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This report describes methods for the quanti-
tative assay of human plasma profibrinolysin
(plasminogen) and for the semi-quantitation of
fibrinolytic factors in urine. The concentrations
of plasma profibrinolysin, antifibrinolysin, fibrino-
gen and lytic factors in urine of patients with an
active neoplasm and in pregnant women are com-
pared with their concentrations in normal indi-
viduals.

Although several methods have been described
for the separation of human profibrinolysin from
other constituents of plasma (1-5), the method
described here appears to have the advantages
that: (a) It can be utilized for quantitation; (b)
it can be performed on a relatively small aliquot of
plasma; (c) it is not influenced by the antifibrin-
olysin titer of the plasma; (d) it is highly re-
producible; and (e) it does not require complex
procedures or reagents which are difficult to
obtain.

The blood and urine of approximately 200 hu-
man subjects were analyzed. Significant mean
increases in plasma profibrinolysin, antifibrinoly-
sin, and fibrinogen were found during pregnancy
and in patients with neoplastic disease when com-
pared with normal subjects. The fibrinolytic ac-
tivity of urine was slightly but not significantly
higher in patients with neoplasms than in normal
individuals.

MATERIALS ANDMETHODS

Reagents. Protamine sulfate powder (Salmine) 2 was
dissolved in 0.9 per cent NaCl to a final concentration of
0.8 per cent.

Imidazole, employed to buffer the fibrin clots at pH
7.25, was prepared by dissolving 1.72 g. of the free base

1 This work was supported by a Cancer Control Grant
from the United States Public Health Service.

2 Supplied through the kind cooperation of Dr. W. R.
Kirtley of Eli Lilly and Co.

in 90 ml. of 0.1 M HCI. The pH was adjusted to 7.25
with HO or NaOH, and the volume brought to 100
ml. with distilled, or demineralized, water.

Streptokinase (VaridaseD) 8 was used to activate the
profibrinolysin to fibrinolysin. The streptokinase-strep-
todornase preparation was dissolved in 0.9 per cent NaCl
solution to produce a streptokinase solution containing
15,000 units per ml.

The fibrinogen used for preparation of the fibrin sub-
strate was obtained from bovine plasma by the freeze-
thawing method (6). A 1.5 to 3.0 per cent fibrinogen
solution containing 1.5 per cent NaCi and 5 per cent of
the imidazole buffer solution was stored at -20° C.
Prior to use, a test tube containing the stored fibrinogen
solution was thawed in a 37.5° C. water bath. The fibrin-
ogen was then diluted with 0.9 per cent NaCl and dis-
tilled water to a fibrinogen concentration of 0.2 per cent
and a final salinity equivalent to 0.9 per cent NaCl.
These fibrinogen solutions were stable for five hours or
longer when maintained at 37.5° C.

Thrombin, Topical,4 was employed to clot the fibrino-
gen. The solution, containing 2500 Iowa units per ml.,
was prepared by dissolving the thrombin in 0.9 per cent
NaCl and adding 50 per cent glycerol for stabilization
during storage under refrigeration.

Bovine fibrinolysin5 was dissolved and standardized
for the antifibrinolysin assay as described in previous
reports (7, 8).

The phenol reagent of Folin and Ciocalteu (9) was
used to determine tyrosine in the assay of fibrinogen.

Collection and preparation of plasma. Nine parts of
human blood, obtained from the antecubital vein with-
out stasis, was immediately mixed with one part of 3.2
per cent sodium citrate. The plasma was removed by
pipetting, after centrifugation and reading of the hemato-
crit. All fibrinogen determinations were completed dur-
ing the day on which the blood was drawn. The plasma
was stored at -20° C. whenever profibrinolysin or anti-
fibrinolysin assays could not be completed on the same
day.

8 Generously supplied by Dr. J. M. Ruegsegger of the
Lederle Laboratories Division, the American Cyanamide
Co.

'Generously supplied through the courtesy of E. C.
Loomis of Parke, Davis and Co.

