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These findings support the hypothesis of influence of Cadmium and Lead
in mutation of Influenza virus and emergence of novel corona virus COVID
19, as exposure to Cd leads to disturbances in Mg metabolism in the
organism, while Mg supplementation has an adverse effect on Cd
absorption, accumulation and toxicity. According to the available results,
which indicate a protective role of Mg against Cd toxicity, comprehensive
observations suggest that exposure to Cd and Pb mixtures produces more
pronounced effects compared to the response observed after exposure to
single metal solutions. A study showed that the potential protective effect
of influenza vaccination in SARS-CoV-2-positive patients against adverse
outcomes of COVID 19. Significant findings favoring influenza vaccination
mitigating the risks of sepsis, stroke, deep vein thrombosis (DVT),
emergency department (ED) & Intensive Care Unit (ICU) admissions suggest
a potential protective effect that could benefit populations without readily
available access to SARS-CoV-2 vaccination.
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Introduction

Magnesium is the eighth most widespread element in the layer of the Earth. The most
abundant source of biologically accessible magnesium, though, is the hydrosphere
(i.e. oceans and rivers). In the sea, the concentration of magnesium is ~55 mmol/L
and in the Dead Sea—as an extreme example—the concentration is documented to be
198 mmol/L magnesium. Magnesium salts easily dissolved in water and are much
more soluble than the respective calcium salts. As a result, magnesium is readily
obtainable to organisms. It plays a significant role in vegetation and animals alike. In
plants, magnesium is the vital ion of chlorophyll. In vertebrates, magnesium is the
fourth most abundant cation and is essential, especially within cells, being the second
most frequent intracellular cation after potassium, with both these elements being
fundamental for numerous physiological tasks.

It is a Group 2 (alkaline earth) element within the periodic table and has a relative
atomic mass of 24.305 Da, a specific gravity at 20°C of 1.738, a melting point of
648.8°C and a boiling point of 1090°C. In the dissolved state, magnesium binds
hydration water tighter than calcium, potassium and sodium. Thus, the hydrated
magnesium cation is hard to dehydrate. “Its radius is ~400 times larger than its
dehydrated radius. This difference between the hydrated and the dehydrated state is
much more prominent than in-sodium (~25-fold), calcium (~25-fold) or potassium
(4-fold). Consequently, the ionic radius of dehydrated magnesium is small but
biologically relevant. This simple fact explains a lot of magnesium’s peculiarities,
including its often antagonistic behavior to calcium, despite similar chemical
reactivity and charge. For instance, it is almost impossible for magnesium to pass
through narrow channels in biological membranes that can be readily traversed by
calcium because magnesium, unlike calcium, cannot be easily stripped of its
hydration shell. Steric constraints for magnesium transporters are also far greater than
for any other cation transport system.

The body of most animals contains ~0.4 g magnesium/kgThe total magnesium
content of the human body is reported to be ~20 mmol/kg of fat-free tissue. In other
words, total magnesium in the average 70 kg adult with 20% (w/w) fat is ~1000 to

1120 mmol. In comparison, the body content of calcium is ~1000 g (i.e. 42 times



greater than the body content of magnesium) . About 99% of total body magnesium is
located in bone, muscles and non-muscular soft tissue [1].

Magnesium (Mg?*) has several functions in the human body. It acts as a cofactor for
more than 300 enzymes, regulating a number of fundamental functions such as
muscle contraction, neuromuscular conduction, glycemic control, myocardial
contraction, and blood pressure. Moreover, magnesium also plays a vital role in
energy production, active transmembrane transport for other ions, synthesis of nuclear

materials, and bone development [2].



Magnesium metabolism

As an essential mineral the amount of magnesium within an organisms must be
continuously regulated and distribution to single cells must be guaranteed. The
medicinal use of magnesium in the form of magnesium rich mineral waters, goes back
into ancient times but it was in the 17th century, when magnesium sulphate was
discovered to be the cathartic agent in mineral water (Epsom salt). The essentiality of
magnesium to animals was first described by Leroy (1926). The first description of
clinical depletion in humans was published 1934. In the 1950th magnesium deficiency
was described for various pathological conditions in humans and from then on the
importance of magnesium in physiological processes and medicine has gained
widespread attention. The functions and regulation of magnesium in living cells,
however, have been discovered only within the last few.decades as new analytical
techniques became available .

In spite of the importance of magnesium to various physiological and biochemical
processes there is no indication that magnesium homeostasis is under specific tight
hormonal control. The usual need could be relatively simply fulfilled by absorption
from the gut, distribution of the needed amounts to the cells and excretion of the
surplus by the kidney.

About 90% of magnesium is bound and only 10% free. The intracellular free
magnesium concentration is about 0.5 mmol/l. Intracellular magnesium is mainly
bound to nucleic acids, ATP, negatively charged phospholipids and proteins.
According to the distribution of binding sites within the cell the highest magnesium
content is found in microsomes containing ribosomes and endoplasmic reticulum,
followed by mitochondria and nuclei.

Absorption—secretion:

Intestinal absorption of magnesium in humans takes place primarily in the ileum and
jejunum, whereas in some monogastric animals also the colon and caecum
maycontribute to magnesium uptake; In man the absorbed amount of magnesium is
nearly linear proportional to the magnesium intake, only at low dietary intakes

increased fractional absorption was observed. In healthy men consuming a usual



western diet a fractional magnesium absorption of 0.44 has been determined with
stable isotopes.

Generally, magnesium is absorbed as an ion; there is no indication of either a directly
coupled transport of magnesium with the uptake of other nutrients or of significant
absorption of magnesium complexes. Magnesium ions are absorbed by passive and
active uptake mechanisms, which seem not to be under hormonal control.

The major part of magnesium is absorbed across the paracellular route, determined
by the electrochemical gradient and by solvent drag . Saturable transcellular uptake
mechanisms have also been detected which may account for the higher fractional
absorption rate at low dietary magnesium intakes. Uptake into brush border cells may
be mediated by a magnesium/anion complex; efflux of magnesium across the
basolateral membrane may involve sodium/magnesium antiport systems. A gene has
been identified that is involved in human magnesium deficiency states and is
expressed in intestine and kidney. The gene product encodes for a protein that
combines calcium- and magnesium-permeable cation channel properties with protein
kinase activity, which might be involved in magnesium absorption.

There are various nutrients that might interact with magnesium absorption. A high
fiber diet reduces magnesium absorption by binding of magnesium to phytate. There
are some interactions between magnesium and calcium but at dietary intake levels no
significant effects of calcium on‘magnesium absorption was detected. The ability of
phosphate to bind magnesium may explain the decreased magnesium absorption in
persons on high phosphate diets.

High magnesium content of foods is not connected with any adverse health effects
and does not pose any hazard to man. Use of oral magnesium supplements is
generally safe and the no-observed-adverse-effects level was considered to be 250 mg
for supplemental magnesium. Higher doses of magnesium might induce diarrhea due
to the water binding of the non-absorbed part of the administered dose.

After absorption from the gut, magnesium is transported to the tissues where it is
taken up only in the case of a magnesium need. Magnesium is taken up into cells until
the normal intracellular ionized magnesium concentration is achieved. Intracellular
magnesium losses occur, when bound magnesium is released (ATP breakdown,
acidosis) leading to an increased intracellular free magnesium concentration, which is
normalized by magnesium efflux via a Nap/Mg2p antiport system. The intracellular

magnesium concentration is subjected to intense regulation, as so many intracellular
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systems would be influenced by significant changes of the intracellular concentration
that no targeted effect could be achieved.

This is the reason why magnesium cannot work as intracellular second messenger, but
may work as a facilitating agent slightly changing the direction of metabolism with
only small changes in intracellular concentration.

The kidney excretes any surplus of magnesium in plasma. About 70% of total serum
magnesium is ultrafiltrated through the glomerular membrane. Only 10-15% of the
filtered magnesium is reabsorbed in the proximal tubule, whereas the major part (60—
70%) is reabsorbed in the cortical thick ascending limb of the loop of Henle and
another 10-15% in the distal convoluted tubule. In the cortical thick ascending limb
of the loop of Henle magnesium is reabsorbed by a paracellular mechanism involving
paracellin-1. It could be demonstrated that a mutation of this protein is responsible for
the excessive magnesium wasting in patients with hypomagnesaemia/hypercalciuria
syndrome.

