
                                                 
 
 
 

 
Final Draft 
of the original manuscript: 
 
 
 
 
 
Jung, F.; Schulz, C.; Blaschke, F.; Muller, D.N.; Mrowietz, C.; Franke, R.P.; 
Lendlein, A.; Schunck, W.-H.:  
Effect of cytochrome P450-dependent epoxyeicosanoids on 
Ristocetin-induced thrombocyte aggregation  
In: Clinical Hemorheology and Microcirculation (2012) IOS Press 
 
DOI: 10.3233/CH-2012-1614 



 1

Effect of cytochrome P450-dependent epoxyeicosanoids on Ristocetin-induced 
thrombocyte aggregation 
 
 
F. Jung1, C. Schulz1, F. Blaschke2, D. Müller3, C. Mrowietz1, R.P. Franke4, A. Lendlein1, W.-
H. Schunck2 

 
1: Centre for Biomaterial Development and Berlin-Brandenburg Centre for Regenerative 
Therapies (BCRT), Institute of Polymer Research, Helmholtz-Zentrum Geesthacht, Teltow, 
Germany 
2: Max Delbrueck Center for Molecular Medicine, Robert-Roessle-Str. 10, 13092 Berlin, 
Germany. 
3: Experimental and Clinical Research Center and Max-Delbrück Center for Molecular 
Medicine, Berlin-Buch, Robert-Rössle Strasse 10, Berlin, Germany. 
4: Central Institute for Biomedical Engineering, Department of Biomaterials, University of 
Ulm, Ulm, Germany 
 
Abstract 
Epoxyeicosatrienoic acids (EETs) produced by cytochrome P450 (CYP)-dependent 
epoxidation of arachidonic acid (AA) inhibit thrombocyte adhesion to the vascular wall. Upon 
dietary omega-3 fatty acid supplementation, EETs are partially replaced by eicosapentaenoic 
acid (EPA)-derived epoxyeicosatetraenoic acids (EEQs) and docosahexaenoic acid (DHA)-
derived epoxydocosapentaenoic acids (EDPs). We hypothesized that the omega-3 epoxy-
metabolites may exhibit superior anti-thrombogenic properties compared to their AA-derived 
counterparts. To test this hypothesis, we analyzed the effects of 11,12-EET,  17,18-EEQ and 
19,20-EDP on ristocetin-induced thrombocyte aggregation (RITA), a process that mimics 
thrombocyte adhesion to the vascular wall.  
The eicosanoids were added for 5, 30, or 60 minutes to thrombocyte-rich plasma freshly 
prepared immediately after blood collection from stringently selected apparently healthy 
subjects. Thrombocyte aggregation was then induced by Ristocetin (0.75 mg/ml) and assessed 
by turbidimetric measurements. After 60 minutes of preincubation, all three epoxy-
metabolites significantly decreased the rate of RITA. 17,18-EEQ and 19,20-EDP were 
effective already at 1 µM, whereas 5-fold higher concentrations were required with 11,12-
EET. Addition of AUDA, an inhibitor of the soluble epoxide hydrolase, potentiated the effect 
of 17,18-EEQ resulting in a significant further decrease of the velocity as well as amplitude of 
the aggregation process. In contrast to their profound effects on RITA, none of the epoxy-
metabolites was effective in reducing collagen- or ADP-induced thrombocyte aggregation.  
These results indicate a highly specific role of CYP-eicosanoids in preventing 
thromboembolic events and suggest that the formation of 17,18-EEQ and 19,20-EDP may 
contribute to the anti-thrombotic effects of omega-3 fatty acids.  
 
 
 
 
 



