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Effects of the diuretics, triamterene and
mersalyl on active sodium transport
mechanisms in isolated frog skin
L. A. SALAKO* AND A. J. SMITH

Department of Pharmacology and Therapeutics, University of Sheffield, Sheffield S1O 2TN

Summary

1. Triamterene reduces the rate coeffic'ients for sodium movement into the
transporting system of the isolated frog skin. The isotopically measured 'active
sodium transport pool' is also reduced.
2. Mersalyl reduces the rate coefficient for sodium and the calculated sodium
flux from the transporting system to the inner bathing solution. The 'active
sodium transport pool' is increased by this diuretic.
3. The action of triamterene closely resembles that of amiloride and both
reduce the entry of sodium into the system. In contrast, mersalyl limits the
exit of sodium ions from the skin.

Introduction

Several studies of the mode of action of the potassium-sparing diuretic amiloride
have demonstrated its ability to reduce active sodium transport across isolated
tissues (Eigler, Kelter & Renner, 1967; Baba, Lant, Smith, Townshend & Wilson,
1968; Bentley, 1968; Crabbt & Ehrlich, 1968; Ehrlich & Crabbe, 1968; Nagel &
Dorge, 1970). It seems likely that the reduction in sodium transport in frog skin
results from a diminished passive influx of sodium ions into the transporting system
rather than a depression of the sodium pump itself (Salako & Smith, 1970a, b). In
clinical practice the effects of amiloride are similar to those of the pteridine diuretic.
triamterene, and these similarities extend to their actions in frog skin (Baba,
Tudhope & Wilson, 1964; Baba et al., 1968). In contrast the organomercurial,
mersalyl, also effective in reducing net sodium transport, apparently affects sodium
flux by a depression of sodium-pumping activity (Linderholm, 1962; Jamison, 1961;
Baba, Smith & Townshend, 1966). We report here experiments in which we have
examined in more detail the activity of triamterene and mersalyl on aspects of
sodium transport in isolated frog skin.

Methods

Methods for measuring the 'active sodium transport pool' and the rate coeffi-
cients for sodium movement were as described in previous reports (Salako & Smith,
1970a, b). They were based on the work of Ussing & Zerahn (1951) and the three-
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compartment model used by Schoffeniels (1957) and Curran, Herrera & Flanigan
(1963). All experiments were performed in pairs using symmetrical halves of the
same skin. The drug concentrations in the fluid bathing the isolated ventral skin
of the frog (Rana temporaria) were selected to produce a consistent and substantial
fall in net sodium transport. Triamterene was effective at a concentration of 2 x
10-7M in the outer bath fluid and mersalyl at 2 x 10-4M in the inner bath fluid.

Results

Triamterene

This compound reduced net active sodium transport and the ' active sodium
transport pool' of the skin. Rate coefficients (kI2, k21) for sodium across the
outer or permeability barrier were reduced as were the calculated fluxes in both
directions at this site (, 12, p 21). A small but significant reduction in efllux at
the inner barrier (o 23) was also produced (Tables 1 and 2).

Mersalyl

Net sodium flux across the skin was reduced by this compound but a considerable
increase occurred in the 'active sodium transport pool'. Rate coefficients and
sodium fluxes at the outer permeability barrier were not consistently affected by
mersalyl but the rate coefficient for sodium efflux at the inner barrier (k 23) and the
calculated sodium flux at this site (o 23) were both considerably reduced (Tables
3 and 4).

Discussion

The results presented here enable a comparison to be made of the actions of
amiloride, triamterene and mersalyl on isolated frog skin. All reduce active sodium
transport but the dominant effects of both amiloride and triamterene appear to be a
reduction in the rate of entry of sodium ions into the cellular transport mechanism
and of the 'active sodium transport pool ' within the isolated tissue. The action of
mersalyl, by contrast, appears to be centred on the inner transport barrier where
sodium efflux from the skin is reduced. A concomitant increase in the 'active
sodium transport pool' also occurs.

TABLE 2. Effects of triamteriene (2 x 10-7M) on unidirectional sodiuim fluixes in frog skin

012 021 023
Experiment
Number Control Triamterene Control Triamterene Control Triamterene

1 61 2 16-4 24.2 6-7 38-4 10-3
2 36-2 20-0 11-2 2-0 25-5 18-0
3 54.5 30-4 13-6 1-0 42-8 29-4
4 87-3 21-6 54-0 4-2 34-5 17-6
5 40-4 27-2 21-6 1-6 18-8 25 7
6 26-2 14.9 10-9 1-2 18 2 14-4

Mean (4S.D.) 51-0±21-8 21-8±6-1 22 6±16 4 2-8±2-2 29-7±10-4 19-2±5t6
Diff (±S.E.M.) 29-2±9-2 19-8±6-7 105±4-8
P value <0 05 <0-05 =0-05

Sodium fluxes expressed as (microequivalents/gram tissue water)/hour. 012 etc.=Flux from
compartment 1-2.
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TABLE 4. Eflects of mersalyl (2 x 1O-4M) on unidirectional sodium fluxes in frog skin

012 021 023
Experiment
number Control Mersalyl Control Mersalyl Control Mersalyl

1 27-8 23-9 9-2 17-6 18 7 6 3
2 60-7 56 8 25-6 47 3 36-7 12 0
3 81-4 850 51-0 640 307 21-1
4 581 81-0 285 701 300 111
5 70-2 59-0 39 0 46-4 34 7 14 0
6 505 349 94 258 43 1 94

Mean (±S.D.) 58 1±18 3 56-8±24-3 27 1±16 4 45 2±20 6 32 3±8 2 12-3±1 0
Diff. (±S.E.M.) 1-3±12 4 18 1 ±10-8 200±3-9
P value N.S. N.S. <0 01

Sodium fluxes are expressed as (microequivalents/gram tissue water)/hour.

Our results confirm the striking similarity which exists between the two potassium
sparing diuretics, amiloride and triamterene, and the quite dissimilar behaviour of
mersalyl. These conclusions are based on the model for frog skin originally pro-
posed by Koefoed-Johnsen & Ussing (1958) and on the model for a three-compart-
ment system of Schoffeniels (1957). The validity of this model has recently been
challenged by Zerahn (1969) and the interpretation we have put on our findings will
need revision if his views are confirmed in particular in relation to the site and
nature of the ' active sodium transport pool '. It seems unlikely, however, that
subsequent revision will invalidate our demonstration of the close similarity
between the two potassium retaining diuretics or of their fundamental difference in
mode of action from mersalyl.
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