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INTRODUCTION

The hemorrhagic syndrowes that occurred after atomic ocomb
irrediation (1) have attracted attention, because the phenomena.

did not seem to be fully explicable on the basis of thrombocytoperia
alone, It was first suggested by Allen und Jacobson (2), that an
excess of heparin in the blood might be the cause of the decreased
coagulability and bleeding tendency after acute ionizing irradiation,
Allen then developed a heparin-protamine titration test (3) for the
demonstration of heparin or heparin-like substances in the circulating
blood,

In the course of work on blood coagulation it was thought that it
wou.id ke of interest to evaluate the use of Jaques' heparin-protamine
titration method (4) in patients with hemorrhagic tendencies, Further-
mcre,when Allen had published his method, it seemed of interest to
compare the two methode, Thus the present investigation was undertaken,

First, using Jaques' method, heparin-protamine ratios were
established and the constency of the heparin-protamine equivalent and
the influence of several factors studied, The method was then applied
to the measurement of heparin injected intravenously, An attempt was
made to estimate anticoagulant substances in a series of blood dyscra=-
eias, It was found, however, thut the protamine titration method was
of little value in this respect, but could find another use due to the
increased anticoagulant effect of the protamine sulfate in some oclood
dyscrasgias,

Allen's heparin-protamine titration method was tested in normals,
end the mechanism of its action elucidated. Modifications of Allen's

test were made and compared with Allen's technique in normals, in blood



dyscrasias and in the blood of heparinized and dicumarolized patients,
As a result of the work a hypothesis for the action of
"prolonged clotting tests" is offered and their value discussed,
In the first chapters the value and limitations of clotting
tests are discussed and the literature on heparin-protamine clotting
tests and their applicatiop in hemorrhagi; diseases is reviewed,

A bibliography is included,



CHAPTER I

The mechanism of coagulation,

It is impossible to review in a limited space the literature
on the mechanism of coagulation, and it is not necessary for the
purpose of the present.igvestigation. An excellent review is
given by MacFarlane (61), Yet, it seems jusiified to consider
briefly the latest views on the subject, as put forward by Seegers (5)
in a simplified schedule, He considers the clotting mechanism to
consist of two phases, as proposed by liorawitz, (62)

In the first phase prothrombin is being converted to thrombin,
which does not occur spontaneously in the blood, This conversion is
accelerated by many factors Calcium ions, thromboplastin, accelerator-
globulin (probably identical with Factor V of Owren and the labile
factor of Quick), nlatelet accelerator and possibly other féctors
(antihemopnilic _lobulin), These factors have a buffering capacity.
One factor can coupensate for a partial deficiency of another factor
(53). The thrombin formed has a twofold purpose: 1) to convert
the inzctive plasma ac-globulin into active serum ac-globulin, ‘he
latter accelerates the first stage of the clotting mechanism, which

now proceeds with increasing speed, as an autocatalytic reaction,

2) to convert
fibrinogen into fibrin,
So far only accelerators of the clotting mechanism have been

mentioned, There are also inhibitors, one of which is antithrombin

which inactivates thrombin, Furthermore, there is heparin, which

exerts its main function as an inhibitor of the first phase, together

with a co=-factor in plasma (59), It is not clear whether the action

of heparin is antiprothrombic or antithromooplastic, or something
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entirely different,
Seegers suggests that the antithroumbic action of heparin is
in conjunction with ecrystalline albumin, to promote absorption of

thrombin on fibrin, Third, therse is antithromboplastin, described

as an inhibitor of the first phase of the clotting mechanism,
It is still a problem how the clotting process is initiated,

There are two opposite views : Quick (25) believes that platelets

liberate an enzyme, which activates thromboplastinogen in plasma

a
to active thrombonlastin,  Brinkhous (60) has a different approach,
He suzgests that a foreign surface factor primarily activates, in

the presence of caleciun ions, a plasma factor, which becomes a

thronbocytolysin, disrupting the platelets to set thromboplastin
free, The presence of an inactive thromboplastin precursor in the
plasma is also proposed by Conley (60). It seems that platelets,
plasma=-factor, and foreign surface {or other initiating factor) are
necessary, but the pathway of activation is still obscure, The
solution of this problem is difficult, because no one has been able,
even with silicone technique, to obtain plasma, which is irrefutably
free of platelets or platelet products,

Fibrinolysis (5) (dissolution of the fibrin clot) is an
enzymatic process that closely resembles the clotting process,
Fibrinokinase activates the formation of inactive plasminogen ( pro=-
fivrinolysin) into active plasmin ( fibrinolysin), which dissolves the
fibrin clot, Plasmin is inactivated by antiplasmin, Antiplasmic

activity is also exerted by heparin,
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CHAPTER II

Clotting tests ¢

It seems appropriate to evaluate clotting tests in general before
deazling with speciul clotting methods,

(1) Introduction:

In vitro clotting tests on whole venous blood have been used for
a long time in the diagnosis of hemophilie, It was realized that delayed
coagulability of the blood in vitro had something to do with a bleeding
tendency, and thus it was assumed that in vitro coagulability of the
blood parelleled in vivo coagulability, But it soon became apparent
that the in vivo coagulability was not the only factor that influenced
the clotting time in vitro, Consequently a variety of clottiny tests
have been developed which tried to avoid environmental errors that might

affect the method,
If one realizes that coagulation is a biochemical, probably enzymatic
(5) process, it is obvious that any attempt to get information about it,
by measuring the speed with whick the process evolves, is an extremely
poor one, Biochemical processes are influenced by many envirommental
factors ( for instance temperature, pH), that may affect their rapidity,
However, the fact that even today clotting times are done faithfully to
obtain informetion about the coagulation mechanism can be explained on
the one hand by the misleading simplicity of some of the methods used,
ard on the other hand by the time consuming and costly methods that are
required for fractionation of the different protein factors involved in
the clotting process, needing specialized biochemists, technicians and
laboratory outfit, These methods are not suitable for routine use,
Therefore, clotting studies are still being done, snd for their evaluation
it is worthwhile to consider the in vitro factors,

that may irfluence the

clotting time of whole venous blood, These factors may be considered
as
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s0 many errors that may spoil the method, the ultimate purpose of

which is to get information about the im vivo fluidity of the blood,

(2) FMactors, other than in vivo coagulebility, that influence the
clotting time of whole venous blood: (6, 7, 8) _

1) Admixture of traces of tissue juice shortens the clotting

time tremendously, Thromboplastin, present in tissue juice, is res-
ponsible for this effect, Clumsy venapuncture, use of a dull needle
and interrupted tlood flow during blood withdrawal tend to shorten
the clotting time, Choice of a superficial vein is preferable,

2) Temverature: It has been demonstrated that elevation of the

temperature shortens the clotting time whereas a low tsuperature
prolongs the clotting time, Clotting times have to be performed in

a constant temperature waterbath {usually 37°C).

3) Contact with foreign surface (9): a) Type of foreign

surface = Contact with glass markedly shortens the clotting time,
Therefore, other substances have been used to avoid the accelerating
influence of a glass surface, for instance paraffin (10), lusteroid
(11,12), collodion (6), silicone (13,14,15) and polyethylene (16),
Clotting times of blood in these non water-wettable materials are
relatively prolonged and thus are believed to give better information
on the in vivo coagulability and to demonstrate smaller changes of the
in vivo coagulability of the blood, The influence of Zeta=potentials

(9,17) in relgtion to surface phenomena in blood clotting is under

inwestigation,

b) Consequently, if the
type of foreign surface is of importance, the extent of the contact
area is important, Clotting times have to be done in standardized

tubes, using standard size needles, syringes and a standard volume of

blood,
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¢) Cleanliness ¢ Unevenness of the

contact surface, dust, traces of old blood, and traces of acid (18,
18a) tend to shorten the clotting time (the latter probably due %o

py changes),

4) Cortact with air? In a tube,containing blood,the first fibrin
thread always appears at the air-glass-blood interface, Contact with
air shorteias the clottinz time, So do air bubbles or foam in the
syringes and the tgbes. A standard tube diameter is also of importance
in this connection,

5) Movement: A wide angle of tilting of the tube, frequent tilting
and axial rotation all shorten the clotting time {mixing effect),

6) Method of timing (starting of the stopwatch) and reading of the

endpoint should be rigidly standardized, In a glass tube the endpoint
is usually taken as the time at which the tube may be inverted without
spilling blood, However at that time the blood is not totally clotted,
The phenomenon simply depends on the strength of the fibrin shset

that covers the fluid blood.

7) Py changes ¢ Extremely high or low py values inhibit coagulation

in vitro.(8)

(3) Conclusions drawn from the above list of factors influencing the
in vitro clotting times

e AW WL vt 9 -

1) All clotting tests should be rigidly standardized,

2) Normal values, range of variation and standard deviation should
be established, if possible, before conclusions concerning signi ficant
shortening or lengthening are made,

3) Clotting times on finger blood are of no value, as the blood
80 obtained contains a variable amount of tissue julce, the quality

of which may be influenced by factors unknown ( for instance by the

state of hydration of the patient),
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4) Most in vitro factors {except extreme py values, low t em-
perature and the use of water-repellent tubes) have a ghortening
effect on the clotting time, Therefore, a shortened clotting time
in a glass tube cannot be readily accepted as the reflection of an
increased in vivo coagulability., The finding of a prolonged clotting
time is of much greater importance, XLrrors in technique may shorten

a prolonged coagulation time to an apparently normal value,

(4) Silicone techuique®

The use of silicone coated glassware eliminates the accelerating
effect of zlass on the ﬁlotting tiue, For a proper technique, needles,
syringes and tubes should be coated with the silicone, and two
syringes used. (19) The blood in the first syringe is discarded,
The blood in the second syringe is used for the clotting time
determination, after discarding the first 0.5 cc. This method rules
out most of the variations due to admixture of traces of tissue juice,
which cannot be avoided by vena puncture, With this technique smaller
changes in the in vivo coagulability of the blood due to acceleration
or prolongation are indeed demonstrable, but unfortunately the method
is also more sensitive to technical errors, Shortening of clotiing
times i1 siliconed tubes has to be interpreted very critica.ly, {6,20)

before conclusions regzarding increased in vivo coagulability are made,

(5) What information may be obtained from a properly performed clotting
test, and how should the result be interpreted?

The clotting time may be shortened, prolonged or normal reflecting

inereased, decreased or normal in vivo coagulability,

Theoretically, increased coagulability may be due to:

1) excess of accelerators,
2) deficient inhibitors,
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decreased coagulability may be due to 1) excess of inhibitors,
2) deficient acce.erators,

A normal clotting time, however, does not necessarily have to be the
reflection of a normal constitution of the blood in accelerators and
decelerators, Llack in accelerating factors may be masked by the clot
accelerating effect of the glass wall, but also, as has been pointed
out by Seegers (5), (and as is well known in the case of hypoprothrom-
binemia), there is a great buffering capacity in the clotting mechanism
itself due to the variety of accelerating factors,
Little is yet known about inhibitor deficiencies,
An in vitro clotting time may also be normal in the presence of small
amounts of added inhibitor { for instance heparin), due to the glass
wall effect., As has bsen pointed out above silicone clottinz times are

rore sensitive in this respect,

{6) Classification of increased or decreagsed in vivo coa:ulability:

a) Increased coagulability: In thrombosis, Due to increased thrombo =
plastin in circulating
bloodl?

Other possible causes still
hypothetical,

b) decreased coagulability: due to
(Hemophilia (antihemophilic
(1) Deficiency in a clotting ( globulin lacking? {21).

factor or accelerator factord (Fibrinogenopenia ( fibrinogen
(deficiency),

(Prothrombin deficiency (usually
(not demonstrable in a glass tube),

(

(Ac-globulin deficiency (= Factor
éV deficiency) (22).

(Platelet deficiency (lack of
(platelet accelerator) (23),
(Demonstrable in silicone tubes
((8) and in heparin clotting
(test (36) and prothrombin
(utilization rate (57).
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(antithrombin excess,

(

(2) excess of inhibiting factor: (heparin excess (&cts mainly as
(antiprothrombin), Proven in
( anaphylactic shock in the dog.(4)

(

(heparin-like substances (hypothetical}),
E(Sa)

(‘Thromboplastin inhibitor (24).
(Antithromboplastinogen (25,26).

(

(Circulating anticoagulant in hemo-
(philia (entibody type) (27,28).

(Circulating anticoagulants, not
( further identified,
Some of the substances under the group of excess inhibitors are
still hypothetical, and their differential diagnosis is not satis-

factorily worked out,

(7) "Prolonged Clotting Tie lethods" :

As has been pointed out, the ordinary glass tube clotting time
metaod of Lee and White (29) is not sensitive enough to diagnose small

changes in blood coagulability., Lately so called "prolonged clotting

time methods" have been developed for this purpose, They are:

1) the "silicone clotting time", which has been describsd above, by

which tne clot accelerating effect of glass is avoided,

2) the clotting time, which is obtained by addition of a standard
amount of blood to a small amount of an anticoagulant in a glass tube,
The anticoagulant used in most cases is heparin, which gives a pro-
longed clotting time, due in part to the fact, that heparin nullifies
the accelerating effect of the glass wall, Therse ars a variety of

heparin clotting tests :

a) The Waugh-Ruddick test s (30,31,32) The authors developed the test
to show the presence of increased coagulability, which could not be

detected by the Lee-White method, In this test 1 cc. of venous
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blood is added to each of a series of tubes containing increasing
amounts (1-7 gamma) of heparin in 0,5 cc, of saline, The clotting
times ware originally deteruined at room temperature, later at a
constant temperature of 37°C. (32). The clotting times plotted on the
ordinate against the heparin concentrations on the abscissa give a
curve with a certain slope, The curve shifts clockwise or counter-
clockwise with increasing or decreasing coagulability of the blood.

b) The Vaugh-Ruddick-Silverman test (33) is a modification, using

recalcified oxalated plasma and a waterbath at 37°cC.

¢) Hagedorn (34), Rosenbaum and Barker (35) and later Rosenthal (36,37)
simplified the test by using only one tube with a standard amount of
heparin, Rosenthal uses 4 gamma of heparin in 0,1 cc., of normal sgline

to which 1 ce, of blood is added, The test is carried out at 37°C,

RESULTS * These tests are subject to any error which may affect
coagulation tests, Foaming (38), temperature (32), clumsy venapuncture
etc, influence the outcome, Increased coagulability ( flattening of
the curve) has been found when thromboplastin was added to the tubes,
and during bedrest in acute infections, in the postoperative period
and after hemorrhage {30,31), venous thrombosis and embolism (35) and
following coronary thrombosis (38),

The Silverman modification showed increased coagulability in
postoperative cases (33) when used by the author, Others (36,39,40)

constant
could not obtain/results with this technique,

Decreased coagulability (steepening of the curve) was found by
Waugh and Ruddick in radium irradiated cases, and when the platelets
were reduced, (30,31), Rosenthal (36,37) found a prolonged heparin
clotting time in 1l out of 21 cases of leucemia (8 of the 11 had
platelet counts below 200,000.) In polycythemia vera the heparin

clotting time became normal or rapid when the results were corrected
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for the hematocrit increase, ( Most of these patients had a high
platelet count,) An increased susceptibility of thrombocytopenic
blood to heparin had been suggzested first by Allen (43), Lyle and
Fowler (41) clearly demonstrated the influence of thromﬁocytopenia
on the Waugh-Ruddick tests, in which the blood became incoagulable
in the tubes containing 3 gamma or 4 ;amma of heparin or more.
Conley (42) also deronstrated, using silicone technique, a direct
relationship between the concentration of hgparin required to inhibit
the coagulation and the number of platelets, The influence of the
platelet cognt on the clotting time of heparinizea blood thus seems
established,

In vivo heparin tolerance tests have been carried out (44,45) but
wvilil not be discussed here,

d) Instead of heparin a different anticoagulant could be used,

Such a test, with protamine sulfate, in increasing amounts in a

series of tubes, or in only one tube will be dealt with in the

chapter on experimental work,

(8) Special techniques for the demonstration of circulating anti-
coarulants ¢

.. A W -t - P

These are numerous, because there is such a great variety of
anticoagulants possible, Most tests are described in a recent
article by Dreskin and Rosenthal (26),

a) A simple technique for the demonstration of an anticoagulant,
and also a differential test between anticoagulant and deficiency in
a clotting factor, is the addition of increasing small amounts of
the pathological blood specimen to normal blood, either in glass
tubes (8,26) or in silicone tubes (19, ) Prolongation of the
clotting time of the normal blood by addition of the abnormal blood

nay lead to the conclusion that an inhibitor is present in the
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patholoical blood specimen, In case of a deficiency in one

of the clotting factors in the abnormal blood, the clotting time

of the normal blood does not become prolonged, Furt..ermore, the

addition of small amounts of normal blood to the abnomal bloqd

will reduce the clotting time of the abnormal blood to normal,

If there is both a lack of some substance and an anticoagulant (as

in the case of hemophiliaz with circulating anticoagulant (27,28),

the abnormal blood will prolong the clotting tims of normal blood,
This test informs about the presence of an anticoagulant but

not cbout its naturs and site of action in the clotting mechanisn,

For this special tests are required,

b) Special tests for anticoagulant activity:?