 2

Introduction 
 
Thromboembolic complications are still a serious problem in interventional cardiology. They 
were described to arise from ruptures of arteriosclerotic plaques, from blood vessel wall 
injuries or from the luminal surface of cardiovascular implants (e.g. of stents, grafts, 
mechanical heart valves, etc.). Essential components of such thrombi are thrombocytes 
stabilized by fibrin fibers [27, 40]. 
Dual anti-thrombocyte therapy using aspirin and clopidogrel is known to be essential to 
prevent stent thrombosis and its fatal consequences in patients undergoing percutaneous 
coronary intervention with stent implantation [18, 53]. This therapy decreased the rate of early 
(≤ 30 days) stent thrombosis after implantation of bare-metal stents (BMS) to a clinically 
accepted extent. While a dual thrombocyte inhibition of 4 weeks is thought to be sufficient 
after BMS implantation, it has to be prolonged after drug-eluting stents (DES) because the 
endothelialisation of their luminal stent surface will last much longer.  
The efficacy of drug-eluting stent (DES) technology to avoid restenosis is based on the local 
release of cytotoxic drugs, which exert different biological effects, such as activation of signal 
transduction pathways and inhibition of cell proliferation. The drugs can successfully prevent 
vascular smooth muscle cell proliferation and migration, which are key factors in the 
development of restenosis, but also impair the reendothelialization [26, 41]. Recent studies 
indicate that dietary supplementation of omega-3 polyunsaturated fatty acids on top of 
aspirin/clopidogrel synergistically improves the anti-thrombotic therapy in patients after 
percutaneous coronary intervention [12, 21].   
CYP-dependent AA metabolites are increasingly recognized to play an important role in the 
regulation of vascular, renal and cardiac function [46, 49]. Epoxyeicosatrienoic acids (EETs) 
are produced by CYP epoxygenases and serve as endothelium-derived hyperpolarizing factor 
in several vascular beds [10, 17]. In addition to regulating vascular tone, EETs have anti-
inflammatory properties and reduce the activation of endothelial cells as well as 
thrombocytes. Recent studies revealed that EETs hyperpolarize thrombocytes and inactivate 
them by inhibiting adhesion molecule expression resulting in reduced thrombocyte adhesion 
to the vascular wall [33, 34]. Direct effects on thrombocyte aggregation have been also 
reported, however, the results remained partially controversial. EET-mediated inhibition of 
thrombocyte aggregation may be caused by inhibition of cyclooxygenase activities and 
stimulation of nitric oxide production in thrombocytes [15, 59]. CYP epoxygenases do not 
only metabolize AA but also accept the fish oil omega-3 polyunsaturated fatty acids EPA and 
DHA as efficient alternative substrates [32]; compare Figure 1. Dietary EPA/DHA 
supplementation shifts the endogenous CYP-eicosanoid profile from AA- to EPA- and DHA-
derived metabolites. Under these conditions, 17,18-EEQ derived from EPA and 19,20-EDP 
derived from DHA become predominant epoxyeicosanoids in various tissues and in the 
circulation [4]. EEQs and EDPs may take over and even surpass the role of EETs as 
endothelium-derived hyperpolarizing factors [24, 35, 57, 59]. EEQs and EDPs also inhibited 
AA-induced thrombocyte aggregation at concentrations below those affecting thromboxane 
synthesis [54]. However, the role of EEQs and EDPs on thrombocyte aggregation has not 
been investigated yet. To address this question, we analyzed the influence of different CYP-
dependent eicosanoids (11,12-EET, 17,18-EEQ and 19,20-EDP) on the Ristocetin-induced 
thrombocyte aggregation (RITA) – a process that mimics the adherence of thrombocytes to 
cells and structures of the vascular wall [7].   
 
 
Material and Methods 
 
Compounds 
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11,12-EET, 17,18-EEQ and 19,20-EDP as well as 12-(3-adamantan-1-yl-ureido) dodecanoic 
acid (AUDA) were purchased from Cayman Chemicals. Appropriate stock solutions were 
prepared in ethanol and added to thrombocyte rich plasma. The final concentration of the 
compounds was varied between 1 and 10 µM while keeping the final concentration of ethanol 
in the incubations below 0.2 vol%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Cytochrome P450 epoxygenases accept arachidonic acid (AA), eicosapentaenoic 
acid (EPA) and docosahexaenoic acid (DHA) as efficient alternative substrates. The products 
include isoform-specific sets of regioisomeric epoxyeicosatrienoic acids (EETs), 
epoxyeicosatetraenoic acids (EEQs) and epoxydocosapentaenoic acids (EDPs). Depicted are 
the three metabolites tested in the present study 
 
 
Study participants 
The stratification of apparently healthy subjects was performed according to stringent 
inclusion criteria  [6, 28]. These were:  

