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ABSTRACT 

Vanadate has been shown to inhibit tyrosine phosphatase, leading to an increased tyrosine 

phosphorylation state. The latter has been demonstrated to be involved in the signal transduction 

pathway of ischemic preconditioning, the most potent endogenous mechanism to limit myocardial 

infarct size. Furthermore, there is evidence that phosphatase inhibition may be cardioprotective when 

given late after the onset of ischemia, but the mechanism of protection is unknown. We tested the 

hypothesis that the organic vanadate compound bis(maltolato)-oxovanadium (BMOV) limits 

myocardial infarct size by attenuating reperfusion injury and investigated the underlying mechanism. 

Myocardial infarction was produced in 112 anesthetized rats by a 60-min coronary artery occlusion 

and infarct size was determined histochemically after 180 min of reperfusion. Intravenous infusion of 

BMOV in doses of 3.3, 7.5 and 15 mg/kg iv decreased infarct size dose-dependently from 70±2% of 

the area at risk in vehicle-treated rats down to 41±5% (P<0.05 vs control), when administered prior to 

occlusion. Administration of the low dose just prior to reperfusion was ineffective, but administration 

of the higher doses was equally cardioprotective as compared to administration before occlusion. The 

cardioprotection by BMOV was abolished by the tyrosine kinase inhibitor genistein and by the K+
ATP 

channel blocker glibenclamide, but was not affected by the ganglion blocker hexamethonium. We 

conclude that BMOV afforded significant cardioprotection principally by limiting reperfusion injury. 

The mode of action appears to be by opening of cardiac K+
ATP channels via increased tyrosine 

phosphorylation. 
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 An increase in tyrosine residue phosphorylation via increased tyrosine kinase activity has been 

implicated in the signal transduction pathway of cardioprotection by ischemic preconditioning 

(Przyklenk and Kloner, 1998; Vahlhaus et al., 1998; Fryer et al., 1999), which is the most potent 

endogenous mechanism to limit myocardial infarct size. There is evidence that increased tyrosine 

residue phosphorylation, produced by a shift in the balance between tyrosine kinase and tyrosine 

phosphatase, increases white blood cell survival by inhibiting apoptosis (Bergamaschi et al., 1993; 

LaVoie and Witorsch, 1995; Brown et al., 1996). Vanadate enhances tyrosine residue phosphorylation 

by inhibition of tyrosine phosphatase (Simons, 1979; Palmer et al., 1996) suggesting that vanadate 

may be of therapeutic benefit in myocardial infarction, which may involve both apoptosis and 

necrosis (Kajstura et al., 1996; Weiss et al., 2003). In support of this concept, Armstrong et al. (1998) 

reported that serine threonine phosphatase inhibitors are highly effective in protecting isolated 

cardiomyocytes subjected to ischemia (without reperfusion), even when administered late (75 min) 

after onset of ischemia, suggesting that vanadate may not require administration prior to the onset of 

ischemia and might also act against reperfusion injury. However, to date in vivo studies on the 

cardioprotective effects of tyrosine phosphatase inhibitors are lacking. 

 The mechanism by which tyrosine phosphatase inhibitors exert their cardioprotective effects is 

incompletely understood. However, since K+
ATP channels have been reported to be downstream 

targets of tyrosine kinase in the signalling pathway of ischemic preconditioning (Przyklenk and 

Kloner, 1998; Fryer et al., 1999), we hypothesized that K+
ATP channels contribute to the 

cardioprotection by vanadate. Finally, several studies including from our own laboratory, have 

reported that a brief period of ischemia (Gho et al., 1996), or local intra-arterial infusion of adenosine 

