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Magnesium is a vital divalent cation involved in more than 300 enzymatic reactions
crucial for cellular metabolism, neuromuscular transmission, and cardiovascular (CV) stability.
Traditionally regarded as an electrolyte required for physiological homeostasis, magnesium is
now increasingly recognized as a multifunctional modulator influencing diverse biochemical
and pharmacological pathways. This narrative review examines the evolving pharmacological
significance of magnesium supplementation beyond electrolyte balance, with emphasis on its
mechanisms of action, therapeutic roles, and clinical implications. A targeted literature search
was performed in PubMed, Scopus, and Google Scholar to retrieve relevant experimental and
clinical studies published in English up to the year 2025. Articles addressing magnesium’s
physiological actions, deficiency states, and therapeutic interventions were critically reviewed
and synthesized. Evidence indicates that magnesium exerts pleiotropic effects on cellular
signalling, vascular tone, immune modulation, and neuronal excitability. Therapeutically,
magnesium supplementation has been explored in CV disorders, metabolic syndrome,
neurological conditions, inflammatory diseases, and oncology. Experimental studies further
demonstrate its role in reducing oxidative stress, regulating apoptosis, and maintaining genomic
stability. Overall, magnesium’s pharmacological potential extends well beyond its classical
role in electrolyte homeostasis. A deeper understanding of its diverse mechanisms may inform
therapeutic innovation. However, further translational and clinical studies are desirable to find
the optimal dosing strategies, formulations, and disease-specific applications.

Keywords: Cardioprotection, Magnesium, Metabolic syndrome, Neuroprotection,
Oxidative stress, Pharmacological mechanisms, Pleiotropic effects.
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depression has garnered substantial attention
in recent years. Magnesium is the fourth most
abundant cation overall in the human body and
the second most abundant within cells, following
potassium.' It serves as a cofactor in more than 300
enzymatic reactions and functions as an essential
electrolyte for neuromuscular excitability and
cardiac rhythm—its physiological significance
extends well outside ionic homeostasis.>?

Magnesium is a critical mineral and
involved in approximately 80% of known metabolic
functions, according to Workinger.* Subclinical
magnesium deficiency is now recognized as
a widespread global issue, including in India,
where 15-30% of the population reportedly fails
to achieve suggested dietary intake levels.>®
Contributing factors include poor dietary habits,
frequent consumption of processed foods, and the
usage of medicines such as diuretics, proton-pump
inhibitors, and certain antibiotics that predispose
to hypomagnesemia.’ Also, magnesium deficiency
has been linked to various diseases like metabolic
syndrome, insulin resistance, hypertension,
migraine and mood disorders.?

Pharmacologically, magnesium exhibits
diverse actions that underlie its extensive
therapeutic applications across multiple organ
systems. FDA-approved indications of magnesium
formulations include the management of
constipation, hypomagnesemia, seizure prevention
in preeclampsia/eclampsia, acute nephritis in
paediatric patients, and cardiac arrhythmias
secondary to magnesium deficiency, as well as
for use in soaking minor cuts and bruises.>° In
addition, magnesium is used off-label in conditions
such as acute asthma exacerbations, Torsades
de pointes during advanced cardiac life support
(ACLS), and as a tocolytic agent to prevent preterm
labour.’

Recent research continues to elucidate
magnesium’s diverse biological roles, emphasizing
its influence on oxidative stress, inflammation, and
cellular signalling pathways.'® Mechanistically,
magnesium functions as a natural calcium
antagonist, modifies N-methyl-D-aspartate
(NMDA) receptor actions, and supports endothelial
nitric oxide synthesis and mitochondrial
function." These actions link magnesium status
to the pathogenesis of CV, metabolic, and
neuropsychiatric disorders.'*"* Growing clinical
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evidence highlights magnesium supplementation
as an effective adjunct therapy in several chronic
diseases. Randomized controlled trials and meta-
analyses report several benefits, including reduced
blood pressure, improved glycaemic regulation,
and relief of migraine and depressive symptoms.'*
1416 Owing to its safety, low cost, and broad
physiological effects, magnesium is now viewed
not only as an essential nutrient but also as a
promising pharmacological adjuvant in modern
medicine."”

