20 F ) for a considerable length
of time

Preparation of Reagents

Thrombopl A factory of th boplastin for use
i the t tage analyses of proth bin and Ac globulin may be made as
follons Bovine lung obtamed at the slaughter house 1s d d free of

the trachea bronchi and the major vessels This 13 a gross dissection the
smaller vessels and bronchi reman in the lung The Jung 1s then ground
through a domestic meat grinder and the ground material mixed with an
equal amount of 085 per cent NaCl This muxture 18 then reground to mn
sure complete mixing The resulting suspension 1s then placed 1n the re
frigerator and extracted for the next 24 hours Occasional stirring 1s neces
sary during this time Thisis called the first extract The next day the first
extract 1s straned through gauze and discarded The remaming crude
homogenate 13 then mixed with another equal volume of 085 per cent
NaCl and replaced 1n the refrigerator for 48 hours Occasional stirting as
before wall be necessary The second extract 1s then strained as before and
then passed through & hand operated homogenizer (Central Seientific Co ,
Chicago I11) At this stage 1t can be used for analyses Phenol 13 added to
a final concentration of O 5 per cent to prevent bacterial growth

The ﬁrst extract 1s discarded because 1t will contan mhibitors of the

to th (bin 23 well as lacking m thromboplastic

actiity The second extract 18 considered to be purer and relatively free
{rom antithrombic material Third and fourth extracts have been tried and
are low 1n thromboplastic actiity

Before the second extract 13 mixed with phenol 1t can be frozen and
will remain stable for a long time For use 1t1s thawed and rehomogenized
because freezing seems to break the suspension After mixing with phenol
the thromboplastm should not be frozen Apparently phenol disturbs the
protem suspension and subsequent freezing will alter the protems to such
an extent that the material 1s no longer switable for use

If the final lung suspension tends to flocculate or if there 1s a heavy
precipitate or particles present i the final solution 1t can be centrifuged
lightly at not over 1000 g for about 5 or 10 minutes This removes the
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gross particles and does no harm to the thromboplastic preparation Re
homogenation ean be done at any tume after the preparation has been made

Testing of the matenal 13 done by using 1t 1n the standard two-stage
analysis for prothrombin using & knovn plasma as the substrate It will
usually be found necessary to dilute the thromboplastin to the 1deal value
A 1 4 dilution (before placing i the final reaction mixture) 18 commonly
usud, one part thromboplastin to four parts of 085 per cent NaCl A less
active solution may requure a lower dilution and the rever<e for a relatvely
active preparation

Acania and Caleium  Acacia )3 necessary i the mcubation mixture to
prosvide the proper collowdal environment for the reaction to progress In
many respects it 18 a technical annoyance, but there 1¢ no easy way to dis
pense with 1t without throwing modera work out of gear with previously
published data The type of acacia used is important only i that the
amount of cafcium contaned must be known We have obtamed excellent
results ustng erude acacia which has been analyzed and found to contan
088 per cent calerum Punfied acacra has been found to be no better than
the erude The crude acneta should be ground to a granular state and then
dissolved m 085 per cent NaCl This procedure 1s slon and constant me-
chanseal stirning 13 the best to obtain suspension of the material After the
acacia has been dissolved st should be lightly centrifuged at about 2000 g
for 5 mnutes 1n order to remove the w.oluble debris The material 1 then
stramed through 2 layers of gauze to remove particles that are not pre
cipitated by the centnifugation It 1s then readv for use

A 15 per cent stock solution 18 prepared This concentration will pro-
vide the proper amount of caleium for the conversion of prothrombin 1o
thrombin under the conditions of the reaction Swnce the amounts of eal
cium will vary from one batch of acacia to the next the caleam will have
to be determmed with each new supply If any adjustments are requred
to obtan the final appropniate concentration of 070 per cent caloium
CaCl, 15 added until ths 1 reached By keeping a large supply of acacia on
hand 1 which the calem content 13 known these determmations will be
avorded
When this acacia 1s used m the Ac globuln anaiyms there will be
when 3¢ 18 tused with the thromboplastin buffer and 0,85 per cent NaCl
the proper caleum cour 1on for the ap f of the test
The fnal coneentratton in the complete mixture has been determmed 8s
abaut 30 nulligrams per cent expressed as calerum In prothrombin analy
aig the acacia solution mn the meubation muxture will have to be strength
ened with CaCly until o final value of 65 milbigrams per cent 15 obtamed
More calcium 1s requured for the prothrombin assay then in the Ae globulin

determmation
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Imidazole Buffer This1s d by dissol 175 grams of imida
gole (Edean Laboratory South Norwalk, Conn) 1 90 ml of 01 N HCI
and then diluted to 100 ml volume with distilled water The pH can be
adjusted with a few drops of strong hydrochloric aeid or sodium hydroude
1f 1t 19 ot 7.2 or 7 4 which 13 the optimal range for the determunations and
use of this buffer

Fibrinogen This protemn prepared by the method of Ware, Guest and
Seegers (page 157) 1s diluted to a 1 per cent solution with physiologic sahne
and should eontain 10 per cent imidazole buffer by volume It 1s stored
1n the deep freeze and thawed as needed Care should be exereised during
the thawing rapid thawmg usually bemng the most de wrable Slow thaw
1ng of the fibnnogen allows denaturation of the protem, which resultsin &
reduction of the final concentration of the fibrinogen as well as bemng the
source of msoluble material that will make clear defimtion of the endpont
difficult If a method of rapid thawing 13 followed there will be httle de
natured materal remamng Any of the altered matenal which does re
mam after the thawing can be removed with & small cotton swab on the
end of an applicator stick Different solutions of the fibrinogen wrll behave
differently and the treatment should be altered according to each Change
1 the reactivity of this protemn constitute one of the mamn sources of error
1n the determinations and infimte care 13 necessary

Steps 1n the Procedure Furst step Dilution of the Prothrombin and the
Ae-globulin The dilution necessary for human plasma should be greater
than 800 times for accurate curves to be obtained on the mterpolation chart
used 1n the caleul of the Lower can be
used but there are several disadvantages One of these disadvantages 1s
that with the more concentrated solutions of plasma there may be suffi
cient fibrinogen present as well as other elements of the blood clotting
mechamsm to cause cozgulation 1n the reaction tube during the mcubation
period There 18 ne way to avord this except by dilution since the fibnnogen
cannot be removed from the solution by any way known without altermng
the Ac globulin or the other ingredients of the mixture

Another disadvantage 18 that with the mnereased concentration of the

plasma there 13 an merease also 1n the plasma antithrombm and this may
destroy thrombin at a rapidly increasing rate as the reaction produces
more thrombin from the prothrombin The destruction of thrombin re
sulting wiil mantfest rtself by a poorly shaped curve on the mterpolation
chart with & marked nise from the base line as the reaction proceeds This
undesirable effect can be avoided by maling the proper dilution of the
plasma which will be a dilution large enough so that the effect will be so
small that accuracy can be maintaned

Ths dilution of the plasma 800 times or more may be done 1n one of
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two steps In the former spproach, a large amount of punfied dilated pro
thrombin must be used while the second method will be more suttable
when there 1s the desire to save materals In the author’s hands the second
method 13 the better and will be desersbed

In designing the method of Ac globuln gnalyms, Ware sad Seegers
chase a prothrombin concentration of 1 34 umts per ml which would guee,
on camplete conversion o thrombin a 12 second clotting tune The reason
for thig figure bung chosen 13 that 1t shows on the 1nterpolation chart the
greatest change 1n value m the I3 to 17 second rang. Examples and more
camplete elucidation of tius will be shawn Jater when the cal.ulstion of the
regults 1s explaned

In order to obtain ths level of prothrombmn (1 34 unts per ml) m the
final solutions hoth the ongmal plasma and the punfied prothrombin used
wust be diluted to 6 7 units per ml This value 13 obtamed when we con
mder that 1n the two-gtage prothrombin test, 1n the conversion and throm
bin measurement steps there 13 a dilution factor of 5, and therefore the
concentration of the final prothrombin 13 5 X 1.34 or 6 7 umta per ml The
prothrombin level of the original plasma should be determumed and then
diluted o the desied level with physiological NaCl solution and used for
the test at that level After this dilution, the plasma must be further diluted
vath punified prothrombn that has been previously adjusted to the desired
67 umts per ml This second step yelds the final dilution of 800 or over

The dilution of the punified prothrombin 15 made with physiological
NaCl solution  The prothrombin used 1s prepared from bowne pla.ns,
heated at 54°C for 1 hour and then acetone dried The heating destrays
any Ac globuln that may be present For ease 1 handling small amounts
of this product can be dissolved 1 physiological NaCl solution and then
placed 1n the deep freeze to snait thawng at the convenence of the i
vestigator

Products that have been freeze-dred are not as satisfactory for use n
this analysts After such treatment there 1s a greater tendency toward the
more rapid formation of thrombia than the acetone dried product and thus
a reduction m stebiity When choosing & product for use one with highest
practicable specific activity and purity should be selected becsuse there 13
& great foss m both when the product 1s heated and dried The final pos der
should be put 1nto solution at about 670 umts per mt for convement han
dling 1 making the dilution necessary for use i the 4c globulm analygs
Thia concentrated soluton 1s then frozen Thawwng 1s best done rapidly 1
& water bath care bemng taken that the prothrombin does not becorae
heated and thus lose some of its activity  After thawing the concentrated
prothrombin should be kept 1 an ice bath With these precautions the
solution should remarn active and atable for several bours However after
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dilution the matenal will lose activity 1n a shorter time and only as muck
313 needed for the work at hand should be prepared
Even with careful preparation prothrombmn that 1s stored n the
{reezer at —5°C gradually loses 1ts strength until a plateau 1s reached be
low which the level usually does not drop further for appreciable lengths of
time
There appears with the loss of the prothrombin an accelerator of
prothrombin conversion which scems to act m a smilar manner as Ac
globuhin It does not substitute for Ae globulin although 1t acts in simular
manner This matenal appears n a few days in the dissolved prothrombn
but not 1 the dried powder For this reason only emall sraounts of the
powder ghould be dissolsed at any time and the prothrombin thus prepared
used fairly quickly When Ac globulin determmations are done with this
accelerator as a contaminant of the punfied prothrombin extremely high
values are obtamed When such occurs the prothrombin should be dis-
carded and & new preparation made The use of a daily bovine plama
control enables one to guard agamst this potential pitfall
With the diluted plasma and the diluted prothrombin on hand the
final dilutions of the plasma can be made For example if a final dilution
of 1 800 1s wanted for the plasma which contains about 300 units per ml
of prothrombin the first dilution should be 1 45 This ytelds plasma with
& concentration of 6 7 units per ml This dilution 1z made with physiologie
NaCl solution and 15 done by placmg 0 1 ml of the plasma i 44 ml of the
solution In these dilutions as 1s the general practice the pipet 13 washed
out by sucking up the diluent several ttmes Then 10 ml of this solution
1 placed 1n 34 ml of the dilute punfied prothrombin previously made up
to 67 units per ml Thus a final dilution of 198 13 achieved or 45 X 44
‘When this 1s further diluted with the mncubation mixture in a ratto of 4 1
the final concentration of the plasma will he 4 X 198 or 792
This method of dilution 18 designed to be conservative of materals
and will be the best 1n most instances Other methods of dilution are per
fectly acceptable if the primary that the of the
prothrombin 3¢ 6 7 unats per ml m the final solution 18 met A thorough
understanding of these dilutions 1s very mmportant and necessary before
any familianity with the analysms can be claimed
Second step Ineubation Mizture This incubation mixture providing
the other accelerators of the activatron of prothrombin to thrombin 1s
d of tissue thrombopl. acacia dazole buffer and physio
logreal NaCl solution It 13 prepared by muxing diluted thromboplastin with
a prepared mixture of the other ingredients
The dilution of the thromboplastin 1s 1 5 with physiologic saline
This dilution 15 one that has been determuned from expenence as the most
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satisfactory for use in the test, and after p tion of the thrombop
from beef lung, 1t 15 diluted a0 that this five times dilutian guves the proper
answer in the stwndardization analyais

The materals g the b mxture, are
added to the thromboplastin 1 & 2 1 ratio, one part thromboplastin and
two of the mixture as follows

Acatsa 2 ports (152 solution in 0 85% NaCl)
Teadazole bufler 1 part (pH 7 25)
085% NaCl 3 parts

These matermals are kept m the refrgerator all mmed, and a small
amount of the mixture 1s used with the thromboplastin when an analysis s
to be done A convenient proportion ntll be 5 ml of the diluted thrombo-
plastin (1 0 m} thromboplastn to 4 0 m! of 085 pur cent NaCl) and 100
ml of the menbation ouxture composed of the acacia buffer and 0 85 per
cent NaCl i the proportions described sbave Thus final solution 13 placed
in a water bath and kept at 28°C 811t 18 bemng used There 14 a tendency

for the thromboplastin to settle and may be pecessary
Third gtep Acfuation To 21 ml of the reaction micture contaming
thrombopl and the b mrtture 18 added 07 ml of the difuted

plasma contaimng 6 7 umts per ml of prothrombin and diluted for sts Ac
globulin content The muxture 1s placed n the water bath at 28 C snd 8
stop wateh 13 started at this fime because thig 13 the tune when meubation
begins, and prothrombin becomes activated

Fourth step Clotting of Fibrinogen to Measure the Thrombin Concentra
tion At measured Intervals usually two minutes apart 03 m} of the con
version mixture 18 remaved and added to 0 075 m! of fibrinogen previously
ppetted mto small glass {2 by 75 mm tubes The eloting endpomt, the
same as that of the two stage test for prothrombin 1s determned necurately
by means of & sccond stop watch started at the mstant of adding thecon
verston muxture to the fibrmogen

The endpoint consists in seemg the first formation of defimite granules
1n the solution ob erved at room temperature There 1s vanably s cloud:
ness developed n the previously clear solution as the endpoint 15 neared
This 13 followed very shortly by the granulanty If this s the true endpoint
the granules sre followed by the formation of fibnn strands and a defintte
clot 1 & fow seconds A false endpomnt due often to vanations i the acacia
15 not follov ed by a clot, but usually remamns granular for seconds

Caleulation. The plasma Ae globulin umt may be defined as that
amount of plasms Ac globulin which when diluted 1000 times wil con
vert a standard solution of prothrombin {1 84 units per ml) to thrombin
under the conditions of the test, at the rate equivalent to hine 1 1 figure 1
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The actual measurement of Ac globulin concentration n the ongmnal
plasma requires (a) interpolation from the standard curves of Ac globulin
activity, (b) correction for dilution, and (c) expression 1n terms of the
control sample To elaborate

(a} Interpolation from the standard curves If the procedure has been
carried out properly the curve constructed by connecting the pomnts ob
tamed by plotting the mcubation tine (honzontal axis in minutes) vs
clotting trme (vertical axis i seconds) Wil have the same cantour a3 the
curves i figure 1 The data may read as in the following example

Incubation time (mun) 10 11 12 13 1 16 20 24
Clotting time (sec ) 34 26 183 16 15 138 138 132

‘When these results are plotted on a chart such asn figure 1, they wall
be found to fall on the line labeled 16 Therefore by definition the conver
sion mixture eontained 16 one thousands of a umt of plasma Ac globuln

(b) Correction for dilutton The dilution preceding the activation is
stated 1n steps 1 and 3 (page 133) of thie method and will be of the order
of 800 8s wes caleulated before The dilution of the thrombin that cceurs
1n the mixing wath the fibrinogen 13 not a factor m the caleulation because
Ac globulin exerts its effect 1n the conversion of prothrombin to thrombin
and only the dilutions to this stage will affect the final activity of the
Ac globulin

If we use the figure from the dilution example and the figure obtained
from the example above the final caleulation 18

006 0 ol X 192 X 4 = 12 8 untts per m! of the orginal plasma sample

{c) Relation to the control The Ac globuhn test measures a dynamue
process and for this reason 18 very sensitive to vamations in the reagent
actiity Therefore when an unknown Ac globulin sample 13 to be ana
lyzed & control should be done under the 1dentical condittons and with the
same reagents This should be done simultaneously or within an hour of
the determination of the unknown plasma sample The normal control
should be a bovine specrmen 1n which the values are known to be stable

If the control serum 13 needed for a serum Ac globulin source bovine
blood 18 collected as before but no anticoagulant 1s sdded The blood g
then allowed to clot for about two hours and the serum 1s separated from
the cells by centniugatmn Tns serum 18 mixed with barum carbonate on
which ¥ f dsorbed followed by removal of the
carbonate by centntugahon untl clear serum 18 obtained

‘The resulting scrum will be practically prothrombin free and s potent
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satisfactory for use 2n the test, and after prep of the thromhaplas
from beof lung, 1t 15 difuted so that this five times dilution gives the proper
ans o1 in the standarduation analyes

The waterials, b g the b nuxture, are
added to the thromboplastin i & 2 1 rato one part thromboplasti snd
o of the muxture, as fallows

Acacia 2 parts {15% melution sn 085% NaCl)
Jondszele buller 1 pact (pH 728)
085% NaCl 3 parts

These materials ate hept an the refrigeratar all mied and 2 small
amount of the mixture 18 used with the thrombepiastin when sn stalysss
0 be done A conventent praportion wall be 5 mi of the difuted thrombo-
plactia (10 ml thrombaplastin to 40 ml of 0.85 per cent NaCl) and 100
m! of the menbation muxture composed of the acacta buffer and 085 per
cent NalCl 1 the proportions deseribed above Tiug final solution ¥ placed
m a nater bath and kept at 28°C as 1t 13 bewg used There is a tepdenty
for the thromboplastin to settle and agitation may be necessary

Third step Acénation To 21 ml of the reaction mxture contataing
thromboplastin and the metbation mudture 19 added 07 m) of the dituted
plaema contasmng 6 7 unts per m) of prothrombin and difuted for sis Ae
globulin content The muxtute s plated m the water bath at 28°C 20d 2
stop watch 1s staried at this time because this 18 the tune when meubation
begins and prothrombin becomes activated

Fourth step Clatting of Febrinogen to Measure the Thromben Concenfra
fion At measuted inter als usually two nunutes apart 0.3 ml of the con
versian mixture 15 remos ed and added to 0075 1] of fibrmogen previousty
pipetted into small glasy 12 by 75 mm tubes The clotting endpowd tbe
same o8 that of the two-stage test for prothrombin 13 detetmmed aeearately
by means of a second stop watch, started at the mstant of adding thecon
version mixture to the fibnnogen

The endpoint consists 1n seewg the first formation of definste granules
10 ihe sohition obuerved at soom temperature There 15 1 ansbly 2 clovd
ness developed 1 the previausly clesr solution as the endpomt 13 peared
Thas is follov ed very shartly by the graaulanty If this 13 the true endpomt
the granules are follov ed by the formation of fibnn strands and a defimte
clat 1 & few keconds A false endpomnt due offen to vanations in the acatia
15 not followed by a ¢lot but usually remnms granular for seconds

Calewlations The plasma A globuhin umt moy be deBued as that

amount of plame A¢ globulin, wiich when diduted 1 000 fames, sl con
vert & standard solution of prothrambin (1 34 umts per m}) to thrombin
urder the conditions of the test, ad thr rate equvalent to hne 11 figure 1
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Redueing the Ac globubn further continues to reduce the final thrombm
yeld

Qccasionally the form of the expernimental Ac globulin curve does not
fit 1nto the contours imposed by the mterpolation chart (fig 1) In such
1nstances it may cross one of the curyes which are & part of the mterpolation
chart Often the defect 1s of the nature illustrated by line A of figure 1
crossing to the less concentrated side and le\ elmg off shallow Such a pat~
tern may be caused by a defi y of bin 1 the mix
ture the presence of serum type Ac globulin m the analytic sample low
fibnnogen activity abnormal colloid forms or calerum concentration Any
of the rest of the reagents in the sol may be d as well although
those mentioned will be the most likely sources of the trouble Canne
plasma gives thus sort of curve normally and they are most difficult to
mterpret on this account

Conversely, a poor curve of the opposite form may pass as does line B
of figure 1 to higher values leveling off 1n the region below that expected
from the focation of the upper portion of the curve perhaps even wmith
eudpouﬂs thac are below the 12 0 second hne Excessive amounts of pro-

h or by e fib are usually ble for this type

of curve Should the curve remain abnormal after checking the prothrombin
activity of the plasma the diluted purified prothrombm and the fibnnogen
then the other matersals must be checked as above
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source of serum Ac globuln It 19 stable and can be stored in the same
manner 23 the control plasma

Stock supplies of these controls are kept 1n the deep freeze and thawed
when they are necded By the use of this bovine control, any change in the
reagents can be detected, although 1t 15 desirable to use a control of the
same spewes as the unkoonn, if this is possible The control can be o)
lected nt the same time as the spectmen for analysis or 1t can be frozen
plasma that 18 of reasonably recent preparation In some spectes the con
tent of the Ac globuhm falls after the plasma has been placed 1n the decp
freeze and stored for more than 2 short length of tume

Bovine matenal has a constant value of about 120 umts per mi and
ths value 13 used to determme the factor necessary to correct the values
obtmmned if there 15 any deviation from ths A mmple proportion 1s used
For human plasma Ae globulm values the range 15 13 to 17 umts per ml
and 100 per cent has been placed at 15 umts This is an arbifrary fgure
Values obteined are expressed either as per cent of nomoal or 3o the actual
umts obtamed from the determination corrected for the difference shown
by the control

Tor example, m the specimen that we used above the answer was
128 units per ml If at the same time we had found that bovine control
sample gives us 103 unts per ml, the proportion would be as follows

128 X i_tfzg = 15 umts per m{ for the specimen

Other determunations done with the same reagents should be subjected 0
a sipular correction

Precautions and Sources of Error A umt of thrombm 1s by defimtion
that amount which will clot 1 ml of standard fibrnogen solution 16 18
seconds, under standard conditions Clotting tunes between 13 and 17
seconds bave been shown to relate the thrombin concentration most ac
curately One umit of prothromb: d one umt of thrombun when
fully converted In thus test the amount of prothrombm 134 umts per ml,
1s such that full advantage 1s taken of the 13 to 17 second range of end
pomnts As & result sll curves indicating Ac plobulin concentration down to
tine %12 of gure I have the pnnaipal change of direction from vertical to
horizontal 1 the 13 to 18 second range

Although the prothrombmn 18 d so the
canversion furnished 134 umts per ml, the actual final thrombin yield 1
the Ac globubin test 15 dependent on the Ac globulin present Comparnson
of the curves %64 and #32 m figure 1 show that the former ultimately
pives 120 second clotting whereas the latter only reaches 128 seconds

et
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Redueing the Ac globulm further continues to reduce the final thrombmn
weld

Occasionzlly the form of the expernmental Ac globulin curve does not
fit 1nto the contours imposed by the mterpolation chart (fig 1) In such
1nstances 1t may cross one of the curyes which are a part of the interpolation
chart Often the defect 15 of the nature illustrated by line A of figure 1
crossing to the less concentrated side and le\ ehng off shallow Such a pat-
tern may be cau.ed by a defi of bin 1n the mix
ture the presence of serum type Ac globulin 1n the analytic sample low
fibrmogen actinity abnormal colloid forms or calemum concentration Any
of the rest of the reagents m the so! maybe d aswell althoug}
those mentioned will be the most hkely sources of the trouble Cammne
plasma gives this sort of curve normally and they are most difficult to
mterpret on this account

Conversely, a poor curve of the vpposite form may pass as does line B
of figure 1 to higher values leveling off 1n the region below that expected
from the location of the upper portion of the curve perhaps even with
endpomts that are below the 120 second hie Excessive amounts of pro-

bin or hy are usually ble for this type

of curve Should the curve rematn sbnormal after checking the prothrombin
activity of the plasma the diluted purfied prothrombin and the fibrinogen
then the other materials must be checked as above
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source of serum Ac globuhn It 13 stable and can be stored i the same
manner as the control plasma

Stock supplies of these controls are hept 1n the deep freeze and thawed
when they are needed By the use of this bovine control, any change i the
reagents can be detected, sltheugh 1t 18 desirgble to use a controt of the
same specteg a8 the nnknown, if this s possible The control can be cdl
lected at the same time o5 the specimen for analy<is or 1t can be frozes
plasma that 15 of reasonsbly rccent preparation In some speuies the con
tent of the Ac globulin falls after the plasma has been placed i the deep
freeze and stored for more than a short length of time

Bovine matenal has a constant value of about 120 umits per mi and
thug value 1s used to determine the factor necessary to correct the values
ohtaned if there 1s any deviation from this A sunple proportin 1s used
For human plasma Ac globulin values the range 1a 13 to 17 umts per ml
and 100 per cent has been placed at 15 umts Ths 13 an arbitrary figure
Values obtamned are expressed erther as per cent of normal or in the setual
unts obtamed from the d tion corrected for the difference sho™n
by the eontrol

For example, m the specumen that we used above the answer wes
128 urts per ml If at the same tume we had found that bovive contral
sample gives us 103 units per ml, the proportion would be as foliows

128 X % = 15 umts per ml for the specumen

Other deternunations done with the same reagents should be mbjected to
a sular correction

Precautions and Sources of Error A umt of thrombsn 13 by defimbion
that amount which will clot 1 ml of standard fibnnogen solution 1 18
seconds under standard condrtions Clottng times between 13 and 17
scconds have been shown to relate the thrombin concentration mosh 8¢
curately Ope umit of prothrombuin produces one umt of thrombmn when
fully converted In ths test the amount of prothrombin 1 3¢ umts per ml
15 such that full advantage 1s taken of the 13 to 17 second range of end
pownts As a result all curves indieating Ac globulm concentration down 1o
hne %12 of igare 1 have the principal change of direction from yertseal to
hongzonts! 1n the 13 to 18 second range

Although the prott b t 15 d so the
conversion furmsbed 1 34 unsts per wl, the actual final thrombm yeeld 10
the Ac globuln test 13 dependent on the Ac-globulin present Comparison
of the urves #64 and %32 m figure 1 show that the former uihmately
gues 120 second clotting whereas the lotter only reaches 128 seconds
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Reducing the Aec globulin further continues to reduce the final thrombmn
yield

Qceastonally the form of the expenimental Ae globulin curve does not
fit into the contours imposed by the interpolation chart (fig 1) In such
mstances 1t may eross one of the curs es which are a part of the mterpolation
chart Often the defect 13 of the nature illustrated by hine A of figure 1
crossing, to the less concentrated side and lev elmg off shallow Such a pat
tern may be caused by a defi of prott bin an the mx
ture the presence of serum type Ac globu]m i the analytic sample low
fibrinogen activity, abnormal colloid forms or calerum concentration Any
of the rest of the reagents in the sol may be d agwell although
those mentioned will be the most hkely sources of the trouble Canme
plasma gives this sort of curve normally and they are most difficult to
mterpret on this account

Conversely a poor curve of the opposite form may pass as doesline B
of figure 1, to lagher values levelng off 1n the region below that expected
from the location of the upper portion of the curve perhaps even with
endpaints that are below the 120 second hine Excesstve amounts of pro-
thrombin or hy are usually ble for this type
of curve Should the curve remam ab 1 after checking the hrombin
activaty of the plasma the diluted punfied prothrombin and the fibrinogen
then the other matenals must be checked as above
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source of serum Ac globubin It 1s atable and can be stored 1a the same
manner a3 the contro} plasma

Stock supphes of these controls are kept in the deep frecze and thawed
when they are needed By the usc of this bovine contral, any change n the

{3 can be detected, although 1t 15 desurable to use & control of the

same spectes as the unknown, of this 13 possble The control can be cot
lected at the same time as the specmen for anelysis or 1t can be Irozen
plasma that 13 of reasonably recent preparation In some species the con
tent of the Ac globuln falls after the plasma has been placed m the deep
freeze and stored for more than a short length of time

Bovine matenal has n constant value of about 120 umts per ml and
this value 15 used to determmne the factor necessary to correct the values
obtained if there 15 any deviation from this A sumple praportion is used
For human plasma Ac globuhn values the range 15 13 to 17 unts per ml
and 100 per cent has been placed at 15 umits This 13 an arbitrary Bgure
Values obtamed are expressed etther as per cent of normal or m the actust
umits obtatned from the di 10n, d for the d shown
by the control

For example n the specumen that we used abave the answer Was
128 umts per ml If at the same time we had found that bovine control
sample grves us 103 umits per m!  the proportion would be as follong

128 % %—gg = 15 umts per ml for the speczmen

Other determumnations done with the same reagents should be subjected to
a simular correction

Precautions and Sources of Error A untt of thrombun 1s by definit on
that amount which will clot 1 m! of standard fibrmogen solution 1n 18
seconds under standard couditions Clotiing tumes between 13 and 17
seconds have been shown to relate the thrombin concentration most 22
curately Ope umt of prothrombin prod: one umt of thrombmn when
fully converted In thus test the amount of prothrombrm, 1 44 umts per ml,
1s such that full advantage 1s taken of the 13 to 17 second range of end
pomts As a result all curves indicating Ac globulin concentration down 1o
lipe #12 of figure 1 have the prneipal change of direction from vertical to
horrzontal m the 13 to 18 second range

