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The coagulation of the blood is a complex biological process requiring the participation of a large num-
ber of factors of the plasma, the blood cells and the tissues. The interaction of all these factors leads to the
formation of a fibrin clot. There are, in addition, several inhibitors which prevent this process (natural anticoa~-
gulants).

A number of workers have demonstrated the presence of thromboplastin components in the red blood cells
of man and animals [1, 4, 6].

In the present communication we describe findings showing the presence of a heparin inhibitor in the red
blood cells of man and animals,

EXPERIMENTAL METHOD

Blood from human subjects, rabbits and dogs was investigated. In order to prevent the blood from clotting,
a 1.349, solution of sodium oxalate was added in a volume of 0.5 ml to each 2 ml of blood. The plasma was
separated by centrifugation of the blood for 5 minutes at 1000 rpm. ‘

To obtain a hemolyzate of red cells, the blood was washed five times with physiological saline during
centrifugation; 0.5 ml of the washed red cells was hemolyzed in 3 ml of distilled water.

The hemolyzate was centrifuged for 10 minutesat 1500 rpm. The top layers of hemolyzate, free from
stroma of the red cells, were used in the experiment.

Two series of experiments were carried out. In the first series of experiments the presence of a heparin
inhibitor was judged by the effect of the hemolyzate on the plasma heparin tolerance, and in the second by the
effect of the hemolyzate on the coaguiation of heparinized, deprothrombinized plasma by means of thrombin.

The plasma heparin tolerance was determined by a modification of Poller's method [8]. To 0.5 ml of
plasma was added one unit of heparin, 0.1 mlof hemolyzate and 1 ml of 0.2779, CaCl, solution. The time of
delaying of clotting of the recalcified plasma by heparin was estimated.

In control experiments the hemolyzate was replaced by the same volume of physiological saline.

To determine the clotting time of the deprothrombinized plasma, 0.1 ml of hemolyzate, 0.1 unit of hepa~
rin, 0.1 ml of thrombin solution and 0.3 ml of deprothrombinized plasma were taken. The time of appearance of

the fibrin clot was observed.

In the first group of control experiments of this series, hemolyzate was replaced by an equal volume of
physiological saline, and in the second, by an equal volume of toluidin blue, which has the property of inacti-
vating heparin.

A further series of experiments was carried out to study the effect of the hemolyzate on the tolerance of
the plasma to different .concentrations of heparin (0.5, 1.0, 1.5 and 2.0 units).
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TABLE 1

The Effect of a Hemolyaate of Red Cells on-the Tolerance of

Rabbits’ and Dogs' Plasma to Heparin* -

Tolerance toheparin (time in sec)
Species of  |Statistical
animal indices ! ] hysiological sali
lyzate Pphysiologicalsaline
emolyzate ’P ¥ (cotral)
Rabbit M 122 192
ot 39 38
m-- 15 .14
p ‘. 0 .01
Dog M 135 179
o 21 22
m- 10 i1
P <0.05

* M — arithmetic mean; ¢ -square deviation; m — mean error; P —
significance of difference.

EXPERIMENTAL RESULTS

The control investigations in the first group of experiments showed that one unit of heparin delayed the
clotting of recalcified rabbits’ plasma for 192 seconds(o + 38, m 14 seconds) and dogs' plasma % for 179 seconds
(o %22, m:ll seconds).

Addition of the hemolyzate to recalcified plasma increased its tolerance to heparin (Table 1).

From the figures given in this table it can be seen that addition of the hemolyzate shortened the clotting
time of the rabbits' plasma by 369 (P< 0.01), and of dogs' plasma by 259, (P< 0.05).

Results showing the influence of the hemolyzate on the tolerance of the plasma to different concentrations
of heparin are given in the figure. As may be seen from the figure, the addition of hemolyzate to plasma con~
taining different concentrations of heparin produced a more rapid clotting of the plasma by comparison with con-
trol experiments.

The difference in the clotting time of the plasma was most clearly expressed when two units of heparin
were present in the plasma.

The resuits obtained in the first series of experiments suggested that the shortening of the clotting time of
the plasma in the presence of hemolyzate was due to a heparin inhibitor contained in the red cells and possess-
ing the property of combining with the added heparin.

In order to confirm this suggestion a second series of experiments was performed to determine the clotting
time of deprothrombinized plasma in the presence of hemolyzate (Table 2).

It can be seen from the results in Table 2 that the addition of an equal volume of hemolyzate in place of
physiological saline accelerated the clotting of the heparinized, deprothrombinized plasma,

Experiments with toluidin blue showed that the clotting time of heparinized, deprothrombinized plasma
was also shortened by thrombin in the presence of toluidin blue.

