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Summary 

A new syn thes i s  of f l avopere i r ine  is descr ibed,  s t a r t i n g  
f rom the  q u a t e r n a r y  sa l ts  of g r a m i n e  a n d  N-phenacy l -3 -  
e t h y l - p y r i d i n i u m  b romide .  

* Anschr i f t  : E. Merck A . G ,  D a r m s t a d t ,  Chem. Haup t l abo ra to r i um.  

Effect of  I n c r e a s i n ~  the  C a l c i u m  C o n c e n t r a t i o n  
D u r i n g  a S ing l e  H e a r t - B e a t ~  

Ca ions serve  as a l ink  b e t w e e n  e lect r ica l  a n d  m e c h a n i -  
cal  a c t i v i t y  2-4 ; t h e i r  c o n c e n t r a t i o n  is a n  i m p o r t a n t  f ac to r  
d e t e r m i n i n g  t he  con t r ac t i l e  s t r e n g t h .  The  ques t i on  ar ises  
w h e t h e r  i t  is t h e  Ca level  a t  t he  onset of e lec t r ica l  a c t i v i t y  
wh ich  se ts  t he  degree  of s h o r t e n i n g  ( t r igger  effect),  or  
w h e t h e r  Ca ions are  essen t ia l  t h r o u g h o u t  t he  phase  of 
e lectr ical  a c t i v i t y  in o rde r  to  l ink  s h o r t e n i n g  to m e m b r a n e  
depola r iza t ion .  The  p lan  of t he  e x p e r i m e n t  was  to raise  
t he  Ca c o n c e n t r a t i o n  rap id ly ,  a f te r  t h e  b e g i n n i n g  of a n  
ac t ion  po ten t i a l ,  a n d  to see w h e t h e r  th i s  would  sti l l  r esu l t  
in a s t r onge r  con t r ac t i on ,  

R i n g e r ' s  so lu t ion  of a low Ca c o n c e n t r a t i o n  (0.7 raM), 
A ca lc ium- r i ch  so lu t ion  (100 m l t l  CaC12 in  R inger ' s )  was  
k e p t  r e a d y  in  a t h i n  t u b e  e n d i n g  ins ide  t h e  t i p  of t h e  
a r t e r i a l  cannu la .  R e l a t i v e l y  smal l  vo lumes  of th i s  so lu t ion  
could  be a d m i x e d  for per iods  of 2.5 sec. C o n t r a c t i o n s  were 
r ecorded  b y  m e a n s  of a mechano -e l ec t r i c a l  t r a n s d u c e r  
(RCA 5734). T h e  m e t h o d  has  been  desc r ibed  in more  
de ta i l  in  c o n n e x i o n  w i t h  a d i f fe ren t  t y p e  of e x p e r i m e n t  5. 

T h e  F igu re  shows t h e  effect  of m o m e n t a r i l y  ra i s ing  t h e  
Ca c o n c e n t r a t i o n  before  a n d  d u r i n g  systole .  T h e  lower 
record  m a k e s  i t  c lea r  t h a t  a n  i n c r e m e n t  of co n t r ac t i l e  
s t r e n g t h  cou ld  sti l l  be  o b t a i n e d  if t h e  Ca c o n c e n t r a t i o n  in  
t h e  p e r f n s a t e  s t a r t e d  to  r ise a t  t h e  b e g i n n i n g  of systole ,  
i.e. a f t e r  the  onse t  of m e m b r a n e  depo la r iza t ion .  

