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Abstract 

The platelet integrin receptor αIIbβ3 plays a critical role in thrombosis. We have 

previously shown that the octapeptide YMESRADR corresponding to sequence 313

320 of the human αIIb subunit inhibits human platelet activation as well as fibrinogen 

binding to αIIbβ3, possibly interacting with the ligand. We investigated the effect of 

YMESRADR on electrically induced carotid artery thrombosis in New Zealand white 

rabbits. Peptide was administered via the femoral vein, starting 60 min before and 

continuing for 90 min after the electrical stimulation. Carotid blood flow was 

monitored for 90 minutes after the electrical stimulation. The peptide effects on 

platelet aggregation in vitro and ex vivo, as well as on various coagulation, bleeding 

and haemostatic parameters were evaluated. YMESRADR significantly inhibited 

rabbit platelet aggregation in vitro, in a dose dependent manner. Importantly, peptide 

administration in vivo, at doses ranging from 3 mg/kg to 15 mg/kg, prolonged the 

duration of the patency of the carotid artery, and no artery occlusion was observed 

until the end of the study (90 min after electrical stimulation). Furthermore, 

YMESRADR administration reduced platelet aggregation ex vivo and thrombus 

weight; however these reductions reached statistical significance, compared to the 

control group, at the peptide doses of 12 mg/kg and 15 mg/kg. YMESRADR did not 

affect any coagulation parameter studied as well as the haemostatic response observed 

in control animals. Thus, YMESRADR represents a novel antiplatelet agent that can 

effectively inhibit thrombus formation and carotid artery occlusion without causing 

hemorrhagic complications in a rabbit model of arterial thrombosis. 
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Introduction 

The role of platelets in the pathogenesis of atherosclerosis, acute coronary 

syndromes, ischemic complications after percutaneous interventions, stroke and 

peripheral vascular disease, has been lucidly established (Fuster et al., 1992). Platelet 

activation and resultant aggregation and adhesion, as well as endothelium fission are 

the cornerstones in arterial thrombus formation (Gawaz, 2006). Hence, platelet 

aggregation and adhesion have been identified as promising targets for the 

development of antithrombotic drugs. Of particular importance is the platelet integrin 

receptor αIIbβ3 (glycoprotein IIb/IIIa), which plays a critical role in thrombosis and 

haemostasis by mediating interactions between platelets and several ligands, primarily 

fibrinogen (Phillips et al., 1988). This receptor is the most abundant integrin found on 

the surface of platelets and is composed of two noncovalently associated subunits the 

αIIb and β3 (Bennett, 2005). On unstimulated platelets, αIIbβ3 is present in a closed 

conformation that prevents ligand binding. Upon platelet activation, αIIbβ3 undergoes 

conformational changes leading to the exposure of various binding sites for fibrinogen 

and other ligands (Savage et al., 1990; Sims et al., 1991). Fibrinogen binding to the 

activated αIIbβ3 results in cross-linking of adjacent platelets and platelet aggregation 

and subsequent thrombus formation (Phillips et al., 1988; Tan et al., 1997). 

Furthermore, it activates a series of intracellular events through an outside-in 

signaling mechanism (Shattil et al., 1998; Parise, 1999). The interaction between 

αIIbβ3 and various ligands, such as fibrinogen, von Willebrand factor, vitronectin and 

fibronectin is mediated through RGD sequences in these ligands (Sims et al., 1991). 

Moreover, an important role in the interaction between αIIbβ3 and fibrinogen in 

humans is played by the αIIb subunit of the receptor and the HHLGGAKQAGDV 

sequence located at the carboxyl terminus of the γ-chain of fibrinogen (Kloczewiak et 
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al., 1982). Consequently, inhibition of the HHLGGAKQAGDV sequence binding to 

the αIIb subunit of the αIIbβ3 receptor may represent a promising target for the 

development of new inhibitors of platelet aggregation for humans that exert their 

antiaggregatory effect through a non-RGD- mediated pathway, by contrast to the 

current mainstay of the glycoprotein IIb/IIIa antagonists used in contemporary clinical 

practice. Previous results of our research group have demonstrated that the 

YMESRADRKLAEVGRVYLFL (313 332) sequence of the αIIb subunit may be 

important not only for fibrinogen binding to αIIbβ3 and platelet aggregation but also for 

platelet activation through the αIIbβ3-dependent outside-in signal transduction pathway 

