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Glass-contacted human serum infused into ani-
mals induces stasis thrombi similar to red thrombi
observed in man (1). The activity in glass-con-
tacted human serum initiating these thrombi has
been termed serum thrombotic accelerator (STA)
activity (2). It can be measured by a rabbit as-
say (3) and is distinct from tissue thromboplastin,
platelets, and thrombin (4, 5). Silicone-processed
(“intact”) serum from normal subjects and glass-
contacted serum from patients deficient in coagu-
lation Factors XII (Hageman), XI (PTA), or
IX (PTC) develop little, if any, STA activity (2,
5). In contrast, glass-contacted serum from pa-
tients with other clotting defects develops normal
STA activity (2). These observations led to the
hypothesis that elaboration of STA activity was
mediated through activation of the initial three
procoagulants (Factors XII, XI, and IX) in-
volved in the in witro formation of intrinsic, or
blood, thromboplastin (1).

The role of Factor IX in the elaboration of
STA activity has been recently brought under
fresh scrutiny. Preparations rich in activated
Factor XI (activation product, AP) and essen-
tially devoid of other known clotting factors, have
been found to be thrombogenic (6). This is true
whether the AP is isolated from normal or Factor
IX-deficient plasma or serum (6). As a result
of these studies, it has been suggested that the
thrombogenic activity originally described as STA
activity is attributable to AP and that STA ac-
tivity, in fact, represents the i vivo manifestation
of AP (6).

To examine the validity of this thesis, the throm-
bogenic activity of serum obtained from patients
with established heredofamilial defects of Factor
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IX was compared with that of serum from normal
subjects by a standard bioassay, and these in vivo
data were correlated with in vitro assays for AP
and Factor IX. The experiments reported here
demonstrate that although the elaboration of STA
activity is dependent on the contact activation
steps involved in the formation of intrinsic throm-
boplastin, STA activity cannot be equated with the
activity measured by the one-stage partial throm-
boplastin assay of AP.

Methods

A. Collection of serum. Human serum was collected
by venipuncture with a two-syringe technic, using sili-
cone-coated ! syringes and monocoated 2 needles. Blood
to be assayed as “intact serum” was immediately trans-
ferred to silicone-coated tubes. Blood to be assayed as
‘“contact serum” was immediately transferred to new,
uncoated glass tubes before coagulation ensued. The
processing of all blood samples was performed in tubes
covered with parafilm.3 All serum samples were allowed
to stand for 2 hours at room temperature and then for
18 hours at 4° C. The blood samples were subse-
quently centrifuged for 20 minutes at 2,500 X g, and the
serum removed. Several serum samples, collected initially
as contact serum, were also exposed either to kaolin (0.5
mg per ml) or Celitet (30 mg per ml) for 10 minutes
on an electric mixer at room temperature, and the pow-
ders were removed by centrifugation at 10,000 X g at 4° C
for 5 minutes and by subsequent filtration through What-
man 1 filter paper. All serum samples were stored in
3-ml samples at —20° C. Subsequent manipulations were
performed with siliconized equipment throughout. In-
dividual tubes were defrosted only once, immediately be-
fore testing for in vivo and in vitro assays.

B. Thrombosis assay. Thrombus formation was meas-
ured by a standard rabbit assay (3) modified in that all
manipulations, including the infusions, were performed
by silicone technic. In addition, a second jugular vein
was isolated, and the contents were examined for throm-

1 Siliclad, Clay-Adams, Inc., New York, N. Y.

2 Monocote-E, Armour Laboratories, Kankakee, Ill.

8 Parafilm M, Marathon Co., Menasha, Wis.

4 Dicalite Speedex, Great Lakes Carbon Co., Walteria,
Calif.
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bus formation 15 minutes after isolation. The order of
the serum infusions was determined by a series of ran-
dom numbers, and the bioassay was performed by an indi-
vidual unaware of the randomization sequence.

