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extracellular N-terminal domain of PAR-1 receptor by thrombin. 

Proteolysis generates new N-terminal ligand domains (SFLLRN (SEQ ID 

NO:1), a.k.a. thrombin receptor agonist peptide-6, TRAP6) that interact 

with the receptor within the extracellular loop 2 and triggers the 

signaling pathway of PAR-1 activation. It has been proven that short 

TRAP6 peptide (SFLLRN) could work as a potent platelet activator 

separately and stimulates platelet aggregation via PAR-1 signaling.[15] 

Multiplate® TRAP test has become a standard in vitro assay in whole 

blood or in platelet rich plasma for quantitative determination of 

platelet function triggered by TRAP6. TRAP test allows analysis of 

platelet function activated through PAR-1 signaling without triggering 

fibrin formation, which otherwise occurs when thrombin is the agonist, 

because of using a thrombin inhibitor in the sample.   

WO 96/40033 A1 discloses a hemostatic material with hemostatic 

agents, including epsilon aminocaproic acid and a thrombin receptor 

activating peptide, wherein the hemostatic agents are sprayed or coated 

on a hemostatic matrix so as to obtain a matrix wherein the agent is 

physically (but not covalently) adsorbed on the matrix. Such patches 

have the drawback that the hemostatic agents provided therewith easily 

release from the patch when contacted to a bleeding area of a patient. 

Such there is the potential danger of inducing systemic thrombotic 

events, especially since there are no circulating antagonists in the 

circulation.  

WO 03/057072 A2 discloses hemostatic compositions comprising 

cellulose and a polysaccharide covalently linked thereto. 

 It is an object of the present invention to provide improved 

hemostatic material with thrombin receptor activating agents for 

controlling bleeding. 

 

Summary: 

 Therefore, the present disclosure provides a hemostatic material, 

wherein a thrombin receptor activating agent is covalently coupled to a 

biocompatible matrix. 

 In one aspect of the present disclosure, there is provided a 

hemostatic material, wherein a thrombin receptor activating agent is 

covalently coupled to a biocompatible and biodegradable matrix, wherein 

the thrombin receptor activating agent has a thrombin receptor binding 

activity after covalent coupling to the biocompatible matrix. 

  In another aspect of the present disclosure, there is 
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provided a method for producing a hemostatic material as defined 

herein, comprising a step of covalently coupling a thrombin 

receptor activating agent to a biocompatible and biodegradable 

matrix.  

 In yet another aspect of the present disclosure, there is 

provided a hemostatic material as defined herein for use in 

surgery and/or in the treatment of injuries and/or wounds.  

 In a further aspect of the present disclosure, there is 

provided a use of the hemostatic material as defined herein in 

the manufacture of a medicament for the treatment of injuries 

and/or wounds.  

 In another aspect of the present disclosure, there is 

provided a kit, comprising  

- a hemostatic material as defined herein and  

- at least one administration device, preferably selected from 

the group buffer solution, especially a buffer solution 

containing Ca2+ ions, a syringe, a tube, a catheter, forceps, 

scissors, a sterilising pad or lotion. 

 In a further aspect of the present disclosure, there is 

provided the kit defined herein for use in surgery and/or in the 

treatment of injuries and/or wounds. 

 In another of the present disclosure, there is provided a 

use of the kit defined herein, in the manufacture of a 

medicament for treating injuries and/or wounds. 

 

Description:  

 With the present invention it is shown for the first time that 

a thrombin receptor activating agent can be covalently immobilized 

on a biocompatible matrix so as to obtain an improved hemostatic 

material suitable for administration to human patients in need 

thereof. As a preferred embodiment, covalent coupling of TRAP6, 

TRAP7 or TRAP8 to a synthetic 
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Further preferred embodiments of the hemostatic material 

according to the present invention comprise further ingredients, 

such as anti-bacterial agents, coagulatively active agents, 

immunosuppressive agents, anti-inflammatory agents, anti-

fibrinolytic agents, such as aprotinin or EACA (epsilon amino 

caproic acid), growth factors, vitamins, cells, etc.. In a 

preferred embodiment, however, the material according to the 

present invention may or may not have such further ingredients, 

provided that the material is free of components which could have 

negative impact on the storability or administration of the 

hemostatic material. Accordingly, the present hemostatic material 

is preferably essentially free of any protein degrading activity, 

especially free of protease activity, specifically free of thrombin 

activity. Thrombin is added frequently to hemostatic materials in 

order to promote fibrin cleavage and clot formation; however, it 

may also be proteolytic to the hemostatic material, which may be 

unwanted especially during production and storage of such material. 

With the present invention, the addition or presence of thrombin or 

comparable components is not required and may therefore be omitted 

without negative impact on the hemostatic properties of the 

hemostatic material.  

Preferably, the hemostatic material according to the present 

invention is provided in a state wherein it is able to soak up 

liquid material, such as blood. The ability to soak up blood (and 

the components therein promoting clot formation, bleeding 

termination and wound closure) significantly enhances the overall 

efficacy of the hemostatic material. For example, the hemostatic 

material according to the present invention is provided in a dry 

form or in a wet form still allowing the material to take up 

further liquid material (i.e. being soaked with liquid in an amount 

which amount is still under its soaking capacity). This allows 

blood entering and/or passing through the hemostatic material so as 

to provide the blood components useful e.g. in the wound closure 

process in an enlarged volume or in the whole (or virtually the 

whole) volume of the material applied.   

