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Frusemide,  ethacrynic acid, aldaetone, hypothiazide, t r i amte rene ,  aeetazolamide,  and clop-  
amide depress  sodium reabsorpt ion  in the renal  tubules of the frog. Mersalyl ,  aldactone,  
hypothiazide, and ethacrynic  acid inhibit act ive Na t r anspor t  by the cel ls  of the f rog ' s  skin if 
added to the solution on the side of the apical membranes  of the cells.  Frusemide and ace ta -  
zolamide have no effect on Na t r anspor t  by f rog skin cells.  The reasons  for the differences 
between the react ions  of the cells of the skin and renal tubules to these diuret ics  are  discussed.  

Diuret ics act  specif ical ly on different components of the Na t r anspor t  sys tem in the cel ls  of the neph-  
ron. To unders tand the mechan i sm of action of  the diuret ics  it is important  to d i scover  whether they affect 
Na t r anspor t  in the cells  of the  nephron only or  whether they also inhibit it in other  cel ls ,  and also to d i s -  
cover  on which of the cell membranes  they act ,  for the apical and basement  p lasma membranes  of the neph- 
ron cells  have different p roper t i es  re lat ive to Na t ranspor t .  In experiments  on isolated membranes  of the 
skin and u r ina ry  bladder of amphibians,  analogues of the nephron cells,  it is possible to de te rmine  on which 
cell membrane  the diuret ic  acts .  Data on the effects of cer tain diuret ics  on the u r ina ry  bladder and skin of 
the toad and frog a re  cont rad ic tory :  some workers  observed activation of Na t ranspor t  by diuret ics  [2, 3, 
7] while o thers  observed  inhibition [8-10]. 

The object of this investigation was to study the effects of all the principal  types of modern diuret ics  
on Na excret ion by the kidney and on active Na t r anspor t  by the cells  of the f rog ' s  skin. 

EXPERIMENTAL METEOD 

Male winter frogs (Rana temporar ia)  were used. To investigate the action of the diuret ics  on the frog 
kidney under  s tandard conditions of the water  balance,  during the experiment  the animals were  kept in water .  
All p repara t ions  were  injected subcutaneously in the dorsa l  region,  af ter  which the cloaca was ligated. The 

TABLE 1. Effect of Diuretics on Sodium Excretion by the Frog 
Kidney (M • m) 

Number IDose of preD. Diuresis(ia 
1/min/100g in urine (inpeq/ Diuretic ofexper.~i n mg/~100 Na concentration 

iments Ig Doay weight) body weight) ml) 

Control 
Frusemide 
Ethacrynic acid 
Aldaetone 
Hypothiazide 
Acetazolamide 
Diaphylline 
Clopamide 
Triamter ene 

16 
l0 
10 
4 
4 
9 
9 

17 
8 

2,5 
1,2 
2,5 
2,5 
2,0 

I0,0 
0,5 
0,015 

53-+ 3 
56-+ 4 
46-+4 
75-+4~" 
64-+ 8 
40-+3~f 
40~4T 
30~5$ 
39~3 * 

14--  + 1,3 
78-+ 2,9 
51-+2,55 
24-+5,3* 
31-+3,5$ 
35--+2,5:~ 
21-+2,i~f 
51--3,3:~ 
28-----3,15 

Note: Here and in Table 2: *P < 0.05, t P  < 0.001, $P  < 0.001. 

Laboratory of Development of Excretory Function, I. M. Sechenov Institute of Evolutionary Physiology 
and Biochemistry, Academy of Sciences of the USSR, Leningrad. (Presented by Academician of the Academy 
of Medical Sciences of the USSR S. V. Anichkov.) 'Translated from Byulleten' Eksperimental'noi Biologii i 
Meditsiny, Vol. 77, No. 4,pp. 63-66, April, 1974. Original article submitted February 20, 1973. 

