
772 Specialia EXPERIENTIA 2319 

Isometric  Length-Tens ion  Diagram for 
Maximal  Tetanic Contractions of Cardiac 

Muscle from a Gastropod, Busycon canaliculatum 

I n  l e n g t h - t e n s i o n  d i a g r a m s  p u b l i s h e d  for  ca rd i ac  
muscle ,  l e n g t h  is p l o t t e d  a g a i n s t  r e s t i n g  tens ion ,  sys to l ic  
p e a k  tens ion ,  t w i t c h  t ens ion ,  or  c o n t r a c t u r e  t e n s i o n  b u t  
n o t  a g a i n s t  m a x i m a l  t e t a n i c  t en s i on  x-4. Th i s  is to  be  
e x p e c t e d  for  v e r t e b r a t e  ca rd iac  muscle ,  wh ich  is non -  
t e t a n i z a b l e  6,6 e x c e p t  in  special  cond i t ions  w h i c h  s h o r t e n  
t h e  r e f r a c t o r y  pe r iod  T,s, b u t  i t  l eads  to  a d i f f i cu l ty  w h e n  
s t u d y i n g  m e c h a n i c a l  p rope r t i e s  of ca rd iac  musc le  in  t h a t  
m a x i m a l  con t r ac t i l e  t en s i on  a p p e a r s  d e p e n d e n t  on  t i m e  s,~ 
unless  d e t e r m i n e d  b y  a n  ionic c o n t r a c t u r e  m e t h o d  10. 
Mol luscan  ca rd iac  musc le  is r ead i ly  t e t a n i z a b l e  n a n d  ye t  
i t  sha res  w i t h  v e r t e b r a t e  ca rd iac  musc le  t h e  slow o n s e t  
a n d  slow decay  of ac t ive  s t a t e  w h i c h  m a y  be  cons ide red  
a cha rac t e r i s t i c  f e a tu r e  of t h e  a c t i v a t i o n  of ca rd iac  
musc le  ~2. 

The  F igu re  is a l e n g t h - t e n s i o n  d i a g r a m  for a 0.4 g r ing  
of v e n t r i c u l a r  musc le  f rom t h e  h e a r t  of a p r o s o b r a n c h  
gas t ropod ,  Busycon canaHcutatum. T h e  r ing  was s t r e t c h e d  
b e t w e e n  2 glass rods,  each  w r a p p e d  w i t h  p l a t i n u m  foil to  
se rve  as  a s t i m u l a t i n g  e lect rode.  T h e  u p p e r  rod  was  
m o u n t e d  on  t h e  p l a t e  s h a f t  of a R CA  5734 m e c h a n o -  
e lec t ron ic  t r an sduce r ,  wh ich  se rved  to  m e a s u r e  tens ion ,  
whi le  t h e  lower  rod  was m o v e d  b y  a P a l m e r  large a d j u s t -  
able  screw s t a n d  in  o rde r  to  s t r e t c h  or re lease  t h e  musc le  
r ing.  T h e  e x p e r i m e n t a l  p r o c e d u r e  was  to  s t a r t  w i t h  t he  
musc le  l e n g t h  j u s t  c o r r e s p o n d i n g  to  zero t e n s i o n  in  t h e  
u n s t i m u l a t e d  f resh  p r e p a r a t i o n  a n d  s t r e t c h  b y  i n c r e m e n t s  
of 1 m m ,  w i t h  a r e t u r n  to  base  l e n g t h  before  each  s t r e t ch -  
ing  to  a new leng th ,  A t  each  new l e n g t h  s t ress  r e l a x a t i o n  
was  r eco rded  a t  1 m i n  i n t e r v a l s  un t i l  t h e  1 m i n  c h a n g e  
a p p r o a c h e d  t h e  l im i t  of r e so lu t ion  of t h e  r ecord ing  
sys t em.  A t  t h a t  t i m e  t he  ca rd iac  musc le  r ing  was t e t a n i z e d  
w i t h  50 msec,  14 v o l t  shocks  a t  a f r e q u e n c y  of 15 shocks/sec,  
un t i l  m a x i m u m  t e n s i o n  was  a t t a i n e d  (ca. 1 sec). E xpe r i -  
m e n t s  were  c o m p l e t e d  on  I0  p r e p a r a t i o n s  w i t h  v e r y  
s imi la r  resul ts .  All  were  a t  r oom t e m p e r a t u r e  of 20-24  °C., 

d u r i n g  t h e  season  N o v e m b e r - J a n u a r y  of 1966-67,  a n d  
were  k e p t  m o i s t  w i t h  n a t u r a l  sea  wate r .  

