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De rat is niet in alle gevallen een goed model voor de mens.
Dit proefschrift

Bij het gebruik van laag-energetische vetvervangers zou niet alleen gelet moeten worden
op de veiligheid van deze stoffen maar ook op de effectiviteit ervan.

Door chemie meten wat we eten suggercert het kwantitatief weten van voedsel-
bestanddelen, maar zegt niets over de beschikbaarheid ervan.

Hoewel het magnesiumgehalte in serum (of plasma) de meest gebruikte parameter is voor
het vaststellen van de magnesiumstatus, weerspiegelt dit gehalte slechts acute effecten op
de magnesiumhuishouding.

RJ Elin, 1987

De vitamine E concentratie in het serum wordt mede beinvloed door het type
voedingsvet.

Het hoge fytaatgehalte in vegetarische voedingen heeft waarschijnlijk geen negatieve
invloed op de magnesiumstatus vanwege het eveneens hoge magnesiumgehalte in deze
voedingen.

De vorming van een calcium-magnesium-fosfaat complex is complex.
Dit proefschrift

De opvatting dat natrium de uitscheiding van calcium met de urine verhoogt is
waarschijnlijk onjuist.

JL Greger et al., 1991

Het feit dat suppletie van magnesium het optreden van hartaandoeningen vermindert zou
erop kunnen wijzen dat de aanbevolen magnesiuminneming is onderschat.

MS Seelig, 1986; RB Singh 1990

"Humane Voeding” en "Moleculaire Fytopathologie" staan dichter bij elkaar dan men
op het eerste gezicht zou denken.

"Word Perfect”" kan ertoe bijdragen dat een proefschrift "Perfect Word(t)"

Stellingen behorende bij het proefschrift van Lisette Brink: "Nutrition and magnesium
absorption". 1 april 1992
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Chapter 1

Scope of this thesis




Scope of this thesis

Magnesium is an essential mineral and is indispensable for the course of many fundamental
biological processes in vertebrate animals, in¢luding man (1). Inadequate magnesinm intake
and/or impaired magnesium absorption might be involved in the pathogenesis of osteoporosis,
hypertension, coronary heart disease and cancer (2-5). Thus, it is important to identify
dietary constituents that either reduce or improve the intestinal absorption of magnesium.,

Intestinal absorption of minerals can be determined by epithelial and luminat
characteristics. Although the process of epithelial uptake of magnesium is not yet fully
understood (6), it appears that the concentration of soluble magnesium in the intestinal lnmen
is a major determinant of the amount of magnesium absorbed (7-12).

This thesis attempts to elucidate the influence of various nutrients on the solubility of
intestinal magnesium and its impact on magnesium absorption in rats and in humans. Various
nutrients present in dairy products and soybean protein-based products, namely casein,
soybean protein, phytate, calcium, phosphate and lactose were studied. There is an increasing
use of soybean products as substitute for animal protein in the diets of adults and also in
infants foods (13), whereas the impact of this dietary change on magnesium absorption is not
clear. Although the influence of the above-mentioned nutrients on magnesinm absorption has
been studied by various authors, there is considerable discrepancy and underlying
mechanisms are largely unknown (Chapter 2).

In Chapter 2, literature data on the effects of different nutrients on intestinal absorption
of magnesium are reviewed. Chapter 3 deals with the effects of casein, soybean protein,
phytate and lactose on apparent magnesium absorption in rats. To see whether the observed
effects of the single components are also exerted when present in intact preducts, the effects
of cow’s milk and soybean beverage are compared (Chapter 4). Chapter 5 describes the
effect of lactose on intestinal pH and intestinal magnesium solubility in rats in an attempt to
explain its effect on magnesium absorption. Chapter 6 focusses on the interaction between
dietary magnesium, calcium and phosphate in the intestinal lumen of rats and its impact on
apparent magnesium absorption. The effects of casein, soybean protein, phytate, lactose and
phosphate on true magnesium absorption and endogenous fecal magnesium loss in rats are
presented in Chapter 7. Chapter 8 concerns the effect of lactose intake on apparent absorption
of magnesium in humans. Finally, in Chapter 9 the results of the presented studies are
discussed.
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Chapter 2

