Int Cardiovasc Res J.2018;12(1):2-8.icrj.10605

International l
Research Journal
www.ircrj.com

Comparison of the Effects of Hypercholesterolemic Diets in
Biochemical Outcomes of Myocardial Infarction in Rats

Arash Khorrami "%, Alireza Garjani *, Bahador Bagheri *, Nasrin Maleki-Dizaji °, Mojtaba Ziaee > "

! Department of Basic Science, School of Nursing and Midwifery, Maragheh University of Medical Sciences, Maragheh, IR Iran

2 Phytopharmacology Research Center, Maragheh University of Medical Sciences, Maragheh, IR Iran

* Department of Pharmacology, Tabriz University of Medical Sciences, Tabriz, IR Iran

* Cancer Research Center and Department of Pharmacology, Faculty of Medicine, Semnan University of Medical Sciences, Semnan, IR Iran
® Medicinal Plants Research Center, Institute of Medicinal Plants, ACECR, Karaj, IR Iran

¢ Cardiovascular Research Center, Madani Hospital, Tabriz University of Medical Sciences, Tabriz, IR Iran

ARTICLE INFO

ABSTRACT

Article Type:
Research Article

Article History:
Received: 20 Jan 2017
Revised: 17 Dec 2017
Accepted: 23 Dec 2017

Keywords:

Dietary Cholesterol
Myocardial Infarction
Low Density Lipoprotein
Rat

Background: Saturated fatty acids and high sugar consumption along with sedentary
lifestyle increase. The prevalence of atherosclerotic cardiovascular disease.

Objectives: In the present study, dietary high cholesterol and oxidized cholesterol
implications after myocardial infarction induced by Isoproterenol compared with
myocardial infarction subjects with normal diet were studied.

Materials and Methods: 36 animals were allocated randomly in 6 groups; three groups
were fed with standard, high-cholesterol or high-oxidized cholesterol diets for 14
weeks. The other three groups received the same diets as well as ISO to induce acute
MLI. Lipid profile, OXLDL and total antioxidant levels were measured in the serum. The
myocardial CoQl10 content was analyzed using a validated RP-HPLC. The infarct size
was determined using triphenyl tetrazolium chloride staining. Histological changes and
necrosis were evaluated using microscopic analysis.

Results: Malondialdehyde concentration and infarct size in all high fat-fed groups were
increased compared to the control group, especially in the ISO-induced MI groups. The
total antioxidant level was decreased in both ISO-induced MI treated groups. CoQ10
content of the myocardium in control group (4.45 + 0.19 ug/100 mg) was significantly
higher than cholesterol-fed (2.99 + 0.05 pug/100mg, P < 0.001) and oxidized Cholesterol-
fed (1.42 + 0.06 pg/100mg, P = 0.001) groups. This reduction was more intense in the
ISO-induced MI groups compared to the ISO group. High cholesterol and oxidized
cholesterol diets increased the isoproterenol-induced necrosis in the myocardium (P <
0.05, P < 0.01, respectively) compared to the rats taking normal diet.

Conclusions: Overall, we concluded that the expansion of the infarct size and reduction
of the CoQI0 content in the rat’s myocardium occurred as a result of elevated level of
high serum level of OxLDL rather than non-oxidized LDL.

1. Background

hypercholesterolemia has increased detrimental effects such

Coronary artery disease (CAD) and acute myocardial
infarction (AMI) are the leading cause of total global
mortality and morbidity (1). The most important cause of
an increased prevalence of atherosclerotic cardiovascular
disease is overconsumption of saturated fats and sugar,
along with a sedentary lifestyle (2). Diet-induced
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as oxidative stress (3), inhibition of nitric oxide synthesis
(4), LDL conversion to oxidised LDL (OxLDL) leading to
vascular occlusion, and apoptosis on the myocardium (5).

