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A METHOD FOR STUDYING CHANGES IN PROFIBRINOLYSIN TITER IN DOGS
FOLLOWING IN VIVO INDUCTION OF FIBRINOLYTIC ACTIVITY

A two-stage asssy for canine profibrinolysin (plasminogen) is described. This
assay is suitable for following in vivo changes in profibrinolysin titer induced by vari-
ous experimental procedures. Plasma profibrinolysin is concentrated by a low ionic
strength, protamine sulfate precipitation technic and activated with staphviokinase.
Diluted aliquits of the activated solution are ther assayed for fibrinolyti. activity.
One unit is that amount of activity which at 37° C. and pH 7.26 will briny; about
lysis of 0.4 ml. of a 0.1 percent bovine fibrin clot in 300 secondx The average dog
plasma contains 19.4 units per milliliter. In general, increases in circulating fibrino-
lytic activity are gssociated with decreases in profibrinolysin.

Several problems are involved in the develop-
ment of a rapid, convenier., and dependable
method for estimation of canine profibrinoly-
sin. First, the profibrinolysin must be separat-
ed from the plasma by a procedure which is
quantitative and which will render it free of
antifibrirolysin and other. inhibitory agents.
Second, a suitable activator must be available
for the conversion of the profitrinolysin to
fibrinolysin since it is only ia the lutter form
that the activity of the enzyme can be measured.
Finally, a substrate is necessary which will per-
nmit rapid and simple estimation of the proteo-
lytic activity which develops in the presence of
the kinase.

Methods for the isolation of the profibrinoly-
sin fraction of plasma have depenacl on salt
fractionation technics such as 30 percent satura-
tior with ammonium sulfate (1, 2) ; 50 peccent
saturation with ammonium sulfate (8) ; alcohol
fractionation as practiced by Richert (4) ; and
a number of modifications (5, 6) of the low
ionic strength, acid precipitation technic de-
scribed by Milstone (7).

The conversion of profibrinolysin to fi-
brinolysin has been accomplished by triturition
(8) and by treatment with such organic
solvents as chicroform (1) and acid acetone (9)
(neither procedure bcing suitable for analytic
work), by incubation with kinases (that is,
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" activators) of bacterial (7, 10, 11, 12), tissue

(18), serum (14), and urinary (15-18} origin.

A solution of the substrate problem has been
sought in fibrinogen (19-22), fibrin (1, 6, 7,
21, 23-26) (as many modifications of fibrin
assay technice are available &s there are in-
vestigators who have employed this substrate),
powdered hide (15), unheated cesein (5), heat-
ed casein (6, 27, 28), gelatin (11, 21, 29, 30),
and synthetic substrsates such as tosylarginine
methyl ester (31).

As the result of technical or theoretical dif-
ficulties or both, no completely satisfactory as-
say for profibrinolysin has been available, We
feel, however, that the procedure sutlined below
is satisfactory frum both theoretic and tech-
nical aapects; it is in harmony with and takes
full advantage of the information brought to
liyzht by experiments in this and other labora-
tories. It has been under test and in constant
use gince its development in 19563. The facts
aveailable to date have led us to conclude that,
when properly carried out, it is a reliable
procedure for the estimation of canine pro-
fibrinolysin.

METHODS AND MATERIALS

The 0.1 percent fibrin clot selected as the
substrate in our test system is prepared from
2 0.2 percent solution of bovine fibrinogen
isolated by the freeze-thaw procedure of Ware
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etai. {82). The 0.2 percent solution is diluted
with an equai viiume of the lytic solution whose
activity is to be measured and then cloited by
stirring with a rod 2 mm. in diameter which
has been ¢ipped to a depth of 2 mm. into a
solution of Parike-Davis Thrombin (2,500 units
per ml. of 50 percent glycerol in saline). The
clot forms within 8 to 10 seconds and is ob-
served for lysis at 87° C. The end point is
determined by the tilt-tube method described
elsewhere (25).

The protamine sulfate used in the concentra-
tion of profibrinolysin from canine plasma is
an 0.8 percent solution of Lilly salmine in 0.9
percert saline.

