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Magnesium
DESCRIPTION

Magnesium is an essential mineral in human nutrition with a
wide range of biological functions. Magnesium is involved
in over 300 metabolic reactions. It is necessary for every
major biological process, including the production of cellular
energy and the synthesis of nucleic acids and proteins. It is
also important for the electrical stability of cells, the
maintenance of membrane integrity, muscle contraction,
nerve conduction and the regulation of vascular tone, among
other things.

Magnesium is an alkaline earth metal with atomic number 12
and an atomic weight of 24.31 daltons. Its chemical symbol
is Mg. Magnesium exists under physiological conditions in
its divalent (+2 or II) state. The total body magnesium
content of an adult is about 25 grams. About 50%-60% exists
in bone. Magnesium is the second most abundant intracellu-
lar cation; potassium is the most abundant. Approximately
I% of the body's magnesium is found extracellularly.

Magnesium is intimately interlocked, biologically with
calcium. In some reactions, such as the synthesis of nucleic
acids and protein, calcium and magnesium are antagonistic.
Magnesium is necessary for these processes, while calcium
can inhibit them. Magnesium and calcium cooperate, how-
ever, in the production of adenosine triphosphate or ATP.
Magnesium has been called "nature's physiological calcium
channel blocker" since it appears to regulate the intracellular
flow of calcium ions.

Symptoms and signs of magnesium deficiency include
anorexia, nausea and vomiting, diarrhea, generalized muscle
spasticity, paresthesias, confusion, tremor, focal and general-
ized seizures, confusion, loss of coordination, cardiac
arrhythmias, laboratory abnormalities, such as hypokalemia
and hypocalcemia, muscle cramps, hypertension and coro-
nary and cerebral vasospasms. Magnesium deficiency may
be found in diabetes mellitus, malabsorption syndromes,
alcoholism and hyperthyroidism, among other disorders. Use
of certain drugs may also lead to magnesium deficiency.
These drugs include thiazide diuretics (when used for long
periods of time), loop diuretics, cisplatin, amphotericin,
pentamidine (when used intravenously), aminoglycosides
and cyclosporine. Magnesium deficiency itself is an impor-
tant cause of hypokalemia.

In addition to its use for the treatment of hypomagnesemia,
magnesium is used for the treatment of certain cardiac
arrhythmias, in particular torsade de pointes, and eclampsia.
It is also used as a laxative and antacid. Magnesium may also
have value for the prevention of osteoporosis and for the
management of migraine headaches in some. There is
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preliminary evidence that magnesium may help some with
premenstrual syndrome, type 2 diabetes mellitus and hyper-
tension. The role of magnesium, if any, in the management
of acute myocardial infarction remains controversial.

Foods rich in magnesium include unpolished grains, nuts and
green vegetables. Green leafy vegetables are particularly
good sources of magnesium because of their chlorophyll
content. Chlorophyll is the magnesium chelate of porphyrin.
Meats, starches and milk are less rich sources of magnesium.
Refined and processed foods are generally magnesium-poor.
The mean daily magnesium intake in the U.S. in males nine
years and older is estimated to be about 323 milligrams; for
females nine years and older, it is estimated to be 228
milligrams. Some surveys report lower intakes, and some
believe that the dietary intake for many may be sub-optimal.

ACTIONS AND PHARMACOLOGY

ACTIONS

Magnesium may have anti-osteoporotic activity. Magnesium
has anti-arrhythmic activity. Magnesium has activity in the
management of preeclampsia. Magnesium may have anti-
hypertensive, glucose-regulatory and bronchodilatory activi-
ties. Magnesium has putative myocardial protective activity
during an acute myocardial infarction and putative anti-
migraine activity.

MECHANISM OF ACTION

Significant reductions in bone mineral content and serum
magnesium have been reported in women with postmeno-
pausal osteoporosis compared to age-matched controls. Bone
mineral content and bone mineral density have been
positively correlated with dietary magnesium in a few, but
not all, studies of postmenopausal women. A couple of
studies have demonstrated increased bone mineral density in
postmenopausal women which was associated with intake of
supplemental magnesium. Magnesium influences both ma-
trix and mineral metabolism in bone. Magnesium depletion
can cause cessation of bone growth, decreased osteoblastic
and osteoclastic activity, osteopenia and increased bone
fragility. Bone mineral with decreased magnesium content
results in larger and more perfect bone mineral crystals,
which may be more brittle than amorphous crystals.