(Liem et al., 2002a) and bradykinin (Schoemaker et al., 2000) in remote organs such as small intestine 

and kidneys can protect the myocardium by stimulation of afferent nerves in the remote ischemic 

organ that results in activation of a neurogenic pathway (Gho et al., 1996; Liem et al., 2002a). We 

hypothesized that activation of this neurogenic pathway (which implies that compounds are not 

required to reach the area at risk), might also contribute to the cardioprotection by vanadate 

administered intravenously just prior to reperfusion. 
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 In view of these considerations the present study was designed to investigate (i) whether pre-

treatment with bis(maltolato)-oxovanadium (BMOV) is cardioprotective, (ii) whether BMOV 

treatment after the onset of occlusion, but just prior to reperfusion is still cardioprotective, and (iii) the 

mechanism of protection by BMOV, including the involvement of K+
ATP channel opening and a 

neurogenic pathway. All studies were performed in anesthetized open-chest rats subjected to a 60-min 

coronary artery occlusion. 
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Material and Methods 

 Guidelines for Animal Research. Experiments were performed in ad libitum fed male Wistar 

rats (~300 g) in accordance with the Guide for the Care and Use of Laboratory Animals (NIH 

publication 86-23, revised 1996) and with approval of the Animal Care Committee of the University. 

 Surgical and Experimental Procedures. Pentobarbital-anesthetized (60 mg/kg) rats were 

intubated for positive pressure ventilation (Servo ventilator) with oxygen enriched room air (Liem et 

al., 2001; Liem et al., 2002a). Through the carotid artery a PE-50 catheter was positioned in the 

thoracic aorta for measurement of arterial blood pressure and heart rate. In the inferior caval vein a 

PE-50 catheter was placed for infusion of physiological saline to maintain fluid balance. Following 

thoracotomy, via the left third intercostal space, the pericardium was opened and a silk 6-0 suture was 

looped under the left anterior descending coronary artery for later coronary artery occlusion (CAO). A 

catheter was positioned in the abdominal cavity to allow intraperitoneal administration of 

pentobarbital for maintenance of anesthesia. Rectal temperature was continuously measured and 

maintained at 36.5-37.5o C (Van den Doel et al., 1998). To prevent local heat loss from the thorax, the 

thoracotomy site was covered with aluminium foil. After completion of surgery, a 30-min stabilisation 

period was allowed before experimental protocols were carried out. 

All rats were subjected to a 60-min CAO followed by 180 min of reperfusion. At the end of 

reperfusion the left anterior descending coronary artery was reoccluded and the area at risk 

determined with negative trypan blue staining, after which the heart was excised and infarct size 

determined with negative nitro-blue-tetrazolium staining (Gho et al., 1996; Van den Doel et al., 1998; 

Liem et al., 2001; Liem et al., 2002a). 

Rats that fibrillated were allowed to complete the protocol, provided that conversion to normal 

sinus rhythm occurred spontaneously within 1 min, or that defibrillation by gently thumping on the 

thorax or with a 9V battery was successful within 2 min after onset of fibrillation. Occlusion and 

reperfusion were visually verified (Liem et al., 2001). 

 Effect of BMOV on Infarct Size. To determine whether BMOV had any effect on infarct size 

3 doses of BMOV (3.3 mg/kg, 7.5 mg/kg and 15 mg/kg) or its vehicle (up to 2.5 ml phosphate 

buffered saline (PBS)) were administered over 10 min, starting 20 min before the 60-min CAO. We 
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subsequently investigated whether attenuation of reperfusion injury contributed to the limitation of 

infarct size. Since the former experiments established a dose-dependent limitation of infarct size by 

BMOV, the same doses of BMOV or its vehicle were again administered over 10 min, but now 

starting 10 min prior to reperfusion. 

