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A Study of Excitat ion-Gontraction Coupling in Frog Tonic Muscle Fibers of Rana temporaria 

There  is eve ry  ev idence  to sugges t  t h a t  t he  a c t i v a t i o n  
of c o n t r a c t i o n  in frog ton ic  (slow) musc le  f ibres  has  some 
pecul iar i t ies1-% Besides,  t he  e lec t ron-mic roscope  s tud ies  
h a v e  s h o w n  t h a t  t he  T - s y s t e m  in these  f ibres  i s  less 
deve loped  t h a n  in phas ic  ones  7, s. 

I t  is wel l  k n o w n  t h a t  glycerol  r e m o v a l  f rom phas ic  
muscle  leads to  d i ssoc ia t ion  of e x c i t a t i o n - c o n t r a c t i o n  
coupl ing  (ECC) caused  b y  d i sconnec t ion  of t he  t ubu l e s  
m e m b r a n e  e l emen t s  f rom t he  surface  m e m b r a n e  9-12. I t  
appea r s  t h a t  t he  r e m o v a l  of 400 m M  glycerol  f rom the  
ton ic  b u n d l e  of f rog 's  m. i leofibularis ,  c o n t a i n i n g  phas ic  
and  ton ic  fibres,  leads to  t he  d i s a p p e a r a n c e  of phas ic  
con t r ac t ion ,  b u t  does no t  af fec t  ton ic  c o n t r a c t i o n  13. 
These  resu l t s  sugges t  t h a t  in  ton ic  muscle  f ibres  t he  dis- 
connec t ion  of T - s y s t e m  f rom t he  surface m e m b r a n e  does 
no t  cause  d i ssoc ia t ion  of ECC, a n d  consequen t ly ,  th i s  
s y s t e m  does no t  p l a y  a n y  s ign i f ican t  role in sp r ead ing  
e x c i t a t i o n  ins ide  ton ic  fibres.  For  these  reasons  ton ic  
muscle  f ibres  were re fe r red  to  t he  t y p e  of f ibres  w i t h  a 
' d i r ec t ly  coupl ing  sys tem ' ,  i.e. to  f ibres  in  wh ich  ECC is 
induced  d i rec t ly  b y  t he  surface  membrane~4.  

To de t ec t  pecul ia r i t ies  of ECC we s tud ied  t h e  glycerol  
effect  on i so la ted  ton ic  f ibres  of m. i leof ibular is  in  Rana 
temporaria. Tonic  f ibres  were iden t i f i ed  b y  t he i r  c apac i t y  
of m a i n t a i n i n g  p o t a s s i u m  c o n t r a c t i o n  t, 2. 

The  exposure  of ton ic  muscle  f ibres  to  a R inge r  con- 
t a i n i n g  400 m M  glycerol  (R + 400G) induced  cont rac-  
t i on  of a b o u t  t h e  same  a m p l i t u d e  as t he  m a x i m u m  potas -  
s ium c o n t r a c t u r e  (Figure  1). A few m i n u t e s  after ,  t h e  
c o n t r a c t i o n  b roke  off. Af te r  1 h of exposure  in  R + 400G, 
t he  f ibre  was r e t u r n e d  to t he  Ringer ,  and  t he  n o r m a l  
p o t a s s i u m  c o n t r a c t i o n  was recorded.  I n  15 m i n  t he  
c o n t r a c t i o n  capac i t y  van i shed .  The re  was no  response  
2 h later .  The  in t r ace l lu l a r  mic roe lec t rode  record ing  
showed t h a t  f ibres  r e t a ined  m e m b r a n e  p o t e n t i a l  and  
r e sponded  to  t he  increase  of p o t a s s i u m  ion c o n c e n t r a t i o n  
b y  depola r iza t ion .  At  t he  same t i m e  n o r m a l  caffe ine 
c o n t r a c t u r e  could be  r ecorded  (Figure  1). H e n c e  i t  can  be  
conc luded  t h a t  t he  lack of c o n t r a c t i o n  is n o t  r e l a t ed  
e i the r  to  changes  in t he  p roper t i e s  of surface m e m b r a n e ,  
or to  d i s t u r b a n c e s  in  t he  con t r ac t i l e  a p p a r a t u s  itself. The  
same  resul t s  were o b t a i n e d  f rom e x p e r i m e n t s  in  wh ich  
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Fig. 1. Glycerol  effect on po tass ium cont rac t ion  of i sola ted frog 
tonic muscle fibre. 

