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The effect of 5 ~tM lanthanum on calcium uptake and on the restoration of contractile force in calcium depleted hearts 
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Control (5) Lanthanum (5) 

Ca 1 Ca2 Ca1 Ca2 

T~/2 (sec) 5.6 4- 1.7 ~ 46.2 4- 6.2 -- 33.4 4- 7.9 

Calcium content (mEq/kg tissue wet wt.) 0.92 4- 0.13 2.87 4- 0.33 -- 3.96 4- 0.38 b 

Contractile force (g) 19.1 4- 3.1 0 

Figures in parentheses indicate the number of hearts. ~Mean -4- S.E. b Differs significantly from control (P < 0.05). 

p roached  a s t eady  s t a te  a t  app rox ima te ly  the  same ra te  2, 
the  calcium t aken  up p rdbab ly  en tered  the  same pool, Ca~. 
Thus,  on the  basis of flits cri terion,  Ca1 was absen t  in the  
calcium up take  curve in l a n t h a n u m  t r ea t ed  hear ts .  The 
q u a n t i t y  of calcium t a k e n  up by  Ca 2 dur ing  reperfus ion 
in the  presence  of 5 a M  l a n t h a n u m  was grea te r  (P  < 0.05) 
t h a n  the  qun t i t i y  of calcium t aken  up by  Ca 2 alone, b u t  
was no t  s igni f icant ly  d i f fe rent  (P  > 0.05) f rom the  to ta l  
q u a n t i t y  of calcium (Ca~ + Ca2) by  the  contro l  hearts .  

I t  can be concluded f rom these  resul ts  t h a t  5 ~M 
l a n t h a n u m  blocked the  up t ake  0f calcium by  Ca 1 bu t  no t  
by  Ca 2, and  moreover ,  when  calc ium up take  in to  Ca 1 was 
blocked,  cont rac t i le  force was no t  res tored  even t hou g h  
s ignif icant ly  more  calcium was t aken  up by  Ca~. Since th is  
concen t ra t ion  of l a n t h a n u m  has  been shown to  have  l i t t le  
or no effect  on electr ical  ac t iv i ty  in the  m y o c a r d i u m  3, 
these  resul ts  ind ica te  t h a t  there  are a t  least  2 pools  of 
calc ium involved  in t he  process  coupl ing exc i ta t ion  to  
con t rac t ion  in the  hear t .  Firs t ,  a c o m p a r t m e n t  which  we 
have  ident i f ied  as Ca~, and  have  shown to  be necessary,  
b u t  no t  suff ic ient  by  itself, to  ma in t a in  cont rac t i le  force. 

Second, a smaller  calcium c o m p a r t m e n t ,  Ca 1, whose  
calc ium co n t en t  was no t  re la ted  d i rec t ly  to  t he  res tora-  
t ion of cont rac t i le  force, bu t  which  was absolu te ly  essen- 
t ia l  to  t he  coupl ing process  in cardiac muscle.  One possible 
i n t e rp re t a t i on  of these  resul ts  is t h a t  t he  calc ium con- 
t a ined  ill Ca t in some way  media tes  the  release of calcium 
f rom Ca~ which  in t u r n  ac t iva tes  the  cont rac t i le  mechan-  
ism. A mechan i sm similar  to  th is  has  been  proposed  for 
skeletal  muscle  where  i t  has  been  shown t h a t  the  release 
of ac t iva to r  calcium f rom the  sarcoplasmic  re t icu lum of 
sk inned  skeletal  muscle  fibres is a regenera t ive  process  
in i t i a ted  by  free calcium in t he  b a t h i n g  solutionS, 6. 
P r e s u m a b l y  the  free ion represen ts  calcium l ibera ted  f rom 
the  sa rco lemma and  t r ansve r se  t ubu la r  sys t em by  
depolar iza t ion  of the  cell. According to  th is  hypothes is ,  
t he  free calcium t h e n  ' t r iggers '  t he  release of re t icular  
calcium to ac t iva te  the  contrac t i le  mechan i sm 7. However ,  
one can only  conclude f rom the  p re sen t  resul ts  t h a t  t he  2 
calcium pools, Ca 1 and  Ca2, are b o t h  in t ima te ly  involved 
in t he  coupling process in the  hea r t  and t h a t  the i r  roles in 
th is  sys t em are different .  
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Fig. 2. The relationship between the accumulation of calcium during 
reperfusion by Ca I and Ca 2 and the restoration of contractile force. 
The mean coefficient of correlation, r, between the accumulation of 
calcium by Ca 2 and restoration of contractile force for the 5 hearts 
was 0.93. 