In the distal convoluted segment magnesium is absorbed by an active transcellular
mechanism. This absorption is under the control of special divalent cation sensing
receptors; elevated plasma magnesium coneentrations inhibit reabsorption of
magnesium from the distal convoluted. tubule, leading to an increased loss of
magnesium from the body . To the current knowledge, this system seems to be the
main regulator of the total excretion of magnesium as there is little magnesium
reabsorption beyond the distal tubule.

Elevation of plasma magnesium concentration leads to activation of the divalent
cation sensing receptor on the peritubular side of the cells of the distal tubule.
Activation of this receptor reduces response to hormones such as parathyroid
hormone, calcitonin, glucagon and arginine vasopressin on the hormone mediated
magnesium uptake into the cells of the distal tubule. Subsequently less magnesium is
transported through the cells leading to an increased urinary magnesium excretion.
The main part of body magnesium is located in bone. Part of this magnesium—
adsorbed to the surface—is in equilibrium with the extracellular magnesium. At
reduced plasma concentrations magnesium can be rapidly released from the bone
surface and at increased plasma concentrations magnesium is bound to the surface. In
a kinetic model of magnesium metabolism in healthy men based on investigations
with the stable isotopes 25Mg and 26Mg it has been determined that 24% of the

human total magnesium exchanges rapidly; of this 79% turns over in 115 h,
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representing probably the bone surface pool and the remaining part—which may
represent serum and easily accessible extracellular space—in less than 9 h. In growing
animals magnesium deficiency induced a loss of bone magnesium with few days.
Bone magnesium, therefore, represents a magnesium reservoir that buffers
extracellular magnesium concentration. In humans this magnesium buffering capacity
is reduced with increasing age as over lifetime nearly half of the magnesium content
of bone is lost. This might be explained by slight changes in acid—base balance at
increasing age. Due to a reduced ability to excrete acid together with an increased
nutritional acid load a general loss of minerals from the skeleton occurs with
increasing age. The usual amount of magnesium in the diet seems not to be high
enough to avoid this magnesium loss from the bones that are also accompanied by
calcium losses and reduced bone mineral density. This might be of importance for the
development of osteoporosis. Animal experiments and human studies showed a
positive effects of supplementing magnesium on bone density and bone absorption
parameters.

The normal range of plasma magnesium concentration is 0.75—1 mmol/l. Supplying
low dietary amounts of magnesium can induce magnesium deficiency in animals and
humans. In growing rats very low plasma magnesium concentrations occur within few
days after feeding a magnesium deficient diet. In adult humans, however, low plasma
magnesium concentrations are-observed only after prolonged ingestion of food with
low magnesium content. The risk of magnesium deficiency in children, however,
might be higher. Low serum magnesium concentrations have been detected in a high
percentage of children in central Europe. The plasma magnesium concentration is
kept constant over longer periods of time even at reduced magnesium intake by
decreasing the renal magnesium excretion and by release of magnesium bound to
bones. During experimental magnesium depletion in humans, magnesium in the urine
decreases to very low levels within 3—4 days with only small changes in plasma
magnesium concentration. A magnesium concentration below the reference range is
expression of a marked magnesium deficiency, a plasma magnesium concentration
within the reference range, however, does not exclude a suboptimal magnesium
supply as intracellular magnesium might have been released shortly before blood
sampling or due to a slight acidosis magnesium had been released from bone surface:
both conditions artificially increase circulating magnesium content. Generally,

hypomagnesaemia may arise from various disorders of the gastrointestinal tract
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leading to reduced magnesium absorption or from conditions that affect renal
handling of magnesium. In humans severe magnesium deficiency has been observed
in families with rare genetic disorders.

The symptoms of magnesium deficiency are variable and associated with nonspecific
clinical signs. Very often neuromuscular hyperexcitability, cardiac arrhythmias,
increased muscle tension, muscle cramps, increased stress susceptibility, and
headaches are observed but also paresthesias, irritability, decreased attention span,
mental confusion and dizziness might occur.

The main effects of magnesium deficiency are caused by changes in extracellular
magnesium concentrations due to direct membrane effects of magnesium and
magnesium/ calcium interactions.

Because of the magnesium buffering capacity of bone and the regulation of
magnesium excretion by the kidney a considerable reduction of plasma magnesium
can be avoided over prolonged periods. However, additional losses of magnesium or
renal effects of certain drugs may lead to overt magnesium deficiency in already

depleted subject.
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Magnesium control Sodium and Potassium balance

Both sodium and potassium are minerals essential to regulate the body's water balance
and maintain healthy bones, nerves and muscle function. The function together to
regulate healthy cell signaling in the body. potassium is an anion (a negatively
charged ion), because having more electrons than protons makes it carry a negative
charge.

Sodium is the opposite; it's known as a cation because it has more protons than
electrons and carries a positive charge. A healthy level of potassium inside of the cells
and sodium outside the cells, is necessary for proper cell signaling in the nervous
system.

Magnesium's role in the balance of sodium and potassium is as an intermediary.
Potassium can't cross the cell membrane on its own, and needs magnesium to move
across the cell membrane.

Once the cell membrane is open, the cell can absorb all of the potassium it needs to
function properly. This process of achieving sodium and potassium balance accounts

for 20 to 40 percent of the resting energy the  body uses [4].

Magnesium deficiency is always followed by a disturbed electrolyte homeostasis. it
causes a lot of deficiency symptoms according to its many-fold relations in the
organism and should be considered in many diseases and clinical situations, sufficient
magnesium supply is important for maintaining the concentration gradients and the
electric potential at the Cell and stabilizes electrolyte homeostasis, it is able to restore
the ionic and electric imbalance by reactivating the sodium/potassium pump and by
reducing the calcium overload and it is indispensable for potassium substitution and

for compensation of a refractory potassium deficiency [5].

Disturbed electrolyte homeostasis known at:

i.  Coronary heart disease

ii. ~ Traumatic and surgical events
iii. ~ Dysrhythmias
iv.  Postoperative period

v.  Angina pectoris

12



vi.
vii.

viii.

xi.
Xii.
Xiii.
Xiv.

XV.

XVii.
XViii.
XiX.
XX.
XXi.

XXii.

ECC: open heart surgery
Acute myocardial infarction
Burns

Heart valve disease
Distress

Hypertension

Latent tetany
Congestive heart failure
Cramp in the leg
Diuretic therapy
Diabetes mellitus
Digitalis therapy
Pregnancy

Cardiac arrest
Hormonal dysregulation
Intensive care

Alcoholism.
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Effects of Lead and Cadmium in Magnesium

The results obtained up to now indicate that increased intake of some heavy
metals causes disorder of bioelements metabolism leading to their blood and
organs decrease and higher elimination via the urine. As to lead and
magnesium, investigations indicated that the reaction is reversible and that
increased intake of Mg eliminates Pb via urine. Cadmium lead to statistically
significant decrease of blood Mg (p < 0.001 after day 16) which was
associated with increased Mg elimination via urine (p < 0.01). Statistically
significant changes were not detected in the tissues, except in the liver where
we found enhanced Mg content (p < 0.05), while its level in the muscles

decreased (p < 0.01) [6].

Cadmium is a hormone-disrupting heavy. metal that’s all-too-common in our
modern environment. acquire it from cigarette smoke, water, fertilizers, air
pollution, fish, coffee, plastics, and'some yellow coloring agents. It has been
linked to low progesterone and prolactin levels and lowers testosterone in

men.

The nasty thing about cadmium is that one of the places it is stored is the
pituitary gland — the master gland that signals to your thyroid, adrenals and
ovaries. Because of this cadmium can affect thyroid function and interrupt
signalling to the ovaries. Cadmium blocks but also mimics estrogen, which
causes fertility problems in both sexes. It also interferes with estrogen. It
blocks the binding of estradiol to the ER-alpha estrogen receptor. So even if
you are producing enough estradiol, cadmium interferes in it actually acting
upon your cells correctly. Cadmium also lowers testosterone production in

males, contributing to infertility.

Most concerning is the fact that Cadmium causes more cancers than all the
other heavy metals combined. Cadmium increases the risk of prostate cancer,

breast cancer and many other types of cancers.
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The most common and concentrated source of cadmium is cigarette smoke.
Tobacco plants are especially good at absorbing cadmium from the soil, and
smoking tobacco releases cadmium directly into the bloodstream. This is the

main reason smokers have much higher rates of cancer.

