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Connection of the publication with planned research 
works.

The article is presented as part of the planned re-
search work of the Department of Pharmacology on "Ex-
perimental Substantiation of Combined Use of Cardiotro-
pic Drugs" (Registration No. 0111U009417).

Introduction.
In addition to vitamins and hormones, micro – and 

macroelements are necessary for the functioning of the 

body and normal functioning of organs and systems. In 
previous publications, the pharmacological properties of 
zinc, iron, selenium, amino acids were revealed, and their 
role in the functioning of the body and the development 
of new drugs was determined.

At the same time, significant attention is currently 
focused on the role of magnesium, which is a key micro-
element in the body and is second only to potassium in 
terms of content. Magnesium, the twelfth element of the 

The article discusses the role of magnesium in the body, which is one of the main intracellular elements that plays 
a leading role in the activity of vital organs, participates in many cellular functions including signal transmission, 
energy production, protein metabolism, and acts as a molecular stabilizer for RNA and DNA ribosomes. Hypomag-
nesemia leads to disturbances in the cardiovascular, nervous, immune, and digestive systems. Based on magnesium, 
mono (magnesium sulfate, magnesium citrate, etc.) and complex preparations (MagneВ6, Maalox, ATP forte, etc.) 
have been created and are being created. Imbalances in magnesium content are associated with the development of 
cardiovascular diseases such as arterial hypertension, arrhythmias, heart failure, as well as the occurrence of neuro-
degenerative diseases of the CNS (parkinsonism, Alzheimer's disease, dementia), as magnesium is involved not only 
in nucleic acid metabolism but also in signal transmission in the CNS. Therefore, monitoring magnesium levels in the 
cardiovascular, nervous, and other systems may be a target for the influence of magnesium preparations. In indi-
viduals with digestive tract diseases, changes in magnesium content have also been identified in the cardiovascular 
system and CNS. Changes in magnesium content are associated with the occurrence of cardiovascular and digestive 
tract diseases in children, as well as the course of pregnancy in women. This indicates the need for further research 
into the properties of this trace element in normal and pathological conditions, as well as the search for new meth-
odological approaches to determining its functional impact on the human body.
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will be carried out towards forming a conceptual approach to developing effective standardized protocols for pro-
viding rehabilitation assistance at different stages and periods of rehabilitation to those in need, including military 
personnel, taking into account modern international standards and strategies for providing rehabilitation assistance.
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periodic table, was first obtained in 1809 by English scien-
tist Humphry Davy through electrolysis and was named 
“magnesium” from the French word “magnifique,” which 
means “magnificent.” This element justifies this name, 
as evidenced by its involvement in improving endothelial 
function and its role in the metabolism of vital organs [1-
2]. The total content of magnesium in the body of an av-
erage adult human is about 1000 mmol or 24 grams. Cells 
contain about 40-50% of the total magnesium content, 
while the rest is found in muscles. 96% of magnesium is 
intracellular. This element has become known not only 
due to the introduction of magnesium-containing drugs 
into medical practice, but also due to their wide applica-
tion in various industries and agriculture [3]. The litera-
ture data presented in the review determine whether the 
pathogen exhibits consequences of diseases associated 
with changes in magnesium content in the body [4-5].

The aim of the study.
To analyze the physicochemical, biochemical, phar-

macological, clinical properties of magnesium and its 
preparations, and the spectrum of their application in 
clinical practice.

Object and methods of research. 
The research was conducted based on a literature re-

view, including PubMed, Google Scholar, Scopus, on the 
topic of the study.

Results of the research and their discussion. 
Magnesium is considered as biometal, along with po-

tassium, calcium, zinc, cobalt, manganese, molybdenum, 
iron, and copper. Although the content of biometals in 
the body is small, they determine the coordination of 
processes of excitation, contraction, relaxation of mus-
cles, transmission of impulses in the nervous and cardio-
vascular systems, and functioning of other vital systems 
[6]. Magnesium ions play an important role in the regula-
tion of almost all organs and systems. Magnesium acts 
as a structural component of cells, serving as a trigger, 
allosteric effector, or modulator of a wide range of energy 
and plastic reactions.

Comparison with calcium, magnesium ions are more 
hydrated and have a pronounced ability to form coordi-
nation bonds with biomembrane elements, forming co-
ordination ligands. As the concentration of magnesium 
increases, its ability to form complexes decreases, while 
for calcium, it increases. Inorganic salts and hydroxides 
of magnesium are well or moderately soluble in water 
and are strong electrolytes. Even though the four ele-
ments  – potassium, calcium, sodium, and magnesium 
– play an important role in the body, magnesium ranks 
second in terms of content in organs and systems after 
potassium [7]. Magnesium not only competes with cal-
cium, but also prevents the influx of sodium into cells. 
This may be related to the unidirectional effect of magne-
sium and potassium on the activity of Na+-K+-ATPase, as 
well as the magnesium-sodium antiporter. For example, 
the introduction of magnesium prevents cardiomyocytes 
from losing potassium and calcium, and from the influx of 
sodium. Magnesium participates in energy metabolism, 
specifically in the metabolism of adenosine nucleotides, 
the conversion of ADP to ATP with the participation of in-
organic phosphorus, and the breakdown of ATP to ADP 
through complex formation with both adenosine nucleo-
tides.