5Generously supplied through the courtesy of E. C.
Loomis of Parke, Davis and Co.
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Profibrinolysin isolation and assay. The separation of
profibrinolysin from antifibrinolysin and other inter-
fering substances was accomplished by treatment with
protamine sulfate, alteration in pH, dilution, centrifuga-
tion, and digestion of any remaining fibrinogen follow-
ing activation of the proenzyme with streptokinase. Stud-
ies have indicated that this procedure results in the quan-
titative precipitation of profibrinolysin. Four mg. of
protamine sulfate were added to a 2 ml. aliquot of the
plasma by pipetting in 0.5 ml. of the protamine sulfate
solution. The pH of the mixture was brought to 9.0
(glass electrode) by adding 0.1 MNaOHdropwise with
stirring. After allowing the solution to remain at pH
9.0 for one hour at room temperature, it was diluted
with distilled or demineralized water to a volume of 40
ml. and the pH adjusted to 7.0 (glass electrode) with 0.1
M HC1. With dilution and lowering the pH a fairly
heavy precipitate, which contained fibrinogen and pro-
fibrinolysin, appeared. The precipitate was separated
in 50 ml. containers by centrifugation for 30 minutes at
3000 r.p.m. (2000 RCF). The supernatant, containing
antifibrinolysin, was decanted and discarded. No meas-
urable fibrinolytic activity following treatment with strep-
tokinase has ever been found in numerous tests of the
supernatant. Traces of antifibrinolysin occasionally re-
mained with the precipitate, but the amount present was
barely detectable by the most sensitive assay methods.
The trace contamination with antifibrinolysin was re-
moved by repeated washing with distilled water and re-
centrifugation in several experiments but this procedure
did not improve the accuracy or precision of the method.

When added to the test plasma, profibrinolysin prepa-
rations prepared by the method of Kline (10), may be
recovered as fibrinolysin. However, if an appreciable
quantity of profibrinolysin is added to plasma, the amount
of streptokinase utilized for activation must also be in-
creased, since the reaction between streptokinase and
profibrinolysin appears to be stoichiometric (11). In the
analyses reported here, additional streptokinase was added
to the precipitates from a number of the native plasmas
in which the fibrinolytic activity, as measured in the con-
ventional assay, was high. No additional fibrinolysin
was recovered when the higher concentrations of strep-
tokinase were used, indicating that the streptokinase
preparations in use for the assays reported here were
adequate for complete activation. Furthermore, the sta-
tistical increase obtained in profibrinolysin in malignancy
and pregnancy is indicative of adequate activation of the
proenzyme.

No fibrinolytic activity was detectable in the precipi-
tates. To activate the proenzyme, the precipitate was
brought to a volume of approximately 2 ml. by suspend-
ing it in a solution containing 0.7 ml. imidazole buffer,
1.0 ml. of 0.9 per cent NaCl and 0.1 ml. of the strepto-
kinase solution (1500 units). During an incubation pe-
riod of one-half hour in the 37.5° C. water bath the pro-
fibrinolysin was converted to fibrinolysin and the fibrino-
gen residues which remained in the precipitate were
digested.

In determining the fibrinolytic activity, aliquots of the
activated re-dissolved precipitate were diluted with sa-
line to adjust the lysis times of 0.1 per cent fibrin clots to
between 200 and 400 seconds.6 Dilutions of the fibrinoly-
sin in the clot between 1 to 16 and 1 to 64 usually pro-
duced lysis within the prescribed time range. In mak-
ing this assay, 0.2 ml. of the diluted, activated fibrinoly-
sin solution to be tested was pipetted into a test tube, 50
mm. X 8 mm. I.D. As 0.2 ml. of 0.2 per cent fibrinogen
was pipetted into the tube a stop watch was started.
Thrombin was immediately added by stirring the mixture
with a 2 mm. diameter rod which had been wetted with
the thrombin described above. The tube was placed in
a 37.5° water bath and allowed to remain there except
when examined for the lytic end-point. A solid clot
formed within 15 to 20 seconds after the thrombin was
added. The progress of the lysis was followed by tip-
ping the tube at intervals. Just prior to the end-point the
clot acquired a semifluid consistency and slid down the
tube with a humped appearance. The end-point was
reached when the "hump" disappeared. Occasional de-
bris was disregarded. Lysis times were determined in
triplicate for each 2 ml. sample of plasma and in most
cases duplicate samples of plasma were analyzed.

The 37.5° C. assay curve in Figure 1 was based upon
dilutions of the activated plasma profibrinolysin (pro-
cedure described above) from approximately 200 indi-
viduals. The average values for each dilution of all de-
terminations were utilized in constructing this curve.
This 37.5° curve coincided with the curve obtained by
dilution of bovine fibrinolysin (Loomis) with assay at
37.5° C. and the units are the same as those which have
previously been described except that the centiunit is
1/100 of the conventional unit. The 280 C. curve is in-
cluded since the assay for fibrinolysin was originally
described at this temperature and repeated checks have
indicated that the human profibrinolysin assay also falls
on this curve when the lysis is carried out at 28° C.
The identical slopes of the human profibrinolysin assay
curves and the bovine fibrinolysin assay curves would
indicate that there is no more inhibitor in our profibrin-
olysin preparations than in the best bovine fibrinolysin
available.

