Magnesium:
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Stress intensifies release of catecholamines and corticosteroids, that increase survival of normal animals when their lives are threatened. When magnesium (Mg) deficiency exists, stress paradoxically increases risk of cardiovascular damage including hypertension, cerebrovascular and coronary constriction and occlusion, arrhythmias and sudden cardiac death (SCD). In affluent societies, severe dietary Mg deficiency is uncommon, but dietary imbalances such as high intakes of fat and/or calcium (Ca) can intensify Mg inadequacy, especially under conditions of stress. Adrenergic stimulation of lipolysis can intensify its deficiency by complexing Mg with liberated fatty acids (FA). A low Mg/Ca ratio increases release of catecholamines, which lowers tissue (i.e. myocardial) Mg levels. It also favors excess release or formation of factors (derived both from FA metabolism and the endothelium), that are vasoconstrictive and platelet aggregating; a high Ca/Mg ratio also directly favors blood coagulation, which is also favored by excess fat and its mobilization during adrenergic lipolysis. Auto-oxidation of catecholamines yields free radicals, which explains the enhancement of the protective effect of Mg by anti-oxidant nutrients against cardiac damage caused by beta-catecholamines. Thus, stress, whether physical (i.e. exertion, heat, cold, trauma - accidental or surgical, burns), or emotional (i.e. pain, anxiety, excitement or depression) and dyspnea as in asthma increases need for Mg. Genetic differences in Mg utilization may account for differences in vulnerability to Mg deficiency and differences in body responses to stress. 



Key Teaching Points:

· Mg deficiency intensifies adverse reactions to stress that can be lifethreatening. 

· Such reactions are mediated by excess release of the stress hormones: catecholamines and corticosteroids - which are increased by low Mg and high Ca levels, and which further lower tissue Mg. 

· Low Mg/Ca levels favor excess release or formation of vasoconstrictive and platelet aggregating factors (derived from FA metabolism and endothelium). 

· Low Mg/Ca levels also directly enhance intravascular blood coagulation - in microcirculation and in large blood vessels. 

· Eclampsia is a coagulative microangiopathic disorder with high adrenergic activity; essential hypertension is also a stress-related disease. 

· Low Mg levels are implicated in eclampsia, cardiac arrhythmias with and without AMI, and bronchial asthma, each of which is a stressful event that is favorably responsive to prompt (adjunctive) pharmacologic Mg treatment. 



Abbreviations

AMI acute myocardial infarction; Ca calcium; CVD cardiovascular disease; CS corticosteroid; e.c. extracellular; FA fatty acids; FFA free fatty acids; GCS glucocorticoid; i.c. intracellular; IHD ischemic heart disease; i.v. intravenous; K potassium; MCS mineralcorticoid; Mg magnesium; RDS respiratory distress syndrome; SCD sudden cardiac death; SIDS sudden infant death syndrome; PGI2 prostacycline; TXA thromboxane.

INTRODUCTION 

Stress, both physical and emotional, evokes release of the stress hormones: catecholamines and corticosteroids, which mediate release and utilization of substrates for energy production and for improved skeletal and cardiac muscle performance. However, their excesses, which cause Mg loss and inactivation can be implicated in cardiovascular disorders - involving thrombotic events and arrhythmias, when Mg intakes from imbalanced diets, and serum and tissue levels are sub-optimal (Fig. 1).
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Fig. 1. Stress and magnesium 
Cardiac complications of stress often derive from the oxygen debt created by arterial constriction, usually of arteriosclerotic arteries, that reduces oxygen supply in the face of (stress-induced) increased energy consumption. There is suggestive evidence that Mg deficiency contributes to sudden cardiac death (SCD). Pain of acute myocardial infarction (AMI), angina pectoris, cancer, trauma, is stressful. In AMI especially when there is underlying Mg deficiency as is caused by diuretics, additional Mg loss induced by stress of pain and anxiety, might be a factor in its morbidity and mortality. Prompt intravenous (i.v.) pharmacologic treatment with Mg has improved AMI survival. Mg inadequacy of pregnancy might make additional Mg need during the stress of labor a factor in periand post-partum problems. Complications of bronchial asthma and of its drug treatment with Mg-wasters: beta-adrenergic agonists, corticosteroids (CS), and theophylline, resemble signs of Mg deficiency that can culminate in arrhythmia and sudden death. Providing i.v. Mg in doses comparable to that effective in eclampsia, is valuable adjunctive therapy in management of intractable bronchial asthma. Mg supplements have improved endurance and reduced cramps and fatigue in athletics; might they also protect against SCD of athletes? 

New findings on interactions of prostanoids with Mg provide insight into how intravascular coagulation is involved in the pathogenesis of thrombotic arterial lesions that increase vulnerability to acute changes caused by stress. The mutual enhancement by the anti-oxidant, vitamin E and by Mg, of their protective effects against stress-induced myocardial damage, that is intensified by Mg deficiency, is interrelated with catecholamine-release of free radicals, as well as with loss of tissue Mg.

Hypomagnesemia occurs in patients with elevated blood catecholamines: in AMI, cardiac surgery and insulin-induced hypoglycemia stress tests (17). Epinephrine infused into healthy volunteers, with and without prior treatment with Ca-blocking agents, lowered both serum Mg and K (18). Infusion of pathophysiologic amounts of epinephrine, or a therapeutic dose of salbutamol (a beta 2-catecholamine agonist) lowered plasma Mg levels in normal subjects. Epinephrine, but not norepinephrine, significantly reduced plasma Mg in healthy men (19). Infused beta-blockers had no significant effect on plasma Mg in 15 sedentary, healthy young men when maximally exercised (20). 

