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Abstract 

The article indicates that the hyper-excitability of neurons is associated with ionic 

imbalance of cell membranes, in which a number of trace elements are involved. The energy 

component of these processes is associated with the presence of magnesium (Mg) as a 

universal supplier of the latter. Mg supports the functioning of NMDA receptors, which does 

not allow the excitotoxic effects of glutamate, which triggers the mechanisms of Ca entry into 

the neuron and its death, to manifest itself. Mg stimulates the main excitatory 

neurotransmitter acetylcholine, regulates the release of serotonin, glycine, dopamine, thereby 

normalizing the extrapyramidal system, the spinal stem structures, and the final executive 

motor apparatus. Participates in the energy support of adaptation processes, the activation of 

central regulatory mechanisms, control the excess of catecholamines and corticosteroids, 

other hormones and mediators involved in stress reactions. 
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ВЛИЯНИЯ МАГНИЯ НА ВОЗБУДИМОСТЬ НЕЙРОНОВ РАЗЛИЧНЫХ 

УРОВНЕЙ ИХ ОРГАНИЗАЦИИ 
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В статье указывается, что гипервозбудимость нейронов связана с ионным 

дисбалансом клеточных мембран, в котором участвует ряд микроэлементов. 

Энергетическая составляющая этих процессов связана с наличием  магния (Mg) как 

универсального поставщика последней. Mg поддерживает функционирование NMDA-

рецепторов, что не позволяет проявляться эксайтотоксическим эффектам глутамата, 

запускающего механизмы входа Са в нейрон и его гибели. Mg стимулирует работу 

основного возбуждающего нейротрансмиттера ацетилхолина, регулирует 

высвобождение серотонина, глицина, дофамина, тем самым нормализует работу 

экстрапирамидной системы, спинно-стволовых структур, конечного исполнительного 

двигательного аппарата. Участвует в энергетическом подкреплении адаптационных 

процессов, активации центральных регуляторных механизмов, контролируют избыток 

катехоламинов и кортикостероидов, других гормонов и медиаторов участвующих в 

стресс-реакциях.  

Ключевые слова: магний; нервно-мышечная возбудимость; 

нейротрансмиссия; стресс 

 

It is known that one of the mechanisms for the development of hyper-excitability of 

neurons is ionic imbalance, which disrupts the functioning of Ca, as well as Na, K-pumps, 

while up to 40% of the body’s energy is consumed. Given the above, these processes are 

undoubtedly associated with the presence of a universal energy supplier - magnesium (Mg) 

[1, 2]. 

 An important factor of hyper-excitability is a decrease in the antagonistic balance of 

Ca2+ and Mg2+ [3], when with a lack of the latter there is no restriction of Ca entry into the 

cell, leading to a reduction in myofibrils.  It can be argued that Mg is a “plug” in the ion 

channels that prevents Ca from entering the cell.  At the same time, these two bioelements are 

“physiological partners” complementing each other in an optimal ratio of 2 Ca: 1 Mg. [4]. A 

deficiency of both Ca and Mg causes convulsive muscle contractions [5]. 
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It is known that the ratio of the concentration of extra- and intracellular K is the main 

factor determining the value of the membrane potential that affects the depolarization of the 

membranes of excitable cells and, as a result, hyperkalemia leads to hyper-excitability [6, 7]. 

Synergist K is Mg as the second major intracellular element. Deficiency of the latter 

leads to a deficiency of K, while Na rushes into the cell, violating the osmotic pressure. 

Magnesium-dependent Na, K-ATPase controls the intracellular concentration of substances 

by pumping Na from the cell [8]. 

Na as the basis of all intercellular fluids contributes to the value of the membrane 

potential. The concentration difference Na generates an electrical signal. An increase in the 

concentration of Na + increases the likelihood of the formation of an action potential due to a 

decrease in the membrane depolarization threshold, while alpha motor neurons are activated 

[9]. 

Deficiency of Mg and Ca increases the permeability of membranes for Na, which can 

lead to a weakening of the phenomenon of "post-tetanic potentiation" in motor and insertion 

neurons, facilitating the conductivity of the pulse in the reflex arc. Polysynaptic discharges 

appear and reflex contractions increase in response to irritation. The electromechanical 

excitability of motor, sensory or autonomic conductors increases, which explains the 

manifestations of tetany, as well as impaired function of internal organs [10]. 

