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Application of f rusemide to the outer surface of the frog skin causes  a rapid and revers ible  
increase  in the potential difference by 50 ~- 5.6 mV. The effect of frusemide is not observed 
if the chloride of the Ringer ' s  solution is replaced by sulfate. Frusemide  evidently reduces 
the chloride permeabi l i ty  of the apical surface of frog skin cells.  
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Frusemide  is the most  powerful modern diuretic and it acts by increasing the sodium excretion by the 
kidney [2]. Since it had no effect  on active sodium t ranspor t  by the skin of Rana temporar ia  [3] but potentia- 
ted sodium excret ion,  the increase  in the sodium excret ion by the kidney could be caused by the p r ima ry  ac- 
tion of f rusemide on chloride permeabil i ty .  

The investigation described below was ca r r i ed  out to test  this hypothesis.  

E X P E R I M E N T A L  M E T H O D  

Experiments  were ca r r i ed  out on the abdominal skin of the frog Rana temporar ia ,  The potential d i f fer-  
ence was measured  with a high-ohmic LPU-01 potentiometer ,  using calomel  e lectrodes  connected by agar  
br idges with the Ringer ' s  solution. The magnitude of the shor t -c i rcui t  cur ren t  was determined by the meth-  
od of Ussing and Zerahn [9] with the apparatus described by the wr i t e r  previously  [1]. Frusemide  (Hoechst) 
was used in the experiments ,  

E X P E R I M E N T A L  R E S U L T S  

Application of f rusemide in concentrat ions of up to 1 mg /ml  to the inner surface of the frog skin 
caused  no change ei ther  in the potential difference (Fig. 1) or  in the shor t -c i rcu i t  cur rent  [31, If, however, 
a few mil l i l i ters  of the same solution were applied to the outer surface of the frog skin, af ter  10-15 sec the 
potential difference s tar ted to r ise and it reached 65 mV after  1-2 min (Fig. 1). 

In 18 experiments  on the frog skin the effect of one dose or of different concentrat ions of frusemide 
applied consecutively to the outer surface was investigated.  Frusemide in a dose of 0.01 mg /ml  did not 
change the potential difference and hyperpolar izat ion appeared c lear ly  in response to application of 0.1, 0.5 
and, in par t icular ,  1 m g / m l  frusemide.  In this concentration it increased the potential difference on the 
average f rom 60.1 to 110.2 mV (n = 13), the increase  varying f rom 24 to 100 mV - A ~- m -- 50.1 * 6.5 (P < 
0.001), 

Substances reducing the sodium permeabi l i ty  of the apical membrane also reduced the potential differ-  
ence and shor t -c i rcu i t  cur ren t  [6]. Since frusemide did not affect the shor t -c i rcu i t  cur rent  (Fig. 2) and the 
potential difference was increased,  it might be supposed that the diuretic inhibits chloride permeabi l i ty  on 
the outer surface of the cells (or in the region of in tercel lu lar  contacts,  perhaps) and would be ineffective 
if chloride was absent f rom the solution. After replacement  of the chloride of the Ringer ' s  solution by sul- 
fate, the potential difference increased but frusemide no longer induced hyperpolar izat ion (Fig. 2}~ Replace- 
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Fig.  1 Fig~ 2 

Fig. Dif ference  between effect  of f rusemide  on potent ial  dif ference through f rog ' s  skin de-  
pending on si te of applicat ion of diuretic~ Ordinate,  potential  dif ference (in mV); absc i s sa ,  
t ime (in min). 1) Addition of 1 m g / m l  f rusemide  to R inge r ' s  solution in contact  with inner  
sur face  of f rog ' s  skin; 2) R inger ' s  solution in contact  with outer  sur face  of f rog ' s  skin r e -  
p laced by R inge r ' s  solution with f rusemide;  3) pure  R inge r ' s  solution in contact  with outer  
sur face  of skin. 

Fig. 2. Effect  of f rusemide  acting on outer  sur face  of skin on potent ia l  d i f ference and shor t -  
c i ruci t  cu r ren t .  Ordinate,  sho r t - c i r cu i t  cu r r en t  (in t~A), potential  d i f ference (in mV); ab-  
s c i s sa ,  t ime (in min). C i r c l e s  - potent ial  difference;  c r o s s e s  - s h o r t - c i r c u i t  cu r ren t .  1) 
Application of 1 m g / m l  f rusemide  to outer  sur face  of skin; 2) r ins ing p repa ra t ion  with f r e sh  
Ringer -ch lo r ide  solution; 3) the same ,  with R inge r - su l f a t e  solution applied to both sides of 
the frog skin; 4) nystat in  (1 mg/ml )  applied to outer  sur face  of skin. Whole exper iment  
c a r r i ed  out on a single frog skin p repa ra t ion .  

ment of the sulfate of the Ringer ' s  solution by chloride reduced the potent ial  d i f ference to its original  level ,  
and f rusemide  again inc reased  the potential  d i f ference.  Consequently,  hyperpola r iza t ion  of the frog skin 
through the action of f rusemide  was due to an i nc rea se  in r e s i s t ance  as a resu l t  of a dec r ea se  in chloride 
pe rmeab i l i ty .  In this case  the nonspecif ic i nc rease  in pe rmeab i l i t y  of the apical  p l a s m a  m e m b r a n e  for  
var ious  ions and, in pa r t i cu l a r ,  for  chloride ought to abolish the effect  of f rusemide .  Nystat in has such an 
action; it i n c r e a s e s  the ionic pe rmeab i l i t y  of the apical  cell  m e m b r a n e  without dis turbing the abil i ty of 
the cel ls  to t r anspor t  sodium and po ta s s ium [4]. Application of nysta t in  to the outer  sur face  of the skin 
(Fig~ 2) abolished the hyperpo la r i z ing  action of f rusemide .  

The re la t ionship  between ionic pe rmeab i l i t y  and the act ivi ty of ion pumps di f fers  in the skin of di f fer-  
ent spec ies  of amphibians ,  and this may explain the conflicting nature  of the data for  the effect  of f ru semide  
on the s h o r t - c i r c u i t  cu r r en t  and potential  d i f ference in toads and frogs [3, 7, 81. The constant ly  r eprodu-  
Cib le ,very ' rap id  change in potential  d i f ference  under  the influence of f ru semide  (Fig~ 2), s i m i l a r  to the ac-  
tion of subs tances  that reduce  ionic pe rmeab i l i ty ,  d i f fers  f rom the s lower  effect  of sodium pump inhibitors 
in the f rog skin [4]. This accordingly  sugges ts  that f rusemide  may inhibit chlor ide pe rmeab i l i t y  in the f rog 
skin and not the chloride pump, which is supposed to be inhibited in the renal  tubules of rabbi ts  by this diu- 
re t ic  [5]. 

Exper imen t s  on the frog skin thus indicate that f rusemide  induces hyperpolar iza t ion  with no change 
in the s h o r t - c i r c u i t  cu r ren t ,  i .e. ,  it se lec t ive ly  inc reases  m e m b r a n e  r e s i s t ance ,  evidently for  chloride,  for  
it  has  no action in the p r e s e n c e  of sulfate.  The inc reased  excre t ion  of sodium produced by  f rusemide  may  
poss ib ly  be caused by a dec r ea s e  in chloride pe rmeab i l i t y  and inabili ty of the tubular  cel ls  to r eabso rb  so-  
dium under  these conditions. 
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