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recover ing to  9-10 mg/100 ml by  08.00 the  fol lowing day.  
The difference be tween  fed and fas t ing  t r ig lycer ide  levels 
became  s ta t i s t ica l ly  s ignif icant  as early as 14.00 h. 
Al though ra ts  consume m o s t  of the i r  dai ly  food in take  at  
night ,  t hey  do t end  to 'n ibble '  dur ing  the  day  s. Compar ison 
of our resul ts  w i th  those  on the  diurnal  r h y t h m  of free 
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Effect of fasting and time of day on serum lipids in inale rats. Food 
(but not water) was withdrawn from the fasted animals at 08.00 h. 
Standard errors are given for serum triglyeerides only. Each point 
represents the mealx of 10 rats. 

f a t t y  acids s indicates  an inverse re la t ionship  be tween  ra t  
se rum t r ig lycer ides  and free f a t t y  acids t h r o u g h o u t  the  
day.  

Serum cholesterol  and phospho l ip id  levels in bo th  fed 
and  fas ted  ra ts  r emained  v i r tua l ly  unchanged  dur ing the  
24 h t e s t  period.  No s t an d a rd  errors are p re sen ted  in the  
Figure  for cholesterol  and phosphol ip ids  because no 
s ta t i s t ica l  difference was found be tween  the  fed and fas ted 
rats.  As discussed previous ly  9, m u c h  has  been repor ted  on 
the  effects of fast ing on lipid levels (especially sterols), bu t  
l i te ra ture  compar i sons  are diff icul t  due to such var ia t ions  
as species, s train,  sex, age and  dura t ion  of fast .  

The resul ts  show tha t ,  in co n t r a s t  to cholesterol  and  
phosphol ip ids ,  se rum tr iglycer ides  ill bo th  fed and fas ted 
ra ts  exh ib i t  a marked  diurnal  r h y t h m  and t h a t  the  effect  
is more  p ronounced  in fas ted animals .  Thus,  the  t ime of 
killing is a factor  of par t icu lar  impor t ance  in s tudies  of 
agents  af fec t ing  serum tr iglycer ide  levels. 

Rdsumd. Chez le ra t  albinos, le n iveau des tr iglyc6rides 
s6riques var ie  au cours de la journ6e, avec un m a x i m u m  
08.00 h e t  un m i n i m u m  au d6but  de la soir6e. Cet te  var ia-  
t ion  est  p lus  marqu6e chez les ra t s  A jeun. Pa r  contre,  
aucune  var ia t ion  n ' a  6t6 observ6e clans les n iveaux de 
cholest6rol et  de phosphol ip ides .  
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The Cholinesterase Activity of Myoneural Junctions from Frog Twitch and Tonic Muscles 

At legs t two diffel-ent t ypes  of ex t ra fusa l  muscle  fibre 
have  been  descr ibed in t he  skeletal  muscles  of frogs. The 
f ibres have  been classified as tw i t ch  or tonic on the  basis 
of the i r  physiological1, 2, s t ruc tu ra l  3 5, and  biochemical  
proper t ies  e. Also the  myoneura l  junc t ions  on these  fibres 
differ  in the i r  form and  d i s t r ibu t ionL  GUNTHER s has  
s h o w n  by  s ta in ing  ne rve  t e rmina l s  w i th  si lver t h a t  'en- 
g rappe '  m o t o r  nerve  endings  occur on the  muscle  fibres 
of t he  tonus  bundle  of the  frog il iofibularis muscle 
(described by  SOMMERKAMP 3) and  no t  on fibres in o ther  
pa r t s  of the  i l iofibularis or in the  sartorius.  Other  authors4, 9 
have  d e m o n s t r a t e d  t h a t  t he  tw i t ch  muscles,  s ta ined  for 
chol inesterase,  have  myoneura l  junct ions ,  'Endbi i schel ' ,  
wh ich  are re la t ively  ex tens ive  and  which  run  lengthwise  
along the  muscle  fibre w i t h  a few obl ique b ranches  con- 
nec t ing  the  main  longi tudinal  t e rmina t ions .  This  t ype  of 
end ing  occurs in a b a n d  of i nne rva t ion  so t h a t  nerve  
t e rmina l s  on ad j acen t  f ibres are more  or less a t  the  same 
level. The en-grappe  endings  appea r  i r regular ly sca t te red  
along the  muscle  fibre and  do no t  occur on the  same level 
on ad j acen t  tonic  fibres. 

