Extrait du Sang, tome XXV, n° 7, 1954, pages 752-765.

THE BIOCHEMISTRY OF THROMBOPLASTIN,
ITS FORMATION AND ACTION

By P. A. Owren, S. 1. Ravavonr, P. Msorr and K. Ans.

Bicas and Macrarcane in their book [1] wisely warn the coagulation
worker : “ Always, it seems, the next will be the winning combination
revealing the one clue that has been missed by everyone else, the flash
of illumination that will show the long sought, simple explanation of
blood coagulation. Undaunted by the perpetual postponement of
this revelation, the investigator enters the last stage of his evolution
as a coagulation worker, and becomes a maker of theories. > With
this in mind we hesitate to offer the coagulation theory illustrated
in figure 1. We recognize it as incomplete. Clotting factors which
are still insufficiently characterized, such as the platelet accelerators
and possible new plasma thromboplastin factors, have been omitted ;
so has the whole system of clotting inhibitors. The theory will be
changed whenewer it fails to explain the available facts. It is useful
primarily for orientation : to explain how we think the various clotting
factors interact and to stimulate tomorrow’s experiments.

As figure 1 shows, the role of thromboplastin in this scheme is that
of an intermediate activity which arises during clotting from the inter-
action of a platelet factor and al least two plasma [actors, which is
equivalent to the clotting activity of aqueous tlissue extracts, and
which does not directly convert prothrombin to thrombin. This is
considerably different from Morawrrz’ (1904) concept of thrombokinase
as an activity which is liberated fully formed either from injured platelets
or from damaged tissue and which needs only calcium ions to activate
prothrombin to thrombin. Howrrr (1912) [2] objected to the concept
ol thrombokinase as the direct and only activator of prothrombin and
chose Nowvr’s term thromboplastin for ¢ the extractible substance or
substances in the tissues which facilitates the process of clotting .
Howerr also showed that aqueous and ether extracts of tissues differ
in that the former consist of a lipoid combined with a protein, while
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the latter contains only the lipoid factor. Most coagulation workers
today use the terms tissue thromplastin and tissue thrombokinase
interchangeablely for the clotting activity of the more powerful aqueous
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F16. 1. — Blood coagulation theory of P. A, OwWREN.

1. Conlact initiates blood coagulalion by a) disintegration of platelet and release of the platelet

lipoid thromboplastin factor ; b) activation of the anti-hemophilic B faclor (plasma thromboplastin

component or PTC, Curistyas factor) and ¢) activation of proconvertin (co-thromboplastin, SPCA,
factor VII, the stable factor).

2, Tissue injury yields thromboplastin directly. In the blood the platelet lipoid [actor, the anti-
hemophilic A factor and the activated anti-hemophilic B factor interact in the presence of ealeium
to form thromboplastin.

3. Thromboplastin and proconvertin combine in the presence of calcium to form converlin.
4. Convertin together with caleium brings about a minimal conversion of prothrombin to thrombin,

5. This initially formed thrombin starts the acceleralor system, i.e., the conversion of proaceelerin
to accelerin.

6. Convertin and accelerin inleract in the presence of caleium to form prothrombinase,

7. Prothrombinase in the presence of calcium produces accelerated conversion of prothrombin
lo thrombin.

8. Thrombin is now in sufficient quantity to convert fibrinogen to fibrin,

The system of inhibitors is not included in the seheme. The anlihemophilic B factor and proconver-
tin are inactlive in their native state probably because of binding Lo an inhibitor, Plasma also conlains
substances which inaclivales thromboplastin, converlin, accelerin, prothombinase and thrombin,

extracts. Fxpressions such as ¢ partial or incomplete thrombo-
plastin 7 [3] have been suggested for the less active préparation such
as the ether extract.

The effect of tissue thromboplastin upon hlood coagulation has been
extensively studied. Aqueous tissue extracts appear lo provide the
equivalent of the combination of the platelet lipoid factor (platelet
thromboplastic factor, platelet factor ITT) the anti-hemophilic A factor
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(anti-hemophilic globulin or AHG), and the anti-hemophilic B factor
(plasma thromboplastin component or PTC). Tissue thromboplastin
may also provide the equivalent of less well known thromboplastic
factors recently described by Rosenxtuarn, Dreskin and Rosen-
tiAL [4] (plasma thromboplastin antecedent or PTA), by Korrer (5]
(factor X) and by Spakr, AcceLer and Kinserr [6] (the IV thrombo-
plastic factor). Whether these are identical or different factors is still
to be determined.