Although the protk b n 18 1 s0 the
conversion furmshed 1 34 umts per m!  the netual final thrombin yeld sz
the Ac-globubn test 15 dependent on the Ac globubm present Companson
of the curves %64 and %32 mn figure 1 show that the former ultumately
120 second clotting whereas the lIatter only reaches 128 seconds
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3 Determinahion of Spca (Converhin, Factor Vi)
BENJAMIN ALEXANDER

General Considerations, Defimtions Terminology It 18 now generally
agreed that serum derived from blood which undergoes sponianeous co-
agulation contains an enmy wluch or othermise the

of bin by thromboplastin and calerum !
Distinet from prothrombm, tbmmbm Ac globulin antihemophilic factor
and other known coagulation factors 1ts deficiency results m s hemorrhagie
dhathess despite normalcy of all other clotting factors? More recently it
has been shown that the 1 plasma or d from plastma,
which has been rendered devoid of this matenal 1s at best convertible to
thrombin extremely slowly by thromboplastin plus caleum *

The substance origmally labelled the serum prothrombin conversion
accelerator (Spea), anses from its relatively mert plasma precursor, pro-
Spea dunng coagulation This transformation can also be demonstrated
m vitro 1n an 1solated system contaming thromboplastin and caleium phus
plasma or serum fractions which are devord of prothrombm thrombin,
and Ac globulin ¢

The sctive pnneiple 18 known by other terms assigned by several in
vestigators' proconvertin and convertin of Owren, co-thromboplastin of
Mann, and Factor VIIL of holler The latter two investigators in contrast
to Alexander and colleagues and Owren do not accept the concept of con
version during coagulation, of a relatively mert plasma form of this sub
stance mto the active principle 1 serum

The following methods for assay of the Spca system are based upon the
concept for which there 1s substantial evadence that activation of pro-
Spea (proconvertin) mto Spea (convertin) by thromboplastin and ealaum
does indeed occur and that the greater clot promoting actinity of serum
over and above that of the parent plasma 1s largely due to 1ts content of
active Spea

For the specific determimation of the Spea system 1t 13 essenttal that
all factors required 1n the except for
the Spca s} stem be provxded m optimal amounts Smce Spea acts via the
Spia can be
measured only by 17.5 effect on the of to
As mentioned above without 1t proth 13 3
tarded the one-stage prothrombmn time thus being markedly elevated
The addition of Spea to plasma rendered deficient or devoud of Spea ac
celerates coagulation and shortens the prothrombin time It 1s therefore
evident, that present methods for the determinatwon of Spea are only m
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Successful utilization of thia test requires stmet control over the re
agents both for the determunations of prothrombim and Ae globuln To be
regarded as fully satisfactory they should give svhen used in festing busmsn
or bovine plasma (1) Bovine or human prothrombin values by the modfed
two-stage method of 250-300 unts per ml (2) Plasma Ac globulin eurses
with good contour for normal bovine plaema diluted 3000~5000 times 10
the range 32-128 on the mterpolation chart (3} Plasma Ac globulin curves
with good contour, for human plasme diluted 1000 times, 1 the range of
1248 on the chart

Multiple Anal, When the are standardized several Ac
globuhn tests may be run at the same time By preparmng the fibrnogen
shead of time it will be possible, by utihzing the latent pertod of earh test
{this1s the time ntervening after the mixing of the cony crston mixture and
the diluted plasma, before there 15 any detectable emount of thrombmn
formed), to set up new determunations at tno and ene half munute mter
vals If this s done five determinations can be done at the same hme
This will enable the investigator to run o control simultaneously with four
pla mas However the number of pomts that can be plotted wilf be reduced
due to the overlap of some of the dilutions but since this s a deterninatioR
of rate and curves are used 1n the caleulation of the ansv er, this vill till
be accurate for most of the work to be done With fewer tests closer wter
vals of time betw een determnations of clotting time can be done if greater
acouracy 18 desired

Serum e plobubn analysis Ac globubn whea detectable m serum
gives a different type of curve than that shown by plasma Ac globubn
Conditions for testing for the serum Ac globuln are the same 2s those for
the plasma type A special set of quantitatnve curves are, howeyer, neces
sary for the tnal wterpolation These are illustrated 1 Ggure 2 The dilfer
ence 1n the curves grven for the plasma type and the serum type Ac globubn
15 attributed to the fact that the former 1s activated along with thrombm
formation causing an Mutially greater delay m thrombmn appearance but
more rapid prothrombm conersion when finally under way whereas the
latter 15 already active when the comerston of prothrombin 25 begun
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exhibits between 40-270 per cent enhancement of the prothrombic actinity
of plasma to which the serum 13 added with & mean of about 100 per cent ?
The standard deviation of & senies of observations on a single serum sample
which ranged from 138 to 168 per cent enhancement with s mean of 149,
was +86

Precautions and Sources of Error Many of the conditions which 1n
fluence the serum Spea activity have been studied 7 Since 1t 13 known that
the addition of thromboplastin to freshly hed blood undue agtation or
excessive forexgn surface exposure of blood will increase the Spea activity
m the serum certain precautions mn the samphng of the blood deserve
emphanis Glaseware and needles must be serupulously clean vempuneture
should be direct the blood should flow freely with no frothing and undue
agitation of the blood should be avoided The prect.e relation of velume of
blood to the glass surface to which 1813 exposed should be defined 1n studes
of the dynamics of Spea formation under vanous condittons

Additional precautions 1n actual testing as well as in mnterpretation of
the results denve from recent knowledge regarding the Spea system In
contrast to 1ts inert plasma precursor (pro-Spea) Spea s relatively labile
1 serum and detertorates while at the same time some conversion of pro-
Spra mto 1ts active form continues slowly Thus at any given time the
amount of Spea activity that 1s manifest 1s the resultant of two forces—
destruction of the active Spea and elaboration of Spca from 1ts precursor
The latter requiring caleum 1s greatly retarded by decaleifieation of the
serum Swnce only 10-20 per cent of the pro-Spea 1s converted to the active
form durmg spontaneous coagulation the Spea system mn decaleified aged
serum conststs preponderantly of the more stable pro-Spea The tmplea
tions of these facts with regard to the most opportune time for oxalating
the serum for performing the test etc are clear

Certain imitations of the procedure also become evident after careful
scrutiny of the conditions under which the test 13 performed The BaSO,
adsorbed normal human plasma used as diluent 1s devoid of both pro-
thrombm and pro-Spea In order to test for Spea prothrombm must be
provided This can be done only by adding whole normal plasma 1n 2 ratio
of 1 to 20 of diluent which contributes to the total mixture about 5 per
cent of normal prothrombin and 5 per cent pro-Spea * Under certam path
ologie cond where } 13 poor and residual

1t would be preferable to add optimal amounts of punfied human prothrombin

devod of Spea Since such preparations have not yet been attained we must now
use small amounts of plasma In so doing the total system 1s hypoprothrombinemie
a condition contrary {0 the ongial that all i fsctors

with except for the Spea system
#hould be provided 1n optimal amounts Moreover the pro Spea whieh 18 a0 8dded
exerts itg effect by being converted to Spea during the test
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drrect and must be beced upon the assay of prothrombin petimity 1 systems
entically defictent 1 Spen but othecrwise mtact m those other components
savolved 1n prothrombin couversion and m the thrombm fbnnogen inter
action These imvolve the tage prothrombin proced

Two methods for measunng Spea are desersbed (s} The procedure of
de 1 ries et al?, (b) the method of Onren ?

Determanation of Spea by the Method of de ¥ res el al

Reagents and Apparatus These are the same s those employed i the
one stage deterrnation of over all plasma prothrombie actiwity, deserbed
on page 90

Performance of the Test 005 mi of & pool of normal ovalated plasne
are mixed with 00 ml of pooled normal human BaSO adsorbed plasma
and 005 ml of physiologie salie solution, and the prothrombin tune i3
deternuned on 0 10 1] of the muxture The prothrombre actwvity, calenlated
by interpolation on the standardization curve {obtamed by usmg hum.t
BaB0, plasma ns diluent), will u.ually be 5 per cent of normal, or 300 per
cent when carzected far the total dilution

The sarae test 15 done on a mixture comprising 005 m! of the whele
plasma, 09 m} of BaSO: plasma and 005 ml of ozalated serum (o7 test
material cont g Spes) The hrombte actisity of this muxiure 1
caleulated from the prothrombin tune by polation on the
tion curve, and sumlatly corrected for the degree of dilution of the whole
plasma m the total mixture

The prothrombie actwvity of the serum alone 1s also determined 1 the
same manner Since the activity of serum 13 usually low, the proportion of
strurn to BaS0¢ normal plasma m the mixture to be tested should be 3 10
7 Such proportions sssure ad of nonp bm factors
{other than Spea) which affect the prothrombm time

Vaulues and Caleulotions In the caleulation of serurn Spea the 8lge
brate sum of the mdividual prothrombie actwvities of the plasma
serum are subteacted from the observed prothrembne sctwity of the
plasma serum mixture For example Assume the pla.ma to contam 100
per cent {of normal) prothrombic activity, and the serum 10 per cent {as

A from the standardization cunve) A musture of equal clumes of
both should show a total of 110 per cent activity sfter smtable correctiod
for diution If the observed value 1s 240 per cent prothrombie sctivity, the

th t of the prothrombic activily cau.od by the Spea s
240 — 110
110

Normslly serum obtaumed within several hours after coagulation

X 100 = 118% enhancement
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material 1s added to 0 1 m! of the bovine filtered plasma mn a prothrombin
time tube the mixture 1s allowed to come to bath temperature (37 5°C),

02 ml of the calaum th boplastin reagent d at 37 5°C ) are
sdded, and the prothrombin time 1s measured
V alues and Caleul: Alld are exp; d 1n terms of

the activity of normal plasma * A standardization curve for the particular
bovine plasma and thromboplastin used, 1s derived from the observed
effects of normal pooled (from at least five subjects) human oxalated
plasma upon the prothrombin time of the prothrombin nch bovine plasma
rendered devoid of the Spea system by Seitz filtration The effect of a 1 to
10 dilution of the normal plasma Wwith VBOS 1s taken as the 100 per cent
standard activity further subdilutions of this grving correspondingly lower
values The observed prothrombin times are plotted against the per cent
activity (fig 1)

The proconvertin convertin activity of a test matenal also appro-
pnately diluted with VBOS 18 computed by nterpolating the observed

bin time on the dard: curve

Individual plasmas vary m activity from approumately 70-120 per
cent of that of pooled plasma from a large number of normal subjects

Tvmatation It should be noted that the prineiple underlymng thls test
1s anal to that for by the tag
where d ¥y may anse m hing between small amounts of pre
formeqd throm? the prothrombin Whereas in this mstance
preformed thrombin may be detected by direct clotting of the ovalated
plasma or fibrinogen before the addition of thromboplastin and calaum
the 1 d tion between tin and convertin cannot be
made 1n the proconvertin consertin method deseribed

Precautions and Sources of Error Accordingly precautions and sources
of error described above 1n the drawing of the blood sample and the prep-
aration of serum are equally pertinent to this method Normal serum con
taining an ble fraction (app: ly 10-20 per cent) of the
convertin system 1 the activated form exhibits considerably greater ae-
twvity than the corresponding plasma from which 1t was dertved Thus
anything which favors pi tin actiyation of needle
and syrnge with tissue Juice from nept vempuncture from agitation of
the blood from excessive air blood 1nterface etc) will give higher values

At first glance this may appeaT a8 & contradiction 1 terms 1n view of what
has been smd about the relative mertness of the pro Spca 1n plasma 1n contrast to
the active form Bpea Thia s not so1nconsistent when one realizes that the thrombo

plsstin and caleum convert the pro Spea to Spea which then acts on the thrombo

plestin caleum prothrombin and Ac globulin 1n the system The profound clot

promoting effect of minute amouats of whole normal plasma 1s evident from a typical
standarduzation curve (fg 1)
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serum prothrombin 1s hugh (e g b hulin, thromboeylopenia) the eon
chtions for testing the serum Spea are different, 1n that the test syster wil
now contamn a far grester concentration of prothrombumn {provided by the
serumm) 1n relation to the amount of Spea avadable Obvicusly vabl more
18 known regarding the quantitative mterrelationships betw een prothrom
bin converson and Spen concentration, data ohtamed by the above wethod
must be mterpreted with eaution In this connection §he method of Owren
has certamn advantages

Determunation of Proconsertin Consertin by the Method of Owren

General Considerations and Prenciple The procedure 1s essentially 8
one stage prothrombin method employing the apparatus and many of the
reagents already desenbed The test mixture comprises bevine ovalated
plasma rendered devod of the Spes system by filtration through s Sty
pad consisting of 20 per cent ashestos Such a plasma nch i Ac globuba
and fibrinogen also contming 60 per cent of its ongnal prothromtbiz, 3¢

has a markedly retarded hrombin conv erston

Reagents and Apparatus

(a) Setta filtered bovine ovalated plasma Freshly shed bovine blood
btmned at the slaughterbouse 1s collected m 0 15 M sodium oxalate 38

descnbed on page 94 The plasma 13 then filtered slowly under positine
pressure through a 20 per cent ssbestos Sertz pad * Only that portion of
the plasma with a prothrombin concentration of 60 per cent of normal an
a prothrombin time exceeding 100 seconds 13 used The filtered plasma 18
subdivided 1nto abquots each of sufficient volume for one doy s supply
These are kept 15 the frozen state (— 15 to 20 C ) under such conditions
the matenal 12 stabls for &t least 6 months

{b} Calerum thromboplastin extract reagent as deseribed for the spe
afic determination of prothrombin

(o) Veronal buffered otalated sabne (VBOS) as desortbed 1 the pro-
thrombin procedure (page 94)

Performance of the Test The test matensal (serum serurs frachons of
plasma fractions} are swtably diluted} with VBOS 01 ml of the diluted

* Obtazeed from Carlson Ltd London England The speed of Sltration snd ihf
vot filtered m relation to the ewe of the ped are smportant venables determned bé
trial and error 3n obtaing the destred result In geoerat 66 cra pad should be usts
to filter 8 vol of 100 m] of plasma a3 a zate of 40-60 drops per mun The frst -1
ml ususlly devord of bath prathrombin and pro Spea are dusearded The nnAt
portion {sbout B0-60 ml ) 18 ususlly ek 15 prothromtn but deverd of pro Spea
15 om pad csn bandle appraxmately 2°5 ml

1 At least tenfold
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Assay of Total Potential Converlin by & Two-Stage Modificatson of the Owren
Procedure

General Considerations and Princaiple It would agan be convenent to
consider the proconvertin convertin system analogous to the prothrombin
thrombin system Just as prothrombin can be measured only after 1t hes
‘been converted to thrombin, so p can be d only after
1ts conversion to convertin The determmation of total potential convertin
18 carned out 1n two stages (1) incubation of the material with thrombo-
plastin and caleim in order to convert the pro-Spea to Spea and (2) assay
of the evolved Spea m the Spea free Seitz filtered bovine plasma nch 1o
prothrombin

Reagents and Apparatus These are the same as those desenbed above
for the one stage proconvertin convertin determmnation by the Owren
techme

Performance of the Test One volume of test matenal smtably diluted
with VBOS* 13 added to two volumes of the CaCly-thromboplastin mixture
and the combmation 1s wmncubated at 375°C At imtervals (about every
three to 5 minutes) a 0 3 ml aliquot of the mixture 13 taken out and added
to 01 ml of the filtered bovine plasma (at bath temp ), and the clotting
time 1s determined The observed clotting times become shorter as more
and more of the proconvertin becomes activated The shortest clotting time
{usually obtained with an sliquot after 15-20 minutes’ incubation of the
mixture) 13 taken as the pownt representing maximal convertin activity
‘With further meubation the activity falls off due to destruction of the
convertin especially 1n serum presumably caused by factors in serum (or
plasms) which destroy 1t * To those who are thoroughly famihiar with the
two-stage plasma prothrombim method where the maximal thrombm titer
evolved 13 measured before antithrombin exerts its effect this procedure
for total convertin will appear reasonably uncompheated

The per cent activity caleulated by interpolation on a standardization
curve derived as described above (example 1 fig 1) 18 expressed mn terms
of the activity of plasma ¥or example the activity of 6 1 m! of a 1 10
dilution of normal humen plasma with VBOS, added to 0 1 m! of bovine
Setz filtered plasma plus 02 ml of CaCl: thromboplastin solution 1s
arbitranly taken as 100 per cent activity Under the same condittons
serum from spontaneously clotted blood will extubit more activity (approx
imately 130 per cent) than the parent plasma After prior mcubation of the

serum with thromboplastin calcum the activity may reach values of
approumately 500-1300 per cent of normal plasma due to complete con

Since normal serum and Spea rich plasma or serum fractions can frequently be
sctivated from 5 to 10 fold & sumtable dilution with VBOS 18 generslly § 20-1 50
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F16 1~Typical dard; curve hrombia ttme with pro
convertin convertin sctivity Pooled normal human oxalated plasms (or 8 rutm)
added 1n various proportions to bovine plasma filtered thraugh 20 per cent gsbestos
Seatz pad 100 per cent acfrvity corresponds to 0 10 ml of a I 10 dilutton of normal
plasma with VBOS added to 0 I ml of the bovine plasma To this are sdded 02
of the thromboplastn caleium reagent

Note the relatively greater activity of equivalent amouts of serum compared
with plasms

1t 15 also mmportant that the prothrombm content of the bovine
tesed plasma be at least 60 per cent of norms! Under such condibions the
dd of prothrombin m the test materal (plasma serum or fractions)
which has been swuitably diluted with VBOS prior to addition sntroduces
8 heghgible increase m the prothrombin concentration of the total system
If the bovine plasma reagent gives 2 prothrombun time 1 excess of 100
seconds and yet contatns 60+ per cent prothrombin one may be assured
that the reagent 13 virtually devoid of the Spea system
1t 13 evadent that with the above test 1t 1s impossible to estunate what
fraction of the Spea system m 2 gven test material 13 convertin or procon
vertin ance both will correct the ded prothromb of the
cotting mixture Additional mnformation m ths regard can be obtamed by
p} the procedure del. ¢ below
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4 Method of Assay of Cothromboplastin in
Plasma or Serum

F D MANN

Object of Assay To determine specifically the blood coagulation factor
cothromboplastin
Principle ‘Thromboplastin reacts with cott bop!: before 1t

reacts with prothrombin This eothrombopl reaction 18 slower than the
other wmvolved in the of prott \: to thrombin and
hence s ible for a prel. ry lag mn the ¢

to thrombin If thromboplastin 1s treated with very dilute plasma for three
munutes very httle formation of thrombin occurs but when subsequently
2 hugher concentration of plasma 1s added the prelimnary lagin the forma
tion of thrombin 18 partially elminated Serum and preparations of co-
thromboplastin are assayed 1n the same way

Reagents (1) Phystologic salne solution 09 per cent NaCl (2) Cal
cum chlonde saline solution 100 mg anohydrous CaCly dissolved 1n 200
m! of 09 per cent saline solution (3) Imdazole buffer pH 72 086 Gm
1mdazole dissolved mn 46 ml O 1 normal HCl and made up to 50 ml volume
with 1,0 (4) Thromboplastin 015 Gm of acetone dehydrated rabbit
bramn ground 1n 2 mortar with 15 ml caleum chloride saline solution and
the mixture allowed to stand for 10 minutes with intermittent stirmng
then centnfuged for two munutes at 1000 rpm m a No 2 International
centnfuge Supernate poured off and diluted with twice 1ts volume of eal
cum chlonde salme solution (5) Acacia Twelve Gm gum acacia dissolved
1 100 ml of 11 per cent disodium acid phosphate (Na,HPO, 12 H,0)
Solution d and clear poured off (6) Fibrimogen 1
per cent bovine Fraction I (7) Fibrmogen acacta Equal parts of (5) and
(6) mixed immediately before use (8) Normal human plasma From nor
mal human blood mixed with 1/9 volume of M/10 sodium oxalate (9) De
fibrmated plasma To (8) add 1/10 volume of thrombm (10 units/ml )
after 15 minutes remove clot

Apparatus (1) Electnc stop clock operated with foot pedal (2) Glass
constant temperature bath at 28

Procedure (1) 10 ml of thromboplastin (including caleium) added to
05 ml of 1300 dilution normal plasma in imdazole buffer (2) After
exactly three minutes at room temperature 015 ml of muixture (1) added
to 00a ml of a 1 25 dilution of defibrinated normal human plasma (3)
After exactly one minute at room temperature 0 2 ml of fibrinogen acacia
added to mixture (2) and the clotting trme deterruned 1n a water bath at




148 COAGULATION OF BLOOD METHODS OF STUDY

verston of proconyertin to convertmn Theorstieslly, the difference between
the actvity of the bated and th bopk Ca meubated serus
{or fractions) vill reflect that amount of the Spea gystem onginally 1o the
procenyertn form

Precautions and Sources of Error 1t should be powated out that unfor
tunately this procedure cannot be apphed to matenals (plasma or plasma
fractions) which also contan prothrombin for, obviously, mcubation with
thromboplastin snd ealoum will esolve thrombm which will then rapdly
clot the filtered bovine plasma

The degree to wiuch destructive forces, acting on evolved convestin
eause erronecusly low values cannot st present be surmused In our ev
penence punfied human serum fractions, nich i the Spea syetem maintan
therr total convertin titer remtarkably well (>30 minutes) after the incubs
tion peak 12 reached 1n contrast to what 13 observed with whole serum

REFERENCES
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1DeVries A Alexander B ond Goldstein R A Factor in serum which aceelerstes
the conversion of prothrombin to thrombin Its determination sod some phys
ologic and biochemseal properties Blood 4 247 1049

¢ Owren P New clotting fretors Tr Fufth Conference on Blood Clotting snd Alled
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Clotting time
Seconds x 1o 4

Il

10 | N | 1 1 L
5 06 07 080910 15 28 25 30 © 50 €8

Concentration of thrombin solution
ung PG!‘ €c

Fio 1 between snd clotting time when
©2ce of fibnnogen acacia mvture was added to 0 2ec of thrombun solution (From
Hurn M, andMans F D Amer J Clhin Path 17 741,1047)

28°C (4) 05 ml of unknown solution made up 1 1midazole buffer tested
exactly hke the normal plasma n steps (1), (2) end (3}

Caleul (1) Thrombim umtage ¢ ding to clotting time 12
(3) sbove read from curve m figure 1 (2) Cothromboplastin activity of
unknown calculated as follows

QOne munute thrombin yield of unk dihution of unknown % 1
Ope mmute thrombin yield of contral dilution of eontrol

= 9 cothromboplastn activity

Example One muute clotting time when normal plasma tested
1 300 dilution = 25” One munute throminn yreld = 0 95 unuts One nugate
clotting time when specimen of dicumaro! plasma tested n 1 30 dilufion
= 28" One minute thrombin yield = 075 umts

g—;g X 3%% X 100 = 79¢; cothromboplastin actavity

Normal range of plasma cothromboplastin activity 1n man 60 to 140%

Precautions and sources of error (1) For conaistency plasma from the
same normal ndividual used 1 a senes of determunations (2) Some ex
tracts of thr lastin, although satisfactory for the two stage determt
nation of prothrombin are insensitive ndrestors of cothramboplastin
getwvity, these must not be used
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aspiration and ejection from the syringe Dunng this mixing process the
plunger of the syringe 1taclf may be removed and immersed into the diluted
mxture once before the final flung this reduces the nsk of excessive
carry-over from one dilution to the next particulatly during the first

dilutions To each tube 1s added 10 uruts of thrombin (0 1 m! of the solu
tion from a pipette or 1 drop from a dropper) Mix well Coagulation
oceurs 1 & few seconds and 1s complete 1n a few mmutes

Readings The rack of tubes 1s allowed to stand at room temperature
preferably without shaking until the time of reading Each tube 1s then
tilted back and forth to find the highest dilution 1n which a visible coagulum
has formed In the dilutions near the end point the fibrin may contract to
a mnute clot or, indeed if there has been shaking may accumulate di
rectly as a minute clot

Controls Because of the infrequency with which one may use the fibnin
titer assay, 1t 19 deswrable to perform a control titer at the same time on
the blood of one or more normal pregnant women near term or just de-
livered to provade & check on the techme When several such compansons
are made 1t 13 found that a difference of one tube 13 not necessanly sig
nificant

A control sample from a nonpregnant individual may be used 1f 1t 15
Lept 1n mind that the fib content 18 app; ly 250 mg per cent
rather than the usual 500 mg per cent that 1s more charactenstic of normal
term pregnancy still hugher levels may occur 1 toxemia of pregnancy

A titer of 800 18 commonly found m normal pregnant women near
term Variations mn the titer assay are usually lumted to one tube 1m
erther direction by observation of careful techme of dilution

REFERENCE

cL Rapid of plas and 1ts use 28
 gnde to therapy of intrsvascular defbrnation Amer 1 Obet. amd Gynec
5§ 141 1952




CHAPTER IX
FIBRIN AND PRECURSORS

1 Estmation of Plasma Fibrinogen {Rapid
Method of Schneider)

Adapted by L M TOCANTINS

Principle Plasma s diluted and the hughest dilution 1 which visble

1 oceurs when thrombn 15 added 15 termed the ¢ fibnn tites ”
Reagents and Apparaius (a) Glass tubes 12 100 mm (b) Runger's
solution {or alternatively & solution made up of 9 parts 0 85 per cent NaCl
and 1 part of 1740 M CaCl) (¢) Thrombin {bovine “topcal thromhm’}
dissolve the contents of 1 vial mn enough 50 per cent gly cerol to mabe 8
solution of 200 umts per ml This keeps well 1 the refrigerator for wonths

Steps n the Procedure

Arrange tworows of tubes, 8 m each row Label one “patient,” the other
‘ normal control ¥

Dilutrons Frrst place 3 m! of the diluent m the second tube of each
ro\;e:f tubes, 4 ml m the thurd tube and 1 m! m each of the remaiting
tul

Venaus blood 13 then drav n from the patient wio a syrnge of small
drameter (a Iml or 1/2 mi tuberculn 53 ringe or msultn syrpge 15 of smalt
enough dsameter to be admitted deeply mnto the dilution tubes for mng
and sampling) and 18 dipensed and diluted, at once directly from the
synnge, at the bedsde mto the series of assay tubes in the following mat
ner An undiluted control sample 15 set aside by discharging all but 05 m!
of the blood from the syringe imnto the first tube The remamung 05 wl of
whole blood 15 then dhscharged mto the second tube and 18 thoroughbly
mixed with the 3 ml of diluent already 1n 1t Vith the same synnge 1wl
of this muxture 1s carned over to the next tube The remammng twofold
diletions are accomplshed by carrying over & 1 mi ahquot semally from
each tube to the next A ng a b t of app ly 0.35, the
resultant diluttons of the plasma component are 1 10 50 100, 200 400

800,

1600
IWAth care the ongnal syrmge may be used to make the dilutions In
successive dilution, the muting may be accomphshed by repea
157

each
—
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Range of talues In man the range of normal values estimated by &
similar method! 2s 190 to 330 mg per 100 m!

