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This study examined the effects of simvastatin (10 mg/
kg) and VULM 1457 (50 mg/kg), an ACAT inhibitor, in
the heart model of 6 min ischemia followed by 10 min
reperfusion injury in the diabetic-hypercholesterolaemic
(DM-HCH) rats. In the DM-HCH rats, the incidence of
ventricular tachycardia (VT) had a tendency to be increa-
sed, while ventricular fibrillation (VF) occurred in all dis-
eased rats (p < 0.01). Simvastatin and VULM 1457 with
the shown hypolipidemic effect, significantly (p < 0.01)
suppressed a formation of VF (38% and 29%; respecti-
vely).

Cholesterol (CHOL) metabolism disorders are a recog-
nized risk factor of cardiovascular diseases and participate
in a growth of population mortality and morbidity. Two
enzymes, 3-hydroxy-3-methylglutaryl coenzyme A reduc-
tase (HMG-CoA reductase) and acyl-CoA: cholesterol
acyltransferase (ACAT) have been shown to play a critical
role in the altered metabolism of CHOL. HMG-CoA re-
ductase is the rate-limiting enzyme in the biosynthesis of
CHOL and the ACAT enzyme (Endo 1992), which exists
in two different isoforms (ACAT-1 and ACAT-2), is re-
sponsible for esterification of CHOL. In addition, it is in-
volved in the absorption of chylomicrones, secretion of
VLDL and formation of cholesterol-enriched monocytes/
macrophages (Burnett et al. 1999). Both enzymes, HMG-
CoA reductase and ACAT, are thus involved in the pro-
cesses of hypercholesterolaemia and atherosclerosis. The
inhibitors of these enzymes, statins and ACAT inhibitors,
have been used and/or continue to be studied for the ther-
apy of the above-mentioned pathological conditions.
Furthermore, it has been indicated, that statins may also
progressively improve the outcome of cardiovascular dis-
eases, particularly ischaemic heart disease and myocardial
infarction, by both dependent and independent mechan-
isms of their cholesterol-lowering effects (Laws et al.
2004; Sposito and Chapman 2002).
A benefit of statins on the cardiovascular system has been
also shown in experimental studies using a model of myo-
cardial ischaemia-reperfusion injury (MIRI), which allows
to study episodes occurring during ischaemic heart dis-
ease. Statins were able to attenuate a cardiac dysfunction
after MIRI in healthy (Ikeda et al. 2003; Birnbaum et al.

2003; Lefer et al. 1999), diabetic (Lefer et al. 2001) and
hypercholesterolaemic (Scalia et al. 2001) animals. To our
knowledge, no attention has been focused on how these
drugs influence the outcome of MIRI in the hearts of dia-
betic-hypercholesterolaemic animals. Likewise, any influ-
ence of the other hypolipidemics, such as ACAT inhibi-
tors, on a course of MIRI, has not yet been studied.
The objective of our study was to find out any effect of statin
(simvastatin) and the ACAT inhibitor (VULM 1457) on
MIRI-induced arrhythmias in acute (5-day) chemically-in-
duced diabetic-hypercholesterolaemic rats. After an adapta-
tion period and following the induction of pathological con-
ditions, the left coronary-descending arteries of male Wistar
control (C), diabetic-hypercholesterolaemic (DM-HCH),
simvastatin-treated diabetic-hypercholesterolaemic (DM-
HCH þ simvastatin) and VULM 1457-treated diabetic-hy-
percholesterolaemic rats (DM-HCH þ VULM 1457) were
subjected to 6 min ischaemia followed by 10 min reperfusion
(Lepran and Szekeres 1992). The induced heart rhythm dis-
orders were recorded by an electrocardiograph (Seiva, Czech
Republic) and the arrhythmias were analysed according to
guidelines known as The Lambeth Conventions (Walker
et al. 1988).
To induce DM and HCH, a single intraperitoneal dose
(80 mg/kg) of streptozocin and a fat-cholesterol diet (1%
cholesterol and 1% coconut oil; 20 g/day) were used. This
induction of DM and HCH allowed the above-mentioned
pathological conditions to develop for a short time (Jiao
et al. 1988). We limited our study to 5 days. Both simvas-
tatin (10 mg/kg) and VULM 1457 (50 mg/kg), were ad-
ministered to the treated DM-HCH rats in the fat-choles-
terol diet for the same 5 days. To detect the hypolipidemic
efficacy of the drugs, plasma and liver samples were col-
lected after the 10 min reperfusion phase. Plasma GLU,
CHOL and liver total cholesterol (TCHOL) levels were
enzymatically measured using an assay kit (Spinreact,
USA) and the bioanalyzer, ELISA 200 (USA).
The incidence of potentially lethal ventricular arrhythmias,
such as ventricular tachycardia (VT) and ventricular fibril-
lation (VF), was expressed as a percentage, and compared
by the 2�2 chi-square test. The plasma and liver bio-
chemical parameters were statistically analysed using first
a one-way ANOVA and in cases of significance, a two-
tailed unpaired Student’s t-test was applied. A p value of
� 0.05 was considered significant. The protocol of study
was performed in accordance with the Guide for the Care
and Use of Laboratory Animals and the work was ap-
proved by the Ethics Committee of the Faculty.
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Table: Plasma glucose (GLU), cholesterol (CHOL) and liver
total cholesterol (TCHOL) levels in control (C), dia-
betic-hypercholesterolaemic (DM-HCH), simvastatin-
treated diabetic-hypercholesterolaemic (DM-HCH þ
simvastatin) and VULM 1457-treated diabetic-hy-
percholesterolaemic (DM-HCH þ VULM 1457) rats