This review seeks to synthesize current
evidence on the pharmacological significance of
magnesium supplementation beyond its traditional
role in electrolyte balance. It studies magnesium’s
physiological functions, deficiency-related
disorders, therapeutic applications, and underlying
mechanisms across various body systems. Also,
mentions the observed common adverse drug
reactions with magnesium supplementation. By
integrating classical physiological understanding
with recent clinical advances, the review
underscores magnesium’s evolution from a basic
electrolyte to a multifunctional therapeutic agent
with wide-ranging systemic benefits.

Search strategy

A focused literature exploration was
conducted in PubMed, Scopus, and Google Scholar
using the specified keywords “magnesium,”
“supplementation,” “pharmacology,”
“therapeutic applications,” “mechanisms,’
and “clinical benefits.” Appropriate original
research articles, reviews, and meta-analyses
published in English up to October 2025 were
referred to. Additional references were identified
by reviewing the bibliographies of key papers.
The selection emphasized studies that explored
the pharmacodynamic and pharmacokinetic
aspects of magnesium, its mechanistic roles
across physiological systems, and emerging
therapeutic applications beyond its traditional role
in electrolyte balance.

Pharmacological basis of the therapeutic
applications of magnesium

The subsequent sections outline its
physiological role and pharmacological basis for
its clinical potential in metabolic, cardiovascular,
neurological, obstetric, respiratory, gastrointestinal,
and musculoskeletal systems, along with emerging
therapeutic indications supported by contemporary

’
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evidence. The diverse therapeutic applications
of magnesium supplementation are summarized
in Table 1, which outlines the mechanisms of
action, clinical indications, dosage used and key
references.

Role of Magnesium in Glucose Homeostasis and
Diabetes Mellitus (DM)

Magnesium mediates a vital part in
insulin secretion, glucose utilization, and cellular
glucose transport.'® It functions as an insulin
sensitizer by facilitating autophosphorylation of
insulin receptors and regulating tyrosine kinase
activity at the receptor level.!” A decline in
intracellular magnesium concentrations permits
excessive calcium entry into adipocytes, triggering
oxidative stress and inflammation and thereby
exacerbating insulin resistance, which contributes
to the development of metabolic syndrome.*
Persistent hypomagnesemia has been linked to
the development of DM, suboptimal glycaemic
control in type 2 DM (T2DM), and a heightened
risk of both microvascular and macrovascular
complications.?!

Magnesium supplementation has
improved the insulin sensitivity and glycaemic
control in T2DM patients.”? Meta-analyses have
demonstrated that oral magnesium intake reduces
fasting plasma glucose levels, improves glycaemic
control, and enhances HOMA-IR indices.? Trials
have used varied doses (200-400 mg elemental
magnesium per day) over 4-24 weeks.? Other
studies report small but statistically significant
control in fasting glucose and insulin-sensitivity
markers among individuals with diabetes or insulin
resistance, with greater effects observed in those
with lower baseline magnesium levels.?*#

The proposed mechanisms of
magnesium include, modulation of insulin
receptor phosphorylation, activation of the
phosphatidylinositol 3' -kinase(PI3K)-Akt (PI3K/
Akt) signalling pathway, and suppression of
systemic inflammation.?® Magnesium serves
as an essential cofactor for numerous enzymes
involved in glycolysis and oxidative metabolism,
influencing key steps of carbohydrate utilization.'®
It regulates ATP-dependent enzymatic reactions
and glucose transport across cell membranes,
stabilizing membrane potential and enhancing
insulin-mediated glucose uptake.”’” Collectively,
these findings indicate that maintaining adequate
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magnesium status may serve as a preventive and
adjunctive therapeutic strategy in diabetes and
related metabolic disorders.

Role of Magnesium in Lipid Metabolism, and
Cardiac Diseases

Magnesium supports CV health through
multiple harmonizing mechanisms, including
vasodilation, antiarrhythmic activity, and protection
of endothelial function. It counteracts vascular
smooth muscle contraction by antagonizing calcium
influx through voltage-gated calcium channels and
reduces oxidative stress and inflammation within
endothelial cells.?® It also modulates vascular tone
and nitric oxide synthesis, thereby improving
endothelial reactivity.” In addition, magnesium
limits ischemic cellular injury by preventing
calcium overload in cardiomyocytes and coronary
vasculature.® Also, magnesium exhibits intrinsic
antiplatelet and anticoagulant properties. By acting
as a natural calcium antagonist, it inhibits platelet
activation, decreases thromboxane A, synthesis,
and enhances prostacyclin production, thereby
reducing the risk of thrombosis.*!

