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does not seem possible to explain the pro-
tective effect in shocked dog by any action
in the cardiovascular system in normal ani-
mals.

The experiments do not exclude the pos-

PrOTHROMEBIN UTiLizATION DURING CLOTTING

sibility of a pharmacodynamic antagonism
for one of the hypothetical toxic substances
responsible for shock.
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It has been recognized for decades that
prothrombin disappears from blood during
clotting, but that traces of this clotting factor
may persist in serum for days(1). With the
development several years ago of the 2-stage
method for determining prothrombin in
fibrinogen-free systems(2), further studies of
prothrombin and the dynamics of clotting be-
came possible. One of us, using this method,
determined the rate of prothrombin consump-
tion during clotting of normal, hemophilic and
platelet-poor bloods(3,4). Originally, the
one-stage test could be used only for the study
of plasma, since no separate source of fibrino-
gen was provided. Recently this procedure
has been modified so that it can be applied
to serum(5). With the modified one-stage
test, serums from normal, hemophilic and
platelet-poor bloods have been investigated
by several workers. While the results seemed
to confirm in a general way the findings with
the 2-stage test, certain discrepancies were
apparent.
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Vogel,

The present study was undertaken to com-
pare prothrombin utilization during clotting,
as indicated by the 2 methods, and to de-
termine, if possible, the basis for the dis-
crepancies observed. Simultaneous one-stage
and 2-stage determinations of prothrombin
activity were performed on a series of bloods
during and .after clotting. Normal bloods,
both human and dog, and a group of slowly
clotting specimens—canine hemophilic blood,
human platelet-poor plasma and normal blood
clotting in silicone-treated containers—were
studied.

Materials and methods. Three normal hu-
man subjects, 6 normal kennel dogs and 3
hemophilic dogs(6) were used in these ex-
periments. Blood was collected by veni-
puncture in 2 dry syringes. Four ml of blood
from the first syringe were mixed with 0.5 ml
3.2% sodium citrate solution and the control
plasma obtained by centrifugation. Blood
from the second syringe was distributed im-
mediately into a series of 10x75 mm dry
glass tubes calibrated to 2 ml (28°C). Peri-
odically, 0.25 ml of 3.2% sodium citrate was
added to each tube and the citrated serum (or
plasma) obtained by centrifugation (about
3000 g for 3 minutes).” For the silicone
experiments, silicone-treated needles, syringes
and calibrated tubes were used(7). Platelet-
poor human plasma was obtained as described
previously(7). One-stage and 2-stage pro-

6. Graham, J. B., Buckwalter, J. A., Hartley, L. J.,
and Brinkhous, K. M, J. Exp. Med., 1949, v90, 97.

7. Buckwalter, J. A., Blythe, W. B., and Brink-
hous, K. M., Am. J. Phvsiol., 1949, v159, 316.
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Comparison of one-stage and 2-stage prothrombin values in clotting blood.
Mean oue-stage determinations indicated by (O (upper curve), mean 2-stage

determinations by @ (lower curve).
(modified Lee-White method).

thrombin determinations and a test for throm-
bic activity were performed on all samples.
Modified one-stage prothrombin times(8)
were determined by mixing 0.1 ml fresh
thromboplastin solution (Difco), 0.1 ml fresh
normal homologous plasma treated with
BaS0,(9), 0.2 ml 0.02M CaCl, solution and
0.1 ml citrated test sample (37°C) in the
order named. The experimental samples were

8. Quick, A. J., and Favre-Gilly, J. E., Am. J.
Physiol., 1949, v158, 387.

9. Rosenfield, R. E. and Tuft, H. S, Am. J.
Clin. Path., 1947, v17, 405.

Arrows indicate mean clotting time

tested 334 to 5 minutes after citration, the
control plasmas 40 minutes after venipunc-
ture. Normal control dog plasma clotted
between 8.2 and 8.6 seconds, human plasma
between 14.6 and 15.2 seconds. Results of
the one-stage test are expressed as % pro-
thrombin activity, wusing plasma dilution
curves(9) with the 100% values obtained
from the control plasmas. For values higher
than 100%, the sample was diluted to half-
strength with BaSO,-treated plasma before
testing. Percentile yields were then doubled.
Serum thrombic activity was determined
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simultaneously with the one-stage prothrom-
bin tests by adding 0.1 ml citrated serum to
0.1 m] homologous BaSO,-treated plasma and
0.3 ml 0.9% NaCl (37°C). Two-stage pro-
thrombin determinations(2) were performed
with added beef serum(10). Normal dog
plasma contained 373 to 425 prothrombin
units per ml, normal human plasma 275 to
325 units. Results are expressed as % of
the appropriate control plasma,

Results. In Fig.' 1 the results obtained
during the first 2 hours of these experiments
are summarized. As measured by the 2-
stage method, the prothrombin content of
the serum diminished progressively, but at
varying rates in the different types of experi-
ments. With the one-stage method, a period
of hyperactivity in which the values exceeded
100% was noted soon after the blood was
drawn. The serum prothrombin clotting
times reached a minimum of about 6.0 sec-
onds for the dog serum, and about 10.3
seconds for the human serum. The hyper-
active phase was greatly protracted in the
hemophilic and platelet-poor samples (Fig. 1,
C and D). Data from 6 experiments on ca-
nine hemophilic blood, not included in the
chart, showed that the period of hyperactivity
lasted for 3 to 4 hours. In 2 experiments
with platelet-poor human plasmas, this hyper-
active period lasted 6 to 7 hours.

Little or no thrombin was found in the
citrated serum samples. With the dog serum,
no clots were observed in 4 hours. With the
human serum, the thrombin clotting times
varied greatly; a few samples clotted in 5
minutes, but most were not clotted in 4 hours.