REFERENCE

tHam T H and Curtis F € Plasraa fibrinogen response 10 man Medieino §7
413 1938

3 Estimation of Fibrinogen In Small Samples
of Plasma (Method of Ratnoff and Menzie)
Adapted by R R HOLBURN*

Principle The amount of fibnn precipitated from plasma and adhering
to glass particles 19 determined colonmetrically by the addition of Foln
Ciocalteu phenol reagent to alkaline solutions of the fibrin The optical
density of the developed color 1s directly 1 to the concentration
of fibmnogen or tyrosime present and may be measured by companson with
the color developed by a known amount of & tyrosme standard

Apparatus and Reagents (1) Plasme Venous blood 1s transferred im
mediately after withdrawal to a test tube contaiing 02 ml ovalate mux
ture for each 5 ml blood The oxalate mixture contawns 0 8 mgm of po-
tassium oxalate and 12 Gm ammonium oxalate per 100 m! solution The
plasma 13 separated by centnifugation for 10 minutes at 2000 rpm 1 &
Sorvall angle centnifuge (2) Crushed glass Pyrex glass 18 crushed 1n & mor
tar so that the largest diameter of the particles 13 approximately 0 5 mm
‘The glass 12 not graded nor 15 the glass dust removed Between each use the
glass particles are washed with chromic acid and then well rinsed and dned
(3) Thrombin Commercial thrombmn contaming 1000 units per ml (4)
Sodium hydrozide 10 grams per 100 ml distilled water (10 per cent) (5)
Sodvum carbonate 20 grams per 100 m! distilled water {20 per cent) (6)
Folin Crocalteu phenol reagent For preparation see J Biol Chem 73 627,
1927 (7) Tyrosine slondard 200 mg tyrosmne per hter of 01 N hydro-
chlorie acid (8) Coleman Juntor Specirophotometer

Procedure To a 40 ml round bottom pyrex centriiuge tube 13 added

approumately 0 5 ml ground glass 10 m! of 085 per cent NaCl solution
and 005 m! of the thrombin solution Then 05 ml plasma 1s pipetted nto
the tube which 1s agitated with an oseillatory motion Volumes of plasma

From Journal of Laboratory end Chimcal Medicine 87 316 1951
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2 Eshmahon of Plosma Fibrinogen
L M TOCANTING

Prnctple Citrated plasma 13 diluted, recalufied, the fibno 18 sep-
arated, woshed and s N content measured by the Kjeldaht method

Reagents 19 per cent trisodum eitrate 085 per cent NaCl 02 M
CaCl: Kjeldahl reagents

Steps wn the Procedure

Collect 5 ml of blood mte 0 1 ml 19 per cent trisodium citrate centt
fuge, and obtemn clear plasma Measure out two 0 5 m! porfions snd treat
each alihe as follows

(1) Place 05 m} of the plasms mto & round bottomed tube measunng
spproxumately 17 mm nternal diameter and 11 3/2 em length

(2) Add 95 ml of 085 per cent NaCl solution and 005 mt of ©.
CaCl; and mix well Place 2 yubber stopper 1 the tube snd ncubate for
one hour at 37°C

(3) Remove clot by runnng a fine capiilaxy tube or fine glass rod care
fully between the clot and the wall of the tube dustodging the clot gently
and wrappuog 1t around the tube or rod This has to be done very gently
10 prevent breaking the clot

(4) Remove the clot from about the glass rod or tube by pusheng it
down with the fingers covered with filter paper Place the clot on N free
flter paper Press 1t gently ogamst the paper to squeeze out tost of the
plasma
(5) Prepore a glas funnel provided with a piece of rubber tubs 8t its
lower end and a spring chp

(6) Place o fresh piece of N free filter paper in the funnet and wash
the fibnn clot with at Jeast three changes of normal salt solution AloW
each change to reman m the funnel for five to ten minutes before releassng
the chp

7) Place the fibrin clot sn o Kjeldahl Rask holding the digest uxture
The aad digest 15 distilled and the distiliate dduted nesslerized and com
pared mith N tandard In case the color of the unknows 15 too strong 107
comparison with the standard the unknown 18 diluted further and proper
allowance 1 made for ths dslutson 1 the calculation of the results I the
unknown 18 too tweak the specmen s diluted less

8) Transfer mutrogen +alues mto proien values by mulbiplying by
525 Express sesulia i terms of mg of fibrmogen per 100 m! of plasms

(9) "The values of the 4o samples are aversged if the dufference be-
{ween them s Jess than 10 per cent of the mean
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tvity and the mitrogen content of duplicate samples of fibrin (The ac
curacy of the factor may be checked by measuring the mount of fibnnogen
m & large plasma sample gravimetncally) The calculated answer 19 mul
tiplied by 108 to correct for the dilution by the oxalate and the results
reported for 100 ml of plasma

Values Oblained In 19 normal men the fibrinogen content of the
plasma vaned from 193 to 415 mg per 100 ml averaging 272 mg per 100
ml of plasma In 14 normal women the fibnnogen content vaned from
164 to 366 mg per 100 m! of plasma averaging 294 mg There 18 no sta
tistical sigmificant difference between the conecentration of fibmnogen
men and women

Precautions and Sources of Error A small error may be introduced mto
the d of plasma fit by the adsorption of other protetns
on the fibrin clot

If glass 13 not used 1n the formation of the clot the time required for
the full devel of color 15 lengthened to 30 mrnutes

REFERENCES
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4 Preparation of Fibrinogen
J F JOHNSON and W H SEEGERS

In analytic experiments 1t 18 essentia) that there be a constant source
of active punfied fibnnogen 1 order to insure accuracy end reproducible
results Ci 1 if such are are usually not
adequate containng only from 75 to 90 per cent clottable protein A sumple
method to obtam fibrinogen based upon the observation that fibnnogen 1s
not completely soluble 1n cold plasma 13 here descnbed This method
carefully carned out regularly ytelds a product which efter freezng and
thawmng remams clear for many hours and 15 free of prothrombin
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as emall 88 0 1 ml cnn be used As clotting oceurs the Sbnn adkeres to the
glass particles With active preparations of thrombmn, clothng 13 complete
1 2-3 miautes If clotting continues after the cessatton of the shaking,
further agitation and rotation results in adherence of the sew clat to the
glass After ten minutes the tube 1s centrifuged for 5 munutes st 2000 rpm
1 the angle centnfuge The supernatant 1s disearded The clot 13 washed
twice by adding 10 m! of the 0 85 per cent NaCl solution to the tube aud
expressing 1t carefully sgamst the wall with a glass rod The fibnn 15 5¢p

arated by centnfuging for three and decanting the supernatent
One ml of 10 per cent vaOH solution 15 then added to the tube snd the
mixture boiled for 10 Evaporation 1s d by covenng the
water bath

After the tube cools, 7 ml water 13 added, followed by 3 ml of the
sodium carbanate solution and 1 ml of the Folin Crocalten reagent The
blue color 13 fully developed 1 10 mmutes If crushed glass 18 not used
thirty mutes 1s required A 3 ml ahquot 19 diluted with 3 ml water The
ntensity of the color 13 read in the spectrophotometer at a wave Tength of
650 ma
A blank 13 made up i the same fashion except for the addition of
plasma One ml of the standard tyrosine sohution 15 pipetted 1nto & 40wl
centrifuge tube and 1 succession, are added 10 ml sodwm hydroade
solution 60m! water 30 ml sodsum carbonate and 1 0 ml of the phencl
reagent One ml of the solution 13 drluted with 3 0 mi water and the 10
tensitv of the blue color read after ten minutes agunst & blanh This blask
13 not the same as that prepared for reading the color of the fibnn solution
The blank 1 prepared in the same manner as the {yrosine stondard, except
that 10 ml of water 18 substituted for the tyro.ne

Caleulation The optical density of the deseloped color 1 direetly pro
portronal to the concentration of fibrinogen or tyrosme until an amount
equal to 035 mg of tyrosine 18 reached When the mtensity of color 1 an
unknown solution 15 greater than that value, the equivslent amount of
tyrosmne 15 estumated fror a calkibration curve

Calibration curie Varying amounts of tyrosme are diluted with water
to a volume of 70 ml Then 10 ml sodium hydroxide solution, 30 mi
sodwm carbonate solution 10 ml phenol reagent are added After 10
mmutes 100 ml 1s diluted with 30 ml water and the ntensity of colos
read aganst & blank

The smount of fibrnogen in the plasma sample 1s ealeulated by read
1ng from the calibration curve the weight of tyrosne giving an equis alent
amount of color The wetght of tyrosine i3 then multiphed by the factor
pecessary {0 express the value per 10 ml of plasma The Jast result 18

multiphed by 117 the converston factor measuring the tvrosme hke s¢
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mg the matens! 1s returned to the cold centnfuge cups and centnifuged
again at 1250 g for nbout 1 mmute After this centnfugation the salne

d the 18 removed and the mng with
saline 13 repeated The amount of saline used each time 13 gradually de
creased The washing 1s repeated at least five times and more times may be
required before a final white fbrnogen 15 cbtamned The last wa.hing
should be for three minutes, at the former zpeed to remave most of the

e

The matersal 13 then suspended 1n about 200 to 300 ml of saline and
plxwed 1 & water bath at 35° C The hand stirrer 13 agan used to avoid

and to msure lete heating of the muxture by keeping the

hquid 1n constant motion until all the fibninogen 1s dissolved and the final
temperature 15 about 33 C

“The solution 13 then placed 1 warm centnfuge tubes and eentnfuged
at room temperature for 2 hours at 1250 g Following this the clear opal
escent solution of fit 13 d d 1nto a grad and the volume
measured A 2 or 3 m] sample 13 taken for the analysis to be described

The product 1tself 13 frozen with the aid of dry 1ce and aleoho!l and
stored 1n the deep freeze for many months or 1t can be freeze dred snd
stored n the powdered form for future use When such frozen products are
thawed they are placed 1n a hot nater bath If the hands can be immersed
1 the hot water bly the fib can be rotated until
all ice 13 gone Slow thawing without motton denatures purified fibrninogen

Should the material be needed for analytical use at once 1t 13 made up
nto 2 one per cent solution by dilution with 0 85 per cent NaCl solution
Ths final solution should contam 10 per cent imidazole buffer by volume
For storage 1t 18 placed i small serological tubes 10 by 75 mm and quick
frozen To facilitate freezing 1t 15 convement to make an alurmnum block
m which holes are dnlled of such mze that 12 % 75 mm serologic tubes
will just fit mto the holes This block 13 then placed in a freezing mixture
of alcohol and dry ice The emall tubes are put 1n the holes and fibrinogen
13 pipetted 1mnto them The solution freezes almost at once After this proc
ess the tubes are placed 1 the deep freeze until they are thawed for use

After the whole procedure 13 finished the containers and instruments
used can be cleaned with & strong solution of sodium hydroxide They can
be set to soak 1 thig misture and on returning the next day they are easily
cleaned Needless to say all these mnstruments and contaners should be
serupulously clean before use The usual procedure 1s to use chrome and
sulfunc zeid cleamng solution on all apparatus This should be removed
thoroughly with water and sahne rinses before use

Estimation of Clottable Protewn tn the Fibrinogen Preparation One ml
of fibrimogen solution to be tested 1s mixed with 30 ml of 085 per cent
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fibrinoly tic enzymes, and other elements concerned 1n the clottiog reac
tion Ji remains stable and mamtaing 1ts reactivity for many months 1o the
deep freeze

Materials and Reagents (a) Plasma The blood used should be collected
n a special anticoagulant (185 per cent KyCy0, 2H,0 aud 05 per cent
H.C,0, 2H:0), because the resulting plasma has a low salt concentration
The usual procedure 15 to collect the blood at the slaughter house The
plasma 19 separated from the blood by centnfugation This plasma 19 then
{rozen soltd at deep freeze temperatures

(b) Sabme 085 per cent NaCl s used thraughout Thus has exther been
pre cooled t0 0°C or has been placed in the cold overmght where 1t may
even be frozen and then used as 1t thaws A sutable buffer for use 11 the
dilution of fib 15 prepared by dissolving 1 72 grams tmidazole 10 %
m! of 01 N HCl and then diluting with distilled water to 100 mi Tbe final
solution will be of n pH of 72 to 74 If this s not achieved the end pont
can be adjusted with a few drops of NaOH or HCI

Steps 1 Procedure About four gallons of the frozen plasma 13 broken
mto small chunks and force-thawed m a metal contamer An electric fan
directed at the contaner will aid 1n the supply of some energy by convec
tion It 1s mmportant not to over beat the plasma It should be examed
frequently and stirred to insure unform thawing When the mass has
become a slush with only about 1/20 of the tatal remauung as wce 1t 15
ready for centrif By close of the plasma, the fibrnogen
can be seen as particulate material throughout the fluid

This matenal 15 then centrifuged in glass centrifuge tubes or challed
brass trunmion eups (International Equipment Co 2547 1d by 435" deep)
at room temperatyre at 1200 g for one mimute The supernatant 13 poured
off and a thin layer of Rbrmogen can be eeen hning the bottom of the cups
Thus layer 15 allowed to remamn and with a new supply of plasma 10 the
same cups the centrifugation 1s repeated unt:l all the fibnnogen has been
‘barvested

It 13 emphasized that the prescrvation of low temperature 1s essential
1n all phases of thus dure The brass cups or fuge tubes
should be returned to the e bath when not being handled and all objects
used should be cool If a cold room 1z avarlable that should be most nearly

1deal

Foll thus 1mtral the fib; 5 d from the cups
and deposited n a large metal beaker that has been placed m an xce bath
An equal volume of 1ce cold saline 13 pauted aver the mass and the whole
muxture 1s stured by a hand stirrer The device used 19 made by placing 8
No 7 rubber stopper on the end of a stroug glass rod It 19 used 8% &
stomper Meck 1 stirnng d the fib After thorough mux




CHAPTER X

FIBRINOLYSIN PRECURSORS
AND INHIBITORS

1 Eshmation of Fibrinolytic Achivity (Fibrin
Plate Method of Astrup and Mullertz)

Adapted by R R HOLBURN*

Object of Method A sumple and convenment method for the determina
tion of fibnnolytic activity giving an accurate assay with = wide vanety of
matenals

Principle Fibninolytic enzymes will Iyse & standard fibnin clot leaving
a clear area n an otherwise opaque plate of clotted fibnnogen The extent
of the digested zone mves a measure of the fibnnolytic activity of the
solution tested

Apparatus and Reagents (1) Petrt dishes 10 ecm diameter with um
form and level surfaces Care must be taken that the surfaces are parallel
sinee the dishes are placed one on top of the other and any unevenness will
result m unequal distribution of the fluxd and the areas of lysis will not, be
arcular The dishes are heat sterthized to avoid bactenal contarmnation of
the fibnin dunng b (2) Fib The purest fit avall
able 18 used and diluted with 0 85 per cent NaCl to a concentration of 0.2
or 04 per cent A fibrmogen preparation of 80 to 90 per cent clottable
protem was used (3) Buffer To 662 ml of 01 M Sodium diethyl bar
biturate 15 added 338 ml of 0 1 M HCJ and then diluted with 320 m! water
(resulting solution pH 78 iome strength = 005) (4) Thrombin Punfied
thrombin in a final concentration of 100 umts per ml 1n 0 85 per cent NaCl
solution (5) Incubator Temperature of 37 C (6) Pipets 5m! and 01
m! graduated m 0001 ml

Procedure In each Petri dish 1s placed 9 0 ml of the diluted fibrinogen
solutton using the buffer as diluent (fibrimogen concentration 02 or 01
per tent) The Petn dishes are then put on a horizontal surface and clotted

by the additron of 02 m] thrombin solution A clot 15 allowed to form and
should be as even and homogeneous as possible Exactly 003 ml of the
solution to be tested 13 added in the form of a drop onto the clotted surface

From Arch Biochemustry and Brophysics 40 346-351 195
161
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NaCl solution containing 1 ml of M/5 phosphate buffer at pH 64, and 105
ml of 1 per cent CaCly The calaum 15 not precipated by the phosphate
For conyentence a 30 x 120 mm tube of 50 m! capatity 13used The CaCl
produces a less soluble fibrin and fibrn formed at pH 6 4 13 more easily
rolled out than that formed 1n & more alkaline medium

To the diluted fibnnogen, § m! of s 50 per cent glycerol solutson con
taimng shout 100 Iowa umts of punfied thrombim 1s sdded ¢ Thrombin
Topical * may be used Clotting occurs m 2 few moments, the opalescent
flud becomung cloudy Thie muxture 18 allowed to stand for 30 munutes,
either at room temperature or 1n the refrigerator

After the formation of fibrin the clot 18 rolled out with use of & stam
less steel wire or rod, squeezing as much Itquid from the clot as pasuble To
facilitate this latter step the clot 1s removed from the solution and rotled
out on filter paper with gentle pressure 1t 15 then washed twce with water
and then twice with 0 85 per cent NaCl solution before bemg analyzed

The clot may be dried and weghed It may be snalyzed for mtrogen
or tyrosine In the latter case the clot 1s placed in 05 ml of 10 per cent
NaOH for digestton The amount of tyrosine i the digested clot 15 thet
determined by the method of Folin Ciocaltey To find the purity of the
product the tvrosine equivalent of the solution 1s found for 2 0.5 ml specs
men taken before the clot 15 formed with thrombin A comparusan of ihe
two values then 1 hand, gives the percentage of the total protein that 15
clottable fibrinogen

REFERENCES
Ware A G Guest M B and Seegers W H Fibrnogen With special refer!;;;e
to1ts preparation and certan properties of the product Arch Biochem 13 23,
1047
Folin O and Cioealten ¥ On tyrosine and tryptophane determinations i proteis
J Bl Chem 78 627 192
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2 Eshmation of Fibrinolysin Achvity of Human
Plasma or Serum

E C LOOMIS

Obyect of the Test To determine the relative amount of profibrinolysin
present 1n human plasma or serum

Princsple Underlying the Test Human profibrinolysin 1s activated to
fibrinolysin a fibnnolytic enzyme by streptokinase an exotoun produced
by certamn strams of hemolytic streptococer The activated fibnnolysin wall
digest or lyse a fibrmn clot

Reagents and Apparatus Required (1) Human plasma or serum to be

assayed (2) Streptokinase 100000 u /ml solution—(Lederle Laboratortes
Division Ameniean Cyanamd Co) (3) Bovine Fibninogen 06 per cent
clottable 1n imdazole buffered sahne solution (Most lots suppled by
Armour and Co surtable but the fibnnogen prepared by method of Ware
et al 11s preferred } (4) Bovine Thrombin (Parke Davisand Co ) 75u /ml
1n 30 per cent glycerol (5) Open ended capillary tubes (e g meltng pont
tubes) (6) 10 x 75 mm test tubes (7) Pipets (8) Water bath at 45 C
(9) Stopwatch

Steps m Performance of the Test If plasma 1s to be assayed convert to
serum (remove fibrnnogen) by recalaification or addition of thrombm
Express the serum from the fibnn clot and as.ay If any dilution 18 made
correct for 1t I the calewlation below

Into a 10 ¥ 75 mm test tube place 0 1 ml streptokinase 02 m! throm
bin 02 m! of serum or a sutable dilution Add 05 ml of 06 per cent
bovine fibrinogen rapidly and simultaneously start a stopwatch Quickly
411t or shake the test tube to a1d mixing of the reagents As soon as a clot
forms 1nsert & capillary tube to the bottom of the clot and place m the
water bath at 45 C The end pont 13 taken at the mnstant the hqud level
1n the capillary rises to the clot level in the test tube

Caleulation By defimtion a unit of fibrinolystn 1s that quantity which
will lyse & 03 per cent fibrin clot 10 2 minutes at 45 C m an 1mdazole
buffered system at pH 7.2 This determination besides measuring fibrninoly
@n also meludes a partial measurement of the rate of activation

TUnats of Fibrinolysin/ml = 5 X CF X D

Where D = dilution CF = correction factor for deviation from 120 sec
onds 1 the lysis tume

Normal Range of Values This has not been established by this pro-
cedure smce a very lumited number of human assays have been done
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Usually three mngle determinations are carned out on a plate The plates
are then incubated 18 to 20 hours at 37° C and the product of two perpen
dicular diameters (square mm ) of the digested area 13 caloulated If es-
pecally accurate esttmations are required, zones which are not circular sre
disregarded The areas are converted 1nto concentrations by mierpolation
on g reference curve

Calculation For s number of enzymes a straight hine 19 obtawed when
the loganthm of the product of the area 1s plotted agamst the logenthm of
the concentration expressed sn terms of a stock solution This relstion 18
expressed by the equation

A=kXc or logA =aloge+b

where A = area or product of two perpendicular diameters ¢ 1s the relatrve
enzyme 1 a®ka denoting the slope of the curve, and
k and b are constants It 1s posuble to compare two solutions only when
the curves have rdentical slopes sol chife 10 cony pro
duce parallel dilution curves m a log log graph By means of such curses
the tion of the unk k canbe d by wterp
tion on & dilution curve of a solution used as s standard of reference

Values Obtamned Bovine plesmun ravge o from 086 to § 04, meant
097 Human streptohnase actwated plasma (s plasmun) range of values
of 6 from 0 46 t6 060 mean 050 Trypstn mconsistent results with 62
per cent fibrinogen solution, with o 01 per cent solution values of 6
ranging from 075 to 1 00, mean of 0 50

Precautions and Sources of Brror (1) Deviation of the slopes of the
curves (2) Vanations in the posittons of the curves above the abscissa

In g the reproductbility and the sensttivity of the

method crystalline trypsin may be used as a standard of reference AS
small ap amount 23 002 g can be detected The method 15 espevsally
adapted for plasoun (fibrinolysin) but may be u.ed as a practical toolin
the study of other Sbrinolytic enzymes
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3 Preparation of Fibrinolysin (Plasmin, Serum
Tryptase)
E C LOOMIS

Early preparations of fibnnolysin were found to clot fibnogen Ths
has been attnbuted to the enzymetself but it has been shown that clotting
properties exther direct or mdirect through activation of prothrombin
cannot be ascribed to fibnnolysin In order to prepare prothrombin and
thrombm free fibnnolysin the prothrombin 1s removed from bovine and
human plasma by adsorption on an excess of Mg(OH); eream and by cen
trfugation to remove the adsorbate The profibnnolysin 1s then concen
trated by fractionation and precipitation techmes and actayated

An alternate procedure which gives a far superior fibnnoly sin product
18 the fractionation of profibrnolysin from serum by essentially the same
methe

Preparation of Serum Serum 13 prepared from oxalated bovize or hu
man plasma by the addition of 0.3 per cent excess caleium chlonde to the
wigorously agitated plasma The fibrin precipitates in strands Stunng 18
continued for 30 minutes after the fibrn separates to allow for complete

to thrombin and for 1 {present 1

of p:

the serum) to destroy the thrombimn

Each lot of serum 1s tested and should respond as follows (1) One ml
gerum + 01 ml 100 U thrombin — no clot Therefore all fibrninogen was
removed (2) Two tenth ml serum + 1 ml punfied fibrinogen — 1o clot
Therefore all thrombin destroyed (3) One ml serum + 1 ml punfied
fibrinogen -+ 02 ml punfied lung extract — no clot Therefore all pro-
thrombin was converted to thrombm and destroyed as proved in (2)

Preparation of Plasma Four hiters of plasma are treated with 600 ml
of Mg(OH), cream The Mg(OH), with the adsorbed prothrombin 1s re-
moved from the supernatant plasma by centnfugation for 10 minutes at
5000 rpm

Separation of Fibrinolystn from Plasma or Serum The plasma (or
serum) 18 cooled to & C and a saturated solution of (NHL).S0, added drop
wise with constant stiring to 25 per cent of saturation The precipitated
proteins are removed by centrfugation for 3 runutes at 5000 rpm The
solds are discarded The supernatant solution s cooled to 0 C and the
degree of (NH,):50 saturation mncreased to 29 per cent by the further
dropwise addition of saturated (NH)SO, with constant stwrnng The
precipitate 13 collected by centnfugation at 5000 rpm for 3 mmutes The
supernatant solution 18 disearded
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Carrection Fartor Table

g | e | owem Thma | o | oBpg
90 132 6 60 120 100 500
95 125 625 12 896 480
100 120 800 130 094 470
195 113 5865 135 o902 480
110 110 & 50 o 038 140
ns 105 525 145 085 4%

Precaulions ane sources of errar (1) Fibrnogea contanunation with
fibrnolysin As specified above bovme fibrinogen 15 the most sutable sub
strate reagent for the assay If the bovine preparation of Ware et 81t s
used, least diffieulty will be d@ Al human fib preparal
used have been found to be contamunated with fibrmolysin to & much
greater degree If human fibrinogen must be used, & 0 15 per cent clot snstead
of the 03 per cent bovine clot will give a unit approumately equal to the
defined unt *

(2) Thrombun contammation with fibrmolysin or profibrmolysin Some
mvestigators have found shght contarnation of certam lots of Thrombin
Topical (bovine) Hawever smce bovine profthrmolysur actnates very
poosly with Streptolinase the only error to be considered 15 the presence
of the actrve proteoly bic enzyme

(3) Streptokimase Thus procedure has been established usng the Led
erle preparation, which 13 not sufficeently punfied for the ideal assay
method ¢ It very often an mhibi fibrno}

@ A ) ¢ and fit lysin are present sn the seru

and cannot be removed or mactivated without harm to the profibrnoly €.
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»Christensen L B Methods for measurng the nottvity of components of the
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4 Estimation of Antifibrinolysin in Plasma or
Serum

E C LOOMIS

Object of the Test To determme the number of umts of antifibnnolysin
present 1n plasma or serum

Principle of the Test Serum 13 added to an exce.s of fibrmoly=iz and
allowed to react for a standard time The excess fibrninolysin 13 then deter
mined and the amount of brinol, 13 calculated by d

Reagents and apparatus required (1) Plasma or serum to be assayed
(2) Fibninolysin (Parke Dawis and Co) (3) Bovine Fibrinogen, 06 per
cent clottable 1 umdazole buffered solution (most Armour and Co lots
sutable but preferably prepared by method of Ware et al?) (4) Bovine
Thrombin (Parke Davis and Co) 50 u /ml 1n 50 per cent glycerol (5)
Open ended capillary tubes (e g, melting pownt tubes) (6) 10 ¥ 75 mm
test tubes (7) Pipets (8) Water bath at 45 C (9) Stopwatch

Steps +n performance of fest (1) If plasma 18 to be assayed convert it to
serum (remove fibnnogen) by recaleification or additton of thrombm Ex
press the serum from the clotted fibrm and assay Any dilution 1n this step
should be corrected for 1n the calculations below

(2) Intoa 10 x 75 mm test tube place at least 30 units of fibnnolysin
dissolved 1n 09 ml physiologic saline buffered with smidazole (see page 162)
Add 01 ml serum to be nssayed Allow fo stand for 60 minutes at 26-28 C
then assay the remarmng fibnnolysin

(3) Flace 03 ml of 50 umt thrombin 1nto 2 10 x 75 mm test tube, add
0.2ml of the solution from (2} {or sustable dilution of that solution) Start
a stopwatch upon the addition of 3 5 ml of 0 6 per cent bovine fibninogen
As soon as a clot forms place the test tube mn a 45 C water bath msert
an open end capillary tube to the base of the clot The end pomt of the
determination 13 reached when the hqud level 1n the capillary rises to the
clot level m the test tube This should be between 90 and 145 seconds or
a different dilution should be assayed The fibrinolysm solution used 1n (2)
should also be assayed following the step being described

Calculations

A=10{09F, — Fy)
F=5CF XD
‘Where A = umits of antifibrnolysm per ml of plasma or serum Fo =

umts of Fibnnolysin per m! of oniginal solution Fa = umts of Fibnnolysin
per ml after 1 hour reaction C.F = correction factor for deviation from
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The preaipitate 13 dissolved 1 100 m1 distilled water, transferred to
& separatory funnel and shaken mtermittently for 30 munutes with 2> ml
CHCIs  After thus activation, the CHCI, Inyer 1 separated and discarded
The aqueous phase 15 dialyzed for 16 hours agawnst cold runmng tap water
in Viskang ‘No Jax” casmgs The precpitate which formed on dialyss 1
sollected by a shost fast centnft , 83 above, dissolved m 100 ml. of
physiologie sahine, drduted to 1 500 ml with cold distilied water {to a spectfic
resistance of the solution—approxumately 400 chms), cooled to 0°C and
adjusted to pH 55 (glass electrode) with N HCI The precipitate which
forros 18 collected by o short, fast centrifugation, dis.olved m 100 ml
phystological saline, adjusted to pH 70 to 72 with 01 N NaOH, shel
frozen and lyophulized

Umit The umt of actrs ity for fibmnolyen has already been defined as
follows One unt of fibnoolysin 1s that amount which will dissolve 1 m} of
8 03 per cent fibrn clot 1 120 seconds at pH 7 2 and 45°C 1 an 1sotome
sahne system buffered with 1mudazole

Assay Two-tenths ml of a sahne solution of fibrmolysin of knowa
concentration 1 added to 0 I m! of 100 unt/rol thrombn solution 1 50
per cent glycerol 1n a 10 x 75 mm test tube Three tenths m! of 2 06%
fibrinogen solution contamng imdazole buffer 13 then blown mto the tube
as a stopwatch 1s sunultaneously started The tube 1s placed 1 & water
bath at 45°C, removed every 15 seconds and tilted gently The endpoint
of the assay 13 considered to be the earhest time the solutson flows en gentle
tilting of the tube

Average of ¢ preparations from beef plasma 02 umts per mg

Average of 8 preparations from beef serum 2 2 unitg per mg

RererEncE

Looms E C George C Jr sod Ryder A Fibnoolysn nomenclature umt
assey preparation and properties Arch Biochem 1£ 1 1947
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4 Estimation of Antfibrinolysin in Plasma or
Serum

E C LOOMIS

Obyect of the Test To determime the number of units of antifibninolysin
present 1n plasma or serum

Prineiple of the Test Serum 1s added to an excess of fibnnolysin and
allowed to react for a standard tune The excess fibnnolysmn 19 then deter
mined and the amount of i 15 caleulated by duffe

Reogents and apparatus required (1) Plasma or serum to be assayed
(2) Fibrinolysin (Parke Davis and Co) (3) Bovine Fibrinogen, 06 per
cent clottable in 1mdazole buffered solution (most Armour aud Co Jlots
smtable but preferably prepared by method of Ware et al?) (4) Bovine
Thrombin (Parke Davis and Co) 50 u /ml 1 50 per cent glycerol (5)
Open ended capillary tubes (eg melting pomt tubes) (6) 10 x 75 mm
test tubes (7) Pipets (8) Water bath at 45 C (9) Stopwatch

Steps 1n performance of test (1) If plasma 13 to be assayed convert 1t to
serum (remove fibnnogen) by recalafication or addition of thrombin Ex
press the serum from the clotted fibrin and assay Any dilution 1n this step
should be corrected for 1 the caleulations below