Magnesium promotes the conversion of adenosine 
monophosphate into cyclic adenosine monophosphate 

by influencing adenylate cyclase. Approximately five 
hundred proteins are associated with magnesium ions 
through the carboxyl group, and magnesium serves as 
a cofactor in about 350 enzymes. Magnesium interacts 
with membrane-polarizing groups. It also forms complex-
es with glucose, with the stability of magnesium-glucose 
complexes being greater than that of calcium, which is 
attributed to electrostatic interactions. For coordination 
compounds, the entropy contribution is higher for mag-
nesium-glucose complexes, while the enthalpy contribu-
tion is higher for calcium-glucose complexes. Magnesium 
complexes with glucosamine are more stable than calci-
um-glucosamine complexes. Magnesium participates in 
glycolysis, oxidative phosphorylation, and is required for 
the synthesis of RNA and DNA, as well as for the function-
ing of mitochondria. Magnesium enzymes are involved 
in protein synthesis, muscle contraction, nervous system 
function, glycemic control, ionic fluxes, especially calcium 
channels [8].

After magnesium intake through water and food, a 
person weighing 70 kg contains 25-28 grams of magne-
sium in various tissues: 50-53% in bones, 27-28% in mus-
cles, 19-20% in other soft tissues, 0.5% in erythrocytes, 
and 0.3-0.4% in blood plasma. Like calcium, magnesium 
participates in enterosorption in the gastrointestinal 
tract, renal reabsorption and secretion, and exchange 
processes in various organs, forming magnesium depots 
(e.g., in bones) [9]. This contributes to maintaining a 
beneficial level of calcium in bones and supporting the 
crystalline lattice of tooth enamel [10]. Hypermagnese-
mia, a condition where the total serum magnesium level 
exceeds 1.2-1.3 mmol/L, is a less common phenomenon. 
It can occur in chronic kidney diseases, acute renal failure, 
excessive magnesium therapy, epilepsy, eclampsia, and 
prolonged stress. Adrenergic stimulation of lipolysis can 
increase magnesium deficiency by forming complexes of 
magnesium with fatty acids. Thromboxanes and endothe-
lins, which are formed because of fatty acid metabolism, 
contribute to this condition.

Physical and emotional stresses increase the need 
for magnesium. Magnesium plays a significant role in 
the functioning of neurotransmitter systems. It acts as 
an agonist of glutamate receptors and participates in the 
activation of ATP-dependent potassium channels, block-
ing the influx of calcium through voltage-gated calcium 
channels. Magnesium is an agonist of GABA-A receptors 
and an antagonist of angiotensin II receptors, activat-
ing neurotransmission associated with protein kinase C 
function [11]. The use of lithium medications may lead to 
hypermagnesemia, where the level of magnesium in the 
blood increases parallel to the concentration of calcium.

Hypomagnesemia is more commonly encountered in 
clinical practice. Hypomagnesemia is observed in severe 
conditions of patients, including critical illnesses and cer-
tain diseases of vital systems and organs. This primarily 
applies to stress situations accompanied by increased lev-
els of catecholamines and glucose. In this case, there is an 
increase in magnesium excretion in urine. Stress, elevat-
ed catecholamine levels, increase the frequency of car-
diovascular events, including arterial hypertension. Hypo-
magnesemia is observed in cases of inadequate intake of 
magnesium from food, exposure to pesticides in the gas-
trointestinal tract, decreased vitamin D levels, consump-
tion of hard water, and alcohol. Hypomagnesemia may 
be caused by medications such as H1 and H2 histamine 
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receptor blockers, beta 1 and alpha-adrenergic agonists, 
sodium bicarbonate, antibiotics, antituberculosis and an-
tiviral drugs, methylxanthines, antiarrhythmic drugs, ACE 
inhibitors, cardiac glycosides, diuretics, CNS stimulants, 
glucocorticoids, immunosuppressants, progestins, estro-
gens, and proton channel blockers, androgens [12-14].

Magnesium is involved in cell proliferation processes, 
depending on the state of the nervous system and ho-
meostasis. The magnesium content significantly decreas-
es in severe diseases such as carcinogenesis and diabetes 
mellitus [2]. Studies on endothelial cells have shown that 
magnesium transports the TRPM7 potential receptor 
[15]. Magnesium content changes proportionally with 
changes in cognitive function [16]. The magnesium con-
tent in cerebrospinal fluid correlates with the magnesium 
content in erythrocytes, and the magnesium content in 
the pituitary gland determines the ability to memorize, 
which is somehow related to DNA structure. Studies fo-
cusing on determining magnesium levels in cells and in-
tercellular fluid have established its direct influence on 
human health [17]. Magnesium deficiency is often associ-
ated with deficiencies in potassium, copper, zinc, and less 
commonly chromium, cobalt, or nickel in blood serum. It 
is known that a decrease in magnesium levels is accom-
panied by an increase in calcium concentration, which 
is observed in type 2 diabetes. It is important to note 
that magnesium deficiency contributes to potassium 
exchange disorders, which play a role in cardiovascular 
pathology. Decreased magnesium content may be asso-
ciated with increased excitability of the nervous system, 
and in cardiomyocytes, it may lead to tachycardia and ec-
topic arrhythmia. Decreased magnesium concentration 
in smooth muscle cells leads to increased blood pressure 
and headaches, as well as cramps, abdominal pain, bron-
chospasm, and uterine hypertonicity [18]. Long-term 
magnesium deficiency can lead to the development of 
cardiovascular and cerebral pathological conditions, such 
as heart attack, stroke, and atherosclerosis. Magnesium 
deficiency not only contributes to the onset of these dis-
eases, but also to their severe course. Currently, there are 
many magnesium preparations available in various doses 
and different pharmaceutical forms, including inorganic 
salts such as sulfate, chloride, hydroxide, oxide, and salts 
of organic acids. Inorganic magnesium salts have low 
bioavailability, which is why magnesium sulfate is pre-
scribed as a laxative and detoxification agent. Organic 
magnesium salts have significantly higher bioavailability, 
making them more relevant for use, such as magnesium 
citrate, lactate, orotate, pyroglutamate, and others. Or-
ganic magnesium salts are better absorbed, better toler-
ated, and less likely to cause side effects. Treatment with 
magnesium will be more effective when combined with 
magnesium fixatives such as vitamins B1 and B6, glycine, 
orotic acid, and others. Different magnesium salts have 
their own indications, for example, magnesium citrate is 
used in nephrolithiasis, and magnesium hydroxide is used 
as an antacid.

