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A brief review of the literature on Russell’s viper venom as related to
the clotting of blood was presented by Lee, Johnson, and Seegers (1).
From their experiments with the use of purified prothrombin, it was indicated

that the venom functions effectively with platelets in the conversion of pro- -

thrombin to thrombin. The factor in platelets was found to be different from
platelet factor 3, but no further information was available related to its possible
identity with previously recognized clotting factors. In the work described in
this paper, a concentrate was obtained from platelets and it contains the factor
of Lee, Johnson and Seegers (1). It functions with Russel’s viper
venom 1in the conversion of purified prothrombin to thrombin and also with
tissue thromboplastin in the conversion of prothrombin to thrombin. This Jatter
fact is the basis on which we propose to refer to this factor as platelet
cothromboplastin. Quantitative assay procedures have been developed, and some
of the properties of our concentrates are described.

Materials and methods

All the materials and general methods used in these experiments have been described
previously as follows: (a) purified prothrombin (2, 3, 4); (b) purified prothrombin free of
Ac-globulin (4); bovine platelet preparations (5); assay for thrombin activity (6); and assay
for prothrombin activity (7). Russels’s viper venom was purchased from the Burroughs Well-
come & Co., and a solution containing 0.001 mg of dried venom per ml in physiological
saline was used.
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Experimental

Quantitative approximation of platelet cothromboplastin activity. In con-
firmation of previous work (1), it was found that the yield of thrombin obtained
from purified prothrombin is very low in a mixture consisting of purified pro-
thrombin(Ac-globulin not removed) calcium ions and Russel’s viper venom. By
adding large amounts of platelet material, conversion of the prothrombin to
thrombin occurs rapidly. If small amounts of platelet suspension are used the
yield of thrombin is incomplete and the amount of thrombin obtained is more
or less an index of the amount of platelet material in the reaction mixture.
These relationships were exploited for the assay of platelet cothromboplastin
activity. We measured the thrombin yield in the following standardized reaction

mixture:

Purified prothrombin (3000 units per ml) 1.0 ml
Snake venom solution 0.5 ml
CaCls (0.162 M) in imidazole buffer 0.5 ml
Platelet suspensions or fractions 0.5 ml
Physiological saline 0.5 ml

By measuring the thrombin concentration in the reaction mixture described
above, the “standard® curves of Fig. 1 were reproduced easily. By definition
0.1 ml of packed bovine platelets, disintegrated with ultrasonic waves, contain
600 units of platelet cothromboplastin activity. In actual practice, the platelets
were centrifuged at 3000 g for 20 minutes, then one part of the suspension was
mixed with four parts of physiological saline solution. The suspension was
frozen, thawed, and subjected to ultrasonic waves (800 kc) for 4 minutes. The
various dilutions of the platelet suspension were placed in the reaction mixture
described above. Then quantitative thrombin analyses were performed and the
curves of Fig. 1 were plotted. Whenever an unknown sample was tested for
activity, the yield of thrombin was determined in the standardized reaction
mixture. Sometimes this was translated into units of platelet cothromboplastin
and sometimes the results were considered directly in terms of thrombin units.

Purification of platelet cothromboplastin. The clotting of blood consists of
a large number of chemical interactions and this implies that several substances
are involved. Alexander Schmidt postulated the existance of prothrombin
and the actual isolation and characterization of such a substance has now been
achieved. Heparin and fibrinogen have also been characterized and it should
be possible to obtain any hypothetical substance in purified form. However, at
first even concentrates suffice to substantiate the view that observed phenomena
cannot be without the involvement of one or more molecular entities not
previously described. Failure to obtain concentrates of a supposed substance
may be due to our inability to apply appropriate manipulations or due to
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Fig. 1: The top curve represents the concentration of thrombin in the standardized prothrombin
reaction mixture when platelet cothromboplastin activity was equivalent to 0.1 ml packed bovine platelets.
Before assay, the platelets are broken up with the use of ultrasonic waves. The other curves are obtained
with proportionately less plateler factor, each number at the end of the curve indicating the amount.
For assay of an unknown sample, the platelet activity is diluted so as to obtain a curve between 5 and 50.

inaccuracy of the supposition. These ideas motivated our attempts to obtain
concentrates of platelet cothromboplastin.

