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An important  role  in the pathogenesis of the hypertension in spontaneously hypertensive ra t s  (SHR) and 
in human essential  hypertension is known to be played by dis turbances of water  and minera l  metabol ism and 
a s teady-s ta te  increase  in the sodium and water  content in the body [1, 12]. Adaptation to high-altitude hy-  
poxia leads to a decrease  in secret ion of antidiuretic hormone [4] and mineraloeor t ieoids  [5] and, as a result ,  
leads to a decrease  in the s teady-s ta te  sodium and water  content in the body [2, 11]. In this connection it has 
recent ly  been found that such adaptation, if it begins in the ear ly  stage of ontogeny, inhibits the development 
of SHR [6]. 

The wr i t e r s  have suggested that the prophylactic effect of adaptation to hypoxia in SHR is due to the 
activating effect of hypoxia on sodium excret ion by the kidneys of SHR. To tes t  this hypothesis,  the effect of 
acute hypoxia on sodium and water excret ion by the kidneys in control  Wistar ra t s  and in SHR were compared.  

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

Exper iments  were ca r r i ed  out on 21 male albino rats  age 6 months.  Group 1 consisted of 10 Wistar ra ts  
weighing 328 • 10 g, whose ar te r ia l  blood p res su re  (AP) was 104 • 10 mm Hg. Group 2 consis ted of 11 SHR 
ra ts  weighing 228 • 14 g, whose AP was 157 �9 11 mm Hg. For  the week before the investigation the animals were 
t r ans f e r r ed  to a standard sodium diet, and were given food and water  ad lib. Urine was collected for  12 h 
from animals deprived of access  to food and water  and kept in single cages .  Urine was collected twice from 
all ra t s :  those kept under conditions of a normal  oxygen concentrat ion outside the p ressu re  chamber ,  and 
those exposed to hypoxia in a p r e s su re  chamber ,  at an "altitude" of 4400 m above sea level.  The interval 
between the t imes  of taking the f i r s t  and second samples of urine was 48 h. The diures is  was measured  for 
a period of 12 h; the Na concentrat ion in the urine and blood plasma were determined on the F P L - 0 1  flame 
photometer  and the creatinine concentrat ion by the react ion with pier ic  acid on the FEK-60M photoelectric 
co lor imete r .  The filtration, reabsorpt ion,  and secret ion of Na and water were calculated from the data. 

To compare  the sod ium-excre to ry  and antihypertensive effects of acute hypoxia, in the next stage of 
the experiment  the animals of both groups were sent from Moscow to Terskol ,  to the Medico-Biological  Sta- 
tion of the Academy of Sciences of the USSR, where the diet and all other  conditions of keeping the ra ts  were 
the same as in Moscow, but where the altitude was 2100 m above sea level. Before and after the t rans fe r  to 
a high altitude, the an imals '  blood p res su re  was measured  on alternate days in the caudal a r t e ry  by means of 
a physiograph (Narco Biosystems) .  These experiments  were ca r r i ed  out two months after  those to study the 
effect of hypoxia on sodium excret ion.  The body weight and blood p res su re  of the animals rose .  The weight 
of the Wistar ra t s  was 340 �9 5 g and AP was 113"  2 mrn Hg; corresponding f igures for  the SHR were 315 �9 10 g 
and 196 ~- 8 mm Hg. 

The resul t s  were subjected to stat ist ical  analysis by two methods.  The e r r o r  of the ari thmetic mean  
was calculated [8]; the significance of differences between the mean in the two groups compared  was de te r -  
mined by calculation of the nonparametr ic  U-cr i t e r ion  [3]. 
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TABLE 1. E f f e c t  o f  A c u t e  Hypox ia  on D i u r e s i s  and Sod ium E x c r e t i o n  in SHR and W i s t a r  R a t s  

Indices? 

.] SHR 
Wistar rats before 

before hypoxia during hypoxia hypoxia during hypoxia 

Excretion of water, ml 1,7• 
Filtration of water, ml 124,4-+1,2 
Reabsorption of water, rnl 122,7-+I ,3 
Reabsorption of water, % of filtration 98,214-0,3 
Na + concentration, meq/Iiter 84,9+13,2 
Na + excretion, ineq 0,147-+0,009 
Filtration charge, a + 14,22+1,4 
Na + reabsorption, meq 14,07-+1,4 
Na + reabsorption, 70 of filtration 

charge 98,96__+ 0,30 

* D i f f e r e n c e s  s i g n i f i c a n t .  
? C a l c u l a t e d  f o r  a p e r i o d  of 12 h and p e r  100 g body  

1,0--+0,3" 
52,I_+14,0" 
57,1-+13,9" 
99,0-+0,29 
66,6+0,3" 

0,120-+0,009" 
6,42+1,60" 
6,30 _+1,60" 

98,1-+0,30 

weight .  