‐ no apparent illness 
‐ no medication 
‐ no somatic cardiovascular risk factors (e.g. diabetes, hypertension, lipid metabolism 

disorder)  
‐ recorded laboratory parameters in the reference range 

Blood collection, storage (e.g. due to temperature changes) and handling (e.g. during 
centrifugation to gain thrombocyte rich plasma) of the samples bear the risk of a pre-
analytical artificial thrombocyte activation. Therefore, thrombocyte count (150.000 – 400.000 
per l in the native blood), the spontaneous thrombocyte aggregation (MT < 10%), the 
thrombocyte reactivity index (TRI < 1.10) and the PFA-closure time (PFA < 71 sec) – using 
the Platelet-Function-Analyzer (Siemens PFA100™) - were checked before inclusion of the 
subjects. Only when all parameters were in the respective reference ranges the samples were 
used. 
The study was carried out in accordance with the principles of the Declaration of 
Helsinki/Edinburgh 2000. Every subject was informed that participation in the study was 
voluntary. The participants were also told about the procedures and possible risks. Written 
informed consent was obtained from all patients. Ethical approval was received from the 
Ethics Committee of the Charité, Berlin, Germany and the study was performed in accordance 
with the ethical guidelines of Clinical Hemorheology and Microcirculation [2]. 
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Study design 
Whole blood was obtained from 10 apparently male healthy adult volunteers. To reduce 
artifical thrombocyte activation, blood samples were collected from an antecubital vein using 
a 19-gauge needle, gently inverted to ensure mixing and the first 2.5 ml were discarded. All 
samples were collected in Vacutainer tubes (Becton Dickinson, San Jose, CA) containing 
3.8% trisodium-citrate solution as anticoagulant [5].  
Immediately after venepuncture the experiments started. Thrombocyte-Poor Plasma (TPP) 
was prepared by centrifugation at 3345 g for 20 min, at room temperature. To obtain 
thrombocyte-rich plasma (TRP) samples were centrifuged at 120 g for 15 minutes. For 
experiments only the upper half of the supernatant was used to prevent leukocyte 
contaminations. 
TRP was incubated with various concentrations of the different eicosanoids from stock 
solutions or the vehicle (ethanol up to 2‰ in plasma v/v) alone for 5, 30 and 60 minutes at 
37 °C. Then, thrombocyte aggregation was induced by adding Ristocetin 0.75 mg/mL or 1 
mg/ml. The aggregation process was monitored over 10 min starting from agonist addition to 
stirred TRP aliquots into glass tubes preheated to 37 °C.  
 
Thrombocyte aggregation 
The thrombocyte aggregation test was performed using the turbidimetric method described by 
Born and Cross [9] using the Thrombocyte Aggregometer APACT-4004 (Haemochrom 
Diagnostica, Essen, Germany) with four measuring channels, so that 4 aggregation 
measurements could be measured at the same time. Platelet aggregation was measured by 
light transmission, with 100% calibration as the absorbance of TPP and 0% calibration as the 
absorbance of unstimulated PRP on each run. The aggregation was measured by the height of 
aggregation (maximum inducible aggregation, MT [%]) and the rate of increase of 
aggregation (AT [%/time]). Figure 2 shows an example where the eicosanoid addition did not 
alter the maximum inducible aggregation MT, but was followed by a reduction of the rate of 
increase of aggregation (AT) coinciding with a delay of the aggregation process. 
 
 
                
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Individual examples of aggregation measurements (black line: control without 

eicosanoids; green line: platelet rich plasma preincubated for 60 min with 5 μM 
eicosatrienoic acid before adding 0.75 mg/ml Ristocetin)   
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Statistics 
For all samples mean value and standard deviation are given, categorical data are described as 
percentage or relative frequency.  
To test the efficacy of the different eicosanoids the two-sided t-test for paired samples was 
used. For multi-sample comparisons a variance analysis for repeated measures or a factorial 
variance analysis was performed. A probability value of less than 0.05 was accepted as 
significant. Because of the explorative character of the study no Bonferoni adjustment was 
performed. 
 
 
Results 
To include n=10 apparently healthy subjects fulfilling all inclusion criteria with normal 
thrombocyte function, n=16 adults between 25 and 62 years of age had to be examined. 
 
