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Observations on the Conversion of Prothrombin to Thrombin.

FRANK D. MANN, lVIARGARET HURN, AND THOMAS B. MAGATH.

From the Division of Clini,cal Laboratories, Mayo Clinic, Rochester, Minn.

Evidence from several sources has indicated
that the rate of formation of thrombin in
plasma upon the addition of a given throm­
boplastin is affected by some factor besides
the concentration of the prothrombin itself.
Seegers, Loomis and Vandenbelt- found that
thrombin was formed more slowly from very
highly purified prothrombin than from pro­
thrombin naturally contained in plasma. In
studies of patients who had cirrhosis- or per­
nicious anemia," of newborn infants" and of
normal dogs and rabbits," the concentration
of prothrombin in the plasma has been re­
ported to be less when determined by the 2­
stage procedure of Warner, Brinkhous and
Smith" than by the one-stage method of
Quick." In Quick's method the time re­
quired for conversion of prothrombin to
thrombin constitutes part of the observed clot­
ting time. These differences are attributed
by the originators of the 2-stage method to
an increased rate of conversion of prothrom­
bin in the one-stage technic. On the other
hand Quick" thought the differences were
due to incomplete conversion of prothrombin
in the high dilution required by the 2-stage
method. However, when the plasma of pa­
tients treated with dicumaroF or normal
plasma after storage" are studied by both
methods the 2-stage procedure gives the high­
er values. Quick" has presented evidence that
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the increase in prothrombin time of plasma
after storage is due to the disappearance of
a substance termed "prothrombin A" which
remains in fresh plasma depleted of pro­
thrombin by treatment of patients or ani­
mals with dicumarol or addition of aluminum
hydroxide to the plasma. Fantl ann Nance"?
also found that plasma freed of prothrombin
by treatment with barium carbonate still con­
tained a substance which accelerated the con­
version of prothrombin to thrombin. Be­
cause in blood coagulation the rate of throm­
bin formation is more important than the
total amount of available prothrombin, such
a factor or factors affecting conversion ap­
pear to deserve further study.

Method. The prothrombin time of fresh or
stored (one to 2 months) human plasma was
determined by Quick's method as previously
described.I! except that just before addition
of thromboplastin, 0.1 ml of a 0.9% solution
of sodium chloride, or whatever material was
being tested for action on the conversion rate,
was added. Thus, the volume of the clotting
system was increased from 0.3 to 0.4 ml.

Standard thromboplastin was prepared by
Quick's original method. With this prepara­
tion, normal plasma has a prothrombin time
of from 17 to 19 seconds. Fresh tissue throm­
boplastin was made by macerating fresh or
frozen rabbit brain with twice its weight of
ice-cold normal saline solution. A commer­
cial preparation of acetone-dehydrated rabbit
brain* was used. Thromboplastin was pre­
pared from human placenta by the method
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* Undiluted serum usually restored the clotting
time to the normal value of 18 seconds.

TABLE III.
Potentiation of Fresh Tissue Thromboplastin with

Platelet Extract.

TABLE II.
Potentiation of Standard Thromboplastin with

Platelet Extract.

TABLE 1.
Effect on Stored Plasma with Standard Throm­
boplastin of Plasma and Serum Drawn from Same

Subject at the Same Time.

82

36
41
49
57

31
37
43
57

Clotting time,
sec

1:10
1:20
1:40
1:80

1:10
1:20
1:40
1:80

Dilution

Plasma

Saline

Serum"

Material added
to plasma

Clotting
Plasma Material added 'I'hrornbo- time,

plastin sec

Stored Saline Fresh tissue 52
Platelet extr. " " 15

" " None 45

Fresh Saline Fresh tissue 20
Platelet extr. " " 16

" " None 56
Saline Fresh tissue,

dil. 1 :50 32
Platelet extr. Fresh tissue,

dil.l:50 23

extract was observed to potentiate the action
of thromboplastin from dried rabbit brain,
fresh rabbit brain, acetone-dehydrated rab­
bit brain and human placenta on stored