a) normal  po tass ium cont rac t ion ;  b) cont rac t ion  caused by  400 m M  
glycerol  appl ica t ion  (R + 400G); e) immed ia t e ly  af ter  glycerol  
r emova l ;  d) 15 min  af ter  glycerol  r emova l ;  e) 2 h af ter  400 G re- 
mova l  dur ing  depolar iza t ion  of membrane) ;  f) caffeine cont rac t ion  
2 h af ter  glycerol  removal .  

In  each record:  Upper  line, i sometr ic  fibre cont rac t ion  as recorded 
by  means  of RCA 5734 t ransducer  tube;  lower line, i nd ica t ing  increase 
in  po tass ium ion concent ra t ion  up to 80 m M  (at the expense of 
appropr ia te  decrease in  Na ions), f) caffeine appl ica t ion  (7 m M ) .  
The upper  l ine in  e) microelectrode recording of membrane  potent ia l .  

The po tass ium cont rac t ion  of phasie  and tonic i sola ted muscle 
fibres 1 h after  glycerol removal  in  % of the or ig inal  value 

Fibre  Phasic  fibres Fibre 

No. R + 5 0 G  R + 1 0 0 G  No. 

Tonic fibres 

R + 2 0 0 G  ' R + 4 0 0 G  R+200G~  
R 
R + 4 0 0 G  

1 79 0 1 80  0 28 

2 39 0 2 70 0 30 

3 23 0 3 100 0 21 

4 54 0 4 113 0 3 3  

5 114 0 5 85 0 40 

6 22 0 

Mean 55 0 90 0 30 

Sequence of the exper imen ta l  procedure:  

l h  R + 200G; 2 h  R;  1 h R + 400G; 1 h R. 
R, Ringer  solut ion;  50G 100G, 200G, 400G, concent ra t ion  of glycerol 
in r aM.  

1 H. C. LOTTGAU, J. Physiol.  I Lond. 168, 679 (1963). 
2 O. A. NASLEDOV, J. ZACHAR and D. ZACHAROVA, Phis io logia  

bohemoslov.  75, 293 (1966). 
a j .  LX~NERGREN, Acta  physiol ,  seand. 70, 16 (1967). 
4 E. K. ZHUKOV, Seehenov physiol.  J. USSR 53, 1393 (1967). 
5 G. A. NASLEDOV, Sechenov physiol .  J .  U S S R  55, 569 (1969). 
G A. C. KIRBY, Am. J. Physiol .  279, 1446 (1970). 
7 L. D. PEACtIEY and A. F. HUXLEY, J.  Ceil Biol. 73, 177 (1962). 
8 S. G. PAGE, J.  Cell Biol. 26, 477 (1965). 
9 B. EISENBERG and R. S. EISENBERG, J.  Cell Biol. 39, 451 (1968). 

10 S. A. KROLENKO, Nature ,  Lond. 221, 969 (1968). 
11 S. A. KROLENKO, Tsi to logiya  10, 803 (1968). 
12 j .  N. HOWELL, J.  Physiol . ,  Lond. 207, 515 (1969). 
13 ]~. STEFANI and A. STEINBACH, Nature ,  Lond. 218, 681 (1968). 
14 C. P. BIANCHI, Fedn. Proc. 28, 1624 (1969). 

/ 



1306 Speeialia EXPERIENTIA 28/11 

c o n t r a c t i o n  was induced  b y  5 x l0  -6 M ace ty lchol ine-  
ch lor ide  solut ion.  

