
15. 5. 1971 Specialia 527 

D i s s o c i a t i o n  b e t w e e n  C o m p e n s a t o r y  R e n a l  G r o w t h  a n d  I n d u c t i o n  o f  ( N a  ÷ + K ÷ ) - A T P a s e  i n  R a t  

K i d n e y  a f t e r  U n i n e f r e c t o m y  

Fol lowing  u n i n e f r e c t o m y  in  ra ts ,  t h e  a c t i v i t y  of 
(Na+ + K + ) - A T P a s e  in t he  m i c r o s o m a l  f r ac t ion  p r e p a r e d  
f rom t h e  en la rg ing  k i d n e y  is increased  1,2. Th i s  e n z y m e  
s y s t e m  is i n v o l v e d  in  t h e  ac t ive  t r a n s p o r t  of s o d i u m  a, 
a n d  t h e  f i nd ing  was  i n t e r p r e t e d  as a se lec t ive  i n d u c t i o n  
of e n z y m e  s e c o n d a r y  to  t h e  inc reased  d e m a n d  for  
r e a b s o r p t i o n  of s o d i u m  b y  t h e  r e m a i n i n g  k i d n e y  1. Th i s  
in fe rence  was  n o t  s u p p o r t e d  b y  FANESTIL a, who  f o u n d  
t h a t  i n d u c t i o n  of (Na+ + K + ) - A T P a s e  in t he  r e m a i n i n g  
k i d n e y  a f t e r  u n i n e f r e c t o m y  was no t  a r e su l t  of t he  sh i f t  
of t h e  exc re to ry  load  to  a s ingle  k idney .  I t  has,  however ,  
n o t  b e e n  poss ible  to  d i ssoc ia te  c o m p e n s a t o r y  r ena l  
e n l a r g e m e n t  f rom i n d u c t i o n  of (Na  + + K+) -ATPase .  

I n  t h i s  repor t ,  t h e  r e l a t i o n s h i p  b e t w e e n  c o m p e n s a t o r y  
e n l a r g e m e n t  a n d  t h e  level  of (Na+ + K + ) - A T P a s e  was  
s t ud i ed  a f t e r  u n i n e f r e c t o m y  c o m b i n e d  w i t h  b i l a t e ra l  
a d r e n a l e c t o m y .  T h i s  e x p e r i m e n t  m a y  solve t h e  above -  
m e n t i o n e d  d i sc repancy ,  because  a d r e n a l e c t o m y  causes  
a cons ide rab le  decrease  in  a c t i v i t y  of (Na+ + K + ) - A T P a s e  
in  r a t  k i d n e y  4-~, whi le  c o m p e n s a t o r y  r ena l  e n l a r g e m e n t  
is u n a f f e c t e d  in a d r e n a l e c t o m i z e d  r a t s  s u p p o r t e d  w i t h  
s a l ine  7 -9  

Methods. Male W i s t a r  ra ts ,  we igh ing  180-200 g, were 
d iv ided  i n to  3 groups .  S h a m o p e r a t i o n ,  r i g h t  n e f r e c t o m y  
a n d  b i l a t e r a l  a d r e n a l e c t o m y  were  p e r f o r m e d  b y  l u m b a r  
a p p r o a c h .  T h e  a d r e n a l e c t o m i z e d  r a t s  h a d  free access  to  
b o t h  t a p  w a t e r  a n d  0 .9% NaC1 so lu t ion .  10 days  a f t e r  
t h e  o p e r a t i o n  t h e  r a t s  were  a n a e s t h e t i z e d  w i t h  e ther .  
B lood  samples  for m e a s u r e m e n t  of p l a s m a  (Na +) a n d  
(K+) were  t a k e n  f r o m  v e n a  c a v a  a n d  t h e  lef t  k i d n e y  
was  r e m o v e d  a f t e r  e x s a n g u i n a t i o n  f rom t h e  aor ta .  Af te r  
coming,  t h e  k i d n e y  was d e c a p s u l a t e d  a n d  weighed  on  a 