Magnesium depletion is associated with a number of cardiac
arrhythmias, including atrial fibrillation, premature atrial and
ventricular beats, ventricular tachycardia and ventricular
fibrillation. Magnesium is effective in treating these arrhyth-
mias in those who are magnesium deficient. Magnesium may
also be effective in treating cardiac arrhythmias in those who
are not magnesium deficient. This is especially true for the
treatment, by magnesium, of torsade de pointes. The
mechanism of the anti-arrhythmic action of magnesium is
not fully understood. The anti-arrhythmic effect of magne-

sium may be related to its role in maintaining intracellular
potassium. It may also be related to its role as a natural
calcium channel blocker.

Magnesium sulfate is widely used to prevent eclamptic

seizures in pregnant women with hypertension. Vasospasm

in preeclampsia is thought to be a consequence of endothelial
dysfunction. Magnesium has been found, both in vitro and in
vivo, to increase production of the vasodilator prostacyclin.
Magnesium may ,also protect against damage to the endothe-
lium by reactive oxygen species. The action of magnesium
sulfate in the treatment of eclampsia can be accounted for by
the release of endothelial prostaglandin by magnesium, its
protection against reactive oxygen species damage to the
endothelium and by its possible inhibition of platelet
aggregation. It may act as an anticonvulsant via neuronal
calcium-channel blockade and antagonism of the glutamate
N-methyl-D-aspartate (NMDA) receptor.

Some studies have reported that some populations with low
dietary intake of magnesium have increased incidence of
hypertension. Another study reported dietary intake of
magnesium in normotensives to be significantly greater than
intake in untreated hypertensive subjects. Intervention stud-
ies with magnesium therapy for hypertensives have led to
conflicting results. The mechanism of the possible anti-
hypertensive activity of magnesium is unclear. A possibility
is that magnesium, acting in a calcium channel blocking
capacity, may have a vasodilatory action.

A few studies have reported that magnesium depletion
results in insulin resistance as well as impaired secretion of
insulin. Insulin resistance and abnormal glucose tolerance
may be accounted for, in part, by inadequate magnesium.
Some studies have reported improved insulin response in
elderly type 2 diabetics who received magnesium. The
mechanism of the possible role of magnesium in improving
glycemic control is unclear. Magnesium is a cofactor for
phosphorylation reactions. Magnesium may affect insulin
signal transduction. Magnesium may also alter insulin
receptor binding. These are some speculative possibilities.

Intravenous magnesium has been demonstrated to have
bronchodilatory activity in some with asthma. The mecha-
nism of this activity is unclear.

The mechanism of the putative myocardial protective
activity of magnesium during an acute myocardial infarction
is also unclear. Speculative possibilities include magne-
sium's anti-arrhythmic activity, as well as its possible
activity in inhibiting platelet aggregation. Magnesium's
possible vasodilatory activity-via its acting as a calcium
channel blocker-and possible reduction of reperfusion
dysfunction are two additional speculative mechanisms for
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this putative activity. The mechanism of the possible anti-
migraine activity is unknown.

PHARMACOKINETICS

The efficiency of absorption of magnesium is inversely
proportional to the amount of magnesium ingested. The
fractional absorption of magnesium from 7 to 36 milligrams
was found to be 65% to 70% in one study. The same study
reported a fractional absorption of 11% to 14% with a
magnesium intake of 960 to 1,000 milligrams. One study of
magnesium absorption from food sources reported a fraction-
al absorption of 40% to 60% of a daily intake of 380
milligrams of magnesium in healthy older men.

