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Pretreatment with simvastatin reduces myocardial
no-reflow by opening mitochondrial KATP channel

J-L Zhao, Y-J Yang, C-J Cui, S-J you and R-L Gao

Department of Cardiology, Cardiovascular Institute and Fu-Wai Heart Hospital, Chinese Academy of Medical Sciences and Peking
Union Medical College, Beijing, China

Background and purpose: Simvastatin, a cholesterol-lowering agent, can protect against endothelial dysfunction. However,
the effects of simvastatin treatment on the restoration of blood flow to ischemic myocardium are not known. This study sought
to assess such effects of simvastatin on an experimental model of myocardial no-reflow and to explore possible mechanisms.
Experimental approach: Coronary ligation area and area of no-reflow were determined by myocardial contrast
echocardiography in vivo and by histology in mini-pigs randomized into 7 study groups: controls, pretreated with simvastatin
for 2 days, treated with 5-hydroxydecanoate (5-HD, the selective mitochondrial KATP channel blocker), treated with
simvastatinþ 5-HD, treated with HMR 1883 (the selective sarcolemmal KATP channel blocker), treated with simvastatinþHMR
1883 and a sham-operated group. The myocardial no-reflow model was induced with 3 h occlusion of the left anterior
descending coronary artery followed by 2 h reperfusion.
Key results: Compared with the control group, simvastatin significantly increased coronary blood flow, decreased the area of
no-reflow assessed echocardiographically and reduced the necrotic area, by histology. There was no significant difference
in these outcomes between simvastatin and simvastatinþHMR 1883 groups. In contrast, 5-HD abolished the effect of
simvastatin.
Conclusions and implications: Simvastatin can reduce the area and myocardial no-reflow after ischaemia and reperfusion.
This beneficial effect is due to its activation of mitochondrial KATP channels.
British Journal of Pharmacology (2006) 149, 243–249. doi:10.1038/sj.bjp.0706862; published online 21 August 2006
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Introduction

The main goal of reperfusion therapy for acute myocardial

infarction (AMI) is to restore both epicardial and micro-

vascular blood flow to the ischaemic myocardium. Primary

percutaneous coronary intervention, the preferred treatment

for AMI, can achieve normal epicardial coronary flow.

Studies have shown, however, that despite complete restora-

tion of epicardial vessel blood flow, myocardial tissue

perfusion evaluated with myocardial contrast echocardio-

graphy (MCE) remains incomplete, known as the slow flow

or ‘no-reflow’ phenomenon (Ito et al., 1996a, b; van’t Hof

et al., 1997). This phenomenon occurs in 37% of patients

with a first anterior AMI after receiving coronary reflow (Ito

et al., 1996a, b). No-reflow has been associated with severe

myocardial injury, progressive left ventricular (LV) remodel-

ling, congestive heart failure and poor prognosis (Wu et al.,

1998; Swinburn et al., 2001; Hombach et al., 2005). There-

fore, reduction in the extent of no-reflow is now accepted as

a target of reperfusion therapy for AMI (Gersh, 1999).

The mechanism responsible for the no-reflow phenomen-

on is uncertain and is likely to be multifactorial. Although it

has been suggested that plugging of capillaries by leukocytes

and platelet aggregates contributes to no-reflow (Engler et al.,

1983; Endoh et al., 1993), these blood cell elements are not

necessary for the development of this phenomenon, because

no-reflow has also been observed in hearts perfused
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with buffer (Humphrey et al., 1980; Manciet et al., 1994). As

shown in animal models of coronary artery occlusion and

reperfusion, localized endothelial swelling and protrusions

are predominantly confined to the capillary bed (Kloner

et al., 1974), indicating that endothelial dysfunction plays

an important role in tissue-level perfusion. Particularly, the

3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reduc-

tase inhibitors (statins) are known to protect against endo-

thelial dysfunction under normocholesterolemic conditions

(Kaesemeyer et al., 1999; Lefer et al., 1999; Wassmann et al.,

2001) and we hypothesized that they may also be effective in

preventing from myocardial no-reflow. Furthermore, myocar-

dial no-reflow has always been associated with microvascular

structural disruption (structural no-reflow), which caused

vascular leakiness. Vascular endothelial (VE)-cadherin, a

specific endothelial junction, is an important determinant of

vascular structural integrity (Dejana, 1996; Corada et al., 1999).