C. In vitro clotting tests. Exhausted plasma depleted
of Factors XI and XII was prepared by a technic sug-
gested by Schiffman and Rapaport (7). Nine volumes of
whole blood was added to 1 vol of buffered 0.1 M citrate
(sodium citrate: citric acid, 3:2, vol/vol), and the
plasma was then placed on a column of Celite (1 g of
Celite for each ml of plasma to be added) and subse-
quently eluted with 0.85%. sodium chloride. As soon as
the first traces of protein, assayed by the biuret reaction
(8), appeared in the effluent, a fraction equal in volume
to the starting plasma volume was collected. The effluent
plasma was adjusted to pH 7.4 and incubated at 37° C for
30 minutes. This plasma was next exposed to 5 mg per
ml of Celite on an electric mixer for 10 minutes, and the
Celite was separated by centrifugation at 10,000 X g for 10
minutes and then by filtration through Whatman 1 filter
paper. This process of incubation and exposure to Celite
was repeated until the blank time in the preformed AP as-
say (described below) reached 150 seconds. Clotting-
factor activities remaining in plasma so treated were:
Factor II (prothrombin), 70% (9); Factor V (ac-
globulin), 50% (10); Factor VII (convertin)—Factor
X (Stuart) complex, 100% (9); Factor X, 70% (11);
and Factor VIII (antihemophilic factor), 96% (12).
Factor IX activity, measured by a modification of the
technic of Wartelle (13) (see below) was 46% of nor-
mal intact plasma. When used as a plasma reagent in
the thromboplastin generation test of Biggs and Douglas
(14), this “exhausted” plasma supported normal throm-
boplastin generation.

AP-rich eluates were prepared from normal human
plasma, according to the method of Henderson and
Rapaport (6).

Preformed AP was assayed by a modification of the
technic of Henderson and Rapaport (6). The test was
performed by adding to a siliconized tube in order: 0.1 ml
of exhausted plasma, 0.1 ml of a commercially prepared
partial thromboplastin,5 and 0.1 ml of the substance to be
tested—all maintained at melting-ice temperature. The
tube was then transferred to a water bath at 37° C.
After 30 seconds, 0.1 ml of the 30 mM calcium chloride
solution was added and a stopwatch was simultaneously
started. After 50 seconds, the tube was tilted gently
every 5 seconds until a fibrin gel formed, at which mo-
ment the clotting time was recorded. Under conditions
of glass-contact activation, individually processed sam-
ples of serum exhibited a wide range of preformed AP
comparable to that described by other investigators (6).

A calibration curve (Figure 1) was prepared with
a standard AP-rich eluate diluted serially with dilution
fluid II of Waaler (15), to give an arbitrary reference
standard for AP. With this system, it was possible to

5 Thrombofax reagent, Ortho Research Laboratory,
Raritan, N. J., supplied through the courtesy of Dr.
Heron Singher.
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Fi1c. 1. THE PREFORMED ACTIVATION-PRODUCT ACTIVITY
OF A REFERENCE PLASMA ELUATE, RECONSTITUTED TO ORIGI-
NAL PLASMA VOLUME. 100% activity is defined by the
clotting time (in seconds) of a system containing 0.1 ml
reference eluate, 0.1 ml exhausted plasma, 0.1 ml partial
thromboplastin, and 0.1 ml 30 mM CaCl..

compare plasma, serum, and isolated blood fractions for
AP activity, since the exhausted plasma supplied all
known coagulation factors other than Factors XII and XI.
To confirm that the exhausted plasma was in fact depleted
of Factors XII and XI, normal, Factor XII-deficient,
and Factor XI-deficient intact plasmas were assayed for
AP before and after activation by kaolin powder (Table
.

Factor IX activity in serum was measured in a par-
tial thromboplastin time assay that utilized as a sub-
strate hen plasma, devoid of Factors XII, XI, and IX
(13), and AP-rich eluates free of measurable quantities
of all other procoagulants. To obtain such eluates for

TABLE I
The response of human plasma to kaolin activation

Activation product®

Plasma tested Intact After activation
A. Normal subjects
1 2 400
2 7 880
3 12 700
4 16 940
5 7 800
6 7 490
7 2 560
8 17 800
B. Factor XII-deficient subjects
1 0 0
2 0 0
C. Factor XI-deficient subjects
1 1 10
2 6 25

* Percentage of reference activity.