(Biris et al., 2003). By using synthetic octapeptide analogues derived from the above 

sequence, we have also demonstrated that only the peptides containing the amino acid 

sequence RAD exhibit biological activity, the octapeptide YMESRADR (sequence 

313 320) exhibiting the highest biological potency (Mitsios et al., 2004). This peptide 

inhibits human platelet aggregation and secretion as well as fibrinogen binding to the 

activated αIIbβ3, possibly interacting with the ligand rather than the receptor (Mitsios 

et al., 2004). The development of such inhibitors may be advantageous over the RGD-

like antagonists as the former could inhibit platelet aggregation without interacting 

with the receptor, thus failing to induce αIIbβ3-mediated outside-in signalling. 

The aim of the present study was to investigate the effect of the synthetic peptide 

analogue of αIIb subunit YMESRADR (sequence 313 320) on experimentally induced 

arterial thrombosis in rabbits. This animal model was selected upon the fact that, in 

contrast to humans, platelet aggregation in rabbits is independent of the RGD 

sequence (Harfenist et al., 1988; Moyle et al., 1989), whereas there is much less 

difference in the ability of the 12-residue peptide corresponding to the 

HHLGGAKQAGDV sequence of the γ-chain of fibrinogen to inhibit fibrinogen 
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binding to human versus rabbit platelets as well as their aggregation responses 

(Verhallen and Barth, 1991).  

This common pathway of platelet aggregation observed both in humans and 

rabbits, renders the latter as an appropriate experimental model for evaluating the in 

vivo effects of compounds exhibiting antiplatelet properties that can be applicable to 

humans and that their activity is not mediated through RGD-dependent interactions 

among platelets and their ligands. Furthermore, our goal was not to record vast 

antiplatelet effects but to point out that new promising inhibitors of platelet 

aggregation for humans can be developed with antiaggregatory effects mediated 

through sequences other than the RGD-mediated ones.   
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Methods 

Peptide synthesis and characterization. The peptide YMESRADR corresponding to 

the 313 320 sequence of the αIIb subunit was synthesized manually on a Wang resin 

using the standard Fmoc-based strategy. Fmoc deprotection steps were carried out 

with 20% piperidine in DMF (v/v) for 15 minutes. Coupling reactions of Fmoc amino 

acids were performed in DMF using a molar ratio of amino acid/2-(1H-benzotriazol-

1-yl) - 1,1,3,3-tetramethyluronium hexafluorophosphate/1-

hydroxybenzotriazole/diisopropylethylamine/resin (3:3:3:6:1) (Biris et al., 2003) 

(Mitsios et al., 2004). The crude peptide was purified by semi-preparative HPLC on a 

Water PrepLC 4000 system associated with a reversed-phase Discovery C18 column 

(25cm x 10mm) running at a flow rate of 4.7 ml/min. The purity of the final product 

(>95%) was checked by analytical HPLC. Electrospray mass spectra were obtained on 

a Micromass (Manchester, England) Platform II quadrupole mass spectrometer. 

Samples were dissolved in the mixture H2O/CH3CN/HCOOH (49:49:2) and injected 

into the ESI source at a flow rate of 5µl/min. The source temperature was adjusted at 

60 °C while the cone voltage was set to 60 V. 

 

Platelet aggregation studies in vitro. The effect of YMESRADR peptide on rabbit 

platelet aggregation in vitro was studied using either platelet rich plasma (PRP) or 

washed platelets. PRP was prepared from arterial blood samples withdrawn from the 

rabbit’s ear artery using ACD (acid-citrate-dextrose) as an anticoagulant. Blood was 

centrifuged at 351 x g for 15 min at room temperature to prepare PRP. The upper 2/3 

of the sample was collected and the remaining blood was centrifuged at 1912 x g for 