According to a further aspect, the present invention relates 

to a method for producing the hemostatic material according to the 

present invention. This method for producing a hemostatic  
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may be applied, depending on the specific method. The material 

according to the present invention may be finally sterile-

wrapped so as to retain sterility until use and packaged (e.g. 

by the addition of specific product information leaflets) into 

suitable containers (boxes, etc.). 

 According to another aspect, the present invention also 

relates to the hemostatic material according to the present 

invention for use in surgery and/or in the treatment of injuries 

and/or wounds. The hemostatic material according to the present 

invention is specifically suitable and effective for increasing 

the release of platelet-derived growth factors and for 

accelerating wound healing. 

 This makes the hemostatic material according to the present 

invention an excellent tool for sealing of anastomosis, for 

suture line sealing and to safeguard hemostasis in resection 

sites. 

 According to another aspect of the present invention, the 

hemostatic material according to the present invention may also 

be provided in kit form combined with other components necessary 

for administration of the material to the patient. For example, 

if the hemostatic material may be provided in flowable dry form 

(e.g. as granules or as a powder) or as a flowable paste, it is 

preferred to provide such material with a suitable buffer 

solution which can be added shortly before administration to the 

patient. Such a buffer solution usually contains (besides the 

buffer components, such as phosphate, carbonate, TRIS, etc. 

buffer systems) divalent metal ions, preferably Ca2+ ions, or 

other functional components (if not already present on or in the 

matrix), such as anti-bacterial agents, coagulatively active 

agents, immunosuppressive agents, anti-inflammatory agents, 

anti-fibrinolytic agents, such as aprotinin or EACA, growth 

factors, vitamins, cells, etc.. The kit may further contain 

means for administering or preparing administering the 

hemostatic material, such as syringes, tubes, catheters, 

forceps, scissors, sterilising pads or lotions, etc.. 

 Accordingly, the present invention relates to a kit, 

preferably for use in surgery and/or in the treatment of 

injuries and/or wounds, comprising  

- a hemostatic material according to the present invention and  



14 

- at least one administration device, preferably selected from 

the group buffer solution, especially a buffer solution 

containing Ca2+ ions, a syringe, a tube, a catheter, forceps, 

scissors, a sterilising pad or lotion. 

 Preferably, the buffer solution further comprises a 

component selected from the group anti-bacterial agent, 

coagulatively active agent, immunosuppressive agent, anti-

inflammatory agent, anti-fibrinolytic agent, especially 

aprotinin or EACA, growth factor, vitamin, cell, or mixtures 

thereof. Alternatively, the kit may also further comprise a 

container with a component selected from the group anti-

bacterial agent, coagulatively active agent, immunosuppressive 

agent, anti-inflammatory agent, anti-fibrinolytic agent, 

especially aprotinin or EACA, growth factor, vitamin, cell, or 

mixtures thereof.  

 

 The present invention is further illustrated by the 

following examples and the figures, yet without being restricted 

thereto. 

 Fig. 1 shows (A) synthesis scheme of PVA-NB and PVA-TRAP6 

(reaction in abs. DMSO at 50 °C for 12 h, TsOH: p-

Toluenesulfonic acid, I2959: Irgacure 2959, i.e. one commonly 

used water-soluble PI); (B) 1H-NMR (D2O) spectra of PVA, PVA-NB 

and PVA-TRAP6 conjugate; and normalized viability of C2C12 cells 

after 24/48 h exposure to PVA-NB, (C) and PVA-TRAP6 solutions 

(D) with varying polymer concentrations (1%, 0.5%, and 0.1%) 

investigated by MTT assay (n>3).  

 Fig. 2 shows (A)-(C) ROTEM characterization of the 

coagulation process of whole blood in response to the 

investigated materials (CT: clotting time in seconds, i.e. the 

latency until the clot reaches a firmness of 2 mm; MCF: maximum 

clot firmness in mm). (A) Plotted ROTEM curves showing the 

coagulation process of whole blood in response to TRAP6 (0.1 

mM), PVA-TRAP6 (0.1 mM TRAP6-), PVA-NB, and 0.9% NaCl control; 

(B) Influence of unconjugated- and conjugated-TRAP6 (PVA-TRAP6) 

at varying dosage (0.01, 0.1, 1 mM) on CT; and (C) comparative 

analysis on CT between TRAP6, PVA-TRAP6, and PVA-NB at optimal 

TRAP6- concentration (0.1 mM). (D) Multiplate analysis of 

platelet function in response to TRAP6 (0.1 mM), PVA-TRAP6 (0.1 
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Claims: 

 

1. Hemostatic material, wherein a thrombin receptor activating 

agent is covalently coupled to a biocompatible and biodegradable 

matrix, wherein the thrombin receptor activating agent has a 

thrombin receptor binding activity after covalent coupling to the 

biocompatible matrix. 