Magnesium appears to be absorbed from both the small
intestine and the colon. The sites of maximal magnesium
absorption appear to be the distal jejunum and ileum. The
efficiency of absorption (fractional absorption) of a magne-
sium salt appears to principally depend on its solubility in
intestinal fluids, as well as on the amount digested. Enteric-
coated magnesium salts are less efficiently absorbed than
non enteric-coated preparations. Salts with high solubility,
e.g., magnesium citrate, appear to be more efficiently
absorbed than salts with poor solubility, e.g., magnesium
oxide. There are a few reports that suggest that the counter
anion of the magnesium salt may influence its absorption.
Magnesium aspartate and magnesium orotate are reported by
some to be more available forms of magnesium than other
magnesium salts. However, there are no compelling data that
indicate that the nature of the counter anion makes any
significant difference on the availability of magnesium salt,
independent of its possible effect on the solubility of the salt.

Magnesium appears to be absorbed by both a saturable active

transport mechanism and an unsaturable passive mechanism.

The saturable active transport mechanism may account for

the higher absorption efficiency at lower magnesium intakes.

There is no good evidence that vitamin D and its active
metabolite, 1, 25-dihydroxyvitamin D (1, 25(OHhD) playa

significant role in the absorption of magnesium, as some

have suggested.

Magnesium is transported to the liver via the portal
circulation and to the rest of the body via the systemic
circulation. A large fraction of ingested magnesium is taken
up by bone. Magnesium transport into cells appears to
require the presence of carrier-mediated transport systems.
Magnesium is excreted by the kidneys, and the kidney is the
principal organ involved in magnesium homeostasis. There
is no tubular secretion of magnesium. Magnesium is filtered
and reabsorbed. About 65% of filtered magnesium is
reabsorbed in the loop of Henle and 20% to 30% in the
proximal convoluted tubule.

About 3% to 5% of filtered magnesium is excreted in the
urine. The regulatory mechanisms of the kidney in maintain-
ing magnesium homeostasis are unclear.

There is much about the pharmacokinetics of magnesium
that is not known. Research is ongoing.

INDICATIONS AND USAGE

Magnesium deficiency is associated with the pathogenesis of
numerous serious disorders, notably ischemic heart disease,
congestive heart failure, sudden cardiac death, cardiac
arrhythmias, diabetes mellitus, pre-eclampsia/eclampsia and
hypertension, among others. Treatment with supplemental
magnesium is often helpful in these conditions. There is also
evidence that it can be of benefit in some with osteoporosis,
alcoholism, migraine, asthma, pre-menstrual syndromes,
kidney stones and strokes. It may help prevent or reduce the
incidence of cerebral palsy and mental retardation in early
pre-term infants. There is little or no evidence to support
claims that magnesium enhances athletic/exercise perfor-
mance, that it is an effective antidepressant or that it is
helpful in bipolar disorder.

RESEARCH SUMMARY

There is considerable epidemiological data associating low
magnesium intake with an increased incidence of cardiovas-
cular disease. Some recent data have suggested the presence
of serum magnesium abnormality in sick inpatient and
outpatient populations ranging from 12% to 40%. Hypomag-
nesemia has frequently been associated with those suffering
from various forms of cardiovascular disease.

Magnesium's role as a cofactor in various crucial intracellu-
lar enzymatic reactions related to myocardial metabolism
and contractility is well established. It is not surprising, then,
that magnesium deficiencies, perhaps even borderline defi-
ciencies, can negatively impact cardiovascular health. At the
same time, due to lack of an accurate assay of intracellular
magnesium, it has been difficult to assess the efficacy of
supplemental magnesium in some of these conditions. "Also
uncertain," two reviewers of the data have stated in an
editorial, "is whether magnesium administration merely
corrects an underlying deficiency state or exerts specific
beneficial pharmacologic effects." That caveat can be
applied equally not only to the possible cardiologic indica-
tions for the use of supplemental magnesium but to all other
possible indications, as well.

In addition to the epidemiological data, there are also some
experimental and clinical data supporting the use of magne-
sium in some with cardiovascular disease. Frank magnesium
deficiency has clearly been shown to induce vascular
damage in the heart and kidneys and to promote at.heroscle-
rosis. In pharmacological concentrations, infusion of magne-
sium inhibits platelet aggregation, exerts anti-arrhythmic
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effects and induces vasodilatation of blood vessels. In
animals it has protected against ischemia-reperfusion injury.