162

use in this test, the AP eluates prepared as described
above were adsorbed with barium sulfate,® 100 mg per
ml of eluate for 10 minutes on an electric mixer, to re-
move residual traces of Factors II, VII, IX, and X. This
procedure, as noted by Waaler, also results in a marked
loss of AP activity (15). The 10% AP activity remain-
ing, however, was sufficient to produce a linear dilution
curve in the Factor IX assay (Figure 2). The test is
performed (using dilution fluid II as diluent) by adding
to a siliconized tube in order: 0.1 ml of the test serum
diluted 1:5; 0.1 ml of hen plasma collected on 3.8% so-
dium citrate, diluted 1:2; 0.1 ml of commercial partial
thromboplastin (Thrombofax) diluted 1:10; and 0.1
ml of barium sulfate-adsorbed AP eluate. The reagents
were added at melting-ice temperature. The tube was
then transferred to a water bath at 37° C, and after a
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Fic. 2. SeruMm Factor IX Activity. 100% activity is
defined by the clotting time of the following system: 0.1
ml reference normal human serum (1:5), 0.1 ml partial
thromboplastin (1:10), 0.1 ml hen plasma (1:2), 0.1 ml
BaSO,-adsorbed human activation product, and 0.1 ml
30 mM CaCl,. Dilution fluid II used for all dilutions.

30-second incubation period, 0.1 ml of 30 mM calcium
chloride was added and a stopwatch was started. The
tube was allowed to stand for 30 seconds and then gently
tilted every 5 seconds until a firm coagulum developed.

Calibration curves (Figure 2) were prepared daily with -

a standard human serum, stored in samples at —20° C,
by diluting this standard serum with dilution fluid II.
When normal human contact serum was assayed, suffi-
cient AP was supplied by the test serum to make the ad-
dition of the AP eluates to the hen plasma unnecessary
(Table II). For the calibration curves employing serial
dilutions of normal glass-contacted human serum, how-
ever, the addition of AP-rich eluates was necessary to
render the system critical only for Factor IX. Simi-
larly, the addition of the AP eluate to the test system
was necessary for the construction of calibration curves
of intact plasma Factor IX activity to assess the Factor
IX content of exhausted plasma (Table II). AP elu-

6J. T. Baker Chemical Co., Phillipsburg, N. J.
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TABLE II

The influence of activation product, intact normal and Factor
IX-deficient plasma, exhausted plasma, and contact
normal human serum on the partial )
thromboplastin time of hen plasma

Clotting time*

Activation Activation

product product
added omittedt
seconds

Reagent blank} 157.9 >500
Intact normal plasma 110.5 231.7
Intact Factor I1X-deficient plasma 153.6 240.7
Exhausted plasma 117.9 226.8
Contact normal human serum 58.6 62.0

* Average of four determinations. Complete system as
in Figure 2, with serum replaced by 1:5 dilutions of
appropriate test plasma in dilution fluid 1I.

BaSO, adsorbed activation product replaced by 0.1 ml
of 0.859%, NaCl.

1 Test plasma replaced by 0.1 ml of dilution fluid II.

ates were routinely added to all Factor IX assays to in-
sure that the Factor IX level would be independent of
variations in the AP levels of the serum or plasma
tested.

Thrombic activity was measured by the technic of
Johnson and Seegers (16).

Results

The results of the infusions into rabbits of glass-
contacted normal and Factor IX-deficient human
serum and of the in vitro assays for AP and Factor
IX are shown in Table III. Twenty-nine of 30
infusions of normal serum from three donors
yielded full STA activity after 10 minutes of vein
isolation, conforming with the expected results
of the standard bioassay (3). In marked contrast,
only 8 of 36 infusions of Factor IX-deficient se-
rum were comparably thrombogenic. Six of these
8 bioassay score 4 thrombi” were induced by se-
rum from Patient 4, and 2 were from Patient 5;
there were none from Patient 6. Of the vein seg-
ments examined after 15 minutes of isolation, 30
of 30 infusions of normal, glass-contacted serum
yielded full STA activity, whereas 12 of 36 infu-
sions of glass-contacted Factor IX-deficient serum
were comparably thrombogenic. Again, 8 of these
12 bioassay score 4 thrombi were induced by se-
rum from Patient 4, and 4 were from Patient 5;
there were none from Patient 6.

