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Bioavailability of Magnesium Salts – A Review
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Abstract: Background: Magnesium supplementation is of value in several different medical disorders. Several kinds of
Mg-salts are commercially available.
Purpose: This review evaluates their bioavailability criteria such as solubility, urinary excretion, and plasma levels of
magnesium from studies of different Mg-salts.
Conclusion: Although methodology differences were large, the results consistently demonstrate a better bioavailability for
Mg-citrate.
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INTRODUCTION
Magnesium (Mg) is the major cation of the body and
is involved in more than 300 enzymes throughout the
body. Mg plays a major role for the normal function of
muscles, the carbohydrate metabolism, and the
skeletal structure [1].
Mg homeostasis is maintained through intake via
food and drinking water. Disturbances appear in cases
of insufficient intake or an increased excretion under
conditions of acid load [2].
Many studies show that the Mg supply through the
diet lies below recommended values, particularly
among elderly but also among young females [3, 4].
This implies that Mg supplementation could be of value
for certain groups in the population. Studies over the
years have demonstrated that Mg supplementation
may decrease the risk of migraine [5, 6], and reduce
blood pressure in particular risk groups [7].
Supplementation can also reduce the insulin resistance
[8], and the risk of high blood pressure increase during
pregnancy [9].
Not all intervention studies with Mg demonstrate a
beneficial effect. This has been taken as evidence that
Mg supplementation is without an effect, often without
considering important methodological problems in
studies on Mg supplementation. The absence of an
effect may be because the study was made on groups
of persons not containing risk individuals. Some studies
have used a too narrow range between the basic
supply and the supplementation [10]. Another reason
could be differences in the bioavailability between
different Mg salts.
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The purpose of this review is to analyse the
information available on the bioavailability of different
Mg salts.
METHODOLOGY
Determination of the bioavailability of Mg salts is
complicated. In contrast to pharmaceutical agents,
which represent something alien in the body and can
be detected chemically, Mg is always present in
relatively high concentrations. The blood level is in
balance with other compartments in the body which
can absorb Mg (cells, bone structure). The uptake is
through the intestine where about 30% of the supplied
Mg is absorbed. The Mg homeostasis is regulated
through the secretion and reabsorption in the kidneys,
where about 95% of the excreted, ultrafiltrated Mg is
reabsorbed.
There is today an increasing knowledge regarding
the cellular transportation mechanisms for Mg uptake
and intra-cellular regulation. The ion channel TRPM6 is
of particular importance for the absorption from the
intestine and the reabsorption of Mg secreted into the
primary urine [11, 12]. In case of Mg deficiency, this
channel is overexpressed to increase the absorption in
the intestine and decrease the excretion with the urine.
Taken together this means than the Mg homeostasis is
very dependent on a number of different processes, all
related to the nutritional characteristics of the
individual. The determination of only one or a few of
these mechanisms will not give the complete picture of
the homeostasis.
Studies on bioavailability can be made by
determining the plasma level of Mg although the range
between normal homeostasis and a deficiency is very
small. A further complication is that the plasma level of
Mg expresses circadian variation with peak levels
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around 1000 and 2000 hours [13]. This variation, which
is around 6%, is present also after supplementation
with Mg. Information on the Mg homeostasis can also
be obtained by measuring the urinary excretion over a
24 hour period, although no conclusion can be drawn
regarding the total amount of Mg retained in the body.
A total balance could be achieved by measuring the
intake as well as the excretion via urine and faeces.
Such studies are extremely cumbersome and have not
been performed in investigations on bioavailability.
Against this background, a review of a total of eight
studies on bioavailability of Mg salts is presented.
STUDIES
The bioavailability of Mg-oxide and Mg-citrate was
compared in a study with 13 test persons [14]. They
received 450 mg Mg/day and the concentration of Mg
was measured in serum and urine There were no
effects on serum-Mg. The urinary excretion increased
by 20% after Mg-oxide and 40% after Mg-citrate
supplementation.