In some randomized, double-blind, placebo-controlled stud-
ies, intravenous magnesium has significantly improved
outcome in subjects with acute myocardial infarction.
However, in a recent prospective study assessing the effects
of early captopril, oral mononitrate and intravenous magne-
sium in 58,050 patients with suspected acute myocardial
infarction, no beneficial effects were observed with magne-
sium. Some have argued that because the magnesium was
administered after iatrogenic or spontaneous reperfusion this
difference in timing might explain, at least in part, its poor
performance. Reviewers of these data have concluded that
there is, as yet, insufficient evidence of magnesium efficacy
to recommend it for routine use in patients with suspected
myocardial infarction. They have recommended further
study. It should also be pointed out that, as of yet, there are
no randomized studies showing a magnesium mortality
benefit in congestive heart failure.

Epidemiological data indicate that low dietary magnesium
intake is associated with a higher incidence of hypertension.
Magnesium supplementation has significantly reduced blood
pressure in some, but not all, studies. Some of these positive
studies have been criticized as being methodologically
flawed. Larger, better designed studies are needed. A meta-
analysis of 12 randomized, controlled trials showed that
magnesium supplementation did not significantly reduce
systolic blood pressure but did favorably affect diastolic
values. The authors, however, said that the poor quality of
the included studies did not support a causal association.

Intravenous administration of magnesium has been effective
in suppressing some, but not all, cardiac arrhythmias. It is the
treatment of choice for controlling torsade de pointes and is
an option for treating refractory or recurrent ventricular
fibrillation or tachycardia.

There is also an inverse association between dietary magne-
sium intake and risk of total stroke in men. In some animal
experiments, magnesium has demonstrated significant neuro-
protective effects. A large multicenter trial of intravenous
magnesium's possible efficacy post-acute stroke is now
underway.

Magnesium's possible usefulness in protecting against ath-
erosclerosis was suggested by findings in experimental
animals that magnesium deficiency promotes vascular dam-
age and other atherosclerotic processes. In addition, supple-
mental magnesium has lowered serum cholesterol and
triglyceride levels and has inhibited atherosclerotic lesions in
other animal studies. More research is needed.

An association has been reported between lower magnesium
intake and increased incidence of metabolic syndrome
(concurrent hyperglycemia, dyslipidemia, hypertension and
visceral obesity). In several studies, however, the association
was largely or completely abolished after adjusting for other
intakes, particularly fiber. Another recent study examined the
relationship between dietary magnesium, calcium, potassium
and sodium intake with risk of stroke in a cohort of 26,556
Finnish male smokers, aged 50 to 69 years, all free from
stroke at baseline. Over a follow-up period of almost 14
years, they found that a high-magnesium intake was signifi-
cantly associated with a lower risk of cerebral infarction but
not with intracerebral or subarachnoid hemorrhages. Calci-
um, potassium and sodium intake was not significantly
associated with risk of any subtype of stroke.

Magnesium was first used in 1906 to help prevent eclamptic
seizures. It is now routinely used for this purpose in
hypertensive pregnant women. It showed marked benefit in
this condition and significant superiority over diazepam and
phenytoin in the Collaborative Eclampsia Trial. There is also
good evidence that treating pregnant women with magne-
sium pre-delivery may reduce the incidence of mental
retardation and cerebral palsy in early preterm infants.
Intravenous magnesium has also been used to inhibit
premature labor with some success in one study.

Recently, the results were released from a multicenter,
placebo-controlled, randomized trial involving 2,241 women
at risk of imminent preterm birth between 24 and 31 weeks
of gestation. No benefit was seen in the offspring of women
given intravenous magnesium sulfate, compared with those
given placebo, in terms of risk of death or moderate or
severe cerebral palsy. Benefit was seen, however, in terms of
reduced rate of cerebral palsy overall. More research is
needed, a recent editorial in The New England Journal of
Medicine declared, before magnesium treatment can be
widely and routinely recommended in this context, although
it acknowledged that the findings to date show promise.