 Mode of Action of BMOV. To establish whether the limitation of infarct size/reperfusion 

injury by BMOV required an increased state in tyrosine phosphorylation during reperfusion, we 

investigated whether the cardioprotection by BMOV, in a dose of 7.5 mg/kg iv, administered either 

prior to occlusion or prior to reperfusion was affected by the presence of the tyrosine kinase inhibitor 

genistein (Fryer et al., 1999; Tanno et al., 2000). Genistein was administered intravenously in doses of 

either 5 or 10 mg/kg over 5 min, starting 15 min prior to reperfusion. To investigate the involvement 

of K+
ATP channel opening in the protection by BMOV, we determined whether the K+

ATP channel 

blocker glibenclamide affected the cardioprotection by BMOV (7.5 mg/kg) administered prior to 

reperfusion. Glibenclamide was administered in two doses of 3 mg/kg each and infused over a 5 min 

period, the first infusion starting 20 min prior to occlusion (to ensure sufficient incubation time for 

glibenclamide in the area at risk; Schultz et al., 1997) and the second infusion starting at 45 min after 

the onset of occlusion. 

 The involvement of indirect protection of the heart by stimulation of afferent nerves in a remote 

organ and subsequent activation of a neurogenic pathway was investigated by studying the effect of 

intravenous BMOV (7.5 mg/kg, prior to reperfusion) in the presence of the ganglion blocker 

hexamethonium (20 mg/kg iv) administered over 15 min starting 35 min after the onset of occlusion. 

 Materials. BMOV (GHO-1®, GHO-Pharma, Maastricht, The Netherlands) was dissolved in 1 

ml (3.3 and 7.5 mg/kg) or 2.5 ml (15 mg/kg) phosphate buffered saline (PBS, modified Sörensen). 

Genistein (5 and 10 mg/kg, Sigma Chemicals, St. Louis, MO) was dissolved in 0.3 ml of 95% ethanol 

and alkamuls EL-620 (Rhodia, Lyon, France) to which 0.3 ml physiologic saline was added. 

Glibenclamide (6 mg/kg, Sigma Chemicals) was dissolved in 1 ml of deionized H2O at a pH of 10. 

Hexamethonium (20 mg/kg, Sigma Chemicals) was dissolved in 1 ml physiologic saline. Fresh drug 

solutions were prepared on each day. 
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 Data Analysis and Presentation. Infarct size was analysed by one-way analysis of variance 

(ANOVA) followed by Dunnett’s test. The importance of timing of administration of BMOV (pre-

ischemia versus pre-reperfusion) was analysed by using two-way (timing x dose) ANOVA. 

Hemodynamic variables were compared by two-way ANOVA for repeated measures followed by 

paired or unpaired t testing. Statistical significance was accepted when P<0.05. Data are presented as 

mean ± S.E.M. 
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Results 

 Exclusion Criteria. Of the 128 rats that entered the study, 13 rats were excluded because of 

sustained ventricular fibrillation during coronary artery occlusion (no more than 3 rats in one group) 

and 3 rats were excluded because the area at risk comprised less than 10% of the left ventricular mass. 

 Effect of BMOV on Infarct Size. There were no differences (P=0.22) between the areas at risk 

of the various experimental groups (40±1%, n=112). Infarct size, which was 70±2% in vehicle-treated 

rats, was limited in a dose-dependent manner to 41±5% by administration of BMOV prior to the 60-

min CAO (P<0.05; Fig. 1, left panel). When administered just prior to reperfusion, BMOV in the dose 

of 3.3 mg/kg was ineffective, but the doses of 7.5 and 15 mg/kg were equally cardioprotective (both 

P>0.30) as the corresponding doses administered before the 60-min CAO (Fig. 1, right panel). 

 Mode of Action of BMOV. The cardioprotection by BMOV in a dose of 7.5 mg/kg was 

abolished when rats were treated with genistein, independent of whether BMOV was administered 

prior to the 60-min CAO (Fig. 2, left panel) or just before the 180-min reperfusion period (Fig. 2, 

right panel). The inhibition by genistein of the infarct size limitation by BMOV occurred in a dose-

dependent fashion as 5 mg/kg only partly blocked the protection by BMOV administered just prior to 

reperfusion [infarct size 60±4% (n=5; data not shown in Fig. 2); P<0.05 versus both BMOV treated 

(44±3%) and PBS treated (70±2%) rats]. The cardioprotection by BMOV, administered prior to 

reperfusion, was also abolished by glibenclamide but not by hexamethonium (Fig. 3). Genistein (10 

mg/kg; Fig. 2), glibenclamide (Fig. 3) and hexamethonium (Fig. 3) had no effect on infarct per se, 

which is in agreement with previous observations (Fryer et al., 1999; Tanno et al., 2000; Mei et al., 

1996; Gho et al., 1996). 

