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Net Mg2* efflux from Mg?*-loaded human erythrocytes was maximal after reincubation in sucrose. Net Mg?* efflux was

not inhibited by furosemide or bumetanide and, therefore, was not performed by the (Na,K,C1)- or (K,C!)-cotransport

system. A component of net Mg?* efflux was inhibited by extracellular NaCl, KCl, LiCl, choline C1 and SITS, in analo-

gy to the inhibition of net C1~ and SITS. Therefore, it was concluded that net Mg?* efflux is dependent on net C1~

efflux for charge compensation. C1™-dependent net Mg?* efflux was inhibited by amiloride. Only 10% of the maximal
net Mg?* efflux may depend on extracellular Na*,

Mg?* efflux; Na*; C1~; Acetamido-4'-isothiocyanatostilbene-2, 2’-disulfonic acid, 4-; Amiloride; (Human erythrocyte)

1. INTRODUCTION

With Mg?*-loaded chicken erythrocytes we
found an Mg?* efflux which was coupled to Na*
influx and was inhibited by high doses of amiloride
[1-3]. The results were explained by the action of
Na*/Mg?* antiport.

The experiments were repeated with human
[4—6] and rat [7] erythrocytes, and it was reported
that Mg?>* efflux from human erythrocytes was
also dependent on extracellular Na* [4—6] and was
inhibited by amiloride [5]. However, there were
controversial conclusions on the role of Nag.
Féray and Garay [6] found that in human
erythrocytes 3 Na* were exchanged for 1 Mg?*,
whereas Liidi and Schatzmann [5] were reluctant
to explain NaJ dependency of net Mg?* efflux
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from human erythrocytes by simple Na*/Mg?* ex-
change.

Therefore, we investigated in greater detail the
role of Nal in Mg?* efflux from Mg?*-loaded
human erythrocytes. However, our results showed
the existence of Nag-independent net Mg?* efflux
from human erythrocytes, accompanied by net Cl™
efflux for charge compensation.

2. MATERIALS AND METHODS

All experiments were performed with human erythrocytes
from one donor (J.V.). Blood was taken with a heparinized sy-
ringe by venous puncture and centrifuged at 1000 x g for
10 min. The plasma and buffy coat were aspirated and the red
cells were washed twice with 150 mM KCl.

The cells were loaded with Mg?* by incubating a 10% cell
suspension for 30 min at 37°C in KC! medium (140 mM KCl,
12mM MgCl,, 50 mM sucrose, 5 mM glucose, 30 mM
Hepes/Tris, pH 7.4) with the addition of 6 xM A23187 dis-
solved in dimethy! sulfoxide. For removal of the ionophore the
cells were incubated four times in KCl medium plus 1% bovine
serum albumin for 10 min at 37°C. The KCl medium was
removed by washing the cells twice with cold (4°C) sucrose
medium (350 mM sucrose, 5 mM glucose, 30 mM Hepes/Tris,
pH 7.4).

Mg?* and K* efflux was measured by reincubating a 10% cell
suspension at 37°C in Mg?*-free medium. For reincubation
sucrose medium, unbuffered 350 mM sucrose or XCl media
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(substitution of KCl medium by XCl) were used, as indicated.
At the beginning of reincubation and after 30 min, 0.5 ml ali-
quots of the cell suspension were centrifuged for 1 min at
10000 x g.

For Mg?* determination, 100 xl supernatant was diluted with
1 ml of 10% TCA/0.175% LaCl; and Mg?* was measured by
atomic absorption spectrophotometry (Philips, SP9). K* con-
tent in the supernatant was measured after addition of ap-
propriate amounts of LiCl by flame photometry
(KLiNa-Flame, Beckman). An aliquot of the supernatant was
taken for determination of hemoglobin by means of the
cyanohemoglobin method [1].

For measuring cellular Mg?* content, cells were washed twice
with 150 mM KCl and hemolysed by adding 750 x] H2O. 50 4l
of the hemolysate were taken for determination of hemoglobin,
the rest was deproteinized by addition of 50 x] of 75% TCA,
centrifuged and the Mg?* content was measured by atomic ab-
sorption spectrophotometry after dilution with 10%
TCA/0.175% LaCls. Cellular Mg?* content was taken to cor-
rect Mg?* efflux for hemolysis.