Hypomagnesemia has been linked
to dyslipidaemia, characterized by decreased
high-density lipoprotein (HDL) cholesterol and
increased triglyceride and total cholesterol levels.*
In addition, low magnesium status is associated
with an increased risk of heart failure, cardiac
arrhythmias, and sudden cardiac death, highlighting
its critical role in maintaining myocardial electrical
stability and vascular health.*® Multiple prospective
cohort studies have confirmed that lower circulating
magnesium levels are predictive of increased risk
for atrial fibrillation, ventricular arrhythmias, and
mortality from sudden cardiac death.*

A randomized controlled trial reported
that, supplementation with magnesium has
been linked with enhanced exercise tolerance
in stable coronary artery disease patients, along
with enhancements in insulin sensitivity, lipid
metabolism, and reduced platelet aggregation and
thrombosis.*> A recent umbrella meta-analysis
concluded that, magnesium supplementation of
€”300-400 mg/day in individuals with hypertension
and magnesium deficiency, significantly reduced
systolic and diastolic blood pressure.*® In acute
cardiac care, intravenous magnesium sulphate
remains the preferred drug for the treatment of
Torsade’s de Pointes (polymorphic ventricular
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tachycardia), even with normal serum magnesium
levels.*” This antiarrhythmic action is mediated by
the modulation of inward calcium and outward
potassium currents, leading to stabilization of
cardiac membrane potentials and suppression of
early afterdepolarizations.*® Growing evidence
indicates that sufficient magnesium intake may
lower the risk of atrial fibrillation, heart failure,
and sudden cardiac death.*

These findings support that magnesium
has vasodilatory, anti-thrombotic, antiarrhythmic
and metabolic-modulating roles in cardiac health.
Hence, maintaining optimal magnesium status—
through diet or supplementation—may serve
as both a preventive and adjunctive therapeutic
strategy in cardiovascular disorders.
Neuroprotective and Psychotropic Roles of
Magnesium

Magnesium produces notable
neuroprotective and psychotropic effects by
modulating neuronal excitability, regulating
neurotransmitter activity, and attenuating
neuroinflammatory processes.***! As a physiological
NMDA receptor antagonist, magnesium limits
excessive calcium influx, thereby preventing
excitotoxic neuronal injury and promoting synaptic
plasticity and cognitive stability. It also modulates
GABAergic and glutamatergic transmission,
contributing to anxiolytic and antidepressant
effects.”! Moreover, magnesium inhibits microglial
activation and the release of proinflammatory
cytokines such as interleukin-6 (IL-6) and Tumor
Necrosis Factor alpha (TNF-4), thereby attenuating
oxidative stress and neuroinflammation implicated
in Alzheimer’s disease as well as mood and
cognitive disorders.*

Hypomagnesemia has been connected
with an augmented incidence of migraines,
peripheral neuropathies, neuroinflammation,
neurodegenerative disorders, and impairments
in cognitive function and mood.* Additionally,
deficient magnesium levels also disturb the
hypothalamic—pituitary—adrenal (HPA) axis,
resulting in disruption of cortisol regulation,
increased stress response activation, and
involvement in the pathogenesis of anxiety and
depression.*Magnesium deficiency also augments
excitotoxic neuronal injury through unchecked
NMDA receptor—mediated calcium influx.*

Randomized controlled trials have shown
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that oral magnesium supplementation improves
mood in individuals with mild to moderate
depression, producing effects comparable to those
of low-dose antidepressant therapy.* Both clinical
and preclinical evidence support magnesium’s
role in alleviating depressive symptoms, reducing
anxiety, and enhancing cognitive function,
particularly in individuals with hypomagnesemia
or stress-related disorders.***” Intake of Magnesium
has also been shown to decrease the frequency
and severity of migraine.*® In Parkinson’s disease,
altered magnesium levels are associated with
transporter dysfunction and their supplementation
helps to stabilize these mechanisms and potentially
slow disease progression.*®

