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Periodic Table of Elements
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MAGNESIUM
The Mineral of Life

* |[n plants, a magnesium ion is found at the
center of every chlorophyll molecule, vital
for the creation of energy from sunlight.
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Magnesium consumption I

Mg content of food
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Processed food Legumes and fruits Nuts, seeds Water

Low Mg High Mg
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http://www.who.int'water_sanitation_health/dwq/nutrientsindw.pdf. visited: January 4. 2011.
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Magnesium Deficiencies

Figure 1.2 Comparison of Heart Disease Death Rates in

Figure 1.1 Change in the Incidence of Heart Disease
Hard-, Average-, and Soft-Water Areas

and Average Intake of Magnesium Contrasted

Number'of American heart disease Average American magnesium Deaths from coronary heart
deaths (in thousands) by year intake (in milligrams) by year dlesass par 1.000 000 pereons
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The graph at left illustrates how the frequency of heart disease has gone up since 100 —
1900; the graph at right shows the decline in average magnesium consumption during
O e ——
96 4

the same period.
247

Sources: U.S. Centers for Disease Control and Prevention, National Center for Health (Hard) :Average) 'th’
Statistics, and the American Heart Association, 2000 Heart and Stroke Statistical Lincoin, \VaShl’\g"’On‘ Savannah,
Update (Dallas, TX: American Heart Association, 1999). © 2003, Copyright American Nebraska DC Georgia
Heart Association. Reproduced with permission; J. R. Marier, “Quantitative Factors

Hardness (PPM)

Regarding Magnesium Status in the Modern-Day World," agnesium | (1982): 3~15

1. King D, Mainous A 3rd, Geesey M, Woolson R. Dietary magnesium and C-reactive protein levels. T Am Coll Nutr. 2005 Jun 24(3):166-71.

2. Altura BM, Infroduction: importance of Mg in physiology and medicine and the need for non selective electrodes. Scand J Clun Lab Invest Suppl, vol. 217, pp. 5-9, 1994.

3. Institute of Medicine, Dietary Reference Intake for Clacium, Phosphorus, Magnesium, Vitamin D and Flouride, National Academy Press, Washington DC, 1997.

4. Magneium Dietary Supplement Fact Sheet. Updated 13.7.2009. Office of Dietary Supplements. National Institutes of Health http://ods.od nih gov/factsheets/magnesium asp.
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* Catling, L. A_, et al.. "Asystematic review of analytical observational studies investigating the association
between cardiovascular disease and drinking water hardness"., Jowrnal af Water and Health (December
2008).

Monarca. S.. et al., "Review of epidemiological studies on drinking water hardness and cardiovascular
diseases". European Jotrnal of Cardiovascular Prevention and Rehabilitation (Angust 2006).
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Monarca. S., et al., "Drinking water hardness and chronic degenerative diseases. 1I. Cardiovascular diseases".
Annali di igiene - medicina preventiva e di comunita (Italian) (January—February 2003).



Magnesium and metabolic syndrome

Women with high Mg intake have 27% lower risk of metabolic
syndrome.

Cross-sectional analysis based on 11,686 women?

Relative Risk, 95% CI

. 0.7 0.8 0.9 1.0
g e | | i i, p=0.0008
E 1. 253 mg/day 1$0
F— n=1.977 0'91 i
g‘ 2. 294 mg/day 0.78 ¢ T 1.06
> n=1.978 0.84 I
=8 3. 325 mg/day 0.72 —-—— 0.99 — !
T g n=1.976 0.81 "
e 4. 359 mg/day 0.68 —————— 0.96 ° | :
3 n=1.978 0.r5 i
= 5. 423 mg/day 0.60 e :
= n=1.978 : I
3 ]
o

*‘ Lower risk Higher risk

These results were confirmed in young adults?.




