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Magnesium

Biochemical Functions: 

· involved in blood clotting

· competes for troponin, inhibiting muscle contraction

· involved in the cellular uptake of calcium and release of calcium from sarcoplasmic reticulum

· required for PTH secretion

· involved in vitamin D hydroxylation in liver

· cofactor for the sodium potassium ATPase
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	· w/ calcium: blood clotting, competes for troponin

· calcium cellular uptake, release from sarcoplasmic reticulum

· may be depleted by diets high in fat, protein , refined sugar or alcohol.

· -large doses of calcium or vit. B 6 may increase the requirement for magnesium.

· -vitamin D hydroxylation in liver


	· Diuretics:  thiazide diuretics (hydrochlorothiazide, chlorthalidone and others) and loop diuretics (furosemide and bumetanide) increase urinary excretion of magnesium.  Potassium-sparing diuretics (triampterine) may reduce urinary excretion of magnesium.  Magnesium supplementation could theoretically cause hypermagnesemia in patients taking potassium –sparing diuretics.

· Some antiboitics including gentamycin, carbenicillin, amphotericin B

· Chemotherapeutic drugs:  cis-platinum, vinblastine, bleomycin

· Cyclosporine
· Cortisone and related drugs
· Digoxin:  magnesium deficiency may increase the risk of digoxin-induce cardiac arrhythmias.

· Asthma drugs:  (-agonists and epinephrine administration has resulted in hypomagnesemia

· Laxatives:  chronic abuse may deplete magnesium.


	Dosage and administration: RDA:  males 350 mg; females 280 mg; pregnancy/lactation: 350 mg

     Typical American diets frequently fail to meet the RDA for magnesium The usual dosage range for supplementation is 200-600 mg/day.  Magnesium oxide, an inexpensive form of magnesium, appears to be adequately absorbed, contrary to one study.  Other forms of magnesium, such as hydroxide, chloride, glycinate, citrate, malate and lactate salts are also available.  However, it is not clear whether any of these preparations are preferable to magnesium oxide for routine supplementation.  Magnesium aspartate (Cardiovascular Research) may be the preferred form for the treatment of fatigue, some cardiovascular disorders, and possibly other conditions.  Products labeled “magnesium aspartate complex” are not true chelates and may not be as effective as true aspartates


	Food Sources: whole grains, nuts, legumes, dark green vegetables, fish and meat.  


	Deficiency Signs

· Marginal status appears to be very common.  Factors that contribute to deficiency include low dietary intake, various types of stress and the use of certain medications.  

· Magnesium wasting is part of the General Adaptation response (Soullier):  epinephrine “stuns” the plasma membrane causing magnesium to leak out and be lost in the urine. Magnesium-deficiency syndrome:  (French:  latent tetany)  fatigue, depression, anxiety, irritability, insomnia, hyperventilation, nystagmus, muscle spasms and fasciculations, chest tightness, confusion and memory loss.  The epinephrine response is exaggerated in a magnesium deficient individual.
· Other deficiency symptoms include: headache, eyestrain, muscle weakness , fatigue, mild myopathy, myopia, increased ammonia, arrythmia, PVC, chocolate cravings, kidney stones (with B6) - PMS (with B6)
40% of chemical sensitivity pts at the Environmental Health Center -Dallas have been found to be. deficient.  Deficiency leads to: decreased amount ofCyto-P450, NADPH cytochrome reductase decreased hydroxylation of aniline, and demethylation of aminopyrine. Magnesium supplementation reverses both of these effects.


	Toxicity Signs:  

· Large doses may cause diarrhea.  

· Excessive doses of IV magnesium may cause hypotension, bradycardia or respiratory depression.  IV magnesium may cause hypokalemia in individuals who have intracellular potassium depletion (by activating the Na+/K+ ATPase and driving K+ into the cell).

· Magnesium may produce a persistent lump at the injection site when given IM.  


	Evaluation: RBC magnesium


Clinical Indications

	Behavioral and Psychiatric Conditions

	Alcohol withdrawal
	IM:  1 g qid for 2 days
	Conflicting research exists on whether IM magnesium sulfate can reduce the incidence or severity of delirium tremens.


	Cardiovascular Conditions

	Mitral valve prolapse
	
	Controlled and uncontrolled studies:  The physical and mental symptoms associated with mitral valve prolapse may respond to magnesium supplementation, but the prolapse itself does not improve.  The presence of unrelated symptoms has been hypothesized to be due to increased magnesium requirements or in-utero magnesium deprivation in these patients 

	Cardiovascular disease
	Dose response curve:  optimal improvement with 60mmol/ 24 hr, higher doses have been associated with an increased risk of bradycardia and hypotension.


	Controlled and uncontrolled trials:  Magnesium is of value in the treatment of acute myocardial infarction, cardiac arrhythmias, angina, congestive heart failure, cardiomyopathy and intermittent claudications.  Animal studies suggest that magnesium supplementation may help prevent atherosclerosis.    Magnesium increased HDL cholesterol leveles in some, but not all, human studies.  

