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Abstract. The one-stage prothrombin time test for tissue thromboplastin activity was
evaluated using the correction method. A strong influence of the intrinsic system was seen
depending on the clotting time and the type of tubes. This test was unsuitable for quanti-
tative comparison of thromboplastin activity of different preparations.

Subsequently a two-stage assay for human thromboplastin is described using purified
human factor VII, artificially prepared factor VII reagent, and a phospholipid suspension.
The correction method, applicated to this two-stage assay, resulted in a rectilinear dose-
response curve when the clotting times of a thromboplastin dilution series were plotted
against the reciprocal of the concentrations.

Using this test system it could be shown that thromboplastin from porcine tissue can
activate human factor VII quite well, while that from bovine tissue cannot.

Introduction

Assays for coagulation factors are based on measuring the coagulation
time of a test system in which the factor to be estimated is rate limiting. Since
coagulation is dependent upon a sequence of reactions, all factors subsequent
to the one being measured must be kept constant or in excess for accurate
determinations. For this purpose, plasma from patients with congenital
deficiencies or artificially depleted plasmas are used.

In principle, one might use normal plasma in an assay for human tissue
thromboplastin activity, because this activity does not occur in plasma. This
has been done in a great many studies but there are drawbacks to this meth-
od; for example, almost rectilinear plots have often been unjustly claimed
to be rectilinear without any theoretical basis and conclusions have been
based on this assumption. LITTLE and RATNOFF [1969] concluded from
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various plots that no statistical method could be found to compare the
activity of different thromboplastin preparations as used in routine tests. In
most studies, no attention has been given to the effect of the intrinsic system
on the assay and to the effect of the variable lipid content of the sample on
the prothrombinase formation. These influences were investigated in more
detail in our study. Application of the correction method [HEMKER ef al.,
1965; HEMKER and MULLER, 1968] showed that the effect of the intrinsic
system varied markedly depending on the clotting time, reflecting the throm-
boplastin activity of the sample. The results of the one-stage prothrombin
time test can consequently lead to difficulties in the interpretation and to
ambiguous conclusions.

This study deals with a two-stage determination of human thrombo-
plastin activity using purified human factor VII and plasma artificially de-
pleted of factor VII according to LECHNER and DeuTscH [1967]. The suit-
ability of the assay system to thromboplastin preparations from some other
species was studied.

Materials and Methods

Human brain thromboplastin was prepared from acetone-dried tissue and purified as
described by HEcHT and OOSTERBAAN-VAN Lit [1967].

Porcine lung thromboplastin was prepared according to the method of CHARGAFF ef al.
[1942], with some modifications. Fresh lungs were washed with tapwater, cut into pieces
and homogenized in a Waring blender after the addition of saline (120 ml 200 g tissue).
After a period of 3 h in an ice bath, large particles and connective tissue were removed by
centrifugation at 1,250 g for 10 min. The supernatant was subjected to two successive
centrifugations at 2,500 g for 45 min and the pellets were discarded. Thromboplastin was
sedimented from the final supernatant at 100,000 g for 60 min. The pellet formed a pink-
coloured lower layer. The upper layer containing most of the thromboplastin activity was
removed with a spatula and suspended in about one third of the original volume of borate
buffer (I 0.15, pH 8.6) in a Potter-Elvehjem tube. This suspension was subjected to ultra-
centrifugation (100,000 g for 60 min) and resuspension in borate buffer four times. It was
subsequently washed four times with distilled water. This resulted in a purified thrombo-
plastin preparation which was free of soluble proteins. The grey-coloured pellet was
lyophilized and stored at —20 °C.

Bovine brain thromboplastin prepared from fresh tissue as described by OwreN and
Aas [1951] was used.

Phospholipid suspension. A petroleum ether extract of acetone-dried human brain
tissue [FiscHER and HEcHT, 1934] was evaporated under reduced pressure and the lipids
were dissolved in diethyl ether (1 ml/10 mg lipid). The solution obtained was added drop-
wise to stirred veronal-acetate buffer (I 0.15, pH 7.4) through which nitrogen was blown.
The suspension, containing 1.0 mg lipid/ml, was stored in 1-ml portions in plastic tubes
at —20 °C.
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Normal platelet-poor plasma was obtained from human blood collected from a number
of healthy individuals into siliconized tubes containing one tenth of the blood volume of
0.112 M sodium citrate by centrifugation at 15,000 g for 30 min. The plasma was stored
in plastic tubes at —80 °C.,

Factor VII reagent was prepared from fractions of human-citrated plasma and bovine-
oxalated plasma according to the modified method of Lecuner and DeutscH [1967] as
described by HEMKER e? al. [1972].

Factor X was measured using artificially depleted plasma prepared by the method of
HEMKER er al. [1972].