Less is known about the chemistry of tissue thromboplastin.
Cuarcarr and co-workers (1944) [7] have isolated a purified lipo-
protein. with thromplastic activity. Feissty (1945) [8] has also
confirmed that thromboplastin is a lipoprotein. However, neither the
protein nor the lipoid component has heen well characterized. Most
workers have considered the lipoid to be cephalin but Fisuer and
Mecur (1934) [9] found that purification of cephalin resulted in a pro-
gressively decreasing activity.

Clotting in the absence of tissue thromboplastin is initiated by
contact with a foreign surface. It is an assumption which remains to
be proved, that one step in the process is the combination to form one
activity of those clotting factors which are circumvented by tissue
thromboplastin (platelet lipoid factor and the anti-hemophilic A and B
factors). This hypothetical intermediate activity has been called
plasma thromboplastin in figure 1 because it is equivalent in effect to
tissue thromboplastin and, like tissue thromboplastin, must enter
into secondary reactions with proconvertin and proaccelerin to form
the final prothrombin converting principle. In contrast to this defini-
tion, Bices and Macrarpane (1953) have given the name plasma
thromplastin to the over all prothrombin converting activity which
arises during clotting, including the effect produced by proaccelerin
and proconvertin. Plasma thromplastin activity in this sense is
what we have termed in figure 1 prothrombinase.

THE EFFECT OF SURFACE CONTACT UPON CLOTTING

It has been known for a long time that contact with a glass surface
not only liberates platelet clotting factors but also changes the activity
of plasma clotting factors. A knowledge of these plasma changes
1s essential to understand plasma thromboplastin formation and action.

Figure 2 illustrates an experiment which confirms that a loreign
surface is needed for rapid prothrombin conversion despite an excess
of platelet thromboplastin factor. Exposure of a platelet poor plasma
to glass is seen to make the plasma more sensitive to the effect of
platelet extract. The main effect is a shortening of the latent period
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before the phase of rapid thrombin formation begins. The velocity
of thrombin formation is less influenced for this depends upon the
activity of the proaccelerin-accelerin system. The sudden small
drop in prothrombin concentration in figure 2 which occurs immediately -
after recalcification is caused by an adsorption of prothrombin onto
the freshly formed calcium oxalate (Aas, 1952 [10]), and does not occur
if citrate is used as the anticoagulant.

The specific effect on plasma produced by glass contact has heen
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variously ascribed to the removal of an antithromboplastin (Tocan-
Tins, 1945 [11]), to the removal of an inhibitor of prothrombin
- (Fraca, 1951 [12]), to the activation of a hypothetical precursor of
prothrombin, * prothrombinogen ” (Quick and Steranint, 1949 [13]),
to the activation of ‘thromboplastinogen” (Quick and Epstrin,
1952 [14]), and to the activation of the * Christmas factor ” (anti-
hemophilic B factor) (Bices, Doveras and Macrartane, 1953 [15]).

Rararort et al. (1954) [16] reinvestigated the effect of glass contact
upon the various plasma clotting factors. Both the anti-hemophilic B
factor and proconvertin were shown to be activated by glass contact,
and are therefore assumed to exist in the cireulation in a less active



form. Glass contact did not influence anti-hemophilic A factor,
prothrombin or proaccelerin activity.

The effect of glass is shown by the experiment summarized in table 1.
A sample of platelet poor plasma was divided into two portions, one
of which was exposed only to silicone coated surfaces and the other
portion of which was shaken with 1/4 volume of fine quartz glass
powder for 15 minutes and the powder then removed by centrifugation.
The two portions were then tested in one stage assay systems for the
known plasma clotting factors.

Tasre 1. — Aectivalion of proconvertin,
and anlihemophilic I3 factor by glass.

CLOTTING TIMES

““ Silicone “ Glass 7
plasma plasma
TEST SYSTEM sec. sece,
1. Quick’s,* prothrombin time " (1) 13.9 10.4
P. and P. method (Owrex and
V.5 1% QT 1 ) ) R — 30.5 24.2
3. Specific method for proconvertin
(Owren and Aas, 1951 [31]).. 36.3 28.2
4, Specific method for prothrombin
(Ownren and Aas, 1951 [31]).. 31.7 31.8
5. Specilic method for proaccelerin. .
(Owren, 1947 [19]) .......... 29.0 29.7

6. Specific method for antihemophi-
lic A factor (Raravort and al.,
19845, [17]) e v o i 109.2 104.0

7. Specific method for antihemophi-
lic B factor (Rararorr and al.,
11T ] ) R . S — 116.0 76.0

(1) Quier’s method. The clolling time depends upon the combined aclivily of prothrombin,
proconvertin and proaceclerin.