20 min at room temperature to prepare platelet poor plasma (PPP). The platelet count 

of PRP was adjusted to a final platelet concentration of 2.8 x 108 cells/mL with 
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homologous PPP. The PRP was then preincubated with the synthetic peptide for 1 min 

before the initiation of aggregation. Platelet aggregation in the presence of ADP (5-20 

μM), AA (125-500 μM) or PAF (1-2 nM) was measured in aliquots of 0.5 mL PRP, in 

a platelet aggregometer (model 560, Chronolog Corp.) at 37ºC, with continuous 

stirring at 1200 rpm. In other studies, the effect of heparin, eptifibatide (Integrilin®) or 

the peptide RGDS on platelet aggregation in PRP was also investigated. The effect of 

YMESRADR peptide on platelet aggregation was also studied in washed rabbit 

platelets prepared as we previously described (Tsoukatos et al., 2001). Washed 

platelets were preincubated with the synthetic peptide for 1 min before the initiation of 

aggregation induced by ADP (5-20 μM) or PAF, (1-2nM). The maximal aggregation, 

achieved within 3 min after the addition of the agonist, was determined and expressed 

as a percentage of 100% light transmission calibrated for each specimen (maximal 

percentage of aggregation). Each inhibitor tested was used at a wide range of 

concentrations and its inhibitory efficacy was expressed as IC50 values (concentration 

that induces 50% inhibition of platelet aggregation). All aggregation studies were 

conducted within 3 h after blood withdrawn. 

 

 Electrically induced arterial thrombosis. Experiments were conducted on male New 

Zealand white rabbits (weighing 2.9 to 3.6 kg). The use of this rabbit model was 

approved by the Ethics Committee of the University of Ioannina. The rabbits were 

anesthetized with ketamine (15 mg/kg/h, im) and xylazine (3 mg/kg/h, im). The left 

femoral vein and artery were isolated and catheterized. A microtransducer through 

femoral artery achieves a constant monitoring of blood pressure and cardiac rhythm. 

The femoral vein was used for drug administration and blood sampling. A median 

longitudinal incision was performed in the neck so that the left carotid artery was 
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dissected. Thrombus formation was electrically induced by applying through two 

electrodes direct current of 4mA for three min on the external arterial surface of the 

carotid without constricting the vessel. A piece of parafilm is placed under the vessel 

to protect the surrounding tissue. Carotid blood flow monitored by an electromagnetic 

plow probe, placed distal to the electrode. After the determination of the control 

baseline flow, the compound or saline was given as continuous iv. Infusion via the 

femoral vein, starting 60 min before electrical stimulation and continuing for 90 min 

after the electrical stimulation. Simultaneously, carotid blood flow was monitored for 

90 minutes after the electrical stimulation. Thrombus formation was assessed by the 

decrease of blood flow and by weighing the thrombus (microbalance) after the end of 

the experiment. The above procedures are schematically depicted in Fig. 1. In 

preliminary experiments, we performed dose-response studies using YMESRADR at 

doses of 1, 10, 20, 30, 40 and 50 mg/kg body weight (3 animals for each dose).  

YMESRADR at dose 1 mg/kg did not affect any parameter evaluated in the present 

study, whereas at doses equal or higher than 20 mg/kg, it exhibited similar biological 

effect on all parameters studied. Thus, we decided to further assess the efficacy and 

safety of YMESRADR at doses ranging from 3 mg/kg to 15 mg/kg.  The animals 

were divided into seven groups (5 rabbits in each group) receiving intravenously a. 

normal saline, 6ml/kg/h (control group), b. heparin (100IU/kg/h), c. eptifibatide, 900 

μg/kg bolus plus 10 μg/kg/h infusion for 90 min, d. YMESRADR groups receiving 3 

mg/kg, 7.5 mg/kg, 12 mg/kg, or 15 mg/kg (half the dose was administered bolus 

intravenously, while the other half via continuous intravenous infusion for 90 min). 

Ninety minutes after electrical stimulation, that marked the end of the experiment, the 

carotid thrombus was removed and weighed.  
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Ex vivo platelet aggregation. Arterial blood samples, for the determination of ex vivo 

platelet aggregation, were collected before and 60 minutes after each compound’s 

administration. Platelet aggregation in PRP containing 150000 platelets/μl was 

determined as described above using ADP (20 μM final concentration) as an agonist. 

