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SUMMARY 

The inhibitory effect of synthetic antifibrinolytic agents : e-aminocaproic acid, 
p-aminomethyl  benzoic acid and the active isomer of 1,4-aminomethyl cyclohexane 
carboxylic acid on plasmin (EC 3.4.4.I4), acting on various substrates, was studied. 
All the inhibitors had a very weak effect, if any at all, on casein and fibrinogen pro- 
teolysis by plasmin. On the other hand, they effectively inhibited fibrin clot lysis by  
plasmin. This effect was even greater when stabilized fibrin was used as a substrate for 
plasmin action, as measured by  clot-lysis time. 

I t  is postulated that  the mechanism of the inhibitory effect of synthetic anti- 
fibrinolytic agents consists in the formation of ineffective acceptors for plasmin binding 
sites on the peptide chains of the fibrin molecule. 

INTRODUCTION 

s-Aminocaproic acid (EACA), the active isomer of 1,4-aminomethyl cyclohexane 
carboxylic acid (AMCA) and p-aminomethyl  benzoic acid (PAMBA) are potent  
antifibrinolytic agents. Though many  works have been published on the subject, the 
mechanism of action of these compounds is not clear. OKAMOTO 1 stated that  they act 
as antiplasmins. According to ABLONDI et al. 2 and ALKIAERSIG, FLETCHER AND 
SHERRY 3, EACA acts as an inhibitor of the plasminogen-plasmin conversion. A similar 
mechanism is also indicated with respect to AMCA and PAMBA 4-6. More recently, 
evidence has been presented that  EACA may  be involved in the alteration of the fibrin 
structure 7-g and in the modification of the action of plasmin on fibrinogen m°,n. 

I t  has recently been found that  EACA inhibits the activation of bovine plas- 
minogen into plasmin only at high concentrations (5" lO-2 M), but  it does not affect 
the activation of human plasminogen 1~. EACA inhibits fibrinolysis at considerably 
lower concentrations (lO -4 M). Moreover, it has been demonstrated that  the anti- 
fibrinolytic effect of EACA is more pronounced if a stabilized clot is used as a substrate 
for plasmin. 

Abbreviations:  EACA, ~-aminocaproic acid; PAMBA, p-aminomethyl  benzoic acid; 
AMCA, active isomer of 1,4-aminomethyl cyclohexane carboxylie acid ; FSF, fibrin stabilizing factor. 
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The purpose of this work was to compare the inhibitory effects of EACA, AMCA 
and PAMBA on plasmin acting on the following substrates : fibrinogen, non-stabilized 
fibrin, stabilized fibrin and casein. Visual fibrinolytic and proteolytic methods were 
both used for studying the effects of plasmin. 

MATERIALS AND METHODS 

The materials used were: EACA, "Ziololek",  Poznafl; PAMBA, VEB Dresden, 
East  Germany; AMCA, "Amikapron", manufactured by Kabi, Stockholm; plasmin 
(EC 3.4.4.14): pig plasmin-lysofibrin, Novo Industri  A/S, Copenhagen la. Bovine, 
plasminogen-freefibrinogen was purified by the method of KEKWlCK et al. 14. Thrombin, 
Lubelska Wytw6rnia Surowic i Szczepionek, Lublin, Poland (the preparation of 
thrombin in the concentration used did not show any significant fibrinolytic or anti- 
fibrinolytic activity). Fibrin-stabilizing factor (FSF; factor XI I I )  was prepared ac- 
cording to the method of LOEWY et al. 15 as modified by LORAND AND KONISHI ls. The 
purified FSF preparation contained 0.8% protein and 27 ° threshold units per ml. The 
preparation was free of any proteolytic and antiplasmin activity as tested using casein 
as a substrate. Casein was obtained according to the JACOBSEN 1~ method. Cysteine, 
o.I M (cysteine.HC1 was adjusted to pH 7.4 with o.i M NaOH). Buffer Tris-HC1, 
pH 7-4 (0.05 M Tris in o.I M NaC1). All experiments were performed at 37 ° and at 
pH 7.4- The antifibrinolytic agents were always added to the system prior to clot 
formation. 

Fibrinolysis time was measured using the test-tube method. A complete disap- 
pearance of the clot was taken to be the end point of fibrinolysis. Clots were considered 
stabilized when insoluble in I ~o monochloroacetic acid during 24 h. Non-stabilized 
clots usually dissolved within 15 rain. Fibrinolysis was measured by adding concen- 
trated thrombin (4 ° units/m1) to the digested fibrinogen. The absence of the clot in 
the test tube was taken to be the end point of fibrinogenolysis. 

Proteolysis was determined by measuring trichloroacetic acid-soluble tyrosine 
using the Folin Ciocalteau reagent. 

RESULTS 

Fig. I shows that  EACA does not inhibit proteolysis of casein by plasmin over 
a wide range of concentrations (lO-1-1o -5 M). A slight enhancement of proteolysis is 
seen at a concentration of lO-2-1o -5 M. Proteolysis of fibrinogen and fibrin is slightly 
inhibited at an EACA concentration of lO-1-1o -2 M. 