Transmission. A decrease in Mg2 + concentration disrupts the functioning of NMDA 

(glutamate) receptors as triggering the mechanism of Ca entry into the neuron and its death.  

Moreover, an insufficient amount of Mg cannot block all NMDA receptors for the exciting 

mediator of glutamate with its known excitotoxic effects [11]. 

Mg deficiency reduces the ability to inhibit the release of acetylcholine (ACh) from 

storage granules, which is involved in all processes of neuromuscular excitation of striated 

muscles. The magnesium-dependent decrease in cholinesterase activity also contributes to 

this. At the same time, it is known that smooth muscles are highly sensitive to ACh, which 

has an opposite effect on norepinephrine (NA) on its membrane potential, decreasing its value 

and increasing the frequency of spontaneous action potentials with an increase in tone. 

Membrane depolarization due to the action of ACh increases its permeability to Na+ and Ca+ 

[12]. Another characteristic feature of smooth muscle is the presence of receptor proteins 

capable of triggering or inhibiting the magnesium-dependent contractile process. 

In most vegetative fibers that innervate smooth muscle, they diffusely branch and, 

without coming into contact with the membranes, form diffuse compounds with secretion of 

the mediator into the matrix. The mediators of these processes are ACh and NA. ACh can 
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excite or inhibit smooth muscle contraction of various organs. HA - inhibits by binding first to 

various receptor proteins, while the type of receptor determines how ACh and HA will behave 

[12, 13]. 

 Excitation and contractility of smooth muscles also depend on controlled Mg release 

of histamine from mast cells. The latter, like serotonin, can affect myocytes, increasing the 

concentration of intracellular Ca [14]. 

Hyperactivity of alpha and gamma motor neurons in violation of the inhibitory 

benefits of GABAergic effects easily occurs with a deficiency of Mg. 

The increased activity of the neurons of the anterior horn can be mediated by blocking 

the receptors of the inhibitory neurotransmitter glycine and its release into the synaptic cleft 

of Renshaw cells of the spinal cord. Moreover, the mediating ability of glycine cannot be 

fully manifested in conditions of Mg deficiency [15, 16]. 

Mg also regulates the secretion of parathyroid hormone, a decrease in the content of 

which leads to a violation of the utilization of Ca and its mobilization from bone. The 

resulting hyperphosphatemia due to reabsorption of phosphorus further reduces the 

concentration of Ca in the blood. Such a possible variant of the development of idiopathic 

tetany necessarily proceeds against the background of hypomagnesemia [13]. 

Extrapyramidal system. Neurons of the basal ganglia participate in integrative 

processes of motor activity, in particular, the caudate nucleus, having wide connections with 

the central nervous system structures and various mediator inputs, inhibits the functioning of 

Glomus pallidum, the irritation of which causes motor reactions, contraction of the 

extremities, tremor, myoclonia. The caudate nucleus has projections and is connected through 

the reticulo-spinal cord with high-frequency gamma-neurons and the final executive motor 

apparatus, as well as with the complex reflex center of the brain stem and other subcortical 

nodes [5, 17]. 

Gamma-motor neurons are under constant inhibitory control by the red nuclei 

(normal). In case of loss of control, tonic excited and performing anti-gravity functions of the 

cell are excited and disinhibited, first of all, which can manifest itself in the form of 

decerebral rigidity [18]. 

With dopamine deficiency, Glomus pallidum can also disinhibition with activation of 

the spinal stem systems with subsequent characteristic motor disorders, increased rigidity, 

tremor, etc. 

A lack of Mg leads to a deficiency of dopamine, the main neurotransmitter, which 

reduces the effects of stimulating neuromuscular mediators [8]. 
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Stress. The hyper-excitability of the neuro-muscular apparatus is a consequence of the 

stress situation.  The autonomic nervous system (ANS) receives information and poisons it 

through the autonomic vehicles to the response organs. In this case, the ACh works as a 

universal mediator, incl. stimulates skeletal muscles (with activation of Na channels of 

myocyte membranes, which contributes to the stimulation of Ca-channels), as well as in the 

central nervous system, including  the hippocampus, whose activity is aimed at adaptation to 

stress-induced reactions [19]. Mg inhibits the release of AH from the synapses of 

neuromuscular conductors, thereby controlling the body's functions under stress. In addition, 

the synthesis of constituents of ACh (phospholipid - choline and Acetyl CoA) occurs with the 

participation of Mg, the lack of which does not allow to fully realize the energy reinforcement 

of adaptation processes together with Acetyl CoA. In addition, Mg enhances ACh degradation 

by activation of cholinesterase [12, 20]. 