In this study, we therefore used a model of AMI and

reperfusion in mini-pigs, developed in our laboratory to

assess the effects of the HMG-CoA reductase inhibitor,

simvastatin, on myocardial no-reflow and the state of

endothelial junctions. In addition, to investigate whether

any beneficial effect of the statin was partly due to the

activation of adenosine triphosphate-sensitive potassium

(KATP) channels, the effects of a selective mitochondrial KATP

channel blocker 5-hydroxydecanoate (5-HD) and a selective

sarcolemmal KATP channel blocker 1-{5-[2-(5-chloro-o-anis-

amido)ethyl]-2-methoxyphenyl} sulphonyl-3-methylthiourea

(HMR 1883) (Dhein et al., 2000; Sato et al., 2000) were also

assessed in the same animal model.

Methods

Animal preparation

The animals and protocols used in the study were approved

by the Institutional Animal Care and Use Committee. Mini-

pigs (62 in total) of either gender, weighing 30.373.0 kg,

were fasted overnight, sedated with 10 mg kg�1 of azaperone

intramuscularly, anaesthetized with 10 mg kg�1 of thiopental

intravenously and ventilated with a respirator (SV900;

Siemens-Elema, Solna, Sweden). Anaesthesia was maintained

with a continuous infusion of thiopental. A middle thor-

acotomy was performed, and the heart was suspended in

a pericardial cradle. The middle and distal portion of left

anterior descending coronary artery (LAD) was dissected free

from surrounding tissue and was encircled by a suture. The

two ends of the suture were threaded through a length of

plastic tubing, forming a snare, which could be tightened to

occlude the coronary artery. The right femoral artery and

vein were cannulated for haemodynamic monitoring and

contrast agent injection, respectively. An ultrasonic flow

probe was placed proximal to the site of occlusion. The probe

was connected to a flowmeter (Nihon Kohden corporation)

for digital measurement of LAD flow.

Experimental protocol

Sixty-two animals were randomized into seven study groups:

10 controls, nine pretreated with simvastatin, nine treated

with 5-HD (the selective mitochondrial KATP channel block-

er), 10 treated with simvastatinþ5-HD, eight treated with

HMR 1883 (the selective sarcolemmal KATP channel blocker),

eight treated with simvastatinþHMR 1883 and eight

sham-operated. In the simvastatin-pretreated animals,

2 mg kg�1 day�1 of simvastatin (donated by Merck Pharma-

ceutical Company, Beijing, China) was given consecutively

for 2 days before the experiment. This dose was based on

body surface area (Freireich et al., 1966). In the 5-HD- or

HMR 1883-treated animals, 5-HD (5 mg kg�1) or HMR 1883

(3 mg kg�1) was administered intravenously 30 min before

coronary occlusion. In simvastatinþ5-HD or simvasta-

tinþHMR 1883-treated animals, simvastatin was given, as

described above, together with 5-HD (5 mg kg�1) or HMR

1883 (3 mg kg�1) administered 30 min before coronary

occlusion. The above six groups were subjected to 3 h of

coronary occlusion followed by 2 h of reperfusion. In the

sham-operated animals, the LAD was only encircled by a

suture, but not occluded. Data were collected at baseline, at

the end of 3 h of LAD occlusion and at 2 h of reperfusion.

Haemodynamic function

The mini-pigs were used in the opened-chest anaesthetized

state. Fluid-filled multilumen balloon flotation and 7F or 8F

pigtail catheters were inserted percutaneously under fluoro-

scopic guidance through the femoral vein and artery. These

were used to measure cardiac output (CO), left ventricular

systolic pressure (LVSP), left ventricular end-diastolic pres-

sure (LVEDP) and the maximum change rate of LV pressure

rise and fall (7dp dtmax
�1 ). CO was measured with a flow-

directed, thermodilution method with Edward’s CO compu-

ter. Three consecutive readings for CO were used for the final

computation. The variability of thermodilution measure-

ments in our laboratory is 73%. Haemodynamic data

measurements were repeated at baseline, at the end of 3 h

of LAD occlusion and at 2 h of reperfusion. Coronary blood

flow (CBF), which reflects myocardial tissue perfusion

indirectly, was also measured at baseline, immediately after

release of occlusion (3 h) and at 2 h of reperfusion.