(2) P. and P. method (Prothrombin and proconvertin method). The clotling time depends upon
the combined activity of prothrombin and proconvertin.

Table I shows thal the increase in proconvertin actlivity is reflected
in every system which is sensitive to proconvertin, i.e. the specific pro-.
convertin system, the prothrombin and proconvertin system (P. and P).
system and Quick’s “ prothrombin time ” test. No change is seen
in the prothrombin and proaccelerin systems because in both of these
systems any change in proconvertin activity of the test sample will
be masked by an excess of proconvertin in the other reagents used,
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and the change in activity of the antihemophilic B factor is masked
by the tissue thromboplastin reagent. The anti-hemophilic A and B

factor activities were measured in test systems which took into account
the associated increase in proconvertin activity.

Tasre Il — Activation of procongcertin by glass.

PROCONVERTIN TIMI

—
 Bilicone  Glass aclivaled »
plasma plasma
Normal plasma................... . 36.3 28.2
Hemophilia A plasma......... e 34.5 26.5
Hemophilia B plasma ............. 31.5 26.5
Parahemophilia plasma............. 31.5 (1) 26.5
Hypoproconvertinemia plasma (2 9,
PrOCONVETHN wovwren m on 1 55 w5 10 107.0 79.5

(1) Plasma slored in glass.

The increase in proconvertin activity produced by glass was confirmed
by finding the same results when hemophilia A, hemophilia B and
parahemophilia plasmas were tested (see table II). The very long
proconvertin time of congenital hypoproconvertinemia plasma was
moderately reduced because of the activation of the small amount of
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proconvertin which this plasma contains. Furthermore, when normal
“silicone ” plasma and normal “ glass activated ” plasma were diluted
in congenital hypoproconvertinemia plasma the difference between
the two plasmas persisted (see figure 3). Such dilution provides an
excess of every known plasma factor except proconvertin.

The activation of proconvertin explains why Avrexanper et al,
(1949) [18] found the development of SPCA activity during the storage
of plasma. By exposure to a large glass surface, as in the above experi-
ments, the same activation is accomplished in a few minutes. Our
findings definitely contradict the theory of Quick and Steranint
who ascribe the shortening on storage to an activation of prothrom-
binogen to prothrombin, a theory also advocated by Lrwis and
Ware (1954) [19].

THE INTERACTION OF THROMBOPLASTIN
AND PROCONVERTIN TO FORM CONVERTIN

There is much evidence that neither tissue nor plasma thromboplastin
acts directly upon prothrombin but first interacts with proconvertin
to form a reaction product which has been called convertin. This
evidence is reviewed below because some coagulation workers still
do not accept the existence of either proconvertin or convertin.

During early investigations in our laboratory upon the formation
of the final prothrombin converting principle, factor VI or prothrom-
binase [20], the formation of prothrombinase was found to require two
plasma factors besides thromboplastin and calcium, These factors
were provisionally named factor V and co-factor V and later proaccelerin
and proconvertin (Owren, 1947 [20,21]). When proconvertin was
separated from prothrombin (Owrex and Bserxerunp, 1949) [22])
proconvertin’s effect upon thrombin formation was further analysed.
The interaction of thromboplastin and proconvertin to form convertin
was then confirmed by experiments upon parahemophilia plasma where
there is no disturbance caused by the proaccelerin-accelerin system
(Owren, 1950 [23]). The formation of convertin and its effect upon
prothrombin conversion has since been further studied in blood and
plasma and by the use of isolated factors (Aas, 1952 [10], OwreN,
1952 [24]).

Findings from several other laboratories also indicated the existence
of proconvertin and its reaction with thromboplastin  Jacox (1949) [25]
demonstrated an increase in the activity of brain thromboplastin after
incubation with serum, a finding suggestive of the presence of a throm-
boplastin co-factor in serum. Avexanper and co-workers (1948,
1949, 1950) [26, 18, 27] in more extensive studies demonstrated the
presence of a clotting factor in serum which was termed the serum
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prothrombin conversion accelerator or SPCA, the activity of which
is greatly increased by incubation with thromboplastin. Maxx and
co-workers (1949, 1951) [28, 29] also demonstrated that preliminary
mixing of tissue thromboplastin with serum potentiates its effect on
the convertion of prothrombin to thrombin. The serum factor which
increased the activity of thromboplastin was found to be reduced
in dicumarol plasma. Manx regarded it as part of the thromboplastin
complex and named it “ co-thromboplastin activity ”.