 Hemodynamic Effects of BMOV. There were no differences in baseline values of heart rate 

(P=0.37) and mean arterial blood pressure (P=0.25) between any of the experimental groups (Table 

1). In the PBS-treated groups, heart rate and mean aortic blood pressure remained virtually unchanged 

throughout the 60-min CAO. During the subsequent 180-min reperfusion period, blood pressure 

slightly decreased and heart rate slightly increased. BMOV, administered either prior to occlusion or 

prior to reperfusion, produced a transient and dose-dependent increase in mean arterial pressure, 

which was accompanied by a decrease in heart rate. Apart from these transient effects the 
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hemodynamic responses to occlusion and reperfusion were not different from those in the vehicle-

treated animals. 

 Pretreatment with 10 mg/kg genistein markedly attenuated the pressor response induced by 7.5 

mg/kg BMOV (14±5 mmHg compared to 31±4 mmHg, P<0.05; Table 1). In contrast, the BMOV-

induced increase in blood pressure was not altered by pretreatment with either glibenclamide (25±9 

mmHg) or hexamethonium (53±12 mmHg). 

 Infarct size limitation by pre-occlusion treatment with BMOV was not related to alterations in 

the product of heart rate and mean arterial blood pressure at the onset of occlusion (Fig. 4, left panel), 

which is in line with previous observations that infarct size is not correlated with oxygen demand at 

the onset of occlusion (Miura et al., 1992; Koning et al., 1994; Gho et al., 1996; Van den Doel et al., 

1998). In addition, the cardioprotection by BMOV administered prior to reperfusion was also not 

correlated with the rate-pressure product at the onset of reperfusion (Fig. 4, right panel). Together, 

these findings indicate that the infarct size limitation by BMOV cannot be explained by a decrease in 

global left ventricular energy demands. 
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Discussion 

 The major findings in the present study in the in vivo rat heart are that (i) pretreatment with 

BMOV limited myocardial infarct size in a dose-dependent manner, (ii) at sufficiently high doses, 

BMOV was equally cardioprotective when administered prior to reperfusion as compared to 

administration prior to coronary artery occlusion, (iii) tyrosine kinase inhibition and K+
ATP channel 

blockade abolished the cardioprotection by BMOV, and (iv) ganglion blockade had no effect on 

BMOV’s cardioprotection. 

 Importance of Dosage and Timing of Administration of BMOV. Previous in vitro studies 

have indicated that vanadate possesses cardioprotective properties (Geraldes et al., 1997; Takeuchi et 

al., 1998). For example, vanadate limited acidosis and lactate accumulation during global ischemia in 

isolated buffer perfused rat hearts, although post-ischemic recovery of left ventricular-developed 

pressure was only minimally improved (Geraldes et al., 1997). The results from this study are difficult 

to interpret, because vanadate was administered in a high dose of 40 µM that produced marked 

cardiodepression at baseline, as reflected in the more than 50% reduction in left ventricular-developed 

pressure (Geraldes et al., 1997). Furthermore, ischemia lasted up to 15 min, which in buffer-perfused 

rodent hearts may already result in significant necrosis (Borgers et al., 1987). Consequently, without 

measurement of infarct size, no distinction can be made between a vanadate-induced attenuation of 

reversible contractile dysfunction (stunning) versus limitation of myocardial infarct size. 