Nutrition and magnesium absorption: a review

Elizabeth J. Brink and Anton C. Beynen




Introduction

Magnesium is an essential mineral for vertebrate lifeforms and plays a key role in many
fundamental biological processes such as muscle contraction, enzyme activition, blood
coagulation and neural excitability (1). It has been suggested that aging, stress and various
discase states may increase magnesium needs (2). Inadequate intake and impaired absorption
of magnesium are thought to contribute to the pathogenesis of osteoporosis, hypertension,
coronary heart disease and cancer (2-5).

Thus, it is important to identify factors that either reduce or improve the intestinal
absorption of magnesium. In this paper, the effects of various dietary components on
intestinal magnesium absorption are surnmarized. Magnesium absorption in humans is
emphasized, but dietary effects in rats are also discussed because the rat is frequently used
as an experimental model. In the appendix tables, the design and outcome of studies in
humans and rats are briefly described. The objective of this paper is to provide an inventory
of nutritional influences on magnesium absorption. Differences in magnesium absorption may
be reflected in magnesium concentrations of tissues. Thus, dietary effects on magnesium
concentrations in various tissues, including blood plasma, are given also. In most cases, there
is little information on the mechanisms underlying nutritional influences on magnesium
absorption; when opportune, speculations are made,

Magnesium metabolism

Intake. Magnesium is widely distributed in foods. The daily intake of magnesium in adults
usually is 250-500 mg (10-20 mmol), which mainly comes from cereals (6). Magnesium
requirements as based on supposedly adequate intakes of magnesium and on metabolic studies
vary from 100 to 1000 mg per day (7, 8). The National Research Council in the United
States recommends 300 and 350 mg/day for young women and men, respectively, with an
extra 150 mg/day during pregnancy (9).

Absorption, Tn a recent review, Hardwick er al. (10) showed that despite extensive research
on magnesium absorption, there is still uncertainty regarding the site and mechanism of
intestinal magnesium transport. Most studies with humans (11-13) as well as with rats (14-18)
indicate that the predominant site of magnesium absorption is the distal small intestine, This
conclusion could be drawn independently of the experimental methods used, diet, age, and
magnesium status of the experimental subjects.

As to the mechanism of magnesium absorption, it appears that passive diffusion (13,
15, 18-21) and active transport {22-26) both participate in intestinal magnesium absorption.
For the small intestine, active, or rather saturable transport, is substantiated mainly by the
observation that the rate of magnesium absorption plateaus at high luminal magnesium
concentrations, The active absorptive mechanism in the descending colon probably is
important only under conditions of extremely low dietary magnesium intake or rapid growth,
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Hardwick et al. (10) conclude that, at usual magnesium intakes, magnesium absorption
occurs primarily by diffusional and solvent drag mechanisms. Thus, the conceniration of
soluble, or at least available magnesium on the luminal site is the major factor controlling
the amount of magnesium absorbed.

Intestinal magnesium absorption in humans varies between 35 and 70% of magnesium
intake (7, 13, 26, 27).

Excretion. Absorbed magnesivm is retained either for tissue growth, including bone
formation, or for use in tumover replacement. The kidney is the major excretory pathway
for absorbed magnesium and thus tubular reabsorptive processes control magnesium
homeostasis (28-30). Supplementing a diet with magnesium raises urinary magnesium
excretion without altering serum levels provided that these are in the normal range (31).

Honnonal regulation. Various hormones affect magnesium metabolism, but there is no
evidence for a specific magnesium-regulating hormone (32). Numerous hormones may
influence magnesium absorption, such as parathyroid hormone (33), calcitonin (34), growth
hormone (35), aldosterone (36, 37) and vitamin D (22, 38-40). A stable serum magnesium
concentration must be the result of balance between gastrointestinal uptake and renal
reabsorption and excretion processes.