Staphylokinase, employed as an activator, is *

prepared from {freshly isolated cultures of
Staphylococcus aureus, as directed by Lewis
and Ferguson (12). For use, the lyophilized
powder is dissolved in saiine to a final con-
centration of 4 to 8 mg. ver milliliter.

Varidase® is made up in 0.9 percent saline
so as to contain 15,000 uniis of streptokinase
(28) ner milliliter.

Imidazole buffer, pH 7.25 is prepared by
dissolving 1.72 gm. of imidazole in 8% ml. of
0.1 normal HCI, adjusting io the desired pH,
and diluting to 100 ml. (23).

EXPERIMENTAL

The assay of canine profibrinolysin is a two-
stage procedure. In the first stage prefi-
brinolysin, separated from interfering mate-
rials, is incubated with staphylokinase; in the
second stage, the amount of fibrinolytic activity
which develops is measured iiy determining
the time of lysis of a standird fibrin clot
formed in the presence of a diluted aliquot of
the incubation mixture of stage 1.

Separation of profibrinolysin from plasma is
accomplished as follows: nine volumes of canine
blood mixed with one volume of 4 percent
sodium citrate are centrifuged at 1,200 X g or
more for 15 minutes. Two ml of the super-
natant plasma are withdrawn and mixed with
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0.6 m:. of 0.8 percent protamine sulfate solu-
tion. The pH of the mixture is adjusted to 9.0
(glass electrode) and held at this pH at 28°
C. for one hour. It is then lowered to 7.0 by
adding 0.1 normal HC) dropwise and the plas-
ma-protamine mixture is diluted to 40 ml. with
distilled water. After allowing the tubes to
stand for 15 minutes the precipitate which
forms is collected by centrifugation at 1,500 X
g for 10 minutes at 20° C. The supernatant
which contains only traces of profibrinolysin
is discarded. For best results, the precipitate
should be used immediately, although ex-
perience has shown that it is possible to deter-
mine profibrinolysin on samples of the pre-
cipitate which have been chilled for 1 to 3
days or kept in the frozen state indefinitely.

To the precipitate at the bottom of the 50-ml.
centrifuge tube in which it was deposited are
addzd in order: 0.8 ml. of 0.9 percent saline, 0.9
ml. of imidazole buffer, pH 7.25, and 0.1 ml.
of freshiy thawed staphylokinase solution. The
mixture is stirred and placed in a water bath
at 28° C. This constitutes the first or activa-
tion stage of the assay. At 20 minutes, and
Al 15-minute intervals thereafter, up to 135
minutes, a 0.2-ml. aliquot of the incubation
mixture is withdrawn and diluted with
imidazole buffer to give lysis times ranging
between 5 and 20 mintues when the diluted
ali Juots are incorporated into a standard fibrin
ctlot.

The teat clot is formed by mixing 0.2 ml. of
the diluted aliquot with 0.2 ml. of 0.2 percent
bovine {ibrinogen and immediately clotting the
mixture by the addition of excess thrombin on
the end of a 2-mm. glass stirring rod. Dilution
of the aliquots withdrawn from th~ incubation
mixture :3 eseential since at lysis ‘imes shorter
than b minutes, clot formetion is impaired. The
incubation is continued until two successive
aliquots withdrawn from the incubation mix-
ture give the same lysis times at the same dilu-
tions. With a satisfactory preparation of
stzphylokinase, maximur activation is usually
attained within 90 to 120 minutes.

