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Magnesium homeostasis is critical for exercise performance. In this report the
effect of long distance race on the erythrocyte and plasma magnesium concentration
is determined in a group of 7 well-trained male amateur runners. After a 100 km
race the plasma Mg24- levels increased significantly from 0.845 ± 0.074 to 0.934 ±
0.099 mmolT1 (p < 0.05). However, the intra-erythrocyte Mg2+ concentrations
were not modified significantly (2.10 ± 0.2 mmol-l"1 versus 2.14 ± 0.12 mmol-l"1).
Creatinine plasma levels increased significantly from 73.4 ± 3.5 pmol-1"1 to 117.6
± 19.4 pmol-1'1 (p < 0.01), suggesting impairment of the renal function. A signif­
icant positive correlation between plasma magnesium and plasma creatinine, r =
4-0.65 (p < 0.01) was found. These results suggest that an increase in the magnesium
plasma levels could be related to renal failure during long-distance running.
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Magnesium is essential in neuromus­
cular transmission, muscular contraction,
protein and nucleic acid synthesis and
membrane transport. It also serves as a co­
factor in more than 300 enzyme reactions,
most notably those involving energy
transfers via ATP (14). The magnesium 
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levels in the plasma of healthy people are
remarkably constant, being on average
0.85 mmol-l"1 and varying less than 15 %
(19, 21). Loss of intracellular magnesium
can lead to muscle weakness, neuromus­
cular dysfunction and tetani (1, 8). Thus
maintenance of intracellular magnesium is
important for exercise performance.

Depending on the type of exercise, dis­
cordant findings on erythrocyte and plas­
ma magnesium concentrations have been
reported in human subjects. Various re­
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ports have shown a decrease in plasma
magnesium after prolonged heavy exercise
such as marathon running (6, 15, 20). An
increase in plasma magnesium concentra­
tion was observed after short-term phys­
ical exercise (11, 13, 23). Here we study
the effect of a long distance race on mag­
nesium homeostasis in well-trained male
athletes during a 100-km race.

Materials and Methods

Seven well-trained male athletes, non-
smokers and in good health, aged between
27 and 41 years (mean 37), body weight
of 56-74 kg (mean 65.4 kg), agreed to par­
ticipate in the study. They all signed a
statement of informed consent. They were
experienced long-distance runners usually
running between 110 and 140 km weekly.

Our survey was carried out during 100-
km race. It started at 6 A.M., and the av­
erage racing time was 10 hours (8-12 h).
Air temperature ranged from 9 to 23 °C,
and relative humidity was 65-80 %. Dur­
ing the race the runners were allowed to
eat and drink without restriction.

All subjects were weighed before and
after the race. Peripheral venous blood
samples were drawn by antecubital vene­
puncture before the start and within 15
min of completion of the race, with the
subject in the recumbent position. Ali­
quots of blood were anticoagulated with
EDTA for determination of the erythro­
cyte count, haematocrit, and haemoglobin
concentration, which were performed
with a Coulter Counter. The percentage
changes in plasma volume (% APV) were
calculated from resting and post-exercise
haemoglobin and haematocrit measure­
ments (22). Plasma for subsequent analy­
ses of the metabolites and enzymes was
obtained from whole blood in a refriger­
ated centrifuge and stored in aliquots at
-40 °C until tested.

Plasma and erythrocyte magnesium was
measured by atomic absorption spectro­

photometry, and the erythrocytes were
washed and lysed (15).

Plasma glucose, lactate, creatinine and
urea concentrations were determined by
colorimetric methods using Boehringer
Mannheim kits.

Creatine kinase activities were deter­
mined by commercial kits (Boehringer
Mannheim, FRG) on a Milton Roy Co.,
Spectronic 1201 spectrophotometer.

For statistical analysis the non-para-
metric test was used: the Wilcoxon test for
paired values, and the Spearman rank cor­
relation. Data are given as mean ± SD.

Results

The athletes covered the 100-km on av­
erage in 10 h (range: 8 h to 12 h). As
shown in table I, after the run, all the sub­
jects showed a significant decrease in body
weight, which represented a loss of 4.6 %.

Plasma and erythrocyte magnesium
concentrations before and after race are
shown in fig. 1. After a 100-km race the
level of plasma Mg2+ showed a significant
increase from 0.845 ± 0.074 to 0.934 ±
0.099 mmol-1'1 (p < 0.05). However, the

Table I. Body weight, blood and plasma measure­
ments (mean ± SD) before and after the 100-km

race (n = 7)

Before After

Body weight
(kg)

65.36 ± 6.36 62.35 ± 5.42*

Haematocrit
(%)

47.8 ± 2.3 50.2 ±3.0*

Haemoglobin
(g-di-’)

15.53 ±0.63 15.63 ±0.64

Lactate
(mmol-1-1)

1.29 ±0.31 3.57 ± 1.22***

Glucose
(mmol-1-1)

4.77 ± 0.88 4.44 ± 0.72

Urea
(mmol-1-1)

6.09 ± 1.00 8.35 ± 1.35**

*p < 0.05; **p < 0.01; “’p < 0.001
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Fig. 1. Plasma and erythrocyte concentrations of
magnesium expressed as single values before and

after a 100-km race.

level of magnesium erythrocyte (2.10 ±
0.2 versus 2.14 ± 0.12 mmolTj were
similar before and after the race; an in­
crease in erythrocyte magnesium levels
was found in three athletes, while in three
others a decrease in magnesium erythro­
cyte levels was observed.