t o r s ion  ba lance .  P r e p a r a t i o n  of h o m o g e n a t e  a n d  of t h e  
h e a v y  m i c r o s o m a l  f r ac t i on  was p rev ious ly  desc r ibed  6. 
Fo r  m e a s u r e m e n t  of A T P a s e  a c t i v i t y  e, a l i quo t s  of t he  
p r e p a r a t i o n s  were  i n c u b a t e d  w i t h  3 m M  E D T A ,  2.4 m M  
deoxycho la t e ,  50 m3/I  imidazo le  (pH 7.5, 20 °C) in  a t o t a l  
v o l u m e  of 1 ml.  Af t e r  30 rain  a t  0°C, 50 ~1 was  t r a n s -  
fe r red  to  t e s t  t u b e s  c o n t a i n i n g  3 m M  Mg ++ 100 m 3 ¢  Na+, 
2 0 r a m  K +, 3 m M  A T P  (tris salt) ,  3 0 r a m  h i s t i d ine  
(pH 7.5, 37°C). Af t e r  i n c u b a t i o n  for  1 5 r a i n  a t  37°C, 
the  r eac t i on  was  s t opped  b y  a d d i t i o n  of TCA a n d  P i  
was d e t e r m i n e d  10. (Na+ + K + ) - A T P a s e  was ca l cu la t ed  as 
t he  d i f fe rence  in a c t i v i t y  w i t h  a n d  w i t h o u t  1 m M  o u a b a i n  
a d d e d  to  t h i s  m e d i u m  ~. Mg++-ATPase  deno t e s  t he  a c t i v i t y  
m e a s u r e d  w i t h  1 m M  o u a b a i n  in t h e  m e d i u m ,  e q u a l  to  
t h e  a c t i v i t y  w i t h  Mg ++ alone.  G lucose -6 -phospha t a se  was  
m e a s u r e d  b y  t h e  m e t h o d  of HARPER xl, a n d  p r o t e i n  b y  
t h e  m i c r o - K j e l d a h t  m e t h o d .  Mean  va lues  ± s t a n d a r d  
e r ror  of t h e  m e a n  are g iven  a n d  t he  s igni f icance  of differ-  
ences  b e t w e e n  m e a n s  was ca lcu la ted  b y  S t u d e n t s '  t - t e s t  

Results and discussion. T a b l e  I shows t h a t  t he  increase  
in abso lu t e  as wel l  as in r e l a t ive  we igh t  of t he  lef t  k i d n e y  
10 days  a f t e r  u n i n e f r e c t o m y  a n d  b i l a t e r a l  a d r e n a l e c t o m y  
was  a b o u t  t h e  s a m e  as a f t e r  u n i n e f r e c t o m y  alone.  T h e  
we l l -known  changes  in  p l a s m a  e lec t ro ly tes  were  seen  in  
t h e  a d r e n a l e c t o m i z e d  group.  

T h e  resu l t s  of m e a s u r e m e n t s  of e n z y m e  a c t i v i t y  in  
k i d n e y s  of t h e  s a m e  r a t s  are  s h o w n  in T a b l e  I I .  I n  
a g r e e m e n t  w i t h  p rev ious  obse rva t ions l ,%  a n  increase  in 
a c t i v i t y  of (Na + + K+) -ATPase  was  found  in t h e  micro-  
soma l  f r ac t i on  a f t e r  u n i n e f r e c t o m y .  Th i s  was  accom- 
p a n i e d  b y  a n  increase  in t he  specif ic  a c t i v i t y  of glucose- 
6 -phospha ta se ,  whi le  t he  level  of Mg++-ATPase  r e m a i n e d  

Table I. The weight of the left kidney and the concentration of Na + and K + in plasma 10 days after uninefrectomy and uninefrectomy 
combined with bilateral adrenaleetomy 

Body weight Kidney weight Relative kidney weight Plasma Na + Plasma K + 
(g) (mg) (rag/100 g body weight) (raM) (raM) 

Shamoperation 250 4- 6 772 4- 16 310 4- 12 139 -t- 0.5 3.7 =t- 0.1 
Uninefrectomy 2514-7 10594-37 (+37%) ~ 4224-13 {+36%) ~ 1394-0.7 3.3-/-0.1 
Uninefreetomyand 2 1 4 ~ 9  9 4 0 ~ 7 2  (+22%) a 4394-15 (+41%)~ 1354-0.7 5 .5~0 .3  
adrenaleetony 

Results are given as means 4-S.E.M. Significance of differences from the group of shamoperated rats: *p < 0.05; ~ p < 0.001. N = 5 for 
each group. 

Table II. The effect of uninefrectomy and uninefrectomy combined with adrenalectomy on the activity of (Na ¢ + K+)-ATPase, Mg ++- 
ATPase, and glucose-6-phosphatase in homogenate and in the microsomal fraction prepared from the left' kidney 

Homogenate Microsomal fraction 

(Na + + K +) Mg ++- (Na + + K+)- Mg ++- Glucose- 
ATPase ATPase ATPase ATPase 6-phosphatase 
[xmoles Pi/mg kidney]h tzmoles Pi/mg protein/h 