In many exploratory experiments, certain properties of the platelet factor
were noted. It is apparently adsorbed on charcoal, not on kaolin and not on
barium carbonate unless large quantities of the adsorbing agent are used. Ether
extraction of platelet suspension neither destroyed nor removed the activity.
Fractionation with the use of ammonium sulfate was possible and physiological
saline solutions containing the activity could be dried from the frozen state
without loss of avtivity during the drying operation. The platelet source mate-
rials could be stored in the deep freeze for more than eight months without loss
of activity. This preliminary information was obtained and utilized in many
purification attempts and the procedure described below is our most successful
method and has been repeated many times.

Packed bovine platelets serve as starting material. Any suitable quantity is
used; however, the description given below is written in terms of 4 ml of
starting material. The platelets are mixed with water to give a 1:5 dilution,
and frozen in a deep freeze where they may be obtained at any convenient time
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later. After thawing the platelets, now extensively broken down, are centrifuged
at 2000 g and washed twice with 40 ml cold physiological saline. The super-
natant solutions contain the platelet clottable factor (8) and are discarded.
The mass of platelet material is suspended in 40 ml of cold saline and forced
through a mechanical emulsifier or homogenizer (Catalog No. 70180, Central
Scientific Company, 1700 Irving Park Road, Chicago, Illinois). The particles
are now degraded by subjecting the suspension to ultrasonic waves (800 kc)
for 4 minutes. This treatment usually increases the activity of the preparation.
Upon centrifugation in a refrigerated centrifuge at 2000 g for 10 minutes, one
finds the desired activity in the supernatant fluid from which impurities can be
selectively adsorbed on barium carbonate. For that purpose barium carbonate
is first washed with physiological saline solution and then mixed with the
preparation in the amount of 100 mg barium carbonate per ml. Centrifugation
in a refrigerated centrifuge at 2000 g for 10 minutes removes the adsorbing
agent. With ammonium sulfate fractionation, impurities are removed at 25%
of saturation and the active material precipitates when the concentration of
ammonium sulfate is raised to 50% of saturation. To carry this procedure
through, the solution is cooled to 0° C and ammonium sulfate solution, saturated
at room temperature, is added dropwise and with stirring so that the tempe-
rature remains near zero. The precipitate obtained at 25% of saturation is
quite large and is discarded. The precipitate obtained at 50%¢ saturation
contains the active material and is dissolved in 10 ml distilled water and
dialyzed efficiently against cold distilled water. For this purpose the apparatus
described previously is used (3). In a few hours the specific resistance is 2000
ohms or more. Sometimes the pH is considerably below neutrality and when
that is observed an adjustment to pH 7.0 is made by adding a little dilute
alkali. The solution can then be dried from the frozen state without loss of
activity. The average yield is about 20%, and from 1 to 1.5 mg of the dry
product are obtained for each ml of packed platelets. Only a portion of the
dry material is soluble in water; and since the insoluble material is apparently
inactive further purification is achieved by simply adding one ml of water
to each 10 mg of dry material. By centrifuging at 106,000 g for 2 hours a clear
supernatant solution is obtained. This can again be dried from the frozen state.

