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Abstract. Prothrombin is determined with the aid of a recently developedassay,based
on the amidolysisof a chromogenicsubstrate.The assayproved to be reliable when it was
compared with more conventional coagulation assaysin the control of oral anticoagulant
therapy, both in the therapeutic range and in a case of overdosage.As is the case in
coagulation tests, heparin thelapy remains a disturbing circumstance. The prothrombin
concentration was measuted(a) in the plasmaof 50 long-term anticoagulatedpatients, and
the results were comparedwith those obtained with a one-stagecoagulationassayand with
those obtained with Thrombotest@determinations,and (b) during vitamin K administration
in the plasmaof a patient with a severeintoxication of a vitamin K antagonist.

I ntroduction
Recently, we developed a method for the determination

of prothrombin

substrate(5). In this method,prothrombinis first
with the useof a chromogenic
activatedwith humanfactor Xu and,in a secondstage,the thrombinconcentra'
tion is determinedby its amidolytic activity towardsa synthetic substrate
(Chromozym@
TH). From this substrate,thrombinliberatesthe yellow-coloured
p-nitroanilide.Thethrombinconcentrationis proportionalto the generationrate
andis expressed
of p-nitroanilidewhich canbe recordedspectrophotometrically
as absorbancychangeper unit of time. Herewe presentresultsconcemingthe
practicalvalueof this assayfor routineprothrombindetermination.
t With support from the'Deutsche Forschungsgemeinschaft'.
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Materials and Methods
Buffers. Buffer A: 0.075M NaCl, 0.075M imidazol, 0.075M tris-HCl, pH8.4.
sodiumbarbital,pHT.4.
BufferB: 0.087}f NaCl,0.0029Msodiumacetate,0.0029M
Reagents.Thrombotest@wasobtained from Nyegaard(Norway). Heparin, 5,000 U/ml,
from Organon (The Netherlands),Chromozym TH from Boehringer,Mannheim (FRG) and
Taipan snakevenom from Sigma(USA).
Plasmaand Coagulation Factors. Plasmawas preparedby collecting blood in 0.13M
trisodium citrate (I0% v/v) and separatedfrom the cells by centrifuging for 10 min at
2,000g. Factor X" was preparedas describedbefore (5), and bovine thrombin was obtained
as Topostasine@from Roche (Switzerland) dissolved in buffer B to a concentration of
50 NIH U/ml and stored at -20 "C. Antiprothrombin was preparedas describedby Bas et
al. (2).
Prothrombin Determination (1) One-stagecoagulationassayas describedby Koller et
a/. (6), modified in such a way that only human material was used. (2) Two-stagemethod
with the aid of Chromozym TH as describedearlier (5). (3) One-dimensionalelectrophoresis
accordingts Laurell (8).

Results
Determination of hothrombin in Anticoagulated Patients
Plasma was obtained from 50 patients randomly chosen from the local
thrombosis service, and the prothrombin concentration was measuredwith the
one-stagecoagulation assay and the chromogenic substrate assay.The relation
between the values obtained in these tests is shown in figure 1. The level of
significance(p) of the correlation between thesemethods was 0.05 (t test). With
the routinely used Thrombotest, a positive correlation of 0.69 was found in the
range 5-15 of the Spearmanrank correlation coefficient. The determination of
prothrombin in a caseof vitamin K antagonist intoxication presentsa test case
to exclude the possibility that decarboxyprothrombin (Pivka-II) is coestimated
in our tests.
In the case at hand, the Thrombotest and the concentration of pro
tlrombin, factor VII and factor X (all measuredwith the one-stagecoagulation
assay)were below 5% of the normal values. The increaseof the prothrombin
level after a single oral dose of 30 mg vitamin K was assayedwith the method
using chromogenic substrates.The results are shown in figure 2. The resultswere
similar to those obtained with the one-stagecoagulation assay.Immediately after
administration of vitamin K, a sharp increaseof the prothrombin concentration
was observed,which leveled off after 2 more days.
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Fig. 2. Time courseof the prothrombin generationin plasmaafter vitamin K antagonist
intoxication. Blood was collected at the first 6 days ofhospitalization. The 2nd day, 30 mg
of vitamin K were given orally, immediately after collecting the blood. Prothrombin was
assayedeither with a onestage method (o) or with the aid of a chromogenicsubstrate.In
the latter case,prothrombin was activated either with factor X" (o) or with Taipan snake
(*).
venom (o) or with staphylocoagulase

No significantdifferenceswere observedbetweenthese
antigenicdeterminants.
resultsandthoseshownin figure 2.
In current practice,heparintherapyinterfereswith the resultsof coagulation factor determination.This is alsothe casewith this methodusingchromo
genicsubstrates.
in the presence
of smalltherapeuticamountsof
Nevertheless,
heparin in the plasma,small amounts of prothrombin will be determined
correctly(fig. 3).

