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In a careful study of the properties of the proteo-
lytic enzyme of plasma which is active near neu-
trality, Christensen (1) reported that preparations
of this substance digested fibrinogen and fibrin
with equal avidity. This observation has been
challenged by Fantl, Simon, and Fitzpatrick (2, 3)
who claimed that fibrin is a more suitable substrate
for this enzyme than fibrinogen.

The experiments to be described were under-
taken to investigate these two divergent views.
The problem to be resolved necessitated a com-
parison between the time required for the digestion
of two different proteins, fibrinogen and fibrin.
Fantl and his associates (2, 3) measured the diges-
tion of fibrin by observing the time required for
the lysis of the fibrin clot. They studied the di-
gestion of fibrinogen by measuring the amount of
this protein which was clotted by thrombin or cal-
cium after an appropriate period of incubation.
Under the conditions of their experiments, these
workers observed that the fibrin clot was liquefied
at a time when appreciable amounts of coagulable
fibrinogen remained in the unclotted control
mixtures.

In Christensen's experiments, the rate of proteo-
lysis of fibrinogen and of fibrin was determined by
measuring the amount of nitrogen in the precipi-
tate which formed upon the addition of trichlora-
cetic acid (1). With this method it was not feasi-
ble to determine the rate of digestion of fibrin until
lysis of the clot had occurred, but thereafter fibrino-
lysis and fibrinogenolysis appeared to proceed at
the same rate.

A precise study comparing the rates of digestion
of two different substrates would require a careful
determination of initial reaction velocities. In a

1 This study was supported in part by a grant from the
Cleveland Area Heart Society and in part by a research
grant (P. H. S. No. G3619) from the National Institutes
of Health of the U. S. Public Health Service.

heterogeneous system such as the problem at hand
requires, this type of analysis is attended with
many theoretic difficulties. Nonetheless, it was
possible to obtain data which appeared to explain
the discrepancy between the experiments of Chris-
tensen and of Fantl, Simon, and Fitzpatrick. The
proteolytic enzyme system in plasma is ordinarily
inactive. Treatment of th-e plasma with chloro-
form or with streptokinase, a filterable principle
which appears in cultures of certain beta hemolytic
streptococci, results in activation of this enzyme
(1, 4). When streptokinase was added to human
plasma, a fibrin clot was dissolved in a shorter time
than was required for the disappearance of coagu-
lable fibrinogen, as Fantl had reported. On the
other hand, active plasma proteolytic enzyme di-
gested fibrinogen to the point at which it was in-
coagulable in the same time that an equal amount
of fibrin was dissolved. This suggested that
Christensen's observation was valid, that the
plasma enzyme digested fibrinogen and fibrin at
the same rate, and that the experiments of Fantl
and his associates indicated that the activation of
the proteolytic enzyme from its precursor was
more rapid in the presence of a fibrin clot than in
a solution of fibrinogen.

METHOD

Nomenclature. The term plasma proteolytic enzyme
will be used to denote the substance or substances in
plasma which can digest fibrinogen, fibrin and certain
other proteins in vitro at or near neutrality. This enzyme
has also been named plasmin (5) and fibrinolysin (6).
It is usually present in plasma as an inactive precursor.
The filterable principle of cultures of hemolytic strepto-
cocci which activates the precursor will be called strepto-
kinase (5). The term enzyme is intended to imply
neither a purified product nor even a single substance.
The term fibrinogen designates the component of plasma
which forms a clot of fibrin upon the addition of thrombin.

Preparation of buffer. The buffer used was 0.025 M
barbital and 0.125 M sodium chloride, at pH 7.5. This
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buffer was prepared by dissolving 7.30 gm. of sodiuma
chloride, 2.76 gm. of barbital and 2.06 gm. of sodium
barbital in 1 liter of water.

