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Recent investigations have shown that thrombin
is not formed simply by the interaction of prothrom-
bin and thromboplastin in the presence of calcium
ion but that another factor(s) is important and per-
haps necessary. Almost simultaneously various
workers have described new factors but the differ-
ent investigational approaches involved have made
it difficult to determine if all factors discussed are
identical.

Quick (1-3) has described a labile factor disap-
pearing from plasma on storage, but differing from
the classical prothrombin. Owren (4-6) reported
a new factor, "factor V," which he found dimin-
ished in one patient and which he describes as
"found in normal plasma, thermolabile, and im-
portant to thrombin formation." He expresses its
action by the following outline:

Thrombokinase+Ca++
Prothrombin (?)+Factor V Factor VI

Factor VI+Ca +
Prothrombin ) Thrombin

Ware, Guest, and Seegers (7, 8) and Ware,
Murphy and Seegers (9) have isolated from
plasma and from serum two factors, called Ac-
globulin, which they believe accelerate the activa-
tion of purified prothrombin in the following fash-
ion:

Ca++
Prothrombin+Thromboplastin - Thrombin

Thrombin
Plasma Ac-globulin - Serum Ac-globulin

Ca++
Prothrombin+Thromboplastin -) Thrombin

Serum Ac-globulin

Fantl and Nance (10-12) and Munro and Munro
(13) have also reported the presence of clot ac-
celeratory substance (s) in prothrombin free plasma.

Wehave been fortunate in obtaining specimens
1 This investigation was supported in part by a research

grant from the Division of Research Grants and Fellow-
ships of the National Institute of Health, U. S. Public
Health Service.

2 Postdoctorate Fellow, U. S. Public Health Service.

of Dr. Seeger's purified prothrombin and serum
Ac-globulin and have designed these experiments
to study the formation of thrombin in the presence
of these purified reagents. One of us (14) has re-
cently reported extensively on the formation of
thrombin from a purified prothrombin product.
This work was completed before the identification
of Ac-globulin and must now be modified to in-
clude this factor.

MATERIALS

Borate buffer (buff.): pH= 7.7 viz. 45 volumes 2.5%o
HBO,, 45 volumes 0.5% NaCl, 10 volumes 4% Na2BO,-
12HO. Used as a solvent and diluent throughout.

Prothrombin (Pro): 0.1%to solution of prothrombin8
prepared from bovine plasma. Lot no. 480414.

Serum accelerator globulin (AcG): 0.1% solution of
AcG 8 prepared from bovine serum. Lot no. 480205.

Tissue thrombloplastin (Tpln): prepared from acetone
dried human brain. 0.5 gm. dried brain suspended in 50
cc. buffer, stirred at 370 for 10 minutes, and centrifuged
rapidly for 10 minutes. The supernatant, an active
thromboplastin containing small amounts of prothrombin
and Ac-globulin, was discarded and the precipitate again
suspended in 50 cc. buffer, stirred at 37° for 10 minutes
and recentrifuged. The opalescent supernatant proves an
extremely active thromboplastin almost completely free of
prothrombin and Ac-globulin.

Prothrombin, Ac-globulin and thromboplastin were pre-
pared in large lots, divided into daily requirements and
stored frozen at - 20° C.

Thrombin: Lot no. 480310 8 prepared as noted in text.
Fibrinogen (B.F.): 5 gm. of bovine fibrinogen (Ar-

mour) were dissolved in 500 cc. of buffer. To this 170 cc.
of saturated ammonium sulfate solution were added, the
precipitate collected by centrifugation, washed with one-
fourth saturated ammonium sulfate, then quickly with cold
distilled water to remove traces of ammonium sulfate, and
finally redissolved in 500 cc. of buffer. It was divided
into daily requirements and stored frozen at - 200 C.

METHODS

Thrombic mixtures (T) were prepared from the stated
reagents. to a volume of 5 cc. with buffer. At stated

3 Obtained through kindness of Dr. W. H. Seegers,
Wayne University.
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THROMBICACTIVITY
AUNITS)

FIG. 1. CLOTTING TIMES OF DILUTIONS OF STANDARD
THROMBICMIXTURE: 100% = 100 UNITS

incubation periods, 0.25 cc. thrombic mixture was added
to 0.5 cc. of fibrinogen and clotting time recorded. All
procedures were performed at 280 C. unless otherwise
stated. Following the first 24-hour incubation period all
thrombic mixtures were followed at daily intervals until
no evidence of further activation remained and thrombin
had started to deteriorate.

