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Reduction of extracellular Mg2 + and Ca2 + concentration by
anestbetics*)
Von J. Vormann, T. Giinther, H. !sing,...)
Institut fiir Molekularbiologie und Biochemie, Freie Universitat Berlin, Amimallee 22, D-1 000 Berlin 33,
und **) Institut fiir Wasser-, Boden- und Lufthygiene, Bundesgesundheitsamt Berlin

Zusammenfassung

Die Mg> Konzentration im Serum wurde bei Ratten durch
Ather urn 2 ''lo, durch Nembutal (Pentobarbital) (60 mg/kg) urn
3%, durch lnactin (Thiobutabarbital)(IOO mg/kg) urn 7% und
durch Halothan urn 12% gesenkt. Die [Ca 2 +] wurden in ahnlicher Weise gesenkt. Die [Na+] und [K+] wurden in vivo nicht
signifikant veriindert.
Die lnactin~ Wirkung wurde an Rattenerythrocyten in vitro
analysiert. Der Abfall der [Mg 2 f] und [Ca 2 +] erfolgt schnell
und stellt einen neuen steady state abhangig von der Inactinkonzentration dar. Der Abfall der [Mg2 +] und [Ca 2 +] erfolgt
unabhangig voneinander und verschwindet bei niedriger
extrazellularer [Mg' '] oder [Ca 2 +]. Bei hoher lnactinkonzentration treten K + und Hiimoglobin aus den Erythrozyten aus.

*)

Results presented at the 3'" International Symposium on
Magnesium, Baden-Baden, 22. 28. 8. 1981.

Die Ergebnisse lassen sich mit einer erhohten Membranpermeabilitiit erkliiren.
Summary

Serum Mg 2+ concentration in rats was reduced in vivo by
ether by 2 %, by Nembutal (Pentobarbital) (60 mg/kg) by 3 %,
by Inactin (Thiobutabarbital) (100 mg/kg) by 7% and by halothane ( 1.5 %1) by 12 %. [Ca 2+] in serum was similarly reduced.
[Na +] and [K +] were not significantly affected in vivo.
The effect of lnactin was analyzed in vitro with rat erythrocytes. The decrease in [Mg 2 +] and [Ca 2 +] occurs rapidly, is
constant with time, establishing a new steady state and
increases with lnactin concentration. The decrease in [Mg 2 +]
and [Ca2+] is independent of each other and disappears at low
extracellular [Mg 2 +] or [Ca<+ ]. At high lnactin concentration
K + and hemoglobin leak out of the erythrocytes.
The results can be explained by an increased membrane
permeability.
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Resume
Les concentrations seriques de Mg++ ont ete reduites de
2% in vivo par !'ether, de 3 %, par le nembutal (p~ritobarbitid)
(60 mg/kg), de 7% par I'Inactirie (thiobutobarbital) (100 mg/
kg) et de 12% par l'halothime (1 ,S %)~ Le [Ca ++] s~rique a ete
reduit de fa~on similaire: [Na+] et [K+] n'ont pas ~te affectes
de fa~on significative in vivo.
L'effet de I'Inactine a ete analyse in vitro avec des erythrocytes de rat. La reduction de [Mg++] et de [Ca++] se produit
rapidement, elle est constante avec le temps en etablissant un
nouvel etat constant et elle s'est accrue avec la concentration
d'Inactine. Les reductions de [Mg++] et de [Ca++] sont independantes l'une de !'autre et elles disparaissent pour de faibles
concentrations extracellulaires de [Mg++] ou de [Ca++]. Pour
une concentration elevee d'lnactine, du K + et de l'hemoglobine ont ete liberes des erythocytes.
Les resultats peuvent i!tre expliquer par une permeabilite
accrue des membranes.

During our experiments on the Mg metabolism
in rats we found reduced Mg2+ concentration in
the serum of rats anesthetized with lnactin or
halothane. Therefore, we investigated this effect
in detail.
Methods
From male Wistar rats weighing about 300 g,
blood was taken with capillaries after cutting the
tip of the tail.
Mg2+ and Ca 2 + concentrations in the serum or
incubation medium wete measured by atomic
absorption spectrometry. For in vitro incubations
heparinized blood was taken from the heart under
ether anesthesia. Blood was taken directly or
washed and resuspended in the same volume of
incubation medium, containing (in mmol/1) 150
NaCl, 5 KCI, 3 Na phosphate, 3 Tris (pH 7.4),
5 glucose, MgCiz, and CaC1 2 as indicated. The
incubations were performed in Warburg vessels at
3r C. At time zero and at various times after the
addition of lnactin, 0.5 ml samples were centrifuged in an Eppendorf Microcentrifuge for l min,
0.1 ml of the supernatants were taken for the

Tab. I:
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determination of Mg2+, Ca2 + or glucose concentration. Glucose was determined enzymatically
(Enzymatischer Farbtest, Nr. 166 391, Boehringer,
· MailQheim).