When the logarithm of the lysis time is
plotted against the logarithm of concentration
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of profibrinolysin expressed in arbitrary units,
a straight line relationship is obtained (fig. 1).
The xlope of this line is independent of ihe
lot of staphylokinase used and cf the degree
of conversion of profibrinolysin to fibzinolysin.
In this test, the unit is defined as that amount
o? fibrinolytic activity, measured at 37" C.,
which will completely lyse in 300 seconds 0.4
ml. of 0.1 percent fibrin clot in & systern buf-
fered at physiologic ionic strength with saline
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FIGURE 1. ., . o .
2 Activation curves of canine profilvixolysin prep-
L; Assay cnrve for canine profidrinclysin. See text for arations isolated by various methods. C‘”"“_ A
1 definition of unit and aseay conditions. Curve has been 624 B are the activation curves of preparations ;
] " corrected for 1:¢ dilution of the test sclution with obdtained from the same plusma by the protamine A
1 bovine fibrinogen. sulfate teckmic "(A) and isoelectric precipitation p

(B). Curves C, D, and E are profibrinolysin prep-
arations isclated from a different plasma by the
protamine .ulfate technic (C). by alcohol precipita-
tion (D), and by emmonium sulfaile precipitation
(E).

procedures or from the plasma of differect
dogs will not give identical curves when ia-
cubated with aliquots of the same prepuration
of staphylokinase; nor are identical curves ob-
tained with aliquots prepared frora the same

’ and imidazole at pH 7.25. plasma sample and treated with different lots
i of staphylokinase. Consequently, samples must
be withdraw1: 4rom the incubation mixturc so

RESULTS long as any increase in activity is obtained.

- e —pm—.,, -

Figure 2, surve A depints the development
of fibrinolysin in th: firdt stage of a two-stage
procedure. It is spparent thet the activation
of canine profikrinolysin by the kinase of
Staphylococcur « ureus is not instantaneous, less
than 40 percent of the twtvl fibrinolytic wetivity
having been generated in 20 minutes of incuba-
tion with that particular staphylokinase prep-
aration. Aliguots of material isolated from
the same plasma sample and incubated with
aliquots of the same staphylokinase preparation
will give curves of activation with identical
shape. However, profibrinoiysin preparations
obtained from dog plasma before and afier :sub-
jection of the animal to various experimental

The ultimate smount of fibrinolytic activity
generated is :independent of relatively wide
variations in the potercy of the staphylokinase
preparation employed and constant for a given
plasma sampi-,

Curve B of ‘izure 2 was ootained by incubat-
ing the sa:ne amount of the same preparation
of staph -’ insse with the euglobulin prepared
from plasma identical in volume and source
to that used in curve A. Instead of using the
protamine technic, the profibrinolysin-contain-
ing fraction was obtained by adjusting the pH
of & 1:20 plasma dilution to 5.3 with 1 normal
acetic acid. The sihape sf the curve iy div-
similar and the total yield of fibrinolytic ac-
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tivity lower than in curve A. The other curves
of figure 2 represent activation of profibrine-
lysin-containing fractions obtained from an-
other plastus by the protsmine precipitation
technic (curve C), by the alcohol precipitation
techniz of Richert et al. (4) (curve D), and by
the ammonium sulfate precipitation technic of

develops more rapidly but does nct schieve
levels as high as those obtained witl staphylo-
kinase (fig. 4). Figure 5 preser’'r a com-
parison of (1) a serially diluted, ‘a.rximally
staphylokinase-activated canine filrinolysin;
(2) a serially diluted, maximally streptokinase-
activated canine fibrinolysin; (3) serially dilut-
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Lewis and Ferguson (2) (curve E).

Studies on recovery of canine profibrinolysin
by the protamine isolation procedures were not
carried out because canine profibrinolysin of
sufficient purity for such purposes was not
available. However, as indicated in figure 2,
precipitates obtained with protamine yield
higher activity than those obtained by technics
involving alcohol, salt, or acid precipitation.
The fact that no fibrinolysin could be detected
in dislyzed supernatants which were incubated
with staphylokinase for prolonged periods sug-
gests that no profibrinolysin was present in

UNITS FIBRINOLYSIN GENERATED

such supernatants. Y
20 0 0 [ 100 0
Figure 8 presents curves in which the profi- MINUTES INCUBATION
brinolysin fractions were prepared from serum FIGURE 4.

(curve A) and plasma (curve B) derived from Compari . . .
parison of streptokinase and stapyhlokinase activa-

the “me blood sample. it can be seen that ., of canine profibrirolysin isolated by the protamine

more activity develops and persists for a longer sulfate precipitation technic.

period of time when plasma is used.

