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Abstract Myocardial infarction is a serious and common disease throughout
the world. A method has been developed to simulate myocardial infarction in
laboratory animals using minimally invasive approaches such as coronary artery
ligation or controlled electrocoagulation.

Comprehensive measures for anesthesiology, microsurgery and resuscitation
were introduced, which led to a significant reduction in postoperative mortality in
animals from 94.6% to 13.6%. Diagnostic data suggest the possibility of creating a
reliable model of myocardial infarction in laboratory animals.

Further improvement and standardization of experimental modeling of
myocardial infarction will make it possible to use this model to search for effective
treatment methods.

Key words: Experimental myocardial infarction, peroxidation, oxidative
stress, free radical oxidation, malondialdehyde

Introduction. Pathology of the cardiovascular system holds a prominent
position among other diseases. The interest in the study of the pathogenesis of these
diseases and the development of biochemical correction methods to eliminate
disruptions remains high [1, 6, 7].

Disruption of metabolic processes, impairment of the body's nonspecific
defense mechanisms, and a decrease in its regenerative capacities contribute to the

processes of free radical oxidation of lipids in the body. Activation of free radicals
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Is accompanied by the formation of highly toxic metabolites, such as
acylhydroperoxides, unsaturated aldehydes, and malondialdehyde (MDA), which
have the properties of powerful mutagens and cytotoxins [2, 8, 9, 10].

Products of free radical lipid oxidation can suppress the activity of glycolytic
and oxidative phosphorylation enzymes, inhibit the synthesis of proteins and nucleic
acids, as well as slow down many membrane-related enzymes, leading to significant
damage to cells and the body as a whole [3, 11, 12].

Aim. To investigate the level of lipid oxidation in the body during myocardial
infarction.

Materials and Methods. Experiments were conducted on male white non-
pedigree rats (n=25) weighing 200 grams. Myocardial infarction was induced by
ligating the left coronary artery. The animals were euthanized by decapitation on the
third day after the onset of myocardial infarction.

After euthanasia, the heart and liver were quickly extracted, weighed, washed
with cold 0.15M KCI solution at 0-4°C, and then homogenates were prepared for
biochemical analysis.

Heart homogenates were obtained by grinding the organ with a scalpel,
followed by cell disruption in a glass homogenizer with a Teflon pestle [4, 13, 14].
Liver homogenates were prepared by pressing the liver through a mesh with 0.5 mm
openings. Liver cells were also disrupted in a glass homogenizer with a Teflon
pestle. For isolation, 0.05M KCI was used, dissolved in 50 mL of Tris-HCI buffer
(pH=7.4). From the liver homogenates, mitochondrial (Mt) and microsomal (Ms)
fractions were isolated [5, 16].

The mitochondrial fraction was obtained by differential centrifugation at 9000g
for 20 minutes. The microsomal fraction of the liver was obtained by subsequent
centrifugation of the supernatant for 60 minutes at 105,000g.

The amount of malondialdehyde (MDA) in the heart homogenates, as well as
in the Ms and Mt fractions of the liver, was determined by the method of Staly I.D.




et al., and the activity of superoxide dismutase (SOD) was measured according to
the method of Mirs and Friedovich, as modified by Brusov et al. [17].

Results. The investigation of oxidative stress levels in heart homogenates from
control animals showed that the concentration of malondialdehyde (MDA) in the
tissue was significantly low (Table 1).

Table 1
Concentration of Malondialdehyde (MDA) in Heart and Liver

Homogenates of Rats

Organ MDA (nmol/mg protein minut) ADP/HDP

SP ADP HDP
Heart 1,65+0,02 3,33+0,11 6,71+£0,17 | 0,49+0,03
Mitochondrial 8,1+0,11 88,3+0,73 64,57.0,39 | 1,36+0,11

fraction of the liver

Microsomal fraction | 1,43+0,06 11,2+0,09 31,4+0,29 | 0,35+0,01

of the liver

In control rats, significant levels of lipid peroxidation (LPO) products were
detected in both the mitochondria and microsomes of the liver, likely due to the
presence of electron transport chains in these organelles and the formation of
reactive oxygen species. In the mitochondria, where the primary oxygen-dependent
metabolism occurs, the most aggressive of all free radicals—superoxide anion (O2-
)—is formed. Therefore, mitochondria exhibit a high level of ascorbate-dependent
lipid oxidation (ADLO) and NADH-dependent lipid oxidation (NDLO) compared
to other organelles. It is suggested that the predominance of ascorbate-dependent
lipid oxidation in mitochondria over NADH-dependent oxidation may be attributed
to the intensity of the alternative non-enzymatic pathway for free radical production.

It should be noted that the oxygen produced as a result of these reactions is
immediately neutralized by the antioxidant defense enzymes—superoxide

dismutase (SOD) and catalase.




The microsomal fraction of the liver is characterized by less intense lipid
oxidation compared to the mitochondrial fraction, which can be explained by the use
of oxygen in biosynthetic processes, where it is integrated into the molecule of the
oxidized substrate under the influence of specific oxygenases.

