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Summary 
Long-lasting disturbances in lipid and glucose metabolism present 
in metabolic syndrome (MetS) lead to serious cardiovascular 
diseases. The study was aimed to evaluate the effect of natural 
antioxidant vitamin E (VitE, 100 mg/kg/day, p.o.) on basal 
biochemical and physiological parameters characterizing MetS 
and on the changed function of the heart. Furthermore, the 
possible potentiation of VitE effect by synthetic pyridoindole 
antioxidant SMe1EC2 (SMe, 15 mg/kg/day, p.o.) was also tested. 
MetS was induced in hereditary hypertriglyceridemic rats (HTG) 
by the 5 weeks administration of high-fat fructose diet (HFFD: 
1 % cholesterol, 7.5 % pork lard, 10 % fructose). The heart 
function was tested using Langendorff preparation under 
constant pressure. The functional parameters of isolated heart, 
dysrhythmias and evoked fibrillations were evaluated in 
conditions of ischemia-reperfusion. The HFFD increased body 
weight gain and serum levels of total cholesterol, low-density 
lipoproteins and blood glucose. The HFFD significantly increased 
heart flow and force of contraction, compared to standard diet 
(SD). During the reperfusion, the HFFD caused the increase of 
the ventricular premature beats number at the expense of 
decreasing the duration of serious dysrhythmias (ventricular 
tachycardias and fibrillations). The addition of VitE, SMe or their 
combination to the HFFD decreased body weight gain, depressed 
blood pressure, improved particular biochemical parameters. The 
combination of VitE and SMe suppressed the occurrence of 
serious dysrhythmias. Our data indicate that the HFFD-related 
disturbances led to alterations within pathophysiology in 
HTG rats. The results showed that a combination of antioxidants 
might have the potential to amend disorders accompanying 
MetS. 
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Introduction 
 

Modern sedentary lifestyle is linked to 
emergence of atherosclerosis leading to major 
cardiovascular disease [1-3]. Main causes of 
cardiovascular mortality are malign heart dysrhythmias 
and they represent a serious clinical problem [4]. More 
than half of the patients with ischemic heart disease die 
due to ventricular dysrhythmias and ventricular 
tachydysrhythmias, which are the most common and 
most severe forms of heart dysrhythmias [5]. 

Adult male hereditary hypertriglyceridemic 
(HTG) rats represent pre-diabetic animal model with mild 
metabolic disturbances, allowing to study cardiovascular 
and metabolic changes without obesity [6]. This model is 
characterized by hyperinsulinemia, mild hypertension, 
hypertriacylglycerolemia, postprandial hyperglycemia [7] 
and decreased levels of high density lipoproteins [8]. 
Addition of high-fat diet results in further aggravation of 
metabolic state of animals [9]. Long-lasting disturbances 
in lipid and glucose metabolism present in metabolic 
syndrome (MetS) lead to serious cardiovascular diseases. 
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Inflammation and oxidative stress are closely related to 
MetS [10], therefore agents possessing both anti-
inflammatory and anti-oxidative properties should have 
the potential in regulation of MetS. 

The study was aimed to evaluate the effect of 
natural antioxidant vitamin E (VitE) on basal biochemical 
and physiological parameters characterizing MetS and on 
the changed function of the heart. The evaluation was 
focused on the reperfusion-induced dysrhythmias, using 
Langendorff preparation under constant pressure. 
Furthermore, the possible potentiation of VitE effect by 
synthetic pyridoindole antioxidant SMe1EC2 (SMe) was 
also tested. 
 
Methods 
 
Animals 

All experimental procedures involving animals 
were approved by the Ethical Committee of the Institute 
of Experimental Pharmacology and Toxicology, Center 
of Experimental Medicine, Slovak Academy of Sciences 
(IEPT CEM SAS), Animal Health and Animal Welfare 
Division of the State Veterinary and Food Administration 
of the Slovak Republic (the number of the permit 
3853/18-221/3) and they conformed to Directive 
2010/63/EU on protection of animals used for scientific 
purposes. Adult male HTG rats aged 16 weeks (n=50, 
weight 321.1±3.5 g at the onset of the experiment) from 
the Breeding Station of the Institute of Experimental 
Pharmacology and Toxicology (Dobra Voda, Slovakia) 
were used. The rats had free access to water and food and 
were kept on 12 h/12 h light/dark cycle and housed  
5 animals per cage. 
 
Design of the experiment 

Standard rodent diet was produced by the 
certified producer of pellets at the Department of 
Toxicology and Breeding of Laboratory Animals, IEPT 
CEM SAS, Dobra Voda, Slovakia, which is registered 
under the number α SK 100089, code 6147. Composition 
of the SD: wheat, processed animal protein, oat, barley-
corn, extruded lucerne, soybean extracted grit, wheat 
bran, wheat germs, mineral mix, vegetable oil, natrium 
chloride. Added vitamins per 1 kg: E 672 vitamin A – 
20000 IU; E 671 vitamin D3 – 2000 IU; vitamin E – 
70 mg; added amino acids per 1 kg: DL-methionine – 
1.2 g; L-lysine – 0.8 g. Analytical components: 19.10 % 
nitrogen substances; 3.60 % fiber; 5.10 % oil and fat; 
5.85 % ash; 9.10 % humidity. 

