VARIATION IN EXTERNAL MECHANISM
OF PROTHROMBINASE FORMATION
IN DIFFERENT SPECIES OF VERTEBRATES
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The recalcification time and prothrombin time were studied in vertebrates of different species
by the use of homologous and heterologous brain thromboplastins. Indices of the recalcification
time in cold-blooded vertebrates were much higher than in warm-blooded animals. Rabbit and

human thromboplastins of cold-blooded animals had little or no activity in heterologous plasms

and they significantly shortened the recalcification time only in homologous plasma.

The rate of prothrombinase formation under the influence of tissue thromboplastins shows considerable
variation in vertebrates of different species. This suggests that the external (priming) mechanism of blood
clotting differs in its significance in the formation of hemostasis in these animals. According to some re-
ports homologous brain thromboplastins are more active, other conditions being equal, than heterologous
[3-5, 7T-9]. Meanwhile tissue thromboplastins of some animals have low activity when tested on homologous
or heterologous plasmas.

More fundamental qualitative differences have also been found between the action of different brain
thromboplastins, especially under pathological conditions. In one form of hemophilia (Bm hemophilia) the
prothrombin time is lengthened if bovine thromboplastin is used in the reaction whereas the use of human,
rabbit, and other animal thromboplastins gives normal results of this test. The reaction with bovine throm-
boplastin is used for the differential diagnosis between B and Bm hemophilias. However, the mechanisms
of the different actions of the tissue thromboplastins have not yet been explained.

In the investigation described below a comparative study was made of the external mechanism of pro-
thrombinase formation when homologous and heterologous brain thromboplastins in fish (Serranus scriba),
frogs (Rana ridibunda), turtles (Testudo horefieldi), chickens and hens (Gallus gallus), rabbits (Oryctolagus
cuniculus), bulls (Bos taurus), pigs (Sus domesticus), and cats (Felis domestica) are used.

EXPERIMENTAL METHOD

Dry brain thromboplastin was prepared from the gray matter of the bovine, equine, and porcine brains
and from the whole brain of fishes, frogs, turtles, chickens, hens, cats, and rabbits by the method described
by Baluca et al. [1]. Before the experiments the samples of brain thromboplastin were diluted in 0.85% sod-
ium chloride solution (mammals and birds) or in 0.65% salt solution in the case of cold-blooded animals (100
mg thromboplastin to 5 ml physiological saline). The activity of each sample was tested on homologous and
heterologous plasmas of all the animals listed above. Experiments were carried out on the oxalated plasma
of fishes (30), frogs (48), turtles (13), chickens (51), hens (25), rabbits (31), bulls (50), pigs (56), and cats
(83). Blood was taken from the heart of all the animals and from the heart and marginal vein of the ear of
the rabbits. The blood was stabilized with 0.1 N sodium oxalate solution in the ratio of 9:1. The blood was
then centrifuged for 15 min at 2,500 rpm and the plasma separated. The recalcification time of the resulting
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TABLE 1. Mean Recalcification and Prothrombin Times in Different Animals With the Use of Homologous and Hetero-

logous Brain Thromboplastins (M+ m)
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specimens of plasma was determined by the method
of Bergerhof and Roca and the prothrombin time by
Tugolukov's method using all the prepared thrombo-
plastins. The index of acceleration of coagulation
(IAC) under the influence of thromboplastin was cal-
culated by the following equation:

IAC Recalcification time

Prothrombin time (for each thromboplastin)

EXPERIMENTAL RESULTS

The results given in Table 1 show that the re-
calcification times in cold-blooded vertebrates and
chickens were much greater than in warm-blooded
animals., These results suggest differences in the
kinetics of blood coagulation in the vertebrates., Of
all the tissues thromboplastins studied, rabbit throm-
boplastin was most active, for when tested on both
homologous and heterologous plasma it gave the short-
est prothrombin time. The thromboplastins of all the
other warm-blooded animals possessed approximately
equal activity when tested on different plasmas. The
only exceptions were bovine and chicken thromboplas-
tins. When all thromboptastins were used the pro-
thrombin time with samples of plasma from many
species of animals was very long and differed only
slightly from the recalcification time. Thromboplas-
tins obtained from the brain of cold-blooded animals
had little or no activity. The prothrombin time when
they were used was frequently longer even than the
recalcification time determined in the plasma of the
same animals. These thromboplastins significantly
shortened the recalcification time only in homologous
plasma,

Analysis of results in Table 1 shows that the
prothrombin time in homologous plasma was by no
means always shorter than in heterologous plasma.
For example, bovine thromboplastin, when tested on
the plasma of rabbits, pigs, and cats, caused more
rapid coagulation than when tested on bovine plasma.
The plasmas of rabbits and cats were more sensitve
to human thromhoplastin. The same results were ob-
served when frog thromboplastin was used.

These results indicate that the functioning ofthe
external mechanism of prothrombinase formation de-
pends not so much on whether the thromboplastin and
substrate plasma are from the same species as on
the species-specific variations in the kinetics of the
enzymes system of blood coagulation.

This state of affairs is clearly illustrated by
comparison of the indices of acceleration of blood
coagulation by different thromboplastins (Table 2).
Brain thromboplastins of rabbits, pigs, bulls, and cats
caused the greatest degree of acceleration of coagula-



TABLE 2. Index of Acceleration of Blood Clotting for Different Ani-
mals with the Use of Homologous and Heterologous Brain Thrombo-
plastins
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tion of bovine plasma while human thromboplastins occupied the same position as regards cat plasma. Only
certain thromboplastins showed maximal activity when tested on homologous plasma (chicken and bovine
thromboplastin).

These results show that the kinetics of the external mechanism of prothrombinase formation depends
not only on whether the tested samples of thromboplastin and substrate plasma. are of the same species, but
also on differences in the coagulating activity of thromboplastin from different animals and also, possibly,
on the sensitivity of the clotting system of the blood of animals of the same species to them.

The fact will be noted that animals with the longest recalcification time most frequently showed a long-
er prothrombin time with individual thromboplastins, including during testing of homologous tissue thrombo-
plastins. For example, bovine plasma showed low sensitivity to thromboplastin from cats, bulls, horses,
man, and frogs. This suggests that the cause of the unequal activity of the various tissue thromboplastins
must be sought primarily in typological species-specific differences in the blood clotting systems.
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