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ABSTRACT
An artificial factor II reagent is composed by supplemen-
ting BaS0) adsorbed plasma with a concentrated solution,
containing factors VII and X. These factors are prepared
by the addition of Echis Carinatus venom to plasma, remo-
val of the clot which has formed within 1 hour, adsorption
of the factors VII and X to DEAE Sephadex, followed by a
step elution and subsequent dialysis of the factors. The
reagent contains no detectable Echis Carinatus venom,
factor II or thrombin. The advantages of this reagent
over the conventional ones are discussed.

INTRODUCTION

For the determination of coagulation factor II generally two procedures are

used:

a. The one-stage assay in which factor II deficient plasma and thromboplastin
constitute a medium in which all factors except prothrombin are present in
excess.The prothrombin content of the sample added is rate limiting. The
clotting time upon recalcification thus indicates the prothrombin level
Ch

b. The two-stage assay in which first the prothrombin present in the sample

is converted into thrombin. In a second stage the thrombin content is
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assessed by measuring the clotting time with a suitable source of fibrinogen
(2).

The disadvantage of the first method is that both artificial and congenital
factor II deficient plasmas usually contain residual amounts of prothrombin

so that in the absence of added prothrombin still a rather short coagulation
time is scored,consequently low prothrombin concentrat®ons are difficult to
assess.The two—stage method although more elaborate than the one-stage assay
is especially useful in the determination of more or less purified factor II
preparations.In plasma and plasma dilutions,however,the assay is hampered by
the presence of thrombin inhibitors such as antithrombin,which necessitates
evaluation of the time-course of thrombin generation and breakdown (3,4).More-
over, the two-stage procedure slowly generates thrombin activity from abnor-

mal prothrombin to an extend depending on the prevailing conditions (4).

In this paper we describe the preparation of an artificial reagent for the
one-stage determination of bovine as well as human factor II. The reagent may
be prepared in one day and is virtually free of factor II.
MATERIALS AND METHODS
Buffers: Buffer A. 0.15 M NaCl, 0.005 M Tris-HCl, pH 7.0.
Buffer B 1.0 M NaCl, 0.005 M Tris-HCl1l, pH 7.0.
Buffer C 0.0286 M Sodium acetate, 0.0286 M Sodium barbiturate,
0.1164 M NaCl. The pH was adjusted with 1.0 M HCl to 7.4.
Buffer D 0.0143 M Sodium acetate, 0.0143 M Sodium barbiturate,
0.0582 M NaCl. The pH was adjusted with 1.0 M HCl to 7.4.
Buffer E 0.04 M Disodium oxalate, 0.06 M Trisodium citrate. The
pH was adjusted with 1.0 M HC1 to 7.0.
Buffer F 0.06 M Trisodium citrate, 0.05 M Tris—HCl, pH 7.1,

ACD-plasma: human ACD plasma was prepared as described in ref. 5.

Normal pool plasma:human reference plasma was prepared as described in ref.6.

Bovine reference plasma was prepared in a similar way from 30 cows. The pro-
coagulant activity of each factor in these standards was arbitrarily consider-—
ed to be 1007 = 1 U/ml.

Coagulation tests:Coagulation tests were performed as described in ref.6.

Reagents were prepared according to ref. 7 (factor V) and ref. 6 (factors

VB and=X)

Human thromboplastin and reagents prepared from human plasma were used, when
human clotting factors and bovine factor V were assayed. Bovine thromboplastin
and reagents prepared from bovine plasma were used when bovine factors II,VII,

and X were assayed. Fibrinogen was assayed according to ref. 8.
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Echis Carinatus venom assay for factor II:five pl of a solution of Echis Car-

inatus venom in buffer C (2 mg/ml) were supplemented with 0.1 ml sample and
0.1 il CaCl2 (1/30 M) and incubated for 10 min at 37°C in a Depex coagulometer.
The coagulation was started by the addition of 0.2 ml of bovine fibrinogen
solution (see below).