Animals were divided into five experimental 
groups (n=10 rats/group) and fed 5 weeks with either 
standard diet (SD) or modified high-fat fructose diet 
(HFFD: 1 % cholesterol, 7.5 % pork lard, 10 % fructose). 
Control HTG rats were fed SD (group labeled SD). 
Another HTG groups were fed either HFFD (HFFD) or 
HFFD with addition of antioxidants, alone or in 
combination (HFFD – VitE; HFFD – SMe; HFFD – 
VitE+SMe). VitE (100 mg/kg/daily) or SMe 
(15 mg/kg/daily) were administered p.o. 

The amount of consumed food was recorded 
each day as the difference between added and rest weight 
of food per cage, and recalculated to the consumed food 
in g/rat/day (mean ± SEM). The rat body weight was 
monitored once a week. 
 
Determination of lipid profile 

After 24-hour starvation of animals, the blood 
was collected from retroorbital plexus at the beginning 
(before starting dietary regime) and at the end of dietary 
experiment (after 5 weeks). ELISA diagnostics kits (Erba 
Lachema, CR) were used to determine the lipid profile 
from the blood serum. We measured levels of total 
cholesterol (Chol), low density lipoprotein (LDL), 
triacylglycerols (TG) and fasting glucose (Glu). The 
absorbances of the resulting colored compound was 
measured spectrophotometrically at 500 nm on 
LabSystems 352 Multiskan MS Microplate Reader 
(ThermoFisher Scientific, U.S.). 
 
Blood pressure measurement  

The systolic blood pressure (BP) of the animals 
was measured on the beginning and at the end of 5 weeks 
dietary experiment by non-invasive tail-cuff 
plethysmografic approach (ADInstruments, PowerLab, 
Australia) [11]. 
 
Functional studies 

The functional parameters of isolated heart, 
dysrhythmias and evoked fibrillations were evaluated 
under the conditions of ischemia-reperfusion. The heart 
function was tested using Langendorff preparation under 
constant pressure [12]; ischemia/reperfusion occurred 
20 min by stop-flow was followed by 25 min of 
reperfusion. Evaluation of coronary flow (F), left 
ventricular pressure (LVP), heart rate (HR), number of 
ventricular premature beats (VPB), time-duration of 
ventricular tachydysrhythmias (VT) and fibrillation (VF) 
were conducted. 
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Statistical evaluation 
The data were statistically evaluated using 

GraphPad Prism 6 Software (La Jolla, USA). Data were 
expressed as means ± SEM. One-way analysis of 
variance (ANOVA) was used to evaluate the difference 
among all experimental groups (using the Bonferroni 
multiple comparison test). 

The level of p<0.05 was considered as statistically 
significant difference. Different experimental groups were 
compared, thus different corresponding symbols were used 
to mark significancy as * vs. SD, as # vs. HFFD and § when 
comparing BP-end vs. BP-basal. 
 
Results and Discussion 
 

Previously, we have already reported that a high 
fat diet (1 % cholesterol, 7.5 % pork lard) with additional 
10 % fructose can serve as proper model to induce 
experimental MetS [8]. In the present, the 5 weeks lasting 

experiment, HTG rats fed with HFFD developed several 
MetS-like features as dyslipidemia, increased fasting 
glucose level and increased number of ventricular 
premature beats (VPB). HTG rats fed with HFFD had 
weight gain significantly increased compared to SD 
(79.10±2.49 g vs. 46.90±2.15 g). Under these 
experimental conditions we tested effects of two 
antioxidants supplemented alone or in their combination. 

Monitored biochemical parameters of lipid 
profile and BP measured in HTG rats are listed in Table 
1. Administration of the HFFD to the rats enhanced signs 
of MetS manifested as increased not only body weight 
gain but also the heart weight. Administration of 
antioxidants did not affect these parameters. The heart 
weight/body weight ratio did not change among the 
groups. The liver weight was increased in HFFD rats 
compared to SD. The treatment did not affect this further 
(data not shown). 

 
 
Table 1. Biochemical parameters of lipid profile (total cholesterol – Chol; low density lipoprotein – LDL; blood glucose – Glu; 
triacylglycerols – TG) and blood pressure (BP) measured in hereditary hypertriglyceridemic (HTG) rats. BP measured at the beginning of 
the experiment (BP-basal) and at the end of 5 weeks dietary intervention (BP-end). 
 