(1) Test for antithrombin activity (47,48)

(2) Precipitin test for antibody formation against
antihemophilic globulin (27,28).

(3) Antifibrinogen activity may be ruled out by
titrating patients plasma with increasing dilutions of thrombin (26)

(4) Antiprothrombin activity can probably be ruled out
with the dilute prothrombin time method using barium sulfate treated,
prothrombin free plasma (49),

(5) Antithromboplastin activity may be demonstrated by
titration of the patients' plasma and normal plasma against dilute
thromboplastin solutions and comparison of the results, (24,26),

(6) Antithromboplastinogen activity can be shown only

after excluding all other possibilities. (25,26),

¢) The demonstration of heparin may be classified as follows :
1) the chemical purification of heparin, for which there

are several techniques, (The names of Howell, Charles and Scott,

Fischer, Jorpes are connceted wish the different methodg (46).)
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The only one of importance at the present time for clinical use
is Jaque; method using N-octylamine ( 50,51,52), Even this method,
however, requires rather large amounts of blood, and is not
suitable for routine use,

2) Heparin assay methods, using the anticoagulant
power of heparin, (46,53,54,55,56). These methods are not useful,

if one is not certain about the nature of the anticoagulant

material in the first place,

3) Heparin-protamine titration tests, These will be

reviewed in the next chapter,
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CHAPTEK III

Heparin and its interactions with protamine and toluidine blue,

The chemical and physiological properties of heparin, protamine
and toluidine blue are described first,
(1) Heparin:

Heparin (46,59,90,31) is an acid material, which is
available commercially as the sodium salt, It was discovered by
MacLean in liver extracts, Howell, Best, Charles and Scott, and
Jorpes have done much for the purification of the material and for
the identification of the chemical structure,

Heparin is a mucoitin polysulfuric ester (64,65,66) of high
molecular weight, and belongs to the same group as chondroitin sul-
furic acid and mucoitin sulfuric acid, In contrast to the latter
substance, heparin contains not one, but several sulfuric acid
groups for each glucosamine-glucuronic acid group, Jorpes prepared
a mucoitin tri-sulfuric acid, and probably many of the preparations
contain mixtures of di- and tri-sulfuric acids, The sulfuric acid
group is essential for the anti-coagulant activity of heparin and
nany other substances with a high molecular weight,

Due to the strongly acid properties heparin forms salts with
many basic substances (78), sodium, barium, brucine, protamine,
toluidine blue, histones, hemoglobin, and with other proteins (79,90),
The combination of heparin with toluidine blue gives a color change
from blue to reddish purple, which is called metachromasia, Many
sulfuric acid esters of high molecular weight lmay give this color
change, but the strongest color reaction is obtained by heparin (70),
It 1s this property of heparin, that led Jorpes, Holmgren and

Wilander to the discovery of heparin in the mast cells of Ehrlich,

a discovery which found ample confirmation in the fact that after
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anaphylactic shock in the dog the mast cells in the liver are
devoid of their staining granules and heparin can be extracted
from the incoagulable blood (4), The location of the mast cells
along the capillaries suggests a physiologic function to maintain
blood fluidity, Increased content of mast cells in the tissues is
found after atomic bomb irradiation (1), and also in mast cell tumors
in the dog (7). In the latter no prolongation of the coagulation
time has been demonstrated, The mechanism of the liberation of
heparin from the mast cells is as yet unknown,

The anticoagulant effect of heparin injections is temporary,
The effect wears off soon, dus to the conversion of heparin, by
heparinase, to uroheparin, a degradation product with less anti-
coagulant activity that is excreted by the kidneys (91), Excessive
amounts of adminisieréd heparin are rapidly excreted in the urine
(72,73,124), Normel humen blood contains approx, 0,1 gemma of heparinfecc.( 5V

Acticn on the cougulation mechsnism: | Heparin inhibits the first

clotting phase, in combination with a cofactor (68,69,75,76),
present in the crude albumin fraction, which is rot clhunmin itself,
Large doses of heparin prolong the prothrombin time (74), How
heparir. retards the conversior of prothrombin irto brombin, whether
it is meainly an antithromboplastic (77,123) or an antiprothrombic
action, or both, is not{ clear, An excess of thromboplastin will
shorten the clotting time prolénged by heparin (30,31), and, vice
versa, heparin will prolong the clotting time shortened by thrombo-
plastin (74),

2) The antithrombic action ofheparin is now believed to be less
impertent, Heparin is not identical with antithrombin (47,%), but
acts, probably in connection with crystalline albunin,

to promote

ebsorption of thrombin on fibrin (5).
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Intravenous injections of heparin give a maximum prolongation
of the clottirg time after a lag period of 10 minutes (67)., The
anticoagulant effect of heparin is more pronounced in vivo than in
vitro, These facts and the increased anticoagulant activity after
incubation in vitro point t¢ the probability thuat heparin has to
combine with the components of the clotting system before it can
exert its maximal effect, (67)
3) EHeparin exerts an inhibiting effect on plasmin (80),
4) Influence on platelets ¢ Solandt and Best first reported that
heparin in large doses prevented agglutinatior of platelets in vitro
and in vivé{aliaier‘it was noted that, after intravenous injection
of smaller doses in dogs, 2 temporary thrombocytcperia and
agglutination of platelets was & constant finding (83,84), 1In
other species the findings were not constangiazéhey were sometimes
accompanied by emboli and petechiee (85,86), However, thrombocytopenia
and clurpirg of platelets is not a constant finding after intravenous
injections of herarin in man (84,83,87),
5) Influence on the clotting time:  Heparin prolongs the clotting
time ir vitro in such a way, that e linear relationship is found
tetweer heparin dosage and the logarithm of the clotting time
obtained, This was first demonsirated by Fischer and Smitz (88), and
corfirmed by Bertrand and Quivy, (89) and Jaques.(67) The formula
for such a relationship ig s

log Ty = log T, = k(cy = ¢1), in which T, and Ty are clotting times,

¢y «rd cp are heparin concentrations at two points on the line, arnd
k is a constant, determined by the angle of the line with the
atscissa, The value of k depends on (1) circumstances under which

the test is performed, and (2) anticoagulant potency of the heparin

preparation used, If these factors are kept constant, k forms the
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“heparin sensitivity value" of Jaques, If the heparin concentrations
are chosen so that co-c1» 1, the heparin sensitivity of a certain
blood specimen under constant conditions can be calculated, As

Jaques has poirted out, another method to deterrine the heparin sensi-
tiviiy is to report the clottin, time in a single tube containing
heparin, but this method is not as sensitive, The Fischer-Smitz
formule is applicable to many anticoagulants (89 ), It should be
stressed that the effect of heparin on the clotting time is influenced
by all in vitro factors, that influence any clotting test (Chapter II)
in addition tc in vivo facters (variation between species and between

individuals, anaesthesis, dicumarolisation, ete,) (52).

(2) Protemine sulfate used ir these experiments is the sulfate salt

of salmine, & protein derived from the testis of the salmon, with a
molecular weight of approximately 8000, Its basic properties wure due
to the large content (87,5%) of arginine (92), Its main use is to
prclong the action of insulin in the treatment of diabetes,

Protamine ies destroyed in the blood, probably by the enzyme
protaminase {93,94), Toxic effects in animals have been observed
after intravenous administration of large quantities (95,96,99)
vartly due to intra vascular occlusion (97,98). These symptous were
sbsent when smaller doses were injected slowly (99,100,101,102), 1In
man doses up to 100 mgm, have been given with safety (103,125),
Extensive investigations have proven it to be non antigenic (104,105),
probebly due to the lack of en aromatic group (105), but two contrary

reports have appeared in the literature (106,107),

Action on the clotting mechanism s Protamine prolongs the clotting

time in vitro and in vivo (96), and Chargeff and Olsen showed that it

neutralizes the anticoagulunt effect of heparin in vitro and in vivo
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(108). If heparin is injected ore hour after the protamine,
the neutralizirg effect is noi observed (109), Subcutaneous in=
jection of protamine has no influence on the clotting time (108),
Portuar- and Holden could not demonstrate an anticoagulant effect
on the clotting time after intravenous injection of 100 mgm, prote-
mine sulfate (103) ir humans,
The action of protamine on the clotting rmecnanism may be
swnnarized as follows ¢
1) Interfererce with the conversion of prothrombin to
thrombin (110,103), which may be overcome with excess of
thromboplastin, This has been called antiprothrombin
activity, but the exact mechanism cannot be further clarified
unless purified prothrombin is used,
2, An antithrombin activity has been mentioned (1i1), but is
not satisfactorily demonstreted,
3) Protamine combines with fibrinogen (103), forming a pre-
cipitate in high concentrations (1,5 mgm, per ce¢, plasma),
This is called fibrinoplastic action by Ferguson (112,11C),
4) Pretamine combines with cephalin (true salt formation)
(113,114,115), This action is called antithromboplastic
by Tocantins (116),
5) Protamine combines with heparin in true salt formation,
6) It promotes fibrinogenolysis (112),
7) It does not neutralize the heparin cofactor (103),
In experimental thrombocytopenic purpurs in animals, protamine
reduced the petechize by 90% without influencing the platelet count
(117),
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(3) Toluidine blue (118) is o dye with basic proserties, It

belongs to the group of thiazins, which are characterized by an
-N= group and an S=- atom attached to the phenyl and quincne group
of the molecule, Methylene blue and thionine are other members of

the thiazin group, The forrula of toluidine blue O is?
Cﬂ§>hp1:}:sif:IiNﬁzc(
CHz N= CHz
It has an anticoagulant effect in vitro and in vivo and neutralizes
the anticoagulant action of heparin in vivo and in vitro in much
the same way that protamine does (119,127).

Toxic effects occurred in mice that ingested large doses of
toluidine blue {anemiz, end siderosis of organs ) (120), In man
nausea and vomiting have been observed (121), when the dye was given
in doses of 2-10 mgm, per KG, body weight, Large amounts of
toluidine.blue (more than 2 mgm, per cc) added in vitro to oxalated
plasma was reported to cause "coagulation" without addition of
calcium (122), but this may well have been due to fibrinogen pre-
cipitation,

The metachromatic color change that occurs when teluiuine vlue

cor:bines with heparin is used for heparin determination (70,73, 52,

126 ).

(4) Reactions of heparin with proteins and complex bases *

Fischer (79 ) observed that heparin forms compounds with proteins,
which are true salts, Heparin thereby changes the properties of the
protein (iscelectric point, solubility), This reletiorchip between
heparin and proteins is stoichiometric and reversible, Dissociation

of the compounds obeys the mass law (78),
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Thus ¢
protein + heparin w» protein-heparin,

prctein x cheparin (C= concentration

o K= corestant )
protein-heparin

Jaques (78) investipated the subject thoroughly and confirmed this
relationship for the interactions between heparin and many basic
substances and proteirs, The compounds behave as simple salt
formaetions, Examples are the cowmpounds between s
heparin and protamine
histone (79)
toluidine blue
thromboplastin (protein part) (77,79)
proteins (79 ), for instance hemoglobin, casein, gelatin,
cevkalin and protamine (113,114,115),
histone (115)
thionin (115)
nucleic acid and clupein (79).

Due to the anticoagulant properties of heparin, this type of
reaction has become important in coagulation studies, Protamine
combines with heparin and by doing so, neutralizes the anticoagulant
activity of heparin (79,108), The same has been shown for toluidine

blue, histone and thromboplastin,

The heparin-protumine titration method :

Jaques developed a method for the estiuution of small emounts
of heparin in blood (99).By adding samples of heparinized blood to
a series of tubes containing increasing amounts of protamine sulfate,
fhe clotting time in these tubes first decreases with increasing

emounts of protaminuntil it reaches the normal value fourd in the
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absence of heparin and then increases egain, Plotting of the
clottiny times against protamine concentrations gives a V-shaped
curve, The clottirg time is prolonged in the presence of excess
heparin or protamine and it is normal at the equivalence point,
where the heparin activity is completely neutralized by protamine,
1t bhas been shown, that at the equivalence point the amount of
protamine necessary to completely suppress the anticoagulant
activity of a certain amount of heparin is constent, but it may
be differernt for different lots of protamine and heparin,

The amount of protamine, which suppresses the heparin acti¥ity
completely at the equivalence point, is not the same as the amount
of protamine actually tound by heparin, but is greater, iccording
to Jaques this is the reason why thes eyuivalence point is distinct,
showing a sharp angle between the two limbs of the V-shaped curve,
It explains why small amounts of added protamine now give a
demonstrable anticcagulant activity,

The reaction between heparin and basic substances is influenced
by many factors‘® 1) changes in Py 2) addition of anions and
caetions, 3) addition of protein, 4) addition of lipoid,

Increase in Py gives an increase in the dissociation constant
of the heparin-base compound, ultimately lesding to complete
hydrolysis, Addition of anions and cations also results in
dissociation of these compounds, since they compete for the base
and the heparin respectively (addition of NaCl and Ca012 increased
the dissociation corstant), Thus addition of anions will decrease
the amount of heparin bound to protamine by combining with the
protamine, and cations will decrease the amount of heparin bound
to protamine by combining with the heparin, By addition of

proteins to asystem containirg heparin and protamine, heparin will
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distribute itself between these two basic complexes according to
their relative concentrations and to the dissociation constants of
their heparin compounds,

Lipoid (78) on the contrary will increase the binding power
of proteins to heparin,

These facts are of importance in heparin-protaminetitration
methods for the estimation of anticocagulant activity,

i‘he well kncwn coagulunt effect of dilution on peptone plasma
(62) is explained by Jaques as a dissociation phenomenon (78),
The influence of serum dilutions on heparin-toluidine blue mixtures
is shown by Seitz (134), who also developed a method for the

determination of total serum protein by heparin titration (135).

(5) Haparin-protamine titration methods :

a) Heparin-protamine titration method (Jaques) : (99,78).

A series of tubes, céntaining increasing amounts (1 to 100
gamma ) of protamine sulfate in 0,5 cc, saline is set up and 0,5 cc
of the blood, which is to be investigated for heparin content, is
added to each tube, The contents of the tubes are mixed and the
clotting times are determined in a waterbath at 37°C. The
shortest clottiing time in the series indicates the equivalence point,
If the heparin equivalence for the protamine solution is known, the
heparin content of the blood specimen can ke calculated in terms of
the heparin standard used,

The heparin-protamine ratio for a certain protamine solution
can be found by placing 0,50 cc, of normal blood in each of a
series of tubes containing a standard amount of heparin, and
increasing amounts of protamine, The shortest clotting time in the
series will give the heparin-protamine equivelent for the solutions

usged.



)22)

b) Instead of protamire sulfate other investigators have used
toluidine blue (133), Haley and Stolarsky (127) foundtoluidine
btlue, nzure A, Neutral Violet and lleutral Red of equal value,

c) Heparin-protamine titration method (Allen) : (3,129).