Magnesium and Cardiovascular Homeostasis

Shechter et al
(Circulation 2000)

Shechter et al

(Am Heart J 2000)

Promotes platelet
thrombus formation

Impairs endothelial
function

{}

<«

Low

Magnesium >

Level

~

exercise tolerance

Reduces

Shechter et al
(Cardiology 1998)

ARIC
(Am Heart J 1998)

IHD mortallty, stroke

NHANES
(Int J Epidemiol 1999)

The Honolulu Heart Program
(Am J Cardiol 2003)

The Nurses’ Health Study
(Am J Clin Nutr 2010)
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Gastrointestinal
absorption of
dietary magnesium (Mg)

Mg absorption | % of intake
mmol/day | mg/day | absorption

0 0 0
063 15 5
- Jejunum 125 30 10

B Proximal 1.88 45 15
lleum

{1 Distal 1.25 30 10
Hleum

[]Colon 063 15 5
Total” 56 135 45

*Normal dietary Mg intake = 300 mg (12.5 mmol) per day
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Stability constants of some common
magnesium compounds:

 Magnesium chloride/oxide O [totally ionized]

« Magnesium acetate 0.51 [essentially ionized]

« Magnesium gluconate 0.70 [essentially ionized]
« Magnesium lactate 0.93 [essentially ionized]

« Magnesium malate 1.55 [essentially ionized]

* Magnesium glutamate* 1.90 [essentially ionized
but neurotoxic]

- Magnesium aspartate* 2.43 [essentially ionized
but neurotoxic]

« Magnesium citrate 2.8 [essentially ionized]
Related to 43%




CLINICAL TRIAL

Magnesium bioavailability
from magnesium citrate and magnesium oxide

This study compared magnesium oxide and magnesium citrate with respect to in vitro solubility and in
Vivo gastrointestinal absorbability.

The solubility of 25 mmol magnesium citrate and magnesium oxide was examined in vitro in solutions
containing varying amounts of hydrochloric acid (0-24.2 mEq) in 300 ml distilled water intended to mimic
achlorhydric to peak acid secretory states. Magnesium oxide was virtually insoluble in water and only 43%
soluble in simulated peak acid secretion (24.2 mEq hydrochloric acid/300 ml). Magnesium citrate had high
solubility even in water (55%) and was substantially more soluble than magnesium oxide in all states of acid
secretion. Reprecipitation of magnesium citrate and magnesium oxide did not occur when the filtrates from
the solubility studies were titrated to pH 6 and 7 to stimulate pancreatic bicarbonate secretion.

Results:
Approximately 65% of magnesium citrate was complexed as soluble magnesium citrate,

whereas magnesium complexation was not present in the magnesium oxide system .
Magnesium absorption from the two magnesium salts was measured in vivo in normal volunteers by
assessing therise in_urinary magnesium following oral magnesium load.

The increment in urinary magnesium following magnesium citrate load (25 mmol) was significantly higher

than that obtained from magnesium oxide load (during 4 hours post-load, 0.22 vs 0.006 mg/mg creatinine,
p less than 0.05; during second 2 hours post-load, 0.035 vs 0.008 mg/mg creatinine, p less than 0.05). Thus,

CONCLUSION
magnesium citrate was more soluble and bioavailable than magnesium oxide

Lindberg JS, Zobitz MM, Poindexter JR, Pak CYC (1990), Magnesium bioavailability from magnesium
citrate and magnesium oxide. J Am Coll Nutr 9(1):48-55.
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The Absorption of Magnesium
Oxide Compared to Citrate
in Healthy Subjects

Michael Shechter,’? Tomer Saad,*? Alon Shechter,!?
Nira Koren-Morag,?Burton B. Silver,3 Shlomi Matetzky 12

ILeviev Heart Center, Chaim Sheba Medical Center, Tel Hashomer,
2The Sackler Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel,
and 3IntraCellular Diagnostics, Inc., Medford, Oregon, USA

ClinicalTrials.gov Identifier: NCT00994006

Magnes Res 2012;25(1):28-39



Study Protocol

sMg, [Mg]l, Pit. aggregation, CBC, eGFR, SMAC, Lipids, FBS, LFT, Weight, HR, BP, QOL

U 4 y 4
— MgC MgC

MgC _____MgO

1 mon 1 mon 1mon

In a double-blind, crossover study, 41 healthy pts. were randomized to Mg oxide monohydrate (MgO)
[Magnox 520™ (520 mg/d of elemental Mg), Naveh Pharma, Ltd., Israel] or Mg citrate (MgC) [Mg
Diasporal (98.6 mg t.i.d. of elemental Mg) Protina GMBH, Ismaning, Germany] for 1 month.




Intracellular Magnesium
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Normal range [Mg]i= 33.9-41.9 meqg/L




Total Cholesterol
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Magnox 520
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