Mg infusion (MgSO4, 60 mg/kg, i.v.) improved management of patients with pheochromocytoma prior to and during surgery to remove the catecholamine secreting tumor (21), and inhibited release of catecholamine produced by the stress of tracheal intubation (22). Experimental and clinical hyperadrenalemia caused elevated blood Mg levels, that fell to within normal limits after extirpation of an adrenal gland (23,24). The high erythrocyte (rbc) Mg (24) may be to the increased rbc Mg levels of most athletes, whose release of catecholamines increases during strenuous training (infra vide). 

There is substantial experimental evidence (2,26,36-49) that cardiac damage - induced by stress or exogenous catecholaminesis intensified by CS, beta-adrenergic agonists, and by Mg deficiency. The myocardial lesions are characterized by necrosis and Ca deposition; Mg administration is protective. 

Catecholamines, Fatty Acid Release, Coagulation, and Prostanoids 

Fatty Acid release of Stress; Interrelations with Mg. Free fatty acids (FFA), an energy source during stress, are mobilized through lipolysis induced by beta-catecholamines (50,51). However, they bind and inactivate Mg in blood and heart, intensifying functional Mg deficiency. The stress of alcohol withdrawal increased serum FFA and lowered serum Mg (in dogs [52]). AMI increases catecholamine release and increases FFA levels (53,54), that is associated with a decline in serum Mg (55). Hyperexcitable (Type A) subjects, who are more vulnerable than Type B subjects to AMI, exhibit greater adrenergic release, have increased serum FFA and slight increase in plasma Mg and a small but significant decrease in rbc Mg (56). 

Among five marathon racers, four were well trained; an untrained racer had been taking a Mg supplement (370 mg/day) for a week before the run (57). Blood samples drawn 6 times during the race showed steady increase in mean FFA that peaked at 26 miles, and that was associated with a steady fall in serum Mg in the trained runners, but not in the untrained, Mg supplemented man. 

Fat and Magnesium/Calcium Ratios in Coagulation. Diets rich in saturated fats are implicated in hyperlipidemia and atherosclerosis, and increase thrombogenesis. Mg deficiency worsened both fat-induced intravascular hyper- coagulation (58-61) and atherogenesis; Mg was protective (42,46,59). It has prevented platelet aggregation on experimentally damaged endothelium (60,61), and has protected against spontaneous MI of rats, dogs and cocks on nutritionally imbalanced diets that caused Mg deficiency (42,62,63). Increased platelet aggregability increases myocardial vulnerability to ischemic injury in Mg deficient hamsters (64). The reciprocal effects of Ca and Mg on coagulation are considered elsewhere, re the need for Mg supplements of post-menopausal women taking both estrogen and Ca to slow osteoporosis (65), and in eclampsia, premenstrual syndrome, and migraine (66). 

Platelet Aggregation and the Prostanoids, Affected by Mg and Ca. Prostacycline (PGI2) and thromboxane (TXA or TXB2) also participate in platelet aggregation, PGI2 inhibiting aggregation; TXA enhancing it. PGI2 is also a potent vasodilator; TXA is a vasoconstrictor. Guenther et al have reported that increased prostanoid synthesis is linked to translocation of Ca into cells (67). Mg deficiency (which causes hypercalcemia in rats) caused increased levels of PGI2 and its metabolite PGF1, but to a far lesser extent than it increased TXA synthesis and release. Studies by Nadler et al (68-70) in normal men have shown that Mg infusion significantly increased excretion of the PGI2 metabolite 6-keto-PGF1a, without altering urinary output of PGI2, and reduced TXB2 synthesis. Franz et al (26) found that physical stress of marathon racing increased TXB2 levels, inversely related to serum Mg levels. Early in the race TXB2 fell slightly, but it rose 9-fold by the end of the race, in association with a fall in serum Mg. PGI2 mediates, at least in part, the hemodynamic (vasodilator) effects of infused Mg (71). Altura et al (72) showed that, in its absence, PGI2-induced relaxation in isolated rat aortic strips is prevented. PGI2 and Mg infusions elicit similar hemodynamic effects (73), and in vitro exposure of (umbilical) vascular endothelial cells to vasodilating concentrations of Mg stimulates release of PGI2 (74,75). 

Catecholamines, Free Radicals, Magnesium and Antioxidants. Recent work in the laboratories of Weglicki and Bloom (76-83) indicates that oxidative stress, induced by the beta-agonist isoproterenol, causes membrane damage of myocardium, endothelium, and erythrocytes in which release of free radicals participates. Mg deficiency and catecholamines each causes tissue Ca overload. Both beta-blockers and Ca-channel blockers cause degrees of membrane lipid anti-peroxidative activity (76-81). Furthermore, catecholamine auto-oxidation leads to generation of cytotoxic free radicals (84). That the cardiomyopathy of Mg deficiency, alone, also involves free radicals is indicated by the protective effects of vitamin E and anti-oxidant drugs in Mg-deficient hamsters (80-83). This is pertinent to the observation that high intakes of anti-oxidant nutrients, as well as of Mg, were cardioprotective in a large series of Indian cardiac patients (Singh et al [85,86]) . 