Magnesium deficiency. Subclinical magnesium deficiency may occur frequently (7), but there
are no solid data as to its incidence and impact. In contrast, severe hypomagnesemia is a well
recognized clinical syndrome (2} characterized by muscular symptoms (tetany, muscular
tremor), psychic disorders (agitation, confusion and hallucinations) and cardiological signs
(disturbed ECG). Among the various clinical conditions associated with magnesium
depletion, the most important are prolonged fasting and excessive losses via the gastro-
intestinal tract due to absorptive disorders (2).

Nutritional factors affecting magnesium absorption

Amount aof protein. It is clear that increasing the amount of dietary protein raises apparent
magnesium absorption (ingested minus fecal magnesium) in rats (Appendix table 1).
Enhanced magnesium absorption is invariably associated with elevated urinary magnesium
excretion. One study with rats showed that increased protein intake lowered magnesium
retention, but data on magnesium intake and absorption are not given (41). Other rat
experiments demonstrated that high protein intake did not affect whole-body retention of
magnesium (49, 51) or raised magnesium concentrations in plasma and carcass (47).
Human studies also indicate that high protein intake results in increased apparent
magnesium absorption (Appendix table 1). However, in some studies this may relate to the
raised magnesium intake while ingesting the high-protein diet (35, 61, 63). Two studies
reported no effect of increased protein intake on magnesium absorption in humans, but the
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increase in protein intake was relatively small (57, 64).

The increased apparent magnesium absorption on high protein diets was not associated
with systematic changes in magnesium retention and urinary excretion. It would be expected
that urinary magnesium excretion rises with increased protein intake. First, under steady state
conditions increased magnesium absorption results in increased urinary magnesium excretion
(65, 66). Second, sulfur containing amino acids in protein could stimulate urinary magnesium
excretion (see below).

Type of protein. Most studies in rats emphasize the effects of soybean protein versus casein,
probably because of the increasing use of soybean protein as substitute for animal protein.
Soybean products usually contain phytate (67), which lowers magnesium absorption (see
below). Thus, soybean protein versus casein may be expected to decrease magnesium
absorption which was indeed seen in a well-controlled experiment (42). In this experiment
soybean proiein also lowered urinary excretion of magnesium.

Various workers reported that magnesium concentrations in serum, femur, kidney and
liver of rats were not affected by feeding soybean protein instead of casein (Appendix table
1), but magnesium intakes were not given or were higher with the soybean-protein diets. At
marginal, but equal magnesium intakes, feeding soybean protein versus casein resulted in
decreased magnesium concentrations in femur and plasma (42). In a recent study (68) it was
shown that the impairment of apparent magnesium absorption in rats fed soybean protein
versus casein was due to enhanced fecal excretion of endogenous magnesium, whereas true
magnesium absorption was unaffected. This increased endogenous loss was compensated for
by decreased urinary excretion so that magnesium retention remained unchanged. The
observed effects were most likely caused by phytate in the soybean protein. Addition of
phytate to a diet with casein, to a concentration identical to that in diets containing soybean
protein, caused apparent magnesium absorption to fall to a level seen after feeding soybean
protein (42, 68), whereas the effects on fecal excretion of endogenous magnesium were also
similar (68).

There are only sparse data on effects of type of protein on magnesium absorption in
humans, Soybean protein versus meat protein had no effect on apparent magnesium
absorption (59). A lactalbumin-casein preparation raised apparent magnesium absorption
when compared with either beef protein or peanut flour (62).

Sulphate and chloride, The increased urinary magnesium excretion seen after ingesting
additional protein (Appendix table 1) might be analogous to the protein effect on urinary
calcium excretion, which is ascribed to the sulfur containing amino acids in protein (69, 70).
Indeed, in a study with rats, Greger et al. {71) demonstrated that dietary sulphate or
bisulphate significantly raised urinary magnesium excretion, which was associated with
slightly increased apparent magnesium absorption. Data on magnesium retention are not
available, but magnesium concentration in tibia was decreased after sulphate feeding (71).