 

Coagulation assays. Arterial samples of whole blood for the determination of 

activated partial thromboplastin time (aPTT), prothrombin time (PT), thrombin time 

(TT), plasma levels of fibrinogen (fg), and factor XIII ex vivo activity, were collected 

in tubes containing buffered citrate solution 0,105 M (BD Vacutainer, ratio of 9/1 by 

volume), before and 60 min after each compound’s administration. Plasma was 

collected after blood centrifugation at 1912 x g for 15 min.  

PT, aPTT and TT were measured using a hemostasis automatic analyzer BCS, (Date 

Behring), by incubating 100 μl of plasma for 1 min at 37°C, followed by addition of 

200 μl of prewarmed thromboplastin, 100 μl of aPTT reagent plus 100 μl of 25mM of 

CaCl2 and 250 μl of thrombin, respectively. Data points were the mean of duplicate 

measurements. 

Fibrinogen and factor XIII ex vivo activity were measured with using a hemostasis 

automatic analyzer BCS, (Date Behring). Fibrinogen concentration was determined by 

incubating 100 μl of plasma for 1 min 37°C, followed by addition of 250 μl of 

thrombin. Fibrinogen concentration was derived from a reference curve (modified 

Clauss method). For the determination of ex vivo Factor XIII activity a photometric 

method, previously described, (Kárpáti et al., 2000) was utilized. The results were 

expressed as a percentage of the average normal (the mean of the reference group) 

plasma factor XIII activity. 
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Bleeding assays. Bleeding and haemostatic parameters were evaluated by two 

different methods. Firstly, uniform incisions 10mm long and 1mm deep were made on 

the ventral surface of the rabbit’s ear in such a way to avoid the superficial veins. 

Blood was blotted with filter paper every 30s, avoiding the incision. Bleeding time 

was defined as the interval between the time of incision until blood did not stain the 

paper. Secondly, a 5-cm long, 1cm deep incision was performed on the anterior 

abdominal wall. The amount of blood loss was estimated by weighing a pre weighted 

gauze pad, placed on the incision for 30 min (Thiagarajan and Benedict, 1997).  

 

Statistical Analysis. Data were analyzed by either paired or group analysis using 

Student's t test or ANOVA when applicable; differences were considered significant at 

P<0.05. All data are means ± S.E. 
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Results 

Effect of YMESRADR on platelet aggregation in vitro. The effect of YMESRADR 

on rabbit platelet aggregation was studied using PRP or washed platelets. This 

peptide, significantly inhibited ADP-, AA- and PAF-induced rabbit platelet 

aggregation in PRP, in a dose dependent manner, exhibiting IC50 values of 464μΜ, 

480μΜ and 536μΜ respectively. YMESRADR is similarly effective in inhibiting 

ADP- and PAF-induced washed rabbit platelet aggregation, exhibiting IC50 values of 

400μΜ and 580μM, respectively. For comparison purposes, the inhibitory effect of 

eptifibatide and heparin on rabbit platelet aggregation was also studied. According to 

our results, eptifibatide is a potent inhibitor of ADP-induced rabbit platelet 

aggregation in PRP, exhibiting an IC50 value of 21 μΜ. Similar IC50 values were 

obtained for the eptifibatide inhibitory effect on platelet aggregation induced by AA 

or PAF. On the contrary, heparin at a range of concentrations 150 - 400 U/μl, as well 

as the RGDS peptide at a concentration of 1 mM did not exhibit any inhibitory effect 

on rabbit platelet aggregation.  

 

Effect of YMESRADR on carotid blood flow. The effect of YMESRADR on carotid 

blood flow during electrically-induced thrombus formation was studied following the 

methodology described above. In control group of animals receiving normal saline, 

the average carotid blood flow before electrical stimulation was 23.6±2.9 ml/min. 

