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Summary. 1. A method is presented for toxemia. 3. Evidence is offered that absorp- 
the preparation of sterile closed intestinal tion continues in the sterile loop. 
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The study of the extent of utilization of 
the different factors known to be necessary 
for the formation of thrombin is a fruitful 
technic of investigation of the clotting pro- 
cess. Thus, in the hands of Quick and asso- 
ciates. the quantitative determination of the 
consumption of prothrombin has given con- 
clusive evidence of the existence of a prelim- 
inary phase in the coagulation of blood, name- 
ly the formation of thromboplastin from an 
inactive plasmatic precursor through the 
action of a platelet factor(1). It has also 
helped to identify the mechanism of the 
coagulation defect in hemophilia and throm- 
bncytopenic purpura ( 1 ;2). The factors tak- 
ing part in the formation of thrombin are not 
to tally utilized during coagulation. Exam- 
ination of the serum by one-stage technics, 
after the thrombin formed has been neutral- 
ized by the natural antithromibin, reveals 
the presence of a t  least 3 proteins active in 
promoting the coagulation of blood: (a )  un- 
converted prathrombin: ( b )  unconverted la- 
bile factor (factor y, plasma .\c globulin) : 
ar,d (c )  a new agent, capable of accelerating 
the conversion of prothrombin to thrombin 
(serum -\c gloibulin, factor VT, spca, etc.). 
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The concentration of these 3 factors varies 
according to the normality or a(bnorma1ity of 
the coagulation process. 

The present paper introduces data on the 
utilization of the labile factor during coagu- 
lation in healthy subjects and in patients 
with different disorders of the clotting mech- 
anism. The relationship of the utilization of 
the labile factor to the consumption of pro- 
thrombin and to the development of the ac- 
celerator in serum has also been investigated, 
since previous findings have suggested that 
the accelerator may derive from the labile 
factor through the action of thrombin ( 3 ) .  

Materials and methods. A 20-gauge 
needle on a glass syringe was neatly inserted 
into a vein and a few ml of  blood were 
drawn. The  glass syringe was then ex- 
changed for a second one coated with Sili- 
cone and chilled in ice prior to use. Four 
ml of blood, apparently uncontaminated with 
tissue thromboplastin, were collected and 
divided into 2 samples of 2 ml each. The 
first was decalcified by the addition of 1/10 
volume of sodium oxalate 0.1 M and the 
second allowed to clot in a glass test tube in 
a water bath at 37°C. Plasma was obtained 
from the first samplse by centrifugation a t  
1,500 r.p.m. for 5 minutes ar,d its labile 
factor activity determined by the method of 
Quick and Ste\fanini(4) as described by Stefa- 
nini ( 5 ) .  This consists essentially in deter- 
mining the ability of the plasma under obser- 
vation to reduce towards normal values the 
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TABLE I. 
Consumption of Prothrombin During Coagulation and Its Relation t,o Utilization of Labile Factor and 

Development of Accelerator in Serum." 

Serum/plasma Serum/plasm a 
prothrombin Labile factor Labile factor labile factor Accelerator 

NO. activity activity activity activity eff eet of 
Diagnosis eases ratio, XlOO of plasma, % of serum, % ratio, ~ 1 0 0  serum, % 

Normal 
Polpeythemia Vera 
Pseudohemophilia 
Wemophilia 
Thr ombocytopenic 

purpura 
Spmptomatic 

thrombocgtopenia 
Dicum ar  01 hypo- 

prothrombinemis 
Cirrhosis of liver 

15 
1 0  

4 
5 
7 

21 

10 

5 

2.4 
4.3 
5.1 

84.3 
175.0 

81.4 

11.4 

42.8 

98 
100 
100 

94.8 
97.0 

74.0 

92.6 

51.4 

14.2 
19.6 
11.3 
68.5 
74.2 

63.0 

45.4 

29.7 

14.3 
19.6 
11.3 
72.5 
7.5.9 

84.6 

49.2 

33.0 

89 
87 
91 
1 2  
15 

9 

24 

39 

* Prctlirombin activity, labile factor activity and accelerator were determined i n  serum one hour 
after the completion of coagulation. 