Preparation of bovine factor II reagent (B): Bovine blood was collected in 0.1

M disodium oxalate (10 % v/v) and the plasma was separated from the "packed
cells" by centrifugation (2 x 30 min at 4,000xg).
a. Five hundred ml of plasma were three times adsorbed with BaSO4 (100 mg/ml).
After each adsorption step the plasma was centrifuged for 10 min at 4,000 x
g and finally for 30 min at 30,000xg. This plasma was used as a source for
fibrinogen and factor V.The factor V content of the plasma was 567.
b. While stirring, 3 1 of plasma were supplemented with 45 ml 1 M CaCl2 and
3 mg Echis Carinatus venom (Sigma).After incubation for 2 h at 37°C the
. clot was disrupted and removed by centrifugation (I h,4,000xg).The super—
natant was supplemented with 50 ml DEAE Sephadex A 50 slurry in buffer F,
stirred for 1 hour and left for 10 min. After decantation of the super-—
natant serum, the Sephadex was brought into a column (2x30 em) and washed
with 1 1 of buffer A. In contrast to the factors VII- and X Echis Carinatus
venom does not adsorb onto the Sephadex under these conditions (9) and it
was completely removed by this washing procedure.
The presence of Echis Carinatus venom was detected in the first fractions by
taking 0.1 ml aliquots which were supplemented with 0.1 ml CaCl, (1/30 M) and
0.1 ml normal plasma and subsequently incubated at 37°C.Fractions containing
the venom showed a clot formation within 5 min. The factors VII and X were
eluted from the column by a step elution with buffer B. The recovery of factor
X was 557%. That of factor VII > 1007,showing that this factor had been acti-
vated slightly. The fractions containing factors VII and X (40 ml) were
pooled,dialyzed against buffer A and supplemented with the BaSO4 adsorbed
plasma (see above) in such a way that factor X ) 100%. The factor VII content
was 200-300% before freezing and about 457 after freezing and thawing. Further
freezing and thawing did not decrease the factor VII content. One litre of
reagent was obtained from about 4 litres of plasma.The reagent was frozen in
2 ml portions at -80°C.

Bovine fibrinogen preparation: Twenty litres of bovine oxalate plasma were

adsorbed with 750 g BaSO4,centrifuged for 30 min at 4,000xg and frozen at
-30°%. Cryoprecipitate was prepared by thawing this plasma at 4°C. The preci-

pitate was removed from the plasma by centrifugation (30 min at 4,000xg) and
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dissolved in buffer D to a final volume of 750 ml.Subsequently,we adsorbed

the solution twice with 75 g BaSO4,once with Al(OH)3 (1% w/v,BDH moist gel)

and once with 4 g QAE Sephadex. After each adsorption step the adsorbent was

removed from the solution by centrifugation (10 min at 4,000xg). Finally,the

solution was centrifuged for 30 min at 30,000xg and frozen in 2 ml portions at

-50°c.

Preparation of human factor II reagent (H):

a.

Human blodd was collected in buffer E (10% v/v),cooled at 9°C and centri-
fuged for 30 min at 4,000xg. The plasma was siphoned off and adsorbed three
times with BaSO4 (100 mg/ml) as described for reagent B;. The factor V
content of the plasma was 987%.

While stirring,one litre of human ACD plasma was supplemented with 15 ml

I M CaCl, and 2 mg Echis Carinatus venom.After incubation for 1 hour at
37°C the clot was disrupted and removed by centrifugation (I h, 4,000xg).
The supernatant was diluted 10 times with distilled water, supplemented
with 25 ml QAE Sephadex slurry in buffer F and stirred overhight at 0.
This procedure was required for a good factor VII adsorption onto the Se—
phadex. After decantation of the supernatant serum,the Sephadex was brought
into a column (2 x 30 cm),washed with one litre of buffer A and eluted
stepwise with buffer B.The recovery of factor X was 53%, that of (partly
activated) factor VII 150%.After that we pooled and dialyzed the factor VII

‘and X containing fractions;they were supplemented with BaS0, adsorbed

plasma (see above) in such a way that factor X > 100%.0ne litre of reagent
was obtained from 2 litres of plasma.The reagent was divided into 2 ml
portions and frozen at -80°C.The activated fraction of factor VII did not

disappear during freezing and thawing of the reagent.

RESULTS

A. The bovine reagent

Two batches of reagent B were prepared and we analyzed them for their con-
tent of factors I,II,V,VII,and X,buffer time, and clotting time at three
factor II concentrations (Table I).Before freezing of the reagent, the
factors VII and X had been added in amounts of 2507 and 100%Z, respectively.
As can be seen from table I, the activity of these factors decreased sub-
stantially after freezing and thawing,which should be taken into account

when the reagent is composed.
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FIG AT

Double-log plot of the reference curves for bovine factor II in the coagula-
tion assay

e — e freagent B

* —— % reagent B to which 0.57 factor II has been added

——————— buffer time of reagent B containing 0.57 factor II.

Up to very low factor II concentrations a linear relationship exists between
the clotting time and the dilution of the reference plasma (1/c).When the
reference plasma was replaced by a factor II preparation,purified according
to ref. 14 x, very short clotting times were measured at high factor II con-
centrations. For instance, the clotting time of a sample containing 2007 of
factor II was found to be 11.7 sec. showing that the reagent contains all

other coagulation factors in sufficient amounts (fig. 2).