Stability Related to pH. An attempt was made to find the limits of acidity
and alkalinity within which this factor is stable. The results of these experiments
are presented with Fig. 2. The purified material was first dissolved in water.
Samples were then adjusted to various desired pH values by adding either
0.01 N acetic acid or 0.01 N sodium hydroxide. After 30 minutes standing
at room temperature the solutions were brought to pH 7 by adding either acid
or alkali. Each sample was then tested for activity and the results were corrected
for volume changes due to the addition of acids or alkali. It was found that the
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material is stable in the range pH 4 to 11 and outside of these limits the activity
is drastically reduced.
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Fig. 2: Loss of platelet cothromboplastin activity observed in acid and alkaline solutions

Temperature and Stability. The object of this work was to find the minimum
temperature required for destroying the activity. This study was made with a
preparation in water solution. The pH was 7.2. The solutions were rapidly
brought to the desired temperature, kept there for 30 minutes, and then
rapidly cooled and tested for activity. At 50° C there was very little denatu-
ration, but at higher temperatures there was much loss of activity (Fig. 3). It
was interesting that some activity remained even at 60° C. This platelet factor
is thus far more heat labile than purified platelet factor 3.

In water solutions at pH 7.2 full activity was maintained for many months
in a deep freeze and for 70 days in an ice box. In 50%s glycerol solution full
activity was also maintained for a period of 70 days, and then no more analysis
were done. Bubbling oxygen through these solutions did not destroy the activity.
Platelet cothromboplastin is thus relatively stable.

Electrophoresis Experiments. About 45 mg of material were dissolved in
6 ml of veronal buffer of pH 8.6, ionic strenght 0.1. This was dialyzed against
a liter of the same buffer overnight. Since the material was not plentiful, only
the ascending boundary was formed and studied with the Aminco-Stern electro-
phoresis apparatus. The solubility of the preparation was found to be low in
our solvent. The observed boundary was a sharp single peak which showed no
resolution after 90 minutes of electrophoresis. The mobility calculated on the
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basis of data at 60 and at 90 minutes of electrophoresis was 4.1 X 1075 em/v/sec.
We wish to thank Dr. Richard Fenichel for his technical assistance in this

phase of our work.
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Fig. 3: Platelet cothromboplastin activity is destroyed at temperatures higher than 50 ¢ C.

Miscellaneons Observations. For nitrogen analysis (Dumas) the values
7.47% and 7.32%0 were obtained. Carbohydrate, determined by the anthrone
method of Dreywood (9) and with equal quantities of galactose and man-
nose as standard, yielded 13.2%0; 12.0%0; 13.2% and 16.0% respectively with
four different products. Dr. J. R. Carter of the State University of Iowa
kindly examined the material for sulfur by amperometric technic (10). No sulf-
hydryl could be detected. On the other hand 1.0 micromole of disulfide per
100 mgm of material was found. Quantitative analysis for phosphorus by the
method of Milton and Waters (11) indicated 0.14%9 P. This value is low
and minimizes the possibility of a phospholipid being the active component.
Infrared absorption properties were examined by mixing with potassium bro-
mide and compressing under high pressure. The absorption bands were distinct
and could be interpreted on the basis of carbohydrate and protein being in the
preparation. In another kind of experiment, some of the platelet cothrombo-
plastin was placed in saline solutions. An equal volume of ether was added
and after vigorous shaking an attempt was made to measure the activity in the
ether and also in the aqueous phase. Neither then contained any appreciable
amounts of platelet cothromboplastin activity.
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Cothromboplastin Activity of Platelet Preparation. The only known acti-
vity of the platelet material discussed thus far is related to the conversion of
prothrombin to thrombin in combination with snake venom. Apparently purified
prothrombin converts to thrombin according to the following equation:

Ca™
Ac-globulin
Platelet cothromboplastin
Russell’s viper venom
Prothrombin ———— ——> Thrombin

After several attemps to find other substances with which activity might
develop we found that this material is a thromboplastin cofactor. This informa-
tion was obtained using the materials and technics described by Seegers,
Alkjaersig and Johnson (12) in their studies on autoprothrombin I.
In the presence of Ac-globulin, calcium ions, and dilute lung extract thrombo-
plastin only a small amount of thrombin is obtained from a purified prothrom-
bin substrate; but if purified platelet material is also added the prothrombin
substrate is rapidly converted to thrombin (Fig. 4). One activity of this platelet
factor can thus be indicated by the following equation in which the word
thromboplastin is the activity from lung extracts:

Ca'*
Ac-globulin
Platelet cothromboplastin
Thromboplastin

Prothrombin - —> Thrombin

Discussion

In previous work, relating Russell’s viper venom to the blood clotting mecha-
nism, emphasis was placed on lipids derived from various sources (13—16). We
do not exclude the possibility that a lipid is also present in our preparation,
because our purification work does not provide a product consisting of a single
substance. It consists mostly of protein and carbohydrate. The phosphorus con-
tent is so low that any phospholipid would have to be present in low concen-
tration. We can, therefore, invite attention to the likelihood that the active
material is not a lipid.

Of greater interest is the observation that the platelet material is a cothrombo-
plastin; that is, it greatly enhances the activity of dilute thromboplastin solu-
tions in the conversion of prothrombin to thrombin. This is comparable to the
chief distinguishing feature in the activity of autoprothrombin I. The latter is
found in serum, and since it is also a cothrombinplastin, it should function with
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Fig. 4: A purified prothrombin solution is only partly converted to thrombin in association with
calcium jons, and diluted lung extract thromboplastin, By supplementing with plateler cothromboplastin,

10 units per ml, the prothrombin substrate is all converted to thrombin. If there is no Ac-globulin in
the prothrombin preparation, the plateler cothromboplastin is not effective.

snake venom. By this logic we were led to try the activity of autoprothrombin I
in association with the snake venom, and it was found that autoprothrombin I
does function with Russell’s viper venom (17) in the activation of purified
prothrombin.

In the papers of Hjort, Rapaportand Owren (15) and Rapa-
port,Aasand Owren (16), they do not as yet consider that proconvertin
is prothrombin and that convertin (autoprothrombin I) is derived from pro-
thrombin. By taking that view we can consider their work with snake venom
in relationship to ours. Firstly, when they find that a combination of Russell’s
viper venom and lipid is independent of the proconvertin (prothrombin) or
convertin {autoprothrombin 1) content of the plasma, we assume their obser-
vations are accurate for the conditions of their study. Secondly, this does not
exclude that Russell’s viper venom functions with autoprothrombin I. When
two roads lead to the same destination, the predominant use of one does not
exclude the other and vice versa. We have found conditions where autopro-
thrombin I functions with the snake venom and where it functions with mate-
rial in platelets that has the same kind of activity as autoprothrombin I.

Summary

Bovine Platelets contain a factor(s) that greatly enhances the capacity of
lung extract thromboplastin to conver purified prothrombin to biothrombin. It
also may function with Russell’s viper venom in the activation of prothrombin
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The activity is destroyed below pH 4 or above pH 11 or at temperatures above
52° C. Concentrates of the activity have been obtained in a fraction of platelets
that consists predominately of carbohydrate and protein.

Résumé

Les plaquettes bovines ont un facteur qui accélére Pactivité de la thrombo-
plastine tissulaire pour convertir la prothrombine en biothrombine. Ce facteur
2 la méme influence sur le Russell’s viper venom. Cette activité est abolie au
pH inférieur & 4 ou supéricur i 11, et disparait également par chauffage
audessus de 52° C. Une préparation i haute activité a été obtenue dans une
fraction plaquettaire formée essentiellement par des hydrates de carbone et des
protéines.

Zusammenfassung

Rinderthrombozyten enthalten einen Faktor (oder Faktoren), der die
Fihigkeit von Lungenextraktthrombokinase, gereinigtes Prothrombin in Bio-
thrombin umzuwandeln, stark erhoht. Dieser Faktor entfaltet seine Wirkung
auch gemeinsam mit Russel-Vipern-Gift bei der Aktivierung von Prothrombin.
Seine Aktivitit wird bei einem pH unter 4 und {iber 11 sowie bei Tempe-
raturen iiber 52° C zerstort. Die Aktivitit konnte in einer vorwiegend aus
Kohlehydraten und Eiweifl bestehenden Thrombozytenfraktion konzentriert

erhalten werden.
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