Shamoperation 3.23 i 0,02 4.32 4- 0.14 43.0 4- 2.1 42.3 4- 2.0 21.6 4- 0.5 
Uninefrectomy 3.22 4- 0.17 4.73 4- 0.34 53.0 4- 1.3 {+ 23%)~ 42.8 4- 3.1 30.9 4- 1.7 (+  43%)b 
Uninefrectomy and 2.34 ~ 0.10 (--28%) ~ 4.72 :k 0.21 32.2 ± 0.6 (--25%) ~ 40.1 -t- 1.2 26.9 4- 0.5 (+  25%) 
adrenalectony 

All values given are means 4- S.E,M, N ~ 5 for each group. The significance of differences from the group of shamoperated rats : ~ p < 0.05 ; 
b p < 0,005; ~ p < 0.001. 
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u n c h a n g e d .  D a t a  on  t he  a c t i v i t y  of (Na + + K + ) - A T P a s e  
in  whole  h o m o g e n a t e  a f t e r  u n i n e f r e c t o m y  h a v e  n o t  been  
p u b l i s h e d  before.  I n  T a b l e  I I  i t  is seen t h a t  t he  a c t i v i t y  
pe r  m g  k i d n e y  r e m a i n e d  u n c h a n g e d .  These  f ind ings  
sugges t  a p r e f e r en t i a l  increase  in t h e  specific a c t i v i t y  of 
e n z y m e  in ce l lu lar  c o n s t i t u e n t s  col lec ted  in t h e  micro-  
somal  f rac t ion .  ( N a + + K + ) - A T P a s e  seems  no t  to  be  
se lec t ive ly  i n d u c e d  in  t h e  en la rg ing  k idney~ ;  b u t  i t  
increases  in  a m o u n t ,  a long  w i t h  t h e  increase  in  k i d n e y  
weight ,  a f t e r  u n i n e f r e c t o m y .  

Af te r  u n i n e f r e c t o m y  a n d  b i l a t e r a l  a d r e n a l e c t o m y ,  t h e  
a c t i v i t y  of (Na+ + K + ) - A T P a s e  b o t h  in who le  h o m o g e n a t e  
a n d  in  t h e  m i c r o s o m a l  f r a c t i o n  was  s ign i f i can t ly  lower  
t h a n  t h e  c o r r e s p o n d i n g  a c t i v i t y  in  k i d n e y s  of s h a m -  
o p e r a t e d  a n d  u n i n e f r e c t o m i z e d  r a t s  (Tab le  I I ) .  Th i s  
decrease  in  a c t i v i t y  d i s soc ia t ed  n o t  on ly  f r o m  t h e  increase  
in  k i d n e y  w e i g h t  (Table  I), b u t  a lso f rom a m o d e r a t e  
inc rease  in  a c t i v i t y  of g lucose -6 -phospha ta se  in  t h e  
m i e r o s o m a l  f r ac t ion  (Tab le  I I ) .  As t h e  level  of Mg ++- 
A T P a s e  in  h o m o g e n a t e  a n d  in  t h e  m i c r o s o m a l  i r a c t i o n  
was  u n c h a n g e d ,  i t  is un l i ke ly  t h a t  t h e  changes  in a c t i v i t y  
of  (Na+ + K + ) - A T P a s e  a re  d u e  to  unspec i f ic  a l t e r a t i o n s  
in  t h e  c o m p o s i t i o n  of t h e  p r e p a r a t i o n s  6. 

Thus ,  t h e  s t i m u l u s  caus ing  c o m p e n s a t o r y  h y p e r t r o p h y  
of t h e  r e m a i n i n g  k i d n e y  a f t e r  u n i n e f r e c t o m y  could  n o t  
p r e v e n t  t h e  decrease  in a c t i v i t y  of (Na  + + K+)-ATt?ase  
a f t e r  a d r e n a l e c t o m y .  O n  t h e  c o n t r a r y ,  a d i s soc ia t ion  
b e t w e e n  c o m p e n s a t o r y  r ena l  e n l a r g e m e n t  a n d  t h e  level  
of  (Na+ + K + ) - A T P a s e  was  found.  I t  is t he re fo re  un l ike ly  
t h a t  a causa l  r e l a t i ons h i p  ex i s t s  b e t w e e n  c o m p e n s a t o r y  
r ena l  e n l a r g e m e n t  a f t e r  u n i n e f r e c t o m y  a n d  i n d u c t i o n  
of (Na+ + K+)-ATPase .  T h e  e n z y m e  a c t i v i t y  seems to  
be  u n d e r  con t ro l  of t h e  a d r e n a l  cor t ica l  s teroids .  I t  is, 
however ,  no t  poss ib le  a t  p r e s e n t  to  decide  w h e t h e r  t h i s  

con t ro l  is exe r t ed  d i rec t ly ,  or  w h e t h e r  t he  changes  in  
a c t i v i t y  ref lect  a d a p t a t i o n  to  su s t a ined  changes  in  t he  
f u n c t i o n a l  d e m a n d s  on  t he  e n z y m e  1~. 