Venous blcod is put in a centrifuge tube to the 11 cc, mark
and mixed with 1 mom, of heparin, so that each one cc, ccntains
90 gamma of heparin, One cc, samples of this heparinized blood
are then added to test tubes containing increasing amounts (100
to 200 gamma) of protamine sulfate in 0,1 cc, of distilled water,
The contents of the tubes are mixed, allowed to stand at roomr
temperature and investigated for clotting after one hour, The
tube witk the smallest amount of protamine which contains & solid
clot after one hour, is said to contain the equivalent of 90
gamma of heparin, The heparin-protamine equivalent shows a shift
to the right, if a larger amount of protamine is required to give
a clot after 60 minutes. Allen found the equivalent to be at
140 gamma of protamine, The equivalent has to be determined with
each new stock of solutions used,

Errors affecting the method are: dirty equipment, poor
venapuncture, inaccurate measurement of fluids, deterioration of
solutions, inadequate mixing, gelation of the blood instead of
clotting,

Contrary to a suggestion made by Conley (42), the protamine-
heparin titration test of Allen, is, according to the author, not
affected by a low platelet count (130), although the test may be
positive in cases of thrombocytopenia, and, although the author
states tﬁat thrombocytopenic (and also prothrombin deficient bloods)

are more sensitive to added heparin both in vivo and in vitro,

Only a prothrombin activity of less than 25% of the normal will
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affect the outcome of the test. The test is curiously not
affected by intravenous administration of heparin in amounts up
to 50 milligrems,
The author concludes, however, that the test is affected by
any factor that prolongs the whole blood clotting time, and thus
is positive in hemophilia and afibrinogenemia, end may be positive,
if a prothrombin deficiency is complicated by heparinization,
The conclusions drawn from & positive test have varied, At
first the presence of an anticoagulant (heparin or heparinlike)
was supposed to be responsible for a shift in the protamine
titration in this test. Later the conclusions became less specific
so that finally the test seemed to indicate only a decreased
coagulability similer to, but not identical with, e clotting
defect produced by the administration of commercial heparin (58),
As can be seen, the method of Allen differs from Jaques' method
in the following points ¢
1) the test is performed at room temperature,
2) a large amount of heparin is added to the blood,
3) relatively large amounts of protamine are used,
4) the sclution of protamine is made up in distilled water instead of
saline,

5) the endpoint is read at a fixed time: one hour,

d) Heparin-protamine titration method (LeRoy)$ (131,132)

In principle this is the one stzage prothrombin time applied to
Allen's test, Oxalated plasma is used, and 0,1 cc. is a&ded to0 each
of a series of tubes, each containing 0,1 cc, of.a heparin solution
of standard strength (10-or 20 gamma per tube), plus 0,1 cc, of a

protamine solution contuining increasing emounts of protamine (10,

15,20,30,40 or 50 gamma per tube), To this mixture 0.1 cc. of &
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thrombopla.stin—Ca.Cl2 solution is udded and the clotting time
determined at 379 (in seconds), The heparin-protemine ratio is
found at 1:1,5, The method is sensitive enough to demonstrate
3.3 gamma of heparin per cc, of oxalated plasma, It is of interest
that administered commercial heparin can be shown with the
protamine titration alore (without the addition of heparin to the
tubes), whereas in blooddyscrasizs it is "generally necessary to
perform the complete heparin-protamine titration test", An
iscreased protamine-heparin equivalent is interpreted as due to
hyperheparinemia, It can be observed, that ir this test the
clotting times at the equivalent point are always a few or severzl

seconds longer than the control clotting time,
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CHAPTER 1V

Application of the heparin=protamine titration methods in
hemorrhugic diatheses due to circulating anticoagulants,

Definition of a circulating anticoagulant : This is a substance

in the blood stream, which inhibits coagulation in vivo, If it
occurs in excess, it may .ive rise to a hemorrhagic tendency, and
is then demonstrable in vitro by special clottirg tests,

Very little is known about the nature and variety of circulating
anticoagulants, Theoretically, every inhibitor of the clotting
r.echanism, when it occurs in excess, may give rise to hypoccagulabil-

ity, Therefore, for the classification of hypothetical circulating

anticoagulants, the classification of inhibitors of the clotting
system is used (see Chapter II, page 8)., These are * antithrombin,
heparin, heparin-like substances, antithromboplestin (or thrombo-
plustin inhibitor), antithromboplastinogen, circulating anticoagulant
in hemophilie (anti-antihemophilic globulin), and circulating anti-
coagulants not further identified,

A classification of the hemorrhagic diatheses, proven to be or
supposedly due to the presence of a circulating anticoagulant, is
given in table I, They have been divided into 5 groups,

Group I holds those cases, which are scattered through the
literature of the last 12 years, recently reviewed by Dreskin and
Rosenthal (26). Some occurred in known hemophiliacs (28, 138, 139,
141,147,149 ), others were not connected with this disease (25,26,136,
137,140,148,149), 1In some hemophiliacs it was possible to identify
the anticoagulant as an antibody against the factor (antihemophilic

globulin), which is lacking in this disease (28,139). It was

asscciated with gamma globulin in three cases (28,139,142),
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TABIE I
Troup * Hemorrhagic diatheses, proven to be or | Nature of Demon= ;Clotting
supvosedly due to circulating anticoagulants * | anticoagulants| etrution iTime
1 a) Hemophilie, sfter repeated transfusions. i a)antibody Prolongs ]Markadly
b) Hemophilia-like disease | C.T, of jprolonged,
1) in women, after pregnancy ' 1)probaby normal |
2) in men and women, cause - antibody blood ;
unknown, | 2)antithrombin '
antithrombo-
plastin
antithrombo-;
plastinogen
2 Secondary to s | j ‘
a) Irradistion: 1) man (A-bomb), " Unknown 1)Not done Normal
2) Exp. enimals (A-bomb) Heparin ! 2)Neutralized |Prolonge d
3) Exp, enimals (total X- ' Heparin ! by protamine or
irradiation) (dogs) 3)Chemical + [incoagul-
Allen's test able
b) Ny-mustard therapy: 1) man, ? :
2) exp, animals . Allen's Tes®t Prolonged
or
c) normeal
irinopterir therapy: 1) man ? Allen's Test
2) Exp. animals -do-
d) Blood dyscrasias ? 1) thrombocytopenic ? " " | wdo-
purpura |
2) Leukemia |
ete,
3 a) Menorrhagis Normal
b) Postpartum hemorrhage ! Allen's Test or
Prolonged
4 Sizggizzz ﬁo vascular occlusion and otber ? Whole Not
condi 54 ‘plasna ’
a) Myocardial and pulmonary infarction, ind'dilute Reported
b) Thromboxis (12.5%)
c) Emboli Pro%ﬁ;o ;
. . mbin
d) Carcinomatosis time
8) Fractures .
etc,
5 Anaphylactic and peptone shock ¢
| J pep Heparin Chegical Incoagu-
in dogs an lable,
Jaques!

toest
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Imnunizetion was produced by repeated transfusions,

In some cases of hemophilia-like disease in women there was
the possibility of immunization after pregnancy (1364137,26,143,
144,146), In other cases in men and women the etiology was unknown,
and the anticoagulant acted as an antithrom.in, antithromboplastin,
or entithromboplastinogen, Protamine titration methods (Jaques®
method) have been negative in these cases,

Group 2 is the group of hemorrhegic diatheses, which has
recently been brought to attention by Allen and his co-workers,
In 1947 Allen and Jacobson (2) described a hemorrhagic syndrome in
dogs, subjected to total body X-irradiation, which they suggested
to be caused by an excess of heparin in the blood, Hithérto these
heriorrhagic symptoms had been explained by the thrombocytopenia (158)
which accompanied the hemorrhages, As evidence of hyperheparinemisz
they showed reduction in the prolonged clottin: time by addition
in vitro of toluidine blue or protamine, and separation from the
blood of an anticoagulant material (150), which resembled heparin,
There was thus good reason to believe that hyperheparinemie occurred
in heavily irradiated dogs. This concept was very attractive (161,162
163,1§4) and was used to explain a variety of hemorrhagic manifesta=-
tiors, The problem was how to demonstrate the presence of heparin,
and, because of the difficul@y of chemical isolation, a heparin-
protamine titration was used, In the original work on irradisted
dogs the method of Jaques was used, but in the later work heparin was
added to the blood before the test was carried out (43), In Allen's
final test (3,160), described in the previous chapter, the coagulability
of heavily heparinized plood was restored by the addition of pro-
temine sulfate in vitro, The amount of protamine needed to restore
the coagulability in vitro, after one hour,

was rather constant in

normals,
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It was then found, that in thromvocytopenic purpura (43) and
in otker conditions (159 ) (X=-irradiation (151), nitrogen mustard
therapy (151,152), aminopterin administration (153), certain blood
dyscrasias (154) and lately in cases of menorrhagia (155,156) and
post partum bleeding (l572)more protamine was required to restore the
coaculability to normal under the conditions of the test, or, in other
words, that the heparin-protamine equivalent had increased, This, then,
was interpreted, first as hyperheparinemia, later as evidence of the
presence of heparin-like substances in the blood,

Recent publications in the literature do not confirm the concept
of hyperheparinemia in these conditions,

Radiaticn® Cronkite (166) showed that in vitro additior of

toluidine blue to the blood of some of the swine, exposed to atomic
rediation, restored their prolonged clotting times to normal, The pro=-
longed clotting time was due to the presence of an anticoagulant, but
the clotting time was not prolonged in all animals, The main defects
after atomic radiation were thrombocytopenia, vascular damage and bowel
ulcerations, not a bleeding tendency, Increzsed fibrinolysis was
probably present, If bleeding occurred, the animals died, He con-
cluded, that hyperheparinemia might be present in some cases, but that
there was no actual proof of this, because heparin had not been isoleted
chemically from the blood,

Holden (167) found hypothromboplastinemia, but no incre.se in
clotting time, in irradiated dogs. In chicks (168) there was only a
slight prolongation of the clotting time after internal radiation
with P32, 1In man, {170) slightly prolonged prothrombin times, fibrin
times and clotting times have been observed after chronic X-ray

exposure,

Recently bacterial invasion from the gut (169 ) has been called
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responsible for blood incoagulability and death after irradiation,
Rosenthal (133) showed in rabbits, that toluidine blue in vitro
prolonged the clottinz times of these animals, These results do not
confiru the concept of hypef-heparinemia as a constant phenomenon
nor us a cause for the coggulation defect, although in some cases the

suggestion is very strong, In blood dyscrasias in man, Best and

Linarzi (171), using Allen's titration method, showed a variability
of the test in normals, and a significant increase in the protamine-
heparin equivalent in only some of the pathological cases (leucemia),

Conley (19,149 ) investizated several cases of blood dyscrasias
with a special technigue, using siliconed tubes, and could noi
demorstrate the presence of even small amounts of heparin in these
cases, and in only three cases tbe presence of a circulating anti-
coagulant, which'was not heparin,

Park and al, {165) used a heparin-toluidine blue titration method
in thrombocytopenic purpura and found no differences from normal blood,
Rosenthal (36,37) found no evidence of hyperheparinemia in 8 cases
of blood dyscrasias, with the toluidine blue titration method,

Thus, in blood dyscrasias several observations do not confirm
the copcept of hyperheparinemia as the explanation of the coagulation
defect, The increased sensitivity of thrombocytopenic blood %o

added heparin has been mentioned in chapter II,

Sroup 3¢ An increased protumine titration was reported by Allen in
menorrhagia, in 80 out of 106 cases during profuse menstruation, (156)
accompanied by an increased clotting time in 62 cases. But 16 out

of 58 normal women showed an increased protamine titration during or

between menses, and an increased clotting time in 27 oui of 58 cases
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It seems, therefore thut the ranze of normal variation, which
Allen used, was tco narrow, and that many of the menorrhagic
puatients would have fallen into the true normal variation,

Barnes (172) reported, that in dicumarolized and heparinized
patients no hypermenorrhoea occurred, and thut in blood dyscrasias
few patients showed menorrhagia, which, when it occurred, could

be attributed to pelvic disease,

Group 43 Schilling and DeNatale (145) have deumonstrated the
occurrence of decreased blood coagulability following vascular
occlusion (myocardial infarct, thrombosis and embolism), and in

sorne other conditions by using prothrombin times on 100% and 12,5%
diluted plasma, The anticoagulant responsible for the hypo-
coagulability was not identified, but it did noi appear to be
heparin, The occurrence of a hypocoagulable state after a hyper-
coaguluble period was also observed in some cases after delivery and
operation (174), using a silicone technique, These findings are of
interest, because they resemble the phenomenon observed after the

intravenous injection of clot accelerating material (173),

Group 5% Waters, llarkowitz and Jaques (4,128) demonstrated the
opresence of hyperheparinemia in dogs after anaphylactic or peptone

shock by use of the protamine titration test and by chemical puri-
fication, They proved that hyperhoparinemia existed in these

conditions, Other substances, injected into dogs, which caused (175,176)
release of histamine from the dogs' liver, also caused decreased
coagulability, probably in part due to hyperheparinemia, It is
interesting to note that the dog is a useful animal, in contrast

to other species, for the demouwstration of hyperheparinenia,
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. E—_—

Intravenous therapy with_grotaminq_qglfate and toluidine blue *

This has been advocated by Allen (2,43,58,155,156,157) in
hemorrhagic conditions due to irradiation, nitrogzen mustard ﬁherapy,
aminopterin administration, menorrhagia and blood dyscrasias,
Protamine sulfate or toluidine blue reduced the bleedinz teudency,
sometimes shortened the clotting time, and restored the increased
protamine titration, towards normal, The latter effect, however,
cannot be taken as proof of the restoration of the clotting defect
to normal, because it may be the effect noted after adding more
protamine to the tubes in the protamine-titration test,

Holoubex (177) found occasional effect on bleeding tendency,
Park and al, {165), Dreskin (26) and Conley (19) found this therapy
of no use in blood dyscrasias, Conley observed a prolongation of the
clotting time in two patients with leukemiu ufter intravenous
administration o5 these substances, Allen later reported that in
idiopathic thrombocytopenia splenectouy was the treatment of choice,

Protamine sulfate diminished the number of petechiae which
developed in experiuentally produced thrombocytopenic purvura in
animals (117) and this may sugges: that it exerts its influence on

a capillary defect,
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CHAPTER V.,

Methods

1) Preparatioan of solutions

The hepurin used was obtained from the Connaught Lzboratories,
Toronto, Canada, This preparation contains approximately 100
nigm, of heparin per 10 cec, The heparin is in.the form of the
sodiwn salt, As a preservative 0,3% tricresol is added,

For convenience, 1 mgm, of heparin per 0,1 cc. heparin
Conngught was taken as the standard for the investigations,

The protamine sulfate was ouvtained through the courtesy of the
Connaught Laboratories in Toronto, Canada, in the form of a dry
powder, It was kept in =z desiccator, {Instead of protamine sulfats
the word "protamine" is sometimes used, )

Dry materials were weighed on a micro scale,
Fluids were measured with standardized micropipettes,
Solutions were made up in volumetric flasks, and kept at 4° C,,

when not in use,

Solutions used are mentioned in Table Il on next page,



Date of
Preparation ¢

1)

August 9#48

August 13/48

September/48
made up in
snall anmts,

as needed,

August 9/48

8) august 13/48

9) September 17
1948

10) June 4/49

11) July, 1949

12) September
16,1949

13) November,
1949

14) June 7,/49

15) September

23/49

. s @ SO DD v

(33)

Abbreviation s

TABLE

Wy = -0

Conteadins s

Saline

Hep, Conn,

Py

P2

Pyg

3A5

P2 di1,

Strength ¢

-8 W e W -~

0,9 grams of sodium chloride U,S,P,

per 100 ce,
Taken from Baxter vacoliter bottles,‘
labelled "normal saline”,

Heparin Connaught.
Contains 100 wmgm, heparin in 10 cc,
+0,3% tricresol,

L —— A S

5 ¢cc, Hep, Conmnaught in 50 cc, saline
25 mgm, Heparin Connaught in

250 cc, saline |

as H3 | E

4 cc, Hy + 6 ¢cc, saline

100 mgm, protumine sulfate t+
0,1 cc, cresolisomers in 100 cc,
saline

25 mgm, protamine silifate + 0,25
cc, cresolisomers in 250 cc, saline

as P3

50 mgm, protamine sulfate in 50 cc,
distilled water (slight heating in-
creases the solubility of protamine

sulfate).

As BAZ

" =dO=

lccP

A2 + 9 c¢c, saline

- 0,2 cc, T=1824 (» Evans blue) in

100 cc, saline

B2 o
.

0,9% saline

1 mgn, heparin

(&)

in 0,1 cc,

100 gamma
hepuarin in

? 0.1 cec,

. 10 gamma

heparin in
0.1 cc,

-do-
4 gamma heparin

in 0,1 cec,

100 gamma pro=
tamine sulfate
in 0.1 cc,
10 gamma pro-
tamine sulfate
in 0,1 cc,

-d o=

100 gamma pro-
tumine sulfate
in 0,1 cc,

-d Q=

' 10 gamma pro=
| tamine sulfate
'in 0,1 cc,

% 1 pgamma dye
i in 0,1 cc,
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(Te1824 contains 5 mem, dye in'1l cc, fluid,
.2 cc, T-1824 contains 1 mgm, dye,
T-1824 used, was Warner's, lot 11, )

2) Cleuning of clagsswarse :

The tubes were cleaned with soap and water and all traces of
blood were carefully removed, The tubes were put in bichromate-
sulfuric acid for 24 hours, and then were rinsed with hot tap water
until the rinsing fluid was colourless, They were then rinsed 10
times with hot tap water and 5 times with distilled water and dried
in an oven,

Pipettes were cleaned, put overnight into acid, well rinsed
with hot tap water and distilled water, and dried in an oven,

Syringes and needles were rinsed immediately after use, before
clotting_could tadeplace, They were carefully checked for traces

of blood,

3) Siliconing of needles and syringes :

Jaques' method (13,14) was used, Syringes were treated with
silicone, rinsed ten times with distilled water to which a few
drops of liquid ammonia were added, and then were rinsed three times
witn hot tap water and thiree times with distilled water, They
were dried in the oven and autosclaved,

Needles were treated with silicone, then with the dilute am=
moania water, with hot tap water, distilled water, dried in the

oven and autoclaved,

4) Clotting tests *

A) Technique of protamine-heparin titration (Jaques' method),

- S

a) Estimation of the equivalent between protamine and heparin
The blood was obtained from donors at the blood bank, After

removal of the needle from the vacuun Jottle, 5 to 10 ¢c, of blood



(35)

was gollected in a free flow in a large testtube, and with a

5 cc, pipette portions of 0,5 cc, of blood Werse p;aced from

rizht to left into a series of testtubes of 1l mm, internal
diemeter, containinc increusing amounts of protamine sulfate and
a4 standard amount of heparin in 0,5 cc, of saline, The protamine
and heparin solutions were measured frqm calibrated burettes and
the saline was pipetted into the tubes,

The stopwatch was started as soon as the blood was added to
the tubes, which were then corked, The coatents of the tubes were
well mixed, but care was taken that the blood did not touch the
cork, The tubes were then placed into a waterbath at 37°C. and
were tilted at 30 second intervals until the blood was clotted.