�9 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 [{'est 17th Street, \'ew Yet[f, .\'. 7. 10011. 
NO part of this publication may be reproduced, stored in a retrieval system, or transmitted, in an~, form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, ~z:ithout written pcrmission of the publ~'sher. .[ 
copy of this article is available from the publisher for $1J.00. 

405 



TABLE 2. Effect of Diuretics on Active Sodium Transpor t  in the 
Frog Skin (M �9 m) 

Dose of ~r.ep-[Number o ~ ( in  ~A/0.5  cruZ) 
D i~e t i c  aration"(ill ~Xn~ri- [ 

mole / l i te r )  m~'r~ [ in i t ia l  after 60 min  

~usemide  

Ethacrynic acid 

Acetazolarnide 

Triamterene 

Diaphylline 
Hypothiazide. 

Mersalyl 

Aldact0ne 

3.10 - 3  
5. I0 - 4  

1,4. IO - 3  
1,2. IO - 3  
5,4- I0 - a  
5,4- IO - 5  

9. I0 -4  
1 . 1 0  - 4  

1. I0 -~  
1. I0 - 5  
5.10 - e  
I .  I 0  - 6  
I .I0 -~  
1 . 1 O  -2  
5- I0 -3  
I- 10 - a  
I. 10 - ~  
5-10 - a  
I- 10 - s  
I- I0 -~  
I - .I0 - 5  

1,5.10 -5  
5.10 - e  

6,2- lO - a  
3,1.10 -4  
1,5.10 -~  

8 
4 
4 
5 
3 
5 
8 
5 
5 i 
01 
41 
01 

5 
51 
4 
5 
5 
4 
5 
0 
0 
8 

24,6~3,4 
31,5--7,0 
44,6--+5,1 
26,6--+4,6 
43,3-----4,6 
18,4~2,7 
23,1--~4,5 
30,6~3,8 
40,2_+6,8 
33, 2 
33,0-+4,5 
31,8-+5,3 
55, 3 
23,2 
28,0 
31,8___4,0 
24,2•  1 
45,8 
2 6 , 5 •  
37,3-+3,6 
47 ,2•  
37, 5 
38,0-+3, l 
34, 4 
39,3 
29, 7-+2,8 

26,0-- 3,8 
2 9 ~  6,2 

17,8----- 1,5 
43,3----- 3,4 
22,2+3,0 
33,6 + 6,3 
2 7 ~ 4 , 9  

19,0 (14, I_+3,6)I" 
27,7-+2,5 
33,6-+5,3 

74,6 (20 ,0_5,6)$  
15,0 (8,2• 

t9,2 (8,8___+2,2 :~) 
35,8-+5,8 
26 ,6_3 ,5  

32,0 (i3~9__4, 1)* 

o* 
33,0 (3,5-+__0,86)* 

42 ,0+3 ,4  
9, 3 (25,1•  $ 
19,7 (19,6-+4, l) $ 

29,2-+3,3 
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/Prepara t ion added to solution on outer  surface of f rog ' s  skin. 

Note: The  resul ts  of exper iments  in which the changes under the 
influence of the diuretic were in the same direct ion were  sub-  
jected to s tat is t ical  analysis  by the method of paired variables;  
in these cases  the f i rs t  figure in the column headed "after 60 
rain" signifies the mean,  and the f igures in parentheses  signify A �9 m. 
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Fig. 1. Dynamics of changes in active Na t r anspor t  by frog skin 
cells under the influence of var ious  diuret ics .  Arrow marks  t ime 
of addition of diuret ic  to Ringer ' s  solution: 1) hypothiazide 5 �9 10 .3 
mole / l i t e r ;  2) f rusemide  3 �9 10 .3 mole / l i t e r ;  3) t r i amte rene  1-10 -s 
mole / l i t e r ;  4) mersa ly l  1.5 �9 10 .5 mole / l i t e r ;  5) hypothiazide 
5 �9 10 -3 mole / l i t e r ;  6) aldactone 6.2 �9 10 -4 mole / l i t e r ;  7) ethacrynic 
acid 1.4 �9 10-3 mo le / l i t e r  (1 and 3 - a d d i t i o n  to the solution on the 
outer  surface  of the skin; 2, 4, 5, 6, 7 - a d d i t i o n  to the solution on 
the inner  surface  of the skin). Abscissa ,  t ime (in rain); ordinate ,  
shor t -e i reu i t ing  cur ren t  (in #A/era2). 



