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Comparative studies of fibrinogenolysis 
and fibrinolysis have produced contradicting 
results (1, 2 )  probably caused by differences 
between methods of assay, including source 
of fibrinogen, or between the fibrinogenolysis- 
and fibrinolysis-inducing effects of the active 
agents. A delayed fibrinogenolysis relative to 
fibrinolysis was also attributed to the 
presence of inhibitors exerting their effect 
primarily on the process of fibrinogenolysis 
(1, 3).  We report a strikingly increased rela- 
tive susceptibility of purified fibrin over 
fibrinogen to lysis induced by tissue plasmin- 
ogen activator (porcine) when compared 
with fibrinolysis and fibrinogenolysis caused 
by other plasminogen activators or by plas- 
min. 

Materials and Methods. Buflers. Saline 
imidazole buffer (SIB) : 0.05 M imidazole 
HCl, in 0.10 M NaCl adjusted to pH 7.35 
(at  37") with NaOH (total ionic strength I 
= 0.15). Gelatin imidazole buffer (GIB) : 
SIB with 0.25% gelatin. 

Fibrinogen. (i) Bovine plasminogen-rich, 
prepared by ammonium sulfate precipitation 
(4), dialyzed against 0.02 M imidazole HCl, 
in 0.28 or 0.43 M NaCl, was adjusted to pH 
7.35 (at 37") with NaOH. (ii) Human 
fibrinogen, Kabi, Stockholm (Grade L, Lot 
20073, 90% clottable) , dialyzed against 0.15 
M NaCl, or against 0.02 M imidazole HCl, 
in 0.28 M NaC1, was adjusted to pH 7.35 (at  
3 7 O ) with NaOH. Fibrinogen stock solu- 
tions, 1.2 to 1.676 fibrinogen, were stored a t  
-20'. For use H20 was added to I = 0.15 
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and the solution was diluted further with SIB 
to the appropriate fibrinogen concentration. 

Thrombin, bovine. (i) Parke-Davis Com- 
pany, (Lot 987608A, 10,000 NIH units/ 
vial). (ii) Leo Pharmaceuticals (Lot 610515, 
48,000 N I H  units/g) . Thrombin stock solu- 
tions were appropriately diluted with GIB. 

Soybean trypsin inhibitor ( S B T I ) .  Worth- 
ington Biochemical Corporation (Lot SI 
8FD, 1 mg inhibits 1.5 mg of trypsin), 1.5 
mg/mlof GIB. 

Calcium chloride. 50 mM in 0.25% gelatin. 
Activators of plasm$nogen. (i) Tissue plas- 

minogen activator (TA) from pregnant hog 
ovaries contained about 10,000 tissue activa- 
tor units (A and A units)/mg of protein 
(Product I) (5). Stock solutions, approx- 
imately 30,OOQ A and A units/ml, were di- 
alyzed in 0.15 M NaCl at  pH 2.35. (ii) 
Human urokinase (UK) , Leo Pharmaceuti- 
cals (Batch 6602 1, 10,000 Ploug units/vial) 
was prepared with 2500 Ploug units (approx 
3300 CTA units)/ml of GIB. (iii) Strepto- 
kinase-activated human euglobulin (SK- 
activator) was prepared with streptokinase, 
Lederle Laboratories (Varidase, labeled 100, 
000 units/vial) after Miillertz (6), diluting 
in GIB instead of phosphate buffer. 

Plasmins. (i) Bovine chloroform-activated 
plasmin, Parke-Davis Company (Lot CI-289, 
labeled 1300 Loomis units/vial) . One vial 
was dissolved in 33 ml of 0.01 N HCl. (ii) 
Human glycerol-activated plasmin, Michigan 
Department of Health (Lot ERD 166, la- 
beled 109 C'U/ml of 50% glycerol). One mil- 
liliter was diluted with 2.5 ml of 0.01 N HC1 
in 0.15 M NaC1. (iii) Porcine trypsin- 
activated plasmin, Novo Laboratories (Lot 
2-S-68, labeled 2.83 Novo U/mg), 1 mg/ml 
of 0.01 N HCl in 0.15 M NaCl. All solutions 
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were appropriately diluted in GTB prior to 
use. 

