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Hemostasis, the process that keeps blood fluid within the circulation while 

preventing excessive bleeding at sites of vessel injury by formation of a blood 

clot, is a tightly regulated equilibrium between pro- and anticoagulant processes. 

If this balance is disturbed, it will either lead to thrombosis or bleeding. Blood 

coagulation, platelets and the vessel wall play pivotal roles in hemostasis. In 

this thesis, we focused on platelets. Excess of platelet aggregation can result in 

thrombosis. Antiplatelet drugs, such as αIIbβ3 integrin inhibitors, are applied to 

restore the hemostatic balance and thus to prevent thrombosis. Administration of 

these drugs leads to inhibited platelet aggregation and thrombus formation, by 

preventing fibrinogen bridging between platelets.

The major disadvantage of antiplatelet drugs is the risk of bleeding in patients. 

Therefore, it is important to monitor patients on platelet aggregation inhibitors in 

the acute phase in order to avoid potential bleeding events or to change treatment 

plans. It is important that new therapeutics are being developed that lead to 

restoration of the hemostatic balance without adverse effects, such as bleeding. 

Hematophagous parasites, such as ticks and leeches, but also snakes, have 

interesting platelet aggregation inhibitors in their salivary glands. Evolution has 

led to peptides and proteins that are very efficient in blocking platelet aggregation. 

For drug discovery, salivary proteins from bloodsucking parasites are suitable 

starting points. Millions of years of evolution functioned as an optimization 

process, resulting in high protein stability and target specificity while reducing 

toxicity and immunogenicity. There is little structural data available for tick-

derived proteins, thus far. Structural analysis will give us insights in the molecular 

properties that provide low-immunogenic character of these proteins. Although, 

it should be noted that some tick proteins may be immunogenic. 
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In this thesis, the effects of different nature-derived proteins on platelet 

aggregation, thrombus formation and fibrin formation are described. Proteins 

derived from ticks and snakes were chemically synthesized or biologically 

produced and tested in platelet aggregation and thrombus formation assays.

With these assays, we showed that both disagregin and its analog RGD-disagregin 

inhibited platelet adhesion, thrombus formation and fibrin formation. This 

showed the potential for both peptides as new platelet antagonists that can lead 

to both economical and societal benefits.

We also elucidated the importance of the homoarginine residue in the clinically 

used αIIbβ3 integrin inhibitor eptifibatide. Various scientific papers indicate that 

eptifibatide contains an arginine or lysine residue in the tripeptide sequence 

(RGD or KGD). We mutated the homoarginine into arginine or lysine to Arg-

eptifibatide and Lys-eptifibatide and tested these variants in platelet activation, 

platelet aggregation and whole blood thrombus formation assays. Arg- and 

Lys-eptifibatide did not affect platelet activation and aggregation, and their 

time to fibrin formation was comparable to control, thereby showing that the 

homoarginine is crucial for effective binding to the αIIbβ3 integrin. With these 

results, we want to stress the importance of the communication of the correct 

sequence in research papers, to prevent mistakes during experiments and to 

prevent incorrect conclusions.

In several chapters, we have used in silico molecular dynamics simulations, which 

are prediction methods by computational approaches that can be used for drug 

design. These methods are essential, since research on proposed inhibitors in their 

binding to integrins can lead to the development of new inhibitors, but also to the 

identification of amino acids involved in receptor binding. Using this method, 

large amounts of money can be saved, as only successful candidates (including 
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targeting sequences) have to be produced and then tested in biological assays. 

The number of animal experiments may also be reduced by the use of in silico 

methods, since only those compounds that are successful in in silico methods and 

subsequent in vitro studies need to be tested in in vivo experiments. The animal 

experiments cannot be completely replaced, but this is already a great step in 

reducing animal tests. To make proper and efficient use of in silico methods, more 

protein structures still need to be elucidated. As more protein structures become 

publicly available in online databases, more protein-protein interactions can be 

investigated, thereby obtaining more information about the design of possible 

new therapeutics. If improvements will be made, this can lead to faster and 

focused performance of biological assays, which can result in faster and more 

efficient development of new drugs.

In addition to improvements in computational methods, also improvements 

in biological assays are important in future research. Whole blood thrombus 

formation is used in several chapters in this thesis. This method partially mimics 

the physiological state of thrombus and fibrin formation in the human body, by 

providing a substrate from the vessel wall to assess platelet adhesion, aggregation 

and fibrin formation. However, trained personnel is required to perform the assay 

and to interpret the results and therefore there is a need for an easy-to-use device. 

Standardization of this method is difficult, because of the inter-donor variability 

in both healthy individuals and patients. More research is necessary to improve 

this method, so that standardization of this method can be accomplished, which 

may lead to improved patient diagnosis and thus improved healthcare.

Altogether, the results of this thesis are very important for future clinical 

therapies. Furthermore, we have shown that the amino acid homoarginine is of 

high importance in the structure of eptifibatide. This new finding can be useful for 
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experimental research projects using eptifibatide, so that results will be obtained 

in a proper way. The disagregins presented in this thesis might be more effective 

than current drugs in the fight against thrombosis. On the other hand, careful 

considerations should still be made to have a proper balance between bleeding 

and thrombosis in patients using antiplatelet drugs. Therefore, clinical studies 

should be applied to test drug safety in patients undergoing this treatment 

and to find the most effective dose. For these studies, it is important to involve 

commercial parties, spin-off companies and clinical study managers, that will 

perform large scale testing with this drug. Hopefully, this will result in improved 

therapies for patients at high thrombotic risks in the near future to help the fight 

against cardiovascular diseases.

 




