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Ethylisopropyl-piloride is 100 times more potent than amiloride for 
inhibiting the Na /H exchanger of 3T3 fibroblasts, chick skeletal muscle 
ce 1s 
Na i 

and chick cardiac cells. Half-maximum effects, measured at 3 mM external 
are observed at 20-100 nM and 5 PM for ethylisopropyl-amiloride and amilo- 

ride respectively. As previously observed for ami)oride, the effect of ethyl- 
isopropyl-amiloride is antagonized by external Na ions. 

The Na+/H+ exchange system is a major mechanism for the regulation of 

internal pH in eukaryotic cells (l-2). It is inhibited by amiloride (3,5-dia- 

mino-6-chloro-N-(diaminomethylene)pyrazine-carboxamide), a well known diuretic 

drug (3, 4). Inhibition of the Na+/H' exchange system by amiloride is canpe- 

titively antagonized by Na' ions, so that under physiological conditions 

(140 mM external Na+) millimolar concentrations of amiloride are required to 

block the Na+/H' exchanger (3). This has prevented both a biochemical characte- 

rization of the Na+/H+ exchanger and detailed investigations on its exact role 

in various cellular processes such as the control of cell proliferation (5). 

High affinity inhibitors of ion transport systems such as tetrodotoxin, apamin, 

nitrendipine or ouabain have been found to be essential to analyse the molecu- 

lar properties of voltage-dependent Na+ channels (6), Ca 2+ -dependent K+ chan- 

nels (7), Ca2+ channels (a>, or (Na+,K+)ATPase (9) respectively. 

Materials and Methods 

Amiloride and Ethylisopropyl-amiloride (3-amino-5-ethylisopropylamino-6- 
chloro-N-(diaminaaethylene)pyrazlne-carboxamide) were synthesized as previously 
describ:d (10, 11). The structures of there two canpounds are presented in 
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1 Fig. Structure of amiloride (R = NH2) and ethylisopropyl-amiloride 
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Figure 1. Cultures of chick skeletal muscle cells, chick cardiac cells and 
resting cultures of 3T3 fibroblasts were prepared as previously reported (4, 
11, 12) and grown in 24 wells tissue culture clusters. 

An acidification of the internal ccl 
obtain high rates of amiloride sensitive 

$.#a~ medium was found necessary to 
a uptalc: (4). Transient acidifi- 

cation can be obtained by pretreating cells with NH4 containing solutions (4). 
More stable and long lasting intracellular acidification were obtained by 
using nilfericin (4), an ionophore that realizes the electroneutral exchange of 
K for H (13). Therefore cel$s with amiloride or its 
analog for 15 minutes in a Na Earle solution supplemented with 
1 ~5 ml+of nigericin. Then measurements of 

a 
a uptake rates after addition 

of a were performed in the absence of nigericin and+under conditions 
which we have previously described (4). The external Na concentrations used 
in this work were 3 mM or 140 mM. 

Results and Discussion 

Figure 2 shows the time course of 22 + Na accunulation by resting cultures 

of 3T3 fibroblasts in the presence and absence of 0.2 ml4 smiloride and after 

equilibration of the cells with 1 u-g/ml of nigericin. 

5 10 

Tlma (mlnutor) 

Fig. 2 The effect of aniloride on the time course of 22'Na+ accumulation by 
resting cultures of 3T3 cells. $T3 cells were equilibrated for 15 

5.4 mU K medium in the presence of 1 ug/ml 
a acclrmulation was then followed using a nigericin 

free, 3 mt4 Nk medium supplemented with 0.2 mt4 ouabain and in the 
presence (I) or in the absence (0) of 0.2 mM amiloride. 
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3 Fig. Dose-response cupeg for amiloride and ethylisopropyl-amiloride 
action on the Na /H exchange systaa. Main panel : Dose-response 
curves for amiloride (open symbols) and ethylisoprq 
(closed svmbols) inhibition of the initial rate of %a 

1-~mfloride 
uptake by 

chick skeletal muscle cells (CI,m), chick cardiac cells (~A,A) and 
3T3 cells (0.0). Experiments were performed at 3 nM external Na . 
Inset : Dose-response curves for e$ yl)sopropyl-amiloride (IPA) 
inhibition of the initial rate of % a uptake by chick cardiac 
cells at 3 mu external Na+ (0) and 140 mM external Na+ (0). 

Figure 3 shows the dose-response curve for smiloride inhibition of the 

initial rate of **Na+ uptake by 3T3 fibroblasts, chick skeletal muscle cells 

and chick cardiac cells. 

Half-maximum inhibitions were observed near 5 ?.IM (3T3 cells : 5 PM, chick 

skeletal muscle cells 7 DM, chick cardiac cells : 5 PM). The influence of a 

nuaber of amilorfde analogs on the rate of 2% + a uptake was investigated and 

dose-response curves were established for each of them, Substitution of the 

gusnidine group of amiloride by various substituents produced molecules which 

were almost inactive for the inhibition of the Na+/H+ exchange systan. More 

potent molecules than amiloride were obtained by substituting the 5-amino 

group. The most active molecule was the ethylisopropyl substituted analog 

shown in Figure 1 with a half-maximum effect on the rate of **Na+ uptake 

comprised between 20 nM and 100 nM depending on the cell type (3T3 cells : 

100 nM, chick skeletal muscle cells : 60 nM, chick cardiac cells : 20 nM). 

As previously reported for amiloride (3), the inhibitory effect of ethyliso- 

propyl-amiloride on ** + Na uptake is canpetitively antagonized by external Na+. 
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For instance in chick cardiac cells, increasing the external Na+ concentra- 

tion fran 3 to 140 mM shifted the half-maximum effect for ethylisopropyl- 

amiloride inhibition frcm 20 nMto 150 nM (Figure 3 inset). Similarly in chick 

skeletal muscle cells increasing the external Na+ concentration from 3 mM to 

50 mM shifted the half maximum effect for the amiloride analog from 50 nM to 

150 nM. 

The canpetition between Na+ and ethylisopropyl-amiloride is expressed 

by the following equation 

K0.5 = KD 

where KD and K. 5 . are the true and apparent dissociation constants of the 

ethylisopropyl-amilorfde-receptor canplex, Na+ c 1 is the external Na+ concen- 

tration and K Na+ is the inhibitory constant for Na+ ions. From this equa- 

tion and with the previous values one can calculate the dissociation cons- 

tant of ethylisopropyl-amiloride for its receptor site on the Na'/H+ exchanger. 

This value is 18 nM for chick cardiac cells and 50 nM for chick skeletal 

muscle cells. K Ka+ values are 18 mM and 25 mM respectively. A value of 13 mM 

has been found for the amiloride binding site in chick skeletal muscle cells 

(3). 

In application of equation 1 concentrations of 2 nM and 4 nM ethylisopro- 

pyl-amilorfde block 90 X of the activity of the Na+/g+ exchanger in cardiac 

and skeletal rmscle cells respectively under physiological conditions in which 

the external concentration of Na+ is 140 mM. 

Milllmolar concentrations of amiloride would be required to produced the 

same effect. 

In conclusion ethylisopropyl-amiloride will probably serve now as a better 

and more specific inhibitor than amiloride for studying the role of Na'/H' 

exchanger under physiological conditions. Furthermore it is probable that 

radiolabeling of this amiloride analog will permit to titrate and may be to 

purify the molecular system which ensures Na+/H+ exchange in biological mem- 

branes. 
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