Part of the confusion which exists about proconvertin and its
interaction with thromplastin stems from an attempt to distinguish
a single plasma form and a single serum form of this activity. Thus,
Arexanper refers to a plasma precursor of SPCA and SPCA, and
Korrer to a plasma precursor of factor VII and factor VII. Further-
more, the term proconvertin has been misunderstood by some to
mean only the activity in plasma while the term convertin has been
confused with proconvertin as it exists in serum.

We have found it useful to refer to proconvertin activity in the follow-
ing way. As shown above, proconvertin exists in the circulating
blood in a less active form, probably because it is combined with
an inhibitor. This form was call “ inactive proconvertin 7. Plasma
prepared by silicone technique should contain only “ inactive pro-
congertin ”. When plasma is exposed to glass there is a gradual increase
in proconvertin activity probably caused by the adsorption of the inhi-
bitor onto the glass. Plasma after contact with glass, therefore, contains
a mixture of “inactive proconvertin” and what we call “ active pro-
congertin . The content of the latter increases as the plasma stands
and this explains the shortening of the Quick “ prothrombin time ”
during the first hours plasma is stored.

The proconvertin activity of serum will depend upon how the blood
is clotted and how long after clotling the serum is examined. When
blood clots spontaneously in silicone coated tubes the serum will
contain mainly “ inactive proconsvertin ”. When blood clots in contact
with glass the serum will contain a mixture of “ {nactive procongertin
and “ active proconvertin . However, if blood is clotted by the
addition of tissue thromboplastin the resultant serum will - contain
only “ active proconvertin ™ because the excess thromhboplastin in the
presence of caleium completely activates proconvertin.

Furthermore, fresh serum will contain not only proconvertin in either
or both of its forms but also convertin, a qualitatively different activity
formed hy the combination of thromboplastin with “ active proconyer-
tin ” in the presence of calcium. The amount of convertin in fresh
serum varies with the amount of thromboplastin formed during clotting
or added to the plasma. As the serum stands the convertin is inactivat-
ed ans this will tend to lessen the accelerator effect of the serum. How-
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ever, al the same time, any inactive proconvertin in the serum is being
activated by contact with glass and this will tend to increase the serum
- activity, Thus, it is apparent that one can not generalize about
serum activity. Rather it is necessary to analyze the effect of a given
serum in the light of the knowledge of when and how it was prepared.

Tante III. — The formalion of convertin by incubation of thromboplastin
and proconvertin in the presence of calcium.
CLOTTING TIMES

produced by
incubation of:

g

Thromboplaslin Thromboplastin
Incubation + Proconvertin + Proconvertin
lime (37¢ C) with caleium without calecium
0 sec. 22.4 see. 22.4 sec.
45 — 12.2 — 224 —
90 — 108 — 2.5 —
180 — 84 — 200 —
270 — 81 — 21.0 —
360 — 8.0 — 22.8 —
Test system: 0.2 ml proconvertin deficient plasma ;
0.2 — adsorbed ox plasma ;
0.2 — incubation mixture ;
0.2 — CaCl,.

Table Il summarizes an experiment which illustrates the formation
of convertin on incubatling tissue thromboplastin, proconvertin and
caleium, Iuman brain thromboplastin was prepared by a technique
previously described (Owren, 1947, 1949 [20, 31]). The proconvertin
reagent was prepared from serum obtained by adding a small amount
of tissue thromboplastin to normal blood, followed by high speed
centrifugation and storage for 8 days at room temperature. The
proconvertin was adsorbed from the serum by barium sulfate, cluted
with 0.2 M sodium citrate and dialysed against saline. This prepara-
tion was free ol prothrombin and accelerin.