Takeuchi et al (1998) administered vanadate for a period of 3-4 weeks in a dose of 7.5 mg/kg 

per os per day to rabbits with pressure-overload induced left ventricular hypertrophy. When isolated 

hearts were then subjected to a 40 min period of global ischemia, vanadate-treated hearts showed 

reduced lactate release and improved post-ischemic recovery of left ventricular-developed pressure 

compared to vehicle-treated hypertrophied hearts. However, since in these experiments the duration of 

ischemia exceeded 15-20 min, again no distinction can be made between a vanadate-induced 

attenuation of reversible contractile dysfunction (stunning) versus limitation of myocardial infarct size 

(Duncker et al., 1998). 

The present study is the first to demonstrate that BMOV, in a dose-dependent manner, limits 

myocardial infarct size in vivo. At a low dose of 3.3 mg/kg only pre-ischemia treatment was effective 
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in limiting infarct size, suggesting either that the compound exerts principally anti-ischemic actions or 

that tissue concentrations were too low at the onset of reperfusion. Rats lack a significant collateral 

circulation in the coronary vascular bed, so that administration of BMOV may not have reached the 

jeopardized myocardium in sufficient concentrations prior to the onset of reperfusion. However, at 

sufficiently high doses, BMOV was equally effective when administered prior to reperfusion as 

compared to administration prior to coronary artery occlusion. It could be argued that BMOV exerted 

at least part of its protective action by reducing ischemia injury during the last 10 min of the 60-min 

CAO. This is highly unlikely, in view of previous observations in our laboratory in the identical 

experimental model in which a 45-min CAO followed by 180 min of reperfusion already resulted in 

an infarct size of 61±7%, which was not significantly different from the infarct size of 70±2% 

produced by a 60-min CAO (Van den Doel et al., 1998). Consequently, any limitation of ischemia 

damage by BMOV, administered after 50 min of CAO, cannot explain the BMOV-induced limitation 

of infarct size to 43±5%. Taken together these findings suggest that BMOV exerts its effects 

principally during reperfusion, but that sufficiently high concentrations need to be present in the blood 

at the onset of reperfusion. 

 Mechanism of Cardioprotection by BMOV. The cardioprotective effect of vanadate in 

isolated buffer perfused rat hearts has been proposed to be in part mediated by its apparent free radical 

scavenging properties. Thus, vanadate has been reported to inhibit the generation of superoxide 

resulting in a blunting of the superoxide-induced loss of sarcolemmal Ca2+-pump activity and Na+-

dependent Ca2+-uptake in isolated rat hearts (Matsubara et al., 1995). In contrast, under certain 

conditions in vitro, vanadate has been shown to be capable of generating free radicals (Kalyani et al., 

1992). However, this does not account for all its actions, because other investigators failed to observe 

any action of reductants or antioxidants on vanadate-induced expression of actin and c-Ha-ras (Yin et 

al., 1992). Importantly, the role of reactive oxygen species in lethal reperfusion injury in vivo is still 

poorly understood, as studies on efficacy of scavengers of reactive oxygen species against reperfusion 

injury have been highly equivocal (Jeroudi et al., 1994; Black, 2000). 

 In the present in vivo study, the tyrosine kinase-inhibitor genistein dose-dependently attenuated 

the cardioprotection by BMOV even when BMOV was administered before ischemia and genistein 
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was administered after 45 min of ischemia (i.e. just before reperfusion). These findings are consistent 

with the concept that BMOV is dependent on an intact tyrosine kinase activity during reperfusion, and 

also suggest that the tyrosine phosphorylation status is an important determinant of ischemia-

reperfusion damage. An increased phosphorylation of tyrosine residues has been proposed to afford 

protection against ischemia-reperfusion damage via a number of subcellular actions. First, vanadate 

exerts insulin-like effects including enhanced stimulation of glucose transport and oxidation in the 

isolated rat heart, which might be due to its tyrosine phosphatase inhibitory actions (Takeuchi et al., 