Figs. 2 and 3 present the effects of AMCA and PAMBA on the proteolytic 
activity of plasmin. Casein proteolysis is inhibited by high concentrations of inhibitors 
(lO -1 M). Fibrinogen and fibrin proteolysis is inhibited by  PAMBA and AMCA at 
concentrations of lO-1-1o -4 M. 

In further experiments, fibrinogenolysis and fibrinolysis of stabilized and non- 
stabilized clots were compared (Figs. 4, 5 and 6). Relatively high concentrations of all 
compounds (lO-1-1o -3 M EACA; lO-1-1o -8 M PAMBA; lO-1-1o -4 M AMCA) were 
necessary to inhibit fibrinogenolysis. Fibrinolysis of non-stabilized clots was inhibited 
in lower concentrations of these substances (IO 3 M EACA; IO-S-IO -v M AMCA and 
PAMBA). 

Biochim. Biophys. Acta, 159 (1968) 503 508 



PLASMIN INHIBITION BY SYNTHETIC AGENTS 505  

I . ..................... 1 "~z 20 ~ " " ' - - x ~  ~ * ~  20 

O l  ~ 0 L 
0 10-s 10-~ 10-s 10-= 10-~ jIA O lO-S 10"  lo  "~ IO-= 1o "1 A6. 

2O 

0 10-5 10"~ 10 "~' 10"1 t0 "t ,~  

Fig. I. Effect  of EACA on the  p ro teo ly t i c  a c t i v i t y  of p l a smi n  tes ted  on casein ( 0 - - - - - - 0 ) ,  
f ibr inogen ( O - - O )  and  f ibrin ( x - - × ) .  E x p e r i m e n t s  were per formed in the  fol lowing s y s t e m :  
o. 5 ml  p l a smin  (I25 #g/ml)  + o.5 ml  EACA + i ml  of 1% casein (or i ml  of 1% f ibr inogen or 
I m l  of 1% f ibr inogen + o.I ml  th rombin) .  5 ml  lO% t r ich loroace t ic  acid were added  a f t e r  a 
6o-min incuba t ion .  Abscissa :  EACA concent ra t ion .  Ord ina te :  increase in t r i ch loroace t ic  ac id-  
soluble  ty ros ine  (/zg/ml). 

Fig. 2. Effect  of P A M B A  on the  p ro teo ly t i c  a c t i v i t y  of p l a smin  tes ted  on casein ((2)-- - -  O),  
f ib r inogen  (@--(2)) and  f ibrin ( × -  X ). The sys t em is s imi la r  to  t h a t  descr ibed in  the  legend of 
Fig. I. Abscissa:  P A M B A  concent ra t ion .  Ord ina te :  increase in  t r ich loroace t ic  ac id-so luble  
ty ros ine ,  (/zg/ml). 

Fig. 3. Effect  of AMCA on the  p ro teo ly t i c  a c t i v i t y  of p l a smi n  t e s t ed  on casein ((2) - -  - -  - - O ) ,  
f ibr inogen ( © - -  O) and fibrin ( × - -  × ). The s y s t e m  is s imi lar  to  t h a t  of the  e x p e r i m e n t  p r e s e n t e d  
in Fig. I. Abscissa:  AMCA concen t ra t ion .  Ord ina te :  increase in t r ich loroace t ic  acid-soluble  
ty ros ine  (/,g/ml). 
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On the other hand, very low concentrations of EACA (IO -5 M) AMCA and 
PAMBA (IO 7 M) were needed to produce pronounced inhibition of plasmin acting on 
stabilized clots. In all the concentrations of EACA, AMCA and PAMBA tested, the 
most effective inhibition was that of fibrinolysis of stabilized clots. Inhibition of non- 
stabilized clots was less effective whereas fibrinogenolysis was only partially inhibited 
even at high concentrations of these compounds. 

It should be noted that the inhibitory effect of all compounds on fibrinolysis 
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Fig. 4. Effect  of EACA on the  p l a s m in  a c t i v i t y  t e s t ed  on f ibr inogen ( × - -  x ), on non-s tab i l i zed  
( ( 2 ) - - 0 )  and  on s tab i l ized  fibrin (© - - - O). F ibr ino lys i s  and  f ibr inogenolysis  t ime  was  e v a l u a t e d  
on the  bas is  of v i sua l  observa t ion .  The fol lowing e x p e r i m e n t a l  s y s t e m  was used to s t u d y  the  
lysis  of s tab i l i zed  f ibrin:  0. 4 ml  of 0.2 % f ibr inogen + o.I ml  of o . i  M cys te ine  + o. i  ml  of 0.25 M 
CaC12 + o.I ml  of F S F  + o . i  ml  of EACA + o . i  ml  of p l a s m i n  + o.I ml  of t h r o m b i n  (20/~/ml). 
I n  t he  non-s tab i l i zed  sys tem,  o. i  ml  of Tris  buffer was  added  ins tead  of FSF.  In  the  e x p e r i m e n t s  
w i t h  f ibr inogenolysis ,  Tris  buffer was  added  in s t ead  of cyste ine ,  ca lc ium,  FSF  and  t h r o m b i n  
solut ion,  o.2 ml  of i ncuba t i on  m i x t u r e  was  added  to  0.2 ml  of t h r o m b i n  every  2 min. 