When sireptokinase {instead of ataphylo- 2000 -
kinase) is ured in stage 1, fibrinolytic activity
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FIGURE 3. Dilution curves of (1) staphylokinase-activated canine

fidrinolywin; (2) streptokinase-aciivated canine fibrinobs-

Activation curves of cowine prefibrinolysin isolated sin; (8) spontancously aerire canine ‘ibrimolysin; (4)
(A) from plasma and (B) from sevum. The plasma trypein; (5) streptokinase-activated can ¢ plasna kinase;
and serum were desived from the same whole dlood (6) atreptokinasc-activeted i:men ph me kinase; and
sampls. (7) wrokinage.
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ed spontineousiy active canine fibrinolysin;
(4) serially diluted trypsin; (B) serially diluted
canine plasma, mixed with bovine fibrinogen
and treated with streptokinase essentially as in
the assay Gescribed for human plasmu prokinase
(34) ; (68) the assay curve for human prokinase;
and (7) & plot of seriaiiy diluted urokinase.
Curves 1, 2, 3, and 4 exhibit slopes which are
strikingly similar and which reflect the dilution
of a protease which acts directly wpon fibrin.
Curves 5, 6, and 7 denote the type of slope
(much fletler) which is observed in a one-
stage assay when one deals with lytic activity
which develops 23 & result of the action of au
vgent whose primary effrct is the conversion
of bovine profibrinolysin present in the tarom-
bin and fibrinogen reagents to fibrinolysin
(35).

Tn figure 6 profibrinolrsin titer is plowvted
along the absacissa in steps of 5 units and th:
numbear of animals falling into each unit cate-
gory is plotted on the ordinate. Simple inspec-
tion of this histogram reveals that approximate-
Iy half of the dogs have profibrinolysin titers
vhich lie betwven 10 and 20 units. Quantitative
examination of tiz data reveals that %7 per-
cent of the aniraa!x have titers lyirg ' stween
10 and 30 and that 95 percent of the animais
exhibit profibrinolysin values lying between
0 and 40. The mean profibrinolysin titer in
this group of 121 animals was 19.4 units; the

3
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FIGURE .

Distribution of profibrinolysin titr. s in control dog
plesmas.

standard error of t'e mean was 0.9. The
variability observed is apparently real since
the values are reproducible. It iz in -rtant
to mention in this connection thxt it was not
possible to evriuate the history of each animal
tested.

Figure 7 illustrates the changes in profi-
brinolysin titer which occur following a num-
ber of experimental procedures which we have
found will bring about the development of
frank fibrinolytic activity. Frequently, even
when frank fibrinolytic wctivity was not ob-
served, more sensitive methods for detecting
the presence of fibrinolysin revealed & unit cor-
relation between fibrinolytic activity and de-
creases in profibrinolysin titer as measured
by the technic described.

DISCUSSION

Comparison with the 5.3, low ionic strength
technic -5 weli as with methods involving
alcohol «nd ammonium sulfate fractionation
indicates that the protamine precipitation
method yields canine profibri.olysin in a form
which is relatively stable and which gives a
high yield of fibrinolysin upon treatment with
staphylokinase. The protamine sulfate pre-
cipitation technic employed here is similar to
that used in tne :3olation i profibrinolysin
from human plasma (25). The key differerce
lies in the fact tha!, in the dog, the yield ap-
pears to be more nearly quantitative and a
larger proportion of the fibrinogen is pre-
cipitated. The fibrinogen provides a substrate
which depresses the rate of destruction of the
developing fibrinolysin. Tests have shown that
shortly before maxir. 1m activity is achieved,
tiie lust t-aces of ciottable material disappear
from the incubation mixture. Thus maximum
activity is measured at a time when the only
fibrin present in the assay clot is the known
amount added as bovine fibrinogen.