The ques t ion  posed in th is  inves t iga t ion  is - can differ- 
ences in chol ines terase  (ChE) ac t iv i ty  of myoneura l  junc-  
t ions  be re la ted  to  the  morphologica l  and  func t iona l  

differences of frog muscles ? In  order  to answer  this  ques- 
t ion  a r ad iomet r i c  me t h o d  1~ was used to  give a direct  
measure  of the  ChE act ivi t ies  of popula t ions  of single myo-  
neural  junc t ions  f rom the  d i f fe ren t  muscles.  

The muscles  inves t iga ted  were the  i l iofibularis (twitch) 
and its tonus  bundle  (tonic), sar tor ius  (twitch) and rectus  
abdominus  (mixed) of Rana tempororia. The muscles  were 

p i n n e d  a t  the i r  res t ing  leng th  on ha rd  paraf f in  and in- 
cuba ted  in a th iochol ine  med i u m 1~ for 30 rain to  make  the  
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m y o n e u r a l  j unc t ions  v is ib le  for dissect ion.  Only  m y o n e u r a l  
j u n c t i o n s  f rom m u l t i p l y  i n n e r v a t e d  f ibres  were d i ssec ted  
f rom t h e  t o n u s  bundle .  T he  i l iof ibular is  h a d  one i nne rva -  
t i on  b a n d  a n d  t he  sa r to r ius  h a d  two. 'Endb i i s che l '  were 
d issected  f rom these  bands .  B o t h  ' E n d b i i s c h e l '  a n d  en- 
g rappe  end ings  were d issected  f rom t h e  m u l t i p l y  i n n e r v a t -  
ed f ibres  of t h e  rec tus  a b d o m i n u s .  These  were t r e a t e d  as 
one  popu la t ion .  BUCKLEY a n d  HEATON 10 h a v e  descr ibed  
t he  t e c h n i q u e  for  d issec t ion  of s ingle m y o n e u r a l  junc t ions .  
The  ChE  a c t i v i t y  of t he  m y o n e u r a l  j u n c t i o n s  was a s sayed  
b y  e n z y m a t i c  hydro lys i s  of 14C-acetylcholine (ACh) fol- 
lowed b y  so lven t  e x t r a c t i o n  of t he  r eac t ion  p r o d u c t  14C- 
ace t a t e  wh ich  was t h e n  m e a s u r e d  b y  l iquid  sc in t i l l a t ion  
s p e c t r o m e t r y  1~ C h E  a c t i v i t y  was expressed  as t he  
n u m b e r  of p ico-moles  of ACh h y d r o l y z e d  pe r  m y o n e u r a l  
j u n c t i o n  pe r  h (p, tool / j /h) .  

F igure  1 i l lus t ra tes  t h e  r ange  of C h E  ac t iv i t i e s  found  
for m o y n e u r a l  j u n c t i o n s  in  t he  i l iofibularis .  T he  m e d i a n  
C h E  a c t i v i t y  of m y o n e u r a l  j u n c t i o n s  (N = 21) f rom 
m u l t i p l y  i n n e r v a t e d  f ibres  in  t he  t o n u s  b u n d l e  was 
18 p. mol / j /h .  The  m e d i a n  C hE  a c t i v i t y  of j u n c t i o n s  
(N = 40) f rom s ingly  i n n e r v a t e d  f ibres  ou t s ide  t he  t o n u s  
b u n d l e  was 76.0 p. mol / j /h .  T he  r ange  of ac t iv i t i e s  were 
s ign i f i can t ly  d i f fe ren t  ( P > 9 9 % )  as d e t e r m i n e d  b y  a 
r a n k i n g  p rocedure  11. 
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Fig. 1. The distribution of ChE activities in myoneural junctions 
from muscle fibres in the frog iliofibularis, ii~!, Myoneural junctions 
(N = 21) from multiply innervated fibres inside the tonus bundle. 
[~, Myoneural junctions (N = 40) from singly innervated fibres 
outside the tonus bundle. 

The  m e d i a n  ChE  a c t i v i t y  of m y o n e u r a l  j u n c t i o n s  
(mixed  population) f rom t h e  r ec tus  a b d o m i n u s  was 140 p. 
m o l / j / h  a n d  t he  va lue  for t he  sa r to r ius  was 320 p. mol / j /h .  
T h e  range  of ac t iv i t i e s  for t he  two  muscles  is i l l u s t r a t ed  
in F igure  2. 

