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Fig. 1. TBA chromogen values in irradiated rat liver mitochondria 
after 180 rain aerobic incubation at 37 ~ 
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Fig. 2. The dependence of TBA chromogen production on the irra- 
diation time in irradiated rat liver mitochondria. 

incuba t ion  were h igher  in i r r a d i a t e d  mi tochondr ia ,  b u t  
only  up to 6 h pos t - i r rad ia t ion  (Figure 2). 

The h igher  level of TBA ch romogen  is not ,  of course, 
an evidence of e levated  lipid peroxides  af ter  i r rad ia t ion  
in vivo. The cell has  a large n u m b e r  of s tabi l izing factors,  
some of which  m a y  be d a m a g e d  by i rradiat ion.  The  irra- 
d ia t ion  m a y  influence these  factors.  In  this  connec t ion  
i t  seems to be ve ry  in te res t ing  t h a t  a lipid f rac t ion  wi th  a 
s t rong  swelling effect  has  been  isolated f rom the  l iver of 
i r rad ia ted  rats.  The results  of th is  expe r imen t  show t h a t  
a l though  the  mi tochondr i a  are t r ans i en t ly  d amag ed  by  
i r rad ia t ion  in vivo, t h e y  are soon recons t i tu t ed  to  reach 
pre - i r rad ia t ion  level according to  the  recovery  of o ther  
morphologica l  and funct ional  changes  9. 

Zusammen/assung. Der Einf luss  der  ionis ierenden 
S t rah lung  auf die Bi ldung der  O x y d a t i o n s p r o d u k t e  von 
unges/ i t t ig ten  Fetts/~uren in Lebe rmi tochondr i en  ganz- 
k6 rpe rbes t r ah l t e r  Tiere wurde  unte rsucht .  Die TBS-  
Chromogenwer te  erhShen sich in bes t r ah l t en  Mitochon-  
dr ien s ta t i s t i sch  s ignif ikant  und  s inken in 12 h nach  der  
Bes t rah lung  wieder  zur Norm ab. 
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D i r e c t  A c t i o n  of  E x t r a c e l l u l a r  Ca I o n s  on  S k e l e t a l  
M u s c l e  

I t  is known t h a t  the  in t racel lular  Ca++ regu!ates the  be- 
hav iour  of the  contract i le  s t ruc tures  of muscle fibre and 
is also involved in exc i t a t ion-con t rac t ion  coupling.  The 
frog skeletal  muscle in vivo conta ins  a to ta l  of 1.4-2 - 10 .3 
N[ Ca/kg of wet  t issue. The intracel lular  free Ca ++ concen-  
t r a t ion  is ma in ta ined  at  a level of abou t  10 7M by  the  
calcium binding and s tor ing systems.  In  frog blood p lasma  
the  to ta l  calcium concen t ra t ion  was found to be abou t  
1.8 - 10 aM1. CaC12 is added  to the  physiological  saline 
solut ion in a concen t ra t ion  be tween  1 and 2 �9 10 -aM in 
order  to s imulate  the  extracel lular  ionic condi t ions  of cold- 
b looded animals.  

The lowest Ca ++ concen t ra t ion  necessary  to ma in ta in  
t he  physiological  proper t ies  of muscle m e m b r a n e  and  end 
pla te  is about  10 .4 M 2,a. B y  s tor ing the  muscles in Ringer ' s  
solut ion wi th  'normal '  Ca con ten t  (1 -2 .  10 aM), the  
a m o u n t  of in t racel lular ly  accumula ted  Ca essent ial ly  in- 
creases 4-6. This fact  leads SHANES and  BIANCHI 5 to the  
conclusion t h a t  a CaC1, concen t ra t ion  of 1 �9 10-a2~Z cor- 
responds  be t t e r  to  physiological  condi t ions  t h a n  h igher  
values. 

In  spite of the  observed Ca inf lux in skeletal  muscle i t  
was found t h a t  only a ve ry  h igh  Ca concen t ra t ion  in the  
ex te rna l  m e d i u m  induces  con t rac tu res  of low tens ion  7. 
These exper imen t s  were pe r fo rmed  wi th  muscles  pre-  
b a t h ed  for var ious  lengths  of t ime in Ringer ' s  solut ion 
wi th  1.8.  10 -aM CaC12. In  mos t  recent  invest igat ions ,  
the  au thors  found  t h a t  f reshly  dissected muscles  of Rana 
esculentct go in to  con t rac tu re  a f te r  being d ipped  into 
Ringer ' s  solution. The tens ion d e v e l o p m e n t  depends  on 
the  Ca concen t ra t ion  of the  ex te rna l  solution. The Figure 
shows the  con t rac tu re  tens ion at  the  various Ca concen-  
t r a t ions  expressed in the  pe rcen tage  of the  max i ma l  ten-  
sion deve lopmen t  of individual  muscle in isotonic CaC12 
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solut ion.  The  t h r e s h o l d  lies a t  a b o u t  10 4 M  Ca in t he  
e x t e r n a l  solut ion.  The  a u t h o r s  h a v e  also found  t h a t  t he  
t h r e s h o l d  c o n c e n t r a t i o n  shows seasonal  va r ia t ions .  The  
c o n t r a c t u r e s  r each  t he  m a x i m a l  va lues  a f t e r  20-30 sec. 
The  m a x i m a l  t ens ion  is a b o u t  200 g /cm 2 a n d  is of nea r ly  
t he  same  order  as t h a t  of K - c o n t r a c t u r e s  of whole  muscle.  