Lead impairs sex hormone production, interfering with menstrual cycles in
women, promoting inferility and damaging testicular function in men. Lead
can cause period irregularity by lowering progesterone and prolactin

production.

High levels of lead reduce estrogen, testosterone and cortisol production.

These imbalances can all lead to irregular periods and infertility.

Lead is water-soluble and will readily leach into tap water, which is a big
problem for the U.S. Occasionally, lead piping will contaminate the water

supply, especially as the country’s water infrastructure gets older.

Due to decades of use of leaded gasoline and it’s continued use in developing
countries, lead persists in the air, soils and water, leaching into our food

supply and supplements [7].

Cadmium has been listed as one of the 126 priority pollutants and a category |
carcinogen. Carcinogenic effects of cadmium on the lungs, testicles, and
prostate are widely recognized, but there has been insufficient research on the
effect of cadmium on the thyroid gland. Cadmium has the affinity to
accumulate not only in the liver, kidneys, and pancreas but also in the thyroid
gland. It has been established that cadmium blood concentration correlates
positively with its accumulation in the thyroid gland. Women of fertile age
have higher cadmium blood and urine concentrations than men. In spite of its
redox inertia, cadmium brings about oxidative stress and damage to the tissue
by indirect mechanisms. Mitochondria are considered to be the main

intracellular targets for cadmium [8].

Studies suggest that cadmium is associated with several clinical complications,

such as renal dysfunction and bone disease, but also some cancers. With
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regards to thyroid health, one study showed a positive association between
cadmium exposure and thyroid hormones in adults. Another study showed that
taking selenium and zinc may have a synergistic role against cadmium-
induced thyroid dysfunction . Also there is some evidence that lead exposure
can lead to depressed thyroid hormone levels. However, some other studies
show no relationship between lead exposure and thyroid health. It is possible

that the amount of lead can play a role on how it affects thyroid health.

It’s important to understand that while the amount of exposure to a specific
heavy metal, or any other toxin, can be important, this isn’t the only factor to
consider. In other words, different people experience different reactions to
certain toxins. For example, someone who is exposed to a small amount of
mercury might have a negative reaction, thus triggering an autoimmune
response. On the other hand, another person who has a high level of mercury
in their tissues might not have any problems. The company Cyrex Labs has a
test called the Chemical Immune Reactivity Screen, which helps to identify
immune responses to chemicals bound to human proteins. So while most tests
detect the levels of toxins, this tests measures the actual immune response to

certain toxins [9].

It is becoming a well-known fact that environmental exposure to toxic metals
and chemicals can damage the immune system and other cells in the body,
leading to dozens of different disorders and symptoms, including

autoimmunity.

25% of Americans have some form of heavy metal poisoning, including
mercury, lead, arsenic, cadmium, aluminum and nickel. These metal toxins

change the chemical structure of DNA and RNA.

Studies have shown that metals such as mercury, cadmium and lead have been
associated with the development of the autoimmune diseases scleroderma,
lupus, autoimmune hepatitis, multiple sclerosis, Hashimoto’s thyroiditis,
Graves disease, rheumatoid arthritis, lupus, pernicious anemia, chronic fatigue

syndrome, fibromyalgia, and type 1 diabetes [10].
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Metal toxicity is a condition in which there is an elevated level of essential
minerals or heavy metals in the body. Essential minerals include calcium,
potassium, magnesium, manganese, selenium, zinc, copper, molybdenum iron,
phosphorus, chromium, vanadium. and boron. Metals classified as heavy
metals are lead, arsenic, cadmium, mercury, aluminum, uranium, strontium,

and thallium.

Problems which exist with essential minerals can exist in ratios of essential
minerals to each other such as copper to zinc, calcium to magnesium, sodium
to magnesium, sodium to potassium and calcium to phosphorus. Some toxicity
is due to specific disease processes, and others are due to excessive exposure
or intake of the mineral. Manganese can be too low or toxic if too high.
Problems arise when a specific mineral which needs to be in an exact ratio to
another becomes in excess creating imbalances leading to toxicity issues and
unwanted symptoms [11]. COVID-19 severity-is-associated with lower serum
concentrations of sodium, potassium and.calcium [12]. Researchers say people
with high levels of the heavy metal cadmium may also have higher odds of

severe disease during the pandemic [13].

According to Dr. Dean , the magnesium content in the modern diet has sunk
by about 60%. One hundred years ago , people consumed an average of
500mg of magnesium daily. That number is now about 200mg due to soil
erosion and the use of synthetic chemical fertilizers [14] ( mostly contain lead
and cadmium). Naturally composted fertilizers typically contain healthy

amounts of magnesium , which are taken up by the plants.

Dr. Dean added that magnesium deficiency contribute to a myriad of
conditions, including heart diseases , high blood pressure, high cholesterol ,

anxiety, fatigue muscle cramping and inflammation.

Magnesium deficiency also contribute to a higher risk of influenza .
Researchers find that lower serum magnesium level independently predicts
readmission for chronic obstructive pulmonary disease. Magnesium has also
been shown to be calming and can help sleep [14]. Significant decrease of

magnesium associated with significant increase of lead [15].
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Mr. Mosab Nouraldein hypothesize that Lead and Cadmium mutate
influenza virus form COVID.19 [16], and all of them cause depletion of

magnesium.
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Magnesium and blood pressure

Hypertension is an important public health challenge because of its high prevalence
and strong association with cardiovascular disease and premature death. Hypertension
is a major cause of CKD, is present in more than 80% of CKD patients, and
contributes to CKD progression. Risk factors for hypertension include, but are not
limited to, age, race, family history, obesity, physical inactivity, tobacco use, and
inadequate intake of minerals such as calcium, potassium, and magnesium.
Magnesium is the second most abundant intracellular cation in the human body and
plays an important role in insulin and adenosine triphosphate metabolism. Low
dietary magnesium intake has been associated with an increased risk of developing
hypertension [17].

The effect of magnesium on blood pressure may be direct or through influences on the
internal balance of potassium, sodium, and calcium [18].

Magnesium intake of 500 mg/d to 1000 mg/d may reduce blood pressure (BP) as
much as 5.6/2.8 mm Hg. However, clinical studies have a wide range of BP reduction,
with some showing no change in BP. The combination of increased intake of
magnesium and potassium coupled with reduced sodium intake is more effective in
reducing BP than single mineral intake and is often as effective as one
antihypertensive drug in treating hypertension. Reducing intracellular sodium and
calcium while increasing intracellular magnesium and potassium improves BP
response. Magnesium also increases the effectiveness of all antihypertensive drug
classes. It remains to be conclusively proven that cardiovascular disease such as
coronary heart disease, ischemic stroke, and cardiac arrhythmias can be prevented or
treated with magnesium intake. Preliminary evidence suggests that insulin sensitivity,
hyperglycemia, diabetes mellitus, left ventricular hypertrophy, and dyslipidemia may
be improved with increased magnesium intake. Various genetic defects in magnesium
transport are associated with hypertension and possibly with cardiovascular disease.
Oral magnesium acts as a natural calcium channel blocker, increases nitric oxide,

improves endothelial dysfunction, and induces direct and indirect vasodilation [19].
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Magnesium and blood sugar

Magnesium is a mineral that plays many important roles in the body, including
managing insulin and carbohydrate metabolism. It’s involved in body’s ability to
secrete insulin and may help the cells to use insulin more effectively.

It appears to help manage blood sugar levels among people with diabetes. Also, those
who tend to consume less magnesium typically have poorer blood sugar regulation
and a higher risk of type 2 diabetes than people who consume higher amounts.
Increasing magnesium intake through food or supplements may help people with
diabetes improve their blood sugar regulation. A 12-week study in 54 people with
type 2 diabetes found that taking 300 mg of magnesium daily significantly lowered
fasting blood sugar levels, as well as post-meal blood sugar levels, compared with
taking a placebo pill.

Similarly, in one review of 18 studies, 12 of them including people either with
diabetes or at risk of developing diabetes found that taking 250-450 mg of
magnesium daily for 624 weeks helped significantly reduce fasting blood sugar

levels, compared with placebo groups.

In general, studies have found that taking 250-350 mg of magnesium daily appears to
benefit people with diabetes. It’s best'to take magnesium with food to improve

absorption .