Fibrinogenolytic ( 7 )  and fibrinolytic (8) 
activities were assayed by end point methods. 
Composition of the final reaction mixtures 
were identical except for the presence of the 
thrombin in the fibrinolytic experiments. The 
mixtures, containing 0.3 % bovine or human 
fibrinogen (or fibrin) in buffer a t  pH 7.35 
(at 37') and I = 0.15, were incubated at  
37". Final thrombin concentration was 2 
NIH units/ml. In fibrinolytic assays, 0.15 
ml of thrombin solution No. 2 (13.3 NIH 
units/ml) and 0.25 ml of activator or plas- 
min were mixed in a 10 )( 75 mm test tube, 
and 0.60 ml of a 0.5% fibrinogen solution was 
added after 1 min a t  37'. Coagulation oc- 
curred in less than 30 sec. Uniformly dis- 
tributed air bubbles trapped in the clot ap- 
peared within 2 min. The lysis time was the 
period elapsed from addition of the fibrino- 
gen solution and until the rising air bubbles 
passed midway to the surface of the liquify- 
ing clot, In  fibrinogenolytic assays 1.5 ml of 
a 0.4% fibrinogen solution was prewarmed for 
1 rnin at 37' before 0.5 ml of activator or 
plasmin was added. The fibrinogenolysis time 
was the interval from addition of the active 
solution and until aliquots removed from 
the reaction mixture ceased to form fibrin by 
addition of thrombin, The reaction mixture 
was sampled for clottable fibrinogen at in- 
tervals short enough to provide sufficient 
accuracy of determinations. Aliquots (0.2 
ml) were clotted with thrombin solution No. 
1 (0.2 ml) containing 50 NIH units and 
0.15 mg of STBI/ml in 40 mM CaC12 (pre- 
pared from 1 part thrombin stock solution 
No. 1; 8 parts 50 mM CaClz with 0.25% 
gelatin; and 1 part SBTI solution). SBTI was 
added to prevent lysis after sampling, and 
CaC12 was added to improve visualization of 
fibrin formation. 

Results. A comparison of bovine fibrino- 
genolysis and fibrinolysis induced by solu- 
tions of TA and UK adjusted to yield ap- 
proximately the same fibrinolytic activities is 
shown in a double logarithmic diagram in 
Fig. 1.  Identical differences were obtained 
when activator solutions of approximately the 
same fibrinogenolytic activities were com- 
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FIG. 1. Effects of urokinase (UK) and tissue ac- 
tivator (TA) on bovine fibrin and ,fibrinogen: 
(abscissa) activator concentrations (logarithmic) in 
percentage of final concentration (100 Ploug 
unitdml final mixture) ; (ordinate) end point read- 
ings (min) (logarithmic). Fibrinolysis: ( X  - -) UK; 
(0) TA. Fibrinogenolysis with ranges indicated: 
( I -  -) UK; (0) TA. 

pared. In the concentration range used, TA 
and UK produced linear dilution curves with 
slopes around 0.5 in fibrinogenolytic and 
fibrinolytic assays. Filbrinolysis by UK was 
moderately enhanced above fi brinogenolysis, 
corresponding to an apparent doubling of the 
UK concentration. Using TA, fibrinolysis 
was still more enhanced, and the activity now 
corresponded to that produced by a 25-fold 
increase in concentration of TA in the 
fibrinogenolysis assay. Other batches of bo- 
vine, as well as human, fibrinogen gave simi- 
lar, though not quantitatively identical, diff- 
erences between fibrinogenolysis and fibrinol- 
ysis. SK-activator (1 to 20 SK units/ml), 
tested only on bovine substrate, produced the 
same degree of enhancement of fibrinolysis 
over fibrinogenolysis as UK (3  to 100 Ploug 
units/ml) in the same activity range. The 
linear double logarithmic dilution curves had 
slopes around 0.5. 