With the original 2-stage prothrombin pro-
cedure(2), the incubation time required for
maximum thrombin activity was regularly
shorter for the serum samples than for the
plasma samples. Optimal incubation times
were determined carefully in several experi-
ments, using Ac globulin-poor beef lung (Mg
(OH). treated) as thromboplastin. The op-
timal activation time for the human plasma
was 5 minutes, compared to 3 minutes for
serum of approximately the same prothrom-

10. Ware, A. G., and Seegefs, W. H, Am. J. Clin.
Path., 1949, v19, 471.
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bin unitage. Although the rate of thrombin
formation was more than 1&% times as fast
in serum, prothrombin values were never
higher than in the control plasma. Similar
results were observed in canine experiments.

Discussion. During the cearly stages of
these experiments, the one- and 2-stage pro-
cedures gave divergent resilts. The slower
the clotting, the more prolonged was the per-
iod of divergence. After the peak of pro-
thrombin activity observed’by the one-stage
method, the 2 curves tended to converge.
However, the one-stage results remained con-
sistently higher than the 2-stage values. The
high serum activity observed by, the ore-
stage test does not appear to. be due to
residual thrombin(11), but rather to the
elaboration of an accelerator, of prothrombin
conversion during clotting(12,13;14). An at-
tempt was made to obtain better agreement
between the results with the 2 methods by
recalculating the one-stage values on the
descending portions of the curves. The high-
est one-stage result in % was made equiva-
lent to the corresponding 2-stage value in %.
The subsequent one-stage values then were
adjusted proportionately. With this recalcu-
lation the one-stage values became almost
identical with the 2-stage values. This sug-
gests that if the one-stage procedure were
modified further by addition of the serum
accelerator factor, the discrepancies in the
serum values obtained by the 2 methods
might disappear. It will be noted that the
peak of hyperactivity of serum in the hemo-
philic and platelet-poor samples (Fig. 1, C
and D) is approximately the same as in the
corresponding normal bloods. The hyper-
activity of hemophilic serum was evident in
the data presented previously by Quick(5).
It was not recognized at the time however,
and in retrospect, it is easy to see how this
was interpreted as evidence for a “quantita-
tive lack of conversion” of prothrombin dur-

11. Stefanini, M., Experientia, 1949, v3, 1. ‘

12. Owren, P. A., The Coagulation of Blood, J. C.
Gundersen, Oslo, 1947.

13. Ware, A. G, and Seegers, W. H., dm. J.
Physiol., 1948, v152, 567.

14, de Vries, A., Alexander, B., and Goldstein, R,
Blood, 1949, v4, 247.
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ing the clotting of hemophilic blood.

It will be noted in Fig. 1 that the initial
one-stage prothrombin values were lower than
those obtained with the control plasma. Thus,
in the normal human experiments (Fig. 1 B),
the prothrombin time of the control plasma
was 14.8 seconds (100%), while in the ex-
perimental series the plasma prothrombin
time was 16.2 seconds (74%). The chief
difference between these 2 plasmas was the
age at the time of testing. The one-stage
plasma determination in the experimental ser-
ies was made within 5 minutes after veni-
puncture, while in the control plasma the
test was not made until 40 minutes after
venipuncture. Other studies have shown that
during the first 30 to 45 minutes after blood
is collected, the prothrombin time of citrated
plasma gradually shortens. These findings
are in accord with those of Owren(12), and
indicate the importance of the time elapsing
between collection of blood and performance
of the one-stage test. While prothrombin
times longer than 11 or 12 seconds on normal
human plasma by the usual method are gen-
erally attributed to a relatively inactive
thromboplastin, they may actually be due to
the prompt testing of freshly collected plasma.
Further studies are needed to determine
whether the changes in plasma prothrombin

427

time immediately after venipuncture are due
to the same factor(s) that causes hyperactiv-
ity of serum in the one-stage test.

Summary. 1. A comparison was made of
the changes in prothrombin during clotting,
as indicated by the one- and 2-stage methods.

2. By the 2-stage method, progressive dis-
appearance of prothrombin from serum was
observed. Prothrombin utilization was slower
in human blood than in dog blood, and was
delayed greatly in canine hemophilic blood,
platelet-poor human plasma, and in blood
clotting in silicone-treated glassware.

3. By the one-stage method, an initial per-
iod of hypoactivity in the plasma was fol-
lowed by a hyperactive phase in the serum.
At the peak of hyperactivity, “prothrombin”
values were about 180% of the control plas-
ma. In slowly clotting bloods, the hyper-
active phase developed less rapidly and per-
sisted for a longer period than in normal
blood. The abnormally high serum prothrom-
bin values obtained by the one-stage test
appear to be due to the evolution and persis-
tence of the recently recognized serum factor
which accelerates thrombin formation. Ap-
parently this factor does not influence the
2-stage serum prothrombin values.
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It is well known that administration of
desoxycorticosterone acetate, an indirect
means of reducing the serum potassium level,
results in the production of a syndrome in
dogs of polydipsia and polyuria resembling
diabetes insipidus(1-3). To our knowledge
the effect of direct dietary withdrawal of

1. Kuhlmann, D., Ragan, C., Ferrebee, J. W,
Atchley, D. W., and Loeb, B. F., Science, 1939, v90,
496.

potassiam on the fluid exchange has not been
reported.

Twelve dogs housed in metabolism cages
were placed on basic diets* containing ap-
proximately 0.01% potassium. The details

2. Mulinos, M. G., Spingarn, C. L., and Lojkin,
M. E., Am. J. Physiol., 1941, v135, 102.

3. Ferrebee, J. W., Parker, D, Carnes, W. H,
Gerity, M. K., Atchley, D. W, and Loeb, R. F,
Am. J. Physiol., 1941, v135, 230.