However, in case of type 2 diabetes, it’s important to notify the healthcare provider
before taking magnesium. This is because magnesium may increase the risk of
hypoglycemia, or low blood sugar, as it may have an additive effect when combined

with medication [20].

Type 2 diabetes is frequently associated with both extracellular and intracellular
magnesium (Mg) deficits. A chronic latent Mg deficit or an overt clinical
hypomagnesemia is common in patients with type 2 diabetes, especially in those with
poorly controlled glycemic profiles. Insulin and glucose are important regulators of
Mg metabolism. Intracellular Mg plays a key role in regulating insulin action, insulin-
mediated-glucose-uptake and vascular tone. Reduced intracellular Mg concentrations
result in a defective tyrosine-kinase activity, postreceptorial impairment in insulin

action and worsening of insulin resistance in diabetic patients. A low Mg intake and
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an increased Mg urinary loss appear the most important mechanisms that may favor
Mg depletion in patients with type 2 diabetes. Low dietary Mg intake has been related
to the development of type 2 diabetes and metabolic syndrome [21].

The effect of calcium and magnesium ions on glucagon and insulin secretion was
studied in vitro, using pieces of pancreas from duct-ligaturated rats. Omission of
calcium from the incubation media stimulated glucagon release. Addition of barium to
the calcium-depleted media did not prevent the stimulation of glucagon release.
Omission of magnesium also tended to increase the rate of glucagon secretion. Much
higher rates of glucagon release were observed in the concomitant absence of calcium
and magnesium, or in calcium-depleted media supplemented with a chelating agent
(EGTA). On the other hand, excess of calcium (8 mEq/1) was without effect, and
excess magnesium (20 mEq/1) inhibited basal or arginine-induced glucagon release.
In these various experimental conditions, except those in which a marked stimulation
of glucagon occurred (absence of both cations, presence of EGTA), the rate of insulin
secretion followed the patterns documented by previous investigators. It is concluded
that calcium and magnesium, in contrast to their effect on the f§ cell, act
synergistically upon the secretory process of the ax cell in such a way that glucagon
release is stimulated at low levels of both cations [22].

The association between magnesium deficiency and insulin resistance is present
during childhood. Serum magnesium deficiency in obese children may be secondary
to decreased dietary magnesium intake. Magnesium supplementation or increased
intake of magnesium-rich foods may be an important tool in the prevention of type 2
diabetes in obese children [23].

Intracellular magnesium concentration is low in type 2 diabetes mellitus and in
hypertensive patients. In patients with type 2 diabetes an inverse association exists
between the plasma magnesium and insulin resistance due to intracellular changes.
The suppressed intracellular magnesium concentration may result in defective
tyrosine kinase activity and modify insulin sensitivity by influencing receptor activity
after binding or by influencing intracellular signaling and processing. Intracellular
magnesium deficiency may affect the development of insulin resistance and alter the
glucose entry into the cell [24].

A tyrosine kinase is an enzyme that can transfer a phosphate group from ATP to the
tyrosine residues of specific proteins inside a cell. It functions as an "on" or "off"

switch in many cellular functions[25].
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The stimulation by Mg?* and the polyamines occurred with and without insulin. These
characteristics of the heart insulin receptor provide a mechanism for regulating the
activity of the receptor’s tyrosine kinase activity by the intracellular free Mg>*
concentration and the polyamines in the absence and presence of insulin [26].

Low Mg?* levels result in a defective tyrosine kinase activity, post-receptor
impairment in insulin action, altered cellular glucose transport, and decreased cellular
glucose utilization, which promotes peripheral insulin resistance in type2diabetes.
Magnesium deficiency triggers chronic systemic inflammation that also potentiates
insulin resistance. People with type 2 diabetes may end up in a vicious circle in which
magnesium deficiency increases insulin resistance and insulin resistance causes
magnesium deficiency, that requires periodic monitoring of serum Mg>* levels [27].
A 2015 review in the World Journal of Diabetes reports that most, but not all, people
with diabetes have low magnesium and that magnesium may play a role in diabetes

management.
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Magnesium and vitamins

Magnesium is an important mineral, playing a role in over 300 enzyme reactions in
the human body. Its many functions include helping with muscle and nerve function,
regulating blood pressure, and supporting the immune system.

An adult body contains around 25 gram (g) of magnesium, 50-60% of which the
skeletal system stores. The rest is present in muscle, soft tissues, and bodily fluids.
Magnesium may improve bone health both directly and indirectly, as it helps to
regulate calcium and vitamin D levels, which are two other nutrients vital for bone
health [28].

It assists in the activation of vitamin D, which helps regulate calcium and phosphate
homeostasis to influence the growth and maintenance of bones. All of the enzymes
that metabolize vitamin D seem to require magnesium, which acts as a cofactor in the
enzymatic reactions in the liver and kidneys [29].

magnesium supplementation enhanced the anticancer effect of ascorbic acid (vitamin
C) by inhibiting the hormetic response at a low dose. Ascorbic acid treatment with
magnesium supplementation provided more effective anticancer therapy than AA
treatment alone [30].3 months of the Magnesium- melatonin-vitamin B complex
supplementation has a beneficial effectin the treatment of insomnia regardless of
cause [31].

Magnesium and vitamin E are known to exert multiple beneficial effects, such as anti-
glycemic and anti-lipidemic properties. magnesium and vitamin E co-supplementation
for 6 weeks in women with gestational diabetes mellitus significantly improved

glycemic control and lipid profiles, except for HDL-cholesterol levels [32].
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Magnesium and renal function

Magnesium is the fourth most abundant cation and is essential for every cell. This
mineral is a cofactor in multiple enzymatic reactions, including those involving
energy metabolism as well as DNA and protein synthesis, and it participates in the
regulation of ion channels. Magnesium homeostasis is therefore fundamental to the
existence of life.

However, the clinical significance of magnesium has only been acknowledged during
recent years. In fact, years ago, magnesium was even called 'the forgotten electrolyte'.
In this issue of the American Journal of Nephrology, Rebholz et al. report on the
correlation between dietary magnesium intake and kidney function decline from a
large epidemiological investigation, the HANDLS study. Compared with the upper
tertile of dietary magnesium intake, the risk for rapid kidney function decline was
roughly doubled in the lower tertile [33].

The kidneys play a central role in the homeostasis of these ions. Gastrointestinal
absorption is balanced by renal excretion. When body stores of these ions decline
significantly, gastrointestinal absorption, bone resorption, and renal tubular
reabsorption increase to normalize their levels. Renal regulation of these ions occurs
through glomerular filtration and tubular reabsorption and/or secretion and is
therefore an important determinant of plasma ion concentration. Under physiologic
conditions, the whole body balance of calcium, phosphate, and magnesium is

maintained by fine adjustments of urinary excretion to equal the net intake [34].
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Magnesium and blood cells

Recent research has shown that magnesium levels in serum, salivary secretions and
red blood cells are reduced in migraine patients with and without aura, both ictally
and interictally. This suggests that lower magnesium levels can contribute to the
etiopathogenetic mechanisms underlying migraine attacks. It has been suggested that
mononuclear magnesium content is a reliable index of magnesium nutritional status,
as it is more closely related to the total body stores than other biochemical indices.
Therefore we determined mononuclear magnesium content in adult migraine patients
with and without aura, in headache-free periods and, in a number of patients, during
attacks. Migraine patients with and without aura, assessed in interictal periods, had a
reduced mononuclear magnesium content compared to age-matched healthy control
subjects. No significant variations were observed between ictal and interictal periods
in migraine patients with aura and without aura. The lower magnesium content in
mononuclear cells could indirectly indicate the reduction of brain magnesium
concentration, which has recently been demonstrated in the course of migraine [35].
A Chinese study showed that; The prevalence of anemia was 18.3% in men and
31.5% in women. Magnesium and iron intakes were positively associated with
hemoglobin levels and inversely related to the prevalence of anemia. The risks of
anemia were reduced by 26% (P for trend = 0.03) and 52% (P < 0.01), respectively,
for iron and magnesium intake comparing the fourth quartile with the first with
adjustment for potential confounders. The lowest risk of anemia was observed among
participants with the highest intakes of magnesium and iron (odds ratio 0.46, 95%
confidence interval 0.31-0.68). The inverse association of iron intake and anemia but
not the association of magnesium intake and anemia was modified by serum ferritin
levels. The observed relations were not appreciably modified by gender. This
suggests that magnesium is a potent predictor of anemia in Chinese adults [36].

