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Characterization of Naf -independent Mgz’ efflux from erythrocytes 
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Na+-independent Mg*+ efflux from Mg*+-loaded human, rat and chicken erythrocytes was reduced by extracellular Cl-. Na+-independent Mp2+ 
efflux at low extracellular Cl- concentration (sucrose medium) was inhibited by SITS and was nearly insensitive to SITS in 150 mM choline Cl 
medium. The inhibition of Mg*+ efflux by extracellular Cll and DIDS could he overcome by the lipophilic permeant tetraphenylphosphonium 
cation. Na+-independent Mg Zf efflux from human and rat erythrocytes in sucrose and choline Cl medium was inhibited by CAMP and by amiloride 
and amiloride analogues. The results indicate that Na+-independent Mg*+ efflux in high Cl- medium is performed by a similar or the same Mg2’ 

efflux system, operating in sucrose medium in which the efflux of Mg2+ is accompanied by the efflux of Cl- for charge compensation. 
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1. INTRODUCTION 

Mg2+ efflux from Mg’+-loaded erythrocytes can be 
performed by Na+-dependent Mg2+ efflux via 
Na+/Mg*+ antiport [l-4] and by Na+-independent 
Mg2+ efflux, in which Mgzf efflux is accompanied by 
the efflux of Cl- for charge compensation. The latter 
process can be inhibited by SITS, DIDS and Cl, [5,6]. 

A residual efflux of Mg2+ exists in high Cl- medium 
[5,6]. This residual Mg2+ efflux, which is independent 
of Cl; and SITS, may be explained by artificial or 
undefined leak. In this paper, data are presented from 
which it can be assumed that this Cl- and SITS- 
insensitive, Na+-independent Mg*+ efflux is very 
similar, if not identical, to the Na+-independent Mg2+ 
efflux in sucrose medium [5]. 

and 6 pM A23187 (dissolved in dimethyl sulfoxide). For removal of 
the ionophore, the cells were incubated four times in KCl-MgCl? 
medium plus 1% bovine serum albumin for 10 min at 37°C. The 
KCI-MgC12 medium was removed by washing the cells twice with 
sucrose or choline Cl medium. The sucrose medium contained (in 

mM): 350 sucrose, 5 glucose, 30 Hepes-Tris, pH 7.4. Choline Cl 
medium was prepared by substitution of KC1 in KC1 medium by 
140 mM choline Cl. Under these conditions of Mg2’-loading, in- 
tracellular MgZf content of rat, chicken and human erythrocytes 
amounted to 20, 17.5 and 20 mmol/l cells. 

Mg’+ efflux was determined by reincubation of a 10% cell suspen- 
sion at 37°C in sucrose or choline Cl medium, as indicated. At the 

beginning of reincubation and after 30 min, 0.5 ml aliquots of the 
cell suspension were centrifuged for 1 min at 10000 x g. For Mg’+ 
determination, 100~1 supernatant was diluted with 1 ml 10% 
TCA/0.175% LaCl3 and Mg’+ was measured by atomic absorption 
spectrophotometry (Philips, SP 9). The rate of Mg’+ efflux was 
calculated from the increase of extracellular Mg2+ concentration. 

2. MATERIALS AND METHODS 

Blood was taken by heart puncture from anesthetized rats 
(50 mg/kg Nembutal s.c.) and by venous puncture from chicken or 
man (J.V.) by means of a heparinized syringe 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 suspen- 

sion for 30 min at 37°C in KC1 medium (in mM: 140 KCl, 50 sucrose, 
5 glucose, 30 Hepes-Tris, pH 7.4) with the addition of 12 mM MgClz 

An aliquot of the supernatant was taken for the determination of 

hemoglobin by means of the cyanmethemoglobin method. 
For measuring intracellular Mg2* content, the sedimented cells 

were washed twice with 150 mM KC1 and hemolyzed by adding 750 ,J 
HzO. 50~1 of the hemolysate were taken for determination of 
hemoglobin, the rest was deproteinized by addition of 50~1 75% 
TCA and centrifuged. Mg” content of the TCA extract was 
measured by atomic absorption spectrophotometry after dilution 
with 10% TCA/0.175% La& 

Cellular Mg” content was taken to correct Mg*+ efflux for 

hemolysis. 