Antifibrinolysin assay. This assay has been described
in detail (7, 8); in essence it involves measuring the
amount of residual bovine fibrinolysin, following incu-
bation under controlled conditions of a known quantity
of fibrinolysin with diluted defibrinated plasma. Arbi-

6 If the dilutions do not follow the assay curves (Fig-
ure 1) when clots lyse within the 200 to 400 seconds
time range, greater dilutions of the material (longer ly-
sis times) fall on the curve. In all of the studies re-
ported in this paper, dilutions followed the curve when
the lysis times were between 200 and 400 seconds. How-
ever, with some streptokinase preparations which have
been obtained recently the dilutions did not follow the
curve in the higher concentration ranges. This dis-
crepancy appears to result from inhibitors associated
with the streptokinase.
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FIG. 1. ASSAY CURVES FOR HUMANPROFIBRINOLYSIN OR FIBRINOLYSIN
AT 280 C. AND37.5° C., BASEDUPONTHE AVERAGELysis TIMES AT EIGHT
DILUTIONS OF 200 HUMANPLASMA FIBRINOLYSIN PREPARATIONS, EACH
PREPAREDIN DUPLICATE

These curves coincide with curves at 280 C. and 37.*5 C. prepared by
dilution of bovine fibrinolysin supplied by E. C. Loomis.

trary units of antifibrinolysin are based on the quantity
of fibrinolysin inactivated.

Fibrinogen assay. The method of Ware, Guest, and
Seegers (6) was employed, in which the fibrinogen in di-
luted plasma is clotted with thrombin; the fibrin clot is
wound out on a stainless steel wire, washed with saline
and hydrolyzed by NaOH at 1000 C. The liberated
tyrosine is determined by the method of Folin and
Ciocalteu (9).

Assay of urine fibrinolytic factors. In this study no

attempt was made to differentiate between urine kinase,
an enzyme which accelerates the conversion of profibrin-
olysin to fibrinolysin, and urine fibrinoprotease, an en-

zyme which causes direct lysis of the fibrin clot in the ab-
sence of profibrinolysin.

Assay for the fibrinolytic factors was carried out on

the first morning specimen from normal individuals and
all patients except pregnant women. The urine was

dialyzed against running tap water until a specific re-

sistance of over 7000 ohms was obtained. A 0.3 ml. ali-
quot of the dialyzed urine was placed in the same type
test tube used in the profibrinolysin and antifibrinolysin as-

says. To this was added 0.1 ml. of 0.2 per cent fibrin-
ogen solution and the mixture clotted by the addition
of thrombin with a stirring rod. The tubes were placed
in a 37.5° water bath until the lysis end-point described
above was obtained.

RESULTS

The maximum variation in duplicate profibrin-
olysin determinations on the same blood sample
was 10 per cent of the mean of the two values.
The range in variation of profibrinolysin titers
between individuals was not as great as for fibrin-
ogen and antifibrinolysin. The lowest titer en-

countered was 91 centiunits in a normal individual
and the highest was 260 centiunits in a patient
with a breast carcinoma. However, there was a

tendency toward an increase in profibrinolysin in
plasmas from patients with neoplasms and in
plasmas from pregnant women when compared
with the mean concentration in plasmas from nor-

mal individuals. The results are graphically sum-

marized in Figure 2 and the statistical significance
of the differences is indicated in Table I.

The lowest antifibrinolysin titer was 57 units
in a normal individual and the highest was 376
units in a patient with carcinoma of the breast.
Pregnant women as a group, however, exhibited
the highest antifibrinolysin titers of the categories
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TABLE I *

Statistical analysis

Pro- Anti- Fbioe rn yiNo. fibrinolysin fibrinolysin Fibrinogen Urine lyis
plasma
samples
analyzed Mean Mean | Mean Mean

units units mg. % times

Normal 26 154 25 110 27 268 72 37 13
All neoplasms 74 174 43 136 47 *352 92 32 12
Skin tumors 29 180 45 117 32 351 88 34 15
Ca breast 20 181 50 147 65 330 57 32 12
Pregnancy 24 191 21 207 36 584 134

All neoplasms higher than normal P < 0.01 P < 0.01 P < 0.01
Skin tumor higher than normal P < 0.01 not significant P < 0.01
Ca breast higher than normal P < 0.03 P < 0.02 P < 0.01
Pregnancy higher than normal P < 0.01 P < 0.01 P < 0.01 -

* Probability, P < 0.01, means that the probability of
probability, P, was derived from the t test.

studied. Although the antifibrinolysin titers
tended to be higher in patients with neoplasms
than in normal individuals, this alteration was too
variable to be of diagnostic significance.