The proconvertin-convertin activity was tested by a modification
of the specific proconvertin assay of Owren and Aas (1949) [32].
The system consisted of 0.2 ml plasma from a patient with congenital
hypoproconvertinemia (supplied prothrombin in excess), 0.2 ml of
the mixture to be tested in an appropriate dilution,0.2 ml of adsorbed
ox plasma (stabilizes the proaccelerin concentration) and 0.2 ml of
caleium chloride. The clotting time obtained in this system will
measure only convertin activity if the mixture to be tested is free of
thromboplastin. If 0.2 ml of brain thromboplastin is added to the test
system, or if thromboplastin is added along with the test mixture,
the clotting time obtained will reflect the activity of both proconvertin
and convertin.
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Table 3 shows that incubation of thromboplastin and proconvertin
in the presence of caleium produces a powerful clotting activity far
greater than that of a mixture of thromboplastin and proconvertin
in the absence of caleium. The generation of this activity is lime
consuming. [t is this new activity which is called convertin.

Tanre IV. — Sedimentation of convertin by high speed cenlrifugalion
of an incubation mixture of thromboeplastin, proconvertin and calcium.

CLOTTING TIMES

in Lthe
proconverlin-convertin tesl syslem
— T ———— N m——
Incub. with Ca. Incub. without Ca.
Incubation mixture ............... 12.0 22.8
Sediment (washed twice) .......... 14.0 65.5 -
Supernatant. o o o s v : 29.5 96.5

Table 4 demonstrates that convertin can be sedimented by high
speed centrifugation. The sediment from the incubation mixture
with calcium, after being washed twice and resuspend to its original
volume, exhibited only a slightly reduced convertin activity. In
contrast, the sediment i the control experiment without calcium
consisted only of thromboplastin as shown by the clotting time of
65 seconds on its addition to proconvertin deficient plasma.

Convertin can be shown to be different from a simple mixture of
thromboplastin  and proconvertin in another way. Raparort et
al. (1954) [33] have found that the lipid inhibitor described by Tocan-
riNs blocks the reaction between tissue thromboplastin and procon-
vertin to form convertin, but is completely ineffective in the presence
of preformed convertin.  Thus, in table V, convertin, both beflore and
after sedimentation, is seen to be resistant to the effect of the lipid
inhibitor. The use of the lipid inhibitor provides a simple method
to distinguish between proconvertin and convertin activity.

Tasre V. — The immunily of convertin to the lipid inhibilor of brain.

CLOTTING TIME
in the
proconverlin-converlin syslent

Thromboplastin -+ proconvertin -+ Ca. incubated

Tor 6 MM bt 105 o 55 B0, i s b e 12 sec.
Lipid inhibitor of brain: Added before incubation. .. 08.5 —
Added after incubation.. .. 115 —

Convertin, sedimented, washed and resuspended. . .. 13.5 —

Convertin - lipid inhibitor............. ... ... .. 14.0 —



Converlin in saline solution is stable for at least 5 hours at 37°¢ C
and at least 2 days at 60 C.  However, il convertin is added to citrated
normal plasma there is a reduction to less than 50 9%, of the original
activity in one hour. Convertin differs from thromboplastin and
proconvertin in its lability to heat. Convertin is almost completely
destroyed by heating for 1 hour at 560 C, whereas proconvertin in saline
solution loses only about 50 9, of its activity. Brain thromboplastin,
as measured by its activity in one stage clotting systems, is unchanged
after such heating.

In the past our use of the terms proconvertin and convertin has been
misunderstood by some to mean that proconvertin is activated to
convertin by an effect of thromboplastin without the latter entering
as an integral part of the convertin complex. The sedimentation
experiments (see table IV) strongly suggest the opposite, i.e., that conver-
tinis a particulate substance formed by the specific binding of proconver-
tin onto the surface of the thromboplastin particle by caleium. This
mechanism of convertin formation explains the quantitative interrela-
tionship between thromboplastin, proconvertin and convertin pre-
viously demonstrated by Aas (1952) [10] and Owren (1952) [24].

In contrast, no specific time consuming reaction has been demonstrat-
ed between thromboplastin and proaccelerin or between thromboplastin
and accelerin, However, when tissue thromboplastin is sedimented
by high speed centrifugation it can carry down with it a little pro-
accelerin or accelerin from purified solutions, or from plasma or
defibrinated plasma. This is probably an unspecific adsorption for
the proaccelerin or accelerin can be largely removed by repeated
washings.

THE INITIAL PHASE OF SLOW THROMBIN FORMATION
BY CONVERTIN AND CALCIUM

Convertin and caleium can convert prothrombin to thrombin slowly
in the absence of proaccelerin or accelerin. This can be demonstrated
with our particular parahemophilia plasma which is completely free
of proaccelerin. (Thus the addition of thrombin to this plasma does
not increase its activity as would occur if even a trace of proaccelerin
were activated to accelerin, Storage of the plasma does not lengthen
its one stage “ prothrombin time " as would be expected if any pro-
accelerin were inactivated by the storage. Jounson and Sercers
(1953) [34] could find no Ac-globulin in this plasma by their method.)