MCE evaluation

Echocardiography was performed with an HP 5500 machine

(Philips Ultrasound, Bothell, WA, USA). The transducer

was fixed in position to obtain the same short-axis images

of the left ventricle at the mid-papillary muscle level. A

warm-water bath acted as an acoustic interface between the

heart and the transducer. A bolus of 0.05 ml kg�1 of Sonovue

(Bracco Inc., Geneva, Switzerland) was injected intrave-

nously as a slow bolus during 30 s followed by 5 ml saline

flush. Data were collected at baseline, at the end of 3 h of

LAD occlusion and at 2 h of reperfusion. For each MCE,

end-diastolic images were acquired at a pulsing interval of

four cardiac cycles during contrast medium injection to

allow complete beam replenishment and demarcation

between perfused and non-perfused tissue. The myocardial

ligation area (LA) and the area of no-reflow (ANR) were

identified as the region of non-opacified myocardium by

MCE at 3 h of LAD occlusion and at 2 h of reperfusion,
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respectively. LA, ANR and LV wall area were traced and

measured. LA was expressed as a percentage of the LV wall

area, whereas ANR was expressed as a percentage of the LA.

Histopathological evaluation

After completion of the experimental protocol, ANR was

delineated by intra-atrial injection of 1 ml kg�1 of the

fluorescent dye thioflavin S (Sigma Chemical Co., St Louis,

MO, USA). Then, the LAD was re-occluded, and Evans blue

dye was injected into the left atrium to determine LA. The

animal was then killed and the heart removed. The LV was

cut into 5–6 slices parallel to the atrioventricular groove.

Under a UV light in a dark room, the areas not perfused by

thioflavin S were identified. LA was defined as the region

unstained by Evans blue, whereas ANR was defined as the

non-fluorescent area within the LA. Samples were immedi-

ately taken from the myocardium in the normal, reflow

or no-reflow region of two slices, washed thoroughly with

saline and snap-frozen in liquid nitrogen for measurement

of VE-cadherin. The other slices were incubated in a 1%

solution of triphenyltetrazolium chloride for 15 min at

371C. Regions that failed to demonstrate red staining were

considered to represent the area of necrosis (NA). The out-

lines of the LV wall area, LA, ANR and NA were calculated.

The LA was expressed as a percentage of the LV wall area, and

ANR and NA were expressed as a percentage of the LA.

Measurement of total cholesterol levels in plasma

At the end of the experiment, 3 ml of blood was obtained;

plasma was separated from blood cells by centrifugation and

stored at �801C. Total cholesterol levels were measured by

enzyme assays with an Aeroset System (Abbott Labaratories,

Wiesbaden, Germany).

Western blot analysis for VE-cadherin in myocardial tissue

Myocardial tissue samples were separately suspended in 5 ml

of ice-cold lysis buffer containing (mM) Tris-HCl 20 (pH 7.4),

ethylenediaminetetraacetic acid 1, NaCl 150, dithiothreitol

1, 2-mercaptoethanol 10, freshly added proteinase inhibitors

and homogenized. The particulate material was discarded

after centrifugation at 100 000 g at 41C for 1 h. The clear

supernatant of each tissue sample was collected and frozen at

�701C until use. Protein concentration was determined by

the method of Bradford (1976) using bovine serum albumin

as a standard. Fifty micrograms of total protein solubilized

for 10 min at 1001C was loaded per lane onto a 12% sodium

dodecyl sulphate–polyacrylamide gel electrophoresis gel.

Electrophoresis was performed for 1 h at 150 mA. Proteins

were transferred onto Immobilon-P transfer membrane

(Millipore, Bedford, MA, USA) for 1.5 h at 0.8 mA cm�2 in a

20% methanol containing cathodes buffer. The membrane

was washed three times for 20 min in PBST (0.1% Tween 20,

100 mM Tris-HCl, 150 mM NaCl, pH 7.5), blocked for 1 h in

5% nonfat milk-TTBS and incubated with VE-cadherin goat

polyclonal (Santa Cruz Biotechnology, Santa Cruz, CA, USA),

or mouse monoclonal beta actin (from Transduction Labs,

San Jose, CA, USA). The primary antibody was used in

a 1:1000 dilution in PBST. After washing three times in PBST

for 15 min, the membrane was incubated with a 1:3000

dilution of the appropriate secondary antibody, either a sheep

anti-mouse (Amersham Pharmacia Biotech Inc., Piscataway,

NJ, USA) or rabbit anti-goat IgG (Jackson Immunolabs, West

Grove, PI, USA) for 30 min at room temperature. To measure

protein levels, the Western blots were scanned and digitized

on an optical scanner (EPSON GT-8000, Seiko, Tokyo, Japan).