Preparation of fibrinogen. Human fibrinogen was pre-
pared by a modification of Holmberg's method (7) de-
scribed earlier (8). About 85 per cent of the protein in
this preparation was coagulable. Bovine fibrinogen,2 pre-
pared by the method of Ware, Guest, and Seegers (9),
was dissolved in buffer and the undissolved residue was
separated by filtration through Whatman No. 1 filter
paper. In all experiments, a portion of dried fibrinogen
weighing 100 mg. was dissolved in 20 ml. of buffer. This
preparation contained 0.9 gm. of sodium chloride for
every 3.1 gmi. of protein. Assay of the filtrate demon-
strated approximately 300 mg. of coagulable protein per
100 ml. of solution. There was a variation of as much
as 50 mg. of coagulable protein per 100 ml. from prepara-
tion to preparation, but this did not influence the results
obtained. In any given experiment, the same solution of
fibrinogen was used throughout.

Preparation of bosine plasma proteolytic enzyme. Bo-
vine plasma proteolytic enzyme,3 prepared by the method
of Loomis, George and Ryder (6), was dissolved in
buffer in a concentration of 10 units per ml. and stored
at - 100 C. until use. This enzyme has been activated
by treatment with chloroform. The preparation used
contained 0.82 Loomis units per mg.

Preparation of thrombin. Commercial bovine throm-
bin4 was dissolved in buffer in a concentration of 1000
National Institutes of Health (N. I. H.) units per ml.
(10), and stored at - 100 C. until use. More highly
purified bovine thrombin4 did not differ in its effect from
the commercial product. Both preparations possessed ap-
preciable inhibitory activity against the plasma proteolytic
enzyme.

Preparation of streptokinase. A lyophilized prepara-
tion of streptokinase 5 was dissolved in buffer and stored
at - 10° C. This preparation contained 53 units of
streptococcal desoxyribonuclease for each 169 units of
streptokinase. Furthermore, it possessed inhibitory ac-
tivity either against the streptokinase itself, or the proteo-
lytic enzyme, easily demonstrable in higher concentrations
of the material. Critical experiments were confirmed by
the use of highly purified streptokinase containing 36
units of activity per microgram (11) obtained from Dr.
L. R. Christensen of New York.

Preparation of oxalated plasma. Blood from non-
fasting adult subjects was mixed with dried oxalate salts
in a proportion of 5 ml. of blood to 6 mg. of ammonium

2Bovine fibrinogen was obtained through the courtesy
of Dr. Walter Seegers.

8 Bovine plasma proteolytic enzyme (fibrinolysin) was
obtained through the courtesy of Parke, Davis and Com-
pany, Detroit, Mich.

'Obtained through the courtesy of Parke, Davis and
Company, Detroit, Mich.

Streptokinase was obtained through the courtesy of
Lederle Laboratories, Pearl River, N. Y.

oxalate and 4 mg. of potassium oxalate. The plasma was
then separated by centrifugation at 2,000 rpm for 15 min-
utes in an International centrifuge, Model SBV Size 1.

Preparation of oxalated serum. Human blood was al-
lowed to clot, and then 0.1 Msodium oxalate solution was
added in a ratio of 0.5 ml. of oxalate to 4.5 ml. of blood.
The mixture was centrifuged for 15 minutes at 2,000 rpm
and the oxalated serum was then incubated at 370 C. for
30 minutes, to allow any free thrombin to deteriorate.
The serum was oxalated since the addition of fibrinogen
to serum was followed by clotting in the presence of cal-
cium ions. No clotting occurred when fibrinogen was
added to the oxalated serum, and for this reason it was
assumed that no appreciable amount of thrombin remained.

Preparation of platelet-deficient plasma. Platelet-
deficient plasma was prepared by the method of Conley,
Hartmann, Morse and Lalley (12, 13), using silicone-
coated glassware and needles boiled with arquad 2 C.6

Preparation of precursor. A crude preparation of the
precursor of the plasma proteolytic enzyme was made
by diluting oxalated plasma with 19 volumes of water and
acidifying to pH 52 with 1 per cent acetic acid. The
precipitated globulin was separated by centrifugation and
dissolved in buffer, usually in a volume equal to that of
the original plasma.