1,0• 
91,2-+17,7 
90,2-+17,8 
98,9-t-0,21 

121,2-+-16,8 
0,126-+0,004' 
9,51-+1,85 
9,38-+I,85 

98,67___+0,30 

1,8+0,6 
101,0___+12,2 
99,2___+12,3 
98,2+0,6" 
82,5--+5,1 * 

0,150-+0,009* 
10,53-+1,37 
10,38+1,27 

98,57+0,38 

AP, mrn Hg 

1 t, 
150 , ~-~'~--~'~:-~/ "z b 

? 
~ ) D f ~ k l~ D 2o 272S day~ 

Fig.  1. AP (in ram Hg) of Wistar  
rats (a) and SHR ~) before and 
a f t e r  a s c e n t  to a high a l t i t u d e .  

EXPERIMENTAL RESULTS 

The  r e s u l t s  (Tab le  1) show tha t  du r ing  e x p o s u r e  to a n o r m a l  oxygen  c o n c e n t r a t i o n  (ou ts ide  the  p r e s s u r e  
c h a m b e r )  the  d i u r e s i s ,  i . e . ,  the  w a t e r  e x c r e t i o n  o f  t he  SHR w a s  r e d u c e d  by  about  40% c o m p a r e d  wi th  the  c o n -  
t r o I  ( W i s t a r  r a t s ) .  T h i s  d e c r e a s e  was  due be th  to  a r e d u c t i o n  in w a t e r  f i l t r a t i o n  in t he  g l o m e r u l i  and to an  
i n c r e a s e  in t he  p e r c e n t a g e  of  w a t e r  r e a b s o r b e d  in the  t u b u l e s .  M e a n w h i l e ,  a d e c r e a s e  in N a  + e x c r e t i o n  was  
o b s e r v e d ,  but  t h i s  was  s m a l l  and a m o u n t e d  to on ly  16%. Th i s  d e c r e a s e  in Na + e x c r e t i o n  t ook  p l a c e  on accoun t  
o f  a c o n s i d e r a b l e  r e d u c t i o n  in the  f i l t r a t i o n  c h a r g e  o f  the  ion and was  s m a l l  b e c a u s e  of  the  s i m u l t a n e o u s  d e -  
c r e a s e  in N a  + r e a b s o r p t i o n  in t h e  t u b u l e s .  S ince  the  d i u r e s i s  was  c o n s i d e r a b l y  r e d u c e d ,  the  s m a l l  d e c r e a s e  in 
t he  e x c r e t i o n  of  Na + was  c o m b i n e d  wi th  a c o n s i d e r a b l e  i n c r e a s e  in i t s  c o n c e n t r a t i o n  in the  u r i n e .  I t  is  i m -  
p o r t a n t  to note  t ha t  the  r e t e n t i o n  of  Na  + in SHR c o n f i r m s  the  r e s u l t s  of  p r e v i o u s  i n v e s t i g a t i o n s  [9] and i s  a s -  
s o c i a t e d  wi th  h y p e r s e c r e t i o n  of  I n i n e r a l o c o r t i c o i d s  in SHR [10]. Even  on the  a s s u m p t i o n  tha t  d i s t u r b a n c e  of 
s o d i u m  e x c r e t i o n  by the  k idneys  is  c o m p e n s a t e d  to  s o m e  ex t en t  by a c t i v a t i o n  of  e x t r a r e n a l  p a t h w a y s  of  sod ium 
e x c r e t i o n ,  i t  m a y  n e v e r t h e l e s s  be a c c o m p a n i e d  by r e t e n t i o n  o f  s o d i u m  and w a t e r  in the  body.  Re t en t i on  o f  
th i s  s o r t  h a s  been  p r o v e d  to t a k e  p l a c e  in SHR [13]. The  m a i n  r e s u l t  o f  t h i s  e x p e r i m e n t  was  tha t  in r e s p o n s e  
to acu te  hypox ia ,  d i u r e s i s  and s o d i u m  e x c r e t i o n  w e r e  r e d u c e d  in the  c o n t r o l  W i s t a r  a n i m a l s ,  w h e r e a s  in SHR 
t h e s e  p a r a m e t e r s ,  on the  c o n t r a r y ,  w e r e  i n c r e a s e d .  A s  T a b l e  1 shows ,  u n d e r  the  in f luence  of  acu te  hypox ia  
t he  e x c r e t i o n  of  w a t e r  by W i s t a r  r a t s  fe l l  by  40% on a c c oun t  both o f  a d e c r e a s e  in f i l t r a t i o n  and a d e c r e a s e  in 
t he  p e r c e n t a g e  of  r e a b s o r b e d  w a t e r .  The  Na  + e x c r e t i o n  a l so  was  r e d u c e d ,  m a i n l y  on accoun t  o f  a g r e a t  d e c r e a s e  
in f i l t r a t i o n  c h a r g e .  A s a r e s u l t  of  a s i m u l t a n e o u s  d e c r e a s e  in the  p e r c e n t a g e  of  r e a b s o r b e d  N a  +, the  ne t  d e -  
c r e a s e  in Na + e x c r e t i o n  was  s m a l l ,  n a m e l y  20%. T h i s  e f f ec t  of  hypox ia ,  o b s e r v e d  in adu l t  a n i m a l s  a t  the  5th 
y e a r  of l i f e ,  i s  in a g r e e m e n t  wi th  da ta  in the  l i t e r a t u r e  on inh ib i t ion  of  e x c r e t i o n  o f  w a t e r  and e l e c t r o l y t e s  
u n d e r  t he  i n f luence  of  a c u t e  hypox ia ,  and i t  s u g g e s t s  t ha t  r e t e n t i o n  of  sod ium and w a t e r  m a y  p l ay  a de f in i t e  
r o l e  in the  e l e v a t i o n  o f  the  a r t e r i a l  p r e s s u r e  t ha t  is  u s u a l l y  o b s e r v e d  in m a n  and a n h n a l s  i m m e d i a t e l y  a f t e r  
a s c e n t  to a h igh  a l t i t u d e .  