Vitamin B6 is the main regulator of magnesium in the 
human body, as both magnesium and B6 are important 
for the prevention of endothelial dysfunction in arterial 
hypertension, carbohydrate and lipid metabolism, and 
mitochondrial function. There is a correlation between 
the development of ischemic heart disease and these 
micronutrients. Therefore, Magnesium-B6, a preparation 
consisting of magnesium citrate and pyridoxine, is used 

to replenish magnesium stores [19]. Asparks (Panangin), 
which contains potassium and magnesium aspartates, 
also has high bioavailability. Aspartate anions are ab-
sorbed by the body and enter metabolic pathways (amino 
acid metabolism, urea cycle, Krebs cycle) without burden-
ing the excretory systems, and intensify the detoxification 
of nitrogen metabolism products in the kidneys. This is 
important for the prevention of arterial hypertension, as 
increased levels of uric acid and decreased magnesium 
levels can trigger arterial hypertension. Therefore, mag-
nesium and potassium ions are necessary for reducing 
and normalizing systolic and diastolic blood pressure in 
hypertension. Systematic depletion of magnesium stores 
contributes to the development of chronic endothelial in-
flammation, increased risk of cardiovascular and cerebro-
vascular diseases, and may also lead to insulin resistance, 
intolerance, and diabetes [19-23].

In this pathology, magnesium deficiency is associated 
with intensified free radical reactions, oxidative stress, 
and inflammation. Magnesium preparations are effec-
tive in blocking IL-1β, one of the main inflammatory fac-
tors. These preparations also have anti-inflammatory ef-
fects by suppressing the membrane cytoplasmic P2X7R 
receptor [24]. Increasing magnesium concentration in 
body fluids protects against oxidative stress and changes 
in immune competent cells [25]. In heart failure, plasma 
magnesium concentration is inversely correlated with 
the level of C-reactive protein and tumor necrosis factor 
(TNFɑ). Decreased plasma magnesium levels are associ-
ated with increased levels of monocyte chemoattractant 
protein-1 (MCP-1) and interleukins, such as IL-1, IL-6, 
TNFɑ, IL-8, MCP-1, in the blood.

In heart failure, several interconnected metabolic 
changes occur:

1. Induction of oxidative stress, as significant amounts 
of magnesium are consumed during stress [26].

2. Activation of the renin-angiotensin-aldosterone 
system.

3. Weakening of calcium channel inhibition.
4. Activation of phagocytosis.
5. Diminished antagonism of magnesium towards 

NMDA receptors, resulting in excitotoxicity and hyperpro-
duction of pro-inflammatory substance P.

6. Activation of NF-kB-mediated signaling and in-
creased transcription of cytokines and pro-inflammatory 
genes.

7. Reduction in the levels of anti-inflammatory media-
tors such as NO, lipoxins, resolvins, and protectins.

Low magnesium levels increase the oxidative activity 
of neutrophils, while high magnesium levels significantly 
reduce the production of free radicals in rats and poly-
morphonuclear cells in humans [27].

Loss of magnesium content in the myocardium has 
been observed in myocardial infarction and acute heart 
failure in the area of necrosis formation. It has been 
noted that magnesium prevents the occurrence of ar-
rhythmias, whereas magnesium deficiency can lead to 
fatal arrhythmias. Magnesium can strengthen the poten-
tial of ventricular myocardium, as low magnesium levels 
in cardiomyocytes lead to membrane destabilization, 
while high magnesium levels stabilize the membranes. 
Therefore, there is accumulating evidence that magne-
sium preparations can prevent arrhythmias. They are 
effective in various types of tachyarrhythmias, including 
those caused by digoxin, multifocal atrial tachycardia in-
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duced by neuroleptics, as well as those observed before 
surgery, in emergency treatment of arrhythmias caused 
by antiarrhythmic drugs, and in the postoperative period.

Magnesium also has anti-ischemic effects. In patients 
with variant angina, a decrease in magnesium levels cor-
relating with the development of vasospasm has been 
observed. A decrease in magnesium levels has also been 
documented in the diagnosis of chest pain and ST seg-
ment deviations during coronary spasm. There are stud-
ies that demonstrate the effectiveness of magnesium 
preparations in patients with myocardial infarction and 
ST segment elevation [28].