Group Plasma Liver

GLU (mmol/l) (CHOL mmol/l) (TCHOL mg/g)

C 11.20 � 0.65 1.54 � 0.10 2.62 � 0.17
DM-HCH 18.03 � 2.43y 2.93 � 0.46y 7.41 � 1.03yy

DM-HCH
þ Simvastatin

13.25 � 1.13 2.15 � 0.14 4.82 � 0,3*

DM-HCH
þ VULM 1457

17.58 � 3.20 1.74 � 0.12* 3.88 � 0.20**

The data is expressed as means � SEM for 7–10 measurements.
y p < 0.05; yy p < 0.01 significant difference from the control group
* p < 0.05; ** p < 0.01 significant difference from the non-treated group



In the DM-HCH rats with the significant increased plasma
GLU and CHOL (p < 0.05) and TCHOL levels (p < 0.01),
the incidence of VT had a tendency to be increased as
compared to controls (90% vs. 80%). The most life-threa-
tening ventricular arrhythmia, VF, occurred in all DM-
HCH rats, while only 50% of controls expressed this type
of arrhythmia (p < 0.01). Based on this data, the animals
with acute simultaneously occurring DM and HCH are
more susceptible to MIRI. These results represent an origi-
nal finding. Previous studies examined MIRI-induced vul-
nerability of animals, which had either DM or HCH.
These earlier studies showed a paradoxically protective in-
fluence of DM (Feuvray and Lopaschuk 1997) and a sup-
posed deleterious effect of HCH during MIRI (Ferdinandy
2003).
Simvastatin administered at a dose of 10 mg/kg for 5 days
to the DM-HCH rats significantly (p < 0.05) decreased the
liver TCHOL levels and caused a reduction of incidence
of both life-threatening MIRI-induced ventricular arrhyth-
mias. VT occurred in 75% and VF in 38% (p < 0.01) of
such treated DM-HCH rats. A similar cardioprotection of
simvastatin on MIRI was detected in the studies of Lefer
et al. (2001) and Scalia et al. (2001) who used either dia-
betic or hypercholesterolaemic apo E-deficient mice. The
affect on CHOL levels and/or increase of NO production,
anti-inflammatory effects, reduction of neutrophils adhe-
sion and infiltration may be the main features accounting
for the ameliorated outcome of MIRI (Lefer et al. 2001;
Birnbaum et al. 2003; Lefer et al. 1999; Scalia et al.
2001).
The ACAT inhibitor VULM 1457 (Faberova et al. 2002)
caused significant (p < 0.01) reduction of TCHOL in the
liver of the DM-HCH rats. During MIRI, VULM 1457,
significantly (p < 0.01) decreased the incidence of VF
(29% vs. 100%). Because similar studies with ACAT inhi-
bitors are not available, our results can not be compared
to others. The shown benefits of VULM 1457 might be
mediated by similar effects like those observed with sta-
tins. In the future, it will be necessary to perform molecu-
lar studies to define exactly the cardioprotective efficacy
of VULM 1457 during MIRI.
In conclusion, statins and ACAT inhibitors are able to at-
tenuate the exacerbated outcome of MIRI in the DM-HCH
rats.
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Fig. 1: Incidence of ventricular tachycardia (VT) and ventricular fibrillation
(VF) in control (C), diabetic-hypercholesterolaemic (DM-HCH),
simvastatin-treated diabetic-hypercholesterolaemic (DM-HCH þ sim-
vastatin) and VULM 1457-treated diabetic-hypercholesterolaemic
(DM-HCH þ VULM 1457) rats.
y y p < 0.01 significant difference from the control group
** p < 0.01 significant difference from the untreated DM-HCH group