7 Bioassay score: 0 =no thrombosis; 1=few macro-
scopic fibrin strands; 2 = several small thrombi; 3 = two

or more large thrombi; 4 =a single thrombus forming a
cast of the isolated vein segment.
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TABLE III
Activation product, Factor IX, and serum thrombotic accelerator (STA) activity of glass-contacted human serum*

STA activity} X
—_— Activation

STA activity STA activity

Activation

Activation
productt Factor IX¥ 10 min 15 min product Factor IX 10 min 1S5 min product Factor IX 10 min 15 min
Subject 1 Subject 2 Subject 3
1,000 180 4 4 1,000 220 4 4 460 68 4 4
1,000 190 4 4 1,000 280 4 4 450 53 4 4
1,000 100 4 4 1,000 130 4 4 445 52 4 4
1,000 94 4 4 1,000 430 4 4 290 110 4 4
860 160 4 4 1,000 96 4 4 270 86 4 4
860 150 4 4 1,000 310 4 4 250 92 4 4
760 120 4 4 1,000 360 4 4 195 56 4 4
350 100 4 4 1,000 215 4 4 190 78 0 4
250 90 4 4 1,000 215 4 4 135 95 4 4
205 170 4 4 1,000 190 4 4 110 92 4 4
Subject 4 Subject 5 Subject 6

100 1 4 4 1,000 18 0 0 450 0 0 0
58 1 2 0 1,000 13 0 0 200 0 0 0

53 1 4 4 1,000 15 4 4 200 0 0 0

48 1 4 4 980 10 0 1 195 0 0 0

45 1 4 4 780 7 0 0 170 0 0 0
38 1 4 4 450 12 0 0 135 0 0 0

38 1 0 4 140 13 0 4 135 0 0 0

38 1 0 0 74 11 1 4 130 0 0 0

36 1 0 2 72 11 0 0 100 0 0 0

27 1 0 0 70 14 4 4 100 0 0 0

18 1 0 4 58 13 0 0 100 0 0 0

11 1 4 4 57 10 1 0 45 0 0 0

* Sera from Subjects 1 and 4, 2 and 5, 3 and 6 were processed simultaneously. Values listed in decreasing order of

activation product levels.
t Percentage of reference activity.

I Bioassay score: 0 = no thrombosis; 1 = few macroscopic fibrin strands; 2 = several small thrombi; 3 = two or
more large thrombi; 4 = a single thrombus forming a cast of the isolated vein segment.

There was a striking variation in the AP con-
tent among individual tubes of normal serum. As
noted above (see Methods) this is the anticipated
range by the technic employed. This variation is
not caused by thrombin contamination (17); in
the assay for thrombic activity, no fibrin gel forma-
tion was noted during the 5-minute period in

which each tube was observed. It is apparent that
almost all the AP values for serum from Patients
5 and 6 were within the range of those for serum
from the three normal subjects (Subjects 1, 2,
and 3), yet serum from Patient 6 was entirely non-
thrombogenic, and serum from Patient 5 was only
minimally thrombogenic. Paradoxically, serum

TABLE IV
Activation product and serum thrombotic accelerator (STA) activity of activated human serum

STA activityt

10-minute stasis 15-minute stasis
No. of assays Activation broduct* 0O 1 2 3 4 0o 1 2 3 4
Kaolin activated
Normal serum Patient 3, Table III 3 1,000% 0 0 0 0 3 0 0 0 0 3
Factor IX-deficient Patient 5, Table I11 3 1,000t 2 0 0 0 1 00003
Celite activated
Normal serum Patient 3, Table III 2 1,000% 0 0 0 0 2 0 0 0 0 2
Factor IX-deficient Patient 5, Table 111 3 1,000% 21000 0 0 0 1 2