At the molecular level, magnesium
modulates the NMDA receptor complex,
blocking excessive calcium influx to prevent
excitotoxic neuronal injury and promoting synaptic
plasticity.*'** Additionally, magnesium reduces
neuroinflammation by inhibiting microglial
activation and lowering proinflammatory cytokine
release, including IL-6 and TNF-a.*> Collectively,
these findings indicate that maintaining optimal
magnesium status supports neuroprotection, stress
resilience, and mood stability.
Anti-inflammatory and Antioxidant Mechanisms
of Magnesium

Magnesium plays a pivotal role in
maintaining immune and redox homeostasis.
Hypomagnesemia leads to a state of low-grade
systemic inflammation through nuclear factor
kappa B (NF-éB) activation and upsurge in
inflammatory mediators, C-reactive protein
(CRP) and IL-6.“ It also elevates intracellular
calcium levels and reactive oxygen species (ROS)
generation, leading to mitochondrial dysfunction
and reduced activity of antioxidant enzymes
such as superoxide dismutase and glutathione
peroxidase, thereby enhancing oxidative stress and
endothelial dysfunction.*

Conversely, magnesium supplementation
downregulates NF-€B activity, reduces circulating
CRP and IL-6 levels, restores antioxidant enzyme
activity, and improves nitric-oxide—-mediated
vasodilation.?**! Clinical studies show that
magnesium supplementation most consistently
reduces CRP and improves endothelial function,
with additional benefits on cardiometabolic
biomarkers such as blood pressure and insulin
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sensitivity, particularly in individuals with low
baseline magnesium or elevated inflammatory
status.

Through its anti-inflammatory and
antioxidant mechanisms, magnesium exerts
beneficial effects in conditions associated with
oxidative and inflammatory stress including the
metabolic syndrome, type 2 DM, hypertension,
and cardiovascular diseases.® Additionally, by
enhancing mitochondrial efficiency and reducing
oxidative stress, magnesium supplementation has
shown symptomatic benefits in disorders such
as fibromyalgia, chronic fatigue syndrome and
migraine.>
Immunoregulatory Roles of Magnesium

Magnesium is a vital immunoregulatory
micronutrient that influences both innate and
adaptive immune responses by serving as a cofactor
in over 300 enzymatic reactions.? It maintains
ionic homeostasis in immune cells and acts as
a physiological calcium antagonist,’' thereby
regulating lymphocyte activation and T-cell
receptor (TCR) signalling. Adequate intracellular
magnesium is crucial for phosphorylation—
dephosphorylation processes mediated by tyrosine
kinases and phosphatases such as calcineurin,
which are central to T-cell activation and cytokine
regulation.>* Mechanistically, magnesium supports
immune tolerance by improving the differentiation
and function of regulatory T-cells (Tregs), by
shifting macrophage polarization from the pro-
inflammatory toward the anti-inflammatory
phenotype, and downregulating endothelial
adhesion molecules—thereby reducing leukocyte
infiltration and tissue inflammation.> It also
facilitates mitochondrial ATP generation in immune
cells, ensuring sufficient energy for phagocytosis
and antigen presentation.

Magnesium deficiency disrupts these
processes, leading to leading to decreased cytotoxic
function in CD8z T cells and natural killer
(NK) cells, hyperactivation of NF-éB and the
NLRP3 inflammasome, and elevated levels
of pro-inflammatory cytokines such as IL-6,
IL-14, and TNF-a.5%57 Conversely, magnesium
supplementation restores immune balance by
inhibiting NF-éB translocation, enhancing
antioxidant defences, and promoting the anti-
inflammatory cytokines synthesis.*
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Clinically, magnesium exhibits
immunomodulatory benefits across a range
of inflammatory and allergic conditions. In
asthma, intravenous magnesium sulphate is
employed as adjunct therapy owing to its mast
cell-stabilizing and bronchodilatory effects. In
metabolic and cardiovascular diseases, magnesium
supplementation mitigates systemic inflammation,
oxidative stress, and endothelial dysfunction,
leading to reductions in circulating CRP and IL-
6.2 Emerging evidence also highlights its potential
to attenuate COVID-19-related cytokine storm,
enhance immune homeostasis, and improve vaccine
responsiveness.”® Collectively, these findings
underscore magnesium as a critical micronutrient
linking immunoregulation, redox balance, and
clinical protection against inflammatory, allergic,
and infectious diseases.