Zusammen[assung. N a c h  U n i n e p h r e k t o m i e  u n d  bi la-  
t e r a l e r  A d r e n a l e k t o m i e  e n t s t e h t  e ine Dissoz ia t ion  zwi- 
s chen  de r  N ie renve rg rOsse rung  u n d  de r  (Na + + K+)- 
A T P a s e  A k t i v i t ~ t .  Es  b e s t e h t  w a h r s e h e i n l i c h  ke in  Z u s a m -  
m e n h a n g  zwischen  de r  N i e r e n v e r g r 6 s s e r u n g  u n d  der  
I n d u k t i o n  yon  (Na + + K+) -ATPase .  A u c h  in  de r  vergr6s-  
s e r t en  Nie re  s ind  die N e b e n n i e r e n h o r m o n e  n o t w e n d i g ,  
u m  die (Na + + K + ) - A T P a s e  zu e rha l t en .  
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Reciprocal Autoregulat ion of Blood Flow and Blood Pressure 

T h e  fo l lowing r e su l t s  led us  to  t h e  conc lus ion  t h a t  t h e  
p e r i p h e r a l  r e g u l a t i o n  of b lood  f low t h r o u g h  d i f f e ren t  
a r t e r i a l  beds  d e p e n d s  on  a n  e q u i l i b r i u m  of 2 rec ip roca l ly  
a c t i n g  a u t o r e g u l a t o r y  con t r o l  m e c h a n i s m s .  T he  a r t e r i a l  
i n p u t  i m p e d a n c e  

R ,  (p, O) - -  P l Q ,  1 

as def ined  in  t he  f r e q u e n c y  d o m a i n  1, 3, is t h e  q u o t i e n t  of 
t he  c o m p l e x  a r t e r i a l  p ressure  p a n d  t he  com pl ex  a r t e r i a l  

f low Q. T h e  ex i s tence  of local  con t ro l  m e c h a n i s m s  is 
expressed  b y  a s s u m i n g  2~, in e q u a t i o n  1 to be  a n  impl i c i t e  
f u n c t i o n  of p ressu re  a n d  f low 2. Cons ider ing  on ly  sma l l  
p e r t u r b a t i o n s  of p ressure  a n d  flow, t he  fol lowing r e l a t i on  
can  b e  de r ived  f r o m  e q u a t i o n  1: 

1 + G ¢  
@ / d ~  = R ~ . .  = R~o 1 + C------~" 2 

Rit,n is t h e  ' l i nea r i zed '  i n p u t  i m p e d a n c e .  R,o is t h e  im-  
p e d a n c e  se t  v a l u e  a r o u n d  w h i c h  s m a l l  p e r t u r b a t i o n s  of 
p ressure  a n d  flow are  e x a m i n e d .  ~o a n d  Do are  t he  cor- 
r e s p o n d i n g  se t  va lues  of f low a n d  pressure .  

is de f ined  as  t h e  ga in  of t h e  a u t o r e g u l a t i o n  of f low a n d  
ref lec ts  t h e  con t ro l l i ng  in f luence  of a r t e r i a l  flow on t h e  
i m p e d a n c e  R,. 

G~, = - -  (Pot R,o) ~Rd~50 ¢ 

is de f ined  as t h e  ga in  of t h e  a u t o r e g u l a t i o n  of p ressu re  
a n d  ref lects  t h e  con t ro l l i ng  in f luence  of t h e  a r t e r i a l  pres-  
sure  on  t h e  impedance .  The  choice  of a n e g a t i v e  s ign in  
t h e  de f in i t ion  of G~ is sugges ted  b y  t he  d i r ec t ion  of t h e  
expec t ed  response,  as e x p l a i n e d  in F igu re  1. 

E q u a t i o n  2 was  used to  e x a m i n e  t h e  a u t o r e g u l a t o r y  
f r e q u e n c y  response  of d i f f e ren t  ar ter ies .  W e  pe r fused  t h e  
A. m e s e n t e r i c a  sup.,  t h e  A. femora l i s  a n d  t h e  A. r ena l i s  
of d i f f e ren t  a n e s t h e t i z e d  dogs (Morphin-Chlora lose)  w i t h  
a r t e r i a l  blood.  The  b lood  f low was  p r o v i d e d  b y  a pe r i s t a l t i c  

Fig. 1. Schematic diagram demonstrating possible controlling influ- 
ences of autoregulation of flow (FA) and hypothetic autoregulation 
of pressure (PA) on the input impedance R, of an arterial bed. 

1 E. ~VETTERRR and T. KENNER, Grundlagen der Dynamib des 
Arterienpulses (Springer-Verlag, Berlin, Heidelberg, New York 
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