Dietary oxidized cholesterol is absorbed from the gut
and passed into the circulatory system via chylomicron/
chylomicron residues, thus, shifting to endogenously
synthetized LDL and HDL cholesterol (6). Exposure
of LDL particles to reactive oxygen species (ROS) and
reactive nitrogen species (RNS) besides inadequate
antioxidant capacity lead to lipid peroxidation which
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generates a number of relatively toxic endproducts, such
as malondialdehyde (MDA) 4-hydroxy-2- nonenal (HNE),
2-propenal (acrolein), and isoprostanes (7). Coenzyme Q10
(CoQ10) is an efficient endogenous scavenger that is related
to low density lipoproteins and detoxifies the generated free
radicals, such as ROS (8). CoQI10 protects lipids against
peroxidative damage. It scavenges the superoxide anion as
well as peroxides.

2. Objectives
Our study was designed to evaluate the effects of oxidized
cholesterol in the rats with myocardial infarction.

3. Materials and Methods
3.1. Experimental Protocol

In this experimental study, we used ISO-induced MI model
(a reliable non-invasive standardized model of MI) (9) and
a 2% cholesterol-rich diet or 2% oxidized cholesterol-rich
diet for the rats for 14 weeks.

Thirty six male Wistar rats (body weight= 220 - 250 g, 8
weeks of age) were maintained at standard condition. The
experimental diets were administered at 10 weeks of age
for 14 weeks. All these experiments were approved by the
animal care committee at Tabriz University of Medical
Sciences.

Rats were randomly divided into six groups. In three
groups, the animals were fed with standard diet, cholesterol-
rich diet with the following composition: lard oil (15%),
cholesterol (2%), cholic acid (0.25%), rodent chow powder
(62.75%), wheat flour (10%), sucrose (10%) and oxidized
Cholesterol- rich diet which was the same as the second
group’s diet, but cholesterol had been replaced with
oxidized cholesterol. Oxidized cholesterol was prepared
by the method described by IlonaStaprans (10).

Other study groups received Isoproterenol (Sigma Co;
USA) for two consecutive days (100 mg/kg, dissolved in
normal saline; S.c) at an interval of 24 hrs following 14
weeks feeding with three mentioned diets to induce acute
MI. On the third day, serum samples were separated and
stored at —80°C for subsequent analysis. The heart samples
were excised, washed with ice-cold normal saline, frozen
in liquid nitrogen forl0 seconds, and then stored at —80°C
for later measurement of CoQ10 content.

3.2. Serum Biochemical Analysis

Serum samples were analyzed using enzymatic
colorimetric methods for lipid profile, using commercially
available kits (Pars Azmoon Laboratories, Iran). The
assays were performed according to the manufacturer’s
instructions in duplicate. OxLDL level was measured using
the OxLDL ELISA kits purchased from Glory Company.

3.3. Determination of Lipid Peroxidation in Myocardium

Concentration of malondialdehyde (MDA), a
thiobarbiturate reactive substance, was measured as a
marker of oxidative stress in the myocardial homogenates,
using the method prescribed by Satoh (11). The lipid
peroxidation was measured spectrophotometrically and
expressed as nanomoles of MDA per gram of the heart
tissue.
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3.4. Determination of Total Antioxidant Status

Serum total antioxidant status (TAS) was measured by
a commercially available kit from Randox Laboratories
according to the manufacturer’s instructions.

3.5. Measurement of Myocardial Infarct Size

A separate group of rats having the same characteristics as
the other assay members were subjected to the infarct size
measurement according to previously described method
presented by Khalil (12).

3.6. CoQIl0 Measurement in Heart Tissue

To evaluate the CoQ10 content, we sampled the heart
tissues from frozen left ventricles and subjected the
extraction process of CoQ10 which was done according to
our previously described method (13).

3.7. Histopathological Examination

A separate group of rats fed with cholesterol and oxidized
cholesterol-rich diets and treated with isoproterenol was
prepared for the histopathological examination. The cardiac
apex was cleaved and fixed in neutral buffered formalin. The
tissues were embedded in paraffin, sectioned at 5 pm, and
stained with hematoxylin and eosin (H&E) for evaluation of
necrosis. Myocardial necrosis was evaluated in each section
of the heart tissue, using a morphometric point-counting
procedure. Histopathological changes were graded as 1, 2,
3, and 4 for low, moderate, high, and intensive pathological
changes by two pathologists, respectively.