Influence of Personality on Cardiovascular Responses to Stress and Magnesium 

Emotion/anxiety, as well as ischemia, interfere with myocardial oxygen economy (2). Emotion evokes outpouring of catecholamines and CS, which deplete myocardial Mg, as the central cardio-damaging factor of stress, leading to tachycardia, arrhythmia, cardiomyopathy and even SCD. Nervous, emotional individuals who are most prone to cardiovascular disease (Type A) have far less stress tolerance than do Type B persons (94). Exposure to noise and mental stress results in excretion of more catecholamines by Type A than by Type B subjects, who have higher blood Mg (most marked in erythrocytes) than do Type A subjects (56,95). Henrotte et al have found that 70% of variance in rbc Mg levels is familial (56,95,96). Type A students, given a standardized test, had a statistically greater fall in rbc Mg than did Type B students, similarly stressed (56). The self-sustained stress and exaggerated response to external stresses of Type A persons might lead to subnormal Mg status. 

Patients with latent tetany of Mg deficiency, who have psychoneurotic complaints (97,98), may also be especially vulnerable to mitral valve prolapse (97,99,100). Children with "nervous" complaints related to psychosocial and school stresses are also prone to hypomagnesemia (101). Durlach (97) suggests that whether Mg deficiency is acute or marginal and chronic (as with long-term suboptimal Mg intake, genetic Mg malabsorption, renal-wasting, or maldistribution), it increases vulnerability to stress, and increases its harmful effects. 

Pregnancy:

The increased Mg requirements of pregnancy, and the favorable response of complications of pregnancy to Mg treatment are well known (59). Mg deficiency during complicated pregnancy might be contributory to microvascular thromboses of severe toxemias. Pain from labor, as a stress factor that further increases Mg needs might be a factor in peripartal cardiomyopathy. It is provocative that Woods' rationale for extension of trials of Mg in AMI patients (71) derived partially from its efficacy in eclampsia, and from studies of Mg/PGI2 relations in pregnancy (74,75). Vascular endothelial damage (reflected by elevated fibronectin levels in preeclampsia), is associated with hyper-aggregability of platelets, and linked with prostanoid disturbances and microvascular thrombi in more severe toxemias (75,117). Watson et al (75) found that eclamptic patients have depressed PGI2 levels, whereas serum from MgSO4-treated eclamptic patients increased release of PGI2 by cultured (human umbilical vein) endothelial cells, and that it overcame thrombin induced- platelet adhesion to endothelium. Calvin et al (118) found that plasma fibronectin (released from damaged endothelium) was higher in 18 preeclamptic women than in 19 normal pregnant controls. However, the metabolite of PGI2 (6-keto-PGF1x: which they suggested is possibly a poor index of PGI2 at the microvascular level) was also higher. In vitro studies of the effect of Mg on platelet aggregation in umbilical cord vessel showed that elevated Mg levels increased PGI2 release from the vessels, and increased the anti-aggregating response of platelets to PGI2 (75). 

Relationships of Perinatal Mg Deficiency to Infantile Reactions to Stress 

Low birth weight (LBW) infants are more commonly born after complicated pregnancies, that are associated with Mg loss, and to Mg deficient mothers than after Mg-replete pregnancies (59). Not only are such infants more prone to early infantile complications, they are subject to serious reactions to stress. Dietary Mg deficiency of ruminants has caused birth of low birth weight young (115,116). Rats born to Mg deficient dams are less tolerant of stress, even after infancy (119). Pregnant Mg deficient cows and ewes exhibited 3-fold more clumping of platelets than did controls, and six of 18 lambs, that died in tetany after being fed low Mg diet for 2-12 months, had heart and lung lesions very similar to those produced by collagen-activation of platelets (120). Miller et al (120) suggest that abnormal blood platelet activation may be a significant mortality risk factor in severe gestational and infantile Mg deficit, and draw a parallel between the pathologic findings in Mg deficient lambs with those in the sudden infant death syndrome (SIDS). Caddell proposes that neonatal and postneonatal apnea and respiratory distress syndrome (RDS) are premonitory findings in infants who are later victims of SIDS, and advises Mg treatment in doses low enough not to constitute a risk (0.4 -1 mEq/kg/d for about 2 weeks) in RDS infants with immature kidneys (121-123). Infants with RDS are most commonly born to mothers subject to hypomagnesemia (59,124). SIDS has pathogenic features analogous to sudden cardiac death (SCD) of adults, in which stress and Mg deficiency have been implicated as factors (59,125-127). 

NOISE STRESS , HEARING LOSS AND ACCELERATED AGING

Among the stresses that increase vulnerability to cardiac damage in rats is noise. It increased Mg loss from the heart, and myocardial Ca and collagen deposition (133). Franz found impaired hearing of surviving Mg deficient litter-mates, some of whom had died of sound-induced seizures (134). 

Noise stress damaged the inner ear; Mg deficiency intensified ear damage; high Mg intake was protective (133,135-138). Ising and Joachim et al have negatively correlated hearing loss with perilymph and rbc Mg levels (133,138), and suggest that energy requirements of the inner ear are compromised by Mg deficiency-induced increased catecholamine secretion and arteriolar constriction. Mg deficient rats exposed to noise over a long period (i.e. 30 months), age rapidly (133). Cold stressed rats, made Mg deficient enough to cause adverse reactions and death of some in infancy, but to which adaptation took place in survivors, experienced both reduced tolerance of cold stress (as reflected by cardiac damage), and shortened life span (139). 

OBESITY AND STRESS OF STARVATION

Voluntary starvation to reduce obesity is not the severe stress of famine, or of concentration camps - which has been associated with myofibrillar disruption (140) and SCD (141). During refeeding of surviving victims, strongly negative Mg balances persisted for months on Mg intakes as high as 800 mg/day (142). Even starvation to lose weight has caused arrhythmias and sudden death, possibly associated with lipolysis of ample fat stores, which as with catecholamine released during stress, inactivates available Mg (supra vide). DeLeeuw et al (143), commenting that sudden deaths of total starvation and some low-calorie diets are probably cardiac, showed that total starvation in an obese animal model caused severe myocardial Mg depletion. 