Quantification of Western blots was performed on a compu-

ter using the Gel-Pro image analysis system. All specific values

of proteins were standardized to the value of b-actin used as

the internal standard to ensure that equal amount of protein

is loaded.

Statistical methods

Data are expressed as mean (s.e.m.). Data from all stages were

compared by repeated measures analysis of variance followed

by the Student–Newman–Keuls test for multiple comparison.

Cholesterol level, LA, ANR and NA were compared among

groups by one-way analysis of variance followed by Student–

Newman–Keuls test for multiple comparisons. A value of

Po0.05 (two-sided) was considered statistically significant.

Results

Six mini-pigs (one receiving simvastatin, one receiving

5-HD, two receiving simvastatinþ5-HD and two controls)

died of ventricular fibrillation during the ischaemia period

and they were excluded. Therefore, eight animals were

evaluated in each group.

Plasma cholesterol

Cholesterol levels did not differ significantly between the

five treatment and control groups (in mg dl�1: control:

7974; simvastatin: 7576; 5-HD: 7775; HMR 1883: 7773;

simvastatinþ5-HD: 7674; and simvastatinþHMR 1883:

7575) (P40.05).

No-reflow and infarct size

In the control group, the coronary LA as assessed by MCE

in vivo was the same as that measured ex vivo by histology

(Figure 1). The ANR was also similar (78.5 and 82.3% by the

two methods, respectively), with the final NA comprising

99% of the LA. None of the five treatments affected the size

of the LA, which was the same as in control (untreated)

hearts. However, as also shown in Figure 1, the ANR was

markedly reduced (about 50%) in animals receiving simvas-

tatin only and in those given simvastatinþHMR 1883. This

effect of simvastatin was abolished by 5-HD, although

neither 5HD nor HMR 1883 given alone changed the size

of the ANR.

CBF

In the control group, CBF was significantly reduced to about

half of the baseline value immediately after release of
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occlusion (3 h) and at 2 h of reperfusion (Figure 2). In the

simvastatin group, CBF was still significantly reduced at

these two time points compared with the baseline, but was

higher than the CBF in the control group. Addition of HMR

1883 to simvastatin treatment did not modify the effect of

simvastatin but addition of 5-HD abolished the effect of

simvastatin on CBF (Figure 2).

Haemodynamic function

Haemodynamic parameters did not differ significantly

among the seven groups at baseline. In the control group,

LVSP, 7dp dtmax
�1 and CO fell, whereas LVEDP increased at the

end of 3 h of LAD occlusion (Po0.01) with 7dp dtmax
�1 falling

further at 2 h of reperfusion. Compared with the values

in the control group, 7dp dtmax
�1
, CO and LVEDP recovered

significantly at 2 h of reperfusion in the simvastatin-

pretreated group. The haemodynamic parameters in the

simvastatin group were not significantly different from those

in the simvastatinþHMR 1883 group. In contrast, 5-HD

abolished the effects of simvastatin on 7dp dtmax
�1 , CO and

LVEDP (Table 1).

VE-cadherin in the myocardium

In control and the five treated groups, VE-cadherin level

in the reflow and no-reflow myocardium was significantly

lower than that in normal myocardium (Po0.01). In the

simvastatin group, VE-cadherin level in the reflow and no-

reflow myocardium was significantly higher than that in the

control group (Po0.01). VE-cadherin level in the simvastatin

group was not significantly different from that in the

simvastatinþHMR 1883 group (P40.05). In contrast, 5-HD

abrogated the effect of simvastatin on VE-cadherin (Figure 3).

Discussion

The HMG-CoA reductase inhibitors (statins) are potent

inhibitors of cholesterol biosynthesis and are widely recom-

mended for treating hypercholesterolemia and for primary

and secondary prevention of cardiovascular diseases. The

statins reduce mortality and morbidity associated with

cardiovascular disease beyond their cholesterol-lowering

effect, especially the incidence of myocardial infarction

and stroke (Scandinavian, 1994; Ridker et al., 1998; Williams

et al., 1998). However, whether this benefit is partly owing to

its effect on tissue-level perfusion is unknown.

The present study showed that the HMG-CoA reductase

inhibitor, simvastatin, decreased the ANR and improved CBF.

