
Effect of angiotensin II on short-circuit current 
in amphibian membranes 

Evidence of an effect of angiotensin II on actibc transport 
of sodium in amphibian tissues has accumulated in the 
last years despite preliminary negative reports [I. 21. 
Although angiotensin II has been found to stimulate ths 
short-circuit current in frog skin [3] and sodium reabsorp- 
tion in isolated toad kidney [4] and to produce a natriferic 
effrct in the whole toad Bufij purucr~mrs [S]. the lack of 
an explanation of the failure in previous experiments and 
the ncgativc results with other preparations. like isolated 
renal tubules 16.71. give the reader of reviews on the sub- 
jcct the impression of an unsettled question [X.9]. 

It stems at present clearly demonstrated that angiotensin 
II increases sodium transport in isolated frog skin [-iI and 
toad kidney [4] as well as in mammalian tissues [IO 121. 
The e&t of angiotensin II does not seem to he restricted 
to sodium transpol-t. since evidcncc of a signitlcant Increase 
in water permeability in the whole toad [S] and in isolated 
toad bladder Cl.31 and skin 1141 was obtained. In this 
paper we present experiments performed on skin of differ- 
cnt species of toads in which angiotensin II stimulates 
short-circuit current: further evidence is provided that pre- 
\ious negative results may be explained on the basis of 
the great variability in responses for each group of animals. 
Although the cause of this variability remains to he settled. 
some factors that may affect it have been studied. 

In the present set of experiments. short-circuit current 
(SK) was measured by the method of Ussing and Zerahn 
[ 151 in the abdominal skin and bladder of different species 
of toads (BI& ~W~KWW?L &/o [~arc~~r?~is and Crrtrtophr~x 

ormu~~) and m the South American frog Lc/~fodac.t~lu.~ cko- 
q~cc’~~.vis. in several seasons of the year. In the frog Lcptod~- 
~y/~rs c~huc~~~~~,sis. it is possible that active transport of chlor- 
idc plays a role, hut that would not be the case for Bufi, 
t,l’C,I(II’LI,n [ 16. 171. 

Table I shows the e&t of a single dose of angiotensin 
II added to the internal side of the skin in doses of IO -’ 
to IO ~’ M. The increase in SK or transmembrane poten- 
teal was maximal at I5 min as compared to the last of 

three stable readings (Fig. I). Table I dcmonstratcs that 
frogs and toads react to angiotcnsin II and that the varis- 
bility of response is not season dependent, since both rcac- 
tivc and nonreactive Bufij pcwnc~~rcwi.s toads arc observed 
in summer. It is known that frog skin responses to anti- 
diuretic hormone exhibit seasonal changes [IX]. hut 
neither these nor changes in skin resistance scemcd to 
account for the response to angiotensin II: this latter par;t- 
meter did not vary significantly as compared to nonrespon- 
sive h/i) pcm~wmi.s skins in the same season. Further- 
more. Fig. I shows that an experimental factor was in- 
volved in the insensitivity to angiotensin II exhibited by 
toad skin, since in some experiments pcrformcd in pail-cd 
halves of abdominal skin onI4 one half was seen to react. 

Pretreatment with distilled water or saline (O+“,, NaCI) 
had an effect on the KC response to angiotensin II which 
could be attrihutcd to an increase or decrease 01 
basal current levels. The response is more cnsily observed 
after saline pretreatment. as has been demonstrated h> 
Crabhl: [ 191 for aldosteronc. High basal SCC values result 
m the disappearance of the response to anglotennln II. 
Amphibians used in the experimcnta shown in Table I 
received no pretreatment. In spite of varying SC‘C levels. 
no significant differences wcrc found in the bnselinc levels 
of rcactivc as compared to nonreactive gt-oups. nor was 
any significant correlation found between the level of KC 
of each skin and the magnitude of its response to sngiotcn- 
sin II. 

In the data prcsentcd in Table I, care was taken not 
to uhe toads which were moulting. since previous cxpcr- 
iments measuring Huld uptake in the whole animal [5] 
demonstrated that the response to angiotensin II disap- 
pcared m moulting animals. It is known from Nielsen’s 
experiments [XI] that aldostcrone-Induced moultmg causes 
inhibition of the skin rcsponsc to this hormone. This is 
attributed to a hypothetical inhibitory substance released 
during the moultmg process. The situation is not the Same 
for angiotcnsin II. In fact. it seems to be the opposite. 