Thus, when analyzing the level of LPO in heart homogenates, as well as in the
mitochondrial (Mt) and microsomal (Ms) fractions of the liver, it can be concluded
that these tissues exhibit a certain level of free radical lipid oxidation (FRLO), which
is determined by their structural characteristics and functional activity. The slowing
down of the LPO reaction rates is due to the efficient antioxidant defense system.

The study of LPO activation in rats with experimental myocardial infarction
showed a significant increase in its intensity (on the third day after occlusion of the
left coronary artery). The level of MDA in heart tissue homogenates was increased
5 times compared to the control during spontaneous peritonitis. The increase in
MDA concentration from ascorbate-dependent and NADH-dependent LPO was 5.1
and 14.7 times, respectively (Table 2).

Table -2
Concentration of Malondialdehyde (MDA) on the 3rd Day of the
Experiment
Series of MDA (nmol/mg protein minut) ADP/HDP
Experiments SP ADP NDP
Control 1,65+ 0,02 3,33+ 0,11 6,71+0,17 0,49+ 0,03
3 days post 7,42+0,04 20,64+ 0,14 82,53+ 0,02 0,25+ 0,02
myocardial
infarction
(M.1.)

A sharp increase in the activation of lipid peroxidation (LPO) in cardiac tissue

three days after the induction of coronary occlusion myocardial infarction indicates




pronounced processes of membrane disruption in cardiac cells and their possible
death. This is explained by the fact that excessive peroxidation leads to deformation
of the membrane lipoprotein complex, increased permeability to protons and water,

inhibition of membrane "pores," and ultimately to cytolysis and destruction of cells.

Table -3
Conep:xxkanue M/IA B MX-dpakunu neyeHn Ha 3 CYyTKH
IKCIICPUMEHTAJTBbHOI'O I/IH(l)apKTa MHUOKapaa
Series of MDA (nmol/mg protein minut) ADP/HDP
Experiments SP ADP NDP
Control 8,17.0,11 88,3.0,73 64,5*.0,39 1,36".0,11

3 days post 59,9%.1,73 326,71*.3,77 283,8*.7,3 1,53.0,08

myocardial

infarction
(M.1.)

Yposens MJIA Tarxke yBenuumiicsa B MX- u MC-dpakuusix neueHu y Kpbic
MOCJIE MPOBEACHUS 3KCIEPUMEHTANBHOrO HMH(apkTa MUokapaa (mociie 3 CyTok
ombiTa). KommuectBo MJIA B MX-bpakuuu med4eHHM TMNpU  OTCYTCTBUU
OKHCIIUTEIILHOTO CTPECCa MPEBBINIANI0 HOpMaJIbHBIE 3HaUeHUs B 6,1 pasza. M3yuenue
WHIYLIMPYEMBIX CHCTEM OKHCIUTEIBHOIO cTpecca nokasano akrtusanuio A3II B 3,1
paza u H3II B 3,4 pa3za (Tabnuna 3).

MHTEHCUBHOCTh OKHCIUTENBHOTO CTpecca B (PpaklMd MHUKPOCOM IE€YEHU
YCUJIWJIACh 3HAYUTENIbHO cujbHee, yeM B MX-(ppakiuu. OTO OTpa3swioch B
yBenuueHUn KoHueHTpauuu MJIA B nepekucsax naunuioB B 28,2 pasza, ypOBHE
dbepmentatuBHoit H3I1 B 4,6 paza u yposHe aktuBHoctu A3II B 9,5 pasa (Tabnuma
4)

Tabomnura-4




Conep:xxkanue MIA B MC-dpakunu neyeHn Ha 3 CYyTKH

IKCIICPUMEHTAJTBbHOI'O I/IH(l)apKTa MHUOKapaa.

Series of MDA (nmol/mg protein minut) ADP/HDP
Experiments
SP SP SP
Control 1,43".0,06 11,2*.0,09 31,4%.0,29 0,35%.0,01

3 days post 28,8%.1,02 71,68°.3,77 85,26%.1,14 0,35.0,01

myocardial

infarction
(M.1)

In the microsomal (Ms) fraction of the liver, an increase in the ratio of aldehyde
dehydrogenase activity to nonspecific peroxidase activity was observed, with a
factor of 2.05. This likely indicates an increase in non-enzymatic oxidative stress
due to the weakening of antioxidant protection in the microsomes. This rise in
aldehyde dehydrogenase activity was accompanied by a decrease in superoxide
dismutase activity in the Ms fraction of the experimental group rats, which amounted
to 73.1%. In the mitochondrial (Mt) fraction, superoxide dismutase activity
decreased by 31.5%.

Conclusion. The deficiency of antioxidants leads to the breakdown of the
body's compensatory mechanisms. In the early stages of experimental myocardial
infarction (3 days), the intensification of free radical processes in cardiac tissue is
likely due to the massive death of necrobiotically altered cells. The increase in
oxidative stress in the mitochondrial (Mt) and microsomal (Ms) fractions of the liver
was probably associated with the absorption of products from cell destruction.

The analysis of the results of our study serves as a basis for searching for agents
with protective properties against increased oxidative stress. The use of antioxidants
may help reduce the intensity of oxidative stress in the body and restore disrupted

metabolism
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