Magnesium deficiency has been implicated in increased
insulin resistance and a higher incidence of cardiovascular
disease among those with diabetes mellitus. Hypomagnese-
mia has been reported in 25% to 38% of diabetic patients; its
incidence is highest in those with the poorest metabolic
control. In a small early study of eight elderly subjects with
NIDDM, supplementation with two grams of magnesium
daily significantly improved insulin response and action,
compared with placebo. Some other small studies have
suggested benefits with daily doses as low as 100 milligrams
of magnesium daily. Recently, however, the large, well-
designed prospective Atherosclerosis Risk in Communities
(ARIC) study found no relationship between low dietary
magnesium intake and increased risk of type 2 diabetes in a
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middle-aged population. On the other hand, there was a
significant inverse correlation between serum total magne-
sium levels and incidence in the caucasian subset of this
study. The same correlation was not seen in the black subset.
More study is needed.

Magnesium has been used with some success in a few
studies to promote bronchodilation and improve lung func-
tion in some asthmatic patients. In one recent meta-analysis,
intravenous magnesium was found to significantly reduce the
rate of hospital admissions and to improve pulmonary
function in patients treated in emergency departments for
severe acute asthma. The same benefit was not reported for
those with mild to moderate asthma. Epidemiological data
have also shown that higher dietary intakes of magnesium
are associated with a lower incidence of airway reactivity
and respiratory symptoms. More research is needed to
further determine the relative value of supplemental magne-
sium in the prevention and treatment of asthma and related
conditions.

Alcoholics have a high incidence of magnesium deficiency.
This deficiency contributes, some research indicates, to an
increased incidence of osteoporosis and cardiovascular
disease among chronic alcoholics. Alcohol is known to be a
potent magnesium diuretic. Supplemental magnesium has
shown benefit in some alcoholics. In one randomized study,
supplemental magnesium improved a number of metabolic
variables and muscle strength, compared with placebo, in
chronic alcoholics. Alcohol consumption was the same
before and during the trial. The favorable metabolic changes
suggested that supplemental magnesium might improve liver
cell function and electrolyte status, as well as muscle
strength, in chronic alcoholics.

Magnesium and phenobarbital have been reported to be
effective in easing the symptoms of alcohol withdrawal. A
double-blind, placebo-controlled trial of magnesium in the
ethanol withdrawal syndrome, however, found no benefit
from intramuscular injections of magnesium, compared with
saline control. The researchers concluded that magnesium is
not indicated for alcohol withdrawal unless withdrawal is
characterized by cardiac arrhythmias.

Other researchers, reviewing the literature on the use of
magnesium in delirium tremens between 1954 and 1987,
have similarly concluded that there is most likely no causal
relationship between hypomagnesemia and delirium tremens.
They cite more recent research findings showing that
hypomagnesemia is not universal among chronic alcoholics
and that magnesium concentrations return to normal in some
alcoholics without use of magnesium supplements. They
have recommended against the routine use of parenteral
magnesium in patients with delirium tremens.

Magnesium supplements may significantly protect post
menopausal women from osteoporosis according to research-
ers who tested the supplement in a group of these women for
two years. Magnesium's role in regulating active calcium
transport has made its importance in bone metabolism
manifest. Women in the two-year study received varying
doses of magnesium, from 250 milligrams to 750 milligrams,
and were compared with unsupplemented age-matched
controls. The magnesium-treated women also had signifi-
cantly increased bone density by the end of the study while
the controls did not. Follow-up is needed.