After electrical stimulation of the carotid artery, blood flow was gradually decreased 

to 3.4±1.8 ml/min (14±2% of the baseline flow), at 20 min, whereas complete artery 

occlusion was observed at 23.3±3.2 min (Fig 2). Importantly carotid blood flow 

reduction was significantly inhibited in all animals treated with YMESRADR. Thus, 

this peptide at doses ranging from 3 mg/kg to 15 mg/kg caused a dose-dependent 
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increase in duration of the patency of the carotid artery. At all doses there was no 

occlusion to the artery for up to the end of the study (90 min after electrical 

stimulation). Average baseline carotid blood flow in animals treated with 

YMESRADR at 3 mg/kg, 7.5 mg/kg, 12 mg/kg and 15 mg/kg before electrical 

stimulation was 21.3±1.5, 21.0±1.4, 22.0±2.0 and 19.4±1.7 ml/min, respectively. At 

20 min after electrical stimulation, in the presence of the above peptide doses, carotid 

blood flow was reduced to 3.4±0.2 ml/min (16±1% of the baseline flow), 4.0±1.5 

ml/min (19 ± 5.0% of the baseline flow), 4.6±1.0 ml/min (21±2.0% of the baseline 

flow) and 5.0±1.4 ml/min (26±1.1% of the baseline flow), respectively. At 90 min 

after electrical stimulation (end of experiment) the carotid artery remained patent and 

average carotid blood flows were at 2.0±0.3 ml/min (9.4±0.2% of baseline flow), 

3.6±0.5 ml/min (17.0 ± 2.0% of baseline flow), 4.5±0.7 ml/min (20.4±3.2 % of the 

baseline flow) and 5.0±1.4 ml/min (25.8±0.9% of the baseline flow), respectively (Fig 

2). 

The effect of heparin and eptifibatide on carotid blood flow during electrically 

induced thrombus formation was also studied. Average carotid blood flow before 

electrical stimulation was 23.2±2.9 ml/min in animals treated with heparin and 

21.6±4.0 ml/min in animals treated with eptifibatide. At 20 min after electrical 

stimulation, blood flow was reduced to 10.2±3.0 ml/min (42.7±10.1% of the baseline 

flow) in the heparin group, and to 13.4±2.6 ml/min (59.8 ± 2.2% of the baseline flow) 

in the eptifibatide group. These values are significantly higher compared to those 

obtained in the presence of 15 mg/kg YMESRADR (p<0.05 and p<0.01 for heparin 

and eptifibatide groups, respectively). At 90 min after electrical stimulation (end of 

the experiment) average carotid blood flows were at 6.0±2.8ml/min (26.2±12.0% of 

baseline level) in the heparin group and 7.6±1.5 ml/min (35.3±2.0% of baseline level) 
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in the eptifibatide group. It should be noted that at this point of time, the carotid blood 

flow values in the presence of 15 mg/kg YMESRADR are significantly lower 

compared to eptifibatide group (p<0.01) whereas they are similar to those of the 

heparin group. 

 

YMESRADR administration reduces thrombus weight. In order to validate our 

initial hypothesis that preservation of carotid blood flow in the animals groups 

receiving YMESRADR can be attributed to reduction of thrombus formation, we 

determined thrombus weight at the end of the experiment as was described above. In 

control animals, a large occlusive thrombus was found weighing 5.72±0.86 mg. 

Importantly, administration of YMESRADR, resulted in a dose-dependent reduction 

in thrombus weight, however this reduction reached statistical significance compared 

to the control group at the peptide doses of 12 mg/kg  and 15 mg/kg (Fig. 3). Thus at 

the dose of 12 mg/kg, thrombus weight was 3.15±2.19mg  (45% reduction compared 

to control animals, p<0.05) whereas at the peptide dose of 15 mg/kg thrombus weight 

was found to be 1.66±1.18 mg (70% reduction compared to control animals, p<0.05) 

(Fig. 3).   