* Percentage of reference activity.
1 Bioassay score as in Table III.
1 All values in excess of 1,000 %,.
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TABLE V

Activation product and serum thrombotic accelerator (STA) activity of intact human serum

Activation product*

STA activityt

10-minute stasis 15-minute stasis

No. of assays  mean and range 0o 1 2 3 4 0o 1 2 3 4
Normal subject Patient 3, Table I11 4 14
(10-20)
Factor IX-deficient subject Patient 6, 4 12
Table 111 (11-13)

* Percentage of reference activity.
t Bioassay score as in Table III.

from Patient 4, whose AP values were almost all
below the normal range, was clearly the most
thrombogenic of the three Factor IX-deficient sera
tested. Although the serum from Patient 4 may be
atypical (see Discussion), it is apparent from the
data in Table III that the AP level of glass-con-
tacted serum is not an in wvitro measure of STA
activity. The validity of this conclusion is sup-
ported by supplemental experiments in which AP
levels and STA activity of normal and Factor IX-
deficient serum were determined after exposure of
the serum to kaolin or Celite. Although both nor-
mal and Factor IX-deficient serum reached equally
elevated levels of AP, normal serum, after 10 min-
utes of vein isolation, was still more thrombogenic
than Factor IX-deficient serum (Table IV). Af-
ter 15 minutes this difference was no longer ap-
parent.

It is also clear that STA activity cannot be
elaborated without prior activation of Factor XI.
Thus, intact serum prepared from normal subjects
or Factor IX-deficient patients elaborated negligi-
ble amounts of AP and induced no thrombosis
after 10 minutes of stasis (Table V).

Discussion

This study was undertaken to determine whether
or not STA activity is the i vivo manifestation
of AP.

Waaler has shown that the measurement of AP
by a one-stage, partial thromboplastin assay re-
flects contact activation and detects hereditary de-
ficiencies in Factor XII or XI (15). In addition,
he has demonstrated that glass-contacted serum,
although rich in AP, elaborates a strikingly higher
AP titer after exposure of such serum to sub-

stances that provide additional surface area for
activation (15).

The data presented in Table III demonstrate,
however, that when serum is exposed to a partially
activating surface, such as new, uncoated glass
tubes, or even exposed to kaolin or Celite (Table
1V), the thrombogenic capacity of serum does not
correlate with the AP content.

It is true that in the absence of any contact ac-
tivation, serum infusates are not thrombogenic
and are essentially devoid of AP (Table V).
Conversely, under the extreme conditions of ac-
tivation that follow exposure to diatomaceous
earths, coupled with 15 minutes of stasis, normal
and Factor IX-deficient serum infusates are
equally thrombogenic and contain comparably
large amounts of AP (Table IV). These ob-
servations indicate that contact activation is re-
quired for serum to elaborate thrombogenic ac-
tivity and are consistent with the view that AP
itself in sufficient titer is a thrombogenic moiety.
These observations do not of themselves, however,
permit the conclusion that the thrombogenic ac-
tivity of partially activated serum is due entirely
to its AP content.

Studies of the kinetics of the sequential steps
of the clotting of blood in vitro have made it abun-
dantly clear that the various reactions occur at
profoundly different rates, that the principal rate-
limiting steps occur early in the coagulation se-
quence, and that these initial reactions may be ac-
celerated by the exposure of blood to increased
surface areas. A high concentration of infused
AP may by itself so accelerate coagulation in iso-
lated venous segments as to obscure the role of in-
fused activated Factor IX in thrombogenesis. It
appears, however, that under conditions of partial
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activation of serum (i.e., glass-contacted), the pres-
ence of Factor IX influences a rate-limiting step
critical for the induction of thrombosis.