Magnesium levels have been found to be diminished in some
with premenstrual syndrome (PMS). In one double-blind,
randomized study, women with PMS received placebo or
360 milligrams of magnesium three times a day from day 15
of the menstrual cycle to the onset of menstrual flow.
Magnesium performed better than placebo in some measures
related to premenstrual mood changes. Both placebo and
magnesium seemed to reduce pain associated with PMS.
More rigorous studies are needed before any conclusion can
be drawn with respect to magnesium's possible efficacy in
alleviating symptoms of PMS. Finally, two double-blind,
studies have suggested that chronic oral magnesium supple-
mentation may reduce the frequency of migraine headaches.
Refractory patients have, reportedly, been helped with
intravenous magnesium. Magnesium concentrations have
been shown to affect serotonin receptors, nitric oxide
synthesis and release and NMDA receptors, all believed to
play some role in migraine. In a multi-center, placebo-
controlled, double-blind, randomized study, 81 patients, aged
18-65 years, with a mean migraine frequency attack of 3-6
per month, were given 600 milligrams of magnesium or
placebo orally each day for 12 weeks. In weeks 9-12, attack
frequency was reduced by 41.6% in the magnesium group
and by 15.8% in the placebo group, compared with baseline.
More research is warranted.

One recent review of the roles of dietary magnesium in
human health has observed that ingestion of this micronu-
trient worldwide has diminished over the years, owing to
"westernization" and attendant dietary changes. These re-
viewers assert that most US and European populations are
getting less than the recommended dietary allowances of
magnesium. Climate changes, they add, may also be further
depleting populations of this crucial nutrient through in-
creased sweat losses. They hypothesize that this may help
account for an association between higher temperatures and
higher incidence of heart deaths and diabetes. An increasing-
ly elderly population is another factor that may call for
higher magnesium intake. "Higher magnesium intake and, in
general, a greater intake of whole grains might be a marker
of an overall healthier diet and life-style," they concluded.
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Some other authors have recently concluded that magnesium
inadequacy is likely associated with the aging process
generally. Cellular senescence has been induced in various
cell lines through magnesium deprivation, and magnesium-
deficient diets have been widely reported to promote disease
processes closely associated with aging. They suggest that
"broadly correcting the nutritional intake of magnesium
might be a simple and inexpensive solution that contributes
to healthier aging and the prevention of age-related
diseases."

CONTRAINDICATIONS, PRECAUTIONS, ADVERSE REACTIONS

CONTRAINDICA T10NS

Magnesium is contraindicated in those with renal failure. It
is also contraindicated in those with high-grade atrioventric-
ular (AV) blocks unless those with high-grade AV blocks
have artificial pacemakers.

Magnesium is contraindicated in those who are hypersensi-
tive to any component of a magnesium-containing
supplement.

PRECAUTIONS

Pregnant women and nursing mothers should avoid magne-
sium doses greater than 350 milligrams daily (in supplemen-
tary form) unless higher doses are prescribed by their
physicians.

Those with myasthenia gravis should avoid the use of
magnesium supplements. Magnesium supplements may ex-
acerbate weakness and trigger a myasthenic crisis.

ADVERSE REACTIONS

The most common adverse reaction from the use of
magnesium supplements is diarrhea. Other gastrointestinal
symptoms that may occur with the use of magnesium
supplements are nausea and abdominal cramping. If magne-
sium supplements are taken with food, diarrhea and other,
gastrointestinal symptoms are less likely to occur. Diarrhea
and other gastrointestinal symptoms typically occur with
magnesium'doses greater than 350 milligrams daily. Doses
of 350 milligrams or lower are generally well tolerated.

Those with renal failure may develop hypermagnesemia with
use of magnesium supplements (see Contraindications).
Serious adverse reactions with the use of oral magnesium
supplements in those with normal renal function are rare but
they have been reported. An eight week-old infant developed
metabolic alkalosis, diarrhea and dehydration after receiving
large amounts of magnesium oxide powder on each of two
successive days. An adult woman developed metabolic
alkalosis and hypokalemia from the repeated daily ingestion
of 30 grams of magnesium oxide. Paralytic ileus has been
reported in adults taking large, cathartic doses of magne-
sium. One suicide patient given 465 grams of magnesium

sulfate as a cathartic to counteract an intentional drug
overdose had a cardiopulmonary arrest. A few deaths have
been reported in patients with renal failure who took very
large doses of magnesium as magnesium sulfate or magne-
sium oxide.

INTERACTIONS

DRUGS
Bisphosphonates (alendronate, etidronate, risedronate):
Concomitant intake of a bisphosphonate and magnesium
may decrease the absorption of the bisphosphonate.