Heparin and eptifibatide also significantly reduced thrombus weight compared 

to control, 3.92±0.74 mg in the heparin group (32% reduction compared to control 

animals, p<0.05) and 2.1±1.1 mg in the eptifibatide group (64% reduction compared 

to control animals, p<0.05). It should be noted that the reduction in thrombus weight 

induced by 15 mg/kg YMESRADR, is significantly higher compared to heparin group 

(p< 0.05), whereas it is similar to that in the eptifibatide group.     
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Effects of in vivo administration of YMESRADR on platelet aggregation.  The 

inhibition of the total artery occlusion after electrical stimulation and the reduction in 

thrombus weight observed in animals treated with YMESRADR, may be at least 

partially mediated through inhibition of platelet aggregation. Thus we determined the 

platelet aggregatory response induced by ADP in PRP ex vivo before and 60 min after 

the peptide’s administration. In the control group there was observed a minor non 

significant reduction by 9.2± 3.1% of platelet aggregation after the normal saline 

infusion for 60 min, compared to baseline values (Fig. 4). Importantly, administration 

of YMESRADR, resulted in a dose-dependent reduction in ADP-induced platelet 

aggregation compared to the respective baseline values, however this reduction 

reached statistical significance compared to that observed in the control group at the 

peptide doses of 12 mg/kg and 15 mg/kg (Fig. 4). Thus, after peptide infusion for 60 

min at the dose of 12mg/kg, there was a 22.0±5.5% reduction in platelet aggregation 

compared to baseline, a statistically significant increase compared to the control group 

(p<0.05)  (Fig. 4). Furthermore, at the dose of 15 mg/kg YMESRADR significantly 

inhibited ex vivo platelet aggregation by 34.3±14.5% compared to baseline, (p<0.01 

compared to control animals), this reduction being also significantly higher compared 

to that observed in the control group (Fig. 4). Representative platelet aggregation 

curves at 60 min after the infusion of either YMESRADR at various doses, or normal 

saline (control group) are shown in Fig. 5. 

In the animals receiving eptifibatide, a significant inhibition of platelet 

aggregation by 38.3±11.0% (p<0.01 compared to control animals), was observed. 

This inhibition was similar to that observed after administration of 15 mg/kg 

YMESRADR. Finally, the heparin treated animals presented a reduction of platelet 
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aggregation by 8.3±3.5% which was non-statistically significant compared to control 

group). 

 

Effect of YMESRADR on coagulation parameters. To evaluate whether the peptide-

induced inhibition of thrombus formation is also attributed to any effect on the 

coagulation cascade, we determined several coagulation parameters as described in 

the “material and methods section”. As it is shown in Fig. 6 there was not observed 

any difference between baseline and post treatment values in all YMESRADR groups, 

as well as in the control group. As expected, among all studied coagulation 

parameters, heparin administration caused a statistically significant rise of aPTT from 

13.72±1.17 sec at baseline to 21.36±6.70 sec post treatment, p<0.05. Finally, 

eptfibatide administration had no effect on any coagulation parameter studied.  

 

Bleeding assays. The peptide’s effect on haemostatic response to a cutaneous 

abdominal wound was assessed after a standardized incision on the anterior 

abdominal wall by weighing the amount of blood absorbed by a pre weighed gauze 

placed on the incision for 30 min. Infusion of any dose of YMESRADR did not affect 

the haemostatic response observed in control animals. The amount of blood, 

accumulated on the pre weighed gauze in the control group was 256.4±88.4 mg, 

whereas in the YMESRADR groups were 224.7±61.2 mg (3mg/kg group), 

225.5±42.3 mg (7.5 mg/kg group), 208.2±32.4 mg (12 mg/kg group), and 

224.7±61.2mg (15 mg/kg group). Consistent with the above findings, no significant 

difference was recorded concerning bleeding time among YMESRADR groups and 

control group. Bleeding time of the control group was 30.0±2.5 sec, whereas bleeding 

times in the YMESRADR groups were: 33.3±5.7 sec (3 mg/kg group), 36.6±5.7 sec 
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(7.5 mg/kg group), 40.0±10.0 sec (12 mg/kg group) and 40.0±10.0 sec (15 mg/kg 

group). Infusion of heparin and eptifibatide did not affect blood loss (237.8±102.7 mg 

and 253.0±24.0 mg, respectively) and did not alter bleeding times (36.2±13.4 sec and 

40.1±17.3 sec, respectively) in a statistically significant manner. 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on February 24, 2009 as DOI: 10.1124/jpet.108.150086