Shortand long-term fasting of normal volunteers has caused Mg loss, but not necessarily hypomagnesemia (144,145). Balance studies of grossly obese men who were fasted up to 3 months showed urinary losses to be responsible for loss of 20% of the body Mg, that resulted in development of carpal spasms requiring MgSO4 infusions for relief (146). Although the Mg status was not explored in the patient whose death after fasting had been preceded by lactic acidosis (147), it is pertinent that high lactate increases urinary Mg loss (148). A healthy young woman developed refractory hypokalemia during starvation for obesity, taking amino acid and protein supplements, despite high dose K treatment (149). Her plasma Mg was normal at the time of death from ventricular fibrillation after elongated QT interval and persistent arrhythmias (seen with hypomagnesemia or hypocalcemia) were treated with Ca infusion. Gross myofibrillar destruction was found, like that described with experimental Mg deficiency (150) and in starvation victims (140). Comparable myocardial lesions were seen in a 38 year-old woman who died in ventricular fibrillation after a liquid protein diet, supplemented with multivitamins, Ca and K (151); i.v. Mg treatment of her refractory ventricular tachycardia had not increased her serum Mg above 1.6 mEq/L. Potentially life-threatening and fatal cardiac arrhythmias have been reported in patients taking liquid protein reducing diets (152-154). Most striking, in a study in which the Mg levels were followed, was persistent magnesuria and normal serum Mg levels despite low intake (153); three of the subjects developed arrhythmia (154). 

GASTROINTESTINAL STRESS REACTIONS; HISTAMINE RELEASE

Classen's studies of the alarm reaction are pertinent to gastrointestinal (GI) reactions to stress (155). Peptic ulcers in rats are characteristic of the early stress reaction, which sensitizes the mucosa to irritants and other stimuli, especially in Mg deficiency (156-157). Their incidence and extent were decreased by Mg administration. The effect of Mg deficiency on intestinal motility (157) may help to explain the stomach aches and acute abdominal pain in nervous children with marginal Mg deficiency and the beneficial effects of Mg supplementation in these patients (157,158). 

How Mg inhibits stress-induction of peptic ulcers is uncertain. Several biochemical changes (decrease of ATP, ADP, and extent of phosphorylation reactions, and increase of cAMP, AMP) preceded the macroscopic appearance of stress ulcers in normal stressed rats (159). The Mg status was not explored, but it is noteworthy that ATP synthesis is Mg-dependent, as is phosphorylation (160), while cAMP levels are low in Mg deficiency (161). In view of the classic use of histamine to test for gastric acid secretion, and the usefulness of histamine receptor-antagonists in management of peptic ulcer disease, it seems plausible that Mg deficiency intensifies stress ulcers through its stimulation of histamine secretion. Mg deficiency in rats increases degranulation of mast cells with histamine release (162-164). 

BRONCHIAL ASTHMA

Bronchial asthma (165,166), which is very stressful when seriously impeding respiration, has long been associated with hypomagnesemia. Itevokes adrenergic and corticosteroid secretion, which lower tissue Mg levels (supra vide) and it is characterized by histamine release, which has been correlated with hypomagnesemia (supra vide). It is noteworthy that the toxicity of theophylline- a phosphodiesterase inhibitor that lowers myocardial Mg levels, is intensified by beta-adrenergic agonists and CS (167), and resembles the effects of experimental Mg depletion: early tremor, later convulsions, and tachycardia, arrhythmia, myocardial necrosis and death (168-170). The favorable effect of Mg in counteracting toxic theophylline reactions has been attributed to the Ca-blocking effect of Mg (168,169), and to the membrane-stabilizing effect of Mg (169). In addition to counteracting adverse effects of standard drug therapy of asthma, Mg solutions (i.v. or aerosol) have been reported effective, at intervals from 1934 to 1973 (165,171-173), and more frequently in the past ten years (168,169,174-190). Since the early anecdotal reports, there have been case reports on the ameliorative and even life-saving effect of Mg in intractable asthma (179,182-184,186-188) and favorable double blind studies (174,180). The usefulness of Mg in bronchial asthma, however, has been disputed (191-193). When effective for bronchodilatation and to reduce bronchial reactivity to administered histamine (justifying its adjunctive use with standard drug therapy), doses of Mg sufficient to achieve pharmacologic serum Mg levels were usually used (176-183,185-188,194-196). The need for higher than physiologic levels of Mg to counteract bronchial spasms induced in vitro had been shown by Classen et al (197) for serotonin, acetyl choline or histamine, and by Spivey et al (198) and Lindeman et al (199) for bethanechol, electrical stimulation or histamine. Pertinent to Mg and stress interrelationships in this disease, is the increased stress hormone secretion effected by low Mg/Ca ratios (supra vide). Mathew and Altura (200) have suggested that Mg should have value as an adjunct in treating asthma because it modulates smooth muscle contraction through its Ca-blockage or competition. In their recent review, Landon and Young (201) point out that the increased dietary Ca/Mg ratio of recent years, and loss of Mg caused by diuretics and other drugs, may be a factor in bronchial asthma, in view of Ca-binding to sites that increase acetyl choline release which initiates smooth (bronchial) muscle contraction.