Measurement of proteolysis. The time required for
the liquefaction of a fibrin clot was measured by direct
observation of the clot. Many of the experiments were
made with plasma. Since plasma contains other sub-
strates than fibrin, it was not suitable to measure the in-
crease in non-protein nitrogen which may have occurred
pari passu with fibrinolysis, and indeed, in the absence of
fibrin free of other proteins, the measurement of non-
protein digestion products is never beyond criticism. In
all experiments, the clot lysis time was measured from
the time that the reagents were mixed rather than from
the time of clotting. This was a matter of convenience,
because the clotting time was usually short compared to
the clot lysis time, and did not influence the recorded re-
sults. Care was taken to avoid disturbing the clot during
the period of observation. If the clot was agitated, re-
traction appeared to occur, and it became difficult to esti-
mate the clot lysis time.

The time required for the digestion of fibrinogen was
measured by determining the amount of fibrinogen which
remained in the preparation at appropriate intervals. The
amount of fibrinogen which was present was estimated
indirectly by measuring the clotting time upon the addi-
tion of thrombin. This assay depended upon the fact that
the clotting time of a mixture of fibrinogen and thrombin
increases as the concentration of fibrinogen decreases
(14). As fibrinogen was digested, the clotting time upon
the addition of thrombin was prolonged. The concentra-
tion of fibrinogen can be estimated only grossly by this
method. When the addition of thrombin did not result
in a clot, it was assumed that no appreciable amount of

6 Arquad 2C was obtained through the courtesy of Ar-
mour and Company, Chicago, Ill.
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fibrinogen was present. Under certain conditions, fibrino-
lysis can occur so rapidly after the addition of thrombin
to fibrinogen, that a clot cannot be seen. Under these
conditions, the presence of fibrinogen cannot be detected
by this method. However, this possible source of error
could not have been a factor under the conditions of the
experiments to be described.

The time required for the digestion of fibrin to the point
at which the clot was liquefied was compared, in these
experiments, with the time required for the digestion of
fibrinogen to the point at which it became incoagulable.
To make this comparison, appropriate amounts of the
preparation to be tested were pipetted into each of a series
of tubes. Thrombin was added to one of the tubes and
an equal amount of buffer to the others. The mixtures
were then incubated at 37° C. The clot lysis time of
the tube containing thrombin was measured. At inter-
vals, thrombin was added to successive tubes and the
clotting times noted. The amount of fibrinogen which
remained undigested was estimated from the clotting time,
in the manner described. Variations in this basic tech-
nique will be mentioned in relation to the individual ex-
periments reported.

In all experiments, the reagents were mixed in tubes
which were immersed in an ice-bath, and the tubes were
then transferred simultaneously to a water bath at 370 C.
When the progress of digestion was observed for a period
longer than two or three hours, a drop of toluene was
added to each tube as a bacteriostatic agent, and the
tubes were closed with rubber stoppers. Unless other-
wise noted, the experiments were performed in pyrex
tubes, with an internal diameter of 8 mm. When silicone-
coated glassware was used, it was prepared by the appli-
cation of at least three coats of Desicote (Beckmann).
The data presented in the tables are representative of
repeated experiments.

RESULTS

(1) The time required for the digestion of fibrino-
gen and fibrin by bouine proteolytic enzyme

The relative effects of active bovine plasma pro-
teolytic enzyme upon fibrinogen and fibrin was

TABLE I

The relative effect of bovine plasma proteolytic enzyme
upon fibrinogen and fibrin

Time required for digestion of (a) fibrin, in a mixture of
0.1 ml. bovine thrombin (10 N.I.H. units per ml.) 0.1 ml.
bovine plasma proteolytic enzyme and 0.3 ml. bovine
fibrinogen solution, and (b) fibrinogen, in the same mix-
ture, with 0.1 ml. buffer substituted for thrombin.

Substrate

Fibrin
Fibrinogen

Final concextratiox of plasm
proelytic ensyme

1 unit/ml. 2 units/ml.

Time for digestion in minutes

13j 6
9 4i

TABLE II

The relatwive effect of streptokinase upon the digestion of
fibrinogen and fibrin in human plasma

Time required for digestion of (a) fibrin, in a mixture of
0.1 ml. bovine thrombin (10 N.I.H. units per ml.), 0.1 ml.
streptokinase and 0.3 ml. oxalated plasma, and (b) fibrino-
gen, in the same mixture, with 0.1 ml. buffer substituted
for thrombin.