Effect of ethanol on the Ristocetin-induced platelet aggregation 
The eicosanoids used in the study were dissolved in ethanol. Therefore, it had to be examined 
how ethanol in this setting would influence the Ristocetin-induced thrombocyte aggregation 
(RITA). This analysis was performed testing TRP of six apparently healthy subjects (0 vol‰ 
up to 2 vol‰ final concentration of ethanol in plasma).  
After addition of 1 mg/ml Ristocetin the thrombocyte aggregation increased considerably by 
2,160% from 3.9±2.1% to 84.3±11.2% (p<0.0001). Ethanol (up to a concentration of 2 vol‰) 
did neither influence the maximum of the induced platelet aggregation MA, nor the rate of 
increase of aggregation AT after 5 minutes, 60 minutes or 120 minutes of incubation time. 
 
Effect of 11,12-EET on the Ristocetin-induced platelet aggregation 
Table 1 shows the RITA (after adding 0.75 mg/ml Risticetin) after a 5-, 30- or 60-minute 
incubation of the TRP at 37 oC with different concentrations of 11,12-EET. 
 
 
Table 1: Ristocetin (0.75 mg/ml)-induced platelet aggregation after incubation at 37 oC of 

PRP with 1, 5, or 10 [µM] epoxyeicosatrienoic acid (11,12-EET) in comparison to 
Ristocetin-induced platelet aggregation with vehicle solution only (control) 
(TRP: thrombocyte-rich plasma; MT: Maximum thrombocyte aggregation in [%]; AT: rate of 
increase of aggregation in [%/min]; *: p<0.05 compared to the Ristocetin-induced platelet 
aggregation at the same time points; mean value ± standard deviation) 
 

 TRP+vehicle solution 
+ 0.75 [mg/ml]Ristocetin 

TRP+11,12-EET 
+ 0.75 [mg/ml] Ristocetin 

  1 [µM] 5 [µM] 10 [µM] 
 n=10 n=10 n=10 n=10 
5 min incubation     
MT [%] 85.5±13.6 86.1±12.9 79.2±14.9 80.1±14.1 
AT  [%/min] 69.4±13.9 67.7±14.1 65.8±13.1 66.9±14.9 
30 min incubation     
MT [%] 83.4±12.9 84.8±12.3 76.8±15.8 76.5±13.8 
AT  [%/min] 65.2±15.4 65.4±14.2 65.1±16.3 62.2±16.1 
60 min incubation     
MT [%] 72.5±21.6 81.9±14.7 70.2±16.8 63.9±15.9 
AT  [%/min] 63.4±14.9 64.1±16.3 58.0±17.0* 51.1±17.2* 
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The incubation of TRP in the EET supplemented vehicle for 5 min or 30 minutes did not 
influence the platelet aggregation. A supplementation of 5 μM as well as of 10 μM 11,12-EET 
to the vehicle led after a 60-minute incubation to a marked decrease in the rate of increase of 
thrombocyte aggregation AT; compared to the TRP without addition of eicosanoids by 8.5% 
(p=0.0267) or 19.4% (p=0.014), respectively. The amplitude of the RITA MT was decreased, 
however, not significantly.  
 
 
Effect of 17,18-EEQ on the Ristocetin-induced platelet aggregation 
Table 2 shows the RITA (after adding 0.75 mg/ml Ristocetin) after 5-, 30- or 60-minute 
incubation of TRP at 37 oC with different concentrations of 17,18-EEQ. 
 
 
Table 2: Ristocetin (0.75 mg/ml) induced platelet aggregation after 5, 30, and 60 minutes of 

incubation at 37 oC of PRP with 1 or 2 [µM] epoxyeicosatetraenoic acid (17,18-
EEQ) in comparison to Ristocetin-induced thrombocyte aggregation with vehicle 
solution (control) only 
(TRP: thrombocyte-rich plasma; MT: Maximum thrombocyte aggregation in [%]; AT: rate of 
increase of aggregation in [%/min]; *: p<0.05; **: p<0.005 compared to the Ristocetin-induced 
thrombocyte aggregation at the same time points; mean value ± standard deviation) 