M e m b r a n e  po ten t i a I s  were r eco rded  on  severa l  occas ions  
b y  m e a n s  of LING-GERARD" elect rodes .  A 'pu lse '  of cal-  
c i um ions h a d  t h e  effect  of s l igh t ly  s h o r t e n i n g  t h e  ac t ion  
po ten t i a l .  Th i s  would  not ,  per se, be expec t ed  to r e su l t  in 
a s t r onge r  co n t r ac t i o n .  I t  seems permiss ib le ,  t hen ,  to  con-  
c lude t h a t  Ca ions m e d i a t e  b e t w e e n  electr ical  a n d  m e c h a n -  
ical a c t i v i t y  throughout the period o/ membrane depolari- 
zation. 
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Zusammen/assung 

An S c h i l d k r 6 t e n h e r z e n  ve r s t / i r k t  eine Zugabe  v o n  Ca- 
Ionen ,  die naeh B e g i n n  des A k t i o n s p o t e n t i a l s  erfolgt,  die 
bere i t s  b e g o n n e n e  K o n t r a k t i o n .  Es  wi rd  d a r a u s  geschlos-  
sen, dass  Ca - Ionen  w/ ih rend  de r  ganzen E r r e g u n g s p h a s e  
(und  n i c h t  n u r  zu de ren  Beginn)  zwischen de r  e l ek t r i schen  
u n d  de r  m e c h a n i s c h e n  A k t i v i t ~ t  v e r m i t t e l n .  
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Effect of admix ing  Ca ions to the perfusate  of a tur t le  ventr icle .  In  
each of the two records, the film was exposed during three successive 
contractions, of which the first two coincide. Calcium was admixed, 
as indicated by the 2.5 sec square pulse, preceding the third beat (top 
record) and during the third beat (bottonl record). The retouched 

vert ical  line marks  the nioment  of s t imula t ion .  

Tur t l e  ven t r ic les  were i m m e r s e d  in  a b a t h  of cooled 
Ringer ' s  so lu t ion  (8°C) a n d  d r i v e n  e lec t r ica l ly  a t  a r a t e  of 
1 b e a t / m i n .  A c a n n u l a  was in se r t ed  i n to  t h e  single coro-  
n a r y  a r t e r y  a n d  t he  v a s c u l a r  bed  was per fused  w i t h  
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C a l c i u m  and the  A c t i v a t i o n  of  C o n t r a c t i o n  

I t  h a s  r ecen t ly  been  p roposed  x t h a t  t h e  c o n t r a c t i o n  of 
h e a r t  musc le  is i n i t i a t e d  b y  a n e g a t i v e l y  ch a rg ed  Ca- 
c o m p o u n d  (an ' a c t i v a t o r ' )  w h i c h  is m o v e d  d u r i n g  depolar i -  
z a t i o n  of t h e  cell  m e m b r a n e  f r o m  t h e  surface  i n t o  some 
deeper  ce l lu lar  c o m p a r t m e n t .  Th i s  h y p o t h e s i s  is b a s e d  for  
t h e  m o s t  p a r t  o n  a n  ana lys i s  of two  e x p e r i m e n t a l  ob-  
s e rva t ions  on  t h e  f rog 's  h e a r t :  (1) t h a t  t ens ion  deve loped  
in tw i t ches  a n d  c o n t r a c t u r e s  d ep en d s  on  t h e  r a t io  [Ca]/[Na] 2 
( these be ing  t h e  Ca a n d  N a  c o n c e n t r a t i o n s  in  t i le ou t s ide  
fluid) 2.3. This  o b s e r v a t i o n  sugges ted  in t u r n  t h a t  N a  a n d  
Ca ions c o m p e t e  for  a si te  or  molecule  ' R '  w h i c h  becomes  
ac t ive  on ly  w h e n  i t  combines  w i t h  Ca. (2) C o n t r a c t u r e  
t ens ion  o b t a i n e d  a t  a g i v e n  ra t io  ECa]/LNajZ,i.e.at a g iven  
c o n c e n t r a t i o n  of t h e  p roposed  ' a c t i v a t o r  CAR', is l a rger  
t h e  g r ea t e r  t h e  degree  of m e m b r a n e  d ep o l a r i z a t i o n  (which 
was  va r i ed  e x p e r i m e n t a l l y  b y  a l t e r ing  t h e  e x t e r n a l  K-con-  
c e n t r a t i o n )  1. Th i s  effect  sugges t s  t h a t  t h e  n o r m a l  mem- 
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