 

2. The hemostatic material according to claim 1, wherein the 

biocompatible and biodegradable matrix is a hemostatic matrix and 

selected from the group consisting of a biomaterial and a synthetic 

polymer. 

 

3. The hemostatic material according to claim 2, wherein the 

biomaterial is a protein, a biopolymer, a polysaccharide matrix, 

collagen, gelatin, fibrin, starch, or chitosan matrix. 

 

4. The hemostatic material according to claim 2, wherein the 

synthetic polymer is a polyvinyl alcohol, polyethylene glycol, or 

poly(N-isopropylacrylamide). 

 

5. The hemostatic material according to any one of claims 1 to 4, 

wherein the thrombin receptor activating agent is a thrombin 

receptor activating peptide (TRAP) or amidated form thereof, as 

well as mixtures thereof. 

 

6. The hemostatic material according to claim 5, wherein the TRAP 

is TRAP8, TRAP7, TRAP6, TRAP1-41, SLIGKV (for PAR-2 (human)), 

TFRGAP (for PAR-3 (human)), GYPGQV (for PAR-4 (human)), or amidated 

forms thereof, as well as mixtures thereof. 

 

7. The hemostatic material according to any one of claims 1 to 6, 

wherein the matrix is a sponge, a woven or non-woven fabric, a 

preformed shape, a particulate or granulate material or a sheet. 

 

8. The hemostatic material according to claim 7, wherein the 

preformed shape is a cylinder or cone for tooth extraction. 
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9. The hemostatic material according to any one of claims 1 to 8, 

wherein the matrix comprises polyvinyl alcohol. 

 

10. A method of producing a hemostatic material according to any 

one of claims 1 to 9, comprising a step of covalently coupling a 

thrombin receptor activating agent to a biocompatible and 

biodegradable matrix. 

 

11. The method according to claim 10, wherein the thrombin 

receptor activating agent is a thrombin receptor activating peptide 

(TRAP)or amidated forms thereof, as well as mixtures thereof. 

 

12. The method according to claim 11, wherein the TRAP is TRAP8, 

TRAP7, TRAP6, TRAP1-41, SLIGKV , TFRGAP , GYPGQV, or amidated forms 

thereof, as well as mixtures thereof. 

 

13. The method according to any one of claims 10 to 12, wherein 

the biocompatible matrix is activated with a functional group to 

bind the thrombin receptor activating agent. 

 

14. The method according to any one of claims 10 to 13, wherein 

the thrombin receptor activating agent is activated. 

 

15. The method according to claim 14, wherein the thrombin 

receptor activating agent is activated with peptide sequences 

with bioorthogonal groups. 

 

16. The method according to claim 15, wherein the bioorthogonal 

group is selected from the group consisting of alkene, 

sulfhydryl, alkyne, azido, hydroazide, hydrazine, and cysteine 

moiety with an –SH group. 

 

17. The method according to any one of claims 10 to 16, wherein 

the biocompatible and biodegradable matrix is activated with an 

ene group. 

 

18. The method according to claim 17, wherein the ene group is 

selected from the group consisting of norbornene, maleimide, 

allyl, vinyl ester, acrylate, vinyl carbonate, and methacrylate.  
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19. The method according to any one of claims 10 to 18, wherein 

the chemical coupling is performed by a photoreaction. 

 

20. The method according to claim 19, wherein the photoreaction 

is photo-triggered click chemistry (photo-triggered biorthogonal 

reactions) or thiol-norbornene photo-click chemistry. 

 

21. The hemostatic material according to any one of claims 1 to 

9 for use in surgery and/or in the treatment of injuries and/or 

wounds. 

 

22. Use of the hemostatic material according to any one of 

claims 1 to 9, in the manufacture of a medicament for the 

treatment of injuries and/or wounds. 

 

23. A kit comprising  

- a hemostatic material according to any one of claims 1 to 9 

and  

- at least one administration device, preferably selected from 

the group buffer solution, especially a buffer solution 

containing Ca2+ ions, a syringe, a tube, a catheter, forceps, 

scissors, a sterilising pad or lotion.p 

 

24. The kit of claim 23 for use in surgery and/or in the 

treatment of injuries and/or wounds. 

 

25. Use of the kit of claim 23, in the manufacture of a 

medicament for treating injuries and/or wounds.  

 

26. The kit, kit for use, or use, according to any one of claims 

23 to 25, wherein the buffer solution further comprises a 

component selected from the group consisting of anti-bacterial 

agent, coagulatively active agent, immunosuppressive agent, 

anti-inflammatory agent, anti-fibrinolytic agent, aprotinin, 

EACA, growth factor, vitamin, cell, and mixtures thereof. 
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27. The kit, kit for use, or use, according to any one of claims 

23 to 26, further comprising a container with a component 

selected from the group consisting of anti-bacterial agent, 

coagulatively active agent, immunosuppressive agent, anti-

inflammatory agent, anti-fibrinolytic agent, aprotinin, EACA, 

growth factor, vitamin, cell, and mixtures thereof.  

 
  

 


