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Effect of dehydration, starvation and sodium deprivation on microsomal 
ATPase in the kidney* 

According to the counter-current theory 1, concentration of the urine along the 
kidney papilla depends on a "single effect", probably that  of active sodium transport  
from the tubular lumen outwards 2. The active sodium t ranspor t  along the medulla s 
enables the build-up of an osmotic gradient. Under conditions of water deprivation 
the osmotic gradient in the papilla further increases 4. 

On the other hand, many  data have accumulated over the last decade indicating 
the relation of a microsomal (Na+-K+)-dependent ATPase activity and the function 
of active sodium transport  in many  organs, including the kidney 5-v. This has even 
led to the suggestion of the name of " t ranspor t"  ATPase for this enzyme. I t  has also 
been shown that  sodium deprivation can reduce the concentrating ability of the 
kidneyS, 9. Thus, the available information would point to a relation between sodium 
availability, active sodium transport  and the osmotic concentrating function of the 
kidney medulla. I t  seemed of interest, therefore, to study the activity of microsomal 
(Na+-K+)-dependent ATPase both in the medulla and in the cortex of the kidney as 
related to water deprivation, food deprivation and sodium intake. 

To this end we have studied microsomal ATPase activity in kidneys of male 
guinea pigs. Kidney tissue (approx. i g) wa s homogenized in IO vol. of 0.25 M sucrose 
containing 2 mM EDTA (disodium salt), and then centrifuged at IOOO × g for IO mill. 
The supernatant  was centrifuged twice at 10400 × g for IO min, and finally the 
microsomes were separated from the soluble fraction by  centrifugation at lO5 ooo × g 
for 30 min. The microsomes were resuspended in 2 ml of homogenizing medium. Total  
ATPase activity was assayed by incubating 0.2 ml of the microsomal suspension a t  
37 ° for 20 min in a medium containing IOO mM NaC1, 5 mM KC1, 6 mM MgC12, 
4 mM ATP and 33 mM Tlis buffer (pH 7.2) ; the final volume was 3 ml. To determine 
(Na+-K+)-dependent ATPase, ouabain (final concentration, o.I mM) was added to 
the medium. Higher concentrations of ouabain did not produce any further inhibition 
of ATPase activity. The residual activity in the presence of ouabain is Mg2+-ATPase 
(or (Na+-K+)-independent ATPase). The reaction was stopped by the addition of one 
volume of trichloroacetic acid (5 %). Pi  w a s  determined according to BAGINSKI AND 
ZAK 10 and protein by  the method of LOWRY et al. 11. 

The medulla was separated from the cortex after cutting the kidney sagitally. 
The medulla and papilla were assayed together since ATPase activity in the papilla 
itself was very low, in accordance with other reports 17, is, and the amount of papillary 
tissue was very small compared to the medulla. 

* Par t  of a thesis by  Y. BEYTH for the degree of M.D. submit ted  to the Hebrew Universi ty-  
Hadassah  Medical School, 1968. 
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Table  I shows t ha t  wate r  depr iva t ion  for 3 days  p roduced  no significant change 
in the  medul la  in e i ther  (Na+-K+)-dependent  ATPase  or Mg*+-ATPase (compare 
Exp t .  I ,  Groups  I and  2). In  the  cortex,  however,  while t o t a l  microsomal  ATPase  
r ema ined  unchanged,  a significant increase in MgS+-ATPase was n o t e d  whereas  
(Na+-K+)-dependent  ATPase  decreased.  These findings do no t  suppor t  a d i rec t  re- 
la t ionship  be tween  (Na+-K+)-dependent  ATPase  in the  medul la  and  the ur ine concen- 
t r a t i ng  mechanism.  

TABLE I 

E F F E C T  OF W A T E R  D E P R I V A T I O N ,  S O D I U M  D E P R I V A T I O N  A N D  S T A R V A T I O N  ON M I C R O S O M A L  ATPase 
IN T H E  KIDNEY 

Microsomal ATPase activities are given as/~moles PI released/rag microsomal protein per 20 rain. 
Results are expressed as mean ± S.E. n, number of animals. Group 2: water deprivation for 72 h; 
Groups 3 and 4: food deprivation for 5 days and drinking fluid (water and 0.9 % NaCl, respec- 
tively). P values denote significance of difference between groups marked with the appropriate 
symbol. 

Expt. Group Food Fluid Cortex Medulla 
No. No. 