ATHLETIC STRESS, PERFORMANCE AND MAGNESIUM

Magnesium Deficiency and Supplementation in Strenuously Exercised Animals 

A series of studies by Keen and Lowney et al (202-206) with rats, fed diets providing 50 and 100 ppm and half the adequate intake of 400 ppm for 22 days, determined their endurance when they were run on a treadmill to exhaustion. They showed that decreased exercise capacity can be an early effect of Mg deficiency. Analysis of plasma and muscle levels of Mg of rats that had decreased endurance, sacrificed 2 days or immediately after the stress test, showed slightly lower plasma Mg at both times, and markedly lower muscle Mg immediately after exhaustion (203). Mineral water containing 85 ppm Mg restored endurance (202). Treadmill exercised, Mg deficient rats were shown by Laires et al (207) to have reduced exercise capacity, increased plasma lactate and FFA levels, and decreased plasma and rbc Mg levels. In a test of endurance with the stress of fear (of drowning), Hirneth and Classen (208) showed that Mg intake had to be increased ten-fold (to 4000 ppm) in rats made to swim with a weight attached to their tails, to significantly improve duration of swimming before submersion. 

Human Endurance Exercise, Magnesium, and Metabolism 

Refsum et al (210), in 1973, attributed transiently lowered serum Mg and slightly increased rbc Mg, of cross-country skiing racers, to shift of Mg from e.c. to i.c. fluid. Well trained athletes were found by Casoni et al (210) to have significantly increased mean rbc Mg and slightly decreased serum Mg after a 25-km marathon, compared to pre-race levels. Serum Mg decreased and rbc Mg increased in 40 trained long-distance runners, 19 to 71 years of age, studied by Hoffmann and Boehmer (211) after each of two 25 km marathon races. Lijnen et al (212) found lower rbc and plasma Mg in teen-aged marathon runners just after the race than before, that returned to pre-race values 12 hours later. Urinary Mg decreased immediately after the race, and increased 12 hours later. Joborn et al found that long-term steady state exercise had little effect on Mg levels, but there was a decrease during the first hour of recovery (20). 

High altitude intensive training resulted in negative Mg balance, in Mader et al's study (213). Hypomagnesemia sufficient to cause convulsions was seen in a man subjected to 4 hours intense exertion under conditions of heat (Jooste et al [214]). Non-supplemented marathoners lost muscle protein (Bertschat et al [215]). 

Important studies of long-term Mg loss by trained adults undergoing sustained heavy exercise have been reported by Stendig-Lindberg et al (216-219). Apparently healthy young subjects who underwent a 7-month graded physical training program before undertaking a 120-km march (of 22 hours duration) had Mg intakes of 340 mg in food and 364 mg Mg in water (216). Despite the higher than usual intake, the mean serum Mg pre-march (1.66 mEq/L) fell significantly 1 hour after the march ended to (1.4mEq/L). After rising to almost pre-march levels at 24 hours, it fell again, at 72 hours to 1.3 mEq/L; 89% had hypomagnesemia. They exhibited elevated serum creatine kinase (CK) activity, suggesting that the serum Mg rise at 24 hrs resulted from exertional rhabdomoyolysis or loss of membrane integrity. Significantly lowered serum Mg (1.51 mEq/L) persisted for 3 months (217). A study after a 70 km march extended the findings to aspartate amino transferase (S-AST), alanine amino transferase (S-ALT), creatine kinase activity (S-CK), and VO2 ml/min-1. kg-1 (VO2 max) (218). Maximal aerobic power, hemoglobin, hematocrit, total protein and albumin were unchanged throughout. Immediately after the march, serum Mg did not change, but S-AST, S-ALT, & S-CK rose slightly. At 72 hours after the march, serum Mg fell significantly; it remained low after 18 days, with no intervening marches or dietary changes. The means of S-ALT and S-CK rose significantly. For the first time there was a significant rise of blood sugar, and of serum triglycerides, and a second rise of total cholesterol. In a long-term follow-up of two additional groups of young men subjected to the same training and 120 km march as reported in 1985 (260), significant depression of serum Mg persisted as long as 10-11 months after the march in the two test groups; serum triglycerides showed a delayed rise (219). 

Magnesium Supplementation and Dietary Magnesium Intakes of Athletes 

Mg Supplements and Athletic Performance. The effect of K + Mg aspartate supplements on the capacity for intense exercise (90 minutes) was reported in 1968 by Ahlborg et al (226) in six young men, the day before, and daily on four days of testing on a bicycle ergometer until complete exhaustion and/or muscle pain required stopping. Those supplemented on day 3 exhibited 50% increased work capacity before muscle pain developed, versus those given placebo. It was postulated that Mg accelerated glycogen synthesis or spared glycogen in muscle, thereby sparing energy. That premise was justified by the demonstrated fall in muscle glycogen and increase in lactate after 20 minutes of heavy exercise on a bicycle ergometer, without supplementation, shown by Bergstrom et al in 1971 (227). 

Endurance (power) athletes under constant strain, given Mg supplements by Boehmer in 1979 (228) did not exhibit the declining Mg levels seen in the power athletes not so supplemented, and had better performance and endurance. In the study of de Haan et al (229), K and Mg aspartate supplementation did not improve muscle performance during short intensive exercise, as Vieth et al (230) had shown it to do in endurance athletes. In a double-blind study of marathon racers, whom Terblanche et al (231) described as Mg-replete, 365 mg/d of Mg had no effect on performance or recovery. In another double-blind study, of Mg supplemented athletes, Wodick and Grunert-Fuchs (232) used a running board and bicycle ergometry and found that 480 mg of Mg as the aspartate-HCl salt/day for 4 weeks significantly improved physical capacity. Four weeks of supplementation with Mg aspartate-HCl was found to increase rbc Mg and decrease maximal ventilation by 11% as compared to a pre-Mg test in 14 male rowers in maximal-tests on a rowing ergometer (Golf et al [233]). Plasma and urinary lactate increased from 1 mM/l to 15 mM/l, and blood oxygen content decreased. 

