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ins tances  of increased s y m p a t h e t i c  d ischarge (as in t he  
case of the  Figure, a t  the  t ime  of occlusion) t h e y  remained  
unmodif ied.  

We  conclude t h a t  T3 s y m p a t h e t i c  fibres, p robab ly  
re la ted  to the  ef ferent  innerva t ion  of the  hear t ,  are 
f r equen t ly  ac t iva ted  by  coronary  occlusion. This increased 
discharge is i n d e p e n d e n t  of s ino-aort ic  reflexes, as demon-  
s t r a t ed  by  its occurrence in spinal  animals.  The results  
ob ta ined  in the  spinal  p repa ra t ion  suppor t  the  concept  
t h a t  a cardio-cardiac reflex m a y  also occur a t  a pure ly  
spinal  level. Ref lex reduc t ion  in firing ra te  also occurred,  
bu t  a t  var iance  wi th  w h a t  repor ted  by  o ther  au thors  l~ 
it was not  the  mos t  f r equen t  response.  As s t imula t ion  
of the  left s tel late ganglion, to which T3 dis t r ibutes ,  is 
known to induce a p r e d o m i n a n t  augmen to r  effect  on the  
hea r t  ~ it m igh t  be suggested,  as an hypothes is ,  t h a t  
reflex firing in T3 fibres dur ing  coronary  occlusion migh t  
represen t  an immed ia t e  compensa to ry  react ion to de- 
creased cont rac t i l i ty  of in jured  myocard ium.  

Rdsumd. La d6charge de fibres s y m p a t h i q u e s  pr6gan-  
glionnaires isol6es, fa isant  p r o b a b l e m e n t  par t ie  de l ' inner-  
va t ion  eff6rente du coeur, a 6% 6tudi6e sur des chats ,  soft 
an6sth6si6s, soft d6c6r6br6s, soft spinalis6s, pa r  r a p p o r t  

l 'occlusion d ' u n  segment  de l 'ar t6re  coronaire  de 
gauche. 
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Cardiac Muscle: Changes in Optimal Length During Inotropic Interventions 1 

STARLING showed t h a t  the  energy of con t rac t ion  of 
the  m a m m a l i a n  hea r t  is a funct ion  of the  diastolic volume 
and thus  of f iber l eng th  2. The re la t ionship  is such tha t ,  
as in the  case of skeletal  muscle, t he  isometr ic  tension 
developed dur ing con t rac t ion  decreases if f iber  or muscle 
length  is e i ther  greater  or less t h a n  an op t imal  value (L0). 
There  is direct  evidence for skeletal  muscle t h a t  th is  
l ength- tens ion  re la t ionship  depends  on changes  in sar- 
comere length  and thus  on the  posi t ion of the  th ick  and 
th in  f i laments  relat ive to each o ther  ~. Ind i rec t  evidence 
for the  same mechan i sm has been p resen ted  for hea r t  ~. 
I t  has been assumed t h a t  changes  in the  contrac t i le  s ta te  
of hea r t  muscle  do no t  al ter  L0: for example ,  SONNEN- 
BLICK has repor ted  t h a t  calcimn ions and  norep inephr ine  
had  li t t le effect  on the  opt imal  length  of cat  papi l lary  
muscle con t rac t ing  at  30 bea t s /min  at  25 ~ 5. 

Because th is  a s sumpt ion  is crucial to an unde r s t and ing  
of the  per formance  of the  hear t ,  we have  developed a 
t echnique  which  pe rmi t s  repeated,  precise de t e rmina t ion  
of the  l eng th- tens ion  re la t ionship  and  L 0 for isolated 
p repara t ions  of cardiac muscle dur ing  cont inuous ,  pro- 
g r am m ed  increases and  decreases in f iber  length  6. This 
repor t  summar izes  the  results  of 17 exper imen t s  on cat  
papi l lary  muscles in which  compar ison  was made  be tween  
the  l eng th- tens ion  curves  ob ta ined  before and  af ter  an 
inotropic  in te rvent ion .  In  9 of these exper imen t s  there  
was a s ignif icant  change  in L0, i.e. af ter  the  inotropic  
in te rven t ion  the  m a x i m u m  tens ion developed dur ing 
isometr ic  con t rac t ion  was recorded at  a muscle  length  
and res t ing tens ion r emarkab ly  di f ferent  f rom the  control  
values. 

Papi l la ry  muscles were ob ta ined  f rom the  r ight  ven-  
tricles of cats  anes the t ized  wi th  pen toba rb i t a l  sodium 
(30 mg/kg).  Muscles were s t imula ted  to con t r ac t  under  
isometr ic  condi t ions  a t  a ra te  of 45/min in a muscle b a t h  
ma in ta ined  at  37 ~ and  perfused  wi th  a modif ied  ty rode  
solution6. Af te r  pe r fo rmance  of each muscle  had  become 
stable,  length  was increased and decreased be tween  
f ixed m a x i m u m  and m i n i m u m  values a t  a cons t an t  ra te  
to  provide  a large series of l eng th- tens ion  curves.  Figure 
1 A and B shows the  resul ts  ob ta ined  dur ing  10 successive 
lengthening  cycles for 2 di f ferent  muscles. I t  is clear tha t ,  

under  co n s t an t  exper imenta l  condit ions,  b o t h  diastolic 
(resting) and developed systolic (active) tens ion bear  a 
cons is ten t  re la t ionship  to  muscle length.  Figure 2 shows 
bo th  the  cont ro l  da t a  for an o t h e r  muscle  which  was 
s t re tched  jus t  to  L 0, the  peak  of the  l eng th- tens ion  
curve and  the  resul ts  ob ta ined  when  norep inephr ine  
(1.2 A 10-~M) was added  to the  perfusate .  The nore- 
p inephr ine  caused the  expec ted  increase in developed 
systolic tens ion  a t  all lengths  and  also, as we have  shown 
in previous  studies,  caused an increase in diastolic com- 
pliance such tha t ,  a t  lengths  approach ing  L0, res t ing  
tens ion was reduced.  At  the  m a x i m u m  length  s tudied  
the  decrease in diastolic tension was 0.3 g. This change  
in compl iance  would have  an appreciable  e t fect  on the  
pressure-volume re la t ionship  for the  in tac t  hear t .  