Zusammen/assung. Es wird  angenommen ,  dass min-  
des tens  zwei F rak t ionen  yon  intrazel lul / i rem Kalz ium am 
Kupplungsprozess  zwischen Re izung  und  K o n t r a k t i o n  
des Herzens  bete i l ig t  sind. 
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N e u r o h u m o r a l  R e g u l a t i o n  of  M o t i l i t y  and  B l o o d  F l o w  in  the  C o l o n  

The ext r ins ic  nervous  contro l  of colonic mo t i l i t y  and  
blood flow has  recen t ly  been  s tud ied  t. Elect r ica l  s t imula-  
t ion  and reflex ac t iva t ion  of the  pelvic nerves  p roduce  an 
in tense  f lushing of the  mucosa  ill t i le d is ta l  two th i rds  of 
the  colon. Corresponding  in t ime  wi th  th is  mucosal  f lush 

there  is a ma rk ed  b u t  t r ans i en t  increase of venous  out f low 
and  co n co mi t an t l y  witt l  the  vasod i la ta t ion  a mncoid  
secret ion.  I n t r a v e n o u s  admin i s t r a t i on  of a t rop ine  (1 mg /  
kg) did no t  s ignif icant ly  in terfere  wi th  t he  vasodi la t ion  
and  the  mot i l i ty  response  ind ica t ing  t h a t  bott l  m igh t  be 
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Fig. 1. The effect of supramaximal, intraarterial doses of bradykinin 
(left panel) and supramaximal pelvic nerve stimulation (right panel). 
Note the almost identical responses. 

Fig. 2. The effect of subthreshold doses of bradykinin (left panel) 
and subthreshold stimulation of the pelvic nerves (right panel) on 
colonic blood flow, tissue volume and the capillary filtration coeffi- 
cient (CFC). Note the almost identical responses. 

b r o u g h t  a b o u t  b y  a non-cho l inerg ic  m e c h a n i s m  largely 
s econda ry  to  an  a u g m e n t e d  secret ion.  The  release of 
k in in- l ike  subs t ances  s imi la r  to  those  i nvo lved  in the  
a t r o p i n e - r e s i s t a n t  v a s o d i l a t a t i o n  in t h e  s a l iva ry  g lands  
a n d  t he  panc rea s  2, 3 is suggested.  

I n  t he  p re sen t  s t u d y  t he  effects of b r a d y k i n i n  a n d  
pelvic  ne rve  s t i m u l a t i o n  on  colon m o t i l i t y  and  b lood flow 
were c o m p a r e d  in an  a t t e m p t  to  o b t a i n  ev idence  for 
b r a d y k i n i n  as a possible  m e d i a t o r  in  t he  pelvic  ne rve  
response.  

Methods. B y  record ing  t i ssue  v o l u m e  and  t o t a l  venous  
e f f luen t  s imul t aneous ly ,  t he  res is tance,  t he  capac i t ance  
and  t he  p recap i l l a ry  s p h i n c t e r  s egmen t s  of t he  c i rcu la t ion  
of t h e  ca t  colon were s tudied.  Th i s  p l e t y s m o g r a p h i c  
m e t h o d  was descr ibed in de ta i l  in  a p rev ious  work  1. I n  
some e x p e r i m e n t s  colonic m o t i l i t y  and  b lood f low were 
recorded  s imul t aneous ly .  Mot i l i ty  was  recorded  b y  a 
v o l u m e t r i c  m e t h o d  keep ing  in t ra -co lon ic  pressure  c o n s t a n t  
a t  a b o u t  10 cm H20.  The  pelvic  ne rves  to  t he  colon were 
cu t  cen t r a l ly  and  m o u n t e d  on  r i ng fo rmed  e lect rodes  for  
s u b s e q u e n t  g raded  e lect r ica l  s t imu la t i on .  S y n t h e t i c  
b r a d y k i n i n  was a d m i n i s t e r e d  c lose- in t ra-ar te r ia l ly .  