In fact, magnesium may have a more potent effect on platelet aggregation than
calcium. Magnesium infusion has demonstrated encouraging results for hemostasis
and the treatment of coagulopathy in cirrhotic patients before liver transplantation and
in models of trauma-associated coagulopathy [37].

Inter-dimer chemical cross-linking of spectrin in intact red cell membranes is
enhanced if magnesium ions at a concentration of 0.5MM or more are present. On the

other hand, the elimination of magnesium from the interior of intact cells causes no
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significant change in shear elastic modulus, measured by micropipette assays, nor is
there any dependence of membrane filtration rate on intracellular free magnesium
concentration in the range 0—1 MM. Magnesium-depleted cells are, however,
converted into echinocytes within a short period, in which, control cells, exposed to
ionophore and external magnesium ions, remain completely discoid. Magnesium-
depleted cells also undergo structural, changes on heating below the temperature at
which vesiculation sets in. These reveal themselves by the transformation of the cells
to a unique characteristic shape, by grossly reduced filtrability, and by extensive
agglutination of the cells when treated with a bifunctional reagent. Magnesium ions
thus regulate the stability, but not to any measurable extent the gross elasticity, of the
red cell membrane [38].

Researchers suggest that; that magnesium supplementation positively influences the
performance of training athletes by increasing erythrocyte and hemoglobin levels and
no effect in hematocrit levels [39]. Another study found A significant inverse
correlation of serum Magnesium with mean platelet volume, There was not significant
association of serum Mg and PLT count [40].

Outlined findings from several studies, in vitro and in vivo, that showed the
detrimental effects of magnesium deficiency environments on lymphocyte
proliferation as well as on the immune related functioning of several kinds of T-cell

[41].
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Magnesium and inflammatory markers

Animal studies have shown that magnesium deficiency induces an inflammatory
response that results in leukocyte and macrophage activation, release of inflammatory
cytokines and acute-phase proteins, and excessive production of free radicals. Animal
and in vitro studies indicate that the primary mechanism through which magnesium
deficiency has this effect is through increasing cellular Ca>*, which is the signal that
results in the priming of cells to give the inflammatory response. Primary pro-
inflammatory cytokines such as tumor necrosis factor-a and interleukin (IL)-1; the
messenger cytokine IL-6; cytokine responders E-selectin, intracellular adhesion
molecule-1 and vascular cell adhesion molecule-1; and acute-phase reactants C-
reactive protein and fibrinogen have been determined to associate magnesium
deficiency with chronic low-grade inflammation (inflammatory stress). When
magnesium dietary intake, supplementation, and/or serum concentration suggest/s the
presence of magnesium deficiencys, it often is associated with low-grade inflammation
and/or with pathological conditions for which inflammatory stress is considered a risk
factor. When magnesium intake, supplementation, and/or serum concentration
suggest/s an adequate status, magnesium generally has not been found to significantly
affect markers of chronic low-grade inflammation or chronic disease. The consistency
of these findings can be modified by other nutritional and metabolic factors that affect
inflammatory and oxidative stress. In spite of this, findings to date provide convincing
evidence that magnesium deficiency is a significant contributor to chronic low-grade
inflammation that is a risk factor for a variety of pathological conditions such as
cardiovascular disease, hypertension, and diabetes . Because magnesium deficiency
commonly occurs in countries where foods rich in magnesium are not consumed in
recommended amounts, magnesium should be considered an element of significant
nutritional concern for health and well-being in these countries [42].

Most Americans consume magnesium at levels below the recommended daily
allowance. Individuals with intakes below the recommended daily allowance are
more likely to have elevated CRP, which may contribute to cardiovascular disease
risk [43].

Subclinical magnesium deficiency caused by low dietary intake often occurring in the
population is a predisposing factor for chronic inflammatory stress that is conducive

for chronic disease [44].
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Magnesium intake was inversely associated with plasma concentrations of CRP , E-
selectin , and SICAM-1 [45]. magnesium treatment significantly decreased fasting C-
peptide concentrations (change: —0.4 ng/mL after magnesium treatment compared
with +0.05 ng/mL after placebo treatment; P = 0.004) and appeared to decrease
fasting insulin concentrations (change: —2.2 pU/mL after magnesium treatment
compared with 0.0 pU/mL after placebo treatment; P = 0.25). No consistent patterns
were observed across inflammatory biomarkers. Gene expression profiling revealed
up-regulation of 24 genes and down-regulation of 36 genes including genes related to
metabolic and inflammatory pathways such as C1q and tumor necrosis factor—related
protein 9 (C1QTNF9) and pro-platelet basic protein (PPBP) [46].

A low Mg diet decreased the Mg concentration in the plasma and erythrocytes, which
was accompanied by a reduced concentration of eNOs and increased levels of
endothelin-1 level in the serum and impaired endothelium-dependent vasodilatation.
These effects increased the concentration of proinflammatory molecules, such as
VCAM-1, TNF-q, IL-6 and CRP, indicating the development of systemic
inflammation and endothelial dysfunction . Two weeks of Mg supplementation
partially or fully normalised the ability of the vascular wall to effect adequate
endothelium-dependent vasodilatation and reversed the levels of most endothelial
dysfunction and inflammatory markers (except CRP) to the mean values of the control
group. Mg sulphate had the smallest effect on the endothelin-1, TNF-o and VCAM-1
levels. Mg N-acetyltaurate was significantly more effective in restoring the level of
eNOS compared to all other studied compounds, except for Mg oxybutyrate. Taken
together, the present findings demonstrate that all Mg compounds equally alleviate
endothelial dysfunction and inflammation caused by Mg deficiency. Mg sulphate
tended to be the least effective compound [47].

Magnesium and vitamin D each have the possibility of affecting the immune system
and consequently the cytokine storm and coagulation cascade in COVID-19
infections. Vitamin D is important for reducing the risk of upper respiratory tract
infections and plays a role in pulmonary epithelial health. While the importance of
vitamin D for a healthy immune system has been known for decades, the benefits of
magnesium has only recently been elucidated. Indeed, magnesium is important for
activating vitamin D and has a protective role against oxidative stress. Magnesium
deficiency increases endothelial cell susceptibility to oxidative stress, promotes

endothelial dysfunction, reduces fibrinolysis and increases coagulation. Furthermore,
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magnesium deficient animals and humans have depressed immune responses, which,
when supplemented with magnesium, a partial or near full reversal of the
immunodeficiency occurs. Moreover, intracellular free magnesium levels in natural
killer cells and CDS8 killer T cells regulates their cytotoxicity. Considering that
magnesium and vitamin D are important for immune function and cellular resilience,
a deficiency in either may contribute to cytokine storm in the novel coronavirus 2019
(COVID-19) infection [48].

Magnesium deficiency primes phagocytes, enhances granulocyte oxidative burst,
activates endothelial cells and increases the levels of cytokines, thus promoting
inflammation. Consequently, a low magnesium status, which is often underdiagnosed,
potentiates the reactivity to various immune challenges and is implicated in the
pathophysiology of many common chronic diseases [49].

Researchers hypothesize that that a low Mg status, which is rather common, might
foment the transition from mild to critical clinical manifestations of the disease [50].
Constant monitoring of ionized magnesium status with subsequent repletion, when
appropriate, may be an effective strategy to influence disease contraction and
progression [51].