In a study on 16 healthy volunteers, different
commercial Mg-preparations were compared [15]. The
subjects were asked to abstain from magnesium-rich
foods during the study. The different salts were Mgoxide, -chloride, -lactate, and –aspartate, all in a dose
of around 21 mEq (510 mg) per day. The mean urinary
excretion of Mg during control days was around 80
mg/day. The excretion increased significantly after Mglactate, -aspartate, and –chloride. The fractional
absorption was 4% for Mg-chloride and 9-11% for the
other salts.
In an experimental study the solubility of Mg-oxide
and Mg–citrate was evaluated using different
concentrations of hydrochloric acid [16]. Mg-oxide was
almost non-soluble in water and proportional to the
concentration of hydrochloric acid with a solubility of
43% at 24.2 mEq. For Mg-citrate the solubility was 87%
already at 0.72 mEq hydrochloric acid and significantly
higher than that of Mg-oxide at all concentrations. 17
subjects received an oral supplementation with 25 mEq
(608 mg) Mg-citrate, -oxide, and distilled water after
adhering to a Mg standardized diet for three days. In
urine collected during 2-4 hours after the load, the
amount of magnesium increased by 0.035 mg/mg
creatinine above background levels for Mg-citrate but
only by 0.008 after Mg-oxide.
Mg-L-asparate-HCl as tablets and granules was
compared to Mg-oxide in a study on three groups of
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eight healthy volunteers [17]. The 7-day cumulative
urinary excretion of Mg was measured after a 7-day
supplementation with 60 mEq/day (1450 mg) and 90
mEq/day (2187 mg). The cumulative excretions of Mg
after the Mg-L-aspartate forms at 90 mEq were181 and
187 mg as compared to 137 after Mg-oxide. The same
difference was found after 60mEq although the values
were lower.
In a randomized, placebo controlled study 46
healthy subjects were given 300 mg magnesium daily
as Mg-citrate, Mg-amino acid chelate or Mg-oxide [18].
Placebo was cellulose or sorbitol. Saliva and blood
samples, and 24 hour urine samples were taken at
baseline, and 24 hours and 60 days after
supplementation. At 60 days the urinary excretion of
Mg was higher after organic Mg salts than after Mgoxide. The plasma Mg level at 60 days was higher after
Mg-citrate supplementation than after the other forms
(0.72 vs 0.69 and 0.65mmol/L).
Magnesium in urine was measured in 18 women
after a supply of Mg-lactate/citrate, Mg-lactatehydroxide, Mg-hydroxide, and Mg-chloride with a dose
of 15 - 20.6 mmol (365 and 501 mg) per day [19]. The
excretion in urine 24 hours afterwards was higher than
placebo after all supplements with no difference
between them although there was a tendency to a
higher excretion after Mg-citrate.
In a randomized, double-blind, cross-over study with
41 subjects, Mg-oxide and Mg-citrate were compared
[20]. However the dose of Mg-oxide was 520 mg per
day and that for Mg-citrate 295.8 mg per day. Because
of this large difference in dose, this study does not fulfill
the experimental design required for a comparison
study. As the different effect variables influenced by the
Mg supplementation were equal for the two salts, this
can be taken as an indirect evidence that Mg-citrate
(here given at a lower dose) was more efficient than
Mg-oxide.
One study with 51 persons investigated the
influence of Mg-oxide and Mg-citrate (each 300 mg) on
the intracellular, ionized concentration of magnesium in
human leukocytes [21]. The concentration of ionized
Mg was significantly higher after administration of Mgcitrate than Mg-oxide at 9 and 24 hours afterwards.
CONCLUSION
Concerning methodology there are large differences
between the studies. The amounts of Mg administered
span from 296 to 2187 mg/day. To evaluate the effect
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of the administration, Mg was measured in serum,
plasma, urine or intracellularly.
In spite of these large methodological variations, the
results are quite consistent. The water solubility of a
Mg salt is of importance for the bioavailability. The
studies demonstrate that organic salts of Mg have a
higher solubility than inorganic salts. This means that
Mg-citrate has a higher absorption than Mg-oxide. This
is reflected in the results where the plasma
concentration and urinary excretion at different times
after administration were higher than for Mg-oxide. In
conclusion available data suggest that Mg-citrate is the
most appropriate preparation for therapeutic and
supplementing purposes.
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