  
 TRP+vehicle solution 

+ 0.75 [mg/ml] Ristocetin 
TRP+17,18-EEQ  
+ 0.75 [mg/ml] Ristocetin 

  1 [µM] 2 [µM] 
 n=10 n=10 n=10 
5 min incubation    
MT [%] 76.2±14.3 76.7±15.6 75.9±15.2 
AT  [%/min] 67.6±13.4 65.7±15.5 66.4±14.6 
30 min incubation    
MT [%] 75.1±16.3 75.4±63.3 69.0±15.4 
AT  [%/min] 65.5±15.6 64.3±15.1 57.2±18.5 
60 min incubation    
MT [%] 70.0±19.6 62.7±21.2 51.6±18.7 
AT  [%/min] 62.1±15.7 45.1±18.1** 43.5±19.1* 
 
 
17,18-EEQ had a significant influence on the thrombocyte aggregation after 60 minutes of 
incubation. The rate of increase of aggregation AT was clearly decreased by 27.4% 
(p=0.0014) after incubation with 1 µM or by 30.0% (p=0.0018) after incubation with 2 µM 
compared to the slope of the aggregation curve without adding eicosanoids. The maximum of 
the thrombocyte aggregation MT was decreased merely in tendency by 10.4% (p= 0.3210) or 
by 26.3% (p=0.124).  
 
Effect of 19,20-EDP on the Ristocetin-induced platelet aggregation 
Table 3 shows the Ristocetin-induced (0.75 mg/ml) platelet aggregation after a 5-, 30- and 60-
minute incubation of TRP with 1 µM 19,20-EDP. Compared to the thrombocyte aggregation 
without adding eicosanoids the slope of the aggregation curve was significantly decreased by 
40.4% (p<0.001) after 60 minutes of incubation.  
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Table 3: Ristocetin (0.75 mg/ml) induced platelet aggregation after 5, 30, and 60 minutes of 
incubation at 37 oC of platelet-rich plasma with 1 [µM] 19,20-EDP in comparison 
to Ristocetin-induced thrombocyte aggregation with vehicle solution only (control) 
(TRP: thrombocyte-rich plasma; MA: Maximum platelet aggregation in [%]; AT: rate of increase of 
aggregation in [%/min]; **: p<0.001 compared to the Ristocetin-induced platelet aggregation at the 
same time point; mean value ± standard deviation) 

 PRP +vehicle solution 
+ Ristocetin 

PRP+19,20-EDP 
+ Ristocetin 

 0.75 [mg/ml] 1 [µM] + 0.75 [mg/ml] 
 n=10 n=10 
5 min incubation   
MA [%] 75.5±19.6 75.7±21.5 
AT  [%/min] 85.7±4.0 86.0±4.0 
30 min incubation   
MA [%] 75.4±20.3 74.0±12.0 
AT  [%/min] 75.9±11.2 63.0±7.0 
60 min incubation   
MA [%] 70.2±21.6 63.3±7.0 
AT  [%/min] 71.2±10.5 42.4±11.8** 
 
 
Table 4 shows the Ristocetin-induced (0.75 mg/ml) platelet aggregation after a 5-, 30- and 60-
minute incubation of the TRP with 5 µM AUDA or 10 µM AUDA (12-(3-adamantan-1-yl-
ureido)dodecanoic acid) an inhibitor of the soluble epoxide hydrolase (sEH). 
 
 
Table 4:  Ristocetin (0.75 mg/ml) induced platelet aggregation after 5, 30, and 60 minutes of 

incubation at 37 oC of platelet-rich plasma with 5 [µM] or 10 [µM] AUDA in 
comparison to Ristocetin-induced thrombocyte aggregation with vehicle solution 
only (n=6) 
(TRP: thrombocyte-rich plasma; MA: Maximum platelet aggregation in [%]; AT: rate of increase of 
aggregation in [%/min]; mean value ± standard deviation) 
 

 TRP 
+ vehicle solution 
+ 0.75 mg/ml Ristocetin 

TRP + vehicle solution 
+ 5 μM AUDA 
+ 0.75 mg/ml Ristocetin 

TRP + vehicle solution 
+ 10 μM AUDA 
+ 0.75 mg/ml Ristocetin 

5 min incubation    
MA [%] 80.3±19.2 78.4±19.7 85,7±6,0 
AT  [%/min] 73.9±23.3 71.8±10.9 68,3±13,0 
30 min incubation    
MA [%] 80.2±13.2 80.5±15.2 84,1±10,7 
AT  [%/min] 73.7±24.1 74.8±10.4 66,1±11,8 
60 min incubation    
MA [%] 71.9±23.9 72.9±21.8 69,6±27,0 
AT  [%/min] 64.7±23.4 62.3±14.6 60,8±19,7 
 