 
Chol 

(mmol/l) 
LDL 

(mmol/l) 
Glu 

(mmol/l) 
TG 

(mmol/l) 
BP-basal 
(mm Hg) 

BP-end 
(mm Hg) 

SD 1.48±0.08 0.52±0.07 7.34±0.25 1.53±0.19 146.34±1.60 151.12±1.65 
HFFD 3.96±0.33*** 2.62±0.38*** 8.30±0.16** 1.84±0.28 142.06±2.28 153.82±1.96§§ 
HFFD+SMe 3.41±0.23*** 2.24±0.25*** 8.00±0.38 1.67±0.16 141.27±2.16 139.48±2.83*,# 
HFFD+VitE 3.31±0.18*** 2.20±0.27***,# 7.68±0.39 1.56±0.14 143.22±1.86 140.68±2.03*,# 
HFFD+SMe+VitE 3.30±0.33*** 2.62±0.40*** 7.66±0.69 1.75±0.19 143.60±1.76 130.96±2.15**,##,§§§ 

 
SD – standard diet; HFFD – high fat fructose diet; vitE – vitamin E; SMe – synthetic pyridoindole antioxidant SMe1EC2; Data are 
expressed as mean values ± SEM. The significant differences marked as * p<0.05; ** p<0.01; *** p<0.001; * vs. SD; # p<0.05; 
## p<0.01; # vs. HFFD; §§ p<0.01; §§§ p<0.001; § BP-end vs. BP-basal. 
 
 

Serum levels of Chol, LDL and Glu were 
increased compared to the SD experimental group. As 
already HTG rats have increased blood pressure, 
HFFD induced only minimal nonsignificant additional 
effect. There were not noted distinct changes within 
systolic BP between HFFD and SD groups, however, the 
administration of the tested antioxidants (VitE, SMe, 
VitE+SMe) led to significant decrease of the BP at the 
end of 5 weeks dietary regime. The effect of the 
antioxidant supplementation on particular biochemical 
parameters on HTG rats was already proven previously 
[8,9]. 

Functional studies on isolated heart showed that 
the HFFD significantly (*p<0.047) increased the 

coronary flow and the force of contraction, compared to 
SD. The evoked fibrillation was not influenced by HFFD 
(data not shown). During the reperfusion, the HFFD 
caused the increase of the VPB number at the expense of 
decreasing the duration of serious dysrhythmias (VT and 
VF; Fig. 1). The supplementation of the HFFD with VitE, 
either alone or in combination with SMe, decreased body 
weight gain, depressed blood pressure, improved 
particular biochemical parameters. The combination of 
VitE and SMe also suppressed the occurrence of serious 
dysrhythmias VT and VF. We aimed to support expected 
positive effect of VitE with the effect of synthetic 
pyridoindole antioxidant SMe1EC2, as the last one was 
effective even in the monotherapy of experimental 
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MetS [13,14]. Novel derivative SMe1EC2 is pharmaco-
logically practicable antioxidant drug that belongs to the 
group of substituted pyridoindoles such are active 
substances and highly effective scavengers of reactive 
oxygen species [15]. Our aforementioned findings are in 
good agreement with previous studies investigating the 
potential of SMe in terms of improved cardiac function 
by elevating the left ventricular developed pressure and 
cardiac contractility [16]. Under similar experimental 
design, on HTG rats fed with HFFD and supplemented by 
SMe, there were observed significantly improved 
coronary flow and decreased sensitivity of hearts to 
electrically induced ventricular fibrillation [17]. Recently, 
there was tested on HTG rats the supplementation of 

combination of hypolipidemic and cardioprotective 
atorvastatin with plant extract silymarin, known for its 
antioxidant and anti-inflammatory actions. This concept 
of combining the administration of synthetic drug 
supported by natural antioxidant, potentiated the 
hypolipidemic effect, reduced ectopic lipid accumulation, 
improved glucose metabolism, and increased antioxidant 
and anti-inflammatory actions [18]. Our results showed 
that combination of VitE and SMe leads to a reduction of 
the number of serious dysrhythmias (VT and VF) and 
moreover, the blood pressure at the end of 5 weeks lasting 
experiment had the lowest value in the group with  
a combination of SMe and VitE. 

 
 

 
 
Fig. 1. Reperfusion dysrhythmias observed after 5 weeks of dietary experiment on hereditary hypertriglyceridemic (HTG) rats.  
SD – standard diet; HFFD – high fat fructose diet; vitE – vitamin E; SMe – synthetic pyridoindole antioxidant SMe1EC2; VPB – the 
number of ventricular premature beats [n]; VT – time-duration of ventricular tachydysrhythmias [s]; VF – time-duration of ventricular 
fibrillations [s]; Black full columns – VPB; Dashed columns – VT+VF; Data are expressed as mean values ± SEM. 
 
Conclusions 
 

Our data indicate that the HFFD-related 
disturbances led to alterations within pathophysiology in 
HTG rats. The results showed that a combination of 
antioxidants might have the potential to amend disorders 
accompanying MetS. In the HTG rats, the HFFD induced 
disturbances resembling MetS leading to the injured heart 
capability to resist reperfusion dysrhythmias. The results 
showed that a combination of antioxidants might have the 

potential to amend these disorders. 
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