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The Decremental  Propagat ion of the Action Po-  
tential  and Loss of Mechanical  Response  in F r o g  

Sartorius Muscle  in the Absence of Calcium 

I n  a previous  work  1, the  effects of ca lc ium lack was 
s tudied  on frog Sar tor ius  muscle in respect  to rest ing and 
act ion potent ia ls  and the  mechanica l  response of whole 
muscle and single surface fibres. I t  was found t h a t  res t ing 
potent ia ls  fell, in the  absence of calcium, to  levels a t  
which  the  cell was inexci table .  I t  was also found tha t ,  
even  before cells became  inexci table  action, po ten t ia l s  
were  diminished and a fall  of t he  mechanica l  o u t p u t  
occurred.  The  loss of  the  mechanica l  response of whole  
muscle  in ca lc ium lack is therefore  a complex  phenom-  
enon, where  i n e x c i ~ b i l i t y  .of ind iv idua l  fibres and  
reduc t ion  of t he  in tens i ty  o-f response of  exc i tab le  fibres 
p l a y  a par t .  The  present  inves t iga t ion  is a imed  a t  fu r the r  
e luc ida t ing  the  mechan i sm b y  which t h e  mechan ica l  
o u t p u t  of ind iv idual  fibres is d iminished in calcium lack, 

Methods. Sar tor ius  muscles of Ge rman  R. temporaria 
were used a t  0-1°C.  Mechanica l  and electr ical  recordings 
were made  by  the  same me thods  as used p rev ious lyL  
The  composi t ion  of t he  solutions was also the  same as in 
t he  prev ious  work.  

Results. I f  the  dura t ion  of the  ac t ive  s ta te  in ca lc ium 
lack becomes  less t h a n  the  t ime  requi red  for the  act ion 
po ten t ia l  to p ropaga te  a long the  fibre, a loss of t he  
mechanica l  o u t p u t  should result .  Conduct ion  ve loc i ty  
measuremen t s  were m a d e  by  t ak ing  t h e  first  de tec tab le  
signal f rom an ex te rna l  probe electrode,  which  was m o v e d  
a long t h e  surface of  t he  muscle.  I n  two  muscles no 
change  of conduc t ion  ve loc i ty  was found  f rom a va lue  
of  0,9 m/sec even  af te r  2 h w i thou t  ca lc ium nor  a f te r  1 h 
af ter  replacing calcium. The  tw i t ch / t e t anus  ra t io  did no t  
fall more  t h a n  20% in the  absence of calcium. These facts  
a lmos t  ce r ta in ly  preclude the  possibi l i ty  of a reduc t ion  
in the  in tens i ty  of t he  ac t ive  s ta te  near  t he  s t imula t ing  
electrodes before the  dis ta l  end of the  fibres has  been 
ac t iva ted .  The  ac t ion  po ten t ia l  t akes  30 msec to pass 
a long the  fibre and the  normal  dura t ion  of the  ac t ive  
s ta te  is abou t  100 msec a t  0°C 2. 

I t  is possible, on the  o the r  hand,  to demons t ra t e  t h a t  
the  cont rac t i le  sys tem becomes progress ively  less act i-  
v a t e d  as the  d is tance  f rom the  s t imula t ing  electrodes 
increases. Muscles were m o u n t e d  on a mul t ie lec t rode  
assembly  wi th  a l t e rna te  ca thodes  and anodes  spaced 
3.6 m m  a p a r t  (cathode neares t  t he  pelv ic  end). The  
muscle was s t imula ted  wi th  2 m s e c  shocks a l t e rna te ly  
wi th  the  whole  a r r a y  or  wi th  a single pa i r  of e lectrodes a t  
e i ther  the  pelv ic  or  the  tibia1 end. Grea t  cure was t aken  
to  choose jus t  m a x i m a l  s t imula t ion  vol tages  ini t ial ly,  
bo th  when  using the  whole  a r r ay  and the  single electrode 
pair.  The  ra t io  be tween  the  vol tages  used for t he  whole 
a r r ay  and the  single ~ lec t rode  pairs  was ma in t a ined  
cons t an t  dur ing the  experxments  while ad jus t ing  the  
vo l tage  on the  whole a r r ay  to keep the  response jus t  
m a x i m a l  for the  preva i l ing  condit ions.  I t  was found t h a t  
the  ra t io  of t he  tw i t ch  wi th  t he  pelvic  e lectrode pa i r  to 
the  twi t ch  wi th  the  whole a r ray  fell s teadi ly  af ter  remov-  
ing ca lc ium and  in t he  la te r  stages,  the  same also occurred 
for the  s t imu la t ion  wi th  the  t ibial  e lectrode pair .  These 
exper iments  indicate  t h a t  in ca lc ium def ic iency there  is 

a progress ive  d iminu t ion  of t he  ac t iva t ion  of the  con- 
t rac t i le  sys tem along the  fibre l eng th  f rom t h e  po in t  of 
s t imula t ion .  