The effect on blood coagulation and fibrinolytic factors of supplementing male swimmers for a month with 480 mg of Mg/day or with a placebo before a 1500 meter race was studied by Pohlmann et al (234). Those receiving Mg had both increased serum and rbc Mg levels, and showed anti-coagulating effects. 

TRANSPORTATION /SUDDEN DEATH

Sudden death of pigs and cattle being transported under the stressful conditions of crowding has been reduced in incidence by Mg supplementation with Mg aspartate HCl or MgCl2 in sufficient dosage to raise serum Mg (247). Calmer behavior of Mg treated animals was observed in 49.5% of groups during fattening and in 37.6% during transport and in the slaughterhouse. (248,249). Up to half of losses of young chickens (broilers) have been attributed to a sudden death syndrome, possibly from stress. A study of 5180 broilers whose high protein and carbohydrate diets were supplemented with Mg aspartate HCl, for 40 days during their fattening period, disclosed significant reduction of losses from sudden death

CONCLUDING COMMENTS

Stress-intensification of Mg inadequacy may well be to blame for the SCD associated with stress, even in young healthy athletes. This report has evaluated data implicating high Ca/Mg ratios in increased adverse responses to stress. Stress hormone intensification of Mg loss, and stimulation of their secretion by high Ca/Mg constitute a self-reinforcing loop. High Ca/Mg ratios lead to increased blood coagulation and vasotonus, which are also influenced by prostaglandins and fibronectin, that are affected by low Mg levels. It is provocative that pharmacologic doses of Mg, are therapeutic in conditions that are intensified by loss of Mg, and in which Mg inadequacy might well be a contributory factor. High serum Mg levels, such as are required to control eclampsia, have been shown to be effective adjunctive therapy in bronchial asthma unresponsive to standard therapy; prompt high dosage i.v.Mg has prevented or reduced the incidence of post-AMI complications and significantly improved survival in double-blind trials (251-256). 

Worth consideration and trial is the possibility that higher than usual Mg intake - whether from a Mg-rich diet or from supplementing the usual diet with Mg salts, possibly with anti-oxidant nutrients, might be protective against damage caused by the usual vicissitudes of life and unusual stresses. Might higher Mg (and vitamin E) intakes decrease the risk of arrhythmias and SCD in humans? Large intervention studies, like those undertaken to elucidate the effects of lowering saturated fat intake on cardiovascular disease and cancer, are needed to determine the extent to which adding Mg (and anti-oxidant nutrients) to already recommended dietary changes, might further improve health and increase stress-tolerance. Such studies are particularly urgent in view of the recent National Institute of Health recommendation (257) that the optimum Ca intake be further increased to 1500 mg/day (to prevent osteoporosis), which disregards the low American Mg intake, less than 300 mg/day. This would bring the Ca/Mg ratio to 5/1 - which is above the 4/1 ratio of Finland, the land with the highest ischemic heart disease death rate for young to middle-aged men

Summary

A prospective pilot study was undertaken to investigate the ability of magnesium sulphate to control the spasms of severe tetanus without the need for sedation and artificial ventilation. All eight patients admitted with severe tetanus to our intensive care unit within the last year were given magnesium sulphate 5 g i.v. as a loading dose followed by an infusion of 2-3 g/h. The infusion rate was increased to control spasms while retaining the patella tendon reflex, which proved an effective guide to overdose. Spasms were effectively controlled and serum magnesium concentrations were maintained within the therapeutic range. Spontaneous ventilation was adequate, ventilatory support being provided only for the management of lung pathology. There was no evidence of cardiovascular instability due to sympathetic over activity. No supplementary sedation was required for the control of spasms or autonomic dysfunction during magnesium therapy. 
We conclude that magnesium sulphate can be used as the sole agent for the control of spasms in tetanus without the need for sedation and artificial ventilation. 

Introduction

Tetanus has been aptly described as a third world disease the treatment of which requires first world technology1, as heavy sedation and ventilatory support (with or without muscle relaxants) are the mainstay of management, and these are not always available to tetanus patients in those developing countries in which the disease is prevalent. Even in the developed world the problems in the management of tetanus have yet to be solved. Reported mortality for severe tetanus ranges between 15-40%2, 3, 4, and depends on the availability and quality of intensive care. Deaths due to cardiovascular dysfunction have not been convincingly reduced by the various regimen of sedation, although with management guided by pulmonary artery catheterisation, mortality has been reduced to 6.5% in one study5. The complications resulting from long term heavy sedation and artificial ventilation (pulmonary sepsis, bronchospasm, atelectasis, pressure sores, deep vein thrombosis, pulmonary embolism and gastric haemorrhage) also contribute significantly to morbidity and mortality3, 4, 6, 7. This is exemplified in Edmondson's6 series in which 6 out of 10 deaths were attributable to respiratory complications. There is, therefore, a continuing search for drugs which can control the spasms and the autonomic dysfunction of tetanus without the need for heavy sedation and artificial ventilation8,
Control of spasms and rigidity

The intensity and frequency of spasms were reduced within 2-3 hours of the commencement of magnesium sulphate therapy and was suppressed within 24 hours. The rate of infusion had to be progressively increased with increasing severity of spasms in the first week but required only minimal adjustments in the second week and could be reduced in the third week 

In comparison magnesium sulphate effectively controlled the spasms of severe tetanus with no failures, no need for additional sedation and no need for ventilatory support except when indicated for lung pathology. The fact that magnesium does not cause sedation at serum concentrations less than 8 mmol/l as long as ventilation is adequate (as it does not easily cross the blood brain barrier)30 was confirmed in all eight patients. Their ability to communicate, open the mouth, swallow saliva and move about in bed helped considerably in nursing. The ease of nursing care in conscious cooperative patients was in marked contrast to the authors’ personal experience of 60 patients previously managed with sedation and paralysis. 