Compared to the thrombocyte aggregation without adding eicosanoids there was no influence 
of AUDA on the RITA. Even at the highest concentration of 10 μM AUDA no significant 
influence was visible. 
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Effect of the Combination of 17,18-EEQ with AUDA on the Ristocetin-induced platelet 
aggregation 
AUDA (12-(3-adamantan-1-yl-ureido)dodecanoic acid) is an inhibitor of the soluble epoxide 
hydrolase (sEH). It inhibits the hydrolysis of EPA-, DHA- und AA-epoxides (e.g. 11,12-EET, 
17,18-EEQ, 19,20-EDP), extends the plasma half life time and thereby prolongs the effective 
period of these eicosanoids [31].   
 
 
Table 5:  Ristocetin-induced (0.75 mg/mL) thrombocyte  aggregation after 5, 30, and 60 

minutes of  incubation of TRP with 1 [μM] 17,18-EEQ or with 10 [μM] 17,18-EEQ 
in combination with 10µM AUDA at 37 oC compared to Ristocetin-induced platelet 
aggregation with vehicle solution (control) only 
(TRP: thrombocyte-rich plasma; MA: maximal platelet aggregation [%]; AT: slope of the 
aggregation graph in [%/min]; **: p < 0.005 ***; p<0.0001; compared to the Ristocetin-induced 
platelet aggregation without eicosanoids at the same time point; mean value ± standard deviation) 

 
 TRP 

+ Ristocetin  
0.75 [mg/ml] 

TRP + 17,18-EEQ 
+ AUDA 
1 [µM] +10 [μM] 

TRP +17,18-EEQ 
+ AUDA 
10 [µM] + 10 [μM] 

 n=10 n=10 n=10 
5 min incubation    
MA [%] 89 ± 3 89 ± 3 89 ± 3 
AT  [%/min] 86 ± 4 88 ± 4 88 ± 4 
30 min incubation    
MA [%] 79 ± 9 59 ± 11** 59 ± 13 
AT  [%/min] 79 ± 10 51 ± 31** 59 ± 18 
60 min incubation    
MA [%] 69 ± 9 49 ± 16** 62 ± 19 
AT  [%/min] 71 ± 11 37 ± 7*** 54 ± 16 
 
The simultaneous incubation of 1 μM 17,18-EEQ together with 10 μM AUDA led to a 
significant decrease of the rate of increase of aggregation AT as well as of the maximum 
amplitude of platelet aggregation MA. 
 
The addition of 11,12-EET or 17,18-EEQ did not show any effects on the ADP- or on the 
collagen-induced platelet aggregation (see table 6). 
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Table 6:  Ristocetin-induced (0.75 mg/mL) platelet aggregation after 60 minutes of  
incubation of PRP with 1 [μM] 11,12-EET or with 0.25 [μM] 17,18-EEQ at 37 oC 
compared to Ristocetin-induced platelet aggregation with vehicle solution (control) 
only 
(TRP: thrombocyte-rich plasma; MA: maximal platelet aggregation [%]; AT: slope of the 
aggregation graph in [%/min]; mean value ± standard deviation) 

 TRP TRP + 11,12-EET TRP +17,18-EEQ 

 n=10 n=10 n=10 
ADP [10μM]    
MA [%] 84.5±7,2 84.3±5.0 80.9±6.8 
AT  [%/min] 139.0±16.7 134.3±12.0 136.3±16.2 
Kollagen [5μg/ml]    
MA [%] 84.5±5.9 79.7±9.8 83.1±6.0 
AT  [%/min] 136.1±16.4 114.4±37.4 128.6±19.3 
spontaneous aggregation    
MA [%] 5.3±3.5 3.5±1.4 3.2±2.2 
AT  [%/min] 5.7±2.5 8.3±4.4 6.7±3.6 
 
At a concentration of 1 mg/ml Ristocetin all effects were still recognizable in the trend but not 
longer significant. 
 
