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Effects of Calcium and Magnes ium Ions on the 
Frequency of Miniature End-Plate  Potential  
Discharges in Amphibian  Muscle in the Presence 

of Ethyl Alcohol 

I n  m a m m a l i a n  p r e p a r a t i o n s  ca l c ium a n d  m a g n e s i u m  
ions in f luence  t h e  f r e q u e n c y  of m i n i a t u r e  e n d - p l a t e  po-  
t en t i a l s  (m.e .p .p . s )1  b u t  in  a m p h i b i a n  p r e p a r a t i o n s  no  
c o n s i s t e n t  effects  h a v e  b e e n  de t ec t ed  ~. On  t h e  o t h e r  h a n d ,  
in  b o t h  a m p h i b i a n  a n d  m a m m a l i a n  musc les  t h e  a m p l i t u d e  
of t h e  e n d - p l a t e  p o t e n t i a l  is a p p r o x i m a t e l y  p r o p o r t i o n a l  
to  t he  e x t e r n a l  ca l c ium c o n c e n t r a t i o n  a n d  m a g n e s i u m  
acts  as a n  a n t a g o n i s t  to  ca lc ium.  

HUI3BARD ~ ha s  sugges ted  t h a t  th i s  d i s c r e p a n c y  ar ises  
because  t h e  m.e .p .p .s  are  of 2 types ,  one  be ing  ca lc ium-  
i n d e p e n d e n t  a n d  u n r e l a t e d  to  t h e  e n d - p l a t e  po ten t i a l ,  
t he  o t h e r  c M c i u m - d e p e n d e n t  and  c o n s t i t u t i n g  t he  com- 
p o n e n t  u n i t s  of t h e  e n d - p l a t e  po ten t i a l .  

I n  t h e  fo l lowing e x p e r i m e n t s ,  i t  wiU be  s h o w n  t h a t  
u n d e r  c e r t a i n  cond i t i ons  t h e  m .e .p .p . - f r equency  in  f rog 
or  t o a d  musc les  is a p p r o x i m a t e l y  p r o p o r t i o n a l  to  t h e  
e x t e r n a l  ca l c ium c o n c e n t r a t i o n  w i t h i n  l imi t s  a n d  t h a t  
m a g n e s i u m  ac ts  as a n  a n t a g o n i s t  to  ca lc ium.  

I t  h a s  b e e n  s h o w n  t h a t  t he  m.e .p .p ,  f r e q u e n c y  in  r a t  
d i a p h r a g m  is inc reased  in a lcohol  a, a n d  t h a t  t h e  fre- 
q u e n c y  in frog sa r to r ius  musc les  is a b o u t  3 t i m e s  n o r m a l  
in  1% e t h a n o l  a n d  is a b o u t  7 t imes  n o r m a l  in 2 %  e t h a n o l  ~. 
The  inc reased  f r e q u e n c y  of m.e .p .p .s  in  e t h a n o l  was con-  
s t a n t  for  a long t i m e  a f t e r  t h e  a d d i t i o n  of t he  d rug  to  t he  
b a t h i n g  fluid.  I t  is l ike ly  t h a t  t h e  increase  of t h e  f r e q u e n c y  
is n o t  due  to  t he  inc rease  of  o smot i c  p ressure  b y  a lcohol  ~. 

T h e  p r e s e n t  e x p e r i m e n t  shows  t h a t  t h e  m.e .p .p ,  fre- 
q u e n c y  of f rog or  t o a d  s a r t o r i u s  musc le  f ibres  was  a l t e red  
in e t h a n o l - R i n g e r ' s  so lu t ion  w h e n  ca l c ium a n d  mag-  
n e s i u m  were  a d d e d  to t h e  b a t h i n g  fluid.  I n  th i s  exper i -  
m e n t  90 m M  ca lc ium chlor ide  so lu t ion  or  90 m M  mag-  
n e s i u m  chlor ide  so lu t ion  ( a p p r o x i m a t e l y  i so ton ic  solu- 
t ions)  were a d d e d  to  t h e  b a t h i n g  e t h a n o l - R i n g e r ' s  solu- 
t ion  (10 ml).  W h e n  0.1 m l  of 90 m M  CaClz so lu t ion  was 
added ,  t h e  c o n c e n t r a t i o n  of a d d i t i o n a l  ca lc ium was a b o u t  
0.9 m M .  T h u s  t h e  o smot i c  p ressure  of t h e  b a t h i n g  f lu id  
a f t e r  t h e  a d d i t i o n  of  c a l c i um  or  m a g n e s i u m  was n o t  
g rea t ly  a l te red ,  a n d  e q u i v a l e n t  changes  in  t h e  c o n c e n t r a -  
t i on  of o t h e r  ions  in  R i n g e r ' s  so lu t ion  p r o d u c e d  l i t t l e  or  no  
effect  on  m.e ,p .p ,  f r equency .  T he  n u m b e r  of m.e .p .p . s  re- 
co rded  i n t r aee l l u l a r l y  ove r  a 6 -10  m i n  pe r iod  was coun ted .  
The  f requenc ies  d e t e r m i n e d  u n d e r  these  cond i t ions  were 
used  as cont ro l .  T h e  f r e q u e n c y  of t h e  con t ro l  (in 2 %  or  
3% e t h a n o l - R i n g e r ' s  so lut ion)  was  in t h e  r a n g e  of 
0 .26-1 .70/sec  in  t o a d  a n d  0 .41-31.20/sec  in frog in  t h e  
p r e s e n t  e x p e r i m e n t s .  