In  t he  case w h e n  ton ic  musc le  f ibres  are  k e p t  for  I h 
in  R + 200G, t h e i r  c o n t r a c t i o n  c a p a c i t y  a f te r  glycerol  
r e m o v a l  is f ound  to be  r educed  a b o u t  twice, a n d  2 h l a t e r  
is res tored  comple te ly .  If  a f t e r  t h a t  t h e  ton ic  f ibres  are 
t r ans fe r r ed  to  R + 400G for  1 h a n d  w a s h e d  ou t  once 
more,  t he  c o n t r a c t i o n  re ta ins .  As was d e m o n s t r a t e d  on 5 
f ibres u n d e r  i nves t i ga t i on  t he  a m p l i t u d e  of c o n t r a c t i o n  
in 1 h a f t e r  t h e  second glycerol  r e m o v a l  was  2 0 - 4 0 %  of 
t h e  or ig inal  v a l u e  (Table).  T h u s  t h e  p r e l i m i n a r y  r e m o v a l  
of glycerol  lower c o n c e n t r a t i o n  reduced  t he  d i sconnec t ion  
effect  of h igher  concen t r a t i on .  The  same effect  was 
o b t a i n e d  in 6 e x p e r i m e n t s  on  phas ic  fibres.  

The  u l t r a s t r u c t u r e  of t he  i so la ted  ton ic  f ibre  undergoes  
cons iderab le  changes  a f t e r  1-hour  i n c u b a t i o n  in R + 400 G 
followed b y  2-hour  wash  o u t  in  t he  R inge r  solut ion.  
Large  vacuoles  can  be  seen b e t w e e n  myof ib r i l s  in  s i tes  of 
loca l iza t ion  of sa rcoplasmic  r e t i cu lum elements .  More- 
over,  sma l l  vacuoles  occur  inside myof ibr i l s .  The  m e m -  
b r a n e s  a r o u n d  these  vacuoles  could no t  be  seen (Figure 2). 
In  t he  second e x p e r i m e n t a l  va r i an t ,  w h e n  t he  f ibre was 
k e p t  in R ~- 200G a n d  t h e n  r e - i ncuba t ed  in R + 400G, 
a l t e r a t i ons  in t he  u l t r a s t r u c t u r e  were no t  so s t rong.  
The re  were  no  smal l  vacuoles  ins ide  myof ibr i l s .  Large  
vauoles  were ra re  and,  as a rule, r e t a ined  t h e i r  m e m -  
branes .  

To u n d e r s t a n d  t he  dif ference be tween  our  d a t a  a n d  t h e  
resul t s  o b t a i n e d  b y  STEFANI a n d  STEINBACH 13 we per-  

fo rmed  e x p e r i m e n t s  on  muscle  b u n d l e s  cons i s t ing  of 
a b o u t  15-20 va r ious  fibres.  I n  t h i s  case, as in t h e  ex- 
p e r i m e n t s  of t h e  a b o v e  au thors ,  t h e  phas i c  c o n t r a c t i o n  
c o m p o n e n t  d i s appea red  comple t e ly  a f t e r  t h e  r e m o v a l  of 
400 m)/d r glycerol,  whi le  ton ic  co n t r ac t i o n  was r e t a ined .  
I t  appea r s  t h a t  d i f fe ren t  effects  of glycerol  r e m o v a l  on  
isola ted f ibre  a n d  b u n d l e  of f ibres  are  caused  b y  v a r i a t i o n  
in t h e  ra tes  of glycerol  removal .  The re  is ev idence  t h a t  t h e  
low speed of glycerol  eff lux does n o t  des t roy  t h e  T-sys-  
t e m  TM. Thus  i t  was  shown  t h a t  ton ic  f ibres  a re  more  
r e s i s t an t  to  t h e  de le ter ious  effect  of glycerol  r e m o v a l  t h a n  
phas ic  ones (Table).  