It was cousidered the endpoint when the tube could be inverted
180° without the blood spilling, In cases in which there was a
marked heparin excess this criterion could not always be maintained,
as only partial clot formation ftook place in some cases, This was
mentioned in the reports of the clotting tests,

In some instances the blood was obtained by venapuncture with
a 20 gauze needle and a 10 cc, syringe, After removal of the
needle the blood wgs put into a large testtube and the remainder
of the test was performed as above,

Any modifications of this technique are mentioned in the

reports, b) The seme techniue, without in vitro additior of heparin
wes used to determine heparin level in a given blood sample,

B) Technigue of the heparine-protamins test of Allen?

a) Blood was obtained by clean venapuncture, with slight stasis,
with a siliconed 20 gauge needle and 2 siliconed syringes of 10
and 20 cc,  Blood from the second siliconed syringe was put into

a clean large testtube, marked at the 10.1 cc. level and containing
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0,1 cc (= 1 mgm,) of Heparin Connaught, The tube was stoppered
and the contents mixed by inverting the tube several times, As
$00:1 as possible, but always within 45 minutes, tie following

test was verformed, The tube was inverted 10 times to mix the
contents, and with a 5 cc, pipette one cec, of heparinized blood
was measured into each of 6 test tubes of 11 mm, internal diameter,

containing 0,10, 0,12, 0,14, 0,16, 0,18 and 0,20 cc, of a

protamine solution (PA l—f)' These test tuves were covered with
P

waxed paper, inverted 10 times, corked and left at room temperzture,

They were inspected for clotting after 60 minutes, 120 minutes and
24 hours, The'stopwatch was started as soon as the blood was put
into the tubes, The tubes were filled from left to right,

(Each tube contained 1 cc, blood plus 99 gamma of heparin (1000
gamna/10,1 » 99 gamma) and increasiﬁg amounts of protamine, ranging
from 100 to 200 gamma in 0,1 cc, of distilled water, For the sake
of convenience each tube was considered to contain 100 gamma of
heparin),

Variations in the tecanigue ¢

-

b) In some tests the tubes were inspected for coagulation after
15, 30, 45, 60, 120 minutes and 24 hours,

¢) In a number of instances a second test was performed and the
tubes with the heparin-protamine blood mixture were placed in a

waterbath at 37°C, These tubes were tilted every 30 seconds until

total clot formation took place. If only partial clot formation
tcok place this was indicated .y the letters P,C,

@) In a nunber of cases a third test was perforwed, The venous

blood was transferred from a siliconed syringe into a large test
tube (containing 0,2 cc, (a 2 mg,) of heparin Connauzht) to the

10,1 cc. level, After mixing, 0,5 cc., of the heparinized blood

was pipeited into each of a series of small test tubes of 1]
mm,
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intern.? dianeter, containing 0,10 to 0,20 cc, of a protamine
sglutign (P, to PAS) to which normal saline was added up to

0.5 cc, The tubes were covered with waxed paper, inverted ten
tines to obtuin proper mixing, corked, put in a waterbath at 37°C
and invesuiizated for clotting at 30 second intervals,

(Zach of these tubes contained 0,5 ce. blood plus 99 gamma of
heparin and 100 to 200 gamma of protamine in 0,5 cc. saline, Fbr
the suke of convenience the amount of heparin in each tube was

considered to be 100 gamma, )

C) Technigue of the protamine test ?

A clean venapuncture was performed (with slight stasis),
using a siliconed 20 gauge needle and a siliconed 10 cc, syringe,
As soon as the blood appeared in the syringe the tourniquet was
released, 5 ce, of blood was drawn, after which the syringe was
changed for a second siliconed 10 cc. syringe, into which 8 ce,
of blood was drawn, These blood saples were used for other
coa ulction tests., Then a third, non-coated, 20 cc, glass syringe was
attached to the needle and another 20 ce, of blood was drawn, which
was used for several tests, 10 cc, of the blood in the third syringe
was poured into a large test tube and with a 5 cc, pipette 0,5 cec.
portions were rapidly transferred into a series of test tubes of 11
mm, internal diameter (containing increasing amounts of protamine
sulfate in saline (see below), and 1 cc, of blood was put into an
erpty 11 mm, test tube, The stopwalch was started as soon as the
blood appeared in the first siliconed syringe. The contents of the
tubes were well mixed, bui care was taken that the blood did not
touch the corks, with which the tubes were stoppered, The tubes

were then placed in a waterbath at 37°C, and were tilted, after

6 minutes, at 30 second intervals until the blood was clotted
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It was considered the endpoint when the tube could be inverted
without the blood spilling, In the tubes containing large amounts
of protamine, ia which the clotting time was markedly prolonged
under pathological circumstances (gee tests ), only partial clot
formution took place‘in cowe cases, This was mentioned in the
reports of the tests, The tubes were filled from right to left,
The protamine sulfate solution and the sgline were measured in the

tubes with standardized, calibrated 1 cc, pipettes,

The tubes contained

Protamine sulfate cc. : O 0 2 4 5 8 10 12 16
Saline ce. - 0.50 0,48 0,46 0,44 0,42 0,40 0,38 0,34
Blood ce, ¢ l.- 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5

D AP UPG A BB W A D GBS WD - -

D) One Stage Prothrombin time determination ?

4,5cc of the blood in the first syringe was put into & centri-
fuge tube containing 0,5 cc, of a 0,1 Molar sodium oxalate solution,

The oxalated blood was used for the prothrombin time determination,

The blood was centrifuged at 1,500 revolutions per minute for five
minutes and the plasma removed, Two serologic tubes, each con-
taining 0,1 cc, of the stored frozen thromboplastin extract (Difco),
werz warned in a water bath at 37,5°C, for ten minutes, 0,1 cc,

of the plasma to be tested was added and the tubes were returned

to the water bath for thirty to sixty seconds, Xxactly 0,1 cec,

of an 0,025 Molar calcium chloride solution was drawn into a
tuberculin syringe through a 20=-gauge hypodermic needle, The
solution was squirted from the syringe into the thromboplastin-

plasma mixture, and a stopwatch was started simultaneously, A

wooden applicator vas plunged rhythmically into the mixture and
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observed through the wall of the vaterbath to note the moment of
adheslon of the clot to the applicator., When the first clot
appecred, the watch was stopped., All determin tions were done

in duplicate, and closely agreein. values were averaged,

E) Control cloitting: time ¢

One cc, of the blood, obtained from the second syringe, was
put into each of two test tubes of 11 mm, internal diameter,
The tubes were pi.aced in a waterbath at 37°C and, afier 6 minutes,
vore tilted every 2 minutes until the tube could be inverted
without spillinz the blood, .The longest clotting time was taken

as the control clotting time, Normal range ¢ 20-26 minutes,

F) Heparin clotting time $

Blood from the second syringe was put into each of two
clean test tubes of 11 mw, internal diameter to the 1,1 cc, mark,
Each tube already contained 4 gamma of heparin in 0,1 cc, saline,
The tubes were placed in the waterbath at 37°C, and after 15
minutes were tilted every minute until clot formation took place,

G) bedside techrique for proihrombin time determinetion:

0,1 cc, of rabbit brain extract was placed in a watich glass,
One cc, of venous blood was added, and simultaneously the stop=-
watch was started, The blood and the extract were mixed with a
needle, which was then rhythmicelly lifted from the blood, As
soon as a thread was visible the watch was stopped, and this was

taken as the prothrombin time, (normal velues ¢+ 18 to 20 seconds),
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JHETER VI

Experimental Work,

Experinent number 1:

Oojecvive of experiment: to dctermine the heparin-protamine

- e ® WmaEm

e,uivalent between H2 and P2.

Te h ‘¢ Jagues' method of heparinprokumine titration was used, as

S t— - -

descriced at page 34, with the exception that this test was performed

ot room tennerature,

Solutions -« Hy, containing 100 gamme of heparin in 0,1 cc, of saline,
end P,, containing 100 gemma of protamige in 0,1 cec, of saline,
nesults ¢« see Table III, and figure 1 A,

Corurert + Each curve shows a Veshape, with a sharp angle between the
two limbs, 'ith increasirg amounts of protamine in the tubes, the
clotting time decreases until it reaches a minimum at the angle of the
curve, and then increzses again (right limb of the curve), This is
interpreted in such a way that at the angle of the curve, where the
clotting time is shortest and equals the clotting: time in the control
tube (without heparin or protamine), heparin or protamiie exerts no
influence on the clottinyg time, At that point, the anticoagulant
effect of heparin is completely neutralized by protamine, In the
tubes, containirng smaller amounts of protamine, the clotting time is
prolonged due to the anticoagulunt effect of heparin, and inthe tubes
cortaining larger amounts of protamine, the clotting time i: prolonged
due tc the anticocagulant effect of protamine, which is a much wesker

anticoagulant than heparin, The point of the angle of the curve is

called the equivalence point, because the protamine effect equals the

heperin effect on the clotting time,

Thus, in this test, 140 gamma of protamine equals 100 gamma of
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henurin, The ratio, or equivalent, between heparin and protamine

is 100/140,

Thus : Heparin/protami-ex 100/140,

or  Hy/P, = 10:/140

TABLE III

The ratio is constant in this test,

Eech tube contains 100 gamma heparin + 0,5 cc, saline 4

0,5 cc, blood, plug *

’ Control,

Protamine O.5cc, Saline +
gemme/tube 120 140 160 180 200 | 0.5 cc. blood,
DCUCRS ¢ CLOTTING TILES (min) at R, [, |

A » 30 12 135 16 17 103

B y 25 9 10 105 12 T

C > 25 9 14 13 21 11

D > 19 %= 8 8 115 bk

E > 20 39% 13 13 14% 10

F > 20 15 18% 22 18% 145




Experimeny nunber 2 :

Objective of Q;peri§g§33 to deterwine the heparin-protamine

equivalent between H. and P

3 3°

Techinique + is described on pa_e 34, (Jagues' method),

SoiLiiors e H3, containirg 10 gam .a of heparin in 0,1 cc, saline,

und P3, containirg 10 gamma of protamine in O,l cc, saline,

Results *+ are shown in Table IV and figure 1E,

Comrent ¢ In this test much weaker heparin and protamine solutions
are used than in the first experiment, The clotting times are
deterrined ir a constant waterbath at 37°C. The heparin-
protemine equivalent under the circumstances of the experiment

is not constant in the seven tests performed, In one instance

the equivalent is 10/10, in two instances it is 10/14 and in the
remaining 4 tests it is 10/12, The variation is probably due to
technical errors (see experiment 3), To find the heparin-protamine
equivalent for two given solutions, it is necessary to perform a
series of heparin-protamine equivalence tests, The equivzlent
between H3 and P3 is taken as 10/12, because this result is obtained

in the majority of the tesis,
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TABLE IV

Each tube contuins 10 gamme heparin + 0,5 cc,
salire + 0,5 cc, blood, plus:

Control,

Prot:mine 0.5 ce,saline
gamma/t ube 8 10 12 14 16 18 0.5 cc. blood,
DONORS * CLOTTING TIME (min) at 37°C,

16 9% 6 & T T T

B 22 5% 4 4 4y 4 43

C 19 1 &6 & 1% 9 6z

D 13 4 3 ¥} 4 3% 3%

E 15 5 6 6 6 - 6

F 10 62 3% 4 4 4 4

G & % % 3 3% 4 3

W B A M-I R W
-
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Exveriment number 3

Objective of experiment ! to determine the range of variation in

the determination of clotting times ir a series of tubes corteining
eyuul amounts of saline and blood (Table V a), end equal amounts
ol a hevarin-protamine mixture in saline and blood (Table V b).

Technique + is described on page 34, (Jaques' method for heparin-

protamine titration,)

Solutions H3, containing 10 gamma of heparin in 0,1l cc, of saline,
and P3, containing 10 gemma of protamine in 0,1 cc, of saline,
Results * are shown in Tables Va and Vb,

Comrert ¢ In Table V a the greatest difference between minimum and
maximum clotting time in a series of 5 tubes is lf minutes, and in
table V b the greatest difference is 24 minutes, This series is
t00 emall for statistical analysis, It can be seen, that there

is a considerable degree of variation between serial estimations

of clottin: times under standard conditions, due to technical
errors (measuring of fluids, mixing, estimation of endpoints, etec,).
The range is greater when heparin-protamine solutions are used,
(table V b) than when saline is used (table V a), supposedly due

to the fact that the chances of meking errors in measurement of
heparin and protamine solutions are more numerous,

In the determination of the equivalence point in protamine=

heparin titratiors the above demonstrated variability has to be

taken into account,
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TABILE V a

Each tube contuins 0,5 ce, selirne + 0,5 cc, blood,

Tubes ¢ 1 2 _3 4 5
DONORS ¢  CLOTTING TILES (Min,) at 37°C. RANGE (min)
— e o in tubes 1 to 5
A & 8 71 8 1
B 45 4 4 4 4 3+ .
C ¥ 4 4 4 0% i
D 5 &k 6 5 6 14
E 6 5 6 6 6 1
TABLE V b
Tube « 1 2 3 4 5 6
Each tube contains 10 gamme heparin + 12 gamma contains ‘
protamine in 0,5 cc, saline 4+ 0,5 cc, blood, 0.5 cc, saline *
0,5 cc, blood,
DONORS ¢  CLOTTING TI.ES (min,) at 37°C, Range
(min, )
in tubes
1l to 5
A 5 5% & T 5% 2 21
B 5t 6% 55 T+ T+ 4} 2
c % & & 5 4} 63 )

o
&
\‘J
S
o
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e
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Experinent number 4 :

Objective of experiment ¢ to determine the heparin=protamine

equivalent ketween H3 and P

3°

Technique used: as described on page 34 (Jaques' method),

Solutions used * H3y, containing 10 gamma of heparin in 0,1 cc. of

‘alire, end Py, containing 10 gamma of protamine in O,1 cc, of saline,
Results ¢+ are shown in Table VI and in figure 1C,

Comient ¢ In this experiment the difference between the amoupts of
protamine ir the tubes in g¢reater than in experiment numbver 2,

as a result the differencg between the clotting times in the
different tubes increases, The angle of the curve becomes sharp,
end the e uivelent between heparin gnd protamine is easier tc¢ read,
It is in 4 out of 5 instances 10/12, The heparin-protamine ratio
can therefore be assumed to be 10/12, Thus, when the difference
Letween the amounts of protamine in the tubes is greater, the
heparir-protamine ratio is easier ito read, due tc¢ the formution of
e. sharp angle in the curve, The conclusion cannot be drawn that
the ratio under those circumstances is more sharply defined, s it

is uncertain from this test, whether it is 10/10, 10/12 or 10/14,
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TABLE VI

Each tube contains 10 gumw of heparin + 0,5 cc,

sa.ine ¥+ 0,5 cc, hklood, plus s Cont;'ol
Pro*eamine 0.5 ce, saline+
camme/tube 8 12 ‘ 20 0,5 cc, blood
DONORS ¢ C.T. (min,) at 37°C,

A 17 o 6z by

B 18 3% b 5%

G 12 5 5% 4y

D 18 T 6 5

. 2 4 4 %
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Lxveriment nw:her §:

Objective of experiment: to determine the heparin-protumine ratio

betveen H3 and P3 in duplicate estimations on the same blood samples,

Technigue ! us described on page 34, (Jaques' method),

Solutions ¢ Hy, containing 10 gamma of heparin in 0,1 cc, of saline
end P3, cortaining 10 gamma of protamine in 0,1 cc, of saline,
Results ¢ are shown in Table VII,

Corurent ¢ Duplicate estimations in this test give rather satisfactory
results, with this restriction, that when heparin is markedly in
excess, duplicate estimations do not show close agreement,

The H3/P3 ratio is again 10/12,

TADLE VIX :
|
Each tube contains 10 gamma of heparin +~ 0,5 cc, ;
saline + 0,5 cc, blood, plus? antrolg
Prot:mine " 0,5 cc, szline +
Gem:a/tube 5 8 12 20 0,5 cc, blood
DONORS ¢ CLOTTILG TILES (min) at 37°C.
A 33 19 4 5 4
>48 19 4 5 -

B »33 17 E:S 4 4
33 33 4 5

c 21 105 4 43 4
>21 100 4} i3 -
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Exnerinent number 6 :

Objective of experiment :

to cowpare the heparin-protamine equivalent,

using different amounts of heparin in each tube,

Techrigue: as descrited on page 34, (Jaques' method),

Solutions ¢ H3, containing 10 gamma of heparin in 0,1 cc., of sa;ine,
end P3 rnd P,, each containing 10 gamme of protamine in 0,1 cc. of
saline,

results ¢+ see Table VIII and figure 2,

Conzent ¢ The equivalent between H3 and Py, seems to be 2/3.