Our data established directly that simvastatin exerts a

favourable effect on microvascular perfusion after restora-

tion of flow in epicardial vessels. The proposed mechanism

Figure 1 The variation of ANR (expressed as % LA) and NA (expressed as % LA). *Po0.05, wPo0.01 vs control group. Mean value7s.e.m.;
n¼8. LA, ANR, NA, MCE, 5-HD and SIM represent ligation area, the area of no-reflow, myocardial contrast echocardiography,
5-hydroxydecanoate and simvastatin, respectively. Simvastatin reduced ANR and NA, whereas 5-HD blocked the effect of simvastatin.

Figure 2 Effects of simvastatin on CBF (expressed as ml min�1). *Po0.01 vs baseline; wPo0.05 vs control group. Mean value7s.e.m.; n¼8.
CBF, 5-HD and SIM represent coronary blood flow, 5-hydroxydecanoate and simvastatin, respectively. Simvastatin increased CBF whereas
5-HD abolished the effect of simvastatin.
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of the no-reflow phenomenon is multifactorial. Animal and

post-mortem histologic studies have demonstrated varying

degrees of small-vessel vasospasm, endothelial gap and bleb

formation, neutrophil plugging of capillaries as well as

microvascular compression from myocytes, interstitial oede-

ma and haemorrhage after recanalization (Gavin et al., 1983;

Manciet et al., 1994). Our study provides one possible

mechanism for the beneficial effect of simvastatin on

Table 1 Effect of simvastatin on haemodynamic function

Treatment group HR (beats min�1) LVSP (mm Hg) LVEDP (mm Hg) þ dp dtmax
�1 (mm Hg s�1) �dp dtmax

�1 (mm Hg s�1) CO (l min�1)

Sham operated (n¼8)
Baseline 10074 11575 3.972.0 29007541 26127112 2.6770.12
Ischaemia (3 h) 9874 11473 4.071.2 28837359 25747125 2.5170.11
Reperfusion (2 h) 9772 11676 3.971.8 28917413 25967147 2.6270.16

Control (n¼8)
Baseline 9975 11574 4.071.5 28507547 25387207 2.5870.16
Ischaemia (3 h) 9776 10074a 7.172.0a 24757468b 22757191b 1.2670.19a

Reperfusion (2 h) 9876 10973a,c 6.171.6a 22877551a,c 21127242a,c 1.3470.15a

SIM (n¼8)
Baseline 9976 11677 3.972.6 28897453 25687189 2.4970.17
Ischaemia (3 h) 9875 10175a 6.772.3a 24567436a 21647159a 1.2270.16a

Reperfusion (2 h) 9775 11172b,c 4.371.9a,c,d 26597492b,c,d 23197183b,c,d 1.9470.11a,c,d

5-HD (n¼8)
Baseline 9975 11673 4.171.7 28467237 25997154 2.6670.11
Ischaemia (3 h) 9876 10172a 7.371.3a 24157233b 22357134b 1.2570.12a

Reperfusion (2 h) 9877 11074b 6.471.5a 21777253a,c 20897121 ac 1.5170.10a

HMR 1883 (n¼8)
Baseline 9974 11773 4.271.5 28637176 26027112 2.5670.13
Ischaemia (3 h) 9873 10073a 7.271.4a 24427156b 22517142b 1.2870.11a

Reperfusion (2 h) 9772 11173b,c 6.171.1a 21357199a,c 20497134a,c 1.5770.14a

SIMþ5-HD (n¼8)
Baseline 9875 11674 3.971.7 27967137 25897208 2.5470.17
Ischaemia (3 h) 9774 10172a 6.971.9a 24157106b 22907189b 1.2770.16a

Reperfusion (2 h) 9974 10973b,c 5.9171.1a 21897227a,c 20987111a,c 1.3970.18a

SIMþ HMR 1883 (n¼8)
Baseline 9972 11775 4.071.6 28687134 25757111 2.5170.13
Ischaemia (3 h) 9873 10074a 6.872.1a 24577136a 22427131a 1.2570.16a

Reperfusion (2 h) 9774 11072b,c 4.571.2a,c,d 26917124a,c,d 23997101b,c,d 1.8970.11a,c,d

Abbreviations: CO, cardiac output; HR, heart rate; LVEDP, left ventricular end-diastolic pressure; LVSP, left ventricular systolic pressure; 5-HD, 5-hydroxydecanoate.

Data are expressed as the mean value7s.e.m. HR, LVSP, LVEDP, 7dp dtmax
�1 and CO, represent heart rate, left ventricular systolic pressure, left ventricular end-

diastolic pressure, the maximal change rate of left ventricular pressure rise and fall, and cardiac output, respectively. 5-HD and SIM represent 5-hydroxydecanoate

and simvastatin, respectively.
aPo0.01 vs baseline
bPo0.05
cPo0.05 vs ischaemia 3 h
dPo0.05 vs control.