Addition of the red cell hemolyzate to plasma was accompanied by an increase in its tolerance to heparin
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TABLE 2

The Effect of the Hemolyzate on the Clotting Time of Deprothrombinized

Plasma
Clotting time (in seconds)
Species of blood Stgt:jsit ical control
1melces  hemolyzate T
physiological .
saline toluidine blue
Rabbit M 17 26 17
o+ 0.6 1.5 0.5
m-t 0.3 0.7 0.3
P <0.001 <0.001
Dog M 76 152 63
ot 7 ‘ 8 3
m-+4 3.5 3.0 1.5
p <0.001 <0.001
Man M 37 46 —
o+ 3.5 1.5 —
mt 1.8 : 0.8 —
P <0.01
J00+ .
and by acceleration of the clotting of heparinized,
= deprothrombinized plasma under the influence of
S =007 thrombin.
B
S 9 1p On what are these changes based? We
_%08 know that the heparin tolerance test of the plas-
b ma is a measure of the general coagulability of
3 — T - ——— the blood, and depends on the concentration of
as. 10 1520 the factors which take part in the clotting of the

Units of heparin .
blood [7]. The heparin tolerance test is very

sensitive to a change in the platelet count [5].
An increase in the platelet count is accompanied
by an increase in the heparin tolerance of the
plasma, and a fall in the platelet count by a

The effect of the hemolyzate on the tolerance of the
plasma to different concentrations of heparin. —Tol-
erance to different concentrations of heparin in the

presence of physiological saline. - - - Tolerance to de
A i crease.
different concentrations of heparin in the presence of
hemolyzate. The change in the heparin tolerance of the

plasma under the influence of variations in the
platelet count is mainly dependent on platelet factor 1II, which is the prothrombokinase of the blood, and plate-
let factor 1V, which is antiheparin, and inhibits the antithromboplastin and antithrombin action of heparin. The
red cells of man and animals contain a thromboplastin component, similar to factor IIT of the blood platelets
[4, 9]. This explains the fact that the addition of red cell hemolyzate to plasma considerably shortens the re-
calification time of the plasma and increases the prothrombin utilization inthe process of clotting of the blood.
In our experiments, however, the addition of hemolyzate to heparinized plasma considerably raised its tolerance

to heparin,

On the basis of the data in the literature and of our previous work [1] it may be assumed that the increase
in the heparin tolerance of the plasma after the addition of hemolyzate depends either on the presence of a
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thromboplastic component in the red cells, or on the presence of a new factor — antiheparin — similar to the
antiheparin factor of the blood platelets.

If the increase in the heparin tolerance of the plasma is associated with a thromboplastic component of
the red cells, in these conditions the tolerance is therefore determined by the amount of blood thromboplastin
formed, since heparin possesses the property of destroying thromboplastin. In the presence of a large amount of
thromboplastin, part of it may remain intact, and this may be accompanied by an increase in the heparin toler-
ance of the plasma,

The heparin tolerance of the plasma may also depend, however, on the presence in the red cells of a
heparin inhibitor ~ antiheparin, This hypothesis was confirmed by the second series of experiments, in which
the action of the thromboplastic component of the red cells was excluded. In this series we studied the effect
of the hemolyzate on the clotting time of heparinized, deprothrombinized plasma under the influence of addi-
tion of excess thrombin. The absence of prothrombin from the plasma excluded the effect of the thromboplastic
component on the clotting time of the plasma, which depended purely on the activity of the added thrombin and
the amount of heparin.

As may be seen from the data in Table 2, the addition of red cell hemolyzate to heparinized plasma
shortened its clotting time. The increased coagulability of the plasma in these conditions may be explained by
a decrease in the antithrombin activity of the heparin, which is evidently associated - with the presence of hepa-
rin inhibitor in the red cells.

The control experiments with toluidin blue, which possesses the property of inactivating heparin, confirmed
this  hypothesis. In the presence of toluidin biue the clotting time of heparinized plasma under the Influence
of thrombin was shortened by the same degree as after the addition of the red cell hemolyzate.

From the results obtained, it may thus be concluded that in the red blood cells of man, rabbits and dogs
a heparin inhibitor is present. A similar hypothesis has also been put forward by Cappeletti [2].

it has recently been shown that phospholipids, isolated from the soya bean, possess an antiheparin action
[3). Itis possible that the heparin inhibitor is the phospholipids of the red cells,

SUMMARY

The paper contains data on the presence of heparin inhibitor in erythrocytes of man, rabbits and dogs.
The presence of heparin inhibitor in the erythrocytes was judged by the effect of the water erythrocytic hemo-
lyzate on the tolerance of the plasma to heparin and coagulation time of the heparinized deprothrombinized
plasma, with thethrombinin excess. It was established that the plasma tolerance to heparin rises when erythro-
cyte hemolyzate is added to the former. The coagulation ability of heparinized deprothrombinized plasma
(caused by the thrombin action) rises in the presence of erythrocytic hemolyzate, The above phenomena are
explained by the presence of heparin inhibitor in erythrocytes.
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