The  earl ier  communica t ion  1 repor ted  the  modi f ica t ion  
of t he  act ion po ten t ia l  in ca lc ium lack, w i th  loss of over-  
shoot  and slower r i se  t ime,  and recen t ly  I(OK~.TSU and 
NODA a have  also repor ted  s imilar  findings. The  above  
f inding t h a t  fibres fai l  to  be ful ly ac t iva t ed  a t  points  
r emote  f rom the  s t imula t ing  electrode m a d e  i t  of in teres t  
to  see whe the r  the  act ion po ten t ia l  also became modif ied  
as i t  t ravels  a long the  fibre. Act ion  potent ia l s  were 
therefore  recorded a l t e rna t e ly  a t  both  3 m m  and 25 m m  
from the  po in t  of s t imula t ion  using an  in t racet lu lar  
microe lee t rode  and choosing surface fibres a t  r a n d o m  a t  
each  posit ion.  The  muscle  was s t re tched  unt i l  the re  was 
v e r y  l i t t le  mechan ica l  a c t i v i t y  and  s t imula ted  a t  the  
pelvic  end b y  l - r e s e t  shocks appl ied  to  a pa i r  of wire 
electrodes.  No  difference was found in t he  ac t ion  po ten-  
t ials  recorded a t  t he  two  posi t ions in t he  presence of 
calcium. Considering 35 records of fibres wi th  rest ing 
potent ia ls  exceeding 57 m V  taken  be tween  1/, and 11/2 h 
af ter  the  r emova l  of calcium, i t  was found t h a t  smaller  
act ion potent ia l s  exis ted in the  d is ta l  region t h a n  in the  
p rox ima l  region (means 47 m V  and 66 m V  respect ively)  
and t h a t  t h e y  more  f requen t ly  failed a t  t he  grea te r  
d is tance  f rom the  po in t  of s t imula t ion .  Fu r the rmore ,  the  
lowest  act ion potent ia ls  were associated wi th  the  lowest  
res t ing potent ia ls  in accordance  wi th  EDMAr~ and GRIEV~ x 
and KOK~TSU and NODAl. 

I t  thus  seems probable  t h a t  the  decrease in the  me- 
chanical  o u t p u t  f rom a single fibre, before i t  has  become 
comple te ly  inexci table  in ca lc ium lack, is due  to  insuffi- 
c ient  ac t iva t ion  of t he  cont rac t i le  sys tem by  the  affected 
act ion potent ia l .  The  ac t ion  potent ia l ,  decreased in size 
even  nea r  to t h e  s t imula t ing  electrode,  becomes  stil l  
weaker  dur ing its p ropaga t ion  along the  fibre and so 
p robab ly  cannot  ac t iva te  t he  cont rac t i le  sys tem proper ly ;  
in the  ex t reme  case the  dis tal  end of the  fibre m a y  no t  be 
ac t iva ted  a t  all. A con t r ibu to ry  factor  to the  loss of 
mechanica l  o u t p u t  m a y  be t h a t  there  has  been a failure 
of some more  in t ima te  l ink wi th  t he  cont rac t i le  sys tem.  
Ev idence  for a ca lc ium dependen t  l ink beyond  the 
exc i ta t ion  of the  cell  m e m b r a n e  in skeletal  muscle  is 
g iven  in a subsequen t  communica t ion .  

Zusammen/assung. Die Herabse t zung  der  Kon t r ak -  
t ionsle is tung einer  Sar tor iusmuskel faser  des  Frosches,  
bevo r  sic wegen Ca lc iummange l  e lektr isch u n e r r e g b a r  
wird,  kann  wei tgehend  m i t  einer  ungeni igenden  Ak- 
t iv ie rung  des kon t rak t i l en  Sys tems  durch  das Abkl ingen 
des Akt ionspoten t ia l s  erkl/ ir t  werden.  
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A Calcium Dependent Link Beyond the Electrical 
Excitation of the Membrane in Muscular Con- 

traction 
I t  has  been repor ted  by  FRANK 1' 2, in exper iments  wi th  

frog 's  toe muscle,  t h a t  the  po tass ium-induced  con t rac tu re  

fails a t  a s tage  where  there  has  been no d iminu t ion  of 
degree of depolar iza t ion caused by  the  po t a s s ium as 
measured  b y  the  pe t ro l eum gap me thod .  I f  i t  were 
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