To facilitate interpretation of results thrombic activity
is presented as a "unit" value. One hundred units (in a

volume of 0.25 cc.) of thrombin will clot the standard
fibrinogen in 7.5 seconds. This value was chosen as it
represents the clotting time obtained when 0.25 cc. of
the standard thrombic mixture at full activation is added
to 0.5 cc. fibrinogen. The standard thrombic mixture
consists of 0.1 cc. of 0.1% prothrombin, 0.1 cc. of 0.1%
Ac-globulin, 0.5 cc. thromboplastin in a volume of 5 cc.

with CaCl, added to a final concentration of 0.03 M. Di-
lutions of this mixture were rapidly prepared in 0.03 M
Ca-buffer. Figure 1 shows these values plotted as clot-
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ting times against percentage thrombin. In Figure 2 are
plotted the logarithms of the clotting times against the
logarithms of the per cent thrombin X 10. This gives a
straight line which was interpolated to obtain values
above 100. Values of less than 0.5 unit (C.T. =seven
minutes) are grouped together as there is a little sig-
nificance to minor variations in this range.

RESULTS

Controls:
Table I presents the control results for this se-

ries of experiments. Obviously, none of these ma-
terials are completely pure. The fibrinogen itself

TABLE I

Control results
Units of thrombin formed from thrombic mixture con-

taining stated amounts of reagents in 5 cc.

Reagents* Incubation period

T
Ca Pro AcG Tpln 5 530 60 4 24 72min. min. min. min. hr. hr. hr.

1 .03 0.5 - - 0.5 - - -
2 0.1 0 0 0 0 0 0 0
3 0.1 0.5 0.5 0.5 0.5 0.5 0 0
4 0.5 0 0 0 0 0 0 0

5 .03 0.1 0.5 - 0.5 0.5 0.5 0.5 0.5
6 .03 0.1 0.5 - 0.5 0.5 0.5 0.5 0.5
7 .03 0.5 0.5 - 0.5 0.5 0.5 0.5 0.5

8 .03 0.1 0.1 0.6 0.6 0.6 0.6 0.8 0.6 0.5
9 .03 0.1 0.5 0.5 1.0 1.5 2.4 8.0 8.0 13.0

10 .03 0.1 0.5 1.5 3.5 4.5 4.5 5.0 5.0 4.5
11 .03 0.1 0.1 0.5 30 67 89 100 100 84 70

* Ca expressed as final molarity; other reagents in cc. of
stock solution.

contains all the essential elements for coagulation
except calcium and clots slowly (trace clot in one

hour) on recalcification. This is enhanced slightly
by addition of prothrombin, Ac-globulin or throm-
boplastin, but there is no evidence that these mix-
tures form thrombin themselves as there is no in-
crease in thrombic activity during a 72-hour incu-
bation period. This is likewise true of mixture 8,
Ca + prothrombin + Ac-globulin. In contrast to
this both mixtures 9 and 10 show thrombin forma-
tion suggesting (1) that either prothrombin or

Ac-globulin is capable of producing thrombin, or

(2) that these substances contain impurities.
This problem is investigated in a later section.

Calcium effects:
Figure 3 presents the maximal thrombin yields of

the same amounts of prothrombin, Ac-globulin and
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FIG. 3. MAXIMAL THROMBINFORMATIONAT VARIOUS CALCIUM CONCEN-
TRATIONS (PRO, AcG AND TPLN CONSTANT)

TABLE II

Effect of calcium concentration
Units thrombin formed from thrombic mixtures con-

taining 0.1 cc. 0.1% Pro, 0.1 cc. 0.1% AcG, 0.5 cc. Tpln
in 5 cc. buffer at stated Ca concentrations.

Incubation period
Calcium
molarity

5 15 30 45 60 4 24 48 96
min. min. min. min. min. hr. hr. hr. hr.

.0005 5.6 28 27 26 25 25 20 18 13

.001 18 35 35 35 30 28 28 27 16

.005 43 51 50 48 50 50 50 48 30

.01 51 63 61 58 58 58 52 51 34

.02 64 73 71 71 73 73 71 63 45

.03 30 67 89 100 100 100 84 80 51

.04 15 55 69 71 73 73 80 76 53

.05 7.5 29 53 60 61 62 69 73 54

.075 5 18 46 54 57 60 63 65 50

.1 0.6 0.9 1.1 1.5 2.5 4 10 11 11

thromboplastin in various Ca concentrations. The
optimum Ca is a final concentration of 0.03 M.