The chloride anion, which is often associated with isolated proteins could also be
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responsible for the increased urinary magnesium excretion after protein ingestion. Ingestion
of chloride from different sources raises urinary magnesium excretion in rats (71, 72).
However, apparent magnesium absorption was not significantly influenced by chloride, which
explains the observed decreased magnesium concentration in tibia,

Bicarbonate and ammonium. Greger et al. (71) observed in studies with rats that feeding
sodium bicarbonate increased apparent magnesium absorption in one experiment, but not in
another. Urinary magnesium excretion was not influenced by sodium bicarbonate. In
contrast, Levin and Winaver (73) showed that bicarbonate infusion, causing metabolic
alkalosis, enhanced tubular reabsorption of magnesium associated with decreased urinary
magnesinm excretion. Metabolic acidosis may decrease tubular reabsorption of magnesium,
resulting in increased urinary excretion. McDougal and Koch (74) did show that ammonium
chloride directly inhibits renazl magnesium reabsorption, but Toothill (50) was unable to
demonstrate an effect on apparent magnesium absorption.

Fat. Studies with rats demonstrated that a diet containing equal parts of medium chain
triglycerides, sunflower seed oil and olive oil significantly raised apparent magnesium
absorption in comparison with a diet containing olive oil as only fat source (75). This might
be caused by the lower capacity of medium chain triglycerides to form soaps with magnesium
(76, 77. Studies of Behling er al. (78) and Kaup er al. (79) showed that increasing the
dietary fat concentration from 5% (w/w) to 20% (w/w) can improve apparent magnesium
absorption. Because of the possible formation of magnesium soaps in the intestine the
opposite would be expected. However, the effect depended on dietary magnesium and
calcium concentrations. Increasing fat intakes improved apparent magnesium absorption at
a dietary magnesium concentration of 0.5% (78), but no effect was seen when dietary
magnesium concentration was 0.05% (79). In rats fed diets containing high calcium
concentrations, fat seemed to improve magnesium absorption, but it was depressed in rats
fed high-fat diets with a low calcium concentration. This suggests that fatty acids
preferentially form complexes with calcium rather than with magnesium. Tadayyon and
Ludwak (80) showed that supplementation of a fat-free diet with 25 energy % in the form
of either tripalmitin or tristearin depressed apparent magnesium absorption in young rats.

Studies with humans could not demonstrate any effect of concentration or kind of
dietary fat on magnesium absorption. Results of Van Dokkum et al. (81) indicate that
decreasing the dietary fat intake from 42 to 22 energy % does not influence apparent
absorption, urinary excretion and retention of magnesium in young men. Increasing the
amount of linoleic acid at constant fat intakes did not affect magnesium metabolism either
{81). In addition, Rickets et al. (82) found no effect of kind and amount of dietary fat on
magnesium balance in humans.

Carbohydrates. Lactose is the carbohydrate most often studied in relation to magnesium
absorption (Appendix table 2). Its influence in rats is clear. Lactose in the diet increases
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apparent absorption and urinary excretion of magnesium. This is probably due to the fact that
rats become lactase-deficient after weaning (97). Thus, rats are not capable to hydrolyse
lactose in the intestine, resulting in microbial fermentation of lactose and lowered luminal
pH. This in turn could increase the solubility of intestinal magnesium, leading to increased
magnesium absorption (89),

Based on the above mentioned it would be expected that lactose exerts no effect on
apparent magnesium absorption in lactose-tolerant subjects. Indeed, in lactose-tolerant
adults with constant magnesium intake, lactose did not influence apparent magnesium
absorption (66). Studies with infants indicate that lactose increases apparent magnesium
absorption {94-96), but in these studies magnesium intake was not reported or was higher in
the infants fed lactose. A higher magnesium intake by itself raises apparent absolute
magnesium absorption (65, 66) and thus any effect of lactose could not be determined.