Figure 3 Effects of ischaemia and treatments on levels of VE-cadherin (expressed as % actin). *Po0.01 vs normal region, wPo0.01 vs reflow
region, zPo0.01 vs control group. Mean value7s.e.m.; n¼8. 5-HD and SIM represent 5-hydroxydecanoate and simvastatin, respectively.
VE-cadherin level in the reflow and no-reflow myocardium was significantly lower than that in normal myocardium. Simvastatin maintained
VE-cadherin level, whereas 5-HD abolished the effect of simvastatin.
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myocardial no-reflow, namely an effect on KATP channels.

These ion channels exist in high density in the sarcolemmal

membrane as well as in the mitochondrial membrane. The

KATP channel is a weakly inward-rectifying Kþ channel that

is inhibited by intracellular ATP and activated by intracel-

lular nucleoside diphosphates. A study has shown that KATP

channel opening may be an important mechanism of

protection against myocardial no-reflow (Gande et al.,

2002). The present study demonstrated that 5-HD (a specific

mitochondrial KATP channel blocker) but not HMR 1883 (a

selective sarcolemmal KATP channel blocker) abolished the

beneficial effect of simvastatin on myocardial no-reflow,

indicating that such effect was achieved via the selective

activation of mitochondrial KATP channels rather than

sarcolemmal KATP channels. As activation of the KATP

channel is a crucial step in mediating ischaemic precondi-

tioning (Bernardo et al., 1999; O’Rourke, 2000), simvastatin

may trigger ischaemic preconditioning.

Myocardial no-reflow has been classified into two different

forms: structural and functional no-reflow (Galiuto, 2004;

Reffemann and Kloner, 2004). In structural no-reflow,

microvessels confined within necrotic myocardium exhibit

irreversible structural disintegration; in functional no-reflow,

patency of anatomically intact microvessels is compromised

because of spasm or microembolization. Our findings

showed that myocardial VE-cadherin level was significantly

decreased in the reflow and no-reflow myocardium com-

pared to that in the non-ischaemic myocardium, reflecting

the fact that microvascular structural integrity was damaged

by ischaemia and reperfusion. The data from the study also

demonstrated that simvastatin can maintain VE-cadherin

level, indicating simvastatin can preserve endothelial junc-

tions and attenuate structural no-reflow.

We found that the NA comprised 99% of the LA in our

model of AMI and reperfusion. Simvastatin decreased the NA

by about 20%, an effect comparable with that of Wolfrum

et al. (2004) and Wayman et al. (2003). The mechanism of

simvastatin in reducing infarct size is not well defined and

may be explained by at least three mechanisms: preventing

myocardial no-reflow, activating the phosphatidylinositide

3-kinase/Akt pathway and modulating nitric oxide synthase

expression. The data from this study also showed that

simvastatin improved ventricular function, which is in

agreement with the reports of Jones et al.(2001, 2002). The

beneficial effect of simvastatin on ventricular function was

due not only to decreased myocardial necrosis but also to

preservation of microvascular integrity and improved

myocardial tissue perfusion during AMI and reperfusion.

This study has several limitations. One of particular

relevance to the clinical importance of our findings is that

our results were observed in a short-term experimental

setting and no long-term data are available. Because we

assessed infarct size after only 2 h of reperfusion, the ultimate

infarct size may be larger. However, as all animals were

evaluated at the same point, the comparison between

treatments is still valid.

A significant body of clinical research and experimental

study within the past decade established important prog-

nostic implications of the occurrence and extent of no-

reflow for recovery of regional myocardial function and

clinical outcome. There is also evidence that HMG-CoA

reductase inhibitors have a favourable impact on clinical

outcome. We believe that the beneficial effects of HMG-CoA

reductase inhibitors on clinical outcome are partly due to the

reduction of myocardial no-reflow. Therefore, patients under

treatment with HMG-CoA reductase inhibitors for indica-

tions such as high cholesterol may also benefit from an

attenuation of myocardial no-reflow and consequently show

an improved outcome after suffering from an AMI.

In conclusion, the present study demonstrated that

pretreatment with simvastatin markedly attenuated myocar-

dial no-reflow, and 5-HD but not HMR 1883 abolished the

effect of simvastatin. These results suggested that this

beneficial effect of simvastatin was in part due to the

activation of mitochondrial KATP channels.
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