This plasma was prepared platelet “ free ™ by silicone technique and
prolonged high speed centrifugation (40,000 rpm for 1 hour) to remove
any possible influence of a platelet accelerator, When a 0,11 gm 9,
suspension ol crude cephalin which had been bhoiled for 5 minutes was
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added to this plasma clotting occurred aboul 8 minutes after recalci-
fication.  When brain thromboplastin which had been hoiled for
5 minutes was added to the plasma clotting occurred about 100 seconds
after recalcification. Furthermore, prothrombin prepared completely
free of proaccelerin will slowly form thrombin although the rate of
thrombin is greatly increased by even small amounts of added accelerin
(Aas, 1952 [10]).

THE INTERACTION OF CONVERTIN
AND ACCELERIN TO FORM PROTHROMBINASE

Convertin and accelerin can combine to form an activity which
can be isolated by high speed centrifugation and which can rapidly
clot plasma deficient in any of the known clotting factors except
prothrombin and fibrinogen. Table VI summarizes an experiment
which illustrates the action of prothrombinase. Convertin was prepared
by the incubation of tissue thromboplastin and proconvertin with
calcium as described above. Accelerin was made by the addition of
thrombin to adsorbed prothrombin and proconvertin free ox plasma.
The accelerin was then precipitated by dilution and acidification.
Solutions of convertin- and accelerin were mixed in the presence of
calcium and then submitted to high speed centrifugation. The resultant
sediment was washed 4 times and a suspension of the washed sediment
was added with calcium to different plasmas defective in the various

Tasre VI. — Comparison of the clotting promoting effect of brain thromboplastin,
converlin, Russel viper venom and prothrombinase on various pathological plasmas.

PLASMAS RECALCIFIED WITHOUT THROMBOPLASTIN

= N
Procon- Pro-
Normal Hemo- Hemo- vertin aceelerin
philia A philia b delicient deficient

Ca, 1% min.
15.0 sec.

Ca. 10 min.
15. sec.

Ca. 8 min.

70.0 sec.

Ca. 10 min.
14.9 sec.

1%4-2 min.
65.0 see.

IFibri-
nogen

= 8 min.
> 8 min.

Convertin sedi-
mented,wash-
ed and resus-
pended)

Russel viper ve-
nom - crude
cephalin.. ...

Prothrombinase
(sedimented,
washed abd
resuspended).

11.5 sce.

5.0 see,

7.2 sce.

clotting factors.

11.4 sec.

5.1 sce.

7.6 sec.

As table VI shows, prothromhinase
prothrombin conversion in every plasma.

11.7 scee.

5.3 sec.

7.2 sec.

11.9 sec. 40.5 see.

5.2 sec. 40 sec.

7.9 see, 8.0 sce.

produced rapid
Prothrombinase aclivily is

= 8 min.

> 8 min.

= 8 min.
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independent of the thromboplastin, proconvertin or proaccelerin content
of the plasma. The clotting activity of thromboplastin, convertin
and Russell viper venom plus crude cephalin have also been included
in table VI to show the relation of each to prothrombinase.

Prothrombinase is relatively stable in saline solution but is inactivated
when added to plasma or serum.

CONCLUSIONS

1. Tissue thromboplastin has been defined as the clotting activity
present in aqueous tissue exlracts. Plasma thromboplastin has been
defined as a clotting activity which may arise during spontaneous
clotting from a platelet factor and at least 2 plasma factors, which is
equivalent in activity to tissue thromboplastin, and which does not
directly convert prothrombin to thrombin.

2. The place of thromboplastin in the clotting scheme presented
in figure 1 has been discussed in detail. The relation of thrombo-
plastin activity to the changes produced by contact of plasma with
a foreign surface such as glass has been analyzed.

3. Proconvertin activity has been redefined. The reaction belween
thromboplastin and proconvertin to form convertin has been shown
to involve the binding of proconvertin onto thromboplastin by cal-
clum.

4, Convertin and accelerin have been found to combine to form a
sedimentable activity called prothrombinase which in the presence
of caleium can rapidly clot plasma in the absence of thromboplastin,
or ils precursors, proconvertin or proaccelerin.

(Department of Medicine, Oslo University Hospital,
Rikshospitalel, Oslo, Norway.)
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