The tendency for an increase in concentration
of a specific plasma protein in disease and in preg-

'250

'502p_~ -

1500

'5 4

the result being due to chance is less than 1 in 100. The

nancy was of the same general magnitude for
fibrinogen as for antifibrinolysin. The lowest
fibrinogen concentration was 153 mg. per cent in
a normal individual and the highest was 859 mg.
per cent in a pregnant patient. Thus the highest
fibrinogen concentration was 450 per cent greater

A 6faji7I44sL Anfiiq6rino4mi Ya6rinogen Urine .zWe f
(Gmi"%)

FIG. 2. GRAPHICAL SUMMARYOF DATA ON NORMALINDIVIDUALS AND HOSPITAL PATENTS
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than the lowest fibrinogen concentration in this
series and the highest antifibrinolysin titer was
560 per cent greater than the lowest. In con-
trast the highest profibrinolysin titer was only 94
per cent greater than the lowest. Again, as with
antifibrinolysin titers, pregnant women exhibited
the highest fibrinogen concentrations of any group.

Lysis of 0.05 per cent fibrin clots by the urine
dialysates from different individuals required from
12 to 75 minutes. Lysis times observed with the
dialyzed urine from patients with neoplasms
tended to be shorter than those found in dialyzed
urine of normal individuals. However, as with
the other determinations there was considerable
overlap among individuals of the pathological and
normal groups.

DISCUSSION

A large gap in our present knowledge of the
profibrinolysin - fibrinolysin - antifibrinolysin sys-
tem involves the means by which profibrinolysin
is physiologically activated to fibrinolysin. Al-
though kinases from various tissues and physi-
ologic fluids have been described, their functional
significance is unknown. Astrup and Permin
(12), Permin (13), Tagnon and Petermann (14),
and Lewis and Ferguson (15), have obtained fac-
tors from tissues which accelerate the conversion
of profibrinolysin to fibrinolysin, and Lewis and
Ferguson have reported that a fibrinokinase is
present in canine serum (16). A fibrinokinase
has also been found in urine (17-19). However,
it has not been demonstrated that any of these
factors are responsible for the modification of the
profibrinolysin-fibrinolysin-antifibrinolysin system
which has been reported in conditions of shock
(20), general stress (21, 22) or allergic states (5,
22).

Since the physiologic mechanism of activation
of profibrinolysin is unknown and physiologic ac-
tivators are not now available, it is necessary for
assay of the proenzyme to use some other method
of activation. Streptokinase, a bacterial product,
is available in a relatively purified state; has good
stability and has high potency with respect to the
degree of activation achieved, but it must be rec-
ognized that streptokinase may not have the same
mode of action as the physiologic activators and
that the degree of activity obtained may be in
part dependent upon other factors in human

plasma in addition to profibrinolysin. Mullertz
and Lassen have recently concluded that strepto-
kinase converts a prokinase of human plasma to
an active kinase and that the plasmatic kinase is
responsible for the transformation of profibrinoly-
sin to fibrinolysin (23). The experimental find-
ings of Mullertz and Lassen have been confirmed
in this laboratory, but their interpretation is not
the only one possible. As has been suggested by
Kocholaty, Ellis, and Jensen, fibrinolysin may ac-
tivate profibrinolysin in a similar manner to the
activation of trypsinogen by trypsin (24). Not-
withstanding the uncertainty concerning the mode
of action of streptokinase, it offers the best pres-
ently available material for the activation of human
profibrinolysin.