Table I, Effect of a single dose of angiotensin II on short-circuit current in ventral skin of several species of amphihia 
in different seasons* 

Speclcs Season 

Summer 
Autumn 
Summer 
Autumn 
Spring 

Summer 
Summer 
Autumn 
Summer 

N 

Per cent increasei 
- 

Transmemhranc 
potential 

203 * IO.4 
4.7 & I.9 
3.6 * 2.x 
6.2 * I .4 
6.1 + 1.X 
6.0 ) 2.2 
34 + 3.8 
6.0 + 3.3 
4.4 + 0.8 

Short-circuit 
current P 

30.3 + 6.4 <(WI 
9.3 i_ 3.6 < OW 
3.0 * 4.x NS 

13.x f 3.2 < 0.02 
14.1 + 3. I <(WI 
I i-o f 3 5 < 001 
X-l + x.1 NS 
?4 f 7-2 NS 
6.5 + ox < OGO I 

* Experiments were performed at 20 -27 
t Per cent increase and SE. of the reading at I5 min after adding angiotensin II and the last of three \tablc readings 

during the previous period. NS = not significant. 
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Fig. I. Effect of angiotcnsin II (IO- ‘M, arrow) on short- 
clrcult cut-I-cnt (SC‘(‘) In paired halves of an abdominal skin 

OS Ccr-atopilr)~.s wllutu. 

since it has not been demonstrated that the octapeptide 
induces moulting. and skin reactivity actually increases 
when the ~trut~1171 COI’IICLIIII is present. Supporting this con- 
clusion. it can be mentioned that the reactivity to angioten- 
sin II of toad skin is inhibited during the process of spon- 
taneous moulting but is recovered the following day, when 
formation of a new stratum CO~IIL’II~II has presumably begun. 
Since moulting is under endocrine control [2l], exper- 
iments were performed in the bladder of toads whose skin 
had moulted. The results showed that reactivity of bladder 
epithelia to angiotensin II was not affected in this situation. 

In previous experiments [Z] failure of the skin to react 
to angiotensin II was attributed to inactivation of the pep- 
tide. and therefore doses were added every I5 min to main- 
tain a high concentration without any stimulatory effect. 
In the present experiments angiotensin II-“‘1 was used 
to determine whether failure of some membranes to react 
was due to lack of binding to the receptor site of the mem- 
brane. It was demonstrated that angiotensin II had not 
been adsorbed in the reservoirs and had reached the mem- 
brane, which in turn had failed to react. Membranes pre- 
treated with angiotensin II showed a greater reactivity to 
vasopressin in previous experiments; this fact at present 
is tentatively explained on the basis that the adenylate cyc- 
last cyclic AMP system could be involved in the response 
to angiotensin II [22]. 

Failure of some groups of toads may also reflect pro- 
blems derived from amphibian experimentation, as Herrera 
1231 pointed out in referring to the discrepancy in results 
obtained from toads of Colombian and Dominican origin, 
whereas Culley 1241 and Gibbs ut al. 1251 claimed to de- 
velop definite strains of amphibians to avoid inconsistent 
results from experimentation. Inconsistency in the reacti- 
vity of amphibian membranes to anglotensin II remains 
to be fully explained. although it should be pointed out 
that these tissues react to a very small extent (up to about 
I5 per cent of the maximal response) to neurohypophyseal 
peptides and effective doses ( IOeh M) are higher than those 
used in mammalian membranes (5.10-‘“M) [IZ]. 

If angiotensin 11 is able to stimulate active sodium trans- 
port either by mcreasing sodium permeability or by stimu- 
lating the sodium pump. its action not only in the renal 
tubule but also in other systems (the arterial wall [26], 
brain tissue [27], norepinephrine uptake in the sympathe- 
tic nerve endings and aldosterone secretion by the adrenal 
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cortex [28]) could be explained on the basis of changes 
in membrane permeability or sodium pump activity, as 
suggested by other authors. 
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