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Electrical Activity in Different Regions of the Pyeloureteral System in the Guinea-Pig  

The  ac t ion  p o t e n t i a l  of t he  u r e t e r  shows r e m a r k a b l e  
di f ferences  f rom species to  species ~-3. W e  h a v e  now t e s t ed  
to w h a t  e x t e n t  s y s t e m a t i c  di f ferences  exis t  in  t he  ac t ion  
p o t e n t i a l  a t  d i f fe ren t  p a r t s  of t he  pye lou re t e r  of one an d  
t he  same  species. 

Material and methods. F r o m  33 gu inea-p igs  a k i d n e y  a n d  
u r e t e r  were cu t  ou t  a n d  t r ans fe r red ,  for f u r t h e r  p repa ra -  
t ion,  to  a b a t h  w i t h  cool s torage  so lu t ion  (Na + 144, K+ 
5.9, Ca ~+ 3.7, C1- 157 mmol/1). The  rena l  pelvis  was  pre-  
p a r e d  up  to  t h e  u t m o s t  r ena l  ends  w h i c h  c o n t a i n  t h e  nor-  
ma l  p a c e m a k e r  4. Fo r  m e a s u r e m e n t  of t h e  m e m b r a n e  po- 
t en t i a l  in  t he  ure ter ,  t h e  d i s t a l  end  of t he  p r e p a r a t i o n  was 
pul led  over  a t h i n  pe r spex  rod  a n d  secured.  The  rod  was 
f ixed  to  t he  b o t t o m  of a pe r fused  o rgan  b a t h  a n d  t he  free 
end  was connec t ed  to a mechano-e lec t r i ca l  t r ansduce r .  
E lec t r i ca l  a n d  m e c h a n i c a l  a c t i v i t y  were t h e n  recorded  si- 
m u l t a n e o u s l y  on  a d i rec t  recorder  (Fa. F. Schwarzer ,  
Munich) .  D i f fe ren t  f i xa t i on  t e c h n i q u e s  were used for in- 
t r a c e l l u l a r  m e a s u r e m e n t s  in  t he  reg ion  of t he  r ena l  pelvis.  
I n  some cases, t he  r ena l  pe lv is  was  pul led  over  large pers-  
pex  cones expee ia l ly  a d a p t e d  to  t he  r ena l  pe lvis  fo rm;  in 
o the r  cases, p a r t s  of t he  rena l  pelvis  were secured to a smal l  
r o u n d  pe r spex  pla te ,  or t he  pelvis  was  f ixed  w i t h  p ins  to  a 
cork  p la te .  Glass  microe lec t rodes  were used for  in t race l -  
lu la r  m e a s u r e m e n t s ,  t h e  whole  t e c h n i q u e  be ing  s imi la r  to  
t h a t  descr ibed  for p o r t a l  ve in  p r e p a r a t i o n s  5. The  o rgan  
b a t h  was per fnsed  w i t h  t he  fol lowing so lu t ion :  Na  + 137, 
K+ 5.9, Ca ~+ 2.5, Mg ~+ 1.2, CI- 124, HCO 3- 25, H @ O  4- 1.2, 
glucose 11.5 mmol/1, equ i l i b r a t ed  w i t h  95% O2 a n d  5% 
CO~, p H  7.4, t e m p e r a t u r e  35 ~ 