 
Discussion 
 
The study presented here revealed a marked concentration-dependent influence of different 
CYP-dependent eicosanoids - 11,12-EET, 17,18-EEQ and 19,20-EDP - on the Ristocetin-
induced thrombocyte aggregation (RITA). After 60 minutes of incubation of the thrombocytes 
with the respective eicosanoids the increase of the aggregation was significantly delayed.  
19,20-EPD and 17,18-EEQ were effective already at a concentration of 1 µM whereas 5-fold 
higher concentrations were required to achieve significant reduction of the thrombocyte 
aggregation rate with 11,12-EET. Simultaneous pre-incubation with 17,18-EEQ and AUDA 
[31], an inhibitor of the soluble epoxide hydrolase  – sEH converts the epoxy-metabolites to 
their less active diols [49, 58] - potentiated the effect of 17,18-EEQ and was followed by a 
significant decrease of the amplitude MA of the RITA.  
 
At the site of a vessel wall injury, the tethering of thrombocytes to the subendothelium is - 
under high shear flow - almost exclusively mediated by von Willebrand factor (vWF) which 
is found in the subendothelial extracellular matrix of the vessel wall, is circulating in blood 
plasma and is stored in the α-granula of thrombocytes [52]. vWF binding is dependent upon a 
specific thrombocyte receptor, the GPIb-IX-V complex [1]. Its binding to the GPIb-IX-V 
complex was shown to trigger intracellular signalling pathways, calcium flux and the calcium 
dependent activation of the thrombocyte membrane aggregation receptor for fibrinogen 
GPIIb/IIIa [11, 13, 29]. Via fibrinogen bridging a thrombocyte aggregate or thrombus then 
can develop.  
The interaction between vWF and its thrombocyte receptor can well be studied in vitro using 
Ristocetin, a peptide antibiotic of the vancomycin group, described to mimic the interaction 
between the subendothelium and the vWF-factor so that thrombocytes can be bound [7, 8] 
with no differences in the spreading of and actin assembly in thrombocytes following their 
activation [37]. Therefore, in the present study Ristocetin was chosen as agonist to induce 
thrombocyte aggregation. If eicosanoids should interfere with the Ristocetin-induced 
thrombocyte aggregation, this would be a substantial reference to a possible effect on the 
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adherence of thrombocytes to dysfunctional blood vessel intimae or to body foreign surfaces 
of implants.   
Clinical data [3], as well as cell culture measurements showed that after stimulation EETs, 
EEQs and EDPs were released from the endothelium and from thrombocyte membranes to the 
extracellular space [14, 35, 45, 61], relaxing vascular smooth muscle cells in a paracrine 
manner. Evidence that they are responsible for vasodilatory effects has been found in different 
vascular beds like mesenteric, renal, cerebral and coronary arteries [35, 39, 43, 56]. 
Substances causing vasodilation often also control thrombocyte function [25, 39]. While the 
vasodilatory capacity of these substances has been shown repeatedly, studies of their effects 
on thrombocyte function are rare.  
 
The molecular mechanisms of the CYP450-dependent eicosanoids on thrombocyte 
aggregation are only partially understood. It was discussed that eicosanoids act on the 
thrombocyte membrane but not via receptor-coupled signal transduction [30]. Human 
thrombocytes can offer ~ 160.000 negatively charged phospholipids [48], such as 
(phosphatidylserine which is usually found on the cytoplasmic side of the outer cell 
membrane) on the extracellular side of the plasma membrane [36], generating a strongly 
negative net charge of platelets preventing – at a neutral pH – their clustering. Ristocetin 
seems to reduce the net charge in the vicinity of the GPI-receptors so far, that an interaction 
between thrombocytes and soluble vWF factor can proceed [22, 62]. Since the GPIb-IX-V-
receptor complex also mediates the adherence of thrombocytes to body foreign surfaces also, 
it is well conceivable, that this process might be influenced by eicosanoids. Also in favour of 
this hypothesis is that eicosanoids do not influence the thrombocyte aggregation after stimuli 
which are thought not to be depending on the membrane-potential like ADP or collagen. An 
early study reporting a direct anti thrombocyte-aggregation effect of 11,12-EET in-vitro [15] 
could neither be confirmed in a later study by Kroetz et al. nor in the present study [33]. The 
group of Pohl reported that EETs are able to induce a mild hyperpolarisation of the platelet 
membrane by a blockade of thrombocyte K channels (mainly the large conductance BKCa 
channels) [30, 33] thereby preventing the influx of Ca++ (not the intra-cellular release via the 
PLC signal pathway [30, 38]). The hyperpolarisation of the thrombocyte resting potential was 
accompanied by an inhibition of the P-selectin expression [19, 33, 34, 42], a cell adhesion 
molecule, which is exposed on the outside of the thrombocyte membrane during activation, 
then promoting platelet aggregation [20].  
Since the hyperpolarisation of thrombocytes by eicosanoids is a process, which needs 
considerably more than 10 minutes [44], this might explain the time necessary to produce the 
anti-aggregatory effects of the tested compounds. In the case of a blockade of Ca2+-influx 
[34], platelet activation is thought to depend solely on the release of Ca2+ from the dense 
tubular system. Therefore, eicosanoid treated thrombocytes probably face a relative Ca2+ 
shortage compared to untreated platelets, possibly resulting in a deceleration of platelet 
activation and aggregation.    
 