(2) Intaa 10 x 75 mm test tube place at least 30 umts of fibrinolysin
dissolved m0 9 m! physiologic saline buffered with 1midazole (see page 160)
Add 0 1 m! serum to be assayed Allow to stand for 60 minutes at 26-28 C
then assay the rematning fibrinolysin

(3) Place 03 m! of 50 unit thromhimn into a 10 x 75 mm test tube add
02ml of the solution from (2) (or smtable dilution of that solution) Start
a stopwatch upon the addition of 05 ml of 06 per cent bovine fibinogen
As s00n a3 a clot forms place the test tube 1 a 45 C water bath msert
an open end capillary tube to the base of the clot The end pomnt of the
deterrmnation 13 reached when the hquid lesvel 1n the capillary nses to the
clot level m the test tube This should be between 90 and 145 seconds or
a different dilution should be assayed The fibrmolysm solution used 1n (2)
should also be assayed following the step bemng desenbed

Caleulations

A =10(09F — Fr)
F=5CF XD
‘Where A = umts of antifibninolysin per ml of plasma or serum Fg =
units of Fibrmolysin per ml of onginal solution Fr = umits of Fibrnolyain
per ml after 1 hour reaction CF = correctton factor for deviation from
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120 second lysis time, D = dilution used for assay, F = units of Fibnoly
sin

The correction factor table 13 pnated with the Sbrnolysin assay (e
page 164)

Normal range of values Normal human plasma or serum contams from
140-165 units of antifibnnolysin per mt

Precautions and sources of error Fibrinogen and thrombm contamma
tion as stated in section dealing with fibrinolysin aseay (see page 164}

REFERINCES

1%are A G Guest M M and Seegers W H Fibunogen with special refesenie
to uts preparation and certain propertres of the product Arch Brochem 3 231

*Loomis £ C George C Jr and Ryder A Fibrinolymn nomenclature unt
as3a) preparation and praperttes Arch Biochem 72 1 1947

5 Preparation of Antifibrinolysin
E C LOOMIS

Anufibnnolysin may be prepared from bovine equne and human
plasmas by the method to be desenibed Oxalated 1s preferable to extrated
plasmas When serum 13 used 1t may he prepared by the method described
m the section deabng with the preparatwn of fibnmolysn (page 160)
Temperature control below 26 C 15 desirable mince solubihity factors are
reduced at lower temperatures Hydrogen ion adjustment on the sudie
precipitation 1s entical and affords only a narrow range between pH 35~
40

Preporation Ope biter of bovine erum 15 cooled to +5°C and brought
to 0 5 saturation by adding an equal ¥olume of saturated (NH,)S0. The
precip 18 ed by centnf m the cold The supernafant
treated <erum 15 cooled to +5°C and the degree of saturation icreased to
070 by the addition of 135 g CP (NH)S0,/100 mi The precipitate 25
collected by centrifugation n the cold dissolved m 100 ml distilled water
and dualyzed 18-20 br 1 Viskisy, No Jax’ casing 20/32” against cold

tap or deomzed water
mnmrlr_xfe cIIerr ualysis restdue 15 sgaw brought to 0 50 saturation at +5°C
by the addition of an equal volume of saturated (NH,),S0, adjusted to

tat 3 be
375 with N H04 the by cent n tl
?glxd snd the supernatant solution neutralized to pH 70 with N NaOH
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The neutral solution 1s again dialyzed as above and dnied from the frozen
state The antifibninolysin product obtained 1 about 859 pure on electro
phoretic analysis

Umit One unit of antifibrinolysin has been defined as that quantity
which will exactly neutralize one umt of fibrinolysin (see page 166) buffered
with mdazole at pH 7 2, m 1 hour at 26°C

Assay An excess of fibrinolysin 1s dissolved m 09 ml buffered phys:
ological saline and 01 ml antifibninolysin solution 1s added At the end of
1 hour the excess fibrinolysin 1s determmed a8 previously deseribed and
the fibrinol; activity do d by diff It has been found
that 1 hour 18 required for the i vitro neutralization of fibnnolysin by
antifibnnolysin If the time 13 extended another 30 munutes less than 10

per cent add 1 antafik )} 13

RererENcE

Loomus E C Ryder A and George C Jr Fibrinolysin and antifibninolysin bio
chemucal concentration of antifibninolysin Arch Biochem 20 444 1949



CHAPTER Xi
TISSUE COAGULANTS’

1 Estmation of Thromboplashn Actvity of
Tissue Extracts
J F JOHNSON and W H SEEGERS

(a) In Vitro Two-stage Method

Thrombopla.tin, plus other tors, 1 essential for the rapid phys
ologc activation of prothrombin to thrombmn m the formation of the blood
clat In the body economy 1t can be supphed by tissue or by a corobimation
of platelets and plasma Thromboplastic agents 1y are wdespread
In pature many substances supplywg a simlar activity For snalyhic work
boviue lung thromboplastin has proved a satisfactory and stable source of
this matenal for periods as long as six months for a mngle preparation
Other arumal tissnes are suitable, such as camne lung, human or rabbat
brain each ammal and particolar hissue varymng as io s activity

The preparation of bhovine lung thrombopl has been
elsewhere (page 131) In order to test roughly the activaty of the prepars
ton, the matenial 1s diluted 5§ 1 with 085 per cent NaCl and tested m &
twao stage analysts for prothrombin Bovine control plasma 15 used a8 the
substrate 1f the usual prothrombin values are obtmmed the product 19
acceptable

As 2 further chech the matenal 18 made up with 0.85 per cent NaCl
at tho times this strength and to one-half thus strength These additional
dilutsons are used as was the first and the concentratrons of prothrombia
obtatned from the three analyses are compared If the values are es.en
tully the same, then the onginal dilutron of 5 1 18 Judged correct and the
thromboplastin 12 used ab this strength Should the svalues vary widely

The thromboplasting of tissue ongmn are either 1n the form of & hipopto
tem (e g bran lung saline extracta) or in hipid emulsions ( cephalin ) Sev
eral methods for the preparation of buth of these groups of materials msy be
found 1n the index under

Preparation of thromboplastin

Preparatton of cephalm

Yororbed

170
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another dilution 13 prepared and tested in a like manner until & satisfactory
dilution 1 attaned

1f further accuracy of activity measurement 1s desired then the follow
1ng test may be done

Reagents The reagents used are the same as those 1 the usual two-
stage Ac globulin analys:s (see page 131) The test used 13 an Ac-G analysis
m which all the el are tant except the thrombopl: The
thromboplastin used 1s diluted to a desired level with 085 per cent NaCl
and 13 then incorporated as part of the reaction mixture 1n the following
system

Purified prothrombn salution 3 parta
Thromboplastin suspension 3 parts
Serum Ac globulin or platelet Ac G 2 parts
Calcium chlonde {070% 1 sahine) 1 part
Acacia (15% 1n saline) 2 party
Tmdszole buffer (pH 7 2-7 4) 1 part

The concentration of the activators 1s probably constant and in excess
n this mxture The prothrombin 1s diluted to 67 umts per m! Equal
amounts of this reaction mixture are added to the fibnnogen as 1n the Ac G
analysis and the usual endpoints determined

The analysis 15 calibrated by means of the standard set of curves for
serum Ac globubn as shown on page 139 By companson of the pomts
plotted from the thromboplastin analymis with this standard famly of
curves a definite number of unts of thromboplastin can be assigned to any
suspension tested The arbitrary numbers on each of the curves indicate
relative concentrations of the respective activator Thus the curves 2 5
8 16 etc represent 2 5 8 and 18 g9 of 2 umt of thromboplastin per
ml of the reaction mixture when thromboplastin 1 the vanable and an
accelerator 13 present 1n large quantity

1t 13 possible to use bovine plasma as a source of both Ac globulin and
part of the prothrombin for the analysms If this 1s used the shapes of the
curves obtained are comparable to the plasma Ac-G chart as shown in the
sectton on Ac globulin analysis (page 129) If plasma 1s used 1t 18 not neces-
sary to defibrinate but 1t should be handled in the same way 2s a plasma
1s handled 1n the usual Ac-G analysms

The value of the optimal thromboplastin dilution 1s that which will
give the accepted values of the accelerator in the reaction mixture

Precautions and Sources of Error Thromboplastin dilutions for this
analyss should be relatively great due ¢o the display of sntithromtanf 1t
13 present 1n the suspension Should this be present the curve for the throm
in values will nise from the base hne after attaining an mtial low pomt
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Tlus mdseates that there 15 thrombin destruction and the test 19 not vald
To correct this o greater dilution of the thromboplast 1s made uotd the
curve remans level after 1is 1ntial drop

As n the Ac globuln analyss, extreme care must be tahen that the
prothrombin 15 free of such activators as Ac G or the natural aceelerator
that develops wn freeze dried prothrombin on long storage Prothrombm
heated to B3°C for one hour i salt * free * solution, then acetone 8ned, 38
farly stable and free of Ac globulin

This analysis, libe the analysis for Ac globulin, 1s extremely sensitive
to the smallest change 1n the reagents and because this test 1 4 measure of
rate, the shghtest vanation will be magmbed and affect the cutcome For
s reason the utmost care must be taken i all measurements and pipet
ting 1n order to avoid technical error as much as possible

{b) In Vivo Assay (Method of Schneider)

Young white mice are used as the test ammals Other experunents
wath different strams of nhute mice as well as brown mce and wild mce
bave shown that they are all suitable as test subjects No sex dhfference
bas been noted except that dunng pregnancy the Lenmtivity 1ereases

Trial doses of the extract to be tested are given mtravenously i the
Jateral tarl vens of veighed muce unti the munmnum Jeths} dose for & 20
gram mouse can be determwed or estimated from mierpolation curses
which have been constructed previously in the testing laboratory by mje¢
tion of the thromboplastin of d i The towicity of the matenal
15 then expressed as the number of MLD or umts per m} Ordinanly
about 8 mice will be used for the calibration of an unknown, after tbe
prelimtnary determunations

Laght ether anesthema may be used for convenence during the test
apparently without disturbung the endpomt The endpomt of the 2ssay 38
the death of the mote 1n a few mnutes after the jection usually withm
two ramutes, and not more than five Some antmals may become comatose
and convulse followmg the test but recover Such a reaction inducates that
a near lethal do.e hes been given Almost always the mice are able to throw
off the effects rapidly if the dose 15 not fatal at once

Injection of the matertal must be mtravenous The lethal dose 13 18
creased markedly if the mngectson 15 given slowly or i dsvided doses Back
fiow of biood 1nto the needle or the barrel of the sy ringe should be avorded
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The syninge 13 filled with the evact dose and after the imsertion of the
needle the extract 1s forced into the vemn in a single rapid 1njection

Usually a suitable lethal volume 13 of the order of 010 ml, and 1n
performung the assay the axtmct 18 dlluted to ﬂns ncuvxty The dose grven
to each ammal may be or by the volume of
the extract to be mjected or by dilution of 1t or both according to the
response of the ammal or amimals, used 1n the test Expenence 1s the most
valuable guide to the mitial dilution and volume A suggested maxumum
volume of any matenal 13 04 ml The assay under proper conditions, 13
reliable to approumately 109

A rapd tolerance develops 1 the ammals after the mnjection of the
thromboplastin The ammals may be used agamn for screening assays
but they should not be used until after at least three days preferably longer
The mcreased tolerance of the ammals to the towun 1s at 1ts highest within
& few munutes and persists for a few hours at the end of eight hours the
ammals wll }mve retumed to nearly the previous level of sensitivity

can be hed by the use of small

repeated dosages

The sensiivity of the mouse 1s not directly proportional to the body
weight large or obese mice being more sensitive per gram of body weight
Corrections to the lethal dose for mice of 20 grams body werght ean be made
by companson with standard curves if desired Unless the vanation of
weight 13 extreme the error wathout correction as compared with mice of
18 to 21 grams 1s not great

The mvestigation of the senstivity of the mouse has also brought out
the fact that the ammals become more sensitive as they become older and
larger The optimum weight 1s about 18 to 21 grams Thus represents the
body weight of & young healthy laboratory mouse

REFFRENCES
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Thomas L Studies on )| effect of tassue n
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CHAPTER Xii

ANTICOAGULANTS IN BLOOD,
PLASMA AND SERUM

1 Demonstration of Abnormal Anticoagulant
Achivity i Blood (Method of Conley, Hort
man and Morse)

Adapted by R R HOLBURN*

Obgect of Method Detection of ebnormal anticoagulant actmty in the
blood by the addition, to normal blood of the test matera} o the form of
native (undecalafied) platelet-poor plasma

Principle Platelet poor plasma from normal mdmwidusls mvanably
clots m glass tubes st 37°C When abnormsl anticosgulant actvity 18
present, the addition of this platelet poor plasms in small amounts
normal blood prolongs 1ts clotting tune sgmificantly

Apparatus and Reagents Needles, syrnges, test tubes and pipels
are treated with slicone according to the techmque of Jaques (see page
3) A nontraumatic venepuncture s made with an 18 gauge needle
After several mililiters of blood to be tested have been withdrawn into &
gyrnge, the needle 19 Jeft 1 place the syrmge 18 disconpected, and its o
tents are discarded Thus serves to nnse the needle free of any tissue juice
A clenn sitheone coated syringe 19 then attached and 20 m! of blood are
carefully drawn The blood 1s placed 1n an 1cebath m 3 silione tube Im

distely the tube 13 fuged at about 7000 rpro (6000 g) at 4°C
for 6 runutes to remove the blood cells and most of the platelets The
upper portion of the plasma 1s removed with 2 siicone coated dropper
pipet and recentrifuged st about 12000 to 14,000 rpm (about 17 500 to
22000 g) for 10 minutes The upper half of the plasma 15 removed with 2
sthicone coated pipette and stored i an 1ce bath until used Normal plasma
obtatned 1ot this manner may be kept several hours at 4°C without spon
taneous cosgulation

Steps . Procedure Fifteen scrupulously clean glass tubes (13 x 100
mm ) are mounted in a rack and to these are added 085 per cent NaCl

From Bulletin Johns Hoplns Hospital 84 2.5 1949
174
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and platelet-poor plasma as follows (1) 01 ml 085 per cent NaCl (2)
05 ml 085 per cent NaCl (3) 01 m! plasma (4) 02 ml plasma, (5)
05m! plasma (6) 05 ml plasma (7) 02 m! plasma (8) 01 ml plasma
(3) 05 ml 085 per cent NaCl (10) 01 ml 0.85 per cent NaCl (11) 01
ml 085 per cent NaCl (12) 05 ml 085 per cent NaCl (13) 01 ml plasma
{14) 02 m] plasma, (15) 05 m] plasma

Tith a silicone treated syringe and needle sufficient blood 1s drawn
from & normal mdividual to add 1 ml portions to each of the fifteen tubes
m the order listed A stop watch 18 started at the tune of the venepuncture
when the blood first appears in the syringe When the tubes are filled they
are shaken uniformly to muix thewr contents and the rack 1s placed 1n &
37 C water bath The clotting time of each tube 13 recorded the end
pont 13 a sold clot

Caleulation S

of the clotting times 1n the tubes
contamng platelet poor plasma 1s ndicative of the presence of abnormal
anticoagulant actiity Normal platelet poor plasma may oceasionally pro
long the clotting time of whole blood however this rarely exceeds the
clotting time of the 0 85 per cent NaCl controls by more than 7 minutes
whereas when abnormal anticoagulant activity 1s present the clotting
tume 1s greatly prolonged When normal serum fresh or stored 1s used i
place of the platelet poor plasma there 15 no prolongation of the clotting
time of whole blood Abnormal anticoagulant activity 1s usually detectable
by the use of platelet poor plasma but 1 some individuals not necessarly
1 the serum When abnormal lant activity 1s d d its
potency may be estimated by determuming the smallest amount of platelet
poor plasma necessary to prolong the clotting time of normal whole blood

Precautions and Sources of Error A nontraumatic venepuncture and
change of syringe to assure the blood 1s free of tissue juice

Use of mlicone surfaces throughout in the preparation of platelet free
plasma
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2 Estimation of Excessive Anticoagulant Act
ity

L M TOCANTINS, R R HOIBURN and R T
CARROLL

Object of the Method The demonstration of the presence of excessine
anticoagulant i unusually stable blood

Principle Plasma contamung an excess of anticoagulant prolongs the
clotting time of stable normal plasma The least amount of the unknown
plasma which causes a significant increase in the clotting time of the normal
plasma serves as a measure of the degree of anticoagulant actrvity 1 the
unknown plasma

Reagents and Apporofus Stheomzed 13 mm 1d tubes Sthcamzed
pipets graduated at 0 0L ml Stable plasma Blood 15 drawn from a clean
venepuncture of a turgid ven using an # 18 gauge needle, mto 2 silicomzed
synnge contaning one hundredth volume of 88 per cent sodum citrate
Tmmeduately after withdrawal of the blood the needle is removed and the
blood and citrate well mixed by myersion By applymng gentle pressure 10
the plunger of the syringe the blood 1s allowed to run down the wall of 3
stlicomzed test tube to avord bubbling and foarmng The citrated blood 12
centnfuged at 2400 g for 50 mnutes at 4°C The upper three fourths of
the plasma 1s remotved by means of a stheomzed dropper prpette, av odmg
agitation of the cellular elements Normal and unknown plasmas are pré
pared i the same way CaCly 02 M 2 22 grams anhydrous CaCls, cr
dissolved m 100 mi distilled water

Steps 1n Procedure A series of weven siicone coated test tubes 15 «et up,
ag shown n table 1 1n water bath at 38°C The abnormal plasms 13 add
to the stable normal plasma and the calewum chlonde added immeduately
after The contents are mixed by tiltng the tube once and then the tube
18 placed back nto the water bath The tubes reman undisturbed for ff
teen munutes Thereafter they are rhecked for clotting at 100 second mier
vals When inciprent clotting 1s noted the frequency of remonal 13 mnere
Too frequent cheching of the tubes 1s undesirable 23 1t tends to shorten
clotting times due to the excessive agitation of the contents

Caleulation A curve of the data 1s plotted on seulog paper the cloting
tumes on the loganthmic and the contents of the muxture on anthmele
rohng A sgmficant anticoagulent effect 13 considered to exist when one
part of the unknonn plasma 13 capable of delaying the clotting ofnoles
than three pasts of the normal by a value equivalent to one third the
clotting tune of an equal volume of the whole normal plasma Results are
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Tants 1 Testing of Unknown Plasma for Anticoagulant Actinty
Silicone Coal d Tubes 38 C

Tbe il S S CETCARY R R I A R e

i) [k} = 4 &
1 05 00 005 1 850 100 o
2 045 005 005 2 850 0 10
3 04 01 005 3 250 80 20
4 03 02 005 4 400 &0 40
5 02 03 005 8 500 40 60
6 01 04 005 41 000 20 80
~ 00 05 00> | NoClot at 24 hry o 100

expressed 1n terms of the proportion of unknown to normal plasma which
can still defay the coagulation of the latter sgmificantly For example m
table 1 one part of the unknown can delay mgmificantly the rate of clotting
of nme parts of normal plasma This proportion has been observed in ccr
ta1n 1nstances to be as high as 1 m 250

Precautions and Sources of Prror (1) The test must be carred out 1z
slicone tubes since plasma that has a clear clot-delaymg activity when
tested 1n sihicone coated tubes may fal to do so 1 uncoated glass If there
18 & great excess of auticoagulant present the clot-delaying effect may be
observed even n glass tubes while 1n silicone even & low content of ant;
coagulant will exert a clot decelerating effect (2) The normal plasma vsed
as a Fubstrate must be stable when tested 1n & mixture euch gs mdicated
m fube No 1in table 1 1t should have a clotting time rangmg from 1200
to 2400 seconds A normal plasma that 1s prepared according to the direc
tions g en usnally proves satisfactory (3) The plasma mixtures must have
s high final plasma concentration even after CaCly his been added 1n the
mixture named mn table 1 the final plasma concentration m each tube 15
about 87 per cent

REFERENCES
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3 Estimation of Plasmo Antithromboplastn
Achivity (One-stage Method)

L M TOCANTINS and R R HOLBURN

Defintsons Antithromboplastin 13 a term to designate an actmty, ex
15ting probably n the form of a lipoprotein 1n the tissues blood plasma
and serum, directed against the formation and actron of thromboplastit
Lapd antithromboplastin 1s the heat stable imad extracted from the tissues
blood plasma or serum, which together with a plasma cofactor 1s capable
of reducing the clot lerating action of thromboplastm (for prep.
and assay see page 221}

Object of the Method To estimate rapidly the degree to which a given
plasma can reduce the clot accelerating actrty of a cephalin suspension

Principle Citrated plasma collected with especial precauttons 18 mcu
bated with a cephalin suspension for & fixed period of tume The delay 1o
the rate of clotting caused by the meubation 13 compared with that caused
by dif of the cephal tested on pooled plasma The foss
m cephalm activity 1s transposed mto units of antith boplastin actvity

Apparatus and Reagents Unless otherwise stated stlicone surfaces sré
used throughout m the collection, separation measurement storage and
testing of plasma Plasma samples are tested on the same day of cotlection,
frozen specimens are not used since, after thawing they become hyper
coagu'able Storage of plasma m glass tubes 13 likewise avoided, suee glass
bke clay asbestos and sumilar surfaces reduces, and eventually elmmates
depending on the extent and duration of contact most of the actvity

1 Cephakn Suspensions of cephalin are used as sources of thrombo-
plastn nstead of saline tissue extracts because (a) Antrthromboplastin
activity seems to be directed agamnst the cephalin moiety of the thrombo-
plastin hipoprotemn (anticephalin activity) (b) The great lability of sahne
tissue extracts as concerns thromboplastin potency even after addition of
antioudants and other protective agents makes them unrelisble for these
assays The spontaneous decrease 1n actrvity on sunple standing 18 some-
times considerable and vanable among different preparations (c) The
stabthty of cephakn preparations which makes 1t possible to standardize
their activity with assurance of only mmnor changes in potency over several
days (d) As slow activators of protk bin converston cephalin suspen
stons are more vulnerable to the action of inhibitors even when these a1¢
0 low concentration in the clotting mixture (e} Bacterial contammation
of 1ts suspensions 18 uncormmon while 1 sshne tissue extracts bactena

grow rapdly
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Preparation of cephalin To 30 grams of acetone dned
brain powder are added 75 m! of peroxide-free ether The mixture 15 al
lowed to extract 24 hours at 5 C The supernatant hqud 13 decanted
through a double thickness of filter paper and concentrated to a volume of
6 to 8 ml 1n a vacuum desiceator and transferred to a 50 ml tube Cold
absolute ethanol 1s added slowly to the tube until the resulting precipitate
appears less concentrated at the top Thes is the pomnt of maximum precipr
tation Further addition of ethanol will cause the cephslin to assume a
collodal state and the fine particles will not settle The precipitate 1s al
lowed to settle at 5 C until the supernatant 1s clear (about 30 minutes)
The suspension 13 centnfuged 2 minutes at 1000 rpm and the supernatant

d ded The 18 redissolved m 4 to 5 ml of ether and the alco-
hol repeated A d six to eight times 15
almost free of mbitors and 19 smtable for use

After the final ethanol 18 d ded, the 18

washed mnto a small weighed besker by as small a volume of acetone (10
ml maxmum) as possible The acetone 1s decanted and discarded when
the preapitate has settled The beaker is rotated in the hand until the odor
of acetone 13 no longer evident The powder should be white not yellow
and yield about 3 per cent by weight of the starting materal The cephahn
18 immediately weighed and then suspended 1 a 0 85 per cent NaCl solu
tion while scraping the sides and bottom of the beaker with a glass rod
The final concentration of the suspension should be 3 per cent A hand
homogemzer 1s effective m making a finer dispersion of the cephalin par
ticles The suspension should then be heated at 65 C for ten mmu',es m
cﬂse the should be h tive because of thromb
The sahne will keep at least a month

at 5 C and the cephalin powder may be stored indefimtely under ethano}
without loss of potency

The cephalin preparation 13 tested for the presence of inhibitors by
noting the clot accelerating action of the suspension as 1t 15 progressively
diluted With crude the mitial dilut ! coagula
tion more than the undiluted suspension with punfied preparations any
dilution even though small results at once m a decrease m activity

In order to test the suspension for freedom from mhibitors the follow
1ng clotting mixture 15 made 01 ml cephahn (3 per cent) 01 ml atrated
plasma 01 ml 002 M CaCl, added m the order named since if the CaCly
18 added after the cephalin suspension 1t will flocculate 1t and vitiate the
results A typical example of the testing follows
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Clott g tume (se 8}

2 X ppted 8 X poted
ool | e

3% Cephbn | gacer y 1oy
00231 CaCl
TubeNo |83 fension Ty | Plasme taty | 0 2RE

1 01 - 01 01 180 135

2 005 005 Q1 o1 130 150

3 003 [ 01 el 140 166

4 ¢ o015 0085 01 01 135 198

5 001 009 01 01 40 20
The 2x p d eephal 100 13 not suitable for assay of ant
thromboplastin

2 Slable plasma Blood from a neat, fast venepuncture from which
the first few millihters have been discarded 13 drawn 1mto & sihcone coated
syninge contawing an anticoagulant (0 1 ml 38 per cent sodim citrate per
10 m! blood) The blood and anticoagulant are well mixed in the syrnge
and then run down the side of the silicone tube with gentle pressure on the
plunger of the syninge After centrfuging at 5°C for 60 minutes at 2000
g, the upper four fifths of the plasma 1s removed with a sthcone coated
dropper pipet and stored at 5 C for testing the sawe day Blood from &
normal control 13 collected by the same techmque at the same time

8 CaCly 222 Gm anhydrous CaCl, 1s dissolved 1n 100 ml distilled
water (02 M)

Steps 2 the Procedure Place 01 ml of a 1 per cent punfied cephalin
suspension 1 each of two 13 mm wide silicone coated tubes To each add
05 ml of the citrated plasma To the first tube add at once 00> mi 02
M CaCl; shake stopper the tube and mensure the clotting time 1n & Water
bath at 38 C Shake and stopper the second tube and wcubate at 33°C
for 30 munutes then add 005 m} of 02 M CaCl, and messure the clotting
time

All glass surfaces (tubes pipets) commng 1n contact with plasma are
sheomzed

Caleulation In order to convert the clotting trmes mto umits of ant:
thromboplastin (anticephalin) aetivaty the response of a pooled stable
normal plasma (no less than 5 i the pool) to a standard suspension of
cephalin must be worked out Thus 13 done by adding to this plasma
gradually decreasing of a LEY the potency of
which 1n units has been determmed (See two-stage method of measunng
sntithromboplastin activity page 180) Let us say that the 1 per cent sus
penson of cephaln 15 known to have 90 umts of cephahn activity per mgm
Dilutions of this suspenston are tested on the pooled plasma for thetr clot
accelerating activity until they equal the clotting time of the control (080
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per cent NaCl mstead of cephalin) as follons

Lot o
oo | T TR e it | BB | e

Y

1 01 o 05 005 180 315

2 0075 0 025 05 005 13 370

3 005 005 05 005 90 460

4 005 0078 05 005 45 660

5 0 016 0 084 05 005 30 805

8 0 003 0 092 05 005 15 15

7 0 01 035 005 0 1180

In the table above the cephalin activity 13 expressed as umts added per
1 ml plasma this facihitates 10 converting the antithromboplastin activi

ties from 0 6 ml (amount used mn the clotting mixture) to 1 m! (the amount
used 1n reporting the results) The results clotting times as ordmates and
units of cephalm activity as abscissa plotted 1 log/log paper yeld a
straight line as shown i figure 1 The clotting times of the unincubated
and the incubated plasmas are then located on the hine and the correspond
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g umis of cephalin activity are read directly befow in the ab ~ssar The
units of cephalin activity Jost duning weubation are obtained by subtract
mg the unmits corresponding to the clotting time of the meubated plaswa
from those of the uncubated One unit of antithromboplestia {anks
cephalin) activity 18 by defintion, that actisity of the plasma required to
destroy one unit of cephalin act1 ity 1n mhicone coated tubes after 30
minutes of mcubation at 38 C of the plasron and the cephakn suspension
The units of cephalin setivity lost are therefore diectly converted to
units of antithromboplastin activity

Ezample Three plasmas, one normal, one hypercoagulable and one
hemophilic were tested as described ‘The clotting tumes and the caleulated
results folloy

Ct tting T we s iy | £ vug:n(l Ceab n

Aatsthrombo-
plast n Ach &
izt

Type of Plasma

Umaey { Iocubsted | Un cub | Tocud
Normal 420 460 107 20 4
Hypercoagulable 315 325 180 175 5
Hemophihie 35 1000 68 2 4~

'

Range of Values Meant of 33 determunations performed on 33 normal
men gnd women 148 antithromboplastm wmts per ml plasma & 42
(stand dev ) The mean value for 20 determinations on 13 Hemophilia A
pattents was 47 2 umts per mi plasma o= 13 8 (stand dev )