Fig.  5. Effect  of P A M B A  on the  p l a s m i n  a c t i v i t y  t e s t ed  on f ibr inogen ( × - -  × ), on non-s tab i l i zed  
( © - - O )  and on s tab i l ized  fibrin (©---(2)) .  For  fu r the r  detai ls ,  see Fig. 4- 

Fig.  6. Effect  of AMCA on the  p l a smin  a c t i v i t y  t e s t ed  on f ibr inogen ( × × ), on non-s tab i l i zed  
( O - - O )  and  on s tab i l ized  fibrin (O - - -  O). For  fu r the r  detai ls ,  see Fig. 4. 
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Fig. 7. The postulated mechanism of the antifibrinolytic action of EACA. A. Proteolysis of fibrin 
by plasmin. B. Inhibition of the plasmin proteo]ysis of fibrin by EACA. 

was more pronounced when investigated by visual observation of clot lysis then by 
determination of trichloroacetic acid-soluble tyrosine. 

Control experiments demonstrated that  the inhibitory effect of EACA on plasmin 
fibrinolysis is not influenced by calcium ions and that  inactive FSF does not inhibit 
fibrinolysis. 

DISCUSSION 

The results of the present work indicate that  the inhibitory effect of EACA, 
AMCA and PAMBA on plasmin depends significantly on the nature of the substrate. 
These substances are not specific plasmin inhibitors in terms of classical enzymology. 
Their inhibitory effect is rather weak with regard to casein or fibrinogen proteolysis 
by plasmin. On the other hand, their effect seems to be more specific when fibrin clots 
are used as plasmin substrates. Therefore, it is concluded that  the inhibitors studied 
do not block active centers of plasmin. 

I t  is known that  stabilization of fibrin clots make them more resistant to the 
plasmin action12,1s, 19. This can be explained by the appearance of new covalent bonds 
between e-amino groups and y-glutamyl residues of adjacent fibrin monomers2°, ~1 
which may protect some of the peptide bonds susceptible to the plasmin action. Similar 
mechanisms may be responsible for the synergistic effect of fibrin stabilization and 
synthetic antifibrinolytic agents. The synergistic effect is particularly pronounced 
when EACA is used as an inhibitor. This may be due to the fact that  e-aminocaproic 
acid and lysine side chains are identical. The inhibition of fibrin clot lysis by synthetic 
antifibrinolytic agents can be explained as follows. I t  is postulated that  the lysine 
side chains of fibrin represent groups which react with binding sites of plasmin. EACA 
and related compounds may form, with the polypeptide chain of the fibrin monomer, 
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potential acceptor sites for the binding of plasmin, possibly through the ionic bonding 
between their carboxyl groups and positive charges of the fibrin peptide moiety. In 
such a modified substrate, proteolysis would be impaired because of a shift of the active 
center of plasmin with respect to the susceptible peptide bond of a fibrin chain. Such 
a view is compatible with the observation of MAXWELL AND ALLEN 9 that EACA alters 
the structure of fibrin in the presence of plasmin. This hypothesis is also supported by 
the fact that the presence of amino and carboxyl groups and the characteristic distance 
between them in all synthetic antifibrinolytic agents is essential for their activities 6. 
The postulated mechanism of the antifibrinolytic action of EACA is presented in Fig. 7. 

The antifibrinolytic effect of EACA, AMCA and PAMBA may also be explained 
in terms of KOSHLAND'S 22 concept of the flexible active sites of the enzyme, according 
to which the proper alignment of catalytic groups depends on the substrate structure 
and dimensions. 

No explanation can be offered, however, as to why synthetic antifibrinolytic 
agents are more potent inhibitors of fibrinolysis than fibrinogenolysis. It  is possible 
that this may be due to the difference in the tertiary structure between fibrin and 
fibrinogen. 

I t  has been reported that there are only a few specific peptide bonds split by 
plasmin, which are responsible for the maintenance of the coagulability of fibrinogen 23. 
At this stage of digestion, very little trichloroacetic acid-soluble tyrosine is released. 
Since EACA, AMCA and PAMBA do not inhibit plasmin proteolytic action, it may be 
concluded that  they effectively protect these particular peptide bonds at the early 
stage of proteolysis of fibrinogen and fibrin by plasmin. 

Recently AMBRUS et al.  24 found that EACA and AMCA inhibit the fibrinolytic 
effect of plasmin but not its caseinolytic activity. These authors advanced the hypo- 
thesis that EACA and AMCA interact with fibrin, protecting it against proteolysis. 
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