prolonged prothrombin time of stored human 
oxalated plasma (4). The clotted sample 
was centrifuged at  1,500 r.p.m. for 2 minutes, 
one hour after the completion of coagulation 
and the serum was separated and treated 
with the addition of 1/10 volume of sodium 
oxalate solution 0.1 M and then absorbed 
with Ca3(P04)2 gel 0.008 M. This treat- 
ment was found necessary to  neutralize the 
thrombin still present in the serum and to 
adsorb all prothrombin and accelerator agent 
from the serum. The removal of the latter 
substance was found to be lerratic and in- 
complete if the serum was not oxalated prior 
to adsorption. The labile factor of the super- 
natant serum was then d.etermined with the 
previousIy described method( 5) .  The con- 
centration of serum accelerator was deter- 
mined with the one-stage method of deVries 
et al. (6) ; the plasma prothrombin activity 
with the method of Quick(7); the prothrom- 
bin activity of the serum with the method 
recently described, in which correction is 
made for the accelerator effect of serum( 8). 
In  this paper we give the ratio between pro- 
thromlbin activity of serum and prothrombin 
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activity of plasma, which is a more correct 
indication of the consumption of prothrombin 
during coagulation than the original values. 
The ratio was calculated by dividing the 
values of the serum and plasma prothrombin 
activities and multiplying the result X l@l 
(8). Healthy subjects and patients with 
different disorders of the hemostatic mechan- 
ism were investigated. The number of indi- 
viduals studied for each condition is indi- 
cated in Table I. Cases of polycythemia 
Vera and pseudohemophilia were included in 
this series to show the relation of the utiliza- 
tion of the labile factor to the utilization of 
prothrombin and development of accelerator 
in serum in conditions in which the bleeding 
tendency is not due to demonstrable deficiency 
of the coagulation mechanism. 

The findings are 
summarized in Taible I. About 8570 olf the 
labile factor was utilized during coagulation 
in healthy subjects and smaller amounts in 
those presenting various pathological condi- 
tions. The values of the serumbplasma pro- 
thrombin activity and the serum/plasma la- 
bile factor activity ratio ran a fairly paral- 
lel course, indicating that the percentage of 
labile factor utilized during the coagulation 
is roughly proportional to that of prothrombin 
consumed. On the other hand, the labile 
factor activity of serum was in definite in- 
verse proportion to the concentration of the 
accelerator develo,ped in serum. These re- 
lationships were well in evidence in all cases 

Results and discussion. 
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studied. I n  patients with a normal coagu- 
lation mechanism we constantly found a low 
prothrombin and low labile factor activity 
but a high accelerator effect in serum. These 
findings were reversed for patients in which 
the Coagulation mechanism was defective be- 
cause of deficiency of thromboplastin, pro- 
thrombin or labile factor. Thus. high serum 
prothrombin and serum labile factor activity 
but low serum accelerator were found in pa- 
tients with: (a )  hemophilia or thrombocyto- 
penia, where very little thromboplastin was 
availalble ( 2 )  : and (b)  liver dysfunction, 
where deficiency of prothrombin and labile 
factor were associated. Defective formation 
of thrombin suggests itself as a common de- 
nominator (see later) .  A special condition 
was represented by the hypoprothrombinemia 
due to dictrmarol therapy. The  little amount 
olf prothrombin available was well utilized, 
as labile factor and thromboplastin were nor- 
mal, but a comparatively small amount of 
labile factor appeared consumed and little 
accelerator effect developed in serum. 

The  observations that: ( a )  the amount 
of labile fact,or utilized during coagulation is 
directly proportional to that of prothrombin : 
and (b )  little labile factor is utilized during 
coagulation when either prothrombin or 
thromboplastin are deficient, clearly suggest 
that prothrombin, thromlboplastin and labile 
factor react among themselves to form throm- 
bin in definite quantitative proportions. These 
findings complement the previous report by 
Quick and Stefanini(9) that. in the presence 
of excess thromboplastin and an optimum 
amount of calcium, the addition of increasing 
quantities of labile factor (in the form of 
diluted deprothrombinized rabbit plasma) to 

9. Quick, A. J., and Stefanini, M., Avi. J .  Physiol., 
1950, v160, 5 7 2 .  

stored human oxalated plasma induced a 
progressively increasing consumption of pro- 
thrombin. 

Less clear is the significance of the inverse 
relationship lbetween utilization of prothrom- 
bin and labile factor during coagulation and 
development of serum accelerator. It has 
been previously reported that the latter agent 
derives from the labile factor through the 
action of thrombin(3). I t  may then be sug- 
gested that little accelerator is formed when- 
ever the formation of thrombin is slow and 
incomplete. This interpretation is confirmed 
by the findings in dicumarol hypoprothrom- 
binemia. I n  this case the utilization during 
clotting of the limited amount of prothrombin 
available is high, but, as only a little thrombin 
can be formed, a high percentage of labile 
factor will he left unconverted and little ac- 
celerator found in the serum. 

Sum.mary. The  percentage of labile factor 
and prothrombin activities and accelerator 
effect found in serum after completion of the 
coagulation of blood are in inverse quanti- 
tative prowxtions. A very small percentage 
of labile factor and prothrombin activity can 
be found in sera of heallthy subjqects; in this 
case high values of accelerator are the rule. 
Low values of accelerator and a large per- 
centage of prothrombin and labile factor 
activity are found whenever the formation of 
thrombin is deficient because of the ,depletion 
of either thromboplastin (hemophilia, throm- 
bocytopenic purpura) or prothrombin and 
labile factor (liver dysfunction). I n  dicu- 
marol hyDoprothrombinemia the available 
prothrombin is well utilized during coagu- 
lation: but the percentage in serum of un- 
converted labile factor is high and that of 
the accelerator low. 
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