Quinolones (ciprojloxacin, gatijloxacin, levojloxacin, lome-
jloxacin, moxijloxacin, norfloxacin, ojloxacin, sparfloxacin,
trovajloxacin): Concomitant use of a quinolone and magne-
sium may decrease the absorption of the quinolone.

Tetracyclines (doxycyline, monocycline, tetracycline): Con-
comitant intake of a tetracycline and magnesium may
decrease the absorption of the tetracycline.

NUTRITIONAL SUPPLEMENTS

Boron: Boron may increase magnesium levels.

Calcium: Concomitant intake of high doses of calcium-
greater than 2 grams-may decrease the absorption of
magnesium. Most studies have shown that concomitant
intakes of typical doses of calcium and magnesium do not
decrease the absorption of magnesium.

Inositol Hexaphosphate: Concomitant intake of inositol
hexaphosphate and magnesium may depress the absorption
of magnesium.

Iron: Concomitant intake of magnesium and Iron may
decrease the absorption of iron.

Manganese: Concomitant intake of magnesium and manga-
nese may decrease the absorption of manganese.

Non-digestible oligosaccharides (jructo-oligosaccharides,
inulin): Concomitant use of non-digestible oligosaccharides
and magnesium may increase the colonic absorption of
magnesium.

Phosphate: Concomitant intake of phosphate and magne-
sium may decrease the absorption of both phosphate and
magnesium.

Sodium Alginate: Concomitant intake of sodium alginate and
magnesium may decrease the absorption of magnesium.

FOODS
Concomitant intake of a magnesium supplement with foods
rich in oxalic acid (spinach, sweet potatoes, rhubarb and
beans) or phytic acid (unleavened bread, raw beans, seeds,
nuts and grains and soy isolates) may decrease the absorption
of magnesium.



Infants (AI)
o through 6 months 30 mg/day
7 through 12 months 75 mg/day

Children (RDA)
1 through 3 years 80 mg/day
4 through 8 years 130 mg/day

Boys
9 through 13 years 240 mg/day
4 through 18 years 410 mg/day

Girls
9 through 13 years 240 mg/day
4 through 18 years 360 mg/day

Men
19 through 30 years 400 mg/day
31 through 50 years 420 mg/day
51 through 70 years 420 mg/day
Older than 70 years 420 mg/day
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OVERDOSAGE

See Adverse Reactions.

There is a report of a patient having a cardiopulmonary arrest
after ingesting 465 grams of magnesium sulfate, and there
are a few reports of deaths in those with renal failure who
took very large doses of magnesium.

DOSAGE AND ADMINISTRATION

There are several forms of magnesium used for nutritional
supplementation. These include: magnesium oxide, magne-.
sium gluconate, magnesium chloride, magnesium citrate,
magnesium hydroxide, magnesium aspartate, magnesium
orotate, magnesium arginate, magnesium pidolate and other
amino acid and oligopeptide chelates of magnesium. Magne-
sium supplements are available as stand-alone supplements
or in combination products. Some products contain mixtures
of a few magnesium forms, e.g., magnesium oxide, magne-
sium chloride and magnesium gluconate. Many combination
products are available.

Typical doses of magnesium (expressed as elemental magne-
sium) range from 100 to 350 milligrams daily.

Taking magnesium supplements with food is less likely to
cause diarrhea.

The Food and Nutrition Board of the Institute of Medicine of
the United States National Academy of Sciences has
recommended the following Adequate Intake (AI) and
Recommended Dietary Allowance (RDA) values for
magnesIUm:

Women
19 through 30 years
31 through 50 years
51 through 70 years
Older than 70 years

Pregnancy
14 through 18 years
19 through 30 years
31 through 50 years

Lactation
14 through 18 years
19 through 30 years
31 through 50 years

310 mg/day
320 mg/day
320 mg/day
320 mg/day

400 mg/day
350 mg/day
380 mg/day

360 mg/day
310 mg/day
320 mg/day

The Food and Nutrition Board has recommended the
following upper limits (UL) for supplementary magnesium
(i.e., nonfood source magnesium).

