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The cardiac  glycosides, with the structure of steroids, are structurally s imilar  to the hormones of the adrenal  
cortex. Experiments on erythrocytes [6], nerves [4], and muscles [3, 4] have shown that the card iac  glycosides may 
influence the transport of e lectrolytes  through ce l l  membranes.  According to reports in the l i terature [2] and to the 
author's own observations [1], the card iac  glycosides when adminis tered to the intact  organism increase the exc re -  

tion of sodium and water,  by depressing their reabsorption in the tubules. This action is not due to the cardiotonic  
effect  of st~ophanthin, for i t  is observed after direct  inject ion into the renal  artery on the side of perfusion. 

The minera locor t icoids  (aldosterone,  DOCA) are known to s t imula te  the reabsorption of sodium and to in-  
crease the excret ion of potassium. It may be postulated that the cardiac  glycosides,  giving good results in conges- 
t ive card iac  failure,  charac te r ized  by secondary hyperaldosteronism, have an antialdosterone action. The present 
investigation was carried out to study this problem. 

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

Acute'. experiments  were carried out on dogs anesthet ized with hexobarbi tal .  Both ureters and the left  renal  
artery were ca theter ized.  The urine was co l lec ted  separately from both kidneys every 10-20 rain. The f i l t ra t ion-  
reabsorption function of the kidneys was es t imated in relat ion to creat inine.  The e lect rolytes  in the urine and 
blood were invest igated by the method of f lame photometry.  To mainta in  a constaut level  of diuresis, a 0.9% so- 

lution of sodium chloride was in jec ted  intravenously at  the rate of 4 ln l /min .  For a period of 60 rain a 0.9% solu- 
tion of sodium chloride was in jec ted  into the renal  artery at the rate of 1 m l / m i n ,  after which i t  was changed for a 
solution of strophanthin in jec ted  at  the same rate in a dose of 10 gg /min  for a period of 80 rain. 

Four series of exper iments  were carried out on 28 dogs. In series I (control) only strophauthin was in jec ted  by 

the method described above. In series II, 4-6 h before the exper iment ,  DOCA was in jec ted  intramuscularly (2.5 rag/  
kg, in individual  exper iments  1 and 5 mg/kg) .  In series III the ef fec t  of strophanthin was studied on the ac t iv i ty  of 
the kidneys after r emova l  of aldosrerone from the organism, which was achieved by adrenalectorny.  In this case 
the experiments  were carr ied out on the 4th-Sth day after the operation. In the postoperative period the animals  

received a :1% solution of sodium chloride to drink, in series IV, the previously adrena lec tomized  dogs rece ived  
DOCA 4-6 ]h before the exper iment  in the same doses as in series IL 

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

In the control experiments  the inject ion of strophanthin into the kidney caused an increase in the excret ion 
of sodium and in the diuresis 20-40 rain after the beginning of the inject ion as a result of a decrease in reabsorp- 

tion; in these circm-nstances the glomerular  f i l t rat ion was sl ightly reduced (Fig. 1A). The effect  described was 
uni la tera l  and was observed in 7 of 10 experiments,  in two experiments  the increase in excretory ac t iv i ty  affected 
both kidneys, and in one case no changes were observed in the ac t iv i ty  of the kidneys. 

In the'. experiments  of series II, despite the pre l iminary adminis trat ion of DOCA, in most experiments  (in 4 of 
7) strophanthin also caused a uni la tera l  increase in sodium excret ion as a result of a decrease in its reabsorption in 
the presence of very slight changes in f i l t rat ion (Fig. 1B); in two experiments  the effect  was b i la te ra l ,  and in one 
no changes took place in renal  act ivi ty .  

Against the background of DOCA the act ion of strophanthin developed more slowly. Whereas in the control  
experiments  the excret ion of sodium was increased on the average 20-40 rain after the beginning of inject ion of 
the preparation,  and the effect  reached its max imum on the average after 80 rain, in the experiments  with 
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Changes in Reabsorption, Filtration, and Excretion of Sodium under the Influence 
of Strophanthin after Adrenalectomy in a Dog Weighing 12 kg (Experirnent 
on March 15, 1964; Adrenalectorny on March 9, 1964) 

Time of 
collecting urine 

11 h 
ll >> 
12 >> 
12 >> 
12 >> 
13 >> 
13 >> 
13 >> 
14 >> 

Diuresis Filtration I Excretion 
(inml/m_in) ttin ml/min)I(inpeq/min) 