One of the well-known effects of magnesium is its 
ability to lower blood pressure. The mechanism of this ef-
fect is explained by its natural blockade of calcium chan-
nels. Magnesium also competes with sodium for binding 
sites on smooth muscle cells of blood vessels. Additional-
ly, it increases the production of prostaglandin E through 
its one-way influence on potassium, leading to endothe-
lium-dependent vasodilation and correction of endothe-
lial dysfunction in patients with arterial hypertension and 
diabetes, thereby reducing calcium and sodium levels. 
Magnesium is also an important factor in the enzyme 
delta-6-desaturase, which limits the rate of conversion of 
linolenic acid to gamma-linolenic acid. Gamma-linolenic 
acid, in turn, elongates to dihomo-gamma-linolenic acid, 
which is a precursor of prostaglandin E1 (PGE1) that has 
vasodilatory effects and inhibits platelet aggregation [29-
30].

Magnesium preparations are effective as antiarrhyth-
mic agents. Magnesium orotate, like other magnesium 
preparations, has an antiarrhythmic effect, as well as 
membrane-stabilizing properties. Magnesium partici-
pates in the depolarization of cardiomyocytes and main-
tains electrolyte balance. The early magnesium prepa-
rations (sulfate, oxide) had an absorption rate of about 
5%, but with the introduction of lactate and citrate, ab-
sorption increased to 50%. Organic acid salts (aspartate, 
orotate, glycine) were well absorbed without a laxative 
effect. Magnesium orotate prevented and alleviated ven-
tricular arrhythmia in experiments on rats [31-32]. The 
preparation modulated the duration of action potential 
and reduced myocardial excitability, increased PR and 
QRS intervals, prolonged the refractory period of atria 
and ventricles, thus reducing arrhythmogenic effects. 
This effect was mediated through the influence on T and 
L calcium channels, as well as Na+-K+-ATPase, which pre-
vented excessive potassium expression.

A deficiency of magnesium leads to decreased plate-
let aggregation. Additionally, a decrease in magnesium 
content worsens the outcome of hypokalemia, as magne-
sium deficiency disrupts the function of Na+-K+-ATPase, 
leading to reduced uptake of potassium by cells and de-
creased potassium content. The use of beta 1-adrenergic 
blockers, as well as disturbances in magnesium intake or 
expression, may contribute to the development of hypo-
magnesemia. Magnesium deficiency can also result in 
cardiomyopathy. In patients with cardiomyopathy, both 
in animals and humans, magnesium deficiency has been 
observed, accompanied by a dose-dependent reduction 
in the size of the lesion. Studies have shown that magne-
sium not only reduces the risk of developing cardiomy-
opathy and endocardial fibrosis, but also maintains ATP 
levels in the body. In addition, inadequate magnesium 

content is associated with mitochondrial dysfunction 
[33].

Deficiency of magnesium has been shown to play a 
role in the survival of patients with cardiomyopathy and 
heart failure [32]. It has also been shown that patients 
with mitral valve prolapse have magnesium deficiency, 
which is associated with reduced magnesium content in 
lymphocytes, leading to induction of fibrosis and deple-
tion of glycogen stores.

Magnesium is a natural anti-stress factor that inhib-
its the development of excitatory processes in the cen-
tral nervous system (CNS) and reduces the sensitivity 
of the body to external influences. While calcium and 
glutamate are excitatory substances and can be toxic 
in excess, magnesium protects NMDA receptors from 
toxin action and ensures activation of the neuroprotec-
tive agent glycine [34]. The recommended daily intake of 
magnesium is 400 mg for men and 500 mg for women. 
Magnesium deficiency is more common in women, and 
the need for magnesium increases during pregnancy and 
lactation. Special attention should be paid to magnesium 
supplementation in pregnant women, as this mineral 
is essential for stabilizing the processes of mitosis and 
meiosis, which contribute to the formation of a healthy 
embryo. Magnesium is found in significant amounts in 
the heart, brain, muscles, but its highest concentration 
is in the placenta [33]. Therefore, magnesium deficiency 
in pregnant women results in placental pathology, inhi-
bition of physiological apoptosis leading to embryonic 
developmental defects, alkaline phosphatase activity al-
teration in the placenta negatively affecting phosphate 
metabolism and transport of class G globulins. In addi-
tion, pregnant women with magnesium deficiency may 
experience seizures, more commonly in calf muscles, 
arrhythmias, and increased excitability. Moreover, it has 
been observed that magnesium deficiency in pregnancy 
leads to an increase in the level of cascade apoptosis [34]. 
At the same time, mice that received magnesium acetyl 
taurate at all doses showed an increase in magnesium 
levels in brain tissue and skeletal muscles. Moreover, 
the increase in magnesium levels was more pronounced 
after a single administration of the preparation com-
pared to twice-daily administration. The mechanisms of 
magnesium transport were found to be dependent on 
electrochemical gradient, transmolar transport, and the 
soluble form of magnesium. Symptoms of magnesium 
deficiency and stress are very similar and are accompa-
nied by dizziness, anxiety, uncontrollable weakness, and 
headache. Magnesium penetrates very well through the 
blood-brain barrier, controls membrane excitability, and 
is present in significant amounts in the extracellular space 
and cerebrospinal fluid, playing a significant role in brain 
homeostasis. In cerebrospinal fluid, magnesium exists in 
free and protein-bound forms [34]. Hypomagnesemia 
carries not only the risk of neurological and psychiatric 
disorders, but also type 2 diabetes, metabolic syndrome, 
osteoporosis, and cardiovascular diseases [2]. It has been 
established that magnesium deficiency not only leads to 
stress, but also to depression, cognitive memory disor-
ders, and degenerative diseases. The manifestations of 
central nervous system disorders correlate with the du-
ration of magnesium deficiency – prolonged magnesium 
deficiency leads to impaired hippocampal function and 
neurodegenerative and cognitive disorders [35]. Mag-
nesium deficiency can also trigger bipolar disorders and 
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may require magnesium supplementation, especially in 
combination with vitamin B6 [36-38].