Inspection of the raw data in Table II reveals
that maximal thrombin formation is rapid in Ca
concentration of 0.0005 to 0.02 M and thrombin
yield increases with increasing Ca concentration.
At 0.03 M the rate of thrombin production is
somewhat slower, the maximum being reached at
45 minutes. Above this the rates are still slower
and the final yield decreases as the Ca concentra-
tion increases.

An explanation for this inhibitory effect of high
Ca concentration was sought. Table III shows
that the major effect occurs in thrombin produc-
tion and not in conversion of fibrinogen to fibrin.

Table IV shows that adjustment of the pH does
not affect the Ca inhibitory effect.

TABLE III

Effects of Ca concentration on conversion of
fibrinogen to fibrin

Calcium molarity

0.0
0.001
0.01
0.03
0.1

Clotting time (seconds)
8
9
9
8.5
8

0.25 cc. of purified thrombin (.001 %) in various Ca
concentrations was added to 0.5 cc. B.F.

Table V shows that increasing the ionic strength
(as crudely measured by specific resistance) of
0.01 M Ca to that of 0.1 MCa by addition of a
neutral salt greatly slows the rate of thrombin
formation but does not completely account for the
Ca inhibitory effect.

Wealso wished to determine whether the cal-
cium optimum varied with the prothrombin or Ac-
globulin content. Thrombic mixtures containing
prothrombin 0.01 cc. and prothrombin 0.5 cc., with
Ac-globulin and thromboplastin constant at 0.1 and
0.5 cc. respectively, were prepared with various
concentrations of Ca and the optimum in each case

TABLE IV

Effect of adjustment of pH on thrombin formation in
high calcium concentrations

Incubation period (minutes)
Calcium pH
molarity

5 15 30 60 240

0.03 7.4 30 67 89 100 100
0.1 7.15 0.6 0.9 1.1 2.5 4.0
0.1* 7.45 1.0 1.0 1.1 1.5 3.0

* Adjusted with 1 MNaOH.
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was found to be 0.03 MCa. Thrombic mixtures
containing 0.005, 0.01, 0.05, and 0.5 cc. of Ac-glob-
ulin with prothrombin and thromboplastin constant
at 0.1 and 0.5 cc., respectively, were prepared. The
Ac-globulin concentrations of 0.05 and 0.5 cc.
reached maximal thrombic activity in Ca concen-
tration of 0.03 M. In the lower Ac-globulin con-
centrations the Ca concentration had less effect,
maximal yields being obtained in Ca ranges of
0.01 to 0.03 Mwith a more rapid thrombin forma-
tion in the lower Ca concentration.

Effects of Ac-globulin:
Figure 4 shows the effects of increasing con-

centrations of Ac-globulin. Both the rate of
thrombin formation and the final thrombin yield
were increased by increasing concentrations of Ac-
globulin in thrombic mixtures containing constant
prothrombin, thromboplastin and Ca content. No
optimum Ac-globulin concentration was obtained
above which additional thrombin was not formed.

TABLE V

Effect of adjustment of specific resistance
on thrombin formation

Calcium
Specific Incubation period

Cl um resist -
molarnty dance

5 min. 15 min. 30 min. 60 min. 4 hr. 24 hr.

0.1 40 0.6 0.9 1.1 2.5 4.0 10
0.01 128 51 63 61 58 58 52
0.01* 37.2 1.0 2.0 11 20 25 30

* Adjusted by addition of solid NaCI.

150
140
130
120,

o-70
160 /*/
40 /1/

i-- 401t

As the Ac-globulin alone forms about 5 units of
thrombin from each 0.1 cc., at least this increase
in thrombin production would be expected, as the
Ac-globulin concentration is increased.

Thrombic mixture 9 (Table I), prothrombin +
thromboplastin + Ca, showed the slow formation of
13 units of thrombin in 72 hours; longer incuba-
tion did not increase the yield. This suggested
either that Ac-globulin was not necessary to throm-
bin formation or that the prothrombin or thrombo-
plastin might contain Ac-globulin. Further purifi-
cation was attempted by heating these substances.
Table VI shows that both the thromboplastin and
prothrombin lose some of their potentialities by
heating in a boiling waterbath. The boiled throm-
boplastin and fresh prothrombin still form 6.0
units of thrombin. If the prothrombin is also
boiled no appreciable thrombin is formed unless
Ac-globulin is added. From this we must con-

TABLE VI

Effect of heat treatment on removal of AcGfrom Pro and Tpln

Reagents Incubation period

Pro Pro TpIn TpIn Ac 5 15 30 60 4 24 72
_ II II_ _ cG min. min. min. min. hr. hr. hr.