Discussion
A recentlydevelopedmethod for the determinationof protfuombin was
therapy.Thecorrelation
testedin 50 patients,who wereon oral anticoagulation
between the new assayand the one-stageprothrombin assaywas good. The
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in normalplasmaasa functionof
Fig.3. Increaseof the prothrombinconcentration
(x) of 0.25U heparin/ml
plasma.
(r) or absence
For
the plasmadilutionsin the presence
andMethods.
furtherdetails.seeMaterials

correlation between the data obtained with the routinely used Thrombotest
assay and those obtained with specific prothrombin assaysis moderate due to
the fact that the Thrombotest is a non-specificassayin which the clotting time is
dependent on the concentration of prothrombin as well as that of severalother
coagulation factors.
Assays in which prothrombin is detected with the aid of a chromogenic
substrate have three advantagesover the conventional coagulation assays:(a) the
assaycan be easily adaptedto automatic measurements;(b) the conformation of
fibrin as the end point of the reaction is avoided and hence the conditions
interfering with fibrin formation will not disturb the test (3), and (c) the
conditions of the test can be more strictly standardized than those of a
coagulation test.
As can be seen from the experiments in which the new prothrombin assay
was used to register the prothrombin concentration in the plasma of a patient
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with a severevitirmin K antagonist intoxication, only normal prothrombin was
measured when factor Xu was used as a prothrombin activator. On the other
hand, the sum of the concentrations of prothrombin and decarboxyprothrombin
(PivkaJI) was measured when staphylocoagulaseor Taipan snake venom was
used asprothrombin activator.
Axelsson et al. (l) and Korsan-Bengtsenet al. (7) have used a similar assay
system to control anticoagulant therapy. However, because these authors
used different prothrombin activators than we did, their methods had some
imperfections. Axelsson et aL used a commercial tissue thromboplastin which
had the disadvantagethat different thromboplastin concentrationswere required
at different prothrombin concentrations, even when these concentrations were
in the normal range for anticoagulant therapy. Moreover, a rather high concentration of factor V elWo) was required for a maximal reaction rate.KorsanBengtsenet aL used Russell'sviper venom as an indirect prothrombin activator.
These authors found that the factors II, V, VII and X were activated in this
system and that the rate of activation of each one of these factors differed.
These activation rates differed from each other and were dependent on the
incubation time and on the venom concentration. The systembecameevenmore
complicated when prothrombin was measured during anticoagulant therapy,
becausealso the decarboxyfactorsII, VII and X are slowly activated and hence
decarboxyfactor II is partially coestimated.
With the modified method which we used in our investigations,thesetypes
shortcomings
could be avoided because(a) decarboxyfactorII is not coof
estimated, (b) the reaction occurs in the absenceof thromboplastin, (c) only l%
of factor V is required and (d) the only prothrombin activator is factor I which
is addedto the samplesin excess.
As the occurrence of decarboxyprothrombin is pathogenic for vitamin K
deficiency (4), this test allows to diagnosea vitamin K deficiency instantaneously. This may be of importance, not only to spot an intoxication quickly, but also
to recognisethe contribution of vitamin K deficiency due to resorption defects
in the low coagulation factor level found in liver disease.
From the experiments presented in this paper, we conclude that the new
prothrombin assay correlates very well with the specific coagulation assaysin
varying types of experiments. As it is a quick and easy assay,it is fit for the
routine determination of prothrombin in the plasma of anticoagulatedpatients
and may be adapted to automatic measurementsin the laboratories of clinical
chemistry. It can be easily modified to a test that immediately indicateswhether
or not a patient has a vitamin K deficiency.
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