Research has shown that magnesium ions block 
NMDA-associated channels in a voltage-dependent man-
ner and, by engaging in non-competitive antagonism with 
glutamate, inhibit its release, thereby reducing excitotox-
icity [38]. Hypomagnesemia leads to genetic disorders 
of the central nervous system (CNS) that require magne-
sium therapy from childhood [39-40]. The neuroprotec-
tive effects of magnesium are associated with its role in 
genome repair and interaction with phosphate groups of 
DNA [41]. Magnesium deficiency can damage dopamine 
receptors and alter the sensitivity of NMDA and AMPA 
receptors [42]. Magnesium deficiency contributes to the 
development of Parkinson’s disease, Alzheimer’s disease, 
and dementia [43-44]. Genetic defects in the synthesis 
of dopamine transporters due to magnesium deficiency 
(TRPM7 and SCLA1) promote the development of Parkin-
son’s disease [43-44]. In the pathogenesis of Alzheimer’s 
disease, it has been noted that magnesium may prevent 
the formation of beta-amyloid and influence the NKB fac-
tor [43-44].

Magnesium relaxes smooth and skeletal muscles by 
inhibiting calcium-dependent channels, leading to the re-
laxation of myocytes. A comparison was made between 
the absorption of inorganic magnesium salts (magnesium 
citrate, magnesium malate) and organic salts (magne-
sium acetyl taurate, magnesium glycinate), with atten-
tion to magnesium transport, bioavailability, and impact 
on the immune system [42]. All compounds were admin-
istered in three different doses: 45 mg, 135 mg, and 405 
mg of elemental magnesium per 70 kg of body weight. 
The highest dose was divided into 202.5 mg/70 kg and 
taken twice a day.

It is known that magnesium deficiency can occur due 
to inadequate intake from food, improper food prepara-
tion, certain diseases, or the use of certain medications. 
Magnesium galenic preparations were prepared and 
administered to mice, and magnesium levels were de-
termined in brain, muscle tissues, and serum after one 
day [42]. Magnesium, along with vitamin supplements B, 
C, D, E, omega-3 polyunsaturated fatty acids, and man-
ganese, may boost immunity. The mechanism of action 
of magnesium may be effective in patients with muta-
tions in interleukin 2 and inducible forms of nitric oxide, 
as magnesium controls membrane excitability and can 
influence inflammation and immunity processes associ-
ated with these conditions. Therefore, it is considered 
that magnesium, along with the aforementioned vitamin 
supplements, can be prescribed in the treatment of virus-
es, infections, including influenza and COVID-19 [45-47]. 
Due to the association between psychoemotional and 
endocrine disorders with magnesium deficiency in the 
body, children with signs of chronic gastritis and arterial 
hypertension were additionally prescribed magnesium 
lactate with vitamin B6 according to the protocol, based 
on existing hypomagnesemia. This resulted in a reduction 
of abdominal and headaches, alleviation of stomach dis-
comfort, improvement in sleep quality, and a decrease in 
daily systolic arterial tension (SAT) over the course of one 
month [48].

Magnesium plays a significant role in the detoxifica-
tion process by promoting the elimination of toxic sub-
stances from the body. It is known that magnesium is 
necessary for the elimination of mercury, lead, zinc, and 

arsenic from the body. Magnesium protects the body 
from the toxic effects of calcium, lead, mercury, nickel, 
and prevents the penetration of toxic metals into brain 
cells [49-51].

It is known that type 2 diabetes is a risk factor for 
the development of heart failure. In patients with type 2 
diabetes, metabolic syndrome, and a history of ischemic 
heart disease, who had low levels of magnesium and zinc 
in their blood, zinc and magnesium supplements were 
added to the standard therapy. After receiving traditional 
therapy along with zinc and magnesium supplements, the 
overall condition of the patients improved, and the levels 
of magnesium, zinc, C-reactive proteins, LDL cholesterol, 
and markers of prooxidant-antioxidant homeostasis nor-
malized. The obtained results indicated the effectiveness 
of the prescribed therapy [51-52].

Thus, magnesium actively regulates the state of the 
cellular membrane, facilitates the transfer of calcium 
and sodium ions, and is involved in metabolic reactions, 
including energy production. 80-90% of magnesium is 
complexed with ATP, which facilitates its accumulation in 
the body. Magnesium is necessary for nerve-muscle con-
duction, reduces anxiety, inhibits the release of catechol-
amines and aldosterone during stress states. Additionally, 
magnesium promotes reactions such as DNA synthesis, 
glycolysis, oxidative phosphorylation, as it is a component 
of guanosine triphosphatase, phosphofructokinase, Na-
K-ATPase, Ca-ATPase, adenylate cyclase, and plays an im-
portant role in the transmission of genetic information, as 
it participates in nucleotide production [53]. Magnesium 
is crucial for the functioning of the cardiovascular system 
as it maintains myocardial function and exerts a hypoten-
sive effect. Balanced magnesium levels are necessary for 
the functioning of the immune system and the support 
of B and T lymphocyte functions [53-55]. Considering the 
influence of magnesium on the immune system, magne-
sium supplements are recommended to be included in 
the treatment regimens of bronchial asthma in children 
[56].