In addition to the question concerning the rela-
tionship of streptokinase activatable human pro-
fibrinolysin to physiologically activatable plasma
profibrinolysin, the effect of possible contamina-
tion of the material assayed with antifibrinolysin
must be considered. Antifibrinolysin titers have
been shown to rise in a number of disease states
(25-27), including cancer (26, 28, 29). Thus, if
the isolation procedure for profibrinolysin does not
free the product of this contaminant, it is logical
to conclude that the fibrinolytic activity resulting
from activation of the profibrinolysin is a function
of at least two variables: the amount of profibrin-
olysin and the amount of antifibrinolysin in the
native plasma. Since antifibrinolysin tends to in-
crease in patients with malignant neoplasms, this
contaminant could mask a real increase in pro-
fibrinolysin. Cliffton (27) has obtained data
which he interprets as suggestive of a fall in both
spontaneous and streptokinase activatable pro-
fibrinolytic activity in malignant neoplasms as
compared to the other conditions tested. The in-
verse relationship between proteolytic and antipro-
teolytic titers could have resulted from the incom-
plete separation of antifibrinolysin, as Cliffton
suggests. The method described in this report
essentially removes the antifibrinolysin contami-
nant, thus eliminating this source of error. It is
therefore believed that the results reported here
more nearly approximate the true changes in pro-
fibrinolysin and that an actual statistical rise in
profibrinolysin occurs in the patients with neo-
plasms and in pregnant women.

If proliferation of tissue were the primary fac-
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tor in the alteration of the profibrinolysin-antifibrin-
olysin system in a patient with a neoplasm, other
situations involving rapid development of new tis-
sue might be expected to exhibit similar changes.
Pregnancy appears to have certain aspects in com-
mon with neoplasia. In pregnancy there is a
rapid proliferation of new tissue which is parasitic
on the host and contributes nothing to the physio-
logic economy of the host organism. In both neo-
plasia and pregnancy the host organism supplies
oxygen and nutrients to the rapidly proliferating
tissues and products of metabolism of the para-
sitic tissues must be removed. The results re-
ported here indicate that the changes in pro-
fibrinolysin, antifibrinolysin, and fibrinogen are in
the same direction in neoplasia and pregnancy,
but that the changes tend to be greater in preg-
nancy than in neoplasia. However, it cannot be
assumed from these results that the only stimulus
is cell proliferation, since many other factors, such
as the oxygen available to the tissues of the host
organism, stress, hormones, products of metabo-
lism and of necrosing cells, etc., may be common
to the two conditions. Nevertheless, the similari-
ties in pregnancy and neoplasia and the similari-
ties in response of the profibrinolysin-antifibrinoly-
sin system suggest the use of pregnant women for
a comparative study, especially since the stage of
pregnancy can be readily determined and the pa-
tient can be made available for post partum con-
trol studies.

The lysis of fibrin clots, or hydrolysis of other
proteins, in the presence of urine dialysates or con-
centrates at pH 7.2 to 7.4 has been reported from
several laboratories. Williams (17) and Astrup
and Sterndorff (18) have claimed that the break-
down of the fibrin clot is due almost entirely to
the activation of a profibrinolysin contaminant in
the fibrin substrate by a urine fibrinokinase. Re-
cently in this laboratory evidence has been ob-
tained that human urine and urine from other spe-
cies have, in addition to fibrinokinase activity, a
fibrinoprotease activity (19). This fibrinopro-
tease activity brings about the direct lysis of fibrin
clots in the absence of profibrinolysin. It is em-
phasized, however, that the results reported here
do not distinguish between kinase and protease,
since bovine fibrinogen, prepared by the freeze-
thawing technic, may occasionally be contaminated
with traces of profibrinolysin. The assay reported

here, therefore, only indicates total lytic potency of
the urine samples. In some cases the lysis could
have been largely due to activation of the profibrin-
olysin contaminant by urine kinase; in others, the
lysis could have been the result of the direct lysis
of bovine fibrin by urine fibrinoprotease, or both
urine kinase and fibrinoprotease could contribute
to the fibrinolytic end-point.

SUMMARY

1. An assay for human plasma profibrinolysin
is described in which the profibrinolysin is iso-
lated through treatment with protamine sulfate,
dilution and pH alteration. After activation with
streptokinase the fibrinolytic activity is measured
by the rate of lysis of a standard fibrin clot.

2. A method for measuring urine fibrinolytic
activity is described. Salts are removed by dialy-
sis and fibrinolytic activity is measured by the rate
of lysis of a fibrin clot.

3. Plasma profibrinolysin, antifibrinolysin, and
fibrinogen concentrations are increased in patients
with neoplasms and in pregnant women when
compared to the mean concentrations of these fac-
tors in normal individuals.

4. Plasma profibrinolysin, antifibrinolysin, and
fibrinogen tend to show greater increases in preg-
nant women than in patients with neoplasia.
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