1998). Recent clinical trials indicate that a combination of glucose and insulin might increase the 

salvage of cardiomyocytes during early reperfusion (Wang et al., 2002). The mechanism by which 

enhanced glucose utilization produces protection might be related to increased ATP production at the 

site of the sarcolemma (and perhaps the mitochondria) during the first few min of reperfusion (at a 

time when mitochondria have not yet resumed ATP production) thereby maintaining ion homeostasis 

and chaperoning the vulnerable cardiomyocytes into a phase in which the mitochondria resume ATP 

generation (Jeremy et al., 1993). Another mechanism by which an increase in tyrosine 

phosphorylation may exert cardioprotection could involve in opening of K+
ATP channels, which is 

suggested by studies showing that ischemic preconditioning involves activation of tyrosine kinase and 

protein kinase C (Vahlhaus et al., 1998; Fryer et al., 1999), as well as opening of K+
ATP channels 

(Schultz et al., 1997). Although the sequence of involvement is still controversial (Pain et al., 2000), 

studies in the rat heart suggest that kinases are principally involved early in preconditioning and act 

upstream of the K+
ATP channels (Fryer et al., 1999; Fryer et al., 2001; Nozawa et al., 2003). In 

accordance with this concept, we observed that the K+
ATP channel blocker glibenclamide, which had 

no effect on infarct size per se, abolished the cardioprotection by BMOV, suggesting that opening of 

K+
ATP channels is involved in the actions of BMOV. However, one could argue that glibenclamide 

antagonized the effects of BMOV by increasing myocardial susceptibility to ischemia (i.e. in a 

BMOV-independent manner), but that this went undetected in the control infarct group, because 

infarct size reaches a plateau at 60 min of coronary artery occlusion (van den Doel et al., 1998). This 

scenario is, however, highly unlikely in view of a preliminary study from our laboratory in which we 

observed that the reduction in infarct size by ischemic preconditioning with three cycles of 3-min of 
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coronary artery occlusion and interspersed by 5 min of reperfusion from 70±1% (in sham rats) to 

25±4% (P<0.05), was not affected by glibenclamide (infarct size 28±8%; Liem et al., 2002b). Taken 

together, the findings in the present study are consistent with the concept that K+
ATP channel activation 

during early reperfusion contributes to the protection by BMOV.  Since glibenclamide blocks both the 

sarcolemmal and mitochondrial K+
ATP channels (Sargent et al 1997; Gross and Peart 2003), future 

studies are needed to determine the involvement of mitochondrial versus sarcolemmal K+
ATP channels 

in the protection against reperfusion injury by BMOV. 

We have previously shown that a brief episode of intestinal ischemia can elicit remote 

preconditioning of the heart via a neurogenic pathway that induces protection via myocardial 

adenosine release and consequent receptor stimulation in the rat heart (Gho et al., 1996; Liem et al., 

2002a). Because BMOV, when administered intravenously after a total coronary artery occlusion, 

cannot easily reach the jeopardized myocardium before reperfusion has been reinstated (rats lack a 

significant coronary collateral circulation), we hypothesized that activation of a neurogenic pathway 

could have contributed to the protective actions of BMOV. However, in the present study we 

observed that the ganglion blocker hexamethonium had no effect on the cardioprotection by BMOV, 

suggesting that a neurogenic pathway is not involved in the cardioprotection by BMOV . 