In recent years, it has been determined that magne-
sium preparations can have an antinociceptive effect, 
which is associated with their influence on NMDA recep-
tors, specifically inhibiting their activity. This allows for 
the use of these preparations in children and pregnant 
women [57, 58].

The data provided indicate that there is no system in 
the body that does not involve the participation of mag-
nesium ions in the functioning of metabolic and genomic 
processes of organs and systems.

Conclusions. 
Thus, magnesium is one of the key intracellular ele-

ments that plays a leading role in the activity of vital or-
gans, participates in many cellular functions, including 
signal transmission, energy production, protein metabo-
lism, and acts as a molecular stabilizer for RNA and DNA 
ribosomes. Hypomagnesemia leads to disruptions in the 
functioning of the cardiovascular, nervous, and immune 
systems, as well as the gastrointestinal tract. Based on 
magnesium, mono-preparations (such as magnesium sul-
fate, magnesium citrate, and others) and complex prepa-
rations (such as MagneB6, Maalox, ATP forte, and others) 
have been developed and continue to be developed. The 
development of cardiovascular diseases such as arterial 
hypertension, arrhythmias, heart failure, as well as neu-
rodegenerative diseases of the central nervous system 



ISSN 2077-4214. Вісник проблем біології і медицини – 2023 – Вип. 2 (169) / Bulletin of problems in biology and medicine – 2023 – Issue 2 (169) 79

ОГЛЯДИ ЛІТЕРАТУРИ / LITERATURE REVIEWS

References
1.	 Cunha AR, D’El-Rei J, Medeiros F, Umbelino B, Oigman W, Touyz RM, et al. Oral magnesium supplementation improves endothelial 

function and attenuates subclinical atherosclerosis in thiazide-treated hypertensive women. Journal of Hypertension. 2017;35(1):89-97. 
DOI: 10.1097/hjh.0000000000 001129. 

2.	 de Baaij JH, Hoenderop JG, Bindels RJ. Magnesium in man: Implications for health and disease. Physiological Reviews. 2015;95(1):1-46. 
DOI: 10.1152/physrev.00012.2014. 

3.	 Kursov SV, Nikonov VV, Biletskyi OV, Fedets OI, Homenko VO. Fiziologiya obmena magniyai primenenie magnezii v intensivnoj terapii 
(literaturnyj obzor s rezultatamisobstvennyh nablyudenij, chast 1). Medytsyna nevidkladnykh staniv. 2022;17(5):56-67. DOI: 10.22141/2224-
0586.17.5. 2021.240708. 

4.	 Nosenko OM, Khancha FO. Mahnii u profilaktytsi hestatsiinykh uskladnenu zhinok iz vahitnistiu, indukovanoiu v tsykli DRT. Reproduktyvna 
endokrynolohiia. 2020;(56):80-87. DOI: 10.18370/2309-4117.2020.56.80-87. [in Ukrainian].

5.	 Viering DH, de Baaij JH, Walsh SB, Kleta R, Bockenhauer D. Genetic causes of hypomagnesemia, a clinical overview. Pediatric Nephrology. 
2017;32(7):1123-1135. DOI: 10.1007/s00467-016-3416-3. 

6.	 Chekman IS, Gorchakova NA, Nikolay SL. Magnij v medicine. Kishinev; 1992. 101 s. 
7.	 Fiorentini D, Cappadone C, Farruggia G, Prata C. Magnesium: Biochemistry, nutrition, detection, and social impact of diseases linked to 

its deficiency. Nutrients. 2021;13(4):1136. DOI: 10.3390/nu13041136. 
8.	 Biletskyi OV. Zmina kontsentratsii elektrolitiv plazmy krovi v umovakh mahnezialnoi terapii u patsiientiv u stani travmatychnoho shoku na tli 

politravmy. Medytsyna nevidkladnykh staniv. 2021;(5.100):69-73. DOI: 10.22141/2224-0586.5.100.2019.177021. [in Ukrainian].
9.	 Al Alawi AM, Majoni SW, Falhammar H. Magnesium and human health: Perspectives and Research Directions. International Journal of 

Endocrinology. 2018;2018:1-17. DOI: 10.1155/2018/9041694. 
10.	Klitynska ОV, Stishkovskyy AV. Mahnii v orhanizmi ta yoho rol u formuvanni stomatolohichnoi zakhvoriuvanosti. Ukrayina. Zdorovya 

natsiyi. 2020;3(60):130-137. DOI: 10.24144/2077-6594.3.2020.208661. [in Ukrainian].
11.	Chiarello DI, Marín R, Proverbio F, Benzo Z, Piñero S, Botana D, et al. Effect of hypoxia on the calcium and magnesium content, lipid 

peroxidation level, and Ca2+-ATPase activity of syncytiotrophoblast plasma membranes from placental explants. BioMed Research 
International. 2014;2014:1-9. DOI: 10.1155/2014/597357. 

12.	Gröber U. Magnesium and drugs. International Journal of Molecular Sciences. 2019;20(9):2094. DOI: 10.3390/ijms20092094. 
13.	Nielsen FH. Magnesium deficiency and increased inflammation: Current perspectives. Journal of Inflammation Research. 2018;11:25-34. 

DOI: 10.2147/jir.s136742. 
14.	Yamanaka R, Shindo Y, Oka K. Magnesium is a key player in neuronal maturation and Neuropathology. International Journal of Molecular 

Sciences. 2019;20(14):3439-3465. DOI: 10.3390/ijms20143439. 
15.	Zhu D, Su Y, Fu B, Xu H. Magnesium reduces blood-brain barrier permeability and regulates amyloid-β transcytosis. Molecular Neurobiology. 