However ,  in re la t ion to  the  pressure-vo lume curve  and  
the  pe r fo rmance  of the  in tac t  hear t ,  the  mos t  i m p o r t a n t  
f inding is t h a t  a f ter  exposure  of t he  muscle  to norepine-  
phrine,  the  apex  of t h e  l eng th- tens ion  curve shif ted to 
the  left and  L 0 decreased by  ap p ro x i ma t e l y  200 Ix. 
Similar shif ts  in L 0 were ob ta ined  when  e i ther  pa i red  
s t imula t ion  or calcium ions were used to increase com- 
pl iance and  developed tension.  Fo r  the  e x p e r i m e n t  shown 
in Figure 2 the  ne t  effect  of the  increase in compl iance  and 
the  shif t  in L 0 was to  decrease the  tens ion requi red  to 
br ing the  muscle  to o p t i m u m  length  f rom 9.7 g/rain ~ to  
3.2g/ram2; the  difference be tween  these  two  values, 
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Fig. 1. Data from 10 con- 
secutive lengthening cycles 
(0.1 mm/15 sec) from each of 
2 cat papillary muscles ; tem- 
perature, 37 ~ stimulation 
frequency, 45/min. Muscle di- 
mensions, (A) 5.2 x 0.8 mm; 
(B) 4.8 x 0.75 mm. Data are 
plotted as the mean and range 
of both active and resting 
tension (force) at each length. 

6.5 g / m m  ~, provides  some ind ica t ion  of the  change  in 
diastolic pressure  which  migh t  be requi red  to  br ing  the  
i n t ac t  ventr ic le  to  t he  peak  of the  STARLING curve.  

Studies  on the  cause of t he  var iab i l i ty  in L 0 are in 
progress  and  p re l iminary  resul ts  suggest  t h a t  one impor-  
t a n t  factor  is var iable  res idual  in te rac t ion  be tween  the  
contrac t i le  e lements  7,8 such t h a t  e longat ion of t he  muscle 
m a y  cause va ry ing  degrees of change in the  over lap of 
t he  th ick  and  th in  f i laments .  However ,  even  w i th o u t  an 
unde r s t and ing  of the  mechan i sm responsible  for t he  
phenomenon ,  i t  is clear tha t ,  since an increase in diastolic 
compl iance  m a y  be associa ted wi th  a change  in t he  
re la t ionship  be tween  muscle  l eng th  and  developed ten-  
sion, even small  changes  in compliance,  of the  magn i tudes  
we have  repor ted  9 m a y  have  p ro found  effects  on the  
p ressure -vo lume re la t ionship  of t he  in tac t  hear t .  Fur the r ,  
one m u s t  consider  t he  poss ibi l i ty  t h a t  decreases  in 
compliance,  of s imilar  magni tude ,  m a y  con t r ibu te  to  the  
high diastolic pressure  deve loped  dur ing  cardiac  failure 
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Fig. 2. Data from a control and an experimental cycle of length 
change (0.1 retail5 see) of a cat papillary muscle. Control data 
are shown by solid lines and filled circles; data during perfusion 
with norepinephrine (1.2 • 10-7M) are shown by dashed lines and 
unfilled circles. Temperature, 36.5 ~ stimulation frequency, 45/min; 
muscle dimensions, 8 • mm. Note the increase in developed 
systolic tension (force) and decreased resting tension (increased 
diastolic compliance) during the catecholamine intervention. Also 
note the decrease in optimal length (length at which maximum 
systolic tension is developed) during perfusion with the drug. The 
horizontal filled arrow shows the resting tension at optimal length 
during the control cycle and the unfilled arrow shows the resting 
tension at the shorter optimal muscle length during perfusion with 
the catecholamine. 

and to the  progressive i m p a i r m e n t  of cardiac funct ion.  
Finally,  since i t  has  been  shown t h a t  the  re la t ionship  
be tween  developed systol ic  tens ion  and  muscle length  
is no t  co n s t an t  for cardiac  muscle,  th is  var iable  m u s t  be 
s tudied  when  the  con t rac t ion  of cardiac muscle is influ- 
enced by  drugs and  o ther  exper imenta l  variables.  

Rdsumd. Des courbes  e x p r i m a n t  le r ap p o r t  longueur-  
tens ion dans  le muscle  papil laire du cha t  furent  6tudiGes 
en c o m p a r a n t  des changemen t s  successifs de longueur.  
En  t r a i t a n t  la prGparat ion avec des subs tances  inotropes,  
on produis i t  souven t  des modif ica t ions  marquGes de la 
longueur  opt imale .  Ces modif ica t ions  p eu v en t  avoir  une 
impor t ance  dans  la re la t ion volume-press ion  du coeur 
intact .  
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