One study showed that a solution of glucose polymer increased magnesium absorption
(98). However, glucose polymer was given together with magnesium and magnesium
absorption was measured by triple-lumen perfusion in the jejunum which is not the main site
of magnesium absorption, In any event, these data may not predict the effect of glucose
polymer in a diet on magnesium absorption.

Fructose versus glucose has been reported to increase magnesium absorption in a study
with rats (85). This was also seen for fructose versus cornstarch in an experiment with
humans (93). The metabolic basis for fructose-induced stimulation of magnesium absorption
is unknown.

Fiber. Various fiber sources (wheat bran, cellulose, lignin, pectin and guar gum) have been
reported to bind magnesium in vitro (99). When insoluble fiber-magnesium complexes are
formed in the intestine, magnesium absorption may be depressed. Appendix table 3 shows
that in many rat and human experiments increased intake of cellulose or cellulose-rich
preparations such as wheat bran produced enhanced fecal and urinary magnesium losses.
However, absolute magnesium absorption was generally increased because higher fiber
intakes were associated with higher magnesium intakes. Therefore, independent effects of
fiber on magnesium absorption cannot be estimated. In a rat study in which magnesium
intake was controlled, dietary cellulose had no effect on apparent absorption of magnesium
(102). Results of the well-controlled studies in man indicate that dietary cellulose might lower
magnesium absorption (8, 107, 110). In practical diets, high fiber intake usually is associated
with high magnesium intake. Thus, no deleterious effects of high-fiber diets on magnesium
balance would be expected. Indeed, Schwartz ef al. (117) showed that feeding a bran-rich
diet to humans for 4 wk did not affect magnesium balance.

Few studies have assessed the effect of pectin on magnesium absorption. In rats,
galacturonic acid, which is the basic building block of pectin, significantly raised apparent
absorption and urinary excretion of magnesium (102). However, pectin lowered magnesium
absorption (102) and magnesium retention (103) in rats, whereas no effect was seen in a
study with humans (107).
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Oxalic acid. Oxalic acid might bind magnesium ions which could result in decreased
magnesium absorption (118). Ingestion of spinach, which is high in oxalic acid, raised fecal
magnesium excretion, but this may have been due to an increased magnesium intake (119).
Absolute apparent magnesium absorption and urinary magnesium excretion were not
significantly influenced by oxalic acid.

Phytate. At neutral pH, phytate can form with magnesium an insoluble complex, which may
be a calcium-magnesium-phytate (120) or protein-magnesium-phytate complex (121).
Formation of these insoluble complexes in the intestine might decrease magnesium
absorption. However, the participation of magnesium in the formation of insoluble mineral-
phytate complexes depends on several factors. First, a high calcium:magnesium ratio favors
the in vitro formation of a calcium-phytate complex without co-precipitation of magnesium.
Second, titration curves for calcium and magnesium have indicated that the stability of the
magnesium-phytate complex is lower than that of a calcium-phytate complex. In keeping with
this, it can be questioned whether the high calcium:magnesium ratio in rat diets allows the
formation of an insoluble calcium-magnesium-phytate complex in the intestine. Brink et al.
(68) found that phytate increased fecal excretion of endogenous magnesism in rats, whereas
it exerted no effect on true magnesium absorption, which speaks against the formation of an
insoluble magnesium-phytate complex in the intestine. It is not clear why phytate increased
fecal excretion of endogenous magnesium. In any event, it has been shown in rats that
dietary phytate causes a decreased magnesium solubility in the gut (122) and lowers apparent
magnesium absorption (Appendix table 4) and urinary excretion of magnesium (42). At
normal and relatively high dietary magnesium concentrations, phytate feeding does not affect
magnesium retention and magnesium concentrations in plasma, tibia, femur, carcass, liver
and kidney (42, 101, 123). However, at marginal dietary magnesium concentrations, phytate
decreases body weight gain (125) and magnesium concentrations in femur (42).

Various studies with humans dealing with the effect of phytate on magnesium
absorption are difficult to interpret because high-phytate diets were fortified with fiber-rich
foodstuffs, so that magnesium intake was usually elevated (64, 127-129). However, studies
with controlled magnesium intake using dephytinized products or supplemental phytate
demonstrate that phytate decreases apparent absorption and urinary excretion of magnesium
with no effect on magnesium retention (65, 126, 128).