The equivalents between Hy and Py seem to be 5/6, 10/12 and 20/24,

Ir other words the heparin-protamine ratio, under constant conditions,
is constant, 2 gamma of heparin added to 0,5 cc. blood can be

demonstrated in this way,
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TABIE VIII

Each tube contains 2 gamma heparin +0.5 cc,

i Control +
saline ¥ 0,5 cc. blood, plus (H3 and
’ Pz used.)
Protamine 0.5 cc
: y ] o) *
“eni.o,/tube * 1 2 3 4 seline +
0.5 cc.
blood
DONOR : CLOTTING TIME (Min) at 37°C.

a 6 & % 4

5 13 12 1 7
C 1% 9% 8 (£

¥

-~

Each tube contains 5 gamma heparin+0,5 cc,
saline +0,5 cc, blood, plus

Control (H3 and Py
used?)

Protamine 0., 5cc saline +
camma/tube, 4 6 8 0,5 cc, blood
DONOR * CLOTTINC TIME (lin) at 37°C.
D >15 6 8 6
£ 13 & g 5%
3
F 10 2 6% (63
Zeeh tube contains 10 gamma heparin + 0,5 cc, Control
saline * 0,5 cc, blood, plus: (H3 and P
used,

Protamine 0.5 cc.
gamma,/tube 8 12 20 seline +

0.5 cc.

blood,
DONOR * CLOTTING TIME (Min) at 37°C,
G 175 4 6%

H 18 3 4

1
K 12 5 5t

4
5%
&k
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Teble VIII cont'd,

Each tube contains 20 gamma heparin+0,5 cc,

saline 4 0,5 cc, blood, plus Control (H and P
useé )
Protumine 0.5 cc.
gama/tube 20 24 28 32 saline +
0.5 cc,
blood,
DONOR ¢ CLOTTING TIME (Min), et 37°C,
L 1% 8 8 - 6
X 4 6 8 8% 6%
M E 5 6 5 54
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Experirent number 7

Objective of experiment ¢ establishment and comparison of heparin-

protamine equivalents, using different solutions of heparin and

protamine,

Lfechnique ¢ as described on page 34 (Jaques' method), One test

was carried out with siliconed needles, syringes and pipettes and
the clotting times were estimated in siliconed test tubes,

Solutions ¢ H3 and H4, each containing 10 gemua of heparin in 0,1

cc. of salire, and P3, P,, PAZ dil, and‘P6, each containing 10
gamma of protamine in 0,1 cc, of saline,

Results + see Table IX,

Com: ent * H3/P3 = 10/12 in most of the tests,

H3/P4 = 10/12, The use of silicone technique, in one
instance, does not alter the equivalent, The difference between
the clotting times in the tubes is greater, when silicone technique
is used,

Hy/P, = 10/12,
Hy/Ppp 411, = 10/12.
Hy/Pg = 10/12 in 3 instances, and = 10/14 in 2 instances. Here the
equivalent is probably somewhere betiween 12 and 14 gamma protamine
for every 10 gamma of heparin,

In general it may ve said that the heparin-protamine

equivalent under the conditibns of the test is rather constant with

the use of different solutions of the same strength, There is

no difference observed in heparin-protamine equivalent between

blood specimen.s taken from males or females in these experiments
L]
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(M= Male
TABIE IX (Ij- Fenale,
Each tube contains 10 gamma heparin+0,5 ce,
saline + 0,5 cc, blood, plus? Control, !
Protamine 0.5 cc, |
gemma,/tube 8 10 12 14 16 18 ga.:;il:z + g;llauiizgisind
blood
DONORS CLOTTING TIKES (Min) at 37°c.
A 16r 927 6 & T %7 Hy/P, =
B 22 5% 4 a4 4 4 4 10/12
c 9 1B 6 & 9 6%
D B34 3 % 4 F %
> 15 & 6 6 6 - 6
F -0 63 B 4 4 4 4
6 & % % 3 % 4 3
Venapuncture blood;
H - 4 x % 2 - 3 Hy/ Py =
K - 12 6 6 8 - 6% 10/12
B.F. (F) 48 17 12 15 15 - 13 Hy / Py =
Bgi ;mgumsl %90 46 36 46 44 - 28 16/ 2
Mrs, M, (F) 29 10y 10 11 11F - 11 H4/PA2 dil, =
Mrs. S, (F) 30 13 12 12 16 - 11 1¢/12
Dr. R, (i) 24y 10F 95 12 1¥ - 9%
X (F) % & & & 14 6 Hy/Pg =
F.S. (F) 720 16k 13 15 14 18 13 10/12 (3x)
N.L, (F) % 30 194 16 18 18 18 1 10/14 (2x)
M.H, (F) y2l 4 15 14 15 15 o
N. (F) 18 13 14 13 14 15 14

T E s W
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Experimeng;number_gz

Objective of exveriment: to investizate the influence of the

dye T-1824 on the heparin-protumine equivalemt,

Technique : ~s descriied on puge 34 (Jaques' method),

Solutions ¢ H3, containing 10 gamma of heparin'in 0,1 cc, of saline,
Py, conteining 10 gamma of protamine in 0,1 cc. of saline, and D,
containing 1 -amma of dye (T-1824) in 9,1 cc., of saline,

™~

Jesu'is ¢+ see tables X a and b, and figure 1 D,

Commaent ¢ The heparin-protamine equivalent for H, and Py is lQ/12.

3
(table X a), After ad.ition of the dye solution the equivalent has

changed to 10/14, (table X b, and figure 1 D),
addztion of 0,1 cc, of D] has little influence on the clotting time,

compared with a control tube (table X b),
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TALIE X a

Each tube contains 10 gamma heparin +0,5 cec.
saline +0,5 cc, blood, plus?

Control,

Protamine 0.5 cc, salinet
gamna/tube * 8 10 12 14 16 0,5 cc. blood,
DONORS * CLOTIING TL.Es (Min) at 37°C.

A A S S 5%

B ¢ B % 6 % o

¢( venap. ) 11 8 % 5% 6 5%

TABLE X b

Eech tube contains 10 gamma heparin+ 0,4 cc,
gzline 4+ 0,1 cc, D1 + 0,5 cec, blood, plus ¢

Control
Control +-dye

Protamine 0,5 ce. 0,4 cc.
gariva/tube 8 10 12 14 16 saline+ saline &
0.5 0.5 ce.
cc, blood Dblood+
0.1 ¢ c.
- _ ‘ By
DO:'ORS CLOTTING TILES (Min,) at 37°C,
D 22 9% & 3 3 % 3
E 25 13 8 5% 5 4 5
C (Venap,) %25 11 7 2 6% &% 5
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Exgeriment nunber 2:

Objective of experiment: to investizate the hepurin-protamine equiva=-

lent in receslcified dextrose-~citrate blood,

Technique ! as described on page 34 (ngues' method), The dextrose-
citrate blood was measured with a 5 cc, pipetts in the tubes containing
the heparin-protamine-calcium chlor;de mixtures and the clottiné times
were determined in the usual manner,

Solutions ¢ H3, containing 10 gamma of hgparip in 0,1 c¢c, of saline,
Py, containir; 10 gamma of protumine in 0,1 cc, of saline,

1% CaCl, solution, and dextrgse-citrate blood from Baxter vacoliters,
‘Baxter vacoliters contain 2,3 grams of dextrose, and 1,7 grams of
sodium citrate per 100 cc., buffered with a sodium phosphate mixture,
according to the }McGill formula), \

Results ¢ see tables XI a and b, and figure 1 D,

Ccorment ¢+ The heparin-protamine equivalent in venous blood, to which
0.1 ce, of a 17 CaCl, solution is added in each tube, is 10/12, The
Ca012 solution in itself seems tc have no influence on the heparin-
protamine equivalent, nor on the clotiing time in this experiment,

In table XI b it is shown that the heparinfprotamine equivalent in
recalcified dextrose-citrate blood is 10/10, Thus the dextrose-

citrate mixture causes = shift of the equivalent,



TABILE XI a

Each tube containe 10 gamma heparin™ 0,4 cc, Control +
salines+ 0,1 cc, CaCl, 1% +0,5 cc blood, plus: Control Ca012
T oTT 0.5 cc, 0,4 cc,
Protamine saline4 saline +
zamma/tube 8 10 12 16 0.5 c¢, 0,1 c=,
blood,  CaCl, 17 +
0.5 c¢
e ' blood,
DONORS ¢ CIOTILNG TIMES (Min) at 379C,
A 13 105 6% T+ 6 6%
B 18 12} 1 (55 55 5%
TABLE XI b
Each tube contains 10 gamma heparin<+0,4 cc.
saline + 0,1 cc CaCl, 17 + 0,5 cc, dextrose-
citrate blood, pnlus s Control
0.4 cc,
Pr-tamine ' saline +
gamna/tube * 8 10 12 16 0.1 ce,
CaCl, 17 +
0.5 cc.
dextrose-
) citrate blood
CLOTTING TILES (min) at 379C,
Bottle 4793 10 6 6 5% 5
Bottle 4793 9 5 6 5k 5
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Experiment Number 103

- v - =

Objective of experiment : to estimate the heparin levels in the

blood by the heparin-protumine titration method of Jaques after
intravenous injection of 20 mgm, of heparin Connaught,

rechnique ° ses on page 35, (Jaques' method), No heparin was

added to the tubes,

Solutigg‘ P4, containing 10 gamma of protamine in 0,1 cc. of
saline,
Results < see Tlable XII and figure 3A,
Comment ¢ 1) The whole blood clotting times and the clotting times
in the tubes containing 0,5 cc, of saline and 0,5 cc, of venous
blood are prolonged after the heparin injection, but not much, The
whele tlocd clotting timz is shortened by the dilution with saline,
2) Trhe protamine titration test before the injection shows
a slight anticcasulant effect of protamine on the clotting time, In
the protamine titration tests after the heparin injection the control
clotting times are prolonged and there is an angle in the curve, thus
deamszrstrating the negtralizing effect of n»rotamine on the heparin
present in the blood, This angle is best demonstrated in the
titration curve 33 minutes after the heparin injection, the equivalent
being H/P; = x/2, Thus Hz 1,66 gamma of heparin per 0,5 cc. of
blood, or 3.3 gamaa per cc, of blood, The amount of heparin present
in the blood, 33 minutes after intravenous injeection of 20 mgm,
heparin Connaught, is therefore approximdtely 3.3 gamma, as cal-
culated by the heparin-protamine titration test, The protamine
titration tests carried out 15 and 60 minutes after the injection
also show a slight angle, but the differences in clotting times

are too small to be convincing evidence of protamine effect
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A rough calculation of the amount of heparin present in the
blood ajfter tl;le injection of 20 mgm, in a normal size man gives
20 mgm, distributed in a blood volume of 5000 ce, which is 2
concentration of 4 gamma of heparin per cc¢, of blood, The heparin
level found by the titration method is in rather good agreement with

tne calculated maximal concentration in the blood,

TABLE XII

Each tube contains 0.5 cc, saline *+

0.5 cc, blood, plusi ., __ Comtrol  _ Control
Protamine 0,5 cec. 1l cec.
gamaa/tube 2 4 6 8 10 12 16 saline + Blood,

0.5 cec,
L B blood n L
T

Sample CLOTTING TIMES (Min) at 37°C, '
Before 104 10F 11 12 12 13 12 8 12
in PO p—— BB W B A D w TS M ARt IR D MDD el i AT I Y D D P e——
15 min,
after inj, 9 10 10F 11 13 1 4 104 14
20 mgn,
heparin s ot e

| l
33 min, 8 10 10Fy 11 11 13 12 12 124
after -
inj,
60 min,
after 9 10 11 12 14 14 14 10 11

inj,

- R E & oo VIR il 57D . 0P S
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Experiment nuw.iber 11°:

an b g JF )

Objective of experimeat s to determine the heparin levels in the
titrutiom

blood by the heparin-protamine/".ethod of Jaques after the intravenous

injection of 50 m:m, of heparin Jonnaught,

Tecanique ¢+ as described on page 35,b, No heparin was added to the

tubes,

Lan N ]

Solution ¢ P,, containing 10 gumua of protamine in 0,1 cc, of saline,
Results ¢+ are shown in table »I.Il, and figure 3B,
Comuent ¢ 1) The titration curve befors the heparin isjection shows
an irrecu-arity due to a technical error,
2) After the heparin injection the titration curves show

a completely different character, The control clotting times are
nmarkedly prolonged, and in the tubes containing protamine there is
partial or total suppression of the heparin effect, It is however
difficult to estimate the heparin-protamine equivalent accurately,
because in none of the curves is there a sharp angle nresent, For
instance, in the curve 10 minutes after the injection it is hard to
decide whether to take the equivalent at 10 gamma or at 6 gamma of
protazine, In the curve taken 30 minutes after the injection it
seems feasible to take the equivalent at 3 gamma of protamine,
Calculated heparin levels in the blood are then as follows ¢ 10
minutes after injection? H/Py = x/10, H = 8,3 gamma in 0,5 cc, of
blood, Heparin level is 16,6 gamma per cc, Or, if H/P, = x/6 is
taken, the heparin level would be 10 gamma per cec,

30 minutes after injection? H/Py = x/8, H = 6,6 gamma per 0,5
cc, of blood, The heparin level would be 13,2 gamma per cc., of blood

60 and 135 minutes after the injection the differences in the
clotting times are still less pronounced and it becomes even nore

speculative to calculate heparin levels by this method, The control
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clotting times however are still markedly prolonged due to the
heparin effect, A rough calculation from the aduinistered dose of
heparin and blood volume shows that if 50 mgm, of heparin is dis-
tributed in approximately 5000 cc, of blood, the heparin level can
reach a axinuwn value of 10 gamma per cc, blood, This would
implicate that the heparin level of 16,6 gamma per cc., calculated
from the tilration method, is much too high and has to be discarded,
t is therefore feasible to take the heparin level 10 minutes after
the injection as 10 gamma per cc, Consequently the calcuiated level of
13,2 gamma of heparin 30 minutes ufter the injection is too high,

In conclusion it can be said, that, using the heparin-protamine
titration method, one is able to demonstrate a neutralizing effect
of the heparin by the protamine, that it is difficult and in some ine-
stances impossible to calculate accurate heparin levels by the method
used, and that the smallest amount shown was 3,3 gamma of heparin
per cc, Smaller amounts were not demonstrated and it is highly im-
probable, that they can be demonstrated by this method, These
conclusions concern the demonstration of intravenously administered
commercial heparin,

Irrezularities in the titration curves in this and in the
former experiment may be due to the fact, that the blood now contains
the anticoagulant, The pipetting of blood has to be done rather
fast, with a 5 cc, pipette,so that errors in pipetting the blood

influence the outcome of the test,
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Each tube contains 0,5 cc, saline +

0,5 ¢cc, blood, plus: o _Control Control
Protamine 0.5 cc,
gamma/tube ¢ 2 4 6 8 10 12 16  saline+: 1 cc,
0.5 cc, ! Dblood
blood
Sample ¢ CLOITING TILES (Min, ) at 379C.
Before
inj, 11 11 11 15 132 125 13% 9% 8
= ——— |
10 min, ]
after 25 133 108 10} 9 10 932 47 62
i'ﬂj s P. C. P. Co
30 min,
after 17 12y 13 & 9% 105 10z 33 52
inj. p.C,
60 min, |
after 2% 108 9% % 95 13% 10 32 - 36
inj,
135 min,
after 113 11} 14 14 12 14 12 12 163
injection

- I APTID- B el LAY I W e e BT U3

P,C, = Partial Clot
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Experiment nuuvber 123