0.1 0.1 0.1 30 67 89 100 100 84 70
0.1 0.1 0.5 1.0 1.5 2.4 8.0 8.0 13.0
0.1 0.1 0.1 22 63 69 84 80 75 70
0.1 0.1 0.5 0.5 0.5 1.5 3.0 6.0 6.0

0.1 0.1 0.1 1.0 2.5 8.0 8.0 14.0 22.0 16.0
0.1 0.1 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Pro I = untreated, Pro II = 100° C. for seven minutes,
Tpln I = untreated, Tpln II = 100° C. for seven minutes.
.03 MCa throughout.

INCUBATION PERIOD
(MINUTES)

FIG. 4. EFFECTS OF VARYING QUANTITIES OF AcG (PRO, TPLN AND
CA CONSTANT)
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TABLE VII

Effect of BaSO4 treatment on AcG

Reagents Incubation period

Pro AcG AcG(BaSO4) S min. 15 min. 30 min. 60 min. 4 hr. 48 hr.

0.1 0.1 30 67 89 100 100 80
0.1 0.1 0.8 2.0 5.0 10.5 21 15

0.1 1.5 3.5 4.5 4.5 5.0 5.0
0.1 0.5 0.5 0.5 0.5 0.5 0.5

All thrombic mixtures contain Ca .03 M and Tpln
0.5 cc.

dude that both prothrombin and thromboplastin
contain traces of Ac-globulin which can only be
removed by drastic treatment which also destroys
some of their thrombin-forming ability.

Thrombic mixture 10 of the control series
showed some thrombin formation from Ac-globu-
lin without the addition of prothrombin. This
suggested that Ac-globulin contained traces of
prothrombin. In order to prove this we incu-
bated the Ac-globulin with % volume of 35%So
barium sulfate suspension for 10 minutes, removed
the precipitate by centrifugation and tested it as
shown in Table VII. No thrombin was formed in
the prothrombin-free mixture but although much
of the Ac-globulin activity was lost by barium sul-
fate treatment, enough remains to form some
thrombin when prothrombin is added.

Effects of thromboplastin:
Figure 5 shows the effects of varying quantities

of tissue thromboplastin on thrombin formation
from fixed quantities of prothrombin, Ac-globulin
and Ca. No thrombin is formed in the absence of
thromboplastin. As the concentration of thrombo-
plastin increases the rate of thrombin formation

100

>80
70

-Z 60
a 50
0
W. 40
I- 30

20
l0

5 1 5 30 60 240 1440 2880
INCUBATION PERIOD

(MINUTES)

FIG. 5. EFFECTS OF VARYING QUANTITIES OF TPLN
(PRO, AcG AND CA CONSTANT)

and yield of thrombin are increased to a maximal
point above which no effect is noted on further
increase of thromboplastin.

Effects of prothrombin:

Table VIII shows the effects of varying pro-
thrombin concentration in mixtures containing
standard amounts of Ac-globulin and thrombo-
plastin. Unit values over 100 are calculated from
Figure 2. When l/lo volume of prothrombin is
used, roughly one-tenth the amount of thrombin is
formed. When five-fold volume is used, roughly
five times the amount of thrombin is formed.

TABLE VIII

Effect of varying Pro concentration
Units thrombin formed from thrombic mixtures containing

0.1 cc. 0.1% AcG, 0.5 cc. Tpln, and stated amounts
of Pro in 5 cc. 0.03 MCa-buffer

Incubation period
Pro

5 min. 15 min. 30 min. 60 min. 4 hr. 24 hr. 72 hr.

0.01 8.7 11.5 11.5 11.5 11.5 12.4 11.8
0.10 30 67 89 100 100 100 70
0.50 38 403 553 600 634 634 496

DISCUSSION

An artificial system of purified reagents has
been set up to study the formation of thrombin.
Data obtained suggest that four substances-pro-
thrombin, serum Ac-globulin, thromboplastin and
calcium ions-are necessary for thrombin forma-
tion and that the yield of thrombin depends upon
the proportions of these substances.

Inspection of our data reveals that thrombin,
even that formed from these purified reagents,
deteriorates rather rapidly. It is always possible
that significant deterioration of thrombin has oc-

curred before full activation in the slower thrombic
mixtures.