2018;55(9):7118-7131. DOI: 10.1007/s12035-018-0896-0. 
16.	Sun Q, Weinger JG, Mao F, Liu G. Regulation of structural and functional synapse density by L-threonate through modulation of 

intraneuronal magnesium concentration. Neuropharmacology. 2016;108:426-439. DOI: 10.1016/j.neuropharm.2016.05.006. 
17.	Safaryan AS, Sargsyan VS, Kamyshova TV, Akhmedzhanov NM, Nebieridze DV, Poddubskaya EA. Rol magniya v razvitii serdechno-

sosudistoj patologii i vozmozhnosti ee predotvrasheniya i korrekcii preparatami magniya. Racionalnaya farmakoterapiya v kardiologii. 
2019;15(5):725-735. DOI: 10.20996/1819-6446-2019-15-5-725-735. 

18.	Zakharova IN, Tvorogova TM, Stepurina LL, Elezova LI. Rol deficita magniya v formirovanii funkcionalnogo zapora u detej i podrostkov. 
Medicinskij sovet. 2019;(11):108-116. DOI: 10.21518/2079-701x-2019-11-108-116. 

19.	Gromova OA, Torshin IY, Nazarenko AG, Kalachev AGK. Deficit magniya i piridoksina kak faktory riska ishemicheskoj bolezni serdca. 
Kardiologiia. 2016;10:55-62. DOI: 10.18565/cardio.2016.10.55-62. 

20.	Yudina NV, Torshin IY, Gromova OA, Egorova EY, Bykov AT. Obespechennost ionami kaliya i magniya – fundamentalnoe uslovie dlya 
podderzhaniya normalnogo arterialnogo davleniya. Kardiologiia. 2016;10:80-89. DOI: 10.18565/cardio.2016.10.80-89. 

21.	Sun H-L, Pei D, Lue K-H, Chen Y-L. Uric acid levels can predict metabolic syndrome and hypertension in adolescents: A 10-year longitudinal 
study. PLOS ONE. 2015;10(11):e0143786. DOI: 10.1371/journal.pone.0143786. 

22.	Pilchova I, Klacanova K, Tatarkova Z, Kaplan P, Racay P. The involvement of Mg2+ in regulation of cellular and mitochondrial functions. 
Oxidative Medicine and Cellular Longevity. 2017;2017:1-8. DOI: 10.1155/2017/ 6797460. 

23.	Zhang G, Gruskos JJ, Afzal MS, Buccella D. Visualizing changes in mitochondrial Mg 2+ during apoptosis with organelle-targeted triazole-
based ratiometric fluorescent sensors. Chemical Science. 2015;6(12):6841-6846. DOI: 10.1039/c5sc02442k. 

24.	Xie C, Li X, Zhu J, Wu J, Geng S, Zhong C. Magnesium isoglycyrrhizinate suppresses LPS-induced inflammation and oxidative stress 
through inhibiting NF-ΚB and MAPK pathways in raw264.7 cells. Bioorganic & Medicinal Chemistry. 2019;27(3):516-524. DOI: 10.1016/j.
bmc.2018.12.033. 

25.	Ozen M, Xie H, Shin N, Al Yousif G, Clemens J, McLane MW, et al. Magnesium sulfate inhibits inflammation through P2X7 receptors in 
human umbilical vein endothelial cells. Pediatric Research. 2019;87(3):463-471. DOI: 10.1038/s41390-019-0557-7. 

26.	Pickering G, Mazur A, Trousselard M, Bienkowski P, Yaltsewa N, Amessou M, et al. Magnesium status and stress: The Vicious Circle 
Concept revisited. Nutrients. 2020;12(12):3672. DOI: 10.3390/nu12123672. 

27.	Liu M, Dudley SC. Magnesium, oxidative stress, inflammation, and cardiovascular disease. Antioxidants. 2020;9(10):907. DOI: 10.3390/
antiox 9100907. 

28.	Szapary LB, Szakacs Z, Farkas N, Schonfeld K, Babocsay D, Gajer M, et al. The effect of magnesium on reperfusion arrhythmias in STEMI 
patients, treated with PPCI. A systematic review with a meta-analysis and trial sequential analysis. Frontiers in Cardiovascular Medicine. 
2021;7:608193. DOI: 10.3389/fcvm.2020.608193. 

29.	Wongdee K, Rodrat M, Teerapornpuntakit J, Krishnamra N, Charoenphandhu N. Factors inhibiting intestinal calcium absorption: Hormones 
and luminal factors that prevent excessive calcium uptake. The Journal of Physiological Sciences. 2019;69(5):683-696. DOI: 10.1007/
s12576-019-00688-3. 

(Parkinsonism, Alzheimer’s disease, dementia) is associ-
ated with disturbances in magnesium levels, as magne-
sium participates not only in nucleic acid metabolism but 
also in signal transmission in the central nervous system. 
Therefore, monitoring magnesium levels not only in the 
cardiovascular and nervous systems but also in other 
systems may be a target for the effects of magnesium 
preparations. In individuals with gastrointestinal disor-
ders, disturbances in magnesium levels have been identi-
fied not only in the gastrointestinal tract but also in the 
cardiovascular system and central nervous system. Low 

magnesium levels are associated with the occurrence of 
cardiovascular and gastrointestinal diseases in children, 
as well as pregnancy outcomes in women. This indicates 
the necessity for further research into the properties of 
this micronutrient in health and disease, and the search 
for new methodological approaches to determine its im-
pact on the human body.