No evidence has indicated that the measure-
ment of AP reflects all the activities encompassed
by the process of contact activation. It is possible
that intermediary reactions, not yet defined by
genetic abnormalities or biochemical analysis, par-
ticipate in contact activation. In fact, the vigor-
ous treatment of plasma required to prepare a
plasma substrate devoid of Factors XII and XI,
yet retaining adequate quantities of the remaining
recognized procoagulants, may deplete the plasma
of other activities involved in the contact process.
If this thesis is valid, the measurement of AP
might not detect a critical reaction in the activation
process that could contribute significantly to
thrombogenesis. '

It has been suggested that Factor IX assayed
in plasma and in serum represents different ac-
tivities. Serum Factor IX activity may reflect the
conversion of an inactive plasma precursor to an
active procoagulant (18-20). Quick has indicated
that congenital Factor IX deficiency may in fact
represent the inability to convert inert plasma Fac-
tor IX to an active form (21). Duckert has de-
scribed an activity, prephase accelerator or PPA,
that yields Factor IX activity in one-stage clotting
assays, but which can be distinguished from “gen-
uine” Factor IX activity, as measured in serum
in the thromboplastin generation test (22).
Whether, therefore, the conversion of plasma Fac-
tor IX to serum Factor IX activity gives rise to a
specific moiety that is itself thrombogenic remains
to be determined.

Several investigators have demonstrated in-
hibitors to Factor IX activity in witro (23, 24).
The serum from Factor IX-deficient Patient 4
(Table IIT) evolved little AP activity after ex-
posure to glass, in contrast to serum from Factor
IX-deficient Patients 5 and 6 (Table III). More
than 50% of the serum samples obtained from
Patient 4, however, were thrombogenic. This pa-
tient, in contrast to Patients 5 and 6, had re-
ceived multiple transfusions of normal human
plasma during the 3 months immediately preceding
the present study. It is possible that the disparity
between his low AP values and high STA activity
reflected a complex reaction to previously in-
fused normal plasma.
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The data on Patients 5 and 6 (Table III) do
show some AP values below the normal range.
These discrepancies may derive from the presence
in normal serum of activated Factor IX causing
an enhanced acceleration of the AP assay and thus
a higher apparent AP level in normal serum than
in Factor IX-deficient serum. Such an interpre-
tation, although it raises doubts concerning the
specificity of the AP assay in serum, only strength-
ens the thesis that activated Factor XI cannot be
equated with STA activity.

Evidence has been recently summarized to sup-
port the view that activation of one or more of the
initial procoagulants may lead to the formation of
fibrin thrombi in areas of retarded blood flow in
man (1). The contribution of stasis to the genesis
of these thrombi may be interpreted as the de-
velopment of an altered physiologic state wherein
the activated products of coagulation are protected
by a mechanism such as removal of clotting in-
termediates from the circulation, as suggested by
Spaet and Kropatkin (25, 26). In terms of this
concept, the initiation of the stasis thrombus de-
pends on the acceleration of intravascular coagula-
tion to a rate that exceeds the capacity of the
compensatory clearance mechanism. The experi-
ments reported in this communication suggest that
when human serum is infused, activation of Fac-
tor IX or some associated moiety in the infusate
may govern a rate-limiting step that determines
whether or not stasis thrombi will form.

Summary

1) The thrombogenicity of infusions of glass-
contacted normal and Factor IX-deficient human
serum in rabbits and the activation product (AP)
and Factor IX content of these infusates were
determined.

2) Glass-contacted Factor IX-deficient serum
was markedly less thrombogenic than normal hu-
man serum. The thrombogenicity of glass con-
tacted Factor IX-deficient serum did not corre-
late with its level of AP.

3) Although elaboration of serum thrombotic
accelerator (STA) activity is dependent on the
contact activation steps involved in the formation
of intrinsic thromboplastin, STA activity can-
not be equated with the activity measured by the
one-stage partial thromboplastin assay of AP.
Thus, STA activity is not the i vivo manifesta-
tion of AP.
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4) Factor IX, or an associated moiety in serum,
plays a critical role in the formation of stasis
thrombi induced by infusions of human serum.
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