4. Results

4.1. Effects of Dietary Cholesterol and Oxidized
Cholesterol on Lipid Profile, Peroxidation and Total
Antioxidant Status

Table 1 shows a summary of the lipid profile, lipid
peroxidation and total antioxidant status in the serum of
rats following 14 weeks feeding with high cholesterol and
normal diets. The levels of serum LDL, total cholesterol
and triglycerides show a significant increase (2 - 3 folds)
in both groups fed with cholesterol-rich and oxidized
cholesterol-rich diets (with or without MI) compared to
the control group (P < 0.001). Although the increase in
the serum level of HDL in cholesterol-fed rats was not
significant compared to the control animals (P = 0.157),
feeding with oxidized cholesterol significantly increased the
HDL level (P = 0.004). ISO injection had no effect on the
serum level of lipid profile. As shown in Figure 1, the serum
concentrations of oxidized cholesterol were significantly
high in both cholesterol and oxidized cholesterol-fed rats.
However, the increase in oxidized cholesterol fed animals
was much higher than the non-oxidized cholesterol group
(P <0.001).

The obtained data showed that total antioxidant levels
in the oxidized cholesterol (P < 0.001), cholesterol+ISO
(P < 0.001) and oxidized cholesterol+ISO (P < 0.001)
groups were significantly lower than those in the control
group. However, feeding with cholesterol-rich diet and rats
receiving isoproterenol did not decrease the total antioxidant
level in healthy animals (P = 0.130, P = 0.065), (Table I).

To determine the lipid peroxidation, we measured
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Table 1. Lipid Profile, Total Antioxidant Status in the Blood Serum and Malondialdehyde (MDA) Concentration in the Heart
Tissue of Rats Fed with Normal Diet (Control), Cholesterol (Chol) and Oxidized Cholesterol (OxChol)-Rich Diets with or without

Isoproterenol (ISO) Induced Myocardial Infarction

Variable Control Chol 0OxChol 1SO Chol+ISO OxChol+ISO
Total cholesterol (mg/dL) 66.3 +4.5 126.2 £ 7 *** 133.5+ 7 %%+ 68.3+4 120.4 + 8.3 *** 121.5 £ 8 ¥**

LDL (mg/dL) 21.2+1.1 56.8 + 4.3 *** 67.4 + 3,5 %** 19.8 £ 1.5 60.6 + 4 X+ 55.2 + 4 %+
Triglycerides (mg/dL) 583 +4 97.1 £ 5% 101.5 + 6.5 *** 60.5+4 99.1 £ 7.5 108 + 8 ***

HDL (mg/dL) 34+38 46 + 2.5 51.8+2.5% 39.6+3 45.8 +2.7 49.6 +2.6*

Total antioxidant(nmol/L) 1.29 £ 0.08 1.12 + 0.09 0.85 £ 0.06 ** 1.08 £0.08* 0.99 £ 0.08 ** 0.81 +0.04 ** it ,7
MDA (nmol/g tissue) 30.8+ 1.8 43+2.1* 60.8 + 3.9 ** 63.8+25* 66.2+57* 91.4 + 4.6 **%* {17

* P <0.05, ** P <0.01, ¥** P <0.001 as compared with control group; T P <0.05, 1 P <0.01, vs ISO group, # P < 0.05, ## P < 0.01

vs. Chol+ISO group. (n = 6 each group).

Figure 1. The Comparison of the LDL and Oxidized LDL Level in the Serum of Rats
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* P <0.05, *** P <0.001 vs. the control group and # P < 0.05, ### P < 0.001 vs. the chol group.

the Malondialdehyde (MDA) level in the myocardial
homogenates. Compared to the control healthy group,
feeding with both cholesterol and oxidized cholesterol
significantly (P = 0.031 and P < 0.001) increased the lipid
peroxidation in the animals’ hearts. Heart MDA level was
also increased significantly in all groups which received
ISO (MI groups) compared to the control group (P <0.001).
However, in the ISO-induced MI groups, elevation in the
MDA level in the oxidized Cholesterol-fed animals was
significantly (P <0.001) higher than that of Cholesterol-fed
group. (Table 1).