T h e  f r e q u e n c y  of m.e .p .p ,  occur rence  was inc reased  
w h e n  t h e  c o n c e n t r a t i o n  of  t h e  ca l c ium ions was  inc reased  
f rom i ts  in i t i a l  level  of 1.8 m M  in  e t h a n o l - R i n g e r ' s  
so lut ion.  On  t h e  o t h e r  h a n d ,  i t  was  decreased  w h e n  mag-  
n e s i u m  was a d d e d  to  t he  b a t h i n g  fluid.  

W h e n  t he  f r e q u e n c y  of m.e .p .p .s  was  inc reased  afLer 
t he  a d d i t i o n  of ca l c ium to  t h e  b a t h i n g  fluid,  i t  was  de-  
creased b y  t he  f u r t h e r  a d d i t i o n  of m a g n e s i u m .  A n d  w h e n  
t h e  f r e q u e n c y  of m.e .p .p .s  was  decreased  a f t e r  t h e  add i -  
t i on  of m a g n e s i u m  to  t h e  b a t h i n g  f luid,  i t  was  inc reased  
b y  t h e  f u r t h e r  a d d i t i o n  of ca lc ium.  T he  degree  of  increase  
or  decrease  of t h e  f r e q u e n c y  was  a p p r o x i m a t e l y  t h e  s ame  
in  b o t h  t o a d  a n d  frog muscles .  

T h e  r e l a t i on  b e t w e e n  t h e  f r e q u e n c y  of m.e .p .p . s  a n d  
t h e  c o n c e n t r a t i o n s  of ca l c ium a n d  m a g n e s i u m  a d d e d  to  
the  e t h a n o l - R i n g e r ' s  so lu t ion  are  s h o w n  in F igures  1 
a n d  2. 
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Fig. 1. Relation between the frequency of m.e.p.p.s and the concen- 
tration of calcium and magnesium. 2% ethanol was presented 
throughout the experiments. At first, calcium was added to the 
bathing fluid and then magnesium. Ordinate : frequency of m.e.p.p.s 
as % of control. Abscissa: concentration of calcium and magnesium 
added to the bathing fluid. R: Ringer's solution (control). Each 

folded line represents a different experiment. 

E E  ~ E  

100 ~ 

80 

60 

40 

ZO 

i I 

,~ E E  

Fig. 2. Relation between the frequency of m.e.p.p.s and the concen- 
tration of calcium and magnesium. 3% ethanot was presented 
throughout the experiments. At first magnesium was added to the 
bathing fluid and then calcium. Ordinate: frequency of m.e.p.p.s 
as % of control. Abscissa: concentration of calcium and magnesium 
added to the bathing fluid. R: Ringer's solution (control). The con- 
eentration indicated in the upper part is shown by open circles and 

that in the lower part by closed circles. 
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When 3.6 mM calcium was added to 2% ethanol- 
Ringer's solution the frequency of m.e.p.p.s was about  
2.5 times control, and was restored approximately to its 
original value after the further addition of 3.6 m M  mag- 
nesium to the fluid (Figure 1). When the magnesium con- 
centration was first incrcased the m.e.p.p, frequency was 
decreased. At a concentration of magnesium of 7.2 m M  
in the bathing 3% ethanol-Ringer 's  solution, the fre- 
quency of m.e.p.p.s was about 20% control and was re- 
stored to its approximate original value after the further 
addition of 7.2 m M  calcium to the fluid (Figure 2). 

I t  seems likely from these results tha t  calcium and 
magnesium compete on a one-to-one basis in the mecha- 
nism of acetylcholine release from the nerve ending. But  
the one-to-one basis is formed only on these additional 
calcium and magnesium ions because Ringer's solution 
contains 1.8 m M  calcium. The mechanism of antagonism 
of calcium and magnesium on the site related to acetyl- 
choline release might be very complicated at the molecu- 
lar level. 

The results show clearly that  calcium ions do have an 
effect on the frequency of m.e.p.p.s in amphibia just as in 
mammals, and tha t  magnesium ions act as an antagonist 
to calcium ions in ethanol-Ringer 's  solution. 