Results and discussion. D u r i n g  l ong - t e rm  record ing  a t  
t he  same place  of a pye lon re t e r  p r epa ra t i on ,  t he  ac t ion  
p o t e n t i a l  r e m a i n e d  qu i te  c o n s t a n t ,  b u t  g rea t  dif ferences  
were found  in ac t ion  p o t e n t i a l s  m e a s u r e d  a t  d i f fe ren t  re- 
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gions, as d e m o n s t r a t e d  in F igure  1. The  differences con- 
cern t h e  d u r a t i o n  of t h e  whole  ac t ion  p o t e n t i a l  as well  as 
t h e  h e i g h t  of t h e  p l a t eau  depo la r i za t ion  a n d  t h e  spike  
ampl i t ude .  The  d i s ta l  ac t ion  p o t e n t i a l  (Figure 1 c) can, as 
is usual  in t h e  l i t e ra tu re ,  be  descr ibed  as spikes super im-  
posed  on a p l a t eau  c o m p o n e n t .  However ,  t h e  ac t ion  po- 
t en t i a l  of a more  p r o x i m a l  region (Figure l b )  appea r s  as a 
u n i f o r m  process :  an  a b r u p t  per iod ica l ly  d a m p e d  t rans i -  
t i on  to a p l a t e a u  depolar iza t ion .  T h e  f r equency  of t h e  os- 
c i l l a t ion  was  20-30 cps. Th i s  is in  good a g r e e m e n t  w i t h  t h e  
resu l t s  of VEREECKEN 3. M e a s u r e m e n t s  in  t h e  r ena l  pe lv is  
region are t echn ica l ly  more  d i f f icul t  t h a n  in t h e  u re t e r  
itself. Successful  l o n g - t e r m  record ings  in th i s  a rea  could be  
o b t a i n e d  in 2 ou t  of 18 expe r imen t s .  I n  b o t h  cases, t he  
p l a t eau  d u r a t i o n  was b e t w een  2 an d  3 sec, wh ich  is longer  
t h a n  ever  o b s e r v e d  in  u re t e r  s m o o t h  muscle  (15 exper i -  
men t s ,  p l a t e au  d u r a t i o n  0.5-1 sec.) I n  t h e  e x p e r i m e n t  of 
F igure  l a ) ,  a c o n t i n u o u s  r ecord ing  w i t h  t h e  same pene-  
t r a t i o n  was m a d e  over  9 min,  a n d  21 ac t ion  p o t e n t i a l s  
were recorded  i n  th i s  period,  all  of wh ich  h a d  a p l a t eau  
d u r a t i o n  of more  t h a n  2 sec, i n d e p e n d e n t  of w h e t h e r  the  
i n t e rva l  b e t w e e n  2 pe r i s t a l t i c  waves  was 12 sec or a mul-  
t ip le  of i t  4. Th i s  can  be t a k e n  as an  i n d i c a t i o n  t h a t  t h e  re- 
cord ing  of F igu re  l a )  r ep resen t s  t h e  n o r m a l  ac t ion  pote.n- 
t i m  in t h e  rena l  pe lvis  region.  The  conclus ion can  be  d r a w n  
t h a t ,  in  t h e  p r o x i m a l  p a r t s  of the  pye loure te r ,  t h e  p l a t eau  
c o m p o n e n t  is p a r t i c u l a r l y  s t rong  an d  of long d u r a t i o n  a n d  
becomes  weaker  t o w a r d s  t h e  d i s t a l  p a r t s ;  a n d  t h a t  t he  
spike- l ike  osc i l la tory  c o m p o n e n t  is weak  in t h e  p r o x i m a l  
sec t ion  a n d  b e c o m i n g  more  p r o n o u n c e d  t o w ard s  t h e  d i s ta l  
par t s .  These  changes  are n o t  necessar i ly  comple t e ly  even  
over  t h e  whole  l eng th  of t h e  pye lou re t e ra l  sys tem.  I t  ap-  
pears  t h a t  t h e  pye lou re t e ra l  j u n c t i o n  is a p o i n t  where  a 
r e l a t ive ly  s u d d e n  change  occurs  f rom one t y p e  to ano the r .  

T h e  p r i m a r y  p a c e m a k e r  is localized in t h e  u t m o s t  rena l  
ends  of t h e  rena l  pelvis  4. The  successful  record ings  were 
t a k e n  f rom a s l igh t ly  more  d i s ta l  region,  which  can  be 
desc r ibed  as a s econda ry  p a c e m a k e r  a rea :  i t  is able  to  pro-  
duce  s p o n t a n e o u s  ac t iv i ty ,  b u t  a t  a l o w e r  r a t e  t h a n  t h e  
p r i m a r y  pacemaker .  W e  the re fo re  a s sume  t h a t  t h e  re- 
cord ing  of F igure  1 a) gives a l r eady  a good a p p r o x i m a t i o n  
of t h e  ac t ion  p o t e n t i a l  of t h e  p r i m a r y  p a c e m a k e r  area.  I t  
is to  be  expec ted  t h a t  t h e  p r edepo la r i za t i on  before  t h e  ac- 
t i on  po ten t i a l ,  wh ich  was v e r y  smal l  in  the  record ing  of 
F igure  I a), is g rea te r  in t h e  p r i m a r y  p a c e m a k e r  region, 
an d  p e r h a p s  t h e  osc i l la tory  c o m p o n e n t  is even  smal le r  
t h a n  in F igu re  i a). 

Zusammenfassung.  Bet  in t raze l lu l~ren  Messungen  des 
A k t i o n s p o t e n t i a l s  e rgaben  s ich s t a rke  U n t e r s c h i e d e  zwi- 
schen  den  ve r sch i edenen  Reg ionen  des Pye lou re t e r s :  Die 
P l a t e a u - K o m p o n e n t e  i s t  p r o x i m a l  a m  s t g r k s t e n  ausge-  
p r~g t  u n d  wi rd  n a c h  d i s t a l  b i n  schw/icher,  w~khrend die 
Osz i l la t ionen  (Spikes) d i s t a lwgr t s  ausgepr~g te r  werden.  
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Action potentials recorded with intracellular microelectrodes in 
different regions of the pyeloureteral system of the guinea-pig, as 
illustrated diagrammatically below. Recordings from different 
experiments. Note the differences in time scale. 
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