3. RESULTS AND DISCUSSION 
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Abbreviations: Cl;, extracellular Cl-; TCA, trichloroacetic acid; 
TPP+, tetraphenylphosphonium; SITS, 4-acetamino-4’-isothio- 
cyanatostilbene-2,2’-disulfonate; DIDS, 4,4’-diisothiocyanatostil- 
bene-2,2’-disulfonate; dbcAMP, dibutyryl CAMP; IGO, inhibitor 
concentration at 50% inhibition of Mg’+ efflux 

In human erythrocytes, Na+-independent Mg2+ ef- 
flux was inhibited by Cl; up to 50 mM and thereafter 
remained nearly constant up to 150 mM. The remain- 
ing Mg2+ efflux was only slightly inhibited by SITS [5]. 

To clarify whether Na+-independent Mg2+ efflux has 
the same properties in erythrocytes of other species, we 
tested Cl; dependency of rat and chicken erythrocytes. 
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Fig. I. lnhibitioi~ of Na+-independent net Mg” efflux from chicken 
(C:), rat (A) and human (vf erythrocytes by choline Cl. Sucrose in 
sucrose medium was isoosmotically subsrituted by choline Ct. Filled 
symbols, Mg2+ efflux in the presence of 30p.M SITS. 100% values of 

net MgZC efflux in sucrose medium amounted to 0.4; 1.6 and 
0.9 mmol/l cells x 30 min for chicken, rat and human erythrocytes. 

Mean of 3 experiments. 

Fig. I shows that Naf-independent Mg2+ efflux 
from all types of erythrocytes expressed an analogous 
inhibition by Cl,. 

Mg” efflux in sucrose was inhibited by SITS, 
whereas Mg2’ efflux at 150 mM choline Cl was almost 
SITS-insensitive (Fig. 1). Thus, Cl; and SITS 
dependency of Mg2+ efflux showed similar properties 
as KC1 efflux from human erythrocytes [7,8]. In human 
erythrocytes, KC1 efflux at high Cl; and low Cl; con- 
centration was limited by the activity of capnophorin 

17,8]. 
In analogy to KC1 efflux, Na*-independent Mg2+ ef- 

flux in high Cl; medium may aIso be performed by an 
efflux system. 

In erythrocytes, Cl--dependent K+ efflux was af- 
fected by CAMP, depending on the osmolarity [9]. 

Table I 

Inhibition of Naf-independent net Mg’+ efffux from Mg’+-loaded 
human and rat erythrocytes in sucrose and choline Cl medium by 

amiloride and amiloride derivatives 

Derivative Human erythrocytes Rat crythrocytes 

Rla RZ Sucrose Choiine Cl Sucrose Choline Cl 

H H (amiloride) 2.5 1 3 1 

CH3 (CH3)z-CH 0. I 0.06 0.2 0.06 

H (CH&-C 0.1 0.05 0.2 0.05 

CH3 HOG 0.1 0.06 0.2 0.06 

Inhibitor concentrations (in mM) at 50% inhibition (ICso) are listed. 
Mean of 3 experiments. 

’ Amiloride was substituted as indicated: 

Therefore, we tested whether Na’-independent Mg’+ 
efflux from erythrocytes is influenced in a simitar way. 
As shown in Table I, Na’-independent Mg’+ efflux 
from human and rat erythrocytes in choline Cl and 
sucrose medium was inhibited by dbcAMP. 

From this result it can be concluded that Mgzt efflux 
in choline Cl is performed by an efflux mechanism, 
which is affected by CAMP. 

As another evidence for the existence of an 
Nat-independent MgZt efflux system in choline Cl 
medium, we tested the inhibition of Mg2+ efflux by 
amiloride and amiloride derivatives. 

Mg” efflux from chicken erythrocytes in sucrose 
and choline Cl medium was neatly resistant to 
amilorides (data not shown). 