Magnesium role in musculoskeletal health and
pain modulation

Magnesium is essential for muscle
contraction—-relaxation cycles, ATP production,
and maintenance of bone integrity. It plays a
central role in neuromuscular transmission, muscle
relaxation, and modulation of pain perception.” It
functions as a physiological calcium antagonist
at voltage-gated calcium channels and NMDA
receptors, thereby preventing excessive calcium
influx into neurons.>'*! This action inhibits central
sensitization and the propagation of nociceptive
signals in the spinal cord, explaining its analgesic
and anti-hyperalgesic effects.’*% Magnesium
additionally stabilizes neuronal membranes
and promotes the release of endogenous pain-
modulating mediators, including nitric oxide and
gamma-aminobutyric acid (GABA).%

Hypomagnesemia causes muscle
cramps, tremors, and neuromuscular irritability.
Supplementation helps normalize muscle
excitability and decreases both the frequency
and severity of muscle cramps in conditions such
as pregnancy, diabetes, and among athletes.®'
Moreover, magnesium supports bone health by
enhancing vitamin D activation and parathyroid
hormone (PTH) secretion, facilitating calcium
incorporation into bone. Chronic magnesium
deficiency is associated with osteoporosis and
sarcopenia, and magnesium supplementation
has been shown to improve associated with
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osteoporosis and sarcopenia, and magnesium
supplementation has been shown to improve the
bone mineral density.*

Therapeutically, intravenous magnesium
sulphate is employed as an adjunct analgesic
in perioperative settings to reduce anaesthetic
and opioid requirements, thereby improving
postoperative pain control.®* Oral magnesium
supplementation has demonstrated benefits in
long-term aching conditions such as fibromyalgia,
chronic fatigue syndrome, migraine, tension-
type headaches, chronic low back pain, and
neuropathic pain syndromes, where altered
neuronal excitability, impaired mitochondrial
function, and magnesium’s muscle relaxant effects
contribute to pain modulation.>** Magnesium has
also shown efficacy in sleep-related movement
disorders and idiopathic Restless Legs Syndrome
(RLS), particularly when serum magnesium
levels are low. In a study, oral administration of
magnesium citrate led to significant improvements
in restless legs syndrome (RLS) symptoms and
sleep efficiency following oral administration
of magnesium citrate (250-500 mg/day) or
parenteral magnesium sulphate (1-2 g slow
intravenous infusion at bedtime for 4-6 weeks).%
Furthermore, a randomized crossover trial reported
that magnesium supplementation significantly
reduced the periodic limb movement index and
improved subjective sleep quality, particularly in
individuals with baseline magnesium deficiency.®

Through these multifaceted mechanisms,
calcium antagonism, NMDA blockade,
antioxidant action, and membrane stabilization,
magnesium serves as a key modulator of pain and
musculoskeletal integrity.

Role of Magnesium in treatment of pre-
eclampsia and eclampsia

Magnesium sulphate is the preferred
medication for both preventing and treating
eclampsia, a severe and potentially life-threatening
complication of pre-eclampsia.®”’ Its therapeutic
efficacy arises from its anticonvulsant, vasodilatory,
and neuroprotective properties.*> The primary
mechanism involves noncompetitive antagonism
of NMDA receptors in the CNS, thereby reducing
neuronal excitability and preventing seizure
generation.*'%® Additionally, magnesium acts as
a physiological calcium antagonist, reducing
presynaptic calcium influx and acetylcholine
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release at neuromuscular junctions, thereby
producing anticonvulsant and muscle-relaxant
effects. It also promotes endothelial-dependent
vasodilation by enhancing nitric oxide synthesis
and inhibiting calcium-mediated vasoconstriction,
thereby improving cerebral and uteroplacental
perfusion.®’

Large-scale randomized controlled trials,
particularly the Magpie Trial involving over 10,000
women, have shown that magnesium sulphate
significantly reduces the risk of eclampsia by
58% and maternal mortality by 45%, compared
with placebo and other anticonvulsants such as
diazepam and phenytoin.*® Furthermore, its use is
associated with lower neonatal morbidity, fewer
recurrent seizures, and better maternal outcomes,
with minimal foetal adverse effects. Magnesium
sulphate also has a role in neuroprotection of
preterm infants, where antenatal administration
before anticipated early delivery (<32 weeks)
reduces the risk of cerebral palsy in surviving
neonates.”