 Clinical Relevance. In patients with an impending myocardial infarction, early restoration of 

blood flow to jeopardized ischemic myocardium is compulsory for limiting infarct size. Despite its 

necessity, several investigators (Braunwald and Kloner, 1985; Park and Lucchesi, 1999; Rezkalla and 

Kloner, 2002) have suggested that reperfusion causes irreversible myocardial damage by itself, 

beyond that inflicted by ischemia alone. This “lethal reperfusion injury” implies the death of 

cardiomyocytes (which are still viable at the onset of reperfusion), as a direct result of sequela 

initiated by reperfusion itself, thereby resulting in extension of myocardial infarction. Since in patients 

that encounter a myocardial infarction as the first symptom of ischemic heart disease, 

pharmacotherapy can only be applied after the coronary artery has occluded, there is a need for agents 

that are protective even when given after the onset of ischemia or just before reperfusion. Most 

cardioprotective agents developed to date require administration prior to the onset of ischemia in 
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order to be effective (Black et al., 2000). The present study shows that BMOV, administered in a 

sufficiently high dose, is still highly cardioprotective when administered just prior to reperfusion. 
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Legends 

Figure 1. Effects of BMOV administered prior to ischemia (left panel) or reperfusion (right panel) on 

myocardial infarct size produced by a 60-min CAO.  

  *P<0.05 vs corresponding vehicle (PBS); †P<0.05 BMOV pre-reperfusion vs BMOV pre-CAO. 

 

Figure 2. Effects of the tyrosine-kinase inhibitor genistein (10 mg/kg) iv, administered 15 min prior to 

reperfusion, on the cardioprotection by intravenous administration of 7.5 mg/kg BMOV 

administered either prior to ischemia (left panel) or prior to reperfusion (right panel).  

  *P<0.05 vs corresponding vehicle (PBS); †P<0.05 vs corresponding control BMOV. 

 

Figure 3. Effects of the K+
ATP channel blocker glibenclamide (2 x 3 mg/kg iv) or the ganglion blocker 

hexamemethonium (20 mg/kg iv) on the cardioprotection by 7.5 mg/kg BMOV intravenously 

administered prior to reperfusion. 

  *P<0.05 vs vehicle (PBS); †P<0.05 vs corresponding control BMOV. 

 

Figure 4. Lack of relation between the rate-pressure product at the onset coronary artery occlusion (left 

panel) and the onset of reperfusion (right panel) and myocardial infarct size in rats receiving PBS 

or BMOV prior to occlusion (open symbols) or prior to reperfusion (solid symbols). Data are 

presented as individual data points from animals presented in Figure 1. Circles denote PBS, 

squares denote 3.3 mg/kg BMOV, upward triangles denote 7.5 mg/kg BMOV, while diamonds 

denote 15 mg/kg BMOV, respectively. 
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Table 1   Heart rate and mean arterial blood pressure 

  Pre-Coronary Artery Occlusion (min)  Coronary Artery Occlusion (min)  Reperfusion (min) 

  -25 -10 -1 30 50 60 15 60 120 180 

 

Pre-Ischemia Treatment with BMOV 

          

 PBS pre-CAO (n=14)            

  HR   360±8      357±9     359±8  368±8   368±8   367±8  369±9    379±13   390±11*†    397±9*† 

  MAP    95±3      100±3     98±2   95±3    95±3    96±3   90±4    92±3    86±4     91±4 

            

  BMOV 3.3 pre-CAO (n=7)            

  HR   385±12    297±16*    367±15  380±14  378±17   379±17  382±18  396±15*†  398±12*†    407±9*† 

  MAP    99±3    123±4*    100±3   92±5   94±4    95±3   89±5    93±5   88±6     87±4 

            

 BMOV 7.5 pre-CAO (n=5)               

  HR    347±11    251±15*    310±15  362±7†  359±12†   362±14†  370±14†  370±16†  393±17*†   391±10*† 

  MAP     91±1    134±5*    100±5  101±5  102±3    96±1   93±3   91±4   88±3     80±6† 

            

 BMOV 15 pre-CAO (n=5)           

  HR    340±9     298±11*    334±11  358±9  360±8   346±14  360±8   375±6†  409±13*†   400±17*† 

  MAP     94±3    138±10*    102±10   87±12   84±10†    84±10†   83±7†    85±9†   84±6†    72±11*† 

 

Pre-reperfusion Treatment with BMOV 

          

 PBS pre-REP (n=8)           