The concentrations at 50910 inhibition of Mg2+ efflux 
by amiloride and various amiloride analogues are listed 
in Table II. Na*-independent Mg2’ efflux from human 
and rat erythrocytes was more strongly inhibited by the 
amiloride derivatives than by amiloride. With respect 
to experimental error caused by the low rate of 

Table II 

Effect of dibutyryl cAMP on Na’-indepexldent Mg’* cfflus from 
Mg’*-loaded chicken, rat and human erythrocytes 

Medium Chicken cry. Rat erp. Human ery. 
-- 

Choline Cl Sucrose 

(mM) (mM) 

IO0 . 80d 60 55 
100 150 82 64 57 
_ 200 86 76 67 
_. 350 88 81 77 

a Mg” efflux in the absence of dibutyryl cAMP was taken as 100%. 

After Mg*’ loading, the cells were preincubated with 1 mM dibutyryl 
cAMP in different media for 10 min as indicated. Thereafter and 
30 min later, 0.5 ml cell suspensions were taken and centrifuged at 
10000 x g for 1 min. Mg’- efflux was determined from the increase 
of Mg *+ concentrations in the supernatants. Mean of 4 experiments. 

Table III 

Effect of tetraphe~iylphosphonium Cl (TPPCI) on Na+-indepeildent 
vlg2- efflux from Mg*‘-loaded human and rat erythrocyres in 

sucrose and choline Cl medium 

No. Sucrose Choline Cl TPP Cl DIDS Human Rat 

(mM) (m.M) (mM) 01M) ery. ery. 
(mm01 Mg** ii 
cells X 30 min) 

I 330 10 _ 0.74 1.00 
2 330 10 _ 40 0.21 0.50 
3 330 - 10 - 0.65 1.02 
4 330 -‘- 10 40 0.61 1.09 
5 50 150 - - 0.33 0.58 
6 50 150 _ 40 0.29 0.53 
7 50 140 10 .- 0.72 1.02 
8 50 140 10 40 0.59 0.80 

IMean of 2 experiments. 

1.50 
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Naf-independent MgZC efflux, the ratio of IGO for 
amiloride to ICSO for amiloride derivatives was the 
same in sucrose as in choline Cl medium. These ratios 
of ICso were similar for human and rat erythrocytes. 

Mg2+ efflux was somewhat more strongly inhibited 
by amiloride and amiloride derivatives in choline Cl 
than in sucrose medium. In agreement with this result, 
the renal Na+/H+ antiporter was also more strongly in- 
hibited by amiloride in Cl- than gluconate medium, 
because of a 2.2 times higher affinity of amiloride to 
the Na+/H+ antiporter in the presence of Cl- [lo]. 

The analogous inhibition of Mg2+ efflux in sucrose 
and choline Cl medium by amilorides is another 
evidence that both Naf-independent Mg2+ efflux 
systems are very similar or identical. 

Thus, it can be suggested that Na+-independent 
Mg” efflux in choline Cl medium may also be accom- 
panied by the efflux of intracellular Cl- for charge 
compensation as shown for Na’-independent Mg” ef- 
flux in sucrose [5]. 

The reduction of Na’-independent Mg2’ efflux at 
high Cl; concentration may be produced by the reduc- 
tion of the Cl- gradient or by changing the properties 
of capnophorin at high Cl; concentration with respect 
to Cl- conductivity and SITS sensitivity because at the 
same time, the net Cl- efflux system becomes less sen- 
sitive to inhibition by SITS [7,8]. 

An experimental proof for the charge compensatory 
effect of Cl- in Na+-independent Mg’+ efflux offers 
the lipophilic permeant TPP’ [III. When 
Na+-independent Mg2+ efflux in sucrose and choline Cl 
medium is accompanied by Cl- efflux for charge com- 

pensation, it may be expected that the inhibition of 
Na+-independent Mg*+ efflux by Cl; and DIDS which 
attack at the Cl- efflux system can be overcome by 
TPP+. Indeed, the inhibition of Mg*+ efflux in sucrose 
by DIDS (Table III, No. 2) was overcome by TPP+ 
(Table III, No. 4), and the inhibition of 
Na+-independent Mg2+ efflux by high Cl; (choline Cl 
medium) (No. 5) was also overcome by TPP’ (No. 7). 

Since the role of Cl- efflux in Mg2+ efflux was 
substituted by TPP’ , it can be concluded that in 
Na+-independent MgZf efflux, Mg2+ leaves the cell 
separately from Cl- by a channel of its own, which may 
be the same at low or high Cl;. 
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