In obstetric practice, magnesium sulphate
is administered for both seizure prophylaxis
in severe preeclampsia and seizure control in
eclampsia. The most widely used regimens are
the Pritchard (intramuscular and intravenous) and
Zuspan (intravenous) protocols. The Pritchard
regimen consists of a 4 g intravenous loading
dose administered over 5—10 minutes, followed
by 10gm intramuscularly (5 g in each buttock),
with a maintenance dose of 5gm intramuscularly
every 4 hours. The Zuspan regimen involves a4 g
intravenous loading dose, followed by a continuous
IV infusion at 1 g per hour. Serum magnesium
levels are maintained between 4-7 mEq/L for
therapeutic effectiveness and higher levels may
cause loss of deep tendon reflexes, respiratory
depression and cardiac conduction abnormalities.”

Magnesium sulphate remains the drug
of choice for the management of eclampsia and
pre-eclampsia. Adherence to standard treatment
protocols with strict clinical and biochemical
monitoring minimizes adverse effects. Regular
assessment of serum magnesium levels, respiratory
rate, deep tendon reflexes, and urine output is
essential to ensure safe therapy. As magnesium
is predominantly eliminated by the kidneys, dose
adjustment and vigilant monitoring are required
in patients with renal impairment or oliguria. In
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cases of magnesium toxicity, intravenous calcium
gluconate serves as the specific antidote to rapidly
reverse neuromuscular and cardiac effects.
Role of Magnesium in Acute Severe (Refractory)
Asthma

Magnesium relaxes bronchial smooth
muscle by inhibiting voltage-gated calcium
channels, thereby lowering intracellular Ca’z levels
and promoting bronchodilation.” Additionally, it
shows anti-inflammatory and membrane-stabilizing
effects by preventing the degranulation of mast
cells and reducing the release of inflammatory
mediators.*> Magnesium also modulates NMDA
receptor activity in airway sensory pathways,
helping to reduce central sensitization related
to cough and bronchospasm, while improving
endothelial and airway microvascular function—all
contributing to faster relief in refractory asthma
episodes.”

Systematic reviews and a Cochrane meta-
analysis have shown that administering magnesium
sulphate 1.2-2gm as a single intravenous dose
for over 15-30 minutes, improves lung function
in patients with acute severe asthma who are
unresponsive to initial therapy.”™ Some clinical
guidelines and emergency medicine references
also mention nebulized magnesium sulphate as
a potential adjunct treatment in selected patients,
though evidence for its effectiveness remains
inconsistent.”

Magnesium sulphate should only be used
after first-line therapies, i.e. oxygen, high-dose
inhaled &, -agonists, ipratropium bromide, and
systemic corticosteroids, have been initiated, and
it should be continued along with standard care.
When administering frequently or large I'V doses,
blood pressure and deep tendon reflexes should
be monitored.”" Rapid administration may cause
flushing or transient hypotension, and must be
used cautiously or avoided in patients with renal
impairment.”

Role of magnesium in Gastrointestinal disorders

Magnesium promotes gastrointestinal
motility primarily by stimulating the release of
cholecystokinin (CCK), which enhances intestinal
peristalsis and increases luminal secretions.
Because magnesium ions are only partially
absorbed from the gastrointestinal tract, they
increase the osmotic pressure in the intestinal
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lumen, leading to water retention that softens stool
and facilitates bowel movements.” Consequently,
magnesium salts are widely employed as osmotic
laxatives in the treatment of constipation.*”

Common formulations include magnesium
sulphate, magnesium hydroxide (milk of magnesia)
and magnesium citrate. Magnesium hydroxide
is generally given in doses of 30—60 mL (400
mg/5 mL suspension) at bedtime. Magnesium-
containing laxatives are particularly useful for
occasional or short-term constipation, opioid-
induced constipation, and bowel preparation
before diagnostic procedures.” Magnesium should
be used with caution or avoided in patients with
renal impairment, as reduced magnesium excretion
may lead to hypermagnesemia, presenting with
hypotension, muscle weakness, and cardiac
arrhythmias.”"