3. RESULTS AND DISCUSSION

Contrarily to chicken erythrocytes, in which on-
ly a small part of Mg?* efflux was independent of
Nag [2], in Mg?*-loaded human erythrocytes Mg?*
efflux was highest in sucrose (fig.1). Also contrari-
ly to chicken erythrocytes, in human erythrocytes,
Mg?* efflux was inhibited by NaCl (fig.1).

The inhibition of Mg?* efflux was not specific
for NaCl. KClI and LiCl also inhibited Mg?* efflux
when sucrose was isoosmotically substituted by
these salts (fig.1). Inhibition by alkali chlorides in-
creased up to 50 mM and remained nearly constant
up to 150 mM. In 150 mM NaCl Mg?* efflux was
inhibited by 54%, whereas in 150 mM KCI or
LiCl, Mg?* efflux was inhibited by 64% (fig.1).

As shown by the Dixon plot, Mg?* efflux was
noncompetitively inhibited by extracellular KCl
and LiCl, K; amounted to 24 mM (fig.2).

Mg?* efflux from human erythrocytes was in-
dependent of the osmolarity of the medium (fig.3).

Since Mg?* efflux was highest in sucrose
medium or in the absence of extracellular ions, we
looked for ions accompanying net Mg?* efflux.
Under the conditions of net Mg?* efflux from
Mg?*-loaded human erythrocytes, we found net ef-
flux of K*. In sucrose medium the molar ratio of
K* efflux:Mg** efflux amounted to 30:1, and in
NaCl medium this ratio amounted to 4:1.

The high rate of net Mg?* and K* efflux must be
accompanied by anions for charge compensation.

K* can leave the cell by (Na,K,Cl)- or by (K,Cl)-
cotransport [8].
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Fig.1. Inhibition of net Mg?* efflux from human erythrocytes

by chlorides. Sucrose was isoosmotically substituted by NaCl

(e), LiCl (a), KCl (0), and choline Cl (O). 100% value of

Mg?* efflux was measured in sucrose medium and amounted to

0.99 + 0.20 mmol/l cells per 30 min. Mean = SE of 4
experiments.

To prove whether Mg?* may be transported out
of human erythrocytes by these cotransport
systems, we tested the effect of furosemide and
bumetanide on Mg?* efflux. As shown in table 1,
both inhibitors had no significant effect on Mg?*
efflux either in sucrose or in NaCl medium.
Therefore, it can be concluded that Mg>* is not
transported out of human erythrocytes by these
cotransport systems. Another transport system
must perform net Mg?* efflux in these cells.

For charge compensation net Mg>* and K* ef-
flux should be accompanied by net efflux of CI™.
When Mg?* is leaving the cell with C1~, the inhibi-
tion of net Mg?* efflux by NaCl, KCI and LiCl
may represent the primary inhibition of net CI~ ef-
flux which is inhibited by extracellular CI~ [9,10].
To test this effect of Cly, we measured the in-
fluence of choline Cl on net Mg?* efflux. As also
shown in fig.1, choline Cl inhibited net Mg?* ef-
flux in the same way as KCl and LiCl, indicating
that Clg is the inhibitor of net Mg?* efflux.

The mechanism by which Cl; inhibits net Mg?*
efflux may be the same as the inhibition of net K*
efflux and KCl efflux from human red cells by Cl; .
Net KCI or CI™ efflux from human erythrocytes
was reduced when Cl; was increased to 50 mM
and was essentially constant between 50 and
150 mM Cl; [10].

As shown in fig.1, Cl; dependency of net Mg?*
efflux behaved identically to the Cl, dependency
of net ClI™ efflux.
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Fig.2. Dixon plot of net Mg?* efflux from human erythrocytes

in KCI (e, 4 ,®) and LiCl (0, 4, O) medium. The cells were

loaded with Mg?* at extracellular Mg?* concentrations of 4 (A),

8 (B) and 12 (C) mM. The corresponding cellular Mg?* contents

amounted to 7.0 (A), 12.2 (B), and 16.0 (C) mmol/1 cells. Mean
of 2 experiments.

