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Resume

The article provides a literary review of scientific articles using the resources of PubMed and
Scopus search engines over the past 20 years, based on the following keywords in relation to the
epidemiological situation of myocardial infarction, the features of the clinical course with a lack
of trace elements.
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Violations of the level of minerals in the human body play an extremely important role in the
etiology, pathogenesis and treatment of many diseases. Deficiency of a number of essential
essential trace elements (zinc, iron, copper) leads to a decrease in the body's resistance to adverse
environmental factors, the formation of immunodeficiency states, disruption of the function of
antioxidant defense systems, contribute to an increase in the frequency of; - atherosclerosis,
coronary heart disease. Today, scientific and practical interest in the role of trace elements in the
development of cardiovascular pathology is growing. It has been proved that trace elements such
as zinc, iron, copper, being integral parts of a wide variety of enzyme systems, can have a
significant impact on the course of MI, while the main point of application of their action is
considered to be an active influence on the functioning of pro- and antioxidant systems.

Materials and methods: In the course of the study, the results obtained in domestic and foreign
studies of recent years were studied. In order to analyze aspects of the pathogenesis of mineral
level disorders among the published works, the results of a systematic review and meta-analysis
were mainly studied. The conclusions of this work were formed on the basis of data collection
and systematization. At the same time, the results of dissertation research were also studied.
Special attention was paid to the level of reliability of the published works.

The results of the study. The processes of myocardial conduction and contractility, as well as
changes in ECG parameters, largely depend on the state of the content and distribution of trace
elements [9]. The change in ion exchange constants is considered by many authors to be one of
the important links in the development of the processes of myocardial repair and damage in
coronary heart disease and AMI [2]. Trace elements and enzyme systems containing trace
elements play an important role in the mechanisms of angioprotection and antioxidant protection
[3]. The essential role of the imbalance between prooxidant and antioxidant systems (including
copper-zinc-dependent superoxide dismutase (Cu-Zn-SOD)) is shown in the pathogenesis of
atherosclerotic vascular lesions. Today, special attention is paid to the study of the interaction of
various elements, the importance of studying the imbalance of trace elements in the pathogenesis
of cardiovascular diseases is emphasized [4,5].

Recently, active research has been conducted to study the influence of various environmental
factors on the formation of immunity, among which an important role is assigned to the violation
of homeostasis of trace elements [9, 10]. Among all trace elements, zinc is the most important
for the adequate functioning of the immune system. Its immunotropic effect is diverse and
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multidirectional and concerns all parts of the immunological, as well as non-specific protection
of the body [2].

Zinc belongs to essential trace elements with a wide spectrum of action, participates in all types
of metabolism. In the human body, Zn is a part of complex organic compounds with high
biological activity in influencing growth, development and reproduction, protein and
carbohydrate metabolism, and other processes that are associated with the action of both zinc-
containing enzymes and enzymes activated by Zn. To date, the presence of Zn has been detected
in 200 enzymes, in all 20 nucleotidyltransferases studied, and its discovery in reverse
transcriptases for the first time allowed establishing a close relationship with the processes of
carcinogenesis. More than 70 zinc proteids are known, many of which are metalloenzymes
(DNA and RNA polymerase, thymidine kinase, etc.) that play an important role in the
metabolism of nucleic acids and protein [2]. Zn blocks apoptosis of cells of various origins and
its effect is mainly associated with the blockade of Ca+2-Mg+2 endonuclease activity [4]. The
participation of zinc and copper in the regulation of platelet aggregation mechanisms is noted.

Zinc is a critical element in the proliferation, differentiation, maturation and activation of
lymphocytes involved in humoral and cellular-mediator immunity. The administration of zinc
aspartate significantly increased the concentration of T-lymphocytes in the blood serum of
patients with primary and secondary immunodeficiency [8]. Zinc is associated with a series of
components that form both the morphological structure and the basis of the immune system, as
well as its function - intercellular interaction, thymulin synthesis, regulation of
immunocompetent cells, regulation of the dynamics of cellular repopulation, primarily
lymphocytes of the immune system (synthesis of the main histocompatibility complex),
modulation of the activity of the immune response [8].

The significance of Zn is due to the fact that it is the active center of the cytosolic enzyme
superoxide dismutase, acting as a powerful antioxidant. Zn improves the restoration of
myocardial functions after its artificial stop. In addition, Zn, inhibiting the inactivation of nitric
oxide by lipid peroxidation products, indirectly acts as a vasodilator [2]. It should be noted the
participation of Zn in the mechanisms of hemocoagulation: platelet binding with high-molecular
kininogen (Fitzgerald-Williams-Flozhak factor) occurs with the participation of Zna.

Zinc maintains the stability of cell membranes by limiting the release of histamine and mast
cells. It limits the ability of iron to stimulate free radical reactions and thereby prevents damage
to cell membranes. Zn is necessary for the normal activity of lymphoid tissue, which plays a
huge role in immunogenesis [4,5].

The main cause of zinc deficiency is inadequate intake of zinc from food, which is facilitated by
its initially low content in environmental objects. In addition, at present, due to a significant
increase in the industrial load and environmental pollution with Xxenobiotics, artificial,
anthropogenic deficiency of this vital trace element is becoming increasingly important [2].