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #150086 

18 
 

Discussion 

The present study shows for the first time that the synthetic octapeptide 

YMESRADR which corresponds to the amino acid sequence 313 320 of the αIIb 

subunit of the human platelet integrin αIIbβ3 inhibits rabbit platelet aggregation, both 

in vitro as well as after administration in vivo. Most importantly, this peptide 

significantly inhibits electrically-induced thrombus formation in carotid artery and 

prevents the reduction in blood flow in a dose-dependent manner, thus increasing the 

duration of the artery patency for at least 90 min. According to our previously 

published results, this peptide inhibits human platelet aggregation and prevents 

fibrinogen binding to the activated form of the αIIbβ3 receptor (Mitsios et al., 2004). 

However, YMESRADR does not inhibit the binding of the monoclonal antibody 

PAC-1 to activated platelets (Mitsios et al., 2004). PAC-1 is a ligand-mimetic anti- 

αIIbβ3 Ig that binds to the activated form of αIIbβ3, an interaction  which is inhibited by 

RGD-containing peptides (Taub et al., 1989). The inability of YMESRADR to inhibit 

PAC-1 binding to platelets, suggests that this peptide does not bind to the activated 

receptor, thus it exerts its action through a non-RGD-dependent manner. In support to 

this observation, we have provided further evidences that YMESRADR interacts with 

fibrinogen and it could represent the main mechanism supporting its inhibitory effect 

on human platelet activation (Mitsios et al., 2004). The above observations are in 

accordance to previously published results indicating that fibrinogen interacts with αIIb 

subunit of human platelets primarily through its HHLGGAKQAGDV sequence of the 

γ-chain whereas its RGD sequences are preferentially cross-linked to β3 subunit 

(D'Souza et al., 1988; D'Souza et al., 1991; Taylor and Gartner, 1992; Alemany et al., 

1996 ). Rabbit platelets differ from human ones in that RGDS has only a minor 

inhibitory effect on aggregation induced by various agonists as well as on the binding 
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of fibrinogen to stimulated platelets (Harfenist et al., 1988). Results of the present 

study showing that the RGDS peptide does not inhibit rabbit platelet aggregation 

induced by ADP, AA or PAF are in accordance to the above data. By contrast, it has 

been shown that the 12-residue peptide HHLGGAKQAGDV inhibits aggregation and 

fibrinogen binding to rabbit platelets by directly interacting with rabbit αIIbβ3 

(Verhallen and Barth, 1991; Rand et al., 1999). Moreover this 12-residue peptide 

transiently inhibits thrombus formation in two thrombosis/hemostasis models in 

rabbits (Kloczewiak et al., 1982; Hawiger, 1991). The above results suggest that 

rabbit platelets could serve as an animal model for evaluating the anti-thrombotic 

efficacy of non RGD-containing compounds such as the HHLGGAKQAGDV and our 

YMESRADR peptide.  

The inhibition of electrically-induced thrombus formation in carotid artery and the 

prevention of vessel occlusion observed after intravenous administration of 

YMESRADR in rabbits could primarily be attributed to its inhibitory effect on 

platelet aggregation. However, this may not be the only mechanism since at doses of 3 

mg/kg and 7.5 mg/kg our peptide increased the duration of the artery patency but it 

did not decrease thrombus weight compared to control, neither did it inhibit platelet 

aggregation studied ex vivo after peptide administration in vivo. A contributory role 

to the peptide induced inhibition of vessel occlusion could be played by the peptide’s 

effect on coagulation parameters. Indeed according to our results, heparin, which 

induces a rise in aPTT, significantly inhibited thrombus formation and prevented 

blood flow reduction without affecting platelet aggregation. However, we showed that 

YMESRADR does not affect any coagulation parameter evaluated in the present 

study, thus it is unlikely that such a mechanism contributes to the inhibition of vessel 

occlusion induced by low peptide doses. It was previously demonstrated that in 
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addition to platelet aggregation, αIIbβ3 receptor mediates adhesion of activated 

platelets to proteins existing in the subendothelial space such as von Willebrand 

factor, vitronectin and fibronectin. These interactions are mediated by αIIb subunit 

through specific but common recognition sites for both the RGD-containing ligands 

and for the HHLGGAKQAGDV sequence of the fibrinogen γ-chain (Taylor and 

Gartner, 1992). Thus it may be possible that in addition to the inhibition of platelet 

aggregation, YMESRADR could also prevent rabbit platelet adhesion to the intima of 

the injured arterial wall at sites of endothelial disruption; this may represent the 

predominant mechanism underlying the inhibition of vessel occlusion induced by low 

peptide doses. This mechanism is currently under investigation in our laboratory. 