Infants
o through 12 months

Children
1 through 3 years
4 through 8 years

Pregnancy
14 through 50 years

Lactation
14 through 50 years

Adolescents and Adults

(UL)
Not determinable

65 mg
110 mg

350 mg

350 mg

350 mg

The DV (Daily Value) for magnesium, which is used for
determining percentage of nutrient daily values on nutritional
supplement and food labels, is 400 mg. The basis for the DV
for magnesium is the 1973 U.S. RDA.

The Food and Nutrition Board recognizes that those with
certain clinical conditions, such as neonatal tetany, hyperuri-
cemia, hyperlipidemia, lithium toxicity, hyperthyroidism,
cardiac arrhythmias and digitalis intoxication, may benefit
from the prescribed use of magnesium supplements exceed-
ing the above ULs.
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Malic Acid
DESCRIPTION

Malic acid, an alpha-hydroxy orgamc acid, is sometimes
referred to as a fruit acid. This is because malic acid is found
in apples and other fruits. It is also found in plants and
animals, including humans. In fact, malic acid, in the form of
its anion malate, is a key intermediate in the major
biochemical energy-producing cycle in cells known as the
citric acid or Krebs cycle located in the cells' mitochondria.

Malic acid, also known as apple acid, hydroxybutanedioic
acid and hydroxysuccinic acid, is a chiral molecule. The
naturally occurring stereoisomer is the L-form. The L-form
is also the biologically active one. There is some preliminary
evidence that malic acid, in combination with magnesium,
may be helpful for some with fibromyalgia. Malic acid sold
as a supplement is mainly derived from apples and,
therefore, is the L-form. L-malic acid has the following
chemical structure:

L-malic Acid

ACTIONS AND PHARMACOLOGY

ACTIONS

Malic acid, in combination with magnesium, has putative
antifibromyalgic activity.

MECHANISM OF ACTION

The mechanism of malic acid's putative antifibromyalgic
activity is unknown.

PHARMACOKINETICS

Malic acid is absorbed from the gastrointestinal tract from
whence it is transported via the portal circulation to the liver.
There are a few enzymes that metabolize malic acid. Malic
enzyme catalyzes the oxidative decarboxylation of L-malate
to pyruvate with concomitant reduction of the cofactor
NAD+ (oxidized form of nicotinamide adenine dinucleotide)
or NADP+ (oxidized form of nicotinamide adenine dinucleo-
tide phosphate). These reactions require the divalent cations
magnesium or manganese. Three isoforms of malic enzyme
have been identified in mammals: a cytosolic NADP+-
dependent malic enzyme, a mitochondrial NADP+-depen-
dent malic enzyme and a mitochondrial NAD(P)+-dependent
malic enzyme. The latter can use either NAD+ or NADP+ as
the cofactor but prefers NAD+. Pyruvate formed from malate
can itself be metabolized in a number of ways, including
metabolism via a number of metabolic steps to glucose.
Malate can also be metabolized to oxaloacetate via the citric
acid cycle. The mitochondrial malic enzyme, particularly in
brain cells, may play a key role in the pyruvate recycling
pathway, which utilizes dicarboxylic acids and substrates,
such as glutamine, to provide pyruvate to maintain the citric
acid cycle activity when glucose and lactate are low.

Clearly, the metabolism of malic acid is complex and what
any of the above has to do, if anything, with malic acids'
putative activity in those with fibromyalgia is entirely
unclear.

INDICATIONS AND USAGE

Malic acid may help some with fibromyalgia.

RESEARCH SUMMARY

Results have been mixed in studies of malic acid's possible
effects in those with fibromyalgia. In a double-blind,
placebo-controlled crossover study, subjects with primary
fibromyalgia syndrome were randomized to receive a
combination of 200 milligrams of malic acid and 50
milligrams of magnesium per tablet (three tablets twice a
day) or placebo for four weeks. This was followed by a six-
month, open-label trial with dose escalating up to six tablets
twice a day. Outcome variables were measures of pain and
tenderness, as well as functional and psychological
measures.