Mg deficiency could be a risk factor for multi-organ dysfunction in COVID-19
infection. Mg supplementation improves functions of the immune, cardiovascular,
nervous, urinary, and respiratory systems through different mechanisms. Suppression
of cytokine storm, bronchodilation, antithrombotic function, a decrease of arterial
blood pressure, preventing electrolyte imbalance, increase stress resistance are some
of the related mechanisms. These findings may provide a reference regarding the
possible beneficial effects of the Mg supplement as an inexpensive, safe, and easily
available drug for supportive treatment in COVID-19 patients [52]. Reduced
magnesium (Mg) intake is a frequent cause of deficiency with age together with
reduced absorption, renal wasting, and polypharmacotherapy. Chronic Mg deficiency
may result in increased oxidative stress and low-grade inflammation, which may be
linked to several age-related diseases, including higher predisposition to infectious
diseases. Mg might play a role in the immune response being a cofactor for
immunoglobulin synthesis and other processes strictly associated with the function of
T and B cells. Mg is necessary for the biosynthesis, transport, and activation of

vitamin D, another key factor in the pathogenesis of infectious diseases [53]..
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magnesium modulates cellular events involved in inflammation. Experimental
magnesium deficiency in the rat induces after a few days a clinical inflammatory
syndrome characterized by leukocyte and macrophage activation, release of
inflammatory cytokines and acute phase proteins, excessive production of free
radicals. Increase in extracellular magnesium concentration, decreases inflammatory
response while reduction in the extracellular magnesium results in cell activation.
Because magnesium acts as a natural calcium antagonist, the molecular basis for
inflammatory response is probably the result of modulation of intracellular calcium
concentration. The priming of phagocytic cells, the opening calcium channel and
activation of N-methyl-D-aspartate (NMDA) receptors, the activation of nuclear
factor-kappa B (NFkB) have been considered as potential mechanisms. Moreover,
magnesium deficiency induces a systemic stress response by activation of neuro
endocrinological pathways. As nervous and immune systems interact bidirectionally,
the roles of neuromediators have also been considered. Magnesium deficiency
contributes to an exaggerated response to immune stress and oxidative stress is the
consequence of the inflammatory response. Inflammation contributes to the pro-
atherogenic changes in lipoprotein metabolism, endothelial dysfunction, thrombosis,
hypertension and explains the aggravating effect of magnesium deficiency on the

development of metabolic syndrome [54].
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Magnesium and loss of smell and taste

Magnesium helps the body to regulate its zinc levels, though it should be noted that
high intake of zinc can be detrimental to magnesium absorption and reduce
magnesium balance [55].

The common cold is frequently associated with anosmia. A significant portion of
COVID-19 patients has been reported to have anosmia and taste dysfunction.
A recent study from Germany found that among confirmed COVID-19 patients 47%
had anosmia with a mean duration of anosmia of 8.9 days as well as an association
with dysgeusia in 85% of cases.
There are multiple proposals for the pathogenesis of anosmia during COVID-19
including the direct and indirect toxic effect of SARS-CoV-2 on neuronal cells and
toxicity to non-neuronal supportive cells such as olfactory epithelium sustentacular
cells, microvillar cells and olfactory bulb pericytes.
Zinc (Zn) is an essential micronutrient and is the second most abundant metal in the
human body, with 2 to 4 grams distributed throughout the whole body. Zinc is
generally taken in through food or breast milk, ‘is absorbed via several intestinal Zn
transporters, and is released into the bloodstream. It is required for cell growth,
differentiation, and survival and appreximately 10% of the entire human genome can
potentially bind Zn through Zn-finger motifs.
Zinc deficiency is well known to cause anosmia and taste dysfunction. This is because
one of the enzymes critical to maintain taste and smell function is a zinc dependent
metalloenzyme called carbonic anhydrase (CA) . Interestingly, different formulations
of intranasal Zn have also been shown to cause anosmia, but the mechanisms for
toxicity are complex, including oxidative stress, ATP depletion, cytoskeletal changes
and apoptosis of olfactory neuronal cells, and is affected by many factors, such as
concentration of zinc tested, the length of exposure, the cell type, and the presence of
other toxic chemicals [56].

Loss of smell is a relatively common occurrence as people progress through
adulthood. In one large epidemiological study of US adults, 25% had a measurable
olfactory impairment. Similarly, 19% of Swedes were found to have hyposmia or
anosmia. Many times, the ability to smell diminishes gradually over time, making

self-reported olfactory impairment substantially underestimated. Patients frequently
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do not discuss their olfaction difficulties; however, the loss of smell can lead to
depression and a lower quality of life.

The most common known etiologies for anosmia are nasal/sinus congestion, upper
respiratory tract infection, current smoking, head trauma, stroke, and epilepsy. Some
investigators theorize that olfactory declines may be a consequence of autoimmune
mechanism or neurodegenerative diseases. The prognosis of olfactory dysfunction is
influenced by certain demographic and clinical factors. Over time, regaining the sense
of smell is more likely in females, younger persons, those with lesser severity of
initial olfactory loss.

Two cases are presented in which the sense of smell was substantially diminished but
was regained, presumably through the supplementation of vitamin D3. Both cases
presented with similar complaints of depression, fatigue, and muscle aches, all of
which have been previously associated with vitamin D deficiency. A link between
hypovitaminosis D and a diminished sense of smell was noted in these 2 individuals
[57], but I suggest the probable reason of anosmia is:magnesium deficiency which is
needed to activate vitamin D.

It was previously reported that magnesium ion inhibited carbonic anhydrase. Studies
with partially purified carbonic anhydrase from spinach (Spinacia oleracea L.)
chloroplasts show that the effect was the result of the chloride counterion and not the

magnesium ion [58].
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Magnesium and Sleep

Magnesium is required for enzymes used in neurotransmitter synthesis, and is
involved in cholinergic, monoaminergic, and amino acid transmitter function.
Magnesium blocks the N-methyl-D-aspartate (NMDA) receptor and is an agonist of
the y-amino butyric acid (GABA) receptor. Heightened activation of the NMDA
receptor may cause poor sleep architecture, while augmentation of the GABA
receptor may improve sleep architecture. Thus, it is not surprising that magnesium
deficiency has been associated with sleep disorders, which magnesium
supplementation alleviated. Magnesium deficiency may contribute to the
inflammatory stress that can result in pathological changes such as diabetes mellitus
and cardiovascular disease associated with sleep deprivation or poor-quality sleep.
Based on recent survey data, magnesium deficiency such that it would affect sleep
quality in humans may be a common occurrence, especially in older adults, obese

individuals, and alcohol abusers [59].

Insomnia is a common sleep disorder where you have difficulty falling asleep, staying
asleep, or both. People with insomnia experience a lack of energy and don’t feel
refreshed in the morning. They may also struggle with excessive daytime sleepiness,

irritability, anxiety, or depression.

Research shows that magnesium may help improve insomnia symptoms. In a study of
elderly patients with insomnia, taking 500 mg of magnesium daily for eight weeks

improved many subjective and objective measures of insomnia. The patients:

i.  Fell asleep faster and slept longer

ii.  Increased their sleep efficiency, meaning they spent more time sleeping while

they were in bed
iii. ~ Woke up later and reduced early morning awakening

iv.  Experienced increased concentrations of melatonin, a sleep hormone, and

serum renin which plays a role in regulating blood pressure

v.  Experienced decreased concentrations of serum cortisol, the (stress hormone)
[60].
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Magnesium and depression

Magnesium ions regulate calcium ion flow in neuronal calcium channels, helping to
regulate neuronal nitric oxide production. In magnesium deficiency, neuronal
requirements for magnesium may not be met, causing neuronal damage which could
manifest as depression. Magnesium treatment is hypothesized to be effective in
treating major depression resulting from intraneuronal magnesium deficits. These
magnesium ion neuronal deficits may be induced by stress hormones, excessive
dietary calcium as well as dietary deficiencies of magnesium. Case histories are
presented showing rapid recovery (less than 7 days) from major depression using
125-300 mg of magnesium (as glycinate and taurinate) with each meal and at
bedtime. Magnesium was found usually effective for treatment of depression in
general use. Related and accompanying mental illnesses in these case histories
including traumatic brain injury, headache, suicidal ideation, anxiety, irritability,
insomnia, postpartum depression, cocaine, alcohol and tobacco abuse,
hypersensitivity to calcium, short-term memory loss and IQ loss were also benefited.
Dietary deficiencies of magnesium, coupled with excess calcium and stress may cause
many cases of other related symptoms including agitation, anxiety, irritability,
confusion, asthenia, sleeplessness, headache, delirium, hallucinations and
hyperexcitability, with each of these having been previously documented. The
possibility that magnesium deficiency is the cause of most major depression and
related mental health problems including 1Q loss and addiction is enormously
important to public health and is recommended for immediate further study.
Fortifying refined grain and drinking water with biologically available magnesium to

pre-twentieth century levels is recommended [62].