We conclude that magnesium sulphate in a dosage titrated to the preservation of the patellar reflex and maintaining serum concentrations within the therapeutic range could be used as the sole drug to control the spasms of severe tetanus. Spontaneous ventilation in this dose range is adequate and ventilatory support will be needed only for those patients who develop pulmonary complications. Tracheostomy is required both to protect the airway till spasms are brought under control and for the clearance of profuse secretions when cough is not effective. Magnesium therapy could possibly prevent SOA in the majority of patients, but is not effective in preventing parasympathetic effects. 

Prof. Rylander noted that serum Mg levels have been a poor indicator of intra-cellular Mg levels, and it is the intra-cellular levels that really count. At the moment there is no good indicator of intra-cellular Mg levels. 

Mg is involved in 300 enzymes, which gives some indication of its importance. 

Intake of Mg is not the same as Uptake. When Mg is ingested with fatty foods, it turns to Mg soaps, and passes through without doing much good; perhaps only 1% is then utilized by the body. Calcium also reduces the body's uptake of Mg. 

Mg uptake is increased by protein, sodium, and phosphorus. 

Mg deficiency has many clinical symptoms. In muscles the symptoms include weakness, tremor, convulsions, ataxia, nystagmus. In the central nervous system Mg deficiency causes apatia. Mg deficiency in the heart muscle causes tachycardia, fibrillation, arterial hypotension, atherosclerosis, and sudden death. And in the metabolism Mg deficiency causes sensitivity to digitalis and hypocalcemia. 

There is an extremely high plausibility of a causal connection between Mg deficiency and heart disease. 

For some time we have observed, with some surprise, that hardly any new cancer occurrences appear in this group of patients. The probability for this is so small, in fact, that in cases of doubt and for acute complaints, a diagnosis of cancer is highly unlikely. The rate of new cancerous diseases with long-term magnesium orotate therapy is perhaps less than 20% of the frequency otherwise expected, at least for the first 10 years of the observation period.

In contrast to all other magnesium salts, magnesium orotate transports the mag​nesium atom to the membranes of the structures in the cullular plasma - the so​called mitochondria - and possibly to the cell nucleus' genetic apparatus. We know from S. Rubin's extraordinary studies in Berkeley that the magnesium ions freed at these locations are necessary to activate those enzymes which are required to "read" the genetic information in the chromosomes. the International Cancer Congress in Seattle, in the fall of 1982 dealt predominantly with the problem Of misinformation from the genetic system and the subsequent cancer generation of a cell. To discuss this question in detail is beyond the scope of this article. There are some indications that it is not only gene defects in the cancer cell chromosomes that cause the loss of control; it is also various deficiencies and distubances in correct "gene reading."

	MINERAL TRANSPORTER DEFINITIONS

	 OROTATE: Minerals bound to Orotic Acid (B13). These penetrate the entire cellular membrand and delivers the active mineral to the INTRACELLULAR structures (Mitrochondria, Organelles)
	 ARGINATES: This mineral form is bound to the amino acid arginine. It is able to penetrate the cell and deliver the mineral specifically to the plasma and inner layer of the outter cell membrane.

	ASPARTATE: This mineral form is bound to the amino acid arginine. It is able to deliver the mineral to the outter layer of the Inner Cell Membrane
	 2-AEP (2-amino-ethyl-phosphate): is a lipid delivery system. It delivers the mineral to the outter layer of the cell membrane, creating a sealing effect..a cellular patch. It is also known as the membrane integrity factor since it binds and acts as a sealant...preventing the entry of viruses and toxins into the cell.


WHAT ARE THE ADVANTAGES OF MINERAL TRANSPORTERS?
  Mineral transporters have a much higher absorption rate (70-90%). Free minerals stay bound up and are for the most part unavailable to the cell membranes for use...they're too unspecific. These are Tissue Specific minerals. 

  Mineral Transporters are absorbed in an Intact State (general free minerals aren't) 

  Mineral Transporters are attracted to and bio-utilized by specific tissues of the body, making therapeutic use more specific and effective. They act as "homing pigeons" for certain tissues. In today's terms, these are called "Targeted" minerals because they're delivered to specific tissues at specific cellular locations... 

BIOLOGICAL UTILIZATION OF MINERALS
  Involves not only absorption, but also transport and delivery to the tissues where they're needed 

  Mineral transporters solve these issues since they have high absorption nd are absorbed in tact 

  Mineral transporters have the ability to cross the cellular membrane and the cell membrane barrier, delivering the cells in a form the cells recognize and can utilize immediately 

  Mineral transporters are efficiently taken up by specific tissues 

  Orotates are taken up by tissues that embryonically from mesenchyme: bone, cartilage, liver, blood vessels, heart and the blood brain barrier 

  Aspartates are taken up by muscles, heart, liver, breast and endocrine tissues 

WHY ARE NEIPER MINERAL TRANSPORTERS SUPERIOR TO OTHER MINERAL TRANSPORTERS?
  Dr.Neiper found that mineral transporters work better, when each granule is enterically coated by a micro-vortex process, which ensures intact passage of the compound through the acidic environment of the stomach. Other products who don't utilize this patented process end up providing "free" minerals and amino acids, which aren't targeted (tissue specific). 