4.2. Effects of Cholesterol and Oxidized Cholesterol on
Infarct Size

Feeding animals with diets containing cholesterol and
oxidized Cholesterol caused a noticeable increase in the
myocardial infarct size following myocardial infarction
induced by ISO. As shown in Figure 2, the mean infarct
size in the heart of rats with ISO-induced MI which were
fed with standard diet was 32.1 £+ 2.9%, while feeding with
diets containing cholesterol and specially oxidized Cholesterol
increased the size of myocardial infarction significantly up
to 40.33 £ 2.27% (P = 0.045) and 52.16 + 3.8% (P = 0.001),
respectively. Furthermore, the infarct size in the oxidized
Cholesterol-fed group was over 25% larger than the cholesterol-
fed group (P = 0.005) among animals with MI. In addition,

4

feeding animals with oxidized cholesterol also caused necrotic
injury in the heart tissue even without inducing MI.

4.3. Effects of Cholesterol and Oxidized Cholesterol on
the Heart CoQ10 Content

There was a significant negative correlation between
cholesterol and oxidized cholesterol serum levels with
CoQI0 content in the heart tissues of both healthy and MI-
induced groups. The total CoQ10 concentration in the heart
tissue in the control group (4.45 £+ 0.19 png/100mg tissue)
was significantly (P = 0.001) higher than the cholesterol-fed
group (2.99 £ 0.051g/100mg tissue) as well as the oxidized
cholesterol-fed group (1.42 £ 0.06ug/100 mg tissue). It was
also revealed that the CoQI10 content in the heart tissue
was decreased significantly (P = 0.001) after MI induction
and supplementary cholesterol, and specially oxidized
cholesterol in animals’ diet increased the susceptibility
of the heart tissue to loss of CoQI10 (2.89 + 0.24 vs. 1.6
+ 0.11 and 0.84 £ 0.07ug/100mg, P = 0.001) (Figure 3).
Additionally, oxidized cholesterol-rich diet significantly
(P = 0.001) decreased the CoQ10 content compared to
cholesterol-rich diet.

4.4. Myocardial CO Q10 Content Correlation with Infarct
Size
A significant correlation was noted between the coQ10

Int Cardiovasc Res J. 2018;12(1)
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Figure 2. Myocardial Infarct Size as a Percentage of the Total Heart Size
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Figure 3. CoQ10 Content in the Rats’ Heart Tissue
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content and infarct size (Figure 4) in the ISO (122 =0.7,P =
0.037) and oxidized cholesterol fed animals (12 = 0.66, P
=0.049). The same correlation was shown between the Co
Q10 content and infarcted size in the cholesterol-fed (12 =
0.59, P =0.072) group.

4.5. Histopathological Examination of the Cardiac Tissues
Figure 5 illustrates regular arrangement of the myocardial
cells with normal pattern in the control group.
Histological examination of cardiac autopsies of the
isoproterenol-treated rats revealed prevalent subendocardial
necrosis and numerous hyperplasia along with intensified
intramuscular edema (Figure 2). It was found that feeding
with cholesterol and specially oxidized cholesterol caused
a moderate hypertrophy in the cardiomyocytes. Feeding
animals with diets containing high amounts of cholesterol
and oxidized cholesterol followed by Isoproterenol treatment
caused aggravation of necrosis from score 2.2 to 3.1 (P <
0.05) and 4 (P < 0.01), respectively, as shown in Figure 6.

5. Discussion
Since the heart is a metabolically active organ and has

Int Cardiovasc Res J. 2018,12(1)

70

niso X Chol+ISO 0 OxChol+ISO

60 ° y=-19515x + 69.568
R = 0663, p=0.049
°
o

50 o
°

X

X
L ¥ =-8.078x + S3.00K¢

y=-6.0824x+ 83781
R = 07031, p=0.037

R? = 0.5966, p=0.072

30 "

Infarct size %

20

Co Q10 content (ug/100 mg wet tissue)
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Figure 5. Photomicrographs of the Sections of the Rat Cardiac Apexes. Heart Tissue of a Rat Treated with Isoproterenol (ISO) Shows
Intensive Cardiomyocyte Necrosis and Increased Edematous Intramuscular Space.