In order to study the renal function the
levels of creatinine in plasma were deter­
mined. After the run there was a signifi­
cant increase (60 %) in the creatinine con­
centration (73.4 ± 3.5 versus 117.6 ± 19.4
pmolT1 (p < 0.01) suggesting an altera­
tion of the renal function (fig. 2). The in­
crease in plasma magnesium correlates sig-

Fig. 2. Plasma concentrations of creatinine ex­
pressed as single value before and after a 100-km

race.

nificantly with the increase in creatinine
(r = +0.66, p < 0.01), suggesting that the
high levels of plasma magnesium may be
due to decrease in glomerular filtration
rate.

There were no differences in erythro­
cyte count and haemoglobin concentra­
tion, but an increase in haematocrit values
was found (table I). All the athletes
showed a hemoconcentration with de­
crease in the plasma volume with values
between 1.78 % and 10.6 % (average 5.7
%) after the race.

The plasma creatine kinase activity is
used to estimate the amount of muscle
damage because this enzyme is muscle
specific (12). After the run we found a sig­
nificant increase in the plasma creatine
kinase (91.1 ± 25 versus 2843 ± 941IUT1,
p < 0.01), suggesting a muscular tissue
damage produced during the run.

Several parameters were tested in plas­
ma that reflect the metabolic activity. As
shown in table I, at the end of the race
plasma lactate (+176 %), urea (+37 %),
had increased significantly (p < 0.001 and
p < 0.01), while no significant differences
were found for the values of plasma glu­
cose. Values below 4 mmolT*  for plasma
lactate at the end of the 100-km race sug­
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gest that the effort performed by the run­
ners can be considered aerobic.

Discussion

The present study shows that plasma
Mg2+ concentration in well trained run­
ners increased after a 100-km race. The in­
crease in plasma magnesium correlate with
the increase in the creatinine levels sug­
gesting that a transitory renal failure could
alter the homeostasis of plasma magne­
sium during long distance races.

Our study contrasts with previously re­
ported data on prolonged heavy exercise.
During marathon running a decrease in
plasma magnesium has been described (6,
15, 20, 24). In subjects performing a 25
km race no differences in plasma magne­
sium levels during the race were found (3).

Several mechanisms could be proposed
to explain the different results. Depending
on the type of exercise the magnesium ion
shifts from the erythrocytes which act as
a reservoir, to the plasma and from there
to the tissues. After prolonged heavy ex­
ercise it has been proposed that a signifi­
cant decrease in magnesium in plasma may
occur, probably caused by an exhaustion
of the erythrocyte reservoir (7).

The increase in the plasma magnesium
found in our study may be due to several
mechanisms. It could be due in part to the
hemoconcentration which is reflected by
the increase in the haematocrit and the de­
crease in plasma volume.

In our athletes a significant increase in
creatine kinase activity was found in plas­
ma after the race. Rises in plasma levels of
creatine kinase has been reported in stren­
uous exercise due to changes in the perme­
ability of the skeletal muscle membranes
(18). Such changes are considered as ev­
idence of skeletal tissue damage. Due to
the higher intracellular magnesium con­
centration the increased levels found in
plasma may be related to muscular dam­
age.

An increase in the levels of creatinine in
plasma that correlates with the concentra­
tions of magnesium has been found. This
may be related to a temporary renal failure
that has been described during prolonged
exercise (4), which could explain the high
levels of plasma magnesium. In normal
subjects hypermagnesemia is unusual. The
principal path of excretion of magnesium
is by urinary elimination. Therefore, pri­
mary regulatory mechanisms are active in
urinary excretion (16). If magnesium in­
creases after a high dietary supply or bone
release, the kidney eliminates magnesium
excess by reduction of the proximal tub­
ular reabsorption (2, 5). During acute ren­
al failure in oliguric phase a situation of
hypermagnesemia is found. However,
during the diuretic phase, the levels fell to
normal (16).

Recently, in marathon runners a de­
crease to 50 % urine output and a reduc­
tion of the urinary magnesium excretion
rate by 83 % was found (15). In long term
physical exercise the magnesium loss by
the kidney is lower than during rest (10)
probably due to a decreased glomerular
filtration rate as suggested by the evolu­
tion of plasma creatinine levels. The mag­
nesium excretion rate fell on average from
1.83 to 0.65 mg • h'1 (reduction of 64 %)
at 2 hours of ergometer exercise at 65 %
Vo2max (9). These data support the hy­
pothesis that the increased levels could be
directly related to the transitory renal fail­
ure that occurs after a long-term run.
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Resumen

La homeostasis del magnesio es critica du­
rante la realizacion de ejercicio. Se determina
el efecto que producen las carreras de larga dis- 
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tancia sobre la concentracion de magnesio en
eritrocitos y plasma en un grupo de 7 corre-
dores aficionados bien entrenados. Despues de
100 km de carrera, los niveles de Mg2+ plas-
matico se encuentran aumentados significati-
vamente (p < 0,05), no modificandose signi-
ficativamente la concentracion de Mg2+ in-
traeritrocitario. Los niveles de creatinina en
plasma se incrementan significativamente (p <
0,01), sugiriendo un deterioro temporal de la
funcion renal. Se encuentra una correlacion
positiva significativa entre los niveles de mag­
nesio y creatinina del plasma (r = 0,65, p <
0,01). Estos resultados sugieren que el aumen-
to de los niveles de magnesio en plasma pueden
estar relacionados con una insuficiencia renal
durante carreras de larga distancia.

Palabras clave: Magnesio, Creatinina, Carrera de
larga distancia.
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