Prospects for further research. 
The role of metabolite-based drugs in the develop-

ment of modern pharmaceuticals will be further investi-
gated. 
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ФІЗИКО-ХІМІЧНІ, БІОХІМІЧНІ, ФАРМАКОЛОГІЧНІ ВЛАСТИВОСТІ МАГНІЮ
Зайченко Г. В., Горчакова Н. О., Клименко О. В., Шумейко О. В., Бабак В. В.
Резюме. Магній є одним з головних внутрішньоклітинних елементів, який грає одну з провідних ролей в 

діяльності життєво важливих органів, бере участь в багатьох функціях клітин, включаючи передачу збуджен-
ня, утворення енергії, обмін білків, є молекулярним стабілізатором РНК та ДНК рибосом. Гіпомагніємія веде 
до порушення діяльності серцево-судинної, нервової та імунної систем, органів травного каналу. На підставі 
магнію створені і створюються моно (магнію сульфат, магнію цитрат та інші) і комплексні препарати (Маг-
неВ6, Маалокс, АТФ форте та інші). 

З порушенням вмісту магнію пов’язаний розвиток таких серцево-судинних захворювань як артеріальна 
гіпертензія, артимії, серцева недостатність, а також виникнення нервово-дегенеративних хвороб ЦНС (пар-
кінсонізму, хвороби Альцгеймера, розвитку деменції), адже магній бере участь не тільки в нуклеїновому об-
міні, але і передачі сигналів в ЦНС. Тому контроль рівня магнію не тільки в серцево-судинній, нервовій та 
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інших системах може бути мішенню впливу препаратів магнію. Магній захищає організм від токсичного впли-
ву кальцію, свинця, ртуті, нікелю, а також запобігає проникненню в клітини мозку токсичних металів У осіб, 
що страждають захворюваннями травного каналу, визначали порушення вмісту магнію не тільки в травному 
каналі, а також в серцево-судинній системі та в ЦНС. Зі зниженим вмістом магнію пов’язують виникнення 
захворювань серцево-судинної системи і травного каналу у дітей, а також перебіг вагітності у жінок. Магній 
також грає важливу роль у функціонуванні серцево-судинної системи: підтримує функцію міокарду, реалізує 
гіпотензивний ефект. Збалансований рівень магнію необхідний для функціонування імунної системи. Зважа-
ючи на наукові дані щодо впливу магнію на імунну систему, рекомендовано включати препарати магнію в 
схеми лікування бронхіальної астми у дітей. 

Наведені дані свідчать про те, що немає жодної системи організму, в функціонування якої не брали участь 
іони магнію, що забезпечують метаболічні та взагалі геномні процеси органів і систем. Це свідчить про необ-
хідність подальшого дослідження властивостей цього мікроелементу в нормі і патології та пошук нових мето-
дичних підходів до визначення його впливу на організм людини.

Ключові слова: магній, фізико-хімічні, біохімічні, фармакологічні властивості.

PHYSICOCHEMICAL, BIOCHEMICAL, PHARMACOLOGICAL PROPERTIES OF MAGNESIUM
Zaychenko G. V., Gorchakova N. O., Klymenko O. V., Shumeiko O. V., Babak V. V.
Abstract. Magnesium is one of the main intracellular elements that plays a prominent role in the functioning 

of vital organs, participating in various cellular functions, including signal transmission, energy production, protein 
metabolism, and acting as a molecular stabilizer of RNA and DNA ribosomes. Hypomagnesemia can lead to 
disruptions in the functioning of the cardiovascular, nervous, and immune systems, as well as the digestive tract 
organs. Based on magnesium, mono preparations (such as magnesium sulfate, magnesium citrate, etc.) and complex 
drugs (Magnesium-B6, Maalox, ATP Forte, etc.) have been developed and are being used.

The development of cardiovascular diseases such as arterial hypertension, arrhythmias, heart failure, as well 
as neurodegenerative diseases of the central nervous system (Parkinsonism, Alzheimer’s disease, dementia) is 
associated with magnesium deficiency, as magnesium not only participates in nucleic acid metabolism, but also 
in signal transmission in the central nervous system. Therefore, monitoring magnesium levels not only in the 
cardiovascular and nervous systems but also in other systems may be targeted for the influence of magnesium 
preparations. Magnesium protects the body from the toxic effects of calcium, lead, mercury, nickel, and prevents 
the penetration of toxic metals into brain cells. Individuals with gastrointestinal disorders have been found to have 
magnesium deficiency not only in the gastrointestinal tract but also in the cardiovascular system and CNS. Reduced 
magnesium levels have been associated with the occurrence of cardiovascular and gastrointestinal diseases 
in children, as well as pregnancy outcomes in women. Magnesium also plays a crucial role in the functioning of 
the cardiovascular system, maintaining myocardial function, and implementing a hypotensive effect. Balanced 
magnesium levels are necessary for the functioning of the immune system. Based on scientific data regarding the 
influence of magnesium on the immune system, the inclusion of magnesium preparations in the treatment regimens 
for childhood bronchial asthma is recommended.

The data presented indicate that there is no system in the body in which magnesium ions do not participate, as 
they are involved in metabolic and genomic processes of organs and systems in general. This highlights the need for 
further research into the properties of this trace element in normal and pathological conditions, and the search for 
new methodological approaches to determine its impact on the human body.

Key words: magnesium, physicochemical, biochemical, pharmacological properties.
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