Researchers found that magnesium was generally effective for the treatment of
depression as well as anxiety, irritability and insomnia, which are also symptoms of

bipolar disorder [63].
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Magnesium and Migraines

Magnesium is an important natural mineral that our bodies need for various cellular
functions. It helps maintain stable blood pressure, keeps the heart healthy, and is
involved in building bone, DNA, and proteins. Research has shown that increasing the

level of magnesium in the blood may help prevent or treat migraines.

Dr. Alexander Mauskop, a leading researcher in migraines, has helped shed light on
the role of magnesium deficiency in the occurrence of migraines. In one of his studies,
Mauskop observed that people who did not get relief from a popular and effective
migraine medication had low levels of magnesium in the blood. After increasing these

levels, the individuals found relief.

In another study, people who were deficient in red blood cell (RBC) magnesium and
received magnesium infusions for their migraine attacks also found relief. In
comparison, those that experienced migraine attacks but weren’t deficient in RBC

magnesium did not find relief [64].
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Magnesium and fertility

Years ago the women had to face society’s blame due to their childless marriages.
The problem of infertility has increasingly been extended to anomalies in the male
partner. Male fertility may also have various causes: reduced volume of ejaculate,
decreases number and motility of sperms and increased proportion of abnormal
(injured) sperms. It was found that as a result of ATP and cAMP supply in vitro in
demembranated models the length of time of the sperms’ motility grew thirtyfold
(122.0 min) compared to the control (4.2 min). This is made possible by the fact that
the energy required for the motion of sperms is released from the ATP by the
ATPase. The motility of sperms needs the joint presence of cAMP and Mg ATP.

It was found that the formation of ATP, as well as, CAMP is a magnesium intensive

process [65].
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Magnesium , COVID.19 Clinical manifestations and laboratory parameters

Headache:

Having a headache is a very common symptom of COVID-19 for all age groups, is a
potential symptom of COVID-19 and may often feel similar to a migraine attack.
While we’re still learning more about COVID-19 and headache, researchers have

noticed that a headache due to COVID-19 is often:

i moderate to severe in intensity.
ii.  characterized as having a pulsing or pressing pain.
iii.  felt on both sides of the head (bilateral).
iv.  worse with physical activity or when moving the head.

v.  difficult to ease with over-the-counter (OTC) pain medications such as

acetaminophen (Tylenol) or ibuprofen (Advil, Motrin).

vi.  typically occurs early on in the infection but may be associated with

worsening illness when it appears later in infection.

COVID-19 headache may feel like a migraine attack [66], and researchers

noticed low level of magnesium between migraine patients[64].

Anosmia:

Anosmia was present in half of our European COVID-19 patients and was often
associated with dysgeusia. 47%) with confirmed COVID-19 reported anosmia [67].
the possible cause of anosmia is magnesium insufficiency which is required to
activate vitamin D, and needed to regulate zinc concentration which play significant

in maintenance of smell and taste through zinc dependent carbonic anhydrase.
Dysgeusia:

It is of particular significance that dysgeusia (with or without olfactory symptoms) has
been reported as an early or lone symptom of COVID-19 before involvement of the

lungs or other organs. We hypothesize that changes in localized cellular zinc
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homeostasis in oral gustatory cells resulting from immune responses to SARS-CoV-2
viral replication may result in dysgeusia, which may or may not be accompanied by

hypozincemia [68]. Dysgeusia is linked to vitamin D Deficiency [69].
Sore throat:

A sore throat is pretty common, as far as symptoms of illness go. Sore throat can be
caused by illnesses ranging from the non-serious to the dangerous. It is also a
common symptom of the disease caused by the novel coronavirus [70]. Magnesium

at low dose decreases sore throat and pain severity more effectively [71].

Fatigue:

fatigue is one of the most persistent and debilitating symptom of COVID.19, we
define fatigue as the decrease in physical and/or mental performance that results from
changes in central, psychological, and/or peripheral factors due to the COVID-19
disease and propose a model to explain potential factors contributing to post-COVID-

19 fatigue [72]. One of the first signs of magnesium deficiency is often fatigue [73].
Digestive symptoms:

Some people with COVID-19-develop gastrointestinal symptoms either alone or with

respiratory symptoms.

Recently, researchers at Stanford University found that a third of patients they studied

with a mild case of COVID-19 had symptoms affecting the digestive system.

Another recent study published by researchers in Beijing found that anywhere from 3

to 79 percent of people with COVID-19 develop gastrointestinal symptoms.
Diarrhea:

It is commonly occurs in people with COVID-19. One study published in the
American Journal of Gastroenterology examined 206 patients with a mild case of
COVID-19. They found 48 people had only digestive symptoms and another 69 had

both digestive and respiratory symptoms.
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Of the combined total of 117 people with gastric distress, 19.4 percent experienced

diarrhea as their first symptom.

Vomiting:

The research from Beijing found that vomiting is more common in children with

COVID-19 than adults.

The researchers analyzed all the COVID-19 clinical studies and case reports related to
digestive issues published between December 2019 and February 2020. They found
that 3.6 to 15.9 percent of adults experienced vomiting, compared with 6.5 to 66.7

percent of children.

Loss of appetite :

Many people who develop COVID-19 report losing their appetite, often alongside

other gastrointestinal symptoms.

According to the same study from Beijing, about 39.9 to 50.2 percent of people

experience a loss of appetite.

Several other digestive symptoms have been reported by people with COVID-19.
According to the study from Beijing:

i. 1to29.4 percent of people experience nausea
ii. 2.2 to 6 percent experience abdominal pain
iii. 4 to 13.7 percent experience gastrointestinal bleeding [73].
Magnesium deficiency cause nausea , vomiting , loss of appetite [74] ,

digestive trouble and constipation [75] , diarrhea [76], also it may leads to

leaky gut [77].
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Leaky gut:

Leaky gut, also known as increased intestinal permeability, is not a recognized
medical diagnosis. Because of this, there’s limited clinical data about the

condition, including how long it takes to recover from it.

For example, a 2005 study from the University of Manitoba studied people
with celiac disease( attributed to low magnesium concentration), which is

often associated with intestinal permeability.

The gastrointestinal tract, includes over 4,000 square feet of intestinal

epithelial lining that controls what gets into your bloodstream.

Low magnesium makes, this lining “leaky” with holes or cracks that allow
bacteria, toxins, antigens, and partially digested food to penetrate the tissues

beneath it.

That can trigger inflammation and changes in the gut flora (normal bacteria), which

could lead to problems within your digestive tract and beyond.

It is not recognized by mainstream medical professionals as a condition, it’s generally

recognized as a symptom.

According to a 2014 study, the proponents of leaky gut syndrome claim it can cause

many health problems, including:

ii.

iii.

Allergies

Chronic fatigue syndrome

Depression

Fibromyalgia

Skin disorders
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Occurrence of leaky gut more frequent in the presence of the following medical

disorders:

ii.

iii.

vi.

Vii.

viii.

Celiac disease

HIV

Inflammatory disease

Irritable bowel syndrome

Crohn's disease.

Multiple sclerosis

Rheumatoid arthritis

Type 1 diabetes.

Symptoms of leaky gut may vary depending on the underlying cause. For example:

iii.

Celiac disease can cause abdominal pain, diarrhea or constipation, fatigue,

nausea and vomiting, bloating and gas, and weight loss.

IBD can cause abdominal pain, severe diarrhea, weight loss, fatigue, fever,

and bloody stools.

IBS can cause abdominal pain, bloating, cramping, constipation or diarrhea,

mucus in stools, and excess gas [77].

Leaky gut besides Poor nutrition and Medications that deplete magnesium (such

as antibiotics and diuretics) is a known cause of magnesium deficiency [78].

Sleep trouble:

Research has found magnesium supplementation helped improve all the major
physiological markers associated with insomnia. For instance a neurotransmitter,
GABA is key in the body’s regulation of its sleep system, and GABA receptors in

the brain need magnesium to function properly.
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Throughout the COVID-19 pandemic, various studies have documented increased
rates of insomnia and mental health disorders. Prior to the pandemic, about 24%
of people suffered from sleep maintenance insomnia, or difficulty staying asleep.
During the pandemic, that increased to 40%. Among individuals with sleep onset
insomnia, or difficulty falling asleep in the first place, the prevalence jumped from
15% to 42%. Overall, experts estimate the number of people with any form of

insomnia has increased 37% from pre-pandemic levels.