If we again review our data in light of these con-

siderations, we note that the rate of thrombin for-
mation is rapid in calcium concentrations of 0.0005
to 0.02 M, that thrombin yield increases with in-
crease of Ca, and that each of these mixtures loses
about 10 units of activity in the ensuing 48 hours.
It is difficult to conclude otherwise than that throm-
bin yield is directly dependent upon calcium con-

centration, although calcium optimum apparently
varies little or not at all with prothrombin or Ac-

tpIn a I.Occ

> e/tpln 0 5ec '\.

>jji t~~pinnO.5cc(1-10 * -

tplnsOScc(I-100)
- S _ _ _ _ _ _ _Spin O tpinO.5cc(l-500)

_ . __ _ _ . ____lnu
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globulin content. The inhibitory effects of high
calcium concentrations were in part explained as

general effects of high salt concentration.
Wewere rather surprised to find our calcium

optimum so much higher than that of other investi-
gators (15, 16). This can in part be explained by
the frequent use by many investigators of a one-

stage prothrombin determination in which rate
of thrombin formation is determined rather than
the final yield of thrombin. Before determining
the calcium optimum for this system, exactly sim-
ilar preliminary experiments were performed at
0.0025 MCa. The results obtained showed similar
trends although the thrombin yields were some-

what lower. There is no evidence that the high
Ca optimum is dependent upon excessive amounts
of citrate or oxalate in these preparations. As far
as we are aware there are only traces of these sub-
stances present.

Ac-globulin has been shown to increase both the
rate of formation and yield of thrombin from a

given amount of prothrombin, thromboplastin and
Ca. In fact, our results indicate that Ac-globulin
is necessary for the formation of any thrombin,
but in order to demonstrate this we employed
drastic methods (boiling) which destroyed a great
deal of the prothrombin itself. Wealso tried heat-
ing at various temperatures below boiling but
usually obtained prothrombin preparations in
which some activation occurred without added
Ac-globulin.

The Ac-globulin itself was noted to produce
some thrombin when activated with thromboplastin
and Ca. Weattempted to remove the prothrombin
from Ac-globulin by adsorption onto barium sul-
fate. In this way we were able to obtain an Ac-
globulin which was completely free of prothrombin,
but in the process we lost most of the Ac-globulin
property.

Thromboplastin was found to exert effects sim-
ilar to Ac-globulin and Ca. Without tissue throm-
boplastin no thrombin was formed. As the con-

centration of thromboplastin increased the rate
and yield of thrombin increased until a maximal
amount was reached. Above this no effect was

noted. These experiments have all employed
thromboplastin derived from tissue. As this seems

somewhat unphysiological, work is now in prog-

ress to study the effects of platelets and plasma
thromboplastic substance.

Variations in prothrombin concentration pro-
duced marked changes in thrombin yield. When
the prothrombin was reduced to %o the concen-
tration of the standard mixture, and the Ac-globu-
lin and thromboplastin maintained constant, throm-
bin was formed rapidly and about Mo the final
yield of thrombin was obtained. On the other
hand, when the prothrombin was increased to five
times the original concentration, thrombin was
formed more slowly, complete activation occurring
at four hours. The final calculated thrombin yield
was somewhat greater than five times the standard
yield.

From the experiments presented in this paper
we are unable to formulate any absolute conception
of the mechanism of blood coagulation. If it is
assumed, as Seegers has done, that factor VI and
serum Ac-globulin are identical, we are unable to
confirm Owren's hypothesis that factor VI directly
converts prothrombin to thrombin. If we then
turn to Seegers' theory of thrombin formation we
are forced to disagree in that we find serum Ac-
globulin is necessary for prothrombin conversion,
and our data indicate that thromboplastin, calcium,
Ac-globulin, and prothrombin react together in
such a fashion that the quantity of thrombin formed
is dependent upon the quantity of each in the origi-
nal mixture. Wehave as yet been unable to study
the role of plasma Ac-globulin in this reaction.
Previous reports (16) from this laboratory have
suggested the formation of a thrombin "inter-
mediary." How this hypothesis will be affected by
the new factor, Ac-globulin, cannot be decided
until more is known of the nature of this reaction.

CONCLUSIONS

From the data presented in this paper we con-
clude that four substances are necessary for throm-
bin formation:

Prothrombin
Serum Ac-globulin - Thrombin
Thromboplastn I
Ca

None of these may be omitted, but we have not
studied the substitution of other materials for these
specific substances, i.e., strontium for calcium, etc.
The exact mechanism of interaction of these sub-
stances is not absolutely ascertained, but it appears
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that the thrombin yield, as well as the formation
rate, is dependent on the quantity of each.
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