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Plasmin, trypsin-like serine protease, is a key
enzyme for fibrinolysis (1). This enzyme plays also
significant role in numerous biological processes,
such as wound healing, tissue repair, cell migration
and inflammation, and it is associated with tumor
invasion, metastasis and angionesis (2, 3). 
Â-Aminocaproic acid (EACA) and trans-4-aminocy-
clohexylcarboxylic acid (AMCHA) are clinically
used inhibitors of fibrinolytic activity of plasmin,
but they do not affect amidolytic and proteolytic
activities of this enzyme. Synthesis of active center
directed inhibitors of plasmin is a research field with
an aim of obtaining an inhibitor of this enzyme to
influence not only fibrinolysis but also amidolysis
and proteolysis (4-7). The inhibitors controlling pro-
teolytic activity of serine proteases, including plas-
min, trypsin and urokinase, will be very useful in
defining the physiological and pathological function
of these enzymes and in the treatment of enzyme-
associated disorders.

In the course of our investigations of inhibitors
of plasmin and other trypsin-like proteases (8-10)
we focused our attention on amine analogues of
DNA minor groove binders. The literature data on
inhibition of protease amidolytic activity by antitu-
mor interacting with DNA drugs have not been
reported as yet. Studied compounds 1-9 (Figure 1)
are analogues of well-known DNA minor groove
binders ñ netropsin and pentamidine. Some of them
show antiproliferative effect in the standard cell line

of mammalian tumor MCF7 and also inhibit catalyt-
ical activity of topoisomerase I and II (11).

EXPERIMENTAL

Materials and methods

Synthesis and physicochemical data were
reported previously (11). The effect of compounds
1-9 on the amidolytic activity of plasmin, trypsin
and urokinase was examined with the use of syn-
thetic substrates according to the described methods
(8-10). Plasmin from human plasma, synthetic sub-
strate with plasmin specificity S-2251 (H-D-Val-L-
Leu-L-Lys-pNAï2HCl) and synthetic substrate
with urokinase specificity S-2444 (pyro-Glu-Gly-
Arg-pNAïHCl) were purchased from
Chromogenix. Urokinase from human urea, trypsin
and synthetic substrate for examination of trypsin
activity (N-α-benzyl-L-Arg-pNAïHCl) were taken
from Sigma.

Antiamidolytic assay

The solution (0.2 mL) of examined com-
pounds, as hydrochlorides, (as control 0.2 mL of
0.15 M NaCl) was added to the buffered enzyme
solution (I, II, III). After preincubation for 3 min at
37OC the synthetic substrate was added:
(I) Tris buffer ñ 0.5 mL (pH = 7.7). 0.1 mL of plas-

min (2.4 units/mg); synthetic substrate: S-2251
ñ 0.2 mL (3 mM);
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(II) Borate buffer ñ 0.5 mL (pH = 7.5), 0.1 mL of
trypsin (0.005%); synthetic substrate: N-α-
benzyl-L-Arg-pNAïHCl ñ 0.2 mL (8 mM);

(III) Tris buffer ñ 0.6 mL (pH = 8.8), 0.1 mL of
urokinase (200 units/mL); synthetic substrate:
S-2444 ñ 0.1 mL (3 mM).
The mixture was incubated for 15 min at

37OC, then the reaction was stopped by the addi-
tion of 50% acetic acid (0.1 mL) and absorbance

at 405 nm was measured. The amount of released
p-nitroaniline was determined with the use of
standard plot absorbance vs. concentration. The
IC50 values (the average of triplicate ± S.D.) were
taken as the concentration of inhibitor, which
decreased the absorbance (at 405 nm) of released
p-nitroaniline by 50% compared with the
absorbance measured under the same condition
without inhibitor. 

Figure 1. Structure of netropsin, pentamidine and compounds 1-9.

Table 1. The effect of compounds 1-9 on the amidolytic activity of plasmin, trypsin and urokinase.

Compound
IC50 [mM

plasmin trypsin urokinase

1 > 20 > 20 > 20

2 19.7 ± 0.9 0.10 ± 0.007 > 20

3 > 20 10.6 ± 0.7 > 20

4 > 20 5.9 ± 0.5 s.a.**

5 0.09 ± 0.01 n.i.* > 20

6 0.10 ± 0.01 n.i. s.a.

7 1.9 ± 0.9 > 20 s.a.

8 0.10 ± 0.01 1.07 ± 0.08 s.a.

9 1.01 ± 0.08 2.03 ± 0.13 s.a.

* n.i. ñ no inhibition was observed in maximum concentration (20 mM);
**s.a. ñ slight activation 
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RESULTS AND DISCUSSION

The influence of compounds 1-9 on the ami-
dolytic activity of plasmin, trypsin and urokinase is
shown, as the IC50 values, in Table 1.

The studied compounds generally inhibit the
amidolytic activity of plasmin or trypsin, but they
either slightly activate or do not disturb the activity of
urokinase. Mono-analogues of netropsin 1-3 are
almost ineffective as inhibitors of plasmin, but some
of them (2, 3) are inhibitors of trypsin. Analogues of
pentamidine inhibit amidolytic activity of plasmin (5)
or trypsin (4). Bis-analogues of netropsin 6-9 are
inhibitors of plasmin and two of them (8, 9) inhibit
trypsin activity. Amongst these compounds, 6 and 8
are more active than 7 and 9. However, it is difficult to
formulate the structure-activity relationship of plas-
min inhibition, mainly because ligands 6 and 8 differ
in the substitution of aromatic rings even though they
have the same linker (tetramethylene chain) between
dipeptide units. Moreover the most active and selec-
tive inhibitor of plasmin 5 possesses hexamethylene
chain between aromatic rings and, as a pentamidine
analogue, belongs to another group of DNA binders
than compounds 6 and 8. It is worth noting that 5, with
its antiproliferative properties comparable to 6-9,
shows better capability for inhibition of topoisomerase
I and II activity (11). The obtained results prove that
compounds 5-7 strongly inhibit plasmin activity, but
they do not disturb trypsin function. Consequently,
these substances might be considered the selective
inhibitors of plasmin.
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