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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 
i968). 
T. KEN~'ER, in Foundations o! Biomechanlcs (Ed. Y. C. FuNG; 
Prentice Hall 1971), in print. 
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Fig. 2. Left column: Calculated Nyquist diagrams of 
the normalized input impedance according to equa- 
tion 2. A) Pure autoregulation of flow, G~ = 0, 
G~ = 3/(1 + ]u) 5), where ] = {--1}t/2 and co: 
circular frequency (rad. see-*). B) Autoregulation 
of pressure, G, = 3/(1 + ]co 100). A constant gain 
factor G~ = 3 was assumed for proper scaling of 
the diagram. C) Autoregulation of pressure and 
flow. G , =  31(1 + jOJ5) and G~=31(1 + jco 10~). 
Right column: Measured Nyquist diagrams of the 
input impedance of the mesenterie artery (MES, 
units mm Hglml/min), femoral artery (FEM, units 
mm Hg/ml/min) and renal artery (REN, units mm 
Hg/ml/100 g/ufin). Average dog weight 20 kg. Flow 
was used as modulated input signal with the modula- 
ted amplitude being about 40% of the mean flow 
value. Parameters frequency in Hz. Squares: Zero 
frequency resistance as measured during constant 
perfusion with mean flow value. 

p u m p  from a cannu la  inser ted in one femoral  a r te ry .  The  
p u m p  ra te  could be modula ted .  Us ing  a TR-48  analog 
compu te r  in the  control  c i rcui t  both,  the  ar ter ia l  perfus ion 
f low or  local  a r te r ia l  pressure could be modu la t ed  sinu- 
soidal ly  in the  f requency  range be tween  0.0005 H z  and  
0.25 H z  according to  signals f rom a func t ion  generator .  
The  responses of pressure and flow, respect ively ,  were 
recorded.  E a c h  ar ter ia l  bed was examined  in a t  least  3 
d i f ferent  animals .  The  responses were reasonably  l inear  
in the  examined  range.  

The  r ight  co lumn of F igure  2 shows charac ter i s t ic  
results  f rom the  A. mesenter ica  sup. (MES), the  A. femo- 
ralis  (FEM) and the  A. rena!is (REN) in the  form of 
Nyqu i s t  d iagrams  of the  inpu t  impedance .  The  lef t  co lumn 
of Figure  2 shows Nyqu i s t  d i ag rams  calculated according 
to  equa t ion  2 for the  fol lowing assumpt ions :  A) pure  
au toregula t ion  of f low; B) au toregula t ion  of pressure and 
C) reciprocal  au to regu la t ion  of pressure and flow. F i rs t  
order  t ransfer  funct ions  were assumed for Gq and Gp, as 
indica ted  in the  figure. 

F r o m  these  results  i t  can be concluded t h a t  there  exists  
an  au toregu la t ion  of pressure  besides the  wel lknown 
au toregu la t ion  of f low a in all  3 examined  beds. A l though  
the  expe r imen ta l  resul ts  ce r ta in ly  are  d is tor ted  by  non- 
t inear effects, i t  can  be seen t h a t  t he  effect  of  t he  au to-  
regula t ion  of pressure is mos t  marked  in t he  femoral  
ar tery ,  whereas  the  mesenter ic  a r t e ry  exhib i t s  near ly  pure  

au to regu la t ion  of flow. The renal a r te ry  shows b o t h  au to-  
regula t ion  of f low and  pressure. The  t i m e  cons t an t  of 
t he  l a t t e r  is in t he  order  of  1000 sec. 

The  exis tence  of an  au toregu la t ion  of  pressure indicates  
t h a t  local cont ro l  mechan isms  t ake  p a r t  in t he  d y n a m i c  
regula t ion  of t he  ar te r ia l  pressure  and m a y  do so even  
in the  absence of neural  cont ro l  *. 

Zusammen/assung. Der  E ingangswide r s t and  verschic-  
dener  Ar ter ien  wurde  im Nieder f requenzbere ich  (0,0005 
bis 0,25 Hz) mi t t e l s  s inusf6rmig m o d u l i e r t e r  Pumpen-  
Perfusion m i t  a r te r ie l lem Blu t  an narkot i s ie r ten  H u n d e n  
gcmessen. Die Resu l t a t e  lassen die Ex i s t enz  zweier  rezi- 
prok  wi rkender  Au to regu la t ionsmechan i smen  vermuten ,  
deren F requenzcha rak te r i s t i k  m i t  Hi l fe  eines einfachen 
l inearen Modells  s imul ier t  werden konnte .  
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Effects of L-Dopa Alone and in Combination with Dopa Decarboxylase Inhibitors on the Arterial 
Pressure and Heart Rate of Dogs 

L-3 ,4-Dihydroxyphenyla lan ine  (L-dopa) is known to 
produce clinical i m p r o v e m e n t  in pa t ien ts  wi th  Park in-  
son's  disease1. Side effects of L-dopa g iven  ora l ly  include 
hypotens ion  x-s, while  by  i.v. admin i s t r a t ion  L-dopa 
elevates  ar ter ia l  pressure in m a n  4. In  expe r imen ta l  
animals  the  acute  effect  of L-dopa on the  ar ter ia l  pressure 

is species dependent .  By  i.v. admin i s t r a t ion  L-dopa 
elevates  ar ter ia l  pressure in cats  s bu t  lowers it  in rabbi t s  e. 

The  possible mechan isms  of the  hypo tens ive  ac t ion  
of L-dopa include:  1. r ep lacement  of norepinephr ine  a t  
the  per iphera l  sympa the t i c  nerve  endings wi th  dopamine ,  
which  is a weaker  ¢¢-adrenergic s t imu lan t  t h a n  norepine-  