Substrate

Fibrin
Fibrinogen

Final concentration of streptokinase

125 units/ml. 250 units/ml.

Time for digesiion in minutes
it 2

20 8

measured in an homologous system (Table I).
In repeated experiments, this enzyme digested
fibrinogen to the point at which it was incoagulable
in the same time or slightly faster than it liquefied
fibrin. The thrombin used to form fibrin pos-
sessed inhibitory activity against the proteolytic
enzyme and may have prolonged the time required
for the digestion of fibrin. In some experiments,
when the concentration of the enzyme was low, 4
or 5 per cent of coagulable protein remained at a
time when all the fibrin had disappeared. The
same results were obtained when human fibrino-
gen and fibrin were used in place of bovine. Un-
der these conditions, then, no appreciable differ-
ence was found between the time required for ac-
tive bovine plasma proteolytic enzyme to liquefy
fibrin and to render fibrinogen incoagulable.

(2) The time required for the digestion of fibrino-
gen and fibrin by streptokinase-activated proteo-
lytic enzyme in human plasma

Purified streptokinase was mixed with fresh
oxalated human plasma and the time required for
the digestion of fibrinogen by this mixture was
determined immediately. Illustrative data from
part of one such experiment are given in Table II.
In each of several experiments, appreciable quanti-
ties of fibrinogen remained at a time when all the
fibrin had been destroyed.

These data are similar to those reported by
Fantl and Fitzpatrick (3). It was clear, then,
that the experiments upon which these authors
based their view that fibrin was digested more rap-
idly than fibrinogen were readily reproducible.
However, when streptokinase is added to plasma,
the net effect of at least two consecutive steps is
measured, namely, the rate at which the proteo-
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lytic enzyme of plasma is activated by strepto-
kinase, and the rate at which the active enzyme

digests the two proteins. If active human plasma
proteolytic enzyme, like bovine enzyme, rendered
fibrinogen incoagulable in the same time that it
liquefied fibrin, one might infer that the activation
of plasma proteolytic enzyme by streptokinase oc-

curred more rapidly or completely in the presence
of fibrin than in the presence of fibrinogen.

For this reason, active human plasma proteolytic
enzyme was tested against the two substrates. A
crude preparation of precursor, when activated by
streptokinase, again digested fibrin more readily
than fibrinogen. The same was true of a solution
of Fraction II-III (Cohn)7 activated by strepto-
kinase. A more active preparation of enzyme was

made by treating precursor successively with chlo-
roform and streptokinase.

In one such experiment, a volume of 12 ml. of
fresh oxalated plasma was diluted with water and
acidified in the manner described. The precipi-
tate was separated by centrifugation, dissolved in
3 ml. of buffer, and 0.5 ml. aliquots were pipetted
into each of six 40 ml. round-bottomed centrifuge
tubes. The globulin solution in each tube was

mixed with an equal volume of chloroform, incu-
bated at 250 C. overnight, and the globulin was

then separated from the chloroform by centrifuga-
tion and aeration of the supernatant fluid. The
globulin was pooled, diluted with buffer to the
original plasma volume, and mixed with a solution
of streptokinase containing 625 units per ml. (an
amount which activated this particular preparation
maximally). This mixture was incubated at 250
C. for 10 minutes, placed in an ice bath, and seri-
ally diluted with buffer. This preparation, then,
was plasma proteolytic enzyme activated both by
chloroform and streptokinase. The time required
for each dilution of enzyme to digest fibrinogen
and fibrin was then measured.