High LDL and oxidized LDL in the serum following myocardial infarction deteriorates the fibrosis and necrosis. A: Control, B:
Cholesterol, C: oxidized cholesterol, D: Isoproterenol, E: Cholesterol+Isoproterenol and F: oxidized cholesterol+Isoproterenol. H

and E (40" magnification)

Figure 6. Grading of Histopathological Changes in the Rats’ Cardiac Apex Tissues
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a large amount of mitochondria because of high energy
consumption, it needs a great amount of energy. Therefore,
in heart failure and in myocardial infarction, when the
heart is highly sensitive to CoQ10 deficiency and energy
reserve decreases, lack of CoQIl0 as observed in the
present study worsens the disease progress. Therefore,

CoQI10 supplementation has the potential for preventing
and treating cardiovascular disorders (14, 15). However,
in Bimbaum et al.’s study the reduction of the infarct
size in the heart of rabbits receiving CoQI10 supplement
failed (16). In contrast, a study by Ferrara demonstrated
that dietary CoQI10 supplements led to the tissue CoQI10

Int Cardiovasc Res J. 2018;12(1)
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content elevation and significant suppression of oxidative
stress (17). The ingestion of lipid oxidation products may
increase the metabolic oxidative stress in vivo. Thus, we
proposed that the OxLDL content amplification, through
oxidized cholesterol enriched diet or oxidation of LDL in
tissues, has a deleterious effect on the myocardium tissue,
resulting in infarction size enlargement. This role has been
performed not only directly because of increasing oxidative
stress, but also through the consumption of CoQ10 and
defect in energy metabolism pathway. Although recent
studies have established that LDL oxidation occurs in
the artery wall to form OxLDL, our findings showed that
dietary oxidized cholesterol can also increase OxLDL
in the serum. Numerous investigations suggest that the
LDL oxidation occurs locally in the tissues such as artery
wall, especially in atherosclerotic plaques or during the
acute phase of myocardial infarction (18, 19). Another
hypothesis is that OxLDL has a dietary origin and oxidized
cholesterol and fatty acids can be absorbed and participate
in the OXxLDL structure (20, 21). Our findings suggest
that hypercholesterolemia, and especially high levels of
OxLDL, can increase the level of lipid peroxidation both
in the normal and infracted hearts. The oxidative stress
induced by ISO was exaggerated in the myocardium
of animals with the high serum level of oxidized LDL.
Three mechanisms are involved in oxidation facilitation by
oxidized cholesterol. First, oxidized cholesterol may have
an inhibitory effect on the enzymes that protect lipoproteins
from oxidation. The second mechanism is the alteration
of lipoproteins structures (oxidized Cholesterol in LDL)
so that fatty acids become more susceptible to oxidation.
The third probable mechanism is related to the increased
antioxidants consumption such as Vitamin E, Vitamin C
and CoQ10 following the use of oxidized cholesterol which
helps the other pro-oxidants to oxidize the fatty acids or
lipoproteins easily (22, 23). Protective effects of these
antioxidants against cardiovascular diseases verify this
hypothesis (24, 25). Accordingly, administration of lipid-
soluble antioxidants also reduces the risk of atherogenesis
in animals and increases the resistance of LDL to oxidation
in vitro (26, 27).

One potential mechanism by which hypercholesterolemia
could induce the cardiac myocyte dysfunction and death
is through the mitochondrial function disruption (28, 29).
Studies on the cardiomyocyte cells have indicated that
oxidized LDL can suppress the mitochondrial respiration
and increase the mitochondrial ROS production (30, 31).
It is known that the CoQ10 consumption is accelerated by
oxidative degradation in the heart, and the increase inCoQ10
biosynthesis is not enough to overcome its consumption by
oxidized cholesterol induced oxidative stress. [SO-induced
MI causes a severe reduction in the CoQ10 content and a
significant increase in the infarction size because of CoQ10
deficiency (32).

5.1. Conclusion

Our findings indicated that in animals fed with oxidized
cholesterol, the MDA level increased due to the increase
in lipid peroxidation. Decreasing the total antioxidant and
CoQI10 content in the heart tissue confirms the oxidative

Int Cardiovasc Res J. 2018;12(1)

stress increase. Compared to non-oxidized LDL, OxLDL
had more deleterious effects on isoproterenol-induced M1
and caused more reductive effects on the myocardial content
of CoQI10. It seems that CoQ10 supplementation would
be useful in prevention and treatment of cardiovascular
diseases.
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