Human factor VII was purified by using several purification techniques as described
by SWART [1971]. The initial fractions of the DEAE-cellulose column in the factor VII
reagent preparation were used as a source for factor VIIL. After adsorbtion to aluminium
hydroxide (‘moist gel’, BDH) (0.5% w/v) at 4 °C, the adsorbent was washed with 0.3 m
sodium EDTA, pH 8.0, and 0.1 M sodium citrate, pH 8.0, followed by elution of factor VII
by 0.25 m phosphate buffer, pH 8.0. The eluate was subjected to ammonium sulphate
precipitation. Factor VII was almost completely precipitated between 40 and 60 % satu-
ration at 4 °C. After centrifugation at 20,000 g for 60 min, the pellet was dissolved in
distilled water and applied to a Sephadex G-100 column (95 x 2.5 cm). The column was
eluted with 0.02 M phosphate buffer, pH 6.8, to which 0.1 M NaCl had been added. The
factor VII peak was situated just after a small peak containing factor X. The fractions
were combined and dialyzed against veronal-chloride buffer (I 0.015, pH 7.35) for 18 h.
The activity of the factor VII preparation was adjusted to 40 % of that of normal plasma.
The factor X activity of this preparation usually did not exceed 2% of that in normal
plasma. The preparation was stored in 1-ml portions in plastic tubes at —80 °C.

One-stage prothrombin time test. To 0.1 ml of human platelet-poor plasma, 0.1 ml of
thromboplastin suspension was added. After 30 sec incubation at 37 °C, the mixture was
recalcified with 0.1 ml of 0.025 M calcium chloride and the time necessary for clotting was
measured with a chronometer. The test was performed in glass tubes as well as in poly-
sterol tubes. The effect of phospholipids in this test was investigated by adding 0.1 ml of
phospholipid suspension (0.3 mg/ml) to the plasma followed by 0.1 ml of thromboplastin
and recalcification with 0.1 ml of 0.033 M calcium chloride.

Two-stage assay of thromboplastin. Factor VII preparation (0.1 ml), thromboplastin
suspension (0.1 ml) and 0.075 M CaCl, solution (0.1 ml) were mixed and incubated for
15 sec at 37 °C. Following this, 0.1 ml of this mixture was added to a mixture of factor VII
reagent (0.1 ml) and phospholipid suspension (0.1 ml with optimal concentration) pre-
heated for about 30 sec at 37 °C and the clot formation was timed. Both stages were per-
formed in glass tubes and the clotting was determined with a Kolle hook. The optimal
concentration of the phospholipid suspension was estimated in a similar two-stage assay,
except that the thromboplastin suspension was replaced by Russell viper venom (0.1 mg/
ml distilled water).

The correction method of HEMKER et al. for the assays of extrinsic coagulation factors
permits the calculation of the residual amount of an extrinsic factor in its test reagent by
using a one-stage procedure [HEMKER e? al., 1965 ; HEMKER and MULLER, 1968]. If a series
of known concentrations, ¢, of a factor is tested in a one-stage assay for that factor, a
number of clotting times, t, is obtained. Using buffer as a sample will give the buffer time,
ty, of the test medium. If this buffer time is assumed to be due to an unknown but constant
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amount, L, of the rate-limiting factor in the reagent, and Michaelis-Menten kinetics apply,
then a rectilinear relationship should exist between (tp—te)/c and t.. This is indeed found
with one-stage assays in the extrinsic system. This graph is known as the correction plot,
as the slope of the curve allows the expression of the quantity L in the same units as c.
Correction of ¢ for L then produces a straight line relationship between tc and the inverse
of the total concentration of the coagulation factor. With the aid of this curve and the
clotting times of samples, the concentrations can be calculated more accurately than with
the plotting of ¢ versus tc on double logarithmic paper.

Results

Application of the correction method described by HEMKER and associates
[HEMKER ef al., 1965; HEMKER and MULLER, 1968] to the clotting times of a
series of dilutions of tissue thromboplastin in the one-stage prothrombin
time test performed in glass tubes did not result in a rectilinear correction
plot (fig. 1, curve A). So, besides the clotting initiated by the thromboplastin,
there was an additional influence on the clotting process which varied
depending on the clotting time. Inclusion of additional phospholipid so as
to prevent prothrombinase formation from being a possibly limiting step
at low thromboplastin concentrations had no effect on the observed non-
linearity (fig. 1, curve B). Replacement of the glass tubes by polysterol ones
resulted in a less curvilinear relation at least over a certain dose-response
range (fig. 2). Addition of phospholipid to these tubes also led to no improve-
ment. We concluded that the intrinsic system has a disturbing effect on the
estimation of thromboplastin activity in the one-stage prothrombin time
test. In a limited range, the correction plot can be used for practical pur-
poses; however, the value of L obtained should be interpreted with caution.

A series of dilutions of tissue thromboplastin in the two-stage assay ata
phospholipid concentration for optimal clotting (0.3 mg/ml) (fig. 3) did
result in a rectilinear correction plot (fig.4, curve A), indicating the occur-
rence of a constant activity, L, in addition to that of thromboplastin. This
activity of the test system was found to correspond to 0.038 mg/ml of the
thromboplastin preparation used. Plotting of the clotting times against the
reciprocal of the total concentration (TP + L) produced a rectilinear dose-
response curve for this two-stage assay of tissue thromboplastin (fig.5,
curve A).