1200

Clotting-time (sec)

0 600 | w00 | 1800 2400

Factor I (%)

BIG.Z.

t-D plot of the reference curves for bovine factor II in the coagulation assay.
Further details are described in the legend to fig. 1

% Purified bovine factor II was kindly provided by Mrs.J.Govers-Riemslag.
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TABLE 1
ANALYSIS OF THE BOVINE REAGENT
Batch no. Clotting factor concentration Clotting time at
b s b ilE o = Eol S £ ST 2 O E-EE -1 E ET. - 104 B LT
mg7 % % % 5 hours sec. sec.
1 278 0 47.0 46.1 41.0 »17 112.2 30:3
Z 312 0 50.0 449 39.0 Yl 93.8 30.2

The factor II concentration of 0% in the reagents is concluded from the buffer
time (more than 15 hours) and on computer calculations as described in ref.4
and ref. 10. The samples containing factor II were prepared by diluting refer-

ence plasma with buffer C.

Experiments in which factor VII was tested with either bovine or human throm—
boplastin as described by Hemker et al. (11) indicated that by freezing the
activated fraction of bovine factor VII had disappeared.The partial activation
of factor VII could not be prevented by the omission of CaClz.Moreover,withouu

CaCl2 the prothrombin was removed less efficiently.

The preparation of factor II reference curves

With the aid of reagent B we tested factor IT in varying dilutions of bov1ne
normal pool plasma.When the clotting time is plotted against the factor II

concentration,a convex curve is obtained on double-logarithmic scale (fig.l).
Addition of small amounts of factor II to the reagent restores the sigmoid

shape,which is usual for reference curves of clotting factors. Obviously,the
convex form of the curve is due to the fact that the factor II reagent is ab-
solutely free of factor II:at very high dilutions of the reference plasma the
factor II concentration in the coagulation mixture becomes negligible and in—

finite clotting times are registered.

As was proposed by Hemker et al. in 1965 (12) the quasi-linearity of a log-C
log t plot is based on the coincidence that most reagents are non-ideal, i.e.
they contain traces of the clotting factor to be tested.In the case of the
newly prepared factor II reagent, which we do not believe to contain even
trace amounts of factor II,the relation between clotting time and prothrombin
concentration can be studied directly.The results obtained seem to support
the hypothesis that a linear relationship exists between the clotting time

and the inverse of the prothrombin concentration (6,13).
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In order to show that in more than one case a linear relationship exists
between clotting time and the reciprocal clotting factor concentration (t-D
plot),similar reference curves were prepared for the Echis Carinatus assay of

factor II with the bovine fibrinogen solution.

Figs. 3 and 4 show that also these curves are slightly convex on double
logarithmic scale and that the t-D plot is a straight line.With 0.1% of
prothrombin in the reagent the buffer time was 650 sec and 0.001 % of pro-

thrombin was easily detected, causing a coagulation time of 550 sec.
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FIG.3.

Double-log plot of the reference curves for bovine factor II in the Echis
Carinatus assay.

e — e bovine fibrinogen solution (BFS)

% —- % BFS #o which 0.1 % factor II has been added

——————— buffer time of BFS containing 0.1 7 factor II.

B. The human reagent

From reagent H we prepared two batches and analyzed them for their content of
factors I,II,V,VII,and X,buffer time and three factor II concentrations (see
Table II). As can be seen from this table, the excess of factor VIIa was not
destroyed during freezing and thawing of the reagent. This was in agreement
with experiments in which we tested the presence of activated factor VII
according to Hemker et al. (11): factor VII assayed in the heterologous system
showed a seven-fold activity as compared to the homologous system.From Table

II it is also clear that both reagents do contain some factor II activity,

especially batch no. 1.
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FIG.4.

t-D plot of the reference curves for bovine factor II in the Echis Carinatus
assay. For further details see the legend to Eiee 3,

TABLE II
ANALYSIS OF THE HUMAN REAGENT
Batch no. Clotting factor concentration Clotting time at
Fotee Pl f .V, - EOVEE. To X, 0% E.IT. 17 £.31, 107 E.1%s
mg7 % % % % sec. sec. sec.
1 233...0.06 94 376 84 572 55.8 18.5
2 249 0,01 - =72 13437 1178 60.7 1961

The factor II concentration of 0.0l in batch 2 was given by computer calcul-
ations (4,10). The same holds true for the factor II concentration in batch 1
which may also be found when the buffer time of batch I is compared to the

reference curve for batch 2.

Possibly the adsorption of factor II onto the BaSO4 had not been complete and
an additional BaSO4 adsorption step is required in order to obtain a reagent

completely free of factor II.