People’s sleep habits have also changed during the pandemic. People are spending
less time sleeping at night and napping more during the day'. They’re also
pushing back their bedtimes and wake times, by as much as 39 and 64 minutes,

respectively. As a result, sleep quality has suffered.

Patients with COVID-19 are most likely to report sleep problems, due to
symptoms of the illness that make rest difficult, such as breathing and coughing.

75% of patients have reported trouble sleeping [79].
Low thyroid hormone levels:

Magnesium deficiency is often an overlooked factor when it comes to those dealing
with thyroid problems. Magnesium is an essential component to the production

of thyroid hormones [78]. FT3 concentration was significantly lower in patients with
severe COVID-19 than in non-severely ill patients [80]. Magnesium convert the
inactive thyroid hormone T4 into the active thyroid hormone T3. Without this
conversion, cells do not receive the more potent form of thyroid hormone. Therefore,

when magnesium levels are low, our thyroid is not able to function correctly [81].
Skin and hair health:

Post Covid, many people are struggling with extreme hair loss and persistent skin
problems [82]. A study in Poland showed that those with skin allergies saw

substantial improvements in their skin with magnesium supplementation [78].

Even though our hair is dead outside, there’s a lot of work going on inside the hair
follicles to build hair. Since magnesium takes part in making protein as well as the

growth of cells, adequate supply of magnesium ensures that our hair is growing
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stronger and thicker and there’s no interruption in the hair cycle to cause premature
hair fall [83].

Poor memory:

Research done at MIT found that magnesium is key in regulating brain receptors that
are necessary to learning and memory function, and that supplementing with
magnesium helped clear so-called brain fog. Magnesium also supports the brain’s
lifelong function of adapting, healing and adding new neural pathways. Getting
enough magnesium may lead to slowed down and reversal of cognitive decline [78].
A 28-year-old woman who was diagnosed with COVID-19. After resolution of her
acute symptoms, she continued to experience retrosternal discomfort, shortness of
breath, poor memory and severe myalgia [84], all these clinical features may result

from magnesium shortage.

‘Weak bones:

In two studies published in the American Journal of Clinical Nutrition a strong
correlation between magnesium deficiency and low bone density was found. Low

bone density increases one’s risk of osteoporosis and fractures.

When supplemental magnesium (300 mg) was taken for one year by participants in a
randomized controlled study bone mineral content increased [78]. Post-Covid
complications in bones, joints and infections in the bone are reported in Covid
recovered patients who were treated with steroids, remdesivir and tocilizumab.
Patients are coming back to hospitals in 60 to 90 days with pain in the hip, joints,

shoulders and also inability to walk and a limp [85].

Premature aging:

The death of human endothelial cells and fibroblasts at a rapid pace contributes to
early aging and age-related diseases. Being deficient in magnesium is indicated in the
acceleration of these processes [78]. Fibroblasts in secondary lymphoid organs, or

fibroblastic reticular cells (FRC), are gate-keepers of immune responses [86].
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Endothelial cells are a constitutive part of the heart and vasculature and form a crucial
link between the cardiovascular system and the immune system [87]. People who
survive severe covid-19 appear to end up with a prematurely-aged immune system

and other persistent immunological problems [88].

Muscle cramps and spasms:

Spontaneous spasms, cramps in your muscles or “charley horses” are not really

random —they are the most common sign of magnesium deficiency [78].

Twenty years ago, Brian McArdle discovered a disorder of muscle-energy
metabolism (later identified as phosphorylase deficiency) in a young man with

exertional muscle cramps [89].

Data from millions of ZOE COVID Symptom Study app contributors has shown that

unusual muscle pains can be a symptom of COVID-19.

COVID-related muscle pains can range from being mild to quite debilitating,

especially when they occur alongside fatigue [90]
Attention deficit hyperactivity disorder (ADHD):

COVID-19 is still spreading worldwide and posing a threat to individuals' physical
and mental health including problematic internet use (PIU). A potentially high-risk
group for PIU are those with symptoms of attention deficit and hyperactivity (ADHD
symptoms), because of restrictions in their physical activity levels and engagement in

computer diversions requiring only short attention spans.

The prevalence of PIU was high during COVID-19, and those people with ADHD
symptoms and other mental illness symptoms appear to be at higher risk of PIU.
Regular exercise may reduce that PIU risk and hence should be recommended during
the COVID-19 pandemic [91]. Study suggest that an inverse relationship between

serum magnesium deficiency and ADHD exists [92].

Adrenal fatigue:

The adrenals are two small glands that sit on top of the kidneys and produce several

hormones, among them, cortisol. When under stress, we produce and release short
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bursts of cortisol into the bloodstream. The adrenal fatigue theory suggests that
prolonged exposure to stress could drain the adrenals leading to a low cortisol state.
The adrenal depletion would cause brain fog, low energy, depressive mood, salt and

sweet cravings, lightheadedness, and other vague symptoms [93].

Research showed that the association between high serum total cortisol
concentrations and mortality from COVID-19. showed that cortisol concentrations in
patients with COVID-19 were significantly higher than in those without COVID-19
[94].

Depression or anxiety:

Magnesium is one of the most essential mineral in the human body, connected with
brain biochemistry and the fluidity of neuronal membrane. A variety of
neuromuscular and psychiatric symptoms, including different types of depression,

was observed in magnesium deficiency [95].

Magnesium works in the brain to calm down the excitatory NMDA receptor. Without
it, calcium and glutamate activate NMDA unchecked, which can lead to depression

and anxiety [78].

Research showed that More than one third of patients had underlying disease.
Overall, 97.2% of patients with COVID-19 had some degree of depression[96].

Asthma

Researchers are suggesting that those who do not include enough magnesium-rich
foods in their diet have a higher rate of asthma. One reason could be that magnesium

may facilitate healthy bronchodilation [78].

Coronavirus disease 2019 (COVID-19) pandemic is creating concern and uncertainty
for many people around the globe, including those with asthma. The disease can
affect the nose, throat, and lungs, cause an asthma attack, and possibly lead to

pneumonia and acute respiratory disease [97].

A patient with confirmed COVID-19 combined with asthma. It took 41 d from

disease onset to discharge to obtain two negative tests for this coronavirus. This case
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indicates the dynamic clinical characteristics, laboratory and computed tomography
findings and adjustment of treatment, and the possible relationship between

glucocorticoid therapy and coronavirus clearance [98].

level of LDH, CRP, ALT and NEU can be used to predict the result of COVID-19
test, these parameters increased in COVID. 19 positive cases [99]. compared to low
white blood cell count , low serum albumin lymphopenia low T. cell count and
increased IL-6 [99,100].

Magnesium deficiency usually associate with increased IL.6 [42], High CRP [43],
Lymphopenia , low T. cell count [41].
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Summary

This findings support the hypothesis of influence of Cadmium and Lead in mutation
of Influenza virus and emergence of novel corona virus, COVID.19 , as Exposure to
Cd leads to disturbances in Mg metabolism in the organism, while Mg
supplementation has an adverse effect on Cd absorption, accumulation and toxicity.
According to the available results, which indicate a protective role of Mg against Cd
toxicity [101]. Comprehensive observations suggest that exposure to Cd and Pb
mixtures produces more pronounced effects compared to the response observed after
exposure to single metal solutions [102]. A study showed that the potential protective
effect of influenza vaccination in SARS-CoV-2-positive patients against adverse
outcomes of COVID.19. Significant findings favoring influenza vaccination
mitigating the risks of sepsis, stroke, deep vein thrombosis (DVT), emergency
department (ED) & Intensive Care Unit (ICU) admissions suggest a potential
protective effect that could benefit populations without readily available access to
SARS-CoV-2 vaccination [103].

Sharing of many clinical features between Cadmium and Lead toxicity and
COVID.19, antagonism of cadmium and lead to magnesium[101,104] and protective
effect of influenza vaccine against COVID.19 syndrome , give more strength to the
hypothesis of Man Made Pandemic: Lead and Cadmium Mutate Influenza Virus
Produce: SARS COV-2 [16], and I attribute the mortality of delta variant of
COVID.19 to the highest cadmium blood concentrations among the vegetarians [105]
( most Indians are vegans).

Monitoring of magnesium level during the COVID.19 era and increase intake of
magnesium rich food , beside magnesium supplements will decrease the mortality and
morbidity of it.
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