Precautions and Sources of Error (1) Defectuvely collected plasmas
are unswitable for testing because the evolution of accelerators dunng
partial clotting off.ets the action of wiibitors (2) The plasma must nob
be frozen or sllowed to stand longer than 3 hours at 5°C before bemg
tested (3) The platelet content of the plasma must be less than 4 000 per
em {4) The ratio of 5 parts of plasma to 1 of cephahn must be mamtamed
m the mncubation muxture smnce dilution of the plasma will mpair He
whibitor potency Most tests for antitbromboplastin desensbed m the
Dterature overlook this precaution (5) For best results the cephaln
suspension Jhould be prepared from brain tissue of the same spectes 28
that of the plasma bemg tested (6) Adherence to the order of addstion of
the reagents 13 essential (7) If the content of the Ac & or prothrombin 1o
the plasma 15 lon (belon 25 per eent of nommal) the results are unrehable
For esample if the plasma of & hemoplilic A patient contaws only 20 per
cent, pommal prothrombin, the weubated mixture may not clot at all,
making 1t imposstble to read the values on the cephalm standard curve

chart
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4 Demonstration of Thromboplastin-Inhibiting
Achivity in Serum and Plasma (Method of
Lanchantin and Ware)

Adaopted by R R HOLBURN®

Principle When barum sulfate adsorbed serum or plasms 18 incubated
with thromboplastin and caleum chloride a marked imhibition of thrombo
plastin activity results

Apparatus and Reagenls Saline tmida.ole buffer Dissolve 3 Gm
Imdazole C P 1n 975 ml of 07 per cent NaCl solution and 25 ml of 05
N HCI pH of this solution s 7 4

Thromboplastin  Acetone dried human bram powder 1s prepared by
standard techmques Five gms bramn powder are extracted with 100 ml
of 09 per cent NaCl contaiung 0002 M potassium oxalate The ectraction
15 carried out at 45 to 50 C for 30 wath occasional sturing Light centrifu
Bation removes the gross particles The crude product 1s centnfuged for
two hours at 28000 g The pellet 18 resuspended 1n ovalated salne to 1ts
ongmal volume This 1s repeated twice more After the last resuspension
the sediment 15 taken up mn saline imidazole buffer to 10 tumes 1its orgmal
volume

Prothrombun free beef plasma Freshly collected beef blood 19 added to
01 M potassium oxalate (ratio 9 to 1) After centnfugation the plasma 1s
muxed with freshly precipitated banum sulfate Equmolar solutions of
banum chlonde and sodium sulfate are mived and the precipitate 1s washed
twice with distilled water Two grams of the centrifuge packed barum
sulfate (dry weight) are added to each 100 ml of plasma dispersed and

From Journal of Chncsl Investigation $2 381 1953
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alloved to stand at room temperature for 30' The barmm sulfate 18 re-
woved by centnfugation and each 100 ml of plasma run through s Seitz
filter of 40-50 per cent asbestos content The plasma 15 dhaly-ed agamnst
0.8 per cent NaCl until free of oxalate and then 13 diluted with an equs!
volume of @9 per cent NaGl containing G 6 per cent midazole The pH i3
adjusted to 7 4 with 05 N HC! and the material 15 frozen

Water bath 37°C All reagents are preheated to 37°C

Steps i Procedure To 75 x 10 mm fest tubes are added 01 mi
prothrominn free beef plasma 01 ml reconstituted dried human plasma
(1 to 10), 01 ml buffer, 6 1 ml thromboplastn 01 ml 0015 M CaClr
The clotting tume 1s recorded

Unknown samples are substituted for buffer In incubated studses
the thromboplastin, caleim and cerum are incubated together before the
additron of the other two components

Caleulaion In the ahsence of thromboplastin the svstem clots m
about 500 seconds When thromboplastie 1s added the system clots
about 30 seconds Dilution of thromboplastin results i progreswnely
longer times The loganthm of the thromboplastm concentration in ths
system 15 & strarght bne function of the negative loganthm of the clottng
time

Incubation of thromboplastin, ealeium and (a) normal human serum
results m an acceleration phase m the first few pumutes which 18 then
followed by whibition (b) barum sulfate adsorbed human serum results
n mink diately, and has the capacity of mactivating 95 per cent
of the thrombopfastin (¢} banum sulfate adsorbed plasma reacts sumlaely
ta serum except that accelerators mask the effects somewhat

Precautions and Sources of Error (1) Accelerator factors are mose
efficsently removed with barum sulfate when oxalate 1s present Therefore
ovalate 1s added to a strength of 002 M and freshly precipitated banum
sulfate 1s added to a concentration of 2 Gm per 100 m! of serum (2)
When calom 15 omitted from the mcubation phase the mhbation of
thromboplastin 13 much less (3) Better success has been acheved m
demonstrating inhibrtion when oxalate free systems are tsed

PEFERENCES
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plastin {rom human brata blood plasma and plasma fractions Trans of the
becand Conference on Blaod Clotting and Allied Probl ms Josmsh iacy Jr

Foundahion 1949 11
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5 Estimation of Antthromboplostin (Anti-

cephalin) Achvity in Plasma (Two-stage
Method)

R R HOLBURN and L M TOCANTINS

Object To assay the antithromboplastin activity of normal and ed
normal plasmas usmng cephaln a8 a thromboplastin agent and the two-
stage method of estimating thrombin output as a measure of thrombo-
plastin actinity

Principle Properly collected plasma has the property of reducing the
clot accelerating activity of cephalin after the latter 1s incubated with the
plasma The change 1n the rate of thrombin output before and after the
meubation period will reflect the loss of cephalin activity Using a stand
ard curve of cephalin activity as reference clotting times are converted
mto umts of antithromboplastin

Apparatus and Reagents 1 d gl used through
except m step 3 of the procedure when fibnuogen 1s added and uncoated
glassware may be used ) (8) Stock thromben solution for defibrinating Dhs
solve the contents of one ampoule (1000 umts) of thrombmn (Upjohn Co )
m2ml of distilled water Add an equal volume of glycerol C P The final
concentration of this solution should be 250 units per ml (b) Acacia Solu
tion Dissolve 15 grams of pondered USP acacia m 100 ml of 0 8o per
cent NaCl solution Centnfuge hghtly to remove a small amount of the
msoluble material In general commercial acacta contamns about 06 per
cent caleium by weight (0023M) It 1s diluted when added to the meuba
tion substrate to bring its caleum concentration mto optimum range
(0025M to O1M) (c) Imuda ole buffer (pH 72-74) Dissolve 172 grams
mudazole (Eastman Fodak) in 90 ml of 0 IN HC! and dilute to 100 ml
with water (d) Fibrinogen 50 mg of fibnnogen (prepared as desenbed on
page 157) 18 dissolved 1n 5 ml of buffered salne solution (085 per cent
NaCl contamng 5 per cent imudazole by volume) Centnfuge hghtly after
thawing to remove any le material (e} A 2
parts of 15 per cent acaca 1n 0 85 per cent NaCl 14 part imidezole buffer
3 14 parts 085 per cent NaCl {f) Cephalin The punfied preparation from
human bram powder as for the one stage antithromboplastin test (sce
page 178) and used m 1 per cent concentration (g) Stable Plasma Col
lected with especial precautions as described on page 176 Siliconized
syrnges and tubes (h) Standard Control Plasma Lots of 50 or more small
quantities of pooled normal plasma are frozen and used as a standard
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control for reagent reactivity After thawing at 37°C this plasma s treated
subsequently in the same manner as the freshly collected plasma

Steps 1 Procedure (1) To 01 ml 1 per cent cephalin add 09 m!
defibrinated plasma m & silicomzed tube (2) Mix and remove 01 ml of
the mixture and add to s siheomzed tube contaimng 15 ml buffered 085
per cent NaCland 8 0m! Incubation Substrate Btart stop wateh Stopper
remamnder of the plasma cephalin mixture and sllow to meubate 30 min
utes at 38°C (3) At three to four munute intervals remove 03 mi of the
activated mixture and add to 0075 ml 1 per cent punfied fbrnogen
solution Record clotting time The endpomnt 15 the sppearance of beavy
flocculation in the system Alquots are removed and added to fibrmogen
untd the clotting time of three succesuve determmations remans the
same At the end of the thirty mmute meubstion pertod, remove 01 mi
of the plasma cephalin auxture and proceed ag 1n steps two and three It
18 not necessary to inrubate the standard frozen confrol plasma with
cephalin smce weluston of this plasma m the testmg 15 merely a control
ta reagent reactivity

If the test plasms should have a prothrombin content of less than
50 per cent, the clotting tunes of the activated mixture may become &t
conventently prolonged It 13 desirable then to dunmnush the difutron of the
plasma by the activation substrate buffered 0.85 per cent NaCl mxture
from 110 46 to 1 to 16 This 1s accomplished by adding 03 ral of plasma
to 15 m! salme and 30 m! mcubstion substrate this will reduce the
total dilution from 701 to 23 4 and the clotting tume from 39 seconds to
19 seconds, for a plasma of 30 per cent prothrombrn concentration Chang
g the difution factor does not alter the plasma (antsthromboplast)
activity determination If the Ac globubin content of the plasma should be
reduced below 20 9%, there will be some reduction 1 the thrombm yield,
however o mumnor change o the dilution factor will result 1n a sahisfactory
deerease m the clotting time, without affectwg the rate of thrombm oub
put, since the comparison of the decrease m rate of thrombin formation o
the bated and meubated 18 the basis of b of
satithromboplastn activity

Calculation  The curves expresang the rate of conversion of pro-
thrombin to thrombin of the varwus spmples are plotted on anthmetic
niled paper The tunes st which the abguots were removed from the
reactmg mixture are plotted along the abscissa the amount of thrombwm
formed at each sampling along the ordinate axis

The amount of thrombin formed 13 ealeulated on the basis that 1 unst
of thrombin ts that amount which clots the fibrinogen solution m 15 seconds
under the condstions of the test (table 1) The factor thus obtamned 13
smultiphed by the total dilution to give the total thrombin umis per m} of
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Tasre 1 Conversion Faclors for Caleulation of Thrombin Unitages

Secods | F tor Seconds Fcto Seconds | Facto Seconds | Facte
1no 150 150 100 190 75 20 65
2 147 152 97 192 74 n2 [:23
4 144 154 9% 194 73 284 64
8 141 156 95 156 73 B6 2]
8 138 158 84 198 2 z8 64
120 134 160 92 200 72 40 84
2 131 82 81 22 72 242 63
4 128 164 89 204 7n 244 63
[ 125 166 88 206 7 246 83
8 123 168 86 208 0 248 61
1306 120 170 85 210 70 250 0
2 R w2 88 22 % 280 48
4 118 17 4 83 214 8 270 47
3 113 176 82 216 63 280 4
8 112 178 81 218 838 20 43
40 110 180 80 20 &7 30 40
2 107 182 "8 22 6 10 38
4 105 184 77 24 6 330 34
6 103 186 K 26 5 B0 31
8 100 188 28 5 370 23

plasma The dilution factor 1s obtaned as follows ng (anticoagulant

based onah of40) 100 (defib )% hal \- (saline)
16 i §9.9 b )
b3 575
9,1 16,380 _ 1
% X108 X 0% 16 X I X 7% = 70T

The estimation of the thrombm yield per minute 15 made from the
curves for prothrombin conversion (fig 1) The data presented 1n table 2
1s shown 1 the curves plotted 1n figure 1 The rate of thrombm cutput per
minute 13 obtamed by dividing the msximum thrombmn yield for each
plasma by the time 12 mmutes requred to reach this vale

Total thrombn formed (umts/m! plasma)
Minutes requured for complete conversion

= Thrombmn umts/m! plasma/mmute

From the curves on figure 1 the thrombin umts/ml plasma/minute
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p TR N
’—7;,5 tandard control
II
R -
50 | 7 Normal (NON-INCUE )
'
“WNormal (30’ incue )

THROMBIN UNITS FORMED

Y
0 0 20 30
TIME ( MINUTES)
AFTER RECALCIFICATION

Fig 1-~~Anticephalin sctivity of normal and hemophthe. plasmas The rate of
prothrambrn canversion in (a) standard control normal plasms (b) normal plasma
‘pon imrabsied wnd {t) menbated with a cephahie suspension before recaimfication
{d) Hemophtha A plasma non incubated and (e) ineubsted with a cephshn sus
pension before recaletfication

From the ahove curves the rate of thrombin output per sustte 18 caleulsted
for each plasma The meubated plasmas form less thrombin and more slowly than
the nomncubated ones The chief object of the standard plasma 15 to provide a refer
enca control for the reactivity of reagents from day te day

are as follows
Controf Plasma ns 51

Thus result must be corrected by a factor for reagent reactivity since
by definition the contro} plagma should produre 56 thrombin unsta/ml
plasma/minute

Correction factor
Thromhia umts/ml standard frozen plasma/mun by defimtron _ 568 11
Thrombrn units/mi standard plasma/min. in the current test 51
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Tavz 2 Time of Sampling and Equiralent Clolting Times and Thrombin Units

Dereloped by the $ Plasmas

T £ | Clottog |y noa Th ombin
TrpeolPam S8 | stimyy | Sracls DIt PN
Frozen Control 4 370 2 | X1 | 20
8 258 % | x| 35
8 176 2 | xo1 | 57
1 148 12 | X701 | 715
20 148 102 | X701 ]| 715
B3 143 10 | X701 | 715
Normal nontacubated 4 20 8 | x01 ] 3
7 192 74 | X001 | 52
10 178 81 [ xw01 | &
16 168 8 | X701 | €3
20 168 6 | X701 | 603
Normal 1neubated 30 5 s 45 | x"01 | 315
7 258 5 | x01 | 65
8 254 5 | X1 | 333
10 252 59 | x701 | 413
1 52 59 | x71 4§ a3
2 253 5 | X1 | 43
Hemophlic nonincubated 10 60 — — —
12 310 3 | x01 | 82
14 305 B | X701 A5
16 %7 51 | X701 | 358
5 257 51 | X701 | 358
32 258 st | x71 | 358
Hemophilic meubated 30 10 60 - — —
18 420 19 | X001 | 134
2 360 2% | X011 205
25 B0 3¢ | x71 | 210
32 32 3 | x701| =1

Thos factor 1s used to correct the results obtained m the testing of the

fresh plasmas as follows
Normal plasma 603 X 11 _
{nomncubated) i1
Normal plasma 413 X 11 _
(ncubated) 9 -
‘Hemophilic plasma 358 X 11
(nonimcubated) 12

Hemophilic plasma 231 X 11
(incubsated) 25

60

50

=33

=10
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Fra 2-—Standard curve for twa atage estunation of cephalin actrerty

The next step 1s to convert the thrombin umits per ml plasma per
mumute 1nto units of cephaln activity This 13 done by refermng to the
standard chart (fig 2) which expresses this activity 10 terms of thrombin
umts per m! plasma per munute

Dernation of the Standard Curve of Cephalin Actunty A 1 per cent
punfied human cephalin suspenston 13 diluted with 085 per cent NaCl
golutron from 10 to O 1 per cent concentration A 01 ml alquot of each
dilutson 18 added to 09 ml of the defibnnated standard control plasma
(kept frozen) end the two stage test procedure followed The values for
the rate of thrombin formation (thrombm umts/m! plasma/mun) are
plotted on log log paper on the ordmate and on the abscissa the g of
cephalin added per mi plasma along with the comadent cephalm actvaty
as defined Cephalin actity 1s expressed 1n umts, one umt being that
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amount of cephalin which under the conditions of the test will nctivate
standard frozen normal plasma to produce a maximum yeld of 0062
T U /ml plasma/mmn The hine representing the relation between thrombin
output and cephalin activity 13 shown in figure 2 and 15 the result of testing
of four ly prepared cephahn Stnce the values for each
of the four hnes were supenimposed on one another the line on figure 2
representing the mean values for the four, was adopted as the standard of
reference to express the activity of the cephalin suspensions
Employing the chart in figure 2 as a reference standard the cephalin
activities of the plasmas the curves of which are shown on figure 1, are
Normal plasma (unmncubated) 95 units
Normal plasma (incubsted) 77 umts
H hilie plasma ( k d) 60 umts
Hemophilic plasme (ncubated) 6 umts
The umts of hrombopl halin) activity are the differ
ence between the units of cephalin activity of unincubated and 1ncubated
plasmas

Normal (0 ncub ) — Normal (30 1meub) = 95 — 77 = 18 umts
Hemophilie {0 mecub ) — Hemophihe (30 mcub) = 50 — 6 = 44 umts

The frozen control plasma functions as an mdex to reagent reactivity in
addition 4o 1ts pnmary purpose of having suppled the substrate for the
standardizatton of the cephaln suspensions When this plasma 1s about
ethausted g new one 13 collected divided mto small lots (2 ml ) and stored
at —10 C The response of the new plasma standard to a cephalin sus-
pension 18 compared and adjusted to that of the old plasma

Cephalin d as descnbed have been umform m
activity when kept at 5 C for over three months The average rate of
thrombin production per m! of plasma (stored frozen) per mmute actr
vated by 11 mgm of cephalin 13 6 2 thrombin umts this has been regarded
10 represent 100 umts of cephalin activity

One umt of cephalin activity 13 therefore that amount which will
activate = standard plasma to produce 062 thrombin umts per ml plasma
per mnute One umt of antithromboplastin (anticephalin) activity s that
which after meubation of the plasma at 38°C for 30 minutes as described
will reduce by 062 units the capacity of the cephalin suspenston to activate
the conversion of prothrombin m 2 plasma Or wm other terms one umt of
antithromboplastmn 15 that amount whick will mactivate one umt of cepha
Lin activity

‘The fundamental eritenon 1 the evaluation of wmhubitory activnity of
plasma 13 the stability of resgents Cephalin 1f prepared as desenbed 1
this techmque has the property of maintaming its clot accelerating actmnty
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v hen ncubated alone for 30 minutes at 87°C while some thromboplastin
preparations do not Cephalin has addstional advantages wn that st can be
punfied, weighed to msure exact concentration and stored at 5°C without
loss of actrvity for several months

A properly collected plasma Lept anay from glass surfaces 1s essential
for reliable results, smce unstable plasma will lead to rapid conversion of
prothrombm to thrombin

1t 18 necessary to keep the ratio of cephahn to plasma 1 to 9 1 order
to have high mnhibitor concentration 1n the plasma cephaln mixture dunng
ncubation

Values Obtained In 39 determmations on 39 normal adults the mesn
antithromboplastin actinty by this two stage method was 128 + 43
(stand dev ) umts In 24 tests on 13 hemophbic patients the mean valie
was 510 4 164 (sd ) unuts

Precautions and Sources of Brror (1) Contact of plasme with glass of
adsorbants 1e asbestos clay results in a hypercoagulable type of plasma,
m which after sufficiently long pertod of contact, 1t may not be possible

to dust h between the antithrombopl, activities of hypercoagula
ble normal and hemoplubie plasmas This 18 true also of plasmas resulting,
{rom poor p (2) Prothrombn and sc globulin content should

be hept mthin a practical range by dilution during the messurement of
thrombin activity 1n order to averd unduly prolonged clotting time
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6 Preparation and Assay of Blood Antithrom-
boplastin

R T CARROLL and L M TOCANTINS

Reagents ond 4pparatus—These are the same as desciibed for the
extraction and assay of tissue antithromboplastin (page 223)

Erxtrachion The blood 13 withdrawn swiftly (rate of withdrawal no
Jess than 05 m! blood per second) from a well distended vemn through s
%18 gauge needle 1nto a mbiconized syrnge When the correct s olume has
been removed the synnge 1s detached from the needle and the blood added
durectly to a large d Erl flask absolute methanol
the amount having been p ly adjusted to d to forty tumes
the volume of the blood sample removed A quick accurate venepuncture
18 escential thereby elmnating as much as possible the posmibility of
contamination of the blood with tissue juices The blood should be squirted
directly mto the methanol and not allosed to touch the glass walls of the
vessel before ming with the reagent

As the blood 1s added the flask 1s contmnuously swirled gently, to
avod ‘ caling  of the blood mm the alcohol and the resulting decrease 1o
surface area exposed for the extraction The final mixture should contamn
fine granular small reddish particles which disperse evenly throughout
the solution on gentle swirling The muxture 13 now alloved to remam at
5 C for a period of 5-7 days Once dally during this period the flask 1s
Temoved from the refngerator and its contents mixed by swirhng 1n a rapid
Totating motion for & pertod of approtumately two minutes At the end of
the extraction penod the muxtures are filtered through two thicknesses of
‘Whatman #2 filter paper The residue 13 rinsed with two 125 ml portions
of absolute methanol The filtrate 1s then placed 1 & distillmg flask 1m
mersed i a water bath mamtamed at 4548 C The resdue remaming ;m
the distulling flask upon removal of all the methanol consmsts of an aqueous
and a sold pha e To the distillmg flask 13 added absolute ethyl ether m
20-20 ml volumes the flask 13 shaken for three mmutes and the mixture
placed ;n a separatory funnel Addition of ether to the flak 13 repeated
untl no remdue 13 left m the distilling flash This usually requires between
80 and 100 ml of absolute ether The ether residue mixture 1 allowed to
Temam at room temperature for twenty mnutes This permits the separa
tion of two phases a clear yellow green upper layer and a dark green
2lmost black lower layer The lower layer 13 removed with approumately
the lower tenth of the upper Isyer This 15 then shaken m # separatory
funnel with 30 m! absolute ether Agam sfter a 20-mnute wait the
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lower layer 18 removed 1n & simular fashion and the upper layer 1s combized
with the first upper layer sample Thus process 12 repeated once more and
the combined upper Iayers placed m s weighed beaker and the ether solu
tion semoved i vacuo Allowing the ethyl ether methanol residue mux
tures to stand n the separatory funnel at 5°C for longer periods results in
no ble duff w the ar quality of the ipid mhibior
This 18 10 contrast to the bran methanol extracts which contam matensl
somewhat soluble m ether at 15 20° but not soluble at 5°C , which evert &
coagulant action when tested on plasma

Testing of Exiract If 1t 15 desired to test the matenal directly, the
begker 13 first weighed accurately and the weight of the remdue obtamed
by subtractng the 1mtia] weight of the beaker To the product 1 sdded
sufictent 085 % NaCl to prepare 2 1 or 2 per cent solution In these con
ccntrations, the unknown biood resdues are tly prepared am
homogemze well Ususlly the gravimetric yields are so small (unless large
volumes of bleod are mihially employed) that the final residue chtaned,
when mixed with the proper amount of 085 per cent NaCl, does not Jend
stself to homog with the sup vibrator which requires &
mnimum velume of § ml The reudue 1s mixed well with the salme sold
tion using a rod The blood remdues are much more easly dispersed 50
085 per cent NaCl than the tssue remdues The pH of the hpd suspen
sions 15 then adjusted and they are passed through the hand operated
homogenizer 5 times and etposed to the supersome vibrator for a period
of 20 mwutes The blood extracts, when suspended m sabne solution and
homogemzed, retan their state of fine dispersion for a longer pertod than
does the tissue miubitor, posably mnd 2 the of a susp
stabrhzing substance m the blood extracts not usually found in the ssuts
If the unknown residuc 18 required to stand over s penod of 6-8 hours
before bemng tested 1t 13 reh d by exp to the sup
vibrator for a perrod of 20 mmutes

The testing nuxture 1s essentially the same as that descrbed 1 testtng
the tissue mhitytor 1€, 01 m! unkrown fraction 01 m] thromboplastin,
01 ml normal atrated plasma 01 ml 002 M CaCly added 1 the order
named
The thromboplastin solution used 15 the same as that deseribed 1 the
assay of the tissue wlubntor (page 223) talung care to use 2 thromboplastm
from the same species as that of the mhbitor and the plasma used ng &

te Since the antith: pl h d from blood 1 less potent

than that obtaned from tissues a better assay of the mhibitor results fa
thromboplastin less patent than that used for 2ssay of the tissue mhibitor
13 used Difution of the bram thromboplastin 1 10 20 and possibly 1 to 30
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with 085 per cent NaCl makes 1t possible to obtain a better quantitative
differentiation of the varous fractions tested

The plasma used 1 the testing muxture 15 obtamed m the manner
desenbed for that used 1n testing the tissue mhibitor, care being taken not
o use a plasma sample that 1s older than 12 hours Close attention must
also be pard in this assay to the amount of CaCl; added to the artrated
plasma to reach the optimal clotting rate It 13 important that this s
found for each lot of plasms bemng used 2s a substrate, since both over or
under recalcification may vitiate the results If native blood or plasma 1s
beng extracted there will of course not be any citrate 1n the extracts If
citrated or oxalated blood 1s the source provision must be made mn the
testing to offset the effect of any citrate or oxalate carmed through the
extraction The techme of d g the calerum tion required
for optimal clotting 18 as follows Using as reagenta those already described
a muxture conststing of

01 m! suspension of extract
01m] thromboplastm

01 ml normal citrated plasma

01 ml CaCly (of varying molarty)

18 prepared The molar t of CaCl, employed are usually
001,00125 0015 00175 002 00225 0025 00275 003 00325 0035
The concentration which yields the shortest clotting time 13 considered as
optimum for that clotting mixture

Assay of the blood extract 18 carmed out exactly as described for the
tissue lpid antithromboplastin (page 225) By companng the clothing
time of the unknown with that of the standard the number of umits of
antithromboplastin activity per mgm of the extract may be found To
find the total umtage the umits per mgm are multiphied by the yield m
mgms The total unity divided by the number of m! of blood used will
give the umts per ml of blood

Ezample 20 ml of blood were extracted with 800 ml of absolute
methanol The final resdue weighed 37 mg A 1 per cent suspension was
prepared and gave a clotting tine m the activated clotting mixture of 66
seconds One mg of the extract bemg assayed contamned therefore 196
units m terms of the activity of the reference standard The total activity
of the extract was 196 X 37 = 725 umts

72—05 = 362 umts of antithromboplastn activity per ml of blood

‘With every extraction of an unknown blood sample an extraction of

normal blood 18 performed Every step includmg the testing 18 carned out
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1 ly on both ples The actinity of the unknown may then

be expressed 1n terms of per cent of normal Ezample
Units of antithromboplastin activity per m] normal blood 14
Units of antithromboplastin actwity per ml unknown blood 196

The unknown has 140 per cent of the activity of the normal

Sotrces of Error (a) Poor venepuncture, admixture of tiswue juces
(b) Farlure to 2dd raprdiv sample to methanol and to swirt flash. as blood
13 added, thereby getting “caked ’ blood (¢} Failure to remove entirely
the ether soluble layer or to separate adequately the aqueous from the
ether soluble phase (d) Failure to have an adequately large volume for
the supersomic vibrator (Minmal amount that should be used = 5 ml}

Preparation and Assay of Plasma Antithromboplastn  Collechon of
sample The sample of blood 15 obtained by means of the technie deerribed
1 detart elsenwhere Sit i gl 1s used throughout and the blood
18 centrifuged 1n a refrigerated centnfuge at 120 000 totel g (g per minute
X no of mms) 'The upper %5 of the plasma layer 15 carefully separated
and stored m siltcone coated stoppered tube

Preparation of plasma sample Visking cosing (17 3n diameter) 13 cut
mto approxmnately 14 inch lengths The loser four inches 13 mowten
under tap water until 1t becomes suffiriently phable and then three tight
knots are tied 1 thns using the casmg matenal for the tte To the open
end of the sac 15 added a measured amount of plasma to be extracted The
portion of the sac projecting above the plasma memscus 15 folded over and
tied The sac 13 then suspended vertically from a croasbar or hammock
fashion between two stands A revolving fan 1s placed facing the suspended
plasma In this manner & 10 m! sample of normal plasma may be dued 1
five to six hours

Eriraction of the Plasma The sav contsmmg the dned plasma 15
removed from the crossbar and the matenal distal to the tro hoots 15 cub
off and discarded The remainder using sharp scissors, 15 then cut mtd
small preces (approumately 3 x 5 mm )} These are transferred to a mortar
and to them 13 added 50 to 75 m! absolute methy! alcohol The muxture
19 then macerated with a pestle by means of both a rotary and a {amping
smotion, for 7 to 10 minutes The flwd 18 removed to an Erlenmeyer fask
by decantation and & fresh batch of ab.olute methanol sdded The abore
process 18 repeated antil 5 volume of methanol corrcsponding to approvt
mately 30 times the mutial plasma v olume has been added Following this
approxunately 10 additional volumes are employed mn transferring the
soltd matenzal to the Erlenmeyer flash, rinuing the sportar and pestle etc
Finally a total of forty volumes of absolute methancl wil} have been added
{or each volume of hquid plasma The residue now contawns small discrect
well dispersed particles which lend themselves well to estraction This 19
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allowed to reman at 5°C for five days The details of filtration and distilla
tion of the extract and b and b the remidue
are as desenibed for the tissue lipid antithromboplastin In assaying the
actinty of the extract allowance must be made for any citrate present by
finding the CaCly concentration which gives the optimal clotting trme 1
the activated clotting mixture A plasma sample obtamned from a normal
subject 13 extracted processed and assayed eide by side with the unknown
sample.

