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vine thrombin. This inhibitor appears to be 
different from the antithrombic activities de- 
scribed so far (8). It should be noted that the 
considerably lower concentrations of throm- 
bin derivatives prepared from bovine throm- 
bin were sufficient to inhibit the latter, than 
were required to inhibit thrombin. This spe- 
cies-specific inhibitory effect may be related 
to differences between bovine and human 
thrombin and to the ease with which the re- 
spective enzymes can be inhibited by the same 
inhibitor. On the other hand, the possibility 
may also be considered that the modification 
of an enzyme may result in a derivative which 
will inhibit preferentially the specific enzyme 
from which it has been prepared. 

The heated thrombin preparations and the 
redissolved alcohol precipitates have been ad- 
ministered intravenously to rabbits and 
guinea pigs without toxic or thromboembolic 
sequelae. 

Summary. ,4n alcohol precipitate obtained 

from heated bovine thrombin preparations 
promoted the early phases of the coagulation 
mechanism, but did not clot fibrinogen in the 
manner of the unheated preparation. These 
materials inhibited bovine thrombin at lower 
concentrations that human thrombin in the 
clotting of fibrinogen. 
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Fibrinolysin and its inhibition and activa- 
tion have been intensively investigated in re- 
cent years in relation to coagulation and he- 
mostasis. The clinical investigation of bleed- 
ing patients( 1 )  as well as the fractionation of 
lyophilized human platelet material suggested 
the presence of an inhibitor of fibrinolysin in 
these materials. An tifi brinolysin, moreover, 
has been demonstrated previously in bovine 
platelets (2  ) . 

In  the search for specific inhibitors of 
fibrinolysin, an attempt was made to produce 
an inactive derivative which would specifi- 
cally inhibit the enzyme. 

Materials and methods. Bovine fibrino- 
lysin* was suspended in water, saline or 
buffer (imidazole pH 7 .2 ) ,  and heated a t  

3 This investigation was su'pported by the Atomic 
Energy Research Cogtract AT(30-1) 1275 and by 
Grant No. C 937 from Ithe U. S. Public Health Service. 

90°C for periods varying from 5 to 30 min. 
Coagula formed during the heating were re- 
moved by centrifugation at  3,000 g for 10 
min. The supernatant (M.F.) was precipi- 
tated with 3 volumes ethyl-alcohol to yield a 
white, water-soluble material (MFP) . The 
amount of MFP obtained was approximately 
4.5% of the weight of the starting material. 
The fibrin-plate method previously described 
( 3 )  was used for the determination of fibrino- 
lytic activity. The method was modified, 
however, in regard to times and temperatures. 
of incubation. Human fibrinolysin activity 
was obtained by activating normal human 
serum with Streptokinase (Varidase) .* 

Results. The soluble material remaining 
after heating bovine fibrinolysin a t  90°C was 

*We acknwledge with gratitude the generous 
sample received from Dr. Eugene C. Loomis, Parke 
Davis and CQ., Detroit, Mich. 
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FIG. 1. A. 10 mg/cc active fibrinolysin solution mixed 1:l with MF derived from 10 mg/cc of 
fibrinolysin. B. 10 mg/cc active fibrinolysin diluted 1 : 1 with saline. C. 10 mg/cc active fibrin- 

olysin (undiluted). D. 20 mg/cc active fibrinolysin (undiluted). 

insoluble in alcohol and gave a strongly posi- 
tive orcinol reaction, indicating the presence 
of carbohydrate. 

Both the supernatant (M.F.) as well as the 
material precipitated from it by alcohol 
(MFP), inhibited the activity of fresh fibrin- 
olysin, as illustrated in Fig. 1. 

In another experiment with MFPt the fib- 
rin plates were incubated for 48 hours. Lysis 
of fibrin started a t  the point of application of 
fibrinolysin and spread to other areas of the 
plate. The area on which MFP had been ap- 
plied (Fig. 2 and Fig. 3)  was protected from 
lysis, while despite some lysis a t  the center of 
the site of application of a mixture of active 
and modified fibrinolysin, the surrounding 
fibrin was not lysed. Qualitatively similar re- 
sults were also obtained with the supernatant 
(MF) obtained from heated fibrinolysin. 

The effect of heating for various periods of 
time was investigated. Optimal inhibition 
was obtained with materials heated for 5 to 
10 minutes, while heating for more than 20 
minutes tended to decrease the inhibitory ac- 
tivity. 

t Lederle Laboratories Division, American Cyana- 
mid Co., Pearl River, N. Y. 

When modified bovine fibrinolysin was 
tested against human fibrinolysin (i.e., serum 
activated with Streptokinase), fibrinolytic ac- 
tivity was not antagonized (Table I). 

Discussion. Products obtained by heating 
bovine fibrinolysin preparations were found to 
inhibit the activity of the unmodified enzyme. 
The same material did not appear to affect 
the fibrinolytic activity of human serum 
treated with streptokinase. It should be noted 
that the successful formation of inhibitors by 
heat denaturation varied with the nature of 
the starting material and the procedures em- 
ployed, in a manner not understood at the 
present time. 

Analogous inhibitory phenomena have been 

TABLE I. Effect of MFP on Human Serum Fi- 

Avg diameter 
of lysed area 

brinolysin. 

(mm) 
~ 

Activated human serum 1 : 1 with 

Idem, with 10 mg MFP/cc 

16.5 
20 mg MFP*/ec 

16.0 
” with saline 16.2 

* MFP refers to the alcohol precipitate, Le., 20 
me of dried DreciDitate/cc of physiological saline. 
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Fig. 2 Fig. 3 

FIG. 2. ,4. Fibrinolysin, 20 ing/cc, diluted 1 :1 with saline. B. Fibrinolysin, 20 mg/cc, di- 

FIG. 3. A. Fibrinolysin, 20 nig/cc, diluted 1 : 1 with saline. B. Fibrinolysin, 20 mg/cc, di- 
luted 1 : 1 with MFP," 20 mg/cc. C. MFP,  20 mg/cc. 

luted 1.1 with MFt  obtained from 20 mg fibrinolysin/cc. C. MF, 20 mg/cc. 

* 20 m g  of dried alcohol precipitate were dissolved in 1 cc of physiological saline. 
t XF refers to  supernatant obtained froni hcailting a solution of 20 mg of fibrinolysin/cc. 

observed in parallel studies of thrombin and 
in preliminary studies with a number of other 
enzymes which are not related to the coagula- 

sin have been prepared which inhibited the 
enzyme from which they are derived, but did 
not inhibit human fibrinolytic activity. 
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bovine fibrinolysin preparation to affect hu- < 1  - _ .  . 
man fibrinolysin activity (Table I )  is of in- 
terest. Studies are in progress to determine 1953, ~ 1 1 7 ,  2 2 9 .  

the species-specificity of this inhibitory effect, 
particularly in view of the known differences 
between functionally similar enzymes derived 

2 .  Johnson, s. *4., and Schneider, C. L., Science, 

3. Holburn, R. R,, The Coagulation o f  Blood, 
Methods of Study, Editor, L. Totcantins, Grune and 
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from different tissues and different species- Received ,4ugust 2, 1956. P.S.E.B.M., 1956, ~ 9 3 .  
Summary. Derivatives of bovine fibrinoly- 