Plotting of clotting times versus thromboplastin concentrations on double
logarithmic paper resulted in a diagram which was approximately rectilinear
as can be shown by a statistical analysis. In practice, this curve may be used
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Fig.1. Correction plot for the one-stage prothrombin time test with human platelet-
poor plasma and porcine lung thromboplastin in glass tubes. Curve A: 0.1 ml plasma,
0.1 ml thromboplastin and 0.1 ml 0.025 M calcium chloride; curve B: 0.1 ml plasma,
0.1 ml phospholipid suspension, 0.1 ml thromboplastin and 0.1 ml 0.033 M calcium
chloride.
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Fig.2. Correction plot for the one-stage prothrombin time test with human platelet-
poor plasma and porcine lung thromboplastin in polysterol tubes. Other conditions as in
figure 1.

but then the inaccuracy in the determination of low thromboplastin activ-
ities is increased.

The usefulness of this test system in studies on thromboplastin prepara-
tions from other species was tested on porcine and bovine thromboplastin.
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Fig. 3. Influence of the phospholipid concentration on the clotting of artificially made
factor VII deficient plasma by Russell viper venom.
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Fig.4. Correction plot for the two-stage assay of thromboplastin activity with purified
human brain thromboplastin (A) and porcine lung thromboplastin (B).
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The results are given in figure 5, curves B and C. Bovine brain thrombo-
plastin, highly active when tested with bovine plasma, demonstrated only a
small amount of activity, whereas porcine lung thromboplastin activated
human factor VII quite reasonably. By taking the activity of the homologous
human brain thromboplastin as 100 %, the activity of the porcine prepara-
tion was 75 % and that of the bovine preparation only 4 % on a weight basis.
These differences must be attributed to species specificity and to the actual
thromboplastin content of the preparations.
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Fig.5. The relationship between coagulation time (tco) and concentration of thrombo-
plastin in the two-stage assay after correction. A — purified human brain thromboplastin;
B = purified porcine lung thromboplastin; C = bovine brain thromboplastin.

The elution pattern of porcine coagulation factors VII and II from
DEAE-cellulose differed from that of the human factors. Consequently, the
preparation of artificially deficient plasma from porcine and bovine plasma
according to the principle of LECHNER and DEUTSCH [1967] did not succeed.

Discussion

The determination of thromboplastin activity is usually based on a com-
parison of clotting times obtained by recalcification of normal citrated or
oxalated plasma in the presence of the tissue thromboplastin preparations.
Less attention has been given to the influence of the intrinsic pathway or the
effect of the varying amounts of phospholipid in the thromboplastin samples
which function at the lipid-dependent stage of the coagulation mechanism.

Kinetic studies [HEMKER e7 al., 1965; HEMKER and MULLER, 1968] made
possible the evaluation of this assay system. A very strong influence of the
intrinsic system was found when the test system was carried out in glass
tubes; it played a less pronounced role in polysterol tubes. Effects due to
dilution of the phospholipid in a series of dilutions of thromboplastin were
eliminated by adding a constant amount of phospholipid suspension to the
assay system. However, this inclusion did not result in an improvement of
the linearity of the dose-response curve. Consequently, the determination of
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tissue thromboplastin should not be performed in a test system containing
normal plasma.

A two-stage assay for thromboplastin of bovine origin was developed by
NEMERSON [1968]. A comparable human system was possible only with the
purification of human factors and the availability of deficient plasmas.
Using purified human factor VII, artificially prepared factor VII deficient
plasma and a phospholipid suspension (functional in prothrombinase forma-
tion), we developed a dependable two-stage assay for human thrombo-
plastin. Calculation of L, which accounts for small amounts of clot-pro-
moting activity in the reagents, from the tc versus (tp—tc)/[TP] plot resulted
in a constant value (fig.4). This means that thromboplastin is the rate-
limiting factor which is measured. Correction of the series of thromboplastin
concentrations for L resulted in a rectilinear diagram of t versus 1/ ([TP]+L)
with a slope which was suitable for reasonably accurate comparison of
thromboplastin activities (fig. 5). In addition, these results confirm the indi-
cation obtained by HEMKER and MULLER [1968] that tissue thromboplastin
behaves like the other coagulation factors of the extrinsic system. Variation
of the incubation time in the first stage of this assay between 15 and 60 sec
did not influence the clotting time. This suggests that no reaction took place
in the first stage or that it was completed within 15 sec. According to obser-
vations of WiLLIAMS and NORRIS [1966] and NEMERSON [1966], a rapid reac-
tion is indeed probable.

Equal amounts of porcine and bovine thromboplastin preparations
revealed that the porcine preparation can activate human factor VII quite
well, while the bovine preparation cannot (fig.5). This differing capacity of
thromboplastin preparations to activate human factor VII owing to species
specificity [QUICK, 1941; SOLDATI, 1941; MANN and HURN, 1952; STOR-
MORKEN, 1957; IRSIGLER ef al., 1965] can be expressed more quantitatively
by using this test system. The inefficiency of bovine thromboplastin in the
activation of human factor VII and its high sensitivity towards activated
human factor VII [LAAKE and ELLINGSEN, 1974] have been applied in the
estimation of human factor VII activated by incubation in the cold [HEMKER
et al., 1976].
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