Recent trials and meta-analyses support
their efficacy and safety when used within
recommended doses for functional constipation,
and they remain an important component of
first-line management alongside dietary fibre and
hydration.””#¢
Magnesium in Migraine Prophylaxis

Magnesium acts as a physiological calcium
channel blocker, stabilizing vascular smooth muscle
and preventing excessive vasoconstriction, which
contributes to the throbbing pain of migraine.?**!
Furthermore, magnesium regulates serotonergic
and nitric oxide (NO) pathways, decreases the
release of substance P, vasoactive neuropeptides
and thereby decreases neurogenic inflammation.®'

Hypomagnesemia has been consistently
observed in migraineurs, particularly during acute
attacks, suggesting a pathogenic link.* Deficiency
of magnesium leads to neuronal hyperexcitability,
platelet aggregation, and vasospasm, mechanisms
implicated in both migraine with and without
aura.®

Magnesium plays a crucial role in the
pathogenesis and prevention of migraine, acting
through multiple mechanisms that involve neuronal
excitability, vascular tone, and neurotransmitter
regulation.*® Supplementation helps restore
vascular and neuronal stability, thereby reducing
attack frequency and severity.*® Clinical studies
and meta-analyses demonstrate that magnesium
supplementation, especially magnesium oxide



BENNI et al., Biomed. & Pharmacol. J, Vol. 19(3), 2208-2222 (2026)

(MgO) and magnesium citrate, can significantly
reduce the frequency of migraine attacks when
administered prophylactically.*¢8!53

Magnesium exerts its beneficial effects
primarily by antagonizing NMDA receptors,
thereby inhibiting cortical spreading depression,
the electrophysiological associate of migraine
aura.®* Magnesium sulfate 1-2 g IV over 15-30
minutes is effective for aborting acute migraine
attacks, particularly in patients with aura or
menstrual migraine.® Oral Magnesium oxide
400-600 mg/day (elemental magnesium ~240-360
mg) is recommended for migraine prevention,
usually taken in divided doses for 8—12 weeks
and is especially useful in menstrual migraine,
migraine with aura, and patients with magnesium
deficiency.?>%

In summary, magnesium’s NMDA
antagonism, calcium channel blockade, and
modulation of serotonergic and NO signalling
form the pharmacological basis for its efficacy in
migraine. Both oral prophylactic supplementation
and intravenous magnesium sulphate for acute
attacks are safe, cost-effective therapeutic options
supported by substantial clinical evidence.
Emerging and Novel Therapeutic Applications
of Magnesium
Support of magnesium in Oncology and
Chemotherapy treatment

Magnesium has attracted oncological
interest for its diverse biological roles and use as
an adjunct in cancer care. It supports DNA repair,
regulates key pathways such as PI3K/AKT/mTOR
and NF-éB, and influences apoptosis in tumour
cells. Optimal Mg?z levels protect against DNA
damage and mutations, while deficiency increases
vulnerability of precancerous cells.* By stabilizing
the genome and modulating cell proliferation,
differentiation, and apoptosis, magnesium helps
reduce tumorigenesis and may improve cancer
prognosis.?” Chronic magnesium deficiency results
in immune dysfunctions and greater baseline
inflammation along with oxidative stress, which
are linked to several age-related diseases and
cancer.® In addition, several anticancer therapies
can induce hypomagnesemia, often requiring
magnesium supplementation during treatment, to
relieve symptoms and maintain the general health
of the patient.®®

Magnesium ions are currently used as
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anti-tumor implant materials in interventional
therapies. During degradation, magnesium
produces magnesium hydroxide, hydrogen gas, and
magnesium ions. Magnesium hydroxide neutralizes
the acidic tumor microenvironment, whereas
hydrogen gas and magnesium ions exert notable
anti-inflammatory and antioxidant effects.®

Role of magnesium in gut microbiome and
colorectal cancer prevention

A groundbreaking 2025 randomized trial
demonstrated that magnesium supplementation
favourably altered the gut microbiota, increasing
Faecalibacterium prausnitzii and Carnobacterium
maltaromaticum, bacteria linked to enhanced
vitamin D metabolism and lower colorectal-cancer
risk.”® Magnesium’s ability to maintain epithelial
integrity, modulate bile acid metabolism, and reduce
oxidative DNA damage underlies its preventive
role in colorectal carcinogenesis. The gut—
magnesium—microbiome axis is now a promising
target for nutritional chemoprevention.®®!