Objective of experiment : to establish nomal values for the anti-

coagulant effect of protamine sulfate on blood coagulation in vitro,

Technique ¢ is described on page 37 (Protamine test),

Solution® Py, containing 10 gamma of protamine in 0,1 cc., of saline,
Results ¢ shown in tables XIV and XV, and in figure 4,

Comiuent ¢ from the figure it can be seen that 1) protamine sulfate
under the conditions of the test exerts an anticoagulant effect on the
in vitro clottigg time, The effect increases with increasing amounts
of the material, However, the curves flatten at the end, which nmay
oe explained by technical errors, (The blood in the tubes, containing
the lgrgest amount of protamine,is the blood that leavee the pipette
first, i1 is ofter observed in this test, =znd in other ccagulztion
tests, that wier tlecod is measured with a pipette or a syringe, the
clotting time in the tute, which receives the first sample of blood
from the pipette or from the syringe, shows an increesed rate of
ccagulation),

2) There is scre shorter-
ivg of the elottivy Liine in the tube contuining equal anmcunts of
saline and blood, cgmpared with the clotting time in the tube con-
tairing whole blood, This iq otserved in 12 out of 20 cases, The
difference is not significant, (It is less than 3 times the standard
error of the difference betweer the two means), (178),

The range and mean values of the clotting times in the tubes, containing
increasing amounts of protemine sulfate, zre deterrined, The

difference between the whole blood clotting time for blood taken

from males and females is not signi ficant, (it i« lees than 3 times the

standard error of the difference between the 2 meuns, )
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3) Individual curves sometimes show

irreculcrities, due to techunicul errors in the procedure of the

4) It can be seen from the scctter, that the
ror e of clotting times is¢ much wider in the tubes containing
grecter unounts of protumine sulfute thun in those which contairn
only swall wrounts of protamine sulfate, T[he lover limit of the
rance increases very litile with increusing amounts of protamine
sulfate, This may be explained by the fact that any shortening
in{luence on the clottin; time becomes more apparent in "prolorged"

clottins time methods,

The standerd error of the difference between the means of
whole tlecod clotting times for male and female blood is 0,73
minutes, The standard error of the difference between the nmeans
¢f the clotting times in whole blood and in a mixture of equal

amounts of saline and blood is 0,41l minutes,
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TABLE XIV

Protamine test ¢

Protamine ¢ = - 2 4 6 8 ‘10 12 16
( gemmra)
Saline cc, * - 0,50 0,48 0,46 0,44 0,42 0,40 0,38 0,34

Blood ec, ¢ 1,00 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50

NORMALS ¢ CLOTTING TIMES (Min,) et 379C. ¢

1 12 12 14 144 162 20k 36 19 20%
2 126 11 14 14 18 18% 22 20, 28

3 13 13 14 16 18 23 24 268 19%
4 104 7% ok 12 12 12 122 16 18

5 13 13 1% 4y 1% 1 1 22 20%
é 15 135 16 16 19 21 20 20} 21%
7 106 12 126 144 174 19 19 19 17%
8 13+ 1 1% 12 15 14 23 15 224
9 134 14 14 14 174 24 284 31 31

10 144 104 11 13 16 20 174 18 20

11 12 124 13 14+ 15 20 20 20 22

12 12 126 12k 15 17 23 23k 24k 24
13 15 14 16 17 206 21 23} 244 25k
14 94 104 114 13 144 163 18 18 19

15 12 10 100 124 14 16 184 194 22

16 13 11 11 14 158 164 18 16k 18k
17 13 12 15 13% 174 20 26 22k 21

18 8% 9 10 11 12 13 14 14 15

19 114 10 14 13 14 17 20 19 17

20 13 114 13 14 1% 16 233 16 23
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TABLE XV

Protamine test.

- e

Protamine
gamma ¢ - - 2 4 6 8 10 12 16
baline cc.: = 0,50 0,48 0,46 0,44 0,42 0,40 0,38 0.34
slood ec, 1,00 0,50 0,50 0,50 0,50 0,50 0.50 0,50 0, 50
20 Cases CLOTTING TIMES (Min) at 37°C,
Range ¢ 8~ T~ 9~ 11-  12- 1= 124~ 14 15-28
15 14 16 17 208 24 28F 2&%
Means ¢ Males: 12,25 11,45 12,65 13,53 16,03 18,32 20,86 19,80 21,36
St.Dev,
2.7 _— e
Females ¢ 12,67 11,67 13.17 14.50 16,67 18,67 18.50 20,90 24,00
St,Dev,
1. 38 - -—e
Males & 12,46 11,56 12,91 14,02 16,35 18,50 20,27 2C.15 21,65

Females S5t,Dev, St.
1.€8 Dev,

1,58

St.Dev, = standard deviation,



(67)

Experiment number 133

—

Obje ctive of experiment: to obtein normal values for the clotting

time prolonged by the addition of 4 gemma of heparin,

Technique ¢ described on page 39 F.

Solution: R-solution was used, containing 4 gamma of heparir in 0,1
ce, of ssline,
Results + see table XVI and figure 5,
Comment ¢ The normal range of the clotting times in this test is
rather wide, between 29 and 56 minutes, The mean values for men and
voren, and the general mean are calculated, The curve .ic skewed,
probably due to the effect of technicel errors, which, as expleined
befcre, have a tendency to shorten the clotting time,

The endpoint ir this test is difficult to determine, due to the
formation of a fibrin sheet at the air blood interface, A small
air bubble sometimes appears under the upper layer of clotted blood,
The endpoint is tsken, when this air bubble no longer moves on tiltin g

the tube,
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TABLE XVI
Heparin
( gamma) 4 4 4 4
saline cc, 0.10 0,10 0.10 0,10
Blood ecc, 1,00 1,00 1,00 1,00
CLOTTING TIME (Min.) at 37°C,
FEMALES MAIES *
1 40 38 1 30 27
2 38 36 2 44 40
3 31 31 3 39 43
4 35 33 4 36 34
5 32 36 5 48 42
6 43 - 6 37 36
7 3 29 l§ 40 39
8 33 36 8 51 -
9 34 34 9 34 32
10 46 40
11 39 -
12 32 32
Normel Renge: 29 = 56 = * -
Mean * F M General 14 35 40
351 31,5 36,9 S
16 32 31
17 29 32
18 56 52
19 32 41
20 56 49
2%y
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Experimnent number 14 ¢

Objective of experiuent: to establish normal values for Allen's

heparin=protamine titration te:st,

Technique ¢ described on pages 35, and 36, variation b,
Solutions + Heparin Connaught and 3A2,‘containing 100 gamma of
orotamine in 0,1 cc, of distilled water,

~esuits? are shown in table XVII and in figures 6A and 63,

Som:ecrt ¢ ‘'hen the first tests were done with .llen's method, it

wes noted that the blood in the tubes had clotted long before 60
minutes, Therefore, the tubes were inspected for clotting at

shorter intervals, It can be seen from figure 6A, that clotting

takes place first in the tube containing the largest amount of
protamine, and later in the tuctes containing smaller amounts of
protamine, One or two tubes, containing 100 and 120 gamma of pro-
tamine respectively, remain unclotted even after 24 hours, It can also
be seen, that the slope of the curves is not the same in all tests,
According to Allen's nethod, the "hsparin-protamine equivalents",

read at 60 minutes, are (see figure 6B):

Heparin/protamine = 100/120 in one case, and heparin/protzmine =
100/140 in 4 cases (ip figure 6B only one of each group is represented,
F= Fluid, C = clotted, The dotted line gives the 100/120 equivalent,
the drawn line the 100/140 equivalent),

But, it is obvious, that 1) inspection of the tubes at 60 minutes

does not give any information about the shortest clotting time in the

series, The shortest clotting time is less than 15 minutes and takes
place in the tube with 180 or 200 gamua of protamine,

2) the smallest amount of protamine that restores the coagulo-

bili%y of heparinized blood after 60 minutes, is not the smallest

amount of protamine which neutralizes the anticoagulant ef fect of
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heparin, The amount of protamine that neutralizes the effect of
heparin is approximately 180 to 200 jumia of protaiine,

3) Hence, the hepurin-protamine equivalent is not 100/120,
but 100/180 or 100/2.0, The equivalent cannot be reed accurate;y,
because the clotiinzy times are only followed at large intervals,

4) ‘het, tren, is the evaluation of an arbitrary reading
(at 60 minutes) of such o hepariun-protamine titrztion? It gives
in7ormation about the coagulability of the blood in a tube, containing
a certzin amount of protanine and an amount of heparin, which is
partiel:y neutr.lized by the protamine, In other words, it gives
information about ths magulability of the blood in a tube contaning

an excess of hepurin, If the whole heparin-protamine titration curve

were completed, i* cou_d be seen that the curves, pictured in figure

6A and 6B, form the left limbs of the V-shaped heparin-protamine
titration curves, The shape of the curve in Allen's test is not -like
but more U-like, due to certain peculiarities of the test,

5) Furthker observations are: the blood in the tubes is
semolyced, due to the dilutiorn with water, and probably also due to
the handlin; of the blood,

6) The clotting times are very short, Even at room
temperature, which has a prolonging effect on the clotting time, The
addi*ion of water has a shortening effect on the clotting time of
heparinized blood and also the handling of the blood wuy shorten the
clott ing tius,

7) The slope of the different curves in figure 6A varies,

50.that in one instance the "equivalent" at 60 minutes is read as

100/120 (see f:gure 6B) and in four instances as 100/140, There is

thus a certain variability possible, and a shift of lOQ/lQO to 100/140

is within the range of normal variation,
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In figures 54 and 6B some results with solution P,, are re-=

presented,

out, which showed the same pattern,

tests nresented in figure 6A are given,

Other tests with differeut solutions have been carried

In Table XVII the reports of the

WD AT et W 0 B bW W

TABLE XVII F = fluid blood
(1) C = clotted blood
Each tube contains 100 gamma heparin 4
S 1l cc, blood, nlus: e
Protamine
Gamma,/tube 100 120 140 160 180 200
15 Min, F F C C C C
30 " F C C C c C
45 F C C C C C
60 " F C C C C C
120 " F C C C c c
24 hrs, F C C C C C
(2)
Protamine 100 120 140 160 180 200
gamma/tube e
15 min, F F F C c c
30 *" F F F C C C
45 " F F C C c C
60 " F F C C C C
120 ". F C c c C c
24 hre, F C c c C o
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Each tube contains 100 gemma heparin + 1 cc,

blood, plus s

- " -~ E s 21 IR RE¥

. - P CR PR Bttt it i i A

Protamine
guma/tube i 100 120 140 160 180 200
Inspected 15 min, F F F F F C
for 30 ™ F F C c C C
cloiting 45 F F C C C C
at: 60 " F F C C C C
20 " F F C C C C
24 hrs, F F C C C c
(4)
Protamine 100 120 140 160 180 200
gamma/tube: _
Inspected 15 min, F F F F C C
for 30 " F F C C C C
clotiing 45 " F F C C C C
atd 60 " F F C C C C
120 " F F C C C C
24 hrs, F F C C C C
(5)
Prctamine
gamma/tube ¢ 100 120 140 160 180 200
Inspected 15 min, ‘Q;’.—'--‘“*“
for 30"
45

clotting 60

*®

F
F
C
C
C
24 hrs, C

I I I N
T T I R
Qo a o a =
Qa0 a a a o

O aQ o
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Experiment nrumber lﬂj

Obiective of experiment: to determine the influence of heparin

and dicumarol therapy on Allen's test, read at frequent intervals,

Technique ¢ described on pages 35 and 36, For the estimation of

the prothrombin times, the bedsicde technique was used, (p.39).

Solutiors + Heparin Connaught and Ppo, containing 100 gamma of

protamine irn 0,1 cc, of distilled water,

Results ¢ are shown in table XvIII and in figures 6C and 6D,
Comment - she nomul values for Allen's test «re established in
experiment 14,

The patient was a young woman with phlebothrombosis, osShe was put
on hevarin intramuscularly, 50 mgm, every 4 hours, and an initial
dose of 200 mam, dicumarol was given (see table XVIII),

The protamine-heperin titration tests, perfor.ed before and during
therapy, showed the following changes ¢ Curve 1, before therapy,

is flat, Under the influence of heperin the left limb of the curve
first steepens (curve 2), end later the curve not only shows a
steeper slope, but starts at & higher level (curve 4),

A reverse movement takes place after heparin therapy is discontinued
When the tests ere read after 60 minutes only (Allen's method),

e shift of the "equivslent" from 100/120 to 100/140 is noticed in
curves 3,4 and 5, This shift does not exceed the variation found
in normale, It is not possible to define sharply the heparin and
the dicumarol influence on the titration test in this experiment,
rut it is ceriain, that heparin alone exerts its influence on curve
2 and that heparin and dicumarol together influence curve 4, 'Thus,

under the influence of heparin the shppe of the curve has changed
)

but the "equivelent" between heparin and protamine in Allen's test

hes not changed, Heparin and dicumarol together change the curve
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further, and also cause a change in the “equivalent" in

Allen's test from 100/120 to 100/140,

TABLE XVIII
Date ¢ Dicumarol Heparin Hour of Time Allen's Curve C,T. Prothr,
1949 (mgm.) i.m, heparin  of heparin/ 37°C, time
(mem, ) injection blood protemine (min) (sec.)
test, equiv,
(at 60,
- R.T,)
June 200 50 2 p.m, 1 p.m, 100/120 (1) 16
14
50 6 p.m,
20 10 p.m,
June 50 2 a,n,
15 10,45 100/120  (2)
50 1) a,m, a,m, i
100 50 2 p.m, 17
3.45 100/140 (3)
30 6 p.mc p.m.
30 10 p,m,
June 30 2 a.m,
16
30 10 a,m,
10,45 100/140 (4) ' 60" 35
a.m,
4,17 pm,100/140 (5) 30-
—— —- 42
Juge 10, a,m,100/120 (6) 20 40
17
June
18 100 22
June 150 20
20
June 100 10 a,m, 100/120  (7) 20

2l
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Experiment aumber 16

Objective of experiment : 1) to determine the heparin-protamine

equivalent in two modifications of Allen's test, a) using a waterbath

(o] R
at 377C., and b) using a saline dilution and a waterbath at 37° ¢,

2) 4o determine the heparin-protamine

equivalent between H, and Pas ail, in Jaques' test,
Technique ¢ 1) for the modifications of Allen's test, see page 35 and

36, variations b and ¢,
2) for Jaques' test, see page 34,
The blood was taken with siliconed needle and syriages,
Solutions ¢ Heparin Connaught, and P

A2

tamine in 0,1 cc, of distilled water, are used for allen's test,

» containing 100 gammz of pro=-

Hy, containing 10 gamma of heparin in 0,1 ce, of saline, and Pap dilA
containing lQ gamma of protamiie in 0,1 cc¢, of saline, are used for .
Jaques' test,
Results ¢ see table XIX, &, b, and ¢, and figures TA and 7B,

Figure TA and Table XIX a, show the influence of the use of
& waterbath at 37°C, on Allen's test, The clotting times are
shortened, but otherwise the shape of the curve is the same, The
heparin-protamine equivalent in this test is 100f180 in the highest
curve, and in the lower curve 100/140, However, it is believed that
the lower curve is "flattened" due to some influence in vitro or in
vivo that increases the blood coagulability,

Figure 7B and Table XIX B show the influence of the saline
dilution and the use of a waterbath at 37°C. on Allen's test, It
can be sesn that the anticoagulant influence of protawine is greatly

increased by the use of saline as a diluent, The curve is more

V-shaped, the heparin-protamine equivalent is easier to read than

in figure 7Ta, It is 100/140 in two instances,
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The heparia-protumine equivilent between H4 and a 10 times

diluted solution of PAQ’ zlves a value of 10/12 in three instances,

(table XIX C;. The 3A2 i1 solution hus therefore the same
i
strength and the same heparin-equivalent value as the P4, The

difference. in heparin-protamine equivalents in the three tests
({.bles ali, ., B, and Cy end figures TA and 7B) cannot be ascribed
to differences in tue protamine, but &re due to the different cire
cunstances of the tests s for instance,

1) the use of very larce amounts of heparin and protamine (figure

e B 2 R R 2l 4

73, compare figure IA), and 2) in addition to that, the

dilution with water (fizure TA), which causes a further shift of the

equivalent to higher pro-amine values, and 3) shortening of the

ciottinc “imes gives a pseudo shift to lower protamine values,

Py =V G AP - - B D

(fi-ure TA),
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TABLE XIX (A)

Each tube contains 100 gamma heparin + 0,1 cc,
distilled water 4+ 1 cc, of blood, plus ¢

b . WY 8 e man

Protuuine

s /tube 100 120 140 160 180 200
| CLOTTING TIMES (Min,) at 37°C,

Mrs. D. | > 60 i 4 4 4 4

Mrs, L, > 30 10 8 T 6 7

(B)

Each tube contains 100 gamua of heparin +0,5 cc,
saline + 0,5 cc, blood, plus:

Protamine

gamna/tube 100 120 140 160 180 200
CLOTTING TIMES (Min,) at 37°C,

Miss C, 790 10 8 9 14 22

Dr. R, > 60 16 10 10 27 33

()

Each tube contains 100 gamma of heparin™ 0,5 ce,

saline + 0,5 cc, blood, pluss Control,
Protamine 0.5 ce.
gamma,/t ube 8 10 12 14 16 g ajs_lgz A
Fa2 di:_!'_‘._, biood!_:_“_.