Clotting
Thrombo- time,

Plasma Ma terial added plastin sec

Stored Saline Standard 90
Platelet extract " 13

" " None 86
Plasma from which
extr. made dil. 1:5 Standard 28

Fresh Saline " 18
Platelet extr, " 13

" " None 47
Saline Standard

dil. 1 :50 39
Platelet extr. Standard

dil. 1:50 23

of Zondek and Finkelstein.P
The materials tested for prothrombin-con­

verting activity were plasma and serum from
human beings and crude platelet extract. The
platelet extract was prepared as follows. Oxa­
lated plasma was separated from the cells by
gentle centrifugation; then the suspension of
platelets thus obtained was centrifuged for
30 minutes at 3,000 revolutions per minute.
The plasma was carefully drained from the
tubes, after which the sticky pellet of sedi­
ment was removed with a stirring rod. The
sediment, which thus contained a minimal
amount of plasma, was triturated in a mortar
with 0.9% solution of sodium chloride con­
taining 0.001 molar sodium oxalate. One
milliliter of this fluid was used for the amount
of sediment obtained from 16 ml of plasma.
Serum was used only after it had stood 3 to 4
hours at room temperature to allow for de­
struction of thrombin. Neither the platelet
extracts nor the serum used caused clotting
when mixed with oxalated plasma. The
plasma tested was drawn and oxalated as for
a prothrombin determination or in some ex­
periments the silicone technic of Jaques and
his associates-" was used. When the silicone
technic was used all pipets and tubes used in
handling the plasma throughout the procedure
were coated with silicone.

Results. Fresh plasma, serum and platelet
extracts were all found to reduce the pro­
thrombin time of stored plasma markedly
(Tables I, II and III). The fresh plasma was
so highly diluted that little of the effect could
be attributed to its content of prothrombin;
the same was true of platelet extract. Platelet
extract showed considerably more prothrom­
bin-converting activity than did serum or
plasma. When the thromboplastin of rabbit
brain was replaced with normal saline solution
the clotting time was greatly prolonged, show­
ing that the platelet extract potentiated the
action of the tissue thromboplastin. Platelet
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TABLE IV.
Effect of Plas~a Drawn from Same Subject by
Various Techmcs. Standard Thromboplastin.

Stored Plasma.

Material added Dilution
Clotting time,

sec

Saline 145
Oxalated plasma 1:10 30

1:40 49
Oxalated plasma (silicone

technic) 1:10 31
1:40 46

Native plasma* (silicone
technic) 1:10 23

1:40 36

* Tested within 5 minutes after blood drawn"
blood clotted in original tube after 30 minutes.'

plasma. A similar, but less striking, poten­
tiation between platelet extract and tissue
thromboplastin was observed when fresh
plasma was used. Thus although the pro­
thrombin-converting activity of fresh plasma
is rather great it is still not maximal, espe­
cially if dilute thromboplastin is used. How­
ever, since the extracts represent 16 times
their volume of plasma, it would seem reason­
able that the activity of the plasma might
not be less than that of its platelets. Plasma
had the same converting activity when drawn
and handled with silicone technic as when ex­
posed to glass (Table IV). Thus it seems un­
likely that this activity is a product of pro­
cesses incident to the drawing of blood. Na­
tive plasma drawn with silicone technic ap­
pears to have more prothrombin-converting
activity than the same plasma after decalcifi­
cation. As a rule, all materials tested lost
about 90% of their prothrombin-converting

activity on standing 24 hours in the icebox.
By heating at 56°C for 30 minutes, most of
this activity was destroyed.

Comment. No specific term will be applied
at present to the substance which potentiates
the conversion of prothrombin to thrombin by
tissue thromboplastin. This material ap­
pears to be the same as Quick's prothrombin
A but it is not converted into thrombin since
it remains in the serum. By definition, the
conversion-favoring substance might reason­
ably be regarded as part of the thromboplas­
tin complex. Quick':' has justly emphasized
the fact that if any appreciable amount of
active thromboplastin were present in the cir­
culation the blood would not be fluid. This
material does appear to exist in the circula­
tion and presumably cannot alone bring about
formation of thrombin. The prothrombin­
converting activity of the plasma, however,
may well be a determining factor when the
blood is exposed to a minimal amount of tis­
sue thromboplastin, as it probably often is in
cases of thrombosis.

Summary. Fresh plasma, serum and plate­
let extracts contain a material which po­
tentiates the action of tissue thromboplastin
on stored plasma. Platelet extract apparent­
ly contains a greater degree of this activity
than plasma or serum and potentiates the ac­
tion of tissue thromboplastin on fresh plasma.
This factor favoring prothrombin conversion
apparently is present in the circulating blood.
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