Results ere calculated as descnbed m Chapter XIII, section 3 and
expressed either 1n umts of antithromboplastin activity per ml of plasma
or 1 terms of per cent of the normal.
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7 Measurement of Plasma and Serum Anfi-
thrombmn Achivity

J F JOHNSON and W H SEEGERS

There are at least four known natural mechanisms for the mmactivation
or modification of thrombin action There may be more but these have
been d or can be d They are (1) The adsorption of
thrombin on fibnm Although the amount adsorbed in whole blood or
plasma 1s probably not great this effect 13 marked n purified systems
{2) Heparm co factor present mn plasma mterfering with the action of
thrombm and fibrinogen and thus acting as an antithrombin though
Probably not a destroyer of thrombun 1n the stnct sense (3) A substance
m plasma and serum that mactivates thrombmn serving to remove 1t from
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the clotting system (4) A property of both plasma and serum that 1
active in the removal of thrombin and requires the actuvation of prothrom
bin to manifest itself
In considermg these effects 1t has been found convenent to refer to
them twely g8 sutithrombm 1, rarmh : hrombin 1T
and antithrorebin IV The third action 1s also hnown as the natural antt
thrombin and 13 the one with which we are concerned m this explanation
of the measurement of 1ts strength For measurement of antrthrombin I
(heparn cofactor, proantithrombin) see page 205

Matlerials and Reagents (a) Thrombain To reduce to & mmmum
extraneous protemn imnteractions which nught lead to faulty results only
the purest thrombin svailable 19 used 2y a substrate This 19 prepared from
punfied prothrombmn mn the manner deseribed m another section {page
112) It 13 po.ssble to use commercsal thrombim that has been carefully
and repeatedly checked for 1ts sctivity Thrombin may possibly change
19 activity when stored at refx even b more
active overnight A constant check 13 necessary, partreulatly when com
mercrs] products are used 1o these analytical procedures

Thrombin i a 50 per cent glycerol solution 13 kept 1 the deep freeze
and 1 such a eolvent 1t will reman stable for several months It 1 made
up to a strength of at least 1,200 uns per m! and preferably more This
15 buffered with 5 per cent mdazole buffer at pH 72 to 74 m a copeen
tration of 12.5 per cent by volume of the solutron Thrombin i weaker
solutions of glycerol, such as 2o per cent 12 also stable but will freeze when
placed 1 the deep freeze and the thawing process may reduce the strength
Ref: tor t wil} hrombw 1 glycero} solut

but nat to the extent that the deap freeze will

(b) Plasme Plasran to be used 13 collected as descrbed for alf the
other plasmas & two syringe techmique with the usual oxalate or airate
anticosgulants This plasma can be handled with more freedom than those
m whieh Ac globubin or prothrombm are to be measured because the
antithrombin 13 mare stable but the usual care wilf be rewarded by more
accurate work and 1t 12 ndvised to mamtam the same careful standards
for afl Antithrombin will eithstand several freezings and thanings 28
well g3 standmg at room for tume It will remain at the
same level 1n plasma for a fen months 1 the deep freeze and seems to be
one of the more stable clotting components When 1t 15 destred to do salt
thrombm studies the plasma must be defibrinated to remove the effect
(antithrombin I) of the adsorption of thrombin on fibrn Also thrombin
1s to be added to this plasma and if there were any fibnnogen present 2
et would form that would mvaldste the test In order to accomphsh
thas heat 18 used to defibrnate, the plasma bemng carefully heated 8t
56°C for 3 muutes The heat coagulated fibnnogen can then be centrt

-
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fuged to the bottom and the supernatant plasma prpetted off for use
Light centrifugation 1s all that 13 necessary, 1000 g for 5 minutes will be
sufficient This heating does not interfere with the antithrombin effect
although higher temperatures may If heating 15 not desired the plasma
may be defibnnated by the addition of a small amount of thrombin as 1s
done for the defibrination of plasma for a prothrombin determmation
Apparently the addition of 01 m! of a solution containing 100 umits per
m! thrombin to05ml of plasma will not matenally affect the antithrom
bin determuination A companson of analyses after the two methods of
defibrmation will reveal the same values

(¢} Serum This 18 gathered as deseribed n the accompanymg direc
trons for the reagents Since this serum should have no fibrinogen 1t 1s not,
necessary to defibrinate 1t A shght amount of hemoly.is does no harm

Glassware In order to maintam the strength of all thrombin solutiong
used m the mampulations 1t 18 necessary to use coated glassware This
may be done with paraffin or s:hcone Any of the commercial products
applied ding to the f: seems suitable Throm
bin 13 adsorbed on glass and this 1s an important vanable when dealing
‘with the weaker solutions When stronger solutions sach as 1200 to 1 400
umts per m!, are handled the coating may be omitied since the adsorbing
quality of the glass will be exhausted quickly by these powerful solutions
and the percent adsorbed 15 low

Nevertheless when these analyses are performed coated glassware 15
used throughout to ehminate this action Re use of shcomzed glassware
after washing 1 suspect and 1s not advisable Paraffin lined tubes can be
prepared eaaily and are satisfactory for repeat use Any break in the con
tmwty of the mng can be seen The determmnation of the final clotting
endpont does not require coated tubes

Steps an the Procedure This conssts of allowing the specmen to react
‘with & measured amount of thrombn for a set period of time and at the
conclusion of this time measunng the number of units of thrombin remain
g The plasma 15 first heat defibrinated as desenbed before Ore ml 1s
commonly heated and then 05 ml of ths 1s pipetted mto a silicomzed or
paraffin hned tube after the fibrinogen has been spun down An equivalent
volume of thrombin 13 added to the tube and the two are allowed to remain
for two hours at room temperature At the end of this time the tubes are
placed 1 an 1ce bath to slow the regction until the smount of thrombin
remaining 15 determined by means of the routine thrombin determination

Therefore where

T = standard concentration of thrombm

t = thrombmn concentration m reaction mixture at the final
equilibrium
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then (a) = thrombin units destroyed by 1 ml of plasma = (T) — 2(t}
and  (b) = percentage of thrombin destroyed per m! of oxalated plasmse
_ (@)~ 2(t) X 100
T

The answer 15 expressed as the percentage figure determined by the last
equation For the ossay of thrombin the routme thrombin analysms des
cnbed by Seegers and Smuth 1s followed This consists of the dilutron of
the mixture untl a standard solutton of fibrmogen 1s clotted m 15 seconds
by the amount of thrombin contained theremn (sce page 120)

Precautions The selection of the two hour time persod for mactivatton
of thrombin 15 based on the fact that 1n the first 60 minutes of the reaction
the destruction of the thrombin 15 progressive becomng gradually less
until an equilibrium 1s reached between the formation and destruction of
the thrombin This equibbrizm has been observed m a large number of
plasmas and always has been reached before two hours Under these
conditions of balance the thrombmn will be stable for a long time

The amount of thrombin 1n the standard solution 1s varted with the
different specimens to be tested, a smaller amount for the smaller amoust
of antithrombin belteved to be present, and the reverse for the stronger
samples If human plasmas are to be used routmely a standard solution
of about 1400 umits per m! can be stored and used with satisfactory
results The.e relationships between amounts of matenal used and inacts
vation are shown m table 1

With each group of specimens s blank 1s run at the same time USINE
saline mstead of plasma to mix with the thrombin At the end of the two
hours there should be no destruction of thrombin i this system, and i
can be used to check the test In addition to the blank run with the spee
men, a normal plasta of the same species should be exammed concurrently

Tasrz 1 Comparison of Potential Thrombin Inactnating Capacity of Serum and
Defibrinated Plasma

Ust Th mbadestroyed by i ¢

v lé'?;:«:lr;bi LY Dfer ¢
Plasma S rum
200 195 130 65
300 250 165 15
500 00 220 180
800 435 29 2
1100 315 165 210
1450 250 15 135
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This additional determnation serves as a control on the actiity of the
reagents

Serum When serum 15 used the procedure 13 the same It can be seen
from table 1 that there 15 little less antithrombin activity 1n serum than
1n plasma Of course as stated before there 13 no defibnnation with serum
and the process s thus sumplified by the omission of ths step

In exther of the analyses on serum or plasma 1t 15 advisable to run
at Jeast three determinations of the end point These should check within
a fraction of & second of each other to be sure that an equlibnum has
been estabhished both as regards the antithrombin thrombin system and
also the dilution of the thrombin n the analysis
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8 Estimation of Antithrombin in Plasma (Short
Incubation Method)

E C LOOMIS

Obgect of the Test To determmne the amount of active antithrombm
present in plasma or serum

Prineple Underlyang the Test Antithrombin reacts with thrombin
veutrahzing or blacking its ability to act on fibrnogen This principle may
be utihzed 1n the assay by l} an excess of thromb
ng the amount left after a standard time interval of incubation

Reagents and Apparatus Required (1) Plasma for assay (2) Oxalated
salme 0 075 per cent K.,C:04 1n 0 85 per cent sedmum chlonde (3) Purified
bovine thrombmn (Thrombin Topical Parke Dawis & Co) (4) Punfied
‘bovine fibrinogen * {approximately 0.3 per cent clottable protemn m oxalated
salme buffered with mmdazole® (y) Antithrombin titration puxture 7
parts otalated saline 1 part imidazole buffer 3 parts 15 per cent punfied
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acacia (caloum free) m salme (6) 10 < 75 mm test tubes (7) Pipets
serologic (8) Stop watch

Steps wn Performance of the Test (a) Prepare an 800-1000 umt per ml
thrombin solution 1n oxalated salme Assay the solution by the two stage
techmque (b) Add 04 m! plaswa or heat-defibnnated plasma® to 1 ml of
the thrombmn solution Allow to react for five minutes (c) Asssy the re-
maimng thrombin by the two-stage techme

Calcul. Unuts of antithrombin perml = 25 (A-C) A = Dilutron
X 85X 15X 1 = umis of thrombn 1 ongmal solution C = Dilution X
5X 15X 14 = unts of thrombn remamng

Normal Range of Values The range of values obtaed m pormal
human plasma 13 from 200 to 500 umis per m! As more determmations
are recorded the normal range may be narrowed

Precautions and Sources of Error (1) Contammation of reagents with
antithrombin (2} If the determmation 15 made on whole plasma the clotted
fibrin must be wound on a glass rod but not removed from the reaction
muxture However, the fibrin will adsorb thrombin and give an apparently
higher entithrombin titer (3) Any contammation with heparn will also

the ap thrombin suce 1t activates proantithrombin

(see page 205) (4) For greatest accuracy and reproducibility of results,
about half of the thrombin should be hized by the antrthrombin 1
the deviation 13 beyond the range of 40 to 60 per cent the determination
should be repeated using either a dilution of the plasma or a different
1mtzal thrombin concentration
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9 Estimahion of Antithrombin Activity (Rapid
Method of Wilsen)

Adapted by R R HOLBURN™

Pringsple The thrombin m normal blood which 13 sllowed to clot
spontaneously, 19 almost entirely nactivated in two hours, indicating the
presence of an anhithrombin By adding s measured amount of thrombin
to defibrinated plasma or serum the loss 1 thrombin actity after a
stated period of incubation provides a measure of the antithrombm activity
1 those fnds

Apparatus and Reagents Plasma or serum Venous blood 15 obtamed
and allowed to clot or 13 mixed with one-seventh of its volume of 2 185
per cent solution of potassium oxalate After centrifugation, the hematocrit
reading and total volume of the oxalated blood 13 recorded to permut
correction for dilution by the oxalate The plasma or serum 1s mcubated
1m & waterbath for 10 mimutes at 56 C The precipitated fibninogen 18 then
removed from the plasma by centnfuganon

Fibrinogen P free fib d by the method
of Warmner, Brinkhous and Bmith (see page 107) and stored at —35 C

Thrombin Thrombun 1s prepared according to the method of Seegers
Brinkhous Smth and Wamer (see page 120) and standardized esther by
the dropper or pipet method

Steps wn Procedure Standardization of thrombn solufion 15 ml of
085 per cent NaCl solution 18 added to each of 9 test tubes A senes of 9
dilutrons contaning 0 2 to 1 0 umt of thrombin m each 0 1 ml 13 prepared
and ahquots of 0 1 m] are added m sequence to the tubes of salme To each
test tube 1s added 05 ml of the fibnnogen solution (a total of 21 ml)
The end pont 18 the appearance of fibrin strands timed with a stopwatch
A graph 18 plotted of the values obtamed to be used for the quantitative
determipation of antithromhint activity

Antuthrombic actinty of plasma and serum Dilutions of the plasma or
serum of 1 40 1 50 and 1 60 are made with 0 85 per cent NaCl solution
To 15 mi of the plasma dilution 15 added 01 ml of thrombimn solution
containng 1 umt of thrombin The mixture 13 then allowed to mcubate
for exactly 4 mnutes at 28 C before the addition of 05 ml of fibrmogen
The end pomt 13 the same as in the standardization test For securate
readings the clotting times between 28 and 35 seconds should be used to
determune the dilution to be used m the calculation

From Archives of Internsl Medicine 69 847 1942
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Caleulalion On the basts of observed quantitative activaty, 1 unst of
antithrombin 13 defined as that amount which will inactivate 1 umt of
hrombm 1 4 tes at 28°C In caleulating the antithrombic unttage 1n
plasma, correction 13 made for the oxalate dilubion factor No correction
18 necessary when serum 1s bemng tested The denomunator of the final
dilution 13 then multiphied by the amount of thrombmn mactrvated and the
result multiphed by the factor 528 (the correction value necessary to
corselate the values of diluted and undiluted specimens, as determmned by
the author) The activity 13 expressed i umts of sntithrombm per ml of
serum or plasma

Velues Obtarned Human subjects dogs, cats and cattle average 00
umts/ml Gumes pigs, hogs and rabbits shghtly higher values Albmo
rats 123 umts/ml (average) There s Litle if any, difference in the antt
thrombic activity of plasma and serum

Precautions and Sources of Error No vanabons occur m the antt
thrombie betneen t t of 25 to 37°C providing the
thrombin 1 standardized at the temperature utibzed m the ulimate test
During conversion of fibrnogen to fibnn about & 1 units of thrombin
cisappear through adsorption Apparently the saturatwon pomnt of the
adsorption of thrombmn on fibnn 1s quickly reached when the conversion
oceurs 1n the presence of excess amounts of thrombin Since plasma con
tams 22 to 4 5 mg fibunogen per ml 1 a plasma contammng 300 units of
potential thrombm only 120 to 22 5 units are adsorbed durmng the con
version of fibrinogen to fibrm

"The ababity of serum or plasma to mactivate thrombin 15 destroyed by
meubaton for 10 mmutes at 66 to 67 C The step of heating the plasma
must be done cautrously

REFERENCE
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10 Estimation of Proantthrombin (Heparin
Cofactor) in Plasma

E C LOOMIS

Object of the Test To d between proantitk bin and
antithrombin 1n plasms to determune the reserve capacity for thrombin
neutralization

Principle Underliang the Test P hrombin 18 activated to ants
thrombin by hepann By determiming the nnmhrombm by Lhe method
on page 201 and the total d pre and
the quantity of b bin may be caleulated

Reagents and apparatus required (1) Plasma for assay (2) Oxalated
saline 0075 per cent h.CyO4 1n 085 per cent sodmum chlonde (to buffer
add 4 m] mmidazole to 96 ml saline) (3) Punfied bovine thrombmn (Throm
bin Tepical Parke Dawvis & Co) (4) Punfied bovine fibrinogen ! (Approx
mately 03 per cent clottable protem in ovalated salme buffered with
1mdazole 2 (5) Heparin 2 units per ml 1n oxalated sakine (6) Antithrombin
titration mixture 7 parts oxalated saline 1 part mudazole buffer 3 parts
15 per cent purified acacia (calerum free) 1n salme (7) Pipets serologie
(8) 10 x 75 mm test tubes (9) Stop watch

Steps 1n the Performance of the Test (a) Add dry powdered thrombin
to the hepann solution until the solution assays 800-1000 umts of thrombin
per ml Assay this solution by the two stage thrombin procedure (b) Add
04 m! plasma to 1 ml of the thrombin solution (Do not use heat treated
plasma ) Allow to react for five minutes (c) Assay the remaining thrombm
by the two stage techmic (d) Assay the plasma antithrombin by the
pmcedure on page 201

1 Uof per m! = total from this deter
mmshon — result from d Total
mu/ml =25(A-C) A = Dilution X 5 X 15 X 1 = umts of thrombin
m ongmnal solution C = Dilution X 5 X 15 X 14 = umts of thrombin
Temaung

Normal Range of Values Human plasma contaims 400 to 800 umts of
proantithrombin per ml The total available antithrombin and proanti
thrombin will therefore be as high as 1200 to 1400 umts per m]

Precautions and Sources of Error (1) Contamination of reagents with
antithrombin  (2) Whole plasma must be used i this determination be
cause heating at 56 C for 3 to 5 mnutes will destroy a vanable amount
of proantithrombin When the fibrin clot 13 wound on a glass rod to free
the serum thrombin solution for the thromabin assay the fibrn should
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remamn m the solution Results will be more constant and reproduable
bevause of the more uniform error of thrombin adsorption on the fibnn (3)
For and reproducibility of results about half of the
thrombm should be neutralized by the antithrombins If the deviation 13
beyond the range of 40 to 60 per cent the determmnation should be re
peated, umng erther a dilution of the plasma or a different 1n1tial thrombmn
concentration (4) It may he seen readily that the determmation 1s not an
sbsolutely quantitatns e procedure, but relative results are obtamable
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1 Exirachon of Heparin from Blood"
L B JAQUES

Hepann, while not normally present i the blood, appears mn 15 under
certain pathologic conditions (peptone shock, anapbylactic shock) The
followang method may be used to extract 1t for assay in such states, and
from the blood of subjects who have been recetving the drug

Reagents Sodwm cirate 3 8 per cent ether phenol solution Phenol
13 bgmfied 11 & water bath and 800 m] are diluted to one liter mth distilled
water
Procedure Nine m! of blood are drawn and added to 1 ml of sodum
citrate solution and centnifuged at 2,000 rp m for ten minutes The plasma
15 pipetted off and the cells are washed with 1 ml of 085 per cent NaCl
This wash 13 added to the plasma and the cells are discarded Phenol
solution, 55 m! 13 added the tube 13 corhed and the phenol and plasma
gre thoroughly mixed by vigorous shaking The tube 1s allowed to stand
at room temperature for ten to twelve hours after which 1t 19 centrifuged
at 2 500 rpm for 20 minutes The clear upper layer 15 pipetted off carefully
and the phenol layes washed with a small amount of 085 per cent NaCl
The combined aqueous phase 13 washed with 5 ml of ether The ether
Iayer 19 pipetted off and the ether remamung 1n solution 1s removed by
vacuum or by heating 1z a water bath for a mnute or two at 65°C The
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solution may be then assayed by the methods described on page 209 For
routne or chineal work the method can be shortened by omitting the two
washings It has been found that even with this latter change highly
reproducible recovenes (80 per cent) can be obtamed by this procedure
For smaller or larger volumes of blood, quantities of sahne phenol, ete
are taken 1n the given proportion An earher alternative method 13 de-
scnbed by Jaques Monkhouse and Stewart?®

REFERFNCES
1Monkhouse F C and Jaques L B An 1mproved method for the extraction of
hepann from blood J Lab & Clin Med 38 782 1950
*Jaques L B Monkhouse F C and Stewart M A method for the determination
of hepann 1n blood J of Phymol 109 41 1940



CHAPTER Xiil

ANTICOAGULANTS OF TISSUE
ORIGIN

1 Heparmn Methods of Assay
L B JAQUES

Principles Hepann may be detected by direct or indirect methods
Indirect methods are (1) clotting tune determnations and (2) protamime
(toludme blue) trtratron Direct methods 1nvolve the extraction of the
hepann by (1) the Charles and Scott procedure for tissues or (2) the Monk
house and Jaques procedure for blood, followed by identification and
measurement of the heparn obtamed Two problems are mvolsed 1n such
measurements—1dentification and quantitative determmation The<e are
apt to be confused The only satisfactory means of identifyng heparmn 13
1solation fallowed by observation of a number of properties crystaline
form, solubility sulphur content optical rotation spectfie biologie activity
speafic metachromatic activity ete No one property 1s umque to heparin
but a Y of these ts gives a dependable result It
should be appreciated that impurittes 1n the extract can genously interfere
with measurements either directly as when the presence of thromboplastie
activity causes & low reading m a clotting test or mndurectly as when the
presence of ammo acids interfere with metachromatic readings All tets
must be conducted by direct compansons with standard beef heparn
Since different species show different values for the ratro of anticoagulant
actrvaty (clotting tume effect etc) metach tie activity (p
titre protemn combining power) this ratio 18 very useful for identification
and also for evaluation of the reliability of the data obtamed

Use of Clotting Times 3 Where hepann 1s bemng mjected and it 18 known
that other changes will not oceur 1 the clotting system thus is the simplest
pracedure The technic 1s discussed on page 26 It 1s possible by drasung
blood 1 siheone coated synnges and glassware and muxing with known
quantities of hepann, to construct & standard curve for converting clotting
{umnes to hepann concentrations

Prolamsne Titration Protammne 13 a basic prolem Hepann 13 saidic
and forms a salt with p Both are However on

208
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adding varying of p toh d blood an amount of
protamine can be found “hlch restores the clotting time to normal
Reagents and Equipment 8 mm test tubes rack water bath stop
watch 5 ml mliconed synnge with Arquad treated needle Protamine
soluttons, 1 mg /ml and 0 1 mg /ml 1 1sotonic saline, with pH adjusted
to70
Procedure 8 mm test tubes are cleaned by washing 1n soap and water
nnsing thoroughly with distilled water dned and finally cleaned n chro
mate-coneentrnted sulphune and solution After nnsing and boihng m
distilled water they are rinsed and dried The test tubes are placed m a
rack m a water bath at 37 C 1 groups of six The followaing amounts of
protamine are measured into the tubes 05 ¢1 005 002 0005 00 mg
Volume 13 made up to 0 5 ml with 1sotome salne About 4 cc of blood 15
taken by vem puncture The needle 13 removed the half ml discarded
and 0 5m! of blood added to each tube mixed and clotting times measured
In addition to reading the 1st tube clotted the second and third are noted
as this allows estimation of an end powit occurnng between tubes For
tolwdme blue the test 18 performed simularly but substituting the dye for
the protamune
Sources of Error Each lot of protamine must be standardized as the
ratio changes with the lot number Protamine has other effects on the
clotting system In addition to 1ts mhibitory action and power to neutral
1ze hepann 1t clumps and destroys platelets It 1s therefore not specific
Also the quantity of protamne 1s the quantity required to depress hepann
activity 1 blood not the amount to combme with hepann In using the
test a safe rule 13 that a clotting time three times the normal value or
more if reduced to normal by adding protarune can be attributed to
hepann and the titration reported 1n heparn umts Lesser changes should
be reported as questionable unless supported by other tests
Buologic Assay Procedures for Heparin® * 4 As wath any therapeutic
substance 1n use the anticoagulant activity of hepann must refer to its
activity on the actual biological system 1tself 1e the clotting of whole
blood This was the prneiple adopted by Howell mn his ongnal cat assay
and also with modifications by Charles and Scott ® Jorpes used beef
blood and Schutz rabbit blood Tt can be extended for special problems
to human blood It would be advisable to Lt the term enticoagulant
activity to such tests on the clotting of fresh whole blood
Because of mnability to obtain whole blood m many laboratones 1t 18
usual now for many purposes to measure some other property of heparin
Fischer and Schmitz m 1932 used mhibition of clotting of chicken plasma
sinee 1t 13 relatively sumple to collect chicken blood without any anticoagu
lant and after separatmg off the cells preserve the plasma for the assay




210 COAGULATION OF BLOOD METHODS OF STUDY

This was also used by Dam and Glavind n 1939 Jaques and Charles used
the clotting of oxalated blood by thrombin Many have used plasma
clotted wath caicram and thromboplastin Remert and Wimnterstem (1939)
and Foster (1942) used ox plasma, Fuzenga, Nelson and Cartland (1943)
used sheep plasma MacIntosh (1941) used horse plasma and excess throm
boplastin P Astrup (1947) used citrated human plasma, McGoon (1950)
used recalnfied citrated human blood Astrup and Galmer (1944) who
used ox plasma found that with this system, synthetie sulfonated poly
sacchandes showed much greater activity than heparin although therr
anticoagulant activity was much less so that some of these tests do not
measure anticoagulant actrvity at all Jaliing et al 2 discuss these methods
and report discrepancies observed with their use The U S Pharmacopeis!
has adopted the sheep plasma method of Foster as the official test The
Bntish Pharmacopeia gives the cat blood sheep plasma and other methods
as alternatves

With all methods which use a clotting system for the assay of hepann
a chorce has to be made between estimating degrer of clottmg with varying
amounts of heparin at a fixed tume and estimating the clotting tires with
varying amounts of heparin The factors mvolved 1 this chorce are dis-
cussed by Jaques and Charles

It must be apprecrated for physwologtc and pathologic studies, that
many of these methods do not distinguish betw een hepann and 1ts metabo
Tized or mactive forms, and that many of them also are of doubtful speific
1ty for hepann On both these pomts the onginal as<ay procedures using
fresh whole blood while not free from critwtsm are more rehable than the
other methods

Heparin Units Howell ongmnally defined the actiity of hepann m
terms of umts one umt being that amount nhich prevented the clotting
of 1 ml of cat's blood m the cold for 24 hours A number of factors such
24 temperature are not made clear 1n this detmtion and can cause ag much
a3 & five fold duference m activity However the unst used by Charles and
Scott 13 a3 close to the ongmal unt of Fowell as can be determuned at the
present time The international umt which was adopted 1 1912 by the
League of Natrons 1s of the same order of potency as the Charles and Scott
umt end therefore of the omgmal Hovell umt * It 1s the actnaty of
1¢a0 mg of the nternational standard powder which 15 prepared i the
form of the sodtum salt of heparin

All assays must be conducted agunst a standard preparation of beef
heparin assayed earelully by the same procedure against a sample of the
nternationa) standard heparm powder In the U § A this can be obtained
from the U 8§ P Reference Standards, 40 Farh Avenue Newn York 16
N Y and w other countries from the srmilar authonty
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Since activity vanes with species? 1t 15 advisable in physologic and
pathologie studies to express hepann concentrations where possible
millgrams This requires the 1solation of hepann from the species under
study 1 order to establish 1ts absolute umtage in relation to the beef
hepann standard

Howell Method {as Modified by Charles and Scott') of Assay for Heparin

Reagents Carefully selected 8 mm Widal tubes marked at a volume
of one m! are used The tubes are grouped according to the bore and only
those of one group are used 1n one set of assays A standard hepann solu
tion contamung 0025 mg /m! (25 umits/ml) of the crystalline banum
salt of beef heparin 13 used All solutions are made up 1n 085 per cent
NaCl solution contamning 0 3 per cent of tricresol A cat 15 anesthetized by
mtrapentonesl mjection of amytal One carotid artery 1s exposed and a
clean glass cannula mserted

Procedure The unknown solution 1s diluted to approxmately the
same strength as the dard as ind d by a prel y assay Four
ddutions of the unknown in this range are taken such that there 1s a
difference of 10 per cent between each dilution 01ml 02ml 03 ml of
each solution (the standard and four dilutions of the unknown) are meas
ured mto each group of three tubes and the volume 18 adjusted to 03 ml
with 085 per cent NaCl solutton These are placed 1n a rack holding 18
tubes The tubes are filled to the 1 m! mark with blood from the cannula
All the tubes 1n the rack containmng only 0 1 ml of the solutions are filled
first then those with 02 ml and then those with 03 m! The standard
solution 1s taken first then strongest dilutions of unknown followed by
other dilutions m order As each tube 1s filled 1t 13 mixed by mverting
twice i such a manner that the blood covers the mside area of the tube
Three such racks may be filled at the same time but each mast have 1ts
own standard and be filled separately The rachs are placed m a water
bath at 25 C for two hours and the tubes are covered to prevent evapora
tion Since with an occasional cat all the tubes will be clotted after two
hours 1t 1s advisable to wmspect the tubes after an hour and a half and of
all the tubes of the weakest dilution appear to be almost completely clotted
to read the tubes then such 2 condition 1s readily seen snce settling of
the red cells wath the resultant buffy coat can normally be observed whereas
1 the blood 16 clotting too rapidly this does not occur The tubes are read
by tipping each tube and judging the degree of clotting A complete clot
which does not break upon tipping 1s recorded as + whereas completely
fluid blood 1s recorded as — Intermediate stages representing decressing
degrees of coagulation may be designated by D+ D dd d At least four

i d: stages can be d hed and with practice eight can be
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This was also used by Dam and Glavind m 1939 Jaques and Chazles used
the clotting of oxalated blood by thrombn Many heve used plasma
clotted mith caloum and thromboplastin Remert and Winterstemn (1939)
and Foster (1942) used ox plasma, Kizengn Nelson and Cartland (1913}
used sheep plasma MacIntosh (1941) used horse plasma and excess throm
boplastin P Astrup (1947) used aitrated human plasma, McGoon (1900}
used recalerfied cifrated human blood Astrup and Galsmar (1944) who
used ox plasma found that with this system, synthetic sulfonsted poly
sacchandes showed much greater activiaty than hepann, sithough thew
antieoagulant activity was much less so that some of these tests do not
messure anticoagulant activity at all Jalling ot al? discuss these methods
and report dwscrepancies observed with ther use The U 8§ Pharmacopei®
has adopted the sheep plasma method of Foster as the official test The
British Pharmacopein gves the cat blood sheep plasma and other methods
as alternatives