     IV magnesium reduced mortality rates (in some studies by 70% or more) in-patients with acute myocardial infarction.  However, in one large double-blind trial (ISIS-4) IV magnesium was ineffective in the treatment of acute myocardial infarction and another study found that oral magnesium supplementation increased the risk of a second heart attack.  Despite the few negative reports, there is overwhelming evidence supporting the role of magnesium in the prevention and treatment of cardiovascular disease.

     In the failing heart, the ability to pull magnesium out of the blood decreases so the intracellular : extracellular concentration decreases from 10: 1 to 3:1.  

     Dr. Gaby has seen startlingly amazing results of magnesium therapy in CHF and cardiomyopathy and recommends magnesium therapy at the earliest onset of cardiovascular symptoms.

	Hypertenison
	
	Controlled and Uncontrolled studies:  Magnesium supplements lowered blood pressure in some, but not all studies.


	Constitutional Conditions

	Fatigue, including chronic fatigue syndrome
	2 g/day of the combination for the first few weeks then lower doses or discontinue.

-1g, once a week for 6 weeks

-one treatment per week for 4 weeks, then prn
	Controlled trials:  The aspartic acid salts of potassium and magnesium (Iso-tonic mineral formula) are effective for individuals with fatigue of various etiologies.  The aspartate is carried into the cell and is transferred into oxaloacetate feeding into the Krebs cycle.  

-In one trial, patients with chronic fatigue syndrome responded to intramuscular injections of magnesium sulfate.  

-IV magnesium (as part of Myers’ cocktail) has also been used successfully to treat fatigue


	Endocrine Conditions

	Diabetes
	
	Controlled trials, conflicting results:  Magnesium improved insulin resistance.  Hypomagnesemia and increased urinary excretion is common in diabetics.

	Reactive hypoglycemia
	340 mg/day for 6 weeks
	Preliminary trial:  Magnesium supplementation reduced the decline in blood sugar levels and improved symptoms in individuals with reactive hypoglycemia.


	Genitourinary Conditions

	Calcium oxalate kidney stones
	300-500 mg/day with vitamin B6:  10-50 mg/day
	Uncontrolled trials:  Magnesium has been reported to reduce the recurrence rate by 90% in recurrent stone formers.   These rates are better than any other protocol for stone prevention.  Magnesium inhibits the crystallization of calcium oxalate in solution.

	Urinary symptoms
	300-600 mg/day for 2-4 weeks
	Controlled trial:  Urinary frequency, urge incontinence and nocturia caused by detrusor instability or sensory urgency responded to magnesium.


	Gynecological Conditions

	Premenstrual syndrome
	200-400 mg/day for 2 months
	Controlled trials:  Works better when used in combination with B6 and possible vitamin E and other nutrients.

	Pregnancy
	365 mg/day for 3 weeks

-IV
	-Magnesium reduced the severity of pregnancy-related leg cramps

-Controlled trials:  Increasing magnesium intake may aid in the prevention of preeclampsia, premature delivery and other complications

-IV magnesium is standard treatment for eclampsia and preeclampsia


	Hematological Conditions

	Sickle-cell disease
	540 mg/day for 6 months
	Uncontrolled trial:  Magnesium supplementation reduced the number of painful days by more than 85%.


	Musculoskeletal Conditions

	Osteoporosis
	
	Uncontrolled trials:  Magnesium supplementation may increase bone mineral density in postmenopausal women, even without supplemental calcium.

	Fibromyalgia
	IV, one treatment per week for 4 weeks, then prn.
	-Clinical observation (A Gaby):  IV magnesium (as part of Myers’ cocktail) is helpful for 50-75% of patients with fibromyalgia.


	Neurological Conditions

	Migraine
	oral:  200-600 mg/day

IV:  1 g in a 10% solution over 10 min.
	Controlled trials:  Magnesium reduced the recurrence rate of migraines.  IV magnesium sulfate relieved acute migraines in the majority of patients in one open trial.

Dr. Gaby has found calcium to be  an enhancer, particularly in those who do not respond to magnesium alone.  

	Restless legs syndrome
	300 mg/day for 4-6 weeks
	Magnesium relieved symptoms in 10 patients suffering from restless legs syndrome or periodic limb movements during sleep.  


	Pulmonary Conditions

	Asthma
	-IV

-oral:  400 mg/day for 3 weeks
	-Controlled studies:  IV magnesium has been reported to relieve acute asthma attacks, particularly the more severe attacks.  

-Oral supplementation improved symptoms of asthma

	Chronic Obstructive Pulmonary Disease
	
	Magnesium deficiency is common in COPD patients.  

-Controlled trial:  IV magnesium increased the strength of accessory respiratory muscles.

-Controlled trial:  IV magnesium significantly reduce bronchospasm during acute exacerbations and reduced hospitalizations nonsignificantly by 23%.  