The reason why calcium and magnesium ions are effec- 
tive on the frequency of m.e.p.p.s in ethanol but  not in its 
absence is not  known. I t  has been suggested that  acetyl- 
choline is liberated at  the nerve terminal after calcium 
ions penetrate the cell terminal membrane. 

When alcohol is added to the bathing fluid, the per- 
meabil i ty of the nerve terminal might be increased. As a 

result, the frequency of m.e.p.p.s would be increased 
because some calcium ions which could not penetrate the 
nerve terminal membrane in normal Ringer's solution 
are able to do so in the presence of alcohol and thus 
acetylcholine would be relased from the terminal. The 
permeabili ty to magnesium ions should also be increased 
in alcohol. Magnesium ions could penetrate the membrane 
to compete with calcium ions on the site related to acetyl- 
choline. As a result, spontaneous act ivi ty  is accelerated 
by the addition of calcium and depressed by the addition 
of magnesium ~. 

Zusamrnen/assung. "vViihrend bekanntlich Kalzium- und 
Magnesiumionen keinen Einfluss auf die Frequenz 
der Spontanrhythmik (m.e.p.p.) der Kaltbltitermuskeln 
in der normalen Ringer-L6sung haben, konnte experi- 
mentell  festgestellt werden, dass die Frequenz der Spon- 
tanrhythmik in einer Athanot-Ringer-LSsung dutch Zu- 
satz yon Kalziumionen vermehrt,  yon Magnesiumionen 
vermindert  wird. 
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Le chondrlome des h~patocytes en culture try-  
psin~e au cours de la n~oglucog~n~se.  Comporte-  

ment  de la g lucose-6-phosphatase  

Dans uric pr6c6dente 6tude, nous avons montr6 (H£- 
BERT et MARCm ~), que la forme des chondriosomes dans 
les h6patocytes en culture trypsin6e variai t  suivant la 
richesse nutri t ive du milieu. Normalement,  darts les cul- 
tures bien nourries, le chondriome se pr6sente sous la 
forme granuleuse. NOeL ~ a montr6 que cet aspect, dans 
le lobule h6patique, s'observe au niveau de la zone p6ri- 
ph6rique et correspond A un 6tat de fonctionnement actif. 
Dans les cultures plus ~g6es, dont le milieu s 'appauvrit ,  
les mitochondries se transforment progressivement en 
batonnets, image que NOeL a d6crite dans la zone centrale 
du lobule et qui correspond A un 6tat de repos. 

Nous avons pu provoquer la transformation des mito- 
chondries granuleuses en batonnets en diluant de moiti6 
le milieu de culture habituel avec de la solution de 
Ringer. Le processus est rapide. On peut  l 'observer 5 h 
apr~s que les cultures aient ~t6 ptac~es dans le milieu 
dilu6. L'appauvrissement exp6rimental du milieu de cul- 
ture met  les hdpatocytes en ~tat de fonctionnement ralenti 
et provoque la transformation de leur chondriome. 

Nous nous sommes demand6 si, en maintenant  les h6- 
patocytes en activit6 m6tabolique, nous pourrions em- 
p6cher cette transformation de se produire. Nous avons 
observ6 a que l 'addition au milieu de culture d'acides 
amin6s glyco-formateurs, tels que le glycocotle et la 
s6rine, provoquait  dans les h6patocytes en culture, un 

processus de n6oglucogfin~se. La charge en gtycog~ne des 
h6patocytes augmente et peut se maintenir plusieurs 
jours, tandis que la teneur en glucose du milieu de culture 
augmente. Les h6patocytes sont ainsi maintenus en 6tat 
de fonctionnement actif : d 'une par t  en raison du processus 
biochimique qui caract6rise la n6oglucog~n~se, en parti- 
culier le processus de d6samination des acides amin6s, 
d 'autre part  en raison de l 'enrichissement du milieu en 
glucose. 

Nous avons donc port6 notre 6rude sur le chondriome 
d'h6patocytes cultiv6s dans un milieu additionn6 de gly- 
cocolle. I1 s 'agit  toujours de cultures trypsin6es de foie 
d 'embryon de poulet de 8-9 jours r6alis6es en tubes de 
Leighton-Barski. Aux 2 ml de milieu de culture (Milieu 
199 de l ' Ins t i tu t  Pasteur et s6rum de poulain) on ajoute 
1 ou 2 gouttes d 'une solution de 100 mg de glycocolle 
pour 5 ml de s6rum physiologique. Les cultures sont 
examin6es au bout de 24, 48 et 72 h. Apr6s fixation 
ad6quate, elles sont trait6es par la r6action de l 'acide 
p6riodique Schiff pour la mise en 6vidence du glycog6ne 
(avec contr61e par l 'amytase), par la technique classique 
d 'Al tmann pour le chondriome. Enfin, nous avons proc6d6 

la mise en 6vidence de la glucose-6-phosphatase par la 
r6action de Chiquoine. 
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