L R 1 L R I L 

20min 0,82 
40 ~ 0,86 

0,80 
20 min 0,61 
40 ~ 0,78 

1,05 
20 min 1,92 
40 ~ 2,60 

2,10 

Filtration (in Reabsorption 
~eq/min) . ( i n  % )  

e l a t e  a 

0,75 16,0 
0,82 16,1 
0,76115,7 
0 ,80!12 ,4  
0,84 14,9 
0,78~12,0 
0 ,75 :11 ,1  
0,71 10,6 
0,67 10,0 

15,3 121,3l 
15,7 121,2] 
16,4 120,0 I 
15,6 83,6 
15,8 113,1 
15,4 158,5 
15,o l all,O 
16,7 364,0 
16,4 289,8 

99,0 2097,6 
102,5 21107i 
98,8 2058.31 

102,4 1625.61 
99,1 1953.41 
95,9 1573.21 
93,0 1434.11 
89 5 1369 5 
87:1 1136010 

2005,8 94,21 
2058,3 94,25 
2150,0 94,16 
2045,1 94,85 
2071,3 94;21 
2018,9 89,92 
1938,0 78,31 
2157,6 73,42 
2118,9 78,69 

95,06 
95,01 
95,40 
94,99 
95,22 
95,24 
95,20 
95,85 
95,88 

Note. From 12 h until 13 h 20 min strophanthin was injected into the left 
artery in a dose of 10 vg/min. 
Legend: L--left, R-right renal artery. 
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Fig. 1. Effect of strophanthin (10 rag/rain) Oll the 
excretion, reabsorption, and filtration of sodium in 
intact dogs (A) and after administration of DOCA 
(B). Here and in Fig. 2: continuous line--experi- 
mental kidney; broken line-control kidney; the 
thick line denotes the period of excretion of stro- 
phanthin; the numbers above the curves show the 
serial number of the experiments; DOCA was 
given in doses of 1 mg/kg (Expt. No. 2) and 
5 mg/kg (Expt. No. 3); along the horiC, ontal axes-- 
time (marker 20 rain). 

In one of these experiments the effect was bilateral. 
but an increase in the reabsorption of sodium. 

administration of DOCA the excretion of sodiurn developed 
after 60-80 rain and reached its maximum on the average 
after 140 min. 

Strophanthin was thus capable of depressing the re- 
absorption of sodium in the renal tubules even against the 
background of the action of DOCA, although in the latter 
case its effect developed later than in the control experi- 
ments. No relationship could be found between the dose of 
DOCA and the depression of the action of strophanthin, in 
Expt. No. 3(Fig. 1B), for instance, DOCA was given in a 
much larger dose (5 mg/kg) than in Expt. No. 2 (1 mg/kg), 
but strophanthin produced approximately the same sodium- 
excreting effect. On the basis of these results it is difficult 
to suggest whether Or not there is any direct antagonism be- 
tween DOCA and strophanthin. 

Important results for the solution of this problem may 
be obtained in experiments on adrenalectomized animals. 
If strophanthin has an antialdosterone action only, in these 
conditions it must have no effect on the kidneys. 

in 4 of the 5 experiments on adrenalectomized dogs, 
injection of strophanthin into the renal artery was accom- 
panied, as in the control experiments, by excretion of so- 
dium as a result of depression of the reabsorption of sodium 
in the tubules (Fig. 2A). The results of one such experiment 
are given in the table. No effect was found only in one 
case. The results of these experiments showed that the so- 
dium-excreting action of strophanthin persists after adren- 
alectomy. 

The preliminary injection of DOCA into the adren- 
alectomized dogs in 5 of 6 cases did not abolish the effect 
of strophanthin on the tubular processes: the reabsorption of 
sodium was reduced, resulting in an increase in its excretion. 

In one dog injection of strophanthin caused, not a decrease, 
The administration of DOCA, without preventing the renal effect of 
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Fig. 2. Effect of strophanthin (10 ~g/min) on 
the excretion, reabsorption, and filtration of so- 
dium in adrenaleetomized dogs (A) and in dogs 
adrenalectomized after administration of DOCA (B). 

strophanthin, slightly prolonged the time taken for its de- 
velopment, as in the experiments of series II also. However, 
as in these earlier experiments, no parallel trend could be 
observed between the dose of DOCA and the inhibition of 
the effect of strophanthin on the activity of the kidneys. 

When injected into the renal artery, strophanthin thus 
depresses the reabsorption of sodium in the renal tubules, 
increasing its excretion. This action of strophanthin persists 
after adrenalectomy. In experiments on intact and adren- 
alectomized animals DOCA does not prevent the renal ef- 
fect of strophanthin, but merely delays its development 
slightly. The results obtained, although not ruling out the 
possibility of an antialdosterone action of the cardiac 
glycosides, demonstrate the direct effect of strophanthin on 
the tubular reabsorption of sodium. 
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