Human, bovine (Fig. 2), and porcine plas- 
min produced nearly parallel doulble logarith- 
mic di~lution curves in the bovine fibrinogeno- 
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FIG. 2. Effects of bovine, chloroform-activated 

plasmin (Parke-Davis) on bovine fibrin and fibrino- 
gen : (abscissa) plasmin concentrations (logarithmic) 
in percentage of final concentration (3.2 Loomis 
units/ml final mixture) ; (ordinate) end point 
readings (min) (logarithmic). Fibrinolysis: (0). 
Fibrinogenolysis with ranges indicated: (I -). 

lytic and fibrinolytic assays. The curves were 
linear a t  high concentrations of plasmin but 
deflected upwards at  low concentrations. Di- 
lutions of plasmin produced only a moderate 
enhancement of lysis of bovine fibrin over 
fibrinogen, nearly identical for the bovine, 
porcine, and human plasmin preparations 
in the same activity range, and corresponding 
to that produced by a 1.2- to 1.6-fold increase 
in concentration of plasmin in the fibrinogeno- 
lysis asay. Lysis of the human fibrin with 
human plasmin was not enhanced over fibrino- 
genolysis. Bovine and procine plasmin were 
not assayed on human substrate. When com- 
pared, the two thrombin preparations gave 
identical patterns of results. 

Discussion. The marked difference in be- 
havior of UK and TA confirms that the two 
activators are chemically different entities ( 5 ,  
9) .  The striking enhancement of fibrinolysis 
(human or bovine) over fibrinogenolysis 
produced by TA, when compared with UK or 
SK-activator, most likely is related to the 
activation of plasminogen and is not directed 

against plasmin, the ultimate lytic agent. It 
appears less likely that the formation of 
types of plasmin of different reactivities is 
responsible for the differences because human 
urokinase, porcine pig heart activator, strep- 
tokinase, and trypsin have been reported to 
activate human plasminogen by cleavage of a 
single arginyl-valine peptide bond and to 
probably produce the same plasmin (10). 
Furthermore, we observed only moderate diff- 
erences in susceptibility of bovine fibrinogen 
and fibrin to lysis by the three different plas- 
min preparations studied. 

The large difference in susceptibility of 
fibrinogen and fibrin to lysis induced by TA 
possibly could be due to a better surface 
being provided by the fibrin than by fibrino- 
gen for the activation of plasminogen by TA 
when compared with UK or SK-activator. 
One would be tempted to suggest an adsorp- 
tion of the active agent as a determining 
factor since TA has been reported to be ad- 
sorbed much more strongly to fibrin than UK 
( 11, 1 2 ) .  This, however, would be an over- 
simplification since SK-activator, too, is 
strongly absorbed (1 1-13). The differences in 
adsorption to fibrin (bovine as well as hu- 
man) of all three activators were con- 
firmed by us in separate experiments. Further- 
more, the activator-containing globu- 
lin from postmortem blood (14), although 
strongly absorbed to fibrin, has approximate- 
ly identical effects on purified bovine fibrino- 
gen and fibrin ( 3 ) .  Bidwell (15) reported 
that purified human fibrinogen was much less 
susceptible than fibrin to lysis by active 
serum from human cadaver blood, a result 
possibly caused by inhibitory agents present 
in serum but removed from the active globu- 
lin fraction ( 3 ) .  

The pronounced increase in fibrinolysis 
over fibrinogenolysis produced by TA sug- 
gests the involvement of a specific mecha- 
nism of enhancement different from that re- 
sulting from the differences in effects of inhibi- 
tors on fibrinolysis and fibrinogenolysis. The 
marked effect of TA reported here could be 
organ or species specific. The enhanced 
fibrinolysis caused by TA is of obvious sig- 
nificance for fibrinolysis in the body because 
tissue plasminogen activator is released from 
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cells following tissue injury. A selective 
mechanism of protection against the break- 
dcmi of fibrinogen, while locally maintaining 
a high fibrinolytic activity, could be envis- 
aged, supplementing the modifying influence 
of inhibitors. 

Sutnmary. In  the presence of porcine tissue 
plasminogen activator, fibrinolysis is greatly 
enhanced in comparison with fibrinogenoly- 
sis. In  contrast, other activators (UK, SK- 
activator) and plasmin showed no, or moder- 
ate, differences between lysis of fibrinogen 
and fibrin. The enhanced tissue activator 
effect is related to the activation of plasmino- 
gen. The observations add a specific mecha- 
nism of enhancement of fibrinolysis by tissue 
zctivator to that caused by the influence of 
inhibitors, The process may help to enhance 
localized fibrinolysis following tissue injury 
without affecting fibrinogen. 
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