Human plasma proteolytic enzyme activated in
this way by streptokinase and chloroform digested
bovine fibrinogen and fibrin in approximately the
same time (Table III). When the concentration
of enzyme was low, about 5 per cent of coagulable
fibrinogen remained at a time when the fibrin was

completely lysed. Thus human plasma proteo-

7 Human plasma fraction II-III was obtained through
the courtesy of Dr. E. J. Cohn.

TABLE III

The relktive effect of chloroform-activated and streptokinase-
activated proteolytic enzyme upon fibrinogen and fibrin

Time required for digestion of (a) fibrin, in a mixture of
0.1 ml. bovine thrombin (10 N.I.H. units per ml.), 0.1 ml.
of chloroform-activated and streptokinase-activated human
plasma proteolytic enzyme and 0.3 ml. bovine fibrinogen
solution, and (b) fibrinogen, in the same mixture, with
0.1 ml. buffer substituted for thrombin.

Concentration of enxyme

Substrate Undiluted 50% 25% 12.5% 6.25%

Time for digestion in minutes
Fibrin 5 5 6 7 9
Fibrinogen 5 5 6 8 10*

* At 10 minutes, about 4% of the fibrinogen remained
undigested.

lytic enzyme behaved in the same manner as bo-
vine. It seemed evident, therefore, that the differ-
ence in behavior of mixtures of streptokinase and
plasma towards fibrinogen and fibrin was due to a
difference in the rate or extent of activation of the
proteolytic enzyme in unclotted and clotted plasma.
In this experiment, no attempt was made to re-
move prothrombin from the enzyme preparation.
However, enzyme prepared from plasma from
which prothrombin had been adsorbed by barium
sulfate behaved .in the same manner.

In the experiments which have been described
thus far, the fibrin substrate was prepared by the
addition of bovine thrombin to human or bovine
fibrinogen. Data were obtained to determine the
effect of streptokinase-activated enzyme on fibrin
formed during "spontaneous" clotting of human
plasma.

Aliquots of 0.3 ml. of native platelet-deficient
human plasma were pipetted in duplicate into
pyrex tubes containing 0.1 ml. of a solution of
streptokinase (2,500 units per ml.) and into
silicone-lined tubes. The clotting times and clot
lysis times were then determined at 370 C.

Human platelet-deficient plasma clotted in glass
tubes at 370 C. much more rapidly than in silicone
tubes (Table IV). Whensuch plasma was mixed
with streptokinase, the clots which formed in glass
tubes dissolved completely before clots appeared
in the silicone-lined tubes. The clots which formed
in the silicone-lined tubes then lysed after an inter-
val approximately the same as that of the clots in
glass tubes. In other words, under the conditions
of this experiment, fibrin formed during spontan-
eous clotting of human plasma was liquefied in a
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TABLE IV

The effect of surface on dotting and fibrinolysis in
platelet-deficient plasma

Clotting time (min.) and clot lysis time (min.) of a
mixture of 0.1 ml. streptokinase (2,500 units/ml.), and
0.3 ml. of native platelet-deficient human plasma in pyrex
and silicone-coated tubes (internal diameter 11 mm.).

The Clot Lysis Time was measured from the time the
reagents were mixed.

Clotting Clot lysis
Nature of time time

surface (mix.) (min.)

Glass 4.5 8
Silicone 9 15

shorter time than was required for the destruction
of fibrinogen.

Another possibility which required examination
was that it was easier for streptokinase to activate
the proteolytic enzyme in human serum than in
plasma. To test this, streptokinase was added to
a mixture of oxalated human serum and bovine
fibrinogen, and the time required for the digestion
of fibrinogen and fibrin was determined immedi-
ately (Table V). Again appreciable quantities of
fibrinogen remained at a time when all visible fib-
rin disappeared. When either plasma or serum
mixed with fibrinogen was diluted with buffer,
and optimal amounts of streptokinase were added,
the proteolytic enzyme was activated whether or
not the fibrinogen had been clotted by thrombin.

(3) The time required for the spontaneous diges-
tion of fibrinogen and fibrin in oxalated plasma

Fantl and Simon (2) reported that the clotted
plasma of patients who had been given electric
shock therapy underwent fibrinolysis before ap-
preciable digestion of fibrinogen was noted. If
this were the case, then one might infer that the
spontaneous activation of the plasma proteolytic

TABLE V

The relative effect of streptokinase upon the digestion of
fibrinogen and fibrin in human serum

Time required for digestion of (a) fibrin, in a mixture of
0.1 ml. bovine thrombin (10 N.I.H. units/ml.), 0.1 ml.
streptokinase (2,500 units/ml.), and 0.3 ml. oxalated serum,
and (b) fibrinogen, in this same mixture, with 0.1 ml.
buffer substituted for thrombin. Desiccated fibrinogen
was dissolved in the oxalated serum in a concentration of
300 mg. per 100 ml.