CLOTTING TIMES (Min,) at 37°C.

Miss S, 30 13 A2 12 16 11
Dr, R, 245 108 9z 12 11 9%
Mrs. M, 29 104 10 114 11% 11
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Experiment number 17 :

Objective of experiment: to compare the three modifications

of Allen's test in normals and in patients with blood dvscrasias,

Technique ¢ described on pages 35 and 36,

Solutions ¢ Heparin Connaught and 3A3’ conteining 100 gamma of
protamire in 0.1 ce, of distilled water,
Results ¢ see tables XX, XXI, XXII and XXIII and figures & A,s5,C

end D,

Comment ¢ 1) Curves in normals : It can be seen from figures 8 A md

C, that the curves differ in the test at 37°C. and in the test,
using saline as a diluent, at 37°C. Comparigon of the curves at
37°C with the curves at room tempersture (see figure 6 A), show
+h=+ elevation of temperature shortens the clotting times, so that
a flat curve results, with a sudden angle towards incoagulebility,
The time lapse between venapuncture and performance of the test also
has an influence on the clotting times, The longer the period
between venanurcture and performance of the test, the shorter the
clotting times, and, consequently, in figure 8A the angle in ths
curve shifts to the left, the later the test is performed after
venapuncture,
Allen's test at room temperature gives a heparin-protemine
“equivalert at 100/120 in two cases and at 100/140 in one instance,
(table XXII) This is comparable with former experiments (nunber 14),
If the test is performed with saline and at 37°C,, the
clottings times are longer, and the shape of the curve changes,
The heparin-protamine equivalent is 100/160 in three cases,

2) Curves in blood dyscrasias® the test at 37°C ( fig,85)

was carried out between 30 and 42 minutes after venapuncture,
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Compared with the curve on nomal blood, performed between 1)l and 42
minutes after venapuncture, one can observe: 1) in some cases a higher
level at which the curve starts, and 2) in some cases a steeper slope
cf the left limb of the curve,

In the test with saline, carried out at 37°C ( figure 8 D)
there is in 4 out of 6 cases a trend of the curve towards a higher
level, The angle between the two limbs is sharper than in the control
cases, The hepsrin-protamine equivalents are 100/160 in 4 cases,
100/140 in one case and 100/180 in one case, In the majority of the
cases there is no shift of the equivalent, The changes in the
protamine-heperin equivalent that occur may be due to technical
errors,

The test at room temperature (table XXII) shows an
"gquivalent" at 100/140 in all cases, Some of the blood specimens
containing 120 gamma of protamine were found to be clotted after

120 minutes,

The coutrol elotting %imes in 4 of the 5 cases of blood

dyscrasias was slightly prolonged (table XXII), end in the fifth

case markedly prolonged, (Normal ¢ 20-24 minutes), Three cases

showed thrombocytopenia, and one casée a prolonged prothrombin time,
The most pronounced changes in the protamine-heparin tests occurred
in case B, who also showed the greafest changes in the clotting time,
prothrombin time end platelet count, Yet, the blood of this patient
showed & change in Allen's test at room temperature, which did not

exceed the variation encountered in nomals,
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TABLE XX

Each tube contains 100 gamma of heparin,

0.1 cc, of distilled water, 1 cc, of

blood, plus

Protamine
gamre/tube 100 120 140 160 180 200  lest performed,
NORMALS 3 CLOTTIN: TIMES (Min) at 37°C.
1 Y24 hrs, 15 i 7 6 T 11 min, after V.P,
2 Y24 " 10 T 7 7 9 01 # "o
3 >4 " 1T T 7 T 7 42 . mw
BLOOD
DYSCR-.EIAS
Kr, y 24 hrs, 15 8 P.C. 7 7 7 41 min, after v,P,
L Y24 " 1] 8 7 T (| 6 " 0" "
Ke, >24 " 24 17 16 16 17 30 % "
G. 24 " 21 12 11 9 10 38 v " "
B, 24 " )24 hrs. 9 9 8 9 42 " " "

P ,C. = Partial Clot
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TABLE XXI

Each tube contains 100 gamma of heparin,
0,5 ccy, of saline, O, Secc, of blood, plus:

Protamine

gamme/tube ¢ 100 120 140 160 180 200 Test performed,
NORMALS ¢ CLOTTING TIMES (Min,) at 37°C,

1, (Woman)  »24 hrs, 16 17 15 15 21 5 min, after v,P,
2, " y24 v 12 12 11 18 32 18~ " "
3. " 524 " 14 14 9 15 27 33 » "
BLOCD

DYSCRASIAS ¢
14 20 18 min, after v.P‘.X

¥, (Man) >24 hrs, 14 9 8
Kr, ™ y24 v 16 15 13 13 24 35 " v "
L. " v v - 217 16 16 24 30 " "
Ke, * 24 " 24 16 20 20 26 26 % v "
Ge " >24 " 30 24 21 20 30 30 " v
B, " y24 " 80 P.C. 27 P.C. 25 25 P,C.34 31 " % "

P,C, = Partial clot

X = Venapuncture not clean, plood for only one test could be obtained,



(82)

TABLE XXII
Allen=test Control C,T, Prothr, time Platelets
R.T. (after 37°%c, ¢ (sec, ) per mm3,
60 min, ) (mir, )
NORMALS ¢ Gammes protamine/
tube,
100 120 140
1, F F c 22 - -
2, ¥ C C 20 - -
3. F C C - - -
BLOOD
DYSCRASIAS ¢
Kr, F P,C. G, 32 15" 250,640
L F F C 35 - =
Ke F F c 30 15" 185,840
G F P.C C. 33 9" 160,000
B F P o 92 27" 89,960

P,C, = Partial Clot
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TABLE XXIII
Neme  Sex Age Diagnosis Previous N -mustard bVate of
X-rey therapy tﬁerqpy test - 1949
G. M 40 y. Reticulumcell One course 4 courses July 15
Sarcoma 84 mgm,
(Gen, lymphadeno- total
pathy, Last inj,
Hepato- and March '49
splenomegaly, )
Ke, M 40 y, Hodgkin's disease - 2 courses July 19
( generalized 36 mgn,
lymphadeno= total
pathy) Last inj.
May '49
Kr, M 33 y. Hodgkin's disease 8 courses 3 courses, July 18
( generalized 66 mgn,
lymphadeno- total
pathy) Last inj,
July 2/49
L M 53 y. Lymphosarcema 3 courses 2 courses, July 16
(generalized 50 mgnm,
lymphadeno= total
pathy) Last inj,
July 2/49
M, M 55 y. Chron, lymph, - - July 14
Leuceemisa,
B, M 40 y, Reticulumcell Therapy ¢ 8lood transfus- July 1l
Sarcoma ions
( Hemorrhages! )
thrombocytopenia
C. M 37 y. Polycythemia April 14 -
vera, May 16
210 r total
body spray
Mrs, M F % y. Monocytic Febr,21= Aminopterin
Leucaemiza March 31/49 10 mgm, from
(heemorrhagesl) 95 r spray March 1l4-
thrombocytopenia April 9/49
hypoprothrombin-
emia

(24"=27" Prothr.T,)
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Experiment number 18 :

Objective of experiment : to apply the heparin clotting test
in some blood dyscrasias, and compare the results with other

clotting test,

Technique ¢ described on page 39 F),

Solution: R-solution, containing 4 gamma of heparin in 0,1 cc,

of saline,

Results ¢ are shown in table xXIV, for some data on patiente see

table XXIII,

Comment ¢ The heparin clotting time is prolonged in case G, ard

in cases B, C, and Mrs, M, In Mrs, M, the heparin clotting
time is not shortened after intravenous injections of protamine,
except on one occasion, In case C, the heparin clotting time

became markedly prolonged in the course of X-ray treatment,
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LABLE ¢ XXIV

Male

Ferale

Heparin ¥ -« 4
saline ¢e¢, *« 0,10 0,10

Blood ce, °* 1,- 1=

¢, T, (Min, at 37°C,

o W L

Normal Range’: 29-56

Heparin X : 4 4
Saline cc, * 0,10 0.10
Blood ce¢, - 1l,- l,-
CeTe in min, at 37°C.

Normal Range : 29-56 29=56
L, (M) 54 . 54
Ke, (M) 44 -

.G.g (M) 90 P,Cy =

Be (1) 79 hrs, 79 hrs,

April 12/49

July 11/49 }24 hrs, ?24 hrs,
Mrs, M, (F) >3hrs, 3 hrs,
April 13/49

llay 17/49 (before)90 790

19' after pro-
tamine injection >90 29

uay 23/49

(before) $180 -

15' after pro-
tamire injection 115

May 27/49

13" after pro-

0

(before) +150 P.C, =

tamine injection *150 P,C, =

c. (M) 60 60
April 14/49

April 21/49 63 55
May 13/49 » 120 »120
MNay 16/49

(before) 3105 vl
21' after pro=-

05

tamine injectionl05 2105

W. (M) Asthna 46 42
Henoch=

Schosnlein pui-

pure

Co, () hypo-
nlasiic anemia 34 -

D, (M) bleeding
without known
cause 3 43
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Experiment number -]Q_ :

Objective of experiment: to apply the protumine test to some cases

of blood dyscrasias,

Technique ¢ described on page 37.

Solution P4, containing 10 gamma of protamine in 0.1 ce¢, of saline,

Results ¢ see tables XXV and XXVI, and figures 9, A,5,C, and D and
figure 10,

Comment ¢ Cases Kr,, L, Ke,, G, W, Co, and D, show nomal protamine
curves, Cases B, C and Mrs, M, however, show curves in which the

protanine sulfats prolongs the clotting time more than in normal

cases (fig, 9). Protamine curves, carried out before and after the

intravenous injection of 50 to 100 mgm, of protamine sulfate show
in one instance a flatter curve after the injectiorns in a second
cage no difference before and after the injection ( figure 9 D)

and on two occasions a steeper curve after the injection,

( The protamine sulfate injected was a 1% solution of BsD,H, )
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TABLE XXV

Protamine

gamna - - 4 4 6 8 10 12 16
Saline cc, - 0,50 0,43 0,46 0,44 0,42 0,40 0.38 0,34
slood co, 1,00 0,50 0,50 0,50 0,50 0,50 0,50 0,50 _ 0,50

CLOTTING TIMES (Min) at 37° ¢,
Normal - S
range 8%~ T 9%~ 1l- 12- 1l 124~ 14-  15-28
15 14 16 17205 24 28L 26k _

Kr, 17 W4 17 19 19 21 24 27 28
L. 22 18 16F 22k 23 23 27 26 29%
Ke, 208 164 184 16 17 23 193 23 22
o298 Lp LA 22 22 2% 26k 30

B.{April 12/49) 17 14 16 194 21 13  28F 32 32
July 11/49 32 26 25 28 29 30 54 61 48 P,C.

P.C. p,c. P,C, P.,C,
July 15/49 58 37 42 56 56 50 64 85 85
Pl emmmeiitCe _ BaCo |

W. (Hemoch- & 8 12k 12 16 17 18 26 2T}
Schoenlein pur-
pura)

Co. {Bypoplas-
tic anemia) - 15 17 17% 19 20 20 23 26

D ( bleeding

with unknown
cause, 144 100 11 13 16 20 1% 18 20

Bl B B ., D
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TABLE XXVI
P.Ce = Partial Clot,
Protamine
gamna, - - 2 4 6 8 10 12 16
Saline cc, ¢ - 0,50 0,43 0,46 0,44 0,42 0,40 0,38 0,34

Blood ¢¢, ¢ 1,- 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50

b dhl 4 e VTGRSRV B O TR R YW WG i Lo G

CLOTIING TIMES (Min,) at 37°C,

Sy gy

4D BAW A B B P W STIY IR AW i Al S

Normal 8~ 7T~ 94 11~  12- 1li= 12i- 14~ 15-28

range * 15 14 16 17 208 24 28 26%

.

C.(April 14/49) 13% 16% 21 23 28 34+ 31 % 48%

April 21/49 18 194  24F 30 42y 58 o7 56 56
P.C,

zay 13/49 21 17 23 26 33 43 43 50 43
ilay 16/49 21 15 21 29 32k 48 64 53 72
21 Min, after

50 mgm, pro=-
tamine inj, 22 18% 20 28% 33 57 55 40% 72

S—— ® Y i A R B o g

Mrs, M, )
April 13/49 9 10 12 12+ 13 19 24 26 536

May 17/49 14 15 21 35 38 70 83 89 88

19' after

100 mgm, pro-
tamine i,v, 11 124 15 114 26 34 38 46 44

May 23/49 16F 23 24 31 30 44 5T 69 85

15" after

100 mgm, pro=-
tamine i,v. 268 32 45 52 59 92 43 82 . \100

ey 21/ 21 19 2% 16 2% s1 50 16 49

13' after

100 mgm, pro-
taminfyi.g. 35  34% 29 40 50 90 97 106 108

60' after
inj, of pro-

tamine 33 26 38 4 69 80 16 82 103
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Experiment number 203

Objective of 8xperiment ¢ 4o investigate the effect of dicumarol=

isation on Allen's test and its modifications,

Sojutions ! Heparin Connaught, and Pyq and ?AS’ each containing 100

gamma of protamine in 0,1 cc, of distilled water,

Techunigue ¢ described on pages 35 and 36, For prothrombin time
technique ses page 39 G),

Hesults? see tables XXVII a and b, and XXVIII a and b, and figures
11, A,B,C and D,

Comment ¢ using RA4: the venapuncture in the second normal was not
clean, which influenced the tests, The clotting times are shorter,
so that a flat curve results in figure 11 A, and the "equivalent" in
Allen's test, at room temperature, becomes 100/100,

In the modified test, using saline as a diluent and a waterbath
at 37°C, the heparin-protamine equivaleont is 10Q/160 in two instances
and 100/140 in one instance ( figure 11 C), This variation is
~robably due to technical arrors,

The tests with blood of dicumarolised patients show the
following differences i 1) the curves (in figure 1l4) are on a
higher level due to the prolongation of the clotting times,

2) the curves are somewhat steeper ( fig,
11 A) and reach incoagulability earlier,
3) the "equivalent” in Allen's test is

shifted to 100/140,

4) In one case thers is a shift of the

heparin-protamine equivalent (in figure 11 C) %o a higher protamine

value, but this may be due to a technical error,

using ?A5: Only one control value is used,
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The curves with blood of dicumarolised patients show the

following:

highe» level than the control curve,

1) the curves in figure 11 B are on a somewhat

2) The heparin-protamine equivalent in figure 11 D

is the same as for the normal (100/160),

3) The "equivalent" in Allen's test at room temperature
may, or may not, change from 100/120 to 100/140,

TABLE XXVII a

Each tube contains 100 gamma of heparin + 0.1 cc,
distilled water ~ 1 cc, blood, nlus:

!

|

<

hr. hro

Protamine ! |
. gamma/tube ¢ 100 120 140 160 180 200 100 120 140
Normals 3 CLOTTING TIMES (Min) at 37°C, CLOTTING AFTER
60 1fin, at Room
o Tomperature,
1, (M) 7180 6 6 5 5 5 F C ¢
2, (F) S 60 4 3 2 2 25 ¢ ¢ ¢
3. (m) y10 1k 4 4 4 4 F ¢ ©
4,  (u) ya4 9% 5 4 4 F c ¢
hr, o e
DICUMAROLISED rrothr,
PATIENTS “time
(sec. )
Mr. . B, Y24 y24 9 & M 6 F F ¢ 95
hr, hr,
Mrs, P, >24 S 24 13 9 - 7 b F ¢ 50
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TABLE XXVII b,

Each tube contains 100 gamma of heparin + 0,5 cc,
saline+ 0,5 ecc, blood, plus:

~ - e e 2

Protamine
gamma/tube ¢ 100 120 140 160 180 200

D T Wl B WD : @

o FRTP: 15 R TP - - -

Normals : CLOTTING TIMES (Min) at 37°C,

1. (F) »>180 6 3 6 7 12

2, (F) S 50 6 4 4 5 7

3. (M) %120 12 8 1 8 12
DICUMAROLIZED Prothr,
PATIENTS ¢ tine (sec, )
Mr,. B. ‘
(Coronary 24 16 114 11} 9 11 95w
thrombosis) Hr,
Mrs, P,
{ phlebo- 5 24 15 12 11k 114 164 36"
thronbosis ) hr, e e oa e v
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TABLE XXVIII a,

Each tube contains 100 gamima of heparin + .1
cc, of blood »0,1 ce, dist, water, nlus:

W W ATET L AREDD YO BT TS DS

Protamine
gamme/+tube ¢ 100 120 140 160 180 200 100 120 140

i

CLOTTING AT R.T,

Normal CLOTTING TIMES (min) at 37°C, AFTER 60 min,
1, (F) >24 V24 12 6 5% 5% F G C

hr, hr,
DICUMAROLISED - - Prothr,
PATIENTS ¢ time

(sec,)

Mrs, W, > N2 9 7 T T ¥ F G 30"
( phlebo= hr, hr,
thrombosis)
Mrs, W, D, 24 724 163 11 11 11 F F C 47"

hr hr,
drs, L,
befors therapy
( phlebo=thrombosis) ¥ C c 18+
Mrs., L, ) C C 43"
Mrs., B, {dicumarcl
therapy, phlebo-
+thrombosis) ) c c 4"
Mrs, B, F F C 43"
Mrs, B, ¥ F G‘ 58"

TASLE XXVIII b,
Each tube contains 100 gamma of heparint 0,5
cCs saline + 9_,_§_ch blood, Plus,f‘_, e e P

Protamine

camug/bube 100 320 140 160 180 200

- . W A R R 2 - - e um

CLOTTING TIMES (Min) at 37°C,

Normals *
24 25 12 10 10 13%
1. () > o, P.C.
DICUIIAROLIZED Prothr., time
PATIENTS ¢ (ssc,)

virs. W y 24 hr, 12 12 9. 1 14 30
Mrs, Fa 24 hr. 15 13 12d 124 13 47
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Experiment number 21:

With the Beckman Py meter the following determinations were done ¢

Date solution Py
May 30/49 P4 6.39
June 25/49 Py 6,25
Dec, 6/49 Py, 6. 50
7.
liay 30/49 0.05 cc, tricresol- {5.90
isomers in 50 cc, of saline (5,35
Aug, 7/50 Dy (same constitution
as Dl) 6079
dextrose-citrate mixture 6.0
( vacoliter)
bank blood 6.32
(dextrose-citrate blood)
May 30/49 normal saline . 6.9
Dilutions of saline
with P4 show decreasing
py valuesi
A mixture of 0,16 cc, P
and 0,34 cc, saline has a
of * 5-8
?geterminations of 2 5467

different mixtures)



LHAPTER VII

- wene»

Discussio

D M . W S

Chargaff (108), and later Jgques (99), showed that in a series
of tubes, containing equal amounts of hevarinized blood and in-
creasing amounts of protamine, the clotting time first decreases
with increasing amounts of protamine until it reaches =2 minimum,

"nd then increases again due to the anticoagulant effect of pro-
temine, In the tube with the shortest clotting time, the anti-
coagulant effect of heparin is neutralized by the protamine, ‘The
ratio of heparin and protamine at the point of neutralization
(equivalence point) is constant for a certain heparin and protamine
solution, but different for different solutions,

The equivalence point is formed by the angle in the v-shaped
curve of the clotting times, When the angle is sharp, the equivalent
can be read accurately, Thus, the accuracy of this method for the
determination of small amounts of heparin in the blood depends upon
the sharpness of the angle between the two limbs of the cmrve, What
are the factors that determine the shape of the curve and thus the
accuracy of this method of heparin determination?

1) the anticoazulant potency of the heparin and protamine preparations,

used for the standard solutions, is of importance for the estimation
of the heparin-protamine ratio of a certain protamine solution, The

Connausht preparations are of great purity and potency,

2) Factors influencing the length of the clotting times, In one

instance (Exp, 7, p2ge52) it was found that the angle was sharper,
when silicone technique was used, but this method was not further
investigated, On the other hand, a technique which shortens the

clotting times, as for instance bad venapuncture and extensive
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handling of the blood in Allen's technique (exp, 14, p.%5), will
change the V-shape of the curve into a U-shape. Conaequently,
accurate reading of the equivalent has become impossible, Throm=-
boplastin admixture, as in LeRoy's technique (131,132) makes it
necessary to read the clotting times in seconds, LeRoy claims to
be able to demonstrate 3.3 gamma of heparin per cc, of oxaleted
plasma, This method was not used in the present investigation, The

accuracy of this method will deperd on the technigus of prothrombin

time determination used,
an
3) The temperaturs has/influence on the curve, Room temperature pro-

longs the clotting tines, but is otherwise too unreliable to be

use ful,

4) The technique of clotting time determinations will also determine
the exactness of the method of henarin-protamine determinations,

The variation in the determination of clotting times, as demonstirated

in exp, 3, p. 44, increases when anticoagulant solutions are mixed
wich the blood {due to errors in measurement), This applies even
more to the determination of heparin levels in the blood after
intravenous injection of heparin, because the blood now contains

the anticoagulant and has to be pipetted rather rapidly. (exp. 11
page 60),

5) the medium in which the protamine solution is dissolved plays an
important part, Salins has been proven useful by Jeyues, "water, on
ths other hand, is known to shorten the clotting time of heparinized

blood (62) and should be avoided, (see also experiment 16, fig, 7 A

and B),

6) The accuracy with which heparin and protamine can be measured

also determines the exactness of ths method,

7) The difference between the amounts of protamine in the consecutive
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tubes is of the greatest lmportance. Although relatively large
intervals (10 to 20 gamma) of protamine give a sharp angle in the
curve, this does not improve the accuracy of the measurement of
heparin, due to the fact that the anzle of the curve may be anywhere
in between the amounts of protamine contained in the tubes, When the
amounts of protamine in the tubes differ 2 gamma, the angle of the
curve becomes wider, and the exact equivalent point is difficult %o
determine especially when in vivo heparin levels have to be determined,
8) The in vivo coagulability of the blood will determine the clotting
times, and thus the shape of the curve, This point will be dealt

with in detail later,

What factors determine the protamine-heparin equivalent?

1) The heparin-protamine ratio may be different for different solutions
of heparin and protamine, and each batch has to be tested.2)As

Jaques (78) has shown, several factors will influence the dissociatiom
of the heparin-protamine compound, and thus the equivalent, as there
are ¢ changes in py, addition of anions and cations, addition of
proteins (hzemoglobin), and lipoids, These factors interfers,
becaué%??znions and cations and pH) change the dissociation constant
of +he heparin-protamine compound or compete (proteins) for the

- available heparin or protamine,

In exp, 8, p. 54, the addition of a small amount of the dye,,
T-1824, caused the heparin-protamine equivalent to shifi to higher
protamine values, This was unexpected, because it was thought,
that toluidine blue would interact with heparin and less heparin
would be available to combine with protamine, This theory did not

explain the observed facts, It might be that toluidine blue competed

for the blood proteins (179), so that more heparin was available, or
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“hat the addition of 1=1824 changed the dissociation constant of the
heparin-protamine complex, (Due to p, changes? The py of a 1-1824
solution of the same strength was 6.79). This cannot be decided
without further investigation, In the test with the dextrose-citrated
bank blood, it is conceivable that a py change took place (the py of
the dextrose-citrate mixture is 6 as measursd in one instance), which
might have decreased the dissociation constant of the heparin-protamine
complex, The influence of dextrose has not been investigated, and
only suggestions can be made about the reason of the equivalent shift,
The important fact is, however, that such changes take place, The
influence of the proteins seems important in the determination of
heparin-protamine equivalents in hypoproteinemic patients, Interesting
elso is the fact that water, according to Jaques, is responsible for
the dissociation of the heparin-protein complex in heparinized blcod,
resulting in a shortening of the clotting time, It is thus not in-
conceivable that addition of water also increases dissociation of the
heparin-protamine compound, thus requiring more protamine to combine
with the heparin,(causing a shift of the heparin-protamine equivalent
in Allen's test,) It was also found in test 1 and in experiment 16,
that -he heparin-protamine equivalent is not the same for dilute and
concentrated heparin solutiomns, With large amounts of heparin (100
gamma per tube) the equivalent shifts to larger protamine values ( 100/
160 instead of 100/120), as has also been shown by Holden (103).

Thus, it is not justified 1o conclude from a shift in the heparin-
protamine equivalent that more heparin is present in a blood sample,
unless all other factors influencing the heparin-protamine equivalent
are excluded, This applies to the heparin titration methods of

Jaques and Allen, but in addition there is another factor, which has

to be taken into account in Allen's method, That is, that in this
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method, heparin is added to the blood, which is to be investigated

for the presence of heparin or heparin-like substances. The

amount of heparin added is high, 100 gamma per cc. of blood, which
makes it doubtful whether small amounts of so called "endogenous"
heparin (present in the blood before addition of the commercial heparin)
can be detected, sut there is something else. wuue to the fact

that the test is read at an arbitrary time, 60 minutes, and not at

the shortest clotting time in the series, it is not the equivalent
between heparin and protamine which is estimated, but the smallest
amount of protamine necessary to clot blood containing 100 gamma of

heparin within 60 minutes, In other words, the clotting time in the

tube, inspected by Allen after 60 minutes, is situated on the left
side of the U-shaped curve, and thus contains an amount of heparin,
which is only partially neutralized by protamine, Thus the
"equivalent® in Allen's test is read in a tube, containing an
excess of heparin, and thus his test has the same significance as

a heparin clotting test, The heparin sensitivity of the blood

under investigation will determine the "equivalent" in Allen's

test, as .has been demonstrated in the experiments, where clot in-
spections were performed at intervals, ‘lhe curves steepen in cases
of decresased coagulability (blood dyscrasies ) heparinization and
dicumarolisation in certein instances) (exp, 14, 15, 17) and flatten
in cases of decreased coagulability (due to in vivo factbrs, but
also due to technical factors, us bad venapuncture (experiment 17)
and delay of performance of the test,) In addition the level of the
curve increases with decreased coagulability, It is therefore
conceivable that thrombocytopenia, as suggested by Conley (42) has
an influence on tho cutcome of the test, Lyle Carr and Fowler (41)

showed in the Waugh-Ruddick test that the heparin senmsitivity of
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thrombocytopenic blood is increased, The fact that administration
of heperin in vivo has little influence on the heparin-protamine
equivelent in Allen's test and on thé Waugh-Ruddick test also

pdint to the same conclusion, that these tests do not measure heparin
in the blood, but decreased coagulability, the cause of which is not

identifiable by using these tests,

General hypothesis on the sipgnificance of heparin clotting tests,

titration test of Allen, and protamine tes? *

It could be shown, that in certain blood dyscrasias protamine (exp.
19) had an anticoagulant effect on the clotting time far in excess
of the anticoagulant effect in normals, Heparin tests in these
caces showed the same effect, The prolongation of the clotting
time by heparin was, however, longer, because heparin is a much
more potent anticoagulant than protamine,

It is thus highly suggestive to apply the formula of Fischer
(88) to the effects observed in these heparin and protamine
clotting tests,

Log Ty - log T, = k (cp = cl) (see page 15), This formula
was originally used to determine the potency of a certain heparin
gemple by Fischer, The factor k, which determines the angle formed
by the straight line and the abscissa, indicates the heparin
potency of the preparation used, if all other circumstances are
constant, But, if the heparin potency is kept constant, the same

formula can be used to indicate the heparin sensitivity of & blood

sample (67)., Thue, in cases of increased heparin sensitivity, the
(log Ty = log Ty)ircreases

1ine will show a steeper angle/ and k will increase, vrt k is

multiplied by a certain fector, This is the importance of heparin

clotting tests for the discovery of decreased coagulability, that
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heparin multiplies s factor in the blood, which is responsible for
the decreased coagulability, no matter what that factor is, (With

one restriction, that it does not neutralize heparin), Thus ?

heparin potentiates the effect of decreased coagulability on the
clotting time, This decreased coagulability may be due to ¢

platelet deficiency, prothrombin deficiency, or to any factor that
decreases the coagulability, and also to any anticoagulent, However,
the eddition of small amounts of heparin does not have this effect,

As caen be seen from the formmula, addition of small zmounts of

heparin to the tubes in a Waugh-Ruddick test on normal bloed, will
result in a curve parallel to the first curve, but on a little

higher level (each tube now contains, for instance, as much heparin

as in the next tube,) This is the addition of & constant value to

all the clottinc times of the curve, It explains why Thciler (87)
fournd little infiuence on the Waugh Ruddick test in heparinized normal
humens, ir contrast to the counterclockwise change in thrombocytopenic
patients, The same phenomenon was observed by Allen, end by this
investigator, Heparin injections have little or no influence on
the "equivalent" in Allen's test, but heparin plus & prothrombin
deficiency will result in a shift, (addition versus multiplication
of fectors). This can be applied to protamine curves, which, as
shown in experiment 19, did not neutralize any enticoagulant sub-
gtances in the blood of patients with certain blood dyscrasius, but
on the contrary potentiated the decreased coagulability of the blood
of these patients, 7The curves were not very regular due to
techrical errors, but a counterclockwise shift could be observed,
Thus, it seems, thet heparin clotting time tests (and protamine

clotting time tests) are useful to demonstrate decressed coagulebility

with no further indication of its nature or cause, One can conclude
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that Allen's test, due to his addition of heparin in vitro, is

simply a test for decreased coagulability, which shows no advuntage
over any of the other testis, LeRoy's test has to be further
inestigated, hut the fact that the method is able to show heparin-
like substurcee only if heparin is added makes it very likely that
this test has the same significance as Allen's test, The value

of heparin-protamine titration tests in the study of circulating
anticoagulants can therefore be swwarized as follows ¢ Jaqueé'

method, here described as the protamine test, seems the most useful

one for demonstrating circulating enticoagulents with the character-
istics of heparin, which combine with protamine, Its sensitivity,
however, is limited and can possibly be increased by the use of

silicone techrique,
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SUMIJARY

1) Heparin-protemin titration tests, using Jaques' method were
carried out and showed = rather conmstant heparin-protamine ratio,
under constent circumstances, The ratio was found to be 10/12 for
most of the solutions used, Variability in the ratio was due to
technical errors,

2) The ratio changed when & T-1824 solution was added and when the
test was carried out in recalcified dextrose-citrate blood. In
concentratec heparin-protamine solutions the ratio was changed to
higher amounts of protamine per gamma of heparin,

3) The smallest amount of heparin demonstrated by the method was

4 gamme of heparin added ir vitro and 3,3 gamma of heparin added

in vivo, Estimation of heparin added in vivo was less accurate
than estimatior cf heparin added in vitro,

4) Accuracy of the method and factors irnfluencing the method are
discucsed,

5) Normal values were established for the protamine test, and for
the heparin clot#ing time method,

6) Allen's method of heparin-nrotanine titration was used and normal
values established,

7) Allen's test was modified in three ways ¢ A) inspection of clot
formztion at certain intervals demonstrated that the heparin-
pretamine equivalent was not read at 50 minutes and that the test
could only be interpreted as a *test for decreased coagulability,

B) A modification, using a waterbath at 3700, was used, end

C) A modification, usinz a waterbath w«t 37°C, end aaline cs a
diluent, wes used, These methods vere compared in normals and
in patients with blood dyscrasias, and under heparin and dicumarol

therapy,
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8) It could be shown, that in the cases with blood dyscrasias

no shift of the heparin-protamine equivalent took place, although
Allen's test showed an "increased protemine titration" in some
cases, This change did not exceed the normal range of variation of
the test,

The "equivalent" in Allen's test was not influenced by heparin
administration in vivo, but heparinizetion and dicumarolisation
together showed a change in the "equivalent"” as did dicumaroclisation
in some cases,

c) The protamine test and the heparin clotting time were markedly
prolcrnzed in some blood dyscrasias, Intravenous protamine sulfeate
did not neutralize anticozgulant substances as tested by the
protamire tesv,

1C) The importancs of these findings is discussed and a hypothesis
offered for the explanation of the action of prolonged clotting,
time tests, including Allen's test, in cases of decreased coagul-

avility of the blood,

Conclusicns ¢

1) Jaques protemine titration test, as it was used in this
investigetion, is probably not sensitive enough to demonstrate
circulating anticoagulants of the heparin type in blood dyscrasias,
2) Allen's test is a test for decreased coagulability, and cannot
snow specifically the presence of heparin or heparin-like substances,
3) The presence of circulating coagulants of the heparin type

cen be demonstrated with certainty only by chemical methods,
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