The  Ca c o n t r a c t u r e s  d u r i n g  t he  r is ing phase  of t ens ion  
d e v e l o p m e n t  are m o s t l y  superposed  b y  severa l  twi tches .  
I n  phas ic  muscle ,  t en s i on  decreases  w i t h i n  1-3  ra in  to  t h e  
r e s t ing  value .  I n  ton ic  muscle  t he  t ens ion  is sus t a ined  for  
a b o u t  20-30 min  ( the de ta i l s  will be  pub l i shed  later) .  

Af te r  p r e b a t h i n g  t he  muscle  in  R inger ' s  so lu t ion  w i t h  
1 . 8 . 1 0 - 3 M  Ca for 5 min,  t he  Ca c o n c e n t r a t i o n  m u s t  be  
m a r k e d l y  h ighe r  to  induce  such  d i rec t  ' coupl ing  con t rac -  
tu res ' .  U n d e r  these  cond i t ions  the  t h r e sho ld  va lue  is a b o u t  
10-2M.  The  t ens ion  d e v e l o p m e n t  decreases  cons ide rab ly  
in abso lu te  as well  as in  re la t ive  m e a s u r e m e n t  (Figure).  

C o n t r a c t u r e  c an  occur  on ly  if Ca in f lux  is so g rea t  t h a t  
t he  co r re spond ing  increase  in t he  in t r ace l lu la r  Ca++ level  
c a n n o t  be p r e v e n t e d  b y  Ca b ind ing .  F r o m  t h e  decrease  in 
c o n t r a c t u r e  t ens ion  in phas ic  muscle  a f te r  30 see, one m a y  
conclude  t h a t  t he  free Ca++ c o n c e n t r a t i o n  in muscle  f ibre  
is d imin i sh ing  in th i s  phase .  The  a u t h o r s '  op in ion  is t h a t  i t  
is n o t  a n  increase  in  in t r ace l lu l a r  b ind ing  capac i t y  b u t  a 
decrease  in m e m b r a n e  p e r m e a b i l i t y  to  Ca t h a t  is respon-  
sible for this .  This  v iew is s u p p o r t e d  b y  inves t iga t ions  on  
Ca kinetics*.  I n  these  e x p e r i m e n t s  i t  has  been  s h o w n  t h a t  
phas ic  muscle  t akes  up  ca lc ium rap id ly  d u r i n g  a n  in i t ia l  
phase  l a s t ing  30-60 sec. T h e r e a f t e r  t he  Ca in f lux  m a r k e d l y  
decreases  un t i l  a s t e a d y  level  is r eached  severa l  hou r s  
later .  Obv ious ly  t he  c o n c e n t r a t i o n  of free Ca ions is in- 
c reased on ly  d u r i n g  t he  in i t ia l  phase~ Af te r  Ca in f lux  ha s  
d imin ished ,  t he  p e n e t r a t i n g  Ca ions are b o u n d  r ap id ly  
enough.  E v e n  a sho r t  s to r ing  of muscle  in  R inge r ' s  solu- 
t i on  w i t h  1 .8 .  1 0 - a M  CaC12 suffices to  decrease  t he  
m e m b r a n e  pe rmeab i l i t y .  The  less Ca a R inge r ' s  so lu t ion  
used for p r e - b a t h i n g  conta ins ,  t he  less t he  decrease  in 
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Concentration-tension curves of Ca ++ contractures in frog sartorins. 
Abscissa: CaCle concentration in log scale. Ordinate: Tension as a 
percentage of maximal value obtained with isotonic CaC12 solution 
in each individual muscle, o--o = muscles brought directly into 
contracture solution, o - - o  = muscles pre-bathed for 5 rain in 
Ringer's solution containing 1.8 mM CaC12. Each point represents 

an average of 10-20 individual experiments. 

m e m b r a n e  pe rmeab i l i t y .  This  m e a n s  t h a t  t he  concen-  
t r a t i o n - t e n s i o n  cu rve  shif ts  to  the  lef t  w i t h  decreas ing  Ca 
c o n c e n t r a t i o n  of t he  ex t e rna l  so lu t ion  in which  muscle  
ha s  been  p re - t r ea ted .  