Substrate Time for digestion in minutes

Fibrin 2.6
Fibrinogen 6.5

enzyme in incubated plasma was accelerated by the
process of clotting. To test this, the time required
for clot lysis and for the digestion of fibrinogen in
human plasma were compared. Blood was ob-
tained from patients with Laennec's cirrhosis, and
from normal individuals. In previous studies it
had been demonstrated that the lysis time of recal-
cified plasma clots was less than three days in most
patients with cirrhosis, and three days or more in
normal individuals (15). Aliquots of 0.5 ml. of
plasma were pipetted into each of a series of pyrex
tubes (internal diameter 11 mm.). The plasma
in the first tube was clotted by the addition of 0.1
ml. of thrombin solution containing 10 N. I. H.
units per ml. Clotting was induced by the addi-
tion of thrombin rather than by recalcification,
since there is evidence that calcium ions accelerate
the activation of the enzyme (8). The clotted
and unclotted tubes of plasma were then incubated
at 37° C. At intervals of one or two days, the un-
clotted tubes were tested for the presence of un-
digested fibrinogen by the addition of 0.1 ml. of
thrombin (1,000 N. I. H. units per ml.). When
no clot was formed after the addition of this large
amount of thrombin, it was assumed that all of
the coagulable fibrinogen had been digested.
Large amounts of thrombin were used since the
fibrinogen appeared to grow less reactive to
thrombin as incubation proceeded.

In 14 normal individuals, the lysis time of clots
formed by the addition of thrombin to oxalated
plasma varied from three to nine days. In all
except one subject, no fibrinogen was detectable
in the unclotted tubes on the day when all the fibrin
had been digested. In the fourteenth subject,
fibrinolysis was complete in five days, but fibrino-
gen did not disappear until the sixth day.

The same experiment was performed with the
plasma of 10 patients in whom there was clinical
and laboratory evidence of Laennec's cirrhosis.
In seven of the patients fibrinolysis was complete
in less than three days; the clot lysis time of the
other three patients was three days or longer. In
six instances, fibrinogen was still detectable in the
tubes of unclotted plasma, either at the time that
all the fibrin had disappeared or as long as five
days later. In the other four patients, no fibrino-
gen was detectable in the unclotted tubes on the
day when all the fibrin had been digested. Thus,
in some patients with cirrhosis, as in Fantl's pa-
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tients undergoing electro-shock therapy, the clot-
ting process may have activated the proteolytic
enzyme in plasma, a phenomenon not usually ob-
served in normal individuals.

DISCUSSION

The length of time required for the plasma pro-
teolytic enzyme to liquefy fibrin has been compared
with the length of time required to digest fibrino-
gen to the point at which it is incoagulable. The
various experiments which have been described
would appear to reconcile the contradictory re-
ports of Christensen (1) and of Fantl and his asso-
ciates (2, 3). The digestion of both fibrinogen
and fibrin by the plasma proteolytic enzyme results
principally in the breakdown of the molecule whose
molecular weight is approximately 400,000 to
700,000 to molecules whose molecular weight is
approximately 100,000 (7). At the same time,
the fibrin liquefies, and presumably the fibrinogen
becomes incoagulable. Plasma proteolytic enzyme,
which had been activated either by chloroform
(Table I) or by a combination of chloroform and
streptokinase (Table III) liquefied fibrin and
rendered fibrinogen incoagulable in approximately
the same time. This suggests that the active en-
zyme digests fibrinogen and fibrin at the same
rate, as claimed by Christensen (1). On the other
hand, when streptokinase was mixed with human
plasma, fibrin was liquefied before fibrinogen was
rendered incoagulable, as claimed by Fantl and
Fitzpatrick (3). When streptokinase is added to
plasma, at least two consecutive reactions occur
(1, 4). First, the streptokinase activates the
plasma proteolytic enzyme from its precursor, and,
second, the active enzyme then digests available
substrates. In the present experiments, when
streptokinase was added to unclotted plasma, the
activated enzyme digested fibrinogen relatively
slowly. When this mixture of streptokinase and
plasma clotted, either spontaneously, or upon the
addition of thrombin, the fibrin which formed from
the fibrinogen was then digested rapidly. Since
active plasma proteolytic enzyme appeared to di-
gest fibrinogen and fibrin at equal rates, one may
conclude that activation of the plasma enzyme by
streptokinase was accelerated by the change which
occurred when fibrinogen was converted to fibrin.