Thus, phytate in the diet can decrease apparent absorption of magnesium. However,
with natural diets, high intakes of phytate are generally accompanied with high intakes of
magnesium, ensuring sufficient magnesium for absorption.

Ethanol. A single dose of ethanol produces increased urinary excretion of magnesium by
human subjects (130, 131). This effect may explain the magnesium depletion observed in
many alcoholic patients (132). Data concerning ethanol effects on intestinal magnesium
absorption, if any, are not available.
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Magnesium. Increased magnesium intakes cause increased rates of absolute magnesium
absorption, resulting in enhanced urinary magnesium excretion (39, 42, 43, 46, 60, 65, 104,
133-136). Extra intake of magnesium could raise magnesium retention which may be
reflected by higher magnesiumn concentrations in plasma, bone and muscle. Whether this
happens depends on magnesium status, age, habitual magnesium intake and the magnitude
of the increase in magnesium absorption.

The source of dietary magnesium may determine magnesium absorption by influencing
the solubility of magnesium in the intestine. In in vitro incubations, magnesium citrate is
mote soluble than magnesium oxide (137). In rats, magnesium given either as a chloride,
oxide or carbonate salt resulted in higher apparent magnesium absorption than magnesium
given in the form of either a sulphate, phosphate or silicate salt (138, 139). However, the
differences were small and may not have physiological significance. Behmer er al. (136)
showed in adult females that magnesium supplemented as either magnesium citrate, lactate,
hydroxide or chloride did not exert differential effects on urinary magnesium excretion.

Calcium. The effect of dietary calcium on intestinal absorption of magnesium has been
subject of much controversy. Studies in rats have clearly demonstrated that apparent
absorption of magnesium is decreased by high calcium intake {Appendix table 5). This has
often been explained by competition between magnesium and calcium for a common carrier
system in the ileum (19, 140, 165). However, Karbach and Rummel (24) could not confirm
this. Human studies on magnesium absorption as influenced by dietary calcium have yielded
contradictory resulis (Appendix table 5). Although some studies show decreased apparent
magnesium absorption at high calcium intakes, most well-controlled studies indicate that high
calcium intake does not affect intestinal magnesium absorption.

Recently, an explanation has been offered for the controversy between the outcome of
the rat studies and many human experiments. In rats, Brink et al. (143) showed that the
inhibitory effect of dietary calcium on apparent magnesium absorption depends on the
phosphate: magnesium ratio of the diet. This ratio determines whether or not an insoluble
magnesium-calcium-phosphate complex is formed in the intestine. The relatively low
phosphate: magnesium ratio and the relatively low calcium concentration in human diets, as
compared with rat diets, might result in negligible formation of insoluble complexes in the
human intestine after the intake of extra calcium. This would explain why addition of calcium
to humman diets does not affect apparent magnesium absorption whereas addition of calcium
to rat diets inhibits it. This explanation is confirmed by the study of Giles ef al. (133), who
found in infants that high-calcium diets, with a high phosphate:magnesium ratio comparable
to that in rat diets caused a decreased apparent magnesium absorption.

Phosphate. The influence of dietary phosphate on magnesium absorption is not fully settled.
Generally, increased phosphate concentrations in the diet have been reported to lower
apparent magnesium absorption in rats and humans, but lack of effect has also been reported
{(Appendix table 5). The phosphate-induced decrease of magnesium absorption might be
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caused by the formation of an insoluble magnesium-phosphate complex in the intestine (10).
However, Brnk er al. (143) recently presented evidence that the intestinal formation of an
insoluble magnesium-calcium-phosphate complex is responsible for the decrease in apparent
magnesium absorption. Because the formation of this complex depends on the dietary
phosphate:magnesium ratio, controversy of literature data may relate to differences in this
ratio.