A number of scientists have shown that patients in the acute stage of MI have a significant
decrease in Zn content, the degree of decrease depends on the severity of the course of Ml and is
more significant with Q-positive MI with the presence of arterial hypertension (AH). In addition,
according to the authors, hypocyncemia in patients with MI, especially in combination with
hypertension, is an unfavorable sign and requires correction. A statistically significant decrease
in the serum level of Zn in NS and MI was revealed in the first 6 hours after the onset of an
anginal attack, with an increase in its level by the 18th day of treatment. In patients with Q-
forming M1, the degree of decrease in the level of Zn in the blood serum was associated with an
increase in the number of cardiac arrhythmias [1]. The inclusion of zinc-containing preparations
in physiological (biotic) doses in the therapeutic complex contributes to the normalization of
lipid metabolism and increases the effectiveness of treatment of patients with atherosclerosis and
chronic ischemic heart disease [18,23]. Zinc preparations activate the cellular link of immunity,
stabilize the membranes of mast cells, providing an anti-inflammatory immunomodulatory
effect.
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Copper is an essential trace element that is a cofactor of more than 30 different enzymes. A
number of copper-dependent proteins are essential for the normal functioning of the circulatory
system: Cu-Zn-SOD protects cell membranes from damage by active oxygen metabolites, lysyl
oxidase is necessary for the synthesis of collagen and elastin (without which normal structural
organization of the vascular wall is impossible), dopamine hydroxylase participates in the
biosynthesis of catecholamines, cytochrome C plays a key role in the chain of tissue respiration,
hefastatin regulates iron absorption, angiogenin plays an important role in capillarogenesis.

The Cu-containing enzyme ceruloplasmin also plays an important role in antioxidant defense
mechanisms. The liver and its main structural elements, hepatocytes, play a key role in the
metabolism of Si. Cu entering them through the portal vein system initially binds to
metallothionein found in the liver [6,30].

The Cu content in plasma is regulated by neurohumoral mechanisms, and it is not the same in
humans and different animals. In rats, for example, adrenalectomy leads to an increase in the
level of Si in plasma, which persists even 10 months after surgery. Corticosterone and thyroxine
cause a decrease in the content of Si in the blood. Pain irritation, stressful situations and
infectious diseases cause an increase in Cu content, acting on the exchange of this metal partly
through the neurohumoral system [4]. It has been shown that with NS and MI, there is an
increase in the serum level of Si, by the 18th day of treatment, its decrease. The severity of the
imbalance reflects the degree of myocardial damage. Severe cuprodeficiency is observed in
patients with MI in combination with hypertension in the acute stage, similar changes were
observed in groups of experimental animals [28].

Iron is a functionally necessary trace element of metabolism, which plays an important role in
redox processes, erythropoiesis, tissue respiration and a number of biochemical reactions that
determine the vital activity of the organism as a whole [11,20]. Fe is an indispensable component
of hemoglobin and myohemoglobin, is part of more than 100 enzymes that control cholesterol
metabolism, DNA synthesis, the quality of the immune response to viral or bacterial infection,
the energy metabolism of cells, the reaction of free radical formation in body tissues [27,29].
Adequate iron content in the body contributes to the full functioning of factors of nonspecific
protection, cellular and local immunity, plays an important role in the intensification of lipid
peroxidation (POL) processes [4,18]. Transport and deposition is carried out by transferin,
transferin receptor and ferritin. The synthesis of these proteins depends on the metabolic needs of
the body in iron and is regulated at the transcription level. The properties of transferrin are
closely related to the presence of ceruloplasmin, ferroosidase activity [5,16]. In oxidative
reactions involving divalent iron ions, ceruloplasmin turns out to be the main antioxidant of
blood plasma, a kind of "trap" for reactive oxygen species [5,14,15]. The tranferin-ceruloplasmin
complex is an antioxidant system of blood serum. Their action is based on the oxidation of Fe
ions and the binding of Fe+3, as well as the interaction of these proteins with oxygen radicals
[5,17,19].

Tissue hypoxia leads to an increase in endogenous free iron in them and is closely correlated
with the accumulation of POL products. Iron-containing proteins (hemoglobin, ferritin,
transferin, lactoferin) can serve as a source of free iron ions in ischemic tissue. In the absence of
oxygen in the tissues, the recovery potential of the intracellular medium increases, which leads to
the release of iron and activation of POL [7,21].

Thus, hypoxia and subsequent reoxygenation are two stages of the same process, closely related
to the pathology of iron metabolism as the main oxygen carrier. Clinical studies devoted to the
study of serum Fe content in acute coronary syndrome are isolated [23,28,27,30].

With MI, one of the main signs of a violation of the pumping activity of the heart is hypoxia,
which is primarily due to a decrease in the contractility of the damaged myocardium, leading to
stagnation in the lungs, followed by the development of cardiogenic respiratory failure and a
decrease in blood oxygenation [14,17,19]. The development of severe AMI with a Q wave was
accompanied by a decrease in the Fe content in blood plasma, the changes found in dynamics
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persisted after three weeks. In patients with AMI without a Q wave, the initially elevated Fe
level remained the same during the dynamic study [7,22,25]. With multivessel lesions of the
coronary arteries, the lowest indicators of hemoglobin, hematocrit and erythrocytes, and serum
iron were noted [7,16].

According to modern data on the dynamics of heart performance during the hospital period of
MI, a greater contribution to the development of tissue hypoxia is made by the insufficiency of
the hemic component of the oxygen transport system [28, 30]. The significant importance of
anemic syndrome as a risk factor for an unfavorable prognosis in various forms of coronary heart
disease, in particular in ACS and heart failure, has been established [7,29].

Conclusion. The imbalance of mineral composition is important in the development of acute
cardiac disorders, as well as in predicting the occurrence of early complications of AMI,
primarily the development of acute left ventricular failure and cardiogenic shock. Based on the
assessment of the content of essential minerals as markers of inflammatory processes, it is of
great importance and can be used as predictors of predicting the most severe early complications
in patients with acute myocardial infarction.
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