Comparison of staphylokinuse with strepto-
kinase as an activator reveals the superiority
of staphylokinase in at least two respects: (1)
greater total yields of fibrinolytic activity are
obtained ; and (2) canine plasma fractions treat-
ed with staphylokinase are not capable of con-
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5 Chenges in 3 vo'shrinolysin titers induced by the in vivo in-
3 duction of fibrin.: i'Jc activity sn dogs. Seven dogs received
3 ) purezal®; 11, uroki: nse; i>, protamine sulfats; 18, peptons;
3 and 29, trypesin. E.usk curve depicts the chunges shown by
one dog of an experimental group and is representsative of the
changes shown by other members of the group. Unless other-
wise indicated the drugs were given by & single intravenous
injection within 10 minutes sfter the withdrawul of the control
blood sample. The amounts injected were as follows: pyrexal®,
015 my./kg.; wrokinuse, 404 units/kg. (35); protamine suifets,
16 mp./kg., given in divided doscs of 4 mg./kg. at 5 minutes
and 20 minutes and & mg./kg. at 60 minutes; peptone, 800
mg./kg.; trypein, 7.5 mg./kg., in divided doses of 2.5 mg./kg.

¥

KMW<...

8t 10 minutes and 5§ my./kg. at 105 minutes.

verting bovine profibrinolysin to fibrinolysin
(fig. 4). Thus the second stage of the assay
measures only the canine fibrinolysin generat-
ed even though there ir some profibrinolysin
present in the fibrinogen and thrombin used
in the second stage. Streptokinase generates
kinases in canine plasma fractions in much
the same manner as in human plasma fractions
(27, 84, 86). Since these activators can bring
about the conversion of the profibrinolysin
present. in the bovine fibrinogen employed in
‘he second stage of the assay, the use of strento-
xinase in such an assay resuilts in fsire high
values. I is important te re-emphasize then
that the disadvantages which accrue through
the use of profibrinolysin containing bovine re-
agents in assays involving streptokinase are
abesent from procedures in which staphylo-
kinase is the activator. The curves presented
in figure 4 indica‘z that the fibrinolysin which

develops in the presence of staphylokinase
dilutes in a manner identical to fibrinolysin
which has been formed spontaneously. Both
slopes are similar to that obtained with diiuted
trypein, a protease, but are decidedly dissimilar
to those obtained with dilution of urokinase,
human plasma prokinase, and canine plasms
prokinuse. The slow decrease in activity ob-
served with the one-stage bovine assay system
which is typical for kinases, effecting lysis
through conversion of bovine profibrinolysin
to fibrinolysin, cannot be obtained with staphy-
lokinase.

The opportunity of using native fibrinogen-
fibrin systems afforded by staphylokinase pos-
sesses an additional advantage. The fibrinoly-
sin is measured by causing a fibrin clot fo
develop in its presence, a situation which has
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beer shown to provide a most sensitive in-
dicator of fibrinolytic activity (37).

Preparations of staphylokinase must be ob-
tained from freshly isolated Staphylococcus
aureus. Organisms which have been kept for
long periods on slants or have been repeatedly
subcultured are unsuitable since they form
virtually no activator. Furthermore, strict
adherence to the procedure originally outlined
by Lewis and Ferguson (12) gives the most
reproducible results.

The data presented in figure 7 show de-
creases in circulating profibrinolysin under a
wide variety of experimental conditions which
are known to induce fibrinolytic uctivity in
vivo. The findings are entirely consistent with
the surmise that fibrinolytic activity origi. :tes
from the activation of circulating profibrinoly-
sin and that as the former is increased, the
latter is decreased.

SUMMARY

An pisay method for canine profibrinolysin
is outiined and unit activity defined. In this
assay profibrinolysin, concentrated in a pre-
cipitate obtained by dilution of protamine sul-
fate-treated plasma, is activated with staphylo-
kinase. The fibrinolytic activity gonerated is
then measured by the time required for lysis
of a standard bovine fibrin clot. The mean pro-
fibrinolysin titer of plasma samples from 121
contro! animals is 19.4 units. Increased fibrino-
lytic activity induced in vivo by various experi-
mental procedures is found to be associated with
decreased profibrinolysin titers.
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