Results. As is shown  in F igure  1, close i n t r a a r t e r i a l  
infus ion  of b r a d y k i n i n  in  a large dose (1 tzg/ml) p roduced  a 
m a r k e d  and  sho r t l a s t i ng  b lood  f low increase  a n d  con- 
c o m i t a n t l y  a sus t a ined  a n d  powerfu l  m o t o r  c o n t r a c t i o n  
(left panel) ,  a n  effect  wh ich  is in  m a n y  respects  s imi la r  to  
t h a t  p roduced  b y  e f fe ren t  e lectr ical  s t i m u l a t i o n  of t h e  
pelvic  ne rves  ( r ight  panel) .  Close i n t r a a r t e r i a l  in fus ion  of 
b r a d y k i n i n  in low doses (0.006 ~g/ml) decre~/sed va scu l a r  
res i s tance  on ly  modera t e ly ,  whi le  t h e  cap i l l a ry  f i l t r a t i on  
coeff ic ient  (CFC) increased  cons iderab ly .  As is shown  in 
F igure  2 (left panel) ,  a m a r k e d  increase  in CFC occur red  
fol lowing infus ion  of b r a d y k i n i n  in doses t h a t  d id  n o t  
af fec t  b lood  f low a t  all. W h e n  t he  pelvic  ne rves  were 
s t i m u l a t e d  a t  h i g h  rates ,  t he  m o t o r  response  in te r fe red  
w i t h  t he  t i ssue  v o l u m e  recordings  a n d  m a d e  CFC de te rmi -  
a t ions  impossible .  On t he  o the r  h a n d ,  pe lvic  ne rve  
s t i m u l a t i o n  a t  a low r a t e  w h i c h  d id  n o t  af fec t  m o t i l i t y  or 

b lood flow res i s tance  never the les s  increased  CFC to a 
cons iderab le  ex ten t ,  F igure  2 ( r ight  panel) .  

Discussion. Specific v a s o d i l a t o r  f ibres  were p rev ious ly  
a s s u med  to  be  wide ly  d i s t r i b u t e d  t h r o u g h o u t  t h e  gas t ro-  
i n t e s t i n a l  t r ac t .  In  r ecen t  years  th i s  concep t  h a s  changed ,  
however ,  an d  i t  has  been  sugges ted  t h a t  neu rogenous  vaso-  
d i l a t a t ion ,  wh ich  occurs  on ly  in ce r t a in  res t r i c ted  p a r t s  of 
t h e  g a s t ro i n t e s t i n a l  t r ac t ,  i.e., t h e  sa l iva ry  gland,  t h e  
panc rea s  an d  p r o b a b l y  t h e  s tomach ,  is p a r t l y  or m a i n l y  
caused  b y  t h e  release of a s t ab le  v a s o d i l a t o r  mate r ia l ,  a 
p l a s m a k i n i n  2-K The  p r e s en t  resu l t s  ind ica te  t h a t  a s imi la r  
m e c h a n i s m  m i g h t  be  involved ,  even  in t h e  r egu la t ion  of 
colon b lood  f low a n d  secret ion.  

T h e  v a s o d i l a t a t i o n  an d  t h e  c o n c o m i t a n t  m o t o r  response  
fol lowing pelvic  ne rve  s t i m u l a t i o n  are la rgely  a t rop ine -  
res i s tan t .  This  coupled  response  is closely m i m i c k e d  b y  
infus ion  of b r a d y k i n i n .  Fo l lowing  infus ion  of s u b t h r e s h o l d  
doses of b r a d y k i n i n  as well  as a f te r  pe lvic  n e r v e  s t imula -  
t ion  a t  a f r equency  t h a t  d id  n o t  af fec t  m o t i l i t y  or r e s t ing  
b lood  flow, CFC increased  cons iderab ly .  T h e  m a g n i f i c a n t  
increase  in CFC wh ich  occur red  desp i te  u n c h a n g e d  b lood  
flow m i g h t  the re fore  be  due  to  increased  cap i l l a ry  
pe rmeab i l i t y .  CFC of ten  r each ed  f igures  c o m p a r a b l e  to  
those  c o m m o n l y  recorded  w h e n  t h e  va scu l a r  bed  is 
b r o u g h t  to  m a x i m a l  d i l a t a t i o n  b y  a n  unspeci f ic  vaso-  
d i l a to r  drug.  

Zusammen/assung. Indiz ,  dass  P l a s m a - K i n i n  sowohl  
in  den  lRegu la t ionsmechan i smus  der  l~lolon-Motilit/it  als 
auch  der  t31uts t rSmung eingreif t .  
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