With ell methods which use & clotting system for the assay of hepann
a choice has to be made betneen estimating degree of clotting with varyng
amounts of hepann ot a fixed time and estimating the clotting times with
varying amounts of heparn The factors mvohed m this chowe are dis-
cussed by Jaques and Charles ¢

It must be ap ed for physiologic and pathologe studies that
many of these methods do not distmgush between hepann and its metabo-
hized or inactive forms gnd that many of them also are of doubtful specsfie
ity for bepann On both these powts the onginal assay procedures using
fresh whole blood while not free from cntiasm are more relable than the
other methods

Heparin. Units Houell ongmnally defined the activity of hepann in
terms of umts one unit being that amount which prevented the clottng
of 1 ml of cats blood m the cold for 24 hours A number of factors such
as temperature are not made clear 1n this definition and can cause as much
s a five fold difference m actinity However the umt used by Charfes and
Seott 15 as close to the ongmal unit of Howell as can be determned at the
present time The international umt which was sdopted in 1042 by the
Teague of Nations1s of the same order of potency aa the Charlesand Scott
amt apd therefore of the onginal Howell umt & It 13 the activity of
1430 mg of the mternational standard powder which 1 prepared sn the
form of the sodum salt of hepann

All ssay & must be condueted agamst s standard preparation of beef
heparn assayed carefully by the same procedure sgainst s sample of the
snternatronal standard hepann powder Tnthe U § A thiscanbe ebtaed
from the U § P Reference Standards 4G Park Avenue New York 16
N 1 andmn other countnes from the suntlar authonty
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1n paraffined vessels, end the plasma diluted with an equal volume of
Ringer s solution The thromboplastin 13 prepared from chicken breast
muscle foll the 10ns of Schonheyder ¢

Procedure In the as.ay 020 m! of diluted plasma 4000 ml of hep-
ann solution + 0 0o m] of thromboplastin are mixed 1n a2 8 mm  test tube
and placed 1 the Fischer test tube rack m a water bath at 37 C The tube
15 examuned by tilting at 10- econd mtervals A dilution of thromboplastin
15 taken such that a clotting tume of 30 to 90 sec 1s obtamed with the
plasma plus Runger s solution For the assay a sertes of tubes contammmng
vanous dil of unk and dard heparnn in Ringer & solution are
prepared 1ncluding a tube without hepann and the clotting times deter
mined It 13 not clear from Fischer s deseniption whether he used a set of
tubes of the standard heparn solution each time or not This 1s a first
essential for the assay, smee Astrup and Astrup found that the hepann
activity of a solution as measured by the value of K (see further on) vaned
considerably with different plasmas and our data indrcate that 1t changes

_ dunng a day sassays Hence 1t 18 necessary always to compare the potency

of the unknown with that of the standard setup at the same time Four
dilutions of the standard are made up such as to give measureable clotting
times and al.o four dil of the unk of app ly the same
potency as the dil of the dard as d d
assay 00> m! of each of these 13 added to the plasma n eight clottmg
tubes and to a ninth tube Ringer s solution 1s added To avoid any bias
due to the order of mixing the order of the tubes 1s changed 1n each assay
before adding the thromboplastin In order to mitiate clotting smultane
ously 1n all the tubes the empty tubes ate placed 1n a bath of ice and water
The plasma hepann and thromboplastin are added 1n this order and mixed
while still mn the 1ce bath The rack 13 then transferred to the bath at
37 C and the clotting time reckoned from the time of 1mmersion 1 the
37 C bath This procedure grves consistent results and shows a Linear
relation between heparn concentration and log of clotting time as required
by Fischer and Astrup

Fuscher reports the activity of hepann by 1ts K value the slope of the
line obtaned by plotting log clotting time agamnst hepann concentration
h 1s found by the method of least squares the clotting time with zero
heparn being metuded The heparm activity of the unknown 1s then calen
lated from the ratio K {(unknown) K (standard) Typical values of k
and h are 395and 397 424 and 434 439 and 461 These were three
assays of & standard solution conducted on the same plasma 1n the course
of eight hours It can be seen that the k. value changes as the plasma ages
The potency of the unknown m the three assays was 995 977 952 (theo-
retic —100 0)
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detected After completing the reading, the data 15 exammed, to compare
the standard with the unknown In a good assay the readmgs for the tubes
contarung the standard should match with those for one dilution of the
unknown The ratio of the potency of the unknown 1s to that of the stand
ard as the respectsve dilutrons of the two Where the readings of the stand
ard Le between those of two of the diluttons, 1t 15 possible to estunate the
potency of the unknown but where they lie beyond those of any of the
dilutions of the unknown 1t 1s necessary to make further assays using new
dilutions of the unknown

The Thrombin Method of Assay for Heparin®

Reagents Citrated beef or dog blood Thrombin 1 ampoule (5000
umts) of ¢ Tapreal Thrombm * dissolved in one half volume of 0 85 per cent
NaCl and made up to volume with 50 per cent glycerol Ths 13 hept 1
refrigerator and diluted with 085 per cent NaCl as needed 8 mm wide
(1d ) test-tubes Water bath at 25°C Standard heparin 0 I umts per ml

d from ref dard
Procedure The thrombn solution is standardized by addmg varying
amounts to a clotting syster composed of 0 5 ml of blood, 0 2 and 03 m!
of standard heparn and 0 83 per cent NaCl solution to give a total volume
of 10ml, and examuning the tubes after standing fifteen munutes at 25°C
That amount of thrombin whick 1s just suffictent to cause clotting with
02 ml of heparin and not with 0.3 ml 15 then taken for the assay The
stoch thrombun solution 13 diluted as required to contamn this amount of
thrombin 1n 01 m! For the assay, 020 022, 025 027, 030 ml of the
hepann standard are taken n carefully selected tubes (as deseribed for
the Howell method) The 1olume 13 made up t0 0 4 ml with 0 85 per cent
NaCl and 050 ml of oxalated beef blood 13 added In another senes of
tubes, equvalent amounts of the unknown, as found by preliminary assay
are taken The tubes are aliowed to stand 1n & water bath at 25°C for
exactly ten mmutes to come to temperature equiltbrium and then 01 m}
of the thrombin solution 13 added to each tube the systern being mix
immediately by mnerting the tube twice The tubes are alloved to stand
1n a constant temperature water bath at 20°C for fifteen minutes and then
read Delow a certam concentration of hepann the elot 18 found to be sobd
and slides down the tubes Above this concentration which 1s the end pount
the clot bresks up and with higher concentrations of course no clot 18
formed The end point will be found betw ecn one pair of tubes

Fuscher Assay! for Heparin
Reagents Chucken blood 1s collected by paraffined sy ninge from a wing
yem or by paraffined cannula from the carotid artery, chifled centrifuged
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m paraffined vessels and the plasma diluted with an equal volume of
Ringer & solutton The thromboplastin 18 prepared from chicken breast
muscle following the speaifications of Schonheyder ¢

Procedure In the assay 025 ml of diduted plasma 4000 ml of hep
enn solution + 005 ml of thromboplastin are mixed In 8 8 mm  test tube
and placed m the Fischer test tube rack mn a water bath at 37 C The tube
13 exammned by tilting at 10 second intervals A dilution of thromboplastin
15 taken such that a clotting tume of 30 to 90 sec 1s obtamned with the
plasma plus Ringer s solution ¥or the assay a senes of tubes contammg
vanous dil of unk and dard hepann 1n Tinger s solution are
prepared including a tube without hepann and the clotting times deter
mined It 18 not clear from Fischer s description whether he used = set of
tubes of the standard heparin solution each time or not This 1s a first
essential for the sssay mnce Astrup and Astrup found that the hepann
activity of a solution as measured by the value of k. (see further on) vaned
considerably with different plasmas and our data indicate that 1t changes

, dunng a day s assays Hence 1t 1s necessary always to compare the potency

of the unknown with that of the standard setup at the same time Four
dilutions of the standard are made up such as to give measureable clotting
times and also four dil of the unk of ly the same
potency as the d. of the dard as d d by 1
assay 00> m! of each of these 13 added to the plasma m eight clomug
tubes and to = minth tube Ringer s solution 15 added To avoid any bias
due to the order of mixing the order of the tubes 1s changed 1n each assay
before adding the thromboplastin In order to mtiate clotting stmultane
ously i all the tubes the empty tubes are placed i a bath of ice and water
The plasma heparmn and thromboplastin are added m thus order and mixed
while still in the e bath The rack 1s then transferred to the bath at
37 C and the clotting time reckoned from the time of rmmersion m the
37 C bath This procedure grves consstent results and shows a Lmear
relation between hepann concentration and log of clotting time as required
by Fischer and Astrup

Fischer reports the activity of hepann by 1ts h value the slope of the
Lne obtained by plotting log clotting time against hepann concentration
K 18 found by the method of least squares the clotting time with zero
heparn bemg ncluded The hepann activity of the unknown 1s then caleu
lated from the ratio I (unknown) h (standard) Typical values of K
andk are 392 and 397 424 and 434 439 and 461 These were three
assays of a standard solution eonducted on the same plasma m the course
of exght hours It can be seen that the K value changes as the plasma ages
The potency of the unknown 1n the three assays was 995 977 952 {theo
Tetic —100 0)
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detected After completing the reading the data 13 examned, to compare
the standard with the unknown In a good assay the resdings for the tubes
contamnng the standard should mateh with those for one didution of the
unknown The ratio of the potency of the unknown 1s to that of the stand
ard as the respectn e dilutions of the two Where the readmgs of the staod
ard ke betsween those of two of the dilutions 1t 1s possible to estimate the
potency of the unknown but where they le beyond tho<e of any of the
dilutions of the unhnown 1t 13 necessary to make further assays uang new
difutions of the unknown

The Thrombin Method of desay for Heparin!

Reagents Citrated beef or dog blood Thrombm 1 ampoule {5000
units} of Toprcal Thrombun ’ dissolt ed 10 one half \olume of 0 8o per cent
A\aCl and made up to solume with 50 per cent glycerol This 1s hept m
refrigerator and diluted with 0 8o per cent NaCl as necded 8 mm wide
(1d) test tubes Vater bath at 2,°C Standard heparm 01 units per ml
prepared from reference standard

Procedure The thrombmn solution 13 iardized by addmg varsiog
amounts to & clotting systera composed of 05 ml of blood, 0.2 and 0.3 ml
of standard heparin and 0 85 per cent NaCl solution to gne s total volume
of 10m! and examumng the tubes after standing fifteen mumnutes at 22°C
That amount of thrombin which 1s just suffictent to cause clotting with
02 ml! of hepann and not with 03 ml 13 then taken for the assay The
stock thrombin solution 13 diluted ss required to contam this amount of
thrombin 1o ¢ 1 m! For the assay, 020 0.22 025 0.27, 030 m! of the
hepann standard are taken 1 carcfully selected tubes {as descnbed for
the Howell method) The volume 1s made up to 04 m} with 0 8o per cent
NaCl and 050 ml of oxalated beef blood 15 added In another senes of
tubes eqursalent amounts of the unknown, as found by prehmunary assay,
are taken The tubes are alloned to stand m a water bath at 20 C for
exaetly ten muutes to come to temperature equiibum sud then 01 ml
of the thrombin solution 13 added to each tube, the system bewng mived
immediately by mverting the tube twice The tubes are allowed to stand
10 a constant tempersture water bath 2t 20°C for fifteen minutes and then
read Below & certam concentration of heparn the clot 15 found to be sobd
and shdes down the tubes Abotve this conceniration which 1s the end pomnt
the clot breaks up and with higher concentrations of course no clot 38
formed The end pomt will be found between one parr of tubes

Frscher Assay® for Hepanin
Reagents Chichen blood 13 collected by paraffived synnge fram a wing
vem or by paraffined eannula from the carotid artery, clulled centrifuged
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each tube and mix the contents by mverting three times m such a way
that the entire mner surface of the tube 1s wet

In the same manner use the test dilution of the preparation under
assay mn a sentes completing the entire process of prepanng and mixing the
tubes of the Standard and of the preparation under assay respectively
withiz 20 minutes Exactly one hour after the addition of the caleum
chlonde determinc the extent of clotting i each tube recogmazmng three
grades (025 050 and 0 75) between zero and full clotting (1 0) If no tube
of a senes 13 graded more than 05 or if no tube 1s graded less than 05
repeat the assay using ly modified test dil

Calculation of the Potency Note or ascertan by interpolation the
respective v olumes of the test dilutions of the Standard and of the prepara
tion under assay required for the 0 5 grade of clotting From these volumes
determine the weight 1n mg of U.S P Hepann Sodium Reference Stand
ard to which 1 mg of the heparin sodium 13 equivalent 1n activity

Chemical Assays® * *

The multiplieity of reactions given by heparn with complex bases
and proteins have made possible the development of a great number of assay
procedures based on physical and chemical tests Fischer and Schmitz
devised an assay based on the effect of hepann on turbidity of easem This
stll appears to be as satisfactory an assay as any developed later Vanous
alternatives of this procedure have been developed MacIntosh for ex
ample used the amount of toludine blue remaming 1n solution after pre
apitation by hepann This has also been used by Copley and Whitney
(1944) and Trethewie and Melvin (1945) while Gibson? has measured the
amount of dye d by heparin W has recently developed
a dibenzofuran denvative (No 1261) which gives stable suspensions with
hepann and hence turbidity measurements can be used

While the metachromatic properties of heparn are rather unique the
only quantitative method using 1t as a basis for assay 1s that described by
Jaques Mitford and MacDonald and Jaques Monkhouse and Stewart 19
Copley described a crude e method using this prnciple As
& qualitatave test for 1dentification of hepann 1t has been used very suc
cessfully by Scandinavian workers in many nvestigations

Metachromasta refers to a shift in the absorption spectrum of a dye
m the presence of certan complexes Heparm and related aad poly
sacchandes show this property to & high degree and 1n the presence of
sufficient sodmm chlonde which depresses the activity of hyaluronc acid
and similar substances the method 1s faurly speaific for the heparn senes

of ds It should be h d that the term metachromatic
activity can only be apphed if the shaft m absorption spectrum 13 measured
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US P Assayt

Reagents Standard solution of heparin Weigh accurately about 50 mg
of USP Hepann Sodim Reference Standard previously dned at 60 C
over phosph pentoxide to weight, and dissoh e 1n sufficient
085 per cent NaCl solution to yicld a concentration of 1 mg /ml Store i
a tightly stoppered vessel 1n a cool place and uce 1t for no longer than 3
months after preparation

Preparation of plasma Collect blood from sheep dtrectly mnto a vessel
contammng 8 per cent sodium citrate solution 1w the proportion of one vol
ume to each 19 volumes of blood to be collected Mix immediately by
gentle agatation and nverston of the vessel Promptly centnfuge the blood
and pool the separated plasma Toa 1 ml portion of the pooled plasma m
a clean test tube, add 02 m! 1 per cent calaium chlorde solution and mix
Consider the plasma suitable for use if & sohd clot forms within 5 mimutes
To store plasma for future use subdivide the pooled lot mto portions not
exceeding 100 ml o volume freeze the portions at —20°C or below and
store at o temperature not exceeding ~8 For use n the assay thaw the
frozen plasma 10 a water bath not exceeding 37°C Remove particulate
matter by strminng the thawed plasma through a coarse filter

Procedure Weigh accurately about 25 mg of hepann sodwm, pre-
viously dned at 60 C over phosphorous pentowide to constant weight
sufficent 0 85 per cent sodium chlonde solution to give a concentration of
1 mg perml

Det. by prel y tnal of ssary approxunately the mum
mum quantity of standard solution of heparin which when added 1n 0 8 ml
of 085 per cent NaCl soluttor mamntams fludity i 1 ml of prepared
plasina for one hour after the addition of 02 mi of one per cent calcrm
chlonide solution This quantity 15 usually between 01 and 015 ml of the
Standard solution On the day of the ss.ay prepare a test dihrtion of the
Standard solution such that 1t contams in each 08 ml of 085 per cent

NaCl solation the above de d of the dard solutton
In the same manner dilute the solutron of heparm sodmun prepared
ag directed above

Clean hard glass 13 x 100 mm test tubes by immerston overmight
1 chromc acid cleansing muxture (page 628 USP XII) Fit the tubes
with paraffin costed corks To a sertes of these tubes 2dd graded amounts
of the test dilutton of the Standard, selecting the so that none
exceeds 08 ml and so that they correspand roughly to a geometric series
10 which each step 1s approumately 5 per cent greater than the next lower
Ta each tube so prepared 2dd 10 m} of prepared plasma and suffcent
085 per cent NaCl solution to make the total volume 1 8 ml Add 02 ml
of 1 per tent ealevom chlonde salutan note the time immediately stopper
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have a high dispersion, allowing the use of a small spectral band witdth
The Coleman Jr Spectrophotometer with absorption at 510 mg 1s satis
factory also the Beck DU sp pt with the ph 1l re-
placed by a Photovolt photomultipler attachment (cf H B Colher R P
Barschel Analytic Chemustry vol 24, page 1030, Jure 1902) With the
last the dye buffer and 085 per cent NaCl are used as a water blank
gving a greatly increased senmtivity

Sources of Error These may be due to the dye the sample or the meas
unng mstrument Whale the reaction was first described for toluxdine blue,
authentic samples of ths dye do not grve the reaction The reaction 1s due
to Azure A However dye samples do change with time The stock solution
must be kept 1n the cold and renewed monthly or even earlier, whenever
80 per cent of the stock has been used up Ounly certified dye can be used
Many mpunties in crude hepann preparations mterfere wmith the reaction
1f a photoelectric colornmeter 15 used the absorption spectra for dye and
dye -} hepann must be run with the mstrument to determine the position
of the absorption band 1 the particular mstrument and whether the m
strument will detect 1t with sufficient sensitivity Frmally 1t should be
remembered that the absorption band can be made to disappear by heat
and by alechol and that the pH of the muixture should be checked when
dealing with many solutions
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and if the pH of the reaction 1s below 10 The dyes Azure A and toludime
blue have been used as (1) precipttating agents for heparm (2} antidotes for
beparmn (3) metachromatic agents Their use as (1) has been discussed
elsewhere, (2) 1s the same as the protarmne titration for hepann (see page
209) Azure A and toludine blue have an absorption maximum at 620 mp

On the addition of heparin this 13 depressed and a new band appears at
500 mp The change 1n these bands 1s a function of the hepasn concentra

tion but at 550 my, the presence of hepann does not affect absorption

These dyes are also acid base mdicators above pH 10 giving & red color
with alkah Hence, measurements 1n alkaline solutions are not measure

ments of metachromasia As cxamples of these methods, the turbidity
method of W. and the metach 1c method of Jaques et al are
described As already mdieated, these methods do not readily dishngmsh
between heparn, 1ts precursors and metabolic products, and require check

g by other methods

Turbidily Method of Marbet and T snterstein™

Reagents Four per cent solution of 2 Dimeth) Jamino-methyl-dibenzo-
furan hydrochloride (Roche) Ten per cent hydrochlonc acid Iueselgur,
m case of urme protem Nephel

Procedure Four ml sample 13 placed n nephelometer tube one drop
of 10 per cent HCl added and reagent added to the 8 ml mark The contents
are mixed the tube allowed to stand 5 munutes and the turbidity read 1n
a nephelometer Marbet and Wintersten desenbe a paper rephelometer
graduated 1n mg per centheparin obtanable from F G Hoffmann La Roche
& Company A G, Basel While developed for urne, the method can be
used for other protein free heparin solutions

Metackromatic Assay of Heparen'®

Reagenis 100 mg per cent Azure A (certified brologe stan) Dilated
1 85 beforc use 015 M potassium phosphate buffer pH 73 085 per
cent NaCl

Procedure The unknown hepann solution 13 measured mto the col
orimeter cell and the volume made up to 20 ml with the NaCl solution
Two ml of buffer 1s added and 10 m! of the Azure A solution, mixed and
the light absorption measured at 500 mz The heparm concentration 18
determmed from a standard curve constructed with known quantities of
hepann
The selection of a swtable colornmeter 1s ymportant The Lavibend
tfintometer has proved satisfactory With this the complementary color of
the absorption band 15 matched visually against standard glasses to give
a curve Lovibond red umts vs hepsnn Photoelectrie colonmeters must
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have a hugh dispersion nllowmg the use of 8 small spectral band witdth
The Coleman Jr §] with at 510 m;.x 13 satxs
factory, also the Beck DU )i with the p! 1 re
placed by a Photovolt photomulhpher attachment (cf H B Colher, RP
Barschel Analytic Chemmistry, vol 24 page 1030 June 1952) With the
last the dye buffer and 085 per cent NaCl are used as a water blank
gwving a greatly mcreased sensitivity

Sources of Error These may be due to the dye the sample or the meas
urng instrament While the reaction was first desenbed for toludine blue
suthentic samples of this dye do not give the reaction The reaction 13 due
to Azure A However dye samples do change with time The stock solutton
must be kept m the cold and renewed monthly or even earler, whenever
80 per cent of the stock has been used up Only certified dye can be used
Many impunties 1 crude hepann preparations mterfere with the reaction
If a photoelectric colorimeter 1s used the absorption spectra for dye and
dye -} hepann must be run with the instroment to determime the position
of the absorption band 1n the particular instrument and whether the
strument will detect 1t with suffictent senstivity Finally 1t should be
remembered that the absorption band can be made to disappear by heat
and by alechol and that the pH of the muxture should be checked when
dealing with many solutions
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2 Heparin Preparation and Purification
L B JAQUES

The following 15 the method devised by Charles and Scott? 2 for et
traction of hepann from the tissues

Reagents For each 100 grams of tissue N/2 sodum bydroude (150
ml), saturated ammonium sulphate (18 ml), 95 per cent ethanol Difco
trypsin (200 mg )

Procedure The tissue 13 minced and allowed to stand for autolysis at
20°C for 24 hours The sodwm hydroude and saturated smmonum
sulphate solutions are then added and the mixture hested to 50°C m a
water bath, Lept at this temperature for 30 minutes, then heated to 70°C
The tissue 13 then filtered immediately through Chamn cloth and allowed
to dran  Large quantities of tissue are stramed through cheese cloth or
open wire mesh The filtrate 1s acsdified to pH 20 to 25 wmth sulphune
acd heated to 65°C and centnfuged The precipitate 15 washed with hob
water contammg sufficient sulphunc aeid to pH 20

The precipitate 18 then extracted at room temperature for 20 hours
with 95 per cent ethyl alcohol The muxture 15 then centrifuged and the
sleohol removed The precipitate 13 dissolved m 15 ml of water sodmm
hydroude added to pH 84 trypsn added and the mixture incubated at
37°C for 36 hours with continuous stirmng The pH 19 adjusted to 84 by
adding dilute NaOH For the first hour the pH must be cheched every
few muinutes with a Beckman glass electrode Preservative 1s then added
and the digestion continued for 36 hours The mixture 15 acidified (HCI to
pH 6 0) and two volumes of 95 per cent ethanol added The precipiiate 13
removed by centnfumng and then extracted by repeated washmg with hot
acetone until all fat 13 removed Ths gries & crude heparm powder which
can be subjected to identity tests However unless the trssue has s high
hepann content, 1t 1 necessary to carry out further punfication procedures
For quantities of tissue greater than 500 Gm 1t 1s necessary to substitute
fiftration for centnfugation

For 1dentification studies in most tissues 1t 1s necessary to process 50
to 75 pounds of tissue When this 1s done the extractions are carned out
1 & double jacketed steam kettle (Dopp) Filtration through cotton cloth
15 used at each stage The heating at vanous stages of filtration and cen
tnfugstion keep the fat fluid so that 1t will be discarded 1n the filtrate

Punfication depends upon the parhicular tissue and species being 1
vestigated Purtfication 1 Iy used are (1) t with

bonate (2) ch 1 (3) Lloyd s reagent (4) benndine (5)

tation as brucme salt and (6) preciprtation as the banum salt
atz ‘The crude matenal 18 dissolved m alhslme

' —

precips
Ammonuum Carbon
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water at an approumate concentration of 6 per cent, 10 per cent ammo-
nium carbonste added heated to 70 C and either centnfuged or filtered
through cehite on cloth on a Buchner funnel Before further stages the car
bonate 13 removed by slowly adding acetic acid care bemng taken not to
lose solution by frothing This 1s one of the most useful methods for treat-
1ng hepann

Charcoal Charcoal 1s useful for removing colonng matter Charcoal
approumately equal to the onginal weight of crude 18 added the mixture
heated to 70 C and after contact from 30 menutes to five hours is filtered
with cehte Time of contact must be carefully controlled by trying small
samples since hepann can be absorbed by charcoal There 13 great vanation
1n different samples of charcoal in this regard Britich Drug House charcoal
18 satisfactory but each batch must be standardized The charcoal treat-
ment may be repeated adding 1 per cent acetic acid before each treatment

Lloyd s Reagent Ongnally used by Howell for heparn 13 one of the
most useful materials smnce 1t rarely sbsorbs hepann Best results are
obtamed »f the solution 15 on the acid side and left 1n contact with the
Lloyd s n the cold overmght Five per cent Lloyd s reagent s added and
removed either by or fil through 1 -paper pulp-
paper This may be repeated several times adding one per cent acetic acd
between each treatment

Benzdine This 15 used to precipitate hepann, but some punfication
of crude heparin must be achieved before applymg benzdine It 18 best to
apply this process to material which 1s running 20 to 40 per cent hepann
The solution 18 acidified (clear) and five per cent benzidine HCL 1s added
m fractions until no further precipitate 1s obtamed with the benzidine The
precspitate 1s centnfuged i ded and the washed
with a diluted solution of benzidine The precipitate 1s hydroly ed by add
ing water and concentrated ammomnia and heating to 70 C Duning the
heatmng the muxture 13 cheched frequently with htmus The htmus should
turn blue and then the spot slowly turn red on standing due to hydrolysis
of the benzidine salt The solution must be kept strongly alkaline When
hydrolysis 15 completed 1t 13 chulled to 30 C and the benzidine removed
by centnfuging and filtering 1t through lnen-pulp-hnen Some trace of
benzidine remains m the heparm solution and this can be removed by
absorption on Lloyd s reagent which oudizes the benzidine to an msoluble
blue compound

Brucine To precipitate the brucine salt of heparn a half volime of
5 per cent brucine phosphate pH 5 5 18 edded to the hepann solution at
PH 55 The precipitate 15 collected and can be washed and dned with
absolute alcohol and ether or hydrolysed directly Tt 1s hydrolysed m 0 0oN
NaOH at 70 C for 15 minutes (see Jaques Monkhouse and Stewart) *

Barium The banum salt of heparin 1n concentrated solution 13 soluble
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warm and msoluble cold This can be made use of for precipitating hepann
when the hepann concentration reaches 20 to 40 per cent Once punfication
to the stage of 40 per cent bepann 1s reached, then crystallization s the
method of choiee This gives the highest degree of punfication 1n s single
step of any of the methods For crystallization the heparin must be treated
with ammomum carbonate to remove caleim and barum and to form the
smmonium ealt The hepann 18 dissolved one gram per 5 ml of alkahne
water, 15 ml of 20 per cent ammontum carbonste solution 1s added the
solutton beated to 65°C and then centnfuged The precipitate 13 washed
with 2 G per cent solution of sammomum carbonate solution at 60°C, the
wash added to the ongnal supernatant and the whole acidified with acetrc
acd, care being taken at this stage not to lose solution due to rapid evolu
tion of CO; The volume 13 then made up to 125 ml and samples are
removed for erystalhzation One to two ml samples are diluted to o ml,
14 ml of 10 per cent barium acetate solution added and the tube 1s heated
to 65°C The precipitate at this stage 18 banum sulfate and 1s removed by
centnfuging The clear solution 13 then warmed to 65°C and 12 m! of
glactal acetic acid added This 1s then allowed to cool slowly to room tem
perature A heavy precipitate comes out startmg at the bottom and the
center of the tube at about 40 to 45°C Under the microscope 1t appears
erystalline in forms of rosettes and sheaves Depending upon the purty of
the sample, the impursties present and the specics of hepann, the condition
of crystallization may require ad, The chief factors m
this regard are concentration of banum acetic and hepann When other
toals are required the concentrations of banum and acetie should be
varied 1n steps of about 10 per cent With different species of heparin the
final concentration of hepann requured vartes from 1-6 per cent For preser
vation of heparin samples for future reference 1t 1s sdvisable to convert
them to the neutral sodium salt To do this, the banum 1s removed with
ammonum earbonate a8 described for prepanng for crystallization the
carbonate removed by adding acetic acid the solution then carefully ad
Justed to pH 7 0-7 1 with NaOH and the heparin precipitated by pouring
the solution 1nto three volumes of 95 per cent methyl alcohol The resulting
precipttate 15 centnfuged washed twice with ethanol washed twice with
ether and dried Tlus form of heparin 18 quite stable Heparm 1s hygroscopic
and should be stored mn tightly sealed contamners Dried over calcum chlo-
rde at 25°C, 1t contans 12-15 per cent of water of crystallzation In
compsnng samples of heparn for speaific activity allowance must be
made for water and base content of each sample Thus water and barum
e up approxumsately 35 per cent by weight of the barum salt

make
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3 Antithromboplastin Preparation and Assay
R T CARROLL and L M TOCANTINS