Mg2+-A TPase (Na+-K +)- 
dependent .4 Tlgase 

MgZ+-A TPase (Na+-K+) - 
dependent A TPase 

i 1 (n=  12) + Water §'6.11 4- o.17 *2.92 -- o.25 "6.1o -- o.24 *6.88 4- o.62 
I 2 (n =6) + - *7.08 ± 0.28 "1.93 4- 0.28 6.35 ± o.71 7.18 4- o.88 
2 3 (n=8) - Water §4.80 4- o.21 §3.54 4- 0.26 *4.96 4- 0.34 *4.5 ° 4- o.3I 
2 4 (n--8) -- Saline 5.07 4- 0.54 §2.51 4- o.19 6.41 4- o.81 4.o4 4- o.31 

*P < o.oi *P < o.o 5 *P < 0.02 *P < o.o2 
§P < o.oi §P < 0.02 

In  ano ther  exper imen t  guinea  pigs were depr ived  of food and were given as 
d r ink ing  fluid e i ther  wa te r  or 0. 9 % NaC1. Table  I shows the  microsomal  ATPase  
ac t iv i t ies  in the  cor tex  and  medul la  (Expt .  2, Groups  3 and  4). In  the  medul la ,  no 
signif icant  difference be tween  the  groups on wa te r  and  on saline was found in e i ther  
t o t a l  microsomal  ATPase  or the  two different  ATPase  act ivi t ies .  In  the  cortex,  the  
group on wa te r  showed a s ignif icant ly  higher  a c t i v i t y  of (Na+-K +)-dependent  ATPase.  

Compar ison  of Group 3 (water  ad libitum) and  Group I (water  and  food ad 

libitum) shows the  effect of s t a rva t i on  on k idney  microsomal  ATPase  ac t iv i ty .  Table  I 
demons t ra t e s  t h a t  under  s t a rva t ion  there  was a signif icant  decrease in to ta l  micro-  
somal  ATPase  a c t i v i t y  in the  k idney  medul la  and  t h a t  the  decrease was in bo th  Mg 2+- 
ATPase  and  (Na+-K+)-dependent  ATPase.  The la t ter ,  however,  was more severely  
reduced  in food-depr ived  ra t s  (decrease of 34-5 %) compared  to the  decrease in medul-  
l a ry  Mg~+-ATPase (a decrease of 18.6 %). In  the  cortex,  there  was a significant 
decrease  in Mg2+-ATPase (21.3 %) bu t  (Na+-K+)-depertdent  ATPase  a c t i v i t y  increased  
(by 21%),  as ref lected in a sl ight  a n d  insignif icant  change in the  t o t a l  microsomal  
ATPase  a c t i v i t y  in the  cortex.  

Analys is  of all the  exper iments  shows t ha t  the  most  p rominen t  effects were 
found in (Na+-K+)-dependent  ATPase  in the  k idney  cor tex;  a decrease dur ing  wa te r  
depr iva t ion ,  an increase dur ing  sodium deple t ion  ( induced b y  food depr iva t ion  and 
wate r  ad libitum) and  some increase dur ing  s ta rva t ion .  A common denomina to r  for 
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these three situations could have been a change in mineralocorticoid secretion. In- 
creased mineralocorticoid secretion has been reported in the case of sodium depri- 
vation x2. It is interesting tha~ (Na+-K+)-depen~leiat ATPase in the medulla was not 
spared under starvation (note the considerable decrease in Group 3 compared to 
Group I) and only cortical (Na+-K÷)-dependent ATPase was specifically preserved 
under these conditions. This may stress the importance of sodium absorption in the 
cortical convoluted tubules, rather than the medullary part of the nephrons, for 
sodium conservation. Water deprivation can produce two opposite effects on mineralo- 
corticoid secretion : (a) increas d plasma osmolarity, accompanied by hypernatremia, 
may inhibit secretion of the hormone; (b) hypovolemia can increase mineralocorticoid 
secretion. Our results would better fit possibility- (a), however, no definite explanation 
can be given since aldosterone levels have not been determined. 

Several reports have already shown decreased activity of (Na+-K+)-dependent 
ATPase in the kidney following adrenalectomy and increased activity of this enzyme 
following aldosterone administration 13-16. However, these authors have not attempted 
to compare cortical and medullary ATPase activities in the kidney. Our results 
demonstrate that sodium deprivation (compare Groups 3 and 4, Table I) affects only 
cortical (Na*-K+)-dependent ATPase. It is interesting to note that JORGENSEN le has 
found that increased sodium intake can decrease kidney ATPase activity even in 
adrenalectomized rats. It is rather difficult to explain the lack of difference in 
(Na+-K+)-dependent ATPase in either cortex or medulla of the kidney in animals on 
a sodium-poor diet as reported by PAUL AND GONICK 17. However, these authors have 
carried out the experiments in the rat in which fresh preparations of microsomes 
show a rather low activity of (Na+-K+)-dependent ATPase; furthermore, the wide 
range of the ATPase activity-reported in this stud~ ;er rfiight have obscured the 
difference. 

Table I also shows that Mg2+-ATPase activity in the medulla was not signifi- 
cantly different from the activity in the cortex, under the same experimental con- 
ditions. On the other hand, (Na+-K+)-dependent ATPase activity was higher in the 
medulla than in the cortex, especially in Groups i and 2, where medullary ATPase 
was 2-3 times higher than cortical activity. Tiffs finding corroborates that reported 
by BONTING el al. for the caO 8 and dog ~ kidney, i.e. a high ratio of medullary to 
cortical (Na~--K+)-dependent ATPase while Mg2+-ATPase showed similar activities 
in cortex and medulla. 
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