One explanation for the effect of clotting in

these experiments is that the chemical differences
between plasma and serum permitted more ready
activation of the precursor of the protease in serum.
However, it was not possible to demonstrate that
there was a difference in the reactivity of the pre-
cursor in plasma and serum. When fibrinogen
was added to oxalated serum, fibrin was again
more readily digested than fibrinogen when strep-
tokinase was added (Table V). This suggests
that it is the process of clot formation or the pres-
ence of the clot which accelerates the action of
streptokinase, and not a chemical difference be-
tween plasma and serum. The experiments re-
ported do not furnish information as to the role
of clot formation in the activation of the plasma
protease. Perhaps the fibrin clot furnishes a sur-
face favorable to the activation of the plasma pro-
teolytic enzyme by streptokinase. However, at-
tempts to increase the rate of activation by the use
of other adsorbents such as kaolin were unsuccess-
ful. These experiments do not exclude the possi-
bility that the fibrinogen added to the serum re-
stored some inhibitor removed during coagulation.

Fantl and Simon (2) also reported that fibrin
was more readily digested than fibrinogen by the
proteolytic enzyme which became spontaneously
active when plasma was incubated at 370 C. The
data which have been presented suggest that this
was true in the plasma of some patients with Laen-
nec's cirrhosis who had rapid clot lysis times. But
in normal individuals whose plasma clots did not
lyse in less than three days, the times required for
fibrinolysis and for the digestion of fibrinogen to
the point at which it was incoagulable were usually
similar. The mechanism of rapid fibrinolysis in
diseased states is not understood. Perhaps an ab-
normal kinase was present in the plasma of the
patients with cirrhosis, and the effect of this kinase
was increased by the clotting process. Earlier
experiments suggested that the rate of fibrinolysis
was correlated with the rate in which the inhibitor
in plasma against its proteolytic enzyme deteri-
orated (16). These two hypotheses are not mu-
tually exclusive.

The report of Johnson and Tillett (17) lends
significance to these experiments. These authors
observed that the intravenous injection of strepto-
kinase was followed by lysis of intravascular
thrombi in laboratory animals. The experiments
described in the present report suggest that the
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intravenous injection of streptokinase might result
in the preferential digestion of fibrin over fibrino-
gen. Interestingly, Johnson and Tillett observed
relatively little change in the concentration of
fibrinogen in animals injected with sufficient strep-
tokinase to lyse the experimental thrombi. The
process of activation of the plasma proteolytic en-
zyme is most complex and one should hesitate to
draw too close an analogy between data obtained
in vivo and in vitro.

SUMMARY

1. No appreciable difference was observed be-
tween the time required for the liquefaction of
fibrin and for rendering fibrinogen incoagulable by
active bovine or human plasma proteolytic enzyme.

2. When streptokinase was mixed with oxa-
lated or native human plasma, it took a shorter
time for fibrin to be dissolved than for fibrinogen
to become incoagulable.

3. In the plasma of some patients with cirrhosis,
"spontaneous" fibrinolysis occurred more rapidly
than fibrinogenolysis. In the plasma of most nor-
mal individuals, and of other patients with cirrho-
sis, no difference was noted in the time required
for the liquefaction of fibrin and the digestion of
fibrinogen.

4. These experiments suggest that the activa-
tion of plasma proteolytic enzyme, either spon-
taneously or by streptokinase, may be accelerated
by the process of coagulation.
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