Potassium. Studies in rats indicate that dietary potassium does not influence magnesium
absorption (Appendix table 6). Infusion of a solution containing 0, 20 or 40 mmol/L
potassium into a ligated loop of rat colon depressed magnesium uptake by the loop (170). In
a study with humans it was demonstrated that potassium supplementation during a 40-day
period of total fasting caused an increase in fecal magnesium loss (53). However, this effect
may be independent of magnesium absorption.

Sodium. In virro studies using rat gut sacs (171) or rat ileum (19) suggest that sodium ions
may optimize magnesium transport. However, balance studies in rats could not demonstrate
any systematic effect of sodium on intestinal, apparent magnesium absorption (Appendix table
6). Increasing dietary sodium with either chloride, sulphate or bisulphate as anion raised
urinary magnesium excretion which was not consistently associated with an increase in
apparent magnesium absorption {71). Urinary anion excretion was found to be responsible
for the increase in urinary magnesium excretion (71).

Vitamin D. The vitamin most studied in relation to magnesium absorption is vitamin D, but
its role remains uncertain (10). Several studies in man suggest that £,25(0H),D, or vitamin
D, have little or no effect on apparent absorption of magnesium (172-174), whereas others
showed that pharmacological doses of vitamin D; may increase apparent magnesium
absorption (175-177). Rat experiments demonstrate that large doses of vitamin Dj; can
increase apparent magnesium absorption (38, 39, 178, 179), whereas a realistic dose had no
effect (180). Magnesium absorption by the colon of vitamin D-repleted rats may be normal
(23). Hardwick er al. (10) put forward that a significant portion of magnesium absorption
must be vitamin D-independent because it persists under conditions of vitamin D-deficiency.
However, repletion of vitamin D is associated with increments in magnesium absorption (38).

Pyridoxine. Eisinger and Dagom (134) showed that extremely high doses of pyridoxine lower
apparent magnesium absorption in humans. However, at normal intakes of pyridoxine an
effect on magnesium absorption was not seen,

Zinc. Forbes et al. (87) reported that dietary zinc does not affect apparent absorption,

urinary excretion and retention of magnesium in rats. Likewise, supplemental zinc had no
significant effect on apparent magnesium absorption in adolescent females (181).
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Tin. In adult men, daily consumption of 50 versus 0.1 mg tin did not affect apparent
absorption, urinary excretion and retention of magnesium (182).

Aluminum. In vitro studies suggest that aluminum forms an insoluble complex with
magnesium (183). However, in a balance study with adult males, ingestion of 125 mg
aluminum per day had no significant effect on apparent magnesium absorption and retention
(184},

Caffeine, Yeh er gl. (185) found in rats that subcutanous injection of caffeine raised apparent
magnesium absorption and urinary magnesium excretion. The effect of dietary caffeine on
magnesium absorption is not known.

Summary

This paper reviews the evidence that certain dietary components can affect intestinal
absorption of magnesium. Increased intakes of protein and fructose improve apparent
magnesium absorption in humans, whereas a lowering effect occurs with consumption of
cellulose and phytate. Although dietary concentrations of lactose, fat, caleium and phosphate
have clear effects on magnesium absorption in experiments with rats, the impact of these
nutrients on magnesium absorption in humans remains unsettled. Mechanisms underlying the
effects of dietary components on magnesium absorption in humans are generally poorly
understood.

A change in magnesium absorption not necessarily results in a change in magnesium
retention. When consuming practical diets, the fall of apparent magnesium absorption caused
by phytate and cellulose is generally compensated by increased magnesium intake due to high
magnesium concentrations in phytate- and cellulose-rich products. Furthermore, to maintain
homeostasis, urinary magnesium excretion will be raised after stimulation of apparent
magnesium absorption and it will be lowered after impairment of apparent magnesium
absorption. Thus, the effects of dietary components on magnesium absorption probably are
critically important only at low intakes of magnesium. At low magnesium intakes, differences
in magnesium absorption may be expected to influence magnesium retention and thus can
either induce or abolish magnesium deficiency.
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