T h e  e x p e r i m e n t  i l l u s t r a t ed  was  car r ied  f rom zero res t -  
ing  t en s ion  to  t h e  p o i n t  a t  w h i c h  t h e  musc le  r i ng  pu l led  
a p a r t  d u r i n g  t e t a n i c  con t r ac t i on .  T h e  s h a p e  of t h e  l eng th -  
t en s ion  c u r v e  is t yp i ca l  of ca rd iac  musc le  as c o n t r a s t e d  
to  ske le ta l  musc le  in  t h a t  t e t a n i c  t e n s i o n  is m i n i m a l  a t  
zero r e s t i ng  t en s ion  a n d  b o t h  r e s t i ng  a n d  t o t a l  t e n s i o n  
inc rease  w i t h  inc reas ing  s t r e t c h  t. T h e  p l a s t i c i t y  of mol lus-  
c an  ca rd iac  musc le  is such* t h a t  e v e n  a t  m a x i m u m  ex- 
t e n s i o n  pass ive  r e s t i ng  t en s ion  n e v e r  a p p r o a c h e s  t o t a l  
t e t a n i c  t e n s i o n  ( h e a v y  d a s h e d  line) or  a c t i v e  t e t a n i c  t e n -  
s ion ( th in  d a s h e d  line). T o t a l  t en s ion  of s p o n t a n e o u s  bea t s ,  
w h i c h  s o m e t i m e s  fol lowed s t r e t c h i n g  or  t e t a n i z i n g  (un-  
filled circles), also c o n t i n u e d  to  inc rease  w i t h  inc reased  
s t r e t ch .  I f  t h e  d i a g r a m  is c o m p a r e d  to  those  t h a t  h a v e  
b e e n  o b t a i n e d  for  mo l lu scan  n o n - c a r d i a c  musc le  ~8,~4 we 
see t h a t  ac t ive  t e n s i o n  in f resh  non -ca rd i ac  musc le  r ises 
w i t h  inc reas ing  l e n g t h  on  a c u r v e  b e g i n n i n g  a t  less t h a n  
re fe rence  l e n g t h  a n d  r i s ing  to  a m a x i m u m  a t  a l e n g t h  
where  r e s t i ng  t en s ion  is zero. T h u s  t h e  t e t a n i c  t e n s i o n  vs.  
l e n g t h  c u r v e  for  m o l l u s c a n  ca rd iac  musc l e  differs  f r o m  
t h a t  for  m o l l u s c a n  n o n - c a r d i a c  musc le  in  t h e  s ame  
m a n n e r  as  l e n g t h - t e n s i o n  d i a g r a m s  for  v e r t e b r a t e  h e a r t  
musc le  differ  f r o m  l e n g t h - t e n s i o n  d i a g r a m s  for  ske le ta l  
muscle .  Th i s  p laces  t h e  pecu l ia r  n a t u r e  of ca rd iac  musc le  
on  a p o t e n t i a l l y  s o u n d e r  f oo t i ng  s ince  t h e  m a x i m a l  t e t a n i c  
responses  of a m y o c a r d i u m  w i t h  t h e  t y p i c a l  a c t i v e  s t a t e  
p rope r t i e s  of ca rd i ac  musc le  c a n  n o w  b e  c o m p a r e d  w i t h  
m a x i m a l  t e t a n i c  r e sponses  of non -ca rd i ac  musc le  Is. 

Zusammen/assung. Der  H e r z m u s k e l  y o n  Mol lusken  
u n t e r s c h e i d e t  s ich -con de r  t ib r igen  M o l l u s k e n m u s k u l a t u r  
e n t s p r e c h e n d  wie s ich de r  H e r z m u s k e l  de r  W i r b e l t i e r e  
yon  ih re r  S k e l e t t m u s k u l a t u r  u n t e r s c h e i d e t ,  i n so fe rn  m a n  
die B e z i e h u n g e n  zwischen  pas s ive r  u n d  a k t i v e r  K r a f t  be-  
t r a c h t e t .  I m  H e r z m u s k e l  der  Mol lusken  li tsst  s ich de r  
m a x i m a l e  T e t a n u s  ft ir  die Messung  de r  a k t i v e n  K r a f t  
v e r w e n d e n .  

R. B. HILL 
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Length-tension diagram for isolated ventricular muscle of Busycon 
car~aliculatum. Upper line: total tetanic tension; middle line: active 
tetanic tension; lower line: passive resting tension, with vertical 
extensions indicating stress relaxation at  1 min intervals. Unfilled 

circles: total tension of spontaneous beats. 
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