I f  t he  cond i t ions  in  f reshly  d issected  muscle  cor respond  
to physio logica l  ones, t he  ac tua l  ex t race l lu la r  Ca++ con-  
c e n t r a t i o n  is no t  l ikely essent ia l ly  to  surpass  3 �9 1 0 - 4 M ;  
o therwise  no  c o n t r a c t u r e  would be  expec ted  to  occur  a t  
such  low Ca concen t r a t i on .  I t  m e a n s  t h a t  mos t  of t h e  Ca 
in t he  b lood  m u s t  be  b o u n d  somehow,  for example ,  to  
p ro te in ,  p h o s p h a t e  etc. The  degree of b ind ing  m a y  also 
depend  on  pH,  wh ich  can  v a r y  w i t h  t he  season a n d  can  
r each  a va lue  of 8. 

However ,  t he  a u t h o r s  c a n n o t  ye t  decide how to recon-  
cile such  a low supposed  Ca++ c o n c e n t r a t i o n  w i t h  t he  
r e q u i r e m e n t s  of h e a r t  muscle.  I n  c o n t r a s t  to  ske le ta l  
muscle,  t h e  i n t e n s i t y  of h e a r t  muscle  ac t i v i t y  depends  
sens i t ive ly  on  t he  Ca ++ c o n t e n t  of t he  s u r r o u n d i n g  fluid,  
t h o u g h  t he  Ca in f lux  d u r i n g  a single t w i t c h  is no t  sup-  
posed to be  suf f ic ien t ly  g rea t  to  induce  full a c t i v a t i o n  s . 
P e r h a p s  Ca in b lood  p l a s m a  and  ex t race l lu la r  space is 
b o u n d  p a r t i a l l y  to  ce r t a in  organic  complexes  of low 
molecu la r  weights ,  whose  a f f in i ty  to  Ca is g rea te r  t h a n  
t h a t  of ske le ta l  musc le  m e m b r a n e ,  b u t  smal ler  t h a n  t h a t  
of h e a r t  muscle  m e m b r a n e .  

Af te r  rep lac ing  Ca++ b y  Ba++ or Sr++ solut ions,  con-  
t r a c t u r e s  can  also be  p roduced  which  develop rough ly  
t he  same  t ens ion  as t h a t  of Ca con t r ac tu re .  I t  is p r e s u m e d  
t h a t  these  d i v a l e n t  ca t ions  ac t  t h r o u g h  l ibe ra t ion  of Ca ++ . 
Mg++ does n o t  induce  c o n t r a c t u r e  in  t he  concen t r a t i ons  
t e s t e d  b y  us (up to 2 . 10-2M).  However ,  t r e a t i n g  muscle  
w i t h  h i g h  Mg-Ringer ' s  so lu t ion  w i t h o u t  Ca inh ib i t s  t he  
Ca c o n t r a c t u r e  s ign i f i can t ly  more  t h a n  p r e - b a t h i n g  in 
R inge r ' s  so lu t ion  w i t h o u t  Ca a n d  Mg. 

The  a u t h o r s '  i nves t iga t ions  h a v e  shown  2 i m p o r t a n t  
fac ts :  (1) I t  is possible  to  o b t a i n  a c o n t r a c t u r e  w i t h o u t  
m e m b r a n e  e x c i t a t i o n  b y  d i rec t  Ca in f lux  f rom solu t ions  
c o n t a i n i n g  a r e l a t ive ly  smal l  a m o u n t  of Ca ( th resho ld  
a b o u t  10-4M),  w h e n  a f resh ly  dissected muscle  is used, 
as well  as b y  mic ro - in jec t ion  of Ca in to  a muscle  fibre.  
(2) The  m e m b r a n e  p e r m e a b i l i t y  to  Ca in phas ic  frog 
muscle  u n d e r  physiological  cond i t ions  seems to  be  rel-  
a t i ve ly  high.  I t  decreases  r ap id ly  w h e n  the  muscle  is 
b a t h e d  in R inge r ' s  so lu t ion  w i t h  ' n o r m a l '  CaCI~ c o n t e n t  
(1.8 �9 1 0 - 3 M  CaC1,). 

Zusammen/assung. Fr i sch  exc id ier te  Sa r to r i en  yon  
Rana esculenta en twicke ln  in R inge r l6 sungen  K o n t r a k -  
t u r e n  (ohne Er regung) ,  de ren  S p a n n u n g  yon  der  Ca- 
K o n z e n t r a t i o n  abh~Lngt. Die w i rksame  Schwel l enkonzen-  
t ion  des extracellul~Lren Ca l iegt  bei  ca. 10-~M. Die Be-  
funde  d e m o n s t r i e r e n  sowohl  die d i rek te  W i r k u n g  y o n  Ca 
auf  die mechan i s che  A n k o p p l u n g  als auch  die A b n a h m e  
de r  Ca-DurchlAssigkei t  der  M u s k e l m e m b r a n  schon  bei  de r  
C a - K o n z e n t r a t i o n  de r  ' n o r m a l e n '  R inger l6sung ,  m i t  de r  
s ich die M e m b r a n  ins Gle ichgewicht  gese tz t  ha t .  
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