The preparation of factor II reference curves

In a similar way as was described for the bovine system, reference curves

for reagent H were prepared from normal pool'human plasma. The results are
given in fig. 5 (double-log plot) and fig. 6 (t-D plot). The double log plot
of batch 1 (containing 0.06 % factor II) is convex between 10 and 0.5% factor
II, then it flattens in order to become almost horizontal below factor s

concentrations of 0.02%. The double log plot of batch 2 (containing 0.01 7
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factor II) is convex, at least between 10 and 0.047 factor II and linear for
these concentrations in the t-D plot. The minimal clotting time with freshly

prepared purified factor II preparation amounted to 11.2 sec.

B

Clotting-time (sec)

Factor I (%)
FIG.5.

Double-log plot of the reference curves for human factor II in the coagula-
tion assay. :

* — x reagent H, batch I
e — o reagent H, batch 2
——————— buffer time of the reagent H, batch 1.
8
E 1200_|
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800_]
& ,/////. eseer
/
:,//”"
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0 T eo0 20 | 1800 2400 3000
Factor I (%)
FIG. 6.

t-D plot of the reference curves for human factor II in the coagulation
assay. For further details, see the legend to fioe=b,

% Factor II was purified according to ref. 15 and was a kind gift of Mr.

P.P.Devilee.
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For the Echis Carinatus assay of human factor II reference curves were prep-—
ared with the bovine fibrinogen solution (figs. 7 and 8). A slightly convex
curve was obtained on a double-log scale (fig. 7) and a straight line in the
t-D plot (fig. 8).

Clotting-time (sec)

o1 1b 10
Factor I (%)

PIGs s

Double-log plot of the reference curve for human factor II in the Echis
Carinatus assay with bovine fibrinogen solution.

Clotting-time (sec)

0 400 860 1200 1600
Factor I (%)

FIG.8.

t-D plot of the reference curve for human factor II in the Echis Carinatus
assay with bovine fibrinogen solution.

DISCUSSION

With the aid of Echis Carinatus venom we were able to prepare a factor II
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reagent which did not contain any detectable factor II. The method differs
from that described by Koller et al. (1) in the way in which serum is prep-
ared. In the classical method, whole blood is collected in thromboplastin,
and at least all factors of the extrinsic pathway are activated before
factor II is converted into thrombin. In our hands this system has never
been able to activate the prothrombin to a complete extent and the best

reagents which may be obtained contains 0.5 % of factor II and usually more.

In this paper we describe a method to convert all prothrombin enzymatically
into thrombin with only a moderate activation of the other factors. The
method is fit for the bovine (B) as well as the human () system. 1t is our
opinion ‘that the reagents are better than those prepared according to the
classical procedures, because

1. The classical reagents contain at least 0.5 7 (and usually 1-2 7%) of
factor II whereas reagent B and reagent H contain 0% and 0.0l % of factor
II, respectively.

2. The factors I,V,VII, and X may be added to the reagents B and H in higher
concentrations as compared to the classical reagents. It should be noticed
however, that an excess of factors VII and X should be added because these
factors are partly lost during freezing of the reagent.

3. As the t-D plot of the reference curves is rectilinear, at least between
all factor II concentrations measured (10-0.04%) the position of the ref-
erence curves may be determined more accurately and readings on extra-
polated parts of the reference line are permissible.

4, As the slope of the reference curves is steep,the factor II concentration
of unknown samples may be read accurately. With reagents B and H the
maximal deviation was 4%, 5% and 4.5% at factor II concentrations of 0.05
U/ml, 0.008 U/ml and 0.0005 U/ml, respectively. When 0.5% factor II is
added to the same reagents, the accurzcy of factor II determinations is
5%, and 10% at 0.05 U/ml and 0.008 U/ml factor II,respectively, whereas
0.0005 U/ml of factor II is indistinguishable from the buffer time.

The reference curves‘presented in this paper strongly support the hypothesis
that a linear relationshipcexists between the clotting time and the inversed
concentration of clotting factor and that the sigmoid form of the usual
reference curves is dependent on the presence in the reagent of a certain
amount of theiolotting factor to be tested (6, 12, 13). The hypothesis was
proven to be correct in two cases: the factor II determination in the one-

stage coagulation assay with the reagents B or H and the determination of
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of thrombin (derived from factor II with Echis Carinatus venom) with the

bovine fibrinogen solution.

Reference curves with purified thrombin also showed strongly convex curves

on log-log scale and straight t-D plots (10).

Of course, the only way in which the hypothesis may be proven for other
factors than thrombin and factor II is the preparation of more clotting
factor reagents, which do not contain small amounts of the factor to be

tested and which show an infinite buffer time.
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