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Very recently, J.J. Sixma and PG. de Groot discussed various criteria for an ideal anti-
thrombotic drug using as examples new antithrombotic agents that are currently under
development.' It was postulated that “an ideal antithrombotic drug should inhibit
thrombosis without affecting hemostasis. It should have a long half-life. It should
be absorbed after oral administration; it should be safe and it should have a wide
therapeutic range.” When considering the current therapeutically used anticoagulants
(e.g. coumarins, heparin and LMW-heparins, aspirin and ticlopidin), they meet some
but not all of these various criteria. This has contributed to the active search for other
anticoagulant agents, such as inhibitors of clotting factors, (activated) protein C,
platelet function inhibitors and antiadhesive compounds.

Today, research is particularly intensive in the field of thrombin inhibitors.? It
has been shown that direct thrombin inhibitors, both naturally occurring as well as
synthetic inhibitors, reveal a number of advantages over the known, therapeutically
used anticoagulants in experimental animal models of thrombosis and haemorrhagic
risk.>*

Furthermore, thrombin inhibitors inactivate clot-bound thrombin® as well as solu-
ble thrombin. Probably, the most important advantage of direct thrombin inhibitors,
however, is their ability to immediately neutralize the generated thrombin upon vas-
cular injury. It has been calculated that a pulse of thrombin is formed reaching a peak
of about 200 nmol/1*” similar to that demonstrated experimentally in plasma.® There
are already various thrombin inhibitors available, the potency and specificity of which
is sufficient to immediately inhibit such an amount of thrombin.” From this point of
view, both the naturally occurring thrombin inhibitor hirudin and the synthetic pep-
tide hirulog are quite ideal anticoagulants. However, due to their peptide structure,
these agents can only be administered by the parenteral route.

As a matter of fact, in contrast to large peptides and recombinant proteins, only
synthetic, low-molecular weight inhibitors will be able to be absorbed after oral
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application. Some approaches have already been made with different types of small
inhibitors. Boroarginine compounds,*'® D-Phe-Pro-Arg-based argininals'' and ben-
zamidine derivatives'? show some oral bioavailability, however, they are eliminated
relatively quickly from the circulation. Therefore, further research has to focus on the
design of inhibitors with a better pharmacokinetic behaviour.

Another problem not definitely solved so far with hirudin is the development
of an accepted antidote necessary to cope with haemorrhagic complications after
accidental overdosage. As recently shown for benzamidine," it has to be assumed that
complexation of small molecules with artificial receptors is accomplished easier than
that of large peptides.

Therefore, a synthetic, low-molecular weight inhibitor, selective towards thrombin
with a sufficient half-life in the circulation after oral application could be the ideal
anticoagulant, leading to a decisive progress in prophylaxis and therapy of thrombosis.

~ All synthetic, low-molecular weight thrombin inhibitors currently under investigation

meet to a more or less pronounced extent some of the criteria mentioned above. It will,
however, require a lot of additional effort to design the ideal antithrombotic drug for
the benefit of mankind.
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