  Micro-vortex coating of mineral transporters is when individual granules are enterically coated with a soluable compound which resists the stomach acid and yet is readily dissolved in the alkaline environment of the small intestine. 

  Micro-vortex enteric coating delivers the mineral transporter into the small intestine in tact where it is moved into the blood stream in tact, where the transporters enter the cells and the minerals are released at specific cell sites. 

2-AEP Mineral Transporter (2-aminoethylphosphate)
  Can Alter membrane composition, transport and permeability 

  Allow entry of nutrients, but not toxic substances 

  Maintain and renew the capacitance function of the cell mebrane allowing for production of the cell's natural electromagnetic field 

  Seals the cell from toxic effects 

BIOLOGICAL ROLE & FUNCTION OF AEP Minerals
  AEP is an effective substance in repairing the membranes of cells since it is a NATURAL CONSTITUTENT of the cell membrane 

  If you have a hole in your brick wall, you fix it with bricks, not wood (other mineral forms the body can't use). Non-natural compounds are toxic. 

  It is a membrane integrity factor 

  It is a lipid mineral complex, making it a mineral transporter 

  AEP binds to and acts as a sealant to the outer surface of the cell membrane, which Dr.Neiper believed reduces the entry of viruses and toxins into the cells. It is a cellular patch, verified by electronmicrograph studies. 

  Controls membrane composition 

  Controls membrane permeability 

  Controls membrane transport 

  Controls membrane charge (capacitance) 

  Corrects structural cellular abnormalities and returns the cell to a normal state of function 

  Assists the cell in maintaining its capacitance function, allowing for roper production of cellular electro-magnetic fields 

2-AEP has a unique role in preserving membrane function in:

  Myelin (a capacitator, not an insulator, Science magazine, 1984) 

  Bone Matrix 

  Kidney glomeruli 

  Membranes of the pulmonary alveoli 

  Endothelial lining of microvessels (capillaries) 

  Especially retinal arteries 

USEFUL FOR:
  MS/Parkinsons 

  Pulmonary Fibrosis 

  Systemic Lupus (SLE) 

  Colitis 

  Gastritis 

  Myocarditis 

  Diabetes 

  Arthritis/RA 

  Thyroiditis (Hashimotos, etc.) 

  Nephritis, Cystitis 

  Asthma 

ASPARTATES (Minerals proprietarily bound to aspartic acid) Delivers mineral to the inner layer of the outter cell membrane.

GENERAL TISSUE ACTIONS: Bone, Muscle, Glands, Mycocardium, Liver, Heart, Breast

CALCIUM l-dl-ASPARTATE:

· Recalcification of bone as in Osteoporosis, Osteomyletis, post-radiation necrosis, cancer metastisis, etc. 

· Fibrocystic Breast Pain 

POTASSIUM - MAGNESIUM ASPARTATE:

· Tissue Action: Heart, Arteries, Liver 

· Reduces risk of cardiac necrosis, coronary thrombosis, arteriosclerosis, and sudden cardiac arrest. 

· Promotes detoxification of the liver by removing ammonia which can cause liver failure. 

· Reduces tension in the lungs, benefiting asthmatics 

ZINC ASPARTATE: combined with magnesium orotate, it is beneficial for non-Hodgkins lymphoma, viral infections and other immune related issues

· Effective combination for arresting replication of viruses. 

· Inhibits the activity of thymadine kinase, involved in the etiology of lymphomas & helps maintain elevated C3c blood levels to prevent tumor reoccurances 

· Activates the thymus gland the the formation of T-lymphocytes, a key component of the immune system 

· Seems to increase production of Insulin from Islets of Langerhans cells in the pancreas, a valuable tool in diabetes.. 

ARGINATES (Minerals proprietarily bound to the amino acid L-Arginine ) Delivers mineral to the inner layer of the outter cell membrane and plasma

TISSUE ACTION: 

Calcium Arginate: 

· Lowers Blood Sugars/ Used in Diabetes 

· Seems to be beneficial for inner-ear hearing losses 

Magnesium Arginate & Zinc Arginates:

· Helps lower blood sugar 

· Helps transport fats into the mitochrondria for use as fuel, of great benefit for hearts which use fatty acids for primary fuel 

· Beneficial for the Immune System which can't function without bioavailable zinc 

OROTATES (Minerals bound to Orotic Acid, vitamin B13)

CALCIUM OROTATE: Calcium salts bound to orotic acid

· Premier Re-calcification for cancer metastasis to bone, bone post-radiation necrosis (destruction), osteoporosis, osteomylitis. Even better for pain when combined with 2-AEP Calcium. 

· Anti-inflammatory: arthritis, phlebitis, retinitis, arteriosclerosis, psoriasis, etc. 

LITHIUM OROTATE: Lithium salts bound to orotic acid. Does not have the toxic side effects of pharmaceutical lithium salts of acetate, carbonate, citrate. Cannot be measured in serum.

· Depression, Mood Swings, Anti-edema 

· Migraines & Headeaches 

· Pain Syndromes 

MAGNESIUM OROTATE: Magnesium Salts bound to orotic acid.

· 200-600 mg./day dramatically reduces serum cholesterol. 

· Prevents Hardening of the Arteries & restores arterial cells better than Cal.Aspartate 

· Prevents Kidney Failure from chronic hypertension and diabetes 

· Combines with Zinc Aspartate, inhibits viral replication 

POTASSIUM OROTATE: Potassium salts bound to orotic acid.

· Maintains intracellular potassium 

· Replaces lost intracellular potassium faster than any other method, combined with lithium orotate... 

· Protects heart tissue destruction (heart uses more potassium in regulation of heart beat than any other organ) 
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