The  conclus ion  f rom these  m e a s u r e m e n t s  is t h a t  t he  
m y o n e u r a l  j u n c t i o n s  f rom ton ic  musc les  of t h e  frog h a v e  
a lower C h E  a c t i v i t y  t h a n  m y o n e u r a l  j u n c t i o n s  f rom 
t w i t c h  fibres.  Th i s  is in  a g r e e m e n t  w i t h  t h e  resul t s  of 
s tud ies  on m a m m a l i a n  10 a n d  a v i a n  12 muscles .  The  weaker  
C h E  a c t i v i t y  of ne rve -end ings  of ton ic  f ibres  is l ike ly  to be  
a consequence  of t he  lesser degree of folding of t h e i r  pos t -  
synap t i c  m e m b r a n e s  la. The  s u b n e u r a l  a p p a r a t u s  of t h e  
'Endb i i s che l '  consis ts  of a pa l i sade- l ike  a r r a n g e m e n t  of 
s y n a p t i c  gu t t e r s  para l le l  to  each  o t h e r  and  s t a n d i n g  nor-  
m a l  to  t h e  t e r m i n a l  b r a c h  of t h e  t e r m i n a l  a x o n  14. Nerve  
end ings  of frog ton ic  f ibres  cons is t  of r ings  or do ts  m a d e  up  
in to  a grape- l ike  s t r u c t u r e  w i t h o u t  a n y  s ign of sub-  
un i t s  ~5,1% 

A t t e m p t s  o the r  t h a n  t he  p r e sen t  one  h a v e  been  m a d e  to  
q u a n t i f y  t h e  impress ion  t h a t  t he  C h E  a c t i v i t y  of grape-  
l ike a p p a r a t u s e s  is weaker  t h a n  t h a t  of pa l i sade- l ike  
a p p a r a t u s e s .  CSlLLIK 9 ha s  expressed  ChE  a c t i v i t y  as a 
q u o t i e n t  (Q value)  of s t a i n i n g  in t ens i ty ,  m e a s u r e d  b y  
p h o t o m e t r y ,  a n d  an  e s t i m a t e  of t h e  r eac t ive  area.  B y  t h i s  
m e t h o d  t h e  r a t io  of Q va lue  for ' E n d b i i s c h e l '  and  en- 
g rappe  s u b n e u r a l  a p p a r a t u s e s  was  2 or 3:1.  The  more  
d i rec t  m e a s u r e m e n t s  of t h e  p r e sen t  i n v e s t i g a t i o n  give a 
r a t io  of 4 : 1 us ing  t h e  resul t s  f rom t h e  i l iofibularis .  

The  f u n c t i o n a l  dif ferences  b e t w e e n  t w i t c h  and  ton ic  
f ibres  requi re  t h a t  t r a n s m i t t e r  ac t ion  a t  m y o n e u r a l  junc-  
t ions  of t w i t c h  f ibres  be  more  a b r u p t l y  t e r m i n a t e d  t h a n  
a t  j u n c t i o n s  of ton ic  fibres. The  di f ferences  in C h E  a c t i v i t y  
of j u n c t i o n s  f rom the  two types  of f ibre  could be  i m p o r t a n t  
in  fulf i l l ing t h i s  r equ i r emen t .  

Rdsumd. La  d i s t r i b u t i o n  de l ' a c t iv i t6  cho l ines t6ras ique  
dans  des fa i sceaux de  jonc t ions  m y o n e u r a l e s  s6par6s des 
f ibres  c loniques  et  t on iques  de musc les  de grenoui l le  a 6t6 
6tudi~e p a r  une  m 6 t h o d e  r ad ioch imique .  Les  jonc t ions  
m y o n e u r a l e s  de f ibres  c lon iques  o n t  m o n t r 6  une  plus  for te  
ac t iv i t6  cho l ines t6 ras ique  que  celles de f ibres  toniques .  
I1 est  sugg6r6 que la diff6rence d ' a c t i v i t 6  e n z y m a t i q u e  es t  
li6e & la diff6rence fonc t ionne l le  des deux  t y p e s  de fibres. 
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Fig. 2. The distribution of ChE activities in myoneural junctions from 
muscle fibres in the frog rectus abdominus and sartorius. ~ ,  Mixed 
population of myoneural junctions (N = 100) from the rectus abdo- 
minus. D,  Myoneural junctions (N = 47) from the sartorius. 
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