  HR    374±15    342±10*    338±9*  344±11*  341±7*   341±7*  349±8*   355±9*  373±13†    383±11† 

  MAP     97±2     99±3     97±3   95±4   96±5   100±5   94±4    92±5    89±7     89±3 

            

 BMOV 3.3 pre-REP (n=8)            

  HR   387±18    368±10    362±9  364±5  364±3   343±10*  371±9   369±7  384±10   405±10† 

  MAP    99±5     95±3     87±4*   82±5*   93±4   105±4†‡   94±6    82±6*   76±5*    79±6* 

            

 BMOV 7.5 pre-REP (n=12)            

  HR    373±7    340±7*    337±8* 345±10*  340±9*   285±8*†‡  338±10*  343±12*  369±10†   371±16† 

  MAP    101±4     97±2     97±2  95±3   96±3   127±4*†‡   96±2   87±4    84±3*    84±4*  
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 BMOV 15 pre-REP (n=9)                

  HR    367±12    338±6*    333±3* 339±5*  339±5   274±5*†‡  314±7*   344±9*   357±6†    379±4† 

  MAP    101±4     97±3     95±2  97±3  102±2   135±5*†‡   96± 3    93±4*    83±2*†     88±4*† 

 

Mode of Action of BMOV 

             

 Genistein (n=4)           

  HR 366±6 368±10 369±13 388±18 388±16 394±13† 395±12† 410±12† 428±16† 441±10† 

  MAP 103±6 115±5 115±4 88±6† 91±5† 85±7† 90±5† 88±8† 88±6† 84±5*† 

            

 BMOV 7.5 + Genistein (n=6)           

  HR    351±16   249±9*   295±10* 330±10  300±13*   355±9†  357±12†   345±9†   332±20    348±15† 

  MAP    108±2   161±3*†   115±5  95±5†   75±8*†   101±5‡   88± 4*†    86±5*†    89±7†     83±9*† 

               

 Genistein + BMOV 7.5 (n=6)           

  HR    375±13   353±14   333±9* 369±12  356±18   330±6  358±26  395±15†  402±15†   387±17† 

  MAP    101±5   100±3   106±2  88±4†   91±8   105±8‡   86±6†   83±2†   94±6     81±5† 

            

 Glibenclamide (n=7)           

  HR 370±11 351±10* 377±18 378±12 365±21 380±16 372±19 366±21 366±25 374±45 

  MAP 103±6 110±8* 111±8 96±7 104±6 106±6† 98±5† 95±6† 91±7† 86±12*† 

            

 Glibenclamide + BMOV 7.5 (n=7)           

  HR    336±13   336±10   341±12 339±10  343±12   273±18*†‡  327±11  371±13  372±13   388±15*† 

  MAP    107±6   122±3*   125±2* 104±4  118±3   143±7*‡  106±6   97±5†   86±8†    94±6† 

            

 Hexamethonium (n=7)           

  HR 338±10 338±4 332±4 340±6 328±7 319±8 339±8 336±7 338±8 337±9 

  MAP 96±4 100±3 92±5 92±4 73±3*† 77±4*† 84±5 86±7 84±8 82±9 

            

 Hexamethonium + BMOV 7.5 (n=7)           

  HR    363±16   365±13   367±13 365±10  334±10†   298±14*†‡  327±9*†  351±13  357±14   378±11 
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  MAP    103±6   101±4   105±3 100±1   71±4*†   124±14*‡   83±3*†   86±3   84±4†    87±3 

HR = heart rate (bpm); MAP = mean arterial blood pressure (mmHg). Genistein was administered in a dose of 10 mg/kg (5 mg/kg not shown in Table 1). 

Data are mean±SEM; *P<0.05 vs -25 min Pre-Coronary Artery Occlusion (Baseline ); †P<0.05 vs -1 min Pre-Coronary Artery Occlusion; ‡P<0.05  60 min vs 50 min Coronary Artery Occlusion. 
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