Additionally, eicosanoids are able to increase the activity of heme-oxygenase with a 
subsequent generation of carbon monoxide (CO) [47]. This gasotransmitter inhibits 
thrombocyte activation at low concentrations [51]. It acts through the same mechanism as NO 
but is less potent. 
Last but not least it could be shown that EETs decreased the thrombocyte aggregation in vivo 
(in cerebral arterioles of mice) [23; 50]. It is discussed whether this effect was caused by a 
reduction of the release of thromboxane B2 - which could also explain the effect of EETs on 
thrombocyte aggregation.  
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The effects of monoepoxides - metabolized CYP-epoxygenases – derived from EPA, like 
17,18-EEQ, or from DHA, like 19,20-EDP, are widely unknown. VanRollins reported that 
EEQs were able to influence the thrombocyte aggregation in concentrations where no 
inhibition of the thromboxane B2 release occurred [54]. The delayed increase in thrombocyte 
aggregation was markedly greater after incubation with 17,18-EEQ with 30.1% (p=0.0018) 
compared to 10,9% with 11,12-EET. This is in good agreement with former studies showing 
that 17,18-EEQ compared to 11,12-EET initiated an activation of calcium-dependent 
potassium channels double as high [35].  
19,20-EDP has also been reported to be more potent than EET in activating BKCa channels 
[32, 55] and in mediating vasorelaxation [60] which is thought to be in line with our results. 
This epoxy-eicosanoid seems to be the most effective one regarding the anti-aggregatory 
efficacy since a significant delay of the thrombocyte aggregation could be obtained already at 
a concentration of 1 µM.  
A significant decrease of the maximum thrombocyte aggregation was not observed until the 
metabolization of EEQ was suppressed by AUDA, an inhibitor of the soluble epoxide 
hydrolase (AUDA: 12-(3-adamantan-1-yl-ureido) dodecanoic acid). 
 
Limitations of the Study 
The sample size is with n=10 per group, too small, to be able to suggest the application of the 
eicosanoids used in this study for the prevention of thrombocyte aggregation. It cannot be 
excluded that by increasing the sample size significant differences also for other 
concentrations and eicosanoids could have been found.  
A comparison with other studies is limited since in those studies other platelet aggregation 
agonists were used.  
 
Conclusion 
The main finding of our study is that CYP-dependent epoxyeicosanoids interfere with 
ristocetin-induced thrombocyte aggregation indicating that these metabolites may counteract 
the adhesion of thrombocytes to dysfunctional blood vessel intimae or to body foreign 
surfaces of implants. Our data are in line with studies from Krötz et al. who showed that EETs 
inhibited the adhesion of human thrombocytes to endothelial cells [33, 16] and from Sudhahar 
et al demonstrating that EETs led to a decrease of the in vivo thrombocyte aggregation [50].  
In addition, we could show in this study that the epoxyeicosanoids derived from omega-3 
polyunsaturated fatty acids (17,18-EEQ and 19,20-EDP) are clearly more potent inhibitors of 
Ristocetin-induced thrombocyte aggregation compared to the AA-derived 11,12-EET. The 
finding that AUDA potentiated the effect of 17,18-EEQ suggests that the anti-aggregatory 
activity of the epoxyeicosanoids is abolished by sEH-mediated hydrolysis.  
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