T h e  q u a l i t a t i v e l y  o p p o s i t e  a c t i o n  of  a c u t e  hypox ia  in SHR was  e x p r e s s e d  p r i m a r i l y  as  an i n c r e a s e  of  
80% in w a t e r  e x c r e t i o n .  T h i s  g r e a t  d i u r e t i c  e f f e c t  was  due to the  fac t  t ha t  t he  f i l t r a t i o n  of  w a t e r  i n c r e a s e d  m o r e  
than  i t s  r e a b s o r p t i o n .  M e a n w h i l e ,  a s o d i u m - e x c r e t o r y  e f f ec t  was  o b s e r v e d .  H o w e v e r ,  the  i n c r e a s e  in Na + 
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excre t ion  under  these  c i r c u m s t a n c e s  was about 20%, whereas  the f i l t ra t ion charge  of Na + r o s e  much  l e s s  than 
the f i l t ra t ion of water .  

In SHR, cha rac t e r i zed  by some retent ion of Na + and wate r  in the body, unlike in the control  an imals ,  
acute hypoxia thus did not cause  re tent ion of Na+ and water ,  but gave a significant diuret ic and s o d i u m - e x c r e -  
tory  effect.  This  sugges ts  that  the inc reased  sensi t iv i ty  of the SHR to the s o d i u m - e x c r e t o r y  and diuret ic  action 
of acute hypoxia m a y  play a ro le  in the m e c h a n i s m  of the prophylact ic  effect  of prolonged hypoxia against  the 
development  of spontaneous hyper tens ion.  

The effect  of high-al t i tude hypoxia,  with an acute onse t  and p ro t r ac t ed  course ,  on AP of both groups  of 
r a t s  agreed  with this  hypothes is .  The cu rves  in Fig.  1 a r e  evidence that  AP in SHR 1-2 days a f t e r  the beginning 
of exposure  to hypoxia was a l ready  reduced f rom 200-190 m m  Hg to about 150 m m  Hg, i .e. ,  by 40-50 m m  Hg, 
whereas  in the control  r a t s  the AP level  showed no significant change.  Acute hypoxia of mode ra t e  intensity,  
acting for  24 h, thus has a hypotensive ef fec t  in SHR but has no such ef fec t  on Wis ta r  r a t s .  Taken as a whole, 
these  data indicate that  the ant ihyper tens ive  effect  of prolonged and modera t e  hypoxia, demons t ra ted  previous ly  
in animals  [6] and man  [7], may  depend on its s o d i u m - e x c r e t o r y  action and m a y  be fo rmed  of two components:  
the s o d i u m - e x c r e t o r y  effect  of acute hypoxia andthe s o d i u m - e x c r e t o r y  effect  of adaptation to hypoxia, c o m -  
bined with mani fes ta t ions  of adaptation hypoaldos te ronism [5]. 

This  in terpre ta t ion  of the ant ihyper tensive  effect  of adaptation to hypoxia is in a g r e e m e n t  with the view 
that  agents p romot ingsod ium excre t ion  combined with r e s t r i c t i on  of the d ie ta ry  sodium intake are  being suc -  
cessful ly  used for the t r e a t m e n t  of hyper tens ion in man.  In this connection the w e l l - m a r k e d  sodium 
e x c r e t o r y  effect  of hypoxia in SHR ought to be taken into account when an at tempt  is made  to explain the fact  
that hyper tens ion is l e s s  common among mountain dwel lers ,  and that  the AP level in pat ients  with initial f o r m s  
of hyper tension fal ls  during res idence  at modera te ly  high alti tudes in the mountains  [7]. 
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