The release of adrenaline prepares the body for danger, strenuous activity during stress 

with hyperconstriction of smooth muscles, i.e. angiospasm, stimulation of cardiovascular 

activity. It should take into account the antagonistic interaction of the hormone and Mg, 

which, if necessary, can control the excess of adrenaline [2]. 

NMDA receptors are excited under any stress, passing Ca2 + into the cell against a 

background of significant loss of Mg, disrupting bioenergetic homeostasis with a decrease in 

ATP synthesis, impaired respiratory chain and an increase in the number of free radicals, 

damage to membranes, and cell death [21]. Under stress against the background of Mg 

deficiency, the work of transporters that remove the glutamate NMDA receptor activator from 

the extracellular space is disrupted [22]. In such cases, NMDA-mediated hyperactivation of 

neurons, especially the hippocampus (given its wide connections with all parts of the central 

nervous system) can form a generator of pathological excitation in the brain [23, 24, 25]. 

One of the important mechanisms of adaptation to stressful situations is the activation 

of central regulatory mechanisms, which under the influence of stimuli inhibit the release of 

catecholamines (CA) and corticosteroids. Neurons synthesize and secrete GABA, dopamine, 

serotonin, glycine, peptides that interact with stress-implementing systems and modulate their 

activity (limit stress response and adaptation) [26].  

At the periphery, no less important regulatory systems of adenine nucleotides, 

prostaglandins, antioxidant - act as modulators that can limit the effects of catecholamines and 

other factors (the basis of desentitization and prevention of damage) [2, 3, 4]. Mg is actively 

involved and regulates the stress-realizing adrenergic system, stress-limiting: serotonin-, 
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dopaminergic systems. It also affects the neuropeptides that inhibit the action of the stress 

system and a number of hormones providing an adequate response to the stressor [27, 28]. 

 Mg affects the activity of phospholipase (participating in the synthesis of arachidonic 

acid in the bilipid layer of the membrane), at the same time, prostaglandin synthetase and 

prostaglandins are activated, which block the excretion of CA from nerve endings by a 

feedback mechanism, and prostacyclin reduces the effects of the CA in target organs [20, 30, 

31]. 

At the spinal level, conjugated relationships of motor neurons are provided by the 

inserted nerve cells. Gamma motor neurons are coactivated upon stimulation of alpha motor 

neurons. This leads to a reduction in extra- and infrasional muscle fibers. Presynaptic 

inhibition of alpha and gamma motor neurons is provided by neurons of the GABAergic 

system, where Mg acts as a harmonizer and activator of their functioning [26, 32]. 

At the neural level, the well-known hypothesis of muscle spasms is based on changes 

in the functioning of proprioreceptors and increased afferent activity of the muscle spindle, 

which violates the control system for alpha motor neurons (the mechanism for inhibiting 

muscle contraction in response to physical activity does not work). According to the theory of 

electrolyte seizures, muscle cramps occur with ionic imbalance in cases of Na deficiency, 

changes in the ratio of major ions, which leads to hyper-excitability of neuromuscular 

synapses [33]. It should take into account the contribution of the central nervous system to 

enhancing the excitability of a neuron, the implementation of reciprocal muscle relationships 

[34], the distribution of excitation to motor neurons of the front horns [35], as well as the 

suprasegmental divisions of the ANS, which directly and indirectly change the excitability of 

neurons at various levels of the nervous system [36]. 

Based on the above, it can be stated that Mg is a systemic substance that is actively 

involved in the mechanisms of neuromuscular excitability; activates and controls ion balance, 

depolarization and homeostasis of minerals in relation to the membrane of neurons and 

excitable cells; regulates the synthesis and effectiveness (including energy) of 

neurotransmitters, neuropeptides, hormones, as well as the active component of all structures 

of the nervous system involved in the processes of neuromuscular excitation. Magnesium 

protects the body from hyperactivation of neurons due to stress reactions and stimulates the 

processes of adequate adaptation. 
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