urine accumulating during the experiment in the ur inary bladder was collected after 90-120 rain. The Na 
concentration in the urine was determined with the Zeiss-III flame photometer. Active Na transport  by the 
frog skin cells was measured as the magnitude of the short-circuit ing current  [1]. The action of the fol- 
lowing diuretics was studied: frusemide,  ethaerynic acid, clopamide, acetazolamide, diaphylline, aldactone, 
hypothiazide, t r iamterene ,  and mersalyl .  

EXPERIMENTAL RESULTS AND DISCUSSION 

By using the diuretics in doses producing maximal inhibition of Na reabsorption it was possible to 

estimate the relative strength of their sodium-excreting action. In these experiments frusemide and ethacry- 
nic acid were most effective (Table I). The action of these drugs depended mainly on a decrease in Na re- 

absorption and not on the change in diuresis. No effect of mersalyl on the kidney could be detected: injec- 
tion of a dose of i00 mg/kg led to anuria, whereas smaller doses did not change the diuresis, but no sodium- 
excreting action could be observed. 

The Na reabsorption by the kidney cell cannot be reduced simply to the operation of the sodium pump, 
but the transport system includes the passage of Na from the lumen of the tubule into the cell, its transpor t 
through the cell to the pump, and its active secretion against the gradient into the blood. A decrease in Na 
reabsorption could be due to activity directed against any of the elements of this system. The experiments 
on the frog's skin showed that after the addition of ethacrynic acid, mersalyl, hypothiazide, and aldactone to 
to the Ringer's solution on the inner side of the skin the Na transport was reduced; frusemide, acetazolal~ide 
and triamterene were ineffective (Table 2). The kinetics of inhibition differed with these compounds. In 
some cases Initially there was a small increase in active transport, followed by a gradual and considerable 
decrease (Fig. i). Triamterene and hypothiazide were effective when added to the solution on the outer side 
of the skin (Fig. i). Triamterene was known to immobilize Na transport without affecting the work of the 
pump [6]. The effectiveness of hypothiazide on the outer surface of the skin is probably attributable to a 
different cause, for the inhibition of transport was different in character (Fig. i) and unlike hypothiazide, 
triamterene had no effect on the inner surface of the skin (Table 2). Clopamide, which increases Na excre- 
tion by the kidney, does not affect its transport in the skin [5]. Unlike the other diuretics, diaphylline acti- 
vates Na transport; it is a synergist of antidiuretic hormone and its action is due to the inhibition of phos- 
phodiesterase [4]. 

The change in Na transport in the kidney took place after the administration of much smaller doses 
of the diuretics than in the experiments on the skin. The most effective diuretic - frusemide - could not 
change Na transport in the frog's skin. This could result from several causes: in the experiments in vivo 
the conditions for the action of the diuretics were different; in the frog skin cells those elements of the 
sodium transport system on which the "ineffective" diuretics act are absent; the diuretics penetrate with 
difficulty into the cells of the frog's skin, whereas in the cells of the tubules there are specialized systems 

for the transport of organic acids and bases which facilitate the entry of these substances inside the cell. 

Consequently, the frog's skin cell reacts differently from the kidney cell to the action of certain di- 
uretics and caution must be exercised with the extrapolation. All diuretics except diaphylline either in- 
hibited Na transport after various time intervals or did not affect it; in no case was prolonged activation 
of Na transport observed. The action of triamterene is based on inactivation of the Na-permeability of the 
apical membraxle whereas the other preparations evidently affect Na transport during its penetration into 
the cell. 
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