Role of magnesium in Polycystic Ovary
Syndrome (PCOS)

In women with PCOS, a randomized
clinical trial (250 mg/day Mg oxide for 2 months)
showed improvements in insulin levels and
HOMA-IR compared with placebo.”” The use
of magnesium supplementation in patients with
PCOS, irrespective of disease aetiology or stage,
can significantly improve metabolic status by
enhancing insulin sensitivity and modulating
lipid profile levels.”? Magnesium supplementation
can improve insulin resistance, lipid profiles, and
glycaemic control, and may therefore contribute to
better clinical results in patients with PCOS.*%
Magnesium for management of metabolic
syndrome

Magnesium deficiency is frequent
in obese subjects and is a highly prevalent
condition in patients with diabetes. It has gained
renewed attention for its impact on glucose
metabolism, insulin sensitivity, and metabolic
syndrome.'®? In addition, it regulates the activity
of lipoprotein lipase (LPL) and lecithin—cholesterol
acyltransferase (LCAT), thereby maintaining
lipoprotein homeostasis by lowering LDL
cholesterol and triglycerides while increasing
HDL cholesterol.'*Recent meta-analysis involving
over 90,000 participants showed an opposite
relationship between intake of magnesium
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supplements and development of metabolic
syndrome. Mechanistically, magnesium enhances
insulin receptor phosphorylation, promotes GLUT-
4 translocation, and reduces oxidative stress and
inflammation.** A randomized, double-blind,
placebo-controlled clinical trial demonstrated
that oral magnesium chloride (5% solution),
providing approximately 382 mg of elemental
magnesium daily for 16 weeks, led to significantly
greater improvements in components of metabolic
syndrome—including blood pressure, fasting
glucose, and triglycerides—compared with
placebo.”” These findings advocate magnesium
repletion as an adjunct strategy in insulin resistance
and related metabolic disorders.
Adbverse drug reactions (ADRS) with magnesium
treatment

Magnesium supplements are generally
well tolerated at recommended doses. The most
common ADRs are gastrointestinal (diarrhoea,
nausea, abdominal cramping) related to the
laxative effects of unabsorbed magnesium salts.”®
Excessive intake or reduced renal excretion may lead
to hypermagnesemia, which manifests clinically
as hypotension, flushing, nausea, hyporeflexia,
muscle weakness, and, in severe cases, respiratory
depression, cardiac arrhythmias and cardiac
arrest.”>” During intravenous administration,
blood pressure and deep tendon reflexes should
be carefully monitored.” Such severe toxicity
is uncommon in individuals with normal renal
function but occurs more frequently in elderly
patients and those with chronic kidney disease.”
Additionally, magnesium supplements can reduce
the absorption of certain medications, including
tetracyclines, fluoroquinolones, bisphosphonates,
and levothyroxine, necessitating appropriate
dosing intervals to avoid clinically significant
interactions.”

CONCLUSION & FUTURE
PERSPECTIVES

Magnesium exerts a broad spectrum
of pharmacological actions that extend beyond
its classical roles in electrolyte homeostasis and
neuromuscular function. Gathering evidence
underscores its multifaceted contributions to
cellular signalling pathways, vascular regulation,
immune modulation, neuronal excitability, and
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antithrombotic, anti-inflammatory, analgesic,
and anticancer mechanisms, thereby reinforcing
its therapeutic relevance across multiple organ
systems. Clinically, magnesium is predominantly
employed as an adjunctive or preventive strategy,
particularly in individuals with underlying
magnesium deficiency. Forthcoming research
must emphasize the detailed characterization of
emphasise on the magnesium mechanism of action
in specific diseases and provide standardized
doses, formulations, and durations of magnesium
supplementation. Well-designed randomized
controlled trials and improved assessment of
magnesium status may further strengthen its role
in preventive and therapeutic medicine, nutritional
interventions and chronic disease management.
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