Furthermore, our results showed that significant differences between YMESRADR 

and heparin or eptifibatide were observed concerning their efficacy to inhibit 

electrically-induced thrombus formation and the reduction in carotid blood flow. 

These differences are also time-dependent (at 20 or at 90 min after electrical 

stimulation). This phenomenon could be attributed to several factors such as the 

degradation of YMERADR by plasma proteases that may limit the biological potency 

of this peptide in vivo, the different mechanisms of action of each agent used in the 

present study (influence of coagulation parameters for heparin, direct interaction with 

platelets for eptifibatide, interaction with fibrinogen and possibly other ligands of 

αIIbβ3 for YMESRADR) or additional biochemical interactions.  

Because of the key role of the platelets in hemostasis, it should always be determined 

whether the antiplatelet effects of a substance are accompanied by hemorrhagic 

complications. Our results demonstrated that YMESRADR even in its highest dose 

did not significantly alter bleeding time in rabbits. Similarly, YMESRADR did not 

cause an increase of blood loss at any dose studied. This may be attributed to the fact 
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that the extent of inhibition of ex vivo platelet aggregation induced by YMESRADR 

at doses 12 to 15 mg/kg was 20 to 30%. Such inhibition seems to be adequate to 

prevent the vessel occlusion and in parallel to avoid hemorrhagic complications.   

In summary, the present study shows that YMESRADR is a novel antiplatelet 

agent that can effectively inhibit thrombus formation and carotid artery occlusion 

without causing hemorrhagic complications in a rabbit model of arterial thrombosis 

that mimics clinical arterial thrombosis in humans (Wong et al., 2002). The 

mechanism(s) of action as well as the pharmacodynamic and pharmacokinetic 

properties of this peptide are currently under investigation. 
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Legends for figures 

Figure 1. Schematic summary of the experimental protocol. 

Figure 2. Effects of YMESRADR on carotid blood flow (expressed as percentage of 

control carotid flow) after thrombus induction in electrically-induced carotid artery 

thrombosis model in rabbits. Values are mean±S.E.   

 

Figure 3. Effect of YMESRADR administration on thrombus weight, at 3 mg/kg to 

15 mg/kg. At 15 mg/kg and 12 mg/kg YMERADR significantly reduced electrically 

induced thrombus weight, *p<0.05 for both doses, compared to control group. Values 

are mean±S.E.  . 

  

Figure 4.  Inhibitory effect of in vivo administration of YMESRADR at 3 mg/kg to 

15 mg/kg on ex vivo platelet aggregation, 60 minutes after peptide administration. 

Aggregation was induced by the addition of ADP (final concentration: 20 μM). At 15 

mg/kg and 12 mg/kg YMESRADR significantly inhibited platelet aggregation, 

**p<0.01 and *p<0.05 respectively compared to control groups. Values are 

mean±S.E. 

Figure 5. Representative curves of ex vivo platelet aggregation, induced by the 

addition of ADP (final concentration at 20μΜ), after in vivo administration of 

YMESRADR. Control (C), YMESRADR at 15 mg/kg (I), YMESRADR 12 mg/kg 

(II), YMESRADR 7.5 mg/kg (III) and YMESRADR 3 mg/kg (IV). Aggregation data 

points acquired were the mean of triplicate measurements. 
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Figure 6. Effect of in vivo administration of YMESRADR on blood coagulation 

parameters. A : prothrombin time, expressed as INR, B: aPTT and TT, C: plasma 

fibrinogen (fg) concentration and D: factor XIII activity expressed as percentage of 

the average normal. No significant changes were observed among groups: mean±S.E.  
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