Moreover, net ClI- efflux from human
erythrocytes can be inhibited by stilbene
disulfonates [8—10]. Therefore, as further proof
for the role of net Cl~ efflux, we tested the effect
of SITS on net Mg2+ efflux. In sucrose medium,
SITS inhibited net Mg?* efflux by 53% (table 2).

This result shows that in sucrose there is a SITS-
sensitive and a SITS-insensitive net Mg?* efflux.
Also, net C1~ efflux from human erythrocytes con-
sists of a DIDS-sensitive and DIDS-insensitive
component [9,10]. Therefore, it can be concluded
that SITS-sensitive net Mg?* efflux in sucrose is
determined by SITS-sensitive net C1~ efflux. SITS-
insensitive net Mg?* efflux in sucrose may depend
on SITS-insensitive net Cl- efflux. This
mechanism has not been defined so far, whereas
DIDS-sensitive net CI~ efflux from human
erythrocytes is performed by band 3 protein [8].

In 150 mM NaCl, KCI, LiCl and choline Cl,
30 M SITS inhibited net Mg?* efflux only by 5%
(table 2). This result shows that at high Cl;, net
Mg?* efflux is practically independent of SITS-
sensitive net Cl1- efflux.

However, the transport mechanism by which net
Mg?* efflux is operating may be the same in
sucrose- and Cl -containing media because net
Mg?* efflux under both conditions was inhibited
by amiloride (table 1).

Cl™-dependent net Mg?* efflux from human
erythrocytes was independent of metabolic energy.
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Fig.3. Net Mg?* efflux from human erythrocytes reincubated in
NaCl and sucrose medium with different NaCl and sucrose
concentrations as indicated. Mean of 2 experiments.

Net Mg?* efflux in sucrose, KCl, LiCl or choline
Cl was the same when glucose was omitted from
the incubation medium or when 2-deoxyglucose
was added instead of glucose (data not shown). In
agreement with this result, also net efflux of KCI
or ClI” from human erythrocytes was performed
without addition of glucose [9,10].

Nag plays a minor role in net Mg?* efflux from
human erythrocytes. From fig.1 and table 2 it can
be seen that NaCl had a smaller inhibitory effect
than other chlorides.

This effect may be caused by a small rate of
Nag-dependent net Mg?* efflux, operating
simultaneously with Cl™-dependent Mg?* efflux.

Table 1

Effect of various inhibitors on net Mg?* efflux from
Mg?*-loaded human erythrocytes incubated in sucrose medium
or NaCl medium

Addition mM Sucrose NaCl
(%) (%)
Control - 100 100
Furosemide 1.0 108 105
Bumetanide 0.1 100 94
Amiloride 1.0 32 44

100% value of Mg?* efflux in sucrose medium amounted to
0.93 + 0.17 (+ SE) mmol/] cells per 30 min and 100% value of
Mg?* efflux in NaCl medium amounted to 0.43 + 0.09 (£ SE)
mmol/1 cells per 30 min. Mean of 4 experiments in duplicates
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Table 2

Inhibition of net Mg?* efflux from Mg?*-loaded human
erythrocytes in various media by 30 xM SITS

Medium — SITS (mmol/1 + SITS (mmol/1
cells per 30 min) cells per 30 min)
Sucrose 0.98 + 0.12* 0.46 + 0.06
NacCl 0.45 + 0.07 0.43 + 0.05
KCl 0.40 + 0.07 0.39 + 0.05
LiCl 0.43 + 0.06 0.41 + 0.06
Choline Cl 0.40 + 0.06 0.38 + 0.06

* Mean + SE of 4 experiments in duplicates

When the difference between net Mg?* efflux at
150 mM NacCl and 150 mM LiCl, KCl and choline
Cl (fig.1) is caused by Nag-dependent Mg?* efflux,
its rate can be calculated to be 0.2 mmol/1 cells per
60 min. The same range for NaJ-dependent Mg?*
efflux was reported by Féray and Garay [4] and by
Liidi and Schatzmann [5]. These authors measured
Nal-dependent Mg?* efflux from Mg>*-loaded
erythrocytes by substituting KCl for NaCl [4] or as
the difference of Mg>* efflux between 150 mM
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NaCl and 150 mM KCl in the medium {5]. Thus,
Nag-dependent Mg?* efflux can represent only a
small fraction (10% under the condition of fig.1)
of total net Mg?* efflux from human erythrocytes.
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