As in t h e  case of phas ic  fibres,  t h e  ton ic  f ibre  m e m b r a n e  
re sponds  to  h igh  p o t a s s i u m  ion c o n c e n t r a t i o n  b y  de- 
po la r i za t ion  w i t h o u t  c o n t r a c t i o n  of fibres.  Caffeine, 
never the less ,  induces  con t r ac t ion .  Th i s  ind ica tes  t h a t  in  
b o t h  t ypes  of t h e  f ibres  ECC is dissociated.  In  t h i s  con- 
t e x t  i t  c an  be  sugges ted  t h a t  in  ton ic  f ibres,  as in  phas ic  
ones, vacuoles  are fo rmed  due to  the  T - s y s t e m  swelling. 
Thus  i t  impl ies  t h e  same  m e c h a n i s m  of glycerol  r e m o v a l  
effect  o n  ton ic  an d  phas ic  fibres. Since t he re  is no essent ia l  
d i f ference in t h e  d i a m e t e r  of ton ic  an d  phas ic  fibres, i t  is 
h a r d  to  suppose  t h a t  in t h e  fo rmer  case a c t i v a t i o n  of 
c o n t r a c t i o n  is accompl i shed  d i rec t ly  b y  t h e  surface  m e m -  
b rane .  T h e  s lowness of c o n t r a c t i o n  m a y  be  exp la ined  b y  
scarce T - sys t em e l emen t s  as c o m p a r e d  w i t h  phas ic  muscle  
f ibres v,s. Moreover ,  t h e  a p p e a r a n c e  of vacuoles  d u r i n g  
glycerol  r e m o v a l  need n o t  h a v e  p r e v e n t e d  exc i t a t i on  
sp read ing  ins ide  t h e  f ibre  h a d  i t  been  b r o u g h t  a b o u t  b y  
d i rec t  d i f fus ion of a c t i v a t o r  f rom t h e  surface  m e m b r a n e .  

T h u s  t h e  above  ev idence  shows t h a t  the re  is no es- 
seflt ial  d i f ference b e t w e e n  phas ic  a n d  ton ic  f ibres  as 
regards  t h e  mode  of s p r e a d i n g  e x c i t a t i o n  f rom t h e  m e m -  
b r a n e  to con t rac t i l e  a p p a r a t u s .  Q u a n t a t i v e  dif ference in 
t h e  d e v e l o p m e n t  of t h e  T - s y s t e m  appea r s  to  be  respons-  
ible for h igher  res is tence  of ton ic  f ibres to  glycerol  r emova l .  
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Fig. 2. Changes in the ultrastructure of frog tonic muscle fibres 
after incubation in glycerol solution (R + 400 mM G) for 1 h and 
its removal for 2 h. Fixation in 2.5% glutar aldehyde in cacodilate 
buffer at pH 7.2; Epon 812 embedding. GEM -- 7; • 25,000. 
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D- and L - I s o m e r s  of Ser ine  and Alanine  Equal ly  Effect ive as R e l e a s e r s  of Gastr in  

W e  1 r ecen t l y  r epo r t ed  t h a t  L -pheny la l an ine  releases 
cho lecys tok in in  b u t  D-pheny la l an ine  does no t  w h e n  
so lu t ions  of t h e m  are  per fused  in to  t he  in tes t ine .  W e  
r e p o r t  here  t h a t  D- a n d  L-isomers of ser ine and  a lan ine  
are equa l ly  effect ive  as re leasers  of gas t r in  w h e n  so lu t ions  
of t h e m  b a t h e  t h e  m u c o s a  of t h e  pylor ic  g land  a rea  of the  
s tomach .  The  s tud ies  were  done  on  3 dogs w i t h  vaga l ly  
i n n e r v a t e d  pouches  of t he  py lor ic  g land  a rea  ( an t rum)  
and  vaga l ly  i n n e r v a t e d  pouches  of t h e  oxygenic  g land  
area  (Pav lov  type) .  Solu t ions  to be  t e s t ed  were i n t r o d u c e d  
i n to  t he  a n t r a l  p o u c h  a n d  t he  effect  on r a t e  of secre t ion of 

acid f rom t h e  o x y n t i c  g l and  p o u c h  was measured .  T h e  
a m i n o  acids tes ted,  glycine,  a lanine ,  a n d  serine, are k n o w n  
to be  a m o n g  t h e  m o s t  effect ive  ones in  re leas ing  gas t r i n  2, 
a n d  in t h e  p r e s en t  t es t s  t h e  responses  to  t he se  3 a m i n o  
acids d id  n o t  differ  s ign i f i can t ly  (Table).  W e  found  no  
p rev ious  r epor t s  c o m p a r i n g  D- an d  L-isomers of a m i n o  

1 j .  H. N[EY~R and ~.  I. GROSSMAN, Gastroenterology 58, t046 
(1970). 

2 C. F~. ELWIN and B. Uv~As, in Gastrin (Ed. M. I. GROSSMA~, 
Butterworths, London 1966), p. 75. 