Results
The effect of various anesthetics on the Mg2 +
and Ca2+ concentrations in rat serum is shown in
Tab. I. The degree of (Mg2+) and (Ca2+) reduction followed the pattern: ether <Nembutal <
Inactin <halothane. (Mg 2+) and (Ca 2+) were
affected to about the same degree.
As was demonstrated with Inactin (Fig. l ), the
reduction of (Mg2+) and (Ca2+) occurred rapidly
and thereafter was constant during the experiment for up to 60 min. Under these conditions,
there seemed to be no self-regulation of (Ca 2 +)
and (Mg2 +) e.g. by PTH. The reason for this
behaviour remains open.
The reduction of extracellular (Mg 2 +) and
(Ca 2 +) by Inactin could also be observed with isolated rat erythrocytes in vitro (Fig. 2). Again, there
was .a rapid reduction of (Mg 2 +) and (Ca 2 +),
depending on the Inactin concentration. The
reduction of (Mg2 +) was independent of (Ca2+)
and vice versa (Fig. 3). Therefore, it can be concluded that there was no coupling between Mg 2 +
and Ca2 +. At low extracellular concentration,
there was no reduction of (Mg2 +) or (Ca2 +) indicating a passive process.

Specifity

The in vivo effect of Inactin was specific to
(Mg2+) and (Ca2+). Both the Na+ and K+ concentrations in serum were not significantly altered.
However, in vitro, at high Inactin conentrations
(6 mg/ml), K + and hemoglobin leaked out of the
erythrocytes.

Mg2+ and Ca2+ concentration in rat serum before and 20 min after anesthesia. Mean ± SEM of 4 rats.
[Ca 2+]
mmol/1

[Mg2+]
mmol/1
0

20min

0

20min

1.00±0.02

0.98±0.02

2.52±0.06

2.45):0.04

60 mg/kg i.p.

0.97±0.02

0.94±0.02

2.53±0.04

2.~5±0.05

.fnactin

100 mg/kg i.p.

0.97±0.02

0.90±0.01

2.54±0.05

jM0±0.03

Halothane

1.5%

0.97±0.02

0.85±0.03

2.55±0,04

Ether
Nembutal
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Fig. l: Reduction of Mg 2 + and Ca 2 + concentration in the
serum of rats after injection of In actin [ 100 mglkg i.p.]. Blood
was taken from the tail at times indicated. ea> [e], Mg2+
[X].
Mean of 4 rats.
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Metabolic effects
After incubation in vitro we found no significant increase of glycolysis in rat erythrocytes due
to Inactin.
Discussion
Anesthetics are known to react with phospholipids and/ or proteins of membranes. For literature
see [3]. The quantitatively different effect of various anesthetics may be caused by their different
oil/water partition coefficient or different binding
(solubility) to the membrane. The reduction of
extracellular (Mg 2 +) and (Ca 2 +) by the anesthetics
may be produced by an increased passive cell
membrane permeability and intracellular uptake
of Mg 2 + and Ca2 +.
The following mechanism can be suggested.
Cardiolipin may function as a ionophore for Ca 2 +
and Mg 2 + [2]. The association of cardiolipin with
an anesthetic may lead to the formation of a complex with increased translational mobility of the
phospholipid in the membrane phase and thus an
increased translocation of Ca2+ and Mg 2 + across
the membrane [2]. The resulting steady state may
be caused by an increased transport of Mg 2 + and
Ca 2 + out of the cells. The situation may be similar
for Na + and K +. As the capacity of the Na --K +
pump is higher, the leak of K + owing to low Inac-

0

30

60min

Fig. 2 Reduction of extracellular Mg 2 + and Ca 2 + concentration in erythrocyte suspensions. Erythrocytes were incubated
in saline with 1.05 mmolll MgCI 2 and 1.19 mmol/1 CaCI 2• At
time zero Inactin in saline was added. Inactin concentrations:
I, 0.6 mglml; 2, 1.8 mglml; 3, 6 mglml; 0, without Inactin.
Mean of 3 experiments in duplicates.

tin concentrations may be compensated by an
increased transport rate. Alternatively, Na + and
K + may not be involved in the permeability
increase caused by the anesthetics because of
their lower affinity to phospholipids. In this case
the insignificantly increased rate of glycolysis in
the experiments with erythrocytes may be
explained by a low capacity of their Ca2 +
ATPase. However, a secondarily increased pump
rate is not established. Therefore, an increased
binding of Mg 2 + and Ca2 + in the presence of
anesthetics cannot be excluded by the results of
our experiments. Further clarification is required
by means of isotopic flux measurements.
The participation of other cells was not studied.
With the analogous barbiturate Thiopental an
inhibition of influx and efflux of 42K + and 45 Ca 2 +
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[Mg2+]
M'g 1

in the myocardium was found to occur [1]. There
m~y ·be differences in the anesthetics-induced
uptake of Mg2+ and Ca2 + by various cells because
the process may depend on membrane potentia)
and concentration gradient.
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Fig. 3: Effect of Inactin [1.5 mg/ml] on extracellular Mg2+
and Ca2 + concentration in erythrocyte suspensions. Erythrocytes were incubated in saline solution with [Mg2+] and (Ca2+]
as indicated.
Mean of 2 experiments in duplicates.
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