By the term entithromboplastin 18 understood an activity present it
the blood and extracts of certan tissues directed against the clot acceler
ating action of tissue or blood thromboplastin The exact pomt of action
of the sub or sut ble for this actiniy 13 not entirely
clear As recovered from the tissues by the method to be described, the
substance 13 a hpid m order to exert its action & protemn co factor present
1 the plasma seems necessary What this co-factor 18 1s not known It
seems that the imd mhibitor interferes with the formation of blood throm
boplastin as well as antagonizes its action after 1t 13 formed

Two forms of thus inhibitor have been recognized (a) the antithrom
boplastic ipoprotein of the blood and perhaps of some tissues and (b)
Ipd thrombopl d b; of bramn blood and cer
tam tissues with fat solvents This section deals chiefly with the latter type

Principle The acetone dried tissue 18 extracted with absolute meth
anol the evaporated residue suspended in 0 85 per cent NaCl homogemzed
by exposure to ultrasonic vibration and assayed m an activated plasma
clotting system using a suspension of hpid mhibitor of known potency as
a reference standard

Preparation of Tussues for Extraction The organs are obtamed fresh
without fixatives preferably from a body after acaidental death Organs
showing gross pathologic changes or from ndviduals with chronie debil
tating diseases are avaided The organs are freed of vessels adherent blood
clots or other foreign matenal and rinsed in 0 85 per cent NaCl In the case
of the bramn the menmges and vessels must first be removed completely
before the saline rinsing If the placenta 1s used 1t 1s perfused with 085
per cent NaCl mjecting 1t directly mto the placental artery until a farrly
clear solution returns Followmng the nnsing 1f the organs are not to be
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warm and msoluble cold Thus can be made use of for precipitating hepann
when the heparm concentration reaches 20 to 40 per cent Once punfication
to the stage of 40 per cent hepann 13 reached, then crystallization 1s the
method of choice This gives the highest degree of punfication m & simgle
step of any of the methods For crystallzation the hepann must be treated
with ammonium carbonate to remove caleium and banym and to form the
ammomum salt The hepann 1s dissolved one gram per & m! of alkaline
water, 15 m! of 20 per cent ammonm carbonate solution 13 added, the
solution heated to 65°C and then centnfuged The precipitate 1s washed
with a 6 per cent solution of ammomum carbonate solution at 65°C, the
wash added to the ongal supernatant and the whole acichfied with acetic
acd, care being taken at this stage not to lose solutson due to rapid evolu
tion of CO; The volume 1s then made up to 125 m! and samples are
removed for crystalhization One to two ml samples sre diluted to 5 ml,
14 ml of 10 per cent barum acetate solution added and the tube s heated
to 65°C The precipitate at this stage 13 banum sulfate and 1s remosed by
centrifuging The clear solution 15 then warmed to 65°C snd 12 ml of
glacial acetic acrd added This 15 then allowed to cool slowly to room tem
perature A heavy precipitate comes out, starting at the bottom and the
center of the tube at about 40 to 45°C Under the microscope 1t appears
crystalline 1n forms of rosettes and sheaves Depending upon the punty of
the sample the impurtties present and the species of heparin the condition
of crystallization may require adjustment The chref sigmficant factors m
this regard are concentration of barum acetic and hepann When other
tnals are required the concentrations of banum and acetic should be
varied 1n steps of about 10 per cent Waith dufferent specses of hepann the
final con of heparn d vanes from 1-6 per cent For preser
vation of heparn samples for future reference 1t 13 advisable to convert
them to the neutral sodium salt To do this, the banum 1s removed with
ammontum carbonate as described for prepanng for crystallization the
carbonate removed by adding acetic acid the solution then carefully ad
qusted to pH 7 0-7 1 with NaOH and the hepann precimtated by pourng
the solution mto three volumes of 95 per cent methyl alcohol The resulting
preapitate 19 centrfuged washed twice with ethanol washed twice with
ether and dried This form of heparn 1s quite stable Hepann is hygroscopie
and should be stored m tightly sealed contamners Dried over caletum chlo
nde st 25°C 1t contamns 12-15 per cent of water of crystalization In
companng samples of hepann for speafic activity allowance must be
made for water and base content of each sample Thus water and banum
make Up approumately 35 per cent by weight of the banum salt
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3 Anhthromboplastin Preparation and Assay
R T CARROLL and L M TOCANTINS

By the term antithromboplastin 1s understood an activity present 1n
the blood and extracts of certain tissues directed agamnst the clot acceler
atng action of tissue or blood thromboplastin The exact pomnt of action
of the sub: or sub, ible for this activity 1s not entwrely
clear As recovered from the tissues by the method to be deseribed the
rubstance 1s a hpid 1 order to exert 1ts action a protem co factor present
m the plasma seems necessary What this co-factor 1s 1s not known It
seemns that the bipid mhibitor interferes with the formation of blood throm
boplastin as well as antagonizes 1ts action after 1t 15 formed

Two forms of this mhibitor have been recogmzed (a) the antithrom
boplastic ipoprotein of the blood and perhaps of some tissues and (b)
bpid antithromboplastin recovered by extraction of bramn blood and cer
tein hissues with fat solvents This section desls chiefly with the latter type

Principle The acetone dried tissue 13 extracted with absolute meth
anol the evaporated residue suspended 1n 0 85 per cent NaCl homogemzed
by exposure to ultresome vibration and assayed 1n an sctivated plasma
clotting system using a suspension of lipid inhibitor of known potency as
a reference standard

Preparation of Tissues for Extraction The organs are obtamned fresh
without fixatives preferably from a body after acadental death Organs
showing gross pathologic changes or from mdividuals with chrome debilt
tating duseases are avorded The organs are freed of vessels adherent blood
clots or other foreign matenal and ninsed 1n 0 85 per cent NaCl In the case
of the bram the memnges and vessels must first be removed completely
before the saline nnsing 1f the placenta 19 used st 1 perfused with 085
ver cent NaCl mjecting 1t directly 1nto the placental artery until s fairly
clear solution retumns Tollowing the rnsing 1f the organs are not to be
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warm and msoluble cold This can be made use of for precipitating hepann
when the hepann concentration reaches 20 to 40 per cent Once punfication
to the stage of 40 per cent hepann 1s reached, then crystallization 1s the
methed of choice This gives the lughest degree of punfieation 1n 2 sngle
step of any of the methods For crystallization the hepann must be treated
with ammonium carbonate to remove ealcum and banum and to form the
smmonum g3lt The hepann 1s dissolved one gram per 5 m} of alkalne
water, 15 ml of 20 per cent ammonmm carbonate solution 15 added, the
solution heated to 65 C and then centnfuged The precipitate 13 washed
with a 6 per cent zolution of ammomum carbonate solution at 65°C  the
wash added to the onginal supernatant and the whole acidified with acetic
acid, care bemng taken at this stage not to lose solutton due to rapid evolu
tion of CO; The volume 15 then made up to 125 m! and samples are
removed for crystalization One to two m! samples are dituted to 5 ml,
14 m! of 10 per cent barum acetate solution added and the tube 13 heated
10 65°C The precipitate at this stage 1s barum sulfate and 1s removed by
centrifuging The clear solution 15 then warmed to 65°C and 12 mt of
glacial acetio acid added This 1s then allowed to cool slowly to room tem
perature A heavy precipitate comes out, starting at the bottom and the
center of the tube at about 40 to 45°C Under the microscope 1t appears
crystalline i forms of rosettes and sheaves Depending upon the punty of
the sample the unpurnties present snd the species of hepann the conditton
of crystalhzation may requre adjustment The chref significant factors
this regard are concentration of barum acetic and hepann When other
tnals are reqmred the concentrations of banum and acetic should be
varied 1 stepa of about 10 per cent With different species of heparn the
final of heparin d vanes from 1-6 per cent For preser
vation of heparin samples for future reference 1t 1s advisable to convert
them to the neutrsl sodium salt To do this, the banum 1s removed with

b 23 desenbed for for erystalbization the
carbonate removed by adding acetie acid, the solution then carefully ad
justed to pH 7 0-7 1 with NaOH, and the heparm precipitated by pounng
the solution mto three volumes of 95 per cent methyl slcobol The resulting
precipitate 13 centrifuged washed twice with ethanol washed twice with
ether and dried This form of heparn 18 quite stable Heparmn 13 hygroscopic
and should be stored i tightly sealed contamners Dried over caleium chlo
nde at 25 C, 1t contamns 12-15 per cent of water of crystallizatton In
corpsnng samples of hepann for specific activity allowance must be
made for water and base content of each sample Thus water and banum
make up approumately 35 per cent by weiht of the barium salt
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t: the residue 1s dissolved in absolute ethyl ether and the ether
solution transferred to a weighed beaker The ether 13 removed 1 tacuo
This matenal 1s whiter snd flakier than the cruder product

Assay The fractions as they are obtained from the tissues are weighed
accurately and the residue placed 1 a small mortar To this 13 added the
correct volume of 085 per cent NaCl to make a 1 per cent solution The
muxture 18 rotated with a small pestle until &n even suspension (or & com
plete solution) 13 accomplished It 1s then put through a small hand oper
ated homogenizer seven times The inhibitor potency appears to be directly
related to particle size and dispersion every tume 1t 1s allowed to go through
the homogemzer its clot delaying activity 1s enhanced uptil a maximum
effect has been achieved (table 1) As can be seen from table 1, the potency
of the whibitor 19 increased until 8 maximum 13 reached at seven homogen
1zations when 1t levels off The potency may be further enhanced by ex
posing the materal for a given period et & definite frequency to the Ray
theon supersonic vibrator (9 kilocycles 50 watts type ks 223 senal #317)
The munimum volume to be exposed should not be less than 5 ml Below
this volume the results are not reproducible If the correct volume of a
fven solution 13 exposed 1n the vibrator st a definite frequency for a um
form penod of time duplicate re<ults ean be obtamed Different vibrators
do not give the same results As s the case of the hand homogenzzer, the
longer the pertod of exposure the greater the enhancement of potency
until a maximum effect has been achieved (table 1)

¥or uniformity 1n handling and companng with standards 5m! of a
1 per cent suspension exposed fo the ultrasome vibrator (9 ke) for a
penod of twenty minutes 1s always used Followmng homogemzation the
roatenal 1s maintained at 5 C until ready for testmg If the matenal 1s to
bekept over a longer period than 4-6 hours for additional testmg 1t should
be re homogemzed 1n the ultrasome vibtator The standard should of
course be treated in the same manner Just prior to testing the suspen
810n8 are brought to room temperature and using 01 N NaOH adjusted
to pHL 72 to 74 with a Beckman pH meter Prior to adjustment of pH
the suspension 13 usually slightly aeid (6 5-6 8)

Preparation of reagents Jor the assay (1) Tissue thromboplastin 300 mg
of acetone dried human brain powder prepared as previously descnibed are
extracted for thirty miutes with 5 ml of 085 per cent sodium chlonde
solution 1 a 50 ml round bottom glass tube placed 1n g water bath at
48 C The tube 18 rotated for & few seconds at 5 minute mtervals The tube
18 then centnfuged at 1500 pm for two mtnutes and the supernatant flud
removed by decantation centrifuged agamn m a stmular fashion and the

cloudy d d off and used A large batch of the
thromboplasttn 18 prepared at one fime amounts from 2-3 ml placed m
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dried 1mmediately, they are placed 1n a deep freeze at ~10°C and
mamntaned 1n the frozen state until ready for the next step, 1e, the dry
ng process
Drying The fresh or thawed out organ 1s removed from the refrigerator
n 30-50 grar portions placed 1 & mortar and cut into small preces To
these 13 then added approximately 150 m! C P or techmeal grade acetone
and the organ 13 macerated with a pestle using a constant rotatory, cru h
g motion When 1t 1s felt that the maximum debydrating effect has been
achieved with the acetone sample 1n use, this 15 discarded by decantation
and fresh acetone 13 added The amount of acetone required depends on the
amtial ‘ wetness of the tissue as well as its consistency The above proce
dure 13 repeated until a fine grayssh white powder 13 obtained This1a then
spread on a large, dry flat piece of glass and the residual acetone removed
by cvaporation Thus process 1s hastened somenhat by frequent changing
of the exposed surface by means of a spatula constantly spreadmng and
temping Excessive exposure to air dunng the drying process should be
avoided The dried powder 15 then passed through a # 20 mesh wire screen
and 1s ready for further processing
Eztraction ‘To 20 grams of the acetone dried powder previously de-
seribed 15 added 800 ml C P absolute methanol and the mixture allowed
to rematn 1 a wide vessel at 5°C for five days, with occastonal shaking
The supernatant solution s filtered through two thichnesses of Whatman
%2 filter paper and the filtrate distlled tn racro 1n a fiask immersed i an
H.0 bath mamntamed at 45°C The browmsh residue remsinmg i the
distilling flask 1s remov ed w1th absolute ethy1 ether the ether solution then
being placed m a 50 m! round bottom centnfuge tube at 5 C where 1t
may remam from 6-12 hours during which a white precipitate settles out
‘The muixture 18 centrfuged at 1500 rpm for 3 minutes the supernatant 1s
decanted off and the precipitate washed once with cold absolute ether The
combined ether extracts are evaporated wn racuo leaving a creamy yellow,
waxy ponder Thig 1s the erude antithromboplastin
Purification 200 mg of this waxy powder 1s placed i 2 40 ml round
bottom centnfuge tube and dssolved in 4-5 ml absolute cthyl ether To
thus salation s then added sufficient cold absolute ethanol to achiere maxl
mum precipitation usually 10-15 ml The ethanol 15 added slowly with
constant swirhing of the tube The muxture 1s placed at 5 C for thirty
munutes and then centnifuged at 1500 rpm for two munutes The super
natant 15 removed by decantation and the residue dissolved 1 4-5 ml
absolute ethyl ether Agamn cold absolute ethanol 13 added untd maximum
precipitation 18 achieved The above 13 repezted until 2 mimmum of five
tations have been hed The greater the number of preaipt
:auons the greater the potency of the ixhibiter Followmng the final pre
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, the residue 15 dissolved imn absolute ethyl ether and the ether
solution transferred to a weighed beaker The ether 13 removed tn tacuo
This matenal 15 whiter and flalier than the eruder product

Assay The fractions as they arc obtained from the tissues are weighed

accurately and the residue placed 1n a small mortar To this is added the
cortect volume of 085 per cent NaCl to make & 1 per cent solution The
nuxture 13 rotated with a small pestle until an even suspension (or a com
plete solution) 13 accomplished It 1s then put through a small hand oper
ated homogenizer seven times The wmtubitor potency appears to be directly
related to particle size and dispersion every time 1t 13 allowed to go through
the homogenzer 1ts clot delaying activaty 15 enhanced until & maxumum
effect has been achieved (table 1) As can be seen from table 1 the potency
of the mhibitor 13 mcreased until s maximunm 13 reached at geven homogen
1zations when 1t levels off The potency may be further enhanced by ex
posing the matenial for a grven penod at a definite frequeney to the Ray
theon supersonic vibrator (9 kilocycles 50 watts type I 223, senal %317)
The mummun + olume to be exposed should not be less than 5 m! Below
this volume the results are not reproducible If the correct volume of a
Biven solution 13 exposed 1n the vibrator at a defiute frequency for & um
form penod of time duplicate recults can be obtamed Different vibrators
do not give the same results As in the case of the hand homogemzer the
longer the period of exposure the greater the enhancement of potency
ustil o maximum effect has been achieved (table 1)

For uniformity in handling and companng with standards 5 ml of a
1 per cent suspension exposed to the ultrasome vibrator (9 ke ) for a
Period of twenty mnutes 13 always used Followng homogenuzation the
matenal 13 mamtamed at 5 C unti ready for testmg If the matenal 1s to
be kept over a longer pertod than 4-6 hours for add:tional testing 1t should
be reh d 1 the ul wibrator The dard should of
course be treated m the same manner Just prior to testing the suspen
Bions are brought to room temperature and using 01 N NaOH adjusted
o pH 72 t0 74 mth a Beckman pH meter Prior to adjustment of pH
the suspension 15 usually shightly scid (6 5-6 8)

Preparation of reagents for the assay (1) Tussue thromboplastin 300 mg
of acetone dred human brain powder prepared as previously described are
extracted for thirty munutes with 5 ml of 085 per cent sodum chlonde
Slution, 1n & 50 ml round bottom glass tube placed 1 a water bath at
48 G The tube 15 rotated for a few seconds at 5 mmute mtervals The tube
13 then centnfuged at 1500 rpm for two mmutes and the supernatant flud
removed by decantation centmfuged agam 1 a smilar fashion and the
:Umewha,(: cloudy supernatant decanted off and used A large batch of the

hromboplastin 18 prepared st one time amounts from 2-3 ml placed m
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Tavre 1 Effect of Iand Operated Homogenization and Ultrasonic ¥ sbration on
Activity of Lipid Antithromboplastin
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*6 1 m! 1 per cent inhibitor suspension 01 ml thrombopl 01 m! citrated

plasma 01m! 002 M CaCly
10 85 per cent NaCl replacing snhubitor suspension

cork stoppered glass tubes quick frozen with dry 1ce and kept m the deep
frecze at —10 C until ready for use It 13 then thawed rapidly by repeated
immersion for a few seconds at & time under hot running water Once
the thromboplastin has been thawed, it retamns 1ts potency for 6-8 hours
of placed m the refrigerator at 5°C when not 1n use When needed, 1t 18
brought to room temperature diluted if desired then added to the testing
muxture A thromboplastn solution cannot be repeatedly thawed without
losing some of 1ts potency If prepared and kept as described the thrombo-
plastin. solutions mamtam a constant potency for months As much as
possible reagents prepared from the same ammal spectes should be used
For example if human lpid antithromboplastin 13 beng tested, human
thromboplastin and human plasma should be used in the testing mixture
Tt 1s also preferable that a diute thromboplastn be used if the unknown
fraction p only shght ant! lant activity since a concentrated
thromboplastin may well overnhelm a wesk wtubitor Generzlly speaking
i the ongmal thromboplastin solutton 18 diluted 1-20 with 0 85 per cent
N2Cl before adding 1t to the testing mivture an adequate clot accelerating

effect 13 obtained
(2) Plasma Blood 15 collected from & normal donor through a #18
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needle 1nto a b d synnge one hundredth volume of 38
per cent sodium citrate If the imtial venepuncture 13 not a clean’ one
the blood collected 1s conmdered to be worthless and a fresh spectmen 13
collected preferably from a different vein To insure a good venepuncture
the flow of blood mto the syringe chould be at the rate of at least 1 cc/
second Following collection the syninge 1 tilted back and forth shghtly
to msure proper mmxing with the citrate and then the blood 13 carefully
placed m mbicone-coated tubes removing the needle before allowng the
blood to un down the side of the tube The tube 13 then placed 1n a. re-
(i d at 5 C) and at
4500 rpm for one hour The upper 34 of the plasma 1s then carefully re-
moved by means of a shiconzed dropper pipet mnto a sihicomzed tube care
bemg taken not to disturb the lower layers of plasma The tube 1s stoppered
and refngerated at 5 C until ready for use on the same day It 13 then
brought to room temperature and added to the clotting mixture using a
10 ml mlicomzed pipet graduated 1n 001 ml
Testing S1l 18 uced m and
the plasma The clotting mixture 13 made up of the followmg imgredients,
ahrays added m this order to silicone coated tubes at 38 C
01 m! unknown soluton {or ¢ 85 per cent NaCl)
01 ml human thromboplastin
01 m! normal aitrated human plasma
01ml 002M CaCl:
Caleulation 'The actiity of the unknown 13 expressed m terms of
umts permg by companng it with the activaty of a lot of Lipid antithrom
bopl. kept as a ref dard A partully punfied hpid antithrom
boplastm obtamned from human bram has been used as the standard In
the dry state at —10 C the lipid has d 1ts onginal \!
activity for at least two years when compared mn an activated clotting
system with another anticoagulant (Toronto heparn 100 units per mg )
One gram of a punified Tot of the hpid mhubitor was selected as a standard
and granted 20 umts of activity per mg
When a hpid extract 19 to be as.ayed for antithromboplastm actvity 50
mg of the standard 13 mixed with 5 ml of 085 per cent NaCl and after
hard homogemzation exposed to the water-cooled ultrasonte vibrator for
20 minmutes The unknown sample 18 prepared 1n the same manner A con
centration/activity eurve for the standard antithromboplastin 15 worked
out each ime utihizing as a clotting substrate the same plasma and throm
boplastin employed 1n assaying the antithromboplastin activity of the
unknown extract In figure 1 the hne 13 plotted which expresses the rela
tionship between activity (clotting time) and amount of antithrombo-
plastin of a partually punified matenal from dried human bram
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OF LiPID ANTITHROMBOPLASTIN IN CLOTTING MIXTURE

Fra 1 —Tatration curve of a new standard hiynd inhitntor on the bass of the
eurve for the old slandard The curve of activity of the pew standsrd between 40
and 200 scronds 1 used for mterpolating values obtated an testing the unknows
samples Clotting times are converted rato umta of activity by reading the values:n
the abseissa correspondng to esch time

As can big seen by a study of the curve the concentration/actvity
ratso plotted on a logarthmue scafe 1s mot hnear throughout For pur
pascs of mierpolating values obtained from unknown samples bemng sssayed
for activity the straight portion of the curve between 40 and 200 seconds
on the chart 1s used If the unknown sample bas an matial clotting time
above (ar below) these lumsts 16 1s diluted {or stronger solutions are used)
so that the values fall into the useful section of the curve

Example for ealenlatmg the umts of antithromboplastin actinty of
an unknown sample The ty (thromboplastn plasma Lpid mhub
and 002 M CaCl solution) are prepared ns desembed  Sihicone-coated
glassware 18 used throughout Measurement of the clotting time 13 done 1
dupheate at 38 C

Tube No I 01 mt 085 per cent NaCl 01 mt thromboplastin 01
wt estrated plasma @1 mi 002 M CaClh

Tube No 2 G1iml 1 per cent of the new dand pid

hibtor 01 ml thromboplastin 0 1 m! ctrated plasma 01 ml 002 M

5Cls
© Tubes No 3 4 & 6,7 and 8 Same ay tube No 2 except that thestasd
ard anfubitor solution 1s diluted with 0 85 per cent NaCl to obtamn respec
trvely the followng concentrations © 50201 005 002 001 per cent
The clotting tanes of the mixtures i tubes 2 to 8 are plotted on the chart

(6g 1
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Tube No 9 01 ml 1 per cent suspension of unknown sample 01 ml
thromboplastin 01 ml citrated plasma, 01 ml 002 M CaCl,

Let us say that the clotting time of the mixture 1n tube No 9 15 52
seconds This 18 the activity of 1 mg of the unknown sample To convert
this value to umts of the standard the point on the abserssa 1s located
which corresponds to 52 seconds on the new standard curve (Fig 1) This
18 equivalent to 16 umts of antithromboplastin activity or the activaty
found 1n 003 mg of the standard iwhibitor It may be said then that the
unknown sample has 16 umts of antithromboplastin activity (AU)
per mg

In order to assay the fofel units of antithromboplastin activity m a
gven sample of blood, plasma or tissue the yield of the extract 1n mgms
15 mult:phied by the units of activity per mg of the extract

Before the supply of standard mhibitor 1s exhausted a new lot should
be prepared and standardized m terms of the old one A relatnely large
amount of hipid ihibitor should be prepared in order to eliminate the
nece..ity for frequent restandardizations To obtain a large yreld 30 grams
of dned bram powder 15 used as a start and to 1t are added 1200 m! of
absolute methanol Followmng the filtration distillatton removal with abso
lute ethy] ether and the separation of the ether msoluble matenal n the
refnigerator the final y1eld should be 20 t0 2 5 grams A 1 per cent suspen
8100 13 prepared 1 0 85 per cent NaCl homogentzed and an activaty eurve
15 worked out as previously descibed At the same time u mg the same
thromboplastin and plasma as basic reagents an activity curve 1s worked
out for the old standard Lpid inhibitor The two curves (fig 1) are com
pared and & new unitage 13 granted to the new lot in terms of the umts of
the old standard

Precautions and Sources of Error () Use of technical grade methanol
wstead of C P Absolute Methanol mn the extracting procedure (b) Extrac
110 at room temperature if extraction 1s allowed to proceed at temperatures
bigher than 10 C  coagulant materals ere extracted and the anttcoagulant
potency of the assayed matenals 1s lower (c) Tmperfect homogenization
of the suspension If the Lipid suspension 1s not rendered almost water
clear by this process the ultrasome homogemzer 13 probably defective (d)
Allowing matenal to stand too long (over 2 hours) after homogemzation
before 1t 13 tested (e) Use of heterologous thromboplastins or plasma sub
strates (f) Use of unstable hypercoagulable plasmas as substrates
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APPENDIX

1 Synonyms for Components Influencing Blood
Coagulation”

Group 1

Thromboplastinogenase
Thromboplastic cell component (TCC)
Group 2
Prothrombokinase
Plasmakimn
Antthemophilic globulin
‘Thromboplastinogen
Thrombocytolysm
Thrombokatalysin
Thrombop): plasma (TPC)

Factor VIIT
Antihemophilic Factor
Group 8
Plasma thromboplastin component (PTC)
Chnistmas Factor
Factor IX
Platelet cofactor
Group 4
Thrombokinase
Cytozyme
Thromboplastic protem
Thrombokimn
Plasma thromboplastm
Group &
Thrombogene
Component A of prothrombmn
When a precursor 18 postulated for a factor the precursor is listed on the left
&2d the eorresponding active factor on the nght
229
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Factor V Factor VI

Accelerator factor

Labile factor

Cofactor of thromboplastin
Plasma Ac globulin Serum Ac globuln
Proprothrombinase Prothrombinase
Prothrombunogenase Thrombinogenase
Plasma prothrombin conversion factor

(PPCF) Serum accelerator
Proaccelenn Accelerin
Group 6
Cofactor V

Prothrembin recelerator
Prothrombin conversion factor
Prothrombin cons erting factor
Co thrombaplastin
Plasma precutsot Serum prothrombn conversion
aceelerator {Spea)
Proconvertin Convertin
Factor VII
Kappa factor (1n chicken)

Group 7
Prothrombn
Prothrombase
‘Thrombozyme

Group 8

Thrombtn
Thrombase
Group 9
Antithromboplastm
Thromboplastia sahibstor
Antithrombokimase
Group 10

Antithrombin
Thrombm whibitor
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Group 11

Plasmunogen Plasmm
Profibrmolysin Fibrinolysin
Tryptogen Trypta<e (serum try ptase)
Prolysin Lysin

Lytic factor
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Factor V Factor VI

Aceelerator factor

Labie fastor

Cofactor of thromboplastin
Plasma Ac globuhm Serum Ac globulin
Proprothrombinase Prothrombmase
Prothrombinogenase Thramhinogenase
Plasma prothrombin conversion factor

{VFCF) Serum accelerator
Progecelerm Accelern
Group 6
Cofactor V

Prothrombun necelerator
Prothrombin cons ersion factor
Prothrombin converting factor
Co thromboplastin
Plasma precursor Serum prothrombin conversion
accelerator (Spea)
Proconvertn Convertin
Factor VII
Kappa factor (in chichen)

Group 7
Prothrombin
Prothrombase
‘Thrombozyme

Group 8

Thromban
Thrombase
Group 9

Antithromboplastm
Thromboplastin whibitor
Antithrombokinase

Group 10

Antithrombm
Thrombin mhibitor
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Group 11

Plasminogen Plasmin
Profibrinolymin Fibrinolyzin
Tryptogen ‘Tryptase (serum tryptase)
Prolysin Lysin

I ytic factor
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Factor V Factor VI

Accelerator factor

Lable factor

Cofactor of thromboplastin
Plasma Ac globulin Serum Ac globubn
Proprothrombinase Prothrombinase
Prothrombinogenase Thrombinogenase
Plasme prothrombin conversien factor

(PPCF) Serum accelerator
Proaccelerm Accelerm
Group 8
Cofactor V

Prothrombin accelerator
Prothromlnn conversion factor
Prothrombrn converting factor
Co thromboplastin
Plasma precursor Serum prothrombin conyers10n
accelerator (Spea)
Proconvertin Conyertin
Factor VII
Kappa factor (1n chicken)

Group 7
Prothrombin
Prothrombase
Thrombozyme

Group 8

‘Thrombin
‘Thrombase
Group 8

Antithromboplastm

Thromboplastin inhibtor

Antithrombolkinase
Group 10

Antrthrombin
Thrombin inhibrtor
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Group 11

Plasminogen Plasmin
Profibrinolysin Fibrinolysin
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